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Transactions and Communications

Vinyl weed-resistant antifouling: a practical
approach to laboratory formulations*

By R. D. Mearns

Goodlass Wall & Co. Ltd., Goodlass Road, Speke, Liverpool L24 94J

Summary
The basis for the formulation of low copper, or copper-free vinyl
antifouling paints is discussed, and successful paint systems
Keywords

Types and classes of coatings and allied products
ship bottom paint

demonstrated. Methods of test, toxicity and application problems
are discussed, and future trends predicted.

Biologically active agents
organo-tin
Miscellaneous

formulation

Peintures vinyliques anti fouling résistant a végétation marine: un abord pratique a leur

formulation au laboratoire
Résumé
On discute la mise au point des formules de peintures antifouling

sans, ou de teneur faible en cuivre, et I'on propose des systémes de
peintures éfficaces. On discute les méthodes d’essai, les problémes

de toxicité et d’application, et I'on donne des prévisions a I'égard
des tendances a I’avenir.

Vinyl-Unkrautfestes-Antifouling: Ein Praktischer weg zur Laboratoriumsrezeptierung

Zusammenfassung

Die Grundlage zur Schaffung einer Rezeptur fiir Vinyl—Anti-
foulingfarben—von niedrigem Kupfergehalt oder kupferfiei wird

erortert. Priifmethoden, Giftigkeit und Anwendungsprobleme
werden besprochen und kiinftige Richtungen vorausgesagt.

Bunnsiosbie HeoOpacrarolue KPacKH: NPAKTHYECKHH NOAX0 K J1aGopaTOpHBIM (OPMYIsALHAM

Pesrome

O6cyxnaercs ocHoBa it (GOPMYJsAUMM  HeobpacTarowux
BHHWIOBBIX KPAaCOK C HU3KHM COZEP)KAHHEM MeIU MM 6e3 Meau U
JIEMOHCTPUPYIOTCS yCNellHble KpacouHble cucTeMbl. O6CyXaaloTcs

Introduction

The demand for high performance antifouling paints is large,
and the rewards to the successful paint manufacturer are
significant. There has been an understandable tendency to
ignore the risks arising from the toxic nature of the products
which can be utilised.

The work described in this report concerns high perform-
ance antifouling paint development carried out specifically
on vinyl antifouling coatings with weed-resistant properties.

The selection of the basic media, and the test methods

available are discussed, together with the broader aspects of
toxicology and pollution.

Experimental

All percentages are on a volume/volume basis except where
stated otherwise.

METOAB! MCNBITAHMH, TOKCMYHOCTh M 3alaYd NPUMEHEHHS WM
npeacKa3siBaloTCs Gy yLye TeHIEHIHH.

Methods of test

The test methods available for the evaluation of antifouling
paints are numerous, but each one suffers from specific
drawbacks and problems, worthy of individual discussion.

The “raft trial” is the most widely used method of evalua-
tion, since it caters for systematic formulation development
with no real limit to the number of panels immersed. The
choice of site is vital, however, to ensure a balanced environ-
ment, and to avoid conditions which are too static. Even so,
a raft cannot simulate the moving conditions of a ship,
particularly with regard to film erosion.

Although the raft area is small, the distribution of marine
larvae and weed spores is not uniform, and this can lead to
inaccurate comparisons being made. Peak periods of intense
fouling by one or more species can result in the exclusion of
other species, and erroneous conclusions can again be drawn.
In particular, results must never be compared from season to

*Presented at the symposium on “‘Paint performance and the microbiological environment™ held by the Manchester Section, 19 and 20

September 1972.
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season, and control standards and blank panels must always
be exposed.

An extension of the raft trial is the ““Tide test,” or exposure
of panels on the shore, in the “‘green weed” belt. This is a
useful addition to raft tests, which tend to be too static due,
in part, to the weight of panels involved. Enteromorpha, for
instance, likes conditions where a major proportion of its
life cycle is out of the water.

Ship trials or patch trials are closer to the ideal. Appli-
cation over old paint surfaces is inadvisable, however, due to
surface roughness and contamination by materials “‘bleeding”
from previously applied paints. To be certain of the results,
the system under test should always be applied over grit-
blasted metal.

Consider the problems. First, the trade route or itinerary
of the vessel must be suitable; the vessel must be new or
undergoing extensive overhaul, and must be available for
regular inspection. Bilge keel plates can be used, specially
painted under laboratory conditions and fastened to the bilge
keel. This method has much to recommend it, but today’s
problems increasingly concern areas near the water-line, to
which this method cannot apply.

Rotor testing seems to offer promise, but involves the use
of specialised equipment and copious quantities of unpolluted
sea water. The panel under test is rotated at a predetermined
speed in continuously replenished sea water. To be strictly
relative, the speed should be similar to that of a ship, and the
tests would take nine to 12 months, with an expensive power
demand. As soon as higher speeds are chosen, say 40 or
60 knots, difficult problems (so far unresolved) of correlating
accelerated and natural tests arise. A combination of acceler-
ated rotor testing, and natural or laboratory fouling tests
seems promising.

Laboratory spore tests, involving the germination of a
species, say Enteromorpha, and its growth in the laboratory,
offer a useful screening method, to select new products with
antifouling activity and to fix limits of active concentration.
As a method of testing antifouling paints, it encounters the
basic problem, how artificially, and realistically to age the
coating.

At Goodlass Wall, raft tests are used over a two-year
period, supported by “Tide” exposures. The location is
believed to be well chosen in the Menai Straits, where there
is a considerable tidal flow (four to six knots). As members of
Pan Marine, the company has access to raft trials in other,
“all-the-year-round” polluted waters, as the next stage to a
successtul UK raft trial.

Patch trials are carried out wherever the opportunity arises»
but are found to be of limited usefulness, in that all the
prerequisites are seldom met.

One of the most useful methods involves the painting of a
certain semi-tropical fishing fleet, which allows regular
examination since a subsidiary company is at hand to do the
work.

There is, however, no real answer because only experience
is conclusive. Every trial is useful, but in the final analysis
reliance must be placed upon the reputation, good will and
confidence of shipowners to facilitate evaluation on one or
more complete ships.

R. D. MEARNS JOCCA
Methods of application

In all tests carried out, paints are applied by airless spray,
with suitable precautions, using a system which would be
recommended in practice.

The paint system used in this test sequence was:

One coat of 2-pack epoxy temporary protective primer,
25 microns.

Two coats of high performance epoxy coal tar, 250 to 300
microns.

One coat antifouling under test, 100 microns.

(Total dry film thickness 375 to 425 microns).

Film thicknesses were checked for each coating using a
“Permascope” gauge.

The use of airless spray gives even, smooth films with low
surface roughness and allows good control of film thickness.
Surface roughness has been shown to contribute markedly to the
economics of ship operation. Over a period of six to seven years
the initial roughness of a high performance system doubles,
and with conventional paints quadruples, leading to con-
siderable loss of speed and, in consequence, revenue. If
other methods are used, the results will suffer and perform-
ance will be reduced. There is a growing tendency for shipyard
labourers to refuse to apply antifouling paints by airless spray
because of their fears of toxicity.

Unless trained airless spray teams are available with the
correct equipment, able to take the right precautions as
advised by the manufacturer, the results in practice will vary
from ship to ship, and even from area to area on the same hull.
Application by roller is a very poor substitute. It cannot give
the even film thickness necessary, in practice, to achieve
consistent results.

Unless a suitable code of practice is established, clearly
defining the toxicity of various antifouling paints and the
precautions which must be taken, the refusal to use airless
spray could spread, and formulations will not attain their
design specification.

Selection of toxins

It is not surprising that many of the compounds with a fatal
effect on marine fauna are harmful to man. The question
must, therefore, be asked “How toxic can a safe coating
be?” The answer is, of course, that providing the correct
precautions are taken, there is no limit to the toxicity of the
products which can be used. With, for example, totally
enclosed suits, an auxiliary air supply, movable overspray
and wind shields, evacuation procedure, and suitable dust
*clean-up” precautions, any products could be safely applied.
Anyone who has seen a ship being painted will know that
these precautions are considered impractical, and if these
precautions were to be enforced, a paint of such toxicity
would never be used. Generally, paints are applied by roller,
or airless spray, in the open, with few precautions, and this
must be borne in mind when deciding the degree of toxicity.

One standard practice often encountered is the ‘“burning
out” of tins or roller trays, and with some products this
could be lethal! One of the major problems is that not only
is the short-term toxicity important, the actual dosage
producing immediate physical effect, but so too are the long-



1973 (8) VINYL WEED-RESISTANT ANTIFOULING

term effects, the more insidious and difficult to trace aspects,
such as the effect on the central nervous system, or the
recently claimed effect of brain damage from low dosages
of lead.

All these things frighten the man applying the paint. In
Japan, for example, one of the foremost shipbuilding nations,
the unions have banned the use of all antifouling paints
containing tin, lead, antimony, arsenic, and mercury.

In this country, at the present time, no restrictive legislation
exists, and it is in everyone’s interest to act in a responsible
manner. Responsible companies have taken the decision not
to supply antifouling paints based on organic compounds of
lead, arsenic or antimony at the present time.

In the work recorded here, tributyltin derivatives alone are
considered, and the major emphasis is placed on the fluoride.
The generally accepted LD 50 figures for albino rats are
recorded in Table 1, showing compounds in use, or proposed
for use in modern antifouling paints. It should be stressed
that the LD 50 figures are of little direct value, and it is the
chronic toxicity tests which are the most meaningful; that is,
long-term results, and not the individual dosage causing
death. This area is where little is known and where the
danger lies.

Table 1
LD 50 figures for albino rats

LD 50 (mg kg~1)
Triphenyllead acetate 200

Triphenylmercury acetate . . - 40
Tributyltin acetate .. 125-136
Tributyltin oxide .. e oo 193
Pentachlorophenol or 5k 78

Discussion of experimental work
General aspects

High-performance long-life antifoulings must be based upon
a non-saponifiable resin system, which will provide a skeleton
or sound framework in the exhausted film. This gives a firm,
smooth basis for future coats, and greatly reduces the likeli-
hood of detachment as the film builds up. A further
advantage over conventional products is the elimination of
the “barrier coat,” or ‘“‘anticorrosive coat” needed to seal
spent conventional antifoulings and provide film strength.

The selection of a high-performance resin is important and
there are five high-performance resins which could be con-
sidered: acrylic, vinyl, two-pack epoxy, or two-pack poly-
urethane, and chlorinated rubber. Two-pack products were
not considered advisable due to problems of mixing the base
and curing agent, particularly because of the low volume of
the latter required per litre of paint. A further problem with
an epoxy system is that tributyltin derivatives positively
interfere with the curing mechanism.

Chlorinated rubber materials can show problems of
instability with copper suboxide on storage. Since most new
systems recommended for ships’ bottoms involve the use of
epoxy coal tar, adhesion of the antifouling material to the
coal tar coating is important. This involves the use of complex
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solvent combinations, which eliminates a further advantage
of chlorinated rubber—solubility in hydrocarbon solvents.

The main choice lies between acrylic and vinyl. In this work,
vinyl resins were used, mainly due to previous experience, and
to these resins being extensively recommended in literature.
Vinyl resins are copolymers of vinyl acetate and vinyl
chloride, and the grade used was a partly hydrolysed material
containing 91 per cent vinyl chloride by weight.

The leaching rate, or rate of availability of toxin at the
paint surface, is controlled by the total volume of material
which is soluble in seawater, by the pigment packing, and
by the solubility of the constituents. The theoretical aspects
are complex and beyond the scope of this paper. The grade
of rosin utilised in this work was ww Portuguese rosin with a
solubility of 630 mg cm~2 in a pH9 borate buffer.

The initial formulations shown in this work were a result
of literature surveys, and of previous work. Formulations and
tabular results are recorded in the appendices for ease of
assimilation, formulae being expressed as percentages of
solids by volume. Additives and solvents controlling paint
application and storage properties are not included as they
have no direct effect on fouling aspects.

The work recorded here formed part of a much larger
exercise, and the various aspects reported have been selected
as being of interest.

Comparison of tributyltin derivatives (Series 1)

Three tributyltin derivatives were selected for comparison:
tributyltin fluoride (TBTF), tributyltin oxide (TBTO) and
tributyltin acetate (TBTA). TBTO was used as a control
at 15 per cent, and compared to the acetate and fluoride, both
at concentrations of 10, 15 and 20 per cent.

The soluble pigment in the initial series was arsenious oxide
and this is compared with copper suboxide in Series 2.

Two plasticisers were selected, tributyl citrate, compatible
with TBTO, and glycerol because of its water solubility.

After 18 months’ immersion, results could be summarised
as follows:

1. There was little or no Enteromorpha (green weed)
fouling, except of the control panel.

2. The best results were obtained with TBTO, followed by
TBTF.

3. At least 15 per cent tin derivative was necessary.
4. Tributyltin acetate gave, generally, poor results.

5. Most of the fouling was by Ectocarpus (brown weed),
barnacle and colonies of hydroids.

6. Paints tended to soften after prolonged immersion.

7. Tributyl citrate was markedly superior to glycerol.

The superiority of TBTO was no real surprise. Previous
experience had shown, however, that results with TBTO-based
paints tend to vary; both good, and bad results had been
obtained with ships’ trials, without any obvious reason.

Tributyltin oxide is a liquid and has poor compatibility
with most systems. [t was considered that this could lead to
a variation in the distribution of toxin in the paint film,
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depending on the age of the paint, and the conditions during
application and drying. This could explain differences in
product performance.

A further limiting factor was the fact that TBTO is a
liquid, and this would limit the total volume which could be
used. The fluoride is a white powder and should not be subject
to the drawbacks of TBTO; it was selected as the main toxin
for the remainder of this work.

For the formulations refer to Appendix 1 Table 2, for the
results refer to Appendix 2 Table 8, and for the best result
from Series 1, see Fig. 2, panel 72B.

Replacement of arsenic by copper suboxide (Series 2)

Arsenious oxide was selected for the initial series on the
grounds of cost, but it presents problems during manufacture
because of the procedures for handling a registered poison,
and it had shown drawbacks in performance (Series 1).
Comparing arsenious oxide with copper suboxide for sig-
nificant properties, it is found that:

Cost per litre Sea water solubility

Arsenious oxide £0.31 1555 g1
Copper suboxide £3.21 500 g 1!
TBTF £3.45 3.03gl!

In Series 2, copper suboxide was substituted for arsenious
oxide on a volume for volume basis, and the TBTO control
was increased to 20 per cent. A comparison of plasticisers
was made using tributyl citrate, tricresyl phosphate and
dibutyl phthalate, all of which are saponifiable.

After 18 months’ exposure, results could be summarised
as follows:

1. After nine to 12 months, TBTO gave the best results, but
after an 18-month period differences were negligible.

2. Paints based on copper suboxide gave considerably
better general resistance to fouling.

3. Paint surfaces tended to discolour.
4. TBTF at 20 per cent gave good all round performance.

5. In the initial stages, tributyl citrate was superior to
glycerol but the advantage was not maintained. The
alternative plasticisers, tricresyl phosphate and dibutyl
phthalate, were superior at the end of the 18-month
period.

Surface discoloration is usually masked by the presence
of red oxide, and this compound was included in later
formulations.

For the formulations refer to Appendix 1 Table 9, and for
the results refer to Appendix 1 Table 3.

Reduction in copper suboxide content (Series 3)

The cost per litre of copper suboxide was greater by a factor
of 10 than that of arsenious oxide, and the solubility greater
by a factor of 30.

Series 3 was an examination of the reduction in copper
suboxide from the 45 per cent used in Series 2, to 40.5 and
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38 per cent, replacing it with a combined vinyl/rosin medium
(2 : 1 by volume).

A further reduction was made to 33 per cent, replacing
with 5 per cent of talc, and 5 per cent of sodium fluoride. The
sodium fluoride was selected being freely water soluble, and
was expected to give a more porous film.

After 18 months’ exposure results showed that:

1. Of the three copper suboxide levels evaluated, the best
results were given by the highest copper suboxide level
(40.5 per cent).

2. The 40.5 per cent copper suboxide value coincided with
the highest total soluble film content.

3. Paints based on 20 per cent of TBTF were marginally
superior to those based on 15 per cent, but this result
could have been affected by there being a less soluble
film.

4. The lowest copper suboxide level (33 per cent) coincided
with the lowest total soluble film content (46 and
44.5 per cent at the 15 and 20 per cent TBTF levels,
respectively).

5. In one case, at 33 per cent copper suboxide by volume,
the total solubles were adjusted to 50.75 and 48.25 per
cent at the 15 and 20 per cent TBTF level, using sodium
fluoride. Results were poor, much more inferior than
equivalent paints with the same solubles content but
using 38 per cent of copper suboxide.

For the formulations refer to Appendix 1 Table 4, and for
the results to Appendix 2 Table 10.

Reduced copper suboxide with variable film solubles
(Series 4)

Series 3 and 4 were immersed together. In this sequence the
copper suboxide level was fixed at 20 and 10 per cent, and
the TBTF levels maintained at 15 and 20 per cent respectively.

The vinyl/rosin composition was changed to give ratios of
1.5:1,1:1,and 1 : 1.5, corresponding to 44, 50 and 56 per
cent total solubles at 15 per cent TBTF, and 34, 40 and
46 per cent total solubles at 20 per cent TBTF. Plasticiser
was omitted from the general series, but was checked on one
paint at the 1 : 1 vinyl/rosin ratio.

The general aim of the series was to decide whether lower
levels of copper suboxide could be used, and what effect the
rosin content had on performance.

Results after 12 months’ immersion were:

1. With 15 per cent TBTF, film solubles had to be 50 per
cent or greater to give adequate performance.

2. Results with 25 per cent TBTF were worse, in that
fouling was more intense, indicating that the total
solubles content is a decisive factor.

Results from Series 3 and 4 suggest that, providing the
toxic agent is effective, the most important factor is the total
content of soluble film. The question arises whether low
volumes of copper suboxide contribute anything, other than
solubility in seawater. It is, of course, always possible that
a synergistic effect occurs, but this could only be shown by
comparison with a copper-free series.
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For the formulations refer to Appendix 1 Table 5, and
for the results to Appendix 2 Table 12. The best result from
Series 4 was with panel 11F (Fig. 3).

Copper-free TBTF-based paints

This sequence was formulated to evaluate fully two basic
variables, the total soluble content, and level of toxic agent.
The TBTF level was varied at 45, 50, 55 and 60 per cent of
the non-soluble film.

The rosin content, or total film solubles content, was fixed
at 25, 30, 35 and 40 per cent in turn.

Plasticiser was omitted, since it seemed to contribute little
to the condition of the final film and might have tended to
“clog” or hinder the release of the toxic agent. However,
one paint was produced at each rosin level, for purposes of
comparison.

Results after 12 months indicated:

1. At all rosin contents, the TBTF level should be a
minimum of 55 per cent based on the total film non-
solubles, or 40 to 45 per cent by volume.

2. The optimum value of total film solubles is 35 per cent.

3. Increasing film solubles to 40 per cent gives initially
good results, but they have a tendency to become
exhausted with time.

4. The expected sequence of results did not occur in every
case in practice.

For the formulations refer to Appendix 1 Table 6, and
for the results to Appendix 2 Table 12. The best result from
Series 5 was with Panel 19F (Fig. 4).

Recommended formulations

The recommended formulations will depend upon product
requirements. A consideration of the formulation to be
adopted should include the following broad aspects:

1. Areas of usage; that is, voyages and waters where the
paint is required to be effective.

2. The type of vessel for which it is designed; that is,
tanker, bulk carrier, passenger or tramp.

The area of hull it is intended to protect.

3.

4. The species it is required to resist.

5. The length of time it is required to be effective.
6.

Cost effectiveness.

All these factors make it difficult to be specific, but assuming
a high performance product is required, the broad areas of
interest are outlined below for formulations both with and
without copper suboxide.

Copper suboxide-based
The red oxide of iron content is best maintained at a uniform
5 per cent. The remaining compounds should be evaluated as

follows:

Copper suboxide content .. .. 30 to 40 per cent
Tributyltin fluoride .. s .. 15 to 20 per cent
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WW rosin < - w4

VAGH resin minimum

20 to 30 per cent
20 per cent.
Consideration of the formulations and results given in this
paper should guide the formulator.

Copper-free materials

Red oxide of iron again should be maintained at 5 per cent,
the remaining compounds being varied as follows:

55 to 60 per cent (based on non-
soluble film)

WW rosin .. .. 35 to 40 per cent

Vinyl .. i .. Asrequired

Tributyltin fluoride

Future aspects

It is possible that the first million ton tanker will be built
before the end of this decade. Dry docking for the application
of antifouling coatings will be prohibitively costly, and both
underwater cleaning and underwater paint application will
become necessary.

The major problems in underwater painting concern the
technical aspects of adhesion, particularly in the presence of
bacterial slimes, and the provision of smooth films with low
frictional resistance.

The major proportion of the surface is out of the water
when the vessel is unladen, and can be treated with high
performance antifoulings by normal methods whilst in a wet
berth.

Perhaps robot cleaners would be an answer, although this
method would be expensive. There might be world-wide laws
on pollution control, which would make the use of robots
attractive. It might be feasible for each large tanker to have
its own robot scavenger, working whilst the ship is at rest,
or possibly in ballast.

Tankers can lose between 0.5 and 1 knot due to fouling
problems; even with today’s freight rates, which are at a low
ebb, this can cause considerable loss in revenue.

The figures quoted in Table 13 were given by a large marine
operator.

Table 13
Losses due to marine fouling
Tonnage Speed lost Days lost Revenue lost
250,000 4-1 knot 12-24 £60,000-£120,000
100,000 3-1 knot 12-24 £36,000- £72,000
50,000 4-1 knot 12-24 £20,500- £41,000
Dry docking charges
First day Su[;v;;:em
250,000 tons £3,500 £2,500
100,000 tons £1,000 £800
50,000 tons £1,000 £600
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It should be noted that even a small rise in the presently
depressed freight rates (considered inevitable in the not too
distant future) could double, or even treble lost revenue.
Dry docking charges vary widely in different parts of the
world, but the figures given are considered to be average.
With these costs in mind, a mechanical solution to the
problem seems feasible, although there is evidence that
mechanical cleaning is a short-term solution only.

The development of new organic biocides with the correct
seawater solubilities is a distinct possibility. Many of these
could be specific for particular species. Manufacturers of
biocides tend to concentrate on the major market of the agri-
cultural and pharmaceutical industries, the volume of poten-
tial marine requirements being very small in comparison.
Research and development could certainly find a solution,
but it is questionable whether the cost could be justified by
sales.

There is, of course, the chance of an “offshoot” from the
more lucrative fields of research, giving a product with marine
antifouling activity, but to identify it will involve the paint
manufacturers’ testing numerous compounds with a small
chance of success. Screening tests, and the organisations
capable of carrying them out, become of prime importance
from this consideration.

Testing methods will certainly improve, and accelerated
rotor testing will be established, and correlated with practical
results. Tt will still be limited by environmental conditions
and by the number of test panels that can be economically
evaluated.

A method is being evaluated at present that involves the
use of a duplicate of the paint under test with varying per-
centages of the water soluble content replaced by a material
of high water solubility.

For example, if there is 40 per cent copper suboxide and
20 per cent rosin in a particular product, this could be
replaced by sodium fluoride and glycerol, at 67, 70 and 80 per
cent of the total.

Fig. 1. Control panel 139F
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For an antifouling applied at the normal film thickness of
100 microns, a 50 micron film could be overcoated by a
50 micron film of the soluble coat. It is hoped that this will
give an accelerated picture of fouling patterns. The method
could be useful because it could be coupled with normal raft
testing procedure, and give some acceleration.

Conclusions

The most satisfactory tributyltin compound for antifouling
paints is the fluoride.

White arsenious oxide is not preferred as the soluble
pigment in the series.

Paints can be produced at a variety of copper suboxide
levels, with TBTF levels up to 25 per cent by volume. The
actual formulation depends on the performance required.

Suggested starting formulations are outlined for copper
suboxide/TBTF-based products, the actual composition
depending on product requirements and raw material costs.

Copper-free TBTF-based antifouling paints give good
performance, depending upon the level of TBTF and the
total volume of soluble film.

Suggested starting formulations are outlined for TBTF
copper-free antifoulings. Actual composition is dependent on
product performance requirements and raw material costs.
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Fig. 4. Series 4 panel 19F

Fig. 3. Series 3 panel 11F
Appendix 1 Table 2
Series 1 formulations

Constituents ‘ Experimental formulations, series 1; per cent solids by volume

DF]BIA’DFIK]B DFI82A | DF182B | DFI83A | DF183B | DF184A DFIS4B‘DFI90A‘DFIQOB DFI91A | DF191B | DF192A | DF192B

White arsenic 43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 430 | 430 43.0 43.0 43.0 43.0
Tioxide RCR2 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75
Vinyl VAGH 19.00 | 19.00 | 19.00 | 19.00 | 19.00 | 19.00 | 19.00 | 19.00 | 19.00 | 19.00 | 19.00 | 19.00 | 19.00 | 19.00
Rosin 9.50 9.50 9.50 9.50 9.50 9.50 9.50 9.50 9.50 9.50 9.50 9.50 9.50 9.50
TBTF 9.50 9.50 | 14.25 | 14.25 | 19.00 | 19.00 — — — — — — — —
TBTO — — — — — — 14.25 | 14.25 — — — — — —
TBTA — — — — — — — - 9.50 9.50 | 14.25 | 14.25 | 19.00 | 19.00
Tri-butyl citrate 14.25 — 9.50 — 4.75 — 9.50 — 14.25 — 9.50 — 4.75 —
Glycerol — 14.25 — 9.50 — 4.75 — 9.50 — 14.25 — 9.50 — 4.75
Total 100.00 |100.00 |100.00 |100.00 |100.00 |100.00 | 100.00 |100.00 | 100.00 |100.00 |100.00 |100.00 |100.00 |100.00
Panel number 72FL | 72FR | 72BL | 72BR | 77FL | 77FR | 77BL | 77BR | 85FL | 85FR | 85BL | 85BR | 93FL | 93FR
Dry film thick-
ness (microns) 100 100 100 100 100 100 | 100 100 100 100 100 100 100 100
Table 3
Series 2 formulations
Constituents ‘ Experimental formulations, series 1; per cent solids by volume
DFI81A | DFI81B | DFI82A | DF182B | DFI83A | DFI83B 1 DF184A‘ DF184B | DF190A | DF190B

Copper

suboxide 45 45 45 45 45 45 45 45 45 45
Vinyl VAGH 20 20 20 20 20 20 20 20 20 20
Rosin 10 10 10 10 10 10 10 10 10 10
TBTF 10 10 15 15 20 20 | — = 15 15
TBTO — — — — — — 20 20 — —
Tributyl

citrate 15 — 10 — 5 — 5 — - —
Glycerol — 15 — 10 — 5 — 5 — —
Tricresyl

phosphate — — — | = — — — — 10 —
Dibutyl :

phthalate — — — — — — —_ — — 10
Total 100 100 100 100 100 100 100 100 100 100
Panel number 97FL | 97FR | 97BR | 97BL | 131FL | I131FR | 131BL | [31BR | 132FL | 132FR
Dry film thick-
ness (microns) 100 100 100 100 100 100 100 100 100 100
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Table 4

Series 3 formulations

Constituents Experimental formulations series 3; per cent solids by volume
JHI183 | JH184 | JHI85 | JHI86 | JH187 | JH188 | JHI189 | JHI90 | JHIO1 | JH192 | JH193 | JH194 | JH195 | JHI196 | JH197 | JH198

Copper ; suhoxxde sl .. | 38 38 38 38 40.5 40.50 | 40.5 40.5 333 333 333 333 333 333 333 333
Red oxide . T 5 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75 4.75

c . .o o | = — — — = — = = — — — —_— 4.75 4.75 4.75 4.75
Sodium fluoride a7 | = — — — — — — — 4.75 4.75 4.75 4.75 | — — — —
Vinyl VAGH oo .. | 2540 | 2540 | 22.40 | 22,40 | 23.85 | 23.85 | 20.60 | 20.60 | 25.50 | 25.50 | 22.30 | 22.30 | 25.50 | 25.50 | 22.30 | 22.30
Rosin e o .. | 12.85 | 12.85 | 11.10 [ 11.10 | 11.90 | 11.90 | 10.40 | 10.40 | 12.70 | 12,70 | 11.15 | 11.15 | 12,70 | 12.70 | 11.15 | 11.15
TBTF . 35 .. | 1425 | 1425 | 19.00 | 19.00 | 14.25 | 14.25 | 19.00 | 19.00 | 14.25 | 14.25 | 19.00 | 19.00 | 14.25 | 14.25 | 19.00 | 19.00
Tricresyl phosphate Pt 475 | — 4.75 — 4.75 — 4.75 — 4.75 — 4.75 — 4.75 — 4.75 —
Glycerol i o w | = 4.75 — 4.75 —_ 4.75 — 4.75 — 4.75 — 4.75 — 4.75 — 4.75
Total .. v o 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Panel number , . 61FL | 61FR | 61BL | 61BR | 69FL | 69FR | 69BL | 69BR | 7IFL | 7IFR | 71BL | 71BR | 73FL | 73FR | 73BL | 73BR
Dry film thickness (m|crons) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Total solubles plgment and
rosin .. 3 50.85 | 50.85 | 49.10 | 49.10 | 52.4 52.4 50.9 50.90 | 46 46 44.5 44.5 46 46 44.5 4.5

Table 5

Series 4 formulations

Constituents ‘ JH300 ’ JH301 | JH302 | JH303 | JH304 | JH305 ‘ JH306 | 7H307
Copper suboxide i s o 20 20 20 20 10 10 10 10
Red oxide - - s ng 5 5 S 5 5 S 5 5
TBTF s " # . 15 15 15 15 25 25 25 25
Vinyl VAGH .. .. .. .. 30 36 24 27.5 30 36 24 27.5
Rosin v s s s 30 24 36 27.5 30 24 36 27.5
TCP .. o3 oo &g oo — - — 5 — — — 5
Total .. - - W .. | 100 100 100 100 100 100 100 100
Panel number .. .. co .. | 10FL | 10FR | 11FL | 11FR | 12FL | 12FR | 13FL | 13FR
Dry film thickness (microns) v 100 100 100 100 100 100 100 100
Total solubles pigment and rosin .. 50 44 56 47.5 40 34 46 375

Table 6

Series 5 formulations

Constituents Experimental formulations series 5; per cent solids by volume

JH309 |JH310 | JH311 | JH308 | JH313 | JH314 | JH315 | JH312 | JH317 | JH318

Red oxide .. oo st S 5 5 5 5 3 S5 5 3 5
TBTF o =) i 33.75| 37.50| 41.25| 45.00| 31.50| 35.00| 38.50| 42.00| 29.25| 32.50
Vinyl VAGH - .. | 36.25| 32.50| 28.75| 25.00| 33.50| 30.00| 26.50| 23.00| 30.75( 27.50
Rosin % = s | 25 25 25 25 30 30 30 30 35 35
Total volume o .. | 100 100 100 100 100 100 100 100 100 100
Panel number 5 .. | 14FR | 15FL | I5FR | 14FL | 16FR | 17FL | 17FR | 16FL | 18FR | 19FL

—_

Dry film thickness (microns) | 100 100 100 100 100 100 100 100 100 100

Total TBTF level on non-
soluble y 459 | 509 | S55% | 60% | 45% | SO% | 55% | 60% | 45% | 50%
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Table 7
Series 5 formulations
Consllluems JH3I9 ‘ JH316 ‘ JH32| lJH322 J JH323 ’ JH320 ’ .IH324 JH325 | JH326 | JH327
Red oxide 5| s s | s 5 5 | s 5 5 “ 5
TBTF 35.75| 39.00| 27.00| 30.00| 33.00| 36.00, 33.75| 35.00| 35.75 | 36.00
Vinyl VAGH 24.25| 21.00| 28.00( 25.00| 22.00| 19.00 31.25 25.00 19.25] 14.00
Rosin o o .- 1 35 35 40 40 40 40 25 30 | 35 40
Tricresyl phosphate — - — = 5 5 5 5
Total volume 100 100 100 100 100 100 100 100 100 100
Panel number 19FL ‘ ISFL | 5IBR | S3FL | S3FR | 5IBL | 55FL | 55FR | 67FL | 67FR
Dry film thickness (microns) | 100 100 100 100 100 100 100 100 | 100 100
Total TBTF level on non-
solubles 55% | 60% | 45% | 50% | 55% | 60% | 45% | 50% | 55% | 60%
Appendix 2 Table 9
Series 2
Results T
Panel no. | Intensity Species
Fanclsaere gpaded as folipws: 97FL 3 Stunted Ectocarpus (0.5in) lime, hydroid
" growth at edges only, shrimp
0—Fouling absent 97FR 3 Similar to 97FL
97BL 3 Similar to 97FL
1—Trace deposits 97BR 3 Similar to 97FL
:.g”:lli 133 gtunlted Ectocarll::us (0.5in) slime, shrimp
s 4 imilar to 131F
2—Slight deposits 131BL 3 Similar to 131FL
131BR 3 Similar to 131FL
3—Moderate 132FL 1 Stunted Ectocarpus bottom of panel only
132FR 1 As 132FL
4—Severe
5—Very severe
The method of assessment is a modification of that published
in Paint Technology, March 1963, 26.
Table 8
Series 1
: = : Table 10
Panel no. | Intensity | Species
—|— ——i S —— = Series 3
72FL 2-3 Ectocarpus, young barnacle (1-2mm) latter
| at lower end of panel, shrimp
72FR 2-3 Ectocarpus and shrimp Panel no. | Intensity Species
72BL 1 | Edge effects only ) ——
72BR | 4 | Ectocarpus, and young barnacle (1-2mm) 61FL 2 Stunted Ectocarpus, slime, and shrimp
| shrimp FR 2 Similar to 61 FL
77FL 1-2 Ectocarpus and slime, leading edge of BL 2 Similar to 61 FL
panel only BR 2-3 Similar to 61FL
77FR 4 | Ectocarpus barnacle (1-2mm) hydroid and 69FL 2-3 Stunted Ectocarpus slime and shrimp
shrimp 69FR 2-3 Similar to 69FL
77BL 1 Ectocarpus, mainly edge effects 69BL 1 Stunted Ectocarpus, bottom of panel only
77BR 3 Ectocarpus barnacle (1-2mm) trace of 69BR | Similar to 69BL
Enteromorpha (waterline only), shrimp 71FL 4 Ectocarpus (2in), Enteromorpha, barnacle
8SFL 4 Ectocarpus, barnacle (2-3mm) hydroids, (1-2mm), shrimp and slime
shrimps 71FR 3 Ectocarpus (lin), shrimp and slime
85FR ) Similar to 85FL 71BL 2 Stunted Ectocarpus (0.5in) shrimp
85BL 4 Ectocarpus and barnacle (2-3mm) hydroids 71BR Similar to 71BL
| and shrimp 73FL 3 Ectocarpus (lin), slime and shrimp
85BR 5 Similar to 85BL 73FR 3 Similar to 71FL
93FL 5 Ectocarpus barnacle and hydroids 73BL 3 Similar to 71FL
93FR 5 Similar to 93FL 73BR 3 Similar to 7IFL
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Table 11

Series 4

R. D. MEARNS JOCCA

Table 12

Series 5

Panel no.| Intensity Species Panel no. | Intensity Species
10FL 1-2 Slime, trace of Enteromorpha at waterline 14FR 5 Ectocarpus, trace Enteromorpha, barnacle
10FR 2-3 Stunted Ectocarpus, slime, and shrimp (2-3mm), shrimp and slime
11FL 0-1 Slime 15FL 1 Slime, some shrimp
11FR 2 Stunted Ectocarpus and shrimp I15SFR 1 Slime, shrimp
12FL 1 Patch of stunted Ectocarpus (4in square) 14FL 2 Stunted Ectocarpus, slime, and shrimp
12FR 1 Similar to 12FL 16FR 2-3 Stunted Ectocarpus, slime, and shrimp
13FL 3 Stunted Ectocarpus (lin) shrimp 17FL 3 Ectocarpus, Enteromorpha, shrimp
13FR 4 Ectocarpus (4in) 17FR 2 Stunted Ectocarpus, slime, and shrimp
16FL 0-1 Slime only
18FR 5 Ectocarpus (6in) shrimp, barnacle (0.1mm)
19FL 0-1 Slime only
19FR 0-1 Slime only
18FL 1 Ectocarpus
51FR 4 Ectocarpus, slime shrimp
S3FL 1 Stunted Ectocarpus and slime
53FR 1 Stunted Ectocarpus and slime
SIBL 0-1 Slime only
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Sulfate-reducing bacteria, surface coatings

and corrosion®
By M. E. Williams, R. A. King and J. D. A. Miller

Corrosion and Protection Centre, University of Manchester Institute of Science and Technology, Manchester M60 1QD

Summary

The mode of action of sulfate-reducing bacteria causing corrosion
in buried steel structures and pipes is reviewed. The most reliable
test method is underground exposure at a suitable site, but this
can take up to ten years to complete.

A semi-conlinupus _tcchniquc involving gradual replacement of
the growth medium is described. Visual examination of the exposed

Keywords

Raw materials: biologically active agents
bacteriocide

samples was supplemented by potentiokinetic tests, which consisted
of measurements of the current flowing at various levels of applied
potential and after various times. It was shown that some correlation
exists between the weight loss of the samples and the plot of the
current against time, but that none exists between the weight loss
and the plot of potential against log current.

Properties, characteristics and conditions primarily
associated with dried or cured films

sulfide staining

Miscellaneous
anaerobic organism

Les bactéries capables de réduire les sulfates; des revétements superficiels; et la corrosion

Résumé

On passe en revue le mode par lequel les bactéries capables de
réduire les sulfates provoquent la corrosion des structures et de la
tuyauterie enterrés. La méthode d’essai la plus fiable c’est I’exposi-
tion souterraine a un emplacement convenable, mais elle pourrait
exiger jusqu'a dix ans pour son accomplissement.

On décrit une technique semi continue ou il s'agit de la lente
renouvellement du milieu de culture. L'examen visuel des échantil-

lons exposés était supplémenté par les essais potentio-cinétiques,
qui entrainaient le dosage du courant qui coule aux divers niveaux
du potentiel appliqué et aprés diverses intervalles de temps. On a
démontré qu’il existait une certaine corrélation entre la perte du
poids des échantillons et la courbe du courant contre temps, mais
qu’il n’en existait point entre la perte de poids et la courbe du
potentiel contre le logarithme du courant.

Sulfatreduzierende Bakterien, Anstrichmittel und Korrosion

Zusammenfassung

Die Art und Weise, in welcher sulfatreduzierende Bakterien an
in der Erde befindlichen Stahlkonstruktionen und Rohrleitungen
Korrosion verursachen, wird einer Betrachtung unterzogen.

Die verlisslichste Priifmethode ist die unterirdische Exponierung
an einer sich hierzu eignenden Stelle; bis zur vollstindigen Priifung
konnen jedoch zehn Jahre vergehen.

Es wird eine halb- fortlaufende Technik beschrieben, in welcher

Cy:b¢aTHble GaKTepHH, NOBEPXHOCTHbIE MOKPBITHA U KOPPO3UA

Pesioste

OCMaTPUBAETCS MEXaHU3IM JEHCTBUS MPOTUBOCYNbGMATHBIX Gak-
TepHii, BbI3bIBAIOLLMX KOPPO3HUIO B MOA3EMHBIX CTANIBHBIX CTPYKTY-
pax u Tpybax. HaubGosice HaleXHbIM METONOM HCMbITAHUA
ABJAETCA MOA3EMHOE BbIBETPUBAHME B NMOAXOAALLEH Cpelie, HO ITO
MOKET 3aHATH 0 ACCATH JIeT ISt MOJIHOFO BbIMOJHEHUS.

OnNUCHIBACTCA MONYIOCTOAHHAS TEXHUKA € NOCTENCHHON 3aMEHOM
oKpyxatowlei cpeabl pocra 6aktepuit. Busyanbhbie HabatoneHus

das Wachstumsmedium fortschreitend ersetzt wird. Priffung der
cxponierten Proben durch Augenschein wurde durch potentio-
kinetische Tests, welche aus Messungen des in verschiedener
Hohe und in verschiedenen Zeitabstinden vorgenommen ange-
wandten Potentials, bestehen, ergianzt. Es wurde demonstriert, das
zwischen dem Gewichtsverlust der Proben und der Strom/Zeit
Kurve eine gewisse Korrelation bestand, nicht aber zwischen
Gewichtsverlust und der Kurve von Potential/log Strom.

BbIBETPEHHBIX 06])33].\05 AOMOJHAJIUCD NOTEHUUAJBbHO-
KHHETUHECKUMHU UCTIBITAHUAMU, COCTOALLUMMHU U3 U3MEPEHUSA TOKA
MPOXOUALLETO MPH PA3JIUYHBIX YPOBHAX MPUJIATAEMOI 0 HANPAXEHUs
M MOCJIE PA3JIMYHBIX EPUOAOB BPEMEHHU. IMoka3aHo uro CyWIECTBYET
MU3BECTHASA KOPPEIALUUA MEXKAY HOTCDCVI BECa oGpa'suoa 1 3aBUCUMO-
CTbIO TOKA OT BPEMEHHU, HO TaKas KOPpEJsiLUsa OTCYTCTBYET MexXAY
norepeﬁ BE€CA Y 3aBUCHUMOCTBIO HAMNPAXEHUA OT norapnd)Ma TOKa.

*Presented at the Symposium on **Paint performance and the microbiological environment” held by the Manchester Section, 19 and 20

September 1972.
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Introduction
The role of the sulfate-reducing bacteria in metallic corrosion

Sulfate-reducing bacteria are of concern to technology
because they cause corrosion of ferrous metals in the
absence of oxygen. There is considerable evidence for the
implication of sulfate-reducing bacteria in the corrosion of
underground pipes'~?, oil well installations?, aircraft fuel
tanks®, cooling towers®, central heating systems?, sewage
works and ship’s plate in polluted estuarine conditions?®. ?.
The most thoroughly documented cases concern the corrosion
of underground pipes. Vernon'® estimated in 1956 that the
annual cost of replacing and maintaining underground
pipelines in the UK was £20 million. Booth? considered that
of this total, perhaps 50 per cent or more could be attributed
to the activities of sulfate-reducing bacteria. Characteristic
of this type of corrosion is the occurrence of pitting: cast
iron pipes of 0.25in wall thickness have occasionally been
perforated within one year of installation'.

Typically, these bacteria are vibrios (curved rod-shaped
organisms) approximately 0.5-lpm by 3-5um; they are
often motile. Their harmful nature is due to their unique
ability to utilise sulfate ions as terminal electron acceptors
in respiration. This type of anaerobic respiration is known as
“dissimilatory sulfate reduction™; the electron donor may
be an organic substance or gaseous hydrogen. In the latter
case the overall equation may be represented:

SO, -+ 4H, - S" + 4H,0

The end-product, sulfide, is toxic to most other living
organisms. The sulfate-reducing bacteria are strict anaerobes:
they are incapable of utilising gaseous oxygen as a terminal
electron acceptor and its presence inhibits the reaction shown
above.

Many years ago Von Wolzogen Kiihr and Van der Viugt'
observed rapid corrosion of iron pipes laid in the water-
logged clay soils of Holland—situations of near-neutral pH
and absence of oxygen, in which only low corrosion rates
would be expected because of the polarisation of cathodic
zones of the metal surface. The already known ability of the
sulfate-reducing bacteria to utilise hydrogen for sulfate
reduction led Von Wolzogen Kiihr and Van der Vlugt to
postulate that the bacteria caused corrosion of ferrous
metals by removal of the hydrogen from the surface; that is,
by cathodic depolarisation'!. The reaction mechanism they
proposed was:

anodic reaction: 4Fe - 4Fe't | 8¢

electrolytic dissociation of water:
8H,O —» 8H' -+ 80OH~

cathodic reaction: 8H* -+ 8¢ -- 8H

cathodic depolarisation by the sulfate-reducing bacteria:
SO,” 4+ 8H +S” | 4H,0

formation of corrosion products:
Fe't - 8“ »FeS
3Fe'* { 60H - 3Fc (OH),
overall reaction:
4Fc¢ -+ SO, ‘}- 4H,O —~ 3Fe¢ (OH), | FeS | 20H

Booth and co-workers'?, using polarisation techniques
with batch cultures of these organisms, obtained results
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suggesting that the ability of the bacteria to utilise hydrogen,
for whatever purpose, was the criterion for anaerobic corro-
sion of ferrous metals, and that this depolarising activity
need not be linked to sulfate reduction. Thus they considered
that the formation of sulfide ions was not necessary for the
corrosion process. However, more recent experiments using
semi-continuous and continuous culture techniques, and
using hydrogen-utilising bacteria other than sulfate reducers,
have failed to confirm these conclusions': ',

The corrosion product, ferrous sulfide, formed by the
reaction of ferrous ions from the anodic areas or the soil
with biogenic sulfide is itself now known to be highly corro-
sive'!: '3 Present knowledge of corrosion by the sulfate-
reducing bacteria suggests that two main mechanisms are
operating: (a) utilisation of cathodic hydrogen by the bacteria;
(b) corrosion due cither to this cathodic depolarisation or
to galvanic cell action by the biogenic ferrous sulphide, or
perhaps both. King and Miller'® consider that ferrous sulfide
behaves as a cathode (though not a permanent one) when
in electronic and ionic contact with mild steel, and
that the sulfate-reducing bacteria are able to depolarise and
reactivate the ferrous sulfide, thus bringing about further
corrosion.

Protection against bacterial corrosion by surface coatings

Since the potential corrosion hazard to underground pipes
by sulfate-reducing bacteria is so difficult to assess (for a
review of this topic see Ref. 1), the most practicable method
available for protecting pipes is the universal use of surface
coatings. Nevertheless, little research appears to have been
done on the effect of sulfate-reducing bacteria on surface
coatings, apart from actual burial trials. These probably
constitute the most reliable test method, but take up to ten
years to complete. The authors have attempted to simulate
in the laboratory the conditions under which corrosion by
sulfate-reducing bacteria occurs, and to devise a more
rapid method for determining the effect of the bacteria on
a protective coating and the actual mechanism of coating
failure. Their particular interest was the incorporation of
biocides and corrosion inhibitors in the protective coatings
since this seemed to offer the most effective method of combat-
ing the problem. This paper reports the effectiveness of several
biocides in reducing corrosion; it also describes an attempt to
determine why certain biocides are more effective than others
in controlling the bacterial corrosion by employing potential
time and potentiokinetic methods.

Surface coatings cannot be expected to give perfect protec-
tion against corrosion. Mayne'? showed that surface coatings
were permeable to water, oxygen and ions. In normal circums-
tances and with normal film thicknesses of the order of 20 to
100um, he concluded that the passage of water and oxygen
were not limiting to the corrosion process. The limiting process
was regarded as being the passage of ions through the coating.
In the case of very thick coatings, it is not certain which
process is limiting. In the experiments reported here, a thin
film of ferrous sulfide corrosion product was found beneath
the surface coatings (described below). The sulfide might
have passed through the surface coating in the form of
dissolved H,S and/or HS ions.

Experimental

In view of the above considerations, it was decided to use
as a basis a polyamide cured pitch-epoxy system, similar
to coatings used in the field; the epoxy component is included
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to give improved adhesion, temperature stability and chemical
resistance. In the field, film thicknesses of up to 500um
are used; a thickness of 50um was used in the experimental
work, however, in order to obtain more rapid results. Certain
workers, notably Harris'®, have reported failures of this type
of coating; work is at present in hand to investigate any
possible utilisation of coal tar pitch by sulfate-reducing
bacteria.

Nineteen biocides were selected for incorporation into the
standard coating; details are given in Table 1. The semi-
continuous culturing technique was used. The principle of the
semi-continuous technique of growing bacteria is the drawing
off, at regular intervals, of a portion of the bacterial culture
with replacement by an equal volume of fresh sterile growth
medium. The bacteria are thus either maintained in an active
state of growth or regularly “rejuvenated.” The bacterium
used was Desulfovibrio vulgaris strain Hildenborough
(National Collection of Industrial Bacteria No. 8303): a
single and well-known strain was used for the sake of repro-
ducibility. Every effort was made to prevent infection by other
micro-organisms throughout the experiment.

When the test panels were coated, small “windows” were
left uncoated. These were approximately 2 by 12mm in area,
and were intended to simulate “holidays™ in the coating and
provide a means of assessment of the protective action, or
otherwise, of the biocides on the bare metal exposed by the
windows.

The weighed, coated and sterilized mild steel panels were
introduced into the culture vessels before inoculation with
bacterial culture. Coated mild steel panels suspended in
sterile growth medium served as controls. Following the

Table 2

Reduction in the corrosion of mild steel brought about by additives
to a pitch-epoxy coating

. ’ Corrosion relative
Corrosion (mg dm~3)| to that with

Additive in culture | | in stcnle standard coating,
of sulfate- | medium , in culture of

| reducing ‘ sulfate-reducing

! bactena bacteria

| ' | o
Panacide . w 26.5 23 30
Zinc chromate® 1299 34 33
Hibitane .. 350 | 32 ! 39
Crodazoline O 433 | 40 | 48
Morpan CW . 442 4.0 51
Morpan TPB .. 449 | 4l 51
TBTO + Arquad B. I00 46.3 47 54
Duomeen 0 " [o482 27 54
Armohib 25 49.5 38 57
Arquad 2C 50 . . 49.6 34 57
Triphenyl lead ‘acetate | 520 | 3.5 60
Busan 11-M[* 56.0 i 1.4 : 65
Zinc chromate - 59.1 2.8 | 66
CTAB s .l 6l0 I 32 69
Arquad 2C75.. .. | 6l5 26 | 69
Phelam . .. .. 62.7 3.7 72
TBTO . a5 63.6 3.5 ; 72
Arquad B.100 .. | 638 0.1 72
Duomeen TDO .. 6401 44 72
Duomeen C .. .. | 688 39 78
Busan I1-M1 .. .. 739 | 3.6 87
Acticidc APA 0 81.0 | 35 93
Pcnmchlorophenol .| 851 21 96
None .. ..l 879 4.0 100

*Tested in a coating system consisting of hot applied coal tar
pitch with glass fibre reinforcement to give a total film thickness
of approximately 1mm.

Table 1
Biocides used in coal tar pitch/epoxy coating

Concentration

Name | Type in coating
| (pc.r cent w\/wl)
F== = SN = | ——— —_— e ————
Phelam Organic mercury compound 1
Pentachlorophenol | Phenol derivative ]
Hibitanc Phenol derivative 0.5
Panacide | Phenol derivative 1
Zinc chromate i Chromate 20
Busan 1 1-MI | Borate | 20
Acticide APA | Fluorinated sulfonamide 2
TBTO Organic tin compound 5
Triphenyl lead acetate Organic lead compound 1
CTAB Quaternary ammonium compound | 1
Arquad B.100 " ", b | 1
Morpan TPB - . - 1
Morpan CW v 55 1
Arquad T2C-50 | 5 5 5 ! |
Armohib 25 " . - | 1
Duomeen TDO | " . " 1
Duomeen C : o s ¥ 1
Duomeen O - % 56 | 1
Crodazoline O . - » |

tests, the surfaces of the coatings were examined using an
electron microscope to detect any signs of attack by sulfate-
reducing bacteria. None was found. Weight-loss determina-
tions were made on the panels after removal of the coating
in solvent and removal of corrosion products by use of
inhibited hydrochloric acid; the results are reported in
Table 2. It can be seen that the presence of certain biocides
in the coating had a marked effect in reducing bacterial
corrosion. The outstanding examples were Panacide and zinc
chromate, which caused a reduction in corrosion 30 and
33 per cent respectively of that for the control panels without

additive. Hibitane, giving 39 per cent of the corrosion on the
control panels, performed well. On a cost/effectiveness basis,
Crodazoline O, Morpan CW and Morpan TPB could prove
of interest.

As an extension of the above work, the most promising
of the biocide-containing coatings from the weight-loss
experiment were tested by a potentiokinetic technique.
A schematic illustration of the apparatus is shown in Fig. 1.
The coated panel with window was used as the working
electrode of the corrosion cell which contained an actively
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Fig. 1. Schematic di of apparatus for potentiokinetic
experiments

growing culture of sulfate-reducing bacteria. In the potentio-
kinetic technique, the applied potential is varied over a given
range and the corrosion current generated at the electrode
is measured. In the present experiment anodic polarisation
was studied. Graphs were plotted of potential (E) against the
log of the current (i). Before each potentiokinetic run was
started, the rest potential of the system was determined by
allowing the system to equilibrate with its environment of
either sterile medium (the control) or actively growing
bacterial culture; the process was usually completed in
four hours. The stable rest potential provided a base line
from which the potentiokinetic run could commence.

A unified theoretical background for much of the electro-
chemistry has been provided by Pourbaix'®. Fig. 2 provides

IMMUNITY

1 1 1
(o] e 4

ol
®
3
s
s

pH

Fig. 2. Theoretical conditions of corrosion, immunity and passivation
(after Pourbaix)

a simplified picture of the domains of corrosion, immunity
and passivation under various conditions of pH and electrode
potential. Low corrosion rates in iron are due to the presence
of a passive film of oxide; but such films are normally formed
only when either the pH of the surrounding solution or its
oxidizing characteristics are such that the thermodynamic
state of iron is in the passive region. Fig. 3, the graph of
potential against log of the current using an uncoated mild
steel electrode in sterile medium, provides a good illustration
of the passivation process. Passivation is indicated by a
sudden reduction in current after an initial rise. In the con-
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Fig. 3. Graph of potential against log current for mild steel in sterile
medium (O) and in a culture of sulfate-reducing bacteria (X)

ditions prevailing in the soil, the corrosion of ferrous metals
is, generally, cathodically controlled because of cathodic
polarisation; hence the prevalence of pitting attack when a
small, almost unpolarised anode is linked to a large though
highly polarised cathodic site. If passivation can be achieved,
then the reaction is stifled owing to passive film formation.

In the strongly reducing conditions provided by the culture
of sulfate-reducing bacteria, it is unlikely that passive films
could be developed or maintained except when assisted by a
corrosion inhibitor. This is again well illustrated by Fig. 3.
The action of anodic inhibitors (for example, oxidising agents
such as chromates) is to raise the potential of iron into the
passive region and to reinforce the protective oxide film.
Line A in Fig. 3 represents the potential of the system, and
the corrosion rate is proportional to i 4. If a passive film is
formed, owing to the presence of an oxidising agent, the
potential shifts to B and the corrosion rate is now pro-
portional to ig. Similarly, Fig 2 shows that by increasing
the potential of the metal from 4 to B, the metal moves
into the passive state. There is a danger in the use of these
inhibitors: if the oxidising action is insufficient, there is a
generalised increase in corrosion, and, moreover, pitting
may occur at weak points in the oxide film.

An examination of the potential against time curve, Fig. 4,
for the various coatings in sterile medium, shows that the
coating incorporating zinc chromate was initially the most
promising, being the only curve to remain close to the
theoretical passivation potential. It later fell but remained
at a higher level than the other systems. On the basis of
maintaining electrochemical passivity, the descending order
of effectiveness of the other systems was the coating incor-
porating B 100, that incorporating Panacide, the standard
coating, and uncoated mild steel. The presence of a pre-
existing oxide layer on the panels was indicated in each case
by the initially higher potential value, quickly falling as the
oxide layer disappeared.

Fig. 4, which, in addition, gives the potential/time curves
for the various coatings in cultures of sulfate-reducing
bacteria, shows that in these strongly reducing conditions
the pre-existing oxide layer disappeared almost immediately.
The coating incorporating zinc chromate was the only one
to approach the theoretical passivation potential, and could
be considered a borderline passivator. The standard coating,
the coating incorporating Panacide and that incorporating
B.100 all gave approximately equal values for potential:
uncoated mild steel gave the lowest value.

Fig. 5 shows the potential/log of current for the various
coatings in sterile medium. As previously mentioned, mild
steel without a coating shows a definite passivation potential.
Passivation potentials are also shown by the standard coating
and the coating incorporating B.100. No passivation potential
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Fig. 5. Graph of potential against log current for various coatings in
sterile medium

is shown by the coating incorporating Panacide. The curves
for the coating incorporating zinc chromate lead the authors
to suspect that the passivation is less than reliable, confirming
the danger of this type of passivator.

Fig. 6 shows the potential/log of current for the various
coatings in cultures of sulfate-reducing bacteria. The coating
incorporating B.100 was the only system giving a passivation
potential, this being somewhat lower than the passivation
potential of the standard coating in sterile medium, but
considerably higher than the passivation potential for the
coating incorporating B.100 in sterile medium. These results
probably reflect the ability of this strongly adsorbing quater-

——NO _COATH
T C3afiNG PRESENT.NO ADOITIVES
-~ =~ COATING + B

COATING +ZINC_CHROMATE
-2 COATING + PANACIDE.

LOG i (mA)

Fig. 6. Graph of potential against log current for various coatings In
cultures of sulfate-reducing bacteria

nary ammonium compound to diminish the effect of corrosion
on the exposed metal in the window.

Conclusions

Potentiokinetic and potential/time techniques appear to
be valid methods for improving knowledge of some of the
fundamental aspects of the corrosion of coated mild steel.
At present, however, these techniques are not reliable as
means of predicting results of longer-term weight-loss
experiments in the laboratory: a reasonable correlation
exists between the potential/time curves and the weight-loss
results, but none for the potential/current curves.

Panacide, zinc chromate and Hibitane merit further study,
although the authors’ experiments suggest that zinc chromate,
despite its apparent suitability, may be a dangerous material
to use. Highly adsorbable materials, such as Arquad B.100,
require more study because they offer potentially effective
and safe protection.
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Developments in antifouling paints”

By J. Lorenz
Ciba-Geigy, Marienberg CMBH, Switzerland

Summary

The effectiveness of tributyltin oxide (TBTO), tributyltin tetra-
chlorophthalate (541) and triphenyllead acetate (TPLA) are
compared with cuprous oxide. It is shown that cuprous oxide
and TPLA are effective only in media containing a high proportion
of rosin. The solubility of a biocide in the medium used in the
paint is the factor controlling the effectiveness of an antifouling
agent.

Keywords

Raw materials:
binders

rosin adduct
vinyl resin

Développements dans le domaine des peintures

Résumé

On fait comparer Vefficacit¢ de 'oxyde de stanbutyle (TBTO).
le tétrachlorophtalate de stanbutyle (541) et 'acétate de plombitri-
phenylique (TPLA) auprés de celle de I'oxyde cuivreux. On montre
que 'oxyde cuivreux et le TPLA sont efficace seulement en milieux
qui contiennent une quantite importante de colophane. La solu-
bilité d’un biocide a I'égard du milieu de la peinture c’est le facteur
qui determine I'efficacité d’un agent anti fouling.

Entwicklungen auf dem Antifouling Gebiet

Zusammenfassung

Die Wirksamkeit von Bistributylzinnoxid (TBTO), Bistributyl-
zinntetrachlorphthalat  (541) und Triphenylbleiacetat (TPLA)
wird mit der von Kupfer—1—Oxid verglichen.

Es wird gezeigt, dass Kupfer—I—Oxid und TPLA nur in Binde-
mitteln wirksam sind, welche einen hohen Kolophoniumgehalt
besitzen. Die Loslichkeit eines Bioxides im fiir die Farbe benutzten
Bindemittel ist der massgebliche Faktor fiir die Wirksamkeit eines
Antifoulingmittels.

HeoGpacTaroume KpacKku ¥ UX pa3BuTHe

Peszioste

DdpdexTuBHocts okucu Tpnbytuana onosa (TBTO), terpaxnopo-
¢ranata Tpubytuna onosa (541) u auerara TpudeHuna cpUHLA
(TPLA), cpaBHuBaeTcs ¢ 3akucbio menu. [loka3ano 4TO 3aKuch
Mean u (TPLA) sBasiorcs IhdEeKTUBHBIMU TOJBKO B cpeaax
comepXallMX BbICOKYIO [POMOPUMIO CMOJbI. PacTBOpUMOCTHL
6uoumMaa B cpene NPUMeEHAEMON B Kpacke sBasetcs (GakTtopom
KOHTPOJMPYOUMM 3hdheKk THBHOCTb HeoBpacTaloLero areHra.

Experimental

When investigations into organo-metallic antifouling agents
were started some years ago, the work was of necessity mainly
on an empirical basis. Since that time the results, which could
be considered only on a positive or negative basis, have been
checked and found to be reproducible.

TPLA, but none of the other biocides, is effective against the
growth of algae.

Suggested formulations are given for antifouling paints based
on a vinyl-rosin medium and containing cuprous oxide and TBTO,
and on all vinyl medium containing TBTO and TPLA.

biologically active agents

bacteriocide
tributyltin oxide

antifouling

Le TPLA, mais pas un d'autres biocides est efficace contre la
croissance des algues.

On propose des formulations de peintures anti fouling & base
soit d’un milieu vinyle-—colophane contenant de ’oxyde cuivreux
et du TBTO, soit d'un milieu enti¢rement vinylique contenant du
TBTO et du TPLA.

TPLA ist— jedoch keines der anderen Bioxide —gegen Algenanwuchs
wirksam.

Rezepte fiir Antifoulingfarben, welche auf Vinyl—Kolophoni-
umbindemitteln beruhen und Kupfer—1—Oxid und TBTO
enthalten, werden angegeben, ebenzo fiir solche mit nur Vinyl-
bindemittel und TBTO sowie TPLA.

TPLA, Ho He apyrue 6uoumnasl, siBisercs YHHEKTHBHLIM MPOTUB
3apacTaHusi BOAOPOCISMU.

Mpeanaratotes  GopMyJIsiuMK IS HEOOPACcTalOWUX  KPacok
OCHOBaHHbIX HA BUHWJIO-CMONBLHOW Cpele U COLEPXALLUX 3aKUCh
meau ¥ TBTO v Ha CriJIourHOW BUHWJIOBOW Cpele coaepxailiei
TBTO u TPLA.

Table | gives the results which were reported at an earlier
symposium' and upon which it is now possible to give a fuller
interpretation.

The antifouling agents used were bis-tributyl tin oxide
(TBTO), bis-tributyltin tetrachlorophthalate (451) and
triphenyl lead acetate (TPLA), with cuprous oxide for
comparative purposes.

* Presented at the symposium on *‘Paint performance and the microbiological environment™ held by the Manchester Section, 19 and 20

September 1972,
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Tuble 1
Antifouling action of some organo-metallic agents

Antifouling agent First
Cu,0 { TBTO| 541 | TPLA growth
| period

40 | — | —| — | o] ol 10| —
~ 4 = — 1010 10 93
- — 140 — | 10! 40 10 10
— - Zi4a ol 0 o

20020~ | 10 10 10 6
% | = | 28] = 0o | 60 | 10 .
20| - — 2@ o 7!
S 120~ 200 10 10 9 9

growth
period ; period algae

A-‘B’a

|
|

0 o7 o 9 a5 v | 4 —
|

|

Second Third Effectiveness
growth against

el a|B|cl a8 |c

— ;9/4 —- ‘ 9 — — —

9% | 9/0 08 |8 : =
- 10 | : | . . .
20 s - o e =
5 10 ’ . ad | |

|

|

The ratings are on a 0 to 10 basis. where 10 means free from any fouling, 9 means free from fouling, except for one
or two barnacles on the surface, and 0 means completely covered with fouling. Where two figures are given the
ratings are for the two sides of the panel. Panels showing a rating of 8 or less were discontinued. Immersion tests

were made at Cuxhaven®.
These agents were tested in three different paint systems:
(a) chlorinated rubber, (b) vinyl and (c) rosin-vinyl (80
per cent rosin by weight).

All the paints were formulated to have the composition:

| |
) Parts by volume I Percentage by volume

Binder % . 60 43
Filler plus pigment .. 40 | 28.5

Antifouling additive . . 40 ‘ 28.5

The details of the formulations used are given in Table 2.

Table 2

Composition of antifouling paints

Parts by volume

A | B c

Methy! isobulyi ketone

Chlorinated rubber (type 40) 288 | o =
Vinyl (90VC, 5V Ac, 5VA) - ’ — 292 | 53
Rosin WW .. e o o — —- 210
Clophen A-60 - o s | 18 —
Reofos o s o sl — | 18 30
Irgarol SA 39 .. . e | 18 | 18 | 4
Red iron oxide = .. - 270 | 268 282
Talc Lol ‘ 18 | 156 | 163
| 1000 | 1,000 | 1,000
Shellsol A . ; } o | . B
Butyl oleate .. 5 aid i o — -
Xylene i, . .. [ o | .
e 1]

The solvents present are given qualitatively. The additives used
are not shown.

It can be seen from Table | that:

. Cuprous oxide is effective only when rosin is present in
the binder.

N

. TBTO is highly effective for one growth period only.

3. 541 gives an excellent result with chlorinated rubber and
with the rosin-vinyl binder but not with the vinyl alone.

4. TPLA is not effective alone.

5. TBTO and 541 are effective in combination with cuprous
oxide only in the medium rich in rosin.

6. TBTO and TPLA when combined give a long lasting
effect in systems formulated on binders free from rosin.

Discussion

It is not surprising to find that cuprous oxide is effective only
in the presence of rosin. The results confirm earlier work?.
Thus, it would be expected that cuprous oxide is effective
in combination with organo-metallic biocides, especially
with medium C, but why not in combination with TPLA?

When the results with TBTO (40 per cent) and 541 (40
per cent) are compared, they are similar only with media
A and C for the first period, in spite of their both being tri-
butyltin compounds. In combination with cuprous oxide
both products differ during the first period, but seem to be
identical during the second and third periods. Table 3 com-
pares the properties of the two compounds.

If it is assumed that the tributyltin content is responsible
for the antifouling effect, then TBTO should be the more
effective, because of its higher tin content, but the opposite
is the case. A possible explanation is that 541 is comparable
with a phthalate and these are plasticisers, but TBTO is
comparable with an ether. Ethers are not plasticisers but
are more or less good solvents. If 40 parts by volume of
TBTO are added to a paint of 40 per cent PVC a good film
is obtained after drying, but if the PVC is reduced to 20
or 0 per cent keeping the amount of TBTO constant, the
film becomes sticky and wet. This does not occur with 541
which gives dry films irrespective of the PVC.

TBTO behaves like a solvent and migrates from the film;
thus it is highly effective in the first period, but not enough
is left in the film for it to be effective in the second period.
On the other hand, 541 behaves as a plasticiser and the
smaller rate of loss keeps it effective over a longer period.

In combination with cuprous oxide, TBTO is effective in
paints free from rosin as it migrates from the film in large
amounts, but the system fails after one period because of
the lack of TBTO and the ineffectiveness of cuprous oxide in
the absence of rosin. Paint C, which contains much rosin,
continues to have some biocide in the film to act in the third
period. On the other hand, 541 at 20 parts by volume contains
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Table 3
Properties of TBTO and 541

TBTO
C
H C,H
?4 9 479 tCl
C‘Hg—?n—O—Sn—QHg ‘Cl
C4Hyg CqHo
CyH;:Sn.0 Formula
595 | Molecular weight

Tin content
| Specific gravity

40 per cent
1.18

Tin content g per

541

¢ o
g—o—Sn(c,,Hg)a
C—0—Sn(C{Hy)s
0

Cl

Cy,H;,ClSn, 0,4

| 881
| 27 per cent
1.38

47 100 ml compound 37
State at normal temperature
Fluid and pressure Solid

too little biocide to give the desired effect. It is only in combi-
nation with cuprous oxide and in paint C that a lasting effect
is obtained.

Paints containing 541 at 40 parts by volume, made using
a binder similar to C but containing 25, 50 and 75 per cent
of rosin, showed that 541 is ineffective in a binder which does
not contain rosin. Clear lacquers containing a constant
amount of 541 but with a varying ratio of vinyl to rosin
clearly showed that rosin acts as a solubiliser for 541 and
that at least 20 per cent of rosin is necessary to dissolve 541
completely. If the 541 is not completely in solution, it tends
to crystallise and is rapidly removed from the surface and
subsequent diffusion from the lower parts of the film is too
slow to be effective. As has been observed with TBTO, if the
antifouling additive is miscible with the medium, the compati-
bility must be high to prevent loss of the active ingredient.

Recognition of the importance of solubility allows an
interpretation of the results obtained with TPLA. The rather
peculiar solubility characteristics (Table 4) of this compound
explain its ineffectiveness when used alone or in combination
with an equal volume of cuprous oxide, but in combination
with TBTO it is excellent.

Table 4
Solubility of TPLA (gm ')

|

Water 0.15
Ethanol . = ‘ 52
Tetrahydrofurane . 35
Diethyl ether .. | 03
Acetone % 6
Chloroform 48
Benzene 4.5
Hexane 0.4

In the presence of acid, triphenyl-lead compounds are
decomposed to diphenyl-lead derivatives®, and the acids
present in rosin may be the explanation for the failure of
TPLA in media containing rosin. TBTO and cuprous oxide

are able to prevent this decomposition to some extent, but
paints containing TPLA need greater amounts of this com-
pound to off-set the loss by decomposition in acid media.

Practical use

The conclusions reached from the work described can be
summarised as:

Organo-metallic compounds derived from tributyltin and
triphenyl-lead are feasible biocides for use in long lasting
antifouling paints.

The solubility of the compounds in the medium used is a
most important factor in the performance of an antifouling
paint.

Cuprous oxide is not as essential component, and this fact
allows the formulation of water resistant media free from
rosin.

It is well known that fouling is more severe at the “boot
top™ areas of ships than at their bottoms and it is in the first
named areas, where there is intermittent exposure to the
atmosphere, that paint systems based on cuprous oxide and
rosin fail both as coatings and as biocides.

The last column of Table 1 gives the results of some tests
against algae, and here TPLA is effective when used in
conjunction with TBTO in the absence of cuprous oxide
and in media which do not contain rosin.

This paper has dealt solely with the biocidal properties
of the paints described, but it should be realised that these
top coatings may have some effect on the anticorrosive and
other properties of the underlying paint. It is of interest to
study the suggested antifouling paints with respect to corro-
sion and so forth irrespective of the substrate to which they
are applied.

Two suggested formulations are:
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Rased on Based on
I system B | system C
Vinyl (90 VC 5 VAc 5 VA) = 234 I3l
Rosin WW .. wxi —
Redfos 65 .. iz s o 14 |9
Irgarol SA 39 5 o0 a5 14 2
Talc. .. 7 e - 125 102
Red iron oxide’ o o s 215 175
Barytes 5 i - o 196 160
Cuprous oxide i i i | — 316
TBTO . .. .. .. T 62
TPLA . B, 125
| 1,000 ‘ 1,000
- W T i o
Shellsol A | 175 —
Xylene ! 430 | 175
Methyl hohutyl kelone i 430 120

These paints were applied directly to sand blasted steel
panels; after ten days they were cross-cut and immersed in
artificial sea water. After six weeks’ immersion the panels
were removed, rinsed with clean water and inspected. The
panel painted with system C showed large blisters and

J. LORENZ JOCCA

extensive rusting, but system B was as intact as when first
immersed and was free from rust. This test stresses the impor-
tance of a high build anticorrosive coating under any anti-
fouling paint containing cuprous oxide and TBTO in a
medium rich in rosin.

[Received 26 January 1973
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Protective coatings and wrappings for buried pipes:

microbiological aspects”
By E. S. Pankhurst

British Gas Corporation, Research and Development Division, London Research Station, Michael Road, London SW6 2AD

Summary

The various types of protective coatings and wrappings used on
gas mains and services are defined, and tests for assessing their
susceptibility to attack by soil micro-organisms are described.

Results of short-term growth tests showed that many simple
coatings or wrappings based on coal tar epoxy resins and poly-
ethylene did not support microbial growth, and were sometimes
inhibitory towards micro-organisms. More complex wrappings

Keywords

Types and classes of coatings
and allied products

pipe coating

(containing for example plasticised pvc, acrylic or styrene resins,
or bitumen) encouraged growth, which indicated that they might
be susceptible to attack. This was confirmed by the results of
observations on the condition of wrapping and coating systems
buried for some time in soil environments. The importance of
using protective materials that are immune to microbial attack in
the soil is stressed.

Miscellaneous

anaerobic organism
biodeterioration

Les aspects microbiologiques de revétements et d’enveloppes protecteurs pour tuyaux enterrés

Résumé

On définit les divers types de revétements et d’enveloppes protec-
teurs utilisés sur les canalisations de gaz et sur d’autres reseaux
de distribution, et ’on décrit des essais pour apprécier leur suscepti-
bilité aux attaques par les micro-organismes du sol.

Les résultats a partir des essais de courte durée ont démontré
que plusieurs revétements ou enveloppes peu compliqués et basés
sur goudron d’houille, résines epoxydes ou polyéthyléne ne sup-
portaient pas la croissance de micro-organismes, et quelquefois la

inhibitaient. Les enveloppes plus complexes (contenant, par
exemple du CPV plastifié, des résines styroléne ou acrylique ou
du bitume) favorisaient la croissance de micro-organismes, ce qui
indiquent qu’ils soient susceptibles a4 étre attaqués. Cela était
confirme par les résultats des observations de I’état des systémes
de revétement et d’enveloppement qui ont été enterrés pour quelque
temps. On souligne 'importance d’utiliser des matiéres protectrices
qui ne sont pas attaquées par les micro-organismes du sol.

Schutzanstriche und Umwicklungen fiir Vergrabene Rohrleitungen:

Mikrobiologische Gesichtspunkte
Zusammenfassung

Die an Gashauptleitungen und Ausriistungen verwendeten
Schutzanstrichmaterialien und Umwicklungen werden definiert,
und Tests zur Bewertung ihrer Empfindlichkeit gegen Angriff
durch Erdmikroorganismen beschrieben.

Resultate  kurzfristiger ~Wachstumsversuche erwiesen, dass
zahlreiche einfache Anstrichmittel oder Umwicklungsmaterialien
auf Basis von Kohlenteer, Epoxyharzen und Polyithylen das
Mikrobenwachstum nicht unterstiitzten und mitunter Mikro-

organismen verhiiteten. Kompliziertere Umhiillungen (enthaltend
z.B. weichgemachtes PVC, Akryl- oder Styrolharze oder Bitumen)
ermutigten das Wachsen, ein Anzeichen dafiir, dass sie gegen
Angriff empfindlich sein konnten. Dies wurde durch die Resultate
von Beobachtungen des Zustandes von Umwicklungen und
Anstrichsystemen, die einige Zeit in Erdumgebungen vergraben
worden waren, bestiitigt. Die Wichtigkeit der Anwendung von
schiitzenden Materialien, die gegen Mikrobenangriff im Boden
immun sind, wird betont.

3amuTHLIE NOKPBLITAA U 06EPTKH /ISl NOA3EMHBIX TPYO: MHKPOOHOIOrHYECKHE ACHEKTDbI

Pezome

OnpenensioTcs pa3iMuHble TUIbL 3AIUUTHBIX TOKPLITHI 1 06epTOK
NPUMEHSIEMBIX [U1sl Ta30BbIX TPYO M 0OCIYXMBAHUSA U ONUCHIBAIOTCS
MCOBITAHUS [U1S OLIEHKW MX BOCIIPUUMYMBOCTM K aTaKaM MUKPO-
OPraHH3MOB MOYBbI.

Pe]y]’leaTbl KPaTKOBPEMEHHbIX WCITbITAHNIA POCTA MOKA3bIBAKOT
YTO MHOIHE TNPOCTbLIE MOKPbITUA M OGCPTKM OCHOBAHHbIC Ha
KAMEHHOYT OJIbHOM CMOJIe, SNOKCHAHBIX CMOJIAX N MOJIMITUIICHE, HE
noaAepXUBarOT POCT M“KDO6OB Y OKa3aJIUCh UHOTAAa TOPMO3ALLIMMHA

ATCHTAMM TIO OTHOLICHUIO K MMKPOOPraHU3MaMm. Bornee cioxHbie
00epTku (comepXauMe Hanpumep rIacTUGULUMPOBAHHYIO TUr-
MEHTHYIO 06'beMHy}0 KOHLEHTpALUI0, AKPUITOBbIC WJIX CTUPOJIOBbIC
CMOJIbl, WK GUTYM) CIOCOBCTBOBANU POCTY, YTO YKA3bIBAET UX
4YyBCTBUTCJIBHOCTb K aTake. 310 MOATBEPXKAAJIOCE PE3yJIbTATaAMU
HabmoAeHUsT COCTOSTHUA 00ePTOK M MOKPBITHI IOTPYXEHHbIX Ha
HEKOTOPOE BpeMs B NOYBEHHYIO cpeny. [TomyepkuBaeTcs BaXHOCTb
MPUMEHEHUST 3AUIMTHBIX MaTePHaJIOB YCTOHYMBBIX TIPOTHB aTak
IOYBEHHBIX MUKPOOOB.

* Presented at the symposium on *“Paint performance and the microbiological environment™ held by the Manchester Section, 19 and 20

September 1972.
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Introduction

Unprotected metal buried in British soils is often severely
damaged by anaerobic bacterial corrosion. This form of
corrosion causes extensive pitting of steel and graphitisation
of cast iron, and is, therefore, of considerable economic
importance. It has been studied extensively since von
Wolzogen Kiihr and van der Viugt! and Starkey and Wight*
first implicated sulfate-reducing bacteria, but the mechanisms
involved are still not completely understood. The process
can be described as electrochemical corrosion accelerated or
aggravated by the activities of sulfate-reducing bacteria,
although other organisms may contribute as well. Sulfate-
reducing bacteria flourish in poorly aerated soils, like water-
logged clays (where anaerobic corrosion is most severe), and
use hydrogen that accumulates at cathodic areas of the metal
to reduce sulfate in the soil to sulfide. The depolarisation of
the cathode causes more metal ions to enter into solution at
the anode, and corrosion products are formed by reactions
between the dissolved iron and sulfide produced during the
bacterial reduction of sulfate. This theory of anaerobic
bacterial corrosion is generally accepted, although the
possible reactions in the vicinity of buried metal are very
complex.

All authorities (for example, water undertakings, gas
boards, oil companies) that bury pipes or other metal objects
are concerned at some time or another with the effects of
anaerobic corrosion. The costs of repairing and replacing
corroded pipes, as well as the cost and potential hazards of
lost products, are high. Although bare cast iron pipe has been
known to survive in immaculate condition for 60 years or
more, severe corrosion occurs in some environments in as
short a time as one to two years, such is the variation in soil
conditions in Great Britain. It is thus advisable, or even
essential, for buried iron and steel to be protected in some
way.

Measures for protecting pipes against corrosion include:

(a) The application of wrappings or coatings to the metal,
to isolate it from the corrosive components of its environ-
ment (that is, soil water, gases and other chemicals and
micro-organisms).

(b) The use of sacrificial anodes or the application of
impressed current. Cathodic protection systems are widely
employed, usually in conjunction with pipe wrappings or
coatings, since to maintain uninsulated pipe at the correct
potential would require too much current, and so be too
costly. With coated or wrapped pipes, the cathodic pro-
tection system only comes into operation if there is a
break in the coating or wrapping.

(c) The use of artificial “*backfills.”” After a pipe has been
laid, it is sometimes surrounded by a non-corrosive,
relatively inert material (for example, sand, chalk or gravel)
instead of the original soil. Such backfills help to maintain
aerobic conditions and good drainage around the pipe,
and prevent contact of the pipe with potentially aggressive
soil. The backfill can be impregnated with a biocide, but
information on the success of this method is limited.

Coatings and wrappings for buried pipes

Pipelines, mains and services carrying gas are expected to
last for at least 35 to 40 years; in most instances, they last
very much longer. They are usually coated or wrapped, and
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are often protected cathodically as well. Sometimes they are
surrounded by a non-corrosive backfill.

The distinction between coatings and wrappings is not easy
to define. Some coatings, but not all, are thinner than
wrappings. Thin coatings can be applied to pipes by dipping,
flood-coating, painting by brush, spraying or electrostatic
deposition ; they are normally, but not always, applied in
the factory where the pipes are produced. Thicker coatings
can be applied by continuous extrusion methods, or by a
combination of flooding with hot molten material accom-
panied simultaneously by wrapping with a reinforcing fabric.
Whether the coating is thick or thin, it is normally applied
as a continuous film to the whole of each pipe section with
the exception of a few inches at each end, where the pipe
sections are joined or welded together just prior to or during
pipe-laying.

Wrappings are prefabricated tapes or bands of material
that are applied to pipe or joint areas by hand or machine,
either spirally or longitudinally in discrete layers. Some of
these materials are very thin and self-adhesive, whilst others
are thick and “*gooey™: many have to be used with a special
primer. Wrappings are most frequently used on joints or
weld areas of factory-coated pipes, but if necessary they can
be applied to the whole of a pipe. They are normally applied
spirally, with an overlap of at least 50 per cent of their width,
so that the underlying metal is protected by two or more
layers of material.

Joint or weld areas are usually wrapped in the field by
hand, although machines can be used. Field-wrapping of
large diameter pipe by machine is only feasible and economic
if the pipe is to be laid across large stretches of land in open
country. Suitable machinery is used in the USA for example,
but seldom in the British Isles. Joint areas can be flood-
coated in the field by a technique involving the simultaneous
application of molten material and reinforcing material.

Until quite recently, the number of different types of
coatings and wrappings available in Great Britain was
comparatively small. However, in the last five years the
number of manufacturers offering products for protecting
buried pipes has probably trebled, and the choice facing
pipeline engineers is bewilderingly large. It is particularly
disturbing, however, that many of the newer firms have little
conception of what is required, and do little or no evaluation
of their products themselves.

The types of coatings and wrappings used and the ways
in which they are applied are listed in Table 1.

Coating and wrapping failures

If pipes are to function for many years, it follows that
coatings and wrappings applied to protect them must also
survive intact for a similar period of time. Often, however,
they do not survive, and there is ample evidence to show that
severe corrosion occurs frequently on the metal underneath
coatings or wrappings that have failed.

No protective material, however good basically, will
perform well if it has been badly or incorrectly applied.
Usually, it should be applied to clean dry metal (primed if
necessary) to the correct thickness, overlap and so forth,
in a manner recommended by the manufacturer and agreed
upon by the purchaser. In many cases, specifications are
drawn up to cover all these aspects, as for example in the
use of coal tar enamels (British Standard 4164 : 1967;%
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Table |
Coatings and wrappings that can be used 1o protect buried pipes

Protective system I
|

Region to which system can be applied i

| Method of application

Thin coatings (-< 15 thou thnck) I
Coal tar b=
Bitumen B e = 2 1)
Epoxy resin s &
Vinyl copolymer pamt s 3 ‘
i

Thick coatings (-~ 20 thou thick)
Coal tar enamel, reinforced sie ‘
|

Bitumen enamel, reinforced

Polyethylene cladding s s
Polyethylene sleeving, adhesive )

Thin wrappings (- 20 thou thick) |
Pressure-sensitive self-adhesive
tapes (pvc, pe, etc.)

Loose polyethylene sleeving te
‘ areas etc.,

Overwraps (usually pvc)

Pipe body, in the factory
Pipe body, in the factory
Pipe body, in the factory
Pipe body, in the factory or in the field

Dipping, painting by brush

Dipping, painting by brush

Spraying, electrostatic deposition
i Painting by brush or roller

Pipe body, in the ld(.lory

Weld areas, in the field

Pipe body, in the factory

Weld areas, in the field

Pipe body, in the factory
Joints or weld areas, in the hcld

Joints and weld areas usually, in the field; |
pipe body sometimes, in the field.
‘ Sometimes also used as overwraps

Over other wrappings and coatings, in the

|

| Flooding and wrapping
Flooding and wrapping
Flooding and wrapping

| Flooding and wrapping

| Extrusion over mastic
Shrinkage by heat

Wrapping, spiral or longitudinal, by hand or
machine. Primer necessary sometimes

Whole length of pipe, including joints, weld | Total envelopment, by hand
in the field |

Wrapping, usually spiral and by hand

field, to prevent mechanical damage to |

Thick wrappmgs (—~ 40 thou llmkb
Laminated tapes containing
polymers, glass fibre, rubbers, |
resins, bitumen i
Tapes containing polymeric, glass
or natural fibre carriers and ‘\
|
|
|

petrolatum or coal tar

Overwraps (usually pvc) As for thin overwraps

Joints, weld areas etc., in the field; pipe body |
sometimes, in the field

Joints, weld areas ele.,
body sometimes, in the field

plpe body and joint and wcld areas

Wrapping, spiral or longitudinal, by hand or
| by machine. Primer is sometimes necessary
in the field; pipe Wrapping, usually spiral, by hand or by
| machine

|

Wrapping, usually spiral and by hand

American Water Works Association Standard C203-667).
Generally, of the systems applied in the field, the best are
those that are relatively easy to apply correctly even by
relatively unskilled personnel, in inclement weather and under
other adverse conditions. Precautions are taken both in the
factory and in the field to ensure that there are no *“*holidays™
in coatings and wrappings; adequate supervision is most
important as, apart from errors in application, wrapped or
coated pipes can be mechanically damaged during pipe-laying
(that is, during the lowering of the pipe into the trench
(ditching) or during backfilling after ditching).

Once a coating or wrapping has been correctly applied,
and the pipe has been laid, the protective system must
continue to be effective. Conditions underground vary widely
and are not necessarily stable; radical changes can and do
occur. Coating and wrapping materials must tolerate seasonal
and other variations in the temperature and water content
of the surrounding soil; they must withstand soil movement
and subsidence, contact with stones or other objects capable
of damaging them physically, attack by soil chemicals or
micro-organisms, and on occasions attack by insects and
rodents, and even damage by plant and tree roots. Under all
these circumstances, a successful coating or wrapping retains
its strength, its impermeability to water and its other special
characteristics. It must not crack or lose bond with the pipe
surface, nor with itself if it was applied with an overlap.

Reasons for failure of coatings or wrappings are often
extremely difficult to determine. Frequently there is neither
the time nor the opportunity to investigate, especially as
studies of what happens in the field really need a mixed-
discipline team of investigators; this is sometimes overlooked,
and engineers, electrochemists, chemists, physicists and
microbiologists too often tend to work alone.

The biggest single cause of coating and wrapping failure
is probably incorrect application. On the other hand, properly
applied protective systems can fail. The reasons might be
electrochemical, chemical, physical, mechanical or micro-
biological, or a combination of some or all of these factors;
rarely is the cause of failure clear-cut.

To say that failures can often be attributed to micro-
biological causes would be most misleading and would
immediately alienate most pipeline engineers and chemists,
who are only too aware of the complex nature of the problem.
On the other hand, it would be equally incorrect and naive
to assume that micro-organisms are never involved; they
certainly do contribute sometimes, if only for the very good
reason that material known to be vulnerable to microbial
attack has been used to protect buried pipes. For example,
coatings and wrappings used during the first half of this
century often contained susceptible natural fibres like cotton
and hessian. Recently-developed products are not necessarily
any better, although some may resist microbial attack because
they contain specific synthetic or inert materials, or biocides.

Susceptibility to microbial attack

Although it is obviously important that pipe coatings and
wrappings should not be attacked by soil micro-organisms, it
is surprising how little thought is given to this requirement,
either by the manufacturers or by the users of the materials
concerned. Sometimes only the manufacturer knows the
exact chemical composition of his product, and micro-
biological considerations are often ignored altogether during
assessment of the suitability of coatings and wrappings for
use on pipes. Even when a manufacturer does claim that his
product is resistant to microbial attack, little is done to
substantiate or disprove his claim.
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The present paper reports work that has been and is being
done by a very small tcam (a) to assess the susceptibility of
pipe coatings and wrappings used by the gas industry to
microbial attack, and (b) to determine the part played by
micro-organisms in failures of these protective materials in
the ficld.

There are basically two approaches. In the first, short-.erm
or medium-term laboratory experiments are used to determine
the effects of micro-organisms on coatings and wrappings.
Some tests show whether these materials or their constituents
support microbial growth or enhance microbial respiration
rates; other tests show whether the materials lose or gain
weight in the presence of growing micro-organisms and
whether or not they weaken. These tests can be done with
pure or mixed cultures of micro-organisms. The second
approach involves medium-term and long-term exposure of
the materials in actual or artificial soil environments. This
approach might require planned experiments, but it can also
take advantage of samples of coatings and wrappings from
the field, submitted for examination to ascertain the cause
of failure.

Experimental
Laboratory tests
Micro-organisms

The nine pure cultures used for laboratory tests included
three species of bacteria, two species of yeasts, two species
of actinomycetes and three species of fungi. Three of the
cultures were obtained from culture collections; the others
were isolated at the London Research Station. They were
chosen because they can be found in soils, or because they
have properties (for example, the ability to oxidise aromatic
compounds or resins) that suggested they might degrade
pipeline materials. Cultural and other details about the test
organisms are given in Table 2.

Growth tests in liquid media

Ability to support growth was tested in liquid media contain-
ing mineral salts but no carbon source except for pipe coating
or wrapping and any carbon dioxide dissolved in the medium.
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Wrappings or coatings were broken into small fragments or
cut into pieces approximately Imm square. Samples (250mg)
of cut or broken material were introduced into 100ml conical
flasks each containing 50ml of medium; for test with fungi,
the weight of test material introduced to each flask was
increased to lg. Primers, coating and adhesives were painted
on to glass slides, which were allowed to dry or cure for
48 hours before they were placed in the media.

For each test, two flasks contained the basal medium and
the appropriate coating or wrapping, and two control flasks
contained the basal medium only. The flasks were inoculated
with the test organisms and incubated at 30°C for one month.
During this period, growth (or death) of bacteria, yeasts or
actinomycetes was followed by counting at weekly intervals
the numbers that had survived. Growth of fungi was assessed
by weighing the mycelium that had developed after one
month.

Full details of media and methods have been given pre-
viously (Pankhurst et al.?).

Weight loss tests

Coatings and wrappings were cut into pieces about 2cm
square. These pieces were conditioned for 36 hours (24 C
relative humidity 65 to 70 per cent), weighed and placed in
dishes containing 25ml of liquid mineral salts medium with
no other source of carbon. Except for very sticky materials,
three samples were placed in each dish with their outer
surfaces uppermost, and three with their inner surfaces
uppermost; some samples floated, others sank. The six
pieces in any one dish were distinguished from one another
by means of small irregularities in shape. For each material
tested, three dishes containing medium and wrapping or
coating were prepared. One was inoculated with the test
organisms, and two were left uninoculated, as controls. One
control contained mercuric chloride (I per cent, w/v), to
ensure that it remained sterile, as difficulties with cross-
contamination between dishes were foreseen.

After ten weeks at 30°C, dishes were examined for growth
in the liquid and on the test material; checks were made for

Table 2
Micro-organisms used in laboratory tests with coatings and wrappings

Organism*

Pseudomonas aeruginosa . . - i [ Isolated from effluent containing aromatic

compounds
Pseudomonas resinovorans (NCIBT 9280) ‘ Utilises oily resins

Reason for choice as test organism ‘

Test inoculum from:

2-3 day cultures on Oxoid nutrient agar

|

Serratia marcescens (NCIBY 9523) .. | Caused pink colour in copolymer preparation ‘ —

Yeast species | (unidentified)

Yeast species 2 (unidentified)

tape

Isolatedt from pink-stained pvc tubing

Isolatedt from medium containing adhesive

Actinomycete species 1 (unidentified) Isolatedt from soil

Streptomyces rubrireticuli (CM1}1 101,524)

Aspergillus niger

. | tape
Aspergillus fumigatus .. ‘

Found on pvc sheeting

Isolatedt from medium containing adhesive

| 7 day cultures on Oxoid wort agar

7 day cultures on Bennett’s agar (Jones?®)
modified by using tryptone (Difco) instead
of NZ amine

7 day cultures on Oxoid wort agar

Isolatedt from neoprene latex

* All cultures were regularly subcultured on the appropriate media at 30°C.
t Isolated at the London Research Station of the Gas Council.
$ NCIB = National Collection of Industrial Bacteria; CMI = Commonwealth Mycological Institute.
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contamination. The test pieces were removed, washed, dried
and conditioned (for 36 hours at 24°C, relative humidity
65 to 70 per cent). They were then weighed, and the results
compared with the pre-test weighings.

Respirometric experiments

The ability of some coatings and wrappings to stimulate
oxygen uptake by resting cell suspensions was measured
manometrically over a period of 48 hours. The indirect
method of Warburg (Umbreit, Burris and Stauffer®) was used,
and tests were duplicated (Pankhurst er al.5).

Field observations

A small number of coatings or wrappings that were suspected
to have failed in the field were examined. As much information
as possible was obtained about the history of the coating or
wrapping, together with details of any observations made
about the condition and appearance of the material when it
was first exposed during the associated excavations. Rarely
was it possible for the author to be on site when the material
was retrieved. The next step was to determine what type of
coating or wrapping had been used. This was not nearly so
straightforward or easy as it sounds because not only were
a great many different types of protective material used over
a period of many years but, until recently, no precise infor-
mation about such materials was available. Moreover, some-
times the situation was complicated by the fact that two
different tapes had been used together. In such cases, the
different layers were peeled apart, the degree of adhesion
and overlap noted, and sometimes simple chemical tests were
done to determine the nature of the reinforcing material or
carrier.

Once the type of protective system had been ascertained,
samples were very carefully inspected for any visible signs of
deterioration, deposits or growths. During inspection care
was taken to remember which side was uppermost when the
material was in position on the pipe, and which side was in
contact with the pipe surface. Samples were examined under
the microscope for deposits, signs of fungal mycelium or
fruiting bodies.

Microbiological examinations

Although there are always micro-organisms associated with
coatings and wrappings (especially on surfaces in contact
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with soil), it was considered worthwhile doing some cultural
examinations. The purpose of such examinations was to
determine, if possible, the types and relative numbers and
distribution of micro-organisms on the protective materials,
and to ascertain, if possible, whether or not their presence
was adventitious, and whether they were having a harmful
effect.

Three different procedures were tried for cultural work.
Firstly, subcultures were made from the surfaces of coatings
or wrappings on to nutrient agar, wort agar or Bennett’s
agar, using an inoculating needle or a swab of some kind.
Secondly, portions of the material under examination were
pressed firmly on to the surface of agar media; the material
was held in position for a few seconds only, and then removed.
Thirdly, impressions were taken from the surfaces of the
coatings or wrappings with thin pressure-sensitive adhesive
pve tape sterilised in an autoclave. The tape was firmly
pressed for a few seconds on to the sample being examined,
and then removed. It was then itself pressed on to the surface
of successive agar plates, so that the number of organisms
left behind on the agar surface with each impression became
progressively less. The same techniques were used occasion-
ally for pipe surfaces.

Whichever method was used, plates were incubated for
three to seven days and then examined. It was not possible to
identify all the organisms that grew, but colony colour and
size were used to distinguish between major groups of micro-
organisms. In some cases, it was reasonably easy to identify
the genus of an organism if growth was examined micro-
scopically as well.

Sometimes, soil samples from the vicinity of the pipe and
coating or wrapping were obtained as well; if time permitted
they were examined for sulfate-reducing bacteria.

Results

Growth tests

The tests for ability to support growth proved very sensitive
and reproducible. The contrast between the results for coatings
and the results for some of the wrappings is immediately
obvious (Tables 3 and 4, and Fig. 1). Coating materials like
coal tar, epoxy resins and polyethylene supported little or no
growth; in most cases (Fig. 1 A-C) they were definitely

Table 3
The effects of pipe coatings on growth of test micro-organisms

Stimulation or inhibition of growth after 28 days

Substrate ‘ t— ‘7
P aeru- | P.resino- | S. mar- Actino- S. rubri- ; :
ginosa vorans | cescens | Yeastl | Yeast 2 mycete | ‘ reticuli ‘ A. niger | A. fumigatus
High density polyethylenc slecvmg ‘ 0 0 0 ‘ 0 0 0 ‘ 0 ‘ 0
Rubber/rosin mastic used with above | 0 b4 | 0 0 0 0 | 0
Heat-shrinkable polye(hylenc sleeve
plus mastic .. : 0 | - NT 0 - 0 0 0
Vinyl copolymer palnt 5 ¢ W 0 0 = 0 = 0 0 0
As above, but with biocide .. e | = = = = = = = 0 0
Coal tar enamel 1 . .. . = = = = = = 0 0
Coal tar enamel 2 = = = = 0 0
Coal tar enamel 3 = = 0 0
Coal tar enamel 4 .. = | = = = = 0 0
Primer containing coal tar for use
with 4 — = = = = = = 0 0
Synthetic pnmer for use wnh 4 0 0 - 0 = ! 0 = 0 0
Epoxy resin/coal tar coating = = = 0 0 = 0 0 0
0 no effect. = pronounced inhibition. | -+ some growth.
— a little inhibition. - a little growth. NT not tested.

some inhibition.
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Table 4
The effects of pipe wrappings on growth of test micro-organisms

|

Sumuldtmn or inhibition of growth after 28 days

Substrate ——— —
P.aeru- | P.resino- | S. mar- - prames Actino- S. rubri- e "
| glno\u \ vorans | cescens Yeast 1| Yeast2 \ mycete | ‘\ veticuli | A+ M8 A- fumigatus
Pvc wrappmg, thin .. wis s t {= 0 0 ‘ 0 - ! 0 i (s) 0
Pvc wrapping, thick .. ‘ b o 1+ i 0 0 0 0 0 i (s) 0
Pvc tape, pressure-sensitive adheswc i MEsit] | 4= ‘ |- 4 ‘ NT ‘ NT NT NT NT NT
Pvc/glass fibre/resin/pitch tape .. |4t AR ’ | Lo Q | P | 0
Pvc/petrolatum tape .. i ey | o 0 | j b (8) o 45
Polypropylene/acryhc ﬁbre/pe(rolatum ‘
+ (s % 0 0 (I L i (s) < i (s)
Bvolbatl tubiber tape pis bioeide * S 0 0 0 0 0 0 L is) 0
Butyl rubber tape plus biocide \ 0 0 0 0 0 0 0 0
Polyethylene tape, pressure-sensmve
adhesive 3 i 0 v 0 0 0 0 0 0
Polyethylene/rubber/b|tumen
wrappin Ll | 0 0 0 | P(s) S s
Polypropylene/rubber/bltumen ‘ |
wrappin,; . i o b f =t | 0] Q 0 Q CAs) LSy
Nylon/coal tar tape .. . e = = | - 0 = 0 0
Nylon/coal tar wrapping o oz | = = = - = 0 0

0 no effect.

— a little inhibition.
= some inhibition. b+
= pronounced inhibition.

inhibitory towards the test micro-organisms. On the other
hand, the more complex wrappings containing plasticised pvc,
acrylic or styrene resins, polyethylene and polypropylene
(examples are shown in Fig. 1 D-E) often encouraged growth.
Tests with individual constituents usually showed that non-
polymeric materials were responsible for the increased growth.
In the case of pve, the plasticisers and other additives were
the culprits, whereas for polyethylene and polypropylene,
materials like bitumen mixed with them were responsible
(Pankhurst and Davies”; Pankhurst et al.?). Wrappings con-
taining coal tar and nylon, or tapes to which efficient biocides
had been added (Fig. 1F) caused marked inhibition of growth.

In most cases where protective materials had had a stimu-
latory effect on the test organisms, bacteria were encouraged
to grow most, followed by fungi and actinomycetes; yeasts
remained for the most part unaffected.

Weight loss tests

Unfortunately, cross-contamination between dishes occurred
readily, and dishes without mercuric chloride, but supposed
to be sterile, became contaminated. Although it was difficult
to draw precise conclusions about the effects of the micro-
organisms, the results gave useful information about water
absorption. Statistical analysis showed that of the 14
materials tested, five gained weight significantly and six lost
weight significantly; in three cases there were no significant
gains or losses.

The materials that gained weight were all wrappings that
contained bitumen or coal tar. Increase in weight was
attributed to absorption of water by these components from
the medium, as it also occurred in the sterile controls con-
taining mercuric chloride. In the field, water absorption might
seriously affect the performance of a material, for example
by causing it to swell or lose bond with the pipe; so much

-t alittle growth.
-+ -+ some growth.

|- pronounced growth.
NT not tested.

water might be absorbed that the surface of the pipe become
wet.

The materials that lost weight included many of the
wrappings containing pvc or petrolatum. Loss of weight may
have been caused by migration of a soluble constituent of
the wrapping into the medium, or by utilisation of one or
more constituents during growth of the test organisms.
Comparison with the controls containing mercuric chloride
showed that in most cases extensive microbial growth had
occurred, and this could explain the decrease in weight;
growth of fungi and bacteria (especially of Aspergillus
Sfumigatus and Serratia marcescens) was particularly marked.
In other cases, the causes of weight loss were not clear,
although removal of adhesive from sticky materials during
handling almost certainly played a part.

Respirometric experiments

The results of manometric tests are not given in detail as
they proved of value only for very simple materials (the
individual constituents of coatings and wrappings). When
complex coatings or wrappings were used as substrates, the
results were extremely difficult to reproduce.

Field observations

A summary of the results of examinations of various coatings
and wrappings is given in Table 5. The conclusions reached
about microbiological participation in deterioration are
necessarily subjective; there are many difficulties in doing this
type of assessment. Seven coating or wrapping systems were
included in this survey; only in two of these was it suspected
that micro-organisms were playing a part in the failure of the
system. Nevertheless, it is important that many more samples
from the field should be examined in this way. Examples of
corroded pipes and damaged wrappings and coatings are
shown in Fig. 2.
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resinovorans in a medium of mineral salts containing no other source of carbon



380

Table 5
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Results of examinations of samples from the field

Type of protective
material

Reason for
retrieval

|
|
. Comments
|

Coating: bitumen
reinforced with glass
fibre

Cathodic protection
ineffective

|
| Microbiological
! involvement
|

Wrapping: cotton with
petrolatum

As above

Coating: bitumen
reinforced with hessian

Disbonding on a
syphon

Wrapping: inner pvc
pressure-sensitive
adhesive tape; outer
bitumen/asbestos
fibre tape

Perforated mild

! steel pipe

surface

also

Microbiological findings
‘\ in failure
Coating completely i Isolations from inner surface: 9 bacterial ‘ Dubious
disbonded. Surfaces spp. (mostly Bacillus and Pseudomonas)—
discoloured by ground | none utilised bitumen in Warburg: 3 fungi
water. Glass fibre too !
close to inner surface |
| — _ R ||
Carrier still strong, Isolations: 9 bacterial spp., 2 fungal spp. { Probable
little petrolatum left |
Hessian disintegrating, | Isolations (inner surface): 11 bacterial spp. | Yes
very close to contact (including Bacillus sp.)—3 definitely utilised |
| bitumen; 5 may have done, 3 did not. Also |
isolated— 3 fungi ’
Wrapping obviously Fungal growth evident. Isolations, inner ‘ Yes, with mech-
damaged:; loss of bond | and outer surfaces: 12 fungal spp. (including | anical damage.
[ Penicillium, Fusarium and Pestalotia), ‘ Evidence of
2 actinomycetes, 1 yeast (media for bacteria | anaerobic
not used) [ corrosion under

None: soil sample
only

|
1
|

Fractured cast iron
pipe

Clay soil

Contained sulfate-reducing bacteria
(Desulfovibrio and Desulfotomaculum)

| wrapping
i -
i Yes (corrosion)

(a) Coating: bitumen
reinforced with hessian

(b) Soil

Fractured mild steel
pipe

Coating worn away or
torn; no disbonding

Heavy wet clay

Isolations: mainly Btgcillus spp. Also
gram-ve rods (including Pseudomonas spp.):
very few fungi, no actinomycetes, 1 yeast

Sulfate-reducing bacteria found

— (a) No

' (b) Yes

(a) Coating: bitumen
reinforced (glass fibre?)

(b) Wrapping on joint;
pvc adhesive tape plus
bitumen/glass fibre
wrap

(¢) Soil from vicinity

|
|

Chance inspection
welded mild steel
pipe

Waterlogged soil;
superficial cracks in
coating

Overwrap cracked and
crumbling. Inner
wrap: adhesion lost

Isolations (cracked and uncracked external
areas similar): Bacillus spp., gram-ve rods,
3 fungi; fewer but similar spp. on inner
surface

Isolations: No obvious differences between
cracked and uncracked areas. Organisms
similar to those on (a). Possibly more
(Bacillus spp.)

10°-10¢ sulfate reducers/gm of soil

| (corrosion)
L
|

(a) No

! (b) No

| (©) Yes
| (corrosion)

Fig. 2. Examples of corroded pipes and damaged wrappings and coatings
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Discussion

The results of short-term laboratory tests suggest that pro-
tective coatings for buried pipecs are less likely to be suscep-
tible to microbial attack in soil than materials used as
protective wrappings. The main reason for this is probably
that coatings tend to be simpler in composition than wrap-
pings, and they often contain materials that inhibit or do not
affect microbial growth; examples are coatings based on coal
tar, epoxy resins and polyethylene. Possible exceptions are
coatings based on bitumen, which were not tested in the
course of the present work. Wrappings that are potentially
vulnerable to attack are those containing bitumen, petrolatum
and plasticised pvc; those containing coal tar, biocides,
polymers without additives or constituznts incapable indi-
vidually of supporting microbial growth are as satisfactory
as some of the coatings.

These conclusions are based on determinations of the
ability of coatings and wrappings to support growth of
bacteria, actinomycetes, yeasts and fungi in tests lasting four
weeks. Other short-term tests, to determine changes in weight
of materials incubated with micro-organisms and changes in
microbial respiration rates in the presence of these materials
were not as useful nor as reliable as tests for growth.

Growth tests to evaluate susceptibility of pipe coatings and
wrappings to microbial attack can be criticised on the grounds
that the results obtained in the laboratory, with pure cultures
of micro-organisms, do not necessarily represent what will
happen in a soil environment; moreover, the results of tests
lasting only 28 days cannot be expected invariably to predict
what will happen to materials buried for several years.
Nevertheless, the results obtained from the work are sup-
ported not only by reports in the literature about suscepti-
bility of different materials individually, but also to a certain
extent by the limited amount of information from the author’s
own field observations, and by those of other people. The
author hopes to obtain further support for her results from
experiments with pipe wrappings and coatings buried in soil
at an experimental site for about two years; this work will
include tests for any changes in mechanical and other
properties.

The author believes that, within the limitations outlined
above, short-term growth tests for evaluation of protective
systems are of value. It is not feasible to perform tests lasting
several years before accepting or rejecting every new material
that appears on the market. Neverthzless, whenever possible,
laboratory work should be supported by longer term field
tests and observations.

It should be stressed that susceptibility to microbiological
deterioration is not the only criterion for choosing pipe
coatings or wrappings. Neither are microbiological factors the
only ones contributing to failures of protective systems in
the field.
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The occurrence and control of moulds and algae

on paints’
By P. Whiteley

Building Research Establishment, Department of the Environment, Garston, Watford WD2 7JR

Summary

A description of the ways in which moulds and algae affect
buildings, especially painted surfaces, and of some of the factors
which promote or control their growth are mentioned. Design
details, such as avoidance of water runs or water retentive surfaces
externally, and of conditions leading to condensation internally,

Keywords

Types and classes of coatings and allied products
top coat

Types and classes of structures or surfaces to be coated
masonry

are at least as important in controlling growth as the formulation
of paints and the use of biocidal additives. The effects of fungicides
are sometimes inconsistent and disappointing in practice, even
after extensive testing.

Miscellaneous
biodeterioration

L'occurence et le controle des moisissures et des algues sur peintures

Résumé

On décrit les moyens par lesquels provoquent les moisissures et les
algues D’altération des batiments et surtout leurs surfaces peintes, et
d’ailleurs certains facteurs qui favorisent ou qui controlent leur
croissance. Les détails de la construction tels que la nécessité
d’éviter des cours d’eau pluviale sur la fagade extérieure et d’assurer
que la surface de celle-ci ne retienne pas d’eau pluviale, et également

d’¢viter a lintérieure les conditions qui favorisent la condensation
d’humidité, ce sont aussi importants dans le contrdle de la crois-
sance des moisissures que la formulation des peintures et I'emploi
des adjuvants biocidaux. Les effets de fongicides sont quelquefois
variables et décevants en pratique, méme aprés des essais rigoreux.

Auftreten und Kontrolle von Pilz- und Algenwachstum auf Anstrichen

Zusammenfassung

Eine Beschreibung, wie sich Pilze und Algen auf Baulichkeiten,
besonders gestrichenen Oberflichen, auswirken; ebenfalls werden
einige der Faktoren, die das Wachstum fordern oder in Schach
halten, erwihnt. Entwurfseinzelheiten, wie Vermeidung aussen
von das Wasserabrinnen oder die Wasserzuriickhaltung fordernden
Oberflichen, sowie von Umstinden, die innen zu Kondensation

fiihren, sind fiir die Kontrolle des Wachstums zumindest ebenso
wichtig, wie die Rezeptur des Anstrichmaterials und die Anwend-
dung biozider Zusatzmittel. Selbst nach ausgedehnten Versuchen
erweist sich die Auswirkung von Fungiziden in der Praxis mitunter
als widerspruchsvoll und enttiuschend.

IlosBienne n KOHTPOJIb IVIECEHH H MOPCKAX nonopocneii B Kpackax

Peswome

OnucHIBAIOTCA pasnnyHble 3GdEKTHI TIECCHU M BOAOpOCHeH Ha
30aHUAX, B OCOGCHHOCTH HA OKpAlICHHbIX TIOBEPXHOCTAX U
YNOMHHAIOTCSL HEKOTOPbIE (haKTOPbl KOTOPbIE CIIOCOOCTBYIOT MU
NPENSTCTBYIOT MX POCTy. JleTtaju KOHCTpYKUMM, Kak Hanpumep
u3bexaHue yTEKOB BOAbL MIIM BOJOYAEPKUBAIOLIMX NIOBEPXHOCTEH

Introduction

This is a subject which has evoked a great deal of activity
through the years and there is a large volume of literature to
which, especially in the tropical field, the author has contribu-
ted a share!-3. The abundance of bibliographies and refer-
ences, and the inevitably conflicting results they contain, are,
no doubt, reasons why nearly every investigator feels com-
pelled to begin again from scratch.

When manufacturers of fungicides or paints put an effort
into development, their own tests clearly show that they have

CHapY>H 1 yCJIOBHii BbI35IBAIOLLINX KOHACHCALMIO BHY TPH, ABIAIOTCS
HACTOJIBKO X€ BaXXHbIMH [UTSA KOHTPOJIA 3TOr0 pocTa Kak v d)opMy:m-
LUMA KPAaCKM WM TNpuMeHeHue OuoumaHblx n06aBok. DddekTbl
¢yHrucuaoB GbIBalOT MHOrAA MPOTHBOPEYMBBIMM M HEyNa4yHbIMH
Ha MPaKTHKE, JaXe NOC/E NPOAOIKUTENbHBIX UCMILITAHHI.

achieved a useful result. But independent, competitive or
user organisations often have difficulty in repeating it. In
fact, results seem to be so dependent on test methods and
conditions throughout this field that each worker’s results
tend to be peculiar to himself, and the author would not
claim to be an exception. Only after years of repeated tests
and usage in different circumstances does it gradually become
clear which are the preferred fungicides, and it is far less
clear which are the commercial paints that use them, or
incorporate other equally important factors in formulation,
with effectiveness in practice as distinct from in laboratory
tests. This is not to denigrate the importance of laboratory

*Presented at the symposium on “Paint performance and the microbiological environment™ held by the Manchester Section, 19 and 20

September 1972.
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tests, in particular those developed by the Paint Research
Association for both moulds and algae*, but many series of
correlation experiments are needed before such tests can be
considered reliable. The user with neither the time nor
facilities for testing finds advice and reliable products difficult
to obtain.

There has been no recent work on the subject by the
Building Research Establishment (BRF) in the tropical field,
nor any biological investigations of moulds and algae on
paints or other materials. However, examples of both still
appear frequently, in site inspections and in exposure test
work, and from these this essentially practical paper has been
compiled.

Terrestrial algae

These are almost entirely confined to exterior surfaces,
although green algae often collect on the lower internal putty
where condensation on windows is severe, and are occasionally
found in bathrooms or showers and the internal surfaces of
swimming pools. Given weak or diffused daylight, the pattern
of algal growth is largely that of water flow or retention, and
to a considerable degree it can be controlled by design.
Fig. 1 shows the unpleasant effect of dirt and growth on

Fig. 1. Algal growth on unpainted concrete

unpainted concrete. The worst situation is where water can
drain from a horizontal or inclined surface on to a vertical
one, carrying with it accumulated mould spores and algal
cells. Projections or drips which carry the water away from
the wall surface below are only effective for a vertical distance
proportional to their width: a window sill, for instance, will
protect the area down to about half a metre below it, gutters
and eaves perhaps one or two metres. It is difficult to protect
by rainwater control the main surface of high buildings, but
for one- to three-storey buildings the comparison between
walls with plain fascias and those with eaves is often quite
striking. Unfortunately, eaves sometimes produce conditions
of stagnant air in which mould growth flourishes instead of
algae. In buildings with a parapet or flat roof, the top of the
parapet or verge should be sloped inwards and the rainwater
channelled away out of sight. The run-off from the ends of
sills and canopies, or splash-back on to the walls from any
horizontal projection, are often the causes of unsightly
growth, which is not easy to avoid with conventional designs.

Algae, as is well known, require light for growth, but not
direct sunlight; a north light is quite sufficient, and in the
northern hemisphere south faces are usually less affected
than north because they dry out more readily; however, the
direction of maximum driving rain, shown on the BRE

Index®, will often produce the most severe growth. The
appearance of algal growth changes seasonally, being worst
in winter (Figs. 2a and b). The green forms are commonest,
changing in dry periods to black or becoming less prominent.
Brown and pink organisms are often found in wet tropical
climates, and when the surface is scraped produce a strong
pink coloration.

Fig. 2a. Algal growth on sections of a test wall, in wet weather

Fig. 2b. Algal growth on sections of a test wall, in dry weather

After design considerations come the surface properties of
materials and paints. Fig. 3 shows the differing susceptibility
of some commercial paints, part of a series for correlation
of a laboratory test method with natural exposure. Smooth
surfaces will certainly be less affected than rough textured
ones, but growth is seen on glass and ceramic tiles in some
situations. Cement based products (renderings, cast concrete
and asbestos cement) seem to have high propensity for
encouraging growth. Porosity is another factor, and those
substrates which retain water strongly will be the more
seriously affected. Permeability of paint films clearly comes
into the matter, but other requirements for the building
(that is, the need for certain types of wall structures to be
able to evaporate water) may override the desirability of a
highly impervious surface. Water repellency is a useful

Fig. 3. Algal growth on painted miniature walls. The walls were
exposed at ground level, but were rearranged for photographing
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property, which is not well developed in most permeable
coatings, especially after weathering, but silicones and clear
polymer solutions can reduce growth on porous surfaces,
such as bricks, where it is not desirable to hide the substrate,
Among other physical properties, hardness is important.
Unfortunately, this again conflicts with the requirements for
soft, extensible coatings on surfaces which are not always as
stable and rigid as believed. Softness can certainly increase
the tendency to pick up dirt, including biological growth,
but excessive hardness is a common fault in the BRE’s
experience. In particular, if hardness is adjusted to provide
good dirt resistance on 45° test panels, it will probably be
excessive for the needs of vertical walls, where dirt pick-up
and growth are very much less. This may be a reason why
so many wall finishes are excessively hard and crack readily
over substrates, such as renderings, which are themselves
prone to crack, although there is a difference of opinion
between manufacturers on this aspect.

Some pigments, water soluble colloids, plasticisers and
even some media (for example, those containing vegetable
oils) favour mould growth, and quite probably algal growth
too. Zinc oxide is well known to improve the cleanliness of
paints and resist biological growth, although not necessarily
by chalking, which some forms may even reduce, and not
necessarily by increasing the hardness, which it frequently
does. Its value is more generally accepted in America and
Australia than in Britain. There appears to be little use of it
in conventional paints, particularly in emulsion paints
because of problems of stability, although two emulsion
manufacturers have offered suitable formulations with it. It
could well be responsible for the good results which the
author has seen with some very thick textured coatings of
the type carrying the application contractor’s guarantee.
Among the toxic agents, copper compounds are useful against
algae where the colour is permissible, but otherwise only
thiurad was found to be effective in recent tests®, and the
BRE is still awaiting the commercial exploitation of algicides
in paints.

Algae are often the forerunners of lichens and mosses which
begin to develop after perhaps three or four years. On
roofs and old buildings, they are often considered to enhance
the appearance, so much so that BRE continues to mention
in the relevant Digest” methods of encouraging as well as
preventing them. Their removal requires mechanical means
followed by the normal treatments with fungicidal washes.

The effectiveness of fungicidal washes against all these
growths prior to painting is considered to be of sufficient
merit to continue their recommendation, and the BRE
suggests a bleach solution because of its ready availability.
However, in one recent case it caused serious damage to the
adhesion of an existing coating which had not been fully
removed. In such circumstances, a solvent-based fungicide
would have been preferable. Thick growths of algae or lichens
have to be scraped or scrubbed off before the fungicidal
solution is applied.

Fungi imperfecti (mould and mildews)

Moulds and mildews depend on a high humidity and a source
of organic nutrients; they produce mainly surface growths
and disfigure rather than destroy paint films. A few will
penetrate and disrupt coatings by hyphal growth or by the
formation of pycnidia which erupt through the film.

Mould growth can be separated to some extent into internal
and external problems, and there is an incomplete differ-
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entiation between the species in different environments.
Internally, they are a symptom of an environment that is
probably unsatisfactory in other ways than merely in sup-
porting an objectionable growth on paint-work. Fig. 4 is a

Fig. 4. Mould growth resulting from condensation

typical example. Frequent high humidity in dwellings can be
unhealthy and cause deterioration of other building materials,
such as decay of timber and interstitial condensation in walls
or roofing with loss of thermal insulation. Hence, control of
internal conditions is always the first consideration. It is
rather easy to say that an increase in ventilation is essential,
but it is not always recognised that for lower income groups
the available heat input may be so small that ventilation in
winter conditions cannot reduce the humidity, and increasing
the rate of air change only results in further discomfort.
Fig. 5 demonstrates that for an outside temperature of 0°C
and two typical fairly low heat inputs, no amount of air
change can reduce the humidity to a satisfactory level®.
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Fig. 5. Relation between humidity and ventilation rate for two values
of heat input and water input

On the whole, trouble is most serious in new buildings
where the water of construction has not evaporated, and the
problem is aggravated by condensation of water vapour
produced by the occupants. The cause is often a product of
the changes in both living habits and design, where the absence
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of flues, the sparing use of high cost heating methods and
the deliberate restriction of ventilation, often with insufficient
area, indoors or out, for drying clothes, can lead to very
high humidity. The standards of thermal insulation could be
improved; they are lower in Britain than in many continental
countries. This would have the secondary effect of reducing
mould attacks. A common feature is a cold bridge of un-
insulated material in a structure in contact with outer air
producing a patch of internal condensation, even where the
overall values for heat transfer coefficients conform to the
regulations. When a possible cure by ventilation and thermal
insulation has been fully explored, there may still be a need
for a mould resistant paint, which will give at Icast temporary
relief, but it must not procduce any obnoxious or toxic
substance in an alrcady ill-ventilated situation.

Even in normally occupied buildings, condensation is
sometimes sufficient to induce mould growth, for example on
metal windows, on bathroom and kitchen walls, or within
the add-on type of double glazing, or in very old buildings
where rising damp or structural defects cause localised high
humidity. But even if control of these outbreaks is possible
by means of mould resistant paints, there is a difficult
marketing and economic question: should manufacturers
make a special product, or should they add fungicide to the
whole of their production? Neither product is readily avail-
able, there arc no agreed standards of performance and it is
difficult to make acceptable recommendations, particularly
to individual members of the public.

Industrial premises, such as bakeries, dairies and breweries,
are a separate problem. Even here, good housekeeping,
general cleanliness and adequate heating and ventilation are
not unreasonable requirements, but there are situations, such
as the outside of cold vessels and tanks, or ceilings, where a
mould resistant paint or anti-condensation composition is
almost essential. There are a few products sufficiently well
developed to be useful in this situation, but a number of
others have been found unsatisfactory. Once again, where
foodstuffs are concerned, toxicity limits the use of many
effective materials when cost is not an important factor.

Externally, there is very little that can be done to minimise
mould growth on painted surfaces because the environment
cannot be greatly changed. Whereas many moulds, for
example the Penicillium genus, succumb to strong sunlight,
the black pigmented species can sustain growth on surfaces
fully exposed to the sun. It has always been considered that
heavy vegetation close to buildings promotes growth, not
only as a source of spores, but because the shading and
restricted ventilation produce a high-humidity microclimate.
This lesson from the tropics is still applicable to temperate
regions, where coniferous trees are a source of the wide-
spread Aureobasidium, even at a long distance from buildings.
Stagnant areas under eaves are commonly affected, but in
general mould growth is more visible on the gloss paints
used on windows, doors and timber cladding than on masonry
paints used on the walls.

The dependence of mould growth on a microclimate is
well illustrated in Fig. 8. On the air-conditioned part of the
building there is sufficient cooling of the walls to create
external condensation and induce mould growth, but there
is less growth over the wooden studs whose thermal insulation
is higher. Here again, where only one room is affected, the
extra cost for fungicide is questionable if a single paint is
used for the whole building. The real answer lies in improved
thermal insulation, with economic benefits from lower power
costs.

The variable susceptibility of paints to moulds has been
demonstrated by many workers. Most would probably agree
that oil-based and alkyd paints are very liable to growth,
and it is rarely possible to separate the effects of physical
properties, hardness, permeability and smoothness, from the
chemical constitution which produces them. Hardness alone
will certainly not compensate for the presence of growth-
promoting ingredients, but it is desirable within the limits
imposed by durability requirements, particularly on wood,
because soft films are always susceptible. Polyurethane
coatings, within the wide range that this term covers, appear
at least as susceptible as alkyds and some of them even more
so, and the —NH—CO--- group may be a point of attack.
Emulsion paints vary too widely in susceptibility to permit
any generalisation. Zinc oxide has already bzen mentioned as
a preferred ingredient in oil and alkyd paints. Hoffmann
et al.'* have published a series of papers on fungicides.
Organo-mercurials have been shown to lose their activity
after about a year’s exposure® °, but even this life may be
useful in conjunction with the slower acting but longer lasting
zinc oxide. For interior paints® the fungicide ‘“Phaltan”
seems to be favoured, and the closely related “Captan.”

On exterior wall finishes mould growth is, generally, less
important than algae, but a test wall at BRE shows evidence
of these on different paints, and even both together on some
finishes. Again, there is no clear pattern with respect to
composition, but possibly chlorinated rubber paints are
among the more resistant. Both traditional oil-based types,
including stone textured paints, and the modern emulsion
based counterparts, are found to be affected. Whereas
chalking is a useful mechanism for reducing growth, it must
not be so severe that it leads to reduced durability or the
possibility of wash-down on to unpainted areas below. Water
resistance is essential in these coatings, and some water-based
paints are found to be highly susceptible. On the other hand,
some paints which are permeable nevertheless allow the
surface to dry out readily and do not seem to be seriously
affected. This is true, rather surprisingly, of many distempers
which might be expected to suffer attack in view of their
protein and oil content.

A question that arose from earlier work on wood primers
which has not yet been resolved is worthy of mention. When
the early examples of emulsion-based wood primers were
examined in an exposure series under alkyd gloss and under-
coats, it was found that the formation of surface moulds was
to some extent controlled by the different primers. (There
was no fungicide in the top coat.) The emulsion polymer
primers seemed to show, generally, less growth (it was known
that quite small amounts of mercurial fungicides were present
in them to improve can storage stability, but it seemed un-
likely that this would have much effect through the alkyd
based coats). The difference in permeability seemed to be a
possible factor, since the emulsion primer would let water
out as well as in more rapidly than the oil-based types. These
panels would, therefore, remain drier on average during
exposure, although this could not be proved at the time.
Trials with emulsion primers devoid of any active fungicide
have been repeated at BRE, but so far the ageing has not
progressed enough for differentiation.

Premature decay in painted wooden windows arises from
many causes'!, but one factor is undoubtedly the tendency
of paint films to hold the water when it has penetrated via
cracked joints or unprotected end grains. In this situation,
it is not uncommon to see the effects of both wood-rotting
fungi and surface moulds, including the ‘“‘blue stain” type
with its hyphae penetrating between coats or between primer
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and wood and with black pustules breaking up the surface
of the paint. There is no direct connection between the two,
but they both result from the excessive moisture content,
a problem arising again from conditions in a given situation
which might well be avoided, and does not need specifically
mould resistant paints.

The preservative treatment of softwood joinery is now
considered essential, even when it is protected by paint, but
such a treatment will not necessarily improve the surface
mould resistance of the paint on the surface. The high
incidence of decay in window frames and timber framed light
cladding emphasises the importance of good practice and
adequate painting specifications.

It is often possible to observe the presence of mould growth
on paint flakes or specimens which are investigated after a
complaint of peeling or flaking. Not uncommonly, the growth
is seen on the back surface, sometimes between two coats of
poor adhesion, and the failure may be attributed to the
presence of mould. But more often than not the mould is an
effect rather than a cause. Partial detachment of films of
poor adhesion is likely to lead to penetration by moisture and
spores, with the conditions very conducive to growth. Mould
would, therefore, develop after the failure was initiated.
Algal cells can, likewise, be found in cracks and behind loose
plaster. Fach case needs to be judged separately, but it is
only the eruption of pycnidia of blue-stain fungus which we
really consider a common causative agent in paint failure.
Degradation of coatings by fungi, possibly effected via
enzymes, can occur, but except in unduly susceptible films
it is too long-term an effect to be a serious source of
complaint in Britain.

An unusual situation is shown in Figs. 6a and b, where a
test panel of textured paint is seen to be colonised by strong

10mm

Fig. 6a. Mould growth on a textured paint

1

&% b .
Fig. 6b. Close-up of Fig. 6a showing pits with mould
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black spots, but in close up it is found that the mould is
growing in pits which were present in the original film as a
result, possibly, of poor wetling of the surface. Fig. 7 shows
growth associated, in part, with the presence of synthetic
fibres which provide lodgement for spores.

Fig. 7. Mould growth on a test panel; textured paint with synthetic
fibres

Fig. 8. Mould growth dependent on surface temperature and hence
moisture condensation

Conclusions

The number of users’ complaints of mould or algal growth
as a paint failure (as distinct from mould growth, generally,
as a result of condensation) is extremely small, which indicates
a need for caution when deciding the importance of these
organisms in Britain, especially to investigators who, like the
author, see frequent examples in exposure tests. Most internal
complaints could have been avoided by the application of
known principles and methods, but the undoubted need for
good, safe, permanently effective fungus and algae resistant
paints for exterior use is still hardly ever fully satisfied by
commercial products, notwithstanding claims made by
suppliers of fungicides. Clearly, the economics, as well as
techniques, of protecting paint against sporadic and unfore-
seen demands set a limit on their ability to satisfy the demand.
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The leaching mechanism of cuprous oxide from

antifouling paints
By F. H. de la Court and H. J. de Vries
Paint Research Institute TNO Postbus 203, Delft, Netherlands

Summary

An equation is derived to describe the leaching of cuprous oxide-
containing antifouling paints of the continuous contact type, which
relates the leaching rate to a number of variables. Experimentally
the equation predicts very well the effect of these variables.

It is shown that the leaching is controlled by the diffusion of the
copper chloride complex, formed when cuprous oxide dissolves in
sea water, through the leached paint matrix and the boundary
layer in the water adjacent to the paint film. Factors which have
a great influence on the diffusion flux, and consequently on the

Keywords

Types and classes of coatings and allied products

antifouling coatings

Le mécanisme de I'extraction de I'oxyde cuivreux a

Résumé

On dérive une équation, qui rapporte le taux d’extraction aux
diverses variables, pour décrire I’extraction de I'oxyde cuivreux a
partir des peintures antifouling destinées a étre immergées en
continue, L’équation donne expérimentalement de trés bonnes
prévisions des effets de ces variables.

On montre que ’extraction est dirigée par la diffusion, a travers
la matrice de la peinture et I’interface et vers ’eau voisinante au
feuil de peinture, d’'un complexe de chlorure de cuivre formé
lors de la dissolution de ’oxyde cuivreux dans ’eau de mer. Les
facteurs qui exercent une influence importante sur le flux de

Der Auslaugmechanismus von Kupfer—!—Oxid aus

Zusammenfassung

Ableitung einer Gleichung, um das Auslaugen aus Kupfer—I—
Oxid enthaltenden Antifoulingfarben des Dauerkontakttyps zu
beschreiben, deren Auslauggeschwindigkeit mit einer Anzahl
von Variablen in Zusammenhang steht. Die Gleichung sagt, wie
aus Experimenten geschlossen, wird die Auswirkung dieser Varia-
blen sehr gut voraus.

Es wird gezeight, dass das Auslaugen durch Diflusion des als
Folge des Auflosens des Kupfer—I—Oxids in Seewasser gebildeten
Kupferchloridkomplexes durch die ausgelaugte Anstrichfilmmatrize
hindurch und die Grenzschicht im ndchst zum Anstrichfilm
befindlichen Wasser kontrolliert wird. Faktoren, welche das
Diffusionsfliessen und infolgedessen auch die Auslaugegeschwin-

leaching rate, are the thickness of the leached matrix, the chloride-
and copper-concentration in the sea water and the flow of the
sea water along the paint surface. The influence cf the above
factors is such that the leaching is at its maximum when the ship
is sailing and at its minimum when the ship is lying idle, whereas
more or less the opposite would be desirable to prevent fouling.

Possible ways of overcoming these difficulties and improving the
effectiveness of this type of paint are discussed.

Raw materials: prime pigments and dyes

copper oxide

partir des peintures antifouling

diffusion et, par conséquence, sur le taux d’extraction ce sont
P’epaisseur de la matrice extractable, les concentrations des ions
chlorure et de cuivre dans ’eau de mer, et le flux de I'eau de mer
le long du feuil de peinture. L’influence des facteurs ci-dessus est
telle qu'il est au maximum ou le navire se deplace et au minimum
ot il reste immobile, bien que le contraire soit plus ou moins a
souhaiter pour empécher la formation de salissures marines.

On discute’ les moyens eventuels pour surmonter ces difficultés
et pour améliorer I’efficacité de ce genre de peintures.

Antifoulingfarben

digkeit stark beeinflussen, sind die Dicke der ausgelaugten Matrix
die Chlorid- und Kupferkonzentration im Seewasser und das
Fliessen des Seewassers entlang der Anstrichoberfliche. Der
Einfluss obiger Faktoren ist derart, dass das Auslaugen am stérksten
ist, wenn das Schiff sich in Fahrt befindet und am schwiichsten,
wenn es unbeweglich vor Anker liegt, wohingegen mehr oder
weniger das Gegenteil zur Verhinderung des Anwuchses erwiinscht
wire.

Méglichkeiten diese Schwierigkeiten zu iiberwinden und die
Wirksamkeit dieses Anstrichmitteltyps zu verbessern, werden
besprochen.

Mexanu3M BbllIeJIAYHBAHAS 3AKNCH MEIM B lleoﬁpacra IOIHX KpacKkax

Peziome

BblBOLlHTCﬂ YPaBHCHUE ONHUCHIBAIOLICE BBILICTAYMBAHUES Heoﬁpa-
CTAlOWMUX KPACOK TMOCTOAHHOIO KOHTAKTa, COACPXaLMUX 3aKHCh
Meau, KOTOPOE CBs3bIBAET CKOPOCTH BBILLENAYMBAHHS C PIAOM
TEPEMEHHbIX. DKCIEPUMEHTANIBHO 3TO yPABHEHME XOPOLIO Mpen-
CKa3blBaeT IPQEKT ITUX NMEPEMEHHBIX .

Tloka3aHo 4TO BBILENIAYMBAHKHE KOHTponupyeTcs aubdysuei
XJ0puaa Meau, o6pasyromerocst Ipyu pacTBOPEHNM 3aKMCH MeOu B
MOPCKO# BOJE 4epe3 BbIILETAYECHHYIO MaTpULY M IOrPAHWYHbIH
CJION B BOZE, MPUMBIKAFOLLIUA K KPACOYHOMH IUICHKE.

dakTOpaMH CUIIBHO BIMAIOIMMY Ha mubdy3Hbli TOTOK U crneno-
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BATE/LHO HA CKOPOCTh BbLILIENAYMBAHHUS, SBJIAIOTCS TOJILMHA
BbILLENAYEHHOH MaTpULbl, KOHLEHTpauus XJIOpUIa ¥ Mead B
MOPCKOH BOAE W IIOTOK MOPCKOM BOIbI BAOML OKPALLEHHOMN
MOBEPXHOCTH. Biinsnue Bblieyka3aHHbIX (AKTOPOB CBOAMTCH K
TOMY YTO BbILLUENAYUBAHNE ABJIAETCA MAKCMMA/IbHBIM KOTIA CYIHO
HAXOMUTCA B ABUXEHUM W MUHUMAJIbHBIM KOTAA CyHO CTOMT Ha
AKOpEe, TOrAa Kak NPOTUBOMONOXHOE ObLIO Bbl XKeaaTenbHbIM AJs
MPEeOTBPALLEHUS 3arPsi3HEHHUS .

OO6cy»narTcsi BO3MOXHBIE METOAbI ANA NPEOJONICHUS 3THX
TPYQHOCTEH U AN MOBbILIEHHS P heKTHBHOCTH KPACOK 3TOrO THMA.
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Introduction

It is essential for the effective action of antifouling paints
that th_e toxin leaches from the paint film at a rate high enough
to maintain a concentration at the paint surface which is
lethal to the various types of fouling organisms.

The factors which play a role in this process have already
been described partially'. Since the appearance of this book
in 1952, a number of articles has been published which have
contributed to a better insight into the mode of leaching of
cuprous oxide. The publications of Wilkie and Edwards?,
Marson®, Bishop and Silva* %, and those by Van Londen
and De Wolf® °, may be mentioned. Marson was the first to
attempt to give a theoretical basis to the leaching mechanism
of continuous contact paints?®; as a starting point he considered
an idealised paint film, in which spherical cuprous oxide
particles of equal size and encapsulated in a thin film of
binder, are uniformly packed. The copper dissolved by the
sea water diffuses to the surface of the paint through the
interconnecting holes, which have been formed by the removal
of previously dissolved cuprous oxide. The thin film of binder
between two particles is ruptured during this dissolution
process by the osmotic pressure developed.

Marson develops a very detailed equation for the leaching
rate from this conception of the leaching process, but apart
from the fact that his idealised concept of the paint film is
hardly in agreement with reality, it is doubtful whether all
the steps in Marson’s derivation are correct and whether
the equation so obtained can be proved to be correct in all
details. In addition to this, any insight that could be obtained
into the factors which are really important is obscured by
Marson’s too detailed treatment.

In this paper, therefore, a simpler model of the leaching
mechanism of cuprous oxide-containing continuous contact
paints will be used. A great number of experiments has been
carried out to verify the usefulness of this model, and its
performance will be discussed.

Theory

The considerations given here are restricted to continuous
contact paints containing cuprous oxide, in the films of which
the cuprous oxide and the other soluble pigments are present
in sufficient quantity for them to be in continuous contact.
When the cuprous oxide and other soluble pigments dissolve
during the leaching process, channels develop (as a result of
this contact) through which the copper chloride complex
diffuses to the surface of the paint film.

In this type of paint the binder is formulated in such a
way that the matrix remains intact after the dissolution of
the cuprous oxide and other soluble pigments.

As can be seen in a cross-section under the microscope, a
paint film which has been leached for some time in sea water
shows a leaching pattern like the one shown in Fig. 1.

A layer has been formed from which all cuprous oxide
particles have leached; the leaching has progressed uniformly
and a clear separation can be seen between the part of the
paint film which still contains cuprous oxide and the leached
layer, formed by the insoluble binder material.

In fact, in most cases some copper remains as copper
resinate or as insoluble copper salts in the leached matrix.
For the present this will not be taken into consideration.

Cx =COPPER CONCENTRATION

BOUNDARY LAYER

Cx

Cq

|
|
|
I
|
|
|
Col
|

/Cz\

=

LEACHED MATRIX

(suasmm"s SEAWATER

PAINT FILM

Fig. 1. Cross-section of a leached paint film (C refers to copper
concentration)

) Furthermore, in Fig. 1 the boundary layer in sea water is
indicated. The thickness of this boundary layer varies with
the velocity and conditions of water flow along the surface.

At high velocities the thickness decreases and the flow in
the boundary layer changes from laminar to turbulent.
Cuprous oxide dissolves in sea water! to establish the reaction
equilibrium:

4 Cu,0 + H* + 2CI- = CuCl; + # H,0

In the leaching of the copper, there are five principal
processes:

1. The diffusion of chloride and hydrogen ions through the
boundary layer to the paint surface.

2. The diffusion of these ions through the leached matrix
to the unleached layer.

3. The dissolution of the cuprous oxide, according to the
above reaction.

4. The diffusion of the copper chloride complex, so formed,
through the leached matrix to the paint surface.

5. The diffusion of this complex through the boundary
layer into the bulk of the sea water.

Of these five processes, those mentioned under 4 and 5 may
be regarded as slowest and, therefore, as rate determining.
Several different arguments can be advanced in support of
this assumption. In the first place, it must be considered that
the diffusion coefficients of the large copper-chloride complex
in the leached matrix and the sea water will be lower than
those of the smaller ions, such as the chloride and hydrogen
ions. Furthermore, the chloride concentration in sea water
is greater by a factor of about 10*° than the saturation
concentration of cuprous oxide. This much higher concen-
tration means that the diffusion of the chloride ions will be
much faster than that of the copper chloride complex.
Finally, it should be pointed out that the leaching rate of
copper decreases with the time of ageing. If the dissolution
of the cuprous oxide were rate determining, the leaching
rate would be constant.

If the diffusion of the copper chloride complex is indeed
rate determining, a saturation concentration of CuCl,~ ions
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must be built up at the interface of the leached and unleached
layers.

From this interface, these ions diffuse to the paint surface.
A stationary state is thus obtained in which the concentration
of the copper remains constant in every cross-section of the
leached layer and the boundary layer parallel to the paint
surface.

The concentration profile in both layers is shown in Fig. 1.
Under stationary state conditions, the flux (the quantity
of copper diffusing per unit time through a unit cross-section;
that is, leaching rate) is the same in both layers.

In essence, the state described is not completely stationary
because the interface of the leached-unleached layers conti-
nually shifts deeper into the paint film.

Because it is probable that this shift is very slow compared
to a change in the leaching rate, the state may be considered
as stationary. Therefore, the leaching rate in the leached layer
can be described by Fick’s® first law:

F—= D @NGC—LM mss soision coons [€))]

where F = leaching rate

D = diffusion coefficient of the copper complex in
the leached layer

Q = volume fraction of cuprous oxide in the dry
paint

C; = concentration of the copper chloride complex
at the interface of the leached—unleached
layers

C, = concentration of the copper chloride complex
at the paint surface

| = thickness of the leached layer.
In the boundary layer, F can be described by the formula:
F =k Q(C, —iC.) smin s papss s s 2)

where k = mass transfer coefficient

C, = concentration of the copper chloride complex
in the sea water.

As already remarked above, F is the same in the leached
layer and the boundary layer and therefore C, may be
eliminated from (1) and (2) which gives:

F=DQ(C;—CHDk +1D..ccoovvrnnne. 3)
or  F1=((C—C)kQ) '+ I(C,—C)DO)" ..(4)

Equation 4, which is similar to the relationship given by
Marson® predicts, therefore, a linear relationship between
the reciprocal of the leaching rate //F and the thickness of
the leached layer /; furthermore, some influence of the flow
rate along the surface (through k), of the chloride concentra-
tion (through C;) and of the copper concentration (through
C,) may be expected. The influence of the composition of
the paint is expressed in the diffusion coefficient D and in
the volume fraction Q.

The picture of the leaching given here differs from that of
Marson mainly in that no assumptions have been made
regarding the shape and distribution of the pigment particles
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in the paint film and what happens to the binder film around
the particles.

Experimental

To determine the influence of several external conditions on
the leaching, several experiments were carried out with a
paint of the following composition (American Specification
121; MIL-P-15931 A):

cuprous oxide 46.5
vinyl resin VYHH 19.8
rosin WW 252

tricresylphosphate 8.5 (per cent by volume)

Having been applied to a suitable test panel, the paint was
aged on a rotor apparatus (a cylindrical drum rotating in
sea water) to which the panel was fastened.

The velocity of flow along the paint surface was varied
by using rotors of different diameters.

Some of the experiments were carried out in natural sea
water, which was renewed continuously, and some in artificial
sea water, made up from commercially obtainable sea salt,
which was renewed periodically. A description of the
apparatus used has been given in the literature?.

A bigger rotor apparatus, on which 70 test panels can
be aged at the same time, is shown in Fig. 2.

Fig. 2. Rotor apparatus with a capacity of 70 test panels

During the experiments the pH of the sea water was
always about eight. The influence of pH on the leaching has
not been investigated.

The leaching from the paint film was determined by
measurement of the thickness of the leached matrix under
the microscope after different times of ageing. This thickness
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varies quite considerably from point to point over the cross
section. Therefore, several measurements were always
made for any one cross-section, and the average value
taken as the thickness of the leached matrix.

From the graph of the leached matrix thickness versus
the time of ageing, the rate of change of the leached matrix
thickness dl/dt can be determined graphically. In this way
the leaching rate F, given by equations 3 and 4, can be
determined because it is equal to

C(dljdr)

where C, is the concentration of cuprous oxide in the paint
film. For convenience F’ will be used for dl/dt.

The relationship between (F’) ! and 1

From a great number of leaching curves, five have been
chosen at random and are shown in Fig. 3.

T=30°C
Vv=ROTOR SPEED IN KNOTS
chl=CHLORIDE CONC.

V=1-04: chl=30% —aV=136:chl=18%
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~— TTV=0:52:chi=16%
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X V=1:04: chi=0-9%
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20 310 4‘0 50
TIME OF AGEING (DAYS)
Fig. 3. The relation between leached matrix thickness 1 and time

The leaching curves have been determined under different
conditions. From these curves, F’ (in um per day) was
determined after different times of ageing, and (F’)"! was
plotted against the leached matrix thickness. The results
are shown in Fig. 4. As predicted by equation 4, in all cases
a linear relationship is obtained. This linear relationship
was found for all experiments which were carried out.
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In two cases in Fig. 4, a deviation from the linear relation-
ship occurs at high values of /.

In other cases, a slowing down of the leaching rate has
sometimes been found. This can be attributed to the forma-
tion of a surface layer.

The relationship between (F')~! and k

Equation 4 predicts that a change in the conditions of flow
(k) has an influence only on the first term of the equation.
To examine this, a number of rotor experiments were carried
out at different angular velocities in natural sea water, and
both constants in equation 4 were determined from the
linear relationships between I/F’ and k.

In Fig. 5, these constants are plotted against the product
of the circumferential rotorspeed v and the rotor radius r,
which quantify the flow conditions in the boundary layer.

1
(€,-C)ké
|

T=30C; chi=16%

1 1 1
G ZK F " Grcowst G-cope b
£
g1
[
A | N -
o T i s T —
g ©5 10 5 20
©&-C7)D¢
"Am’)»
L
£
Goik
Ok, x
k4 T
o 4 I \ 1x
05 10 15 20
Vr (misec™!)

Fig. 5. The influence of the flow along the paint surface on leaching

In fact, these should have been plotted against the Reynolds’
number (Re) given by the relation:

where p is the density and n dynamic viscosity of the sea
water. However, during the experiments, these last two
factors were unchanged, so v.r is proportional to Re.

As can be seen in Fig. 5, as predicted, only (C; — C,) k.Q
depends on the conditions of flow. Above about 0.1 m*
sec!, however, an influence was no longer found.

To verify this result, another experiment has been carried
out. A paint with a composition according to specification
121 was applied to both sides of a pvc disc with a diameter
of 36cm. The disc was fastened in the middle and rotated
at 535 rev min—! in natural sea water at 30°C. After an ageing
of 1,000 hours, cross-sections of the paint film were taken
at different distances from the centre, in which the thicknesses
of the leached matrix were measured. The results are shown
in Fig. 6.

TIME OF AGEING: 1000 HRS; chi=16% ; T=30°C
SPEED: 535 revs min™'
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1 1 1
o1 02 056 18
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Fig. 6. The leaching on a rotating disc

The velocity of flow was found to have no influence
above a rather low value of v.r (4 0.2m?sec™).
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Chloride concentration

The concentration of the copper chloride complex at the
interface of the leached—unleached layers (C;) depends
directly on the salt concentration in the sea water because
of the dissolution reaction of the cuprous oxide.

The chloride concentration thus influences the leaching
rate given by equation 4.

To quantify this, rotor experiments were carried out with
the paint of specification 121 in artificial sea water with
different salt concentrations, at a temperature of 30°C.
In Fig. 7.1 are shown the leaching curves obtained.

The great influence of chloride concentration on the leach-
ing can be seen. As before, the constants in equation 4
were determined by the linear relation between //F’ and L
In Fig. 7.2 these constants have been plotted against the
chloride concentration.
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Fig. 7. Influence of the chloride concentration on leaching
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It can be seen that the constants decrease with increasing
chloride concentration, as predicted by equation 4.

In another experiment the influence of the chloride concen-
tration has been shown by means of a so-called ‘‘deter-
mination of the leaching rate.”” A number of glass panels
were painted with the paint formulated according to specifica-
tion 121, and were aged for six months in flowing natural
sea water with a chloride content of about 1.8 per cent.

After this, the leaching rate was determined in the usual
way® in sea water with different chloride concentrations,
made up by the addition of distilled water or sea salt to
natural sea water. The results are shown in Fig. 8.
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Fig. 8. Influence of the chloride concentration on leaching rate
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Although it is evident that the reproducibility of the
determination is rather low, the influence of the chloride
concentration can be seen clearly.

Copper concentration

Equation 3 predicts that the leaching stops if C, equals
C,. To check this, and to determine the value of C,, a number
of rotor experiments were carried out in sea water with
different copper concentrations. These copper concentrations
were kept constant by renewing the seca water in the tank
continuously with sca water to which copper salts had been
added. By changing the rate of refreshment and the amount
of copper added, the copper concentration was kept constant
during each experiment.

The results of these experiments are shown in Fig. 9.1.

The influence of C. is evident. At a copper concentration
of about 1.3ppm, the leaching stops totally.

Again, the constants in equation 4 were determined using
the linear relation between //F’ and /. In Fig. 9.2, these have
been plotted against the copper concentration. In the case
of the concentrations lower than or equal to 0.15 and 0.4ppm
respectively, this has been done against these maximum values.
In these cases, it was impossible to keep the copper concentra-
tion at these values.

The results are at least qualitatively in agreement with
equation 4.
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Fig. 9. Influence of the copper concentration in sea water on
leaching

Temperature

A temperature term is not explicitly present in equation 4.
Nevertheless, an influence of temperature on the leaching
can be expected because all factors in the equation are more
or less temperature-dependent.

To investigate this, rotor experiments were carried out with
a paint according to specification 121 in continuously re-
newed sea water at 10, 20 and 30°C. The results are shown in
Fig. 10. As can be seen, no influence of the temperature on
the leaching was found.



1973 (8) THE LEACHING MECHANISM OF CUPROUS OXIDE FROM ANTIFOULING PAINTS

£ Vr=0:51; chl=16%
40F +=10°C
x =20°C
0=30°C

w

[o]

2
xd+

o,
Xt

/

1 1 1 1
10 20 30 40
TIME OF AGEING (DAYS)

Fig. 10. Influence of the temperature on leaching

(o]
T

o
X
'+

LEACHED wATRIX THICKNESS (
n
[e]
!

00

Composition of the paint

The influence of the composition of the paint is expressed
by the diffusion coefficient D and the volume fraction Q. To
study this influence, the leaching of a number of paints,
obtained by varying the following composition (in volume
per cent), has been investigated:

cuprous oxide 50
vinyl resin VYHH 20
rosin WW 22.5

tricresylphosphate 7.5

Firstly, VYHH was replaced by VAGH or Alloprene
R 20.

Then in the composition mentioned above 15 parts by
volume of cuprous oxide were replaced by 15 parts by
volume of zinc oxide, barytes, diatomaceous silica, magnesium
oxide, titanium dioxide and red iron oxide one at a time.

The paints were aged on a rotor apparatus in artificial
sea water of 30°C. The leaching curves are shown in Fig. 11.
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Fig. 11. Infl e of the position on leachi

A correction was made for the difference in percentage by
volume of cuprous oxide between the reference composition
and the other paints by multiplying the leached matrix
thickness of the latter by the factor 7/10 (/ corrected).

The graphs may then be compared directly. The reference
composition is indicated by VYHH.

In the usual way, the relation between //F’ and [ was
determined from these leaching curves.

In this case, however, because of the general reliability of
the results, it was impossible to draw definitive conclusions
whether the mentioned variations in the composition are
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indeed expressed correctly in the equation given for the
leaching rate.

Although in this case, in a theoretical respect, no verifica-
tion of the mechanism of the leaching could be obtained,
nevertheless, Fig. 4 gives qualitative indications about the
influence of the incorporation of different raw materials.

Thus the influence of the binder on the leaching is evident.
The lower leaching with VAGH compared to VYHH is
probably a result of the more hydrophilic character of
VAGH, which makes the formation of copper complexes
possible. Why Alloprene R 20 the rate slows down too is

not clear.

From Fig. 11 it can be seen that, of the insoluble extenders,
red iron oxide and titanium dioxide slow down the leaching
compared to barytes and diatomaceous silica. It can be seen
too that the soluble zinc oxide, in comparison with the insolu-
ble extenders, has a beneficial effect. In this case, the leaching
decreases less than proportionally to the quantity cuprous
oxide replaced, as with barytes and diatomaceous silica.
Magnesium oxide slows down the leaching strongly.

Discussion

As is evident from the experimental results, the leaching
generally follows the pattern outlined in the theoretical
section.

In practice, of course, this pattern may be disturbed by
other factors which have not been investigated. For example,
it may be possible that deviations from the linear relation
of 1/F" and [ occur because of the formation of surface layers.
These might be slime layers, iron-containing layers formed
by colloidal iron present in the sea water, or oil films taken
up on the paint surface during dockings for example. Such
layers might slow down the leaching.

Apart from this, however, a clear insight has been obtained
into the factors which are important during leaching. For
example, the fact that the influence of the product of rotor
speed and radius (v.r) disappears above 0.1 to 0.2m?* sec™!
(Figs 5 and 6) means that a ship’s speed has no influence
on the leaching. This is because the given limit, which is
equivalent to a Reynolds number of about 1 to 2 x 10% is
exceeded at about 40cm from the bow of a ship sailing with
a speed of only 1 knot. At a speed of 10 knots, the Reynolds
number at only 2m from the bow is 10.”

1t follows that artificial ageing on a rotor apparatus does
not need to be carried out at extremely high speeds. On
the other hand, it must be realised that the leaching rate
can decrease considerably below 0.1 to 0.2 m* sec!, which
is the case when a ship is lying idle.

The fact that above 0.1 to 0.2m? szc ! no influence of
v.r on the leaching rate is found means that leaching is
only determined by diffusion through the leached matrix
in this situation. Therefore, it is not reasonable to talk about
“distances covered” with regard to the ageing of an anti-
fouling paint; what is important is for how long a time the
ship sails. Quantitatively, the results given in this paper
do not agree completely with the measurements of Wilkie
and Edwards? and the calculations of Marson®.

Very important factors are the chloride concentration
(Fig. 7) and the copper concentration of the sea water (Fig.
9). Evidently the temperature has no influence.
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This is contrary to the findings of Van Londen® and of
Bishop and Marson®. The observations of these authors,
however, are based on the so-called ‘“‘determination of the
leaching rate’ which is known to be very inaccurate.

It may be assumed that the chloride concentration in
harbours will, in most cases, be much lower than in the sea.
This too may lead to a lowering of the leaching rate. To
illustrate this, the leaching rate and the copper concentration
have been calculated at the paint surface for the following
conditions:

(a) a ship sailing in sea water with a chloride concentration of
1.6 per cent and a negligible copper concentration,

(b) a ship lying idle in the same sea water,

(c) a ship lying idle in sea water with a chloride concentration
of 0.8 per cent and a negligible copper concentration.

The leaching rate has been calculated using equation 4,
and C, by means of the following equation (which can be
derived from equations 1 and 2):

C, = C,DRDIK) +D cevenvnnnnnn.. ©)
(C, has been neglected.)

In these calculations, it has been assumed that D.Q has
a value of 17, and that D/k equals 3 for a moving ship and
about 25 for a ship lying idle. These values are based on data
given in this paper. Furthermore, it has been assumed that
the thickness of the leached matrix / is 25um, that the solu-
bility of cuprous oxide in sea water is about 1.3ppm, and
that this concentration changes quadratically with the
chloride concentration. The results of the calculations are
given in Table 1.

Table 1
Leaching rate and copper concentration Sfor various chloride
lon concentrations

B Copper
Chloride ion :
concentration in | Leaching rate c:? fﬁg"i’imn
Ship sea water gm per cm? per HinE strljrface
(per cent by day p (Co)
volume) (ppm)
Sailing 1.6 190 x 10— 0.14
Lying idle 1.6 105 x 10-¢ 0.65
Lying idle 0.8 26 x 10-° 0.16

As can be seen, the last value for the leaching rate in
Table 1 is not far above the critical value of 10-°gm per
cm? per day, which is given in the literature® as the value
below which fouling organisms may survive on the paint
surface.

Moreover, when a ship is going to lie idle in water with
a constant chloride concentration, the decrease in leaching
will be compensated for by a decreased transport of copper
from the boundary layer because of which C, increases to
a value which makes fouling impossible.

In addition, fouling by barnacles is impossible on the
ship lying idle in water with a chloride concentration of
0.8 per cent’.

There are, however, types of algae which can survive in
sea water with copper concentrations of 0.1 to 0.5ppm*®: 1,

F. H. DE LA COURT ET AL. JOCCA

It is evident that the situation becomes more unfavourable
as the leaching of the antifouling paint proceeds further.

Factors such as the great influence of the chloride concen-
tration upon leaching rate and the decrease of leaching with
the time of ageing are without doubt disadvantages for
copper-containing paints. It could be asked, therefore,
what might be done to decrease the influence of these factors.

The only way to restrict the influence of the chloride
concentration would be to modify the cuprous oxide in such
a way that solubility is less dependent on chloride concentra-
tion. This will be very difficult to achieve.

With regard to the leached matrix thickness, it would
be more favourable if the leaching rate were to depend
less on /. As can be seen from equation 4, this means that
the term

1(C, — C.)DQ)

should be as low as possible; that is, D.Q should be as high
as possible. The possibilities are rather restricted in this
respect due to technical difficulties in paint formulation.

It is well known that the influence of the leached matrix
can be reduced by making the matrix more soluble in sea
water, as has been achieved in, for example, the American
Specification 121/63 and in the soluble-matrix type of paint.

A factor which has not been investigated, but which might
influence D and thus the leaching rate, is the particle size
of the cuprous oxide, the pigments and the extenders.

In the last group, experiments have been carried out
using insoluble materials of different particle size, but the
results do not allow reliable conclusions to be made.

A smaller particle size of the cuprous oxide might increase
the effectiveness of the anti-fouling action. De Wolf® has
remarked that the distribution of young barnacles on an
old antifouling paint is not uniform, and this might be
caused by non-homogeneous leaching.

It is evident that the leaching could proceed more uniformly
if the cuprous oxide in the paint film were more finely dis-
persed. Because the cypris larva settles on a spot (approxi-
mately 0.5 mm?) much bigger than the largest cuprous oxide
particles, however, it is improbable that the fouling by
barnacles could be better combated in this way; although
this might be the case with algae, the spores of which settle
on much smaller spots (6 to 10um).

Finally some remarks can be made with regard to the
testing of antifouling paints in the laboratory. It will be
evident that it is important to keep the chloride and copper
concentrations as constant as possible during the ageing,
if useful results are to be obtained.

If the paints are aged on a rotor apparatus in sea water
to simulate the conditions on a sailing ship, it is not necessary
to use extremely high speeds. The product of the rotor speed
and the rotor radius need only be higher than 0.1 to 0.2m?
per second to achieve turbulent conditions. The other
conditions should be as close as possible to those of natural
sea water.

When the ageing of a paint on a rotor for different times
is combined with biological testing on a raft or in the labora-
tory, an impression of the antifouling action of that paint
can be obtained.
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Because the ageing on a rotor is analogous to that on a
ship, the antifouling action of the paint on a raft should be
about the same as on a ship lying idle, after the same period
of rotor ageing.

The rotor ageing thus gives a rather absolute value of
the antifouling action of the paint. It must be borne in
mind, however, that the conditions in harbours vary so much
that the results in practice may be different.
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The Honorary Editor has accepted the following papers for publication, and these are expected to appear in the September issue:

Polymers: developments for the future by C. E. H. Bawn

The influence of supermolecular structure on the properties of polymer films by W. Funke and U. Zorll

Hardening of organic coatings with infra-red lasers by E. Ladstadter and H. D. Hanus

The American paint industry
Present trends and future possibilities by F. Armitage



Reviews

Polyvinyl alcohol
By C. A. Finch

London: John Wiley Ltd.
pp- xviii + 622 4 Index. Price £14.00

With the increasing rate of expansion of information, it has
become almost impossible for one person to write a book on
any subject and hope that it will be up to date when pub-
lished. The tendency, therefore, is to allocate specific aspects
of a subject to various authorities in their field, and for one
man to collate the resulting chapters into a coherent whole.
In many cases this results in discontinuity of style, a penalty
which must be paid for up-to-date information in one place.

In this instance, the editor has chosen his international
co-workers wisely. Fourteen contributors, to 24 chapters,
have produced a volume which covers everything from the
history of polyvinyl alcohol to its applications in the textile,
paper, clay and printing industries, in sufficient detail to
satisfy anyone searching for information on this subject.

References to published work are lavish, and the layout
excellent.
D. S. NEWTON

Radiation drying of paints, inks and related
systems

By N. L. Moore (Editor)

Published by HERTIS, Hatfield, Herts. April
1973, pp. 81. Price 50p.

Mr Moore has collected together over 300 abstracts of
references relating to the subject of radiation drying. The
bibliography covers the period from 1960 to late 1972,
although the majority of references relate to material publish-
ed since 1965. The references are grouped under the headings:

Gamma-ray polymerisation, electron beam curing, ultra-
violet curing, microwave drying and infra-red drying.

Most of the references relate to the drying of coatings,
although some relating to the drying of paper and textiles,
and the curing of rubber coatings are included too. Most
of the reference documents have been examined in the
library of the Watford College of Technology and recourse
has been made to standard journals and abstract documents.
References to trade literature are not included.

The bibliography appears to cover the literature adequately,
and gives references on both the theoretical and practical
aspects of radiation drying. Patent literature, particularly
that of the UK and the USA, is well covered and useful
author and subject indices are included.

The book has been prepared from stencils and is stapled
together and thus has the appearance of a library literature
summary rather than a printed publication. However this is
necessary if one is to have an up-to-date resume of literature
and does not detract from the usefulness of the book.
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The bibliography would be a very useful addition to any
reference library and indeed should be found in any laboratory
concerned with the drying of films.

A. G. WALKER

Water and water pollution handbook Volume 4
By L. L. Ciaccio

New York: Marcel Dekker, 1973
pp- xi + 630. Price £29.50

This volume completes a set presenting a multi-disciplinary
approach to water and water systems. It is concerned with
instrumental techniques for the detection of substances in
natural waters and waste effluent. In addition, it contains the
only complete subject and author indexes to all four volumes.

Every contribution to Volume 4 comes from the USA.
The content of this volume, however, does not appear to be
biased to any great extent towards an American viewpoint.
Concerning water quality monitoring, for example; in the UK
the emphasis so far has been to develop multi-parameter
stations and portable submersible monitors, and these are
adequately dealt with in Chapter 26 ‘‘Monitoring of water
systems.”” In addition, many British river authorities have
shown interest in the development of mobile stations, and
these too are described. Other subjects covered include the
determination of minor metallic elements and radioactive
nuclides, automated methods of water analysis, gas chro-
matography, mass spectrometry, infra-red spectroscopy, and
luminescence and electrochemical techniques.

I opened this book with mixed feclings. Such a com-
prehensive guide to water resources and water purity merits
a reflection upon the considerable work in that field; at the
same time, it is silent comment on the pollution of most
waterways, on the misuse of water and water resources, and
on the immensity of the problem presented by that state of
affairs. Moreover, the title ‘“‘Water and water pollution”
would to some extent seem to indicate a defeatist attitude
(why not “Water and water purity”?) Is the editor merely
using his handbook, dust covers g la mode, to decorate the
pollution bandwagon? Anyone reading his book would
immediately dismiss this idea. Dr Ciaccio has completed an
enormous undertaking, and has collated thousands of reports
to add to his own vast experience of water systems. Volume 4
contains nine chapters; for many of these chapters there are
hundreds of references (several as recent as 1971). The subjects
covered, and the tests and instruments described are equally
numerous. The subject index typifies the comprehensive
nature of the publication—"‘Water quality standards for
fishing,” *‘SLR, see Sludge loading ratio,” and ‘“‘Rubidium
in Hudson River.”

This volume, and especially when completing a set with
the other three, is almost an essential addition to the library
of any association, university or company which is using
water, conducting research into its behaviour, or treating
polluted water and waste effluent.

C. A. TAYLER



Information Received

Anchor begin polyamide imide production

Anchor Chemical Company has begun
production of a range of polyamide imides.

The range is being manufactured by
Anchor’s Italian subsidiary, Anchor lta-
liana, at its plant at Dorno, ncar Milan,
for distribution througnhout countries in
the EEC. At a later stage production will
begin at Anchor's plant at Manchester.

Bayer extends anthraquinone capacity
with new process

In addition to the existing praduction of
anthraquinone, Bayer AG, Leverkusen,
is to erect a plant for a newly developed
process. This will considerably increase
the present production, which is based on
the oxidation of anthracene, and guarantee
for the future a complete range of anthra-
quinone-based dyestuff intermediates.

Bowater move offices

On Monday 2 July 1973 the headquarters
offices of Bowater Packaging Limited,
Bowater Industrial Packaging Limited,
Bowater Building Products Limited and
Bowaters United Kingdom Paper Company
Limited moved from Bowater House to:
Portland House, Stag Place, London
SWIE 5DJ (01-834 9444).

Change of name for J. Weil & Son

Following a general re-organisation of the
Montedison Group, Joseph Weil & Son
Ltd, a company which acts as commercial
distributor of Montedison products in
the UK, has changed its name to Montedi-
son (UK) Ltd. The company markets in
the UK chemicals, plastics, clastomers,
fertilizers and pesticides, synthetic fibres,
dyestuffs and intermediates for the dycsluﬂ's
and pharmaceutical industries.

Laporte preliminary statement

The check to Laporte’s financial progress
since 1969/70 has been mainly due to the
technical problems of bringing into full
produclion the £11m chloride-route tita-
nium dioxide plant at Stallingborough.
The major aspects of this situation have
now been resolved. In addition, since
last autumn, changes in market conditions
and new developments affecting other
sectors of the group’s business have becn,
on the whole, highly favourable. A preli-
minary statement was issued on 6 June
1973.

New name for Nopco . . .

With effect from | July, Nopco Hess Ltd,
the Leeds-based suppliers of speciality
chemicals for industry, will be known as
Diamond Shamrock Chemicals (UK) Ltd.
The range of anti-foams and de-foamers
marketed by Nopco Hess is alrecady being
extended by products from the research
departments of other companies within
the Diamond Shamrock Group.

. . . And a new Scottish distribution
centre

Diamond Shamrock Chemicals (UK) Ltd
has announced the opening of a new depot
to supply its Scottish customers. The
company’s range of chemical products can

be obtained from Len Lothian Ltd.,
Whitehall Industrial Estate, Glenrothes.

3.5 million Guilder investment in new
laboratory by Scado BV

A new laboratory, involving capital
expenditure of FI 3.5 million, is planned
by Scado BV at Zwolle, Netherlands. At a
ceremony on 8 June, the Deputy Burgo-
master of Zwolle, Mr G. Runhaar, drove
in the first pile for the project: completion
is scheduled for July 1974.

Non-flammable printed circuit resists

Coates has announced that all its
STANDARD circuit resists, lacquers and
board-making inks are not subject to
control under the Flammable Liquids
Liquefied Petroleum Gases Regulations
which came into force on 21 June 1973.
This means that all Coates’ products in
this field can be used without special
precautions.

New products

Fire-resistant coating from Liquid Plastics
Ltd

Decadex-Firecheck is a tough plastic
“*membrane” which can be applied by
brush or spray, is durable and clastic, and

Only the frame of the painted hut remains—
total collapse occured about half an hour
after firing. The other hut was slightly
scorched but intact, even though (because
of the wind’s direction) it was subjected to
the flames of the other hut as well as its
own internal fire.

will fill and bridge hairline cracks. It can
be used on most kinds of materials,
including wood, mctal, and plastic and is
manufactured by Liquid Plastics Ltd.

Two identical huts—of the size and
appearance of garden sheds—were placed
side by side on the waste ground. Each
was made of solid wood, §in thick, with
expanded polystyrene ceiling tiles, and
externally covered with roofing felt. One
hut was given two coats of normal emulsion
paint inside and out, and the other treated
with the same number of coats of Decadex-
Firecheck. The dramatic results are shown
in the photographic sequence.

New fluorescence spectra published by
Sadtler

Sadtler Research Laboratories, Inc.,
Philadelphia, has announced the publica-
tion of the two new continuing collections
of Fluorescence Reference Spectra. One
of these, the Standard Fluorescence spectra
collection, contains a wide range of pure
organic compounds of general interest;
the second is a pharmaceutical collection.

New resin for aqueous flexographic inks

Vincaryl 4020 is a new alkali-soluble
copolymer emulsion, introduced by Vinyl
Products Ltd, Carshalton, Surrey, as a
medium for aqueous flexographic inks.
It is already established for flexo inks in
packaging, and has a good potential for
wallpaper prints, and papers for the heat-
transfer printing of textiles.

Diaphragm valves lined with ‘“Tefzel”

Du Pont’s new fluoropolymer, *“‘Tefzel”
ETFE has been specified for linings in
diaphragm valves manufactured by ITT,
Grinnell Valve Division, for its superiority
in two principal areas: thermal resistance
and overall chemical resistance. In addi-
tion, the company is supplying valves
lined with “Tefzel” at prices equal to or
less than the equivalent sized valves lined
with polyvinylidene fluoride (PvF,).

The fluoropolymer offers advantages
over glass linings which are prone to
damage by thermal or mechanical shocks.

Conferences, courses,
symposia

FATIPEC Congress

For the Xlth Congress scheduled to be
held in Garmisch-Partenkirchen during
the week 12 to 18 May, 1974, the filing
date for the papers to be presented has
just passed. In addition to nine plenary
lectures, 80 applications for discussion
papers have been received from speakers
from more than ten countries.

A copy of the alphabetical list of the
authors with the titles of their papers may
be obtained from the President of the
Congress: Dr Heinz Rechmann, Obere
Strabe, 16, D-567 Opladen, West Germany.
Programme and application forms for the
XIth FATIPEC Congress will be available
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in late autumn and can be ordered from
the same address.

LTSC course at South Bank

The Department of Chemistry and Polymer
Technology at the Polytechnic of the
South Bank is offering a part-time course
for students who have fulfilled the necessary
examination requirements to complete
the requirements for Licentiateship in the
Technology of Surface Coatings (LTSC).
For further details see the Professional
Grade notice in the Notes and News
section of this issue.

Particle size analysis

A meeting of the Particle Size Analysis
Group of the Society for Analytical
Chemistry/Analytical Division, Chemical
Society, will be held at 11 a.m. on Wednes-
day 5 September 1973 in the Hatfield
Polytechnic, Room B.400, College Lane,
Hatfield, Herts. The subject of the meeting
will be particle size analysis in the sub-
micrometre range.

PIRA make plans for conference on
gravure technology

The Packaging Industries Research Associa-
tion plans the first ever international

conference on gravure technology, to be
held in London on February 25 and 27,
1974.

Topics to be covered in the three-day
conference will be reproduction, methods
of cylinder preparation, alternative surfaces
and preproofing; machinery, including
design, drying and infeed systems, and
sheet as well as web machinery; materials
including testing, lightweight papers and
water-based inks. It is hoped to include
sessions on environmental topics and
gravure markets and marketing.

Particle technology

The Harold Heywood Memorial Sympo-
sium on particle technology will be held at
Loughborough University of Technology
on 17 and 18 September 1973. Lectures
will both review past research and postulate
future developments in the field of particle
technology.

Powder coatings in Japan

A paper to be presented at the Amsterdam
“Powder Coatings” conference in Novem-
ber by a representative of Mitsui Toatsu
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Chemicals Co. will outline the latest
technological developments in Japan. The
conference is being organised by Technical
Conference Organisation in conjunction
with Paul Winter.

SLF Conference

The seventh SLF Conference will be held
at the Park Hotel, Sandefjord, Norway
from 1 to 3 October 1973. There will be ten
lectures, given in the lecturer’s language,
with simultaneous translations into English
when necessary. Three lectures have been
designated the official contributions of
FATIPEC, FSPT and OCCA. Subjects
covered include aqueous dispersions,
electrodipping, automation, the drying of
printing inks, and the maintenance of
ships” hulls. The President of the Associa-
tion, Mr L. H. Silver, intends to be present.

Summer School in Paint Analysis

A course on paint analysis is to be held
at the Polytechnic of the South Bank, from
19 to 21 September. The cost for the three
days (including meals) will be £9.00.
Those wishing to attend should write to
Dr D. F. G. Pusey at the Polytechnic of
the South Bank, London SE1.



Annual Report of the Council for 1972

Adopted at the Eleventh Annual General Meeting held at the Grand Hotel, Eastbourne, Sussex, on 22 June 1973.

General

The year under review has been both one of the most
difficult periods with which the Association has had to
contend and at the same time an encouraging one in that it
has seen the secure establishment and recognition of the
optional Professional Grade for Ordinary Members, first
introduced in September 1971. When the optional Pro-
fessional Grade was first suggested it had been expected
that it would take some years before it would reach the level
achieved by the end of 1972, so that this can be regarded as
a major step forward in the progress of the Association.

Financially, however, the year has caused the Council
considerable concern. Through circumstances over which the
Association has no control, the effects of the recession in the
chemical industry were sharpened by the fact that there was
only a ten month interval between the 1971 and 1972
Exhibitions and this led to a curtailment by some organisa-
tions. Similar considerations also affected the level of adver-
tisements booked in the Association’s publications. The
Council considered the implications of increased costs and
felt certain that members would appreciate that the member-
ship subscription had remained unchanged since 1968, and
could not be increased until 1974, and accordingly took the
necessary steps to place the appropriate resolution on the
Agenda for the Annual General Meeting in 1973.

It also took note that the monthly publication of almost
all other societies with which the Association is concerned
had adopted, or were about to adopt, the metric size A4.
In order, therefore, not to cause difficulty in paper supplies
or to deter advertisers, who otherwise would have to make
special blocks only for the Association’s Journal, Council
resolved to change the size of the Journal, with effect from
January 1973, to the A4 size.

Members may like to reflect that difficulties seldom come
singly and Council had been aware that the lease on the
offices in Wax Chandlers’ Hall would have to be re-
negotiated before the end of 1972. It had been hoped that it
would be possible to negotiate a short lease which would
have enabled the Association to recover from the financial
reverse sustained in 1972 so that the Council could explore the
possibility of purchasing a headquarters building. In the event,
however, the new rent proposed proved to be prohibitive and,
since it also proved impossible to find suitable alternative
accommodation at an acceptable rental in Central London,
the Association, in company with many other societies, was
forced to look for office accommodation in the suburbs. As
there was very little time in which to make these arrangements,
great efforts were made to view many premises in different
areas, while continuing with the routine work in the Asso-
ciation’s offices, and finally suitable accommodation was
found in the Harrow Road, near Sudbury Hill Underground
Station. This small building, though not ideal in all respects,
will enable the Association to have complete occupancy and
to hold committee meetings at its headquarters. Council
meetings will, however, continue to be held in Central
London.

The Twenty-Fourth Technical Exhibition took place at the
Empire Hall, Olympia, London, W14, 17-21 April. A report
appears later under the Exhibition Committee’s Report and
a review of the Exhibition appeared in the June issue of the
Journal.

On 12 May, the Biennial Dinner and Dance took place at
the Savoy Hotel, London WC2, when 280 members and
guests were present. The guests and their ladies were received
by the President and Mrs Blenkinsop and on this occasion
seven other societies were represented.

After the Dinner the President welcomed the guests and
the ladies and the reply was given by Mr A. S. Hooper,
President of the Paintmakers Association. After the speeches,
dancing continued until 1 a.m., with a break at 11.30 p.m.
for refreshments. No cabaret was arranged on this occasion,
but instead a gift was made to each lady. An account of the
evening, with a photograph, was published in the July issue
of the Journal.

The Tenth Annual General Meeting of the Incorporated
Association took place on 7 June at Wax Chandlers’ Hall,
Gresham Street, London EC2V 7AB, when Mr L. H. Silver
was elected President-Designate. The following Vice-
Presidents were elected:

Mr R. G. Gardiner
Dr H. W. Keenan
Mr A. B. Lock

Mr K. R. McDonald
Mr N. H. Seymour
Mr R. N. Wheeler
Mr T. Whitfield

The Honorary Officers were elected as follows:

Mr D. S. Newton
Mr F. Cooper
Mr S. R. Finn

Honorary Secretary
Honorary Treasurer
Honorary Editor .. x i
Honorary Research and Develop-
ment Officer o3 .. Mr A. R. H. Tawn
The report of the Auditors on the scrutiny of the postal
votes was received and it was announced that the following
members had been elected to the Council for the years
1972-74:
Mr H. C. Worsdall
Mr H. G. Clayton
Mr L. J. Brooke

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

After a short break for refreshments, the Members re-
assembled to hear Mr C. G. Todd, a Past Master and Clerk
of the Worshipful Company of Wax Chandlers, who gave a
fascinating description of the Company and displayed some
of its treasures. The proceedings of the Annual General
Meeting were reported in the August issue of the Journal.
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On the evening of 3 October a short service, conducted by
the Rector, The Rev C. G. How, was held at St. Vedast-
alias-Foster, Foster Lane, London EC2, to commemorate
the foundation of the Association.

This was followed by the Foundation Lecture when some
60 members gathered in the Court Room at the Painters’
Hall, Little Trinity Lane, London EC4, to hear Sir James
Tait, Vice-Chancellor of the City University, speak on “The
City—A Technological University. Are Tradition and
Technology Compatible?” A vote of thanks was given by
Mr D. S. Newton (Honorary Secretary).

After an informal reception, dinner was taken in the Dining
Hall at Painters’ Hall and during his Address the President
particularly welcomed those Past Presidents and Past
Honorary Officers of the Association who were able to be
guests of the Council on this occasion. Dr H. W. Keenan
(President 1944-47 and an Honorary Member) responded.

An account of the Foundation Lecture, and a photograph,
appeared in the December issue of the Journal.

At the Congress of the Federation d’Associations de
Techniciens des Industries, Vernis, Emaux et Encres
d’Imprimerie de 1'Europe Continentale held in Florence in
June a paper was presented on behalf of the Association by
Mr K. McLaren and Dr D. A. Plant entitled “ANLAB—a
uniform colour space for pigment evaluation.”

In October, the Association was represented by the Pre-
sident, Mr A. W. Blenkinsop, at the Fiftieth Annual Meeting
of the Federation of Sccieties for Paint Technology held in
Atlantic City, when he presented a Commemorative Scroll
on behalf of the Association to the President of the Federation
to mark the occasion. A photograph of this ceremony will
be published in the January 1973 issue of the Journal.

The Manchester Section opened the 1972-73 session in
September with a symposium entitled “Paint performance
and the microbiological environment™ held at the University
of Manchester Institute of Science and Technology and
which was attended by 180 people.

The South African Section held a conference in October on
Powder Coatings at the Pinc Lake Inn, near White River,
East Transvaal.

The Tenth New Zealand Convention took place 21-23 July,
attended by over 170 delegates and their ladies. The theme of
the Convention was ‘‘Breaking with tradition’ and while the
delegates attended the technical sessions a varied and
attractive programme was arranged for their wives.

At its meeting in March, Council were pleased to confer
Honorary Membership upon Mr T. Howard, a member
attached to the South African Section, in recognition ot his
service to the Association over many years, and the appro-
priate Scroll was presented to Mr Howard by the then
Chairman of the South African Section (Mr L. F. Saunders)
at the Section’s Annual General Meeting in April. An
account of this meeting, with a photograph, appeared in the
July issue of the Journal.

In October, Council were pleased to endorse recommen-
dations made by the Wellington Section Committee that
Commendation Awards be presented to two former Chairmen
of the Section, Mr T. W. Slinn and Mr A. C. McEwan, in
recognition of the valuable service they had rendered to the
Section over many years.

In January, Council agreed that badges of office be available
for the Chairmen of Branches and these were duly supplied
to be worn at relevant Branch, Section and Association
functions.

ANNUAL REPORT JOCCA

During the year, the Director & Secretary has been pleased
to help members both from home and overseas when they
have visited the Association’s offices. He was particularly glad
to have discussions with Mr L. S. Cash (Honorary Member
of the Oil and Colour Chemists’ Association, Australia,
attached to the New South Wales Section) in May, Mr K. M.
Engelbert (Honorary Treasurer of the South African Section)
who was able to attend the Association’s Annual General
Meeting in June, Mr J. P. Teas (President of the Federation
of Societies for Paint Technology) in June, Mr A. O.
Brantsacter (President of the Federation of Scandinavian
Paint and Vainish Technologists) in August, and Mr L.
LeLievre (Member attached to the Victorian Section of the
Oil and Colour Chemists’ Association, Australia) in Sep-
tember.

Council was saddencd to learn of the death in January of
Dr H. Houlston Morgan, a Founder Member of the Asso-
ciation, President 1924-26 and an Honorary Member. An
obituary notice appeared in the March issue of the Journal.
In August the death occurred of Mr E. A. Brown, Chairman
of the Hull Section 1968-70, and an obituary notice appeared
in the October issue of the Journal.

Council wishes to place on record its sincere appreciation
of the outstanding service rendered to the Association by the
Director & Secretary, Mr R. H. Hamblin, and the members
of his staff.

Membership of the Association

The number of elections (250) during 1972 compared
favourably with previous years and it was particularly
pleasing to note the number of younger Ordinary Members
who will be actively engaged in making application for
admission to the new Professional Grade. The figures given
below at 31 December 1972 relate only to those members
whose 1972 subscriptions have been received; the names of
those in arrears with subscriptions have been removed.

Section Ordinary Associate  Honorary Student Total

Bristol 80 17 — 8 10§
Hull 58 8 9 75
Irish 48 16 — 4 68
London (including Southern
Branch) 616 73 4 5 698
Manchester 35§ ss 2 17 429
Midlands (including Trent
Valley Branch) 181 25 1 2 209
Newcastle 131 12 — 7 150
Scottish (including Eastern
ranch) 107 26 30 163
Thames Valley 10 14 9 133
West Riding 60 18 14 92
Auckland 57 39 2 98
Wellington 67 35 s Sy 102
South African 216 49 —- 13 278
General Overseas 352 25 2 = 379
Total 1972 2,438 412 9 120 2979
Total 1971 2,401 428 10 129 2,968
Net increase/decrease
during 1972 +37 —-16 -1 —9 +11

The Council

During the calendar year the Council has met four times, the
average attendance being 28. All meetings were held in
London.

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

Exhibition Committee

Finance Committee -
President’s Advisory Committee
Professional Grade Committec
Publications Committee
Technical Committee .. <
Technical Education Committee

—— NN
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Exhibition Committee
Chairman: The Honorary Treasurer, Mr F. Cooper

The Twenty-Fourth Technical Exhibition was held at the
Empire Hall, Olympia, London, from 17 to 21 April. The
opening day coincided with a work-to-rule on the railways
which, coupled with the problems of finding car parking
space in London and a work-to-rule on a national airline,
made travelling to the Exhibition extremely hazardous. These
conditions persisted throughout the week and the total
attendance was naturally lower than previously, there being
8,500 recorded at the turnstiles. Nevertheless, visitors from
33 overseas countries were represented in the Visitors’ Book
at the Information Centre.

On the opening day the Exhibition Luncheon was held at
the Savoy Hotel, prior to the opening ceremony by the
Guest of Honour, Lord Ironside, Vice-President of the
Parliamentary and Scientific Committee. A large number of
members, exhibitors and visitors gathered for this occasion,
but once again the Association had to contend with another
problem since it was unfortunate that the date of the
Parliamentary and Scientific Committee’s Annual Luncheon,
which is normally held in February and attracts a number of
representatives from scientific societies, was changed so that
it clashed with the Association’s Luncheon.

In his Address of Welcome, the President of the Association,
Mr A. W. Blenkinsop, pointed out that, owing to the res-
tricted dates available at Olympia, only ten months had
elapsed since 23-OCCA in June 1971 and it had been expected
that some firms might have experienced problems in com-
plying with the regulations of this unique annual display of
technical developments by technical personnel for technical
visitors. The Exhibition Committee was, therefore, gratified
by the way in which they had found support, not only from
exhibitors at 23-OCCA but from 14 companies which had
not shown at previous OCCA Exhibitions. For future years
the same situation was unlikely to occur since the Committee
wished it to be widely known that, following the Silver
Jubilee Exhibition in May 1973, the Empire Hall, Olympia,
had been booked for April in both 1974 and 1975.

In his reply, Lord Ironside congratulated the Association
on its achievements and referred to the importance of the
application of advanced technology to solving industrial
problems. His speech, which contained points of direct
concern and interest to the surface coating industries for
whom the Exhibitions are arranged, was received with
acclamation by those present.

After the opening ceremony at the Empire Hall, Lord
Ironside made a tour of the stands at the Exhibition accom-
panied by the President, the Chairman of the Exhibition
Committee and the Director & Secretary.

The theme of the Technical Education Stand was
“Pigments.” Plaques described the chemistry and structure
of eight of the most important pigment categories, and
samples of pigments in each category were displayed. Several
parties of sixth-form students from nearby schools attended
the Exhibition and their interest in the paint industry was
aroused by the stand and the lectures given to each party
by Mr G. H. Hutchinson. Staff from various technical
colleges in the London area manned the stand and were able
to advise on suitable courses for students wishing to enter
the industries.

A review of the Exhibition appeared in the June issue of
the Journal and the Exhibition Committee is particularly
grateful to Mr R. Wood (Assistant Editor) who collated the
reports and comments from a team of 27 reporters.
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Finance Committee
Chairman: The Honorary Treasurer, Mr F. Cooper

It was appreciated by the Finance Committee at the beginning
of 1972 that this would be one of the most difficult years
financially which the Association has had to face since the
temporary decrease in the letting of Exhibition stand space
led to a curtailment in this source of income.

These difficulties were considered carefully throughout the
year by the Finance Committee and, in making their report
and recommendations to Council, they had also to bear in
mind that the lease at Wax Chandlers’ Hall expired at the
end of 1972. Faced with this very serious situation, the
Finance Committee had no hesitation in recommending to
Council that the membership subscriptions should be in-
creased as soon as possible in order to meet the continuing
short-fall, which has been apparent for many years, on the
members’ account.

The Finance Committee intends to build up the investments
of the Association once again as soon as this becomes
practicable but, in the meantime, it has been necessary to
withdraw some of the money deposited on short call with
local authorities. Rights issues have been taken up to increase
slightly the investments in equities (which stood at £20,670
above their purchase price at the end of 1972) but no change
has been made in the Government holdings (which stood at
£1,138 below their purchase price) during 1972.

Jordan Award Commiittee

Chairman: The Honorary Research and
Development Officer, Mr A. R. H. Tawn

It is hoped to present the third Jordan Award at the time
of the Association’s next Conference in June 1973 and
applications have been invited, through the pages of the
Journal, at regular intervals during the course of the period
under review. The closing date was 29 December 1972 and
early in 1973 the Committee will be meeting to consider the
applications received.

Liaison Committee

Chairman: The President

An exchange of information, as discussed at the meeting of
the Liaison Committee held during the course of the Asso-
ciation’s Conference in 1969 (referred to in the Report for
that year), has taken place and the Presidents of the four
societies (Federation d’Associations de Techniciens des
Industries, Vernis, Emaux et Encres d’Imprimerie de I’Europe
Continentale, Federation of Societies for Paint Technology,
Federation of Scandinavian Paint and Varnish Technologists,
and Oil and Colour Chemists’ Association) met at the
Fiftieth Anniversary Meeting of the Federation of Societies
for Paint Technology in Atlantic City in October and dis-
cussed matters of common interest.

President’s Advisory Committee

Chairman: The President

It will be recalled that, in the Report for 1968, reference was
made to the setting up of the President’s Advisory Committee
comprising the Honorary Officers of the Association together
with three Section Chairmen, normally in their second year
of office. For the 1972-73 session Mr A. W. Blenkinsop
invited the Chairmen of the Bristol Section (Mr P. L. Gollop),
the London Section (Mr D. E. Eddowes) and the Newcastle
Section (Mr A. A. Duell) to serve on this Committee.
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Professional Grade Committee

Chairman: The President

The Professional Grade Committee has met at regular
intervals during the course of the year to consider applications
received for admission to the optional Professional Grade
which, as mentioned in the general part of this Report, have
been most encouraging. In addition to meetings of the
Committee, members thereof have examined dissertations
prepared by those applying for admission to the Licentiate
grade and have then conducted viva voce examinations. There
have also been many viva voce examinations held for appli-
cants to the Associateship grade. Details of the applications
received to the end of 1972 are set out below and the full
list of members admitted to the various grades is published
in the December issue of the Journal.

Applications

transferred waiting

A
Applications  between  Successful fulfilment of Not
received grades regulations  accepted

Fellowship 160 Less 34 119 — T
Associateship 186 Add 34

Less 4 189 11 16

Licentiateship 16 Add 4 8 12 —

362* 316 23 23

*In addition there are 37 applications which have not yet been
considered by the Committee.

At its meeting in September the Committee reviewed the
first year’s working of the scheme, as a result of which it
recommended to Council certain alterations to the regulations
and increases in the certification fees which Council approved
and which were notified to members through the Journal and
set out on the forms of application for admission to the
Professional Grade. Sponsorship, which had been waived
for the first year, became obligatory after 1 November 1972.

Publications Committee
Chairman: The Honorary Editor, Mr S. R. Finn

During 1972, forty-one papers were published under the
heading of Transactions and Communications compared with
forty-nine in 1971 and fifty-three in 1970. The overall size
of the Journal was 1,172 pages compared with 1,222 and
1,132 in 1971 and 1970 respectively. The number of pages
covered by Transactions and Communications was 587
(50.1 per cent) compared with 829 (67.9 per cent) in 1971
and 740 (65.4 per cent) in 1970. The trend towards an in-
creasing proportion of Journal space being occupied by
technical papers was reversed in 1972, but this was due
mainly to the innovation of publishing Part VII of the Paint
Technology Manuals in the Journal as a series of Student
Reviews; these occupied a total of 218 pages and if these are
added to those occupied by Transactions and Communications,
the total occupied by technical papers becomes 805, or
68.5 per cent of the total pages.

Five papers presented at the Third National Symposium
of the South African Scction on 11-13 September 1970 on
Electrodeposition were published during 1972 commencing
with the May issue. It is hoped to publish the papers from
the Fourth Symposium on Powder Coating in due course.
It is also hoped that it will be possible to publish at least
some of the papers given at the Manchester Section Sym-
posium, 19-20 September 1972 on Microbiology.

There was a further slight increase in the correspondence
with the Honorary Editor (15 letters) compared with 12 in
1971 and only seven in 1970.

The number of books reviewed during the year was 17,
against 14 in 1971 and 18 in 1970. Once again the standard of
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reviewing was well mamtained and the Committee wishes to
thank all those who have contributed to this section of the
Journal. The Honorary Editor wishes to thank the Honorary
Publication Officers for their accounts of the Section Pro-
ceedings during the year.

The Publications Committee met on one occasion during
the year; the meeting was brought forward to July, instead of
being held in the autumn, as usual, in order to discuss and
recommend to Council, the adoption of the A4 page size
for the Journal as from January 1973.

At a meeting of the Technical Education Committee it had
been suggested that as the Professional Grade Committee
had now taken over most of the responsibilities formerly
coming under the scope of technical education, their only
remaining responsibility was for the Paint Technology
Manuals and it was recommended that this should now be
taken over by the Publications Committee. This proposal
was discussed and accepted by this Committee.

A second edition of Part 1l of the Manuals has been
published during the year, some stocks of Part VI remain
and Part VII will become available in bound form from
January 1973. The four remaining parts are all out of stock;
new editions of them are under active consideration and
discussions with Chapman & Hall are taking place.

Mr C. J. A. Taylor has resigned from both the Publications
Committee and as Editor-in-Chief of the Manuals. The
Committee desires to thank him for his long and valuable
service and extend their best wishes for the future. Mr
J. R. Taylor has been invited to join the Publications Com-
mittee but, due to the uncertainty on the future method of
publication of the Manuals and the new allocation of res-
ponsibility for them, it was not considered desirable to make
a new appointment as Editor-in-Chief at the present time.

The Resins, Drying Qils, Varnishes and Paints Report for
1971, reprinted from the Annual Reports of the Society of
Chemical Industry, was published as usual in November and
the authors have been invited to prepare the report for 1972.
However, owing to the change in the page size of the Journal,
it will no longer be possible to include this report in any
bound volume of JOCCA. The desirability of continuing the
reproduction of this report as a separate entity has, therefore,
to be considered.

Twenty-six of the 41 papers published were submitted from
direct sources. Twenty-three papers originated from overseas
(including six each from Australia and South Africa), which
represents 56 per cent of the number published.

Survey of published papers

Section 1970 1971 1972
Bristol _—
Hull 1 -
Irish I |
London 9! 6 4
Manchester 13 1 —
Midlands 5 2

Newcastle | —_
New Zcaland - =
Scottish 6

Conference
Foundation Lecture

South African L)
Thames Valley | |
West Riding = 2 _
Direct
United Kingdom 15 7 10
Overseas 15 12 18
13
I
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Technical Committee

Chairman: The Honorary Research and
Development Officer, Mr A. R. H. Tawn

The reconstituted Technical Committee, as referred to in the
Report of the Council for 1971, met in February for the
purpose of considering the programme for the 1973 Con-
ference when a number of suggestions were submitted in
respect of topics for papers and authors under the main
theme ““Towards 2000."

Later in the year the Committee was involved with the
revision of British Standard 2015—Glossary of Paint Terms,
since members of the British Standards Institution Committee
concerned had been asked to approach the bodies they
represented for observations on the terms which could be
deleted from the existing Glossary and any new ones they
wished to see included in the revision. Upon being approached
by the Association’s representative (Mr S. A. Ray) on British
Standards Institution Committee PVC/11, the Council
referred this matter to the Association’s Technical Com-
mittee.

Technical Education Committee
Chairman: The President

The reconstituted Technical Education Committee, as
referred to in the Report of the Council for 1971, met in
January when members had the benefit of Dr J. G. Gillan
being in attendance for the purpose of explaining the reasons
why the City and Guilds of London Institute Paint Tech-
nicians Course 357 was being merged with the Chemical
Technicians Course 315 and how this would affect the training
undertaken by students. The details were conveyed to the
Association’s Professional Grade Committee for the purpose
of reviewing the regulations for admission thereto.

Representation on other organisations

The Association was represented on other organisations, as
follows:

Technical Training Board for the Printing Ink and Roller
Making Industry: Mr N. Locke and Mr A. R. H. Tawn.

Paint Apprenticeship Council: Dr H. W. Keenan and Mr
G. Copping.

The Parliamentary and Scientific Committee: The President
and the Director & Secretary.

The British National Committee for Chemistry: Mr A. R. H.
Tawn.

City and Guilds Advisory Committee for the Chemical
Technicians Certificate: Dr J. G. Gillan.

East Ham Technical College Consultative Committee for the
Science Department: Mr R. M. W. W. Wilson.

Association of Exhibition Organisers: The Director &
Secretary.

Programme Liaison Committee: The Honorary Programmes
Officer of the London Section and the Director & Secretary.

The Paintmakers Association Training and Technical
Education Committee: The Honorary Secretary and the
Director & Secretary.

The Society of Dyers ard Colourists Terms and Definitions
Committee: Dr J. Toole and Mr A. E. Honiball.
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The Society of Dyers and Colourists ““Review of Coloration
Progress” Committee: Mr H. D. Brearley.

The Colour Group (Great Britain): Mr R. Smith.

Institution of Corrosion Technology Education Committee:
Dr J. B. Harrison and Mr D. S. Newton.

British Standards Institution:

PVC Pigments, Paints and Varnishes Industry Committee:
Dr J. B. Harrison

PVC/1 Pigments: Mr A. S. Lewis

PVC/9 Black Pigments: Mr J. S. Marsh

PVC/1/11 Extenders: Mr S. A. Ray

PVC/1/18 Zinc Dust Pigments: Mr D. S. Newton

PVC/3 Oils, Varnishes, Putty etc.: Mr G. H. Hutchinson

PVC/3/5 Test Methods for Paint Media: Dr L. A. O’Neill

PVC/4 and PVC/4/1 Lac: Dr B. S. Gidvani

PVC/6 Cement Paints: Mr W. O. Nutt

PVC/8 Plastic Wood: Mr V. P. Gellay

PVC/10 Test Methods for Paints: Mr A. N. McKelvie

PVC/11 Revision of the Glossary of Paint Terms: Mr S. 4. Ray

PVC/14 Colours for Paints: Mr A. B. Lock

PVC/15 Water Paints and Distempers: Mr T. W. Wilkinson

PVC/16 Ready Mixed Paints: Mr G. A. Newell

PVC/19 Bituminous Paint: Dr H. B. Footner until October; then

Mr J. Rogers

PVC/20 Calcium Plumbate Priming Paints: Mr A. G. Walker

PVC/23 Zinc Rich Paints: Dr D. Atherton

PVC/24 Water Thinned Priming Paints: Mr J. H. Sparrow

PVC/25 Organic Finishes for Aluminium Windows: Dr J. B. Ley

LGE/9 Artificial Daylight for Colour Matching: Miss O. Rawland

C/17 Viscosity: Mr A. N. McKelvie

C/17/2 Revision of BS.188 (Drafting): Mr A. N. McKelvie

CHE/43 Test Sieves: Mr M. J. F. Meason

CHE/50 Test Methods for Powder Properties: Mr D. S. Newton

CIC/4 Solvents and Allied Products: Dr L. A. O’Neill

CIC/6 Glycerol: Mr W. A. Ledger

OFFA/7 Sampling Oilseeds, Oils and Fats: Mr N. F. Lythgoe

OFFA/12 Vegetable Oils: Mr N. F. Lythgoe

OFFA/24 Analysis of Oilseeds, Oils and Fats: Mr N. F. Lythgoe

ELE/16/53/6 Varnishes: Mr J. McGowan

ACE/44 Aircraft Finishes: Mr J. B. G. Lewin

BLCP/18 Code of Practice: Painting: Mr P. J. Gay

M/26 Artists’ Materials: Mr J. A. L. Hawkey

RDE/25 Road Marking Compounds: Mr T. R. Bullett

0C/20/4/12 Chemistry and Chemical Technology: Mr J. Orpwood

Reports from the above representatives may be seen by members
at the Association’s offices.

The Association was also represented on overseas organisations
as follows:
South African Bureau of Standard’s Specifications:

SABS 515 Decorative Paints, non-aqueous solvent base, interior
use: Mr H. I. Bossman, Mr N. A. Brown, Mr K. M. Engelbert and
Mr A. H. Meyling

SABS 630 Decorative High Gloss Enamel—non-aqueous solvent
base, exterior and interior use: Mr H. 1. Bossman, Mr N. A. Brown,
Mr K. M. Engelbert and Mr A. H. Meyling

SABS 631 Decorative Oil Gloss Paint—non-aqueous solvent
base, cxterior and interior use: Mr H. 1. Bossman, Mr N. A. Brown,
Mr K. M. Engelbert and Mr A. H. Meyling

SABS 663 Primer and Enamel Paint for Hospital Furniture:
Mr A. H. Meyling

SABS 681 Undercoats for Paints: Mr K. R. Hart
SABS 683 Roof Paints: Mr K. M. Engelbert

SABS 801 Epoxy Tar Paints: Mr P. A. Draper

SABS 912 Calcium Plumbate Primer: Mr M. P. Greef
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Science and Education Advisory Committee, Natal College of
Advanced Technical Education: Mr K. R. McDonald, Mr
K. M. Engelbert.

Science and Education Advisory Committee, Witwatersrand
College of Advanced Technical Education: Mr H. H. Aschenburg,
Mr P. A.J. Gate.

Council of the National Association of Scientific and Technical
Societies: Mr L. F. Saunders.

Standards Association of New Zealand—Paints and Coatings
Sectional Committee: Mr T. W. Slinn.

Appendix
Report of the Council in accordance with the Companies Act 1967

. The Council presents herewith the audited accounts of the
Association for the year ended 31 December 1972.

N

Results

The results for the year and the appropriation thereof are set out
in the Income and Expenditure Account on page 9.

w

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

Ea

Changes in fixed assets

The movement in fixed assets during the year is set out in the
table on page 10. In December 1972 the Association acquired
the Lease of Priory House, 967 Harrow Road, Wembley, Midd-
lesex, HAO 2SF, for the remainder of the term of eighteen
vears.

“

The Council

The following were members of Council at 31 December 1972:
A. W. Blenkinsop, FTSC

. H. Silver

. S. Newton, AMCT, CGIA, FInstCorrT, FIMF, FTSC

. Cooper, BSc

. R. Finn, BSc, FRIC, FTSC

. R. H. Tawn, FRIC, FlInstPet, FIMF, FTSC

. R. McDonald, BSc, ATSC elected 7 June 1972

. G. Gardiner

. B. Lock elected 7 June 1972

. W. Keenan, PhD, FRIC, FTSC clected 7 June 1972
. N. Wheeler, BA, ARIC elected 7 June 1972

. Schollick, BSc, FRIC

. H. Seymour, FTSC

. Whitfield, FTSC

. Crowl, BSc, PhD, DIC, FRIC, ARCS, FTSC

. Morris

. S. Rudram, FTSC
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. J. Brooke, ATSC elected 7 June 1972
. G. Clayton elected 7 June 1972

. C. Worsdall elected 7 June 1972

. L. Gollop, FTSC

. E. Ruddick elected 28 April 1972

. D. Robinson, BSc, ATSC

i E., Gllroy elected 27 March 1972

.D.
iss
. R.
. M.

I3

. E: Eddowes BSc

Hamburg, PhD

Smith, BSc, PhD, ARIC, FTSC

. Duckworth, ARIC, FTSC

. S. Gay, ATSC clected 14 April 1972

. E. Hopper, ACT, ATSC

. A. Duell, ARIC, FTSC

. F. Baxter

. M. Burns

. McLean, FTSC elected 7 April 1972

. Jacob, FTSC

W. H. Tatton, ARIC, FTSC

Mrs K. Driver

D. Morris, ATSC

Q. E. Rutledge

F. Sowerbutts, BScTech, FTSC

M. D. Thomson

G. Willison, FRIC

D. A. Kalwig (co-opted as President of the Oil and Colour Chemists
Association Australia).

A. G. Holt, FTSC (co-opted as Representative of the Oil and
Colour Chemists’ Association Australia).

w>m7<>c>w'nzcg'nh'n"n—.':::r-

In addition, the following were members of Council at | January
1972 and served during the year; the date shown after each name
denotes when service on Council terminated:

A. S. Fraser (7 June 1972)

S. H. Bell, PhD, DIC, ARCS, FRIC, FTSC (7 June 1972)
I. S. Moll, BSc (7 June 1972)

C. H. Morris (7 June 1972)

H. R. Touchin, BSc, FRIC, FTSC (7 June 1972)

J. R. Taylor, BSc, FRIC, FTSC (28 April 1972)

N. F. Lythgoe, FRIC (27 March 1972)

H. J. Griffiths, ACT, ATSC (/4 April 1972)

L. F. Saunders, FTSC (12 April 1972)

A. Lowe, MSc, PhD (12 April 1972)

6. Auditors
The auditors, Cooper Brothers & Co., who will change their
name on 1 April to Coopers & Lybrand, will continue in office in
accordance with Section 159(2) of the Companies Act, 1948.
By Order of the Council
ROBERT HAMBLIN

1 Januarv 1973 Director & Secretary
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OIL AND COLOUR CHEMISTS’

BALANCE SHEET as at 31 December

1971
£ £
ACCUMULATED FUND—
52,997 Balance at 31 December 1971 59,874
Add Surplus/(less Deﬁcnl) for
6,876  the period .. . (16,777)

CURRENT LIABILITIES—

445 Provision for Paint Technology
Manuals o « 433
214 Provision for Professional
Grade/Technical Activitics
29,172 Receipts in Advance .. 39, 779
3,759 Creditors & Accrued Liabilities 6 456

33,590

A. W. BLENKINSOP
President

F. COOPER

Hon. Treasurer

R. H. HAMBLIN
Director and Secretary

£93,463

REPORT OF THE AUDITORS TO THE MEMBERS

1972
£

43,097

46,668

£89,765

1971

£

2,625

60,313

30,525

£93 463

8,578
5,953

11,708

26,605

22,000

399
1,540
14,725

13,861

ASSOCIATION

1972

FIXED ASSETS—

Furniture,  Fittings, Office
Machines and Motor Car at
cost .

Less Accumulated Deprecnatlon

Leasehold Propcrty on short
lease at cost .

QUOTED INVESTMENTS—

British Government Securities
at cost
(Market Value £10,570)
Other Investments at cost
(Market Value £47,567)

UNQUOTED INVESTMENTS—

Local Authorities Short-term
Loans s s

CURRENT ASSETS—

Stock of unsold publications
at cost »s

Paper stock in hand at cost ..

Debtors &Paymentsin Advance

Balance at Bankers and Cash
in Hand in United Kingdom
and Overseas Sections

8,922
6,817

11,708
26,897

2,000

642
2,441
15,656

20,188

405

1972
£

2,105
8,128

40,605

38,927

£89,765

Annual accounts submitted by the United Kingdom and Overseas Sections have been incorporated in these accounts, but the assets,
liabilities and expenditure included therein have not been verified by us. Moreover, it has not yet been possible to obtain final accounts
from all the Overseas Sections and therefore provisional or estimated figures, based on the half-year accounts, have been included. With
these reservations in our opinion the accounts set out on pages 405 to 408 give a true and fair view of the Association’s affairs at 31 December
1972 and of its results for the year ended on that date and comply with the Companies Acts 1948 and 1967.

COOPER BROTHERS & CO.
Chartered Accountants

London, 2 March 1973
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OIL AND COLOUR CHEMISTS' ASSOCIATION
INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31 DECEMBER 1972

1971 1972
£ £ £ & £ £
INCOME
MEMBERSHIP AND GENERAL INCOME—
14,367 Subscriptions : 3 : 5 .. 14,838
694 Professional Grade Certification Fees .. .. .. 720
139 Entrance Fees B .. . . 127
574 Sundry Publications .. . - . s 590
3,734 Investment Income o ws 2 3 2,981
349 Surplus on Redempuon of lnvcslmenls = sd T —
16 Profit on sale of cquipment =% .. .. .. 25
19873 ——— —— 19,281
JOURNAL RECEIPTS—
11,655 Advertising .. 2 55 < .. .. 20 9,179
11,168 Sales . . - - - .. 13,005
2,246 Capitation Fees (O(,CAA) o it - 59 2,208
1,075 Reprints o 0 i 5. .. 1.174
26,144 —— — 25,566
67,007 EXHIBITION RECEIPTS .. - - - - i 40,717
113,024 — - —— 85,564
EXPENDITURE
MEMBERSHIP AND GENERAL EXPENSES—
8,996 Administrative Expenses (Note 4) - . e 9,057
9,672 Journal o - s .. 9,768
4,873 Postage, anmg and Statloner\' a7 S5 55 & 4,834
1,074 Publications ;2 .. .. .. 1,427
2,807 Section Expendlture (Nole 5) .. e - - 2,041
277 Past Presidents’ Dinner - - - -
—- Dinner Dance and Foundation Lecture . . s % 558
100 Provision for Paint chhnolm,y Manuals .. .. 100
280 Torquay Conference P . . .. - —
1 Branch Chairmen’s Badgcs . ww 74
1,741 General Expenses, mcludmg Acc.oumancy s 5 o 2,185
1 334 Rolls-Royce Stock written down . . 5% e -
31,155 ——- —— 30,044
JOURNAL EXPENSES—
8,996 Administrative Expenses (Note 4) a3 .. .. 9,057
11,822 Printing and Publication .. . .. .. .. 11,938
740 Reprints .. - .. G ‘s - 860
2,056 Postage and Stationery .. s e & s s $ 3 2,417
795 General Expenses .. s o 34 i .. 996
24,409 —— 25,268
EXHIBITION EXPENSES—
40,793 Direct Expenses s o .. .. 36,976
8,996 Administrative Expenses (Nolc 4) .. - e 9,057
795 General Expenses .. A . - e 996
50,584 —— 47,029
106.148 - s

£6,876 Surplus (Deficit) for the year .. - o e £(16,777)
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NOTES ON THE ACCOUNTS

. Fixed Assets

Cost £ £
At 1 January 1972 8,578
Additions .. 638
9.7:16
Less Disposals 294
- 8,922
Depreciation
At 1 January 1972 5,953
Charged to Income and bxpmdnum
Account 1,026
6,979
Less Disposals .. -, X . 162
—_ 6,817
Net book value at 31 December 1972 .. 2,105

The leasehold property acquired in December 1972 will be
amortised over the unexpired period of the lease (approx-
imately eighteen years); no amortisation has been charged
in 1972.

Foreign Currencies

Overseas Section income, expenditure, assets and liabilities have
been converted to Sterling at the following rates
New Zealand : §1.97
South Africa Rands 1.84

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

4. Administrative Expenses

Administrative expenses have been equally apportioned
between the three main headings of expenditure in the Income
and Expenditure Account on the basis of staff time involved.
These expenses are:

1971 1972
£ £
20,604  Salaries 43 s : 20,250

581 Temporary stafl o & . 5o 593
699 Welfare s 596
3,787 Rent, rates, l\gh\mg, telephom. - . 4,331
350  Audit fee . 3 X o 375
100 Provision for dllapldduom . . . —
867 Provision for depreciation .. . .. 1,026
£26, 988 £27,171
The charge to each headmg is therefore:
£8,996 Membership .. ; £9,057
£8,996 Journal £9,057
£8,996 Exhibition £9,057
5. Section Expenditure
The Section expenditure is as follows:
1971 1972
£ £
65 Bristol o T S ¥ e 108
92  Hull .. o . . .. 60
329 Irish (estimated) . 5 e 208
467 London . ’ ; 313
(Southern Branch }.44)
346 Manchester " .. .. (118)
217 Midlands . . . s 182
(Trent Valley Brdnch £61)
134 Newcastle g 5 3 5 123
195  Scottish .. . 255
(Eastern Bram,h f.95)
126 Thames Valley o i v o 173
60  West Riding .. %5 % 8 ¢ 32
107 Auckland (es\xm.ned) mon . .. 64
64 Wellington (provisional) .. . . 129
327 South African (estimated) « v i 512
£2,529 £2,041
278 Underestimated overseas expendlture in the
previous year o . =
£2,807 £2,041
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1971
£
54
81
135

1971
£
2,525

81

2,606

ETHEL BEHRENS

ANNUAL REPORT JOCCA

FUND

INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31 DECEMBER 1972

Expenditure
Income Tax on Investment Interest .
FSPT Travellmg Expense%
Surplus .

BALANCE
Liabilities
Accumulated Fund at 1 January

Add Surplus
Less Deficit

JORDAN AWARD
INCOME & EXPENDITURE ACCOUNT FOR THE

Expenditure
Award .. e 5
Printing
Surplus . .

BALANCE
Liabilities
Accumulated Fund at 1 January

Less Deficit
Add Surplus

1972
£

52
254

" 306

SHEET as a
1972
£

-

2,606

171

2,435

1972
£

65

65

SHEET as a
1972

-2
1,095

65
1,160

1971

£ Income

135 Interest on Investment (Gross)
Deficit

135

31 December 1972

1971
£ Assets
2442 Local Government Securities at cost
(Market Value £2,208)
164  Balance at Bank
2,606

FUND

YEAR ENDED 31 DECEMBER 1972

1971
£ Income
65  Interest on Investments (Gross)
50 Deficit
115

31 December 1972
1971
£ Assets

British Government Securities at cost
(Market Value £927)

1,000

95 Balance at Bank

1, 095

1972
£
65

65

1972
£
1,000




Proceedings of the Annual General Meeting

The Eleventh Annual General Meeting of the Incorporated Association was held on 22 June 1973 at 2.15 p.m. at the Grand Hotel,
Eastbourne, Sussex, with the President (Mr A. W. Blenkinsop) in the Chair.

There were 60 Members and one Visitor present.

The notice convening the meeting was read.

Apologies

Apologies for absence were received from Mr R. G. Gardiner,
Mr I. S. Moll, Mr A. S. Fraser and Dr H. R. Hamburg.

Minutes

The President asked the meeting to take as read the Minutes
of the Tenth Annual General Meeting held on 7 June 1972,
as printed and circulated in JOCCA, pp. 756-759 inclusive,
August 1972. There being no comments the adoption of the
Minutes was put to the Meeting and carried unanimously.
The President then signed the Minutes.

Report of the Auditors to the Members

The Report of the Auditors to the Members was read.

Annual Report of the Council for 1972

Mr D. S. Newton (Honorary Secretary) moved the adoption
of the Annual Report of the Council and the Statement of
Accounts for 1972.

There were two questions from Dr E. E. Longhurst and
Dr G. D. Parfitt on the allocation of “Journal” costs and
the number of papers in the “‘Journal” respectively, which
were satisfactorily answered by the Director & Secretary.

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

Election of President

Mr Blenkinsop stated that, as indicated on the Agenda,
Mr L. H. Silver had been nominated by Council as President
of the Association and he now asked the Annual General
Meeting to accept the nomination.

This was carried unanimously with acclamation.

Mr Silver thanked the meeting for the high honour bestowed
upon him and stated that he would do his best to uphold
the dignity of the office and the good work carried out by
former Presidents of the Association. He then asked Mr
Blenkinsop to take the Chair for the remainder of the meeting
and to preside at the Dinner later in the day.

Election of Vice-Presidents of the Association

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

(a) Vice-Presidents who have not held the office of
President:
(i) Mr R. G. Gardiner

(ii) Mr A. B. Lock
(iii) Mr K. R. McDonald

(iv) Mr A. T. S. Rudram
(v) Mr T. W. Slinn
(vi) Mr R. N. Wheeler

(b) Vice-President who has held the office of President:
Dr H. W. Keenan
Election of Honorary Officers of the Association

It was unanimously agreed to elect the Honorary Officers as
follows:

Honorary Secretary Mr D. S. Newton

Honorary Treasurer Mr F. Cooper
Honorary Editor .. Mr S. R. Finn
Honorary Research and Development

fficer .. .. .. .. .. MrA.R.H.Tawn

Announcement of election of three Elective Members to
Council 1973-75

The President read the following report which had been
received from the Auditors:

We have scrutinised and counted the voting papers
received from the members of the Association in the
United Kingdom and Overseas, and certify that the
votes cast, including those notified by telex from
the South African Section, show that the following
obtained the largest number of votes:
D. E. Eddowes H. R. Hamburg N. Cochrane
Four voting papers were rejected as not being in order.

COOPERS & LYBRAND
Chartered Accountants.

London,
12th June 1973.

The President then declared the three members listed
elected to Council.

Chairmen of Sections for the coming session

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

Auckland Mr P. F. Sharp
Bristol % 5 3 .. Mr F. E. Ruddick
Hull o v v .. MrF. D. Robinson
Irish .. .. .. .. Dr F. W. Stoyle
London Mr R. H. E. Munn
Manchester Mr S. Duckworth
Midlands Mr A. S. Gay
Newcastle Mr C. N. Finlay
Scottish Mr E. M. Burns

Mr R. A. Eglington
Mr W. H. Tatton
Mr M. D. Taylor
Mr D. Morris

South African ..
Thames Valley
Wellington

West Riding .. o e
409
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Membership subscription rates

The Honorary Treasurer proposed that in accordance with
Article 11 and the resolution passed by the Council at two
successive Council Meetings on 3 October 1972 and 15
February 1973, the following Resolution be confirmed by
the Annual General Meeting:

That with effect from 1 January 1974 the annual
membership subscription rates in_the various cate-
gories of membership shall be as follows:

Ordinary and Associate Member £8.00 per annum
Students under 21 years of age £2.00 per annum

Students between 21 and 25 years
of age 2 5 e T
Retired Member

£4.00 per annum
£1.50 per annum

By resolution of the Council, Value Added Tax will
be applicable to membership subscriptions paid by
those members resident in the United Kingdom.

Mr A. A. Duell seconded the proposal.

The President invited comments from members and re-
ferred to the additional information circulated with the
Agenda. During the discussion the following took part:
Dr E. E. Longhurst, Mr A. G. Holt and Mr J. R. Taylor
on the necessity to make the total payable including VAT
clear to members; Mr J. T. Tooke-Kirby on the distinction
by age now made between categories of Registered Students;
Dr F. M. Smith and Mr K. R. W. Chitty on the possible
effect of the increase on younger members; Dr L. Valentine
on the setting aside of funds for the purchase of property
for headquarters; Mr W. O. Nutt who wished that the addi-
tional information be added as an appendix to these Proceed-
ings (which was agreed); Mr K. F. Baxter on the wisdom
of increasing subscriptions regularly by smaller amounts
rather than by larger amounts at longer intervals; Mr F.
Sowerbutts, Mr F. Cooper, Mr D. S. Newton, Mr A. R. H.
Tawn, Dr S. H. Bell and the President on the extreme care
taken by both the Finance Committee and Council in accor-
dance with the provision of the Articles mentioned above.
The Director & Secretary gave answers to the points raised
to the satisfaction of those asking questions.

On a show of hands, the President stated that it was clear
that the Annual General Meeting overwhelmingly supported
the Council’s recommendation and he asked, therefore, for
members who wished to vote against the motion to signify.
Three members then voted against the proposal and the
President declared the motion carried.

Presentation of Jordan Award

The President indicated that he now had the pleasant duty
of presenting a certificate and cheque to the value of £100
to the winner of the 1972 Jordan Award, referred to in the
Annual Report of the Council for 1972.

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

On this occasion the Jordan Award Committee had decided
to make the Award to Mr D. F. Tunstall for his papers on
the optical behaviour of pigmented systems, which appeared
in the November 1971 and August 1972 issues of the Journal.

ANNUAL GENERAL MEETING JOCCA

The President then presented the certificate and cheque
to Mr Tunstall with acclamation.

Mr D. F. Tunstall receives his Jordan Award Certificate and the
award of £100 from the retiring President, Mr A. W. Blenkinsop

Reappointment of Auditors and fixing the remuneration thereof

It was proposed by Mr R. N. Wheeler that Coopers and
Lybrand (Chartered Accountants) be reappointed Auditors
of the Association and that their fee be £450. This was
seconded by Mr A. G. Holt and carried unanimously.

Vote of Thanks to retiring President

In proposing the vote of thanks to the retiring President,
Mr F. Sowerbutts (President 1967-69) acknowledged the
regret of members that Mr A. S. Fraser (Immediate Past
President) could not be present at this Annual General
Meeting to propose this vote of thanks but he was pleased
to do so on his behalf. He thought Mr Blenkinsop must be
relieved that he was approaching the termination of his duties,
since he had been President during a most difficult period.
Not only had he been President during three Exhibitions
but during his term of office the Professional Grade had been
introduced and the headquarters of the Association had
moved out of London. Nevertheless, he had been able to
attend the Golden Jubilee Celebrations of the Federation
of Societies for Paint Technology in Atlantic City in 1972
and present a scroll on behalf of the Association.

The President had been ably assisted by Mrs Blenkinsop
to whom a vote of thanks would be moved by Mr Silver
at the Dinner that evening.

Mr Sowerbutts then asked the members to show in the
usual way their appreciation and thanks to Mr Blenkinsop
for the services he had rendered during the last two years.
The vote of thanks was carried unanimously and with
acclamation.

Mr Blenkinsop thanked Mr Sowerbutts for his kind
remarks.

Vote of thanks to retiring Council Members

The President called upon Mr K. R. W. Chitty to propose
a vote of thanks to the members retiring from Council.

Mr Chitty thanked all those members, both at home and
overseas, who were retiring from Council after service in
various capacities, as Vice-Presidents, Elective Members,
Section Chairmen and Section Representatives. He specifically
mentioned Mrs K. Driver (Chairman, West Riding Section)
who had been the first lady to serve on Council.

This vote of thanks was carried with acclamation.
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Vote of thanks to Honorary Officers of the Association

In proposing a vote of thanks to the Honorary Officers, Mr
C. H. Morris thought that the Honorary Research &
Development Officer (Mr A. R. H. Tawn) had produced a
larger technical content than ever before in this year’s Con-
ference. He mentioned the excellence of the “‘Journal” so
ably edited by the Honorary Editor (Mr S. R. Finn) which
was acclaimed as being the best in its field and thanked both
the Honorary Secretary (Mr D. S. Newton) and the Honorary
Treasurer (Mr F. Cooper) for their valuable work on behalf
of the Association. He also wished to mention the work of
the Director & Secretary (Mr R. H. Hamblin) in this most
difficult year. Mr Blenkinsop, as President, stated that he
particularly wished to second Mr Morris's thanks to the
Director & Secretary for his work on behalf of the Association
during his term as President.

Mr Morris then asked the meeting to show its gratitude
to the Honorary Officers and the Director & Secretary and
this was carried with acclamation.

Any other competent business

There being no other competent business, the President
declared the meeting closed at 3.30 p.m.

Appendix to Proceedings of 1973
Annual General Meeting

Special notice on increase in Membership Subscriptions 1974,
as circulated with the Agenda dated 11 May 1973

The Council feels that Members of the Association will
appreciate a note on the necessity to increase membership
subscriptions next year.

The Annual Report and Accounts which are enclosed
show that 1972 was a particularly difficult year financially
for the Association, in that a deficit of nearly £17,000 had
to be met by drawing in most of the short term loans which
the Association had built up with local authorities.

The Income and Expenditure Accounts have for many years
been divided under three main headings, so as to demonstrate
the ways in which revenue is obtained and expenditure
incurred. Thus it has long been apparent that—even after
taking into the members’ account the interest derived from
investments and charging to this account only those Journal
costs which could be shown to be directly involved for
members—the expenditure on behalf of members much
exceeded the income derived from their subscriptions.

In 1972, the financial position was complicated by the
short-fall in the revenue normally derived from the Exhibition,
which emphasised the very great percentage of gross income
from this source. Allied to this was the continuing decrease in
advertising income which the Associations Journal experi-
enced in common with most technical publications. Finally,
at the end of the year, the lease expired on the offices at
Wax Chandlers’ Hall and the agents acting on behalf of the
landlords were only willing to negotiate on the basis of an
increased rent of between 300 per cent and 400 per cent. The
review of rateable values would also have increased the
Association’s outgoings if it had remained at Wax Chandlers’
Hall.

Faced with these difficulties what steps did the Council
take to alleviate the position? It had already arranged several
years ago to register as a charity, thus effecting savings in
taxation and rates (and SET up to April 1973). It now

411

examined the sources of income available and determined to
bring the Journal into line with the international A4 size for
many reasons, some of which were financial. For 20 years,
the Association has bought its own paper, cut to its own size
for the Journal, thus avoiding wastage, but it became clear
that the standardisation of sizes would make such purchases
much more costly in future. Secondly, there was evidence
to suggest that advertisers were unwilling to make special
blocks for the Journal but might be persuaded to use the
Journal more if it were a standard size and at least two of
this year’s issues have shown a marked improvement in this
way.

Members will readily understand that, since the Association
had been in occupation at Wax Chandlers’ Hall for fourteen
years and had assembled a trained staff of many years’
experience, how reluctant Council were to make a decision
to move away from those offices, which were well suited to a
professional association, particularly as we were able to hire
the Hall for Council and Committee Meetings. Indeed, it
would have been a simple matter for Council to have retained
the offices there, merely on the justification that a well-trained
staff would be hard to replace at a most critical time in the
Association’s life. But, in accepting that it felt the members’
wishes would be to effect economies by moving out of the
City, Council had also to face the possibility that—since staff
had been recruited over the years from widely scattered areas
round London—it might well find that the Director & Secre-
tary had no trained staff left at all, a state of affairs which in
fact was realised.

The position, therefore, is that the Council has to build up
anew the resources of the Association, bearing in mind the
Finance Committee’s recommendation that consideration
must eventually be given to the purchase of a property for the
Association’s headquarters. With this in mind, Council points
out that membership subscriptions have only been increased
twice since 1947, when they stood at £2.10 for Ordinary and
Associated Members; in 1963 they moved to £3.15 and in
1968 to £5.25. During this time, moreover, the subscriptions
paid by members in the United Kingdom have become
eligible for income tax relief. Even with the rates proposed
for 1974, they compare favourably with many other societies,
some of which do not have a monthly publication.

Council feels, therefore, that it can rely upon the member-
ship to support its efforts during this most critical time to
set the finances of the Association on a much sounder basis
with a greater direct financial participation by members.

On the proposed new structure, Council was aware that
many societies have a differential rate for registered students
at different ages; otherwise, the transition from registered
student to full membership (as at present) creates too large
an increase in the annual subscription paid. At present, a
registered student may only remain in that category between
21 and 25 years of age if he can produce a certificate showing
that he is following an approved course of study, so that the
new subscription structure fits in with this existing pattern.

It will be noticed that the agenda states that Council has
resolved that membership subscriptions will be liable to
Value Added Tax and members will like to know that the
main reason for this is that, unless this is done, the Asso-
ciation would not be able to reclaim all the input of the tax
which much of the Association’s expenditure attracts but
would be disallowed input of the tax on expenditure on behalf
of the members. Since this is a United Kingdom tax, we have
been advised that this would not be payable by members
resident overseas but it will be possible for companies in the
United Kingdom (who have registered for VAT) to reclaim
the VAT where the company pays the subscription direct to
the Association.

May 1973



Section Proceedings

Hull

The control of polymer lifetime under environmental conditions

A lecture was held at the Hull College of Technology on
Monday 2 April. Mr N. F. Lythgoe, in the chair, introduced
Professor G. Scott, of the University of Aston-in-Birming-
ham, who gave a lecture on the control of polymer lifetime
under environmental conditions.

Professor Scott began his lecture with a series of slides
showing the condition of various synthetic packaging
materials which had been collected on the sea shore in
Scotland. Besides demonstrating the remarkable stability
of such materials, the slides revealed the influence of pigmen-
tation to enhance stability by ‘‘screening out” destructive
radiation. The durability of these polymers on exposure
to light and oxygen was related to the electron inductive
effect of the substituent atoms or groups (for example, the
electron repelling effect of the methyl group in polypropylene)
and to the stability of the transition complex. Polyvinyl
chloride and polyacrylonitrile were more stable than poly-
ethylene which, in turn, was more stable than polypropylene.

Professor Scott continued with a discussion of the
mechanism of free radical depolymerisation via hydrogen
atom abstraction, and described work which had been
carried out with various novel stabiliser systems. Zinc
diethyl dithiocarbamate and copper or ferric stearate in
combination behaved initially as antioxidants for cumene,
which was used as a model compound. The dithiocarbamate
conferred protection by the destruction of hydroperoxides
and was gradually removed from the system until the ferric
stearate, when present in excess, behaved as a pro-oxidant.
It was thus possible to provide initial protection against
oxidation and free radical degradation followed at a later
stage by accelerated breakdown which continued even in
the absence of ultra-violet light. The successful exploitation
of such stabiliser systems in preventing environmental
pollution was illustrated with slides showing the condition
after various intervals of time of plastic shrouds used for
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the protection against frost of young banana trees in Israel.
Rapid degradation and disintegration of the shrouds afte:
their initial role had been fulfilled was clearly evident.

A long and interesting discussion period followed and
a vote of thanks was proposed by Mr N. F. Lythgoe. The
meeting was attended by 11 members and nine visitors.

J.A.H.

London

Thirty-fifth annual general meeting

The thirty-fifth AGM was held on 10 April 1973 at the Cafe
Royal, Regent Street. In proposing the adoption of the
Committee’s Report, Mr R. H. Munn, the Section Honorary
Secretary, said that attendances had been similar to those of
the previous session. The Committee were attempting to
find a more suitable and congenial venue for the technical
meetings. In thanking the retiring members of the committee,
he made special mention of Dr H. M. Morgans, who had
been very helpful in liaison with the Polytechnic of the
South Bank. The Committee’s report was seconded by Mr M.
Hess and adopted unanimously.

Dr H. R. Hamburg presented the financial report: OCCA'’s
share of the profit of the Warwick symposium was quite
substantial. The report was adopted unanimously. Officers
were elected for the coming session. (Listed at the front of
this issue.)

Mr J. T. Tooke-Kirby presented a brief report of the
activities of Southern Branch. Four meetings had been held,
and the students’ symposium at Winchester had attracted an
attendance of 60.

Following a buffet meal, Mrs W. Gumbel JP, a member
of the Greater London Council, gave a talk on the work of
the Council, showing a film entitled ‘‘Everybody’s London”
\CN;IEEh presented an interesting survey of the work of the



Notes and News

The Lecture room at the Grand Hotel.

Another successful OCCA Conference

The venue for the 1973 Conference,
“Towards 2000,” was Eastbourne. Dele-
gates from 14 countries converged on this
pleasant seaside town situated on the
south coast of England, and listened to and
discussed a wide range of topics focusing
on likely future trends towards the ycar
2000 in the surface coatings industries.
For once, “blazing June™ deserved that
epithet although, by the time the Conference
was begun on the evening of Tuesday
20 June, the mid-summer heat had become
less oppressive, remaining so until the
programme was complete four days later.
Thus, whilst the ladies enjoyed the ameni-
ties and tours organised by the Association,
lively discussions ensued among delegates,
and all technical sessions were very well
attended—on this occasion there being
sessions in both the mornings and after-
noons of the three main days.

The headquarters of the Conference was
the Grand Hotel where most delegates
were accommodated, with other delegates
staying at the Burlington Hotel. A coach
service was arranged between the Burlington
and the Grand, and the thanks of the
delegates are due to Mr D. S. Newton
(Hon. Secretary) who kindly offered to
act as coach steward.

It was the view of the majority that the
deliberate widening, this year, of the r range
of IODIL\ covered had been successful in
maintaining interest throughout the period
of the Conference. Certainly, the slight
fall in numbers, compared with 1971,
was not reflected in any reduction in the
participation in the discussions at the
Technical Sessions. The Workshop Sessions
also proved of interest, one continuing
until long after the scheduled time.

Tuesday 19 June

The first function of the Conference was
the reception held by the President,
together with the Honorary Officers and

the Director & Secretary, for overseas
Members  and visitors before dinner.
Delegates from Austria, Belgium, Canada,
Czechoslovakia, Denmark, Finland, Ger-
many, Holland, Japan, Norway, Poland,
Sweden, Switzerland, and the USA had
registered for the Conference, and the
Association was pleased to have present
at the Oversecas Reception upuscnlmvu
from the other three societies of the
international liaison, Dr H. Rechmann
(President  of FATIPEC), Mr R. W.
Matlack (Past President of the Federation
of Socicties for Paint Technology) and
Mr H. R. Nielsen (Past President of the
Federation of Scandinavian Paint and
Varnish Technologists).

A high level of attendance was maintained at all sessions

After dinner, the Honorary Research
& Development Officer, Mr R. H.
Tawn, gathered together the lecturers,

chairmen of Sessions and convenors of
the Workshop Sessions to discuss the way
in which the technical part of the Con-
ference would be conducted.

Meetings were held too to organise the
golf, tennis and table tennis tournaments,
and thanks are due to Mr S. Duckworth
(golf), Mr R. N. Wheeler (tennis) and
Mr D. J. Silsby (table tennis), whose hard
work made these events both successful
and enjoyable, and to Mrs F. Sowerbutts
who kindly chose not only the tournament
prizes but also the ladies gifts and spot

Representatives of the four Societies. Left to right: Mr R. W. Matlack (FSPT),
Dr H. Reckmann (FATIPEC), Mr A. W. Blenkinsop (OCCA) and Mr H. R. Nielsen
SLF)
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The Lecturers’ meeting. Standing: Mr R. L. J. Morris, Mr D. S. New(on, Mr R Woodbndge (Convenor), Mr D. E. Eddowes (Chairman),
r E. L

Mr A. T. S. Rudram, Mr C. Meredith, Dr H. D. Hanus, Mr F. Ar
Murray, Dr V. P. Simpson ; and wan'(/ Mr K. McLaren, Dr H. Gysin, Prof C. E. H. Bawn, Mr A.R. H

, Mr G. Isserlis, Dr J. B. Ley (Chairman), Dr J. D.

Tawn (Hon. Research & Devel-

opment Officer), the President (Mr A. W. Blenkinsop), Hon. Editor Mr S. R. Finn (Convenor), Mr S. T. Harris, Dr J. E. O. Mayne (Convenor),

o

prizes for the Dinner Dance on the Friday
evening.

Wednesday 20 June

At 9.30 a.m. the President declared the
Conference open and handed over to
the Honorary Research & Development
Officer, A. R. H. Tawn (who had arranged
the papers for the Conference) and acted
as Chairman of the first Technical Session.

All papers from the Conference, together
with  the ensuing discussions, will be
published in full in the Journal later in
the year, and no attempt at reportage will
be made here. However, it must be noted
that the discussions following the papers
were both lively and long, reflecting the
interest aroused by the speakers. Compli-
ments are due both to the contributors
to the discussions, and to the chairmen,
who encouraged, controlled, and, in many
cases, closed the discussions in a prudent
and tactful manner.

After the first Technical Session, the
President and Mrs Blenkinsop welcomed
all those attending the Conference at an
informal reception before lunch.

In the afternoon, the ladies visited
Bateman’s Burwash—the home of Rudyard
Kipling from 1902 to 1936—on the first
coach tour of the Conference, whilst the
second Technical Session, chaired by the
then Chairman of the London Section
Mr D. E. Eddowes, included a Panel
Discussion on the theme “Britain and the
EEC—technico-commercial aspects.” The
panel comprised Mr L. Silver (President
Designate of OCCA), Mr Y. Pasate (Shell
International Chemical Co. Ltd.), Dr
L. Valentine (Research Director Berger
Jenson Nicholson Ltd.) and Mr E. W.
Osmond (International Paint Co. Ltd).
First, Dr Valentine made some intro-
ductory remarks stating that he welcomed
the recent enlargement of the EEC, and
outlining some likely consequences of

Prof. W. Funke, Dr U. Zorll

At the Dinner Dance: (left to right) Mr L. H. Silver (President designate), Mrs
Silver, the President (Mr A. W. Blenkinsop), Mrs Blenkinsop, the Mayoress, Sir
Sydney Caffyn (Mayor of Eastbourne) and Sir Charles Taylor (MP for Eastbourne)

Britain’s entry. There were difficultics to
be overcome; vanauons, for example,
in raw materials used in the different
countries and in the sizes of cans for paint,
as well as social and political factors. The
resolving of these problems, however,
would be to the mutual benefit of the
industries concerned and the consumers
throughout the community. The meeting
soon warmed to this subject, and a long
discussion followed. The whole of this
session was centred around worldwide
technico-economic and social aspects and,
in addition to the panel discussion, two
papers were presented by Mr F. Armitage
and Mr A. T. S. Rudram and discussed.

In the evening the Mayor of Eastbourne,
Alderman Sir Sydney Caffyn CBE, and
the Mayoress, together with the President
and Mrs Blenkinsop, received delegates
at a Civic Reception, which was followed
by dancing until midnight. During the
dance, the company was entertained by
Margaret Eales of the Sadlers Wells
Company and her performance was
warmly applauded.

Thursday 21 June

Dr J. B. Ley chaired the Technical Session
on Thursday morning, when four papers
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Karen Bjorkman, daughter of Mr L. Bjorkman, President of the Swedish Society
for Paint Chemists, presenting a bouquet to Lady Caffyn at the Dinner Dance
reception

Mr A. W. Blenkinsop (left) invests Mr L. H. Silver with the Presidential Insignia

were presented. A measure of interest was
that all the discussions following these
papers had to be cut short to avoid running
too far over the schedule.

For the ladies, a Pottery Demonstration
was given in the Grand Hotel by Mrs
Dawkins of Hastings, a Member of the
Guild of Sussex Craftsmen. This was well
attended, and so successful that, as a
result, some ladies later paid visits to the
pottery.

In the afternoon a further Technical
Session was held, charied by Dr F. M.
Smith, former Chairman of the Manchester
Section. Three papers were presented.

A coach tour was organised to Brighton,
which included a visit to the Royal Pavilion
and tea at the White Hart Hotel.

After dinner delegates who wished were
able to join a party visiting the Congress
Theatre for the *“‘Summer Spectacular”
variety show.

Friday 22 June

The Final Technical Session of the Con-
ference was chaired by Dr S. H. Bell.
Once again the discussions which followed
the presentation of papers had to be
cut short to keep within the schedule, and
allow delegates to lunch before the Annual
General Meeting of the Association in the
afternoon.

The Association would like to thank
the two Members, Mr S. R. Finn and Mr
D. J. Silsby, who helped at all Technical
Sessions by distributing microphones and
question forms for the discussions.
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The Annual General Meeting was held
at 2.15 p.m., and a full report appears
elsewhere in this issue. The three Workshop
Sessions—"“Sales forecasting” (Convenor
Mr S. R. Finn), “The changing influence of
‘do-it-yourself” on the retail paint market”
(convenor Mr J. Woodbridge) and
“The measurement of research output™
(Convenor Dr J. E. O. Mayne)—were
held after the AGM. The Association’s
policy of not recording the proceedings,
in order to foster a freer interchange of
idcas, was proved successful once again,
and Council thanks each of the convenors
for his help.

The evening saw the final event of the
Conference, the Association’s Dinner and
Dance, held in the Grand Hotel. Delegates
and their ladies were received by the
President and Mrs Blenkinsop, and the
Mayor (Sir Sydney Caffyn CBE) and
Mayoress of Eastbourne. The Association
was also pleased to welcome Sir Charles
Taylor, MP for Eastbourne.

After the Dinner and following the
Royal Toast proposed by the President,
the Toast to the Association was proposed
by Dr H. Rechmann.

Dr Rechmann (President of FATIPEC)
explained that his Federation was a sister
society to OCCA, the FSPT and the SLF.
Thus he had attended the last OCCA
Conference in Torquay (1971) and the
1972 FATIPEC Congress in Florence.
This year he was at Eastbourne for the
OCCA Conference and next year he would
be at the FATIPEC Congress in Garmisch
Partenkirchen. He felt that there should be
even closer links between the four societies
and at the next FATIPEC congress OCCA
members would pay the same registration
fee as if they were members of FATIPEC.
The same would apply to members of the
FSPT and the SLF. He offered his congratu-
lations to OCCA on the Conference and
on its Journal which was so high in its
standard and especially good in its new
standardised size. He extended an invitation
to those present to attend the FATIPEC
Congress in Garmisch from 12 to 18
May 1974, when there would be ten
plenaries and 80 other papers. The ladies
were particularly invited for the social
programme arranged for them.

The President, replying on behalf of the
Association, thanked Dr Rechmann for
his congratulatory remarks. He also read
a telegram from Mr A. O. Brantsaeter, a
Past President of the SLF now living in
Singapore, who sent his good wishes to
the Association for a successful conference.

Mr Blenkinsop welcomed delegates,
lecturers and the chairmen of the sessions,
and thanked them for their work in running
the Conference. In welcoming the Mayor
and Mayoress, Mr Blenkinsop thanked
the Borough for the Civic Reception it
had provided on the Wednesday of the
Conference. He then proposed a toast to
the Mayor and Lady Caffyn and to the
Association’s other guests.

In his reply, Alderman Sir Sydney
Caffyn, CBE, (Mayor of Eastbourne)
extended the thanks of all the guests and
ladies for the hospitality shown by the
Association at the Dinner. He was im-
pressed by the high number of overseas
guests, there being 14 overseas countries
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represented, which was a tribute to the
high standing of the Association.

Following Alderman Caffyn’s speech, the
ceremony of the presentation of the Presi-
dential Insignia to Mr L. H. Silver, who had
been elected President of the Association’s
AGM that afternoon, took place. Mr
Blenkinsop, in investing Mr Silver, used
the traditional form of words:

Leslie Silver, in accordance with the resolu-
tion passed at the Annual General Meeting
this afternoon, it is now my duty to invest
you with the insignia as President of this
Association, and 1 charge you to guard well
the interests of our Association and at all
times to uphold the dignity of our high
office.

Mr Silver then presented Mr Blenkinsop
with his Past President’s Medallion engraved
with his years of office, and paid tribute to
the fine way in which he had carried out his
duties during his term as President. In this
he had, of course, been ably supported by
Mrs Blenkinsop. Mr Silver thanked Mrs
Blenkinsop for her work as President’s The newly elected President, L. H. Silver, presenting Mr A. W. Blenkinsop with his
Lady, particularly in her vists to the Past President’s medallion
various functions of the Sections of the
Association, where she had charmed
everyone. In recognition of the consider-
able part she had played in helping the
President during his term of office, Mr
Silver presented her, on behalf of the
Association, with a silver salver.

Mrs Blenkinsop thanked Mr Silver and
the Members of the Association for their
kindness in making this presentation. She
had much enjoyed visiting the Sections of
the Association and meeting so many
Members and their ladies, and would
treasure the gift in the years to come as
a happy memento of this time.

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

During the dance, the new President
and his Lady presented the prizes for the
various tournaments. The winners were:
Golf: Mr S. Duckworth (Sam Sharp
Golf Trophy, replica and sweep), runner-up
Mr A. A. Duell. Men’s Tennis: Mr G. J.
Shepherd. Ladies” Tennis: Mrs H. G.
Clayton. Men's Table Tennis: Dr J. D.
Murray. Ladies’ Table Tennis: Mrs L. H.
Silver. T Following his investure as President Mr L. H. Silver presents

Mrs Blenkinsop with a silver salver in recognition of her work
as President’s Lady

Saturday 23 June

Saturday saw the dispersal of delegates.
Once again the verdict was that an enjoyable | The next OCCA Conference is scheduled to take place at Scarborough, ||
and successful Conference had been held. Yorkshire, England, in June 1975. Full details will appear in this ‘‘Journal® ||/

when the programme has been arranged. ‘H‘l
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NOTES AND_NEWS

Motif of the Exhibition

The motif for the twenty-sixth Technical
Exhibition of the Oil and Colour Chemists’
Association, designed by Robert Hamblin,
shows the flags of the enlarged European
Economic Community, linked by the
initials OCCA. By converging on the flag
of the United Kingdom, the motif symboli-
ses the welcome extended by OCCA for
many years to exhibitors and visitors,
both from these countries and farther
afield, to its Exhibitions in London, one
of the capital cities of the EEC.

Hours of opening

As announced at the Exhibition Dinner
in May, the Exhibition next year will be
of four days’ duration and will open on
the Tuesday morning at 9.30 and will close
on the Friday at 16.00. The Exhibition will
thus be open for a total of 32 hours and it
is felt that the times will meet with the
approval of both exhibitors and visitors
alike. The Exhibition of raw materials,
plant and equipment used in the paint,
printing, ink, colour and allied industries
will take place at the Empire Hall, Olympia,
London, on the following dates and times:

Tuesday 23 April 09.30-18.00
Wednesday 24 April 09.30-18.00
Thursday 25 April 09.30-18.00
Friday 26 April 09.30-16.00

Exhibition dinner

Following the success of the Exhibition
Dinner held on the occasion of the Silver
Jubilee Exhibition in May 1973, it has been
decided to hold a Dinner on the opening
date (Tuesday 23 April) at the Savoy
Hotel, London, WC2. The reception will
be at 19.00 hours for dinner at 19.30
hours. Informal dress will be worn. Follow-
ing the custom of many years, the Associa-
tion will invite as its guests to this function
principal officers from other scicntific
societies and kindred organisations, who
will be invited to visit the Exhibition in
the afternoon. Full details of the Exhibition
Dinner will be announced in the Official
Guide to the Exhibition, each copy of
which will contain an application form
for tickets.

At the request of some exhibitors who
were present at the 1973 Dinner, it has
been decided to arrange a cash bar in
the River Room after the function until
midnight.
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OCCA-26 Exhibition

The European Economic Community’s

forum for technical display and discussion

in the surface coatings

Invitation 1o exhib:t

Copies of the Invitation to Exhibit have
now been despatched to those companics
and organisations, in the United Kingdom
and overseas, which have shown at past
exhibitions or have already requested
information on the 1974 exhibition. Com-
pleted application forms for stand space
must be returned to the Director &
Secretary of the Association not later
than 1 November 1973. Since the United
Kingdom is now a member of the European
Economic Community, it is expected that
even more Continental firms will participate
in this exhibition; but any organisation
from any part of the world wishing to
exhibit should write immediately for details
from the Director & Secretary of the
Association, since exhibitors are welcome
from all countries.

At the Twenty-Fifth Exhibition, in
May 1973, there were direct overseas
exhibitors from 14 countries, besides many
overseas companies who showed through
British associates. Representatives from
over 50 overseas countries visited the
exhibition on that occasion. A full review
of this Exhibition, showing the countries
from visitors came and the products on
display appeared in the July issue of
this Journal. Intending exhibitors and
advertisers will be supplied with copies
of the “Official Guide” to the 1973 Exhibi-
tion.

The Exhibition affords a splendid
opportunity for the technical display of
information and a forum for the interchange
of technical advice and experience between
those employed in the supplying and
manufacturing industries.

Technical education stand

In continuance of its interest in the educa-
tional field, the Association will once
more provide a stand devoted to technical
education, at which details of courses
at technical colleges will be available as
well as information on the optional
Professional Grade for Ordinary Members,
introduced in September 1971, which has
attracted widespread interest and support.

Information in foreign languages
The practice of distributing abroad a

specially designed information leaflet in
six languages (English, French, German,

industries
23-26 April 1974

lalian, Russian and Spanish), will be
continued and interpreters (French, Ger-
man, Italian and Spanish) will be available
without charge at the Exhibition for the
convenience of visitors and exhibitors.

Admission

As at all previous exhibitions organised
by the Association, there will be no charge
for admission, and free copies of the
“Official Guide™ will be available to those
intending to visit the Exhibition several
weeks before the event so as to enable
them to plan their itineraries to the maxi-
mum benefit.

Official Guide

This unique publication, of which 17,000
copies will be printed, will contain
descriptions of all exhibits and advertising
space is available to both exhibitors and
those organisations not able to show at
the 1974 exhibition. Full details of advertis-
ing, the basic rates for which are the same as
for this Journal, can be obtained from the
Association’s offices.

Optional
Professional
Grade

LTSC qualifications

Students who have fulfilled the necessary
examination requirements may complete
the requirements for Licentiateships by
taking, as a one-year part-time course,
appropriate course modules from courses
such as the HNC Supplementary Studies in
Surface Coatings Technology at the Poly-
technic of the South Bank. Other routes via
the Polytechnic Certificate in Surface
Coatings and further details can be obtained
by contacting the Head of the Department
of Chemistry and Polymer Technology,
Polytechnic of the South Bank, Borough
Road, London SE1 OAA.

1t is hoped that full details of the require-
ments for the optional Professional Grade
for Ordinary Members, which last appeared
in the January 1973 issue, will be published
ir the September issue of the Journal.
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Register of Members

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

Ordinary Members SEARLE

, CHARLES BeEnsAaMIN, 61 Coxtie Green Road, Brentwood,
X. (London)

ANDERSON, SYDNEY GRAHAM, ARIC, 246 Haynes Park Court,
Slewins Close, Hornchurch, Essex RM11 2DG. (London)

AUNGIER, JOHN STEPHEN, LIRI, May & Baker Ltd., UK Agency

SPENCELEY, DAVID MicnakL, 17-37th Avenue, Greenwood Avenue,
Hull HU6 8AU. (Hull)

Unit, Dagenham, Essex.

Bosk, SuniL KUuMAR, BSc, FTC, 79 Gurney Road, London E15.

DAMSELL, ANTHONY ARTHUR, 47 Queens Road, Brentwood, Essex.

(London) TAYLER, CLIVE ANTHONY, BSc, “West Glebe™, Brightwalton,
Nr Newbury, Berkshire. (Thames Valley)
(London) TAyLor, DAvID Freperick, PhD, BSc, 40 Bishopsford Road,

Morden, Surrey. I
(London) 2 CY (London)

Davies, WiLLiaM GRENVILLE, PhD, BTech, ARIC, 5 Fairlight

Cross, New Barn, Longfield, Kent.

HANSON, ROBERT EDWARD THOMAS, FRIC,

Shenfield, Essex.

HumPHREY, CoLIN NORMAN, BSc, May & Baker Ltd, UK Agency

Unit, Dagenham, Essex.

News of Members

Mr D. Stewart, an Ordinary Member
attached to the Manchester Section, is now
employed as Export Manager by Mander
Kidd (UK) Ltd, who produce printing
inks in  Wolverhampton. Mr Stewart
served on the Manchester Section Com-
mittee from 1968 to 1971.

Mr V. Watson, an Ordinary Member
attached to the Manchester Section, has
retired as a director of Burrell & Co Ltd
after more than 41 years’ service with
that company. He is now acting as a
consultant to Burrell & Co.

Mr V. Watson

Rearrangement of personnel in the Pig-
ments Division of CIBA-GEIGY (UK) Ltd
has involved the following three Members,
all of whom are attached to the Man-
chester Section:

Mr H. D. Brearley, an Ordinary Member,
who was previously Phthalocyanine Pro-
ducts Manager, now becomes Pigments
Production Manager for the Division.

(London)

16 Abbots Close,
(London)

Associate Member

Symons, HreuGH SHErwooD, 4 Redcliffe Parade East, Bristol

(London) BSI 6SW. (Bristol)

Mr H. G. Clayton Dr F. Dalton

Mr H. G. Clayton, an Associate Member,
has been appointed Divisional Operations
Director.

Dr F. Dalton, an Ordinary Member, takes
up the position of Marketing Director.

London Section

Course on surface coatings

A short course on “‘Surface coatings—newer techniques in application and curing,”
arranged in association with the East Ham College of Technology, has the following
programme:
22 October 1973: Future requirements—motives for development.
Dr L. A. O’Neill (PRA)
29 October 1973: Product finishing with powder coatings.
Dr S. Kut (E. Wood Ltd.)

5 November 1973: Electrodeposition and other uses for water soluble coatings.
Mr S. Erratt (Valentine Varnish Manufacturing Co. Ltd.)

12 November 1973: Radiation Curing.
Mr. A Wright (D. Macpherson Group Ltd.)

19 November 1973: Metal decorating, including roller coating and printing.
Mr A. D. Lott (Metal Box Co. Ltd.)
26 November 1973: Curtain coating.
Mr K. Waddington (C. Macpherson Co. Ltd.)

The fee will be £3.75 for Members and £4.25 for non-Members.



1973 (8) NOTES AND NEWS

Section programmes for

1973-74 session

Main Association
Events

1974
Tuesday 23—Friday 26 April

OCCA-26 Technical Exhibition, to be
held at the Empire Hall, Olympia,
London WI4. For further details see
back outside cover of this issue.

Friday 31 May

Dinner Dance, to be held at the Savoy
Hotel, London.

Bristol

All meetings will be held at the Royal
Hotel, Bristol, at 7.15 p.m., unless otherwise
stated.

1973
Friday 28 September

**Colour in the home™ by Mr R. G. Stay,
Berger Paints Ltd.

Ladies’ Evening.

Friday 26 October

“The Testing and Performance of Flame
Retardant Paints” by Mr F. C. Adams
of the Building Research Establishment,
Fire Research Station.

Thursday 1 November

“Future trends and requirements for
automotive finishes” by Mr W. Dabbs,
of Pressed Steel Fisher. Joint Meeting
with the Birmingham Paint Varnish
and Lacquer Club at the Imperial Hotel,
Birmingham.

Friday 30 November

“Water pollution—legislation, case study
and one answer” by Mr B. Cryer and
Mr Shepherd of Berger Paints, Mr
Hunt of Bristol City Engineers Depart-
ment, and Mr R. Evans of Pollution
Technical Services.

1974
Friday 25 January

“Printing ink developments” by Mr
G. H. Hutchinson of Croda Polymers
Ltd., Ink Division.

Friday 22 February

Details to be announced.

Friday 8 March

Annual Dinner Dance at the Mayfair
Suite, New Bristol Centre.

Friday 29 March

“The New Flashpoint Regulations—
Flashpoint and Combustibility Tests”
by Mr A. N. McKelvie of the Paint
Research Association, at the Angel
Hotel, Cardiff.

Friday 26 April
Annual General Meeting.

Hull

Unless otherwise stated the meetings will
be held at 7.00 p.m. at the Dorchester
Hotel, Beverley Road, Hull.
1973
Monday 1 October
“Polyacrylates in emulsion paints” by
a speaker from Allied Colloids.
Friday 5 October
Annual Dinner/Dance to be held at
Cave Castle, South Cave, Hull.
Tuesday 6 November

“Some aspects of personnel manage-
ment” by Mr K. Yates of Laporte
Industries Ltd. at the Haven Inn,
Barrow Haven, Lincs at 6.30 p.m.

Monday 3 December

“A review of the current and future
trends in industrial finishing” by Mr
R. McD. Barrett of BIP Chemicals Ltd.

Thursday 13 December

Joint meeting with the Chemical Engi-
neers—South Humberside Group at
6.30 p.m. at the Haven Inn, Barrow
Haven, Lincs. “The Humber Bridge
Construction” by Mr J. A. Hyatt of
Freeman Fox and Partners.

1974

Monday 7 January
“New developments in colour instru-
mentation” by Mr R. P. Best of Instru-
mental Colour Systems Limited.
Monday 4 February

Ladies’ Evening.
“Wallpaper—Design and manufacture”
by Mr B. C. Callaghan of ICI Wallpapers
Ltd.

Monday 4 March

“Etch and blast primers” by Mr H. F.
Clay of Cromford Colour Co. Ltd.

Irish

All meetings will be held at the Clarence
Hotel, Dublin, at 8.00 p.m. unless otherwise
stated.

1973
Friday 21 September

“Pollution, its causes and effects” by a
speaker from the Institute for Industrial
Research and Standards.

Friday 19 October

“The use of extenders in titanium
dioxide” by Mr M. Hart, Croxton &
Garry Ltd.
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Thursday 15 November
Annual Dinner Dance at the Clarence
Hotel, Dublin.

Friday 7 December
Ladies’ night. A lecture on “Old Dublin”
by Mr F. Dixon.

1974

Friday 18 January
To be announced.

Friday 15 February

Works visit to the Irish Glass Bottle
Company.

Friday 15 March

“Dispersible pigments for printing inks”
by Mr H. Bower, BSc, CIBA-GEIGY
(UK) Ltd.

Friday 19 April
Annual General Meeting.

The usual social events (Treasure Hunt and
Golf Outing) will be held in May and June
venues to be announced.

London

All meetings will be held at Great Northern
Hotel, King’s Cross, London N1 9AN, at
7.00 p.m. unless otherwise stated.

1973
Thursday 27 September

Chairman’s Open Forum: “Whither the
London Section?”

Tuesday 16 October

*“Some aspects of technical training” by
Mr G. P. Birtles of Selection & Industrial
Training Administration Ltd.

Wednesday 7 November

“Newer analytical techniques and their
application to the surface coatings
industry.” One-day joint meeting with
the Society for Analytical Chemistry,
Analytical Division, Chemical Society,
at Thames Polytechnic, Woolwich, com-
mencing at 9.30 a.m.

Monday 12 November

“Optical methods in colloid and surface
chemistry.” Joint meeting with Society of
Chemical Industry, Colloid and Surface
Chemistry Group, at 14 Belgrave Square,
London, SWI1X 8PS, commencing at
11.30 a.m.

Friday 30 November
Ladies’ night.
Tueaday 11 December

Ladies’ Invitation Lecture. “Driving the
Police way” by Chief Inspector N. A. M.
Ferguson of the Metropolitan Police.

1974

Monday 21 January

“Modern marine coatings and their
application” by Mr J. C. Smith of the
Central Dockyard Laboratory at East
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Ham College of Technology, High Street
South, London E6.

Tuesday 12 February

“Recent developments in metal decor-
ating™ by Mr J. Holt and Mr M. Reid of
the Research Division, Metal Box
Company.

Saturday 23 to Sunday 24 February

Weekend conference on “*Colour,” with
participation from the French Associa-
tion, AFTPV, at the Queen's Hotel,
Hastings, Kent.

Tuesday 12 March

“Additives in paint.” Half-day sym-

posium at the Polytechnic of the South

Bank, Borough Road, SE1, commencing
at 2. 00 p.m.

Manchester

All meetings will be held at the Manchester
Literary and Philosophical Society, 36
George Street, Manchester at 6.30 p.m.,
unless otherwise stated.

1973
Tuesday 18 September

Symposium on “‘Wallcoverings,” at the
University of Manchester Institute of
Science & Technology, Sackville Street,
Manchester.

Tuesday 9 October

Joint meeting with the North Western
Branch of the Institute of Printing.
“Change in printing ink technology and
the influence of Europe” by Mr G.
Whitfield, Mander Kidd (UK) Ltd.,
at the Cottons Hotel, Manchester Road,
Knutsford, at 7.00 p.m.

Friday 19 October
Annual Dinner Dance at the Piccadilly
Hotel, Piccadilly Plaza, Manchester.
Friday 9 November

“Industrial relations and communica-
tions” by Mr W. Davies of the Manches-
ter Business School.

Friday 7 December

“Are we at risk with chemicals?’ by
Mr K. R. Butterworth of The British
Industrial Biological Research Associa-
tion.

1974
Friday 11 January

“Colour difference, the measure of the
future” by Mr K. McLaren, ICI Ltd.,
Organics Division.

Friday 8 February
Instrument Evening.

1. “The Gel Permeation Chromato-
graph” by Dr R. Ellis of The Walpa-
mur Co. Ltd.

2. “The Zeiss Goniophotometer” by Dr
W. Carr, CIBA-GEIGY (UK) Ltd,
Pigments Division.

Friday 8 March
“Recent trends in wood finishing™ by

Mr K. Waddington of Donald Macpher-
son & Co. Ltd.

Friday 5 April
Annual General Mccting, at the Univer-
sity of Manchester Institute of Scienceand
Technology, Sackville Street, Manchester,
at 6.30 p.m.

Student Group

All meetings to be held at the Manchester

Literary and Philosophical Society at
4.30 p.m.

1973
Wednesday 26 September

“Powder coatings™ by Mr N. H. Seymour
of Sterling Varnish Co. Ltd.

Wednesday 17 October

“Instrumental colour measurement™ by
Mr Bravey of Berger Paints.

1974

Wednesday 30 January
*Organic pigments in paints—Automo-
tive finishes” by a lecturer from CIBA-
GEIGY (UK) Ltd., Pigments Division.

Wednesday 27 February

“Paint additives”
Byk-Mallinckdrodt.

by a lecturer from

Midlands

All meetings will be held at 6.30 p.m. in
the Birmingham Chamber of Commerce
and Industry, PO Box 30, 75 Harbornc
Road, Birmingham BI5 3DH, unless
otherwise stated.

1973
Friday 21 September

Ladies’ Evening 7.00 p.m. Westbourne
Suite, Botanical Gardens, Birmingham.

Friday 28 September

“Recent developments in radiation cur-
ing” D. R. Bailey (Donald Macpherson
& Co. Ltd.).

Friday 19 October

“The current status and role of amino
resins in surface coatings” R. McD
Barrett (BIP Chemicals Ltd.).

Friday 16 November
“Recent progress in organic pigments”
E. R. Inman (CIBA-GEIGY (UK) Ltd.).
1974
Friday 18 January

Annual Dinner Lecture, “Who needs
paint anyway?” H. Silver (SPL
Group).

Friday 15 February

“We need paint” R. J. King (Blundell

Permoglaze Ltd.).
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Friday 15 March
Annual J. Newton Friend Lecture 7.30

“Wines” D. J. Smith (Seligman
&Co Ltd.).
‘Wednesday 20 March

One day Symposium 10.00 a.m. at
Pavilion Suite, County Ground, Edgbas-
ton, Birmingham, **Atmospheric Pollu-
tion—will the Paint User overcome this
Problem?™

Friday 19 April

Annual General Mecting.

Trent Valley Branch

1973

Thursday 11 October
“Paint manufacturing techniques™ by
Mr B. L. Lucas, Joseph Mason & Co.
Ltd., Derby.

Thursday 8 November

“Solvents and safety” by Mr K. W.
Smith, HM District Inspector of Fac-
tories, Derby.

1974

Thursday 10 January

“Pollution™ by Mr J. B. Davies, Goodlass
Wall & Co. Ltd., Speke, Liverpool.

Thursday 14 February
“Developments at British Rail™ by Mr
D. Bishop, Railway Technical
Centre, Derby.

Thursday 14 March

“*Marketing” by Mr J. E. Fowles-Smith,
Mcbon Ltd., Sutton-in-Ashfield, Notts.

Thursday 4 April
AGM, followed by “Colour Television™

by a speaker from Pye Television Ltd.,
Cambridge.

Newcastle

1973
Thursday 4 October

“Painting of Wooden Joinery” A. F.
Sherwood, Paint Research Station.

Thursday 1 November

Acrylic Emulsions in Maintenance Paints,
Dr R. N. Washburne, Rohm and Haas.

Thursday 6 December

Determination of the Dispersibility of
Organic Pigments in Paints, Mr Hafner,
Hoechst Cassella Dyestuffs Ltd.

1974
Thursday 3 January

**Masonry Coatings™ G. W. Rothwell,
Building Research Association.

Thursday 7 February

“Profitability in the Paint Industry”
Mr L. Silver, Silver Paint and Lacquer.
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Friday 22 February

Ladies Night.
Gateshead.

Thursday 7 March

*Coatings for Plastics”™ Dr Kut, E.
Wood Ltd.

Five Bridges Hotel,

Thursday 4 April

Annual General Meeting.

Scottish

All meetings will be held in the St. Enoch
Hotel, Glasgow at 6.00 p.m. unless other-
wise stated.

1973
Friday 21 September

Wine and Cheese Party at a venuc to
be announced.

Thursday 11 October

Visit to Planetarium of Glasgow College
of Nautical Sciences.

Tuesday 20 November

Colour difference—""The measure of the
future™ by Mr K. McLaren (ICI Organics
Division). Joint meeting with the Socicty
of Dyers and Colourists—Scottish Region
at 7.30 p.m. in The Whitehall Restaurant,
West George Street, Glasgow.

Thursday 13 December

“Review of plastics” by Professor N.
Grassie (University of Glasgow). Joint
meeting with the British Paper and Board
Manufacturers Association, Technical
Section at 7.30 p.m.

1974
Friday 11 January

Annual Dinner Dance in the Albany
Hotel, Glasgow.

Thursday 17 January

“A trade journalist speaks his mind”
by Mr D. E. Eddowes (Polymers Paint
and Colour Journal).

Thursday 14 February

Talk on matters of topical interest by
R. W. Kay of HM Factory Inspectorate.

Thursday 14 March

“*Paint and Joinery” by Mr A. Sherwood
(Paint Research Association).

Eastern Branch

All lectures will take place in the Carlton
Hotel, North Bridge, Edinburgh at 7.30
p.m. unless otherwise stated.

1973
Saturday 6 October

Joint meeting with the Scottish Junior
Section on ‘“‘Dispersions of titanium
dioxide in modern paint making” by
Mr Derek Craig of Tioxide International
Ltd. in the Lady Nairn Hotel, Willowbrae
Road, Edinburgh at 10.30 a.m. followed

by lunch and the annual skittles match
at the Abercorn Inn.
Wednesday 17 October

*‘Advances in polymers” by Dr L
Soutar, Heriot Watt University, Edin-
burgh.

Wednesday 7 November

Joint lecture with BPBMA on ““Market-
ing” by Mr G. Mandel of Thomas and
Green 7.15 start.

Wednesday 19 December

“Newer modified hydrocarbon resins
for paint and printing inks” by Mr A.
Laws and Mr K. B. Gilkes, Berger
Chemicals.

1974

Wednesday 16 January
**Marketing in Europe™ speaker to be
announced.

Friday 8 February
Burns Supper in the Lady Nairn Hotel,
Edinburgh.

Wednesday 20 February
“Computers in general® by Mr F.
Lawry, Croda Polymers.

Wednesday 20 March

AGM 7.00 p.m. Followed by a lecture
on coloured television by Mr L. Ashton,
BBC.

Wednesday 17 April

“North sea oil” speaker from the
Scottish Council of development and
industry.

Saturday 1 June
Annual Car Treasure Hunt and Barbecue.

Student Group

All meetings will be held at the St. Enoch’s
Hotel, Glasgow, at 10.15 a.m. unless
otherwise advised.

1973
Saturday 6 October

Joint Meeting with Eastern Section to
be held in the Lady Nairn Hotel, Willow-
brae Road, Edinburgh, and afterwards
at the Abercorn Bar for the yearly
skittles match for the Newton Cup.
The lecture will be on *‘Dispersions of
titanium dioxide in modern paint mak-
ing” by Mr Derek Craig of Tioxide
International Ltd.

Saturday 10 November

“Powder coatings” by Mr M. P. Stanley
of Shell Chemicals UK Ltd.

Saturday 15 December

““Marketing techniques™ by a lecturer
to be advised at a later date.

1974
Saturday 19 January

Works visit to Continex International—
Carbon Black Manufacturers. This will
be a joint meeting with the Eastern
Section owing to the intermediate
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position of Continex International
between Glasgow and Edinburgh.

Saturday 16 February

“Communications” by Mr D. Glenn
of CIBA-GEIGY (UK) Ltd.

Saturday 16 March

“Pigment elaborations” by Mr A. G.
Able of Hoechst Cassella.

Thames Valley

All meetings to be held at the Beech Tree
Hotel, Maxwell Road, Beaconsfield, Bucks.,
at 7.00 p.m., unless otherwise stated.

1973
Thursday 27 September
“Modern developments in Europe on

woodfinishing” by Herr Anskinovitch
and Dr Schwarz of Glasurit.

Thursday 25 October
“Printing inks in the ’70s” by Mr

G.d H. Hutchinson of Croda Polymers
Ltd.

Thursday 22 November
“Newer modified hydrocarbon resins for
paint and printing inks” by Mr K
Gilkes of Berger Chemical Resin Divi-
sion.

1974

Thursday 24 January

Paint Research Association’s “Inven-
tions” by R. A. Brett.

Friday 8 February
Buffet Dance at Great Fosters, Egham.
Thursday 21 February

“Corrosion, the vulture of metallurgy”
by Dr M. Clarke of Sir John Cass
School of Science and Technology.

Thursday 21 March

“Dispersymer two year’s production
experience” by Mr M. Waghorn of
ICL

Thursday 4 April

Annual General Meeting to be followed
by a talk on Windsor Castle by Mrs
G. Grove.

Student Group

All meetings will be held in the main
Lecture Theatre, Slough College at 4 p.m.
except the Works Visit.

1973
Thursday 4 October

“Aerosols” by Mr Southby of Aerosols
International Ltd., Downmill Road,
Bracknell.

Thursday 1 November

“Printing and printing inks” by Mr B.
Ellison, Winstones Ltd., Summerhouse
Lane, Harefield.
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Thursday 5 December

“Electrostatic  application” by Mr
Mounce, Henry W. Peabody.

1974
Thursday 7 February

“The basic principles of dispersymers”
by Dr D. Pont, ICI Paints.

Thursday 7 March
Works Visit.

Thursday 2 May

“Some thoughts on the future of solvents
in coatings™ by Mr C. ). Nunn, Shell
Research, Egham.

West Riding

All meetings will be held at the Griffin
Hotecll, Leeds, at 7.30 p.m. unless otherwise
stated.

1973
Tuesday 11 September

“Radiation curing” by Mr A. G. North
of Cray Valley Products.

Tuesday 9 October

“The performance of wood primers”
by Mr P. Whitely of Building Research
Station.

Tuesday 13 November

“Water-based metal primers” by Mr
K. A. Safe of Vinyl Products Ltd.

Friday 23 November

Annual Dinner and Dance at Crown
Hotel, Harrogate.

NOTES AND NEWS JOCCA

Tuesday 4 December
“Flame retardant coatings” by Mr
F. C. Adams of Building Research
Establishment.

1974

Tuesday 8 January

“Epoxy resin curing agents” by Dr
C.dG. Tilley of Anchor Chemical Co.
Lid.

Tuesday 12 February

“Fast air drying vegetable oils” by Dr
Gorke of Chemische Werke Huls AG.

Tuesday 12 March

“The forensic examination of inks and
paints” by Mr R. M. Kevern.

Tuesday 9 April

Annual General Meeting.

Reunion Dinner for past and present Members of

Council

Council has decided this year to hold a Reunion Dinner for those
Members who have served on Council at any time, in place of the
biennial Past Presidents’ Dinner. Notices were despatched at
the end of July to all those known to have served on Council.
The Dinner will take place on Wednesday 17 October 1973 at
the Cafe Royal, 68 Regent Street, London W1, at 6.30 for 7.00
p.m., and informal dress will be worn.

The price of the ticket, to include drinks at the reception, dinner,

wines and liqueurs, will be £6.00 (inclusive of VAT). Past Presidents,
Past Honorary Officers, Honorary Members and Founder Member
have been invited as guests of the Association, as they would have
been invited to a biennial Dinner. All other past and present
Members of Council must send the necessary remittance with their
completed application form. Any Member with service on Council,
who has not received an application form and wishes to do so,
sl;guld write to the Director & Secretary at the Association’s
offices.




AUGUST

” Paint Technology Manuals
’! Part Seven:

i Works Practice
|
|

U now available at £2.40 each

H j To keep the price of this book at its present low level, !
itis ial to ook k i a mini

Copies of this book will only be supplied if remittance
is sent with the order. Accredited Bookseller's

discount: 257;

Contents include:

Chapter 1—The factory. Siting and layout
Chapter 2—Raw materials. Storage and handling
Chapter 3—Varnish and media manufacture
Chapter 4—Paint manufacture
Chapter 5—Factory organisation and personnel
Chapter 6—Legal requirements and regulations
Chapter 7—Factory hazards and safety precautions

To: Oil and Colour Chemists' Association
England HAO 2SF.

Name

, Priory House, 967 Harrow Road, Wembley, Middx.

Please send . . . copies of Paint Technology Manual Part Seven, “Works Practice,” @ £2.40
per copy, post free in UK. | enclose a cheque/P.O. for £. . . .

Address

Classified Advertiscments are charged
at the rate of 60p per line. Advertise-
ments for Situations Wanted are
charged at 15p per line. A box number
is charged at 10p. They should be sent
to the Director & Secretary, Oil &
Colour Chemists’ Association, Priory
House, 967 Harrow Road, Wembley,
Middlesex HAO 2SF

MISCELLANEOUS

Wanted —Edge Runner—good working
order—any size considered—Box No.
370.

SITUATIONS WANTED

CHEMIST, manager, ARIC, FIMF,
FTSC, 35 years’ experience in surface
coatings industry, seeks position as
Senior Chemist, Thames Valley or
West London areas preferred. Write
to Box No. 368.

Manager, FRIC, FTSC, 24 years
experience in the paint industry, seeks
managerial position. Familiar with
modern management techniques. Box
No. 371.

PAINT CHEMISTS
with senior management
ambitions c. £3,250

Our clientsare currentlyrevitalising their Researchand
Development Division to meet future needs, and they
require graduate level chemists who candemonstrate
management ability, to take charge of anumber of new,
advanced projects.
Youshould haveat least two years’ experience in one or
more of the following areas, ideally but not necessarily
within the marine paints field:

Anti-corrosive coatings, including water-based

Chemical resistant coatings

Prefabricating coatings, including shop primers

Resin Technology

Zinc Silicates

Career prospects with this major international
company are excellent. You would start as a Project
Leader, and would progress to more senior appoint-
ments, either in Research and Development or -in
Technical Sales and Marketing Management.
Thelocation is the North East of England and generous
relocation expenses will be provided.
If you are interested please write, with brief career
details, to:

A.E. Wells, Whitehead Recruitment Limited,

21 Wigmore Street, London W1H 9LA

No information will be passed to our clients without
your permission.

WIRLLTE RS AD

_— - -




CLASSIFIED ADVERTISEMENTS

SITUATIONS VACANT

Leading Printing Ink manufacturing
company is looking for a Polymer
Research Chemist to join its Resins
Division. Persons with research ex-
perience in any reputed industry are
requested to apply with curriculum
vitae and salary expected to JBA
Printing Inks Private Ltd., Bhandup,
Bombay 400 078, India.

PAINT OR RESIN TECHNOLOGIST
—To join a small laboratory team
engaged in the development of resins
for the coating industry. Applicants
should be qualified in chemistry or
paint technology by examination or
experience. There is also a vacancy for
a SENIOR LABORATORY ASSIS-
TANT/TECHNICIAN to work on
resin applications for the civil engineer-
ing industry, where similar experience
or qualifications would be relevant.
Both these positions in our Surface
Coatings Laboratory cover a wide and
varied range of applications. Apply
to: R. J. Cleeve, Personnel Officer,
CIBA-GEIGY (UK) LIMITED, Plas-
tics Division, Duxford, Cambridge
CB2 4QA.

JOCCA

PRODUCT DEVELOPMENT
TECHNICIAN

Applications are invited for the above
position in our Chemical Laboratory
from personnel with the minimum
qualification of O.N.C. in Chemistry, cr
City and Guilds in Paint Technology,
and at least three years industrial
experience.

The successful candidate will have had
previous experience in the field of
surface coatings or have worked in a
paint laboratory.

We are an international Company
engaged in the manufacture and erec-
tion of specialised steel and plastic
building materials on a large scale.

Salary will be competitive: contri-
butory Pension Scheme with Life
Assurance cover.

Please write or telephone for applica-
tion form to:

Mrs J. Tweedale

Personnel Department

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

ELLESMERE PORT

Telephone: 051-355-3622

AT ANY TIME
DAY OR NIGHT

TELEX
YOUR CLASSIFIED AD

FOR

JOCCA

Telex 922670 (OCCA Wembley)

See page ix of this issue for details of
rates for Classified Advertisements.

CJ

RECRUITMENT ADVERTISING

35 New Broad Street, London EC2M INH
Tel: 01-588 3588 or 01-638 0553

Pioneer opportunity for successful all-rounder to head up new operation which will be
enlarged and expanded in the medium term. Exceptional prospects for the right man.

QLD GENERAL PRODUCT MANAGER—TITANIUM DIOXIDE

NORTHERN ITALY—MILAN

£17,500-£10,000 NETT

NEW £7 MILLION TITANIUM DIOXIDE PLANT COMING ON STREAM BEFORE
END OF 1974, PART OF FAST-EXPANDING ITALIAN EXPORT ORIENTATED
PETROCHEMICAL GROUP, TURNOVER £140 MILLION

This vacancy calls for candidates aged 37-501- with a BSc in Chemistry or equivalent qualification who have
8 years' successful and varied senior line management experience in the chemical processing industry, with
particular emphasis on research and development. At least 5-6 years must have been spent in the Titanium
Dioxide field. The selected candidate will report to the Divisional General Manager and be totally responsible
for research and development in product and process and assist him on all aspects of production, quality
and budgetary control and customers' technical assistance and marketing both before and after the start-up
of this new plant. He will have control of 200-250 personnel through the 30 staff who will be directly respon-
sible to him. The successful candidate will have a strong personality and organisational flair and the ability
to motivate managerial staff to have maximum effectiveness. Initial take-home salary will be negotiable
£7,500-£10,000, contributory pension, assistance with relocation expenses. Employment can be arranged on
a contract basis if desired. Applications under reference GPM 7420/OCCA will be forwarded unopened to
our clients unless you list companies to which they should not be sent in a covering letter, marked for the

attention of the Security Manager:
CAMPBELL-JOHNSTON RECRUITMENT ADVERTISING LTD, 35 NEW BROAD STREET, LONDON EC2M 1NH




ZINC OXIDE-— “Zincoli” Brand
ZINC DUST— “Zincoli” Brand

IRON OXIDE — “Deanox” Brand
Reds, Yellows and Marigold

RED LEAD — “Deanox Brand

DISPERSIONS — “Ashby” Pigment
Dispersions

ASPHALTUM __ “Gilsonite”

(Regd. Trade Mark)

Can be supplied in
all grades suitable for
the requirements of the

Paint and Varnish Industry

by

MORRIS ASHBY LIMITED

10 PHILPOT LANE, LONDON EC3M 8AB

Phone: Telegrams:
01-626 8071 (6 lines) AsHBY, LoNDON
Telex: 886170

And at Liverpool, Glasgow, Birmingham and Leeds

Agents throughout the world




IL & COLOUR

TECHNICAL EXHIBITION
OLYMPIA LONDON APRIL 1974

The motif for the twenty-sixth Technical Exhibition of the Oil and Colour Chemists’' Association, designed by Robert
Hamblin, shows the flags of the enlarged European Economic Community, linked by the initials OCCA. By converging
on the flag of the United Kingdom, the motif symbolises the welcome extended by OCCA for many years to exhibitors
and visitors, both from these countries and further afield, to its Exhibitions in London, one of the capital cities of the EEC.

PLEASE COMPLETE AND RETURN THIS COUPON FOR A COPY OF THE INVITATION TO
EXHIBIT

To: Director & Secretary, Oil & Colour Chemists' Association, Priory House, 967 Harrow Road, Wembley, Middlesex HA0 2SF ENGLAND
Telephone 01-908 1086 Telex 922670 (OCCA WEMBLEY)

We are interested in exhibiting at OCCA—26 (23-26 April 1974 at Empire Hall, Olympia, London). Please send us a copy of
the Invitation to Exhibit.

BLOCK LETTERS PLEASE
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