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Transactions and Communieations 

Goethe's contribution to colour physiology 
By J. D. Frazee 

Materials and Tests Division, State Department of Highways and Public Transportation, Austin, Texas 78703, U.S.A. 

Summary 

Johann von Goethe made significant contributions to the science his observations are buried in scientific works that are remarkable 
of physiological and psychological colour theory. Unfortunately, for their lack of objectivity. 

Keywords 

Properties, characteristics and conditions 
primarily associated with: 

materials in general 
colour 

Miscellaneous terms 
physiological optics 

La contribution de Goethe B la physiologie de couleur 

Johann von Goethe faisait des contributions importantes A la Malheureusement, ses observations sont enfermtes dans les oeuvres 
science de la thtorie de couleur et physiologique et psychologique. scientifiques dont le manque d'objectivitt est remarquable. 

Goethes Beitrage zur Physiologie der Farbe 

Zusammenfassung 

Johann Wolfgang von Goethe trug in bemerkenswerter Weise zu wissentschaftlichen Arbeiten, die fiir ihren Mangel an Objektivitat 
dem Wissen iiber die physiologische und psychologische Farb- bemerkenswert sind, begraben. 
theorie bei. Ungliicklicherweise sind seine Beobachtungen unter 

Introduction 

Refs. 1-4, 

In 1810, Johann Wolfgang von Goethe published his Theory 
of colours (Farbenlehre)'. Goethe (1749-1832). author of 
Werfher, Wilhelm Meister, and Faust, was Germany's greatest 
literary figure and a man of massive intellecta. However, his 
Theory of colours was not well received. The book represented 
the efforts of twenty years of study, thought, and experimen- 
tation, but the scientists of ~ u i o p e  were not impressed: 
"Everywhere I found incredulity as to my competence in such 
a matter; everywhere was a sort of repulsion at my efforts; and 
the more learned and well informed the men were, the more 
decided was their oppo~ition"~. 

This is not to say that Goethe was impressed by the views of 
his contemporaries: "As for what 1 have done as a poet, I take 
no pride in it whatever. Excellent poets have lived at the same 
time with myself; more excellent ones have lived before me, 
and will come after me. But that in my century I am the only 
person who knows the truth in the difficult science of colours 
- of that, I say, I am not a little prouP3. 

It is not difficult to understand why Goethe's treatise was 
not well received by the scientific community. In the first place, 
Goethe did not follow the analytical approach to science 
brought into service by such specialists as Lavoisier, Caven- 
dish, and Boyle and accepted by such fellow universalists 
as Franklin and Rumford. It was Goethe's outdated view that 
the unaidedeye should be the final arbiter of truth. Heshunned 
the use of telescopes and other impediments. (A complex 
personality, Goethe was, nonethless, an exact and tireless 
experimenter.) 

Goethe's second great folly was his personal and unreasoned 
attack on Newton (1642-1727). This, alone, was deemed 
sufficient cause to ignore Goethe's work. The battle over 
Newton's science had been waged and won a century before, 
but Germany was late coming into the cold, unromantic 
world of modern science. A considerable portion of Farben- 
lehre is given over to refuting Newton's Optics. Goethe's 
scientific friends could only marvel in disbelief that a poet 
should reopen the battle against the enshrined Newton. 

The theoretical conclusions that Goethe placed on his 
experiments further prejudiced his readers. Goethe's view of 
nature was that of the classical Greek school founded by 
Socrates and Plato and epitomised by Aristotle and his pupils. 
This view, which actually goes back to Babylonian times, held 
that at the base of existence there lies primal forms from which 
specialised forms appear. Goethe called them Ur phenomena. 
For example, the changing variety of plants that one en- 
counters in coming down a mountain side is due to the 
adaptation of primal plant forms to their environment, rather 
than the preferential growth of established forms. Such 
adaptation is possible, according to this view, because nature 
is in a state of continual flux4. Primal matter organised itself 
into contraries: heat and cold, moisture and dryness, positive 
and negative, revulsion and love, good and evil (and, of course, 
Goethe and Newton !). 

In his own time, Goethe's romantic approach to science, 
his attempt to overthrow Newton, and the superposition of 
theory over experiment, blurred his contributions to the 
physiology of colour and deprived him of the credit he 
deserved. Recent writers, mindful of his earlier unpopularity, 
tend to shy away from this flawed genius. 
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In this paper, the many errors in Goeth's Theory of colours 
have been set aside just as the alchemy of Newton, Boyle, and 
Priestley have long been forgiven. The interpretation of the 
prism experiment is discussed, but the main object of this 
paper is to establish, by quoted illustrations, that Goethe 
deserves consideration as one of the founders of the science 
of colour physiology. Furthermore, it is noted that Goethe's 
published works helped create the great German group of 
colour physiologists including Schopenhauer, Pukinje, Muller, 
Helmholtz, and Ostwald. 

Newton's hated spectre 

Ref,. 2. 5 

After having conquered the world of German literature, 
Goethe turned his mind to science. In 1790, at the age of 
forty-one, Goethe undertook the study of colour. A Pro- 
fessor Buttner at the University of Jena had lent Goethe some 
optical equipment. After allowing the optics to lie untouched 
for several months, he examined one of the glass prisms in a 
hurried circumstance. He recalled that at one of the physics 
lectures he had attended at the University of Leipzig a beam of 
white light had been broken into the colours of the rainbow. 
Goethe now held the prism up to his eyes and looked at the 
white wall of his room. Rather than seeing the expected 
rainbow of colours, only a few edge colours appeared. Goethe 
was astounded -was the great Newton's theory of light in 
error? 

Goethe consulted with a physicist, Herr Geheimrat, who 
pointed out that Newton's refraction experiments involved a 
narrow slit of sunlight and a careful arrangement of the prism 
in a darkened room5. This did not convince Goethe. He 
obtained a copy of Newton's Optics, not for the purpose of 
trying to reproduce Newton's prisim experiments, but rather 
to seewhyNewton had been in error. Goethewas offended that 
the prism experiments must be done in a darkened room. 
This was a subterfuge on Nature. Likewise, he could not 
approve of the way the light had to be forced through a small 
aperture in order to make it cough up its secrets. He noted, 
ingeniously, that one only had to make the aperture large, 
"and the beloved spectrum cannot and will not appearwa. 

Goethe naively thought that he had made a fundamental 
discovery. He compared himself to Columbus. He decided that 
all his future efforts would be directed at proving Newton's 
Optics to be in error. Goethe's best colour work, which has 
nothing to do with Newton and his prism, is only a part of his 
polemic against Newton. 

In his writings, he elected to give Newton's spectrum the 
earlier and more general name of "spectre" or phantom. 

Contributions to optics 

Within a year after undertaking the study of colour, Goethe 
published his first paper, "Contributions to optics" (BeitrEge 
Zur Optik). The title alone was enough to alienate the scien- 
tific community. Optics had always been thought of as a part 
of mathematics. Goethe not only had little formal training in 
this esoteric field, but was openly critical of reducing natural 
phenomena to the abstract relations of mathematics. "Its 
whole certainty is nothing but identity. Twice two is not four 
but simply twice two, which we call four for short. But four 
is no new thingw5. Goethe would have fit in quite comfortably 
with the linguistic analysts of today, but his attitude was 

hardly appreciated in the world of Laplace, Euler and 
Lagrange. 

Fig. 1. Johann Wolfgang von Goethe, one of the founders of physio- 
logical and psychological colour science, at age 42 (after an engraving 
by Johann Lips). l'he large, brown eyes that characterise Goethe 

portraits tit well with his strong visual sense" 

Fig. 2. A woodcut by Goethe showing a rainhow and an eye, super- 
imposed on the sun, triumphing over the prism and mirror" 

For the most part, "Contributions to optics" was simply 
ignored. Goethe decided, with some justification, that this 
was because he was not a "priest of the guild". His feelings 
toward Newton became more bitter. Preparing for a long 
battle, he undertook a study of the entire history of colour. 
He obtained the writings of Aristotle, Alhazen, Leonardo, 
Descantes, Maret, and Boyle. He eventually wrote an excel- 
lent history of colour theory. He had glass water prisms made 
so that he could study refraction phenomena outdoors in his 
garden. Later, he had a darkroom built in his garden so that he 
could attempt to prove Newton wrong by refuting his experi- 
ments. He became a tireless experimenter and his visual acuity 
in observing nature became legendary. In 1792 he drew up the 
six-numbered colour circle (red, orange, yellow, green, blue, 
and purple) that is still in use today for describing subtractive 
colour relations. He made an extensive study of how artists 
can best use colours to produce particular effects. His study 
of colour even found expression in his literature, particularly 
Faust. He wrote an entire novel (Chemical affinities) utilising 
chemical principles as the shaping force of the action. 
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T w e n t y  y e a r s  o f  s t u d y  

Reb.  3.5-9 

Shortly after publishing his first paper on "Contributions to 
optics", Goethe added a second part to this essay. The 
public remained unconvinced, and Geothe felt his efforts were 
being "shunted aside with little thanks and hollow dogmatic 
phrases". One scientist did give Goethe his blessing and, as a 
result, became his lifelong friend. The anatomist, Samuel 
Sommering, congratulated Goethe on his experiments in 
physiological optics, an aspect of colour that Goethe had 
examined only occasionally. With this encouragement, Goethe 
pushed on. "I can almost no longer see the place from where I 
started. I experiment ceaselessly." He remained convinced 
that Newton's theory would, in due course, "vanish into thin 
air. . . as it is only maintained by t r i ~ k s " ~ . ~ . ~ .  Nonetheless, 
Goethe's attention turned more and more to those areas of 
colour science that are now classified as the physiology 
and psychology of colour, and are fully accepted as 
co-equal parts of the several branches of colour science. 
(His time was not fully spent on colour. Rather, it 
balanced twenty years of remarkable activity which 
included the completion of his best literary efforts.) Goethe's 
eye for colour contrast and colour harmony became his main 
interest. He spent time in Italy attempting to understand the 
colour renderings of the artists in that sunny land. He had 
colour cards constructed with the intention of educating the 
whole populace on his colour theory. Eventually, he thought 
he had found his primal Ur phenomena in the form of a soap 
solution which showed one colour in transmitted light and a 
contrasting colour in reflected light (in the same manner as 
shown by skimmed He accumulated one of the most 
outstanding laboratories of light instruments in all of Europe. 
Friends and literary worshippers presented himwith all manner 
of equipment. Some of these, including the telescopeand polar- 
isingcrystals, he shunned, feeling that they impeded the human 
eye by complicating the problems of colour theory. Goethe's 
brilliance allowed much contradiction. His ego was 
monumental. His dedication to his various projects was 
staggering. 

In 1810, fearing the loss of his papers to advancing armies or 
an untimely death, Goethe sent to press his unfinishedmagnum 
opus. He continued to publicise his theories of colour the rest 
of his life. In fact, he fell victim to the same malady that 
pursued Newton and other legendary figures: His dying words 
were "More light !" Soon this translated into a motto of his 
life quest. In point of fact, he was merely asking his servant to 
open the window curtains5.%. 

O u t l i n e  o f  Z u r  F a r b e n l e h r e  

The Zur Farbenlehre is generally translated as Theory of 
colours. It is a massive work, consisting of three main parts: 
didactic, polemical, and historical. Only the first portion is 
readily available in English translation1. The polemic is a 
bitter refutation of Newton's colour theory. The historical part 
has been widely praised for its scholarship. 

The didactic part is divided into three main sections: 
physiological colours, physical colours, and chemical colours. 
Physical colours derive from light sources: the sun, a candle, 
etc. Chemical colours are those obtained by pigments, dyes, 
etc. The treatment of the three sources of colour is followed by 
sections dealing with such diverse topics as human colour 
associations and colour harmony. 

The scheme of the book is similar to that so skilfully 
employed by Newton in his Optics1". Goethe's explanation of 
orismatic colours makes no sense at all. More aenerallv. 
~ o e t h e  made no contribution to the physical aspects of 
colour because, having made a useful separation of colours 
into the physiological, the physical, and the chemical, he was 
unable to tie the parts together in a logical fashion. His lack of 
scientific training let him down; mere observation did not 
suffice to produce a theory. 

Physiological  c o l o u r s  

Refs. 1,9 ,  11-4 

Prior to Goethe's time, after images and contrast phenomena 
were variously thought to be ocular illusions, visual decep- 
tions, or reactions of the fatigued or malfunctioning eye. 

Goethe declared that they belong to the eye itself, in a 
healthy state. "We consider them as the necessary conditions 
of vision". The alternating quality of these effects with 
reference to the eye and objects under view tell us a great deal 
about the nature of human vision. Even those colour phen- 
omena, such as red-green colour blindness, "indicate. . . the 
existence of organic and physical laws. . . and afford a more 
complete insight into the nature of the physiological colours". 

In today's terminology, Goethe was dealing with what is 
defined as "colour perception", which includes contrast 
phenomena. Simultaneous contrast occurs when two colours 
are placed side by side. Their difference appears exaggerated 
with the result that the eye is capable of fine discrimination 
between similar colours. Successive colour contrast occurs 
when the eye views two different colours in succession. Both 
effects enhance the contrast between colours of different hue, 
causing each to move toward the complementary colour". 

After images are due to fatigue in the visual system. The 
more common negative after images occur when the eye gazes 
at a colour and then views a neutral area. The complementary 
or negative after image is produced. Positive after images are 
more fleeting and are most commonly seen when one looks up 
at an incandescent light while in the process of turning the 
switch. The positive after image may appear entoptically for 
five to ten secondsla. 

Contrast phenomena and after images relate to many 
visual effects, including coloured shadows, colour harmony, 
and irradiation phenomena. With this brief review we turn to 
Goethe's descriptions of perception phenomena in the 
Farbenlehre. 

Under the heading of "Physiological colours", Goethe first 
discusses the eye's adaptation to changes in lightingconditions: 

"If we pass from a totally dark place to one illuminated 
by the sun, we are dazzled. In coming from a lesser degree 
of darkness to light that is not dazzling, we perceive all 
objects clearer and better: hence eyes that have been in a 
state of repose are in all cases better able to perceive 
moderately distinct appearances". 

Next, the phenomena of irradiation is considered: 

"A dark object appears smaller than a bright one of 
the same size. Let a white disk be placed on a black 
ground, and a black disk on a white ground, both being 
exactly similar in size; let them be seen together at some 
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distance, and we shall pronounce the last to be about a 
fifth part smaller than the other. If the black circle be 
made larger by so much, they will appear equal"'. 

Irradiation is defined by Luckiesh as "an apparent increase 
in size of visual stimulus of relatively high intensity". It is 
thought to be due to the spreading of excitation to adjacent 
retinal  element^'^. 

Goethe then describes positive after images (and a safe 
method of observing them-looking at the sun is the poor 
way): 

"If in the morning, on waking, when the eye is very 
susceptible, we look intently at the bars of a window 
relieved against the dawning sky, and then shut our eyes 
or look towards a totally dark place, we shall see a dark 
cross on a light ground before us for some time. The 
duration of these visionary impressions varies with the 
powers or structure of the eye in different individuals, 
just as the time necessary for the recovery of the tone of 
the retina varies in passing from brightness to darkness: 
it can be measured by minutes and seconds, indeed much 
more exactly than it could formerly have been by causing 
a lighted linstock to revolve rapidly, so as to appear a 
circle". 

The same conditions can be used to produce an achromatic, 
negative, after image: 

"If, while the image of the window-bars before 
mentioned lasts, we look upon a light grey surface, the 
cross will then appear light and the panes dark. In the 
first case the image was like the original picture, so that 
the visionary impression also could continue unchanged; 
but in the present instance our attention is excited by a 
contrary effect being produced. Various examples have 
been given by observers of nature". 

Goethe's explanation of these effects is quite satisfactory: 

"These appearances have been explained as follows: 
That portion of the retina on which the dark cross was 
impressed is to be considered in a state of repose and 
susceptibility. On this portion therefore the moderately 
light surface acted in a more lively manner than on the 
rest of the retina, which had just been impressed with the 
light through the panes, and which, having thus been 
excited by a much stronger brightness, could only view 
the grey surface asa dark". 

It is explicit in Goethe's argument that after images and 
contrast phenomena are physiologically interrelated. This is, 
of course, quite true. Unfortunately, Goethe was not, as we 
shall see, always so succinct as in the case of after images. 

But when Goethe deals with what is nowcalled simultaneous 
contrast, he is still on firm ground. His first example involves 
achromatic colours: 

"A grey object on a black ground appears much 
brighter than the same object on a white ground. If both 
comparisons are seen together the spectator can hardly 
persuade himself that the two greys are identical. We 
believe this again to be proof of the great excitability of 
the retina, and of the silent resistance which every vital 
principle is forced to exhibit when any definite or immu- 
table state is presented to it. Thus inspiration already 
presupposes expiration; thus every systole its diastole. It 
is the universal formula of life which manifests itself in 
this as in all other cases. When darkness is presented to 

the eye it demands brightness, and vice versa: it shows its 
vital energy, its fitness to receive the impression of the 
object, precisely by spontaneously tending to an opposite 
state". 

Later, he gives a clear explanation of simultaneous contrast 
involving chromatic colours: 

"We have hitherto seen the opposite colours producing 
each other successively on the retina: it now remains to 
show by experiment that the same effects can exist 
simultaneously. If a coloured object impinges on one part 
of the retina, the remaining portion at the same moment 
has a tendency to produce the compensatory colour. To 
pursue a former experiment, if we look on a yellow piece 
of paper placed on a white surface, the remaining part of 
the organ has already a tendency to produce a purple hue 
on the colourless surface: in this case the small portion of 
yellow is not powerful enough to produce this appearance 
distinctly, but if a white paper is placed on a yellow wall, 
we shall see the white tinged with a purple hue. Although 
this experiment may be made with any colours, yet red 
and green are particularly recommended for it, because 
these colours seem powerfully to evoke each other". 

Next, dazzling objects are considered. ("If we look at a 
dazzling, altogethei colourless object, it makes a strong lasting 
impression, and its after-vision is accompanied by an appear- 
ance of colour"): 

"I happened to be in a forge towards evening at the 
moment when a glowing mass of iron was placed on the 
anvil; I had fixed my eyes steadfastly on it, and, turning 
round, I looked accidentally into an open coal-shed; a 
large red image now floated before my eyes, and, as I 
turned them from the dark opening to the light boards of 
which the shed was constructed, the image appeared half 
green, half red, according as it had a lighter or darker 
ground behind it. I did not at that time take notice of the 
subsequent changes of this appearance." 

Halo phenomena have been recently studied by a number 
of researchers including R. Meyer and N. Minnaert13.". 
There are numerous types of halos, including those associated 
with lights in a fog, sun and moon halos, and ground halos on 
fresh snow; 

"A light must shine moderately, not dazzle, in order to 
produce the impression of a halo in the eye; at all events 
the halos of dazzling lights cannot he observed. We see a 
splendour of this kind round the image of the sun re- 
flected from the surface of water. 

"Halos appear most vivid when the eye is susceptible 
from having been in a state of repose. A dark background 
also heightens their appearance. Both causes account for 
our seeing them so strong if a light is presented to the eyes 
on waking at night. These conditions were combined 
when Descartes after sleeping, as he sat in a ship, re- 
marked about such a vividly-coloured halo round the 
light". 

It is natural that Goethe, a great poet with a keen visual 
sense, should leave us with several quotable observations. 
The following one on successive contrast is frequently noted: 

"I had entered an inn towards evening, and, as a well- 
favoured girl, with a brilliantly fair complexion, black 
hair, and a scarlet bodice, came into the room, I looked 
attentively at her as she stood before me at some distance 
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in half shadow. As she presently afterwards turned away, 
I saw on the white wall, which was now before me, a 
black face surrounded with a bright light, while the dress 
of the perfectly distinct figure appeared of a beautiful 
sea-green". 

The most important contribution that Goethe made to lay- 
ing the foundation of modern physiological optics was in his 
insistence that contrast phenomena was due to opposing forces 
in the healthy eye: 

"Let a small piece of bright-coloured paper or silk stuff 
be held before a moderately lighted white surface; let 
the observer look steadfastly on the small coloured object, 
and let it be taken away after a time while his eyes remain 
unmoved; the spectrum of another colour will then be 
visible on the white plane. The coloured paper may be 
also left in its place while the eye is directed to another 
part of the white plane; the same spectrum will be 
visible there too, for it arises from an image which now 
belongs to the eye. 

"As the opposite colour is produced by a constant law 
in experiments with coloured objects on portions of the 
retina, so the same effect takes place when the whole 
retina is impressed with a single colour. We may con- 
vince ourselves of this by means of coloured glasses. If 
we look long through a blue pane of glass, everything 
will afterwards appear as if in sunshine to the naked eye, 
even if the sky is grey and the scene colourless. 

"We have, hitherto, seen the opposite colours produ- 
cing each other successively on the retina; it now remains 
to show by experiment that the same effects can exist 
simultaneously. If a coloured object impinges on one 
part of the retina, the remaining portion at the same 
moment has a tendency to produce the compensatory 
colour". 

A final example of Goethe's work on physiological colours 
should suffice to establish his line of inquiry. This example, 
one commonly cited for its prose beauty, involves coloured 
shadows. As Judd has noted, "Geothe knew all about chro- 
matic contrast"'. Although the terminology is missing, 
Goethe explained as early as 1792 the phenomena of coloured 
shadows. The effect had long been misinterpreted8. 

"In travelling over the Harz in winter, I happened to 
descend from the Brocken towards evening; the wide 
slopes extending above and below me, the heath, every 
isolated tree and projecting rock, and all masses of both, 
were covered with snow or hoar-frost. The sun was 
sinking towards the Oder ponds. During the day, owing 
to the yellowish hue of the snow, shadows tending to 
violet had already been observable; these might now be 
pronounced to be decidedly blue, as the illumined parts 
exhibited a yellow deepening to orange. 

"But, as the sun at last was about to set, and its rays, 
greatly mitigated by the thicker vapours, began to diffuse 
a most beautiful red colour over the whole scene around 
me, the shadow colour changed to a green, in lightness to 
be compared to a sea-green, in beauty to the green of the 
emerald. The appearance became more and more vivid: 
one might have imagined oneself in a fairy world, for 
every object had clothed itself in the two vivid and so 
beautifully harmonising colours, till at last, as the sun 
went down, the magnificent spectacle was lost in a grey 
twilight and by degrees in a clear moon-and-starlight 
night". 

Goethe's colour theory and Newton's 
prismatic colours 

Interesting, but less important, is Goethe's theory of colour 
vision. Goethe, who might be called the last Greek, took the 
classical view that colours result from the intermingling of 
light and darkness1*. 

Aristotle (or his student, Theophrastus) says, "If light is 
overspread with much obscurity a red colour appears . . . 
where the light is deficient, the air is affected by the darkness 
and appears blue"'. 

Likewise, Goethe was much affected by that original 
genius Leonardo da Vinci, "Blue and green are not simple 
colours in their nature, for blue is composed of light and 
darkness; such is the azure of the sky, viz., perfect black and 
perfect white." 

To supplant Newton's physical colours, Goethe evolved 
"the theory of opaques". An example of this theory might be 
the following: the sun near noon viewed through the 
atmosphere is a dazzling white; as it approaches the horizon 
it tends toward yellow; near sunset brilliant reds appear, 
particularly if obscuring clouds are near the line of vision; 
finally, the clouds turn blue and darken as the sun dips below 
the horizon. 

Next, consider what happens when light passes through a 
glass prism. The appearance of the various colours on the 
adjacent walls had been observed and commented on since 
antiquity. The classical explanation, the one used by Robert 
Hooke in 1672 to answer Newton at the outset, was that the 
spectral colours were not revealed by refraction, but rather 
created by interaction with the prism16. 

Goethe derived his position on the spectral colours from 
his theory of opaques. When it is considered that Goethe had 
twenty years to develop his attack on the long-departed 
Newton, his explanation of prismatic colours seems par- 
ticularly weak. Since Goethe's argument is convoluted by 
his desi~e to minimise the importance of the prism, the 
summary explanation given by Magnus is quoted here. When 
an image of the sun is projected through a prism on to a white 
wall, there are really "two images-a main image and a 
secondary image, just as a poorly made mirror reflects 
objects double, once from the posterior and once from the 
anterior surface of the glass, one image seeming to hover in 
shadowy fashion above the other . . . All these colour 
phenomena were explained by Goethe on the assumption 
that the secondary image is a semi-transpalent medium 
through which the main image is seen"8. 

In other words, the colours produced by the prism result 
from viewing white light through intervening medium of 
reflected light. In short, Goethe made no contribution to our 
understanding of prismatic colours. 

Ironically, Newton's own "crucial experiment" did not, in 
fact, establish the nature of prismatic colours. Sabra has 
stated the case quite clearly: "Newton's fundamental theory 
must be understood in relation to the prevailing doctrine of 
refraction . . . it was the shape of the spectrum, not the 
colours in it, that formed the basis of his arguments . . . 
Newton argued that if colours were modifications of light due 
to the action of the reflecting or refracting bodies, then these 
bodies should produce the same effects whether the light 
falling on them has been already disturbed or not. But the 
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consequence was proved false by the experimenturn crucis: 
the rays emerging from the first prism preserved their respective 
colours and degrees of refrangibility upon their refraction 
through the second prism. Therefore, Newton concluded, 
colours must be unalterable properties of the rays and, 
consequently, white light must be an aggregate of rays that 
already possess those properties. 

"This conclusion, however, does not follow from the 
experiment. What the experiment does prove is that the light 
emerging from the first prism behaves differently from light 
coming directly from the sun. But it does not prove that the 
properties of the refracted light exist primarily and unaltered 
in white light. I t  might well be that those propelties are 
manufactured out of white light by the first prism, but, once 
generated, they are not alterable by further  refraction^"^. 

Newton achieved an  internally consistent theory of pris- 
matic colours by assuming that light consisted of particle 
waves. R. S. Westfall has emphasised that Newton's doctrine 
cannot be deduced, "without adding his belief in atomism as  
a necessary premise"17. 

T o  Newton, atoms were the bedrock of reality (see Optics, 
Reference 9, Query 31). Newton's belief in atomism finds its 
correspondence in Goethe's U r  phenomena. Historically, 
Newton's doctrine of colours found eventual acceptance for a 
number of good reasons: the wave theory of light was only 
then being developed, while atomism was much in vogue. 
Newton's optical experiments were absolutely remarkable 
(particularly the work on the colours of thin films). The 
publication of his experiments and ideas in Optics was one 
of the greatest scientific presentations of all times-readable, 
convincing, and yet modest. Newton's reputation awed his 
friends and overwhelmed his critics19. Finally, Newton's 
atomistic approach to  light fitted the available facts as  well or 
better than any competing theory of the time11*13. Scientific 
historians might find it useful t o  compare these circumstances 
to  those that surrounded the publication of Goethe's 
Farbenlehre. 

Before closing the record on  Newton's theory of colours, 
it is worth pointing out that later findings have been super- 
imposed on his own recorded observations in a way that 
often favourably distorts Newton's already considerable 
insights. For  example, Newton never measured a wave 
length. Yet, we have authors saying such things a s  "modern 
research has confirmed the relationship between wave length 
and colour naming given in Newton's original  experiment^"^^. 
This despite the fact that the term "primary colours" is 
entirely arbitrary in any event. 

Optics concludes with a selies of provocative questions; 
among them is the perceptive suggestion that light can behave 
like particles of matterz1. This statement would be more 
meaningful if it stated that Newton suggested that light 
exhibited wave-like properties for we know that he was an 
atomist. Finally, consider the statement that "since Einstein's 
theory of photons of 1905, many writers have called attention 
to  the similarly between Newton's views and those of the 
twentieth century.z2" 

On the other hand, when the brilliant Thomas Young 
(1773-1829) proposed the wave theory of light, he was battered 
from all sides despite his openly acknowledged use of Newton's 
own precise measurements. Measurements which Young used 
to calculate wave lengths with high accuracy. A lesser 
scientist, such as  Goethe, should not have expected a 
favourable reception from the "members of the guild". 

Conclusions 

Goethe deserves his share of credit as  one of the founders of 
physiological and pyschological colour science. It can be seen 
that by failing to  follow the rules of the scientific society, 
Goethe's efforts were ignored. Authority somehow creeps 
into the halls of science as  a necessary arbiter of what is 
accepted as  correct. Still, Goethe was his own worst enemy. 
His attacks on  Newton were intemperate and insubstantial. 
The German genius would not have been satisfied with merely 
making a contribution to colour theory, but the contribution 
is there. As Deane B. Judd notes in his introduction to  the 
Theory of colours, we now freely accept that there is mole to 
colour vision than just wave length1. 
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Summary 

When M(II) is Mn, Co or Cu, preparations of cubic ferricyanide absorption spectra. Contrary to other ferricyanides, Fe(I1) [Fe(lII) 
usually result in a slngle compound M(I1) [M(II)Fe(llI)(CN)6], no (CN)6], is not formed, compounds of the type KFe!II)Fe(III)(CN)s 
matter what other catlons are present. Compounds of the type being the preferred product. This anomalous behavlour has resulted 
KM(II)Fe(llI)(CN)6 can be made with difficulty and are character- in the incorrect formulation of Prussian blue by many authors. 
ised by a smaller axial length and different infrared and Mossbauer 
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La s t r u c t u r e  d u  b l e u  de Prusse 

Quand M(I1) est Mn, Co ou Cu, la preparation du ferricyanure 
cubique aboutit en general a un simple compod, M(II)[M(II)Fe 
(III)(CN),],, quel que soit les autres cations qui sont presents. On 
ne saurait preparer les compods du type KM(II)Fe(lII)(CN), 
qu'avec difficult6 et ils se caracterisent par une longueur ax~ale 
reduite et aussi par les spectres d'absorption a I'infra rouge et 

Mossbauer differents. Contairement a d'autres ferricyanures, 
Fe(ll)[Fe(III)(CN),], n'est par produit, les composes du type 
KFe(ll)Fe(III)(CN), sont les produits favorises. A cause de ce 
comportement exceptionnel, plusieurs auteurs ont accord6 une 
formule fautive au bleu de Prusse. 

D i e  S t r u k t u r  v o n  P r e u s s i s c h b l a u  u n d  A n a l o g e n  

Zusammenfassung 

Wenn M(I1) aus Mn, Co oder Cu besteht, erhalt man gewohnlich verschiedene infrarote und Mossbauer Absorptionsspektra charak- 
Praparate von kubischem Ferrizyanid als eine einzige Verbindung terisiert. Im Gegensatz zu anderen Ferrizyaniden wirdFe(II)[Fe(III) 
M(II)IM(II)Fe(III)(CN),1,, unabhangig von der Anwesenheit (CN),], nicht gebildet, vorzugsweise dagegen Verbindungen des 
anderer Kationen. Verbindungen des Typs KM(II)Fe([ll)(CN), Typs KFe(II)Fe(lII)(CM., Wegen dieses abnoven Verhaltens 
sind schwierig herzustellen und durch kleinere axiale Lange und benutzten viele Autoren falsche Formeln fiir Preuss~schblau. 

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

Refs. 1-10 

which are definitely not cubic, e.g. Ag,Fe(CN)63.4, T13Fe 
(CN)63 and even K3Fe(CN)64 to  name perhaps but a few. 

M~~~ statements have been made in the scientific literature Particle size investigation immediately reveals the cause of 

concerning Prussian blue and its analogues, but perhaps the many of the problems encountered, viz. the meaninglessness 
most significant is that of ~~~~i~ and Miles': ' L T ~ ~  whole of chemical analyses because of the effects of surface absorbed 

subject is surprisingly confused i n  spite of the large volume of ions. The compounds are structurally ordered and the widths 
work which has been Dub,ished-. M~~~ recentlv wilde. ~ h ~ ~ h  of the x-ray diffraction powder lines gives an  average particle 

and MarshallP state ';1n soite of a lawe number of ~hwerful  size by the - 
physical methods such as  x-ray analysis, visible-ultraviolet 
transmission and reflectance spectroscopy, magnetic suscept- 
ibility studies and Mossbauer spectroscopy having been 
brought t o  bear on the structural problem of Prussian blue, 
there is still uncertainty as  to the actual constitution of 
Prussian blue and thelargenumberof Prussian blueanalogues". 
In fact, the literature is full of what perhaps is best described 
as  attempts by authors t o  rid themselves of a somewhat 
intractible problem by publication. 

The situation has not been helped by the erroneous addi- 
tion to  the list of Prussian blue analogues of a few compounds 

Here p, measured in radians, is the integral breadth 
(integrated intensity/maximum intensity). h is the x-ray 
wavelength, Oo is the Bragg angle and L is the average particle 
dimension. L is found to be about 150Aforman~  preparations. 
A 58, adsorbed layer on a cubic particle of 150A edge con- 
stitutes 18 per cent of the total volume. Another important 
factor is the adsorption of water by the precipitates. The 
authors have found it impossible t o  distinguish between 
surface water and interstitial water, thermogramametric 
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analysis giving regular dehydration to the point of decomposi- 
tion. Water has not been included in the structural formu- 
lations used in this paper. The particle size is such that the 
precipitates have colloidal properties. The presence of excess 
highly charged negative ions such as and Fe(CN),,- 
causes dispersion of the precipitate, whilst the presence of 
excess highly charged positive ions such as CO(NH,)~,+ causes 
flocculation. Such considerations have been used successfully 
in attempts to produce larger particles and thus obtain better 
x-ray diffraction data. 

The confusion of the picture has been increased by the 
assertion by many authors, and summarised by Hansen, 
Litchman and Daub6, that Prussian blue has the formulation 
KFe(III)Fe(II)(CN)6 despite the fact that electrode potentials 
indicate that Fez+ and Fe(CN)63- are the stable species in 
aqueous solution. The acceptance of this formulation has 
probably come about from the Mossbauer study of Duncan 
and Wigly ', for which the presence of only two Mossbauer 
absorbers precludes formulations of Fe(III),[Fe(lI) (CN)J, or 
Fe(II)3[Fe(III) (CN),], despite the fact that van Bevers and 
Weiser Milligan and Batesg expounded a model for the 
Prussian blue analogues incorporating a transition metal ion 
rather than a potassium ion in their structures to make up the 
charge balance. Keggin and Miles', however, when postu- 
lating the basic M(II)Fe(III) (CN), framework of the Prussian 
blue analogues, proposed that either an alkali metal ion or a 
transition metal ion could make up the charge. 

The authors attempted to make and identify a range of 
Prussian blue analogues: M(II)[M(II)Fe(III)(CN)612, N(I)M 
(II)Fe(III)(CN)6 and N(II)[M(II)Fe(III)(CN)& where M(1I) 
=Mn, Co, Ni, Cu, Cd, Zn, Pb, Hg; N(I)=Li,Na, K,NH,, 
H30, Cs; and N(II)=Mg, Ca, Ba. 

Axial length, x-ray intensity and infrared measurements 
have permitted the classification of the preparations into two 
discrete classes: those unsuccessful and those wholly or partly 
successful10. This latter class is quite small and the measure- 
ments enable it to be stated that Prussian blue is the same as 
Turnbull's blue and has the formula KFe(II)Fe(III)(CN)6 in 
agreement with the result expected from electrode potentials 
of the aqueous ions. 

Preparative methods 

A casual perusal of the literature would suggest that the ion 
incorporated into the cubic M(II)Fe(III)(CN),- lattice to 
neutralise the charge simply depends on which cation is 
present in excess. This is definitely not so. The initial attempts 
to prepare KCO(II)F~(III)(CN)~ gave an identifiable two 
component mixture, the proportions of which could be altered 
by the preparative method. Only then was it realised that for 
other preparations using a different M(I1) there was a tendency 
to make the same compound every time, the only difference 
being the surface adsorbed ions which can be a large percent- 
age of the total precipitate. 

It was found that Pba+ and Hga+ do not form Prussian blue 
analogues, in agreement with van Bevers. However, in dis- 
agreement it was found that Prussian blue analogue using 
Zn2+ could not be formed. For Cda+, a Prussian blue analogue, 
viz. Cd(II)[Cd(II)Fe(III)(CN)&, was formed only when Cds+ 
was in excess. An explanation of the frequent failure of 
attempts to prepare compounds of the types N(I)M(II)Fe(III) 
(CN), and N(II)[M(II)Fe(III)(CN)6]2 is the possibility of 
reactions of the type. 

The most success with this range ofcompounds was obtained 
by keeping the reactant solution saturated with respect to the 
highly soluble salts, N(I),Fe(CN), (or N(II),[Fe(CN),12). 

Contrary to the general pattern, whereby M(II)[M(II) 
Fe(III)(CN),], compounds are readily formed, no evidence 
could be produced for the formation of Fe(ll)[Fe(II)Fe(III) 
(CN)6]2 in any preparation. Thus, purposely, M(II)=Fe is 
omitted from the discussions at this stage. 

Preparation of M(LI)[M(II)Fe(ILI)(CN),1, 

A simple method of preparation is the dropwise addition of 
dilute K3Fe(CN)6 to a strong solution of excess M(II)CI2. 
Particle sizes of 200-250A were generally obtained in this 
manner. Larger particles, 400-660A could be obtained by 
following a method, analogous to an attempt to produce Mg 
[M(II)Fe(lll)(CN),IZ (see Figure I). 

I 

Fig. 1. Powder x-ray diffraction traces of Ni[NiFe(CN)a], using 
different preparative methods. The narrower lines correspond 

to the larger particle size 

Co(NH,),Fe(CN), is usually rather insolublel1 but solutions 
of this compound can be made using heated (60-70") saturated 
MgC1, solution as solvent. A solution of dilute M(II)C12 in 
saturated MgC12 solution is dropwise added. Neither 
CO(NH,),~+, nor Mga+ isincorporated in the structure, but the 
presence of excess highly positive ions aids particle growth by 
neutralising the surface charge of the precipitate. As might be 
expected, a preparation by mixing NiCO, and H3Fe(CN), 
resulted" in very small particles 100-1 50A. 

Preparation of KM(LI)Fe(III)(CN)6 

A dilute solution of M(II)CI, in saturated KC1 is added drop- 
wise to saturated K,Fe(CN), solution. Even with a K:M(II) 
ratio of 100:1, pure KM(II)Fe(lll)(CN)6 could not be 
made except for M=Co. Particle sizes of about 150A are 
obtained by this method, the excess Fe(CN),,- preventing 
large particle growth. 



;~:c~ec~secl st(~blIlt\ 1 1 )  tl7c I I ~ I ~ I C I  tlr\;111y il(.~qcs 
It ~ I I I I ~ I I ~  111oke5 CI gooci ~ ~ o ~ r i l  ?]IC><II Aclcl a <  

Methoeel 17~1s cjooci ~ e i ~ ~ l i l l l t r  to eiizyl1rr 
~ - ~ t t c ~ c l ~  1 1  helps give ~ I C I I I ~ ~  (I Iony sl-irlt lblc 
Let us ~ I O V F '  I to you Wllte tot nlole 
c!etrl!> inow 

Dow Cliemicc~l COIII~J~I~I~ Ltcl 
Hec~l t i~ow House, Bc~tll Roi~cl. Hovilsiow 

TWS 9QY. Te 759 2600 
I) GroveCli(111i0~1 5 .  G1t~1- i  Lc~ric.W~Imilo~v. 

Cl7esi711e SK9 1 LN Tel 27 131 
c Swu17 Ot tce Centle, 1508Covent1~ Koc~ci. 

Yc~~cl ie~,  B I I ~ I ~ C J ~ I C I ~ ~ ~  625 BAD. 
Tcl 021-707 2525 
..................... 
p~ecise ccttcrch this coul)on to y o u ~  lettel - 
liendtng, stcttlng ~ ~ I J I  nclnle c11icI sericl to one 
ot tlie c~diesses c>l~ove lo1 futthel cletc~lls 
ot METHOCEL 

Adds body to your paint 
.................... A 

ademark of The Dow Chemlbd COmPW 



h om bit an@ Titanium Dioxide, a work of a r t  and science. 
Our painting in white. 

Consistently white pigments have been our claim to fame 
for a century. 
Our paint pigments are produced in a number of grades 
for specific tasks: 
Hombi tan  R 511 is a universal pigment with extremely 
good optical efficiency and improved dispersibility for all 
types of paints. 
Hombi tan  R 506 is a special pigment for high loaded 
indoor paints. It has verv high tint reduction. scattering 
power and good weather resistance. 

Hombi tan  R 210 is a pigment with very high scattering 
power for pure white industrial finishes and indoor uses. 
giving high gloss without hazing. 

Hombi tan  R 611 is universally applicable, easily 
dispersed and gives outstanding weather resistance to  
exterior finishes. 

All Hombitan paint pigments are made in our own plant 
to  strictly controlled standards and have a world-wide 
technical backing. 

If you'd like to know more about our competitively 
priced, readily available Hombitan masterpieces, get in 
touch with our UK sales office hy telephone, telex or 
letter. 
They will be pleased to  put you in the picture. 

B Z l  =SACHTLEBEN<< 
Chemie GmbH D4100 Duisburp 17 

UK Sales Office, 56 High Street. 
Edenbrldge, KentTN8 5AJ 
Telephone (0732) 863694 Telex: 95297 

Manufacturers of Hombitan8 R 511, Hornbitan@ R 506, Hornbitan@ R210, Hombitan8 R 611. 



1978 (3) THE STRUCTURE OF PRUSSlAN BLUE AND ANALOGUES 7 1 

Attempts a t  prepamtions of N(I)M(IJ)Fe(lII)(CN)6 and x-ray diffraction but mixtures of CsM(II)Fe(CN), and M(I1) 
N(II)[M(II)Fe(lll)(CN),],. [M(II)Fe(CN),], are formed for M(I1) = Cu,Ni,Mn. 

NH,CoFe(CN), was prepared by the dropwise addition of 
CoCI2 in strong NH4CI solution to Co(NH,),Fe(CN), in 
strong NH4CI solution. No success was obtained when trying 
to make other compounds in this group by this method. 
Modifications of the previous method, using different soluble 
salts of Fe(CN)63- were also attempted with varying success. 
Preparations of these soluble salts by the addition of the 
relevant carbonate to H,Fe(CN), gave lZ a certain amount of 
decomposition product which had to be filtered out of the 
solution. A simpler preparation is by theaction of asolution of 
the relevant chloride on Ag,Fe(CN),, giving AgCl and the 
soluble salt in solution4. It is difficult to make this reaction 
proceed sufficiently to be useful. Possibly this is because the 
Ag,Fe(CN), was prepared from Co(NH,),Fe(CN), and 
AgNOa rather13 than from K,Fe(CN), and AgNO, in order4 
to keep K+ ions from the preparations. Infrared analysis of 
the preparation in the CN stretching region indicates a single 
CN stretch at 2160cm- l, whereas a preparation using AgNO, 
in excess with K,Fe(CN), yields two equally strong absorp- 
tions at 2l00cm ' and 2170cm-I. A preparation using strong 
KNO, solution as solvent for a dilute AgNO, solution gave a 
product exhibiting four strong absorptions at 2100,2120,2140, 
21 60cm I. In all cases theseabsorption bands are much sharper 
than for cubic ferricyanides and the frequencies quoted are 
completely resolved and quoted to &5cm- I. Chemical 
analyses13 justify the assumption that Ag,Fe(CN), is not the 
product of the reaction using K,Fe(CN),. 

A paper by Prout, Russell and Grohp* on ion exchange 
absorption of Cs on to the Prussian blue analogue made from 
Cop+ and Fe(CN),4- suggests that Rbt  and Csf should be 
readily incorporated into the cubic lattice and displace both 
CoZ+ and Ki irreversibly from interstitial sites in the CoFe 
( C N ) , *  lattice. It would appear from their paper that there is 
again competition between K+ and CoZ+ for these sites. 

Preparations of CsM(II)Fe(lll)(CN), were made by add- 
ing K,Fe(CM), dropwise to a solution of M(II)CI, with a 
two fold excess of CsCI. These conditions would not produce 
KM(II)Fe(lll)(CN),. Pure CsCo(ll)Fe(lll)(CN), is prepared 
by this method as shown by both the infrared spectrum and 

Particles sizes were - l00A for these preparations. 

Identification and classification of compounds 

X-ray diffraction data was collected on a Phillips automatic 
powder diffractometer fitted with a Geiger counter tube and a 
chart recorder. A high intensity Co x-ray tube was used giving 
CoK, = 1.7900A. Infrared spectra over the range 250-4000cm- 
were recorded on a Perkin Elmer 521 recording spectro- 
meter using capillary films of mulls between KBr and CsBr 
plates. Instrument calibration is accurate to Icm-l. The 
bands examined were all broad, half widths varying between 
20cm-' and 80cm-I. The Mossbauer spectrometer used was 
built to a design described by Ruegg and Spj;kerman14. The 
source used was lOmc Co5' in Pd foil. Measurements were 
obtained at liquid nitrogen temperature (77K) and room 
temperature. Calibration of the instrumsnt was with a stand- 
ard soft iron foil using the positions of the six line spectrum 
and with sodium nitro-prusside for which AEQ=1.726mms-'. 
Isomer shifts were measured with respect to the midpoint of 
the sodium nitroprusside spectrumlb. 

Axial lengths of the various cubic ferricyanides are given in 
Table I .  The salient feature of these mzasurements is that the 
axial lengths of KM(II)Fe(III)(CN)6 compounds are appreci- 
ably smaller than the axial lengths of the M(II)[M(II)(Fe(III) 
(CN),], compounds, even though the latter compounds are 
preferably formed; M(I1) is a smaller ion than K and there are 
fewer M(1I) ions required. The observation of Keggin and 
Miles1 that the blues having no alkali metal present have an 
unusually high water content can be interpreted by suggesting 
that the interstitial M(I1) is hydrated and this hydration 
causes the lattice expansion of 2-4 per cent. This difference in 
axial length is readily determined, see Figure 2. 

The infrared spectra are discussed in detail elsewhe~e'~. 
Band assignment can be msde by comparison to K,Fe(CN),. 
Using the notation recommended by Mulliken'' and adapted 

Table I 
Axial lengths (a)  of cubic ferricyanides 

~- - 

(i) Compounds of type M(II)[M(II)Fe(III)(CN)slI 
M(I1) Mn Co Ni Cu Cd 

Axial length (a) 10.51(2)A 10.29(2) 10.25(2) 10.20(2) 10.63(3) 

(ii) Compounds of type N(I)MfII)Fe(lll)(CN)~ and N(II)[M(II)Fe(lll)(CN)s12 
MfII) Co Co Co Co Co Mn Mn 

N(I) K Cs NH4 H30 - K Cs - - - - - - Ba 
Axiallength 9.91(4) 10.03(8) 9.95(4) 10.02(4) 10.02(4) 10.11(8) 10.57(10) 

M(II) Ni Ni Cu Cu Fe Fe Fe 
- --- 

N(I) K Cs K Cs Li K Cs 
N(II) - - - - - - 
Axiallength 10.06(8) 10.20(10) 10.10(8) 10.10(10) 10.18(4) 10.18(4) 10.21(1) 

N(1) H,O - - 
N(II) Mg Ba 
Axial length 10.1(1) 10.2(1) 10.2(1) 
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Fig. 2. A powder diffractometer trace of a preparative mixture of 
Co[CoFe(CN)a], and KCoFe(CN)a. The K compound has the 

shorter axial length and appears to he the major component 

by James and Nolan18 infrared active TI,, modes are assignated 
v6 CN stretch, v7 FeC stretch, and v, FeCN bend. The higher 
frequency band in the 500cm-' region was assigned to metal 
ligand stretch a t  variance with Jonesla, but in agreement with 
Nakagawa and ShimanouchizO. Results are given in Table 2. 

Table 2 

Frequencies(cm-') ofspectralfeatures of M ( I I ) [ M ( I I ) F ~ ( I I ~ ) ( C N ) ~ ~ I  

M(I1) v ~ C N  stretch* v7FeC stretch v,FeCN bend 

Mn 2146 2068 527 425,413 
CO 2146 2091 527 425 
Ni 2161 2091 530 427 
Cu 2166 2091 539 439 
Cd 2135 2070 525 410 
K,Fe(CN)e 21 13 510 390 

*The higher frequency CN mode is the more strongly absorbing 
by a factor of about 3. 

Frequencies of spectral features of N(I)M(II)Fe(lll)(CN)~ and 
N(Il)[M(lI)Fe(lll)(CN)al~ 

21461 t f 
2116 2001 d0 $7 2 7  4?5 c*it 

Fig. 3. The infrared spectra of Co[CoFe(CNk12 and .KCoFe(CN)a 
showing the regions of the vs, v, and a,  frequencies 

The spectra of pure KCOF~(CN)G and pure Co[CoFe(CN),], 
are shown in Figure 3 and the spectra of various mixtures of 
KNiFe(CN), and Ni[NiFe(CN),Iz are shown in Figure 4. 

Fig. 4. The infrared spectra of (a) pure Ni[NiFe(CN),,ll and (b) and 
(c) mixtures of Ni[NiFe(CN),,12 and KNiFe(CN),,. Pure KNiFe 
(CN)a could not he made. The regions of the v6, V ,  and r8 frequencies 

are shown 

The evidence for the non-manufacture of other compounds 
is by comparison of x-ray powder photographs using both 
intensities and axial lenpths, and by comparison of infrared 
spectra. It should be noted that all the preparations used 
C1 ions rather than SO,' ,NO, , etc. This simplifies the 
infrared spectra. Preparation using sulfate ions do  show effects 
of the surface activity of these ions in the infrared spectra. 

Mossbauer Spectral results are given in Table 3. 

Table 3 
Miissbatrer Spectral resulls in 111111 s ' ( I 0.05nln1 s ') 

Compound AE, at 6 AE, 6 
295K at 77K 

- -. 
Mn(MnFe(,CN)d2 0.24 0.11 0.70 0.18 
Co(CoFe(CN)e), 0.36 0.12 0.90 0.15 
Ni(NiFefCN)e)2 0.41 0.16 0.72 0.22 
CU(CUF~(CN)~)Z  0.55 0.19 0.82 0.12 
Cd(CdFe(CN),,)> 0.39 0.19 0.84 0.23 
KCoFe(CN)a 0 0.14 0 0.21 
NHnCoFefCN)~ 0 0.18 0 0.30 

*KFeFe(CN )e 0 0.16(0.77) 0 0.27fO.Y3) 
*LiFeFe(CN )a 0 0.20(0.90) 0 0.27(1.03) 
*H,0FeFe(CN)6 0 0.15(0.91) 0 0.26(1.041 
*Mg(FeFe(CN)& 0 0.20f1.07) 

*A broad peak showing no apparent quadrupole splitting gives a 
shoulder on the KFeFe(CN)e spectra, but a resolved peak for the 
other starred compounds. 
Values of 6 for this extra Fe atom are given in brackets. 

These results roughly agree with those of Hrynkiewicz, 
Sawicka and Wawicki2' for the M(II)[M(II)Fe(Ill)(CN),1, 
complexes. The quadrupole splitting gives almost completely 
resolved peaks of the single Mossbauer absorber at 77K. 
There is no quadrupole splitting for KCoFe(CN), and 
NH,CoFe(CN),, nor for the Prussian Blue. 

Discussion 

A detailed interpretation of the infrared spectra is published in 
another paper" and a discussion of structural models is 
expounded along with x-ray structural analyses in a further 
paperae. 
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The splitting of the v6 frequency for M(II)[M(II)Fe(lll) 
(CN),], complexes can only be interpreted by having two 
chemically distinct CN groups in these  structure^'^. 

The expansion of the M(II)Fe(lll)(CN), lattice for the 
M(II)[M(II)Fe(lll)(CN)& compounds reduces the size of the 
modification to the K,Fe(CN)<, vibration frequencies com- 
pared with the N(I)M(II)Fe(lll)(CN)h compounds. 

Prussian blue fits into the pattern ror its formula to be 
KFe(ll)Fe(lll)(CN),. 

The single CN vibration frequency is in no way anomalous 
despite assertions to the ~ o n t r a r y ' ~ ~ ' ~ ~ ' ~ ~ ~ ~ ~ ' ~ .  The lack of 
quadrupole splitting in the Mossbauer supports this form- 
ulation. The isomer shifts of the two absorbers only indicates 
that there is a high spin and low spin ion present and that 
there is not a third type of Fe in the spectrum. Duncan and 
Wigley's7 interpretation is dependent on the insistence that 
Fe atoms in certain electron configurations must show a 
quadrupole splitting, even though an environment of exact 
cubic symmetry precludes this. Thus, an ill-defined shoulder in 
the KFeFe(CN), spectrum is interpreted as a quadrupole 
split Fe3+ ion, instead of a broad unsplit band of an 
Fez+ ion, and for the freshly prepared Fe(ll)/FeZi compound, 
one half of a supposedly quadrupole split Fez+ is conveniently 
hidden under an unsplit band for Fe(ll). The authors consider 
that the quadrupolesplittingof the M(II)[M(1I)Fe(III)(CN),], 
compounds is associated with the idea that there are two 
chemically distinct CN groups in these compounds, whilst 
only one CN group in compounds of the type KM(II)Fe(lll) 
(CN), as shown'6- 2 2  in the observed CN stretching frequen- 
cies. The absence of detectable splitting of either the high spin 
Fe(ll) or low spin Fe(lll) for N(II)[FeFe(CN),],, N(II)= 
Mg,Ba implies the point charge distribution of these N(I1) ions 
does not greatly effect the Fe atom environments. The N(I1) 
ions cannot be distributed to maintain a purely cubic sym- 
metry of the Fe sites. 

The only remaining arguments for the formulation of KFe 
(III)Fe(ll)(CN), is the paper by Robinzs on the electronic 
spectrumof Prussian blue andmagneticsusceptibility measure- 
rnent~"~~".Theselatter measurementsdependonchemicalanaly- 
sis, including identification of impurities and, since Prussian 
blue particles are less than l00A in dimension, such measure- 
ments are of dubious merit. Robin's paper is highly empirical. 
interpreting the spectrum by shifting an electron from a low 
spin Fe(ll) in a C hole to a high spin Fe(lll) in a N hole. He is 
motivated by the apparently corroborative evidencementioned 
above. There thus seems small reason to disagree with the 
result predicted from electrode potentials. 

The infrared vibration ,I, varies more in value than v7 and 
this supports the proposition that v7 is the metal ligand 
vibration frequency1? The ionic radii of Kf, NH,+, H30+ and 
Baz+ are all very similar ( -  1.3A) and this seems to be the 
lower limit of ionic radii for which alkali metals and alkali 
earths can compete with M(I1) species other than Fe(1l) for 
incorporation into the lattice. The ability to prepare KM(I1) 
Fe(lII)fCN),would appearto becorrelatedtothev,(FeCN ben- 
ding)frequency. Prussian blue(v, -489cm ')iseasily made. For 
M =Co(v, =537cm ') the compound can be made pure with 
difficulty, whilst for M N i  (v, -5R4cm-I), M -Cu(v8=581 
cm ') and M Mn(v, - 590cm-I), pure compounds cannot 
be made. Only one strongly absorbing band (see figure 4) was 
found in the 500cm I region for each of these final compounds. 
Investigation shows that Fe(ll)[Fe(lll)(CN),]2 is very difficult 
to make and all attempts have failed. 

The uncertainty in both spectral frequencies and axial 
lengths makes it difficult to distinguish effects associated with 
the choice of N(1) and N(I1) species apart from the observa- 
tions that Cs complexes have longer axial lengths than K 
complexes and the Mossbauer spectrumof the high spin Fe(I1) 
in Prussian blue may be resolved by appropriate choice 
of N(I) and N(I1) species. 

To the paint and ink technologist colour is an important 
feature of these compounds, but like so many important 
properties it is difficult to discuss quantitatively starting from 
the atomic structure. Robin3" has given a theoretical basis for 
the colour of Prussian blue and his reasoning may be extended 
to the analogues discussed in this paper. The transition 
responsible for the blue colour in KFe(lll) Fe(ll) (CNI6 
occurs at 14700cm-' and is an electronic transition from an 
Fe(lll) atom to an adjacent Fe(ll) atom. Since the authors' 
crystal structure studies show that both of these atoms are 
in an octahedral environment, the valence electron levels will 
be split in the same manner for each oxidation state and the 
transition will be between t , ,  levels. This transition is quite 
common in compounds having both Fe(ll) and Fe(ll1) ions 
present. For example. the compounds formed between [Fe(ll) 
(CN),X]" ions and Fe(lll) ions where X is H,O, NH,, 
As0,-, SO,,-, NH,NH, or CO are all deep blue and 
exhibit electronic spectra similar to that of Prussian blue. 

It is possible to extend this qualitative approach to include 
other types of compounds, but result? must be treated with 
caution. Certairly. the fact that the compound Fe(ll),Fe(lI) 
(CN),, a reduced form of Prussian blue, is colourless, is 
entirely consistent with the above explanation, but that the 
oxidised form Fe(lll)Fe(ll l)(CN), is green instead of the 
expected orange-brown colour of the [Fe(lll)(CN),13- ion, 
is unexpected. By consideration of the electric spectrum of 
Fe(lll)Fe(lll)(CN), the extraneous bandat 20,000cm-I isclear- 
ly seen. However, it has been demonstrated that Fe(lll)Fe(lll) 
(CN), is very readily reduced by water to a Prussian blue-type 
compound which will give rise to the 20.000cm ' band 
corresponding to the characteristic Fe(lII) to Fe(l1) transition. 

Further and more detailed discussions do not form part of 
this work, but will be the subject of subsequent publications. 
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Permeability of epoxy coal tar films 
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Summary 

The permeabilities of NaCl and THO through unattached epoxy membranes bearing weak positive charges, and regions of D-type 
coal tar films have been determined, as well as the electrical where transport occurs mainly through micropores flooded by 
resistances of some films. The heterogeneous nature of epoxy coal electrolyte solution. These lower resistance areas may be the site of 
tar films, in particular with reference to the non-uniform cross- initial film deterioration in immersed structures protected by epoxy 
linking, influences the transport properties of the films. Two types wal tar coatings. 
of transport behaviour were found: regions that behave as 

Types and classes of coatings and 
allied products 

coal tar epoxy coating 

Types and classes of structures or 
surfaces to he coated 

steel 

Raw materials for coatings 
binders (resins, etc.) 

coal tar epoxy resin 

Properties, characteristics and 
conditions primarily associated with 

materials in general 

permeability 

dried or curedfilms 

permeability 

La perm6abilit6 des films Bpoxyde/goudron de houille 

On a dttermint les permtabilitts B NaCl et a THO des films dCtachCs types de comportement: des zones qui se comportent comme 
B base des rtsines epoxydes et du goudron de houille, et d'ailleurs membranes dont la chargeest legerement positive, et d'autres zones 
dans le cas decertains films, on a determink leur rksistance tlectrique. du type D, ou le transport se produit largement par des micropores 
Le caractere hittrogene des films Cpoxydelgourdon de houille, pleins de solution de 1'8lectrolyte. Dans le cas des constructions 
surtout en ce qui concerne la presence des liaisons transversales immergkes el prottgks par les revetemenis B base des rtsines 
dbordonnees, exerce une influence sur leurs caracteristiques de tpoxydes et du goudron de houille, ces zones de rtsistance electrique 
transport. A I'tgard du phCnomene de transport on a trouvC deux plus faible peuvent etre les sites de I'altbation initiale du film. 

Durchlassigkeit von Epoxy-Kohlenteerfilmen 

Zusammenfassung 

Die NaCI- und THO- Durchlassigkeit abgeloster Epoxykohlenteer- und Stellen vom D-Typ, wo der Transport hauptsachlich durch 
filme wurde bestimmt; ebenso bei manchen der Filme derelektrische Mikroporen, die von Elektrolytlosungen bespiilt werden, statlfindet. 
Widerstand. Die heterogene Beschaffenheit von Epoxy-Kohlenteer Diese niedrigen Widerstand besitzenden Stellen konnten die 
-filmen insbesondere beziiglich ungleichmassiger Vernetzung Ausgangspunkte f i r  den Beginn der Filmzerstorung auf unter 
beeinflusst die Transporteigenschaften der Filme. Es wurden zwei Wasser stehenden, mit Epoxy-Kohlenteeranstrichen geschiitzten 
Typs des Transportvorhaltens festgestellt: Stellen, die sich wie Konstruktionen sein. 
Membranen verhalten, welche schwache positive Ladung besitzen, 

Introduction 

Refs. 1, 2 

Epoxy coal tar paint is currently employed as a topcoat to 
protect immersed steel structures. Its high mechanical strength 
and its reputed hydrophobicity, are important properties 
which guarantee a prolonged service-life under adverse 
conditions. The mechanism by which epoxy coal tar protects 
steel from corrosion is considered to depend on its high 
electrical resistance, thus acting as an effective ohmic barrier 
in decreasing the rate of corrosion of the metal. 

In spite of its widespread use, the physico-chemical 
information on epoxy coal tar films is rather scanty. It has 
been shown recently', that these films act as membranes 
having fixed charges. The films prove to be heterogeneous in 
regard to their electrochemical properties and their water 

uptake capacity. It was shown that the deteriolation of epoxy 
coal tar paint is strongly influenced by the existence of regions 
in the film having a lower electrical resistance; the curing 
temperature appeared to be an important factor in determining 
the membrane characteristics of the films. A property of the 
paint membranes directly related to its function as an ionic 
barrier is the permeability of ions and various small solutes 
through the paint film; measurements may be carried out 
employing a radioactive tracer ion or by measuring directly 
the flow of salt through the film. Recently Murraya has shown 
that the permeability of C1- ion through unattached films is 
different from that of the coating on a substrate. This 
difference is, however, not large and valid conclusions regard- 
ing the magnitude of the permeability may be obtained from 
studies in free films. This contention is supported by the fact 
that electrical resistance measurements of unattached and 
applied epoxy coal tar films lead to the same general 
conclusions about the film behaviour'. 
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The permeability through polymeric films of various 
solutes is known to depend on structural and compositional 
factors, e.g. degree of cross-linking, presence of plasticisers, 
glass transition temperature, state of hydration, etc. The 
bearing of some of these factors on the observed permeability 
of H,O and NaCl through epoxy coal tar free film will be 
discussed. 

Experimental 

Materials and film preparation 

A commercial two-component epoxy coal tar paint ( S .  A. 
Alba), has been used for the preparation of the free films 
studied in this work. The dry paint film contained 36 per cent 
coal tar, 42 per cent epoxy resin cured with an amine-epoxy 
adduct, and 22 per cent inorganic filler. 

The films were applied to glass plates with a doctor blade 
and allowed to cure for two weeks at 20" C. They were then 
peeled off and left at the same temperature for periods of 
from two to six weeks before being used for the measurements. 
The films had a thickness that was in the range of 120 to 
200pm. 

Electrical resistance measurements 

The cell employed and the method of measurement have been 
described elsewhere1. 

Permeability measurements 

The paint film membranes were held between the two com- 
partments of acrylic cells; these compartments could be 
pressed against each other causing the paint membrane to 
act as a diaphragm separating the two halves of the cell. The 
cells were kept at 20 1 "C during the measurements. 

The determination of the permeability coefficient of epoxy 
coal tar film requires a very sensitive technique for detecting 
the amount of solute which has passed through the paint 
membrane, due to the low permeability of epoxy coal tar 
films; otherwise, the expe~iment requires an inconbeniently 
long time in order to estimate the amount of solute that has 
diffused. 

The permeability of NsCl was determined by filling one of 
the cell compartments with 0.5 molar NaCl solution. The 
other compartment was filled with deionised water having a 
conductance less than 10 S.cm-l. The amount of NaCl 
diffusing through the membrane was established by con- 
ductivity measurements on the compartment having originally 
no NaCI. The conductivity cell used consisted of two lightly 
platinised platinum electrodes closely spaced and introduced 
into the water compartment. The cell constant was about 
O.lcm-'. In this way it was possible to detect when amounts 
less than 0.01 per cent of NaCl had diffused. A measurement 
of NaCl permeability coefficient took 7 to 15 days to be 
completed. 

Tracer diffusion measurements were carried out filling both 
compartments of the cell with 0.09 molar NaCI. In order to 
have sufficient sensitivity, the 21NaCI and the THO solutions 
had a large specific activity (corresponding to loR-10' counts 
min - I ) .  In this way it was possible to detect fractions smaller 
than 0.01 per cent which had diffused through the paint 
membrane. 

Aliquots were withdrawn from the inactive compartment 
when required, the volume of this compartment being 
replenished with inactive NaCl solution. The aliquot was 
diluted if necessary and its activity measured with a solid 
scintillation crystal for %*Na4, or a liquid scintillator for 
tritium. Figure I shows the fraction of THO passing through 
the paint membrane as a function of time. It is observed that 
after 20 days, less than 0.4 per cent of the original THO has 
passed through the paint film. The first part of the plot is 
curved because the membrane is reaching an equilibrium 
concentration of THO. The plot becomes linear for times 
larger than five days. 

TIME (DAYS) 
Fig. I. Fraction of THO passing through an epoxy coal tar membrane 

against time 

The permeability coefficient for the experimental conditions 
employed. may be calculated with the expression:': 

where V is the volume of the cell corrpartments, A and I the 
area and the thickness respectively of the film, r the time, C  
the concentration of active species and A  the concentration 
of radioisotope on the inactive compartment. When the 
fraction of solute that has permeated ( A / C ) ,  is small, eqn. ( I )  
becomes, 

so that the fraction which has diffused is linearly related to the 
time. This was always the case in the present work. In order 
to calculate the diffusion coefficients D, of the solutes inside 
the films, it would be pecessary to know the distribution 
constant Q, of the solute between the paint film and the 
solution because, P -  Q.D. In the present work the distribu- 
tion constants have not been measured, hence the data are 
reported as permeability coefficients on the solutes. 

All the membranes employed in t h ~ s  work were examined 
with a high voltage porosity detector. Only those membranes 
having no pores were used. 

Results 

The permeability coefficients of NaCI. 22Na'  and THO are 
reported in Table I for various epoxy coal tar membranes. 
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Table 1 Discussion 

Diffusing Medium Membrane 10"' x P 
species thickness (cm2s-') 

( I W  
-- 

NaCl NaCl 0.5 molar+0.0 molar 200 0.37 
I50 0.15(0) 
200 0.43 
160 0.86(b) 

THO 0.09 molar NaCl 200 0.64 

"Nat 0.09 molar NaCl 200 0.0009 
200 0.60 

0.09 molar NaCl (pH= 10) 120 2.60 
0.09 molar NaCl (pH=3) 170 2.20 

(a) membrane A of Fig. 2. 
(b) membrane B of Fig. 2. 

It may be observed that the value of the coefficient varies 
somewhat fromonefilm portion to another. In particular, one 
membrane appeared to offer an unusually large barrier to 
22Na+diffusion. These variations are due to the heterogeneity 
of epoxy coal tar films which has been already observed in 
the study of other properties of these films1. For 
instance, the electrical resistance of various parts of 
the same paint film differed by as much as two orders of 
magnitude, furthermore the electrical resistances also 
showed different types of behaviour from one piece of film to 
another when the salt concentration changed. It was decided 
to measure the permeability of NaCl through two epoxy coal 
tar membranes which presented different curves for the 
variation of electrical resistance with the concentration of 
the external NaCl solution. Figure 2 illustrates the curves of 
R against CNaCl for two such epoxy coal tar membranes; 

Fig. 2. Resistance (R) of epoxy coal tar membranes against the 
concentration of KC1 (full lines) 

Product (Rx,) of epoxy coal tar membranes against the concentration 
of KC1 (dashed line) 

the values of P for NaCl (included in Table I) are indicated in 
the Figure. The dashed curves correspond to the products 
Rx,, x, being the specific conductivity of the salt solution. 

It is known4 that the permeability of various gases and small 
solutes through polymer films depends to a large extent on 
the ability of polymer segments t o  move co-operatively; the 
glass transition temperature being the most significant single 
parameter in expressing chain mobility. The factors affecting 
the mobility of polymer segments have been summarised by 
Kumins'; those bearing directly to the permeation through 
paint films are: degree of cross-linking, homogeneous 
distribution of cross-linking, intrinsic rigidity of polymer 
backbone, presence of plasticisers and fillers in the film, 
crystallinity of the polymer. Plasticisers produce an enhance- 
ment of permeability since they increase the mobility of the 
polymer segments. In the case of epoxy paints, the presence 
of coal tar as a plasticiser explains why the permeability of 
ions is greater through epoxy coal tar than that measured by 
Murray2 for Na+ and CI- ions through films of epoxy- 
polyamide clear varnish. When paint films are equilibrated in 
aqueous solution, some water is taken up by the films. It has 
been observed1 that even hydlophobic films, such as epoxy 
coal tar, change their properties appreciably when wet. Water 
could be considered to act just as another plasticiser and an 
explanation of its influence in altering the permeability of 
solutes could be given. However, when the diffusing species 
are ions or other hydrophilic particles, the role of water is 
more complicated. 

The value of the diffusion coefficients of small solutes 
through hydrophilic membranes, having a larger water 
corrtent, is governed essentially by the water content of the 
membrane5. According to Yasudae, the relationship between 
the diffusion coefficient of species i, Di, and the volume 
fraction of polymer, V,, in the hydrated membrane, is given 

where D"i is the diffusion coefficient of i in electrolyte solutions 
and 6; is a constant which depends on the diffusing species5. 
The water content of epoxy coal tar films was found1 to be 
between 5.2 and 2.4 per cent depending on the particular 
membrane portion being employed. For NaC diffusion5, 
bi = 1.42, and eqn. (3) predicts that for a water content of 
5 per cent, DNa+ < 10-l8 cmas-l. Since the salt concentra- 
tion inside the paint film will be smaller than the concentlation 
of salt in the external solution2, Qi 1, the permeability of 
N a i  should be less than 10-lQm2s-I. This value is much 
smaller than any of the values measured in the present work. 
It may be concluded then, that the water absorbed by epoxy 
coal tar films is not homogeneously distributed throughout 
the membrane, and consequently, the mechanism of solute 
transport appears to be different from that in hydrophilic 
membranes. However, the fact that in Table 1, PTHO is 
observed to be of the same order of magnitude as PZZN~+ 
would imply that the mobilities of both species, which are 
equal to the reciprocal of the friction coefficients, are nearly 
the same. This would confirm the impression that sodium ion 
is distributed in the same regions of the film as water and 
that the transport pathways may be considered to be the same. 

The macroscopic heterogeneity of the membranes is 
evident from the values of the permeability coefficients in 
Table 1 and also from the values of the electrical resistance1 
of different regions of a given epoxy coal tar film. This 
heterogeneity complicates the interpretation of small changes 
in the properties of the film, making it impossible to describe 
quantitatively a set of properties which may be considered 
typical of an epoxy coal tar film. Quantitative conclusions 
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can be drawn with some certainty only when comparing the 
properties of the same film portion under different experi- 
mental conditions. 

Mayne7 has described two types of variation of the 
electrical resistance of varnish films with external salt 
concentration, C,v; D-type areas have electrical resistances 
that decrease with C,, and I-type areas in which R increases 
with C,. He proposed that the first type corresponded to 
electrolyte flooding the paint film, whilst the second one 
would be due to water desorption from the paint film when 
the osmotic pressure of the salt solution increases. These two 
types of behaviour depend on the degree of cross-linking of 
the varnish in the area being examined. 

In epoxy coal tar films, it was found1 that the most typical 
behaviour corresponded to that of a charged membrane 
(almost constant R until the external salt concentration is 
great enough to overcome Donnan exclusion, thereafter R 
decreases with C,), or to that of a membrane having an 
electrical resistance which is almost concentration independent. 
This latter behaviour is shown by the membrane A in Fig. 2. 
No I-type areas have been observed in epoxy coal tar paint 
and a few films had D-types areas, like membrane B in Fig. 2. 
If electrolyte penetrates through membranes of D-type, the 
product Rx, should remain almost constant as shown in 
Fig. 2 for membrane B. In 0.01 molar NaCl the resistance of 
the membrane A is 100 times greater than that of membrane 
B. The electrical resistance ratio increases over 1,000 times 
at higher NaCl concentration. It is notable that the per- 
meability of NaCl in membrane A is only 5.7 times smaller 
than in membrane B. 

It may be considered that in membranes B, NaCl permeates 
through micropores in the film. According to the value of 
Rx, for that film, the free area should be of about 800,~m'. 
It is likely that the free area is not concentrated in a single 
diffusion channel, but rather due to a larger number of smaller 
pores throughout the membrane area. 

This interpretation is supported by the fact that the 
measured electrical resistances of membrane B gave results 
independent of the pH of the solution (see Fig. 2). whilst 
epoxy coal tat films have a small fixed positive charge in acid 
and neutral solutions, but not in alkaline solutionsldue to the 
amino groups of the cross-linking agent. Homogeneous 
transport of ions through a charged membrane would not be 
expected to produce a decrease of R with C, as observed. 
Furthermore, if the transport of salt takes place through 
channels flooded by the external salt solution, it would be 
expected that ionic conductivity would yield a value of 
permeability near to the observed value employing the Nernst- 
Einstein relationJ. A rough estimate of the permeability of 
Na+ through membrane B may be calculated employing the 
experimental value of the electrical resistance and the cation 
transport number1. The calculated value obtained is about 
4 x 10-l1 cmas-I for the permeability coefficient, showing a 
correspondence between the observed permeability and that 
calculateo with the Nernst-Einstein relationship. 

On the other hand, for membrane A, the permeabil~ty 
calculated from the measured resistance was 100 to 1,000 
times smaller than the observed value. The fact that the 

Nernst-Einstein relation does not hold in this case is evidence 
in favour of the view that there must be a strong interaction 
between the charged epoxy matrix, either with the diffusing 
species or with the external electric fields. At present, it is 
not possible to distinguish between these two alternatives, 
because the heterogeneous nature of the paint films rrakes 
quantitative comparison possible only within the same film 
section. A further complication is due to the fact that epoxy 
coal tar films have been observed occasionally to become 
persistently polarised; hence the presence of reactive electric 
fields in the films due to polarisation of the resin when 
subjected to an external electric field during the resistance 
measurements cannot be completely excluded. 

If such a reactive field exists, the relationship between 
permeability and ionic conductivity would not be given by 
the Nernst-Einstein relationship. 

Conclusions 

Permeability measurements through epoxy coal tar films 
confirm the heterogeneous nature of these films, probably 
due to non-uniform cross-linking. Throuf h normal membrane 
regions the transport of ions and small solutes corresponds to 
that through a membrane bearing a small positive (weak) 
charge. D-type areas would allow transport through micro- 
pores flooded by external electrolyte solution. 

This work indicates the need for further study of electro- 
chemical properties of paint films measured on the same film 
section, so that quantitative information may be obtained. 
These measurements must be performed with the films in 
equilibrium with the liquid medium, if its results are intended 
to explain the function of protective paint for immersed 
structures. 

The presence of heterogeneities in applied coatings seems 
to be a general feature of paint films and a likely cause of 
deterioration of the coatings. 
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The ultraviolet screening behaviour of pigments 
By P. Marvuglio, R. F, Sharrock and R .  J. Kennedy 

The Hilton-Davis Chemical Company,. 2235 Langdon Farm Road. Cincinnati, Ohio 45237, USA 

Summary 

The recent surge of interest in plastic packaging, particularly for materials now being used. 
plestic beverage containers and medicine bottles, has resulted in 
the development of  new grades of polymers. This paper discusses the ultraviolet screening behaviour of trans- 

parent pigments, and suggests the use of transparent synthetic iron 
The gaining of acceptance by the packaging industry, however oxide pigments, which effectively screen out harmful radiation at 
requires proof that the coloured plactic compound will protect thd levels as low as0.0313 parts per hundred of resin whilst maintaining 
contents from harmful radiation at a price competitive with other transparency. 

Keywords 
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Le caracthre protecteur contre I'action des rayons ultra-violets de pigments 

Rerum6 

La poussee d'intCret dans le domaine des emballages en plastique, produits actuellement utilists. 
surtout a I'egard des bouteilles en plastique pour boissons el pour 
medicaments, avait comme resultut I'l.volution de nouvelles Dans cet expose les auteurs discutent les caracteristiques pro- 
qualites de polyrntres. tectrices contre I'action des rayons ultra-violets des pigments 

transparents, et ils proposent I'emploi des pigments transparents 
Pourtant, afin de gagner I'approbation de I'industrie de condition- de I'oxyde de fer synthktique qui eliminent en grande partie les 
nement, on est oblige de fournir les eprcuves dCmontrant que le radiations nuisibles et maintiennent la transparence, meme ob la 
produit en plastique colore peut protiger les contenus contre les concentration ne dkpasse pas 0,0313 parties sur cent de resine. 
rad~ations nuisibles et un prix de concurrence a I'egard d'autres 

Das Verhalten von Pigmenten hinsichtlich UV-Ausfilterung 

Zusammenfassung 

Das erneute Aufleben des lnteresscs in Kunststoff-Getranke- I n  dieser Abhandlung wird das Ultraviolet-Ausfiltern trans- 
behaltern und Medizinflaschen, fihrte zur Entwicklung neuer parenter Pigmente besprochen. und die Verwendung transparentez, 
Qualitaten von Polymeren. Um aber von der Verpdckungsindustrie kiinstlicher Eisenoxidpigmente vorgeschlagen, welche harmvolle 
akzeptiert werden zu konnen wird Beweis dafiir verlangt. dass Strahlen selbst bei so niedrigem Gehalt. wie 0,0313 Teilen Harz 
farbige KunststolTverbindungen den lnhalt vor schadlichen Strahlen ausfiltern und dabei transparent bleiben. 
schutzen, und dies zu Preixn In Konkurrenz niit den anderen 
bereits benutzten Materialicn. 

The recent surge o f  interest in plastic packaging. particularly 
for plastic beverage containers. has led to  a detailed study o f  
transparent pigments for plastics. 

The Food and Drugs Administration (FDA)  acceptability, 
durability and unique shade features o f  transparent iron 
oxides. coupled with the earlier recognition o f  their U V  
screening characteristics i n  coatings. suggested that these 
pigments would find uti l i ty i n  this emerging plastics applica- 
tion. 

I n  general, plastic packages and their contents are sus- 
ceptible to degradation as a result o f  prolonged exposure t o  
U V  radiation. Sunlight or solar radiation is comprised o f  a 
6 per cent U V  radiation component which lies i n  the 290nm 

to  400nm range. O f  this, only the 300nm to  400nm wave- 
length range penetrates the atmosphere. Therefore, for the 
purpose o f  this study, only the 3OOnm to 400nm range 
wavelengths were considered. 

The absorption o f  U V  radiation and its concomitant 
degradative effects vary for each individual polymer. Stability 
is greatly dependent on  the specific chemical and molecular 
structure o f  the polymer. Since the molecular structure 
governs the absorption ranges o f  each polymer, variations i n  
structure lead to  differences i n  the absorption ranges of 
individual polymers. 

The U V  radiation absorption o f  various polymers and the 
most harmful wavelengths and peak absorptions are shown 
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in Table I .  The absorption picture is not limited to these 
specific wavelengths. The absorption profile of a polymer 
encompases a wide, rather than a narrow, range of wave- 
lengths. Again, turning to specific polymers, it is found that 
those with absorption maxima in the 290nm to 400nm range 
are the polysulfones, polyesters (terepllthalate types) and some 
polyurethanes. Those with absorption maxima outside the 
290nm to 40011171 range, but with significant absorption within 
this region are polystyrene, polyester(a1iphatic types), cellulose 
esters, acrylics (PMMA) and polyamides. Polymers that, in 
theory, should not be affected by UV radiation are the 
polyolefins (PE, PP) and polyvinyl chloride, but due to 
defects in their polymer matrix, they are also susceptible to 
UV degradation. 

Tahle 1 
Ultraviolet radiation ahsororiotr n~avektr~ths for variorts oali~nrers 

Most harmful Peak absorption 
-- 

Polyethylene 254nm < 200nni 
Polypropylene 375nm .r200nm 
Polystyrene 254nm 2 10-260nm 
Polyvinyl chloride 245nm 200nni 
Acrvlic (PMMA) 254nm 214nm 
~ol~caprolactam 254nm - 
Polycarbonate 254nm 260nm 
Polyester (PET) 280-360nm 240-290nm 
Cellulose acetate 254nm <250nm 

With respect to packaging applications, Figure 1 illustrates 
the significant differences in transmission which can be 
obtained with three commercial plastic packaging resins. For 
this study, a crystal polystyrene resin was selected, because of 
its high degree of clarity a ~ d  its relatively greater percentage 
transmission of UV radiation in the desired wavelength 
ranges. 

40 t A=POLYESTER (BARRIER GRADE) 
6-NITRILE-BARRIER RESIN 
C = CRYSTAL POLYSTYRENE 

6 3 0 -  
- 
UI 
L" 
I 
g 2 0 -  
4 
t . 

1 0 -  

WAVELENGTH nm 

Fig. 1. Percentage transmission of unpigmented polymers 

Organic compounds which are recognised as producing a 
stabilisation effect with regard to UV radiation when 
incorporated into polymeric materials have the following 
characteristics: 

(a) Their peak absorption are within the 290nm to 400nm 
range. 

(b) They exhibit minimal absorption in the visible, i.e. the 
400nm to 700nm range. 

The effect of incorporating a typical UV absorber into 
crystal polystyrene is illustrated in Figure 2. 

In conducting this study, the following procedure was 
employed in the preparation of test plaques. First, a colour 

'290 
J I I I I 

310 330 350 
W4VELENGTH nm 

Fig. 2. Percentage transmission of polystyrene containing 0.Sphr UV 
absorber 

concentrate was compounded into a masterbatch by extrusion. 
This masterbatch was then injection molded into 2" . 3" 
flat test plaques with an average thickness of 116 mils. In 
addition to the transparent iron oxide pigments, similar 
masterbatches were prepared from transparent organic 
pigments. 

All transmission curves were obtained using a Perkin- 
Elmer Model 323, UVIVis-NIR Recording Spectrophoto- 
meter in the 210-360nm wavelength range. The sample 
transmission was taken relative to air at 100 per cent. The 
scale used was the 0-100 per cent, with a photometric trans- 
mittance accuracy 0.5 per cent of full scale. 

Figures 3 to 8 represent a series of transmission curves for 
varying concentrations of the transparent red and yellow iron 
oxides and a variety of organic pigments. It can be noted that 
the incorporation of the transparent iron oxides at levels of 
0.C3 to 0.50 per hundred of resin (phr) effectively screened 
out harmful UV radiation. The transparent yellow iron oxide 
was slightly the more effective in this respect than the 

0 0,015 PHR RED OXIDE, 

0.015 PHR YELLOW OXIDE "01 n 0.03 :LLowd, PHR 

$ 0  
290 310 

WAVELENGTH nm 
Fig. 3. Percentage transmission of polystyrene pigmented with 

transparent iron oxides 

WAVELENGTH nm 

Fig. 4. Percentage transmission of various pigments at 0.OISphr in 
polystyrene 



1978 (3) THE ULTRAVIOL.ET SCREENING BEHAVIOUR OF PIGMENTS 8 I 

POLYSTYRENE 

'2/ Jx; 
10 

C 

'290 
0 

310 330 350 
WAVELENGTH nm 

Fig. 5. Percentage transmission of various pigments at 0.03lphr in 
polystyrene 

Fig. 7. 

36-0300 PHTHALOCYANINE BLUE. G.S.. PB-15 
8 0 1  IN CRYSTAL POLYSTYRENE 

WAVELENGTH nm 

Figs. 6-9. Percentage transmission of pigments at various con- 
centrations in polystyrene 

transparent red iron oxide. At the O.OI5phr pigment level. at 
which the first UV transmission of the oxides occurs, almost 
all of the pigments which were tested showed some degree of 
UV transmission. Whilst several of the organic pigments 
show equivalent UV transmission characteristics when 
compared to the oxides (particularly the phthalocyanine blue 
and carbon black), the colour contribution of these pigments 
in the visible range is very significant, thus reducing their 
utility to only highly coloured items. 

Prolonged exposure to direct, accelerated sunlight (100.000 
Langleys) on the EMMAQUA (equatorial mount; mirrors 
and water) machine and Fadeometer tests (300 and 500 hours) 
were conducted. The effect of UV radiation on the percentage 
transmission of an unprotected crystal polystyrene blank is 
shown in Figure 10 after 300 and 500 hours Fadeometer 
exposure and 100,000 Langleys of solar radiation. Addition 
of a UV absorber at levels ranging from 0.015phr to 0.SOphr 
eliminates all of the UV transmission. 

Generally, prolonged exposure results in a progressive loss 
in percentage transmission. as polymer degradation proceeds, 

Fig. 8. 

and assumes the classical degradation profile obtained with 
fractionally pure polymeric materials. This phenomena 
enabled the evaluation of the permanency of the UV protection 
afforded by various pigments. For example, carbon black, 
which is a well known stabilising pigment, yielded the results 
shown in Figure 7 in which low concentration levels of carbon 
black show similar behaviour after exposure, i.e. a gradual 
decline in transmission on continued exposure. 

Figures 3-8 show the percentage transmission of crystal 
polystyrene pigmented with transparent red and yellow iron 
oxides, phthalocyanine green (PG7), permanent red 28  
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:50t 36-0700 CARBON BLACK 
IN CRYSTAL POLYSTYRENE 

1 0.15625 PHR 
2 000781 PHR 
3 0,00391 PHR 

U 

W 

O 400 500 600 700 
WAVELENGTH nm 

Fig. 9. 

(PR-48) and yellow HR (PY-83) and phthalocyanine blue 
(PB-15) at levels of O.015phr and 0.030phr after prolonged 
exposure to artificial and solar radiation. At a level of 0.015phr 
all of these pigments showed similar degradation profiles. 
When the pigment level is increased to 0.03phr the degrada- 
tion is still evident in the organic pigments, but is no longer 
evident in the transparent oxides. Since it was demonstrated 
earlier that a pigment level of 0.03phr completely screened 
the UV radiation, it can be concluded that at this pigment 
level, a transparent oxide pigmented plastic package would 
effectively protect the contents from the harmful effects of UV 
radiation. 

The effect of prolonged exposure on the visible properties 
of the valious pigmented plastics is demonstrated in Figures 
10-18. After 200,000 Langleys exposure, which can be equated 
to approximately 16 months outdoor exposure in southern 
Florida, it is observed that, in general, all of the polystyrene 
samples exhibited significant colour changes. The unpigmented 
polystyrene sample exhibited the familiar yellowing, i.e. a 
change in the yellowness index of 8.67 contributing to a h E 
of 9.4 units. The pigmented samples exhibited the following 
colour changes: 

Parts per hundred A E  
of resin 

Phthalocynanine blue, G.S. 0.03 1 4.4 
Phthalocynanine green, Y.S. 0.03 1 5.6 
Organic red 2B 0.03 1 99.9 t 
Organic yellow HR 0.03 1 0.8 
Carbon black 0.004 18.2 
Transparent red oxide 0.03 1 5.4 
Transparent yellow oxide 0.031 8.6 

Whilst all of the pigments exhibited colour changes in the 
visible range, the transparent iron oxides, carbon black and 
phthalocyanine blue were the only ones which did not exhibit 
a reduction of the UV screening characteristics on prolonged 
exposure. This permanency is parallel to the behaviour which 
is observed in polystyrene containing an effective UV absorber 
at a concentration of 0.25phr. 

40 EMMAOUA-EQUATORIAL MOUNT WITH MIRRORS t n Having established that the transparent oxides demon- 
AND WATER 

LANGLEY-RADIATION UNIT-1GM CAL PER SO CM 
strated a superiority over the organic pigments in affording 
UV protection whilst maintaining transparency, the pigment 

6 I- CONTROL- 

- 

100000 LANGLEYS 

WAVELENGTH nm 

30 
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220-  
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$10-  

Fig. 11. Percentage transmission of black pigmented polystyrene after exposure. Pigment 
concentration 0.0039phr 

- ooHRs loading requirements needed to provide this same level of 
protection at various thicknesses of plastic for five distinct 
shades were determined. The particular pigmentation levels 
and shades of colour they represent are those thought to be 

c most useful in packaging applications, particularly the trans- 
parent red oxide for the manufacture of beverage (beer) and 
medicine bottles. 

Plotting the thickness versus percentage transmission gave 
I a series of curves which are shown in Figure 19. These curves 

'290 310 330 350 exhibit sufficient flatness between 15 mils and 120 mils 
WAVELENGTH nm thickness permitting the calculation of regression curves with 

Fig. 10. Percentage transmission of polystyrene after exposure reasonable accuracy (95 per cent confidence level). (Table 2). 
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Fig. 12. Percentage transmission of black pigmented polystyrene after exposure. Pigment 

concentration 0.0078phr 
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Fig. 13. Percentage transmission of black pigmented polystyrene 

after exposure. Pigment concentration 0.0156phr 
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Fig. 14. Percentage transmission of polystyrene pigmented with various levels of transparent 
red iron oxide 

t PIGMENT'0.0156 PHR 

Fig. 15. Percentage transmission of polystyrene pigmented with various levels of transparent yellow 
iron oxide 
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Fig. 16. Percentage transmission of polystyrene pigmented with various levels of phthalocyanine green 
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Fig. 17. Percentage transmission of polystyrene pigmented with various levels of permanent red 28 
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Fig. 18. Percentage transmission of polystyrene pigmented with various levels of organic yellow HR (PY-83) 
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AMBER 

AMBER 
SHADES 

THICKNESS MILS 
Fig. 19. Thickness vs. concentration: Polystyrene p~gmented with 

transparent red iron oxide 

In conclusion, it has been demonstrated that the transparent 
iron oxides, which offer the transparency of a dye and the 
permanency to light attributed to regular iron oxides, 
effectively screen out harmful ultraviolet light at concentra- 
tions low enough (0.03phr) to maintain transparency in 
plastics, such as acrylonitriles, polyesters, polystyrene, vinyls 
and polycarbonates. The absorption of the transparent yellow 
oxide is slightly superior to the red oxide. The oxides, whilst 
maintaining desired transparency, afford UV protection 

Table 2 
W (grams phr) fo mafch shade at various mil thicknesses 

Mils A B C D E F 

which is superior to the organic pigments with the exception 
of the phthalocyanine blue and carbon black. However, the 
colour contributions of these pigments at effective levels are 
considerable. When compared to a typical UV absorber, the 
oxides perform equally as well with the exception of some 
colour contribution in the visible range. Thus, it can be 
stated that the transparent oxides provide the plastic package 
manufacturer with effective pigments. The transparent red 
oxide, for example, provides a transparent amber similar to 
that required for beer and medicine bottles and food oil 
packaging. A myriad of amber shades are possible by blending 
with other transparent pigments. 

[Received 31 March 1977 

Next month's issue 
The Honorary Editor has accepted the following papers for publication, and they are expected to appear in the April 
issue of the Journal: 

Exciplex interactions in photoinitiation of polymerisation by fluorenone-amine systems by A .  Ledwith, J.  A.  Bosley and M.  D. Purbrick 

Recent developments in photoinitiators by G. Berner, R. Kirchmayr and G .  Rist 

Present status of ultraviolet curable coatings technology 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 
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Review 
Liquid Chromatography of Polymers and Related 
Materials 

Marcel Dekker, Inc. 

Pp. viii + 180. Price 65 SFrs 

This book contains the proceedings of the International 
Symposium on Liquid Chromatographic Analysis of 
Polymers and Related Materials held in October 1976 in 
Houston, Texas. It contains 13 contributions, which include 
descriptions of some previously u~published techniques. The 
term liquid chromatography is taken to include both high- 
performancc liquid chromatography (HPLC) and gel- 
permeation chromatography (GPC) and six of the papers 
likely to be of most interest to research workers in the coatings 
field are the following: 

Vivilecchia et a1 report on the gel-permeation chromatog- 
raphy of hydrophilic polymers using silica packings modified 
by reaction with organosilanes. These can be used with mobile 
phases from hexane to water. 

Hellman examines the feasibility of using GPC to obtain 

Section Proceedings 

Bristol 
Films for packaging 

A meeting of the Bristol Section took place on Friday 25 
November when Mr C. R. Oswin, of British Cellophane Ltd, 
gave a lecture on "Films for packaging", with Mr Brooks 
deputising for Mrs Harper in the chair. The lecturer demon- 
strated the close similarity of problems associated with the 
use of cellophane as a packing material and the surface 
coating of such substrata as wood in the paint industry. 

The lecturer discussed the range of films now used in 
industry and the difficulties when modern high class printing 
was required. Graphs showing the properties of these 
materials associated with the work of Salamee et al, clearly 
demonstrated a means of choosing the correct material for 
any particular conditions of use. 

The Question Time was opened by J .  R. Taylor and there 
followed a very lively discussion by all the members present. 
A vote of thanks was proposed by Mr A. C. Lageu and 
carried with acclamation. 

Hull 
Subjective comparisons-what does influence you? 

The Third Ordinary Meeting of the 1977-78 Session was held 
at the "George Hotel", Land of Green Ginger, Hull, on 
Monday 5 December. Mr T. W. Wilkinson, the Hull Section 
Chairman, introduced the lecturer, Dr  W. E. Craker, who 
gave a lecture entitled, "Subjective comparisons-what does 
influence you". Dr  W. E. Craker was aided by Mr S. P. 

intrinsic viscosities, since both are dependent on hydro- 
dynamic volume. 

Drott indicates the value of hexafluoro-2-propanol as a 
GPC solvent for hydrogen-bonded polymers, particularly 
polyamides, polyesters and polymethyl methacrylate. 

Crabtree and Hewitt report on the use of both HPLC and 
GPC for the analysis of epoxy resin formulations for epoxy 
oligomer, curing agent and minor components, and thereby 
following changes on storage. 

Nuss investigates the capability of GPC for evaluating 
thermosetting epoxy resinlanhydride systems through the 
B-stage curing cycle. 

Ambler and Mate, in a study of the analysis of oligomers 
of various polymer types, suggest that universal calibration 
approaches may be used to extend molecular weight calcula- 
tion techniques to lower levels than previously thought 
possible. 

This volume is valuable for those wishing to extend the 
frontiers of their liquid chromatographic techniques. 

L. A. O'NEILL 

Smart, the co-author of the paper, in a subjective assessment 
of film glosses of preprepared panels before the lecture and, 
during question time, after the lecture. 

Dr  Craker began by discussing the relationship that exists 
between objective gloss measurements and subjective gloss 
rankings, with reference to the published work in this field. 
This led to the role played by the paint filmlair interface in 
the optical assessment of paint films. He stated that the 
subjective appraisal of  the film is influenced not only by the 
total energy which is diffusely scattered and specularly 
reflected at the paintlair interface, but also by factors such as 
image contrast, definition of image and the colour of the 
image. Dr Craker went on to describe viewing conditions 
which had resulted in operators reversing their judgments. 
He stressed the need for a controlled viewing condition. 

After a lively discussion period, Mr J.  Wenham proposed 
the vote of thanks. The lecture was attended by 25 members 
and guests. The Hull Section were pleased to welcome a group 
from the Newcastle Section. 

Prediction of performance--fact or fiction? 

The Fourth Ordinary Meeting of the 1977-78 Session was 
held at the "George Hotel", Land of Green Ginger, Hull, on 
Monday 9 January. The lecturer was Mr D. M. Bishop of 
The Railway Technical Centre, Derby, who gave a talk 
entitled "Prediction of performance; fact or fiction". 

Mr Bishop reminded the audience of his previous lecture 
given to the Hull Section in February 1971, when he described 
the rricro indentation techniques developed at the Centre and, 
from the results, their prediction of performance of coatings 
for containers and rolling stock. He stated that, seven years 
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What a waste - the paint stinks, so do the proflts, 
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later, these coatings were still sound and confirmed the 
expected performance based on the micro indentation work. 

He continued that, in recent studies, they had found no 
correlation between micro indentation values and the 
expected performance of modern long life coatings. In fact, 
he doubted whether coatings were necessary, when they had 
evidence of a 0.004 inch thick sprayed zinc coated structure 
lasting 15 years, and, of a galvanised steel bridge structure, 
still sound after 10 years. However, where coatings were 
applied there was great difficulty in predicting the performance 
of precoated metals and PVC plastisols on treated steel. 

With respect to long life coatings, he suggested ten criteria 
which should be considered before selecting the system. He 
followed by describing the range of chemically resistant 
paints available; specifying their intrinsic properties, and 
their application properties, linking these, in a table, with 
the criteria mentioned. He also quoted £36-£52 per tonne of 
steel as the cost range for these coatings. 

With regard to testing, he was of the opinion that the B.S. 
salt spray test was too severe and recommended a half or 
quarter strength "Harrison solutionm*. Using this solution, 
they had converted a Marr Weatherometer into a large salt 
spray cabinet and obtained good correlation with natural 
exposure conditions. He then posed the question, "Which 
comes first, loss of adhesion, or corrosion?', claiming 
optimising the adhesion minimised the corrosion. 

Finally, he described a test referred to as the "Pop test". 
In stating the principles behind the test, he said that traces of 
solvents left in a film are excellent plasticisers. Therefore, the 
coated films used in the test were cured at an elebated 
temperature for 30 days to ensure solvent free films. The 
coatings are then taken down to -10°C and impacted 
immediately. Panels were removed and impacted after leaving 
for 2 minutes and 5 minutes at room temperature; and, after 
the panel had reached room temperature. 

It was hoped to be able to predict the performance of long 
life coatings using this test. 

The vote of thanks by Mr F. Gay closed the meeting after 
a lengthy question and discussion period. There were 20 
members and guests at the lecture. 

F.D.R. 

*("Harrison's Solution": 3.25 per cent ammonium sulphate, 
0.25 per cent sodium chloride.) 

West Riding 
Printing ink system for textile eolouration 

On Tuesday 6 December, a Meeting of the West Riding 
Section was held at the Mansion Hotel. Leeds, when Mr 
F. D. Hough of Coates Bros. Ltd, presented a lecture entitled, 
'Printing ink systems for textile colouration by sublimation 
and diffusion transfer methods'. 

Mr Hough started off his lecture by giving a brief history 
of how he became involved in this relatively new technology 
of textile printing and the ways in which he overcame the 
initial patent problems. 

Two transfer methods were detailed, the dry transfer 
process and the wet transfer ("Fastran") process. With the 
aid of a heated press, the former process was demonstrated 
on a piece of polyester fabric. 

In discussing each process, Mr Hough outlined the types of 
fibres which may be printed, the application conditions, and 
the class of dyestuffs employed. Also mentioned, were the 
methods of printing used to manufacture the different types of 
paper transfers and the difficulties encountered in manufactur- 
ing the printing inks. 

Mr Hough concluded by stressing the practical and com- 
mercial reasons for the rapid growth of transfer printing 
methods. 

A very lively question time followed which reflected the 
considerable interest that had been generated. Dr  Watson 
was called upon to give the customary vote of thanks on behalf 
of the Section. 

Flexible solvent free epoxy resin systems 

A Meeting of the West Riding Section was held on Tuesday 
3 January, 1978 at the Mansion Hotel, Leeds and the lecture 
was presented by Mr A. G. McKay and Mr P. T. Brown of 
Ciba Geigy Plastics Division. 

Solvent free epoxy systems are traditionally employed in 
cold cure systems, such as in adhesives and flooring composi- 
tions. Laboratory studies had suggested that an increase in 
flexibility of a system can improve adhesion. Work on 
particular systems showed that adhesion improved up to the 
glass transition temperature of the resin and then fell away. 

A programme of work was undertaken to investigate 
failures being experienced with epoxy mortars used as "road 
nosing" compositions. Originally these were formulated for 
high compressive strength but high modulus and transverse 
cracking was occurring in the nosings. 

Several systems were examined and one utilising a flexible 
epoxy resin system, showed better stresslstrain behaviour, 
better stress relaxation behaviour, less deformation under 
compression and better recovery from compressive forces. It 
was also shown that stress/strain behaviour for different resin 
systems is a function of temperature and related to the glass 
transition temperature. It was established in practical tests 
that the system which showed up best in the foregoing tests 
also performed best in road nosing compositions. 

Little, if any, work has been carried out into the use of this 
type of resin system in surface coatings. However, the authors 
postulated that many of the properties relevant to the partic- 
ular application studied also bore relevance to paint systems. 

Despite marginally inferior chemical resistance compared 
with conventional epoxy resins, they could well prove worthy 
of examination for use in high build, solvent free coatings. 

Following a lively discussion Mr Mike Cochrane proposed a 
vote of thanks for an interesting and stimulating lecture. 

R.A.C.C. 



Information Received 
Increased output 

A 20 per cent increase in output is claimed 
by the Hengrove, Bristol, factory of Berger 
following the installation of a fully 
automatic plant for water thinned paints, 
in addition to a considerable improvement 
in the working environment. The whole 
installation, producing up to two and a 
half million gallons a year, is believed to 
be the most advanced in the UK, and was 
designed and built by York based Portasilo 
Ltd. The installation provides for the bulk 
storage of pigments and extenders In 
powder form, various types of conveying, 
weigh, transfer and blowine hoooers and 
a pinch card control systemPquipped with 
a manual override facility. 

Extended services 

A new 220 MHz proton nuclear magnetic 
resonance spectrometer extends the range 
of  facilities available at the Physico- 
Chemical Measurement Unit a t  Harwell. 
The new instrument, a Perkin Elmer 
R34, has just been installed and has 
a superconducting magnet and offers 
improved variable temperature and spin- 
decoupling facilities, which extends the 
range of analytical services being offered 
as part of the Harwell service. 

Acquisition by Kratos 

As a further part of the programme of 
international expansion, Kratos Ltd has 
acquired Schoeffel Instrument Corporation 
of New Jersey, U.S.A. This is the third 
major acquisition by Kratos within the last 
two years. Schoeffel are manufacturers of 
instruments for the biochemical, analytical 
chemistry, medical and physical science 
markets and has plants in New Jersey, 
U.S.A. and near Hamburg in Germany. 

Rationalisation 

Akzo Chemie U K  Ltd have announced 
that they will cease to produce UK 
Siccatols (paint driers) from the end of 
January, as  a part of their rationalisation 
programme. This product range will be 
available from Manchem Ltd, an RTZ 
Chemicals company who are one of the 
major manufacturers of metallic soaps in 
the U.K. 

25th anniversary 

After twenty-five years on the market and 
with more than 450,000 tons having been 
sold. Du  Pont has authorised additional 
production capacity of its Mylar polyester 
film with the objective of increasing total 
world-wide capacity 60 per cent by the 
early 1980s. 

Gurr products from Hopkin & Williams 

Hopkin & Williams, of the G.D. Searle 
group have taken over the production and 
mark;ting of the complete up-to-date 
range of Gurr dry stains and indicators, 
stain and indicator solutions, embedding 
and mounting media, fixatives and allied 
reagents and chemicals. 

Hopkin &Williams have been associated 
with the Gurr range of dyes, stains and 
accessories since 1915 when a Hopkin & 
Williams employee, George Gurr, went 
into business himself on a part-time basis. 

The high quality of the Gurr products 
will be maintained, whilst the adoption of 

A bulk delivery of TiO, being fed into Portasilos a t  Berger Paints 

Hopkin & Williams' trading terms will make up columns to their own specifica- 
offer positive advantages to  cuctomers. tions, using thejwet packing or slurry 

technique. 
New trading company 

T R  International (Chemicals) Ltd and 
Grillo Werke AG of Dulsburg have formed 
a jointly-owned chemical trading company 
known as Grillo Chemikalien GmbH based 
in Duisburg. T R  and Grillo each have a 
50 per cent shareholding in the new 
company, which will operate under the 
overall supervision of the Grillo manage- 
ment. 

The joint venture is regarded by TR as 
an  important extension of their world-wide 
chemical trading activities. 

U.K. distributor 

The Garrick Chemical and Equipment 
Company Ltd has been appointed exclusive 
distributor in the U.K. by Chemplast Inc. 
of New Jersey and will become suppliers of 
Chemplast's full line of high-performance 
plastic products. Chemplast is a leading 
orocessor of high oerformance olastics 
ducb as Teflon fl;oropolymers, which have 
wide application in industrial and com- 
mercial markets throughout the world. 

New products 

Liquid chromatograph column packing 

High performance liquid chromatography 
is used throughout industry to analyse 
virtually any substance which can be 
dissolved in a solvent. All liquid chromato- 
graphs have a column of fine particles which 
act ac a strainer to  break down substances 
being analysed, and one of the disadvan- 
tages is that the pre-packed columns can 
be contaminated and add considerably to 
the cost of analysis. A new system 
available from Olin Energy Systems Ltd, 
the Haskel model 29426 pump system 
which has been designed specifically for 
column packing, enables contaminated 
columns to be recovered and customers to 

The Haskel liquid chromatography column 
packing system 

New furnace blacks 
The Pinments Division of Deaussa. has 
de\clopcd two high-qual~ty furnice black$, 
callcd I'rlnler Xtl and I'r~ntex 90. srhlch are 
recommcnded (or the dcep black coloura- 
tion of plastics. Available in powder or  
bead form, they show improved dispersing 
properties which give a higher tinting 
strength and iniproved colouring efficiency. 

New Curie point pyrolyser 
Orme Scientific Ltd have announced the 
introduction o f a  new Curie point pyrolyser 
manufactured by Fischer Instrumentation 
Ltd. The samples are shock heated to the 
Curie point temperature in only a few 
milliseconds ucing a high frequency gen- 
erator and induction coil in a special 
pyrolyser chamber. 
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The sample is coated on to a ferromag- 
netic conductor, inserted into the pyrolysis 
chamber, which is then fitted through the 
centre of the induction coil directly into the 
gas chromatograph injection port .Poiter to  
the induct~on c.)~l, from the hlgh ircqucney 
pcncrdt~ir. 1s automatically proar;ln?me<l 
and timed and causes eddv currents in the 
fcrromagnetlc conductor,' producing the 
heating clfeit, and the almo\t in>tantanco.., 
heatma to the ('urlc I'oint c l ~ n i ~ ~ ) a t c \  thc 
production of spurious intermediate com- 
pounds. 

New powder coating resin 

A new Beetle polyester resin for use in the 
production of powder coatings is now 
available from the Chemicals Division of 
British Industrial Plastics Ltd. The resin, 
reference L5232, is a carboxyl terminated 
saturated polyester resin and has been form- 
ulated for use, primarily, with epoxy resins 
to  give a good balance ofproperties. Use of 
the reqin can offer reduced curing rchedules 
and improved mechanical properties in the 
form of flexibility and impact resistance. 
The finish obtained usine L5232 w~l l  also 
exhibit resistance to corrosion, humidity 
and a wide range of proprietary household 
chemicals. 

New Din cup 

A new Din cup has been introduced by 
Gray-Campling Ltd, distributors of paint 
sprayingand other equipment. The stainless 
steel paintviqcosity measuringcup conforms 
to standard specifications and is supplied 
with an adiustable hammer linish stand. 

New electrometer 

A new combined electrometer and Model 
PI52 power supply is now available from 
Analysis Automation Ltd, for the H N U  
Photoionisation PI 51 G C  Detector. The 
detector and electronleter together give a 
significant improvement in analytical per- 
formance. 

Portable drum transfer pumps 

U.K. for the first time by Amafilter (UK) 
Ltd. Easy t o  handle, safe and highly 
efficient, the pumps are of chemical- 
resistant construction, with a variety of 
material options, and are available with 
either electric o r  air drive. 

and a coatings and polymer characterisation 
conference will be held at  the University on 
July 24-28 and will cover the use of many 
instruments for the characterisation of 
coatings and polymers. 

New blender 

Lightnin Mixers Ltd have introduced the 
Series 50 In-Line Blender which consists of 
a helix manufactured in eaual elements that 
can hc ~ndcxc~ l  ro chanpc hle11(11np ratcc or  
t l i r~ i i l~ la t~o~ l \  qu~ckl)  \ \~ thou t  the need l'or 
special tools - a  feature never before offered 
with motionless mixer$. The flow pattern 
required for a particular PI-ocessing is 
created by fitting three bladed clernents 
together into a conventional o r  opposed 
helical pattern, which offers a greater 
variation in blade alignment. 

Constant power supply 

For electrophoresis, constant power is 
essential for the ontilliisation of separations 
of sensitive macron?olecules. The new 
Buchler 3-1501 power supply from Baird 
& Tatlock (London) Ltd offers this facility 
withoutpot up to200wattsas wellas~nodes 
for constant voltage and constant current. 
The required lllode is push-button selected 
and there is a clear digital readout of 
power output o r  voltage. 

The Thompson range of portable drum 
transfer pumps with capacitieq of up to 
20 g.p.m. has just been introduced to the 

The new Ruchler constant power supply 
with digital readout 

Conferences, courses etc. 

Paint Research lnstitute Symposium 

The Paint Research lnstitute of the F.S.C.T. 
are  organising a Symposium on photo- 
chemical processes in film formation and 
degradation t o  be held at  Battelle Columbus 
Laboratories, Columbus, Ohio on May 1-2 
1978. 

The Thompson air driven pump 

Rhmlogy course 

A course on appl1r.d rhcology for industr~al 
chcmi,t\ \ v ~ l l  hecontlucted ror the third year 
211 Kent Stale Ur~ivcrsity on Ju11e26-30 1973, 

The Series 50 in-line blender from Lightnin 
Mixers 

Coatings Conference 

A conference on protective paint coatings 
has been organised by Loughborough 
University to  be held on April 5-7 1978. 

Building handbook 

The British Standards Institute has now 
available BS Handbook 3, the new building 
handbook which is a n  essential source of 
referencefor architects,consultingengineers, 
builders etc. It contains summaries of more 
than 1,300 British Standards, codes of 
practice and drafts for development relating 
to building and construction. 

Pigments and plastics 

BTP Tioxide Limited have published a new 
fifty-two page booklet which replaces their 
publication BTP 165 covering the most 
important aspects of pigmentation and the 
main properties of pigmented plastics. 

Standard grades summary 

Vinyl Products Ltd have recently published 
a new summary list of their standard 
products, which includes 54 grades and 
include pressure polymerised emulsions. 

Printing open days 

The London College of Printing has 
announced that visitors will be welcome to 
view the College at  work on open days 
during 1978. The College buildings at  the 
Elephant and Castle will be open daily from 
13-15 June andvisitors will be welcome t o  
tour the College, see students at  work and 
visit the various exhibitions which are t o  be 
arranged. 

Colour technology courses 

Instrumental Colour Systems Ltd are 
organising two residential courses o n  
Applied Colour Technology at  the Alder- 
maston Court Conference Centre near 
Reading. Courses will be held o n  Tuesday 
28 March t o  Friday 31 March and Tuesday 
25 April t o  Friday 27 April 1978. 

The courses are of interest t o  people 
involved in the fields of colour management, 
colour specification and colour matching 
at  all levels, and the syllabus covers the 
subject from an  introductory level right 
up to the level of eolorimeters and spectro- 
photometers linked on-line t o  computers. 



Notes and News 

OCCA-30 Exhibition 
18-21 April 1978 at Alexandra Palace, London 

*Belgium * Canada * Finland * France * East 
Germany * West Germany * Holland * Hungary * * Italy * Japan * Poland * Spain * Sweden * * Switzerland * UK * USA * 
The continuous dialogue between 

suppliers and manufacturers 

New Exhibitors Flavell & Churchill (manufacturing equip- Members are asked to ensure that they 
ment) bring their tickets to the Exhibition since 

The Exhibition Committee is pleased to ~ i l t ~ ~ - ~ ~ ~ i ~ - ~ ~ ~ ( ~ i ~ ~ ~ ~ ~ ~ )  otherwise the charge for admission will be 
made and no refund will be applicable in report a of additions the list Kemira Oy Vuorikemia-Finland (pig- these cases. Exhibitors published in the January and 

February issues of the Jorrrnal, and these 
organisations are mentioned below. Mearl (pignrents) As in 1977, several Sections will be 

organising coach parties to visit the Exhi- 
Any company still wishing to apply for Methylon-USA (resins' bition and any Members interested should 

Exhibition space should contact the Director O"Iu-Finland (additives) contact their local Section Hon. Secretary. 
& Secretary immediately, since there is only Plastic Pumps Ltd (marrrr/acturirrg eqrrip- (Full Section Committee lists for 1978 
a very limited amount of stand space left in nrerlt) were published in the January 1978 issue 
the hall. Red Devil Inc. (nranrlfacturirrg equiprrrent) of the Jorrrnal.) For example, the Man- 

It is particularly pleasing to note the Roehm GmbH-Germany (resirrs) 
chester Section has already organised group 
travel to the Exhibition by train and has 

return of many exhibitors from previous 
as well as new exhibiton, thus show- The Exhibition provides an excellent negotiated a fare of just Over one-third of 

iog the strength of the support for this annual opportunity forthe technical person- the 'Orma' day return fare. It is also hoped 

annual focal point for the surface coating nel in the supplying industries to meet their that several parties will  be organised from 
industries. ~t present, there be parti& counterparts in the manufacturing indus- Overseas to the Exhibition. As in pre- 

by organisations in the following 16 tries and to discuss their common technical vious years the Official Guide and season 

countries: problems. ne advantage both to exhibitors admission tickets will be available several 
andvisitors ofmeeting in an informal weeks in advance of the Exhibition (prepay- 

Belgium, Canada, Finland, France, East phere needs hardly be stressed, since the ment from the Association's offices 
Germany, West Germany, Holland, Hun- cost to exhibitors sending representatives to but they will be available for purchase 
gary, Italy, Japan, Poland, Spain, Sweden, all the countries from which the visitors are at the entrance the Exhibition Hal'. A 
Switzerland, the UK and the USA. drawnmightwell beprohibitive,particularly charge is made for the Official Guide 

to smaller companies. and the season admission tickets to the Ex- 
hibition. The policy was introduced several 

Theme of the Exhibition years ago to deter casual visitors who 
Refreshments on stands otherwise collected large quantities of 

The Committee emphasises that whilst it 
naturally encourages the showing of new 
products it does not stipulate that new prod- 
ucts have to be shown by exhibitors each 
year and it attaches equal importance to the 
advantage to personnel at all levels of meet- 
ing and discussing their common technical 
problems. 

Dates and times 
The 1978 Exhibition will take place at Alex- 
andra Palace, London, N.22 on the follow- 
ing dates and times: 

Tuesday 18 April . . 09.30 - 17.30 hrs. 
Wednesday 19 April . . 09.30 - 17.30 hrs. 
Thursday 20 April . . 09.30 - 17.30 hn .  
Friday 21 April . . 09.30 - 16.00 hrs. 

Since the lists of Exhibitors were pub- 
lished in the January and February issues 
of the Journal, the Association has been 
informed that the following companies' 
products will also be on display: 

A. L. Process Equipment Co. Ltd (manu- 
facturing equipment) 

Cornelius Group (resins, additives, pigments) 
Daniel-USA (additives) 

Exhibitors were allowed for the first time 
in 1977 to serve alcoholic refreshments on 
their stands and this innovation will be 
continued at  OCCA-30. Many exhibitors 
expressed their appreciation of this as it 
allowed their personnel to remain on the 
stands with visitors for the whole period of 
the Exhibition. 

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 Official Guide and season admission 
tickets before the Exhibition. 

Official Guide 
The Official Guide to the Exhibition is now 
being printed and copies will be available 
in March for sending to all members of 
the Association and those requesting 
copies as a result of the Association's 
widespread publicity. 

Each Member of the Association, at home 
and abroad, will be sent a copy of the 
"Official Guide" and free season admission 

technical literature from ixhidtors' stands; 
the policy has been welcomed by exhibitors 
and has in no way acted as a deterrent to 
bona fide visitors to the Exhibition. 

Facilities at Alexandra Palace 
The Association has full use of the facilities 
at Alexandra Palace durlng the per~od of 
the Exh~blt~on uhlch Include restaurants. 
two bars, a cafeteria and an exhibitors' bar. 
Another facilitv which is of considerable 
benefit to thosetravelling to the Fxh~blt~on 
by car is the ample free car parking space 
within the Pala& grounds. 

The Heathrow Central Terminal of the 
Piccadilly Line was opened by Her Majesty 
the Queen on 16 December. The advantage 
to overseas visitors travelling to OCCA 30 
is enormous, as it now greatly simplifies 
the travelling both to hotels in Central 
London where they may be staying and to 
the Exhibition. Visitors arriving at Heath- 
row Airport will now be able to board a 
Piccadilly Line train at the Airport build- 
ing itself which will take them directly to 
Turnpike Lane Station from where the 
Association will be running a free bus 
shuttle service to and from the Exhibition. 
The travelling time from Central London 
to Turnpike Lane Station is approximately 

Flare (pigments) 

90 

ticket. eighteen minutes. 
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News of Exhibitors at OCCA-30 
Stand 35  this machine are operating throughout the 

world; it hasproved to bea most economical 
and reliable unit. 

three departments will be highlighted. In 
the resin group, water white resins will be 
featured as will higher melting, more 
reactive, phenolic modified resins. The 
increasing range of Dresinol resin based 
emulsions, completely solvent free, will also 
be displayed. Water soluble polymers from 
both European and U.S. sources will be 
featured together with initial information 
on the Xanthan gums to be manufactured 
in the U.K., and the continuing advances 
in pigment technology together with the 
fluorescent pigments from Radiant Colour 
will also be shown. 

Laporte 
Industries Ltd 

The Drais PM 25 STS triple cooled mill 
has proven itself to be a most efficient and 
reliable mill. with simnlicitv of design. ease 
of operatlon'and competitl;e prlce together 
u,~rh an unmatched product quallty on Confidence in chloride process technology 

as the route to high performance TiO, 
oizments has been emohasised bv the 

both oil and liquid inks. 

The Drais disperser with patented 
S.T.A.R. head, has made possible, for the 
first time, the manufacture of offset inks 
and paints to a fineness below 5 microns 
without the necessity of further milling. 

;Gent expanzion to ~ur(;pe'\ only proben 
chlor~de plant at Luporre'.\ Stall~nghorough 
complex. New developments will be 
featured in addition to information relating 
to current trends in the surface coatings 
industry. Data will be available on many 
grades of the Rnna TiOl, pigments and 
Laporte's technical staff wtll he available 
for discussion during the exhibition. 

Stand 47 
Stand 3 British 

Industrial 
Plastics Ltd 

Roban 
Engineering Ltd Stand 25 

Montedison 
Group 

Roban will be continuing their theme of 
previous years by specialisation in liquid 
storage, pumpingand meteringapplications. 
Thenew products on display willinclude the 
807 ATflowmeter and the air motor driven 
version of the famous R300 series of positive 
displacement solvent pumps. 

A new Beetle powder coating resin is 
being shown by British Industrial Plastics 
Ltd on Stand 47. The resin reference 
L5232 is a carboxyl terminated saturated 
polyester resin and has been formulated 
for use with epoxy resins to give an excellent 
balance of properties. It is based on recent 
development work carried out by BIP 
Chemicals Division showing the incor- 
poration of zinc oxide into epoxy, and 
polyester powder coating systems results 
in a number of significant improvements, 
the most important of which are:- 

Manredison's Industrial Products Division 
is mainly engaged in the fine chemicals 
sector. Among the wide range of products 
that represent its activity in the specific 
held devoted to the paint and varnishes 
industrv. soecial emohasis will be nlaced on 

It is hoped that a Mark Two version of the 
R400 tanker offloading pump will also be 
on show. many t~ta!;~uni d ~ o t ~ d e  grader f i r  varlous 

applratlon\, and reclns and tntermediater 
Engineers will also be present to discuss 

any aspect of Roban's Turnkey project 
construction service for liquid, raw 
materials, bulk storage and distribution 
schemes elsewhere in the world. 

for paints. 

From Acna, a subsidiary of Montedison, 
a wide range of organic pigments will be 
shown for use in paints, printing inks and 
plastics. 

Reducing curing schedules, and 
improved mechanical properties in the 
form of flexibility and impact re- 
sistance. 

Stand 38  Stand 8 0  The main applications for powder 
coatings employing the new resin are 
expected to include car wheels, domestic Emser Werke 

AG 
Cordova 
Chemical Co 

appliances, light fittings and tubular 
furniture. 

Cordova Chemical Co., a California based 
firm, is presenting to the coatings industry, 
poly functional aziridines as crosslinkers, 
additives, modifiers or reactive inter- 
mediates. 

In collaboration with the U.K. subsidiary 
company, Grilon (U.K.) Lid, Emser Werke 
AG will'be exhibiting at OCCA with the 
theme Grilonit epoxy resin-nature's 
partners for the future', and will be demon- 
stratine the latest GrilonU resin and curina 

Stands 65  and 66 

S. A. Floridienne 
NV 
In association with: 

Micro Products 
Co 

Cordova's products are of interest to 
producers of surface coating adhesives, and 
other polymeric based materials. The high 
reactivity of the aziridines can result in 
rapid low temperature curing in carboxy- 
lated polymers, giving coatings greatly 
improved solvent resistance, water sen- 
sitivity and excellent adhesion. 

agent ~e\elopmentz for water and s o l v e n ~  
free epoxy cuatlngi and Grilonit poudcr 
coatings based on epoxy and epoxy and 
polyester combinations. Powder coatings 
based on Grilamid Nylon I2 will also be 
shown. 

Stand 36 Floridienne is the exclusive European agent 
for Micro Products Inc., Yonkers, New 
York, a leading U.S. manufacturer of 
micronised waxes, and for S. C. Johnson 
&Son lnc., Polymer Dept, Racine, U.S.A. 
manufacturers of Joncryl and Versacryl 
acrylic polymers for printing inks and 
water based paper coatings. The full range 
of Micro Powders Inc. synthetic and 
polyethylene waxes, with applications in 
liquid and paste inks finish and wood 
finishes and industrial finishes, will be 
shown and their unique high slip range of 
Polypuos will be demonstrated. From 
S. C. Johnson & Son Inc. the full range of 

Stand 77B Hercules 
Powder 
Company Ltd 

Draiswerke 
Gmbh 
Draiswerke, of Germany, are the only 
company which can offer mills which can 
either operate vertically or horizontally 
as the customer requires. 

Products of the Resin, Water Soluble 
Polymers and Pigment Departments of 
the Hercules Powder Company Ltd will be 
particularly emphasised on Stand 36 at 
OCCA 30. As well as improved products 
in the existing range, new products in all 

PM 250 TEX is designed particularly for 
pigment dispersion and many hundreds of 



Joncr.vl acrylic polymers will be shown 
with appl~cations In ink ~ilanufacture and 
a range of acrylic water based coatlngs for 
the packaging industry will also be demon- 
strated. 

Stand 51 

Neville Cindu 
Chemie B.V. 
Neville Cindrl Clremie will be showing 
their range of hydrocarbon resin5 including 
Nccircs LX, Nevclma and Nesro:. Also 
available will be petroleum derived hydro- 
carbon resins, namely Necircs L. F. and 
Nevclre~n, cournarone-indene resins which 
go  by the name of Nccires R F  and Necives 
ALX-100, low viscosity epoxy-extenders 
known as Necires EPX-L and a range of 
coal tar compounds having good compati- 
bility with epoxies andjpolyurethanes. 

-~ 

Bristol Section 
Ladies' evening 
The Ladies' evening lecture was given on 
28 October, 1977 by Miss Jane Wehner, 
who spoke on "Wines from the hedge- 
rows". The meeting was well attended and 
the lecturer gave a very comprehensive 
survey of all the naturally occurring berries 
and flowers suitable for wine making 
found in the hedgerows during the year. 
Warning was also given against the use of 
other plants which are poisonous. The 
general principle of wine making was also 
d~scussed and the importance of the correct 
choice of the yeast used in the fermentation 
was emphasised. The lecturer had brought 
many examples of the various wines 
described and there was enthusiasttc 
sampling of these products by the members 
present. Question time was opened by Mr 
J. R. Taylor and was well supported by the 
members present. 

Obituary 
L. Bowden - 
Mr Lealie Bowden, for twenty-five years 
Hon. Auditor of the Manchester Section, 
dled on 13 January. The Association was 
represented at  the funeral service by 
Mr H. Gosling (President 1953-55) and 
other Manchester Section Members. 

News of members 
Mr R. Duckett, a past Chairman of the 
Bristol Section, has been appointed Field 
Service Manager, Western Region, for the 
Industrial Paints Division of Berger Paints. 
He will be responsible for technical service 
to the wide range of operations of the 
Western Region including Scotland and 
Northern Ireland and will operate from 
Bristol. 
- - - 

In a reorganisation of the management at 
Burrell Colours Limited, Mr B. R. Howe, 
an Ordinary Member attached to the Lon- 
don Section, has been appointed Director 
responsible for purchasing and planning. 
and Dr  E. R. Inman, also an  Ordinary 
Member attached to the London Section, 
has been appointed as  Director responsible 
for research and development. 

Stand 17 

KWR Chemicals 
Ltd 
The exhibits from KWR C I ~ ~ r r ~ i ~ r ~ l . s  Lld 
will fall into two categories: 

Rr~w rrmterials frorrr CrlF Clrirrrie 
Epoxy resins and curing agents for thc 
paint industry. Together with alkyd resins 
designed for specific paint applications. 

Prorlr1c1.s /ion1 Socic,rc Rorrcaisr D'Orprm- 
Sy,rrhe.se 
(a) For paints-Orrol phenolic resins. 

For can coatings-drum linings and lire 
as electro-phoretic pri~iier coatings for 
the automobile induhtry. 

Modified 0r.vt1I r s i n s  for can coatings. 
(b) For printing inks-Acrylic vehicle\ for 

water based inks and coatings for watcr 
alcohol flexo and gravure printing inks. 

Stand 62 

Capricorn 
Chemicals 
Cnpricorrr Clrerrricab will be exhibiting at 
the OCCA Exhibition for the first time as 
a result of their take-over of the U.K. 
agency for the Geow M. Larrg.er range of 
products. 

They will be exhibiting the Larr~er range 
of additives for the raint and printing ink 
industries including Lu~rco waxes, Lor~co 
Glidd wax dispers~ons, antibubble com- 
pounds, antifloat compounds and aqueous 
thickeners and suspending agents. Also on 
show will be Allplus Thermal Insulation 
Rlankets which are used in industry to 
suppress funies and obnoxious odours, to  
reduce evaporation losses and to act as a 
splash retardent and cut process tank heat- 
ing costs by as much as  70 per cent. 

Mrb t. N.  Harpcr, CIi:~ir~ii;~~i of tlic H I - I \ ~ ~ I ~  Scction, is shown receiving a Certificate of 
Membership of thc Rcrgcr Quarter Century Club. Western Section, and a gold watch for 
twenty-tivc years service w ~ t h  Rcrgcr Patnts. Prescnting the award is a former Chairman of 
the Bristol Sect~on and a formcr Vicc-Prcs~dent of the Association, Mr V. C. Thompson, who 
is President of tlic Western Section Club. 
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OCCA 60th An?ziversnry 

p-~ - - P p -  p-p.p-p 

11-12  M A Y ,  1 9 7 8  
-- 

As members will be aware, the Association I 

celebrates the 60th Anniversarv of its 
foundation in May 1978, and it i4 felt that 
members would like some details of the 
proposed celebrat~ons which will take place 
on l l and 12 May 1978. 

The actual date of the foundation of the 
Association was 16 May 1918, but it has 
been decided that the Thursday and Friday 
are more appropriate times to hold the 
celebrations. 

The May 1978 issue of the Journal will 
contain an article by Dr S. H.  Rell. ORE 
(President 1965-67) on main Association 
events since the 50th Anniversary in May 
1968. Already many companies have re- 
served advertising space in this important 
issue in order to congratulate the Associ- 
ation on this achievement, and others wish- 
ing to do so can obtatn full details from the 
Assistant Editor at the Association's office5 
at the address on the content? page. 

Commemorative Lecture and Dinner 
Sir John Methven 

by ticket only and will be followed by a 
short reception. Dinner will be taken in the 
Dining Hall of the Painter Stainers' 
Company at 8.00 p.m. Informal dress will 
be worn. 

Immediately following the lecture, a 
special commemorative silver medal will be 
presented to Sir John Methven by the 
Master of the Worshipful Company of 
Painter-Stainers, Sir Ralph Perring Bt., to 
mark the occasion. 

Tickets for the Lecture and Dinner will 
be available from the Association's offices 
at a cost of £12.00 plus VAT, and members 
will be sent an application form giving 
details in due course. The price of the 
ticket also includes the reception between 
the Lecture and Dinner, wines with the 
meal, and port or brandy after the meal. 
Past Presidents. Past Honorarv Officers of 
the Association and  ono or& Members 
will be invited as guests of the Association. 

Commemorative Dinner Dance 

The Association's Dinner Dance will be 
held at the Savoy Hotel, London WC2, on 
the evening of Friday 12 May, and Presi- 
dents of other societies, together with their 
ladies, will be Invited to attend. 

The reception will take place in the 
River Room at 7.00 p.m. and Dinner will 
commence at 7.30 p.m. in the Lancaster 
Room. Arrangements for a cabaret have 
been made and dancing to the Jay Langham 
Orchestra will continue until 1.00 a.m. 
Dinner Jacket will be worn. 

Tickets, price £15.00 plus VAT will be 
available from the Association's offices, and 
members will again be sent full details. 

Non-members who wish to receive 
application fnrms should write to the Director 
& Secretarr at the Association's offices as 
soon as pobsible, particularly if they wish 
to make up parties (up to 12 per table) for 
the Dinner Dance. 

The Commeniorative Foundation Lecture Application forms for tickets for both 
(inctituted in 1963 in memory of the late evening of Thursday I I May by Sir John functions will also be available at the 
H.  A. Carwood. Esq.. the first Honorary Methven, Director General of the Con- Association's Information Centre (Stand 
Secretary of the Association) will be given federation of British Industry. The title he 32) at the OCCA-30 Exhibition being held 
In the Court Room at the Painters' Hall, has cho5en is "The place of business in our at Alexandra Palace, London N22, on 
Little Trinity Lane, London EC4, on the society". Admittance to the Lecture will be 18-21 April. 

Forthcoming Events 
Detailsaregiven of Association meetings in the United Kingdomand Ireland up to theend of the month following publicationandin other parts 
ofthe world up to the end of the second follow~ng publicat~on. 

1978 Monday 6 March Mansion Hotel, Roundhay Park, Leeds 
8, commencing at 7.30 pm. 

H~dl Section: Ladies' Evening. Visit to 

March the Ferens Art Gallery, Hull, conducted Wednesday 8 March 
by gallery. Mrs L. Dunn' Senior Keeper at lhe Manchester Section: Student Works Visit 

Thursday 2 March to D. Macpherson Ltd. 

Tuesday 7 March Midlands Section: One day Symposium 
Newcartle Section: "The vinyl approach entitled "Modern methods of paint 
to marine and maintenance coatings" by West Riding Section: "Calcium ferrite manufacture", at the Metropole Hotel, 
Mr J. Benson of Union Carbide to be and zinc ferrite-two new active anti- NationalExhibition Centre,Birmingham. 
held at St. Mary's College, University of corrosion pigments" by Dr P. Kresse of London Section: "Metal decorating in 
Durham, Elvet Hill Road, Durham. Bayer. West Germany to be held at The the paint and printing industries". A day 
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meeting in association with the Thames 
Polytechnic at  Woolwich, SE18, com- 
mencing at 10.00 a.m. 

Wednesday 22 March Wednesday 12 April 

Scottirll Section: Annual General 
Meeting followed by "Demonstration of 
Hypnotism" by A. M. Hearne, MBE, at  
the Bellahouston Hotel, Glasgow at  
7.30 p.m. 

Scottish Section-Eastern Branch: An- 
nual General Meeting followed by a 
Ladies' Evening which, by the kind 
permission of John Haig & Co. Ltd, 
will involve "whisky tasting" to be held 
at  The Alfton Hotel, 6 Grosvenor 
Crescent, Edinburgh 12, a t  7.30 pm. 

Thursday 9 March 

Scottish Section: Title, subject andlecturer 
still to be advised by National Corrosion 
Service. Thursday 13 April 

Midlands Section-Trent Valley Branclr: 
A joint meeting with Institute of Cor- 
rosion Scienceand Technology.Suggested 
title "Why paint it?" t o  be held at  the 
Crest Hotel, Pastures Hill, Littleover, 
Derby at  7.00 p.m. 

Friday 31 March London Section: Annual General Meeting 
at Rubens Hotel, Buckingham Palace 
Road, S.W.1. Bristol Section: Annual Dinner Dance a t  

the Mayfair Suite, New Bristol Centre 
at  7.30 for 8.00 p.m. Friday 14 April 

Irish Section: "Organic versus inorganic 
coatings" by Mr J. R. Lyon, Goodlass 
Wall Lid, to  be held a t  The Clarence 
Hotel, Dublin 2, commencing at  8.00 pm. 

Bristol Section: "Uses of solar energy" 
by Professor B. J. Brinkworth of 
University College. Cardiff, at the Royal 
Hotel, Bristol at 7.15 p.m. 

Monday 13 March 

Manchester Section: "Toxicological prob- 
lems in the pigment-using industry" by 
Mr M. T. Hobbs, ICI Ltd Organics 
Division, to  be held at Room D7. 
Reynolds Building, UMIST, Manchester, 
commencing at  6.30 p.m. 

Monclrester Section: Annual General 
Meeting at  The Woodcourt Hotel, Sale, 
Cheshire, commencing at 6.30 p.m. April 

Monday 3 April Wednesday 19 April 

Hrtll Section: Annual General Meeting 
t o  be held at  the George Hotel, Land of  
Green Ginger, Hull a t  6.30 p.m. 

Ontario Section: Annual General Meet- 
ing. Wednesday 15 Mareh 

Ontario Secrion: "The anatomy of the 
printed dot" by Mr P. Wyskowski of 
McLean Hunter Ltd at  the Skyline Hotel, 
Toronto. 

Thursday 20 April 
Tuesday 4 April Tlrarrres Valley Section: Annual General 

Meeting and talk on "Beekeeping" by 
Mr H. Aplin at the Beaconsfield Crest 
Motel (White Hart). Aylesbury End. 
Beaconsfield, Bucks at 6.30 for 7.00 p.m. 

West Riding Section: Annual General 
Meetine t o  be held at  The Mansion 

Thursday 16 March Hotel, koundhay Park, Leeds 8, com- 
mencing at 7.30 p.m. 

Thanles Valley Section: "Rheology of 
pigmented systems. A new low-shear 
instrument" by D r  M. L. Colclough of 
ICI Paints Ltd, to  be held at  The Beacons- 
field Crest Motel (White Hart), Aylesbury 
End, Beaconsfield, Bucks at  6.30 for 
7.00 pm. 

Friday 21 April 
Thursday 6 April 

Irish Section: Annual General Meeting 
at the Clarence Hotel, Dublin 2, com- 
mencing at  8.00 p.m. 

Newcostle Section: Annual General 
Meeting to be held at St. Mary's College, 
University of Durham, Elvet Hill Road, 
Durham. Midlands Section: Annual General 

Meeting at  the Crown Hotel, Broad 
Street, Birmingham at 6.30 p.m. Friday 17 March 

Friday 7 April 
Midlands Section: "Jewellery through the 
ages" a Newton Friend Lecture by M r  
C. Reichsollner to  be held at  Birmingham 
Chamber of Industry and Commerce at  
7.00 pm. 

Midlands Section-Trent Valley Branch: 
Annual General Meeting t o  be held at 
the Crest Hotel, Pastures Hill, Littleover, 
Derby at  7.00 p.m. 

Friday 28 April 

Bristol Section: Annual General Meeting 
at  the Royal Hotel, Bristol a t  7.15 p.m. 

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

Ordinary Members MEDCALFE, TERENCE, PhD. ARIC, Kon-Tiki, 6 Nursery Lane 
Ripponden, Nr. Halifax, Yorks. (Munche.>ter) 

ALDERSON, GODFREY CLIFFORD, LRIC, 12 Masham Road, STONE, LIONEL WILLIAM, 2 Dale View Gardens, Kilburn, Derbys 
Harrogate, Yorks. (West Riding) DE5 OPT. (Midlands-Trent Valley Branch) 

ANDREWS, ROBERT ANTHONY, 33 Marton Drive, Burnley. Lanes. THOMPSON, JOHN PHILIP, 42 Dorset Terrace, Leeds LS8 3QR. 
(Manclre.ster) (West Riding I 

BOWMER, DAVID ROGER, Kenroy Dispersions Ltd, Halt Mill Road. WALSHAM, RICHARD, 48 Briggsfold Road, Egerton, Bolton, Lancs. 
Waterfoot. Rossendale. Lancs. (Munchester) (Manclrester) 

CLARK ARTHUR STEWART, BSc, MRIC, British Aluminium Co. 
~(d. ,  Davids Loan, Falkirk FK2 7XT. 

(Scotrislr-Eastern Brarrcl~) 
COTTON MALCOLM B Tech 15 Wharfe Bank, Collingham, 

we;herby, W. qorks ~ ~ 2 i  5JP. (Wesf Riling) 
DAFFERN, DAVID, BSC, l I5 Puma Drive, Agincourt, Ontario 

MIV IG8, Canada. (Onturio) 
DE RUITER, FRANS, Dr. de Snoostraat 8, Bergen o p  Zoom, 

Netherlands. (Cmeral Overreas) 
ELLIS JOHN CEDRIC, BSC, LRIC, Robin Hole, 10 Chadfield Road, 

6uffield. Derbv DE6 4DU. (MidIc1nc1.s-Trent Vulley Brara.11) 

Associate Members 

COPELAND, IAIN GRAHAM, 64 Adswood Lane East, Cale Green, 
Stockport, Cheshire SK2 6RG. (Monclresrer) 

DRIVER, NORMAN, Pollard Hall, Oxford Road, Gomersal, W. 
Yorks. ( West Riding) 

FAIN, JEAN FRANCOIS, Lorilleux Lefranc International, 161 rue de 
la Republique, 92801 Puteaux, France. (Crneral  oversea.^) 

TATTERSALL, DAVID STANLEY, 37 Redwood Drive, Rawtenstall. 
Rossendale, Lancs. (Munchestrr) 

. . 
GAMON, MICHAEL HUGH, 30 St. Peter's Grove, Laceby, Grimsby, ~ ~ i ~ t ~ ~ e d  student 

S. Humberside DN37 7HD. (Hull) 
JAMES, DAVID MICHAEL, BSC, FRIC. 14 Beaconsfield Crescent, WHITELEY. PHILII' DUNCAN, NO. I Kirkwood Way, Cookridge, 

Low Fell, Gateshead 9, Tyne and Wear. (Newcastle) Leeds 16. (West Riding) 
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-on- 
OCCA CONFERENCE 

u 
STRATFORD HILTON HOTEL 20-23 JUNE 1979 

The challenge to coatings in a changing world 
It is envisaged that the papers to be presented will be concerned not only with the challenge of new materials and the substitution 
of traditional ones, new methods of construction and the problems of application. but also with the effects of new legislation (both 
national and international) and the sociological, climatic and leisure aspects of life in the last quarter of the twentieth century. 

The Hon. Research and Development Officer now invites offers of papers for presentation at this Conference. Anyone wishing to 
submit a paper for consideration should notify his intention as soon as possible to: The Director and Secretary, Oil and Colour 
Chemists' Association, Priory House, 967 Harrow Road, Wembley, Middlesex HA0 2SF, England (Telephone 01-908 1086; 
telex 922670). 
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J . O . C . C . A .  
is our advertisement 

Similar Publications, Weekly, Monthly or Quarterly are 
our speciality. Reports and accounts, internal stationery 

and advertising literature in colour are all produced 

speedily and efficiently at our North London plant 
which has over one hundred experienced staff 
working in two shifts at your service. 

Richard Madley Ltd 
P.O. Box 151, Elthorne Road, London N19 4AH 

Tel 01 -263 0256 

BOOK ORDER FORM 
To: The Director and Secretary, 

Oil & Colour Chemists' Association, 
(PREPAYMENT ONLY) 

Priory House, 
967 Harrow Road, 
Wembley. Middx., 
HA0 ZSF 
England. 

Date ... ... .. 

Please send me copies of the books as listed below: 

I enclose remittance o f f  (US S o cover the wst. (Prepayment only) 

I n  orde 



SECRET 
VARNISHES 

Hardmans oleo-resinous varnishes a re  the 
secret  ingredients used b y  leading paint 
manufacturers. 
Our modern plant and high technology ensure 
close compliance with the most stringent 
specification. We  have no connections with 
any paint manufacturer. 
Contact us for an oleo-resinous varnish 
quotation to your own specification (treated 
in confidence), or  from our own range. 
Hal-dmdns know all the secrets. 

Varnish makers to the p,~iiit iridu.;try 

E. Hardman, Son & Co. Ltd. 
Bedford Street, Hull, Nol-th Hurnbersidn 
HU8 8AX 
Tel : (0482) 23901 

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

WHITE SECTION REPRESENTS 
THAT PART OF THE CIRCULATION 
WHICH IS AUDITED UNPAID 

(Reference Audit Bureau o f  Circulations Reviews. 
Jan-Dec 1076) 

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, Middx. 
HA0 2SF, England Telephone: M-901108@ 

Telex: 822670 (OCCA Wembley) 
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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 o f  £3.00 per cm. Advertisements for Situations Wanted are charged at 80p per line. 
A box number is charged at 50p. They should be sent t o  D. M. Sanders, Assistant Editor, O i l  & Colour Chemists' Association 
Priory House, 967 Harrow Road, Wembley, Middlesex H A 0  2SF. JOCCA is published EVERY month and Classified ~dvertisement; 
can be accepted up t o  at least the 12th, and i n  exceptional circumstances the 20th o f  the month preceding publication. Advertisers 
who wish t o  arrange for an extension o f  the copy deadline should contact the Assistant Editor, L). M. Sanders, at the address given 

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

APPOINTMENTS VACANT SITUATIONS WANTED MISCELLANEOUS 

A foreign company wants a technician 
t o  advise on the manufacture o f  syn- 
thetic i ron oxide pigments and cadmium 
pigments. Please apply in confidence 
giving ful l particulars to Box 453. 1 
A foreign company wants a technician 
to advise on the manufacture o f  different 
types o f  iron blues. Please apply i n  ful l  
confidence, giving ful l particulars to 
Box 454. 

Recently retired company executive 
with wide experience in the industrial 
chemical field covering the petroleum 
industry, rubber processing, and paint 
manufacture and development, with 
special expertise in the field o f  anti- 
corrosive protection by means o f  surface 
coatings. 
Widely travelled-he offers his advisory 
services anywhere, at home and abroad. 
Curriculum vitae available on appli- 
cation. 
Due to the death o f  his wife is anxious 
for involvement and time occupation. 
Reward a secondary consideration. 
Enquires to Box No. 455. 

Flame-proofed battery electric forkl i ft 
trucks in any condition. State type and 
price. Immediate inspection and settle- 
ment. 
Box No. 452. 

Senior 
Buyer 
S.W London c.f 5,000 p.a. 

Ault BVViborg Limited. leaders Inthe manufacture of 
printing inks, wish to appoint a Senior Buyer of either sex 
at their Head Offrce In Southfields. 

Reporting to the Purchasing Manager, the successful 
applicant w ~ l l  probably be between 25and 35 yearsof 
age; will have a chemistry qualification-degree desirable; 
'A'level essential minimum and will haveseveral years' 
experience in industry, some of which will be in Purchasing. 

The job entails co-ordination of all raw materlal purchases 
within the Company; the negotiations concernlng mater~als 
purchased; the monitoring of all orders and the ~dentlfica- 
tion of alternative sources of supply. 

This isa newjob which arisesfrom thedevelopment of the 
Purchasing Department. Normal benefits of a medium- 
sized company will apply tothe post. 

Applicants should write br~efly in the first instance, 
indicating how they meet the personal and job require- a ments, toMr. J T  . Crouch, Personnel Manager. 

For Sale 

16" x 40" Lehmann Triple Rol l  M i l l  
15" x 30" Vickers Triple Ro l l  M i l l  
lZ"x24" Vickers Triple R o l l  M i l l  
6" x 12" Marchant Laboratory Triple 
Rol l  Mi l l .  
One of f  Heavy Duty 1W I b  Baker 
Perkins U. Trough mixer twin Naben 
Blades 100 h.p. electrics. O i l  heated 
jacket. 
One off 50 Ib Baker Perkins twin Naben 
blade mixer jacketed. 
One of f  1W Ib Baker Perkins twin Naben 
blade mixer jacketed. 
One off 500 I b  Baker Perkins twin Naben 
blade mixer jacketed. 
One 10" Iddon Strainer. 

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

I 

CLASSIFIED ADVERTISEMENTS 

For details of rates see above or contact: 

D. M. Sanders 

OIL 8 COLOUR CHEMISTS' ASSOCIATION 

Priory House, 967 Harrow Road, Wembley, 

Middlesex, HA0 2SF England 

Telephone:  01 -908 1086 Telex: 922670 WAult &Wiborg Ltd 
I Standen Rood London SW18 5T.I Telephone 01 874 7244 1 



APPOINTMENTS VACANT 

I Joseph Crosfield & Sons Limited, a member of the Unilever group and a leading 
manufacturer of industrial chemicals, has new opportunities for two Technologists 
in  its Applied Silicas Division. I 
Our specialised silicas are widely used as matting agents in  surface coating lacquers, 
antiblocking agents in  plastic films, rubber fillers, paper coating additives and 
catalysts. The successful candidates will be responsible for product development 
and technical service work associated with these areas. They will frequently follow 
up their work with customer visits initially in  the U.K. and eventually within 
Western Europe. 

Candidates, male or female, should be qualified t o  at least HNC or equivalent level 
in Chemistry and should possess relevant experience, either working in  a technical 
capacity in  the Surface Coatings industry or undertaking product development1 
technical service work for an industrial chemical manufacturer. They must also 
demonstrate an approach which will help maintain and develop effective customer 
relationships. 

I n  addition to  the above remuneration, which includes a variable productivity bonus 
and earnings supplement, these positions carry a range of Unilever benefits including 
superannuation and sickness benefit schemes. 

I Please write giving details of age, qualifications, work experience and current I 
salary t o  :- 

A Mrs S. Brown, Recruitment Officer, 
Joseph Crosfield & Sons Limited, 

P.O.Box 26, Warrington 
WA5 IAB. Cheshire. 
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3 0 ~ ~  TECHNICAL EXHIBITION 
OF THE 

OIL & COLOUR CHEMISTS'ASSOCIATION 

Alexandra Palace London 
18-21 APRIL 1978 

The world's most important international 
exhibition of raw materials, plant and 
equipment used in the Paint, Printing Ink, 
Colour, Adhesives and Allied Industries. 

TUESDAY 18 APRIL 09.30 17.30 
WEDNESDAY 19 APRIL 09.30 17.30 
THURSDAY 20 APRIL 09.30 17.30 
FRIDAY 21 APRIL 09.30 16.00 

The Association wi l l  operate a free bus service to the Exhibition 
from (and return) Turnpike Lane Station (Piccadilly Line, London 
Underground). 

Copies of the "Official Guide"inc1uding season admission tickets, 
at £2.00 each (including VATjare obtainable in advance froni the 
address below or at the entrance to the Exhibition. 

Oil & Colour Chemists' Association. 
Priory House, 967 Harrow Road, Wembley, Middlesex, 
England, HA0 2SF 
Telephone : (01) 908 1086 Telex: 922670 (OCCA Wembley) 

I N D E X  T O  ADVERTISERS 

Ashby, Morris, Ltd. . . . . . . . .  

CIBA-GEIGY (UK) Ltd, Pigments (Paint) 
. . . . . . . . . . . .  Division 

Dow Chemical-Methocel . . . . . .  
. . . . . . . .  Dow Chemical-Dowicil 

H 

Highgate bi Job Ltd. . . . . . . . .  

I 
... 
111 I.C.I. Ltd (Organics Division) . . . .  

M 

iv Madley, Richard, Ltd. . .  

vii 
S 

Sachtleben Chemie GmbH . . . . . .  
Sheen Instruments (Sales) Ltd. . . . . . .  

. . . .  Sub-Tropical Testing Service Inc. 
ii Sylvachem . . . . . . . . . . . .  

Printed in England by Richard Madis* Lld.. 6a Elthorn. Road, N19 4AG 



OIL h COLOUR CHEMISTS'  ASSOCIATION 

C U R R E N T  P U B L I C A T I O N S  
" -. .--* 

New fourth 
edition now 
available 

The lntroduction to Paint Technology, of 
whlch 18,000 copies have already been sold, 
forms an excellent lntroduction to the whole 
fleld of surface coatlngs and related tech- 
nologles. The fourth editlon contalns the 
important additlon of a glossary of the terms 
used In the book together wlth explanations 
of thelr derlvatlons, as well as the completely 
revlsed and updated text. 
Price £5.00 (Registered Students of the 
Assoclat~on €2 50) Prepayment only. 
OIL AND COLOUR CHEMISTS' ASSOCIATION 
Priory House, 967 Harrow Rd., Wembley HAOZSF 

- 

Special Reduction! 
TEN-YEAR 

CONSOLIDATED 
INDEX 

of Transactions 

and Communications 

1966-1975 
Volumes 49-58 

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

The special rate will be: 

f 2 .00 to  non-Members:  f l . 0 0 t o  Members 

AVAILABLE (prepayment only) from: 

OIL AND COLOUR CHEMISTS' ASSOCIATION 

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

uv Newcastle Section Symposium 1975 
The bound copies o f  the twelve papers 
presented covering many aspects o f  this 

polymerisation rapidly expanding field are available. 
Price: £5.00 uv 

Paint Technology Manuals 
Works Practice 
This publication, which is o f  great use both to the 
practical man within the industry and the student 
entering the industry, is concerned with the prac- 
tical aspects o f  making paints. As very litt le has 
been published on this subject, a fairly broad 
coverage is attempted including factory layout and 
organisation, paint and media manufacturing pro- 
cesses. legal aspecls and safety precautions. 
Price: £3.00 

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

Price: £7.50 Published by Chapman & Hal l  L td  
on behalrof the Association. 

Biennial Conference 
PREPRINTS 

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

1977 Eastbourne Tlie conservation ofenergy, materials 
and other resources in the s~rrjace coatit~&r indtrstrier. 
Fourteen papers presented. Price: £5.00 

1975 Scarborough Performatlce of surface coatings- 
dues reality match theory? Seventeen papers pre- 
sented. Price: £5.00 

1973 Eastbourne Towards 2000. Sixteen papers 
presented. Price: f5.00 

[See order form on page xii 



The motif, designed by Robert Hamblin, uses the symbol of a moving indicator on a calendar t o  emphasise the importance of 
the continuous dialogue year by year between suppliers and manufacturers. The inward-pointing letters recall the international 
aspect of this unique annual focal point for the surface coatings industries, which i n  1977 attracted visitors f rom 50 countries. 

TRAVEL ARRANGEMENTS FOR VISITORS TO OCCA-30 

For those travelling to the Exhibition by car, ample free parking space is available in the grounds of Alexandra Palace, 
' 

and recent improvements to the road system include the extension of the southbound carriageway of the MI Motor- *;. 
way to the North Circular Road and the flyover on that road by the new Brent Cross Shopping Centre. The extension 
of the Piccadilly Underground line to the Heathrow Airport Terminal gives a direct line to Turnpike Lane station from 
where the Association runs a free bus shuttle service to the Exhibition. The journey from central London to Turnpike 

Lane takes approximately 18 minutes. 
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