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WE GROW FUNGUS

O

on our walls just to illustrate
what may occur when

decorative paints do not include
ZINCOID COLLOIDAL ZINC
OXIDE in their formulations.

WE WOULDN'T SUGGEST THAT YOU DC THE SAME.
BUT WE WOULD SUGGEST THAT YOU EXAMINE
THESE PROPERTIES OF ZINCOID COLLOIDAL:

Speeds film hardness

Assists gloss retention

Reduces yellowing

Aids full colour development

Overcomes problems caused by differential flotation
Improves brushability

Neutralises sulphur gases

Gives increased storage life to paint
Prevents fungus growth

ZINCOID COLLOIDAL ZINC OXIDE

from the UK's leading zinc oxide manufacturer:

Amalgamated Oxides (1939) Ltd. Dartford, Kent. m
[ =

a subsidiary of

NORRIS ASHBY LIMITED

10 PHILPOT LANE
Telex No. 886 170 LONDON EC3 Telephone 01-626 8071

Morris Ashby Ltd. is represented throughout the world
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CSR Chemicals
brings the funto the fair

Oom-pah-pah! Oom-pah-pah!

Children shriek delight to the barrel organ’s obbligato.
Noise. Music. Frenzied gaiety and colour. All part of a
child’s world. Our world.

Colour and brightness make the fair. CSR Chemicals helps
make the colour — by providing chemicals for Australia’s
leading paint and surface coating manufacturers.

CSR CHEMICALS LTD.
SYDNEY 42 4246 MELBOURNE 451225 ADELAIDE 231466 BRISBANE 56 0601

THE AUSTRALIAN CHEMICAL COMPANY
023.P.131C
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THE AUSTRALIAN CHEMICAL COMPANY

Chemicals for paints,
lacquers and adhesives

We invite your enquiries for the following
products for the paint, lacquers and adhesive
industries, at any of our sales offices, which are
backed by our extensive technical service
facilities.

MONOMER
Vinyl acetate monomer

SOLVENTS

Acetone n-Butyl acetate
Amyl alcohol iso-Butyl acetate
n-Butyl alcohol iso-Butyl alcohol
iso-octanol Industrial butyl acetate
Amyl acetate Ethyl acetate
Ethyl formate
Corsol Solvent 7

RESIN

Cellulose acetate flake
Gilsonite

RESIN INTERMEDIATES

Phthalic anhydride
Maleic anhydride
Fumaric acid
Takenate series isocyanate products
‘Takenate' series polyisocyanate prepolymers

PLASTICISERS

‘Corflex 100" (DMP) - dimethyl phthalate
‘Corflex 200' (DEP) - diethyl phthalate
‘Corflex 400’ (DBP) - dibutyl phthalate

‘Corflex 440’ (DIBP) - di-isobutyl phthalate

‘Corflex 880’ (DIOP) - di-iso-octyl phthalate

‘Corflex 810" (DOP) - di-2-ethylhexyl phthalate
‘Corflex 910' (DNP) - dinonyl phthalate
‘Corflex DIDP' - di-isodecyl phthalate

‘Corflex DIBA' - di-isobutyl adipate
‘Corflex DTDP’ - ditridecyl phthalate
‘Corflex DIOA’ - di-iso-octyl adipate
‘Corflex DOA’ - di-2-ethylhexyl adipate
‘Corflex DBS' - dibutyl sebacate
‘Corflex DBF' - dibutyl fumarate
‘Corflex DBM' - dibutyl maleate
‘Corflex TIOTM’ - tri-iso-octyl trimellitate
‘Corflex NODP' - n-octyl n-decyl phthalate

STEARATES
Aluminium Calcium Magnesium Zinc

ANTIOXIDANT
Butylated hydroxytoluene (B.H.T.)
023.P.131C
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Effluent
Disposal
haveaway
with
waste paint

Obsolete stock, odd lots, filtered spray
waste. At best a messy disposal problem, at worst,
a serious pollution risk (with all that could mean
to your company'’s good name).

NOW, EFFLUENT DISPOSAL OFFER
YOU A NEW AND EXCLUSIVE SERVICE.

We will collect your waste paintand incinerate it.

So - what's new about burning paint
waste ?

Simply that Effluent Dispasal have
developed very special incineration equipment to
ensure complete disposal without the slightest
risk of pollution.

This service will cost you a little more
than ‘tip and run’ or open-site burning. Butit's
well worth it. If you call in Effluent Disposal,
nobody is going to use your old paint to blacken
your reputation.

ED Ask for full details ; ring or write
|

EFFLUENT DISPOSAL LIMITED

Lindon Road, Brownhills, Walsall, Staffs WS8 7BW
Tel: Brownhills 5151. Telex: 339921 Effludis Walsal

A Leonard Leigh Interest

print
In
practice

Metchim’s have been printers for
over 100 years.

Today, in the heart of
Westminster, in the shadow of
Big Ben, our modern automatic
presses produce vast quantities
of high-class printed matter,

day and night, in our

12,000 square feet factory.

METCHIM & SON LTD

GENERAL, COLOUR AND PERIODICAL PRINTERS

8 STOREY'S GATE,
WESTMINSTER, S.W.1

Telephone: 01-839 2125 (4 lines)




How soon do you suppose
we can bein London,
Paris, Milan or Bradford?

We’re there now.

IN EVERY MAJOR business

centre, some large towns and small

you'll find KRONOS agencies and stocks.
And in various countries you'll find one of
our TiOz2 factories as well.

Qur motto is service — in Great Britain,
in Europe, all over the world. This is no prob-
lem for our plants; we have our own mines.
We can offer you the widest selection of
special and universal pigment types — from
the highest grades down to the most reaso-
nably priced. The quality is outstanding —
for plastics, man-made fibres, paints, paper,
rubber, ceramics, cosmetics, and so on and
on.

Behind our assured capability stand
KRONOS research and development, inter-

national exchange of experience,
technological counsel by a world-
wide organization. The KRONOS group in
Europe is part of N L Industries, Inc. of New
York.
Would you like to know more? Give us
a call, or drop us a line.

KRONOS TITANIUM PIGMENTS LTD.
St. Ann’s House,

Wilmslow/Cheshire SK 9 IHG

Tel.: Wilmslow 29511, Tx.: 6690 55

TITANIUM DIOXIDE

KRONOS TITAN-GMBH KRONOS EXPORT DIVISION, D-5090 Leverkusen 1, Postfach 100720, West Germany

White - for a colourful world
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 TIOXIDE

WHITE PIGMENTS FOR INDUSTRY

You know they give you whlteness opacnty
. durability. With them you make the best
white and pastel-tinted paints.

sz = . = .
Tioxide International
LIMITED - 10 STRATTON STREET - LONDON W1A 4XP - ENGLAND
The selling organization of the British Titan group of companies
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Editorial

The Association’s headquarters moves to new offices

Priory House

After 14 years at Wax Chandlers’ Hall in the City of London,
it was naturally with considerable reluctance that the Association
found itself unable to renew the lease on those offices. When it
became apparent that the Association’s offices would have to move,
Council was faced with the decision of finding alternative accom-
modation within the Central London area, a very expensive com-
modity in view of the fact that the Association needs storage as well
as office space, or—following the example of many other societies—
moving to one of the suburbs in the Greater London area.

To HARROW-ON-

o s

SUDBURY
HILL w
(PICCADILLY] &

LINE
UNDERGROUND)

Site of new offices

A search was undertaken in many areas and many properties were
viewed before a decision was taken to acquire the lease of Priory
House, a self-contained office building in Sudbury, Middlesex.
This office block was built approximately twelve years ago and
offers the Association office accommodation, a certain amount of
storage and a small committee room which will be adequate for
the holding of all Committees of Council; however, meetings of
the full Council will be held in a Central London venue.

One of the advantages of the new premises is that there is ample
car parking space both in front and at the side of the building
itself and in the surrounding area, which can easily be reached by
road from the M1 and the M4. For those travelling by train, the
nearest Underground Station is Sudbury Hill (Piccadilly Line),
which can also be reached via the Metropolitan Line (changing
at Rayners Lane) and this is of particular help to those travelling
from the North to the main line stations in London. The offices
are situated half a mile from Sudbury Hill Station and the 92 bus
route passes the door. The sketch map shows the situation of
Priory House, and the full address of the Association’s office is as
follows:

Oil and Colour Chemists” Association,
Priory House, 967 Harrow Road,
Wembley, Middlesex, England HAO 2SF.
Telephone: 01-908 1086.

Telex: 922670 (OCCA Wembley).
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Correspondence

The levelling of paint films

Sir—1 commend Messrs Camina and Howell (JOCCA, 1972,
55, 929) for a most interesting article on the levelling of paint
films. I am particularly intrigued with their new instrument
for the measurement of levelling—I wish I had one!

I will not dispute the conclusions drawn by these authors,
since they seem to apply entirely to solvent-based systems.
I will question their validity, however, when applied to
aqueous systems. Latex paints, as well as latices, are notorious
levellers, and usually possess every form of rheology known,
except Newtonian. I have made latex paints that were pseudo-
plastic, thixotropic, dilatant, etc., and 1 cannot see these
data applied to them. Not only are their rheological properties
different from solvent systems, but their drying mechanisms
involve much more than the mere evaporation of a solvent.
Coalescence of the discrete particles of latex resin accom-
panied with capillary action present a most complex
rheological picture, as all flow virtually has ceased. While
solvent systems are basically two phases, latex systems are at
best three phases complexed by numerous partially soluble,
or insoluble, additives.

I will be interested in having the authors’ comments on
the above.
Yours faithfully,

J. H. BOATWRIGHT

The Craftint Manufacturing Company,
18501 Euclid Avenue,

Cleveland, Ohio 44112,

USA.

28 November 1972.

SIR—Mr Boatwright’s comments on our paper are much
appreciated.

We agree with him about the complexity associated with
the rheological properties of latex paints, most of which
have a high volume fraction of dispersed phase. This high
volume fraction of the dispersed phase together with electro-

viscous effects causes their complicated flow behaviour. In
addition, the colloid thickener solutions are themselves
non-Newtonian. Complicated flow can also occur in solvent
systems where there is a high concentration of solid particles.

The theoretical introduction in our paper was intended to
promote an understanding of the physics of levelling. The
paints we examined had flow behaviour which could be
described by relatively simple equations. More complex
equations, such as those of Eyring!, Cross? etc. produce
differential equations that are difficult to solve. This is
especially true for paints with time dependent flow3. The
PRA levelling blade was designed with the aim of giving
useful information for a wide range of paints irrespective of
their rheological properties, by simulating the shear con-
ditions of brush application.

The work reported was concerned only with solvent-based
decorative paints. Our work with latex paints has been less
extensive but the indications are that they are in agreement
with brush out tests. A number of latex paints we have
recently examined with the levelling blade showed a rating
of 0 on our scale, very poor flow-out, whereas the glossy
type of emulsion showed a rating of 4. We have also found
that some emulsion paints follow the power law plus yield
value equation initially described by Herschel and Bulkley*,

Yours faithfully,

M. CAMINA

D. M. HOWELL
Paint Research Association,
Waldegrave Road,
Teddington, Middx TW11 8LD.
18 December 1972.

References

1Eyring, H. and Ree, T. J. Applied Phys., 1955, 26, 793.
2Cross, M. M. J. Colloid Sci., 1965, 20, 417.

3Camina, M. and Roffey, C. G. Rheol Acta., 1971, 10, 606.
4Herschel, W. H. and Bulkley, R. Kolloid-Z., 1926, 39, 291.

Corrigenda

The following typographical errors have been noted in the
paper by Snuparek published in the November 1972 issue of
the Journal.

In Fig. 4, page 1014, curve (b) has been designated curve
(c) and vice versa.

In Figs. 7 and 8, pages 1017 and 1018, a letter ““g> appears
instead of the numeral 9 on the abscissas.

In the paper by Moss (JOCCA January) the systems
A—E are not as indicated in the appendix, which might
be the impression given.

Reference to the original will show that the systems are as
follows:

76

Fig. 2

A = Liquid resin/Aromatic amine adduct

B = Liquid resin/polyamide

C = Liquid resin/polyamide adduct

D = Liquid resin/Aliphatic Amine adduct

E = Diluent containing liquid resin/solvent-free aromatic
amine adduct

Fig. 3

A = Solid resin/aromatic amine adduct
= Solid resin/polyamide

fi

Solid resin/polyamide adduct
Solid resin/liquid aliphatic amine adduct
= Solid resin/solid aliphatic amine adduct

i

B
C
D
E
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Transactions and Communications

The influence of finish on colour changes in wood

By S. Dombay

Furniture Industry Research Association, Maxwell Road, Stevenage, Herts, SG1 2EW

Summary

An investigation has been carried out into the cffect on wood
colour of different types of finish, representing nitrocellulose,
polyurethane, urea-formaldchyde, melamine-formaldehyde and
polyester systems on oak, tcak, afrormosia, African mahogany
and American black walnut veneers, mounted on particleboard.
Duplicate samples of coated wood and unlacquered controls were
exposed to daylight for six months or kept in the dark for the same
period, and their colours were measured with an abridged spectro-
photometer, using the blue, yellow and red filters. The reflectance
readings were converted to tristimulus values (coefficients) which

Keywords
Types and classes of surface
wood

Types and classes of coating
wood finish

were then plotted on graphs similar to the CIE system of colour
representation.

The modifying influence of some of the finishes on the colour
was to some extent apparent even on the woods stored in the dark,
but the effect was much greater on the exposed samples. Although
the effects predictably varied from wood to wood, some general
pattern has emerged in respect of lacquer types as well as the
species of wood studied, though no attempt has been made to
relate these in great detail with the natural chemicals present in
wood.

Properties, characteristics and
conditions primarily associated
with materials in general

colour stability

L'influence qu’exerce la finition sur les altérations de la couleur du bois

Résumé

On a effectué une investigation sur 'effet provoqué sur la couleur
de bois par de différents types de finition, tels que des systémes a
base de nitrocellulose, polyuréthanne, urée-formol, mélamine-
formol et polyester, appliqués au chéne, teck, afrormosia, acajou
d’Afrique, et noyer noir d’Amerique plaqué aux panncaux de
particules de bois. Des échantillons en double exemplaire du bois
revétu et des blancs exempt de vernis étaient exposés a la lumiére
de jour pour 6 mois, soit tenus au noir pour une pareille intervalle,
aprés laquelle leur couleur ¢tait mesurée au moyen d’un spectro-
photometre agrégé, en utilisant des filtres bleu, jaune et rouge.
Les lectures de réflectance ont été converties aux valeurs tristimulus

Der Einfluss der Lackierung auf Farbwechsel im
Zusammenfassung

Eine Untersuchung iiber die Auswirkung von Lackshichten
verschiedener Zusammensetzung, und zwar Nitrozellulose-, Poly-
urethan-, Harnstofformaldehyd-, Melaminformaldehyd- und Poly-
estersysteme wurde iiber Eich-, Teak-, Afrormosia-, afrikanische
Mahogany- und amerikanischem schwarzem Wallnussfurnier, alle
auf Spanplatten montiert, durchgefiihrt. Duplikatmuster lackierter
Hélzer und unlackierter Kontrollen wurden 6 Monate lang dem
Tageslicht ausgesetzt oder ebenso lange im Dunkeln gelagert. Thre
Farbungen wurden mittels einer verkiirzten spektrophotometrischen
Methode unter Benutzung blauer, gelber und roter Filter gemessen.
Die Riickstrahlungsablesungen wurden in Tristimuluswerte

Bausinne OTJE/IKH HAa H3IMCHEHHE IIBETA B JiepeBe
Pesiome

PaCCMaTDMBaeTCSI BJIMSSHUE HA OKpACKy /ICPEBA PaA3/IMYHBIX THUIMOB
noprrmﬁ, HanpuMMep HUTPOLUCIUIIOJIO3HbIX, TMOJIMYPETAHOBBIX,
MOYEBHHO-(POPMANIbAETMAHBIX, MENAMHUHO-DOPMANBbACTUAHBIX ¢
nonuIGUpoBbIX CUCTeM Ha daHepax ayba, TMKOBOro aepesa,
appopMo3uu, adpUKAHCKOTO KPAaCHOrO ACpPeBa W AMEPUKAHCKOTO
YEPHOrO OPEXOBOro AE€pEBa, yCTAHOBJICHHbIX Ha NMaHensx. JlBoiiHbie
06pa3ub| MOKPBITBIX AEPEBAHHBIX U HEJIAKUPOBAHHBIX KOHTPOJIbHbIX
naHejieli MOABEPrajaucCh BIAMSHHIO JHCBHOTO CBETA B TEYEHUE 6-TH
MECALECB MJIM XPAHUITUCh B TCMHOTE B TEYCHUC TOrO Xe nepuoaa v
HX UBETA W3MEPSUINCh HA CNeKTPOdoTOMETpe, MPUMEHS CHUHUM,
KENThbl ¥ KpacHblit ¢GunbTpbl. [Moka3zaHus oTpaxaemocTu mnpe-
00pa3oBbIBAIUCL B CTUMYJISIPHbiE 3HAYeHUA (KOIDOULMEHTHI),

(coeflicients) qui ont été mises sur des courbes semblables au
systéeme CIE de représentation de couleur.

L’influence modificatrice de certaines finitions sur la couleur du
bois était a quelque degré apparente méme sur les échantillons
tenus au noir, mais I’effet était plus important dans le cas de ceux
qui ont été exposés. Bien que les effets se variassent, d’une maniére
qui peut étre prédite, d’'un bois a un autre, une certaine tendance
générale s’était mise en évidence au point de vue des types de
finition, ainsi que des espéces de bois que I’on a étudiés. Pourtant
on n’a pas tenté de lier ces effets, dans une maniére circonstancée
aux agents chimiques naturels qui se trouvent en bois.

Holz

(Koeffizienten) konvertiert und dann, dhnlich dem CIE System der
Farbvorstellung, grafisch dargestellt.

Bis zu einem gewissen Grade war der modifizierende Einfluss
mancher der Lackierungen auf die Farbe von sogar im Dunkeln
aufbewahrten Holzern offensichtlich, bei den exponierten Mustern
war die Wirkung erheblich grosser. Sowohl beziiglich der Lackarten
als auch der Holzsorten kam eine Art allgemeines Schema zutage,
obwohl sich die Auswirkungen, wie vorauszusehen war, je nach
Holzart unterschieden. Es wurde jedoch nicht versucht, diese
Auswirkungen im Einzelnen mit den im Holz auf natiirliche Weise
anwesenden Chemikalien in Beziehung zu bringen.

KOTOpble HaHOCHIUCh Ha rpadmku nonobuo cucreme C.I.E. mnas
0603HaYeHUs LBETOB.

Moauduumpyiouiee BIUAHHE HEKOTOPBIX OTAENOK HA LBET HaGIo-
[anoch [0 M3BECTHOM CTeMEeHH MAaxe Ha AEpeBe XPaHUMOM B
TeMHOTe, HO 3pdekT ObUT ropasmo cuibHee Ha obpa3uax mos-
BEPXEHHbIX BAUAHMIO cBeTa. XoTA 3ddeKkThl, Kak W Haao ObLIO
0XMAATb, H3MEHAJIUCH OT IEPEBa K NIEPEBY,, BCE XKe OOHApYXUBaeTCA
HekoTopas ob1as popmMa o OTHOLLEHUIO K TUMAM JIaKa U HCTILITAH-
HBIX JIEPEBSHHBIX 00Pa3LOB, XOTA U HE AEIAeTCs MOMbITKH CBA3ATH
MX C HaTypadbHBLIMH XUMMYECKMMH 3JIEMEHTAMH MNPHCYTCTBYIO-
LIMMH B AEpeBe.
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Introduction

The effect of light, natural and artificial, on the colour of
wood is to cause it to fade or darken and to bring about
changes in tone. Whether light is the primary cause or
functions as a catalyst has yet to be decided, and it may be
found that its precise role in colour changes in wood may
vary with the species.

Extensive studies and observations have shown that most,
if not all, species of commercial importance, and in par-
ticular those used for the manufacture of furniture, are
prone to discolour with age'. Discoloration occurs both
indoors and outdoors and, indeed, changes in colour have
been observed by the author in many species even when
stored in the dark, though in the presence of air.

The rate of discoloration is usually related to the intensity
of light and its wavelength, and also depends on the species
of wood. Light of normal intensity tends to promote darken-
ing generally, whilst that of high intensity, e.g. direct sunlight,
usually causes fading, though often after an initial period of
darkening. Both processes have been observed to occur
simultaneously in some veneers when the two sides have
been exposed to radiation of uneven intensity. Pale-coloured
timbers that are commonly classed as “white”, including most
pines and some hardwoods, such as oak, birch, beech,
sycamore, etc., generally respond? to radiation below 400um,
whilst the coloured species that absorb light in the visible
spectrum are also sensitive to certain wavebands in the
visible region®.

In its application in the furniture industry, wood occurs
in a variety of forms, the chief being decorative veneer, ply
and “solid”. The bulk of domestic cabinet furniture is
normally finished with clear protective coatings of solvent-
based lacquer, although these provide little, if any, protection
against light. Such coatings may, however, influence the
“natural” colour changes in wood owing to their chemical
structure, which reacts with certain constituents of wood,
and also through their own tendency to discolour by photo-
chemical action. The Furniture Industry Research Association
has made a study of the influence of a number of conven-
tional, clear and initially colourless wood finishes on the
“natural” discoloration of several species of wood and a
description of this work is given here.

The principal constituents of wood, both hard and soft,
are polysaccharides, lignins and a large family of polyphenolic
substances (extractives). The polysaccharides have a fair
degree of resistance to atmospheric oxidation and are not
known to discolour appreciably in ordinary light. Lignin, on
the other hand, is more susceptible to oxidation and readily
undergoes structural changes (de-methoxylation) in UV light?,
which are almost invariably accompanied by yellowing, most
noticeably in “white” woods.

The extractives, which include tannin-like substances,
flavones, flavonols, aurones, anthraquinones, anthocyanins
etc., are often brightly coloured and it is mainly to these that
wood owes its colour. These and many initially colourless
polyphenols (stilbenes, hydroxybenzoic acids, leucoantho-
cyanins etc,) are the more important constituents involved in
photochemical changes®: ®. The initially colourless extractives
often yield coloured derivatives, which may be due to forma-
tion of quinonoid structures and oxidative polymerisation.
Prolonged exposure to intense light eventually results in
structural degradation and bleaching of the exposed surface’.

S. DOMBAY JOCCA

Experimental

The species selected for this study comprised five common
hardwoods, the aim in the choice being a compromise
between uniformity of colour, ease of measurement and the
commercial importance of the timber. They were, European
oak (Quercus robur), American black walnut (Juglans nigra),
Afrormosia (A4. elata), Teak (Tectona grandis) and African
mahogany (Khaya ivorensis). The last named is closely
related and chemically similar to sapele and utile, which
may be more important as decorative veneers, but has a
more reliable uniformity of colour. The species selected also
provide a fair representation of the photoactive extractives
of common occurrence, especially in the heartwood of many
timbers, e.g. leucoanthocyanins and catechins (Khaya),
tannic acid and quercetin (oak, walnut), anthraquinones
(teak), polyhydroxystilbenes and flavonols (afrormosia).

The investigation was carried out with veneers approxi-
mately 0.7mm thick, mounted on 20mm particle board with
a urea-formaldehyde glue. The test panels were cut into 70mm
squares (the size being determined by the sample holder of
the colorimeter) and sanded clean for finishing. The lacquers
were applied by a brush, producing films of approximately
50pum average dry thickness. It was not thought practical or
important to standardise film thickness by, “for example,
diluting lacquers of high solid contents, since each type of
finish was to be investigated on its merit under the usual
conditions of application, including film thickness. The
solids contents, nevertheless, were noted so that allowance
could be made for any possible influence of film thickness.

The lacquers were applied singly to each of the five species
of wood, as the scope of this work did not cover the effect
of combining several types of lacquer on one wood simul-
taneously. After application of the lacquer, the test pieces
were allowed to stand in a dark room at 25°C for three days,
and then exposed to the west sky in Stevenage, Hertfordshire,
behind 4mm thick window glass for a period of six
months from April to October. Although arbitrary, this
period of exposure was considered justifiable on the grounds
of general observations that the most rapid and significant
changes of colour occurred during the first six months of
exposure to direct sunlight. To allow the spontaneous
yellowing of the lacquers themselves to be distinguished from
discoloration of wood, colourless transparent sheets of glass
were also coated with the lacquer, to produce films of similar
thickness to those on wood, and were exposed alongside the
wood specimens. The various finishes investigated were
obtained from commercial suppliers and were, at the time,
available to the industry. They are described in Table 1.

Measuring the colour of wood and lacquer films

Colour changes after exposure were assessed by reflectance
measurements with blue, yellow and red filters of approximate
transmission maxima of 470, 580 and 700um respectively, in
an abridged spectrophotometer using a tungsten filament
light source. The area illuminated was 100mm in diameter
and the incident light was diffused by a semi-matt hemi-
spherical reflector to minimise interference due to gloss and
thus nullify the possible effect of variation in gloss of lacquered
surfaces. The readings were obtained by the selenium
photocell/galvanometer method and were referred to a white
tile of medium gloss, as standard. The yellow discoloration
of the exposed lacquer films on glass was measured with the
blue filter only, the standard white tile being placed behind
the transparent coated glass plates to reflect the transmitted
light to the photocell. The results were expressed in terms of
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percentage transmission relative to unexposed, colourless
coatings and are summarised in Table 2.

Table |

List of lacquers

%solid | pH*

a Nitrocellulose/alkyd, resin 26.4 5.0
based on soyabean oil. Low
resin/nitrocellulose ratio

Designation Type

b Nitrocellulose/alkyd, resin 31.0 4.5
contains natural dammar.
High resin/nitrocellulose ratio

c Styrene/polyester alkyd. 94.2 5.0
Resin based on polyol/

phthalic/maleic anhydride.
Cobalt naphthenate dryer

d Acid-catalysed: urea- 35.0 30
formaldehyde/alkyd two-pack
system

e Acid-catalysed: melamine- 29.7 1.0

formaldehyde/alkyd two-pack
system; alkyd based on
castor oil

h Acid-catalysed: urea- 33.1 1.0
formaldehyde/alkyd two-pack
system; alkyd based on
castor oil

j Polyurethane: aromatic 21.0 8.0
polydiisocyanate/polyol
two-pack system

k Soyabean oil-type alkyd 42 4.5

* The pH values were determined colorimetrically to the nearest
half unit, using 109 dispersions in acetone/water.

Table 2
Effect of exposure on transmission of lacquers exposed
Lacquer EXposed . s simission o
original
a 98
b 86
c 98
d 96.5
e 98
h 92
i 88
k 93

Arranging the lacquers in the descending order of yellowing,
b>j>h>k>d>c=a=e, it is evident that dis-
coloration was greatest in lacquer b and the least yellowing
occurred in lacquers ¢, a and e.

The graphical representation of colour

An adaptation of the CIE (Commission Internationale de
L’Eclairage) system of colour representation® was found quite
suitable for numerical and graphical expression of colour
changes, for which the tristimulus coefficients were calculated
from reflectance values through the three filters. Only the
yellow and red coefficients (y and r) were used for the colour
plots as measures of yellowness and redness respectively; the

degree of brightness was related to the reflectance of yellow
light and the absolute value (Y) was adopted as its measure.
This was thought to be justifiable on the grounds that the
human eye is most sensitive to yellow light, and by this
practice, a reasonable degree of correlation was obtained
between subjective perception and numerical expression.
Thus two-dimensional colour plots for the five woods, with
a brightness scale, were produced and are shown by Figs. 1-6.
Figs. 1-5 refer to the species under different finishes, whilst
Fig. 6 shows the “natural” changes in uncoated woods
before and after exposure. It is to be noted that the uncoated
specimens were finished with lacquer (a) for *“‘wetting out”
before measurements were taken, to eliminate the light scatter
and standardise conditions of reflectance measurement.

The colour values of controls 1 are those obtained before
exposure; those of controls 2 were obtained after exposure
(uncoated). The meaning of the symbols in Fig. 6 are:
K, Khaya; A, Afrormosia; T, Teak; W, Walnut; O, Oak.
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Fig. 1. Colour plot for Khaya (African Mahogany) coated with
various finishes, exposed (except Control 1)
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Fig. 2. Colour plot for Afrormosia coated with various finishes,
exposed (except Control 1)
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Fig. 3. Colour plot for Teak coated with various finishes, exposed
(except Control 1) (For coating k: y = 0.340, r = 0.432)
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Fig. 4. Colour plot for American Black Walnut coated with different
finishes, exposed (except Control 1)
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Fig. 5. Colour plot for Oak coated with various finishes, exposed
(except Control 1)
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Fig. 6. Colour plot for uncoated Afrormosia, Khaya, Oak, Walnut
and Teak. 1—Before exposure 2—After exposure

1t is to be noted that, owing partly to the spectral character-
istic of tungsten light not being a standard, as stipulated in
the official CIE system, and partly to lack of correction
factors for the light filters and other variables used, the
colour values may be displaced slightly from the “theoretical™
positions they would occupy in the true CIE chart. Never-
theless, they will still fall within the same general area.

Summary of results relative to the
individual species of wood

African mahogany (Khaya)

The veneer used was of typical “pink’’ colour before exposure,
the tristimulus values in tungsten light being b = 0.160,
y = 0261, r =0.579 and the relative brightness = 37.5.
Upon exposure it followed the familiar pattern of colour
change characteristic of this species: an immediate reddening
and darkening noticeable within a few days of exposure to
strong light, followed by a slower phase of bleaching
(yellowing) which is not normally complete even after
six months in British daylight conditions.

Though the effects of some of the finishes on the colour
after six months were obvious, they consisted of tonal
variations of the same general colour characteristic of the
species, with yellow or red bias depending on the finish. The
least apparent colour change in terms of the yellow and red
coefficients occurred under the polyurethane (j), but the least
change in the sense of overall fading (or darkening) took
place with the nitrocellulose () and melamine—formaldehyde
(e). The reddest and darkest colours were under the poly-
ester (¢) and urea-formaldehyde (/).

Afrormosia

The veneer used was of the usual yellow-green shade, the
tristimulus values in tungsten light being b = 0.174, y = 0.278,
r = 0.548 and the relative brightness = 34.

Afrormosia darkens rapidly in strong light and the process
may continue for several months, depending on the intensity
of light. The dark brown colour thus formed is held fairly
well and photochemical bleaching does not normally occur
in service.

Only very small tonal variation in the test pieces could be
distinguished at the end of the six-month period; the changes
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under all the finishes were in the same general direction,
differing little from the uncoated control.

The main common feature was a reduction in the yellow
component in all, consistent with the overall darkening.

The least change of colour occurred under the melamine—
formaldehyde (e) and the greatest changes in the sense of
darkening occurred under urea-formaldehyde (#) and the
polyurethane (j).

Teak

The wood used could be described as of the medium brown
colour that is common in this species before exposure to air
and light. The tristimulus values for the fresh surface in
tungsten light were: b = 0.181, y = 0.288, r = 0.551 and the
relative brightness = 29.5.

Light has a bleaching effect on the colour, resulting in
“golden yellow” or pale “‘reddish brown’ shades which are
held quite well by the wood. The relative reddening of the
uncoated surface was stronger than in the lacquered speci-
mens, which, however, were richer in the yellow component
than either control—illustrating, perhaps, the independent
actions of light and atmospheric oxygen on the colour of
this wood.

The least apparent change occurred under the nitrocellulose
(b) but yellowing proceeded furthest under the nitrocellulose
lacquer (a). Losses in the red component were greatest under
the polyester (¢) and urea-formaldehyde (k) lacquers, both
of which also enhanced general darkening, the more severe
being under lacquer (c).

American black walnut

The colour of the veneer was characteristic of the species,
which can be described as grey-purple. It is relatively rich in
the blue component, poor in the red and the overall reflectance
(brightness) is quite low. The tristimulus values in tungsten
light were: b = 0.225, y = 0.267, r = 0.508, and the relative
brightness (Y) = 23.

The unfinished wood has a strong tendency to take on a
light brown colour on exposure, owing to partial destruction
of the blue component by light and a shift of reflectance
towards the yellow and red. This tendency was influenced
only to a small extent by most finishes and it was not fully
inhibited by any, but to the greatest extent by polyester (c).
The fading of the original colour proceeded farthest under
the mildly acid finish (d) and the mildly alkaline polyurethane
(j). The yellowing was apparently low under urea-form-
aldehyde (pH 1) and it tended to take on a reddish tone under
the polyester.

Oak

The veneer used was of the usual dull off-white shade,
characteristic of the fresh surface of European species of
Querqus. The tristimulus values in tungsten light were:
b =0.180, y =0.290, r = 0.530 and the relative bright-
ness = 40.

The yellowing and reddening of this wood in light was not
appreciably affected by the finishes and with the exception
of the test piece under the polyurethane (j), all ended up
with increased overall brightness, in spite of the positive
shift in the red coefficient under all the lacquers. The maxi-
mum brightness (yellowing) was obtained under the nitro-

cellulose lacquer (a) and the least overall colour change
occurred under the polyester finish (c).

Discussion

Although the finishes employed in this study were initially
clear and colourless in the thin films used, it is by no means
certain that they were entirely transparent to ultraviolet
radiation and some degree of protection against influences
leading to colour changes may be supposed to have been
provided by the coatings. By inhibiting the access
of atmospheric oxygen and moisture, both of which are
believed to promote discoloration, the physical barrier may
be expected to have had a general retarding effect on natural
colour changes. Thus, the observed and measured changes
must be the net product of the degree of protection on the
one hand and the chemical reactions between wood and
lacquer constituents, in addition to the yellowing of some
finishes, on the other. The precise role of the above factors
has not been investigated independently, apart from the
discoloration of the free lacquer films, though some of the
features in the observed changes may be explained by a
general knowledge of wood chemistry and the behaviour
of certain lacquer components. Judging by the reflectance
values, an apparent accentuation of yellowing of all five
species occurred under both nitrocellulose/alkyd systems
(a and b), although by no means in a uniform or consistent
manner. Since lacquer (b) on an inert glass substrate has
proved to be strongly discolouring, this behaviour must
have contributed to the overall yellowing of the wood sur-
faces.

A retarding effect on the natural increase in the red
component of the uncoated wood was shown by nearly all
the finishes on teak and afrormosia and, with three excep-
tions in afrormosia, yellowing, on the other hand, has been
enhanced in both species.

With the exception of polyester (lacquer c), the finishes
on African mahogany accentuated the yellow component
and the red in this wood was promoted by the polyester
and the acid-catalysed UF finishes (e and h), the last two
types would no doubt favour the formation of anthocyanidins.
This conclusion is supported by the observation that the
effect was more pronounced under the more strongly acid
lacquer (4). The acidity, on the other hand, seems to have
had some inhibiting influence on yellowing, presumably
through suppression of the dissociation of weak acids, e.g.
coloured polyphenols.

The apparent difference in the behaviour between melamine
formaldehyde and urea-formaldehyde types of similar degree
of acidity (pH 1) was that yellowing was inhibited to a lesser
extent under the MF, though the reason for this is not quite
clear.

General darkening i.e. decrease in reflectance, as shown by
the brightness index Y, was evident under the more strongly
acid UF lacquer (4), than under UF lacquer (d). The role of
acidity here could be catalytic on the polymerisation (oxida-
tive or otherwise) of extractives into darker derivatives.

Whilst accelerating the fading of American black walnut,
the aromatic polyisocyanate-based polyurethane (lacquer
J), seems to have promoted general darkening in the other
four woods. This effect could be due in part to the alkalinity
of the finish, to its own discoloration and in part to possible
interaction of isocyanate residues with polyphenols. The
influence of polyester was to enhance darkening, with the
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exception of oak, which in fact remained lighter than the
control, the darkening being most pronounced in teak.

This behaviour may suggest possible protection of the
“white” wood against UV radiation on the one hand and
interaction with coloured extractives on the other.

No clear trend owing to a coating of the neat alkyd resin
(k) could be recognised, though the difference in the per-
formance of nitrocellulose lacquers (a and b) has provided
an indication that the dammar type is more prone to yellowing
than the soya bean oil modified resins alone.

Conclusion

Clear finishes appear to influence the colour of wood exposed
to light in three way.: by yellowing of the finish itself due to
oxidation and photochemical action; by chemical interaction
of lacquer components with reactive constituents of wood;
and by partial inhibition of the ‘“npatural” colour changes
of the wood by reducing both the access of atmospheric
oxygen and the ultraviolet light reaching the wood surface.
The resultant effect is the net product of these factors, which
are independent of each other and may not all occur together
in the same system.

The first factor is of importance only on light coloured
woods, such as, for example, “white” oak, which shows up
the yellowing of some finishes more than do the coloured
woods. The second factor is exemplified by the acid-catalysed
and polyurethane finishes on some woods, and the apparent
inhibitory effect of polyester was indicated on oak and
American black walnut. When two or all of the above factors
operate simultaneously, the results can be ccmplex and
unpredictable. Such a condition may bs the case with teak
under polyester (¢), which not only stopped the wood from

S. DOMBAY JOCCA

bleaching (the natural tendency) but caused a considerable
darkening of the surfacc apparently through chemical
interaction with the wood.

In view of the different woods’ responding to the variocus
finishes in different ways, the behaviour of any one species
must be assessed individually and, if gencralisations are
to be extended to species not investigated, they must bz
based on chemical similarities bstween them. For example
Khaya, sapele and utile, which are characterised by the
presence of anthocyanidins and belong to the family Meliaceae,
may be expected to respond in similar ways to the different
finishes.

Although the lacquers used were a fairly representative
selection of those currently available, there must be significant
variations of behaviour within each type according to formula-
tion, as illustrated by the two nitrocellulose lacquers (@) and
(b), and a caution similar to that in respect of wood species
must be exercised when attempting to apply the observations
made on one finish to another of similar type.
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A new method for the measurement of ink transfer

By P. Birkett and P. H. Woodland

The Watford College of Technology, Hempstead Road, Watford, Herts.

Summary

A rapid method of measuring the amount of ink transferred
during impression, which is independent of the printing process
used and employs X-ray emission analysis, is described. It is,
however, necessary for labelled atoms of reasonably high atomic
weight to be present in the ink film.

Since X-ray emission spectra are independent of the outer shell
electronic configurations, the appropriate atoms may be in any
state of combination. They can, for example, be added in the form
of an inorganic salt or complex, organic soap or simply as finely

Keywords

Processes and methods primarily
associated with: application of
coatings

ink transfer

divided metal. Many laked pigments, meta toners and complexes
are suitable carriers.

Providing the substrate does not contain a high proportion of the
detectable element, it does not interfere with the analysis.

In the experiment described, gravure prints containing a copper
phthalocyanine pigment were printed on paper in the form of a
continuous tone step-wedge. Calibration of the X-ray count was
made by using known ink film weights on a polypropylene base.

Analysis, measurement
and testing

X-ray emission analysis

Une nouvelle méthode pour mesurer le transfert d’encre d’imprimerie

Résumé

On discute une méthode rapide au moyens de ’analyse d’émission
de rayons X, qui est indépendante du procédé d’impression, pour
mesurer la quantité d’encre transfert lors de I'impression. Cepen-
dant il exige la présence, dans le feuil d’encre, des atomes marqués
d’un poids atomique assez élevé.

Puisque les spectres d’émission de rayons X sont indépendants de -

la couche extérieure des configurations électroniques, les atomes
convenables peuvent étre en aucun état de combination. Ils peuvent
étre introduits sous forme, par example, d’un sel ou d’un complexe
inorganique, d’un savon organique ou simplement du métal
finement pulvérisé. Beaucoup de laques, toners ou complexes

métalliques sont des agents-porteurs convenables.

Pourvu que le support ne contienne pas de quantité élevée de
I’élément cherché, il ne provoque pas de perturbation de I’analyse.

Dans ’expérience décrite, des encres pour gravure contenant du
pigment de phtalocyanine de cuivre ont été imprimés sur papier
sous forme d’un ton en gradins continus. L’étalonnage de la
numération des rayons X était effectuée au moyens des feuils
d’encre d’un poids déterminé que ’on avait appliqués sur un
support de polypropyléne.

Eine neue Methode zur Messung des Transfers von Druckfarben

Zusammenfassung

Beschreibung einer schnellen Methode zur Messung der Druck-
farbenmenge, welche im Zuge des Abdruckens iibertragen wird.
Die Methode ist vom benutzten Druckverfahren unabhinging und
verwendet Rontgenstrahlenemissionsanalyse. Allerdings miissen im
Druckfarbenfilm indizierte Atome von einigermassen hohem
Atomgewicht zugegen sein.

Da Rontgenstrahlenemissionsspektra von der dusseren Elektronen-
schalenkonfiguration unabhingig sind, konnen die entsprechenden
Atome in irgendwelchem Kombinationszustand sein. Sie konnen
z.B. in Form eines Salzes oder Komplexes, als organische Seife
oder einfach als feinverteiltes Metall zugegeben werden. Viele

Hosrlii MeTox H3MepeHns iepeHoca YePHNIIBHON KpacKu
Pesiome

OnuceiBaeTcs GLICTPBI METO/ H3MEPEHHSI KOIMYECTBA YEPHUIILHOMH
KPacCKH IEPEHECEHHO! BO BpeMs OTnevaTka, KOTOPbIi He 3aBUCHT
OT NPHMEHSEMOrO IEeYATHOTO IIPOLECCa M NPUMEHSIET AHAJM3
PEHTTEHOBCKOTO M3jlydyeHusi. OOHAKO HEOOXOOMMO MNPHUCYTCTBHE
ONpeeIeHHbIX ATOMOB HOCTATOYHO BBICOKOIO aTOMHOTO Beca B
MIEHKE YEPHUIIBHOH KPACKH.

Tak xak CHNEKTPbl PEHTTEHOBCKOTO W3J/lyYeHUS HE 3aBMCAT OT
3/IEKTPOHHBIX KOH(PUIYypaLmii HAPYKHON ODOOUKH, COOTBETCTBYHO-
LIMEe aTOMbl MOTYT ObITh B JIFOOOM COCTOSIHMH coefuHeHus. OHu
MOTyT, Hanpumep, NpubaBnsATLCS B GOpME HEOPraHUYECKOU CONMU
MJTH KOMIJIEKCA, OPTaHU4YECKOTO MbLTA UIIH MPOCTO B (hOPME MEJIKO

verlackte Pigmente, Metalltoner und Komplexe eignen sich als
Tréger.

Das Substrat beeinflusst die Analyse solange nicht, als es nicht
selbst einen hohen Prozentsatz der zu entdeckenden Elemente
enthilt.

In dem beschriebenen Experiment wurden Kupferphthalozyanin-
pigment enthaltende Tiefdrucke in Form eines unendlichen Ton-
Atzstreifens auf Papier gedruckt. Kalibrierung der Rontgen-
Auszihlung wurde unter Benutzung bekannter Druckfarbenfilm-
gewichte auf einer Polypropylenunterlage vorgenommen.

M3MEJIbYEHHOTO MeTayisla. MHOTHe J1aKOBbl€ MUTMEHTHI, METaJLITU-
YECKME TOHEPbI MU KOMIUICKCHI SABJIAKOTCA NMOOXOOSIIUMH HOCUTE-
JIAMHA .

Ecnu cyGeTpaT He COAEPKUT BBICOKOW MPOMOPLWU OGHApyKUBae-
MOTO 3JIEMEHTA, TO OH HE CILYXKUT NPENATCTBUEM aHAIU3Y .

B onuceiBAEMOM OIMbITE€ TPaBIOPHbIE OTIEYATKH, COMAEPIKALIHE
NUTMEHT (TalolMaHNHA MeIy, IeyaTaanuch Ha Oymare B dopme
HEMPEPBLIBHOrO KJIMHOBOro ToHa. KanmuGpauusi cuyeTta pPeHTTeHOB-
CKOTO M3JIyYeHUsi NPOBOAMIACH NMPHMEHCHHEM M3BECTHBIX BECOB
YePHWIBHOM MUIEHKH Ha OCHOBE TMOJIMIIPOITM/IEHA .
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Introduction

One early method of ink transfer measurement was the
weighed shell technique employed by Mill and Colquhoun'
in 1939. This technique has continued to be used for letter-
press transfer analysis® and has even been adapted for gravure
transfer by printing special non-volatile inks from an intaglio
plate mounted on a Vandercook proofing press®.

Buchdahl® has described two tracer methods which avoid
repetitive weighings either by using a radioactive isotope
added to the ink or by addition of a suitable dyestuff. The
former method requires analysis by a Geiger-Muller counter,
whilst in the latter the dye must be determined colorimetrically
after elution from the print. Both methods have certain
disadvantages: whilst the radioactive technique is hazardous
and requires frequent re-calibration, the use of dyestuffs is
limited owing to the variable effects of ink components
occluding the dye, or possible absorption on to cellulose
fibres during leaching.

To overcome the disadvantage of dyestuffs, work on
colorimetric analysis of washings was carried out by Rupp®
and Joyce and Fuchs® using pigmented gravure inks.

More recently, Tukahashi et al.” have used a spectro-
fluorimeter to measure gravure ink transfer, incorporating a
fluorescent dye into the ink. It would seem that this technique
is open to the same criticism as Buchdahl’s method. Moreover,
due to the common occurrence of fluorescing agents in paper,
or the possible presence of quenching agents, highly erratic
results may be obtained.

In the work described below, a transferred ink containing
a heavy metal atom is examined in situ by X-ray emission
analysis. This method of analysis has been used for analysis
and measurement of thin metal films on various substrates®.
It has also been used for the inspection of paint films, and
trace metal determinations of printed films®.

Theoretical

X-ray emission (fluorescence) spectroscopy depends on the
phenomenon of large energy emissions of atoms in certain
excited states. The excitation is achieved by irradiation with
primary X-rays of short wavelength. This results in a’ K or L
electron being ejected followed by a characteristic energy
emission as an outer electron fills a vacant inner shell. The
transitions K,, Kg etc. represent the spectral lines produced
by electronic transitions to the K state.

Lighter elements give lower energy transitions to inner
shells, emitting longer wavelengths which are largely absorbed
in the atom. Thus elements below magnesium are not detect-
able by this means.

Since inner and not valency electrons are involved, the
state of combination of the atom is immaterial in the
formation of the spectrum.

Experimental

In order to calibrate the X-ray emission (XRE) spectra,
samples of a polypropylene film were printed on a Strachan
and Henshaw pilot gravure press, using a commercial ink
containing copper phthalocyanine pigment. Different ink
film thicknesses were applied by means of a cylinder etched
with a step-wedge, and the dried film weights were deter-
mined gravimetrically after solvent removal.

P. BIRKETT ET AL. JOCCA

The K, line for copper was selected by means of a gonio-
meter in a Phillips PW 1410 spectrometer, using a block of
copper as the sample.

The goniometer, shown in Fig. 1, consisted of a crystal
which acted as a diffraction grating and a detector which

was essentially a scintillation counter. Collimators ensured
parallelism in the X-rays.

SPECIMEN DETECTOR/
|

1‘/
L 7
‘\\ FINE
—_— COLLIMATOR
COLLIMATOR

CRYSTAL

X-RAY
SOURCE

Fig. 1. A schematic diagram of an X-ray emission spectrometer

Results

The reproducibility of the XRE method was not affected by
drift; repeated measurements on the same print sample over
a 3-hour period showed hardly any difference between means
or standard deviations. The precision of the analysis increased
with increased amounts of copper present, and generally the
coefficient of variation was better than 1 per cent.

Using the X-ray goniometer to scan between 40° and 50°,
a large peak due to the tungsten target was shown to overlap
slightly the K, line of copper (see Fig. 2). This effect was
partly responsible for background count (noise).

With an angle of 44.93°, an adequate count rate was
obtained for an input of 50kV and 20mA. Counts were
recorded for 10 seconds (later 5) and repeated five times for
each sample, to obtain a mean value.
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Fig. 2. Goni scan, showing ten overlap on Cu:K, peak
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A further cause of background noise was metallic com-
pounds present in the paper substrate substituted for poly-
propylene. In the former case, the signal : noise ratio was
lowered from 1.15:1 to 0.4:1 (Step 1) and 5.65:1 to
3.95 : 1 (Step 7) when the sample thickness was increased to
five sheets.

A corrected calibration curve allowing for background
noise (2,014 counts in 10 seconds) showed a linear relationship
between ink volume transferred and the XRE count, see
Fig. 3.
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Fig. 3. Calibration curve
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Fig. 4. Typical ink transfer curve

The transferred ink volume was calculated using the
measured non-volatile content of the wet ink (23 per cent).
With a running speed of one ms—! and a linear pressure of
1,780kgf m—2, the typical transfer curve shown in Fig. 4 was
obtained on a blade-coated paper with an ink of 260 cP
running viscosity.

The cell volume was obtained by calculation, since con-
tinuous inking on this type of press prevented analysis of the
cell contents.

Conclusions

The technique of XRE analysis provides a quick, accurate,
reproducible and non-destructive method of measuring ink
transferred to any substrate. The “labelled’” atom can be a
structural part of the pigment or resin molecule or can be in
the form of an ink additive, providing it is uniformly dis-
persed.

The method should be equally adaptable to other printing
processes. It can also be used for detecting changes in pig-
ment : resin ratio during transfer, by suitable labelling of
pigment and resin'®.
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The dynamic mechanical properties of
thermosetting acrylic coatings

By M. Akay, S. J. Bryan and E. F. T. White*

Donald Macpherson & Company Limited, Radcliffe Road, Bury, Lancashire

Summary

An experiment to facilitate the development of appliance finishes
which takes account of their viscoelastic properties is described.
The systems studied were based on thermosetting acrylic resin
systems of the hydroxyl type, cross-linked with hexamethoxymethyl-
melamine.

The dynamic mechanical properties of free resin films were
measured over a wide temperature range using a forced vibration
technique and the results compared and correlated with conven-
tional physical test results obtained on finishes applied to metal
substrates. The effects of varying acrylic copolymer composition,
level of cross-linking agent and level and type of titanium dioxide

Keywords
Types and classes of coating
thermosetting coating

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

viscoelasticity

pigmentation have also been studied.

It was found that the glass transition temperature was raised by
modifications which lead to an increase in the degree of cross-
linking. The conventional physical tests were relatively insensitive
to quite marked changes in composition.

Certain types of titanium dioxide, notably those having a surface
treatment of alumina, have the unexpected effect of lowering the
glass transition temperature. This behaviour is explained in terms
of a mechanism of localisation of cross-links arising from specific
interactions between the resin and the pigment surface.

Binders, resins etc

acrylic resin
Properties, characteristics and conditions primarily
associated with materials in general

glass transition temperature

Les caractéristiques dynamiques et mécaniques des revétements a base de resines acryliques

thermodurcissables

Résumé

On décrit une expérience destinée a faciliter la mise au point des
finitions pour articles ménagers et ou I'on tient compte des
caractéristiques viscoélastiques de ces finitions. Les systémes
étudiés étaient basés sur des systémes de résines acryliques thermo-
durcissables du type hydroxyle, reticulées par hexaméthoxymethyl-
melamine.

Les caractéristiques dynamiques et mécaniques des feuils de résine
libre ont été mesurées au moyens d’une technique de vibration
forcée, sur une gamme étendue de températures, et I’on fait
comparer les résultats auprés de ceux a partir des essais classiques
de physique effectués sur des finitions appliquées aux supports
métalliques. On a étudié les effets de la variation de la composition
du copolymere acrylique, de la teneur en agent de pontage, et de

la teneur et du type de pigment de dioxyde de titane.

On a trouvé que la température de transition a I’état vitreux était
augmentée par les modifications qui provoquent une augmentation
du degré de reticulation. Les essais classiques de physique étaient
relativement insensibles aux variations tout a fait notoires dans la
composition de la finition.

Certains types de dioxyde de titane, notamment ceux qui entrain-
nent un traitement superficiel par I'alumine, ont I'effet insolite de
diminuer la température de transition a I'état vitreux. On explique
ce comportement en termes d’un mécanisme de liaisons de reticula-
tion localisées, provoquées par les interactions specifiques de la
résine et de la surface pigmentaire.

Die Dynamisch Mechanischen Eigenschaften von Warmehartenden Akrylharzlacken

Zusammenfassung

Beschreibung eines Experiments, um die Anwendung von Lacken
fiir Haushaltgeridte unter Beriicksichtigung der viskoelastischen
Eigenschaften zu erleichtern. Die untersuchten Systeme beruhten
auf wirmehértenden Akrylharzsystemen vom Hydroxyltyp,
vernetzt mit Hexamethoxymethylmelamin.

Unter Benutzung einer forcierten Vibrationstechnik wurden die
dynamisch mechanischen Eigenschaften abgehobener Harzfilme bei
vielerlei Temperaturstufen gemessen, und die Resultate mit kon-
ventionellen physikalischen Priifungsresultaten verglichen und in
Wechselbeziechung mit auf Metallsubstraten aufgetragenen Lack-
ierungen gesetzt. Ebenfalls wurden die Auswirkungen von Ver-
schiedenheiten in der Zusammensetzung von Akrylharzkopoly-
meren, Zusatzmenge des Vernetzungsmittels und Hohe und Type

der Titaniumdioxidpigmentierung unter die Lupe genommen.

Es wurde festgestellt, dass die Glasiibergangstemperatur durch
Modifizierungen, welche zu stirkerer Vernetzung fiihrten, erhoht
worden war. Dir iiblichen physikalischen Priifungen waren gegen
ziemlich erhebliche Veranderungen in der Zusammensetzung
relativ unempfindlich.

Gewisse Titandioxidtypen, vor allem solche, deren Oberfliche mit
Aluminiumoxid behandelt worden war, zeigten die unerwartete
Wirkung, dass die Glasiibergangstemperatur erniedrigt worden
war. Dieses Verhalten wird als ein Mechanismus der Lokalisierung
von Vernetzungen als Folge spezifischer Reaktionen zwischen dem
Harz und der Pigmentoberfliche erklirt.

JluHaMuYecKHe H MeXaHHYECKHe CBONCTBA TePMOPEAKTHBHBIX aKPHJIOBBIX MOKPBLITHI

Pe3ziome

OnuchiBaeTCs MCMBITAHNE [T OG/IErYeHnst HAHEeCEHNs MOKPBITHIA,
YYHTBIBAIOLLEE HX BA3KO-ynpyrue cBoiicTBa. PaccmaTpuBaembie
CHUCTEMBI OCHOBaHbl HA TEPMOPECAKTHBHBIX aKPHJIOBbIX, CMOJIbHbIX
CHCTEMaX TMAPOKCHMIIBHOTO THMNA, NMEPEKPELIEHHBIX eKCAMETOKCH-
METHJIMENaMHHOM.

JIMHaMU4YecKHe M MeXaHMHeCKue CBOHCTBA CBOOOAHBIX CMOJIBHBIX
MIEHOK W3MEPANNCh B LUIMPOKOM AMAMA3OHE TeMnepaTtyp, npu-
MEHAS TEXHONIOTUIO BbIHYXKACHHLIX KOneGaHuit u pe3ynbTaThi
CPABHUBAJIUCH M KOPPEIUPOBAIUCH C PE3YJIbTA TAMU TPAAULIMOHHBIX
U3MYECKMX UCTILITAHUI, MOJTYHEHHBIX [T MOK PBITUHH HANOXKEHHBIX

*Department of Polymer and Fibre Science, University of Manchester In?tilute of Science a;nd 'fechnblog)h Manchester.
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Ha MeTajyuMyeckue cybcTpartsl. Usyuanuce Taxke addexTs Bapua-
UMM COCTaBa aKpWJIOBOrO CONnoJiMMepa, YPOBHs peareHra mne-
PEKPELICHUSA ¥ YPOBHSA U TUINA MUTMEHTAUKUHU OBYOKHCH TUTAHA.

HaiimeHo 4TO TeMmepaTypa CTEKJIOBOrO Mepexola MOBbILIANACH
MOAMGHKALMAMH BbI3bIBAIOIMMH YBEJMYEHUE B CTENEHM Ile-
pekpelueHusi. TpaauLMoHHble (HU3INYECKHE MCTIBITAHUS OKa3aJMCh
CPaBHUTEJILHO HEYYBCTBUTEJbHLIMU MO OTHOLUGHUIO K 3HAYMTEIb-

Introduction

Considerable effort has been made in recent years to obtain
a better understanding of the viscoelastic properties of surface
coatings and their relationships to conventional empirical
paint tests.l: 2. 3. 4 This understanding should enable coating
performance to be more readily interpreted in structural
and molecular terms. Molecular properties such as monomer
types, copolymer character, composition, sequence length
and sequence distribution, molecular weight and distribution,
cross-linking density and network arrangement are among
the features that can influence the viscoelastic behaviour of
resin materials. It is possible to modify these various features
within broad limits and to produce materials having different
relaxation time spectra. Additionally, the other components
in a successful paint formulation, such as solvents, flow
modifiers, plasticisers, pigments etc., all exert an influence
on the relaxation times with consequent effect on mechanical
behaviour.

In the surface coating industry, technical and economic
considerations point to the merit of tailoring resin systems
to meet coating specifications at an economic cost. However,
the currently accepted industrial methods of test are not
sufficiently discriminating to distinguish the subtlety of
variations.

In principle, studies of the viscoelastic response of
a coating resin can give much added information to aid the
paint technologist,!* 3 4. 5 but there are serious deficiences
in the state of knowledge on the correlation of these proper-
ties with the conventionally-used empirical tests. For reasons
of economy in resin development time, it is necessary to
establish that these more sophisticated test methods can be
carried out rapidly, routinely and the results interpreted in
terms of traditional test procedures.

Dynamic mechanical properties of surface coatings

The acceptability of a coating for a given application is
judged by the results of tests which are designed to reproduce
the service hazards to which the coating is exposed. Generally,
the important properties measured on a finished coating
are those of hardness, flexibility, impact resistance, stain
resistance, and tolerance to attack by solvents. These tests
do not depend on a simple fundamental property, such as
tensile or shear strength, modulus of elasticity in shear,
compression or tension, viscoelastic functions, bulk proper-
ties or substrate adhesion, but instead they more often appear
to be a composite of these several properties in varying
proportions. For example, hardness tests that are designed
to simulate the scratch resistance, mar resistance or surface
indentation in service are composite property tests in which
initial compressive modulus, tensile strength, shear properties
and the viscoelastic response all contribute. These conven-
tional empirical test methods, widely used throughout the
paint industry, are the basis for all material specifications.
However, in the formative stages of development leading to
a new formulation, more precise quantitative information,
leading to a readier interpretation in terms of fundamental
material properties, is required than can be supplied by
empirical test methods.

HBIM U3MCHCHUSM B COCTaBE.

HCKOTODBIC TUIIBI ABYOKHMCH THTAaHa, B 0OCOOEHHOCTH THIbI C MO-
BEPXHOCTHBIM MOKPbLITHEM OKUCH AJIFOMHHHA, 06113.)18!0’[‘ HEOXUu-~
naeMbiM 3(GhEKTOM NOHIDKEHUS TEMIEPAaTyphl CTEK/IOBOTO Iie-
pexona. Takoe noseneHHe OOBACHACTCA MEXaHU3IMOM JIOKAJTM3ALMH
nepekpelueHnii B pe3ynbrare crneuudUyYecKuX B3aUMOIACHCTBHUI
Mexay CMoJIoi U MOBEPXHOCTHIO MMUTMEHTA.

Previous attempts to use stress-relaxation® and low fre-
quency dynamic data?: ® to correlate with paint performance
have achieved some success, but there have been few positive
attempts to obtain usable data over wide frequency and
temperature ranges that could be studied by a conventional
viscoelastic analysis.®

In general, when a polymeric material is subjected to a
strain ¢, the stress response, ¢, of the material is delayed
due to the viscoelastic character of the sample. For a sinu-
soidally oscillating strain, £exp wf, where « is the angular
frequency and ¢, is the maximum strain,

€ = oSN GO oo s sasiowis a8 e m

and the corresponding periodic stress is given by
o= opSin(f +8) eeeerieannnnn %))

where 3 is a phase angle difference between stress and strain
and oq is the maximum sample stress amplitude.

Equation (2) can be re-written as

o = og(cos dsin wr +sindcoswt) ... Q3

implying that the stress can be resolved into two components
one in phase with the strain and the other =/2 out of phase.
If the real component of the modulus E’ is now defined
as the ratio of the amplitude of the in-phase component of
stress to the strain amplitude and the loss modulus E” as a
similar ratio for the out-of-phase stress, then:

)
Bl OO e i e @
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, _ 0p Sin3d
and Bl ma J8 7 T« ¢ crmsanesess 5 5 3 e (©)
o0

If the complex modulus E* is defined as the ratio of maxi-
mum stress to maximum strain amplitude:

then E* =2 .. ©)
€0
and E*=E +iE"..cc.ccuiviiiuan. (@)

A useful parameter in describing the energy loss/energy
stored ratio is tan 8 which is given by:

tan 8 = E"[E’ ..ot 3

Measurements of E’, E” and tan & can be made on either
resonance or forced vibration instruments and, if the experi-
ments are conducted over a sufficiently wide range of fre-
quency and temperature, may give considerable information
on the viscoelastic character of the materials.

Generally, however, it is necessary to use free, i.e. detached,
films for measurements of this kind and it is often argued
that the behaviour of a surface coating attached to a substrate
differs from that of the free film. This is certainly true for
tests involving large deformations, such as impact or conical
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mandrel flexibility tests, in which adhesion between substrate
and film is an important variable. However, determination
of viscoelastic data from free films has led to the development
of new resin formulations based on a much greater awareness
of the influence of structural changes on the coating properties
than would otherwise have been the case.

In the field of industrial finishes, thermosetting acrylic
systems are widely used, in particular for coating domestic
appliances. The mechanical property requirements of paints
used in this area are stringent, calling for high flexibility
and resistance to impact at a level of cure that ensures resis-
tance to scratching, to attack by chemicals and to penetration
by stains. A broad range of monomers having varied func-
tional groupings that may be copolymerised under a variety
of conditions and finally cured with different cross-linking
compounds under a range of stoving conditions is available,
making an almost infinite number of resin systems possible.
In such a highly technical and competitive area of business,
it is of considerable importance to the manufacturer that
high quality should be achieved and maintained at minimum
cost. Two main components of the cost of a finish are raw
materials and development work. Both of these factors
could be reduced if the stages of development between paint
specification and acceptable formulation could be reduced,
by a method exploiting the connection between the versatility
of the acrylic system and the viscoelasticity of the derived
coatings. The work reported here concerns a study of the
viscoelasticity of a thermosetting acrylic system suitable for
domestic appliance finishes. The influence of the functional
monomer composition of the copolymer and the concentra-
tion of cross-linking agent on the viscoelasticity of the cured
clear coating have been examined. In addition, the role of
pigments in modifying the viscoelasticity has been studied,
with some unexpected results.

Experimental

A conventional acrylic copolymer of styrene, ethyl acrylate,
hydroxyethyl acrylate and a minor proportion of methacrylic
acid as adhesion promoter was used in this work. A typical
resin was prepared in the following manner using the compo-
nents listed in Table 1, but with variation of monomer
proportions to provide alternative copolymers as required.

Table 1
Composition of a typical resin preparation
Material Charge weight (g) | Wt. 9% monomer
Styrene .. o] s 720 40
Ethyl acrylate .. 720 40
Hydroxyethyl acrylate 306 17
Methacrylic acid P 54 3
Xylene (1) .8 == 540 —
Xylene (2) i o 432 —
Xylene (3) i a5 354 —
n-Butanol ¥ 150 -
Azoblsun-butyrommlc 36 —

A part of the solvent xylene (1) was heated to 100-110°C,
and the monomers and initiator dissolved in xylene (2)
introduced into the reaction vessel in six aliquot parts at
20 minute intervals whilst the reaction temperature was
held at 80-85°C. Polymerisation was allowed to continue
until the non-volatile content was 65 per cent by weight,
when the solution was diluted by the addition of xylene (3)
and n-butanol to reduce the non-volatile content to 55
per cent. The resin obtained in this way was used either as
a clear céating medium or compounded with pigment as a
paint.

M. AKAY ET AL. JOCCA

Pigment dispersion was carried out in a ball mill or a
miniature sand mill to provide a millbase with a fineness
of grind greater than 7 on a Hegman gauge. Calculated
proportions of the cross-linking reagent, hexamethoxymethy!
melamine (HMMM: BE 670 from BIP Chemicals Ltd.)
and p-toluene sulphonic acid as catalyst (usually 0.5 per cent
by weight based on the total resin) were stirred into the paint
prior to film casting.

For the preparation of frec films, clear and pigmented
films with a dry thickness of about 25 microns were cast on
tin-foil using a cubz film applicator (Ref. 1104 by Sheen
Instruments Ltd.) with a 100 micron slot. After stoving at
150°C for 30 minutes, the films were detached by amalgamat-
ing the tin substrate with mercury.

Conventional paint tests were performed on Gold Seal
Steel test panels (152mm x 10imm; from The Pyrene
Company Ltd.) prepared with a polished finish or Bonderite
97T phosphated pretreatment. Application of the wet film
in this case was made with an ICI spinner (Sheen Instruments
Ltd.) followed by stoving at 150°C as above.

The following empirical paint tests were carried out on the
coated Gold Seal panels.

Conical mandrel flexibility

This test was performed following the procedure given in
ASTM D522/60 (Amendment No. 2, June 1966). Flexibility
was rated on a scale from 10 down to 0 in order of diminishing
performance. The number given indicates that diameter of
the cone where cracks were first observed in the coating under
5 x magnification.

Number 109 8 76 543 210

Diameter(in) & & 1 & 3 & & & § KB 1

Reverse impact test

The procedure and apparatus (Crown Pat 18998/46) described
in BS 1391/1952 were employed. Performance was rated on
a scale from 1 to 6 in order of increasing resistance to impact
as follows.

6—unmarked 3—more severe cracking

5—very slight marking 2—partial film detachment

4—slight cracking I—complete film detachment

(Assessments were made at three impact energy levels:

10lb force in, 20lb force in, and 40lb force in, which
correspond respectively to 1.1298, 2.2596 and 4.5192 joules.)

Methyl ethyl ketone (MEK) resist:

The appearance after rubbing 30 times with a cotton rag
soaked in MEK was noted and rated using the following
scale.

6—no attack 3—slight removal of paint

5—slight marking 2—partial removal of paint

4—Tloss of gloss I—complete removal of paint

Pencil hardness test

Graded Faber-Castell brand pencils with cylindrical ends
were used, applied at an angle of about 30° to the panel.
The grade of pencil which just failed to remove the coating
was recorded as the pencil hardness.
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Figs. 1 and 2. Stress—strain equipment used for dynamic hanical ts of the Il

Dynamic mechanical measurements

These were made using the Rheovibron equipment (Sangamo
Controls Ltd.) shown in Fig. 1. This instrument and its mode
of operation have been described in detail by Takayanagi’.

Briefly, the instrument functions by applying an oscillating
longitudinal strain to a rectangular film or to a fibre specimen
and the stress developed is measured, together with a measure
of the phase angle between stress and strain that results from
mechanical damping.

Two transducers are used in these measurements: a strain
transducer and a stress transducer. They are provided with

DRIVE
UNIT I CONTROLLED!
I TEMP. !
l ENCLOSURE

|
|
|
I

@

tan & METER
CONTROL UNIT

Fig. 3. Block diagram of the equipment shown in Figures 1 and 2

extension rods terminating in clamps which are used to secure
the sample between them (see Figs 2 and 3).

The mounted specimen is enclosed in a temperature-
controlled chamber capable of operating between —140°C
and 200°C. A sinusoidal strain is applied to the specimen by
the drive rod, which is activated electromagnetically by a coil
producing frequencies of 3.5, 11, 35 or 110 Hz. The applied
strain is monitored by the strain transducer T, and
transformed into a proportional electrical quantity. The
resulting stress is similarly transformed into a stress-propor-
tional electrical quantity by the stress transducer T,. These
two outputs are fed to the main control unit and processed
electrically to give a direct reading of tan 3, where 3 is the
phase angle between stress and strain. | E*| the complex
modulus is obtained from a calculation involving the instru-
ment settings required in tan § derivations.

Readings of tan & and |E*| are recorded at intervals
of 5°C over the appropriate temperature range. The real
component E’ and the loss component E” of the complex
modulus may then be calculated using the two equations:—

E’ = |E*| cos 8
E’ = |E*| sin 3

Rectangular films with accurately known dimensions
of approximately 30 x 2 x 0.03mm were used in this work.
Sample lengths were determined using the micrometer/dial
gauge arrangement on the Rheovibron to an accuracy of
0.0lmm, widths with a vernier travelling microscope to an
accuracy of 0.0lmm and thicknesses with a micro comparator
(Ferranti Ltd.) to an accuracy of 10-mm. All dynamic
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measurements were made at a frequency of 110 Hz. A semi-
automated vibrating reed described elsewhere® was also used
in some aspects of this work.

Results and discussion

Generally, measurements of the dynamic mechanical proper-
ties of detached films were made on both clear and pigmented
systems in order to separate the effect on film properties of
the pigment from that of the resin. Empirical tests were
carried on pigmented systems only.

Effect of monomer composition on the dynamic mechanical
behaviour of clear and pigmented coatings

With the type of thermosetting acrylic resin used in this
work, the extent of the reaction of hydroxyl sites in the copoly-
mer with hexamethoxymethylmelamine (HMMM) in the
presence of p-toluene sulphonic acid will determine the level
of cross-linking of the cured coating. Using a constant
quantity of HMMM and varying the hydroxyethyl acrylate
content of the copolymer, the dynamic properties obtained
at 110 Hz are shown in Fig. 4.
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Fig. 4. Plot of elastic modulus (E’) and loss tangent (tan 3) at 110 Hz
against temperature for clear ﬁlms wnth va:ymg hydroxyethyl acrylate
contents. Cross-linked usin; hy (20 wt. %,
based on resin) and 0.5 wt. % p -toluene sulphonic acid

As anticipated, increasing hydroxyl content leads to cured
films with increasing hardness, as demonstrated by the modulus
against temperature curves. The modulus at 100°C increases
from 2 X 10° dyn cm~2 to 10'° dyn cm~2 as the hydroxyethyl
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acrylate content is raised from 7.2 per cent to 16.8 per cent.
There are also decreases in the peak values of tan 3 associated
with a broadening of the curves and a shift of the peak to
higher temperatures with increasing cross-linking.

The same resins were pigmented with rutile titanium dioxide
(Kronos RA 45) at 20 per cent pigment volume concentration
for the purposes of paint testing. Typical test results obtained
on steel panels are shown in Table 2.

The flexibilities and reverse impact properties of coatings
based on copolymers with 7.2 per cent, 10.4 per cent and
13.6 per cent hydroxyethyl acrylate content are consistently
quite good but the coating with 16.8 per cent hydroxyethyl
acrylate content shows a considerable deterioration owing to
the brittleness introduced by the increased cross-linking
density. As suspected, pencil hardness values do not follow
any meaningful pattern, but nevertheless indicate that the
resin with the highest content of functional group containing
monomer gives the hardest paint. Resistance of the paints to
methyl ethyl ketone is on the whole good and increases with
increasing hydroxyethyl acrylate content.

The conclusions that increased cross-linking above the
optimum level leads to poor flexibility and reverse impact
properties, as well as improved hardness and MEK -resistance,
are in accord with those of Earhart® and Koral and
Petropoulos!®.

When the results of Fig. 4 from dynamic mechanical tests
are compared with those from conventional tests, one first
and important deduction is the greater sensitivity of the dyna-
mic data. This is particularly true of the region near to
optimum cross-linking efficiency, where the conventional
tests show little difference between the various formulations.
The shifts to higher temperatures of the damping peak and
of the high to low modulus transition region of the coatings
with increasing cross-linking are manifestations of increasing
glass transition temperature.

Similar changes in viscoelastic properties have also been
observed by Bender,* who noted the associated deteriorations
in impact resistance and flexibility in automotive finishes.

Effect of cross-linking agent (HMMM) on the dynamic
mechanical properties

In order to study the effect of this cross-linking agent on the
resin bzhaviour, a typical resin copolymer containing 17.0
per cent hydroxyethyl acrylate was compounded with HMMM
in weight ratios of 95/5, 90/10, 80/20 and 70/30.

Table 2
Conventional paint test results for flexibility, hardness, solvent resistance and reverse impact

Coatings based on pigmented resins (209, PVC : Kronos RA45) having various hydroxyethy!
acrylate (HEA) concentrations and cross-linked using a resin /| HMMM ratio of 4:1 by
weight. Average paint film thickness = 0.033mm

Reverse impact
Conical :
Weight, mandrel Pencil MEK 101bf in 20Ibf in 401Ibf in
% HEA flexibility hardness resistance | (1.1298J) | (2.2596 J) | (4.5192))
a b a b a b a b [ a b a b
72 9 9— | 2H IH 5 5— 6 6 5 5 55
104 9— 9—- | 3H 2H 5+ 6 6 6 6 6— 55
13.6 9— 94+ | IH 1IH 5 5 6 6 6 5 535
16.8 5+ 5 3H 3H 6 6 4 1 21 2 1
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Frankincense speaking,
myrrh’s not everybody’s cup
of resin.

| St Matthew’s implication that these two
secretions of Boswellia carteri and
Commiphora abyssinica (respectively) were

as good as gold, shows that resins have a
long and honourable history. Nowadays of
course natural resins have been succeeded
by the much more flexible and adaptable
synthetics, the alkyds, polyesters, epoxys,
formaldehydes, and so on that are the basis
of the modern surface-coatings industry.
But natural resins — those sticky substances
exuded by certain trees when their bark Has
been damaged — were basic raw materials of
lacquers and varnishes for thousands of
years, going back to the Incas, the ancient
Egyptians, the Carthaginians, the
Phoenicians and a lot of other old people
whom one no longer sees about. There was
once a queen of Cyrene, we are told, much
given to the wearing of amber (a fossil
resin). Her name was Berenice, whence we
are led via the usual etymological
degradations to pheronice, verenice, vernis
(Old French) and eventually, varnish.
Meanwhile, on the other side of the earth,
the ancient Japanese were making lacquer
by secret processes from the resin of Rhus
vernicifera; this coating dries only in the
dark, and can produce serious skin
irritation not unlike poison ivy. Just two
more reasons why surface-coatings people
are grateful for synthetic resins (and the
Price’s chemicals that help make them).

Now we all appreciate
polymerisation quite kienle

Making big molecules out of little ones is
pretty basic to the surface-coatings
business. Before 1930, however, the rules
governing polymerisation were little
understood, even among those paint and
varnish people who’d been successfully
practising it for years. Then, writing in
Industrial and Engineering Chemistry’s June
issue (Vol. 22, No. 6), 34-year-old Ray
Kienle (Ph.D., M.I.T. 1928) cleared up a
lot of the confusion with his concept of
‘functionality’. An organic molecule, said
Kienle in his ‘Observations as to the
Formulation of Synthetic Resins’ can have
one or more reactive groups — such as
hydroxyl, carboxyl, amino, epoxy, or
unsaturation as represented by a double
bond. The molecule’s functionality, then,
equals the number of these reactive groups
it contains. Now for Dr Kienle’s famous
postulates:

1. In polymerisation, the reacting
molecules must each have a functionality
of at Jeast 2.

2. Polymerisation takes place through
random contact of activated reactive
groups.

3. The resulting polymer’s physical
properties are determined by the size and
shape of the reacting molecules.

Some molecules of functionality 2: glycols,
amino acids, ethylene. Pentaerythritol’s
functionality is 4, but butadiene’s is either
2 or 4, depending on whether one or both
of its double bonds react. A splendid polyol
of functionality 2.8 is, as it happens, Price’s
Glycerine — of which (much) more later.
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Typical curves for the real component of the tensile dynamic
modulus (E’) at 110Hz and for tan § at the same frequency as
functions of temperature are shown in Fig. 5. These results,
obtained on unpigmented detached films, show results typical
of increasing cross-linking, analogous to those reported by
Nielson!! and Zorll.'?

°le H MMM

108 11t B 5 g s
20 40 60 80 100 120 140
TEMPERATURE (°C)

Fig. 5. Plot of elastic modulus (E’) and loss tangent (tan §) at 110 Hz

against temperature for clear films cross-linked with varying hexa-

methoxymethylmelamine concentrations. Hydroxyethyl acrylate
content 17 wt. 9, p-toluene sulphonic acid 0.5 wt.9;

Increasing the HMMM concentration from 5 per cent to
30 per cent brings about an increase in glass transition
temperature “of about 45°C, a decrease in the associated
energy loss peak, and a general broadening of the transition
region, as previously noticed for increasing hydroxyl content.
At temperatures above 50°C, there is also a pronounced
increase in the elastic moduli.

Dynamic mechanical moduli/temperature relationships
were also evaluated for similar resin formulations pigmented
with 20 per cent pigment volume concentration of titanium

dioxide (RA45), in order to compare with conventional
empirical paint tests. As seen in Fig. 6, there is a similar
behaviour to that observed for clear films. There is an increase
in the T, from about 70°C to 90°C with increasing HMMM
content, which is less pronounced than that obtained with
the clear films. As would be anticipated, increasing the
HMMM concentration reduces the tan 8 peak value and
increases the value of the elastic modulus at any given
temperature. At low temperatures, the elastic modulus for
the pigmented material is greater than that for the clear
film, owing to the reinforcing effect of filler.
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Fig. 6. Plot of elastic modulus (E") and loss tangent (tan 8) at 110 Hz

against temperature for pigmented films with varying hexamethoxy-

methylmelamine concentrations. Pigment volume concentration 20 %,

Kronos RA45; hydroxyethyl acrylate concentration 179 based on
resin, 0.5 wt. 9 p-toluene sulphonic acid

It should be noticed at this point that, for equivalent resins,
the pigmented materials surprisingly exhibited lower glass
transition temperatures than the clear films. This observation
will be amplified later in the discussion.

The results of conventional paint acceptance tests are
shown in Table 3; apart from the poor impact strength and
poor flexibility of the least cross-linked paint (which may be

Table 3
Conventional paint test results for flexibility, hardness, solvent resistance and reverse impact on
pigmented resins (20 %, PVC Kronos RA45)
Resins prepared with 17% hydroxyethyl acrylate and having varying concentrations of
hexamethoxymethylmelamine (HMMM). Average paint film thickness = 0.027mm, prepared
on polished steel panels

Reverse impact
Weight, Conical - - >
% HMMM, mandrel Pencil MEK 10Ibfin | 20Ibfin 401bf in
based on wt. | flexibility hardness resistance | (1.1298 J) | (2.2597 J) | (4.5192))
of resin
5 0 2H 3 3 3 3
10 10 2H 4 4 3 3
20 10 2H 4 6 6 5
30 9+ 2H 4 6 6 3
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related to poor cohesion) the data are remarkable in showing
the inability of these tests to distinguish satisfactorily between
materials of widely differing compositions. The reverse
impact tests show a gradual improvement with increasing
HMMM content which seems to level off above 20 per cent
HMMM. Clearly, there is an optimum cross-link density
associated with this property, above which the impact
properties do not improve further and may even deteriorate.

Koral and Petropoulos,!? in studying the effect of HMMM
level in an acrylic emulsion coating on some paint properties
(hardness, reverse impact and chemical resistance), found
that increasing the HMMM content to 12 per cent resulted
in improved film properties, but that further increases had
adverse effects. Similar effects were noticed for epoxy resin
coatings in which the HMMM content exceeded 15 per cent.

In comparison, the paint properties observed by the
authors show a levelling off at about 20 per cent HMMM,
but no adverse effects associated with a further increase in
HMMM content. The difference in the optimum HMMM
content is obviously due to the differing coating systems
being studied. Koral and Petropoulos attribute the adverse
effect to unreacted HMMM which is possibly blocking the
effective use of cross-linking sites.

Effect of pigment volume concentration on
dynamic properties

Generally, the effect of introducing an inert filler into a
polymeric material is to raise the modulus in the glassy
region and, in some cases, to increase the glass transition
temperature. The viscoelastic properties of titanium dioxide
filled epoxy resin'® and polyvinyl acetate'4 have been studied
by Galperin, whose findings were in accord with general
expectations. However, the results obtained in the present
study indicate quite clearly (see Figs. 5 and 6) that the presence
of pigment in the resins studied reduces the glass transition
temperature whilst increasing the modulus at lower tem-
peratures. The decrease in glass transition temperature is
clearly greatest for those resins with a higher cross-linking
capability. It is of interest to see whether this remarkable
feature is related to the pigment volume concentration.
Dyanamic modulus measured at 110Hz, together with tan g, is
plotted over a wide temperature range in Fig. 7 for a single
resin containing 17 per cent hydroxyethyl acrylate, 20 per
cent HMMM and pigmented with varying amounts of rutile
titania (RA45).

Clearly, over about 10 per cent PVC, further increases in
pigment concentration bring about marked reductions in the
glass transition temperature of the paint films. Decreases of
some 40°C are observed for the increase of pigment to
30 per cent volume concentration. This is quite a dramatic
effect, since this improvement in the flexibility is achieved at
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the same time as an increase in the room temperature modulus,
or hardness, of the paint. Similar conclusions can be drawn
from the tan § temperature relationships, the energy dissipated
in the highly pigmented material being considerably greater—
a factor that will result in improved impact and high-speed
deformation characteristics. These findings are supported by
conventional paint test results, the 20 per cent and 30 per
cent pigmented systems having an ideal combination of
properties (see Table 4).
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Fig. 7. Plot of elastic modulus (E’) and loss tangent (tan 5) at 110 Hz

against temperature for pigmented films with varying pigment

volume concentrations (PVC). Hydroxye(hyl acrylate content
179, and 209, HMMM based on resin Kronos RA45

Pigmented surface treatment effects on
dynamic performance

The particular titanium dioxide pigment (RA45) chosen for
the previous work was of a type conventionally used in many
fields of industrial paint manufacture. It was of interest to
establish if other grades of titania with different or no surface
treatments gave results in any way comparable with the
RA45 pigment which has an alumina treatment. Dynamic
data obtained for pigmented films similar to those used
previously, having 20 per cent PVC and made from a variety
of treated pigments, are shown in Fig. 8. Data obtained with
untreated rutile titania (Tioxide R—SM) and micronised

Table 4
Conventional paint test results on pigmented resins (Kronos RA 45) with varying pigment volume
concentrations.
Hydroxyethyl acrylate content 17%; and 20% HMMM based on resin. Average paint film
thickness = 0.030mm

Pigment Conical I Pencil MEK ‘ Reverse Impuc!
volume mandrel hardness resistance | -
concentration | flexibility | IOIbf in ’ 20bf in ’ 40]hf in
‘ [ (1. 1298)) | (22597) | (4.5192))
s | o H ‘ 10 ’ s | s
10 | 8 2H 9 5 5 ’ 5
20 ’ 9+ 2H IO 10 5
30 10 i 2H ‘ 7 } 7
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barytes (Colin Stewart Minerals Ltd.) are shown in Figs. 9
and 10 respectively, with corresponding paint test results in
Tables § and 6.

The effect of the different pigments varics considerably.
Those without surface treatments act as anticipated from

Table 5
Conventional paint test results for flexibility, hardness, solvent
resistance and reverse iIII[)(I('/
209, PVC barytes pigmented resin of 179 hydroxyethyl
acrylate content, cross-linked using a resin/HMMM ratio of
4:1 by weight. Average paint film thickness = 0.030mm

Reverse impact

Conical | Pencil | MEK R ———
mandrel | hardness resistance 201bf in 401bf in
flexibility (22596 ) | (4.51921))
a b a b ‘ a b a b a b

| T o |
84+ 6 | 4H 4H ‘ [ ‘ 301

| ‘11

a—Results using polished steel panels.
b—Results using “*Bonderite™ treated steel panels.

Table 6
Conventional paint test results on untreated rutile (R-SM)
pigmented resin
17?/; hydroxyethyl acrylate content and cross-linked using a
resin /| HMMM ratio of 4 : 1 by weight. Average paint film
thickness = 0.033mm

|
Pigment | Reverse impact
volume | Conical Pencil MEK |——— o
concen- | mandrel | hardness | resistance | 10Ibfin | 20Ibfin
tration | flexibility (1.1298 J)| (2.2596 )
7
0o | o 3H 6— 3— 3-
20 0 3H 6 3 3=
30 0 3H 6 3 3—
|
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Fig. 8. Plot of elastic modulus (E’) and loss tangent (tan 8) at 110 Hz
against temperature for paint films containing differently surface
coated rutiles. In each case a pigment volume concentration of 209
was used. Hydroxyethyl acrylate concentration 17 wt.%;; hexa-
methoxymethvimelamine 20 wt. 9 based on resin
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Fig. 9. Plots of elastic modulus (E’) and loss tangent (tan ) at 110 Hz

against temperature for pigmented films with varying pigment volume

concentrations. Hydroxyethyl acrylate content 17 ¢/ and 20 %, HMMM
based on resin. Tioxide R—SM
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Fig. 10. Plot of elastic modulus (E") and loss tangent (tan ) at 110 Hz
against temperature for barium sulphate pigmented films. Hydroxy-
ethyl acrylate content 179, and 209, HMMM based on resin

reported studies on pigmented and filled polymers—there is
an increase in modulus in the glassy region and the glass
transition temperature is unaffected. This is also the case for
rutiles that have an undisclosed, light, organic treatment,
e.g. Tioxide R-SM3. Those materials that have had some
inorganic surface treatment, particularly with alumina, show
substantial changes in their dynamic behaviour. It is to be
inferred that such changes can be exploited beneficially in
the development of thermosetting acrylic paints with better
flexibility and hardness properties.

Mechanism of pigment surface treatments in altering
dynamic mechanical behaviour

Various theories could be suggested to account for the
remarkable behaviour of treated rutiles in altering the dynamic
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behaviour of cross-linked materials. Any theory must explain
why the transition temperature is lowered although the overall
extent of cross-linking, as measured by swelling techniques
and indicated by the high MEK solvent resistance, remains
the same. Further, it must explain why the change in T, is
greatest when the degree of cross-llnkmg is increased and
when the pigment volume concentration is increased above
10 per cent. These latter effects are contrary to what would be
expected. It must be remembered that, in this particular
thermosetting acrylic resin formulation, the effective cross-
linking reaction is between hydroxyl groups—incorporated
in the molecule by copolymerisation of hydroxyethyl acrylate
with styrene—and hexamethoxymethylmelamine under the
catalytic influence of p-toluene sulphonic acid. Since the
overall extent of cross-linking with treated or untreated
rutiles is similar, the explanations for the phenomena must
be sought in the distribution of cross-links in the material.
It is proposed that there is a preferential adsorption of either
the hydroxyl groups or HMMM on to the surface of the
Al,0, treated rutile surface and that, because of the high
local concentration of cross-linkable sites on the pigment
surface, preferential cross-linking takes place there. Fig. 11

Fig. 11. Di icr ion of i
at pigment surface

d cross-link density

gives a schematic idea of the cross-linking topology proposed.
Although the total number of cross-links remains essentially
unchanged, there exist flexible linkages between neighbouring
pigment particles but with a high concentration of network
sites on the surface of the particles. It is possible that p-toluene
sulphonic acid could be the material preferentially adsorbed
on the treated rutile surface, resulting in improved catalytic
activity at the pigment surface. However, the results of specific
adsorption measurements have indicated that there is no
particularly preferred adsorption of p-toluene sulphonic
acid on the treated rutile.”® Localisation of cross-linking in
network systems with differences in the material behaviour
have been previously observed in block copolymer systems
of the styrene-butadiene-styrene type and in some types of
rubber system, particularly those with carboxy-terminated
butadiene systems.!®

Whatever the cause of the phenomena, there is little doubt
that the effect can be exploited, and possibly extended, by
choice of suitable cross-linking systems.

Conclusions

The conclusions to be drawn from the work described are
self-evident, but the more important observations are briefly
summarised here. Increases in cross-link density, whether
brought about by modification of the copolymer or by
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increased concentration of cross-linking agent, have the effect
of raising the glass transition temperature and lowering the
damping capability of the cured resin system. The derived
paints exhibit increased hardness and reduced flexibility and
impact resistance as consequences of the changes in resin
structure,

Study of the effects of pigmentation on properties has
disclosed some unexpected results. Normal rutile titanium
dioxide and micronised barium sulphate have the classical
filler effect on the dynamic mechanical properties of paints.
Alumina-treated titanium dioxides in common use have the
striking effect of reducing glass transition temperature and
raising the tan § peak of the clear acrylic resin, particularly
for the more highly cross-linked systems.

Paints made with treated titanium dioxide perform far
better than those pigmented with a pure rutile type. Although
all have comparable solvent resistance, their mechanical
properties differ considerably; the treated pigments impart
relatively higher flexibility and impact resistance whilst
retaining the hardness found with the unmodified rutile
pigmentation.

Dynamic mechanical measurements have been found to
react more positively to changes in polymer structure than do
empirical paint tests. Whereas the latter tests must remain as
the final arbiters of satisfactory practical performance,
dynamic tests clearly have a strong supporting role to play
in the development of synthetic resins for industrial surface
coatings.
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Rheology of model carbon black inks

By J. Kollerstrom

Department of Science and Mathematics, Watford College of Technology, Watford, Herts.

Summary

Measurements of the plastic viscosity of a series of simple, model
carbon black inks has bzen carried out using a Ferranti-Shirley
viscometer, varying the concentration, temperature, diameter
of particles and the composition of the dispersion medium in-
dividually, in an attempt to relate these factors by a single equation

Using a medium of hydrocarbon oil: oleic acid (9:1), the effects of
concentration of carbon, of temperature and of dispersion medium
were found to fit the equation U = 59 e kc/T where U = plastic

Keywords

Properties, characteristics and
conditions primarily iated
with materials in general

plastic viscosity
rheological property

viscosity of the model ink, 59 = Newtonian viscosity of the medium,
¢ = concentration, 7 = temperature (kelvin) and k is a constant
dependent on the nature of the carbon black. The viscosity
decreased as the particle diameter increased, but no equation has
as yet been established relating viscosity to particle size.

The Bingham equation relating U to rate of shear has been con-
firmed. No correlation was observed between yield value (f) and
concentration except that fincreased with increasing c.

Types and classes
of coating

ink
Prime pigments and dyes
carbon black

La rhéologie des encres d’imprimerie a base des noirs de carbone

Résumé

Au moyens d’un viscosimétre Ferranti-Shirley, on a effectué des
mesures de la viscosité plastique d’'une gamme d’encres types d’une
composition simple a base de noir de carbone ou I’on fait varier,
tour a tour, la concentration, la température, le diametre particu-
laire et la composition du milieu de dispersion, en vue de lier tous
ces facteurs par une équation unique.

A P'aide d’un milieu composé de 909 d’huile hydrocarbure et de
10% d’acide oléique, on a démontré que les effets de la concen-
tration de noir de carbone, de la température et du milieu de
dispersion cadrent avec I'équation U = 7g e ke/T ou U = la viscosité

Die Rheology von Carbon Black Druckfarben
Zusammenfassung

In einem Versuch, alle Faktoren in einer einzigen Gleichung
zusammenzufassen, wurden Messungen der plastischen Viskositat
einer Reihe einfacher Modell-Carbon Black Druckfarben unter
Verwendung eines Ferranti-Shirley Viskosimeters vorgenommen,
wobei die Konzentration, Temperatur, Durchmesser der Teilchen
und die Zusammensetzung des Dispersionsmediums individuell
variiert wurden. Es wurde gefunden, dass, wenn ein Bindemittel aus
Kohlenwasserstoffol: Olsiure (9:1) benutzt wird, die Wirkung der
Konzentration von Kobhlenstoff, Temperatur und Dispersions-
bindemittel passt in die Gleichung U= e k¢/T, wobei U = plas-
tische Viskositit der Modelldruckfarbe, 79 = Newtonische Visko-
sitit des Bindemittels, ¢ = Konzentration, T = Temperatur

Peosiorus ne4aTHbIX YEePHHJIBHLIX KPacoOK

Pezome

TIpon3BeneHbl W3MEPEHUs MIACTHYECKON BA3ZKOCTH psAla MPOCThIX
MOIEJIbHBIX MEYAaTHBIX YEPHUJIBHBIX KPAacOK, NMPUMEHSsi BUCKO3H-
Metp PeppanTtu-llnpneit 1 Bapupys KOHLEHTPALMIO, TEMIIEPATYPY,
JUaMeTp 4acTUL U COCTaB }IMCHCDCHOﬁ Cpeabl OTAC/IbBHO, B MOMbITKE
BBIPA3UTh 3TH (GAKTOPbl ONHUM YPABHEHUEM.

TTpuMeHss cpeay YrieBOJOPOAHOTO Macia: OJIeHHOBOM KMCIOTbI
(9:1), HaipeHo uTO 3h¢eKTbl KOHUEHTPAUMM yriepona, Temie-
parypbl ¥ ANCTEPCHOM CPeabl BbIPAXKAIOTCA YPABHEHHEM

U - o ekeT,

plastique del’encre type, 7o =la viscosité newtonienne du milieu,c=la
concentration, T = la température (kelvin), et k est une constante
qui dépend de la nature du noir de carbone. La viscosité se diminue
a mesure que le diamétre particulaire s’augmente, mais on n’a pas
déja établi une équation faisant un rapport entre viscosité et
grandeur particulaire.

On a confirmé I’équation de Bingham ot un rapport entre U et la
vitesse de cisaillement est prévu. On n’a pas constaté une corrélation
entre la limite d’écoulement (f) et la concentration, sauf que
(f) s’augmente en meme temps que c.

(Kelvin) und K eine von der Art des Carbon Blacks abhingige
Konstante ist. Die Viskositit verringerte sich im gleichen Masse, in
welchem sich der Partikeldurchmesser vergrosserte; jedoch wurde
bisher noch keine Gleichung, die sich auf das Verhiltnis der
Viskositit zur Teilchengrosse bezieht, geschaffen.

Die Binghamgleichung, die sich auf das Verhiltnis von U zur
Schergeschwindigkeit bezieht, wurde bestitigt. Zwischen Aus-
beutewert (yield value) (f) und Konzentration wurde keine Kor-
relation beobachtet, ausser dass f sich entsprechend der Erhchung
von c¢ vergrosserte.

rae U nmnnactuvyeckas BA3KOCTb MOIEIBHON Kpacku, 7o =
HbIOTOHOBCKOM BSI3KOCTH Cpefibl, ¢ = KoHUeHTpauun, T = Temme-
patype (mo KenbBHHY), a K KOHCTaHTa 3aBHCSALUAs OT NMPUPOIbLI
caxcu. BA3kocTh noHnxkanach ¢ YBCJIMMCHHEM IMaMeTpa 4YacTul, HO
MoKa elle He YCTAHOBJICHO YPaBHEHHE CBA3bIBAIOLLEE BA3KOCTh C
Ppa3MepOM YaCTHLbI.

IMoaTeepxnaerca ypasHeHue bBunrxama cessbiBatowee U co
ckopocThio capura. Kopp MeXay TON3Yy4eCTH
(f) v KoHueHTpauueii He Habmoaanock, Kpome Toro dakra 4ro f
YBE/IMYMBACTCA C YBEIHYEHHUEM C.
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Introduction

The rheology of inks and similar dispersions has been the
subject of much investigation. Many different equations
have been proposed for the relationship between viscosity
and the properties of the disperse phase and of the dispersion
medium in inks. It was therefore thought desirable to carry
out a series of measurements on the simplest possible model
inks, varying one factor at a time (such as concentration of
the disperse phase, nature of the dispersion medium, tempera-
ture, and diameter of the particles of the disperse phase),
in an attempt to arrive at a simple equation which might
in future be modified to fit more complex dispersions in line
with inks in industrial use. Dispersions of various carbon
blacks, in several different media of liquid hydrocarbon oil
plus 10 per cent v/v of oleic acid to retard settling, were used.

The earliest equation, suggested by Arrhenius in 1887,
was the exponential one: n = 1y eke where 7 is the viscosity
of the suspension, 7, that of the dispersion medium, ¢ is the
concentration of the disperse phase and & is a constant
dependent on the nature of both the disperse phase and the
dispersion medium, and also on the temperature. The most
thorough investigation of the application of this equation
to colloidal pigment suspensions was undertaken by
Weltmann and Green!, who worked with dispersions of
various pigments in linseed oil. The equation arrived at
was of the Arrhenius type, viz: U = (99 -+ A)eBC where
U is the plastic viscosity of the pigment dispersion, 7 is
the Newtonian viscosity of the dispersion medium, ¢ is the
concentration of the pigment, and 4 and B are constants,
probably dependent on particle size and the top rate of shear.
With regard to particle size, these workers claimed to have
found a logarithmic relationship between particle diameter
and the constant (i.e. reciprocal of particle diameter plotted
against eB was linear). For a selection of other work confirm-
ing the exponential relationship, see references 2 to 5. More
recently, Rosted® proposed the equation D = ar - b to
describe rheological properties of inks, where D. = shear
rate, = shearing stress and »n is a constant of value 1.5.

Einstein? proposed the simple equation: 7y, = KV where
m,p, is the specific viscosity of the suspension, K'is a propor-
tionality constant (= 2.5 for spherical particles) and v is
the volume fraction of the disperse phase. Zettlemoyer and
Lower®, working with dispersions of calcium carbonate in
polybutene oil, extended this equation to: 7, = K (1 -+ kA)V
where K is a constant for a system of given chemical
consitution, k is another constant, V is the volume fraction
of the pigment, and A4 is the surface area of the pigment,
so that kA represents the volume of the absorbed layer on
the pigment particles. They found, as would be expected,
that viscosity increased as particle size decreased, and attri-
buted this to immobilisation of the dispersion medium,
resulting in a corresponding increase in the volume fraction
of the pigment.

Ward and Whitmore® studied the effect of particle size
on the viscosity of suspensions of methacrylate polymers,
using irregularly shaped particles. They concluded that
viscosity increased with decreasing size of particles, and,
further, that it increased with increasing asymmetry of the
particles, presumably due to the dispersion medium being
held within the irregularities on the surface of the disperse
phase.

Cross!®, working with aqueous suspensions of various
polymers, using a Ferranti-Shirley cone and plate viscometer,
at 298°K, arrived at the more complex relationship:
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where 7y is the limiting viscosity at zero rate of shear, 7
is the limiting viscosity at infinite rate of shear, = is a constant
associated with the rupture of linkages and D is the rate of
shear. Good linearity was obtained for graphs of log (5 —
7, ) against log D, giving a slope of i, but no explanation
was available for the significance of this fractional value.

Garret' has recently published a study of the relationship
between carbon black particle size and various properties
of inks, including viscosity. It was shown that viscosity
increased markedly with decrcase in particle diameter, but
no mathematical relationship was put forward.

Experimental
Technique for producing a dispersion of a simplified model ink

The first problem was to cvolve a technique for making
reproducible small quantities of model carbon black inks.
A ball mill was chosen in preference to a roller mill, in order
to avoid any possibility of evaporation of solvent. The
following procedure was shown to bz capable of making
50ml of a model ink, of reproducible viscosity.

A screw-capped polythene bottle of 250ml capacity was
used, and to this was added a constant weight of steel balls
{diameter din and }in) such that the bottle was about half
lull. A 50ml portion of a dispersion medium (9:1 liquid
hydrocarbon oil:oleic acid) was added, which just covered
the balls. For preliminary experiments 3 w/v per cent of
Philblack I carbon black was added. The bottle was sealed
with Parafilm tape to prevent leakage or evaporation, and
was fitted centrally into a cylindrical tin on the rotating rollers.
Rotation was at constant speed for one hour. Under these
conditions a dispersion was produced, the viscosity of which
was unchanged after a further two hcours in the mill.

All subsequent dispersions were made under identical
conditions; in particular, the size of the tin, the weight and
diameter of the steel balls and the volume of dispersion
medium and the grinding time on the rollers were identical.

The liquid hydrocarbon oil used for most of the measure-
ments was either Edelex 11 or Catenex, from Shell. (These
are both hydrocarbon mixtures of mzan molecular weight
220, Catenex having a higher viscosity). The 10 per cent oleic
acid was necessary to retard settling. Without it, all mixtures
settled out immediately. All measurements of viscosity were
made within ten minutes of removal from the rollers, although
no settling of the dispersions was noticeable after several
hours.

After any run, the balls, container and lid were thoroughly
washed in hot water and detergent to remove carbon and
medium, were then transferred to a perforated zinc tray,
washed in running cold water for 20 minutes, dried in an
oven at 80'C, and were finally allowed to cool in a dust-
free environment. This ensured that no detergent contamin-
ated subsequent runs.

Measurement of viscosity
All measurements were made using a Ferranti-Shirley cone
and plate viscometer, with the large cone.

For this instrument: viscosity 1.5 = 100 = Scale reading/

rpm (in centipoises).
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Since only comparative values were required, these were
not converted to SI units.

Results

Using Catenex oil:oleic acid 9:1 as dispersion medium, a
series of experiments was carried out, with Philblack I
carbon black in concentrations varying from 1 to 18 w/v
per cent. All factors other than concentration were kept
constant.

In every case, viscometer readings were taken for increasing
and decreasing rpm. Results are plotte¢ in Fig. 1. Only
the 1 and 3 per cent dispersions show good linearity of scale
reading against rpm between 50 and 500 rpm. At 15 per cent,
thixotropy is apparent, i.e. the viscosity decreases with time
for the same applied stress. For concentrations of 15 per cent
and 18 per cent, when the top rate of shear (500 rpm) was
reached, it was held steady until a constant reading was
obtained.

In calculating the relative plastic viscosities, the values
between 300 and 500rpm were compared throughout this
whole series of dispersions. Where thixotropy appeared
(as at 15 per cent and 18 per cent in Fig. 1) mean values were
taken. The plastic viscosity in centipoises was therefore taken
as 1.5 < 100 x scale reading/rpm in Fig. 1 in the range

etween 300 and 500rpm.

- //q <,
’ ///dlo e 7
-
-
o o
29 | -7 '
200 250

100 150
SCALE READING =1

Fig. 1. Plastic viscosity = 1.5 x 100 x scale reading/rpm for various
dispersions of Philblack I in Catenex oil:oleic acid, 9:1

AR=1%B=3%C=6%0D =9%E =12%F =15%;
G = 18%

The results for the relationship between the plastic viscosity

of a dispersion of Philblack I carbon black and concentration

are given in Table 1 and Fig. 2, where log U is plotted against

Table 1

Viscosities of Philblack I dispersions in Catenex:oleic
acid, 9:1

9}12‘]5']8

1
wiv% C 10}1 3 6

l—J_(SOO to

SOOrpm)cP’6.94 7.65( 9.0 | 11.25| 14.6 | 17.25| 23.6 | 27.5

¢, giving a straight line. (It is perhaps worthy of note that,
in connection with the plastic viscosity values calculated
from mean values for the 15 per cent and 18 per cent disper-
sions shown in Fig. 1, only the 15 per cent value shows an
appreciable positive deviation from linearity in Fig 2. A
slightly lower value of U would have been obtained in this
case had the ascending =/D slope been used rather than the
mean, but there appears to be no clear reason for adopting
this value. In the case of the 18 per cent dispersion, the
value of U is hardly altered by change from mean values to
either ascending or descending values of the t/D slope.)
Hence a relationship of the Arrhenius type, U = Aekc is
suggested, where A is a constant depending on the dispersion
medium, & is a constant depending on the nature of the carbon
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Fig. 2. Relationship between % C (w/v) and plastic viscosity, for
Philblack I, in Catenex:oleic acid 9:1

black, and c is the concentration in w/v per cent of carbon
black, at constant temperature.

This Arrhenius-type relationship has been confirmed,
using similar series of model inks with different carbon blacks,
in concentrations ranging from 1 to 9 per cent. The results
are summarised in Table 2 and graphs are shown in Fig. 3
(a to d). All confirm the relationship U = Aeke.

Table 2

Variation of plastic viscosity with concentration of various types
of carbon black. (Edelex :oleic acid, 9:1)

Type of C black Plastic viscosity (cp)
w1 \ 2 ‘ 3 | 4 | s | 9
Columbia 999 .. 5.48 6.15 | 6.90 8.0 | 9.0 14.2
Molacca . . - 5.25 — 5.70 — 6.30 7.58
Philblack 1 . 5.17 5:7 6.30 — 17.50 | 14.6
Raven 35 o 5.40 — 5.92 — 6.67 8.4
Regal 300 4.68 — 5.49 — 6.03 8.32
of [}
o 5 6
ra L B 5
o A T (I () o ! L J I
06 07 08 09 10 11 06 07 08 09 10
LoG U LOG U
9
(.J6 B U6
3l * 5

%6 o7 05 o5 10 %% o7 06 &9 10
LOG U LOG U
Fig. 3. Relationship between ; C and log U

(a) Columbia 999 (c) Philblack I
(b) Raven 35 (d) Molacca

The constant A4 is, of course, to be identified with =,,
the Newtonian viscosity of the medium alone, when ¢ = 0,
since if U = Aekc, then log U = log A + kc/2.303. When
¢ = 0, log A = log 1,. This was checked by measuring the
plastic viscosity of carbon black dispersions in five different
dispersion media.

In the equation U = 7, eke, it is to be expected that k
will be a constant for a given carbon black, and will vary
with particle size. (This latter factor will be discussed later).
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That this is the case has been shown by measuring the slope
of graphs for log U against ¢ for the same carbon black in
various dispersion media. Results are given in Table 3. It
will be seen that the values for k are fairly constant, despite
a wide range of dispersion media.

Table 3
Plastic viscosity of dispersions of Philblack I in various media

Dispersion Medium
(all contained 109 oleic acid) 70 (cP) Slope (=k)
Edelex (Shell). . & = - 4.72 0.038
Ethyl benzene o - 0.92 0.039
Olive oil: Edelex, 1: - .. .. 17.5 0.033
Hexadecane .. - aze. o5 4.20 0.034
Tetradecane = 5 o 3.00 0.040

Effect of shear rate on plastic viscosity

Bingham!'? put forward his well-known equation which
may be expressed as: D = 1/U (= — f) where f =yield value.
A mathematically equivalent equation was put forward by
Goodeve and Arnold'® in the form /D (=4)=U+(f/D). To
test whether the results obtained with these carbon black
dispersions agreed with the Bingham equation, graphs were
plotted of /D against 1/D for four dispersions of different
carbon blacks. The results are shown in Fig. 4. (Only three
are plotted here, since the graph for 9 per cent Raven black
overlapped that for 9 per cent Molacca very closely.) All
four graphs were linear and the intercept value (at 1/D=0,
corresponding to U at maximum shear rate) agreed well
with the observed value of U (at 300 to 500rpm, beyond which
no change in slope was observed) as shown in Table 4.

70 3,
eo[

50
40

Yo
[}
530

SENE | 1
9 025 05 075 70
& x 102
Fig. 4. Relationship between U and D (To test the Bingham equation
D=1UGE-1)

@ is 9% Molacca in Edelex oil

® is 99 Philblack I in Catenex oil

@ is 129 Philblack I in Catenex oil

Hence these results confirm the Bingham (and Goodeve)

equations.

Table 4
Intercept values from Fig. 4
U

Dispersion Intercept (observed)

9% Molacca in Edelex oil - 7.8 7.6

99 Raven in Edelex oil .. i 8.4 8.4

99, Philblack I in Catenex oil .. 14.6 14.6
12% Philblack I in Catenex oil .. 19.2 17.3

Effect of temperature on plastic viscosity

For a pure liquid, the effect of temperature on the viscosity
is known to follow an exponential relationship of the type
given by the standard Arrhenius equation: k = A4eE/T where
E = activation energy, T = temperature in degrees kelvin.
The variation in plastic viscosity of emulsion inks with
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temperature was studied by Lenk'* who found a linear
relationship bztween In U and 1/T for temperatures ranging
from 273.5 to 313°K. From his results he calculated the
activation energy values at differcnt shear rates, and concluded
that some relationship existed betwecn the *limiting activation
energy of viscoelastic flow™ and the yield value.

In the present work, the viscosity of two dispersions was
measured at temperatures between 298°K and 328°K. The
viscometer was connected to a thermostat and water at
temperatures over this range was passed through the plate.
At least 15 minutes was allowed for temperature equilibration
in each case. (The temperature variation was less than 4°.)
In all, 82 sets of readings were taken for two different carbon
blacks, Regal 300 and Regal 600, and also for the dispersion
medium alone (since its viscosity also varies with temperature).
Results are shown in Figs. 5 and 6. Good linearity is shown
for all graphs of log U against 1/T. (T in degrees kelvin.)

1-3F F

308
0-7

06

04

O%O 31

1 1 1 { L
32 33 34 35 36
L x10% K™
Fig. 5. Relationship between plastic viscosity and temp
(Regal 300 in Edelex oil:oleic acid, 9:1)

03 | | | | Il
30 31 32 33 34 35
1 x10%k™

Fig. 6. Relationship between plastic viscosity and temperature
(Regal 600 in Edelex oil:oleic acid, 9:1)
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Hence an equation of the type Ucc e!/T is supported by
the data. Thus an equation of the form: U = n.e /T may
now be put forward to represent the variation of plastic
viscosity with concentration of carbon black disperse phase
and with temperature, where k is a constant for any given
carbon black. (It may be pointed out that the viscosity of
the dispersion medium when ¢ = O also varies with tempera-
ture; this has been shown in Figs. 5 and 6, curve A. Thus
the value of & may also vary with different media if the slope
of 7, vs 1/T varies.)

Effect of particle diameter on viscosity

In an attempt to relate viscosity to particle diameter, twelve
carbon blacks of different diameters were used in 3 per cent
w/v and nine in 5 per cent w/v, in the standard dispersion
medium. Results are shown in Table 5 and Fig. 7. It is
clear that the plastic viscosity increases as the particle dia-
meter decreases.

Table 5

Viscosity of 3%, and 5%, dispersions of various carbon blacks of
differing particle diameters

C = channel black, F = furnace black

Type of C black d(nm) [ U@B% | UGB%
C Royal Spectra - i . 10 11.7 16.7
C Neo Spectra i - .. 11 12.0 14.0
9 3 5 .. =D - 16 6.95 9.5
C Philblack E . - ws 17 7:2 8.2
F Raven 35 .. - - i 27 59 6.7

F Regal 600 .. o .. .. 23 6.15 7.07
F Regal 300 .. o - e 27 6.1 6.7
F Philblack 1 - - wwi 22 5.85 7.4
F Statex B12 .. s e a 33 6.22 —
F Statex 2 i S .. 54 6.18 ==
F Molacca L.S .. .. e 60 5.8 6.5
F Molacca H wi . i 70 6.0 =

_ Further, there would appear to be a marked difference
in the effect of particle diameter on viscosity between channel

121 x
X
il =
x=C= CHANNEL BLACK
10l o=F=FURNACE BLACK
U
9_
8_
x
7 X
o o [¢]
6 B 8 5 o
Sgl;llilllllllllll
e} 20 40 60
din nm

Fig. 7. Variation of plastic viscosity with diameter (3%, carbon black
dispersions)

and furnace blacks. In the case of channel blacks, small
variations in diameter appear to cause large changes in
plastic viscosity, whereas the latter hardly varies for the whole
range of furnace black (from 22 to 70nm). It is to be expected
that channel and furnace blacks would show markedly
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varying results in this study, owing to their different surface
properties. (A detailed account of the properties of carbon
black surfaces is given by Dollimore!s.)

A graph of log U against 1/d (Fig. 8) showed no linearity;
hence no support has been found for the type of equation
suggested by Weltmann and Greenl.

7
1 x10?
Fig. 8. Relationship between plastic viscosity and particle diameter
(in nm)
A 3% carbon black in Edelex oil:oleic acid 9:1
® = channel black; © = furnace black
B 5% as above. A = channel black; e = furnace black

Further, a graph of log U against log d was also non-linear
(Fig. 9). It has therefore not been possible so far to suggest
an equation relating plastic viscosity to particle diameter.

osol |1 | | | —0 |
10| 1ogli1e12 14 1-6 1-8
104 112 Lo

Fig. 9. Graph of log U against log d (d = particle diameter) (3%
dispersions)

Relationship between yield value and
concentration

Using a Ferranti-Shirley viscometer, the yield value (f)
would be defined as the intercept on the axis (scale reading)
when rpm = 0. Fig. 10 shows the yield values obtained for
a series of dispersions of Philblack I carbon black, from 1 to
18 per cent in Edelex:oleic acid. In all cases the yield values
have been obtained by extrapolating from the linear part
of the curve at the top rates of shear, viz 300 to 500rpm to
zero rpm. A graph of log f against ¢ was plotted (Table 6
and Fig. 11); linearity was not observed but a curve was
obtained. Similar results were obtained for Philblack I in a
medium of Catenex:oleic acid.

The only effect which can be deduced is that the yield value
increases as the concentration of the disperse phase increases.
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Fig. 10. Yield value (intercept at 0 rpm) for various concentrations
of Philblack I in Edelex oil (Shell): Oleic acid, 9:1
A=1%B=3%C=6%D=9%E=12%F =15%;
G =18%

Table 6
Relationship between yield value and concentration (see Fig. 5)

w/v % carbon | Yield value (f)

1 —
3 4
6 8
9 21
12 52
15 126
18 176
23 °
Brol
&8
9
1-0
os
% 5 6 75 70

. C

Fig. 11. Relationship between log f (yield value) and concentration

Conclusions

Several points have emerged from this work, and are
shown below.

The plastic viscosity (U) of dispersions of various carbon
blacks in a medium of liquid hydrocarbon:oleic acid (9:1)
appears to vary with concentration ¢ (expressed as g/100 ml)
exponentially, according to the equation U = 7, ek¢ where
U = plastic viscosity of the dispersion, 7, = Newtonian
viscosity of the dispersion medium, and & is a constant for
a given carbon black at constant temperature. This equation
has been found to hold for concentrations from 0.5 per cent
to 18 per cent. So far, more concen.rated dispersions have
not been investigated. (In all cases where the graphs of
t/D were non-linear, the slopes at 300 to 500rpm were
compared.) The equation has also been found to hold for such
dispersions in five different dispersion media.

Unidentified Journals at binders

The company with which the association has an agreement to
supply the service of binding volumes of the Journal, W.
Heffer & Son Ltd., has reported that a complete set of
Journals for the years 1971-72, together with Resins Reports,
has been received without identification. The parcel contain-
ing the Journals was damaged in the post and rewrapped
by the Post Office, finally arriving at Heffers without any
ndication of the source. Any member who despatched
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The Bingham (Goodeve and Arnold) equation relating
plastic viscosity to rate of shcar, |D 1/U (= — f)] has
been confirmed for four different sets of dispersions, using
four types of carbon blacks.

The plastic viscosity of the model inks examined was found
to vary exponentially with the reciprocal of the temperature
(in degrees kelvin).

The effect of particle diameter on the plastic viscosity of
the dispersion has been studied for twelve different particle
sizes. No equation has been established from the results,
although the plastic viscosity clearly tends to increase as
particle diameter decreases. With furnace blacks, the viscosity
appears to change hardly at all with change in particle
diameter, whereas with channel blacks, a marked variation
of plastic viscosity has becn observed with fairly small
changes in particle size. The results do not scem to confirm
any of the existing suggested relationships bztween particle
diameter and viscosity.

No apparent correlation was observed between yield value
(f) and concentration (¢) of the dispersion, measured for
mixtures of from 3 to 18 per cent for Philblack I in two
different dispersion media, except that f increased as c¢
increased.
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Chemsyn organic chemistry revision cards
London: Heyden & Son Ltd., 1972. Price 95p

Chemsyn is an interesting and useful aid to learning the basic
reactions and preparations of organic compounds. It is a
system consisting of a pack of 50 playing-type cards des-
cribing 50 ccmpounds taken from a wide range of chemical
classes. The examples have been chosen with care to give a
considerable degrce of interrelationship so that the subject
is presented as an integrated whole rather than a collection
of isolated facts.

The frent of the cards shows the linear and shorthand
formulae of the compound as well as a photograph of the
Catalin molecular model. The reverse side gives the methods
of preparation and properties of the class of compound.

Involving a “‘game™ that can be played by 1-4 people, the
system is intended to supplement rather than replace lectures
and textbooks and offers a novel and effective aid to learning
and revision for pre-university and first year students. The
cards are well produced and packed in a neat plastic cassette.
At the price quoted, Chemsyn appears to be a goed invest-

ment.
W. M. MORGANS

Particle size measurement and surface area
determination

By T. Allen (Editor)

Published by Bradford University,
September 1972

Bradford University, 1972, pp 34. Price £2.00

In his bibliography of literature published between 1969 and
1972, Dr Allen recognises the problem facing everyone

Next month’s issue

involved in experimental science, that of keeping up with the
ever increasing volume of literature. In his normal search he
locates annually over 400 papers on topics of concern to the
powder technologist, and those for the years 1969, 1970 and
1971, plus a few from the 1972 literature, are reviewed in
his bibliography.

For each year the papers are listed in author alphabetical
order, with title and location. There is a general index under
subjects and the whole field is reviewed under the appropriate
headings. Included are review papers, and original papers on
characterisation of powders, sampling and sizing aerosols,
classification, particle size analysis by sieving, sedimentation,
hindered settling, microscopic examination, radiation scatter-
ing, holography etc., and surface area determination by
adsorption of gases and vapours, adsorption from solution,
gas chromatography, porosimetry, permeametry and gas
diffusion. The review contains only a short statement on the
content of each paper, mostly without comment (1,130 papers
are reviewed in 9,000 to 10,000 words).

Although this bibliography cannot be complete, and the
author accepts that omissions are inevitable, nevertheless
anyone attempting to keep abreast of developments in those
aspects of powder technology covered by the review is well
advised to invest the modest sum involved. They might even
be encouraged to take up the author’s invitation to bring
omissions to his attention so that future issues will be even
more comprehensive.

G. D. PARFITT

Note—This book is available from Dr Allen, Postgraduate School
of Powder Technology, University of Bradford, Bradford DD7 1DP.

The Honorary Editor has accepted the following papers for publication, and they are expected to appear in the March issue

of the Journal.

‘‘Comparison of Continental and British practice in the manufacture and use of emulsion paints on buildings,”” by H. Lehmann

“‘Some factors affecting the opacity, colour and gloss of thermosetting powder coatings,”’ by J. K. Rankin

““The ANLAB colour system,”’ by A. Cooper and K. S. McLaren

*‘An investigation into the durability characteristics of masonry finishes,’’ by J. Boxall

‘‘Some physical properties of pigments. 1: Compaction under pressure,”” by M. J. Smith
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Information Received

Derby depot for Silexine

A new 5,000sq ft distribution depot and
office in Derby has been opened by Silexine
Paints Ltd. The full range of Silexine
products, including speciality paints, will
be available from stock, and the depot
will serve the whole of the Midlands, and
will provide counter service for local
customers.

Beaver buys Hinshelwood

The Beaver Group Limited has recently
announced that it has reached agreement
to acquire from Scotcros Limited the whole
of the issued share capital of Thos.
Hinshelwood & Co. Ltd., together with
Hinshelwood’s Glasgow factory.

The move is in accordance with Beaver’s
stated policy of acquiring companies
operating in markets that fit into the existing
pattern of group trading activities. A close
co-operation between Hinshelwood and
Arnold Hamilton & Co. Ltd., another
group subsidiary in the Glasgow area, is
foreseen.

Bayer in Mexico

Bayer AG has announced that it is to
have a 40 per cent participation in the
Mexican group belonging to Polieteres SA,
a Mexican industrial concern operating
in the polyether and polyurethane market.
Polieteres will construct a 4 million Dmark
plant for the production of polyether and
polyurethane products, building on the
basis of Bayer plans. The plant, which will
have a capacity of 7,000 tonnes per year,
will operate by the latest Bayer process,
and is scheduled for start-up in 1974.

Bayer has also announced that the joint
company Bayer-Shell Isocyanates NV has
started production of toluene diisocyanate
and methane diphenylene diisocyanate.
This first stage has a capacity of 30,000
tons TDI and 24,000 tons MDI; a total of
60,000 tons of each product is planned for
the complete venture.

M and B to market French chemicals

A selected range of chemicals manufactured
in France by Societe de Usines Chimiques
Rhone Poulenc and “Sifrance,” is to be
marketed in the UK by May & Baker
Ltd., a member of the Rhone-Poulenc
Group. The range will cover polymers,—
including polyvinyls—and include the
Rhone-Poulenc products previously handled
in the UK by R. W. Greef & Co. Ltd.

ICI Dispersymer for Ford and British
Leyland

Large scale manufacture of non-aqueous
dispersion paints for car finishing is now
under way at the Paints Division of ICI
Ltd. Thermosetting acrylic paints produced
by the Dispersymer process are now being
used on some models in the current British
Leyland and Ford ranges, reportedly with
favourable customer reaction. As the
formulations are dispersions rather than
solutions, lower solvent concentrations are
required to achieve a suitable viscosity,
and thus drying times are shorter and
atmospheric pollution is reduced. Both
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Ford and British Leyland are claimed to
have reduced finishing times and speeded
production, and to have achieved consis-
tently higher quality of finish with the new
paints,

Nopco Hess acquired by Diamond Shamrock

The Diamond Shamrock Corporation of
Cleveland, USA has recently increased its
holding (from 50 per cent), and thus
acquired a majority interest in Nopco
Hess Ltd.

The acquisition is seen as a move to
further accelerate the excellent growth
record achieved by Nopco Hess since its
formation in 1963. The current range of
speciality chemicals for the paint industry
will continue to be marketed, and will be
expanded to incorporate allied specialities
developed and distributed throughout the
world by Diamond Shamrock.

The existing UK management team and
key personnel remain unchanged.

New Products

Colorguard Sensor Series 11T

Colorguard Sensor Series 1lI, recently
introduced by Gardner Laboratory Incor-
porated, is an additional accessory for the
Gardner digited photometric unit system.
This system is based on a main unit into
which instruments measuring various pro-
perties can be connected. The new sensor
incorporates the same optical system as
the Gardner XL-10 colorimeter, and can
be supplied to measure colour to CIE
XYZ co-ordinates or to Gardner’s own
G,A,B. The system can now measure gloss,
haze, opacity, hiding power, brightness,
luminous reflectance or colour on the same
basic instrument.

Two new paints from Crown

Crown Paints has recently extended its
range of trade emulsion paints by the
addition of Crown Sheen and Crown
Covermatt.

Crown Sheen Emulsion is a vinyl emulsion
for use where a finish of higher gloss than
conventional matt emulsions is required.
A range of twelve colours, white and
brilliant white is available, and the paints’
quick drying properties are stressed.

Crown Covermatt Emulsion is a new high
opacity formulation for the initial decora-
tion of interior walls and ceilings. Maximum
covering power, even over minor flaws,
is claimed, and as the final coating is
porous it allows newly plastered surfaces to
breathe and dry out.

High-build chlorinated rubber paint from
Hadfields

A new high-build paint system for use on
steel structures, including marine applica-
tion, has been introduced by Hadfields
(Merton) Ltd. Based on chlorinated
rubber, the two-coat system can produce
a total dry film thickness of 300 microns,
made up of 225 microns of rust inhibitive
primer and 75 microns of semi-gloss finish.

The system is fire retardant, and can be
supplied in red, grey or (finish only) buff.

Literature

BS4849 1972 1,1,2,-Trichlorotrifluorethane

The British Standard specification for
1,1,2,trichlorotriffuorethane, in the
preparation of which the Association was
pleased to be of assistance, has now been
published, and copies are available from
the BSL.

Carless brochure

A new brochure describing its full range of
aliphatic and aromatic hydrocarbons has
been published by Carless, Capel and
Leonard Limited. A full description of
cach product is given, together with
chemical and physical properties, and test
methods, temperature conversions and
other relevant data are included.

Raman reference spectra from Sadtler

A new continuing collection of Raman
Standard reference spectrac has been
published by Sadtler Research Laboratories
Inc. The initial publication is in three
volumes, covering 1,200 compounds;
Raman and infra-red spectra of each
compound are given, with information
about the compound and the instrument
parameters. The collection is compre-
hensively indexed for ease of retrieval.

Additional spectra will be published at
the rate of 2,000 compounds per year and
\t))vill_ be available on an annual subscription

asis.

Tin chemicals for industry

The Tin Research Institute has published
“Tin chemicals for industry,” a 3I-page
booklet summarising the salient properties
of the commercially important tin chemicals
and outlines their scope in the major areas
of use, including packaging, building,
furniture, electronics, agriculture and metal
finishing.

Cementone product guide

A new pocket-sized product guide has been
issued by Cementone Ltd., showing details
of all the company’s standard lines.

Conferences and symposia

Rheology conference

The 1973 Autumn conference of the British
Society of Rheology is to be held at the
University of East Anglia, Norwich, from
18-21 September. The title of the conference
will be “*“Modern developments in rheology”
and it is hoped, within this general theme,
that specific sessions on elongational flow
and on multiphase systems will be arranged.

Offers of papers are invited; prospective
authors should get in touch with the
organisers immediately and must submit
a title and abstract by 30 April.

All correspondence to: Dr M. M.
Beazley, 44 Brockstone Road. Boscoppa,
St. Austell, Cornwall.



Section Proceedings
Irish

Printing ink developments

On Friday 17 November, Mr G. A. Hutchinson, Technical
Director of the Ink Division of Croda Polymers, gave a
lecture on “Printing ink developments™.

His main theme was the fact that, in the field of letterpress
and sheet fed offset printing, there was a demand for higher
production combined with quality. One of the delaying
factors was the drying time of inks and the necessity in some
cases of applying a spray powder at the delivery end of a
press to prevent set-off.

Mr Hutchinson dealt with the well-known methods of
drying inks, and his ideas on what happened when inks
based on drying oil/resin complexes were converted from a
wet to dry state by polymerisation were admirably and
ingeniously illustrated by structures made from wire and
coloured pipe cleaners.

Midlands

Trent Valley Branch
Wallpaper manufacture

Under the chairmanship of Mr J. R. Bourne, the Trent
Valley Branch met on Thursday 7 December, at the British
Rail School of Transport, Derby, to hear a talk by Mr S.
Duckworth on the subject of wallpaper manufacture. Mr
Duckworth, chairman of the Manchester Section, is deputy
research director of the Wallcoverings Division of Wallpaper
Manufacturers Ltd.

Invitations were extended to members of the Derby and
Nottingham branches of the Federation of Master Painters
and Decorators, and the audience totalled 23 OCCA members
and guests.

Mr Duckworth opened with a rather remarkable statement,
in which he indicated that conventional wallpaper still
represented approximately 75 per cent of the market despite
the advent of vinyls, etc.

The original method of printing wallpaper had been block
printing and this was still used in certain spheres. Although
it catered for individual design, it proved to be rather too
expensive for normal use. Screen printing was another method
that had proved popular in the past but this, too, was now
being phased out, again for reasons of economy.

The basic paper used for wallpaper production was
75 per cent mechanical pulp and 25 per cent chemical pulp.

Mr Duckworth went on to describe the various processes
involved on the production side. The ground coating method
was widely used. The conventional method of wallpaper
printing by surface printing machines—gravure, flexographic,
etc., did not give the same softness of print.

He estimated that the W.P.M. factory maintained a range
of 3,000 to 3,500 patterns, each involving the use, on average,
of eight different colours. There were something like 40,000
different colours involved in the pattern card.

Mr Duckworth then went on to describe briefly the work
involved after a certain design had been selected. Printing
rollers were prepared by a number of methods—for instance,
the coppering method, still used where the design included
very fine details. In the case of embossed rollers, the pattern

He detailed the various methods of radiation cross-linking
that were being examined with a view to instantaneous
drying: ultra-violet radiation, microwave drying and electron
beam curing; and outlined the part that inks developed to
be used with these drying methods would play in limiting
atmospheric pollution.

Whilst on the subject of ink toxicity and pollution of the
atmosphere, Mr Hutchinson thought that greater use would
be made of water-in-ink formulations. In the field of flexo-
graphy, he forecast that water reducible inks would eventually
be printed at high speeds on film, and instant drying achieved
by the microwave technique.

A vote of thanks to Mr Hutchinson on behalf of the
25 members present was given by Mr P. Jones.

A.R.

was engraved by hand. This type of roller was operated at
extremely high pressure.

After the printing operation the wallpaper was then fed
into steam-heated dryers which were in wide use, although
festoon drying was a method still used, but, of course, this
tended to take up a large amount of floor space. In the case
of gravure printing there was an inter-stage drying process.

Mr Duckworth outlined the main design functions of
wallpaper printing, as shown below.

Ground coating. Protection from uv light; good print
acceptability (screen printing, gravure, flexo, ink emboss,
pick resistance); adequate binding and adhesion; flexibility;
water resistance; opacity.

Printing. Design and colour; good print quality; cleanliness
of colours; light and heat fastness; economics.

Mr Duckworth emphasised that the choice of binder and
pigment was very important for clean, bright colours. As
far as light fastness was concerned, the rating of 4 to the BS
specification was usually more than adequate and, as far as
heat stability was concerned, products should be capable of
withstanding 100°C for 100 hrs.

As far as application of wallpaper coatings was concerned,
the most important requirements for both ground coating
(application by air knife) and printing (application by screen
printing or surface screen printing) were considered to be
mechanical stability, long pot-life, freedom from settling,
compatibility, non-foaming, colour stability, and high
pigment solids.

Binders used include casein (gives good print quality),
soya protein, polyvinyl alcohol, cellulose derivatives, glue,
emulsions, and starch.

Most systems were either emulsions or colloidal; the former
offered water resistance, flexibility and uniform pigment
solids, while the latter provided easy sieve cleaning and colour
stability but increased raw materials costs and colour usage.

A comprehensive selection of slides was shown, illustrating
all the facets of wallpaper production covered in Mr Duck-
worth’s talk.

103



104

A lively discussion followed, and although this brought to
light a number of very interesting aspects not covered in the
lecture, Mr Duckworth was able to deal very thoroughly
with each new topic raised.

Thames Valley

Adhesives and adhesion

The first meeting of the winter session was held at the Beech
Tree Hotel, Beaconsfield, on 28 September, when Dr Fletcher
of Croda Chemicals Ltd. spoke on adhesives and adhesion.

Dr Fletcher began by outlining the basic principles of
adhesion. Good adhesion depended on molecular forces and
intimate close contact, and an adhesive, to be ideal, must
fill all the voids on a molecular scale. Mathematical treatment
indicated that much higher bond strengths ought to be
possible than were realisable in practice. This was because
contamination reduced the wetting efficiency and adhesives
were inconsistent and changed composition during setting.

Because adhesive strength was so important, few low
molecular weight materials were satisfactory and natural and
synthetic polymers wer¢ the rule, with natural polymers
having a diminishing market share.

The most commonly used polymers were synthetic rubbers,
melamine/formaldehyde, polyesters, polyamide, polyolefin,
polyacrylate, polycyanoacrylate, vinyl acetate, copolymers
with styrene, and urea/formaldehyde, which had the highest
sales, consumption for chipboard amounting to 40,000 tons
per annum. Dr Fletcher then considered three main categories
of polymer for adhesives in more detail.

SECTION PROCEEDINGS JOCCA

A vote of thanks for this most intriguing and absorbing
talk was given by Mr H. F. Clay and the audience showed
their appreciation by hearty applause.

D FG.

Cyanoacrylates were unique in undergoing polymerisation
after catalysation by weak bases, including water. A good
bond was given between a wide variety of surfaces.

Pva emulsions were used to a large extent. To overcome
their limitations, such as poor moisture resistance and plasti-
ciser migration, it was usual to copolymerise them with
acrylates or maleic esters. Ethylene modified polymers (eva)
were assuming increasing importance; because the amount
of ethylene could be as high as 50 to 85 per cent, they were
economically attractive, and they were becoming widely
accepted for use with furniture, laminating/packaging,
bookbinding (pvc covers), and textile lamination.

Styrene/butadiene or styrenc/isoprene block copolymers
found significant usage, offering high tack.

Finally Dr Fletcher discussed the overall formulation of
adhesives, in particular the hot-melt types.

During the discussion period a number “of questions
emergad, ranging from the possibility of using pva emulsions
as gap fillers to the use of eva as a laminating pvc adhesive.

Mr Bailes gave a vote of thanks to Dr Flete - .r which was
followed by hearty endorsement from his audience, shown
in the usual manner.

R.E.G.
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Lord Limerick to be the Guest of Honour
at the Exhibition Dinner

" crd Limerick

The Exhibition Committee is pleased to
announce that Lord Limerick, Parlia-
mentary Under Secretary of State for Trade
to the Department of Trade and Industry,
has accepted its invitation to be the Guest
of Honour at the Exhibition Dinner on
21 May at the Savoy Hotel and to reply
to the Address of Welcome by the Presi-
dent of the Association, Mr A. :
Blenkinsop.

Additional Exhibitors

The Exhibition Committee has now
allocated space to Flcometer Instruments
Limited, and to The Patent Office, which is
to exhibit its advanced information retricval
system. This now brings the total number
of exhibitors to 96 with 8 who have not
appeared at previous QCCA Exhibitions.

The full list of exhibitors is as follows:

Amoco International SA

Anchor Chemical Co. Ltd.
*APV-Osborne Ltd.

Arco Chemical Company

Akzo Chemiec NV

*Willy A. Bachofen

Baker Castor Oil Co.
TBASF United Kingdom Ltd.
+Bayer AG :

BIP Chemicals Ltd.

Victor Blagden & Co. Ltd.

William Boulton Ltd.

25th Technical
Exhibition

21-24 May 1973

Empire Hall, Olympia, London

Bowater Industrial Packaging Ltd.
tBuckman Laboratories SA
TBuhler Brothers (England) Ltd.
Cabot Carbon Ltd.
Rex Campbell & Co. Ltd.
CdF Chimie
FChemische Werke Huls AG
TCIBA-GEIGY (UK) Ltd.
Cornelius Chemical Co. Ltd.
tCroda Chemicals Ltd.
TCroda Processed Qils Ltd.
fCroda Universal Ltd.
Croxton & Garry Ltd.
Daniel Products Co.
Degussa
DH Industries Ltd.
*Diffusion Systems Ltd.
Durham Raw Materials Ltd.
+Dynamit Nobel AG
+tDyno Industrier AS
Eastman Chemical International AG
Elcometer Instruments Ltd.
G. J. Erlich Ltd.
Ferranti Ltd.
TGuest Industrials Ltd.
Henkel & Cie GmbH
Hercules Powder Co. Ltd.
tHarold Heydon & Co. Ltd.
fHoechst UK Ltd.
Imperial Chemical [ndustries Ltd.
FIndustrial Colours Ltd.
International Colloids Ltd.
*Jacobson Van den Berg (UK) Ltd.
Kemira Oy
Kollmorgen Colour Systems
TKunstharsfabriek Synthese NV
Laporte Industries Ltd.
Marchant Brothers Ltd.
Mastermix Engineering Co. Ltd.
TRudolph Meijer’s Inc.
*H. E. Messmer Ltd.
Microscal Ltd.
TMillroom Accessories & Chemicals Ltd.
Montecatini Edison
TA/S Norwegian Talc
*The Patent Office
fPlastanol Ltd.
Polymers, Paint & Colour Journal
+Polyvinyl Chemie Holland NV
Research Equipment (London) Ltd.
Rhone-Poulenc Group
RK Chemical Co. Ltd.
Rohm & Haas (UK) Ltd.
+Roehm GmbH
Sachtleben Chemie GmbH
TSandoz Ltd.
Pigment & Resin Technology (Sawell
Publications Ltd.)
Schering AG
Sheen Instruments (Sales) Ltd.
FShell Chemicals UK Ltd.
Peter Silver & Sons (Engincers) Ltd.
*Denotes companies who have not pre-
viously shown at an OCCA Exhibition.

1Denotes companies who were not at the
1972 Exhibition.

1Silverson Machines Ltd.
Society of Dyers and Colourists

TSpelthorne Metals Ltd.

TSynres Internationaal NV
Tioxide International Ltd.
Titanium Intermediates Ltd.
Torrance & Sons Ltd.

Torsion Balance Co. (GB) Ltd.
Transportmaschinen Export/Import
Ugine Kuhlmann

+tUnion Carbide Europe SA

tVeba-Chemie A

tWacker-Chemie

TWentworth Instruments Ltd.

*Westerlins Maskinfabrik AB
Winn & Coales (Denso) Ltd.
Winter Osakeyhtio
Worsdall Chemical Co. Ltd.

*Carl Zeiss (Oberkochen) Ltd.

Aims of the Exhibition

Preparations for the Exhibition are now
well advanced and the Exhibition Com-
mittee feels that it may be worth reiterating
the aim of the Exhibition as laid out in the
General Rules for Exhibitors.

The aim of the Exhibition is the presenta-
tion of technical advances in those indus-
tries supplying the Paint, Varnish, Printing
Ink, Colour, Linoleum and other allied
industries. The technical advances may
relate to: new products, new knowledge
relating to existing products and their
uses, or in suitable cases, existing knowledge
which is not generally available in the
consuming industries.

The Committee stipulates that exhibitors
present a technical theme—that is display
in a technical manner the technical develop-
ments in raw materials, plant or apparatus
illustrated by experimental evidence. It is
essential that a technically or scientifically
trained person, who has full knowledge of
the products displayed, be available on the
stand throughout the official hours of
opening.

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

Official Guide

The printing of the Official Guide is now
under way, and it is hoped that copies will
be available for circulation at the end of
the month. Any company or individual
who is not already on the Association’s
comprehensive mailing list should apply to
the Association’s offices for a copy of the
Guide when available.
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OCCA Biennial Conference

owsirds 2000

2asthoumez2 18-23junz 1973

Conference Brochure

Full details of the Association’s Conference
were circulated to all Members of the
Association and non-members who had
made requests to receive these details early
in January.

The full programme and summaries
of the papers appeared in the December
issue of the Journal, and biographies of the
lecturers appeared in the January issue.

A considerable number of applications
has now been received and readers are
reminded that the closing date for registra-
tions will be 31 March 1973. Later applica-
tions will still be considered after that date,
but those applying from United Kingdom
addresses must add Value Added Tax at
the standard rate to their remittances.

Preprints

Preprints of the papers are now being
prepared, and it is expected that these,
together with details of accommodation,
badges, programmes, etc., will be sent to
those who have registered in May. It is a
feature of the Association’s Conferences
that preprints are sent well in advance of
the function, in order to enable delegates
to read them before the conference, at
which the lecturers illustrate their topics
but do not read the papers in their entirety.
This allows for a much longer discussion
period than at many other conferences,
and has proved of immense value to those
attending previous Association Con-
ferences.

Registration fees

The Council has fixed the registration fces
for the Eastbourne Conference at £30 for
Members, £10 for Wives, and £50 for non-
Members. Registered Students of the
Association and Retired Members are
allowed to register at 50 per cent of the
Member’s rate.

The Chemical and Allied Products
Industry Training Board will consider
the payment of grant, to firms within scope,
for attendance at the Conference. Payment
is subject to the content of the Conference
being relevant to the needs of the sponsoring
company and also to the development of
the individual attending.

Dates and times of sessions

The conference assembles on the evening
of Tuesday 19 June, when, in accordance
with its usual tradition of hospitality, the
Association will hold a reception for all
those attending from Overseas, which will
be followed by a meeting of the lecturers
and the chairmen of sessions. The Con-
ference sessions will be held on Wednesday
and Thursday 20-21 June, morning (9.30-
12.30) and afternoon (2.30-4.30), and the
morning of Friday 22 June (9.30-12.30).
The Association’s Annual General Meeting
will take place at 2.15 p.m. on the after-
noon of Friday 22 June, and this will be
followed by three Workshop Sessions,
which have proved very popular in the
past. The subjects this year will be: **Sales
forecasting”, “The changing influence of
the do-it-yourself market”, and *“The

Register of Members

The following elections to Membership have been approved by Council. The Section to
which new Members are attached is given in italics.

Ordinary Members

HircumouGH, Rex HENRy, 35 Croasdaile Road, Stansted, Essex.

(London)

KAMAL, ANWAR, Jenson & Nicholson of Bangladesh Ltd.,, PO Box 353, Chittagong,

Bangladesh.

(General Overseas)

MCcGRATH, ANTHONY HiLTON, BSc, Arthur Holden & Sons Ltd., Bordesley Green Road,

Birmingham.

(Midlands)

Mowmava, HiDeN K., BScTech, c/o Shri C. J. Vurdhman, Manek Mahal, 90 Vir Nariman

Road, Bombay-20, India.

(General Overseas)

PARKIN, MALcoLM HirsT, LRIC, 5 Mildred Avenue, Grotton, Oldham, Lancashire.

(Manchester)

PoweLL, JEReMy HuGH. LRIC, Ciba-Geigy (UK) Ltd., Plastics Division, Duxford,

Cambridge.

(London)

RoGow, STANLEY MaAXx, c/o Coates Bros. (Pty) Ltd., PO Box 1057, Cape Town, South

Africa.

(South African)

SiopIN, BErTIL, Dr Eng, Radjursvagen 17, 170 10 Ekero, Sweden.

(General Overseas)

THOMPSON, PETER ALEXANDER, 19 Hansons Bridge Road, Walmley, Birmingham B24 OPE.

WATKINS, DAVID CLIVE, 6 Brimstree Drive, Shifnal, Salop.

(Midlands)
(Midlands)
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measurement of research output”. The
number attending each Workshop Session
is strictly limited and places will be allocated
in order of receipt. Where the total places
for a session have been filled, later
applicants will be informed and, if possible,
offered an alternative session.

Receptions and Dinner

There will be an informal reception for all
delegates at lunchtime on Wednesday and
a Civic Reception will be held, at which
delegates will be welcomed by the Mayor
and Mayoress of Eastbourne, on the
evening of the same day. The Association’s
Dinner and Dance will be the closing
function of the Conference on the Friday
evening. Other social activities, such as
coach tours, arc being arranged for the
benefit of ladies attending the conference.

News of Members

Mr D. C. Wall, an Ordinary Member
attached to the Manchester Section and
a Fellow in the Professional Grade, has
been appointed managing director of the
Wallcoverings Division of the Crown
Products Group. Mr Wall has been deputy
managing director since December 1971.

Mr A. G. North, an Ordina:y Member
attached to the London Section, has been
elected chairman of the British Resin
Manufacturers’ Association and succeeds
Mr C. H. Morris, an Ordinary Member
attached to the Newcastle Division. Mr
North is joint managing director of Cray
Valley Products Ltd.

Dr W. Carr, an Ordinary Member
attached to the Manchester Section,
presented a paper entitled “Pigment
dispersion in publication gravure inks”
to a meeting of the Ink Commission of
the European Rotogravure Association
in Amsterdam last November. Dr Carr
has often contributed papers for publication
in the Journal during his long association
with the Pigments Division of CIBA-
GEIGY (UK) Ltd.

Prograinme notes

Attention is drawn to the further informa-
tion now given in Forthcoming Events for
the joint meeting of the West Riding
Section and the Northern Section of the
Colour Group on Wednesday 21 February
at the Colour Chemistry Department of
Leeds University, and for the Thames
Valley Section on Thursday 22 February.
The latter will commence with a tour of the
printing department of Pasolds Ltd,
makers of **Ladybird” children’s clothes;
tickets are available from the Section Hon.
Secretary, Mr J. D. Horne, c/o ICI Ltd,,
Wexham Road, Slough, Bucks.

Also, we have been notified that tickets
for the Newcastle Section Ladies Night, to
be held at the Five Bridges Hotel on Friday
23 February, are now available from Mr
H. Fuller, 552 Acklam Road, Middles-
brough, at £3.00 each. Overnight accom-
modation is available at the hotel at 50 per
cent of normal charges.
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Forthcoming Events

Details are given of meetings in the United
Kingdom up to the end of the month
following_publication, and South Africa
and the Commonwealth up to the end of
the second month.

Thursday 1 February
Newcastle Section: “‘Polyurethane sys-
tems in the marine industry” by a speaker
from Farbenfabricken Bayer, to be
held at the Royal Turks Head Hotel,
Grey Street, Newcastle, at 6.30 p.m.

Friday 2 February
Scottish Section— Eastern Branch: Annual
Burns Supper, to be held at the Royal
Mile Centre, Edinburgh.

Monday 5 February
Hull Section: **Are emulsion paints good
enough?” by Mr J. Cruden of Harco
Ltd., to be held at the Quecns Hotel,
George Street, Hull, at 7.00 p.m.

London Section: *“Zinc phosphate, its
history, development and future” by Mr
M. Rendu of Imperial Smelting Corp.
(Alloys) Ltd., to be held at the East Ham
Technical College at 7.00 p.m.

Wednesday 7 February
Newcastle Section—Student Group: A
talk by a member of the staff of Camrex
Ltd., to be held at the Newcastle Poly-
technic, Ellison Place, Newcastle, at
3.00 p.m.

Thursday 8 February
Midlands Section—Trent Valley Branch:
“Vinyl resins” by Mr D. J. Silsby of
Bakelite Xylonite Ltd., to be held at the
British Rail School of Transport, London
Road, [« ', at 7.00 p.m.

Scottish Section: “Powder coatings” by
Mr D. W. Brooker of Shell Research
Ltd., to be held at the St. Enoch Hotel,
Glasgow, at 6.00 p.m.

Thames Valley Section—Student Group:
Works visit, to be arranged. Leaving
Slough College car park at 1.00 p.m.

Friday 9 February
Manchester Section: “Technological fore-
casting and its potential in the surface
coatings industries” by Mr H. Jones, to
be held at the Manchester Literary and
Philosophical Society at 6.30 p.m.

Thames Valley Section: Buffet Dance, to
be held at “Great Fosters,” Egham, at
7.00 p.m.

Saturday 10 February
Scottish Section—Student Group: “‘Selec-
tion of pva emulsions for water based
paints” by Mr D. Wallace of Vinyl
Products Ltd., to be held at the St. Enoch
Hotel, Glasgow, at 10.00 a.m.

Tuesday 13 February
London Section—Southern Branch: *‘Seal-
ants” by Mr L. D. Hall of Ralli-Bondite
Ltd., to be held at the Pendragon Hotel,
Southsea, at 7.00 p.m.

West Riding Section: ‘‘Functional ex-
tenders in emulsion paints™ by Mr S. E.
Maskery of Crosfield Chemicals Ltd., to
be held at the Griffin Hotel, Leeds, at
7.30 p.m.

Wednesday 14 February
Manchester  Section—Student  Group:
“Synthetic stoving finishes” by Mr D.
Pountain of WPM Paint Division, to be
held at the Manchester Literary and
Philosophical Society at 4.30 p.m.

Friday 16 February
Irish Section: *“Organic pigments for the
paint industry™ by H. Biffar of Farbwerke
Hocechst AG, to be held at the Clarence
Hotel, Dublin, at 8.00 p.m.

Midlands Section: **Dispersymer” by Mr
R. L. Baylis of IC1 Ltd. Paints Division,
to be held at the Birmingham Chamber
of Commerce and Industry, 75 Har-
borne Road, at 6.30 p.m.

Wednesday 21 February
West Riding Section: Joint meeting with
the Northern Section of the Colour
Group: “Whiteness” by Mr R. Blakey
and Dr G. Langdon of Tioxide Inter-
national Ltd., to be held at Leeds
University at 2.30 p.m.

Scottish Section—Eastern Branch: *“‘Test-
ing of raw materials for paint and
varnish” by a speaker from ICI Ltd., to
be held at the Carlton Hotel, North
Bridge, Edinburgh.

Thursday 22 February

Thames Valley Section: **Recent develop-
ments in vapour phase transfer printing”
by Dr C. E. Vellins of L. B. Holliday &
Sons Ltd. A short introductory talk on
textile printing in general will be given
by Mr M. Roberts of Pasolds Ltd. To
be held at Pasolds Ltd., at 5.30 p.m.

Friday 23 February

Bristol Section: ‘“Modern dispersion
techniques” by Mr 1. Berg of Berger
Paints Ltd., to be held at the Angel
Hotel, Cardiff, at 7.15 p.m.

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

March
London Section: Preliminary Details—
Joint Symposium  with the Organic
Finishing Group of the Institute of
Metal Finishing on *“The future of
motor car coatings” date to be arranged.

Thursday 1 March
Newcastle Section: “The evolution of
alkyd resins” by Mr T. I. Price of BP
Chemicals, to be held at the Royal
Turks Head Hotel, Grey Street,
Newcastle at 6.30 p.m.

Monday 5 March
Hull Section: Ladies Evening ‘“Contem-
porary textiles” by Professor C. S.
Whewell, Department of Textile Indus-
tries, University of Leeds, to be held at
the Queens Hotel, George Street, Hull
at 7.00 p.m.

Wednesday 7 March

London Section: ‘“‘Some aspects of
colorimetry, particularly fibre optics”
by Mr D. Irish of the PRA, to be held
at the South Bank Polytechnic at 7.00
p.m.

Manchester Section: *“‘Recent trends in
the development of organic pigments”
by Dr E. R, Inman of Ciba-Geigy (UK)
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Limited, to be held at the Royal Institu-
tion, Liverpool at 6.30 p.m.

Newcastle Section—Student Group: “The
use of water in paints” by Mr B. Ridley,
of the International Paint Co. Limited,
to be held at the Newcastle Polytechnic,
Ellison Place, Newcastle at 3.00 p.m.

Thursday 8 March
Midlands Section—Trent Valley Branch:
“The origin and extraction of natural
colours and minerals” by Mr E. Hare of
Via Gellia Colour Co. Limited to be
held at the British Rail School of Trans-
port, London Road, Derby at 7.00 p.m.

Scottish Section: **Research and innova-
tion at the Paint Research Association”
by Dr S. H. Bell, to be held at the St.
Enoch Hotel, Glasgow at 6.00 p.m.

Thames Valley Section—Student Group:
“Glass reinforced plastics™ by a speaker
to be arranged, to be held at the Main
Lecture Theatre, Slough College at
4.00 p.m.

Saturday 10 March
Scottish Section—Student Group: Short
talk and film on pollution by Mr Alwyn
Jones of the Scottish Council Develop-
ment and Industry, to be held at the
St. Enoch Hotel, Glasgow at 10.00 a.m.
followed by the AGM.

Tuesday 13 March

London  Section—Southern Branch:
“*‘Medicines for coatings” by a speaker
from Byk-Mallinckrodt, to be held at
the Pendragon Hotel, Southsea at 7.00
p.m.

West Riding Section: ‘““Microbiology”
by Mr W. R. Springle of the Paint
Research Association, to be held at the
Griffin Hotel, Leeds at 7.30 p.m.

‘Wednesday 14 March
Manchester ~ Section—Student  Group:
“Pigment dispersion” by Mr G. R.
Robson of ICI Limited Organics Divi-
sion, to be held at the Manchester
Literary and Philosophical Society, 36
George Street, Manchester at 4.30 p.m.

Friday 16 March
Irish Section: “*Modern developments in
packaging” by Mr E. G. O. Ridgewell,
of the Irish Packaging Institute, to be
held at the Clarence Hotel, Dublin at
8.00 p.m.

Midlands Section: Annual J. Newton
Friend Lecture ‘“Some Great English
Potters” by Mr C. E. L. Franklin of
Royal Dalton Tableware Limited, to
be held at the Birmingham Chamber of
Commerce and Industry, 75 Harborne
Road, Birmingham at 7.30 p.m.

Wednesday 21 March
Scottish Section—Eastern Branch: AGM
followed by films (ICI Limited) to be
held at the Carlton Hotel, North Bridge,
Edinburgh at 7.30 p.m.

Thursday 22 March
Thames Valley Section: “Recent develop-
ments in the painting and decoration
of metal containers” by Mr A. D. Lott of
the Metal Box Co., to be held at the
Beech Tree Hotel, Maxwell Road,
Beaconsfield, Bucks at 7.00 p.m.

Friday 30 March
Bristol Section: Informal Debate “The
customer is always right” to be held
at the Royal Hotel, Bristol at 7.15 p.m.



Oil and Colour Chemists’ Association
President: A. W. BLENKINSOP, F.T.S.C.

General

The Oil and Colour Chemists® Association was formed in 1918,
to cover paint, printing inks, pigments, varnishes, drying and
essential oils, resins, lacquers, soaps, linoleum and treated fabrics,
and the plant, apparatus and raw materials useful in their manu-
facture. In 1924 it absorbed the Paint and Varnish Society. The
stated purpose of the Association is to promote by discussion and
scientific investigation the technology of the industries concerned
with the above-mentioned products, and to afford Members
opportunity for the interchange of ideas. This is achieved by the
regular holding of ordinary meetings at which papers are presented,
and the organisation of annual technical exhibitions, biennial
conferences, educational activities and practical co-operative
experimental work. Details of these activities are given in the
Journal of the Oil and Colour Chemists’ Association, which is
published monthly, and whose pages are open to receive
communications and other pronouncements on scientific and
technical matters affecting the Members of the Association and
the industries concerned. The Association’s meetings also afford
opportunities for Members to meet informally and socially.

Sections

There are Sections of OCCA in Auckland, Bristol, Hull, Ireland,
London (with a Southern Branch), Manchester, the Midlands
(with a Trent Valley Branch), Newcastle upon Tyne, Scotland
(with an Eastern Branch), South Africa (with Branches in the Cape,
Transvaal and Natal), Thames Valley, Wellington, and the West
Riding, and these are responsible for the conduct of their own
local affairs. There is also a General Overseas Section. There is also
a close alliance between the Association, the Federation of Societies
for Paint Technology in the United States, and the Fédération
d’Associations des Techniciens de I'Industrie des Peintures, Vernis,
Emaux et Encres d’Imprimerie de I’Europe Continentale
(FATIPEC). The Association also maintains cordial relations with
the Scandinavian Federation of Paint and Varnish Technicians
(SLF).

The five Sections previously maintained by the Association in
Australia formed (1.1.68) the Oil and Colour Chemists’ Association
Australia, having the same aims and activities as, and working in
close liaison with, the parent body.

Membership

Ordinary Membership is granted to scientifically trained persons,
and Associate Membership to others interested in the industries
covered. An optional Professional Grade, conferring designatory
letters, is open to Ordinary Members. Student membership is open
without restriction to persons under the age of 21 and to those
up to 25 who are following a course of technical study. The annual
subscription in each case is £5.25, except for registered Students,
whose subscription is £1.05. An entrance fee of 50p is payable
by all members. Applications for membership are invited from
suitably qualified persons who are engaged or otherwise interested
in the industries noted above. Applications, which should be
supported by two Members of the Association (one of whom must
be an Ordinary Member), should be forwarded to the Director &
Secretary at the address given below. Application forms and full
details of membership may be obtained from the offices of the
Association.
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Professional Grade

The Association recently introduced (1971) an optional professional
grade fm“ its Ordinary Members, giving the designatory letters FTSC
(Fellow in the Technology of Surface Coatings), ATSC (Associate
in the Technology of Surface Coatings), and LTSC (Licentiate
in the Technology of Surface Coatings). Full details are available
upon request from the Association. Where Membership has
lapsed, previous periods of Ordinary Membership count towards
the total required under the regulations, as set out in the January
1973 issue of JOCCA.

Exhibitions

A technical exhibition is held annually at Olympia; Members
are sent copics of the Official Guide several weeks in advance,
in order to plan their itineraries. Non-members should apply,
|(r) \.lv/riting‘ to the Director and Secretary for copies of the Official
siide,

Conferences and Symposia

The Association organises large, biennial technical conferences,
the papers for which (together with discussions) are published
in the Journal. Sections of the Association, in the UK and abroad,
hold symposia and these, too, are reported in JOCCA.

Publications

Journal of the Oil and Colour Chemists’® Association (JOCCA)
is published monthly and includes a yearly index in the December
issue. The subscription rate to non-members is £10.00 p.a. in the
United Kingdom and £12.00 p.a. (£31) abroad (post free: payable
inb adéance). Single copies may be purchased for £1.00 (£1.25
abroad).

Introduction  to  Paint  Technology (Second  Edition  with
additional chapter). With illustrations, 187 pages and index
£1.00 (including postage).

Paint Technotogy Manuals (Parts 1, 2, 4, 5 at present out of
print).

Part 1 **Non-convertible Coatings”

Part 2 “*Solvents, Oils, Resins and Driers”

Part 3 “*Convertible Coatings,” Second Edition, pp. 350, £2.80

Part 4 “The Application of Surface Coatings”

Part 5 *The Testing of Paints™

Part 6 “‘Pigments, Dyestuffs and Lakes, pp. 340, £2.00

Part 7 “*Works Practice,” available shortly, £2.40

Director & Secretary: R. H. Hamblin, MA, FCIS, Priory
House, 967 Harrow Road, Wembley, Middlesex, England
HAO 2SF.

Tel. 01-908 1086; Telex 922670 (OCCA WEMBLEY)
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Iustrated is part of additional Plant recently
installed to give an essential boost to our
varnish production. This will give us the
necessary capacity to meet the ever-increasing
demand.

Each batch is monitored by Honeywell control
panels which ensure uniformity of quality,

to your own specifications or our own
formulations.

Please write for full information giving details
of your special requirements, to :—

E. HARDMAN, SON & CO. LTD.
Bedford Street, Hull. Tel.048223902
Varnish Makers to the Paint Industry’

HARDIMAIS

Our 44th year

[ NS o

AT YOUR SERVICE to develop finer,
The fast, economical weather tests of

SUB-TROPICAL TESTING SERVICE, INC.

established 1929
Sub-Tropical Testing Service is known and utilised world wide

more durable products

Send for free
Sub-Tropical colour
brochure

Sub-Tropical Testing gives fastest Natural Weather tests available for J paints

Ychemical coatings % plastics % textiles J fabrics % related productsyc
(List of representative clients given upon request)

Wir waren die ersten, welche einen Priifdienst dieser Art fiir Lacke, Kunststoffe, chemische
Beschichtungen, Stoffe und Gewebe aller Art, Farbstoffe und verwandte Erzeugnisse in den
U.S. moglich machten.

Mr. C. Hubbard Davis, President, Sub-Tropical Testing Service, Inc. Phones: (305) 233-5341 - 235-3111
P.O. Box 876, 8290 S. W. 120th Street, Miami, Florida, U.S.A. 33156 Cable: SUBTROPIK, Miami
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Paint
Technology
Manuals

Part Seven: Works Practice

The seventh volume of the Association's
series of Paint Technology Manuals, entitled
“Works Practice,” is now being collated,
bound and offered for sale.

The articles which have appeared under
Student Reviews each month have been so
designed that the bound volume will form a
complete, coherent book with full continuity.
Apart from the necessary typographical
changes in maintaining consistency in the
Journal, “*Works Practice” will be exactly the
same as those parts of the Paint Technology
Manuals already published by Chapman &
Hall Ltd.

It is anticipated that the book will be available
towards the end of January 1973; orders can
now be accepted.

Contents include:

Chapter 1—The factory. Siting and layout
Chapter 2—Raw materials. Storage and handling

Chapter 3—Varnish and media manufacture :

(a) Cold processes

(b) Manufacture in open vessels

(c) Manufacture in closed vessels
Chapter 4—Paint manufacture :

(a) General

(b) Processes involving premixing

(c) Processes without premixing

(d) Layouts, maintenance, filling and warehouse
Chapter 5—Factory organisation and personnel
Chapter 6—Legal requirements and regulations

Chapter 7—Factory hazards and safety precautions

To: Qil and Colour Chemists' Association, Priory House, 967 Harrow Road, Wembley, Middx.

England HAOQ 2SF.

Please send . . . copies of Paint Technology Manual Part Seven, “Works Practice,” @ £2.40
per copy, post free in U.K. | enclose a cheque/P.O. for £.. ..

Name ...........

INAOTOBS! s ot e S T

PLEASE ALLOW UP TO THREE WEEKS FOR DELIVERY
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CLASSIFIED

ADVERTISEMENTS

xiij

Classified Advertisements are char%ed at the rate of SOp per line. Advertisements for Situations Wanted are charged at 12ip per line.
ey should besent to the Director & Secretary, Oil & Colour Chemists' Association, Priory House,

A box number 1scharged at Sp. T

967 Harrow Road, Wembley, Middlesex HAO 2SF

SITUATIONS VACANT

An experienced colourist/quality controller
is required to operate sinall colour and
quality control laboratory in the plastics
industry, Age is not critical, but successful
applicant will reside in the North/North-
West environs of London. Details of
education, experience. present earnings,
etc. to:

M. Phillips,
Blair Sanders & Co.,
4 Bedford Row, London WCI.

Printing ink technician for Scottish liquid
inks factory. Experience in ink or paint
technology essential. Apply in writing to:

Usher Walker Limited.
Canal Streel,
Kirkinlilloch,
Glasgow.

PRODUCTION MANAGER

Production Manager required by
rapidly expanding painl manufac-
turer.

The position requires a man
with experience in all aspects of
paint manufacture. He will be res-
ponsible to the Production Director
for the control of all manufacturing
processes. Salary of the order
£2,000-£2,500 p.a. Full details to:

Produce. jn Director,

Silver Paint and Lacquer Co. Ltd.,
513 Bradford Road,

Batley, Yorkshire.

SITUATIONS WANTED

Chemist, PhD, FRIC (37), wide experience
in European and USA resin, paint and
pigment industries. Currently research and
development manager of division of major
US chemical company. Seeks senior tech-
nical position in London area. Box No. 360.

Qualified technologist, (30), with cleven
years' experience in the surface coatings
industry both in the UK and overseas,
seeks further medium/long term overseas
post or interesting opportunity in UK.
Box No. 361.

towards 2000
OCCA CONFERENCE
EASTBOURNE

19=23 JUNE

1973

SITUATIONS VACANT

it 1

Applications and Technical
Service Department

LABORATORY MANAGER

Due to expansion of the company's technical support
for the surface coatings industry at home and abroad,
S.C.C. COLOURS LTD, wish to appoint a LABORA-
TORY MANAGER.

The Applications and Technical Service Department
handles customer enquiries concerning dry colours;
product evaluation; and the preparation of technical
information and illustrations, The Laboratory
Manager will be responsible for supervising this

department and participating in its work,

Applicants should preferably be qualified pigment
technologists with considerable experience of the
types of organic and lead chrome colours marketed
by S.C.C. COLOURS LTD. Alternatively, detailed
knowledge of such pigments through their use in
the Printing Ink or Paint trades would be of value.
Some experience in the customer service field would
be useful.

The preferred age range is 35-45, although an older
person with correspondingly greater experience
would be considered. Conditions of employment
and pension arrangements are well up to date, and
remuneration will be determined by ability. Applica-

tions may be addressed confidentially to:

R. M. W. W. Wilson,
S.C.C. Colours Ltd.,

c/o Burrell & Co, Ltd.,
262 West Ferry Road,
London E14 gAO.




CLASSIFIED ADVERTISEMENTS

SITUATIONS VACANT

PAINT TECHNOLOGIST—
OIL PAINTS DEVELOPMENT

Due to continuing expansion, Crown Paints wish to appoint a Paint Technologist in
their Oil Paints Development Team, working in the Research and Development Labora-
tory at Darwen Lancs.

i

The position will involve the formulation of a wide range of decorative ail paints including
the initiation of new products and the development of existing products. Scope is available
for the exercise of flair and initiative within a small integrated Development Group.
Applicants will require the minimum HNC in Chemistry and a proven record of success-
ful development experience in the field of decorative or industrial paints. This is a senior
post and a progressive salary and employment policy will apply.

Crown Paints has a continuing record of success in the Surface Coating Industry, and is
a member of the Reed International Group. Future prospects for the successful candidate
are therefore attractive.

Please apply for the above post in writing, by sending brief details of age, qualifications,
experience and present salary to:

J. V. Duckett, Personnel Officer, Walpamur Co. Ltd. Crown House PO Box 37
Darwen, Lancs.

-

REED INTERNATIONAL

N

paints PJGMENT TEGHNOLOGIST

Crown Paints wish to appoint a pigment technologist within their Research and Develop-
ment Laboratory at Darwen, Lancs.

The successful candidate will provide a specialist service to the Development teams in
the field of pigment technology. The selection, testing, and recommendation of pigments
for optimum technical and economic performance being a major feature of the work.
In addition opportunities will occur for involvement in the solution of manufacturing
and marketing problems related to Colour.

Applicants will require a minimum HNC in Chemistry and experience in the assessment
and testing of pigments and colourants. In addition a proven record in the successful
development of surface coatings will be an advantage.

This is a Senior post and a progressive salary and employment policy will apply.

Crown Paints has a continuing record of success and is a member of the Reed Interna-
tional Group. Future prospects for a successful candidate are therefore attractive.

Please apply for the above post in writing, by sending brief details of age, qualifications,
experience and present salary to:—

J. V. Duckett, Personnel Officer, The Walpamur Co. Ltd., PO Box 37, Crown
House, Darwen, Lancs.

REED INTERNATIONA

JOCCA
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SITUATIONS VACANT

IR v —————
SENIOR

PAINT CHEMIST

Starting salary up to £3,100 per annum

is required at our Chiswick Laboratory to
take charge of the section which deals with
paints and related subjects including surface
pre-treatment.

Applicants must have had several years
user orientated experience in this field, with
particular reference to application, specifica-
tion, testing, analysis and choice of paints,
and to the investigation of problems arising
under service conditions with paints and
protective treatments. They must be capable
of providing practical advice to engineers
responsible for the construction and main-

and of keeping in close touch with manu-
facturers’ technical staff.

A First or Second Class Honours degree
in Chemistry, or an equivalent is an indis-
pensable minimum qualification.

The post carries salary potential of c. £3,400
per annum, valuable free travel on London
Transport services and a contributory superan-
nuation fund.

Applications to Appointments and Welfare
Officer (Ref. 543/2), London Transport, 55

tenance of vehicles, buildings and structures,

© LONDON TRANSPORT

Broadway, SW1H 0BD, giving career details.

UNION CARBIDE EUROPE S.A.

is seeking, for its European Chemical and Plastics Laboratory, situated in

Versoix, near Geneva, a
CHEMIST

The successful applicant will join the Technical Service Group and support
the development in the area of protective coatings, particularly coatings based
on solution vinylis.

A University graduate with diploma and with some experience in related tech-
nology would be preferred, although recently qualified applicants would be
considered.

We are seeking a mature, development-minded individual who would be
capable of carrying responsibility after a period of initial training. English
language is a must and competence in German would be desirable.

Our conditions of employment and career opportunities are in line with those
expected of a major international company.

The persons interested by this position are invited to send their application
to the

Personnel Manager

UNION CARBIDE EUROPE S.A.

5, rue Pedro-Meylan

1211 Genéve 17
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OCC ‘ TIE, CAR BADGE, WALL PLAQUE AND BLAZER BADGE OCCA

The ties will be supplied from stock;
all other items are made to order.

Only the tie can be supplied by air-
mail at an extra cost of 35p.

The tie is blue terylene, with the
Association's insignia woven in red
and gold silk.

The blazer badge has the insignia
embroidered in silver and gold wire
on a red and blue ground.

The plaque has the insignia hand-
painted in red and gold on a blue
ground.

The car badge has the insignia
embossed in red and gold on a blue
ground, the whole being covered in
transparent polypropylene, with a
thick chrome surround. Bar and grille
fittings are available.

Available only from:

THRESHER & GLENNY

Lancaster Place, Strand, London WC2

Name

Section/No.

Address

As a member of the Association please accept
my order for the following:

..OCCA tie
OCCA blazer badge @ £3.90
.. OCCA wall plaque @ £2.30
..OCCA car badge

(state bar or grille)

(All prices include postage

If tie is required airmail add

@ £1.40

@ £2.30

and packing)

35p

Total Remitted




we havea
very

comprehensive
range of
solvents...
if youare
not in touch
with us-you
should be!

Aromatic Hydrocarbons
Aliphatic Hydrocarbons
Aromatic Naphthas
Special Bailing Points
Alcohols
Glycol Ethers
Acetates

Ketones
°

whynot _
‘phoneorwrite?

LIVERPOOL: 59/61 Sandhills Lane, L5 9XL
Telephone 051-922 7871 - Telex 627025
LONDON: Newton Road, Stratford, E151LR
Telephone 01-534 4321 - Telex 897766

GLASGOW: 289 Castle Street, G4 OST-Tel. 041-652 0723

0il & Colour Chemists’
Association

PAINT
TEGHNOLOGY
MANUALS

The second editions of
1 Non-convertible Coatings
is now available

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

The price of the 2nd edition is £2.25 per
volume.

Still available in 1st edition is:

6 Pigments, Dyestuffs and

Lakes
The price of the volume is £2.00

The following parts:

2 Solvents, QOils, Resins
and Driers

3 Convertible Coatings

4 The Application of Surface
Coatings

5 The Testing of Paints

are now in the course of reprinting.

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



OLOURS

for
PAINTS
PRINTING INKS
PLASTICS
ETC.

HORACE CORY & CO LTD
NATHAN WAY, LONDON, SE28 0AY

Printed in England by Metchim & Son Ltd.. 8 Storey's Gate, Westminster, London SWIP 3AT.
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