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Transactions and Commrcnications 

Synthesis of modified phthalocyanine compounds 
suitable as pigments 
By N. A. Ghanem *, A. M. Naser, M. F. lsmail and M. A. Ghafar 

*Laboratory of Polymers and Pigments. National Research Centre, Dokki, Cairo 
Chemistry Department, Faculty of Science, Al-Azhar University, Nasr City, Cairo 

Summary 

Highly coloured materials similar to the phthalocyanines were pre- such a manner as to prevent the formation of polymeric structures. 
pared by the stoichiometric replacement of phthalic anhydride and/ Evaluation of these compounds indicated their suitability as pig- 
or mono-nitrophthalic anhydride by pyromellitic dianhydride in mentsforcoatingapplications. 

Keywords 

Raw materials for coatings 

prime pigments and dyes 

phthalocyanine pigment 
phtha1ocyanine:blue 

La synthhse des phtalocyanines modifiees et aptes &re utilis4es en tant que pigments 

On a prepare des substances fortement colortes et semblables aux pyromellique, de telle manibre que l'on empkhe la formation de 
phtalocyanines en remplagant stcechiomttriquement I'anhydride structures polymkres. L'apprkiation de ces composes a indiqut 
phtalique etlou I'anhydride mono-nitrophtalique par le dianhydride leur aptitude i ttre utilises en tant que pigments pour peintures. 

Synthese von sich als Pigmente eignenden. modifizierten Phthalozyaninverbindungen 

Zusammenfassung 

Sehr farbige, den Phthalozyaninen ahnliche Produkte wurden Dianhydrid hergestellt und zwar so, dass die Bildung polymerischer 
durch stochiometrische Verdrangung von Phthalsaureanhydrid Strukturen verhindert wird. Diese Verbindungen wurden als fur 
undloder Mono-Nitrophthalsaureanhydrid durch pyromellitsaures Beschichtungsmittel geeignete Pigmente befunden. 

Introduction 

Macrocyclic compounds containing four pyrrole units are of 
commercial importance in the manufacture of coloured pig- 
ments. The naturally occurring haemoglobin and chlorophyll 
and the phthalocyanines all belong to this class of compoundl. 

Metal phthalocyanine (I) was prepared as  early as 1907 in 
which the metal may be one of a variety of transition o r  main 
group metallic ionsz. There is no general method of prepar- 
ation suitable for all types of metal phthalocyanines, but all 

, . 
N=C C-N 

STRUCTURE (I): METAL PHTHALOCYANINE 

involve the interaction of a metal or metal salt with o-dicyano 
derivatives of an aromatic compound or its equivalent3. 

The phthalocyanine pigments possess a number of physical 
and chemical characteristics which are ideal for many coating 
applications. 

The purpose of this work is to combine the remarkable 
properties of the phthalocyanine molecule and the tetra- 
functionality of the pyromellitic dianydride. Thus, attention 
was directed towards the partial replacement of the bi- 
functional phthalic anhydride by pyromellitic dianhydride in 
such a manner as to prevent the formation of polymeric 
structures and to minimise the alkali sensitivity. Such a treat- 
ment would be expected to produce higher molecular weight 
macrocyclic compounds, resembling the phthalocyanines in 
their structures. The literature is scant regarding the use of 
pyromellitic dianhydride in the formation of phthalocyanines, 
but polymeric copper phthalocynine and base-soluble dye 
have been prepared through the incorporation of pyromellitic 
dianhydride4-6. 

Experimental 

Refs. 7. a 

Preparation of copper phthalocyanine7 (Pigment VIII) 

It is prepared according to the method described in the Paint 
Technology Manual by the urea fusion technique. 
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Preparation of modified copper phthalocyanine (Pigment 1) 

A mixture of phthalic anhydride (6 moles), pyromellitic 
dianhydride (I mole), cupric chloride (2 moles) and urea 
(excess) were fused together in presence of few mg of 
ammonium molybdate as catalyst. The fusion was continued 
until a highly coloured mass developed. The reaction mass 
was then allowed to cool, pulverised and washed several times 
with dilute HCI, distilled water, ethanol and ether and dried 
at 105°C for 3 hours. 

Preparation of modified nitro-phthalocyanine (Pigments 11-VII) 

The same technique adopted for the preparation of modified 
copper phthalocyanine was also used for their nitro deriv- 
atives. Various nitro compounds were prepared by introducing 
mononitro-phthalic anhydride (3- or Cisomer) into the 
reaction mixture in such a manner as to produce various nitro 
derivatives. The final product obtained by using nitrophlhalic 
anhydride alone is modified copper nitrophthalocyanine. 

The crude pigments were purified using the "acid pasting" 
technique, followed by the. usual washing system. The dricd 
mass was then ground to a suitable degree of fineness. Further 
purification was carried out by sublimation under vacuum 
when required for analysis. 

Controlled oxidation of the pigments 

The method used for the controlled oxidation of the pigments 
involves oxidation with potassium dichromate in an acidic 
medium under controlled experimental conditions. 

Evaluation of the compounds prepared as pigments were 
conducted according to standard methods. 

Results, discussion and conclusions 

The formation of copper phthalocyanine by the urea fusion 
method offers an easy and simple means for its preparation. It 
was thought of interest to determine if replacing part of the 
phthalic anhydride by the tetra-functional pyromellitic 
dianhydride would lead to structures similar to the phthalo- 
cyanines, but of higher molecular weights. A similar approach 
has been described in the literature which involves the use of 
pyromellitic dianhydrided-6. These products were, however, 
substantially affected by alkalis and this was attributed to the 
presence of hydrophilic groups in the molecular network. 

For this reason, it was felt of interest to extend the urea 
fusion method to the preparation of similar compounds using 
pyromellitic dianhydride and phthalic anhydride under such 
conditions as to prevent alkali dissolution and polymer 
formation. 

I t  was found possible to prepare a brilliant bluish-green 
compound by heating a mixture of one mole of pyromellitic 
dianhydride and six moles phthalic anhydride with two moles 
cupric chloride and excess urea in the presence of ammonium 
molybdate as a catalyst at 200°C until a highly coloured mass 
was formed. After washing, purification, drying and grinding, 
the product showed a brilliant greenish-blue colour. The 
absence of any chlorine in the product was confirmed 
qualitatively and the possibility of chlorination during the 
formation was eliminated. Chlorination has been described as 
a means for producing phthalocyanine green. The insolubility 
of the product in dimethylformamide eliminates the possibility 
of polymer formation, since polymers of pyromellitic 
anhydride would containperipheral hydroxy groupsandwould 
be soluble. 

Sublimation under vacuum resulted in the formation of a 
small amount of a white impurity, soluble in alkali and having 
no definite melting point. Copper phthalocyanine blue was 
also noticed in traces. 

The product obtained is analogous to the phthalocyanine 
and shares the following aspects in common: 

(a) Their method of preparation is the same; starting from 
I :2-dicarboxylic acid anhydride and 1 :2-, 45-tetra- 
carboxylic dianhydride respectively. 

(b) They are stable towards the action of light and heat and are 
insoluble in most organic solvents. Their mass-tone colours 
showed metallic lustre. 

(c) Their acidified solutions in sulphuric acid are considerably 
affected by various oxidising agents. Also, both copper 
phthalocyanine and modified copper phthalocyanine can 
undergo controlled oxidation to the corresponding amide8. 

(d) They arecapable of forming various metallic derivatives. 

(e) UV and IR spectra showed the characteristic peaks present 
in the porphyrazine ring. 

(f) End group titration of modified copper phthalocyanines 
using a potentiometric technique clearly indicated the 
absence of free carboxylic groups in the peripheral benzene 
rings, thus eliminating the possibility of polymer 
formations. 

. . 
N=C C-N 

8 8 

N-C C=N 

I '4  II 

N-C C=N 

It is noteworthy that both modified copper phthalocyanine 
and modified copper nitro-phthalocyanine have different 
colour values from copper phthalocyanine as measured 
spectrophotometrically and using CIE chromaticity diagram. 

The structure of the prepared modified copper phthalo- 
cyanine is still under investigation and the concept of the 
formation of copper biphthalocyanine (11) so far lacks 
experimental proof. 

Following the preparation of modified copper phthalo- 
cyanine, attention was directed towards the preparation of 
their nitro derivatives. A series of nitro compounds was pre- 
pared starting with phthalic anhydride and/or 3- and Cnitro- 
phthalic anhydride. These compounds are given the reference 
numbers shown in Table I and are used throughout the rest of 
the text. Copper phthalocyanine (VIII) is included also for the 
sake of comparison. 

It should be mentioned that compounds 11-VI include 
more than one isomer. 

The compounds prepared were tested for the following 
pigment properties: 

Acid-pasting, oil absorption, specific gravity, (Sp.g.), critical 
pigment volume concentation (CPVC), bulking value (BV) and 
hiding po wer 
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Table 1 
Composition of pigments 

Composition of acids employed (moles) 

Pigment No. 
Phthalic Nitro-phthalic Pyromellitic 

anhydride anhydride dianhydride 

The acid pasting treatment is a well recognised technique for 
improving the properties of the phthalocyanine pigments, 
ejpecially with respect to crystal growth and tinting strength. 
Applying this technique to the pigments prepared indicated its 
suitability, since more than 90 per cent of the original pigment 
was recovered. The physical characteristics of the prepared 
pigments are given in Table 2. 

Tahle 2 
Pigment characteristics 

Pigment Oil abs. Mass-tone Tint-tone 
NO. gI100 g. Sp.gr. CPVC BV colour colour 

-- -- 

I 37.1 1.387 64.3 8.7 Greenish Light 
blue green 

11 34.3 1.428 65.4 8.4 ,, 
111 31.6 1.448 67.1 8.3 ,, 
IV 29.7 1.465 68.0 8.2 Violet 
V 26.9 1,484 69.9 8.1 ,, 

VI 24.1 1.509 71.8 8.0 ,, 
VI1 22.3 1.548 72.9 7.8 ,, 

Vlll 41.8 1.357 62.0 8.9 Blue Light 
blue 

It is worthy of mention that all the pigments studied showed 
moderate hiding power. The main conclusion drawn from these 
studies clearly illustrates the effect of the nitro group on pig- 

ment properties. Thus, increasing the nitro group content 
leads to a decrease in oil absorption and bulking values. On 
the other hand, it leads to an increase in the specific gravity. 

Tinting strength, gloss and spot test measurements 

The tinting strength was measured relative to zinc oxide and 
was found to give high values. These observations are in 
agreement with the theoretical consideration, since most 
organic pigments are characterised by low hiding power values 
and are of remarkable tictorial strength. Such pigments also 
showed no effect on thegloss of their dried films in linseed oil. 

The results obtained from the spot test studies showed that 
all pigments behave similarly to the phthalocyanines. 

Bleed, permanence to light and heat and chemicalresistances 

The bleeding test was conducted in various organic solvents. 
Alkali resistance was conducted in 2% NaOH, saturated 
Ca(OH)2 and 5 % Na2C03 solutions, whilst the acid resistance 
was carried out in 5 % H2SO4 solution. Both permanence to 
light and heat tests were conducted on actual coating films 
using boiled linseed oil as a vehicle. These films were tested 
after seven days exposure to direct sunlight (December) and 
after 60 minutes at 105"C, 45 minutes at 120°C and 30 minutes 
a t  135"C, 15 minutes a t  150°C and 10 minutes a t  175'C. 
Results of these studies indicated a high degree of stability 
towards alkalis, acids, solvents, light and heat. These remark- 
able and outstanding properties should make them excellent 
pigments for various coating applications. 

[Received 7 March 1978 
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Recent aspects of some coloured urealdibasic 
acid fusion adducts 
By A. M. Naser, M. M. Naourn, A. A. Salrnan and A. Taha 

Chemistry Department, Facultyof Science,Al-Azhar University. Nasr City, Cairo 

Summary 

The formation of various coloured products by the fusion of urea spectrophotometrically. These compounds showed promising 
withdifferent dibasicacids or anhydridesin thepresenceofinorganic properties when evaluated as pigments in various coating applica- 
salts has been studied. These acids include both aromatic and tions. 
aliphatic types. The colour of the compound prepared was measured 

Keywords 

Raw materials for coatings 
primepigments and dyes 

phthalocyanine pigment 

Raw materials used in manufacture or synthesis of ingredients for 
coatin#s 

dibasic acid 

Aspects recents de certains produits d'addition color6s r6sultant de la condensation de I'ur6e 
et un acide dibasique 

On a budit la formation de divers produits colores rOsultant de ett dode spectrophotom6triquement. Ces composes ont demontre 
la condensation de I'uree et divers acides dibasiques en presence des caracteristiques inttressantes au cours des essais destines a 
des sels inorganiques. Les acides comprennent des types et aroma- les apprkier en tant que pigments pour diverses peintures. 
tique et aliphatique. La couleur de chaque compod pr6pare a 

Neue Betrachtungen einiger farbiger Harnstoff/zweibasische Saure Verschmelzungsaddukte 

Zusammenfassung 

Es wurde die Bildung verschiedener farbiger Produkte durch aliphatische Typs ein. Die Farbe der hergestellten Verbindung 
Verschmelzung von Harnstoff mil verschiedenen zweibasischen wurde spektrophotometrisch gemessen. Auf ihre Eignung als 
Sauren oder Anhydriden in Gegenwart von anorganischen Salzen Pigmente in verschiedenen fur Anstrichzwecke geeigneten Binde- 
untersucht. Diese Sauren schliessen sowohl aromatische als auch mitteln gepriift, zeigten diese Verbindungen ein gunstiges Verhalten. 

Introduction 

The fusion of urea with organic acids is frequently used for the 
preparation of their corresponding ammonium o r  amide 
derivatives. However, fusion with a dibasic acid or anhydride 
leads to the formation of a wide variety of products depending 
on the type of acid present and the experimental conditions 
employed. For example, fusion with phthalic anhydride leads 
to the formation of the well-known phthalocyanine', whilst 
reaction with substituted malonic esters results in the form- 
ation of barbituric acids2. 

This paper extends the application of the urea fusion tech- 
nique to a wide variety of dibasic materials with the aim of 
formingcoloured products suitable as pigments. 

Experimental 

The preparation of copper phthalocyanine (I), copper tetra- 
nitrophthalocyanine (IIa,b), copper tetra-aminophthalo- 
-nine (IIIa,b) and copper tetra-chlorophthalocyanine (IV) 
were based on the method described in the Paint Technology 
Manual' starting with phthalimide, nitro-phthalimide, amino- 
phthalimide and chloro-phthalirnide respectively (3- and 

of pyromellitic dianhydride in the fusion mixture4. 

The purification of the phthalocyanines and modified 
phthalocyanines was carried out by acid pasting and vacuum 
sublimation. 

The urea fusion products with aliphatic acids (maleic, 
succinic, adipic, glutaric and oxalic acids, VII-XI) were also 
prepared in a similar manner t o  that described previously4. 
The purification of these compounds was performed by 
successive washings with 5 % HCI, 1 % NaOH, distilled water, 
ethanol and ether and drying at 105'C for three hours. 

Evaluation of the compounds prepared to assess their 
suitability as pigments was conducted according to standard 
methods. 

Results, discussion and conclusions 
Ref. 5 

Colouredcompounds were prepared by the fusion of urea with 
dibasic materials in the presence of cupric chloride at 200- 
220°C. The end product depends upon the acid employed. 
Table 1 gives a list of these compounds. 

It is worth mentioning that purification of aliphatic type 
compounds by the acid pasting technique leads to a sub- 
stantial loss of the material, only less than 5 per cent of the 
original compound being recovered. 

4-isomers). 
The structure of the phthalocyanines is well established 

On the other hand, copper phthalocyanine (V) and modified whilst those of the rest are uncertain and lack experimental 
nitro-phthalocyanine (VI) were prepared by the incorporation proofs. This aspect is still under investigation. 
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Table 1 
List of compounds prepared 

Number 
- Suggested name 

- 

I 
Ila 
Ilb 

llla 
lllb 
IV 
v 
v I 

VII 
VllI 

IX 
X 

XI 

Copper phthalocyanine 
Copper tetra-nitrophthalocyanine (3-isomer) 
Copper tetra-nitrophthalocyanine (&isomer) 
Copper tetra-aminophthalocyanine (3-isomer) 
Copper telra-aminophthalocyanine (Cisomer) 
Copper tetra-chloropbthalocyanine (Cisomer) 
Modified copper phthalocyanine 
Modified copper nitro-phthalocyanine 
Copper urealmaleic fusion adduct 
Copper urea/succinic fusion adduct 
Copper urealadipic fusion adduct 
Copper urealglutaric fusion adduct 
Copper urealoxalic fusion adduct 

Although the aliphatic type of compounds showed a con- 
siderable degree of stability towards heat and most organic 
solvents, their capability of producing metallic derivatives and 
their mode of formation make them similar to the phthalo- 
cyanines, but elemental analyses and alkali instability 
eliminate the possibility of the formation of macrocyclic 
molecules of the porphyrazine series (tetra-aza-porphin), 
especially in the case of urealoxalic fusion adduct. Such a 
molecule is difficult to obtain under such conditions. 

The characteristics of the compounds prepared are shown 
in Table 2. 

Rating of the alkali and acid resistances was described as 
follows: Exmeansexcellent; almost unaffected, G means good; 
slightly affected, P means poor; considerably affected and 
Fmeans failure; almost completely affected. 

All pigments showed metallic lustre in the crude form and 
exhibited excellent bleed resistance. Pigments of an aromatic 
nature were found to be blue or green in colour, whilst those of 
aliphatic nature showed dark brown or black colours. Both 
aromatic and aliphatic types showed remarkable differences 

regarding their stability towards alkalis, the latter being easily 
affected. In addition, they behave differently in the spot test. 

The phthalocyanine and nitrophthalocyanines are blue in 
colour whilst the amino- and chloro-phthalocyanines showed 
different green shades. Modified phthalocyanines are inter- 
mediate between them. 

Following the preparation of the various colouredpigments, 
it was considered of interest to measure their specified colours 
using a reflection technique and to seek a relation between the 
chemical constitution of the pigment and its colour (Figure 1 is 
the CIE chromaticity diagram). Colour measurements data are 
given in Table 3. 

I W  I I I I I 
0 0.1 0.2 0.3 - 0.4 0.5 0.Q 0.7 

X 

Fig. 1. The CIE chromaticity diagram. 

Table 2 

Characteristics of thepigmentspreparedmentsprepared 

Spot test 
No. - 

I 
I la 
Ilb 
llla 
lllb 
IV 
v 
VI 
VII 
VllI 
IX 
1X 
X 
XI 

Green 
Bluelgreen 
Bluelgreen 

Brown 
Green 
Brown 

Lightlgreen 
Light green 

Brown 
Black 
Brown 
Brown 
Brown 
Brown 

Blue 
Blue 
Blue 

Brown 
Green 
Blue 

Bluelgreen 
Blue 

Brown 
D. brown 
Brown 
Brown 
Brown 
Brown 

- -- 

Blue 
Green 
Blue 

Brown 
Green 
Blue 
Blue 
Blue 

Brown 
Black 
Brown 
Brown 
Brown 
Brown 

Mass-tone 
colour 

Tint-tone 
colour 

D. violet 
D. violet 
D. violet 
D. brown 
D. yellow 
D. blue 

Green/blue 
Blue 

D. brown 
Grey 

Brown 
Brown 
Brown 
Brown 

Blue 
Blue 
Blue 

Brown 
Yellowlgreen 

Blue 
Light green 

Blue 
Light brown 

Grey 
Brown 
Brown 
Brown 
Brown 

Resistance against 

I%NaOH5% HCI 

Ex Ex 
Ex Ex 
Ex Ex 
Ex Ex 
Ex Ex 
Ex Ex 
Ex Ex 
Ex Ex 
F G 
F G 
F G 
F G 
F G 
F G 

where: a=conc. sulpburic acid, b=dilute sulphuric acid solution, c=ammonium hydroxide nwtralised 
solution, 

D =dark. 
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Table 3 
Colour Mearrtrements Data 

No. 

I 
IIa 
IIb 

IIIa 
lIIb 
1v 
v 

VI 
VII 

VIlI 
IX 
X 

XI 

Anm 
-- 

470 
480 
484 
477 
485 
482 
485 
475 
000 
000 
000 
000 
000 

Per cent purity 

The following generalisations were drawn from the above 
studies: 

(1) The presence of substituted groups in the benzene ring at 
either the 3- or 4positions does not significantly affect the 
colour value. 

(2) 3-arninophthalocyanine (IIIa) behaves differently and 
shows a dark brown appearance. This is attributed to the 
presence of the strong activating group which makes the 
molecule susceptible to oxidation with the possibility of 
partial formation of dark compounds. 

(3) In general, the presence of amino, nitro and chloro groups 
in the pigment molecule results in a considerable change in 
the colour characteristics. The degree of effectiveness is in 
the following order: 

Amino > Nitro Y Chloro 

As a matter of fact, they cause a shift in the colour 
towards the green as indicated from the CIE chromaticity 
diagram. The dominant wavelength was found to be 
unaffected upon dilution with zinc oxide. 

(4) Modified copper phthalocyanine showed more greenish 
shade than that of phthalocyanine. On the other hand, 
modified nitro-phthalocyanine has an intermediate shade 
between the other types. 

(5) The colour of the alphatic types of pigments lie in the 
central zone of the chromaticity diagram indicating their 
blackish appearance. 

[Received 7 March 1978 
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Cellulose based resins for surface coatings 
By M. A. Zahoor, S. Chandra and A. K. Vasishtha 

Departmentof Oil and PaintTechnology. H.B.Technological Institute. Kanpur208002, India 

Summary 

Cellulose esters of dibasic acids such as adipic, maleic and phthalic esters of dibasic acids showed excellent physical and chemical 
acids, and cellulose half-esters of phthalic acid in which one resistance, whereas those modified with rosin showed inferior 
carboxyl group is reacted with cellulose and the other with glycol or properties. On comparing the film properties of thesederivativeswith 
glycerol were prepared and their film properties studied. Rosin those of nitro-cellulose, it was observed that films of cellulose 
modified cellulose glycol phthalate and cellulose glycerol phthalate maleinates and phthalates compare favourably with the nitro- 
were also prepared and studied for film properties. Films of cellulose cellulose films. 

Keywords 

Raw materialsfor coatings 
binders (resins, eh . )  

cellulose ester 
cellulosic resin 
polyester resin 

Raw materials rrsed in manufactrrre or synlhesiv of ingredients 
for coatings 

dibasic acid 

Processes and methods primarily associated with analj,sis, measure- 
ment or testing 

mandrel test 

Properties, characteristics and conditions primarily associated with 
coatings durinr operation 

drying time 

dried or curedjlms 

scratch resistance 
water resistance 
solvent resistance 
chemical resistance 

RBsines B base de cellulose destinBes B Btre utilisbes en peintures 

Les esters cellulosiques des acides dibasiques, tels que les acides ont demontre une exaellente resistance et chimique et physique, 
adipique, maltique ou phtalique et les semi-esters de I'acide tandis que ceux modifib par colophane ont mis en Cidence les 
phtalique ou un groupement carbonyle est fait reagi avec cellulose caracteristiques inferieures. En faisant la comparaison des carac- 
et I'autre avec glycol ou glycerine el ensuite les caracteristiques teristiques des films de ces derives aupprhs de ceux rendus par 
de leurs films ont CtC ttudibs. Le phtalate de cellulose et de glycol nitrocellulose, on a observe que les films des maleinates et des 
et le phtalate de cellulose et de glycerol, tous les deux Ctant modifies phtalates de cellulose se comparent trhs favorablement auprk des 
par colophane ont etC prepares et les caractCristiques de leurs films films nitrocellulosiques. 
ont etC etudiees. Les films des esterscellulosiques d'acides dibasiques 

Lackharze auf Zellulosebasis 

Pdparate von Zelluloseestern zweibasischer Sauren, wie Adipin- Filme hin untersucht. Filme von Zelluloseestern zweibasischer 
Malein- und Phthalsiure, und Zellulosehalbestern der ~hthalsiure: SBuren zeigten ausgezeichnete physikalische und chemische 
in welchen die eine Karhoxylgruppe mit Zellulose, die andere Bestandigkeit, die mit Harz modifizierten zeigten dagegen ungun- 
mil Glykol oder Glyzerin in Reaktion gebracht worden waren. stiges Verhalten. Beim Vergleich der Filmeigenschaften dieser 
wurden hergestellt, und deren Filmeigenschaften gepruft. Eheuso Derivate mit denen von Nitrozellulose wurde beobachtet, dass sich 
wurden harzmodifizierte Zelluloseglykolphthalate und Zellulose- Filme von Zellulosemaleinaten und -Phthalaten mit denen von 
glyzerinphthalate praparierl und auf die Eigenschaften ihrer Nitrozellulose messen konnten. 

Introduction 

Refs. 1-4 

Unlike the many polymeric compounds that are produced by 
the polymerisation of relatively simple low molecular weight 
components, the cellulose derivatives owe their polymeric 
nature to that of the basic component cellulose itself. Cellulose 
is composed of a variable but extremely large number of 
anhydro-glucose units linked chemically in a hemiacetal 
configuration. Since each unit has three hydroxyl groups, the 
cellulose can assume the role of alcohol in conventional 
esterification and etherification reactions'. 

The chemical structure of cellulose can be changed in three 
ways2: 

(i) by preparing derivatives, e.g., esters, ethers, erc. 

(ii) by preparing crosslinked cellulose. 

(iii) by preparing a copolymer or branchedcellulose. 

Of the above, the first method of modifying the chemical 
structure of cellulose as esters or ethers is, of course, the oldest 
and most widely used. The crosslinking of cellulose is also well 
known and a n  established technique for the treatment of 
cellulose to  impart crease resistance, shrink resistance and a 
number of other properties. The cellulose chain becomes part 
of a three-dimensional network; the material becomes harder 
and more rigid and loses most of the properties which are 
desirable for the coatings. The copolymers or  branched 
cellulose, on the other hand, present a means of modifying the 
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cellulose molecule by the creation of branches which impart to 
the cellulose certain desirable properties without destroying 
the properties of natural cellulose. This accounts for the 
great interest in cellulose copolymers based on branching 
techniques3.4. 

The present work is based on the third method in which 
cellulose is modified with dibasic acids of which one or both of 
the carboxylic groups are esterified with cellulose. Here, 
again, three. types of products are possible: 

(a) those in which both carboxylic groups are combined 
with cellulose, 

(b) those with one carboxylic group attached with cellulose 
and the other in free acid form, and 

(c) those with one carboxylic group attached with cellulose 
and the other to another molecule. 

Derivatives of the first type are not soluble in common 
solvents and do not lend themselves to useful application 
unless there is a controlled degree of substitution. Those of the 
second type are also not of much use because of the free 
carboxylic group. This third type of derivative, however, 
offers unique properties and can become soluble in most of the 
common solvents. Therefore, in the present work cellulose has 
been modified as esters of dibasic acids and half esters of 
phthalic acid further modified with glycol, glycerol and rosin. 
Rosin has been incorporated in order to reduce the cost of the 
product and to make it soluble in hydrocarbon solvents. 

Experimental 

Materials 

Cellulose 

Waste cotton linters of short fibre length were collected from 
local cotton processing industry and were used as the basic 
material after degradation. 

Sulphuric acid 

BDH, LR grade sulphuric acid was used as catalyst for the 
preparation of cellulose acetate and as a chain breaker for 
cellulose degradation. 

Sodium hydroxide 

Sarabhai M. Chemicals, LR grade was used for the puri- 
fication of raw cotton. 

Phthalic anhydride 

BDH, LR grade was used for the preparation of cellulose 
phthalate. 

Maleic anhydride 

BDH, LR grade was used for the preparation of cellulose 
maleinate. 

Adipic acid 

BDH, LR grade was used for the preparation of cellulose 
adipate. 

Ethyleneglycol 

BDH, LR grade was used for the esterification of cellulose 
phthalate and for the preparation of glycol ester of rosin. 

Glycerol 

BDH, LR grade was used for the preparation of cellulose 
glyceryl phthalate and estergum. 

Rosin 

Best grade (N) was used for the modification of cellulose 
glycol phthalate and cellulose glyceryl phthalate and also for 
the preparation of esters of rosin. 

Pentaerythritol 

BDH, LR grade was used for the preparation of penta- 
estergum. 

Pyridine 

Commercial grade, was redistilled at 115-1 16°C. 

Magnesiumperchlorate 

BDH, LR grade was used ascatalyst. 

Nitro cellulose 

A sample of commercial f sec. nitrocellulose was obtained 
from a local firm. 

All solvents used were of BDH, LR grade for the purpose of 
dissolving and thinning the cellulose derivatives. Mineral 
turpentine used for rosin based cellulose derivatives was of 
commercial grade. 

Degradation of cellulose 

Cellulose was depolymerised with sulphuric acid. In a typical 
experiment, 300 g cotton linters were taken in a three litre 
beaker. To this. 100 rnl of concentrated sulphuric acid diluted 
with 2 litres of water was added whilst stirring. The material 
was heated to 60°C and kept at this temperature for 2 hours 
with stirring. During this time the cotton linters shortened in 
length. A further heating of the product gave a powder form of 
cellulose. 

The product was washed with hot water in order to remove 
any trace of acid. Finally it was purified as described below. 

Degraded cellulose was purified by taking the cellulose 
powder as obtained above into a beaker to which 10% 
sodium hydroxide solution was added. The material was 
heated on a water bath at a temperature of 98°C for 8 hours 
with continuous stirring. The whole mass was dropped into 
large volume of water, washed well, and dried at 6WC for 
4 hours. 

Preparation of cellulose esters 

The various cellulose esters were prepared in the following 
manner: 

Cellulose adipate 

40 g cellulose and 85 g adipic acid were heated in a three 
necked flask fitted with stirrer andcondenser in the presence of 
65 g pyridine, 8 g magnesium perchlorate and 5 g chloroacetic 
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anhydride at a tempsrature of 130°C for 10 hours. After this 
time the material was dissolved into a homogeneous mass of 
dark brown colour. Pyridine was removed as a salt by the 
addition of 70 g concentrated hydrochloric acid. The precipi- 
tate was washed free of acid and finally dried at 60°C for 
4 hours. 

The yield of the product was 120 g. The true hydroxyl value 
of the sample was found to be 11 1.5 from which the degree of 
substitution was determined with the help of Fig. I .  The degree 

Fig. 1. Relationship between true hydroxyl value and degree of 
substitution. 

of substitution of the sample was found to be 2.66. The sample 
was dissolved in the following combination of solvents to 
50 per cent solid content. 

Amyl acetate 20 parts by wt. 
Benzene 30 parts by wt. 
Toluene 25 parts by wt. 
Butyl alcohol 45 parts by wt. 

The solution of cellulose adipate was brown in colour and of 
fair clarity. 

Cellulose maleinate 

35 g degraded and purified cotton linters were heated with 45 g 
pyridine, 80 g of maleic anhydride. 3 g of magnesium perchlor- 
ate and 4 g chloroacetic anhydride at 100°C for 10 hours with 
continuous stirring. After this time the whole material was 
converted into a viscous homogeneous solution. The product 
was then reacted with 45 g of hydrochloric acid so as to remove 
the pyridine salt. The remaining portion was washed well, 
dried at 60°C for 4 hours. The degree of substitution of the 
sample was found to be 2.45 from its true hydroxyl value of 
185.3 with the help of Fig. I .  The product was dissolved in the 
following combination of solvents to 50 per cent solidcontent. 

Butyl acetate 15 parts by wt. 
Acetone I5 parts by wt. 
Benzene 30 parts by wt. 
Butyl alcohol 40 parts by wt. 

The solution of cellulose maleinate was of light yellow colour 
and excellent clarity. 

Cellulose phthalate 

25 g of degraded and purified cotton linters and 80 g of 
phthalic anhydride were taken in a three-necked flask with 
100 g of pyridine, 3 g of magnesium perchlorate and 3 g 
chloroacetic anhydride. The whole material was kept with 
continuous stirring for 12 hours at 120°C. During this time, 
the material formed a clear viscous solution, which was 

precipitated in a large volume of water containing 85 g of 
hydrochloric acid. The product was then washed with hot 
distilled water until free from any residual acid. Finally the 
product was dried at 60°C for 4 hours and the degree of 
substitution determined and found to be 2.60 from its true 
hydroxyl value of 134.6 by means of Fig. 1. The sample was 
dissolved in the following combination of solvents to 50 per 
cent solid content. 

Amyl acetate 15 parts by wt. 
Acetone I5 parts by wt. 
Xylene 20 parts by wt. 
Butyl alcohol 10 parts by wt. 
Benzene I0 parts by wt. 

The solution of cellulose phthalate was red in colour and had 
very good clarity. 

Cellulose acetate 

50g acetic acid and 75 g acetic anhydride were charged into a 
three-necked flask containing 50 g cellulose. The material was 
heated to 50°C for 1 hour with continuous stirring. Again 40 g 
acetic acid, 70 g acetic anhydride and 1 g sulphuric acid were 
added to the material taking precautions not to increase the 
temperature above 60°C in order to minimise the degradation 
of the cellulose. The whole material had formed a clear viscous 
solution within I hour. 

The above solution was then kept for hydrolysis to which 
80 g water had been added and the temperature of the solution 
was maintained between 60 to 70°C for 4 hours. The product 
was first tested for acetone solubility by taking a few ml of the 
sample, flooded in water, filtered, washed and dried by 
pressing between filter papers. The dried sample was then 
dissolved in acetone to about 50 per cent solids which gave a 
clear solution. 

Finally, the material was poured into a large volume of 
water acidified with acetic acid. The precipitate was washed 
free of acid and stabilised by boiling in water (containing 
0.001 per cent H2SO4). Thereafter the material was dried a t  
60°C for 4 hours. The yield of cellulose acetate was 128 g, 
which was dissolved in acetone to a 50 per cent solid content. 

Preparation of cellulose half ester and other derivatives 

Cellulose phthalate half ester 

Cellulose phthalate half ester was prepared by taking 25 g 
degraded and purified cotton linters, 60 g phthalic anhydride 
and 45 g pyridine into a 3-necked flask. The material was 
heated in the presence of 5 g magnesium perchlorate at 110°C 
for 8 hours. During this period the whole mass became a clear 
viscous solution. The pyridine was removed as a salt by 
addition of 45 g concentrated hydrochloric acid. The material 
was then washed and dried at 60°C for 3 hours. This product 
was used for the preparation of other cellulose derivatives. 

Cellulose glycolphthalate 

Cellulose phthalate half ester as prepared above was further 
reacted with 40 g ethylene glycol at a temperature of 150°C for 
3 hours, yielding a clear viscous mass. Cellulose glycol 
phthalate was dissolved in the following combination of 
solvents to give 50 per cent solid content. 

Butyl acetate 10 parts by wt. 
Acetone 20 parts by wt. 
Benzene 20 parts by wt. 
Toluene 25 parts by wt. 
Butanol 25 parts by wt. 
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The varnish of cellulose glycol phthalate in the above solvent The solution of cellulose glycol phthalate modified with rosin 
mixture was of yellow colour and good clarity. in the above solvents was of brown colour and had fair clarity. 

Cellulose glycerylphthalate Cellulose phthalate modified with ester gum 
Cellulose phthalate half ester was prepared in the same manner 
as described above and was reacted with 40 of glycerol at Cellulose phthalate half ester, prepared as mentioned earlier, 

1500C for hours, giving a clear, transparent, viscous was reacted with ester gum prepared separately with an excess 

material and thinned with the following of of glycerol (30 per cent on the weight of rosin). The final 

solvents to 50 per cent solid content. 
product was then dissolved in the following combination of 
sdvents to 50 per cent solidcontent. 

Butyl acetate 10 parts by wt. 
Benzene 20 parts by wt. 
Toluene 25 pans by wt. 
Acetone 20 parts by wt. 
Butanol 25 parts by wt. 

Xylene 60 partsby wt. 
Acetone 15 parts by wt. 
Butanol 20 parts by wt. 
Ethyl acetate 5 parts by wt. 

The solution of cellulose glycerol phthalate in the above The solution of cellulose phthalate modified with ester gum 

solvents was yellowish red in colour and had good clarity. was of brownish red in colour having goodclarity. 

Celluloseglycerylphthalate modified with rosin Cellulose phthalate modified with pentaesrer gum 

Cellulose glyceryl phthalate was prepared as described above. 30 g of pentaester gum prepared separately and 50 g of the 
It was then heated with 65 g of rosin at 150°C for 3 hours. cellulose phthalate half ester were heated together at 150°C for 
The material was cooled and thinned with the following 3 hours. Finally the material became viscous and clear which 
combination of solvents to 50 per cent solid content. was thinned with the following solvents to 50 per cent solid 

Mineral turpentine 15 parts by wt. content. 

35 parts by wt. 
Xylene 35 parts by wt. 

Benzene Toluene 20 parts by wt. 
Toluenelxylene (50150) 25 parts by wt. 

15 parts by wt. 
Acetone loparts by wt. 

Acetone Butanol 25 parts by wt. 
Ethyl acetate 10 parts by wt. Ethyl acetate I0 pans by wt. 

The varnish of cellulose glyceryl phthalate modified with rosin 
in the above solvents was reddish in colour and had good 

The above product was light brown in colour and had good 
clarity. 

clarity. 

Celluloseglycolphtha[ate modified with rosin 

Cellulose phthalate half ester was prepared as mentioned 
earlier. It was then reacted with 40 g glycol at a temperature of 
150°C for 3 hours. It was then heated with equal parts of rosin 
at 150°C for 2 hours. The solution was cooled and thinned 
with the following combination of solvents to 50per cent solid 
content. 

Mineral turpentine 15 parts by wt. 
Benzene 30 parts by wt. 
Xylene 20 parts by wt. 
Toluene 15 parts by wt. 
Acetone 10 parts by wt. 
Ethyl acetate 10 parts by wt. 

Determination of degree of substitution 

In order to determine the degree of substitution in the modified 
cellulose samples, free hydroxyl groups in the cellulose were 
determined by the method used by Bryant et a15 by acetylating 
the samples with mixture of acetic anhydride and pyridine 
followed by titration with standard alkali. The drop in 
hydroxyl value of cellulose after modification indicated the 
degree of substitution. 

Since the free carboxylic group present in the cellulose 
esters prepared would also combine with alkali, it was 

Table 1 
Particu1ars:of cellulose derivatives 

Sample Cellulose derivatives Colour, Lovibond, Viscosity of 
No. prepared 50% solution 50% solution 

1 cm cell Clarity by Ford cup 
No. 4 at 30°C 
(in seconds) 

A Cellulose adipate 22.3 Y+ 11.9 R Slightly hazy 115.0 
B Cellulose maleinate 0.4 YtO.2 R Clear 98.0 
C Cellulose phthalate 4.3 Y+2.2 R Clear 108.0 
D Cellulose glycol phthalate 2.5 Y+0.5 R Clear 128.7 
E Cellulose glyceryl phthalate 6.8 Y+ 1.6 R Clear 97.5 
F Cellulose glyceryl phthalate 18.0 Y+2.8 R Clear 123.7 

modified with rosin 
G Cellulose glycol phthalate 15.2 Y+2.3 R Slightly hazy 82.4 

modified with rosin 
H Cellulose ohthalate modified 18.0 Y+2.6 R Clear 92.0 -- 

with ester'gurn 
I Cellulosephthalate modified 17.6 Y+ 1.2 R Clear 93.0 

with pentaester gum 
J Cellulose acetate 0.7 Y+0.4 R Clear 112.0 
K Cellulosenitrate 0.9Y+0.5 R Clear 136.2 
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necessary to subtract the acid value of these samples from the 
observed hydroxyl value to obtain true hydroxyl value. 

The true hydroxyl value of six standard samples of known 
degree of substitution were first determined and their relation- 
ship was plotted as shown in Fig. 1. The degree of substitution 
of the samples prepared was obtained from Fig. 1 after 
determining the true hydroxyl valueas described above. 

Results and discussions 

All the samples prepared as above were studied for colour, 
clarity and viscosity. These results are given in Table 1. The 
colour of 50 per cent solution of all derivatives as determined 

Two per cent by weight of dibutyl phthalate plasticiser was 
thoroughly mixed with all the samples before performing this 
test. Flexibility of the dried film was tested on tin panels with 
+"mandrel. Samples baked at 100"C, 120°C and 14OoCshowed 
good flexibility (Table 2). Cellulose-alcohol-phthalates and 
their rosin derivatives baked at 150°C also passed the flexi- 
bility test, but other samples baked at 150°C failed. The 
possible explanation for this behaviour is that at higher baking 
temperature some cleavage of cellulose chain could have 
occurred leading to embrittlement of the film and loss in 
flexibility in some of the samples. 

Scratch Hardness 
by Lovibond tintometer using I cm cell showed that cellulose 
esters, namely, cellulose maleinate, cellulose phthalate and Table 2 also includes the results of scratch hardness test. The 
cellulose acetate were light in colour, except for the cellulose scratch hardness (at a load of 1 kg) of cellulose derivatives 
adioate. The samoles containing rosin had large units of showed good results when baked at 120"C, 140°C and 150°C. 
veliow and red coiours. solutions of almost all the samoles Samples of cellulose glycol phthalate, cellulose glycerol 
were clear. phthalate and cellulose phthalate modified with ester gum 

baked at 150°C failed the scratch hardness test, possibly due to 
The samples were also evaluated for drying characteristics, the degradation of cellulose chain at higher baking tempera- 

flexibility, scratch hardness and resistance to water, acids, tures. Samples baked at 100°C did not show good scratch 
alkali and solvents. hardness, except those of cellulose phthalate, cellulose 

maleinate, and cellulose phthalate modified with pentaester 

Drying characteristics gum which passed the scratch hardness test. The failure in 
scratch hardness at lower baking temperature for most 

The varnishes of cellulose derivatives were on glass samples could have been due to improper drying which would 

and tin panels and baked under the following bakingschedules: leave a softer film after drying. 

(a) 100°C for 40 minutes, 50 min., and 60 min. 
(b) 120°C for 30 minutes, 40min., and 50 min. 

(c) 140°C for 20 minutes, 30 min., and40 min. 
(d) 150°C for 20 minutes, 25 min., and 30 min. 

(e) 160°C for 15 minutes, 20 min., and 25 min. 

From the above baking schedules, it was found that the film 
of all cellulose derivatives dry at 100°C in 50 minutes, at 
120°C in 40 minutes, at 140°C in 30 minutes, and at 150°C in 
25 minutes without showing any appreciable tackiness or 
change in colour. Darkening of the films was observed when 
baked at 160°C for 15 minutes or longer. This could be due to 
heat degradation and charring of the cotton linters. Therefore, 
the maximum temperature for baking was taken as 150"C, 
although a slight change in colour was observed. 

It is interesting to note that the cellulose derivatives 
containing rosin showed satisfactory results with respect to 
scratch hardness because the large number of cyclic rings 
present in these cellulose derivatives contribute towards the 
hardness. 

Alkali resistance 

Table 3 shows the alkali resistance of various cellulose 
derivatives baked at different baking schedules. Two solutions 
of 10 and 20 per cent sodium hydroxide were taken. Panels 
were immersed in the solutions for 8 days. It was observed 
after 8 days' test that the samples of cellulose maleinate, 
cellulose phthalate, cellulose glycol phthalate, and cellulose 
glyceryl phthalate had good resistance to alkali when baked 
a t  120°C for 40 minutes and 140°C for 30 minutes. Some of 

Table 2 
Mechanical properties of cellulose derivatives 

Flexibility test (y Mandrel) with 2% Dibutyl Scratch hardness test (at 1 kg load) when baked at 
Sample Phthalate, when baked at 

No. - -  - - - ~ -  ~- 

100°C for 120°C for 140°C for 150"Cfor 100°C for 120°Cfor 140°Cfor 15OTfor 
50 min. 40 min. 30 min. 25 min. 50 min. 40 min. 30 min. 25 min. 

- - - - . . - - - 

A P P P F F P P P 
B P P P F P P P P 
C P P P F P P P P 
D P P P P F P P F 
E P P P P F P P F 
F P P P P F P P P 
G P P P P F P P P 
H P P P F F P P F 
I P P P F P P P P 
J P F F F F P P P 
K P P F F P P P P 

P- Passed: F =  Failed. 
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Table 3 
Alkali resistance of cellulose (lerivatives of 33' C for 8 days 

Sample No. 

Resistance to 10% NaOH solution when baked at 

100°C for 120°C for 140°C for 150'C for 
50min. 40 min. 30 min. 25 min. 

Resistance to 20% NaOH solution when baked at . . 
- -- - - 

100°C for 120°C for 14O0Cfor 15OCCfor 
50 min. 40 min. 30 min. 25 min. 

5 =unaffected 2=Film partially cracked 
4=slight loss in gloss I =Film cracked and partiallyremoved 
3=loss in gloss O-Film removed 

these sam~les  behaved better than cellulose nitrate in this Acidresistance 
respect. ~ b o v e  and below these baking schedules the cellulose 
derivatives resistance, especially the cellulose Table 4 gives a clear picture of the acid resistance of all the 

esters modified with rosin, ester gum, and pentaester gum. samples. Acid resistance of cellulose phthalate and cellulose 
maleinate was as good as that of cellulose nitrate, but the 

Most of the samples baked at 100°C for 50 minutes and 
150°C for 25 minutes had poor alkali resistance. This could 
again be due to improper drying of the film at 100°C and 
degradation of the cellulose at 150°C. The cellulose maleinate, 
cellulose glycol phthalate and cellulose glyceryl phthalates had 
excellent alkali resistance. These samples were not affected 
even by a 20 per cent solution of the sodium hydroxide. 
Cellulose phthalate also had good alkali resistance. Cellulose 
phthalate modified with ester gum and pentaester gum or 
cellulose glycol and glycerylphthalates modifiedwith rosin had 
inferior alkali resistance in comparison to cellulose maleinate 
and cellulose phthalate when immersed in 20 per cent sodium 
hydroxide solution, although these products showed satis- 
factory resistance to 10 per cent sodium hydroxide solution, 
particularly cellulose phthalate modified with pentaester gum 
and cellulose glyceryl phthalate modified with rosin. 

cellulose adipate showed poor resistance to acids. 

The cellulose derivatives modified with rosin showed poor 
resistance to hydrochloric, nitric and sulphuric acids and the 
films werecompletely or partially removed by them. 

Almost all the cellulose derivatives showed better results 
when baked at 120°C for 40 minutes or 140°C for 30 minutes. 
Baking scheduleof 100°C for50minutes formost ofthe samples 
resulted in poor resistance to acids, whilst the higher baking 
temperature gave slightly improved results. This could be due 
to the fact, as already mentioned, that at 100°C for 50 minutes 
the films do not seem to be sufficiently hard and tough. 

Water resistance 

Water resistance of various cellulose derivatives are sum- 

Table 4 
Resistance offilm to 20% orid solutions at 33°C aJier 8  lays 

-- -- 

ResistanceIof film when Resistance of film when Resistance of film when Resistance of film when 
baked at 100°C for baked at 120°C for baked at 140°C for baked at ISO'C for 

Sample No. 50 min. to 40 min. to 30 min. to 25 min. to 
, - - .~ -- -~ 

HCI H,SO, HNO, HCI H,SO, HNO, HCI H,SO, HNO, HCI H,SO, HNO, 

5 =Unaffected 2= Film partially cracked 
4=Slight loss in gloss I =Film cracked and partially removed 
3= Loss in gloss and colourchange O=Film removed 
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marised in Table 5. From the results obtained it can be 
concluded that the water resistance at 30°C of all the samples 
was good, even of those modified with rosin. However, when 
immersed in boiling water for 24 hours, the films of cellulose 
glycol phthalate and glyceryl phthalate were cracked and 
partially removed. Though cellulose maleinate and phthalate 
showed excellent water resistance, slight loss in gloss was 
observed when immersed in boiling water and thus these 
samples behaved similarly to cellulose nitrate. The films of 
other cellulose derivatives were partially or completely 
removed by boiling water. 

Solvent resistance 

The resistance of cellulose derivatives to toluene/xylene 
(50/50), white spirit and petrol have been summarised in 
Table 6. From the results obtained it has been found that the 
films of cellulose adipate and cellulose esters modified with 
rosin were completely removed by the solvents. This could be 
due to the presence of a linear chain in case of the adipate and 

monobasic nature of iosin, in case of rosin based samples, 
where no crosslinking could take place. However, the dibasic 
acid esters of cellulose were not affected by these solvents due 
to their crosslinked nature and compactness, except that loss 
in gloss was observed in the films. Thus these products are 
comparable with cellulose nitrate in this respect. 

Conclusions 

From the results obtained, it can be concluded that amongst 
all the cellulose derivatives prepared, the cellulose maleinate 
and cellulose phthalate showed excellent physical and 
chemical properties. The colour retention on baking was also 
better as compared to other cellulose derivatives. The cellulose 
derivatives modified with rosin, had poor film properties. 
However, an improvement in results was observed in the case 
of pentaester gum modified cellulose phthalate. 

Better physical and chemical properties were obtained when 
the films were baked at 120°C for 40 minutes or at 140°C for 

Tabk 5 
Resistance offilm to water 

Resistance to water at 30 C for 8 days, when Resistance to boiling water for 24 hours, when 
baked at baked at 

- - - - - - - -- -. 

Sample No. 100°C for 120°C for I40 'Cfor 15O0Cfor 100"Cfor 120°C for 140"Cfor 150"Cfor 
50 min. 40 min. 30 min. 25 min. 50 min. 40 min. 30 min. 25 min. 

- -- ~ - ~ 

A 2 3 3 3 3 3 3 3 
B 5 5 5 5 . 3  4 4 5 
C 5 5 5 5 3 4 5 5 
D 3 4 4 3 I I I 1 
E 5 5 5 5 1 1 1 1 
F 3 4 3 3 0 0 0 0 
G 3 3 3 3 0 0 0 0 
H 3 4 4 4 0 I 1 1 
I 4 5 5 4 1 I 1 1 
J 5 4 4 3 0 0 0 0 
K 5 5 5 5 4 4 5 5 

5 -Unaffected 2=Film partially cracked 
4=Slight loss in gloss I =Filmcracked and partially removed 
3 =Loss in gloss 0-Film removed 

Table 6 
Resistarrce of the film to solvents at 30°C for 5 da13s 

Sample No. 

Resistance of film baked at 
100°C for 50 min. to 

--- -- 
Toluene/ White Petrol 
Xylene spirit 

Resistance of film baked at 
120 'C for 40 min. to 

- - -- 
Toluene/ White Petrol 
Xylene spirit 

0 I 0 
4 5 4 
4 5 4 
0 4 1 
I 4 I 
0 I 0 
0 0 0 
1 1 0 
1 I 1 
I 3 1 
5 5 5 

Resistance of film baked at 
140°C for 30 min. to 

Resistance of film baked at 
150°C for 25 min. to 

Toluene/ White Petrol 
Xylene spirit 

Toluene/ White Petrol 
Xylene spirit 

5 =Unaffected 2=Swellingof the film 
4=Slight loss in gloss I =Film partially removed 
3 =Loss in gloss O= Film completely dissolved 
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30 minutes. Above and below this range of baking tempera- 
tures, the film properties varied quite significantly from 
sample to sample. 

Hence, it can be concluded that cellulose maleinate and 
cellulose phthalate have nearly the same properties as those of 
the versatile cellulose nitrate with an added advantage of low 
inflammability. 

On this ground it can be suggested that cellulose maleinate 
and cellulose phthalate could be used for refrigerator and 
domestic appliance finishes. On blending with epoxy resins or 
silicone resins, it can safely be recommended for washing 
machines. Because of the colour retention properties of 
cellulose maleinate and cellulose phthalate, a white finish 
based on these resins can also be suggested for refrigerators, 
electric fans and other articles where the brilliant whiteness is 
necessary for sales appeal. Cellulose esters modified with rosin 

and rosin esters can be made compatible with conventional 
film formers such as alkyds, phenolics and epoxy esters and 
the combinations could be used in various surface coating 
formulations. 

[Rereived 16 March 1978 
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Paint 
over rust 

like. 
a fresh 

surtace 



With ALCOPHOR AC in your formulation there is 
no need to sandblast rust encrusted substrate or 
scrub it down to get to clean metal before painting. 
Just wipe off loose flaked rust with a wire brush and 
paint over it as if it were a fresh surface. 

Add new liquid ALCOPHOR@AC to primer or ALCOPHOR AC stops further rust deterioration 
one-coat paints and paint over rust like a fresh too and absorbs any remaining moisture or minute 
surface. quantities of fat and grease, thus assuring 

Bare panel weathered 6 months - 
rough de-rusting before primer 

Primer without ALCOPHOR AC - 
after additional 8 months weathering 



proper paint adhesion. It takes only 2% for Please forward - free-of-charge and without 
most rusty surface problems; max. 4% for really obligation - sample and technical leaflet 
tough conditions, based on total weight of the paint. on: 

. - 
~ypical fields of application include primers 
based on rust protective pigments and paints, 
e. g. agricultural machinery and similar uses 
where-long-term protection against corrosion is The corrosion inhibiting agent. 
required. 

Pr~rner with ALCOPHOR AC - 
after additional 8 months weathering 

Please forward - free-of-charge and without 
obligation - sample and technical leaflet 
on: 

ALCOPHOR" AC 
The corrosion inhibiting agent. 



Tests were carried out using new liquid 

ALCOPHOR" AC 
in the following formula: 

Rust lnhibitina Primer 

37.13 ppw Short Oil Alkyd Resin, resin 
modified, approx. 44% oil 
content (e.g. ALFTALATBAM 440) 
60% in xylene 

7.23 ppw Zinc chromate MlO (Heubach&Co.) 
4.44 ppw Micro Talcum AT Extra 

(AIS Norwegian Talc) 
4.44 ppw Asbestine 

25.29 ppw Iron oxide red 120 F (Bayer) 
1 .OO ppw B E N T O N E ~ ~ ~ I T E X A P H O R " ~ ~ ~  

gel, 10% in xylene 
17.85 DDW Solvesso@ 150 (Esso) 
0.45 bpw Cobalt, lead and' mangan 

naphthenate 
0.17 ppw DEHYDRILB NRC . . 

(Methylethylketoxime) 
2.00 ppw ALCOPHORBAC 

100.00 ppw 

Manufacturers 

Alftalat is manufactured by Hoechst and Bentone@ 
by NL Industries Inc., U.S.A. 

Texaphor 277, manufactured by Henkel KGaA, 
a highly effective liquid anti-settling agent, 
is recommended in combination with b en tone" 
gellants to quickly form soft gels with prolonged 
shelf-live, which are easily incorporated into 
grinding pastes. 

Henkel KGaA 
Organic Products Division 
Dehydag KLF-T 
P.O. Box 11 00 
D-4000 Dusseldorf 1 .  Germany 
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Ship's trials of oleoresinous antifouling paints. 
Part I: Formulations with high and medium toxicant 

contents 
By V. Rascio, C. A. Gi~idice, J. C. Benitezand M. Presta 
CIDEPINT, Researchand Development Centrefor PaintTechnology,52,121 y 122 La Plata,Argentina 

Summary 

Ship'\ trlalc uere performed uvng olei~rcsinouc antifouling paints o f  
the coluhle malrlr t)pc. The torlsant is cuprous oxide reinlbrced in 
some o f  the \ample.; u ~ t h  mercurous aricnalc and /lnc oh~dc. 
Whiting was employed as extender on account o f  its previously 
established influence on the antifouling performance in raft tests. 

The binder was formulated with Rosin W W  plasricised with a 
phenolic varnish. Two binders o f  different solubilities were obtained. 

Keywords 

antifoulingcoaling 
chin hottom naint 

Raw materials 
nrirne nivmrrrts arrdd~~es 

Three vessels i n  service under different conditions (a destroyer, a 
cruiser and a tug boat) were used. Patches of 3.5 Y 3.5 metreswere 
applied on each hull. Observations o f  the ship's bottoms were made 
12 and 15 months later. 

In  all the cases the fouling settlement varied from none to \ery rare. 
Thcre are practically no d~fferences in the b~oactiv~ty between the 
naintsat the maximum and minimum toxicant levels. 

Tvpes an(1classes afstrrrctrrrrs or surfaces to be coated 

steel 

Properties, characfrristics alld corrrlitions primarily associated ~vitlt 
rlriedor crrrerlfilms 

, .., 
copper oxide sea water immersion test 

hirnlrrs (rrsins, etc.) 

rosin 
phenolic 

hi~/,~~icaicol/y active i11grer1ierrt.s 

copper salt 
mercurous arsenatc 

rrte~trler pignrortr 

calcium carbonate 
whiling 

Les essais, effectues sur navires. des peintures "anti-fouling" B base de vernis gras. l i r e  Partie: 
Peintures B haute et B moyenne teneur en agents toxiques 

Resume 

On a effectue des essais sur navires avec les peintures "anti- Pour les essais on s'est servi de trois bltiments, dont les conditions 
fouling" B base de vernis gras e l  dont la matrice etait soluble. de service Ctaient diffkrentes (un destroyer, u n  croiseur et u n  
L'agent toxique etait I'oxydc cuivreux. augmente en certains cas remorqueur). A chaque coque la peinture a ete appliquee sur des 
par I'ardniate mercurcux el I'oxyde de zinc. A cause dc son zones de 3.5 x 3,5 metres. On a note la condition des coques 
influence sur le rendement des peintures "anti-fouling", qui a kte a p r h  12 et 15 mois. Dans tous les cas la croissance des organismes 
constatee anterieurcnient au cours des essais sur radeaux, on a nuisibles se varie entre nu1 et tri's peu. Dans la pratique, il n'existe 
utilisi. le blanc d'Espngne en tant que niatiere de charge. pas de difference entre la bio-activite des peintures i teneur maximale 

Le liant etait composC de colophane W W  plastifiie par un vcrnis 
et a 'linimale en agent toxique' 

phenolique. On a obtenu deux liants ayant de diffkrentes solubilites. 

Schiffsversuche mit Antifoulingfarben auf (ilbasis. Teil I: Rezepturen mit hohen und mittleren 
Giftgehalten 

An SchitTsboden wurden Versuche lnit Antifoulingfarben auf Drei i m  Dienst befindliche Schiffe wurden fur die Versuche benutzt 
Olbasis vom loslichen Matrixtyp durchgefiihrt. I n  nianchen der (ein Zerstorer, ein Kreuzer und ein Schleppboot). Au f  jeder Hulle 
Probeu war das Gifttnittel Kupferoxidul verstiirkt durch Merkuro- wurden Felder von 3.5 x 3.5 m gestrichen. 12 und 15 Monate 
arsenat und Zinkoxid. Als Extender wurde Schlemmkreide spater wurden die Schiffsboden gepruft. 
benutzt, weil diese in friiheren Raftversuchen ihre Wirkung hinsicht- 
lich des Antifoulingverhaltens erwiescn hatte. I n  allen Fi l len waren die Unterschied im Anwuchs sehr gering: 

von gar keinem bis zu sehr seltenem Anwuchs. Zwischen den 
Das Rindemittel bestand aus Harz WW, weichgemacht mit maximalen und minimalen Giftniveaux der Farben waren praktisch 
Phenolharzlack. Zwei Bindemittel verschiedener LGslichkeit keine Unterschiede hinsichtlich der Bioaktivitat feststellbar. 
wurden hergestcllt. 

Introduction paints. N o  other method has so far been found t o  be effective 

Ref$. 1-11 
f r o m  bo th  the technical and  economical points o f  view. 

I n  order t o  keep a ship's bo t tom free f r o m  fouling dur ing a The above mentionedpaintsprevent thefoulingattachment. 
predetermined period o f  time, i t  is essential t o  use antifouling This property is especially important  i n  the case o f  those 

383 
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species which degrade the paint film and cause discontinuities 
in the protective system (sea water comes into contact with the 
metal producing corrosion), as well as with bulky organisms 
which oppose resistance to the displacement of the ship and 
increase the friction of water on the hull. 

At a previous stage of this work the different variables 
involved in the behaviour of antifouling formulations have 
been studied on experimental raftsL-''. The present tests 
correspond to tests made on a pilot plant scale, as well as to 
the results obtained from experiments performed on hulls of 
ships of the Argentine Navy". New processes and operations 
have been introduced for the purpose of making an exhaustive 
study of the formulation parameters, method of application 
and influence of the different operating conditions of the ships. 

The mode of action of the paints studied is based on the 
dissolution of toxicants and binder in sea water. The control of 
the rate of solubility of Rosin WW is made by using an 
adequate plasticiser (phenolic varnish). Toxicants usually 
dissolve faster than the binder, and so the solubility of the 
matrix determines the useful life of the paint. 

Rosin WW contains about 85 per cent of resinic acids (of 
which the abietic acid is the most important). Free carboxylic 
groups present give this resin an acidic character and 
solubility in alkaline solutions. In contact with sea water 
(pH 8.2) it forms soluble sodium and potassium resinates. 

Service tests, whilst justified because the experimental 
conditions are more adequate than those existing on a raft, do 
not allow a rapid diagnosis of the behaviour of the paints, 
since periods of not less than 12 months are necessary. 

Such studies also present the disadvantage that the different 
experimental circumstances vary from one ship to another: 
operating conditions, velocity and itineraries, exposure in 
harbours with different fouling conditions, difficult control of 
the uniformity of application, quality of workmanship, 
different ambient conditions, etc. 

As a secondary objection, in this case the observations of the 
painted patches can be made only while ships are dry-docked 
since the use of self-contained diving equipment and under- 
water photography or television cameras are not available at 
present. 

Variables studied 

The variables studied on a pilot plant scale correspond to two 
different lines of research: 

Variables which involve formulation parameters 

(a) Influence of the type and content of toxicant 

Cuprous oxide was used as main toxicant because of its 
effective action against most of the fouling organisms and its 
relatively low price in relation to other toxicants. Mercurous 
arsenate, which provides a greater protection against 
Cirripedia and algae, and zinc oxide, were used as reinforcing 
toxicants in some of the formulations. 

(b) Influence of the extender contents 

Calcium carbonate was used as extender in order to obtain a 
reduction in the cost of formulation of the antifouling paints. 

Whiting does not reduce the bioactivity of the formulations' 
and by hydrolysis in sea water it influences the pH of the paint 
filmlsea water interface and allows a better control of fouling. 

Owing to its low specific weight, calcium carbonate also 
gives less sedimentation and improves paint stability. 

(c) Influenct, of the chetnical cotnpositiott and solubility of the, 
t ~ ~ a t r i x  

In soluble binder paints the toxicant originally exposed at the 
surface of the film determines the initial leaching rate of the 
paint. The solubilisation of the matrix allows theestablishment 
of the necessary steady state leaching rate. The solubility of the 
binder is regulated using an adequate plasticiser which also 
improvesflexibility and adhesion of the film to thesubstrate. 

Two different solubilities of matrix were tested in this work; 
Rosinlvarnish 311 and 511 were used. The greater film 
solubility corresponds to the latter ratio. 

Variables related to the painting operations 

(a) Number of coats,filtn thickness andareas of applicatiotl 

Two coats were applied by roller under normal conditions of 
dry-dock of Puerto Belgrano and patches with different film 
thickness were obtained. Because the different hydrodynamical 
conditions may influence the leaching rate of the paints, the 
patches were placed on one side of the vessel from midships to 
stern and on the other side from midships to bow. The paints 
were applied in reverse order on each side (Figures 1.2 and 3). 

,.',.,*< ?:-.-I:--* . - - - - 

Fig. 1. Arrangement of the painted panels on the starboard side of 
the destroyer 

~ - - - I I  ,,.'3S,. / 

Fig. 2. Arrangement of the painted panels on the starboard side of 
the cruiser 

Fig. 3. Arrangement of the painted panels on the starboard side of 
the tugboat 

(b) Ship's operating conditions 

Three ships with different operating characteristics were 
selected for the present series of tests: 
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A destroyer, which is at sea for rather long periods through- 
out the year; for this reason the experimental conditions are 
markedly different from those of the raft trials. The solubilisa- 
tion of the toxicant increases and the paint film becomes 
exhausted more rapidly. 

A cruiser, for which operating conditions are characterised 
by shorter periods of sailing and longer periods at port. 
Thus, the aggressive action of fouling could increase, but the 
solubilising action due to the water flow over the hull 
decreases. For that reason the useful life of the paint may be 
longer. 

A trrgboat which operates for long periods, mainly within 
the port and at low speed. This would most resemble the 
conditions of the raft tests. 

Antifouling paints formulation 

The composition of the paints tested are shown in Table 1. 

Paints 1 and 3 contain only cuprous oxide as toxicant. In 
paints 2 and 4, 10 per cent of the toxic substance was replaced 
by zinc oxide. In paints 3 and 4calcium carbonate was used as 
extender. The binder employed for these formulations has the 
lower solubility. 

In samples 5, 6, 7 and 8 the same formulation criteria were 
applied, but mercurous arsenate was used as a reinforcing 
toxicant. In this case samples 7 and 8 contain whiting. The 
binder solubility for this series is higher than in the above 
series. 

The painted panels each have an area of about 121112, 
requiring 6 litres of paint per panel. The antifouling paints 
were applied over the ordinary anticorrosion system used by 
the Navy. An average thickness of 80-100 pm was obtained for 
the different patches. 

The two coats were applied at 24 hour intervals and the 
vessel was launched 24 hours after the application of the last 
coat. 

The tests were started in December, 1975, for the destroyer, 
in June, 1976, for the tugboat and in August, 1976, for the 
cruiser. 

Various additives were used in order to obtain rapid drying Fig. 4. View of the experimental paints being applied 
of the film and low gloss of the painted surface. 

Results and discussion 
Antifouling paints: preparation and application 

R ~ V .  17-26 
Refs. 12-16 

All the samples were first prepared on a laboratory scale 
(1 litre) and once the final formulation was established, the 
work continued on the pilot plant scale. 

For this purpose a discontinuous stirred reactor was 
designed and built12 and its characteristic parameters were 
determined. 

The next step was to prepare the different components of the 
binder (the linseed standoil 60 poises, the phenolic varnish and 
thesolution of Rosin WW in thesolvents)l3-16. 

Finally, the antifouling paints were prepared in ball mills 
using porcelain jars of 26 litres capacity. 

The purpose of the  research is to develop highly efficient 
antifouling paints, having a long useful life which will allow 
the bottom surfaces of either warships or merchant vessels to 
remain completely free from fouling organisms for long 
periods. 

The quality of the antifouling formulation should be com- 
mensurate with the longer drying periods and ensure that 
premature dry-docking is not necessitated by foulingl'. 

The cost of such paints should be as low as possible. The 
cost is a function of the amount and type of toxicants incor- 
porated in the formulation, but it is also necessary to assure 
adequate solubilisation. 

Table 1 
Composilion of /lie n~ili/i,rrlirr,q paC11s lcslerl (per ccnl bl a~eiglrl) 

- -- - 

1 2 
- - -- 

Toxicants and extenders 50.6 50.6 
Binder (solids) 22.9 22.9 
Additives 3,6 3.6 
Solvents 22.9 22.9 

Paint 
- - -- - 

3 4 5 6 7 8  
- p  -- - -  

50.6 50.6 54.9 54.7 54.9 54.7 
22.9 22.9 24.1 24.1 24.1 24.1 
3.6 3.6 0.7 1 . 1  0.7 1.1 

22.9 22.9 20.3 20.1 20.3 20.1 
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Formulations based on cuprous oxide have been developed 
because the objectives mentioned above can be attained with 
this toxicant and also because it has a relatively low cost and is 
manufactured in this country using up-to-date technology 
giving a high quality product. 

The mercurous arsenate which was used in some of the 
samples has been prepared in our laboratory by a technique 
which was described in the existing literature references's. The 
use of mercurous arsenate in small quantities gives, as already 
stated, a significant increase in the bioactivity of these paints, 
mainly against spores of certain vegetable organisms such as 
the case of the algae Enreromorpha intestinalis or Ectocarpus 
which appear to be particularly resistant to the toxic action of 
thecopper compounds. 

Other properties of the paints studied are as follows: short 
drying time, but consistent with the roller-painting technique 
used; easy workability during the application; compatibility 
with the anticorrosive primers usually employed in underwater 
areas; compability with the environmental conditions existing 
in the dock during the paint operations; and finally, adequate 
stability in thecontainer. 

The mode of action of paints based on cuprous oxiCe 
involves the dissolution of the t o x i ~ a n t ' ~ ~ ~ ~  with formation of 
a complex copper chloride. The leaching rate is controlled by 
the diffusion of this substance through the matrix to the water 
layer adjacent to the paint film. 

With paints of the soluble matrix type, such as in the case of 
the samples tested, it is necessary to obtain a leaching rate not 
lower than 10 pg/cm2/day for copper, but a higher rate 
(20 pg/cm2/day) is needed to prevent the growth of algae. That 
leaching rate does not ensure surfaces completely free from 
bacteria and diatoms which form a slimy film. These species 
do not impair the operational efficiency of the ships and are 
largely eliminated during navigation. 

The provision of an adequate leaching rate depends. in 
practice, not only on intrinsic aspects of the paint composition, 
but also on the conditions of the water flow over the painted 
surface. The dissolution of copper is maximum at sea and 
minimum in port, where the ship is stationary. 

The greatest part of the toxicant consequently is leached 
without fulfilling its specific function, since at a speed of over 
4 or 5 knots there is practically no attachment. In spite of this 
it is possible to obtain oleoresinous paints of good quality 
assuring in practice a good bioactivity for a period of at least 
two years. 

This first series of experiments concerns those formulations 
with the higher toxicant contents (from 50 to 30 per cent), but 
in other tests started subsequently, lower toxicant levels are 
being studied. 

The economics of antifouling control involves not only the 
paint cost per litre, but also other related factors. It is essential 
for the Navy to keep ships' bottoms clean and free from 
fouling, both from the operational and tactical points of view. 
It is very important for merchant ships to make dry-docking 
less frequent. In either case, an efficient antifouling protection 
minimises the possibilities of hull corrosion. 

For the above reasons, there should be a change in the 
criteria of the shipowners especially in the case of the construc- 
tion and painting of new vessels. Within the overall cost 
involved when a ship is dry-docked, the price of the anti- 

fouling paint has little significance if the paint is highly 
efficient. Most important are the cost of the dry-dock rental, 
the surface cleaning operations and eventual repairs due to 
corrosion of steel surfaces, standard of workmanship, 
problems arising from the ship being taken out of service, etc. 

The above considerations are complemented by the fact that 
a ship's bottom without fouling represents a very important 
economy in fuel consumption. This largely covers, over a 
period ranging from 12 to 24 months, the higher cost of the 
paints. 

Considering that the research plan includes experiments on 
1 0  to 12 vessels, at least, and that only after a period of three 
years will it be possible to obtain final conclusions, only the 
results obtained to date on the three vessels previously 
mentioned will be considered in this paper. 

Whilst the experiments have had about the same duration in 
the cases considered (15 months on the destroyer and the 
tugboat and 12 months on the cruiser) it must be pointed out 
that they have been started at different seasons and conse- 
quently under different foulingconditions. 

The most important results relate to the test on the destroyer, 
carried out between December, 1975 and March, 1977. In this 
case the paints have been exposed to two fouling periods of 
high aggressiveness with a duration of four to five months 
each, one a t  the beginning and the other at the end of the test. 
An idea of the conditions of the experimental medium can be 
obtained from the species encountered, established in a 
previous study by Bastidazl-23 and shown in Table 2. 

Table 2 
Most imporlanf fouling .species re,?i~tered~'~'~ in Puerfo Belgrano, 

1971172 

Algae Diatoms 
Chlorophyceae (Enteromorpho intestinalis) 
Rhodophyceae (Porphyra sp.) 

Protozoa 

Coelenterata Tubularia sp. 

Annelida Ha1os)~dnelIa airstralis 
Sylli.sprolixa 
Serpulidaejuv. 

Cirripedia Balanusamphitrile 
Balanus sp. 

Amphipoda Corophinum sp. 
Caprella penanlis 
Caprello equilibra 

Brachyura Cyrtograpsus an~rilalos 
Cyrtograpsus altimanus 

Bryozoa Bug~rla nerilina 
Bugula sp. 

Tunicata Ciona inteslinalis 
Botryllus schlosseri 

Both on the cruiser and the tugboat, as the dry-docking was 
performed during winter, the paints experienced only one 
period of intense fouling during the summer at Belgrano 
Harbour. In spite of this, no significant differences in anti- 
fouling behaviour have been observed which may be attributed 
to the different experimental conditions. 

The test on the destroyer was considered complete after 
15 months. 

As the experiments on the cruiser and the tugboat will 
continue until the regular drydocking of these vessels accord- 
ing to the Navy's dry-docking schedules, there exists the 
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possibility of obtaining highly valuable complementary 
information. 

Fouling settlement values on the scale 0 to 5 are shown in 
Table 3 (see the key of the table). Considering the whole of the 
tested patches, only in the case of the paints 5 and 6, with 
settlement 1-2 on starboard panels, is value 1 exceeded. This 
value is the maximum experienced in the tests. These same 
paints, however, show settlement 0 and 0-1, respectively, on 
the port-side of the vessel. 

In all the other cases the fouling registered varies between 0, 
0-1 and 1, but settlement always appears on isolated areas, 
welds. plate joints, etc., no wide-spread paint failure being 
observed in any case. 

It is known that in soluble matrix antifouling paints, whilst 
the toxicant and matrix solubilise simultaneously, as already 
stated, the residual skeleton of the matrix as well as products 
from reaction of the toxicants or the binder components with 
the sea water remain adherent and they may block areas or 
points ofthe film, thus allowing foulingfixation. 

Consequently, up-to-date underwater cleaning methods tend 
to eliminate this inert surface by renewing the activity of the 
underlying film. 

It is important to point out that no case of Cirripedia 
settlement has been observed, the little existing fouling of 
some of the patches being limited to protozoa. diatoms. algae 

destroyer, with paints 5 to 8, port-side patches, was a slightly 
lesser settlement seen in the paints containing arsenate. It 
should be possible to corroborate this by the new observations 
to be made on the cruiser and on the tugboat after 18 to 24 
months of immersion. 

Regarding the use of calcium carbonate (whiting) to replace 
up to 40 per cent of the toxic material, it does not seem to 
produce any decrease in the bioactivity of the paints tested, 
corroborating the results obtained in previous raft trials. 

and bryozoa-with a very poor deve~o~ment .  Fig. 5. General view of the patches on the port side of the destroyer 
after 15 months of immersion 

The results obtained on the tugboat are particularly signific- 
ant. This ship has been permanently in the experimental area The two solubilities of binder used provided paints equally 
for 15 months, either anchored or sailing, and all the paints effective. Further observations will be necessary after longer 
applied show settlement 0 (without fouling). with the exception periods than 12 to 15 months to verify whether this variable 
only of sample 2, on the port-side, with settlement 0-1. influences results in a similar wav to that observed in the raft: 

where paints formulated only with cuprous oxide required 
When the influence of the different variables considered in binders of less solubility than those in which mercurous 

the experiments is analysed, the following observations can be was used as a reinforcing toxicant. 
made: 

The only paint which shows settlement 0 in all the experi- 
(a) Coniposirion variables ments is sample 8. This formulation contains cuprous oxide 

reinforced with mercurous arsenate and is the one with the 
Similar results have been obtained both in the case of paints highest amount of whiting(Fig. 6). 
with a high toxicant content (50 per cent) and those with a 
medium content (30 per cent). The use of either mercurous (b) Locafiotr of rhr parches on fhe ships 
arsenate or zinc oxide as reinforcing toxicants does not seem to 
be necessary for the test periods mentioned nor for the operat- As already stated, the painted panels were located in different 
ing conditions of the ships involved. Only in the case of the order and position on the ships. In many cases that location 

Tabb 3 
Fuuling wtllement in the rliffererrl tesfs* 

Destroyer Cruiser Tugboat 
- - 

Palnt 
Port-side Starboard Port-s~de Starboard Port-stde Starboard 

- - - -  - - - 

'Key: (0) hithout settlement; ( I )  rare; (2) common; (3) very common; 
(4) abundant; (5)completely fouled. 



388 V. RASCIO ET AL. JOCCA 

Fig. 6. Detail of the patches corresponding to paints 4 (leff) and 8 (rixht), with the maximum content of whiting, after 
15 months of immersion 

depends on the existence of water discharges from scruppers. The results may be considered similar, since according to the 
Paint work is often ruined locally by this cause. most recent investigations on the subiect25.26 it has been 

In the destroyer, an area was chosen on the port-side from 
midships to stern and another on the starboard side from 
midships to bow, the order of paints being reversed in the 
latter. No significant difference due to this different order was 
observed. 

On the cruiser the paints were applied on the port-side as 
well as on the starboard side from midships to stern, again 
reversing the order of paints in each series. Again, in this case 
there are no differences in behaviour. 

Finally, in the case of the tugboat, because of its shorter 
length, the patches covered 85 per cent of the ship's underwater 
area. Paints 1 and 8, which correspond to the two extreme 
positions, always show settlement 0 both at the bow and at the 
stern and at the rudder. 

On the destroyer and the cruiser, the results obtained on the 
starboard side for all the panels are slightly lower than those 
obtained on the port-side. The only difference in the experi- 
mental conditions was during the painting of such panels; 
because of the position of the dock, they are subject to the 
action of the sun, which could accelerate drying excessively. 

I t  is known that antifouling paints require a short drying 
time (no longer than 24 to 48 hours) and rapid immersion; 
longer drying periods or excessive ageing in the air increase the 
solubility of rosin24 and could, therefore, reduce the useful life 
of the paints. 

(c) Ships' operating conditions 

No significant differences in the behaviour of the various 
formulations were noticed on the ships chosen, whose 
operating characteristics are markedly different. Settlement is 
practically non-existent on the tugboat (0-1 on paint 2, and 0 
in the other cases) and slightly greater on the destroyer 
(ranging from 0 to 0-1) and on the cruiser (from 0 to 1-2). 

demonstrated that the bottom's surface ioughness introduces 
an important factor in the behaviour of antifouling paints, as 
it has a significant effect on the flow conditions of sea water, 
which, although generally non-turbulent, may develop 
turbulence zones which may favour solubilisation.Considering 
that all the cases deal with ships with many years of service, 
this variable should be well borne in mind when judging the 
behaviour of these types of paint, as it could have a very great 
influence on the results. The roughness of the surfaces used 
was not determined. 

(d) Stability in the contairlcr 

The stability in the container of the formulations studied was 
checked after 6.12 and 24 months. It proved to be satisfactory, 
no separation of  components o r  gelation being observed in 
any of the cases. 
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Next month's issue 
The Honorary Editor has accepted the following papers for publication, and they are expected to  appear in the November 1978 
issue of the Journal: 

The theory and practice of pigment dispersion by W. Carr 

The corrosion and protection of metals in the building and construction industries by B. G .  Callaghan 

Measurement of conductivity, capacity, electrical resistance and permeability of paint films in an aqueous solution by V. Vetere, 
E. Rozados and R. Carbonari 

Electrical resistance of electrodeposited rubber per unit coulomb by S. Guruswamy 



Information Received 
Change of name 

Drynamels Ltd, the Birmingham coatings 
company of Tube Investments Ltd, has 
now-changed its name to TI Drynamels 
Limited. The change is to emphasise that 
the company has the support of the Tube 
Investments group, particularly in its plans 
to maintain and improve its position in 
the thermoset powder coating field. 

UK agency 

Manchem Ltd have been av~oin ted  dis- 
tr~butors bytheFuropeanChcm~cal D I V I \ I O ~  
of Compagn~e Fr~ncalse Goodyear of 
PlioNte paint resins for the U K  and Eire. 

I P  expansion 

International Paint-Industrial Coatings, 
have announced a programme for a major 
expansion of their east London plant at  
Silvertown. The company has acquired a 
a wharf adjacent to their present site which 
will increase the size of the facilities by 
50 per cent. 

Increased manufacturing facilities 

Atlantic Chemical Manufacturing Corp. 
of New Jersey has recently completed 
additions to its manufacturing facilities, 
includine the addition of elass lined 
reactorckd coupling tanks. ~ h ;  cupan\lon 
is intended to allow Atlant~c Chemical to 
develop its product line of dyes and to 
manufacture many of the basic inter- 
mediates which are used in their production 
lines. 

Oil resistant coatings 

Following increased demands for non- 
polluting coatings, Claremont Polychemical 
Corp. is now supplying commercial quanti- 
ties of a new series of water-based lacquers 
suitable for finishing paper and cardboard. 
The new products comply with EPA and 
OSHA anti-pollution regulations, and are 
available as gloss or dull coatings which 

are applied in both web-fed and sheet-fed 
operations using commercially available 
gravure and flexographic coaters as well 
as dampening units attached to offset 
presses. 

New marketing arrangements 

Nextel coating, the spray-on material from 
3M which gives a suede-like finish to a 
wide range of interior surfaces and con- 
sumer products, is now available from a 
single authorised distributor, G. F. Haynes 
& Co. of Leicester. Nextel consists of 
microscopic neoprene granules suspended 
in a carrying medium, each granule being 
individually pigmented, The coating can 
be sprayed on to wood, ferrous or  non- 
ferrous metals. elass. asbestos. card and 
even paper. The material ha\ h ~ g h  rcslstancc 
to wear and tear and offer\ the add~t~onal  
benefit of significantly reducing sound 
transmission. 

New products 

Electron beam curing unit 

Otto Diir (GB) Ltd has available the new 
ESH 150 Diir Electron beam curing unit 
which is claimed to be adaptable to many 
situations. including uainted. varnished or  
lacquered finishes,-laminating substrates. 
printing, polymerisation etc. The unit uses 
relatively low acceleration voltages of 
150 kV which eliminates the need for 
heavy screening to cut-out secondary 
radiation: 5 mm thick lead sheeting is 
enough to satisfy safety requirements. 

Reciprocating surface tester 

Timperley Engineering's reciprocating sur- 
face tester, originally developed for the 
wallpaper industry, where it is standard 
equipment, can now be supplied with a 
range of different reciprocating heads to  
test sample batches of inks, paint and 
other surface coatings and treatments. 

The new reciprocating surface tester from Timperley Engineering, which can be used to test 
the durability of coatings 

Chemcol/Mirap mixing machines 

John Godrich has available the new 
Chemcol/Mirap liquid mixing machines, 
which were first introduced into the UK 
at the OCCA Exhibition earlier this year. 
The machines are mobile and compact. 
and have efficient mechan~sms for raising 
and lowering. The Mirap machines, whlch 
do not have immersedLbearing heads, have 
variable speeds and interchangeable dis- 
solver discs and paddle wheels. 

The Chemcol/Mirap liquid mixing machine 
which was introduced in the UK at  the 

OCCA-30 Exhihition 

Electrical connectors for harsh environments 

Techmation Ltd have available a wide 
range of Brantner Sea Con electrical 
connectors which were first developed for 
use in underwater and offshore installations. 
The Brantner connectors can withstand 
high pressures of up to 10,000 psi and 
heavy weights, especially useful in field 
installations where heavy vehicles may be 
driven frequently over cables. 

Dispensing pump 

ChemLab Instruments Ltd, agents for 
Ste.Asti, have announced that a new 
d~spensing pump manufactured uniquely 
in PTFE and glass covering the range from 
0.2 to IOml. is now available. The new 
model PSP is available with pre-selection 
counter and timer unit, and liquid handling 
parts can be easily dismantled for steam 
sterilisation. 

New ink systems 

Claremont Polychemical Corporation, New 
York, has begun marketing a new low 
energy water-based crosslinking ink system 
suitable for gravure and flexographic 
printing on vinyl coated fabrics, which has 
good scrub and solvent resistance and has 
already been used for printing vinyl 
wallcoverings. Named the Vynaprint GV- 
25000 series, it is available in a wide range 
of colours. 

Stannicide M 

Thomas Swan & Co. Ltd has added a new 
tributyltin biocide, Stannicide M, to their 
range of organotin compounds. Its main 
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application is in water based paints, and it 
is effective against a wide range of organ- 
isms, including bacteria, fungi, moulds. 
algae, molluscs and crustacea. It is readily 
dispersed in water producing stable eniul- 
sions, and is supplied as a 40 per cent 
solution. 

New anti-static coating 

A graphite water-borne paint with special 
anti-static properties is now available from 
International Paint-Industrial Coatings, 
which is claimed to have good stability 
characteristics. The coating was originally 
developed for coating the backs of television 
cabinets, and has an electrical resistance of 
less than I00 ohms between two points 
14 inches apart. 

Xenon Weather-Ometer 

Atlas Electronic Devices Co. o f  Chicago 
have added the new model C135 to the~r  
ranee of Atlas Weather-Onleters. It 1s a One of the Vacupress range of densifying machines for de-aerating powders 
constant irradiance xenon system for 
laboratory exposure testing, and incorpor- 
ates several sophisticated control features 
which improve test uniformity whilst 
simplifying operation. 

Space savings 

Universal Process and Plant Ltd has 
available the new Vacupress range of 
densifying machines, which have appli- 
cations where finely divided powders need 
to be de-aerated. The densification is 
achieved by the combined action of 
controlling vacuum and pressure, and the 
machine can be installed directly below 
milling or grinding machines. 

Flow meter accuracy 

Two instruments. designed to count and 
indicate pulses from flow meter proving 
systems where the Row of liquids or gases 
are being controlled, are now available 
from Jiskoot Autocontrol Ltd. The meter 
prover counter types MC2 and FMC3, 
which incorporate the latest integrated 
circuits, work on the principle of two 
displays, one of the pulse of the flow 
meter under test, and one of the pulse of 
the master meter. By comparing the two 
figures the error of the meter being tested 
can be accurately determined. 

Conferences. courses etc. 

Two revised British Standards for paint 
pigments have been issued by the BSl: 

The Model Ci35 Atlas Weather-Ometer BS 303 Lead chrorrre pignrenls for pairrts, 
constant irradiance xenon system and BS 1851 Titanium dioxide pigments 

for points. 

Digital coating thickness gauge All-India Paint Conference 

A new portable digital thickness gauge 
by Zorelco Ltd of Ohio, is The ninth all-India paint conference will 

now available from Wentworth Instruments be he'd On l3-I4 January 1979 at lhe 

Ltd. The model 747 is designed, to measure Park Hotel* Calcutta, with lhe theme 
any dry non-conductive coatlng appl~ed 'Paint Or perish" 
to a ferrous or non-ferrous surface, using 
the eddy current principle. Solids handling/processing technology 

Weld porosity eliminated Simon-Solitec has issued a six-page leaflet 
describing their ranges of plant and 

The microscopic porosity inherent in machinery for handling solids and pro- 

welds can now be eliminated by applying cessing technology. 

Loctite Superfast 290, thus preventing 
leakage of liquids and gases, claim the Titanates leaflet 
manufacturers. Loctite, (UK) Ltd. Loctlle 
290 is a liquid sealant which can be applied Dynamit Nobel AG has issued a revised 
direct from the bottle. It penetrates the leaflet entitled "Titanic acid esters, titan- 
porous surface by capillary action, and chelate-Reactions and applications", 
hardens without shrinkage. which deals with detailed specifications, 

properties. solubility, hydrolysis-stability 
etc. It also eives information regarding 
classes of risEs and indications regarding 
safe handling. 

Adhesives and sealants brochure 

The Industrial Distribution ,Division of 
Loctite (UK) Ltd has published a new 
brochure which describes the new Loctlte 
Superfast range of adhesives and sealants, 
and their particular relevance to plant and 
maintenance engineers. 

Adhesion measurement 

The American Society for Testing and 
Materials, ASTM, has published a book 
entitled "Adhesion measurement of t h ~ n  
films, thick films. and bulk coatings". 
Edited by K. L. Mittal of IBM Corporat~on. 
the book comprises 410 pages and is 
available price, US 539.25. 

Internal can linings 

R. H. Chandler Ltd has published a book 
entitled "Internal can linings" which 
covers this area of paint technology which 
is often overlooked. The book revlews 
recent advances and points out general 
trends. 

Progress in perspective 

This publication is a personal review by 
R. Cutforth of the progress of the Bayer 
organisation. and the contribution and 
influence of the chem~cal Industry in our 
society. The booklet also 11sts the structure, 
products and servllres of Bayer UK Ltd. 

Australian Raw Materials Index 

OCCA Australia has available the fourth 
edition (1977) of its Raw Materials Index, 
a publication which lists suppliers to the 
paint and allied industries in Australia. 
Product names, product descriptions and 
applications are listed, as well as the names 
and addresses of the suppliers. This book 
is invaluable to those who have dealings 
with the Australian industry, and is available 
price Australian 520.00 plus postage and 
packing, from thechairman, OCCAA RMI 
Sub-committee, GPO Box 3605, Sydney 
2001, Australia. 



Notes and News 

Arrangements for OCCA-31 
The thirty-tirst Annual Exhibition of raw 
materials, plant and equipment for the 
paint, printing ink, colour, adhesive, 
polymer and allied industries organised by 
the Association will be held at Alexandra 
Palace, London N22 from 3-6 April 1979. 

Already, support for the Exhibition has 
been received fro111 many organisations both 
from the UK and overseas countries, 
comprising applications for space from 
organisations new to the exhibition as well 
as established exhibitors. The closing date 
for applications to exhibit is given as 31 
October 1978, and during November the 
first allocation of space will take place to 
applications registered before that date. 
Applications for space received after the 
closing date will be considered, and allocated 
any space available after the initial allocation 
has taken place, hut organisations wishing 
to take space at the Exhibition are urged 
to ensure that their applications are registered 
in good time so that any preferences they 
may.have as to stand size, shape and position 
may be carefully considered. 

Theme of the Exhibition 
l 'hc aim of  the Ilxli~bitlon IS thc prcscnta- 

tion of technical and corn~nercial Informa- 
tion relating to advances in the surface 
coatings industries. The Committee stipu- 
lates that a technically trained person who 
has knowledge o f  the products displayed 
be available on the stand throughout the 
Exhibition. 

I 
Whilst the Committee naturally en- 

courages the showing of new products, it does 
not stipulate that a new product has to be 
shown each year, since i t  fully appreciates 
that this is not possible. Accordingly, the 
Committee draws attention to the fact that 
new technical data on existing products is 
regarded as acceptable subject matter. 

OCCA-31 Exhibition 
Alexandra Palace, London, 3-6 April 1979 

The international focal point 
for the 

surface coatings industries 

Many enquiries received from 
home and overseas 

Moti f  for the Exhibition 
The motif, designed by Robert Hamblin, 
emohasises the uniaue asoect of the OCCA 
~xhibitions, which' annually provide an 
international focal point for the surface 
coatings industries. I n  1978, exhibitors 
were drawn from 16 countries and visitors 
from over 50 countries. The two main 
colours of the motif, green and yellow, will 
be incor~ordted on the facias of the stands 
andit isintended to organisecomplementary 
floral displays i n  the Exhibition Hall. The 
use o f  these colours will create a pleasing 
contrast as visitors move from corridor to 
corridor at the Exhibition, as the green 
colour will be used from north to south and 
the yellow colour from east to west. 

Dates and hours of opening 
The Exhibition will be open as follows: 

Tuesday 3 April . . 09.30 to 17.30 hrs. 
Wednesday 4 April 09.30 to 17.30 hrs. 
Thursday 5 April . . 09.30 to 17.30 hrs. 
Friday 6 April . . 09.30 to 16.00 hrs. 

Invitation t o  Exhibit 
Copies o f  the Invitation to Exhibit have 
been despatched to companies and organ- 
isations i n  the UK and overseas which have 
shown at previous OCCA Exhibitions or 
have requested information for the first 
time for the 1979 Exhibition. Completed 
application forms for stand space must be 
returned to the Director & Secretary of 
the Association not later than 31 October 
1978. 

Any organisation wishing to receive 
details of OCCA-31 should write to the 
Director & Secretary of the Association for 
a copy of the Invitation to Exhibit. 

The interest shown i n  the OCCA-31 
Exhibition as a direct result of the highly 
successful OCCA-30 Exhibition held in 
April this year has been considerable, and 
already companies have asked for larger 
stands than they have had in previous years. 
Additionally, several companies who have 
not previously shown at OCCA Exhibitions 
as well as some who were not able to be 
present at OCCA-30 have contacted the 
Association requesting that sites be re- 
served for them. 

Visitors to the OCCA 30 Exhibition came 
from over 50 countries and admissions by 
season ticket of over 10,000 were recorded. 
/ .PI / :  A view of the Association's Information 

Centre at the OCCA30 Exhibition. 

The Exhibition Committee was particu- 
larly pleased to see the large number of 
exhibits at OCCA-30 from companies new 
to the Exhibition, both from the UK and 
many overseas countries, and this ernpha- 
sises the continuing irn~ortance of this 
annual Exhibition i o  tl;e world surface 
coatings industry and demonstrates its 
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Admissions at OCCA-30 

Visitors to the OCCA-30 Exhibition arc 
known to havc come from over 50 overse:is 

during the four days 

Al l  Mcmbcrs of  thc Association reccivc 
a free season admission ticket with their 
copy of thc Official Guidc,and organisations 
exhibit~tig receive complinicnlary admission 
tickets to distribute to their customers. I n  
addition. many trade associations are also 
sent tickets for distribution to their mcm- 
bers. Thus, many visitors to the Exhibition 
have season :tdtllission tickcts providcd in 
advancc. 

Howcver, an analysis* of  thc tickets 
ourchased at the entrance to the hall, sold 
mainly to visitors who have come as a 
result of  the Association's widespread 
publicity rather than having been invitcd 
by exhibitors, shows that 34 per cent of  
these visitors canlc from ovcrscas, with a 
significant pr(iportio11 coming to the 
Exhibition from outside Europc. Pnrticular- 
ly impressive amongst these visitors from 
overseas was the hlgh proportion of  top 
personnel: 61 per cent of then? wcrc 
managers, directors or owners of companics. 
with a 55/45 split between technical and 
commercial people. 

Takethe Piccadilly I.III~. lo HeathnxvAitpon. 
It$ thr orlly nay to fly. 

With vicitors from the United Kingdoll?, 
the split betwccn tcchnical and comnlerciill 
persdnncl was 64/36; again there was a 
large proportion of  senior management. 
,~lthough there was also a strong rcprcsen- 
tatlon of section heads/group leaders and 
chemists. 

These figures indicate the great value to 
organisations of exhibiting their products 
and developments at OCCA Exhibitions, 
which continuc to attract cach ycar large 
numbers of interested visitors from all 
ovel the world. Thc Exhibition provides a 
f o~um whc~e exhibttors can discuss their 
products with the scnior executives and 
technical personnel of many organisations 

*Sample of 1600cnrnpleleJ tickets t.xken from lllose 
purchareJ nt the enlrancc lo  11%~ Exhibillon. 

The wect side of Alexandra Palace 

whom they would not otherwise be able to 
contact, or to whom i t  would be pro- 
hibit~vely expensive to send representatives. 

Facilities at Alexandra Palace 
The Association has full use of the facilities 
at Alexandra Palace during the period of  
the Exhibition which include a restaurant, 
bars, a cafeteria and a private exhibitors' 
har. Another facility which is of  consider- 
able benefit to those travelling to the 
Exhibition by car is the ample free car 
parking space within the Palace grounds. 

For visitors travelling to the Exhibition 
on the underground system, the Association 
will once again be running a free bus shuttle 
service to and from the Exhibition, this 
year from Wood Green Station on the 
Piccadilly Line. The extension o f  the 
Piccadilly Underground Line to the Heath- 
row Central terminal was opened i n  late 
1977, and this now providesla direct l ink 
for travellers arriving at the atrport to both 
central London and to Wood Green 
Station and the bus shuttle service to the 
Exhibition. 

Improvements at Alexandra 
Palace 
I n  July 1978- work was started on a cumpre- 
hensive refurbishment of the facilities at 
Alexandra Palace including the completion 
of the work to the exterior, the repainting of 
the West Corridor and the walls of the Great 
Hall, and the redecoration of the restaurants 
and bars. The floor of the Great Hall has 
already been resurfaced, and the remainder of 
the work is scheduled to be completed by the 
late summer thic vear. These im~rovements 
will add to the pl&santness of the venue, set 
in the extensive parklands, and will provide 
an cxcellcnt setting for this international 
focal point. 

Information in foreign 
languages 
As in previous years, the Association will be 
circulating information leaflets in six 
languages which will contain application 
forms for those wishing to purchase copies 
of  the Oficirrl Guide and season admission 
tickets before the Exhibition. Interpreters 
will once again be in attendance at the 
Information Centre at the Exhibition to 
assist foreign exhibitors and visitors with 
their queries. 

Official Guide 
This uniaue oublication contains descri~- 
Iton< of a'll cdmpanies and thc~r cxhibiw i t  
the Iizhih~lion and is issued to each member 
of  the Association at home and abroad as 
well as to al l  visitors to the Exhibition with 
their admission tickets. I t  is published 
several weeks in advance of thedates of the 
Exhibition to allow visitors the maximum 
opportunity to plan the itinerary of their 
visits. I n  1978, for the first time, the Oflfcial 
Guide contained a chart classifying the 
products on show into the various types, 
and i t  is intended to produce a similar 
chart for the Oflfcial Guide to OCCA-3 I. 
Thischart is invaluable to visitors, especially 
those who have only a limited amount o f  
time available, as i t  provides a quick, easy 
reference of all the companies present who 
are displaying the products in which they 
are interested. 

Advertising facilities 
Advertising space is available in the Qlfirial 
Guide, both to companies who will be 
exhibiting at the Exhibition, and also to 
other organisations. This important pub- 
lication is constantlvreferred to both before 
the l!xhth~tion anci af~erwards as a con- 
venient record of  the latcst developments In 
the lnd~\ l rv .  Conseauently, organlsattons 
wishing to-take advertising space i n  the 
Guide should book their requirements as 
soon as possible in order to ensure a 
prominent position. Details of  the adver- 
tising rates and media data are available 
from M r  D. M. Sanders at the Association's 
address. 
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OCCA Biennial Conference 1979 

w 
20-23 JUNE 1979 STRATFORD HILTON HOTEL 

The next biennial Conference o f  the 
Association will be held at the Stratford- 
upon-Avon Hilton Hotel. Stratford-upon- 
Avon, from Wednesday 20 to Saturday 23 
June 1979, and the theme for the Conference 
will be: 

The challenge to coatings in a 
changing world 

I t  is envisaged that the papers to be 
presented will be concerned not only with 
the challenge o f  new materials and the sub- 
stitutionoftraditional ones, new methods of 

and Development Officer by writing in the 
first instance to the Director & Secretary 
at the Association's address on the Contents 
page. 

Stratford-upon-Avon is a new venue for 
the OCCA Conference, and i t  is expected 
that i t  will prove popular and interesting 
to delegates. I t  is well connected by major 
roads and motorways, and there is a good 
service from London by coach. For thc 
ladies attending the Conference, the social 
programme is hoped to include coach 
parties to nearby Warwick Castle, Leaming- 

The Royal Shakespeare Theatre on the banks of the River Avon where delegates will he ahle 
to attend performances in the evenings 

construction and the problems o f  applica- ton and Coventry Cathedral. There will 
tion, but also with the effects of new legis- also be a visit to Oxford and Blenheim 
lation (both national and international) Palace. The Royal Shakespeare Theatre is 
and the sociological, climatic and leisure close to the Stratford Hilton Hotel, and 
aspects o f  life in the last quarter o f  the delegates will be able to attend performances 
twentieth century. in the evenings. I t  is also hoped to arrangc 

As on previous occasions, full preprints 
o f  the papers will be publ~shed for despatch 
to delegates in advance of the Conference, 
since it is the custom at OCCA Conferences 
for the author to outline briefly his paper, 
highlighting the points of interest, thus 
allowing much more time for general dis- 
cussion with the delegates who will already 
have been able to familiarise themselves 
with the work by reading the preprints. 
I t  is important, therefore, that any person, 
whether or not a Member of the Association. 
who feels that a report of his work could 
form the basis of a suitable paper, should 
contact immediately the Honorary Research 

a boat-trip along the River Avon. The 
Association's Annual General Meeting w ~ l l  
be held on the Friday afternoon after the 
last Technical Session, and in the evening 
the Association will organise a Dinner 
Dance. 

Forms for registration will be despatched 
to all Members o f  the Association attached 
to Sections in the UK, Ireland, and the 
General Overseas Section early i n  1979. 
and any non-member wishing to receive a 
registration form should write to the 
Director & Secretary of the Association 
who will send details as they become avail- 
able. 

NOTES AND NEWS JOCCA 

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

The rules of the Award are: 

I. The Award will be made for the best 
contribution to the science or technology of 
surface coating by a Member of any 
nationality working in either the academic 
or industrial field who is under the age 
o f  35 at the date o f  application. 

2. The final date for submission of 
applications will on this occasion be 31 
December 1978 and it is hoped to present 
the award at the Stratford-upon-Avon con- 
ference in the following June. 

3. The selection o f  the recipient of the 
Award will ba made by a Committee 
under thechairmanship of the kqsociation's 
Hon. Research and Development Officer. 

4. There will be two methods of applica- 
tion. First, by the submission of a paper 
describing original work by the candidate 
which is offered for publication in the 
Journul or has been so published during 
application. The alternative method will 
be by recommendation by a superior for 
work which for reasons of commercial 
secrecy cannot be published; in this case 
the candidate will he expected to submit a 
dissertation on a topic relating to his work 
and demonstrating his superior knowledge 
o f  the principles thereof. The Award IS 

for individual merit and clear ev~dence of 
the candidate's own contribution will be 
required i f  a paper is offered under joint 
authorship. 

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

Obituary 
Charles M .  Beavis 

Older Members of the Association will be 
saddened to learn of the death of C. M .  
Beavis (Peter Beavis), the former Managing 
D~rector of Golden Valley Colours Ltd. 
of Wick, near Bristol, for many years. 
He was 71 and had been in poor health 
for some time. 

A memorial service was held on Friday 
18 August at Bitton Church near Rr~stol. 
Peter had lived in the area all his life and it 
was a tribute to him that, although Golden 
Valley Colours Ltd had been closed for 
around 10 years, a good number of the 
older employees o f  the company attended 
the memorial service. 

Peter was an cnginecr especially interested 
in the introduct~on o f  ncw micronized 
pigments, and he did much pioneering 
work in this important field. 

W. G. Wade 
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Obituary to the XllIth FATIPEC Congress in Nice. BJN's Group Research Laboratory a t  
Mr Svend Johnsen, an Ordinary Member Stratford as Deputy Manager of the Group 

Dr G. Swann attached to the General Overseas Section Technical Information Office. He was - and an Associate in the Profess~onal Grade, recently elected Vice-chairman of London 
has been appointed research manager of Section. 

The death occurred recently of Dr Geoffery GORl Research Ltd, Denmark. 
Swann who had retired from Svnthetic Although retired. he intends to retain his 
Resins Ltd in June 1972 as ~ e v e i o ~ m e n t  
Director. He leaves a wife and two married 
sons. 

After gaining a first class honours degree 
in Chemistry at St Andrew's University 
(1934). he obtained his doctorate in terpene 
chem~stry, by which time he was employed 
as a Scientific Oficer with Forest Products 
Research Laboratories (Timber Research). 
In I938 he joined EX Plastics Ltd as 
Research Officer (Camphor products) and 
became manager of  their Chemical Re- 
search Department (Plastics and Polymers) 
in 1945. In 1949 he jolned Beck Koller & 
Co. (England) Ltd as Research Manager in 
whizh he took an interest in OCCA, not 
only by lecturing, but by encouraging hi? 
staff to join. By 1958 he was Research 
Director and Assistant Managing Director 
of 'BK' and by 1967, the Deputy Managing 
Director. a post which he held until the 
acquisition of 'BK' by Unilever. 

He will be rerne~nbered by those who 
worked with and for him, (Margaret 
Thatcher being amongst the latter) as a 
man with a sharp wit and yet gentle sense 
of humour. Above all he was a dedicated 
family man and a dedicated scientist. His 
other interests included fly-fishing, garden- 
Ine and ohotoeraohv. 

M r  S. Johnsen 

interest in the paint industry through his 
OCCA activities, and also hopes to under- 
take consultancy work on the protective 
painting of ships (including antifouling 
compositions) and of structural steel. 

Scottish Section 
Eastern Branch 

The Eastern Branch of the Scottish Section 
is organising a Printing Ink Symposium to 
be held at  Stirling University on Wednesday 
19 January 1979. The symposium is aimed 
primarily at junior technologists, and will 
cover the basic aspects of printing ink 
manufacture, raw materials and processes. 
Further details may be obtained from Mr 
M. Nixon, Chairman Eastern Branch, 3E 
Lairds Hill, Seafar. Cumbernauld, Glasgow 
G67 IHH. (Tel: 02366 61221) 

Section 
British Titan Cup Golf Competition 

Dr T. A. Banfield. an Ordinary Member 
attached to the London Sectibn and a The seventeenth annual tournament for 

News of Members Fellow in the Professional Grade, retired the British Titan Cup was held on Saturday 
from the Berger Group at  the end of July 10 June, 1978 at  the Catterick Garrison 

Mr J. C. Bax, an Ordinary Member attached after 31 years' service. Golf Club. The competition, a Stapleford, 
to the London Section, will present the was won jointly by Mr M. G. Harvey of 
OCCA nominated paper at  the FSCT He has been a Member of OCCA since Durham Chemicals Ltd and Mr R. G. 
Annual Meeting to be held in Chicago, 1947, has served on Council. and on the Carr of Tor Coatings Ltd. 
1-3 November 1978, with the title "New Newcastle Section Committee as Hon. 
concepts in the formulaticn of gloss latex Research L~aison Officer and as Hon. All the contestants enjoyed playing this 
paints". Mr Bax. of Scott Bader Ltd, has Treasurer. After the takeover of British very picturesque and interesting course. 
previously presented a paper on this subject Paints Ltd by Berger Jenson & Nicholson 

Ltd, he moved from Newcastle in 1972 to H.F. 

Register of Members 
The following elections to membership have been approved by Council. The Section to whicheach new Member is attached is given in italics. 

Ordinary Members 

BEUGGER, JOHAN JAKOR, I I Ngobeni Road, Athlone Park, Aman- 
zimtoti 4125, South Africa. (Natal) 

BOGNAR, JOSEPH, NZ Forest Products Ltd. Private Bag, Auckland. 
New Zealand. (Auckland) 

BRUWER, B ~ N J A M I N  EDWARD CORNELIS, BSc, SA Bureau of Stan- 
dards, Private Bag X 191, Pretoria 0001, South Africa. 

(Transvaal) 
GALLAGHER. PETER, BSc, CChemMRIC, Cabot Carbon Ltd, 

Stanlow, Ellesmere Port, S. Wirral. ( Manchester) 
JONES, MARTIN DOUGLAS, Coates Bros (NZ) Ltd, PO Box 12068, 

Auckland, New Zealand. (Auckland) 
LAFFOLEY, REGINALD STANLEY, 26 Hammer Gate, St. Albans, Herts. 

(London) 
MULLER, DIETMAR, 803 San Martinho, Leicester Road, Bedfordview 

2008, South Africa. (Transvaal) 
SHUBRAR, HASHIM AHMAD MOHAMMAD, PO BOX 11029, Masarif, 

Baghdad, Iraq. (General Overseas) 
THOMPSON, SAMEL JAMES. 99 Vorster Avenue, Glenanda, Johannes- 

burg 2091, South Africa. (Transvaal) 

WONG, THOMAS, 60 Stanley Street, London, Ontario N6C IBI, 
Canada. (Ontario) 

YAP, TEE PING, BSc, 27 Jalan 4/54, Petaling Jaya, Selangor, 
Malaysia. (General Overseas) 

Associate Members 
ASSEN, HENRI, Eirchem Ltd, Raystown, Ratoath Road, Ashbourne. 

Co. Meath, Eire. (Irish) 
BUCHLING, DOLENA OTILLIA, PO BOX 3050, Witbeeck 1729, South 

Africa. (Transvaal) 
CAMPBELL, BARRY IAN. 308 Glendower Place, Linksfield Road, 

Glendower, Edenvale, South Africa. (Transvaal) 
FOGGIN, GRAHAM DAVID, Mair Industrial Marketing Ltd, PO Box 

37-442, Auckland, New Zealand. (Auckland) 
SPENCER, STEPHEN JOHN, 58 Croft Drive, Moreton, Wirral, Mersey- 

side LA6 OQT. (Manchester) 
TAEUBER, KONRAD ERNST, Bayer SA (Pty) Ltd, Chemical Division, 

PO Box 1366, Johannesburg 2000, South Africa. (Transvaal) 
VAN DYK, BURGERT JACOBUS, Bayer SA (Pty) Ltd, Chemical 

Division, PO Box 1366, Johannesburg 2000, South Africa. 
(Transvaal) 
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Forthcoming Events 
Details are given of Association meetings in the United Kingdom and Ireland up to the end of the month following publication and in other parts 
of the world up to the end of the second following publication. 

October Ontario Sectiorr: "Resins for flexo inks" Mr D. H. Pullinger, Assistant Scientific 
by G. Laudato at  the Constellation Director, Bazelton Laboratory Europe 

Auckland Section: 'Hot method adhesives Hotel, Toronto at 6.00 P.m. Ltd, at the Mansion Hotel, Roundhay 
and coatings' by Mr D. R e ~ d  of Petersons Park, Leeds 8, at 7.30 p.m. 
Chemicals. Details to be announced. Thursday 19 October Thursday 9 November 

Monday 2 October 

Hull Section: 'The practical problems of 
painting and maintaining large industrial 
plant' by D. A. Bayliss of BIE Anti- 
corrosion Ltd. Joint meeting with the 
Institution of Chemical Engineers, at the 
Humber ,Bridge Hotel, Barton, South 
Humbers~de at  6.45 p.m. 

Tuesday 3 October 

West Riding Section: 'Instrumental colour 
control in the paint industry' by Mr R. P. 
Best of Instrumental Colour Systems Ltd, 
at the Mansion Hotel, Roundhay Park, 
Leeds 8 at 7.30 p.m. 

Thursday 5 October 

Newcastle Section: 'Solvent recovery for 
the surface coatings industry' by Mr I. 
Smallwood of Fraser McNaughton Ltd, 
at  St. Mary's College, Elvet Hill Road, 
Durham at  6.30 p.m. 

Friday 6 October 

Hull Section: Annual Dinner Dance, to  
be held at the Willerby Manor Hotel, 
Willerby, near Hull. 

Tbursday 12 October 

Midlands Section-Trent Valley Branch: 
'Coil coatings' by Dr Gilmore of Conway 
Coatings Ltd, at the Crest Hotel, Pastures 
Hill, Littleover, Derby at  7.00 p.m. 

Scottish Section: 'The practical problems 
of painting and maintaining large 
industrial plants' by D. Bayliss of BIE 
Anti-Corrosion Ltd, at  the Albany Hotel, 
Glasgow, at 6.00 p.m. 

Thames Valley Section: 'Coatings for 
wood'. One day meeting at Building 
Research Establishment, Pr~nces Ris- 
borough. Details to be annoimced. 

Friday 13 October 

Midlands Section: 'Coil coating' by Mr E. 
Sharpe of Merritts Ltd, at the Calthorpe 
Suite, County Ground, Birmingham at 
6.30 p.m. 

Friday 20 October 

Irish Section: 'Aqueous based printing 
inks' by Mr R. Millard of Harlow 
Chemical Co. Ltd. at the Clarence Hotel. 
Dublin at  8.00 p.m. 

Manchester Section: Annual Dinner 
Dance at  the Piccadilly Hotel, Manches- 
ter. Details to be announced. 

Friday 27 October 

Bristol Section: 'The refinishing of motor 
vehicles' by Mr  D. E. Sellen of Berger 
Paints, at the Royal Hotel, College Green, 
Bristol at  7.15 p.m. 

London Section: Ladies' night, to be held 
at Selsdon Park Hotel. Sandentead, 
Surrey, at 7.00 for 7.30 p.m. 

Midlands Section-Trent Valley Branch: 
Halloween Dance, at the Cross Keys 
Inn, Turnditch, details to be announced. 

Scottish Section-Eastern Branch: Skittles 
match at the Civil Service Club, Marine 
Drive, at  7.00 for 7.30 p.m. 

November 

Auckland Section: Talk and inspection 
of the Water Treatment Plant, Auckland 
Regional Authority at Titirangi, by 
Mr D. Payne. Details to be anno~rncerl. 

Thursday 2 November 

Newcastk Section: "Recent advances in 
pigment dispersion and dispersion equip- 
ment" by Mr R. W. English and Mr J. 
Perkins, Mastermix Engineering Co. Ltd. 
at  St. Mary's College, Elvet Hill Road, 
Durham, at 6.30 p.m. 

Midlands Sertiorr-Trerrt Va1le.v Branch: 
"Effect of coatings on the quality of 
drinking water" by Dr N. P. Burman, 
at the Crest Hotel, Pastures Hill, Little- 
over. Derby. at  7.00 p.m. 
Scottish Section:-"The academic- 
industrial interface". Joint meeting with 
ASDC, at  Albany Hotel, Glasgow, at  
7.30 p.m. 
Tharnes Valley Section: "N.A.Ds. A 
progress report" by Mr M. Waghorn of 
ICI Paints Ltd. at the Beaconsfield Crest 
Motel (White Hart), Aylesbury End, 
Beaconsfield, Bucks, at 6.30 p.m. for 
7.00 p.m. 

Wednesdav 15 November 

Manclre.ster Section: Student Lecture 
"Additives improve emulsion paints" 
by Mr J. B. Clarke of Allied Colloids 
Ltd, at Manchester Literary & Philo- 
sophical Society, George Street, Man- 
chester, at 4.30 p.m. 
Ontario Section: "A review of current 
drier technology" by Mr L. Campay, at  
the Constellation Hotel, Toronto, at 
6.00 p.m. 

Thursday 16 November 

Midlan~1.s Section-Studerrt Lecture: 
"Mineral pigments through the ages" by 
Mr E. Hare, at the Calthorpe Suite, 
County Ground, Birmingham, at 6.30 
p.m. 

Friday 17 November 

L.ondorr Section: "Colour instrumen- 
tation". Day meeting in association with 
the Society of Dyers and Colodrists, 
London Region. at Thames Polytechn~c, 
Woolwich, at 10.00 a.m. 

Wednesday 22 November 

Scottisli Section-Eastern Branch: 
"Hydrocarbon resins" by A. Malatesta 
of Esso Chenlicals Ltd. at the Murrayfield 
Hotel. 18 Corstorphinc Road, Edinburgh 
at 7.30 p.m. 

Manchester Section: 'Theory versus Friday 24 November 
practice of dispersion' by Dr W. Carr of Monday 6 November 
Leeds University at  the Manchester Hull Section: ..The safe use of solvents 

Bristol Section: Ladies 'Evening "The 
Literary &Philosophical Society, George and the trend towards of colouring and decoration of pottery" 
Street, Manchester, at  6.30 p.m. low aromatic by G, Hicks of 

by Mr A. J. Simkin of Blythe Colours 

Esso Chemicals Ltd, at the 
Ltd. at  the Royal Hotel, College Green, 

Tuesday 17 October Hotel, Land of Green Ginger, Hull, at  Bristol' at 7'15 
6.30 p.m. Irislr Sectiorr: Annual Dinner Dance. at  

London Section: Afternoon visit to  the the Clarence Hotel, Dublin, at 8.00 p.m. 
Metropolitan Police Foresnic Science Manchester Section: "Quality control" 
Laboratory. Lambert Road, London SEI by Mr Murray of Crown Decorative Section: Dinner Dance' at 

at  2.30 p.m. Products Ltd, at the Woodcourt Hotel, 
the Crown Hotel, Harrogate, details to 

Sale, at 6.30 p.m. 
be announced. 

Wednesday 18 October 

London Section: 'Finishes and materials 
for window frames' by Mr P: Whiteley of 
Building Research Establ~shment, at  
Rubens Hotel, Buckingharn Palace Road, 
SW1 at  7.00 p.m. 

Tuesday 7 November 

West Riding Section: "The testing of 
hazardous chemicals with particular 
reference to the requirements of the 
Health and Safety at  Work Act" by 

December 

Wednesday 13 December 

Ontario Section: Ladies' Night, details to 
be atrnourrced. 
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QUALITY 

ONE THIN cOATINGsd 
High quality paints demand high 

quality resins. That's why Shell Chem- 
icals are the leadng suppliers of 
epoxy resins to the world's paint 
industry. 

Our Epikote epoxy resins are 
helping to produce tough primers, 
marine paints and protective coatings 
to stand up to every environment. 

We don't stop with epoxy resins. 
Cardura resins are being used to 

QULD HAVE 
I\J COMMON. 

make tough industrial finishes, and 
VeoVa forms the basis of latices for 
the best emulsion paints. 

Shell Chemicals quality of manu- 
facture is backed by the research and 
technical support groups based at our 
Polymers Centre in Amsterdam. 

Your Shell company will be happy 
to tell you how the quality of Shell 
resins can help you make a quality 
paint. 
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SHELL 
CHEMICALS 

FOR INDUSTRY 

Resins 
Epikote resins and Epikure 
curing agents, Cardura El0 and 
VeoVa 10 resin intermediates. 

Elastomers 
Cariflex TR thermoplastic 
rubber, Cariflex SBR, BR 
and IR. 

Thermoplastics 
Shell Polypropylene, Carlona 
low density polyethylene, 
Shell polystyrene? 
Styrocell expandable poly- 
styrene, Canna 
polyvinylchloride* 

Urethane Chemicals 
Caradol polyols and 
Caradate isocyanates. 

Base Chemicals 
Ethylene. propylene, 
butadiene, dicyclopentadiene, 
benzene, toluene, solvent 
xylenes, ortho xylene, para 
xylene, cumene, styrene 
monomer, sulphur, Versatic 10, 
Dutrex and Shellflex grades, 
naphthenic acids, premium 
needle coke. 

Industrial Chemicals 
Chemical solvents, phenol, 
hydrocarbon solvents, 
detergent alkylates and 
alcohols, eth lene oxide, 
giycols and Jerivatives. 
plasticisers and plasticiser 
alcohols, epichlorhydrin, 
glycerine. 

Speciality Chemicals 
Fine chermcals, antioxidants, 
catalysts, mining and textile 
chemicals, Apiezon oils, greases 
and waxes, additives for 
lubricating oils and fuels. 
*available in certain areas. 

Comparison of circulations 
of U.K. publications to the 
paint, printing ink and 
allied industries 

- PAID OVERSEAS 
CIRCULATION 

0 - CIRCULATION AUDITED 
UNPAID 

(Reference Audit Bureau of Circulations Reviews. 
Jan-Dee 1977) 

For full details of advertising in this, and other 
Association publications, contact D. M. Sanders, 
Assistant Editor 

Journal of the Oil and Colour 
Chemists' Association (JOCCA) 
Priory House, 967 Harrow Road, Wembley, Mlddx. 
HA0 ZSF, England Telephone: 0(-~01101( 

Telex: WZ670 (OCCA Wembley) 
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- 

CONDENSATION TESTER 

U 
11 
" I 

The QCT Condensation Tester tests finishes 
for resistance to moisture in the formof rain and 
dew. The QCT's u n i q ~ ~ e  condensation system 
gives faster. more realistic tests than conven- 
tional humidity. while maintaining foolproof 
control of water purity, oxygen saturation. and 
test temperature. Initial cost is quite low, and 
maintenance is almost nil. Ordinary tap water 
may heused. because the QCTdistills thewater 
In the process of transporting it to the test 
surface. Test severity can he varied widely by 
regulating the temperature. 

ACCELERATED WEATHERING 

U ' . 1  
The QUV Accelerated ~ea tKer ing  Tester has 
replaced conventional methods of durability 
testingin hundreds of labs throughout the world. 
The QUV simulates rain and dew by the same 
mechanism a s  our QCT Condensation Tester. 
The effects of sunlight are simulated by an array 
of 8 special fluorescent lamps. Light emission is 
concentrated in the crltlcal UV wavelengths. 
providing closer control and faster testing. 
Users report excellent correlation u.ith out- 
doors. 

Initial cost is a fraction of competing testers, and 
annual operating costs are thousands of pounds 
less than carbon arc or xenon arc machines. 
Electrical consumption is just 700 watts. Opera. 
tlon is completely automatic, with a wide varlety 
of temperatures and cycles easily programmed. 
Scheduled maintenance IS just 15 minutes once 
a month. 

TEST PANELS 
The Q.Panel Co. IS the world's largest manufac- 
turer of steel and aluminium panels for paint 
testing. Millions of Q.Panels are used every year 
because of their consistently highsurface quality 
and remarkably low price. Q-Panels are availa- 
ble in a variety of sizes and finishes. 

THE Q-PANEL CO. 
15610 lndustr~al Pkwy.. Cleveland. Ohio 44135 U.S.A. 

- - - 
- rubber-type paints for , - - - - - - - - - - 
E - - Ships, Tanks, Bridges, 
- - - - - - 
F - - and other steel works, E - 

- - - - 
5 - storage stability and z - - 
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'BEETLE' NEWS 
FOR POWDER 

COATING 
FORMULATORS 
A new 'Beetle' resin For information about 

for use ~n the formuiahon of 'Beetle'L5232 and for 
powder coatings 1s now details of other new coating 
available from HIP. resin developments, 

'Beetle' L5232 is a wnte to 
carboxyl ter~lunated Chemicals Ilivision 
saturated polyester British Industrial Plastics Ltd. 
designed pnlilanly for use PO Box 6 I'opes Lane 
with epoxy res~ns. Oldbury Warley 
In suitable formulated West Midlands I369 4PD 
systems it results m films Telephone 021-552 1551 
w t h  an excellent balance of Telex 337261 
properties, 1nclud111~ gcxd 
mechamcals, corrosion and 
humidity resistance, and 
resistance to a wide range 
of propnetary household 
chemicals. 

BEETLE 
ASK US ABOUT 15231 

ATTHE RESINS & PIGMENTS EXHIBITION, 
ST. ERMINY HOTEL, LONDON, 22/23 NOVEMBER 



I Solvents, Vegetable Oils I 

a Full technical information 1 and data on rwuest 

1 Samuel Banner 
Samuel Brnnor & Co. LimiluJ. 
Vagetablm 011 Relln*r$, Solrmtr L Chunluls. 

24 Marshgate Lane. Stratlord, London El3 ZNH Tel: 01 534 4321 
" 289 Castle Street. Glagow G4 OST Tel: 041 552 1411 

THE 011 

& BUPA - 

have joined forces 
to make life better 

for you. 
Tlicrc's no better way to provide 

liealtli protectiori for youand your fanlily 
than through BUPA. 

And now. because you're a nicmbcr 
of the above organisation you can join 
BUPA witha reduction in tlic basic 
subscription rates. 

With RUPA protection you can 
benefit fro111 theadvantagesof private 
treatnient when you are i l l  -planned 
hospitalisation. trcatnicnt by a specialist 
chosen by you and your doctor, a private 
room with tclcphonc. 

Fill in thecoi~pon now. Not only will 
you rcceiveadiscount when youjoin. but 
also you'll get inltiiedia(e covcr upon 
acceptance: thc usual 3 niontlis waiting 
period will bc waived. - 

I I'm under  b 5 a n d  ;I r n c m k r o f  the OCCA. Please send I 
mc t l e t ~ i l s  o f j o i ~ l i n g  our HIIPA C;roup.,~~.,~c . , , . , L , ~ . ~ ~ . . , w ,  I N a m e  

1 A d ~ l r e s s  

I 
I 

I 
Postcodc Tel 
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OIL 6 COLOUR CHEMISTS' ASSOCIATION-PUBLICATIONS (Order form page iv) 

used i n  the book together w i th  explanations 
of their derivations, as we l l  as the completely 
revised and updated text. 
Price £5.00 (Registered Students of the 
Association £2.50) P r e p a y m e n t  on ly .  
OIL AND COLOUR CHEMISTS' ASSOCIATION 
Priory House. 937 Harrow Rd.. Wembley HAOZSF 

Works Practice 
This publication. which is o f  great use both to  the 
practical man within the industry and the $tudent 
entering the industry. ts concerned with the prac- 
tical aspects o f  making paints. As very little has 
been published on this subject, a fairly broad 
coverage is attempted including factory layout and 
organiwtion, paint and media manufacturing pro- 
cesses. legal aspects and safety precautions. 
Price: f3.00 

Convertible Coatings 
The second edition o f  Convertible Coatings, pub- 
lished i n  1972, is invaluable to those dealing with 
this aspect o f  the industry. and a Tew copies are still 
available. 

' Price: £750 Published by Chapman & Hal l  L t d  i on behalf o f  the Association. 

Special offer 
Ultraviolet Polymerisation and 
the Surface Coatings Industry 
The two volumes o f  the papers presented at the 
Newcastle Section Symposia on this subject held in  
1975 and 1977 are offered at a special price o f  
£10.00 for both volumes purchased together. 

Normal price: Ultraviolcf polymcrisation (1975) 
£5.00; Ultraviolet polynwrisation 2 (1977) £7.50 
(see bclow) 

i 

The eleven papers In thls volume were originally published in the 
Journal earlier in 1978. They are based on lectures given at the 
Second International Sympos~um of the Newcastle Section of 
the Association held at Durham University on 14 and 15 Septem- 
ber 1977 with the theme "Ultraviolet polymerisation and the 
surface coatlngs ~ndustry". Titles and authors are listed below: 

Exciplex interactions in photoinitiation of polymerisation by 
fluorenone amine systems by A. Ledwifh, J. A. Bosley and M. 0 .  

Purbrick 

Recent deve\opments in photoinitiators by G. Berner, R. 
Kirchmayr and G. Risr 

Present status of ultraviolet curable coatings fechnology in the 
United States by J. Pelgrims 

The design and construction of ultraviolet lamp systems for the 
curing of coatings and inks by R. E. Knight 

New developments in ultrav~olet curable coatings technology by 
C. 8. Rybny and J. A. Vona 

-- 

Cure behav~our of photopolymer coatings by R. Holman and 
H. Rubrn 

Photoinitiator problems in clear coatings by M. De Poorrere, 
A. Ducarme, P. Dufour and Y, Merck 

The UV curing of aerylate materials with high intensity flash by 
R. Philrips 

Parameters in UV curable materials which influence cure speed by 
A. van Neerbos 

The use of differential scanning calorimetry in photocuring studies 
by A. C. Evans, C. Armstrong and R. J. Tolman 

The UV curing behaviour of some photoinitiatws and photo- 
activators by M. J. Davis, J. Doherty, A. A. Godfrey, P. N. Green, 
J. R. A. Young and M. A. Parrish 

To obtain this book, complete the  order form and sand 
w i t h  the necessary remittance t o  the Association's 
offices. Price: f 7.50 (US S 15) each. 

[See order form on page iv 
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C L A S S I F I E D  A D V E R T I S E M E N T S  
- - 

Classified Advertisements are charged at the rate of £4.00 per cm. Advertisements for Situations Wanted are charged at £ 1.00 per line. 
A box number is charged at 50p. They should be sent to D. M. Sanders. Assistant Editor, Oil & Colour Chemists' Association 
Priory House, 967 Harrow Road, Wembley, Middlesex HA0 2SF. JOCCA is published EVERY month and Classified ~dvertisement; 
can be accepted up to at least the 12th. and i n  exceptional circumstances the 20th o f  the month preceding publication. Advertisers 
who wish to arrange for an extension of the copy deadline should contact the Assistant Editor, D. M. Sanders, at the address give11 

above (telephone 01-908 1086, telex 922670 OCCA Wembley). 

RECONDITlONED EQWMENT FOR SALE 

1 Flame-proofed Pedestrian Operated Battery 
1 Electric Straddle-type Forklift Truck! ! ! 

Rolalruc (1972) One ton  capacity. l o f t  l ift. Fitted 1 wi th a new Exide battery. Complete with Battery 
Charging Unit. Overhauled, repainted and serviced. 
Supplied wi th  a load test certificate and guaranteed. 
Extremely compact. W i l l  operate i n  confined spaces. 
Price £3,950 + VAT. 

Speed Electrics, The Wells Road, Nottingham. 
Tel: 0602-609782 

MISCELLANEOUS 

I 
Franchise Arrangements Considered 

South African Paint Manufacturer interested in acquiring franchise arrangements 
and/or export/import arrangements, for specialised coatings in the field of alkyd 
and related resins, polyester body-fillers, metal coatings, permanent coatings for 
masonry and other paint coatings. 

Please w r i t e  t o  Shamrock Paints, PO Box 5286, Walmer 6065, Por t  Elizabeth. 
South Africa. 

FOR SALE - 
Widow of Member desires to sell his 
1816 edition of Tingry's "The Painter 
and Varnisher's Guide". I n  excellent 
condition valued at £35.00. Box No. 462 

I JOCCA 
The largest circulation of UK pub- 
lications to the surface coatings in- 
dustries - sent each month to over 
80 countries I 

Media data information and sample 
copies available from D. M. Sanders 
at the address on the Contents page. 

I TELEX I 
your classified advertisements 

922670 OCCA G 
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COATINGS: 
The Search for Opportunities 

Three days of technical sessions Exhibits of 126 supplier 
companies, whose top technical people will be on hand to 
discuss latest developments Opportunity for one-on-one 
interchange with Executives, Purchasing Agents, Chemists, 
Engineers, and Research, Development, and Production 
Personnel of the Coatings Industry All under one roof. 

Plan NOW to attend this Major Coatings Event Save time 
and money by registering in advance Copies of registration 
and housing forms available from FSCT headquarters. 

CONRAD HILTON HOTEL 
CHICAGO, ILLINOIS 

NOVEMBER 1,2,3 

FEDERATION OF SOCETIES FOR COATINGS TECHNOLOGY 
1315 Walnut Street Philadelphia, Pa. 19107 215/545-1506 
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Y HORACE CORY & CO LTD 

NATHAN WAY, LONDON, SE28 OAY 
Telephone : 01-854 9516 (3 lines) 

Telex: 8%016 
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