


HEYDONNONNY No. 20
Said Distillate to Colophone
Come and dissolve in me
And all the little costing clerks
Will merry, merry be.

THE

HEYDOLAC
covers ...

RANGE

SILICONE ALKYDS,
SILICONE EPOXIES AND ESTERS,

ALKYDS for SURFACE COATINGS.

Our Laboratories are at Your Service

HAROLD HEYDON & CO. LTD.

AGENTS

UNIVERSAL
86 BOW RD., LONDON, E.3

TELEPHONE:

SYNTHETIC
co. LTD.

ADVANCE 478\
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• Exceptionally high viscosity

• Easy-dissolving granular form

• Add dry to pigment grind

o Clear solutions

One Great Cumber/and Place, London, J-V.J .
AMBussatlor 7766 (10 lines)

. I
'--+--1-----.~ NONIONIC THICKENER B

I 8000 Cps.

HERCULES POWDER COMPANY LIMITED

I :
SOLIDS CONCENTRATlmj

I•

These four characteristics of

Natrosol 250 Hydroxyethyl Cellulose add

up to a most efficient non ionic thickener

for all types of emulsion coatings.

Viscosity of Natrosol 250 High is 20,000 cps.

in 2% solutions-considerably higher than other

-- nonionic thickeners. As a result, you save up to

one third of your thickener requirements-also

~-4I.-+--j--+--Natrosolcan be added dry to the pigment grind.

There's much more to the Natrosol story that

you'll want to know. We'll be glad to send you

complete information and a trial sample. Write to:

~
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I-+ NATROSOL 250 HIGH

I

-lA New Nonionic Thickener
___ For Hjgh Viscosity

In All Latex Paints



ii

WINKWORTH
the buy-word for

MIXERS

You will do far better if
you contact Winkworth
for your Mixer needs

Laboratory or Production Sizes

Sales Office:

65 High Street, Staines,
Middlesex

Telephone: 55951

J.G.C.CA.
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SOlVfSSO for Ihe good sloll behind 0 perlecllinish

\Vhat do you want from a solvent? High aromatics for perfect,
high-~)oss finish' consistent quality; mild odour, cxcdle::nt

colour stability. AI1 these advantages-and more-you get from

Soh-esso 100 and Solvcsso 150, two Esso aromatic solvents, for
surface coatings and printing inks. Esso Solvt:nts can contribute

much towards a perfect finish; for the full facts contact;

Chemicals Division, Esso Petrolellm Company, Limited,
50 Stratton Street, London WI. Telephone: Hyde Park 70]0.

E880 MEANS BUSINSS. IN CHEMICALS
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SHORT DRYING SCHEDULE - LONG POT LIFE

'SUPRAPAL 8M

is ideally suited for the formulation of
spirit lacquers and rapid-drying

nitrocellulose lacquers.

Distributon in the United Kingdom:

Alli.d Colloids Limit.d

Cle(kheoion Rood, low Moor.

Bradford, Yorhhlre

reI.: Bradford 78311

SUPRAPAL 8M

a pale, lightfast synthetic resin with
good resistance to water, mineral oils,

and hydrocarbons. _

lUOWIGSHA"N AM 'HEiN IBIIII
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SAFELY AND SURELY
Pumps and Stirrers for corrosive liquids. Fans Kestner. after all. developed Keebush. the
for acidic fumes. These Kestner make-and have supremely anti-corrosive plastic. And many or
made for years-to meet every need of the their pumps are made of Keebush. But the really
chemical and allied industries. CONSIDER important thing is that Kestner select the design
PUMPS Kestner originated continuous pumping of the pump. and its material. on the needs of
by compressed air. They made obsolete the old each specific task. SO TO FLUID MIXING A
acid egg by producing the Kestner Acid basic industrial operation for which Kestner
E:levator. They followed this up with the first supply stirrers of varying sizes. propeller or tur-
of their Glandless Pumps which bine. in whatever material is appro-
have now been manUfactured for priate. Kestner Stirrers obviate corro-
over 50 years. They make, too, an sion and erosion. They are simple in
impressive range of Horizontal design and enduring il;). use. They
Pumps, with glands and mechanical are consistent and trouble-free. Vis-
seals, a range constantly augmented cosity can be low, or extremely high.
and modified to meet specific The mixture may be corrosive or not.
demands. But Kestner don't stop Large or small a Kestner Stirrer gives
there-they SUpply the Rotopump, the highest efficiency for the power
easily carried and ideal for smaller consumed. NOW TO KESTNER FANS
quantities of acid, and they make In Keebush. Keeglas. Lead or P.V.C.
the emptying of glass carboys a Acidic fumes and vapours are reliablv
hazardless, simple matter with the handled. Fumes extraction and corro-
Oldbury Patent Carboy Discharger. sive gas handling are operations
The emphasis. of course, is acidic. safely and easily carried out.

/{€~~E§R,
KESTNER EVAPORATOR and ENGINEERING CO. LTD. 5 GROSVENOR GARDENS. LONDON. S.W.l

Tel: VICtoria >1975 (5 lines) AP 15
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IT'S A SMASH HIT!
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Operaling plalform I'iew of 2-1011 slailliess sleel
alkyd resill plafll. Healillg by gas-fired immersion
lubes alld bOl/om healer. Coolillg by waler jackel.

Sound design, first-class workmanship and a well-planned installation
are all apparent at a glance, in this photograph taken at the
Wolverhampton works of Mander Bros. Ltd.

For the best quality paint and varnish, you need the best plant.
Metal Propellers can supply it.

Metal Propellers Ltd.
STAINLESS STEEL SPECIALISTS

74 PURLEY WAY, CROYDON, SURREY Thornton Heath 3611-5

HP ••

.-
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BEDACBYL 588

is an aqueous dispersion of a vinyl acetate copolymer
for use as the sole medium in emulsion paints

HIGH opacity, because ofbigh pigment loading acceptance

HIGH resistance to freezing

LOW cost and low odour

GOOD moisture resistance and ~ood adhesion to old

gloss painted. surfaces

DOS

t~ Full 'nfu=."uu un "quoo'
,~ IMPERIAL CHEMICAL INDUSTRIES LTD
~ LONDON SWI ENGLAND
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dieldrin

makes
paints and lacquers

deadly to insects
Dieldrin opens up many new possibilities for effective,
persistent control of insect pests. It is ideal for formulating
insecticidal paints and lacquers which can remain effective
for up to three years. The dieldrin 'blooms' on the surface of
the coating in the form of microscopic crystals, constantly
replenished from the body of the product.

Surface coatings incorporating dieldrin are now in wide­
spread use, especially in ships, hospitals, catering and other
establishments where frequent control measures are incon­
venient. Dieldrin 'is odourless, very economical and has a
wider range of control. It is readily soluble in aromatic
hydrocarbon solvents.

For further details write to:

SHELL CHEMICAL COMPANY LIMITED

J.a.C.c.A.

R"!IiOIl,d OjJi('es:
Villiers House, 41-47 Strand, London, W.C,2 7"<'1: Tralidgar /277. LONDON

Gloucester House, 65 Smallbrook. Ringway, Birmingham. 5. Td: Midlalld /Iii I I. BIRMINGHAM

144-146 Deansgate, Manchester, J. Td: D<'OlIsga/e 24 /I. MANCH~ST~R

Royal London House, 48-54 West Nile Street, Glasgow, c.1. Td: City 3391. GLASGOW

16-20 Rosemary Street, Belfast, Northern Ireland. Tel: Belfast 26094. BELFAST

33-'14 Westmoreland Street, Dublin, Republic of Ireland. Tel: Dubli" 72114. DUBLIN

Shell Chemicals 11
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INTERESTED IN

POLYESTER RESINS
FOR

SURFACE COATINGS?

• They are BRITISH and backed by on the spot Technical service
• They are unequalled in quality and give consistently satisfactory results
• They are produced under ideal manufacturing conditions and conform

strictly to specification
• They incorporate. where required. Patented additives resulting in unsurpassed

technical qualities of great importance to industrial finishing operations

BECKOLESTER RESINS ARE MANUFACTURED BY"
KOLLER. CO (England) LTD. SPEKE • LIVERPOOL 24 Tel: HUNts Cross 1214 ~

Assoc/atl! Works: Rl!ichhold Chl!micals Inc. Detroit, U.S.A.
Sole Selling Agents:
JAMES BEADEL • CO. LTD. BECKACITE HOUSE, EOWARD LANE. LIVERPOOL 24 ~"*

London Office: 110 Cannon Street E.C.4 ffiWMl!mbl!rs of the Rl!lchhold Chl!mica/s Ltd. Group 01 Companies
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d ' John!
R\char ·

Children at play take many a rough
and tumble-and so do their playthings!

Bicycles, especially, come in for many
a hard knock and need maximum protection.

These beautifully finished machines are
protected by their makers, The Trusty Manufacturing

Co. Ltd., with a harder, glossier, more durable
coating formulated with Beetle Melamine Resin

and supplied by S. E. Porter & Sons Ltd.

Beetle Coating Resins

J.a.e.C.A.

B. I. P. C HEM 1 CAL S LIM 1 TED Oldbury' Birmingham' Tel: Broadwell 2061 . Telex33·347 @
Sole Agents in the U.K. BARTER TRADING CORPORATION LTD· 69 Grosvenor Street· London W1 . HYDe Park 5451



Three newcomers

to the range of

Matthey

Pigments- Titanate Yellow

Titanate Yellow
A very opaque pigment of great
stability to heat, light and to
chemical attack

Cadmium Browns
A range of brown pigments of
\'alue where freedom from iron is
important

Hatton Green

Based upon titanate yellow, this
pigment has excellent chemical
and light stability and good resis­
tance to heat

Our policy is to offer only
pi!:ments of the hi!:hest quality
and the introduction of these
new colours-of particular mlue
to the paints, plastics and rubber
industries-fully maintains this
long tradition.

Cadmium Browns

Hatton Green

JOHNSON, MATTHEY & CO" LIMITED
73-83 HATTON GARDEN, LONDON, E.C.I
Telephone: Holborn 6989
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Eliminate fire hazard! ...with MELAQUA* 600
The formulating antl stoving of enamels used to bo dangerous because of the

ever-present firo hazard. This need no longer be the case, for MELAQUA* Resin

600 is a solution in water of a heat-convertible resin system. It requires only

pigment and water to make it a ready-to-spray enamel. Exceptionally good

flow and levelling, with no danger of the unwanted 'orange peel' ef-feet, are

other benefits of MELAQUA*. MELAQUA* is an excellent union of acrylic

polymer and melamine resin, thus making an ideal vehicle for industrial coat·

ings, both for top coat and primers. Cyanamid will be glad to give yOll more

details on request. Write to:
·(Trade Mark)

SERVES BRITAIN

CYANAMID OF GREAT BRITAIN L1MIJED GENERAL CHEMICALS DIVISION. DUSH HOUSE. LONDON wc2



, "

: {

August

:::"-:::::-:':"
.- ......•

::::::;:\\\:\(

(~p:a'"l*.*.

xv

NEEDED Wherever paint is needed, somewhere, way back along
the line, there is need of Steel-Shaw equipment to pro­
vide it. To provide it more efficiently, more effectively,
more economically.
The Steel-Shaw range covers every aspect of mixing,
grinding and dispersion-and other fields as well.
In fact, you can be certain of a Steel-Shaw solution­
always.

STEELE & COWLISHAW LIMITED
Cooper St . Hanley· Scoke-oll- Trent· Telephone: Stoke-on- Trent 23333 Cslines)
Telegrams: "Steelshaw", Telex 3630 A Member of the Baker Perkins Group
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the
advantages of

••~.E water soluble resins
Cut pigment costs, save the expense of transport-
ing and storing solvents - simply by using EPOK

water soluble resins. Paints formulated with these
resins have high performance, low cost and all the

applicational advantages of water solubles. NOW is the
time to put this paint revolution to profitable use. For

further information please write for Epok Booklet No. 54

Epok is a reg'd trade mark

-"Ltd ,: '" .'"'-- ....J
I British Resin Products

Sales and Technical Service Devonshire House Piccadilly London WI Hyde Park 0151
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ORR~S

ZINC
SULPHIDE
PIGMENTS
& EXJrENDE S

r:~,~FOR :;;,"-'... ·e~ INDUSTRY

L1THOPONE 28/30 & 60% qualities

COMMERCIAL ZINC SULPHIDE

BLANC FIXE

GROUND WHITE BARYTES

MICRONISED BARYTES

xvii

_'...."Duc:rs. 0__

IMPERI,qL~ELTINS CONSOLIDATED ZINC CORPORATION (SALES) LIMITED • LONDON S.W
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The fine particle size of the Vinamul N6800 range gives the exceptional
pigment binding power needed for high opacity emulsion paints of good
wash resistance.

The copolymer emulsions are available at different internal plasticiser
contents*: they can therefore be used for all types of top quality paints-from
glazes to highly pigmented finishes with pigment volume concentrations
up to 80%!

.Vinamuls N6810, N6815 and N6825 contain 10'.... , 15"... and 251:0 2-ethylhexyl acrylate resMctlvely.

VINYL PRODUCTS LTD' CARSHALTON . SURREY, TEL: WALLINGTON 9282

A member of the Rc/chhold Chemlcols Ltd. Group
vr."
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There are Braby Drums for every purposc---oils, insecticides, liquid
chemicals, greases and powders.
Braby Drums are obtainable in many sizes, types and weights and in a
variety of finishes, both exterior and interior. Painted, galvanized, shot­
blasted and lacquered finishes can be supplied and the exteriors of
certain drums can be decorated to customers' designs.

FREDERICK~ & COMPANY LIMITED

LIVERPOOL Havelock Works, Aintree, Liverpool 10 Tel: Aintree 1721
HEAD OFFICE: Braby House. Smithfield Street. London. E.C.I Tel: Central 2388

MEMBER OF BRABY OF BRITAIN GROUP

Write for
details to:

(RAYFORD GLASGOW BRISTOL BELFAST PLYMOUTH

AP21J
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WALKER

PARAFORMALDEHVDE 97%

xxi

A concentrated source of Formaldehyde in fin~

powder form. Write for samples of this produci

and Paraformaldehyde B7/.'. (tow pOlymer)

TH~ WALKER CHEMICAL COMPANY LIMITED ROSE HILL BOLTON LANCS TEL.: BOlton 23264
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NOVADEL LTD.

"I).C.O.

TELEPHONE: VANdyke 7761-7GO.21l

ST. ANN'S CRESCENT. WANDSWORTH. LONDON S.W.18.

NOVADEL

as that'
•

The fact that Synouryn-and only

Synouryn, is available from 1\ poises up­

wards is indication enough of Synouryn

quality.

You know where you are with Synouryn

D.C.a. and Distilled Fatty Acid. They are

known internationally as probably the

most satisfactory bases available anywhere

for the production of high quality air

drying or stoving finishes and alkyd resins.

They give you the best of all worlds fast

drying time, water resistance, acid and

alkali resistance, exterior durability, and

colour stability is indeed outstanding

~:~ and that goes for SYNOURYN
DISTILLED FATTY ACID too!



A IIgll,ll xxiii

W~ats YOUV'
~nswertD

IOtv20
"hoursma

Ball l1Atll?

lOto20mins
in £9 Drspe~ion
M\II,tl1ankBiD
Golden Vd1ley 1

acorns were good enough until corn was discovered
Eastern Proverb

And pigment particles of up to 65 microns were good enough until
GOLDEN VALLEY produced micronised and spun pigments of

2 to 3 microns. Even in a Single Roller, production can be speeded
up sixfold with no wear, no waste. Send for the following leaflets

and read about this time and cost-telescoping revolution in paint
manufacture.

Micronised Pigment~' in
Impeller Eqllipment

Spun Helio
Micronised Primer Oxides

Micronised Pigments in
Single Roller Mills

Spun Green.\"
Micronised Mika1e

Micronised and Spun
Pigments

Spun Phthali-Chrome
Green etc., etc.

All lite above leafiets show tlte impressive progress ohtained by the use of micronised
pigments in modem paint manufacture. Further leaflets are in preparation.

advance with Golden Valley into the U corn age"

I
Write to

GOLDEN VALLEY COLOURS LIMITED
WICK BRISTOL ENGLAND

Telephone: ASSOM 481
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Polyvinyl

Butyral

Pioloform

type BL.tS for Foil Lacquers

type BL.24 for combination with Urea/Phenol
formaldehyde resins
for Stoving Lacquers

type BW for Phosphor-Etch Primers

J.O.C.C.A.

A. WACKER PRODUCT MADE BY WACKIiR-CHEMIE GmbH MUNICH

Enquiries to:

BB
~[ffJ

BUSH BEACH .. SEGNER BAYLEY LIMITED

MANCHESTER: St. James' House, 44 Brazennose Street, Manchester 2
Telephone: Deansgate 5134 (5 lines) Telex: Chemicals Mchr. 66180
LONDON: Marlow House, Lloyd's Avenue, London, E.C.3
Telephone: Royal 7077/9 & 3057/8
LEICESTER: 167 Clarendon Park Road. Telephone: 73173
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START
BETTER •.•

Lacquers using
ester solvents spray
easily and evenly off
the gun, and their tra·
ditional mild, non·
toxic odour wins in­
stant acceptance from
the spray painter.

With the ester sol­
vents. butyl acetate and
ethyl acetate. you get
excellent solvent ·power,
favourable dilution
ratios and flexibility of
formulation at no extra
cost. Continued supplies
of uniform quality sol­
vents arc assured.

Your lacque~lRt""

• • . FINISH BEST
Formulations based on ester
solvents ensure even drying
and freedom from "blushing",
high gloss, and bctter ad­
hesion. The finish depends on
how you start.

with m~[lmm Solvents
fro. C.S.H. CHEMICALS PTY. LTD., Sy~.ey, N.S.W., and through,ut Australia.
New Zealand Agents: Buckley and Young Ltd.

CSRi36
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ROBERT BOYLE

PHYSICIST

PHILOSOPHER

CHEMIS T

The Technical Supplement is published
monthly in the" Paint, Oil & Colour Journal",
83-86 Farringdon Street, London, E.C.4.
Subscription (includina Year Book) post free
One Year £2 lOS. od. Three Years £6 os. od.

Today's

chemist

finds food

for thouBht

in Paint, Oil

and Colour

Technical

Supplement
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NEWI

WRESINOL 502

looktoD

People
looking for the
right resin ...

A high viscosity, non-yellow­
ing vinyl modified alkyd resin.
Suitable for both undercoats
and topcoats.

RESINOUS CHEMICALS LIMITED· SLAYDON· Co. DURHAM

Phone I B.aydon 347/_

SPECIAI.1ST ..... IN RRSINS, P/(iMf:NT.\' ANI> l'I,ASTle.')

RCl66 ~
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announcing

J.O.C.C.A.

quick drying,
good brushability
with
high build
using

Send today for full information to:

STYRENE CO - POLYMERS LIMITED

Sale' Cheshire Tel: Sale 8256
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AH! ENGLISH CIDNA CLAYS

they're good paint filters

English china clays for the paint and colour industry have all
the desirable properties of paint extenders or fillers-fine
particle size, easy dispersability, good rheological properties and
anti-settling powers.

Careful laboratory research and continuous control during production
ensure that each individual clay is 'tailored' to meet the specific
requirements of the most exacting paint and colour manufacturer.

Write for samples. prices and
technical literature to:-

ENGLISH CLAYS, LOVERING, POCHIN & CO. LTD ~
ST. AUSTELL CORNWALL •

Bnnches: London, Edinburgh, Manchester, Leominster, Newcastle (Staffs.), Paris, Brussels and New York

TSH.SC/I



xxx J.D.CCA.
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Resinous Chemicals Ltd.
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TRANSACTIONS AND COMMUNICATIONS

The Alcoholysis and Acidolysis of Triglyceride
Oils

By R. S. McKEE and A. W. E. STADDON

Research and Development Department, I.C.I. Ltd., Nobel Division, Stevenston, Ayrshire

Summary
Changes in conductivity during the reaction between pentaerythritol (PE) and triglyceride
oils were studied. The conductivity rose to a maximum as the reaction mixture became
homogeneous and then fell gradually as equilibrium was approached. Constant
conductivity and maximum methanol tolerance were both reached when the concentration
of unreacted PE was a minimum. Curves of the same general shape were obtained over a
range of oil lengths and using different grades of PE.
During the acidolysis reaction of isophthalic acid (lPA) and linseed oil, the conductivity
reached a maximum when the acid value of the liquid phase was a maximum and the
concentration of unreacted IPA a minimum. The measurement of conductivity therefore
provides a means of following continuously the progress of both alcoholysis and
acidolysis reactions and eliminates the need to take samples.

lNTRODUCTION

Three common methods of deciding when sufficient reaction has taken place
in the alcoholysis stage of alkyd resin manufacture employ the solubility of
phthalic anhydride in the alcoholysate, the clarity of the hot reaction mixture,
and the solubility in methanol or ethanoJl. Various forms of alcohol solubility
tests have been cited, ranging from solubility in fixed proportions of methanol
or ethanol to maximum methanol tolerance or infinite solubility in ethanol.
Runk2 showed that during glycerolysis infinite methanol tolerance corresponded
to maximum monoglyceride content, while Mort3 showed that the relationship
between methanol tolerance and monoglyceride content was not linear. Mraz4

and his co-workers studied alcoholysis with PE and concluded that the
methanol tolerance test gave "variable results under the most closely controlled
conditions". These workers proposed the quantitative precipitation of the
unreacted PE as an alternative method for following the course of alcoholysis,
and this is possibly the most convenient way of determining directly the change
in concentration of one of the reactants in the PE/oil system. Mleziva5 et a/.
examined the change in dielectric constant of centrifuged samples from the
reaction between PE and linseed oil. Under their particular conditions they

497
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concluded that the optimum time for the addition of phthalic anhydride
coincided with a maximum in the dielectric constant, alkyds made using shorter
or longer alcoholysis times both showing insoluble material.

Experience extending over many years in the surface coating laboratory
at Stevenston indicates that for laboratory control in the alcoholysis of oils
with PE, the methanol tolerance test enables satisfactory alkyd resins to be
prepared provided that

(0) the samples are centrifuged;
(b) the clear oily layer is titrated with anhydrous methanol to permanent

turbidity, the temperature at the end-point being rigidly controlled;
(c) the end-point of alcoholysis is taken as the time at which the methanol

tolerance reaches its maximum rather than a specified value.

Such a procedure is clearly inconvenient for routine plant control, and even in the
laboratory it necessitates the carrying out of separate runs solely to determine
alcoholysis times. Mort's work) indicated that electrical conductivity
measurements might afford a means of detecting the equilibrium stage of the
alcoholysis reaction immediately, without the need for taking samples. The
main object of this paper is to present the results obtained using this method to
follow the alcoholysis reaction between oils and PE. It is shown that the
equilibrium stage of the reaction, as determined by the minimum free PE
content of the mixture, is accurately indicated both by conductivity measurements
and by the attainment of maximum methanol tolerance. It is also shown that
conductivity measurements may be used to indicate the equilibrium stage in the
acidolysis reaction between oils and isophthalic acid.

ALCOHOLYSIS OF OILS WITH PE

The alcoholysis stage in the preparation of PE alkyds presents certain
differences from the reaction of oils with glycerol. These arise entirely from the
fact that PE is a solid and glycerol a liquid. In the laboratory using glass vessels,
a good indication of the progress of the early stages of the reaction can be
obtained by simply observing the reaction visually. Soon after reaching
reaction temperature, usually within the range 230°-270°C, the PE begins to
form a crust around the walls of the flask, just above oil level; some PE also
sublimes into the upper parts of the flask. As the reaction proceeds, the crust
of PE slowly dissolves and the sublimed PE is washed back into the oil, possibly
by traces of refluxing glycerol. At this point the alcoholysate is still opaque,
owing to the presence of suspended PE and the immiscibility of the unreacted oil
with the small amount of partial esters present. As more oil reacts the two
liquid phases become miscible, the PE dissolves and the reaction mixture
becomes clear. This is the "hot clear" end-point and in a typical long oil alkyd
formulation it corresponds to the attainment of infinite solubility in absolute
ethanol. Maximum methanol tolerance is reached somewhat later, and phthalic
anhydride solubility somewhat earlier.

It has been found that clear, homogeneous alkyds are obtained by adding the
phthalic anhydride any time after it is soluble, and the formation of insoluble
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material resulting from prolonging alcoholysis beyond the attainment of
maximum methanol tolerance has never been observed.

Conductivity Changes During Alcoholysis
The apparatus used for each reaction consisted of a I litre round bottomed

flask with a B34 centre neck and three BI9 side necks, a D-shaped stainless
steel stirrer running at 300 r.p.m., a carbon dioxide leak, a thermocouple in a
glass sheath fitted through a stillhead which vented to atmosphere, and a
conductivity/capacity cell with the electrodes immersed in the reaction mixture.
The flask was heated by an Electrothermal mantle regulated by an electronic
controller.

The electrodes consisted of two 2 em. x I em. x ~ in. stainless steel plates
separated by a 0.5 em. gap. A tungsten rod was silver soldered to each plate
and the rods fused· through a ! in. diameter glass tube; nickel wire connected
the tungsten rods to screened leads. The simple design of the cell facilitated
cleaning and ensured a free flow of reactants between the electrodes (Fig. I).
Conductivity and capacity measurements were made using a Wayne Kerr
Universal Bridge, Type B221. The complete set-up is shown in Fig. 2; the actual
cell shown is made of Fluon, with the terminals encased for added robustness. It
was subsequently found that the Fluon swelled slightly under the experimental
conditions and the design is_being further modified.
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FIG. I. CONDUCTIVITY CELL

(a) Nickel leads welded to tungsten rods
(b) Pol.vthene caps
(c) Glass insulators
(d) Glass tube with 819 cone
(e) Tungsten rods fused into tube
(f) Stainless steel plates soldered to rods
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FIG. 2. ApPARATUS FOR CONDUCTIVITY AND CAPACITY MEASUREMENTS

In each experiment alkali refined oil, PE and catalyst were weighed into the
flask at room temperature and heated with stirring to the reaction temperature.
Except where otherwise stated the PE used was a standard mono-grade.

Variation of Conductivity and Capacity during Alcoholysis
An alcoholysis reaction was carried out at 250°C using a 1.3 : I molar ratio

of PE : linseed oil, corresponding to a finished alkyd of 65 per cent oil length.
Sodium carbonate (0.074 mole per cent on the PE) was used as catalyst.
Conductivity and capacity readings were made at intervals during the reaction.
and the results are illustrated in Fig. 3.

The results show that the conductivity and capacity measurements tend to
vary directly. As the PE begins to react, conductivity and capacity decrease
until point A is reached. As the remaining PE becomes more soluble in the
products of reaction, the crust dissolves and the conductivity rises to a maximum
at B corresponding to the "hot clear" stage. With all the PE in solution the
reaction proceeds rapidly and the curves fall to the equilibrium point C. Both
conductivity and capacity continue to drop very slowly but constantly after C.
possibly due to loss of glycerol or to ether formation.

During the reaction the temperature cycled between 248° and 253°C and this
was found to affect the equilibrium stage readings considerably. In later
experiments meter readings were taken at the same point in each temperature
cycle. Since capacity and conductivity measurements both gave the same
end-point for the reaction, and since conductivity meters were more readily
available, subsequent work was based on conductivity.
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Conductivity Compared with Methanol Tolerance and Percentage Unreacted PE
The variation of conductivity with percentage unreacted PE and with the

methanol tolerance of the liquid phase of the cooled reaction mixture was
studied by repeating the previous experiment at 260°C. Conductivity readings
were taken and samples withdrawn at intervals after the PE crust had
dissolved. The samples for methanol tolerance determination were cooled and
centrifuged, and 2 m!. aliquots were titrated with anhydrous methanol at 20°C
to the point where a dense cloud was produced. In order to determine the
unreacted PE, weighed samples were digested with about five times their weight
of benzene on the water bath and filtered through a tared sintered crucible.
The filter cake was then washed and dried and the crucible re-weighed.
Analysis showed that the PE recovered in this way was only slightly
contaminated with ester impurities (saponification value: 5-6 mg. KOH/g.).
The results obtained are illustrated in Fig. 4.

The results confirmed that both the equilibrium conductivity and the
maximum methanol tolerance coincided with the minimum concentration of
unreacted PE (point C). The "hot clear" stage B, at which the concentration of
dissolved PE is a maximum, is marked by a sharp maximum in the conductivity
curve also. The gradient of the methanol tolerance curve begins to increase
just before this point and is at a maximum at B. The step in the unreacted PE
curve on the other hand, suggests that the liquid phase is approaching
equilibrium at B, only to have this equilibrium shifted as soon as the residual
undissolved PE goes into solution.

From a practical point of view, the conductivity/time curve is particularly
useful, since the occurrence of the maximum gives forewarning of the approach
of equilibrium. On the other hand, not all the tests for completion of alcoholysis
indicate the attainment of equilibrium and it has been stated 6 that formulations
are sometimes designed to have low quantities of monoglycerides. The use of
conductivity to follow such reactions would present no difficulty. As already
shown, the "hot clear" end-point coincides with the maximum in the
conductivity/time curve, and it is probably not good practice to stop
alcoholysis before this point.

Alcoholysis Using Different Proportions of PE and Oil
The effect on the conductivity of varying the ratio of PE : oil was studied by

carrying out reactions at molar ratios of 2 : I and 1 : 2, PE: linseed oil.
The higher ratio is the maximum theoretical ratio for monoester formation, while
the lower ratio might be considered a practical minimum, since it corresponds
to an oil length of 82 per cent. Again sodium carbonate was used as catalyst
at a concentration of 0.074 mole per cent on the PE; the reaction temperature
was 250°C. The conductivity measurements are illustrated in Fig. 5. The
previous results with a 1.3: 1 molar ratio of PE: oil are included for
comparison.

Each reaction gave a curve of the same general shape, but as the oil length
increased the conductivity decreased and the fall in conductivity from maximum
to equilibrium amplitude became smaller. At the two highest PE : oil ratios, a
meter range of 0-10 JL mho was required, whereas at ] : 2 the range had to be
reduced to 0-0.1 JL mho. The appearance of the ] : 2 curve might suggest that
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FIG. 6 (Lower). ALCOHOLYSIS OF SOYA BEAN OIL WITH MONO- AND TECHNICAL GRADES OF PE

the method is inaccurate for very long oil length resins but, in practice, the scale
would be increased to give a sharp peak and end-point.

Alcoholysis Reactions with Different Grades ofPE
The results of runs carried out using technical grades of PE from two different

sources (A and B) and one mono-grade at a 1.3 : I molar ratio of PE : soya bean
oil are illustrated in Figs. 6 and 6A. The temperature (250°C) and catalyst
(0.074 mole per cent sodium carbonate on the PE) were as before. The technical
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PE from Source A was of poor quality with an ash content of 0.21 per cent and
a melting point below the reaction temperature, whereas the mono-PE (ash
0.02 per cent) melted at around the reaction temperature. The technical PE
from Source B also had a low melting point but a relatively low ash content
(0.03 per cent).

400a 100 200 300
REACTION TIME (MIN. AT 250·C)

Fig.6A. ALCOHOLYSIS OF SOYA BEAN OIL WITH TECHNICAL GRADE PE, SOURCE B

In these experiments it was found that the conductivity curves given by the
technical PE from Source A showed an additional maximum (M) before the
clear solution stage (S). A closer examination of the earlier part of the reaction
with the mono-PE revealed a corresponding but far less pronounced maximum.
This difference in amplitude between the maxima (M) is believed to be
associated with the difference in melting point between these two grades of PE.
The technical PE from Source A also gave sharper solution peaks (S) than the
mono-PE and reached equilibrium (E) more quickly. The more rapid alcoholysis
with this particular technical grade is entirely due to its high ash content and
the finished resins made from this PE were consequently much darker than
those from the mono-grade and very cloudy.

Conductivity curves for alcoholysis with the mono-PE and Source A
technical PE are shown in duplicate. The reproducibility of these results was
considered to be reasonable, provided that the end-point of the reaction is
deduced from the general shape of the curve rather than from a particular
conductivity reading.

The considerable variation in amplitude of the peaks (M) for Source A tech­
nical PE could possibly be reduced by using a continuous recording conductivity
bridge. The technical PE from Source B, on the other hand, seemed to dissolve
somewhat irregularly and the initial peak was followed by a series of smaller
peaks before equilibrium was finally attained. The reproducibility of the
conductivity curves given by this PE was not good and the principal maximum,
corresponding to the "hot clear" stage, was frequently ill-defined. Reaction was
much slower than with the mono-PE and for this reason one of the more
satisfactory curves given by Source B technical PE is shown separately in Fig. 6A
on a reduced time scale.
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CONTINUOUS RECORDING OF CONDUCTIVITY

In considering the use of the cell with a continuous recording conductivity
bridge for the type of work described, it has been found necessary to increase
the size of the plates in order to cope with the low conductivities found in PE
alcoholysis reactions at very long oil lengths. A continuous automatic method of
controlling alcoholysis developed by Gol'dberg11 et al. also makes use of
conductivity measurements.

THE ACIDOLYSIS OF OILS WITH ISOPHTHALIC ACID

The first extensive evaluation 7 of isophthalic acid in oil modified alkyds
was confined to resins made by the alcoholysis process. Some years later"
Carmody8 reported that solubility and sublimation problems of the alcoholysis
process could be overcome by reacting the isophthalic acid directly with the
oil (acidolysis). This reaction appears to proceed readily at temperatures
above 280°C and because no catalyst is required, finished resins are free from
the colour and cloud effects associated with the use of catalysts in alcoholysis.
Subsequently, various time and temperature schedules for the acidolysis stage
have appeared but, as far as is known, Carlston's is the first published worku

in which the extent of oil modification during acidolysis was followed by means
of a simple test, namely, the acid value of the oil after dilution with solvent
and removal or unreacted isophthalic acid by filtration. Such a test is unlikely
to commend itself to a resin manufacturer for routine control. The second part
of this paper presents results which show that conductivity measurements can
also be used to indicate the point where the acid value of the oil phase is a
maximum and the concentration of free isophthalic acid (IPA) is a minimum.

Prior to the work described here, Burkel's recommendation9 for acidolysis,
namely, half an hour at 270°C, had been followed. At the end of this time the
reaction mixture was still cloudy and a heavy deposit of IPA had formed round
the flask wall above and below the liquid level. On adding the PE at this point, a
very dark cloudy resin with substantial amounts of undissolved IPA was
obtained. In a second preparation the oil was heated to 270°C with a quarter
of the IPA, the rest being added in portions over an hour. After a further half
an hour at 270°C, it was found that the oil layer became clear. Although there
was still an appreciable crust of IPA still present, a clear, homogeneous resin
was obtained by adding the PE at this point.

In the work which follows the oil was usually heated to the reaction
temperature and the IPA then added. Alkyds have also been made successfully
by heating IPA and oil together from the cold, and either of these procedures
seems to be satisfactory provided that acidolysis is carried out at 280°-300°C.

Conductivity Changes during Acidolysis
In order to find if a relationship existed between the conductivity, percentage

unreacted IPA and acid value of the liquid phase in an acidolysis reaction,
equimolar proportions of IPA and linseed oil were heated together at 280°C.
Conductivity readings were taken and samples withdrawn periodically for acid
value and unreacted IPA estimations. The apparatus used was the same as
that employed for the alcoholysis reactions.

The unreacted IPA was determined gravimetrically by a similar method to
that used for PE in the alcoholysis experiments. The acid value of the filtered
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precipitate corresponded to isophthalic acid. The samples for acid value
determination were centrifuged, and a known weight of the oil was diluted with
50/50, benzene/methylated spirits before titrating against N/IO sodium
hydroxide solution.

The results, illustrated in Fig. 7, show that the acid value and conductivity
increased and the percentage unreacted IPA decreased rapidly to point A,
where the oil became clear. The conductivity then remained constant for a
time, while the acid value and unreacted IPA curves indicated an appreciable
retardation of the reaction. Between A and B the crust of IPA gradually dissolved
and at first, presumably, the increase in conductivity due to the IPA dissolving
was just balanced by the diminution in conductivity resulting from further
reaction. At this stage the acid value curve gives a better idea of the progress of
reaction than the un reacted IPA curve. Samples used to determine the latter
did not, of course, include the IPA crust. The correction to be applied to obtain
the true values for the unreacted IPA over the period A to B would gradually
decrease from a maximum at A to zero at B, where the last piece of undissolved
crust fell into the flask. No attempt was made to determine this correction, but
the dotted curve A'B (Fig. 7) shows where the true unreacted IPA curve might
reasonably be expected to fall.
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FIG. 7. ACIDOLYSIS Of LINSEED OIL WITH lPA

A. Oil clear B. Crust dissolved C. Equilibrium

Equilibrium was reached at C, where the acid value of the oil phase and the
percentage unreacted IPA both became constant. This stage was also indicated
by a second levelling off in the conductivity, and it was concluded that
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conductivity measurements could be used to detect the equilibrium stage in
acidolysis reactions.

Acidolysis Reactions with Various Ratios of IPA : Oil
Acidolysis reactions were run at 280°C using I : I. 2 : I, and 3 : 1 molar

ratios of IPA : linseed oil (Fig. 8), corresponding to oil lengths of about 80, 70
and 60 per cent, respectively. As in previous experiments conductivity readings
were taken at definite points in the temperature cycle.
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FIG. 8. ACIDOLYSIS OF LINSEED OIL WITH VARYING PROPERTIES OF IPA. (FIGURES ON CURVES
INDICATE MOLAR RATIOS OF IPA: LINSEED OIL.)

The three curves were all of the same general shape, the amplitudes increasing
as the ratio of lPA : oil increased. Jt is of interest to note that only at 80 per
cent oil length did the lPA crust finally dissolve completely. Equilibrium occurs
at point E in each case, the earlier levelling of the conductivity curves at A
corresponding to the "clear oil" stage already described.

Effect of Temperature on Reaction Rate
Typical conductivity curves referring to acidolysis reactions between alkali

refined linseed or soya. bean oils and lPA at various temperatures are given in
Fig. 9. They confirm that reaction is unduly prolonged below 280°C. The
duplicate curves for a reaction with soya bean oil at 300°C do not show the
initial levelling off observed with linseed oil at 280°C, presumably due to the
increased solubility of IPA at the higher temperature.
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CONCLUSION

The work described shows that the shape of the conductivity/time curves
can be used to determine suitable end-points for the alcoholysis of triglyceride
oils with pentaerythritol and the acidolysi's of oils with isophthalic acid.

REFERENCES

I. Official Digest, March 1952, ~3.
2. Runk, Ind. Eng. Chern., 1952,44, 1124.
3. Mort, J.O.C.C.A., 1956,39,253.
4. Mraz, Official Digest, March 1957, 256.
5. M1eziva, Chern. Prurnysf, 1955,5,422.
6. "The Chemistry and Processing of Alkyd Resins", 27 (Monsanto Chemical Co.. 1952).
7. Ind. Eng. Chern., 1952,44, 1595.
8. Carmody, Abstract of papers A.C.S. 133rd Meeting, 1958, 12-0.
9. Paint & Var. Prod., August 1959,33.

10. J. Arner. Oil Chern. Soc., 37, 366.
11. Gol'dberg, "Lakokrasochnye Materialy 1960" (No. J), 75-78.

Received 27 April, 1961



1961 SEALERS FOR INSULATING PAINT FILMS WITH A HIGH LEAD CONTENT 509

Sealers for Insulating Paint Films with a High
Content of Lead

By E. HOFFMANN

Division of Building Research, C.S./.R.O., Melbourne, Australia

Summary
An investigation was carried out to find a suitable material to form a seal between paint
films containing large amounts of lead and subsequent paint films. Formulations based
on chlorinated rubber, wood oil, p.v.a. dissolved in ethanol, a tetrapolymer and acrylic
ester polymer latexes gave excellent performance. The latter two are preferred because they
are easy to apply', dry quickly and have the usual advantages connected with water­
thinnable formulations.

INTRODUCTION

The causes of sulphide staining and a simple remedy for sulphide stains were
discussed in a previous paper!, in which it was pointed out that the cure proposed
could be effective only if the lead content of the paint film did not exceed 0.5
per cent. The lead content of some paint films is considerably higher than this
owing to the use of pigments containing lead, and the only remedy in these cases
is to redecorate with a paint in which there is no lead. However, this is not
always effective and staining has been observed on the originally lead-free paint
film; this has been traced to the diffusion of slightly water-soluble lead
compounds from the underlying paint film. This is likely to happen if frequent
condensation of water vapour occurs on the painted area. Therefore, to ensure
that sulphide staining does not recur, it is necessary to insulate the paint film
containing lead from the lead-free finislling coat by applying a suitable sealer.
Nothing is known about the permeability of the various sealers towards
lead compounds under the conditions described, and it became desirable to
investigate this point and to try to develop a suitable sealer.

EXPERIMENTAL DETAILS

The compositIOns of the twenty-two sealers used in the experiments are
detailed in Appendix I. They may be divided into four groups according to the
type of base material, viz. (a) chlorinated rubber (No. I), (b) safflower alkyd
(Nos. 2-4), (c) wood oil (Nos. 5-12), and (d) latexes (Nos. 13-22). Sealers in
groups (a) and (c) were chosen because they form films that are impermeable
to water. Sealers of group (b) are slightly permeable to water, and those in
group (d) were included because they are easiest to apply. Five brands of lead­
free alkyd paints and five brands of latex paints were used as finishing coats.

Preparation oj Specimens
Plaster pieces (3 in. square) were first given a coat of pink primer containing

25 per cent white lead, over which one or two coats of sealer were applied. The
specimens were then painted with two coats of a white, lead-free flat alkyd
enamel or two coats of a latex paint. (Twenty-four hours was allowed between
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the application of the different coats.) A piece of filter paper was then laid
on top of the test piece and covered with glass. The filter paper was kept wet
by moistening it in the morning and in the evening. At specified times the
specimens were exposed to an atmosphere of hydrogen sulphide and any lead
that had leached to the surface showed up as a black stain on the paint film
(Fig. I).

B

FIG. 1. PLASTER PANELS FINISHED WITH LATEX PAl T OVER PRIMING COAT Co TAl ING LEAD
A. No sealer, one month after painting. B. With Sealer No. 17

Preparation of Hydrogen Sulphide Atmosphere
A well-defined atmosphere of hydrogen sulphide was obtained by placing a

solution containing 12 g. sodium sulphide (NazS.9H zO) and 6 g. boric acid in
1 I. waterZ at the bottom of a glass tank (20 in. X 12 in. X 10 in.). This gave an
atmosphere that blackened lead acetate paper immediately.

RESULTS AND DISCUSSION

A sealer will be effective if its permeability to water is low or if the film is
impermeable to the dissolved lead compound. The effectiveness of the sealers
investigated here seems to be directly related to their impermeability to water,
e.g. the sealers based on latexes made from the tetrapolymer, which are very
effe&ive, also seem to have a low water permeability. The impermeability of
dissolved compounds through films may also play a major role, but at the
present time it is impossible to say whether this is the case as nothing has been
published on the subject.

The results of the tests which are recorded in Table J were assessed as a
subjective rating scale in which 0 represents no discolouration, I represents a
trace of discolouration, and 5 represents strong discolouration. An excellent
performance was obtained with sealer No. I (chlorinated rubber), but the
aromatic solvent used, together with its high viscosity, makes it disagreeable to
apply. The sealers based on safflower alkyd (Nos. 2-4) did not perform very
well and should not be used. It is of interest to note that the addition of lead
naphthenate as driers to sealer No.3 did not impair its performance compared
with that of other sealers in the group. The sealers based on wood oil varnish
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were very good. They were easier to apply than sealer No.1 and would be a
practical proposition for painting large areas.

TABLE I

PERFORMANCE OF SEALERS

o No discolouration I Trace S Very strong discolouration
The finishing coat in sealers 16 to 22 was a latex paint

Time exposed to atmosphere or hydro~n sulphide
B' dSel. a er In er

I c~~t~ ,~I 3 days I 7 day;- 14 days I month !2 months
---

No. 4 months
.-- --1-----No I - . I I S )S »S »>S . -sealer -

I I
I

I
eh lorinated ru bber

I
I 0 0 I I I I I
2 0 0 0 0 0 0 0

I

2 Safflower alkyd I 0 2 , 2 3 I 2 3 4

I I
2 0 I I 2 I 2 3

3
"

I 0 2 2 3 2 3 3

I 2 0 I I 2 I 2 3

4
I

0 I I 2 2 3 4I " I I

I2 0 I I 2 I 2 2

S

1

Wood oil varnish

I
I 0 0 I I I I I
2 0 0 0 0 0 I 0 0

6 I 0 0 0 I 0

I
I I

i 2 0 0 0 0 0 0 0

7 I I 0 0 0 I I I I..
I

2 0 0 0 0 0 0 0

8 i .. I 0 0 0 I 1 I 1
2 0 0 0 0 0

I
0 0

9
I

0 0 0 0 I II " I I
2 0 0 0 0 0 0 0

10 .. I I 0 0 0 I I I 2 3
2 0 0 0 0 0 0 0

I I 0 I 0 0II .. I 0 0 0 0

I
2 0 0 0 0 0 0 0

12

I
I 0 0 0 I I I 1
2 0 0 0 0 0 0 0

13 P.v.a.

I
I 0 I 2 3 4 >S )S

I 2 0 I 2 3 4 >S )S
I

14 I I 0 I 2 3 2 3 4..
I 2 0 I 2 2 2

I
3 4

I
IS I .. I 2 0 0 0 0 0 0 0

16 I Tetrapolymer based

I
I 0 0 0 0 0

I
0 0

I on styrene 2 0 0 0 0 0 0 0

I
I

17 .. , I 0 0 0 0 0 0 0

I
2 0 0 0 0 0 0 0

18 I .. 2 0 0 0 0

I
0 0 0

19 I Acrylic polymer 2 0 0 0 0 0 0 0

20 .. I 2 0 0 0 0 I 0 0 0

21 Polymer powder based I 0 1 I I

I
I I 2

on styrene 2 0 I I I I I I

22 .. I 0 I I I I I 1 I
2 0 1 I I I 1 I I
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The sealers based on p.v.a. showed interesting behaviour. Sealer No. 13,
which is widely used in paint formulations, gave a very poor performance for
this purpose. Sealer No. 15, a p.v.a. emulsion dissolved in ethanol, performed
excellently. The chemical composition in the two cases is the same, but the
performance was very different. The conclusion may be reached that the
structure of the film in these two cases must be very different. Emu/lex 1500,
on which sealer No. 13 is based, has a particle size of 2 to 4p.. Mowililh, the
basis of sealer No. 15, could be regarded as a form in which the smallest possible
particle size of the p.v.a. aggregate is achieved. It could be surmised, therefore,
that the effectiveness of a film as a barrier to lead compounds depends more on
the particle size of the emulsion than on its chemical composition.

No incompatibility was noticed except with sealers IS, 16 and 18. Crazing
occurred in the latex and the alkyd paints over sealers Nos. 15 and 16. Sealer
No. 18 was satisfactory under latex paints but unsatisfactory with alkyd paints,
which were difficult to apply. However, if mica was added to sealer No. 16, the
tendency to crazing disappeared with latex paints and was considerably
improved with oil paints. Sealers based on tetrapolymers and those based on
acrylic ester polymer gave excellent performance; they are easily applied, and
have all the advantages of a water-thinnable formulation. Sealers Nos. 17, 19
and 20 are compatible with latex paints and alkyd enamels, and are therefore
recommended to separate paint films containing large quantities of lead from
'Subsequent coats of paint. Sealers formulated with a polymer powder based on
styrene gave a reasonable performance, but not quite as good as was expected.
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APPENDIX I
COMPOSITION OF SEALERS

1.

Constituent

Chlorinated rubber
r-Titanium dioxide
Magnesium silicate
Xylol
-- -
P.V.C.

Content

%
21.5
17.4
12.2
48.9

37.7

2. Safflower alkyd (oil length 65 per cent) at 39 per cent non-volatile matter
in mineral spirits, containing 0.08 per cent cobalt as naphthenate on
non-volatile matter.
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3.

4.

5.

6.

7.

8.
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As No.2, but with the addition of 0.5 per cent lead as naphthenate, on
non-volatile matter.

As No.2, but with the addition of 0.25 per cent zirconium naphthenate.

Resin modified wood oil varnish (70 per cent wood oil, 30 per cent resin),
28 per cent non-volatile matter containing 0.02 per cent cobalt as
naphthenate, 0.02 per cent manganese as naphthenate, and 0.25 per cent
lead as naphthenate.

Resin modified wood oil varnish as No.5, 28 per cent non-volatile matter
containing 0.03 per cent cobalt as naphthenate and 0.03 per cent manganese
as naphthenate.

Resin modified wood oil varnish with 36 per cent non-volatile matter.

Pigmented resin modified wood oil varnish, P.Y.C. 35 per cent.

9.

10.

Constituent

Pigments used
Titanium dioxide
Calcium sulphate
Siliceous material

Driers
Calcium, as resinate
Cobalt, as naphthenate
Manganese, as naphthenate

Constituent

Wood oil coumarone varnish
Coumarone indene resin
China wood oil
Xylol
Mineral turpentine

Wood oil coumarone varnish
r-Titanium dioxide
Diatomaceous ~arth

Magnesium silicate
Mineral turpentine
Cobalt naphthenate 6 % solution
Calcium naphthenate 3 % solution
Butyraldoxi me
-------

P.V.c.

Content

%

32.0
53.0
15.0

0.95
0.01
0.005

Content

%

31.0
31.0
19.0
19.0

27.5
32.4

5.8
17.6
15.5
0.2
2.0

i 0.2
-\-46.0--
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II.

12.

E. HOFFMANN

Constituent

Wood oil phenolic varnish
Pure phenolic resin, Bakelite BR254
China wood oil
Xylol
Mineral turpentine
Dipentene

Wood oil phenolic varnish
r-Titanium dioxide
Diatomaceous earth
Magnesium silicate
Mineral turpentine
Cobalt naphthenate 6 %solution
Calcium naphthenate 3 y., solution
Butyraldoxime

P.Y.c.

Content

0/
/0

14.6
48.0
12.0
16.0
9.4

25.8
30.7

5.6
16.8
17.6
0.3
3.0
0.28

47.0

August

13. P.v.a. latex Emu/tex 1500 plasticised with 7 per cent dibutyl phthalate.

14. As No. 13, containing mica to a P.Y.c. of 22 per cent.

15. Mowi/ith p.v.a. resin dissolved in ethanol.

16. Lytron 680, tetrapolymer of styrene, 2-ethyl hexyl acrylate, methyl-
methacrylate and acrylonitrile.

17. Lytron 680 containing mica to 22 per cent P.Y.c.

18. Equal parts of 2.5 per cent methyl cellulose solution and Lytron 680.

19. Acrylic emulsion AC33.

20. Equal parts of 2.5 per cent methyl cellulose solution and AC33.

21. Gunn powder plasticised with 45 per cent. dibutyl phthalate.

22. As No. 20, but containing mica to 22 per cent P.Y.c.
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Pigments in Corrosion Protection*
By N. R. BHARUCHA
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Summary
Corrosion protection is not wholly attributable to the physical properties of a paint film.
In addition to physical protection (resistance inhibition) paint films can protect by the
process of chemical inhibition, which can be either anodic or cathodic. Useful information
regarding corrosion can be obtained from a study of electrode potentials. A method of
measurement is described which provides data capable of quantitative interpretation,
measuring individually the potential changes of cathodic and anodic areas of a partially
painted test specimen. The results are presented in the form of potential distribution
curves around the painted/unpainted boundary of the specimen. The shaPe of the curve
provides an indication of whether chemical inhibition contributes to the protection of a
substrate by a paint film. Results are given for lead, iron oxide, chromate and metal
pigmented films. Autoradiographic studies indicate that one form of protection afforded
by red lead is by deposition of lead. A study of electro-osmotic transfer of water through
paint films is given, and an attempt is made to relate this transfer to the degree of protection
afforded by the film.

INTRODUCTION

The protection of metals by paints has assumed considerable importance
with the increasing use of steel for structural and other industrial purposes. In
recent years non-ferrous metals have also provided substrates for painting,
either in massive form or as protective cladding materials on steel. The
mechanism by which a paint may protect a substrate to which it is applied is
likely to depend, at least in part, on the physical and mechanical properties
of the paint film, e.g. moisture resistance, which in turn are influenced by the
nature of the medium and the pigmentation in terms of particle type, size and
distribution. Many workersl - 4 have studied the protection by paints in terms of
physical properties, but relatively less importance has been attached to the
study of the electrochemical aspects of protective mechanisms. Corrosion
protection by paint systems in practice cannot be wholly attributed to the
physical properties of the films, and the emphasis in the work described in this
paper has been placed upon studies of the chemical composition of the paint
films and their chemical and physico-chemical behaviour in corrosive
conditions.

It is well known that corrosion in an aqueous environment is an electro­
chemical phenomenon. A detailed consideration of the electrochemical theory
would be out of place here, and a brief account only is given. The corroding
metal surface may be considered to be made up of short-circuited galvanic
cells, local anodic and cathodic elements being interspersed over the surface.
In the immediate vicinity of anyone local element in an aqueous environment
there is either an oxidation or a reduction reaction taking place; oxidation
reactions occur at the anodes and reduction reactions at the cathodes. A local
element cannot be an anode and a cathode at the same time. Corrosion may
be defined as the loss of metal ions from the parent metal lattice and their
-------------------------- -------

·Read before the London Section on 23 February, 1961.
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transfer to a foreign environment, and therefore it occurs only at the anode,
where the metal is oxidised to positive metal ions, with the production of
electrons.

At the local cathodes the reduction reactions differ in character depending
upon the conditions. Possible reactions are reduction of the cations, reduction
of positive hydrogen ions to hydrogen gas, or reduction of oxygen to form
hydroxyl ions, electrons being consumed during these processes. The resulting
electron deficiency at the cathode is then remedied by the transfer of electrons
from the anode to the cathode through the' metallic conduction path. This
corresponds to an electric current flowing in the metal from the cathode to the
anode.

In the case of corrosion of iron, the overall reaction may be simply expressed
as

This equation can be broken down into its component anodic and cathodic
reactions, the one producing the other consuming electrons. The anodic reaction
may be written as

4Fe~4Fe+++8e

and the cathodic reaction as
202+4H20+8e~80H-

The net result is the formation of ferrous hydroxide
4Fe+202+4H20~4Fe(OH)z

In the presence of oxygen, the ferrous hydroxide is converted into rust according
to the equation

The corrosion may be controlled via either the anodic reaction or the cathodic
reaction, or by preventing or impeding the movement of the ions in the
electrolyte o,r the flow of electrons in the metallic circuit; the last cannot occur
in practice because the local anodes and cathodes are in' metallic contact on
the metal surface. It is, however, well within the bounds of possibility for a
paint film to provide protection by one or all of the other ways mentioned above,
complete corrosion inhibition probably depending on more than one factor.

All paints provide a means of inhibition, known as "resisotance inhibition" by
isolating the metal from the corrosive environment. Indeed, paint systems for
metals are generally designed to provide a physical barrier against the ingress
of water and oxygen. However, it has been shown 5 , 6, 7 that all paint films are
to some extent permeable to water and oxygen. A paint meeting the requirement
of complete impermeability does not exist and, therefore, the metal cannot be
completely shielded from the influence of corrosion. The inhibition of corrosion
brought about by interference with the electrode reactions is loosely called
"chemical inhibition". Some paints, in addition to providing protection by
"resistance inhibition", also provide "chemical inhibition". It is pertinent to
mention, however, that despite intensive research, chemical inhibition is still pot
properly understood, although it is certain that in most cases the nature of the
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pigment is a dominant factor in providing this inhibition. It is likely that most
inhibitors function as chemically or physico-chemically adsorbed films, which
either alter the electrochemical properties of the metal substrate or act as
barriers to corroding materials.

It has been recognised that pigments can inhibit or stimulate rusting, or be
inert in this respect 8 • Inhibitive pigments, by their presence and nature, interfere
chemically or physico-chemically with reactions occurring at the anodes or the
cathodes, or both. In this respect individual pigments are usually quite specific
in their action. Accordingly, they are classified as either "anodic", "cathodic",
or "mixed" inhibitors. Pigments that do not provide inhibition by interference
with anodic or cathodic reactions are classified as "inert". Such inert pigments
may, however, provide protection by imparting improved film-forming
properties, greater impermeability, etc.; their protective action is generally
attributed to the "resistance inhibition" mentioned previously, owing to their
contribution to the physical characteristics of the paint.

ELECTRODE POTENTIAL MEASUREMENTS

Since corrosion is an electrochemical phenomenon, it is reasonable to expect
that a study of potentials on the surface of a corroding metal would yield
valuable and interesting information concerning the corrosion process. Useful
information has already been obtained from the study of changes in the
potentials of metal surfaces corroding in an aqueous environment9

-
l6

• The
presence of single coats of oil paints on the metal surface does not substantially
interfere with the process of potential measurement because both water and
dissolved oxygen permeate the paint film sufficiently rapidly. A study of the
changes in the potentials when corroding metal surfaces are coated with
different paint films is, therefore, likely to provide information on the
mechanism of protection provided by the paint films.

A method of measurement of electrode potentials of painted metal specimens
was first suggested by Burns and Haring l ? and has subsequently been
used with some modifications by several investigators 1s - 22 • The aim of this work
was to relate potential/time curves to the corrosion behaviour of painted metal
surfaces immersed in a corroding environment. A cathodic potential (or a trend
of potential in this direction) is generally associated with passivity, but a shift
of potential in an anodic direction generally denotes corrosion. Whilst this
approach is useful in understanding the corroding system, the measurement of
such compromise potentials has drawbacks. The potential/time curves of
specimens exposed to corrosive environments are generally subjected to random
fluctuations. The results obtained are only qualitative, since the interpretation
of the curves must in all cases depend not upon the actual values, but upon the
direction of the drift of such potentials with time. Furthermore, depending on the
anodic and cathodic polarisation characteristics of the metal, a measured
potential may be associated with either a very low or a very high anodic current
density. The measurement of such potentials also does not provide any
conclusive information on the nature of any corrosion inhibition, i.e. whether
anodic or cathodic.

A new method has been devised to provide data capable of quantitative
interpretation, measuring individually the potential changes of anodic and
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cathodic areas of a partially painted test specimen. Since painted areas are
generally found to be cathodic with respect to unpainted steel areas2 :l, 24, a
single specimen half-coated with a paint (primer) may be regarded as forming
a "contact couple" when immersed in a corroding environment. A schematic
representation of such a contact couple is shown in Fig. I. The current lines
are seen to be more concentrated at the painted/unpainted boundary, with the
different equipotential lines at right angles to current lines.

CURRENT LINES

EQUIPOTENTIAL LINES

TRAVERSE OF
PROBE ELECTRODE

FIG. 1. SCHEMATIC REPRESENTATION OF A ,. CONTACT COUPLE .,

Experimental
The method consists essentially of scanning the surface of a specimen, half­

coated with a paint and immersed in a suitable electrolyte, and noting the
potentials recorded at regular distances (I em., 2 em., 3 em., etc.) from the
boundary between the painted (cathodic) and the unpainted (anodic) areas.
The scanning is effected by means of a probe calomel electrode with a potassium
chloride/agar bridge with a fine capillary tip (0.60 mm. diameter). The reference
(calomel) electrode is placed at a fixed distance from the probe electrode and
does not traverse the surface of the specimen. The tip of the probe electrode is
kept at a distance of approximately I mm. from the surface of the specimen.
The potential values are recorded on a valve potentiometer. The theoretical
potential distribution curves near the boundary between the anode and cathode
of a "contact couple" are shown in Fig. 2.

A potential change is observed in all cases in passing from the anodic
(unpainted) to the cathodic (painted) area. With an electrolyte of almost infinite
resistance, both the anodes and the cathodes essentially retain their original
unpolarised potentials ea and en the resistance of the electrolyte keeping the
two electrodes disconnected. In the opposite case in which the electrolyte has a
very high conductivity, the potential curve is a straight line parallel to the
abscissa, the ohmic resistance having no appreciable influence. In the inter­
mediate case where the resistance of the electrolyte has an appreciable influence.
an "S" curve is normally to be expected25.

As mentioned earlier, a paint film may provide protection by two types of
inhibition, viz. resistance inhibition and chemical inhibition. Both types of
inhibition can be detected by deviations from the theoretical "S" shaped curve.
Variations in the dimensions of the "S" shaped curve may be correlated with
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the different degrees of resistance inhibition, a curve that is small and
compressed indicating better resistance inhibition than one that is large and
elongated. Changes in the shape of the "s" curve (showing a decrease in the
potential values over either the anodic or the cathodic areas, or both) may be
assumed to signify chemical inhibition. Such changes over the anodic area will
indicate anodic inhibition, whilst changes on the cathodic areas will indicate
cathodic inhibition. A schematic representation of such deviations from the
ideal curve appears in Fig. 3.

Preparation of Test Specimens
Mild steel panels were abraded with fine emery paper and then degreased

and cleaned using successively carbon tetrachloride, alcohol and finally acetone.
Half of each panel was subsequently coated with the paint to be studied, using a
doctor blade adjusted, where appropriate, to give coatings in a series of different
thicknesses. The coated panels were allowed to dry and harden for twenty-one
days prior to making measurements. All the above operations were carried out
under controlled conditions of temperature and humidity (25°C/65 per cent
R.H.). Before measurement the unpainted areas of the panel were once again
cleaned and degreased, care being taken not to damage the painted area. The
dimensions of each panel were 7.5 x 2.4 em; the thickness of each paint film
was measured to an accuracy of ±5ft using an electromagnetic thickness meter.

After a number of experiments with various electrolytes, triacetin (glyceryl
triacetate) containing approximately three per cent water was chosen. This had
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an electrical conductivity of 1.1 180 X 10- 8 mho/em. at 25°C. The choice of
triacetin was made on account of its low electrical conductivity, stability, and
non-reactivity with the paint film for the duration of the experiment. Because
of the low electrical conductivity of the solution used in the experiment,
precautions were taken to shield the entire solution system, including the leads,
from pick-up of induced e.m.f. Various pieces of the apparatus were also well
earthed.

Method of Measurement
The test panel was placed flat, painted side up, in the solution of triacetin

and scanned with a probe electrode from end to end, potential values being
recorded at regular distances from the boundary. Readings were taken for
each distance, the values of potential taken for the construction of the curve
being those obtained when the corrosion cell had reached a steady state and
when these potentials had remained constant for half an hour. A quick
scanning was also carried out along two different paths over the panel to check
the uniformity of the potential values. The potentials actually recorded were the
potentials in the electrolyte very near the surface of the specimen; reversal
of the sign of these potentials gave the potentials on the panel at the various
points. The potentials were measured to an accuracy of ±4 mV.

A variety of pigments, including some commonly classed as corrosion
inhibitors, was examined using this technique. For the purposes of convenience
the pigments were classified into three categories, viz. lead pigments, iron oxide
pigments and chromate pigments. In all cases, except where otherwise stated,
primers were made from these pigments using pale boiled linseed oil, at a
pigment binder ratio of 50 : 50 by volume. They were applied to steel strips
in order to provide specimens for the electrical measurements exactly as
described previously. The primers were applied in a range of thicknesses from
25ft to 150ft.

LEAD PIGMENTS

Red lead i~ possibly the most widely known of all anti-~orrosive pigments,
and the corrosion inhibiting properties of the different types of red lead pigments
were studied. The composition of these pigments is given in Table I.

TABLE I

COMPOSITIONS of the RED LEAD PIGMENTS EXAMINED

Type Lead peroxide content
(%)

28.2
21.7
33.0
34.7

Litharge content
<%)

9.3
19.1
2.4

<0.1

The potential distribution curves for red lead (Type A) primer at thicknesses
112ft and 37ft are shown in Fig. 4. Both curves show departure from the
theoretical "S" shape shown in Fig. 2. The curve for 112ft film thickness is
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more compressed than that for the 37/L thickness, indicating that the thicker film
afforded the better protection. The same type of curve, showng a deviation
from the theoretical "S" curves was obtained for the other red lead primers,
indicating that red lead, in addition to providing protection by resistance
inhibition, interfered with the anodic and cathodic electrode reactions. This
suggests the provision of both anodic and cathodic chemical inhibition by this
pigment. The anodic inhibition provided by red lead has been attributed to the
adsorption on the anodic sites of hydrolytic decomposition products of lead
soaps26. The mechanism of cathodic inhibition is not yet fully understood.
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It can be seen from Fig. 4 that, whilst the cathodic inhibition took place from
the paint/metal boundary, the anodic inhibition came into effect from a distance
of I em. from the boundary. In order to examine this unusual behaviour,
experiments were undertaken to ascertain if the particular geometry of the
specimen was a contributory factor. Large specimens (15.3 x 5 cm.) were used
to investigate the possible "edge" distortion caused by the small width of the
original specimen. Potential plots were obtained using these specimens. It was
found that, despite the changes in the dimensions of the specimens and the
precautions taken to obviate the edge effect, this peculiarity of anodic inhibition
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persisted. It is thought that this aspect of anodic inhibition may be attributed
either to some intrinsic property of red lead or to the manner by which anodic
inhibition occurs.

All other things being equal, the protection provided by a paint film appears
to be a function of film thickness, which was also studied. Curves were obtained
showing the variation with the film thickness of the potential difference between
points at 1 em. on either side of the paint/steel boundary. These are shown in
Fig. 5 and are all approximately straight lines, the potential falling off with the
increase in thickness of each coating. This substantiates the well known fact that
the greater the film thickness, the greater is the protection provided by a paint.
A measure of relative degrees of protection provided by these primers was also
obtained from these curves. It was shown, therefore, that the ascending order
of merit for the types of red was B, A, C, and C:I. (Table I); this order of merit
shows some correlation with the peroxide content of the pigments used. The
curves for Type C J and Type C 2 were found to be very near each other. These
two pigments contained widely differing percentages of reactive lead monox.idc,
but their peroxide contents were very similar, from which it might be deduced
that the protection provided by red lead is more intimately connected with the
peroxide content than with the reactive litharge content.

The other lead pigments examined for their corrosion inhibiting properties
were calcium plumbate, basic lead chromate, basic lead silico-chromate, lead
cyanamide, white lead, basic lead silicate, lead peroxide and basic lead sulphate.
The potential distribution curves for all the primers, with the exception of
calcium plumbate, conformed to the theoretical "S" curve shown in Fig. 2,
suggesting, therefore, that all these primers provided protection by resistance
inhibition only and did not interfere with the electrochemical reactions at
either the anode or the cathode.

Although basic lead chromate has sometimes been considered to possess
chemical inhibitive properties, no such properties were revealed in the potential·
distribution curve (Fig. 6). This may be attributed to the sparing water­
solubility of the pigment, the less soluble chromates generally proving to be
less reliable chemical inhibitors. From the behaviour of the basic lead chromate
it was expected that basic lead silico-chromate would also prove non-inhibitive,
and this was confirmed. Basic lead silico-chromate was, however, superior
in performance to basic lead chromate in that at a 50ft thickness it provided
much better protection than did basic lead chromate at 75ft thickness (Fig. 6).
This may be attributed to some feature of pigment distribution with the paint
film based on basic lead silico-chromate; indeed, it is likely that dispersion and
packing characteristics playa not inconsiderable part in the degree of protection
afforded.

The potential results from calcium plumbate were rather less reproducible
than from other pigments, but the potential distribution curve (Fig. 7) always
shows a deviation from the "S" form such as to suggest that this pigment, in
addition to providing protection by resistance inhibition, also gave some
chemical inhibition. It appeared that this pigment could interfere with the anodic
and cathodic electrode reactions, but in thin films the level of anodic inhibition
was found to be less than for similar films of red lead. It seemed, therefore, that
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the major protective (chemical) property lay in the effect on the cathodic
reaction. This pigment, like red lead, may be classified as chemically
inhibitive. The aqueous extracts of calcium plumbate paint films contain
quantities of calcium compounds and these are probably closely involved in the
inhibition process. Read 2;.21\ has attributed anodic inhibition to the action of
calcium compounds in precipitating iron salts. Alternatively, he suggests that
the calcium compounds may be adsorbed on the anodes, thus inhibiting the
anodic reaction. The cathodic inhibition is attributed by the same author to the
formation of an adherent inhibitive calcium carbonate layer on the cathode
by the reaction at the cathode of calcium hydroxide and carbon dioxide. He
has, however, pointed out that no such layer of calcium carbonate has been
observed underneath a calcium plumbate paint film.

The anodic inhibition of red lead has been attributed by Mayne 29 to water­
soluble lead compounds (formed by interaction of the pigment and the oil)
acting as adsorption inhibitors, i.e. blanketing the anode. In contrast, the
aqueous extract of a calcium plumbate paint film contains no lead, although, as
mentioned previously, the extract does contain calcium compounds. The
efficiency of the inhibitive compounds has been shown by Mayne30 to decrease
from lead, through calcium, to sodium. Although as already indicated, calcium
compounds from calcium plumbate provide some anodic inhibition, it is less
than that provided by the lead compounds from red lead.

Of the several lead-containing pigments examined by the potentiometric
method, only red lead and calcium plumbate have been shown to provide
protection by chemical inhibition. In both these pigments lead is present in the
tetravalent state, the tetravalent lead being absent in all the other lead pigments
examined except lead peroxide. The provision of chemical inhibition appears
at first sight, therefore, to be linked with the presence of tetravalent lead;
indeed, Knudsen 31 has postulated a mechanism involving the quantity of
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tetravalent lead, in order to explain the specific rust inhibiting action of
plumbates in linseed oil. He has suggested that the carbon-carbon link of a
glycol compound, formed during the autoxidation of a drying oil, is broken
by tetravalent lead, to yield compounds of the same type as those isolated by
Mayne and Van Rooyen, which were found to be inhibitive. He further suggests
that, for this mechanism to operate, the pigment should be at least slightly
soluble in the vehicle. However, the present observations on lead peroxide
indicate protection by resistance inhibition only, despite the presence of
tetravalent lead. It may be, therefore, that factors such as the solubility of the
pigment in the vehicle, etc., are of great importance and that lead peroxide is
insufficiently soluble for the chemical features outlined by Knudsen in this
paragraph to come into play.

For all the primers tested, increasing the thickness decreased the potential
values (Fig. 8), indicating again the dependence of protection on film thickness.
The same experimental curves indicated the relative degrees of protection
afforded by the primers, the ascending order of merit being white lead, basic
lead chromate, basic lead sulphate, basic lead silicate, lead peroxide, basic
lead silico-chromate, lead cyanamide and calcium plumbate. The basic lead
sulphate primer proved particularly interesting in its very rapid decrease in
potential with increasing thickness. The slope of the thickness/potential
curve for this pigment was quite different from those of the curves
for the other pigments. This gave the rather unusual indication for a paint film
that no further improvement in protection would occur after a thickness of lOOfL,
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(a) White lead (e) Lead peroxide
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(c) Basic lead sulphate (g) Lead cyanamide
(d) Basic lead silicate (h) Calcium plumbate
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whereas most of the others went on improving up to 130-150ft. Judged in this
way, basic lead sulphate is a much better pigment than is suggested by the
order of merit stated above, which was based on the experimental data taken
at more normal film thicknesses in the 25 to 50ft range.

IRON OXIDE PIGMENTS

The corrosion inhibiting properties of five iron oxide pigments, viz. Spanish
oxide, Indian red, purple oxide, black oxide and Burntisland red were
investigated. The potential distribution curves for all the iron oxide-containing
primers conform to the theoretical "S" shape curve. The distribution curve
for films of Indian red at two thicknesses is shown in Fig. 9. The curve
for 125ft film thickness is somewhat more compact than that for the 100ft
film thickness, indicating that the greater thickness provided better protection.
Since the potential, distribution curves were all "S" shaped, this is taken to
indicate a lack of chemically inhibitive properties.
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(Figures on curves indicate film thickness)

Iron oxide pigments are, of course, widely used as primer pigments for iron
and steel, but none of those examined showed any chemical inhibition. It must
be remembered that there are many varieties with variable properties even within
a given class and that some ferric oxide pigments have been stated to possess
inhibitive properties. It is probable, however, that the general value of iron
oxide pigments lies mainly in their structural effects on paint films, i.e. in
assisting the formation of a good physical barrier; indeed, there is little doubt
as to the good protection that can be afforded by an adequate thickness of an
iron oxide paint. It may, however, be deduced from the present work that the
iron oxide pigments examined were unable to stifle corrosion once it had started
and that consequently their value in practical use was likely to be much less
than that of truly inhibitive pigments.

Inhibitive properties have been claimed for Burntisland red and similar
pigments from bauxite residues, and it has been suggested that such pigments
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are sufficiently alkaline to act as anodic inhibitors, but insufficiently so to
saponify the media. Burntisland red in the present experiments gave indications
of neither anodic or cathodic inhibition and was similar to the other iron oxide
pigments in the general character of its corrosion protection.

The effect of thickness on potential is shown in Fig. 10. Once again it can be
seen that increasing the thickness of each primer decreased the potential values.
The same curves gave an indication of the relative degrees of protection
provided by the primers, the ascending order of merit being Spanish oxide.
lndian red, black oxide, purple oxide and Burntisland red. Although, as stated
above, Burntisland red was found not to possess any chemically inhibitive
protection, it afforded superior protection by virtue of a high degree of
resistance inhibition. This may be attributed to the chemical nature of the
pigment, which, by interaction with the medium, results in superior film­
forming properties.
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(a) Pale boiled linseed oil (e) Black oxide
(b) Linseed stand oil (f) Purple oxide
(e) Spanish oxide (g) Burntisland red
(d) Indian red

The important role of pigments in improving the structural barrier of oil
films may also be assessed from Fig. 10. Unpigmented pale boiled linseed oil
and linseed stand oil were examined by the potentiometric technique. and as
expected the oil films, of themselves. showed no provision of chemical
inhibition. The straight line plots in Fig. 10, however, indicate that linseed
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stand oil provides a greater measure of resistance inhibition than pale boiled
linseed oil. It is also evident that the incorporation of each of the iron oxide
pigments has improved the structural barrier by increasing the resistance
inhibition.

CHROMATE PIGMENTS

The pigments examined were the chromates of barium, strontium, calcium,
zinc (low and high solubility) and zinc tetroxychromate. The results for basic
lead chromate and basic lead silico-chromate have already been quoted. The
potential distribution curves for low solubility zinc chromate primer of 82fJ­
film thickness and high solubility zinc chromate primer of 62fJ- film thickness
are given in Fig. II. The two primers conform to the theoretical "s" curve,
and may therefore be regarded as providing protection by resistance inhibition
only. However, the curve for the high solubility pigment is more compact than
that of the low solubility type, despite the lower film thickness of the former.
Zinc chromate of high solubility provides, therefore, better resistan~e inhibition
than zinc chromate of low solubility.

The potential distribution curves for strontium, barium and calcium
chromates are given in Fig. 12. All these curves were "s" shaped, which suggests
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that these primers also afforded protection by resistance inhibition only. Both
calcium and strontium chromates had film thicknesses of 75p.,. However, the
curve for calcium is smaller than that for strontium, indicating that calcium
chromate provides better resistance inhibition that strontium chromate. The
potential distribution curve for zinc tetroxychromate is shown in Fig. 13,
which is also "S" shaped, indicating that zinc tetroxychromate affords
protection by resistance inhibition only.

All the chromate primers afforded protection to steel by resistance inhibition
only. For ferrous metals, therefore, it seems likely that chromate pigments of
the type examined may be classified as "inert", in the sense that they do not
interfere with the electrochemical reactions at either the anode or the cathode.
A measure of the relative degree of protection provided by these primers can
be deduced from Fig. 14, the primer giving lowest potential value for a given
thickness offering the best protection. Jt can be seen that the ascending order of
merit is low solubility zinc, barium and strontium chromates, zinc tetroxy­
chromate, lead, calcium and high solubility zinc chromates and basic lead
silico-chromate. These experiments were conducted with paints prepared from
pale boiled linseed oil and conclusions and the relative efficiencies derived
from the results are strictly applicable to these paints only. It is quite probable
that a different order of relative efficiencies would be found with paints
prepared from other organic media and synthetic resins which could be expected
to change the barrier efficiency of the systems.
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The outstanding corrosion inhibiting properties of chromate ions are well
recognised, although the precise mode of inhibition and the nature of the
protective film are still controversial. The failure of the chromate pigments to
provide any chemical inhibition may be associated with such factors as the
solubility of the pigment, the possible presence of corrosion stimulating ions,
such as chlorides or sulphates, in the pigment, complex ion formation, etc.
For chemical inhibition to be operative, it is essential for the pigment to
provide an adequate supply of chromate ions at the metal/paint interface.
The solubility of chromate pigments is, therefore, most important for corrosion
resistance, although other factors may operate in their use in paints. The
importance of the solubility factor is borne out by Fig. 12, which shows the
protective value of stontium, barium and calcium chromate primers. Of the
three, calcium chromate provided the best protection, followed by strontium
chromate and finally by barium chromate. The solubility figures for these three
pigments as given by Sherman 32 are given below.

Pigment

Calcium chromate
Strontium chromate
Barium chromate

Solubility of Chromate
in Water at equilibrium

(g.jl. )

17
1.1
0.001

It is clear. therefore, that solubility considerations play an important, though
not necessarily a dominant role in the corrosion protection provided by
chromate primers. It is suggested that chromate ions oxidise the corrosion
products to insoluble ferric compounds which are precipitated within the paint
~Im, and contribute to resistance inhibition by impeding the movement of the
Ions.

The poor anti-corrosive properties of some of the chromate pigments, as
revealed by the potential d- ,1, was confirmed to some extent by the exposure
trials made several years ~go at Hurst Castle, a highly corrosive marine
environment, and at Teddington. Zinc chromate, barium chromate and zinc
tetroxychromate primers based on stand oil gave poor protection, filiform
corrosion and pitting being severe in some instances. There was no apparent
correlation between chromate pigment concentration and performance. Primers
based upon calcium chromate, the most soluble of the pigments examined,
provided good protection against filiform corrosion and pitting and allowed
only mild rust spotting. The importance of the electro-osmotic factor in relation
to corrosion inhibition by chromate pigments is briefly considered later.

Since the chromate-containing primers were originally developed for non­
ferrous substrates, the behaviour of the three zinc chromate pigments, viz.
low solubility zinc chromate, high solubility zinc chromate and zinc tetroxy­
chromate, on aluminium substrates was also studied. The potential distribution
curve for zinc tetroxychromate of 50p. thickness applied on aluminium is shown
in Fig. 15. The plot shows a deviation from the theoretical "5" curve on the
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anodic area (bare metal) which suggests that zinc tetroxychromate on aluminium
surfaces provides some chemical inhibition. As previously mentioned this
pigment failed to provide any chemical inhibition on mild steel specimens.
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The potential distribution curves for low and high solubility zinc chromates
applied at thicknesses of 32fL and 25fL, respectively, are given in Fig. 16.
From these curves it may be deduced that low solubility zinc chromate does not
provide chemical inhibition and that high solubility zinc chromate provides
anodic inhibition. It is also shown that the high solubility pigment provides
much better overall protection than that of low solubility, despite the slightly
greater thickness of the latter.

METALLIC PIGMENTS

The two most important cathode reactions in corrosion systems are oxygen
reduction to hydroxyl ion, and hydrogen ion reduction to hydrogen. The metal
does not participate in either of these reactions. It is therefore possible to
prevent corrosion of a metal by making it the cathode and paint the anode of a
corrosion system. The paint then affords sacrificial protection. In order to
provide this sacrificial protection, a metal pigment must be able to give off
electrons to the metal substrate and must be in electrical contact with it. In
effect, the metal pigment must be less noble, i.e. it must have an electrical
potential more negative than that of the metal substrate it is supposed to
protect; a sufficient number of the pigment particles must be in electrical contact
with the substrate and with each other in order to ensure a continuous passage of
electrons to the substrate.
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The standard e.m.f. series provides an indication whether a metal is capable of
protecting another metal in this manner. From the series it is clear that the only
metals of any practical significance capable of protecting iron sacrificially are
magnesium, aluminium and zinc. The first two metals, in the form of pigments,
however, become quickly coated with an oxide film of very high resistance, so
that the required current for sacrificial protection is not obtained. Zinc in
pigment form is likely to be the only metal capable of providing initial and
continuing protection to iron by a sacrificial mechanism. Mayne33 has measured,
by means of a calomel reference electrode, the electrode potential of steel
panels coated with various paints pigmented with metallic pigments, and he has
shown that neither magnesium powder nor aluminium powder in paints gave
the necessary metallic contact with the steel substrate. Zinc dust particles,
however, made excellent contact, offering no resistance to the flow of electrons.

The corrosion inhibiting properties of zinc rich primers were examined using
the potentiometric technique. The zinc rich primer was made with polystyrene
at a pigment concentration of 93 per cent by weight on the dried paint film.
Some difficulty was experienced in preparing suitable films, and the
reproducibility of the results was not good. However, the potential distribution
curve revealed that in all cases the painted area of the steel specimen was the
anode, and the bare metal area the cathode of the "contact-couple". The
distribution curve for the zinc primer of 58p. film thickness is shown
in Fig. 17. The potentials (-E) used in the construction of this curve were
those at the end of the six-hour period, since the corrosion took an inordinately
long time to come to equilibrium. This confirms that the zinc pigment should
provide sacrificial protection to the iron, at least in the early stages of the
corrosion process. The sacrificial protection may be expected to last as long as
the zinc particles are in metallic contact with each other and with the metal
substrate.

Finely divided metallic lead, a pigment of growing importance in protection
against corrosion, was also studied by the methods described. The potentia]
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distribution curve for a metallic lead primer (Fig. 18) showed that, initially,
metallic lead, in addition to providing a high level of barrier protection, also
provided anodic inhibition. With painted specimens kept a number of months,
the same primer showed an indication of cathodic inhibition and subsequently
an interesting change in polarity occurred, which suggested that metallic lead
was, at this stage, providing sacrificial protection.
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The reason for metallic lead providing sacrificial protection is not clear at
first, since lead is more noble than iron in the standard potential series. The
standard electrode potentials are the calculated or measured potentials of the
half-cell when the metal is in contact with a solution of its ions at unit activitv.
The electrolyte solutions to which the above electrode potentials correspond a~e
very concentrated and are seldom, if ever, met in actual practical corrosion
problems. The substitution of more dilute solutions changes the potentials, the
change being more marked with some metals than with others because of
differing valency. For a monovalent ion a ten-fold dilution results in a shift of
potential in the less noble direction by 59 mY, and for a divalent ion by 29 mY.
In normal corrosion processes the concentration of the ions involved is much less
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than I gram ion per 1000 g. of water, with the result that the potential
relationship of specific pairs of metals may be reversed.

A UTORADIOGRAPHIC STUDIES

As indicated above, potentiometric studies revealed that red lead in linseed
oil provided chemical inhibition. This has been attributed to a number of
factors, such as the oxidising nature of the pigment, coupled with basicity, good
barrier protection by soap formation, and the action of inhibitive ions which
are the hydrolytic decomposition products of various soaps. It has also been
suggested that red lead primers could provide protection by local deposition of
lead. A search of the literature failed to reveal any direct experimental evidence,
these inferences about lead deposition being largely derived from experiments
using either aqueous extracts, or aqueous suspensions, of red lead.

In view of the possibility of deposition of only minute quantities of lead, and
the complexity involved in the analytical techniques for detecting small amounts
of lead in the presence of large quantities of iron, a radiochemical technique
was adopted to investigate any possible deposition of lead. This technique has
the advantage of providing information about the amount and the distribution
of such deposition. Using Pb-210, a red lead pigment with a peroxide content
of 33.2 per cent was prepared following the normal method and, using this
pigment and linseed oil, a primer was made containing 43 per cent pigment by
volume.

Three mild steel and two aluminium panels were prepared for this investi­
gation by painting areas 5 cm. 2 in the centre of the panels with the test paint.
The remaining areas of the panels and the edges were painted with a similar,
inactive preparation, and the back was protected with a tung oil/phenolic varnish.
After ageing for fourteen days, a diagonal scratch was made across the active
area. The panels were exposed to accelerated weathering for twenty-three hours
a day, five days a week for a total of twenty-five days. After the completion
of the accelerated weathering test, the paint films were thoroughly stripped from
the panels and autoradiographs of the panels were prepared. The autoradiographs
of steel and aluminium panels showed that the deposition of lead on steel was
unevenly scattered, except at the regions surrounding the scratch mark. Even
in this area, however, there was only a slight deposition of lead, and by
comparison, it was evident that the deposition of lead on aluminium panels
was even smaller. The surface concentration of lead, as measured by scanning
with a cohmated Geiger Counter having a small defined acceptance angle,
was found to be approximately 15 f-Lg./cm. 2 for mild steel and approximately
1.5 f-Lg./cm. 2 for aluminium. There was evidence also of a fairly large
concentration of lead in the actual scratch on both the steel and aluminium
panels.

The deposition of lead is more likely to be anodic than cathodic as indicated
by the relatively heavy deposit of lead at the scratch, and the fairly random and
sparse distribution of deposited lead. The scratched area is relatively anodic to
the unscratched (stress-free) area34, and the painted area is cathodic to the
unpainted, i.e. scratched area. Both these considerations would imply that, if
the deposition of lead is an anodic process, the scratched area should have a
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larger deposition of lead with comparatively lead-free areas around the
scratch, i.e. at the cathodes. An examination of the autoradiographs showed
this to be the case. It is probable that during the making of the scratch some red
lead was forced into the panel and mechanically trapped. However, the almost
total absence of deposited lead on the areas surrounding the scratch mark
(the predominantly cathodic areas) suggests very strongly that the deposition of
lead was anodic.

The fairly random and isolated distribution of deposited lead also suggests
that the deposition was an anodic process. The anodic areas, which are generally
pores or breaks in the oxide film are, in the early stages of corrosion, few
compared to the much larger oxide covered cathodic areas. As corrosion
proceeds this area relationship changes, with the anodic areas gradually
increasing. The lack of even moderate corrosion on the steel specimens indicates
that the process of corrosion was stifled in its early stages. A cathodic deposition
of lead would have shown much greater deposition. The isolated and sparse
distribution of lead suggests that lead has been deposited at anodic areas. The
lead was deposited much less on aluminium than on steel which was to be
expected as aluminium is known, in the conditions of these tests, to corrode
less than steel. Essentially the mode of deposition of lead on aluminium is the
same as that on steel.

Since aluminium is known to behave as the anode of the aluminium-lead
galvanic couple, it has been suggested that the deposited lead, or its oxide, can
stimulate the corrosion of aluminium. If, however, the deposited lead, in
whatever form, is converted into an insoluble compound, such as basic lead
carbonate, this risk is considerably reduced, because basic lead carbonate is
not an efficient electronic conductor and would therefore provide a poor
cathodic surface. Under certain conditions of exposure, where there is likelihood
of the deposited lead being converted into basic compounds, red lead-based
primers may be expected to provide adequate protection to aluminium without
incurring the risk of accelerated corrosion. This work would indicate, therefore,
that one form of protection afforded by red lead is by deposition of lead,
although this mechanism in:no way detracts from the possibility of other means
of protection.

ELECTRO-OSMOSIS

Extensive investigation of water absorption by paint films has been carried
out in the past, because maximum resistance to attack and penetration by
water is a desirable property of paints. These investigations have been carried
out largely on non-corrodible substrates, such as tin-foil, so that the effects of
water on the properties of the film alone were observed.

A paint film, when immersed in water, absorbs water at a rate, and to a
degree, determined by the difference in osmotic pressure of the aqueous environ­
ment and that of the solution formed within the paint film. The transfer of
water is dependent on the solute concentration gradient. However, this simple
transfer of water through the paint film will be modified when an electric field
or gradient is applied across it. The effect in some cases is to increase the
transfer of water which is due to osmotic effect only. The transfer of water
through a membrane under the influence of an electric field is called electro-
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osmosis. Electro-osmosis may be expected to play a significant role in the
behaviour and life of a paint coating process, because there is a potential
gradient set up between the anodic and cathodic areas of a corroding structure.
This potential gradient may assist the transfer of water through the paint film.
For electro-osmosis to take place two basic assumptions are necessary, (a) that
a network of fixed charges exists, and (b) that a capillary structure of the
membrane exists.

The direction of movement of water under a potential gradient depends upon
the sign of the electric charge in the membrane. The origin of the charge has
been attributed to dissociable groups (probably stray end groups) which form
an integral part of the molecules of these membranes. In some instances mem­
branes, devoid of electrochemically dissociable groups, have been activated by
the adsorption of dissociable substances of high molecular weight. In the case of
electronegative membranes these dissociable groups will be acidic, such as
carboxyl groups. The oil bound paint films generally have negative charges
which are believed to arise from the carboxyl groups present in the film. Upon
immersion in water these groups ionise and the system consists of fixed anions
associated with mobile cations. As any current which flows across the membrane
is transported by the counter ions of the fixed charge groups, these cations may
be displaced if a ready supply is maintained at one side. The paint film is,
therefore, cation permeable.

The existence of a charge on paint films is-readily proved. When two solutions
of potassium chloride, of 0.1 Nand 0.01 N concentrations are separated by a
membrane, equally permeable to both ions, no junction potential will develop.
However, if the membrane is selectively permeable to one ion only, a diffusion
potential will arise, the theoretical value for such a potential being 52 m V. It
has been shown by Mayne 35 that membranes of linseed oil, polystyrene and
coumarone resin gave potentials of 43-53 mY, the dilute solution being always
positive to that which is concentrated. This clearly indicates that the charge in
these membranes is negative.

It is not clear whether paint films should be regarded as being full of
capillaries or be treated as continuous membranes. Electron microscope
examinations have so far failed to reveal any definite evidence for the existence
of pores or capillaries in a paint film 36 - 38 • Woleck and Hains 39

, by measuring
the adsorption of krypton on dried unsupported films of linseed oil, found
that these films had a low roughness factor of 1.14, smooth metals having a
value of 1.3. From this roughness factor, which is the ratio of the apparent to
true area, they concluded that films are free of pores, although at pigment
loadings approaching the critical pigment volume concentration, pores
developed. It is, however, conceivable that, whilst paint films are pore-free when
dry, they develop pores in the wet condition. These pores may be interstices
between micelles and present a mosaic of wide and narrow channels.

A study of the role of electro-osmosis was made by Kittleberger and Elm 40,

who used four different types of paint. Their method involved immersing painted
steel panels in sodium chloride solutions and comparing the rate and amount
of water absorbed by isolated panels with that of identical panels in electrical
contact with an area of bare metal. The former yielded the data necessary for
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calculating the water adsorbed under osmotic influence, and the latter furnished
data for estimating the water absorbed under a combination of osmotic and
electro-osmotic influences. By difference it was possible to obtain a measure of
the electro-osmotic factor alone. This method has the two disadvantages that
(a) the painted panels were not subjected to the same potential gradient in each
case, and the effects measured can be attributed to the differences in the potential
gradient, and (b) the osmotic and electro-osmotic factors were not obtained
from the same experiment. It is likely that the flow of an electric current through
a paint film so changes the properties of the film that the quantity of water then
absorbed is different from that absorbed in the absence of a potential gradient.
An experimental set-up was devised to obviate both these drawbacks.
Experiments were carried out on red lead and red iron oxide primers in pale
boiled linseed oil. Preliminary results indicated that whilst red lead absorbed
less water. it allowed a larger transfer of liquid through it as a result of electro­
osmosis. Red iron oxide, on the other hand, retained a much greater quantity
of liquid and the amount of water transferred electro-osmotically was much less.
It seems that the good protection provided by red iron oxide primers in practice
may be attributed to the poor electro-osmotic transfer.

On the same basis it would appear that, since red lead allows a much greater
transfer of water, its natural performance should be less protective than red
iron oxide. However, red lead primers are shown by potentiometric studies to
provide protection by both resistance and chemical inhibition. The chemical
inhibition has been attributed to the hydrolytic decomposition products of lead
soaps, such as lead azelate, lead suberate, etc., being preferentially absorbed
at anodic sites. Since the electro-osmotic transfer of water is towards the cathode.
this would very probably result in increasing the concentration of these
inhibitive agents in the vicinity of the anodic areas.

The greater electro-osmotic transfer of water through red lead films can be
attributed either to large pores or to the difference in magnitude of the charges
on the red lead and red iron oxide films. The sign and magnitude of the charge
on the pigment will considerably influence the charge of the paint film as a whole.
Paint films consist of positively charged pigment particles embedded in a
negatively charged medium. It was shown by Wirth4J with dye absorption tests.
that positively and negatively charged areas existed in the films, the positive
charges being generally located where the film had been cut with a razor blade.
With an inert pigment, such as iron oxide, where the possibility of soap
formation is excluded, the positively charged pigment particles would be
expected to assert themselves once the insulating envelope of oil has been
impaired. The total negative charge, on which the transfer of water by electro­
osmosis depends, would be accordingly diminished, resulting in low transfer
rates of water through iron oxide paint films. In the case of red lead the pigment
particles react with the oil medium to form soaps. The pigment particles are,
therefore, surrounded by an envelope of soaps which are, however, negatively
charged. The influence of the positively charged pigment in the negatively
charged medium, is, therefore, likely to be lessened, and the paint film as a whole
will retain its negative charge for a much longer time. Consequently, a greater
degree of electro-osmotic transfer of water may be expected with red lead films
than with red iron oxide films.
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The failure of chromate pigments to provide chemical inhibition on steel
surfaces as already described, may also be partly explained on electro-osmotic
considerations. The prevalent view of chromate inhibition is that inhibition in
chromate solution takes place by the dual mechanisms of cathodic depolarisation
and anodic polarisation. Since an oil film is negatively charged, it can be
expected to hinder the movement of the chromate ions towards the cathodes
where they would be expected to undergo reduction. Since the reduction of
chromate ions is an essential step in the inhibition of corrosion, any difficulty
in this direction is likely to result in impairment of inhibition. If, however, the
paint medium is positively charged. this can be expected to facilitate the
migration of chromate ions to the cathode and satisfy the condition of cathodic
reduction. It is interesting to note that some of the more successful results
obtained with chromate primers on steel indicate the use of a more complex
and highly developed media as the vehicle.
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DISCUSSION

MR. P. TARGETT asked whether calcium plumbate would be expected to provide
better protection than iron oxide at a scratched area on a mild steel panel immersed in
sea water.

DR. BHARUCHA considered this very possible.
MR. T ARGETT said that when comparing the two pigments dispersed in linseed oil.

the corrosion on the scratch with calcium plumbate was much more severe and resulted
in penetration in a matter of months, whereas with iron oxide the corrosion spread but
did not deepen.

DR. BHARUCHA felt that one probable explanation was that the calcium plumbate
provided protection by both anodic and cathodic inhibition, the cathodic inhibition
being more marked. It was also known that the cathodic inhibition was highly
sensitive and under certain conditions, calcium plumbate films would provide
protection by weak anodic inhibition, leading to marked pitting.

MR. P. WHITELEY commented that Dr. Bharucha had shown that chromate pigments
acted solely by resistance inhibition, and yet had also stated that the more soluble
pigments produced the greatest inhibition. He asked whether this indicated that
chemical inhibition was also involved.

DR. BHARUCHA said that the chromate ions might oxidise the ferrous ions to insoluble
ferric compounds within the paint film and thus introduce an additional resistance in
the circuit and thereby reduce the corrosion currents.

MR. A. T. S. RUDRAM added that there seemed to be some difficulty when arguing
chemical inhibition. As an electrochemist Dr. Bharucha considered chemical
inhibition only as it affected the anodic and cathodic reactions and was inclined to
ignore the chemical effects which might take place within the film or at the interface.
He thought that the properties of the chromate ions were sometimes not sufficiently
stressed.

MR. H. F. CLAY was concerned with the validity of the use of triacetin as the
"corroding environment", because he considered that it had a conclusive bearing on
the true significance of the results obtained. He said that measurements of potentials
in triacetin no doubt gave some indication of the electrical resistance of the paint film.
although he doubted whether the method could measure inhibition produced by
pigments and thought that Dr. Bharucha's results were misleading. He supported this
lltatement by the following experimental evidence.

(0) Half-painted steel specimens immersed horizontally in the mixture of triacetin
and water showed no rust on the bare metal or under the paint film, even after three
months' immersion. He contended that it was difficult to see how any measurements
on such a panel could be used to assess corrosion.



1961 PI G ME NTS I N CO R R OS I ON PROTECTION 539

(h) A bare steel specimen placed horizontally in triacetin acquired a potential of
about +150 mY. on the hydrogen scale, and this showed little overall change during
one month. On the other hand the potential of a panel, partially immersed vertically,
began to fall after a few days, and after about fourteen days became negative,
with the appearance of rust. He suggested that the reason why the horizontal panel
did not corrode in triacetin was the lack of oxygen to depolarise the cathodes and to
permit the cathodic reaction.

(c) The so-called "soluble pigments", e.g. zinc chromate, were much less soluble
in triacetin than in water, which was a good reason in itself for not using triacetin
as the electrolyte. The addition of chromate to triacetin produced exactly the opposite
effect to that produced when chromate was added to water. If pure triacetin was mixed
with 3 per cent of potassium chromate solution, instead of 3 per cent of water, and
allowed to stand forty-eight hours, some reduction of the chromate appeared to take
place, the solution became water-white, and the pH was lower by about one unit than
that of the solution with water. Specimens placed vertically in the triacetin/chromate
solution assumed a negative potential within twenty-four hours and showed rusting
by forty-eight hours, whereas specimens placed in an aqueous solution of potassium
chromate acquired a positive potential and did not rust.

(d) Hancock and Mayne had stated that a number of anodic inhibitors functioned
by limiting the anodic area, so that a high current density was produced at the
remaining active anodes which were thereby sealed. If this hypothesis were correct,
these inhibitors could not function in triacetin solution, having a conductivity of
lO-s mho.

DR. BHARUCHA replied that the experiments carried out with partially immersed
specimens were complicated by water-line corrosion and that was the reason for working
with specimens immersed flat. He did not know what significance should be attached
to partially immersed vertical panels. As far as the choice of electrolyte was concerned,
he thought that the important point was not the identity of the electrolyte, but the
interpretation of the results obtained. He also said that with regard to the lack of
detection of corrosion, the process occurred very slowly and rust was observed on his
specimens when left over a period of about three days.

MR. K. REISER asked what the dielectric constant was of the electrolyte, because
he thought that many of these mechanisms were dependent on ionisation and the
degree of dissociation, both of which were dependent on the dielectric constant. He
suggested that some progress might be obtained by measuring the degree of
dissociation obtained with certain soluble or critical pigments.

DR. BHARUCHA stated that he had not measured the dielectric constant, but he
thought that this might provide some useful information.

MR. H. A. NEWNHAM suggested that the work might be extended by the addition
of sulphuric acid or sodium chloride to the triacetin/water electrolyte, and he asked
whether Dr. Bharucha thought that this would alter the type of curve obtained.

DR. BHARUCHA said that the addition of chloride ions would destroy inhibition and
he doubted whether an increase in the aggressiveness of the medium was justifiable.

MR. NEWNHAM added that the progressive relative performance of a pigment might
be changed by the addition of an electrolyte to the triacetin/water mixture.

DR. BHARUCHA stated that he had not tried any electrolyte other than triacetin
but agreed that such a programme might be a possible extension to the work.

DR. F. WORMWELL said that the electrolyte used was so unusual that the onus
was on the author to show that the behaviour was similar to that in more usual
electrolytes and that had not been achieved. He thought that the absence of corrosion
of the bare metal was disturbing and that the treatment of the electrochemistry seemed
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to have been over-simplified. The potentials measured were compromise potentials
and referred to points in the solution not to the metal itself. He also inquired as to the
influence of time on the measurements, because he considered that the time factor was
all-important in deciding whether the paint was going to protect or not. Conclusions
had been drawn about the resistance inhibition, but he asked whether the author had
carried out any measurements of the electrical resistance of the paints to support these
conclusions.

DR. BHARUCHA replied that no electrical resistance measurements had been made,
and with regard to the time factor, the potentials were obtained when the corrosion
reached a steady state. The potential did not alter appreciably with longer periods
of time seemingly indicating that a state of equilibrium was almost reached. The
potentials measured were in fact compromise potentials in solution. Reversal of the

. sign of the potential, however, gave the potential on the metal. As far as comparison
with other electrolytes was concerned, the results obtained by the potentiometric
technique were very full and were borne out by exposure trials so that they seemed to
be reasonably comparative.

DR. O. LIEBERMANN discussed the influence of impurities in the pigments, especially
soluble chlorides in chromate pigments, and referred to the work carried out by
Pourbaix in Brussels. Working with very pure pigments he had shown that the anodic
passivation of iron and steel was destroyed by the addition of sodium chloride solutions
and that the concentrations of those solutions was an important factor. He thought
that 0.01 mole of sodium chloride was the critical concentration to cause this
destruction. The lecturer had not observed anodic, but only resistance inhibition
with chromate pigments. He asked whether this was due to the use of relatively impure
pigments and if any attempt had been made to control the impurities and suggested
that with purer pigments the observations might have been totally different.

DR. BHARUCHA replied that he had pointed out that the failure of the chromate
pigments to bring about chemical inhibition might have been due to the presence of
chloride or sulphate ions. He had used commercial pigments and there was no control
over the impurities.

DR. T. WHITE congratulated the lecturer on a technique of considerable value but
regretted the absence of any reference in the lead pigment group to lead tannates. He
said that certain of the lead tannates. like red lead, showed chemical inhibition, and
in relation to the effect of thickness of film, a lead tannate film containing 20 per cent
lead gave protection comparable with a red lead film containing 90 per cent lead. It
would seem, therefore, that in the red lead film the amount oflead present was something
like four to five times that necessary for protection. He suggested that when atomic
lead was combined with fairly large labile hydroxy groups, it was possible to get
better protection than by other techniques.

DR. BHARUCHA agreed that inhibitive properties of the anodic type were shown by
lead tannate.

DR. BHARUCHA (in a written contribution) amplified his reply to the points raised
by Mr. Clay (page 538) about the validity of the use of triacetin as the electrolyte. He
said that the triacetin solution had a very low conductivity, and it was, therefore, not
surprising to find that the corrosion process was considerably reduced and the
appearance of visible rust very much delayed. On specimens coated with unpigmented
pale boiled linseed oil and left in triacetin solution for three days, it was possible to
detect a slight but very definite trace of corrosion at the metal/film boundary. The
schematic representation of the contact couple formed by a half-painted specimen
(Fig. 1) showed that the current density was highest at the painted/bare metal
boundary and corrosion was likely to be confined to just this area.
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With regard to the tests carried out by Mr. Clay, the most important point was that
the present technique was designed to test the mode of inhibition within a paint film.
The results of tests carried out on bare panels immersed in the electrolyte plus an
inhibitor could not be used to invalidate the results obtained with actual paint films.
Moreover it had been emphasised in the literature that the single potential of metal
specimens was not a dependable guide to the corrosion rate. As pointed out in the
paper the single potential may move in an anodic or cathodic direction or may even
remain nearly the same though the corrosion rate may be altered by several orders of
magnitude as a result of some treatment. In fact it was dissatisfaction with just this
method which had led to the present technique.

It was true that pigments, such as zinc chromate, were much less soluble in triacetin
than in water, although it was not clear why this was a good reason in itself for not
using triacetin as the electrolyte. It was a fallacy to assume that, at the paint/metal
interface, the nature and composition of the solution was the same as that in the bulk
of the electrolyte. During the oxidative drying of the paint film several acids and
acidic materials were .formed. The pH of the aqueous extract of an oil film had been
found to be highly acidic, at least in the early stages of its life. The important
consideration was, therefore, not the solubility of the pigment in water, but in the
highly complex acid solution inside the paint film. The objections to the use of
triacetin would be more convincing if it were shown that the corrosive environment
under an oil film were relatively simple and well defined. It was fair to suggest that
triacetin solution was probably a good deal less complicated and artificial an electrolyte
than would appear at first sight.

Hancock and Mayne explained the action of non-oxidising inhibitors in terms
of the action of oxygen and the remarks of these authors should be considered in
this context. In oxidising inhibitors, such as chromates, the role of oxygen was likely
to be subsidiary and a number of other important factors arose in chromate
inhibition, such as tafel slope, exchange current, etc.
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Reviews
LABORATORY MANAGEMENT AND TECHNIQUES

By J. A. EDWARDS. London: Butterworths Publications Ltd., 1960. Pp. 224.
Price 35s.

In this volume of some two hundred pages the author has succeeded in giving
an outline of most aspects of the work of laboratory administration. He ranges
from planning, building and equipping a new laboratory and its ancillaries, to
the safe working of the personnel occupying the buildings and the provision
for their material and personal needs. Side by side with the broad outline are
many helpful "tips" gathered during the author's long experience.

The inclusion of eighteen pages dealing with various aspects of safety is
indicative of a welcome change in the outlook of laboratory supervisors over
the past twenty-five years. Perhaps in the paint trade, one is unusually aware
of the hazards involved; nevertheless, the commercial availability of many novel
raw materials and intermediates emphasises that safety precautions are a
matter that needs constant review.

Because of his background and experience, Mr. Edwards inevitably thinks
mainly in terms of university laboratory practice and draws most of his
examples from this field. It follows, as the author indeed admits, that the details
will need modification and interpretation in order to be applicable to any
industrial laboratory. This in no sense detracts from the value of the book.
It would indeed have proved an impossible task to take note of an the possible
alternative requirements, even if many times the present number of pages had
been allowed for the exercise. The precise requirements of each industry and
even each company within one industry will vary, and the ultimate plans
and procedures will also bear inevitably the stamp of the personal preferences, and
sometimes, unfortunately, the personal prejudices, of both the departmental
manager and the laboratory supervisor.

Two examples from our own industry will serve to emphasise this point. One
company doing research on resinous polymers will need substantial facilities
for synthetic organic chemistry, involving laboratories funy equipped with
fume extraction and all the usual services. By contrast, another firm may devote
most of its attention to formulation of surface coatings where a much less
elaborately furnished laboratory will allow very satisfactory work to be done.
Again, we must inevitably keep many storage samples, hence the stores must be
organised for this service as well as for dispensing apparatus and chemicals.

What Mr. Edwards has done, and what makes his book a valuable addition
to the literature of laboratory management, is to list the headings that must
be considered at all stages of laboratory operation. With this book before him
there is no excuse for the planner or administrator to overlook any significant
requirement for smooth and efficient operation of his laboratory.

r~. G. NOBLE
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SYSTEMATIC QUALITATIVE ANALYSIS: AN INTRODUCTION
By G. A. MORRISON, London: Butterworths Publications Ltd. 1961. Pp. ix+

198. Price 25s.
At one time the boundary between qualitative and quantitative analysis

scarcely existed. The same basic methods were used in each, and a method
became quantitative when an isolated compound was weighed. The development
of spectroscopy in all its forms, and, to a lesser extent, of paper chromatography,
has removed the need for chemical identification methods for most substances.

The author describes in his preface how the book arose from a set of notes
for first year university students, and was subsequently expanded to help older
students. In a book of this size it is impossible to deal adequately with both the
common and the rarer metals. The most important chemical principles may be
observed very fully in the analysis of mixtures of the common metals, leaving
the rarer metals to be studied as single substances. By omitting the expanded
scheme, the first chapter, Theoretical Introduction, could have been usefully
enlarged. Some treatment of coprecipitation would have been of value here.

A chapter on Apparatus and Techniques is followed by a description of
preliminary tests and of methods for obtaining a solution of the mixture. This
follows mainly the usual procedure. The tables quoting the solubilities are too
incomplete to give full value. Since most of the acids quoted give largely soluble
salts, a tabulation under acids, quoting insoluble salts, would have been more
useful. There are also many misleading entries in the tables, e.g. aluminium
fluoride, given as soluble in water, is nearly always supplied as the insoluble
anhydrous salt. In the section dealing with insoluble materials, the suggestion
that stannic oxide should be fused with potassium cyanide cannot be
recommended.

The chapter describing- the theory of group separations is very well set out,
and the tables showing how much of the various metals might be left in solution
are very useful. The methods for carrying out the separations within the groups
are set out in a convenient semi-tabular form, and a progressive system used for
labelling the precipitates and solutions obtained is very helpful. Several new
methods of separation have been introduced. A good system is given for the
identification ofanions, by their reactions with a series of reagents such as barium
chloride and silver nitrate.

The book is well set out and the style is pleasant, in spite of the demands of
brevity, although some people may not approve of the use of "supernatant" and
"ferric" as nouns. By using the methods set out in this book for mixtures
containing properly selected compounds, students should obtain, as quoted in
the introduction-" ... a working knowledge of chemical principles, and of the
main properties of elements and compounds." R. E. COULSON

PROCESSING OF THERMOPLASTIC MATERIALS
Edited by E. C. BERNHARDT, New York: Reinhold Publishing Corporation,

1959. Pp. xv+690. Price 1468.
This volume is the second of a series of plastics engineering volumes

sponsored by the Society of Plastics Engineers Inc. It is a collection of articles
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by twenty authors, who have contributed eleven chapters on a comprehensive
range of subjects, covering all aspects of the processing of thermoplastic
materials. The book is divided into three sections: Section 1 deals with
Fundamentals, Section 2 with Applications and Section 3 with Processing
Properties.

The first section deals with basic material properties and flow behaviour of
thermoplastics. Heat transfer and thermodynamics are treated in a chapter
which does not claim to be a unified treatment of these sciences, but which
nevertheless manages to give excellent explanations and examples thereof. The
final chapter in this section is that on the increasingly important aspect of
mixing and dispersing. A fine line of definition is drawn between mixing and
dispersing in that the former is defined as the interspersing in space of two or
more components, one with the other, and the latter is defined as the proces~

in which some intrinsic change takes place in the physical characteristics of
one or more of the components. These definitions, which are perfectly correct,
particularly when dealing with plastics, might give rise to some discussion
amongst chemists who also handle other materials. The chapter deals fully with
the theory behind mixing and also, to a lesser degree, that of dispersion. It is
complete and detailed, maybe too much so, as one would suspect this chapter
might be too complicated for the majority of processing engineers and
technicians. A following chapter on Mixing and Dispersing Processes will be
found much more useful and practical.

Section 2 on Applications occupies the greater part of the book. Subjects
dealt with in a competent manner are extrusion, injection moulding, calendering,
mixing and dispersion processes, sheet forming, forming of hollow articles,
sealing and welding of thermoplastics, which gives an idea of the range covered.
Each chapter is complete and as up-to-date as can be expected, considering the
justifiable delay from conception to publication. Nevertheless a remarkable
wealth of information has been accumulated which will greatly assist those
engaged in plastics technology, and the editor is to be congratulated on its
compilation. The book will serve a useful purpose in focusing attention on the
possibilities available when such physical data are correlated to performance.
This section covers the design of the major categories of thermoplastic
processing equipment, and usefully shows how equations may be arrived at
which will indicate and describe the behaviour of various plastic materials in
any particular piece of equipment. As this is the ultimate aim of the engineer
dealing with plastic processing, this section will be found to be particularly
helpful to him in calculating and predicting the performance of his plant from
the information available.

The final section, that on Processing Properties, is a useful, one might say
necessary, compilation of available information on the properties of acrylic,
cellulosic, nylon, polyethylene, styrene and vinyl resins. A wealth of information
is given on a remarkable cross-section of resins under each of the above types.
This information, which has been supplied by the respective resin manufacturers,
has been transposed into a standard set of units and information plotted on
standard graphs. The advantage of this is obvious and very welcome. Necessary
processing data are provided, e.g., density, melt index or flow index, and various
graphs involving apparent shear rate, apparent viscosity, density, shear stress,
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etc. The processing engineer will find this a convenient reference book on its
own.

Generally speaking, this volume presents a selected collection of up-to-date
data and work done on the applications of basic engineering theory as applied
to commercial polymer processing equipment, and to the study of the
performance of thermoplastic processing equipment, using available data on the
viscose and thermal properties of the resins. It is an ideal combination of text
book and reference book. It is primarily written for the engineer, but would be
nevertheless a valuable addition to the library of anyone connected with the
technical aspects of the plastics industry.

G. ANDERSON.

MICHAEL FARADAY: A LIST OF HIS LECTURES AND
PUBLISHED WRITINGS

By A. E. JEFFREYS. London: Chapman and Hall Ltd., 1960. Published on
behalf of the Royal Institution of Great Britain. Pp. xxviii +86. Price 42s.

"Catalogue", when it appears in a review of a scientific book, is usually an
unfavourable comment. This is a catalogue, pretends to be no more, and it is
fascinating. It engenders many reactions. One relates to the great amount
of Faraday's work, as there can be amazement at the number of paintings by
some old masters: "how did he do it all in one lifetime?" Another relates to its
great diversity. Much of it was original work, but he manifestly enjoyed probing
the implications of other people's experiments, and he was often called to give
technical evidence before official commissions, and to pronounce on matters of
industrial and even legislative significance: hence an epitomising index
reference: "Ventilation: of lamp burners of lighthouse lamps, of mines, of
House of Lords."

In order adequately to indicate the range, would be to give the book's index
in full; it cannot be summarised unless by saying that it substantially covers the
science and a good deal of the technology and even metaphysics of his time.
How can one select a dozen or so representative entries from hundreds as
widely different as "Aetna wines", "artificial ruby", "balloons", "boracic
acid", "copper bi-sulphuret", "diamond", "fumigation"; to "plumbago and
pencils", ··silicified plants and fossils", "spiritualism", ··tannin", etc.; to
··Whig and Tory patronage of science and literature", and on to "zinc, muriate
of", even without including any of those studies on which his fame mainly
rests?

After a foreword by Sir Lawrence Bragg, and an author's introduction
explaining the scope and giving the historical background, the presentation is
chronological, from 1816, four years after Faraday went to the Royal
Institution as Humphry Davy's assistant, to 1866, the year before his death.
There are 482 entries covering books (there are only three: "Electrical
Manipulations", 1827, and two collections of articles in book form,
··Experimental Researches in Electricity" 1839, and "Experimental Researches
in Chemistry and Physics", 1860), articles and periodicals, lectures and papers
read before societies, extracts from parliamentary papers, and a selection of
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sermons (he was a member of the Sandemanian Christian sect). Some
additional notes cover reprints and other publications which appeared later,
and there is a list of the main biographies. Each entry gives title, and book or
journal references.

"Lectures" are noted separately from papers given before societies, for to
Faraday a "lecture" was an especial kind of exposition, transcending a mere
verbal report, which in kind can still be enjoyed in the traditional Royal
Institution discourses. He gave courses of lectures at many other places; for
twenty years he was a lecturer at the Royal Military Academy, Woolwich, and
it is interesting to learn that in 1835 he had material for fourteen lectures on
electricity to medical students at Guy's hospital. Unfortunately, these were
never published and figure only in a note in the author's introduction.

To dwell finally on his lectures is, however, a temptation irresistible to a
reviewer who has just read Faraday's "Advice to a Lecturer", recently reprinted
by the Royal Institution, and who, as a member of our mature but less ancient
Association, is not uninterested in the art. It too should be read by all who
aspire to effective transmission of scientific findings and ideas.

S. H. BELL.



1961 CORRESPONDENCE 547

Correspondence
THE BEHAVIOUR OF TITANIUM DIOXIDE PIGMENTS IN HIGH

SPEED IMPELLER DISPERSION MILLS
Mr. D. G. Dowling's article entitled" The Behaviour of Titanium Dioxide

Pigments in High Speed Impeller Dispersion Mills" in the March, 1961, issue
of the Journal contained many points of interest, yet I cannot help but feel that
Mr. Dowling's use of fractional factorial designs is quite unsound.

First, Mr. Dowling's use of the ~ fractional factorial, of course, requires
analysis of the variables in groups of eight aliases. To choose on a priori grounds
one alias as "important", to the exclusion of seven others, assumes remarkable
prescience. In a little known process where significant interactions are probable,
such a practice strikes me as being somewhat lacking in caution.- The normal
procedure would be to test several additional blocks of the complete 27 design
so that significant aliases could be separated to a more meaningful degree.

Secondly, Mr. Dowling's method of estimating error seems open to unlimited
bias. If high order interactions are to be combined to form an estimate of error,
surely the choice of which interactions be included should be made prior to
gathering data. In choosing "small" sums of squares for his estimate, where,
and on what grounds, does Mr. Dowling draw the line?

PiffSburgh Plate Glass Company,
P.O. Box 127,
Springdale, P.A.,
U.S.A.

R. E. CUTFORTH,
29 May, 1961.

I realise that there is some justification for the comments Mr. Cutforth has
made, although I feel that it is only fairly applicable if my paper is treated as an
exercise in statistics rather than a practical study of paint milling, and would,
therefore, wish to put the matter into its correct perspective.

High speed impeller dispersion of pigments is a relatively new technique.
If my publication was to be of practical value to the paint industry, it was
essential that the results, whilst reliable, should be made quickly available.
After due consideration of the factors involved, based on a literature survey on
agitation mixing, general experience of pigment dispersion, and the three pre­
liminary experiments described, it was decided that a comprehensive evaluation
was prohibited, and that some pruning was essentia1.

Seven factors were, therefore, chosen for investigation and, with the assistance
of a respected text on the subject, the 1 fractional factorial experiment was
designed. Each of the seven main factors could be identified free from other
interactions, the twenty-one first order interactions identified in seven groups
each of three aliases, and an independent estimate of error made, on the reason­
able assumption that their aliases, viz. second and higher order interactions,
were relatively non-significant in their effect. Naturally, there was some risk
entailed in this procedure-this risk is implicit to a degree in all fractional
experiments-but as this experiment was only intended to be a step to further
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evaluation, I considered the small risk justified by the economy of working and
the possibility that the initial choice of factor levels was inappropriate, and new
working levels might be required in subsequent work.

In assessing the results, the small sums of squares were only combined with
the preselected error sum of squares to form a combined estimate of error after
an initial assessment had been made (I realise that this is not clear from the text.
but as the paper primarily concerns the milling of pigments, 1 endeavoured to
include only a minimum of the statistical method and calculation) and due
caution was observed when it appeared likely that a confusing alias could
influence the variability (e.g. p. 199, para. 2).

When the results of the 1 fraction had been assessed, there was evidence that
the initial choice of certain factor levels was inappropriate. I therefore designed
a further! fractional experiment with different factor levels as an alternative
to testing additional blocks of the complete 27 design, the procedure you
describe as normal, merely for the theoretical satisfaction of eliminating con­
fusing aliases. I was thus able to remove the one source of confusion of which
there was some evidence, and also progress towards the ultimate goal in one
operation.

I feel, therefore, that it is hardly fair comment to say I applied prescience
or showed lack of caution, although I admit that I applied a certain amount of
experience in planning the experimental work, something frequently done by
practical workers. I suggest that I may have erred in using the phrase "a priori"
in the text, and in deliberately omitting detail when describing the statistical
method and calculation. Nevertheless, the interest shown in the work has led
me to believe that its publication was useful and timely. The conclusions have
stood the practical test in that good quality decorative paints may be con­
sistently and rapidly made by their implementation, taking due account of the
problems involved in scaling-up to plant size equipment, and I therefore feel
that the work attained its objective.

British Titan Products Company Ltd..
Billingham,
Co. Durham.
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Leura, New South Wales, 15-18 June, 1961
The Third Australian Convention, organised by the New South Wales Section, took

place at the Ritz Hotel, Leura, from 15-18 June, and was attended by 154 delegates.
The Convention was divided into sessions on Surface Chemistry, Analytical Techniques
and Polymer Technology, with Dr. J. O'Connor, Dr. A. Bryson and Mr. M. Glaser,
respectively, in the Chair. The final session took the form of a Quiz Session, under the
Chairmanship of Mr. E. V. Collins. An indication of the scope of the papers presented
at the sessions is given below. Several photographs taken during the Convention will
appear in the September issue of the Journal.

SURFACE CHEMISTRY

Recent Advances in Surface Chemistry, by Professor A. E. Alexander.
Surface phenomen'a were so ubiquitous in the surface coatings industry that it was

only possible to outline certain aspects. Elaboration was given to certain problems
encountered in the lecturer's laboratories. These problems ranged from the compara­
tively simple, such as the evaporation of molecules from surface films, through the
more complex ones of reactions in monolayers and diffusion of gases through mono­
layers, to the extremely complex system of emulsion polymerisation.

Some Aspects of the Physical Chemistry of Titanium Pigment Surfaces, by J. Hodgson.
The durability of products pigmented with titanium dioxide was a complex subject

which was intimately related to the surface reactions of those pigments. The surface
activity of solids in many cases could be explained by their electronic band structures,
which explained the electrical properties of the crystals, titanium dioxide being regarded
as a semi-conductor. Semi-conductivity in oxides was linked with catalytic activity;
titanium dioxide possessed the ability to catalyse certain oxidising reactions. A
theoretical treatment of chemisorption on semi-conductor surfaces, as an electronic
boundary layer problem, had been developed. The changes in conductivity of a pig­
ment following gas adsorption could not be measured because the pigmentary
properties would be destroyed in the process. A suitable experimental method had been
developed for determining the oxygen adsorption by titanium dioxide pigment irradi­
ated with ultra-violet light, and some results were given.

The practical aspects of the problem of surface activity were discussed in relation
to the durability of finishes containing titanium dioxide pigments. A method of assess­
ing durability was given and discussed in relation to results obtained at Burnie,
Tasmania. The effect of coating titanium pigments with various materials was discussed
in general terms and various factors were considered.

In zinc oxide pigments, fluorescence in ultra-violet light had been correlated with
their chalking characteristics, A parallel comparison in the case of anatase and rutile
was not valid since rutile did not fluoresce.

The Role of Surfoctants ;n the Paint Industry, by J. Facer.
The theoretical aspects of pigment dispersion had been given considerable attention

in the literature. Surface active agents and the part they play in pigment dispersion
had all received attention, but mainly from a theoretical aspect. The selection of
surface active agents for specific applications was extremely difficult, and their use in
the surface coatings industry appeared to be decreasing, despite the increasing number
available. Surfactants had been found more effective when applied to the pigment
during manufacture than as an addition to the paint or printing ink. The Shirley­
Ferranti Viscometer had been used to examine the flow properties of pigments and to
demonstrate the effectivity of surfactants.
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The development of highly dispersed pastes by grinding in the presence of powerful
surfactants was described. The difficulties in the use of these pastes in emulsion
systems were attributed to a large extent to absorption of surfactant by the pigment.

The familiar problems of flocculation and flotation of phthalocyanine blues in non­
aqueous media were seldom solved by the addition of surfactants to the system, but
the approach had been towards the development of modified pigments. Attention was
given to the use of surface active agents to improve stability and apparent solubility
of solvent-soluble dyestuffs.

The possible future use of mixed surfactants or of cationic pigment pastes to print
directly on paper, giving water-fast prints without the use of binder was postulated.

ANALYTICAL TECHNIQUES

Colour Control by means ofa Tri-stimulus Colorimeter, by W. P. Georgans.
The paper began with an outline of the C.LE. system of colour specification and of

some of the concepts arising fwm it. An attempt was made to show that the colour
analogue of three-dimensional spatial separation could be used as a measure of colour
difference.

This was followed by a very brief outline of some of the instruments (both spectro­
photometers and colorimeters) which were currently available for the specification
of colour. Some idea of the relative sensitivity of the colorimeters was given. The
paper concluded with a discussion of some of the problems that would be encountered
in attempting to apply any tri-stimulus colorimeter to the routine control of paint
colour.

Paper Chromatography Techniques-with Particular Reference to Food Dyes, by Dr.
A. J. Ryan.

The general principles of chromatography were outlined with emphasis on partition
chromatography and its extension to strips of filter paper as the inert support. The
choice of suitable solvent systems and types of paper was discussed. Techniques and
apparatus for both qualitative and quantitative analysis were described. The applica­
tion of paper chromatography to dyes used as food colours, particularly the water­
soluble dyes, was discussed.

Quality Control in the Paint Industry, by J. Hall.
Quality Control in the paint industry involved collaboration in various aspects of

formulation prior to production. The works chemist needed to be highly practical
and experienced in formulation, in order to be qualified for control and salvage
operations. Co-operation with standardising bodies was essential. A uniform system
of inspection and release was proposed, in order to rationalise the diverse departmental
systems now operating.

Restrictions in respect of the economic contents of batchwise testing specifications
were suggested, and an orderly classification of test methods was proffered as a basis
for simple, brief, explicit and comprehensive presentation of testing specification.

------------------- -----

POLYMER TECHNOLOGY

Recent Developments in /sophthalic Alkyds, by \"'. W. Stevenson.
Isophthalic acid was discussed, with particular reference to those characteristics

in which it differed from the other phthalic isomers. Its advantages were being exploited
by the synthetic resin and paint industry in the United States and elsewhere. Utilisation
of the material in the manufacture of alkyds, unsaturated polyester and other high
polymers was also discussed.
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Speculations on and Practical Applications of Polyurethane Coatings, by F. Mort.
The electrophilic character of the isocyanate group was explained, and the effect

of associated structures on its reactivity with alcohols, water, amines, ureas and ure­
thanes, was discussed. The mechanism of reaction of isocyanates with alcohols in the
presence of tertiary amines, with carboxylic acids and with water was outlined.

The formation of dimers and trimers and their reactions was discussed and an
indication was given of various catalysts for the urethane reaction and of their relative
activity. Some reasons were presented for the outstanding properties of the polyure­
thanes and some of their limitations were explained.

Vinyl and Acrylic Modified Alkyds, by Dr. D. H. Solomon.
The properties of vinyl and acrylic modified alkyds, prepared by combining pre­

formed addition polymers with alkyd resins, or alkyd resin components, e.g. mono­
glycerides, by means of esterification reactions, were discussed. The advantages of this
technique included its application to alkyds based on non-drying oils, and the control
of the molecular weight of the addition polymer. The degree of reaction between the
alkyd and vinyl-acrylic components might also be varied within specified limits. The
modified alkyds had shown promise in automotive enamel and undercoat formula­
tions, particularly when used in conjunction with melamine-formaldehyde resins.

New South Wales Section
THE DISPERSION OF Tioxide PIGMENTS IN MODERN DAY MACHINERY

On 13 April, ninety-six members gathered at the MLC Building, North Sydney, to
hear Mr. I. C. R. Bews, the Honorary Editor, lecture on .. The Dispersion of Tioxide
Pigments in Modern Day Machinery," Typical mill-base compositions were
illustrated by slides on three component graphs, and the balancing of pigment, solvent
and resin to achieve optimum milling was shown by a shaded area. Among the milling
equipment discussed in detail was the ball mill, the kinetic mill, the sand grinder,
the high-speed impeller mill, the three-roll mill, the attrition mill, and the uniroll mill.
A twenty-minute film illustrating the loading and running of these machines was also
shown.

At the conclusion of the paper, slides illustrating emulsion paints on rough and
smooth concrete were shown, the panels having been given a twelve months' exposure
period at Carlton, County Durham. The paint systems examined and discussed by
Mr. Bews were acrylic emulsion, copolymer and homopolymer p.v.a. emulsion.
It was mentioned that in heavily extended paints the grade of extender had a
significant effect on rate of chalking, resistance to checking and cracking and tint
retention. Of the extenders examined, the best chalk resistance was shown by barytes,
followed by whiting, talc and china clay, in that order.

At the conclusion of the lecture a vote of thanks to Mr. Bews was proposed by
Mr. K. Ellis, the Honorary Secretary of the Section, who also expressed satisfaction
regarding the record attendance.

L. R. R.
INFORMATION RETRIEVAL SYSTEMS

On II May the Section had the opportunity of inspecting an l.B.M. system on
information retrieval and sorting and printing equipment, through the courtesy of
The Mutual Life and Citizens Assurance Co. Limited. This was followed by a lecture
by Mr. I. J. McAulay of l.B.M. Australia Pty. Limited, who discussed the various
types of information retrieval systems, with particular reference to chemical
compounds.
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Fifty-three members attended and there was a spirited discussion covering such
questions as stock control, sales forecasting and the suitability of different types of
systems covering chemical operations, including simulated operation research
programmes. Mr. T. Backous, in proposing the vote of thanks to the speaker,
complimented him on his lucid presentation of a complex subject, so that the
fundamentals became obvious even to those who were not familiar with this type of
equipment.

J. H. F.

South African Section
ORGANIC PIGMENTS-MoDERN TRENDS

At a meeting of the Natal Branch on 9 March at the Marine Hotel, Durban. Mr.
J. Smethurst of the Geigy Company Ltd., Manchester, England, lectured on
"Organic Pigments-Modern Trends". Mr. Smethurst commenced by saying that the
United Kingdom Members of the Association asked him to convey their warm
greetings to the South African Section. He said that he had worked as a team with
Dr. D. M. Stead, Dr. W. Carr and Dr. F. M. Smith and he would like to thank them
for their contribution to the paper that he was about to read. The speaker then gave a
comprehensive survey of two separate fields of pigments being manufactured. The
new types of pigments entering the market, the attempts to improve the physical
properties of pigments and the recent developments in pigment pastes. He emphasised
that the manufacture of specialised pigment pastes was an important section of pigment
producing industry, and that its importance might well increase. On a long term basis,
pastes might be only an interim measure and later pigment powders might be
produced in physical forms that have all the advantages of the pigment pastes, without
the disadvantages. Mr. Smethurst said that the pigment industry was not standing
still but was working steadily to produce the pigments that the industry required, in
the best physical form for their use.

An interesting discussion followed, in which Mr. Ward, Mr. Lavender, Mr. Hill,
Mr. Draper and Mr. Hart took part. The main discussion centred around the
dispersion of pigments in resins, the effect of universal colourants on oil phase films,
the type of pigments recommended for p.v.a. emulsion paints, white organic pigments,
dyeing viscose and the printing of Terylene. Mr. W. Jackson proposed a vote of thanks
to the speaker.
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The Conference assembled on the
evening of Tuesday, 30 May, and the first
Technical Session took place the following
morning under the Chairmanship of Dr.
J. B. Harrison, the Honorary Research
and Development Officer. Having assured
the assembled company that he would not
get involved, as at Edinburgh in 1959, with
the complexities of classical music, he
asked the President, Mr. P. J. Gay, to
declare open the Conference. The pattern
of the Technical Sessions each day was that
the lecturers elaborated briefly on the
substance of their papers and then the
Chairman called for questions. At the end

[All photograph,. sholl'n inth,' Diary, other than that Oil page ;;,);;, by Marsden & Batley, Torquayl

The President, Mr. P. J. Gay officially opening the Technical Sessions. On the right is Dr. J. B.
Harrison (Honorary Research and Development Officer, and Chairman of the First Session), and

on the left is Mr. G. Phillips, the first lecturer.

The Association's biennial Conference involved were such as to tempt the more
took place this year in Torquay, Devon, energetic to venture a pied. During the
from 30 May to 3 June. The Conference, Conference week the sunshine was prac­
entitled "Physics in Surface Coatings", tically continuous. Torquay as "Queen of
was centred on the Palace Hotel, where the the English Riviera", could hardly have
Technical Sessions and all the major social been more regal.
functions were held. The attendance at the
Conference was over 420 and as it was not
possible to accommodate everyone in the
Palace Hotel, rooms were allocated in four
other delightfully situated hotels: the
Babbacombe Cliff, with its distinctive
flavour of architecture, the Osborne,
overlooking one of the most beautiful
seascapes for miles around, the Queens, a
mere twenty yards from the picturesque
harbour, and the Victoria, set high in the
centre of the town looking seawards. An
efficient arrangement of coaches ensured
easy access to the Palace Hotel for the
Technical Sessions and the social functions,
although the weather and the distances
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The considerable interest aroused by the lecturers and their subjects is reflected on the faces
of those attending the Technical Sessions.

of the Session time was allowed for Dancing continued until midnight, with a
questions to any of the morning's authors. brief interval when members were shown a
The first speaker was Mr. G. Phillips on brilliant exhibition of ballroom dancing.
"The Physical Behaviour of Paint Films", The Chairman for the Technical Session
followed by Mr. e. e. Mill on "The on Thursday morning, I June, was Dr. L.
Behaviour of Printing Ink on Rollers" Valentine, Director of the Paint Research
and by Mr. S. E. Orchard, who delivered Station. The speakers on this occasion
the final lecture of the morning on "The were Mr. F. G. Dunkley, accompanied by
Physics of Brushmarks", with his co- Dr. D. P. Earp, who spoke on "The
authors, Mr. N. D. P. Smith and Dr. A. J. Correlation of Service Behaviour with
Rhind Tutt, in attendance. Immediately Observed Physical Characteristics of Air­
after the morning Session there followed drying Paints for Structures", Dr. R. N. e.
an Informal Reception of conference Strain on "The Solar Reflectivity of
delegates and their wives by the President Paints" and Mr. H. Williams on "Some
and Mrs. Gay. Aspects of the Assessment of Emulsion

In the afternoon coach tours had been Polymer Films". While those attending
arranged to Steps' Bridge via the Lustleigh the Technical Sessions were dealing with
and Teign Valleys. A limited number of aspects of coatings, their ladies were also
members were able to visit the Marine viewing their preferred form of "coatings"
Station of I.e.I. Ltd. at Brixham, where at a mannequin parade in the Lounge of
they were shown work on the marine the Palace Hotel. The theme of the show.
exposure of paints and research work on presented by Rockeys Ltd., was "Fashion
the effects of effluents and pollution. The on a Summer's Day", certainly most
Civic Reception and Dance were held in appropriate for that week of sunshine.
the evening, when those attending the A coach tour was also arranged for the
Conference were received by the Worshipful afternoon to Dartmeet, where a delicious
the Mayor and Mayoress of Torquay. Devonshire cream tea was served, while a
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second visit was paid to the ICI Marine
Station at Brixham. An alternative visit
was undertaken to the works of English
Clays, Lovering, Pochin & Co. Ltd. at
Lee Moor. For those who had temporarily
tired of a landlubber's existence, the coastal
and river trip up the Dart was a welcome
relief. It was unfortunate that the weather
was rather dull and, although the sea was
by no means rough, at least two of the
passengers of Kiloran II were seen to
slip quietly below! However, undoubtedly
the most enjoyable feature of the trip
was the sight of the Honorary Treasurer
feeding an enormous flock of seagulls,
which thereafter remained hopefully sus­
pended above the boat, despite assurances
from Mr. Sowerbutts that all food had in
fact gone. In the evening many members
and their wives visited the Pavilion Theatre,
situated beside the Inner Harbour, where
Frankie Howerd starred in what might
be termed a typical and enjoyable seaside
variety show.

For the final Technical Session on
Friday. 2 June, Dr. V. G. W. Harrison,
Director of the Printing, Packaging and

Allied Trades Research Association, was
in the Chair. The Session opened with
Mr. G. W. Mack, whose paper was
entitled "Painting Porous Building Materi­
als". Dr. V. R. Gray followed with a paper
entitled "The Wetting, Adhesion and
Penetration of Surface Coatings on Wood".
Finally, Mr. A. T. S. Rudram, assisted
by Mr. T. R. Bullett, summarised their
paper on "The Coating and the Substrate".
The discussion following each paper on all
three days was always vigorous, and at times
almost explosive! Each day too there were
more questions than could be accommo­
dated in the discussion periods. In summing
up the Sessions, Dr. J. B. Harrison felt that
if the vigour of the discussions was anything
to go by, the conference might be judged
successful. H6 also felt that, as the
phenomenon of "blistering" had featured
prominently throughout most of the dis­
cussion periods, this might provide a basis
for a future conference. In conclusion, the
President thanked the lecturers for pro­
viding the Conference with a set of excellent
and provocative papers ane:! those attending
the Technical Sessions for their sustained

The "Swiss Mountain Scenc" above was actually photographed at the Lee Moor Works of
English Clays. Lovering. Pochin & Co. Ltd., which were visited by a party of Conference

delegatcs on Thursday, 31 May.
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(Above) At the Informal Reception on Wednesday, 31 May are seen (from leji to right) Dr.
V. G. W. Harrison (Chairman of Friday's Technical Sessions), Dr. V. R. Gray (Lecturer),

Mrs. Harrison and Mr. C. C. Mill (Lecturer).
(Below) Pictured at the Civic Reception on Wednesday evening 31 May are (from left to right)
The Deputy Mayoress, Dr. E. A. Be::ker (President, F.A.T.I.P.E.C.), The Deputy Mayor,

Mr. P. J. Gay (President), The Mayor of Torquay, and Mrs. Gay.
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Some of the Honorary Officers and Guests are shown here at the Association's Dinner and
Dance on Friday evening, 2 June. (Above,f;'omleft to right) Dr. J. E. Arnold (Hon. Secretary)
Dr. H. W. Keenan (Past President), Mrs. Keenan, Mr. E. Lund (President, S.L.F.), Mrs. Lund,

and Dr. E. A. Becker (President, F.A. T./.P.E.C.).
(Below, from left to right) Mr. N. A. Bennett (Past President), Mr. I. C. R. Bews (Hon. Editor),
Mr. T. R. Bullett (Lecturer), Mrs. Strain, Dr. R. N. C. Strain (Lecturer), Mrs. Bews, Mr. F.
Sowerbutts (Hon. Treasurer), Mrs. Hamblin, and Mr. R. H. Hamblin (General Secretary).
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interest for the three days. A full report
of the discussions will be appearing,
together with the relevant papers, in later
issues of the Journal, starting in September.
The Honorary Editor would like to thank
Mr. N. R. Fisk, Mr. M. R. Mills and Mr.
A. R. H. Tawn for their kind assistance
in distributing the discussion slips at the
Technical Sessions. which considerably
eased the work of the reporters.

Early in the afternoon the Association's
Annual General Meeting was held, during
which Dr. H. A. Hampton was unanimously
elected to be the next President of the
Association. At the same meeting Honorary
Membership of the Association was COJi­

ferred on Mr. George Copping for his
considerable services to OCCA over
many years. (A full report of the meeting
appeared in the July issue of the Journal.)
After the AGM a final coach tour had
been arranged to Haldon Moor, Teign­
mouth and Dawlish, tea being taken at the
Highwayman's Haunt. The sporting fra­
ternity took advantage of the fine afternoon
to complete the tournaments that had been
taking place on the tennis courts and the
local golf courses. In the evening came
the climax of the 1961 Torquay Con­
ference, the Association's Dinner and
Dance. As is traditional on these occasions,
the guests, who included the Mayor and
Mayoress of Torquay, were applauded by
the company to their places on the top
table. Touches of distinction were added to
the already splendid gathering by members
of the Manchester Section, who sported
the red rose of Lancaster in their button­
holes, and by the Scottish Section Table,
which was graced by the presence of a
kilted Highlander mascot. The dinner was
excellent and the "Saumon d'Ecosse Fume,
Petite Marmite, Supreme de Turbotin
Grand Duc, Caneton d'Aylesbury R6ti a
I'Anglaise, Peche Melba, Delices des
Dames" were as delicious as they sound.

After the Loyal toast by the President,
Mr. P. J. Gay, the toast to the Borough
of Torquay was proposed by the President
Designate, Dr. H. A. Hampton, who
commented that it was the first time that
the Association had returned to a previous
Conference venue within four years, which
was in itself a high tribute to the borough. To

many people, he said, "Devonshire" meant
Torquay, and the Association was par­
ticularly grateful to the Shire for providing
its oldest living President, Dr. J. A. Newton
Friend, whose eightieth birthday had
recently been celebrated (see page 56/).
Dr. Hampton ended by thanking the
Mayor for the provision of so many
amenities and asked that the toast should
be linked with the name of the Mayor,
Councillor T. B. Revill. The Major thanked
Dr. Hampton for his kind remarks and
said that he was pleased to receive the
Association again at Torquay and hoped
that the Borough would not have to wait
too long before they returned.

Mr. E. Lund, President of the Federation
of Scandinavian Paint and Varnish Tech­
nicians (SLF), proposed the toast or the

Dr. L. Valentine (Chairman or TllII.I'rdal's'
Technical Session) seen here with' Mrs. Valen­
tine, at the Association Dinner and Dance on

Friday, 2 June.

Association. He said that the Federation
was intentionally modelled on OCCA,
which was regarded in Scandinavia with
high esteem and respect. The high level of
the Association's activities had been em­
phatically displayed at the Conference.
Mr. Lund extended on behalf of his
Federation sincere wishes to the Associa­
tion for continued success and progress
for the benefit not only of itself, but also
of the paint industry in general. In reply,
the President asked Mr. Lund to convey
to his members the greetings of members of
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GOLF

Chursten Competition
Mr. A. N. Pirie
Mr. J. Hepworth

Torqllay Competition
Mr. S. Sharp
Mr. M. E. Meredith

TENNIS

Mrs. J. A. Oates
Mr. R. R. Blakey

TABLE TENNIS

Dr. M. Ellinger
Mr. K. Partington

R. F.K.

Women
Men

Women
Men

First
Second

First
Second

journed to the ballroom where the President
and his Lady led the dancing, which
continued until I a.m. During the interval
Mrs. Hampton presented prizes to the
winners of the various tournaments shown
below.

:&:$
Dr. H. A. Hampton receiving the Presidential
Insignia from Mr. P. J. Gay after the Annual
Dinner of the Association on the evening of

Friday, 2 June, at the Palace Hotel.

theAssociation, whowereverypleased
to observe the growing strength and
importance of the Scandinavian
Federation. The Association was the
oldest of the national and inter­
national technical associations con­
nected with the oil and colour
industries and as such it had always
played a leading part in furthering
international co-operation at the
working level. In concluding, Mr.
Gay briefly reviewed his two years
of office; he mentioned the decision
to seek incorporation, the formation
of new Sections in Queensland and
Auckland and of a Federal Com­
mittee to co-ordinate the activities of
members in Australia. The Annual
Technical Exhibition had now be­
come internationally famous and
was now a direct responsibility of
Council. The first of the Paint Tech­
nology Manuals had also recently
been published. All this was, he said,
indicative of the solid strength of the
Association.

The toast of "The Guests and
Ladies" was wittily proposed by Mr.
H. Gosling, Past President, who
welcomed them all on behalf of
the Association, extending a special wel­
come to Mr. George Copping, the new
Honorary Member, and Mrs. Copping.
The President of the Federation d'Asso­
ciations de Technicians des Industries des
Peintures, Vernis, Emaux et Encres
d'imprimerie de I'Europe Continentale
(FATIPEC), Dr. E. A. Becker, replied for
the Ladies and Guests, thanking his hosts
for their kind hospitality. The order per­
vading all meetings of the Association was,
he felt, a notable reflection on the efficient
organisation behind them.

Dr. Hampton, who had been unani­
mously elected President at the AG M
earlier that day, was invested with due
ceremony by Mr. P. J. Gay, amid acclama­
tion. Dr. Hampton said that he regarded
this occasion as the culmination of his
career and that he would strive to maintain
the dignity and position of the Association
to the best of his ability. His first pleasant
duty was to present Mr. Gay with his Past
President's Medallion. The company ad-
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FOURTEENTH TECHNICAL EXHIBITION,
1962

As announced in the July issue of the
Journal, the Fourteenth Technical Exhibi­
tion, organised by the Association, will
take place on 26, 27, 28 February, and
I March 1962, at the Royal Horticultural
Society's Old and New Halls, London,
S.W.I. Forms for application for stand
space were dispatched to companies at the
end of June, and a large number of com­
pleted forms have already been returned.
Those companies intending to exhibit must
send in their completed forms of applica­
tion not later than Monday, 4 September,
1961.

There will be an Exhibition Luncheon at
the Criterion Restaurant, Piccadilly,
London, W.I, on Monday, 26 February.
The forms of application for tickets for the
Luncheon will be included in each copy
of the Official Guide which will be sent to
all members of the Association early in
1962. The Official Guide will also be sent,
as far as possible, to all consuming firms
in Britain and individually to chemists and
technologists in the paint and allied indus­
tries in Western Europe. They can also be
obtained by visitors to the Exhibition
without charge and admission to the
Exhibition will be free.

It is believed that the Exhibition is
unique in that it is entirely a technical one,

aimed at ensuring that technical advances
are passed on as quickly as possible to the
technical personnel within the paint.
printing ink, linoleum and allied industries.
The technical advances may relate to new
products, new knowledge of existing pro­
ducts and their uses or, in suitable cases,
existing knowledge which has not been
available to the consuming industries.

The standard shell colour scheme for
the 1962 Exhibition will include a con­
temporary blue and black wallpaper on
the facias with white and red name
plaques, gull-grey walls and a distinctive
patterned linoleum. Arrangements have
also been made for floral decorations,
which were such a successful feature of
recent Exhibitions.

The Exhibition is not confined solely to
British firms, and continental companies
wishing to be considered for stand space
and any companies in the United Kingdom
who have not previously exhibited and who
would like to have their names submitted
to the Committee for consideration should
write to R. H. Hamblin, General Secretary,
Oil and Colour Chemists' Association.
Wax Chandlers' Hall, Gresham Street,
London, E.C.2 (MONarch 1439).

Bristol Section
IRISH BRANCH

As announced in the July Issue of the
Journal, the Council, at its meeting on
15 June, gave consent for the formation of
an Irish Branch of the Bristol Section.
This followed a resolution from an informal
meeting held in Dublin on 10 April, which
was attended by Mr. W. J. McWaters (Hon.

Treasurer of the Section), who explained
the aims and activities of the Association.
A provisional Committee has now been
formed to arrange three meetings in Dublin
during the forthcoming session. Anyone
wishing to obtain further information about
the Branch should write to Mr. R. C.
Somerville, c/o Lewis Berger (Ireland) Ltd.,
134 James's Street, Dublin, Ireland.

.'
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MEN'S NIGHT

On 17 May the Section held its second
"Men's Night" at the Ferry Inn, Brough,
near Hull, when twenty-four members and

"iends began a convivial evening with a
hot meal served at 8 p.m. The evening
l'assed very quickly with dominoes and
two amusing games of darts organised by
Mr. Parkinson. Comedy was provided
throughout the evening by Mr. Sharp,
ably supported by Mr. Armstrong, who
also led the sing-song round the piano.

The vocal achievements of these two
members and their masterly rendering of
a descriptive poem entitled "Cats" had
to be heard to be believed. Music was
again provided by Mr. P. Briggs.

Mr. N. B. Helmsing, the Honorary
Social Secretary, must again be praised for
arranging a very pleasant evening's enter­
tainment, and it is hoped more will take the
opportunity of meeting their fellow mem­
bers in such a happy atmosphere on a
similar occasion in the future. W. A. R.

Manchester Section
ANNUAL CRICKET MATCH

The fourth annual cricket match between
the Manchester and West Riding Sections,
played at the ICI Recreation Club,
Huddersfield, on 9 June, resulted in a
resounding win for Manchester.

Manchester batted first, and after losing
t~le first wicket early, proceeded to amass
a total of 139 for 2 wickets in 18 overs, due

to some very fine batting by Mr. J. S. Peet
(63 not out) and Mr. R. Sandiford, who
was dismissed one short of his half-century.
Mr. R. F. Evans (17 not out) helped to
accelerate the Manchester scoring, and
also assisted in dismissing the Yorkshire
side, who were all out for 25. The games
are now even at two wins each.

I. S. M.

Midlands Section
CELEBRATION DINNER

A celebration dinner to Dr. J. A. Newton
Friend, Senior Past President and an
Honorary Member of the Association,
arranged by the local Sections of the
Royal Institute of Chemistry and the
Association, was held at the Chamber of
Commerce, Birmingham, on 26 May.
After the loyal toast by Mr. N. H. Sey­
mour, the Chairman of the Midlands
Section, a toast to the City of Birmingham
was proposed by Mr. G. Dring, Vice­
President of the Royal Institute of
Chemistry, who extolled the virtues of the
City and expressed appreciation at the
attendance of the new Lord Mayor and

Lady Mayoress of Birmingham, Alderman
and Mrs. E. E. Mole. In reply Alderman
Mole voiced the thanks of the City to
Dr. Newton Friend for the twenty-six
years' service he had given as Head of the
Chemistry Department at the Technical
College.

Dr. H. A. Hampton, then President­
Designate of O.C.C.A., proposed the toast
of The University, dealing with the impor­
tant part it played in the training of science
graduates, and especially chemists, which
the nation required. Professor K. Mather,
Vice-Principal of the University, after
expressing the University's appreciation
of Dr. Newton Friend, dealt with the
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[Photograph by kind permi,sion of 'The Birmingham Post &c Mail."]

Dr. J. A. Newton Friend shaking hands with Mr. C. E. Hollis after the presentation of an
inscribed grandmother clock at the dinner held in Birmingham on 26 May to celebrate

Dr. Newton Friend's eightieth birthday. Also in the photograph is Mrs. G. King.

problems raised in buildings, costs and
accommodation by the drive to turn out
greater numbers of scientists. The toast
to King Edwards School was proposed by
the Chairman, Mr. G. King, but the Chief
Master, the Rev. R. G. Lunt, was un­
fortunately unable to be present to
respond. Mr. S. A. Ray, the toastmaster,
read the Chief Master's apology and con­
veyed the numerous messages of good will
to Dr. Newton Friend. Mr. e. E. Hollis,
a former student and member of Dr.
Newton Friend's teaching staff, gave a
brief history of Dr. Newton Friend's dis­
tinguished career, not only as a scientist
and technologist, but also as a teacher and
an eminent archeologist and historian.
Before asking the audience to drink the
health of Dr. and Mrs. Newton Friend,

Mr. Hollis presented to Dr. Newton
Friend a grandmother clock inscribed:

Presented to Dr. 1. A. Newton Friend
in his eightieth year by members of the
Royal Instiwte ol Chemistry, the Oil and
Colour Ch(,l1lists' Association and the
Chemical Industry in the Midlands.

Dr. Friend thanked all those who had
organised the function, and in his cus­
tomary interesting and witty style recalled
briefly the various phases of his long life,
the City, the School, the University and the
College. At Dr. Friend's request the balance
of the subscriptions for the presentation
are to be forwarded to the R.I.e. Bene­
volent Fund and the Paint Trade Benevolent
Fund.

R.D. e.
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Members of the Midlands Section who flew to British Resin Products' plant at Barry,
manufacturing Epok water-soluble resins.

WORKS VISIT TO BARRY

On 12 May, thirty-six members of the
Section flew in a chartered plane from
Birmingham to Cardiff, to visit the
laboratories and works of British Resin
Products Ltd. at Barry. On such a notable
occasion it is worth recording that on a
beautiful morning, the flight over the
Wye Valley and the Forest of Dean was
very enjoyable indeed, and that within an
hour of leaving Birmingham, the party
were being welcomed at the works by
Mr. J. D. Winston, the General Sales
Manager.

The laboratories, which included those
of British Resin Products Ltd., British
Geon Ltd., and Distrene Ltd., covered
research, development and technical service
over a wide range of polymers, including
surface coating resins, laminating adhesives
and foundry resins, polystyrene, p.v.c.,
polyethylene, polyesters and nitrile rubbers.
It was difficult to imagine a better place for
illustrating the scope and applications of
polymers.

In the surface coating section, a con­
siderable programme of work was evident
on water-based coatings, for both primer

systems and top coats. As a typical
example of work carried out, twenty new
resins a week were checked, not only by
examination of the properties of free films,
but also by adhesion tests in relation to
pigment volume concentration, establishing
correct stoving conditions, and by exposure
tests. This type of work was backed both
by the research laboratories, where the
rheological properties of such systems
were being investigated, and by the technical
service laboratories, where the practical
aspects were examined. The processes
involved in the manufacture of polyester
glass fibre laminates, cloth, paper and
asbestos laminates, the bonding of chip­
board and carborundum for grinding
wheels and sand for foundry casting were
all explained. The technical service labora­
tories for the plastics industry were most
impressive. For p.v.c. alone it was possible
to carry out the majority of industrial
operations, such as calendering, extruding,
injection moulding, blow moulding and
spreading. Added to these are the facilities
in the polystyrene and polyethylene labora­
tories for sheet extrusion, extruded and
blown film and bottle blowing.

Following lunch, Mr. L. G. Prescott,
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R.D.C.

the Works Manager, arranged for a tour
of the works, showing in particular the
manufacture of p.v.c. and Hycar nitrile
rubbers. On paper the manufacture of
p.v.c. is a series of simple chemical
reactions: in the works it is a study in
chemical engineering and process control.
The present plant operates on the addition
of hydrogen chloride to acetylene to form
vinyl chloride, whereas the new plant
being erected will employ ethylene, with
chlorine addition to ethylene dichloride,
followed by the removal of hydrogen
chloride to form vinyl chloride. The poly­
merisation to p.V.c. follows in stainless­
steel-lined vessels using a peroxide catalyst
with high speed agitation. Hycar nitrile
rubbers, based mainly on butadiene and

acrylonitrile, are produced as crumb
and sheet, but interesting work is in progress
on latexes for exterior emulsion paints and
for the production of gloves with good
resistance to oils and to oxidation.

On completion of the tour, tea was
provided at Friars Point, the gardens of
which border the sea. Mr. N. H. Seymour
thanked Mr. Winston and Mr. Prescott
and their colleagues for giving the Section
such a splendid day, and asked that their
appreciation should also be passed to the
Company for their generosity in providing
the air and bus transport and for the
hospitality during the visit. A flight
through the evening sunshine completed
a memorable works visit.

New South Wales Section

'~

Some ofthe Past Chairmen of the New South Wales Section at the Annual Dinner at" Jonroe" on
4 May. They are (from left to right, standing) Dr. E. Haimann, Mr. R. Kimberly, Mr. L. Cash,
Mr. E. V. Collins (present Chairman), Mr. G. J. Crooks, Mr. A. Rileigh and Mr. K. Boland;

(sitting) Mr. K. S. Jones, Mr. E. T. Backous, Mr. S. Leech and Mr. H. H. Wyatt.

ANNUAL DINNER each Past Chairman presenting a badge to
The Annual Dinner of the Section took his successor. A photograph of some of

place on 4 May at "Jonroe". After the the Past Chairmen appears with this
dinner Past Chairmen of the Section were report.
presented with Past Chairman's badges, J. H. F.
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Friday, 15 December
Reserved for Paper by I. C. R. Bews,
B.SC., A.R.I.C.

1962
Friday, 26 January

"Surface Finishes in Modern Archi­
tecture", by R. Moxley, A.R.I.B.A.

Friday, 23 February
"Mould, Fungicides and Paint", by
C. N. Finlay and P. M. Proudley
(Nuodex Limited).

Friday, 30 March
"Solvents in the Surface Coating Indus­
try", by L. M. Barakan, PH.D. (The
Distillers Company Ltd., Chemical Divi­
sion).

Friday, 27 April
Annual General Meeting.

Friday, 25 May
Annual Skittles Match with the Bir­
mingham Paint, Varnish and Lacquer
Club at Ye Olde Hobnails, Little
Washbourne.

June
Afternoon Works Visit. Details to be
announced.

Friday, 29 September
New Chairman's Address by A. Aitken­
head.

Tuesday,3 October
"Management Succession as a Field for
Operational Research", by Lord Hals­
bury. Joint Meeting arranged by the
Bristol and Bath Productivity Associa­
tion. To be held in the Engineering
Lecture Theatre of Bristol University.

Friday, 27 October
"Patents and the Paint Chemist", by
F. Armitage, A.R.I.C. (Berger, Jenson &
Nicholson Limited).

Friday, 24 November
.• Wood Preservation", by R. Cockcroft,
A.I.W.SC. (Forest Products Research
Laboratory).

Monday, 4 December
Annual Dance at the Arnos Court
County Club, Bristol.

Thursday, 7 December
Joint Meeting with Birmingham Paint,
Varnish and Lacquer Club in Bir­
mingham at the Imperial Hotel, at
6.30 p.m. "Paint Progress-A Myth?"­
debate.

Section Programmes for 1961-62 Session
BRISTOL SECTION

Unless otherwise stated all meetings are held in the Royal Hotel, College Green,
Bristol 1, at 7.15 p.m.

1961

LONDON SECTION
Unless otherwise stated, meetings will be held at 7.0 p.m. in the Lecture Theatre

of the Royal Society of Tropical Medicine and Hygiene, Manson House, 26 Portland
Place, London, W.I.

1961
Wednesday, 27 September

Chairman's Evening. A. T. S. Rudram
(The Paint Research Station).

Tuesday, 10 October
Details to be announced.
Lecture by Dr. H. W. Talen (Director,
Paint Research Institute, T.N.O., Delft).

Wednesday, 18 October
"Solvents in the Surface Coating indus­
try", by L. M. Barakan, PH.D. (The
Distillers Co. Ltd.).

Thursday, 9 November
"Applications of Microwave Spectro­
scopy", by R. S. Tebble, B.SC., PH.D.,
F.INST.P. (Department of Physics, The
University, Sheffield).
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Friday, 17 November

Ladies Night, at the Criterion Restau­
rant, London, W.1.

Thursday, 7 December

"Aircraft Paints", by A. Macmaster,
M.SC., A.R.I.C. (Ministry of Aviation).

1962

Wednesday, 17 January

Wednesday, 21 February
"The Adhesion of Paint Films", by
T. R. Bullett, B.SC., A.INST.P. (The
Paint Research Station).

Thursday, 15 March
"The Thermal Decomposition of Esters
and Polyesters", by P. D. Ritchie, B.SC.,
PH.D., F.P.I., M.I.CHEM.E., F.R.I.C., F.R.S.E.
(Young Professor of Chemical Tech­
nology, Royal ColIege of Science and
Technology, Glasgow).

"New Aspects of Corrosion", by J. B. Wednesday, 25 April
Harrison, B.SC., PH.D., F.R.I.C. (Good- Annual General Meeting, at the Criterion
lass Wall & Co. Ltd.). Restaurant, London, W.l.

MANCHESTER SECTION

All meetings will take place at the Literary and Philosophical Society, 36 George
Street, Manchester, at 6.30 p.m. unless otherwise stated.

1961

Friday, 15 September

Works Visit to Granada Television
Studios, Manchester, at 3.0 p.m.

Friday, 13 October

"Modern Chemistry of Organic Pig­
ments", by Dr. H. Gartner.

Friday, 27 October

Annual Dinner and Dance, Alexandra
Suite, Midland Hotel, Manchester, at
7.15 p.m.

Friday, 10 November

"Television-A Persuasive Medium",
by J. P. Phoenix, M.I.P.R., at the Liver­
pool Constitutional Club, Tithebarn
Street, Liverpool, at 6.30 p.m.

Tuesday, 21 November

"Some Developments in Applied Oleo­
Chemistry", by M. Josephs, B.SC.,
PH.D., A.R.I.C. Joint Meeting with the
Society of the Chemical Industry (Oils
and Fats Group).

Friday, 8 December

"Architectural Approach to Colour In
Building", by A. E. Hurst, F.I.B.D.

1962

Friday, 12 January

"Thermo-Setting Acrylics", by K. E.
Piggott, B.SC., A.INST.P.

Friday, 9 February

"Adhesion of Paint Films", by T. R.
Bullett, B.SC., A.INST.P.

Friday, 9 March

"New Aspects of Atmospheric Corrosion
of Steel, and their Implications", by
J. B. Harrison, B.SC., PH.D., F.R.l.e., at
the Constitutional Club, Tithebarn Street,
Liverpool.

Friday, 13 April

Annual General Meeting.
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MIDLANDS SECTION

All meetings will be held at Regent House, S1. Philips Place, Colmore Row,
Birmingham, unless otherwise stated.

1961

Friday, 22 September

"The Performance of Metallic and
Organic Finishes", by R. J. Brown,
A.M.I.MECH.E., F.I.M.

Friday, 20 October

"Printing Processes for Paper", by
K. D. C. Bruce, and "Paper Preparation
and Treatment", by K. Wilkinson,
B.SC. Lecture at Mander Bros., S1.
John's Street, Wolverhampton.

Friday, 17 November

"Recent Developments in Polymeric
Materials", by J. E. Stuckey, B.SC.,
A.R.I.C.

Friday, 1 December

Ladies' Evening at the George Hotel,
Solihull.

1962

Friday, 19 January

"Toxicity." Lecturer not yet known.

Friday, 16 February

"Marine Paints and Painting", by T. A.
Banfield, PH.D., D.I.C., A.R.C.S., F.R.I.C.

Friday, 16 March

"Looking at Colour", by P. Heynes,
F.R.S.A.

Friday, 6 April

Annual General Meeting at the George
Hotel, Solihull.

May

Works visit to Courtaulds Ltd., Green­
field Works, Holywell, Flintshire. Date
to be announced.

NEWCASTLE SECTION

All meetings are held in the Royal Turks Head Hotel, Newcastle upon Tyne, and
commence at 6.30 p.m. Meetings are normally held on the first Thursday of each month,
but there is one exception this year, i.e. the March lecture, which has been postponed
a week because of the O.C.C.A. Exhibition.

1961

Thursday,S October

"Consideration of the Different Types
of Film Formation", by Dr. H. W.
Talen.

Thursday, 2 November

A paper on metal finishing by R. M. C.
Logan (title to be decided).

Wednesday, 7 December

A paper on driers by C. T. Morley-Smith
(title to be decided).

1962

Thursday, 4 January
"Have Cationic Surfactants any Use
in the Manufacture of Paints?", by
M. K. Schwitzer.

Thursday, 1 February
"Adhesion of Paint Films", by T. R.
Bullett, B.SC., A.INST.P.

Thursday, 8 March
"Experimental Design and Statistics",
by Dr. A. J. Elleman.

Thursday,S April
Annual General Meeting.
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SCOTTISH SECTION

Unless otherwise stated all meetings will take place in the Grand Hotel, Charing
Cross, Glasgow, at 7.30 p.m.

1961

Thursday, 12 October
"The Microbiology of Paints", by D. J.
Cowley and Miss Brown.

Thursday, 9 November
"Solvent Selection for Modern Finishes",
by J. E. Loible.

Thursday, 8 February
"Works Management and Industrial
Administration", by J. Landen.

Thursday, 22 February
"Some Applications of Rheology", by
G. L. Fulton, B.SC., in the North British
Hotel, Edinburgh.

Thursday, 14 December
"Wines, Tasting and Testing", by H. F.
Barnes.

Thursday, 8 March
"Carpet Manufacture, Ancient
Modern", by D. Macphee

and

1962
Thursday, 18 January

"Paint Testing", by H. Dunkley.

Friday, 20 April
Annual General Meeting at 5.30 p.m. in
the S1. Enoch Hotel, Glasgow, followed
by the Annual Smoker in the Stuart
Hotel, East Kilbride.

SCOTTISH SECTION-STUDENT GROUP

All lectures and film shows commence at 10 a.m., and unless otherwise stated will
be at More's Hotel, 18 India Street, Glasgow, C.2.

1961

Saturday, 2 September

Film show.

Thursday, 14 September

Works visit to Canal Distillery of
D.C.L. at Port Dundas. 7 p.m.

Saturday, 14 October

"Carpet Manufacture", by D. Macphee,
illustrated with coloured slides.

1962

Saturday, 20 January

"Silicones in Surface Coatings", by
D. R. Goddard, M.SC., A.INST.P.

Saturday, 10 February

"Recent Developments in Epoxy Resin
Coatings", by A. L. S. Brockman.

Saturday, 18 November

"Some Recent Developments in the
Technology of Drying Oils", by G. H.
Hutchinson, A.R.LC.

Saturday, 16 December

Film show.

Saturday, 10 March

"Pigments and
McGuire.

Saturday, 14 April

Brains Trust

Extenders", by A.
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Tuesday, 13 February
"Colour and Light", by a member of the
Staff of Imperial Chemical Industries
Ltd.

Tuesday, 13 March

"Accelerated Weathering 'and the Paint
Formulator", by E. Oakley (British
Titan Products Ltd.).

All meetings will be held at the Hotel Metropole, Leeds, commencing at 7.30 p.m.

1961 1962
Tuesday, 12 September Tuesday,9 January

"Metal Preparation and Painting", by "The Preservation of Timber", by
D. H. du Reiu (West Riding Section). Dr. Cook.

Tuesday, 10 October
"Public Service Vehicle Finishing", by
A. Gellman (London Transport Exe­
cutive).

Tuesday, 14 November
"Advertising to and by Paint Firms", by
N. R. Fisk.

Friday, 24 November '
Annual Dinner and Dance at Granby
Hotel, Harrogate.

Register of Members
The following elections to membership have been approved by the Council. The

Sections to which the new members have been attached are given in italics.

Ordinary Members
BAYLISS, DEREK ARTHUR, 18 Stuart Road, East Barnet, Herts. (London)
BERENYI, LESLIE, 12 Andrew Street, Clovelly, New South Wales, Australia.

(New South Wales)
BaRSODY, LoRANT, Taubmans Industries Ltd., Mary Street, St. Peters, New South

Wales, Australia. (New South Wales)
FARRELL, NEVILLE BRUCE, 9 Herbert Road, Edgecliff, New South Wales, Australia.

(New South Wales)
GREGSON, PETER, The Walpamur Co. Ltd., Darwen, Lanes. (Manchester)
HESMONDHALGH, WILLIAM, 97 Exeter Street, Blackburn, Lanes. (Manchester)
HILLMAN, DONALD EDWARD, 38 Oregon Square, Orpington, Kent. (London)
HORSWELL, KEITH FREDERICK, 340 Lane Cove Road, North Ryde, Sydney, New South

Wales, Australia. (New South Wales)
KERSHAW, RICHMOND, 2 Wavell Drive, Bury, Lanes. (Manchester)
MCCLEMENTS, RICHARD GEORGE CHAPLIN, 109 Gallipoli Street, Bankstown, Sydney,

New South Wales, Australia. (New South Wales)
MORGANS, WILFRED MORLEY, 115 Norton Way South, Letchworth, Herts. (London)
OLSEN, JOHN CHRISTIAN, 150 Beach Street, Coogee, New South Wales, Australia.

(New South Wales)
REES, KEVIN JOSEPH, 100 Shannon Street, Box Hill, Victoria, Australia. (Victorian)

Associate Members
GAWRONSKI, EUGENE, 103 Avenue Road, Mosman, Sydney, New South Wales,

Australia. (New South Wales)
IRWIN, CLEMENT GEORGE, 29 Ernest Street, Brisbane, Queensland, Australia.

(Queensland)
JAFFRAY, WILLIAM ANDREW, Boundary Road, Mt. Eliza, Victoria, Australia.

(Victorian)
SZEPANSKY, GABOR, 31 Hunter Street, Bankstown, New South Wales, Australia.

(New South Wales)
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Junior Members
GANNON, FRANK, 275 Westbourne Avenue, Walkergate, Newcastle upon Tyne.

(Newcastle)
JAGO, DoNALD GEORGE, North Australian Rubber Mills, Bishop Street, Kelvin Grove,

Queensland, Australia. (Queensland)
OLIVER, GEORGE PARK, Jesmond House, Clayton Road, Newcastle upon Tyne, 2.

(Newcastle)

NEWS OF MEMBERS
Mr. K. D. Rutter, an Ordinary Member

attached to the London Section, has been
appointed Marketing Manager, Chemicals
Division of Union Carbide Ltd.

Mr. H. J. Northeast, Honorary Secretary
of the Midlands Section, has been elected
Chairman of the Midland Market Research
Group for 1961-62.

Mr. T. G. Moreton, a member of the
South African Section Committee, has been
elected to Fellowship of the Royal Institute
of Chemistry.

Mr. W. J. Vines, an Ordinary Member
attached to the London Section, and

Mr. G. Pace, an Ordinary Member joint managing director of Berger, Jenson
attached to the Midlands Section, has and Nicholson Ltd., has been appointed
been awarded the Diploma in Chemical managing director of the International
Technology. Mr. Pace joined Mander Wool Secretariat. He will, however, remain
Brothers Ltd. in 1954 and commenced the a member of the board of the former
first Sandwich Course in Paint Technology company.
at the Birmingham College of Advanced
Technology in 1957. It is believed that few
people in the paint industry have obtained
this qualification.

Visit to Stanlow
During the absence of Mr. I. C. R. Bews

in Australia, Mr. D. S. Newton, who acted
as Honorary Editor, visited Shell Chemical
Company Ltd.'s plant at Stanlow, and his
report appears below.

Shell Chemical Co. Ltd.'s plant at
Stanlow, one 'of three operated by the
Company, is concerned with the production
of solvents, detergents, and Epikote resins.
Large scale production began in 1942, with
the manufacture of Teepol, whilst the main
chemical plants were erected from 1947
onwards. Based entirely on the by-pro­
ducts of oil refining, the Shell chemical
plants utilise three main feed stocks. The
solvent plants utilise propane-propylene,
and butane-butylene feeds, whilst the
Teepol plant uses a slack wax.

Using the propane-propylene feed, pro­
pyl hydrogen sulphate is produced by
counter-current sulphation, and after hydro­
lysis, stripping and distillation, yields an
isopropyl alcohol/water azeotrope. This is

either further refined to the anhydrous pro­
duct, or catalytically converted to acetone,
hydrogen being produced as a by-product.
Condensation of the acetone by alkaline
catalysis yields diacetone alcohol which is
dehydrated to yield mesityl oxide and
passed, together with the hydrogen from
the acetone cracking furnace, over a
heated nickel catalyst to yield methyl
isobutyl ketone and methyl isobutyl
carbinol. The butane-butylene stock, after
the removal of the isobutylene by poly­
merisation to the dimer undergoes a similar
series of processes yielding secondary
butyl alcohol and methyl ethyl ketone.
The imported slack wax is cracked to
yield the required cut of olefines which are
treated with sulphuric acid to yield the
sulphates and then neutralised to give the
sodium alkyl sulphates. Alkyl benzene
sulphonates are also produced.

The Epikote plant comprises two units,
one for the manufacture of diphenylol
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propane, and the other for Epikote resin
manufacture. Instrumental control is much
in evidence with grouped multi-channel
recorders occupying a prominent position.

Recovery of sulphur and sulphuric acid
from the various plants is carried out by
oxidising hydrogen sulphide to sulphur
dioxide, followed by the reaction between
the'Se two gases yielding elemental sulphur
and steam. The spent acid from the units
is decomposed to give sulphur dioxide,

PROGRAMME LIAISoN COMMIlTEE

A liaison committee, comprising two
representatives each from the Institution
of the Rubber Industry (IRI), the Plastics
Institute (PI), the Plastics and Polymer
Group of the Society of Chemical Industry
(SCI), and O.C.C.A., has been formed
in order to obviate the inconvenience
caused by the clashing of dates of symposia,
conferences, exhibitions, etc., of the dif­
ferent bodies. Forthcoming major meetings
or conferences on polymers or related
topics planned by the above societies and
others are given below; they will be in
London, unless otherwise stated.

1961

which is fed into a furnace with sulphur
and hydrogen sulphide. The product is
cooled, dried and re-oxidised to sulphur
trioxide and absorbed to give sulphuric
acid and oleum.

The writer's impressions of the plant
were its perfect balance, lack of waste
products, very high level of tidiness and
safety and the relatively low ages of the
controlling staff-a youthful industry with
staff to match. D. S. N.

29 November-] December: Meeting of
Reinforced Plastics Discussion Group,
Brighton. (British Plastics Federation)

1962

30 January-2 February: Annual Technical
Conference, Pittsburgh. (Society of
Plastics Engineers, U.S.A.)

26February-l March: Fourteenth Technical
Exhibition. (OCCA)

13-15 March: "Testing for Performance"
-Conference. (PI)

April: Annual Lecture. (PI)
1 May: Centenary of Plastics, 1862-1962.

(PI)

3-8 September: "Elastomers from Petro- 15-18 May: Conference, Torquay. (British
leum"-Symposium, Chicago. (American Plastics Federation)
Chemical Society)

5-8 September: "Engineering Inspection
and Non-destructive Testing"-Confer­
ence, Oxford. (The Institution ofEngineer­
ing Inspection)

20-22 September: "Science and Craft in
both Textile and Non-textile Coloration"
-Symposium, Bristol. (Society of Dyers
and Colourists)

28 September-8 October: International
Congress of Industrial Chemistry, Bor­
deaux. (Socihe de Chemie Industriel/e)

21-26 May: Fourth Rubber Technology
Conference. (IRI)

September: Non-technical Conference,
Birmingham. (IRI)

September: Conference under provisional
title "Polymer Techniques". (SCI)

1963

March: Fifteenth Technical Exhibition.
(OCCA)

March: "Polymeric Progress"-Confer­
ence. (PI)

31 October and 1 November: "Engineering 25-29 June: Biennial Conference, Scar-
with Plastics"-Conference. (PI) borough. (OCCA)
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Forthcoming Events
August

(Note: Details are given of meetings arranged in the U.K. up to the 15th of the month following publication, and in
'he Commonwealth up to the 15th of the second month after publication.)

Monday, 7 August
Victorian Section. "Scientific Library
Methods", by P. Russell, Librarian in
Charge, C.S.J.R.O. Library, Canberra.

Thursday, 10 August
New South Wales Section. "Unsaturated
Polyesters", by J. Samios, at the
Theatrette, M.C.L. Building, Miller
Street, North Sydney, at 6.15 p.m.

Wednesday, 23 August
Western Australian Branch. Visit to
Television Studio, A.B.W.2.

Monday, 4 September
Victorian Section. "Surfactants" Special
Junior/Senior Lecture by O. W. Petzold,
Frankston Manufacturing, P/L.

Tuesday, 5 September
New South Wales Section. Annual Golf
Day, at Pennant Hills Golf Club.

Tuesday, 12 September
West Riding Section. "Metal Prepara­
tion and Painting", by D. H. du Reiu
of the West Riding Section, at the Hotel
Metropole, Leeds, at 7.30 p.m.

Thursday, 14 September
New South Wales Section. "Radiation
Chemistry", by Dr. O'Connor, at the
Theatrette, M.L.C. Building, Miller
Street, North Sydney, at 6.15 p.m.

Friday, 15 September
Manchester Section. Works Visit to
Granada Television Studios, Manchester,
at 3.0 p.m.

Wednesday, 27 September
Western Australian Branch. "The Manu­
facture of Fibrous Plaster", by Mr.
Hutchinson of Perth Modelling Works,
at the Builders Exchange, Havelock
Street, West Perth.

Monday, 2 October
Victorian Section. "The Paint Approvals
Scheme", by J. Rischbeith, B.SC., Secre­
tary of Commonwealth Paint Committee.

Thursday, 12 October
New South Wales Section. Factory
Inspection: Shell Chemicals Epoxy Resin
Plant and Laboratory.

Friday, 13 October
Victorian Section. Ladies' Night at
Ciro's, Collins Place, Melbourne.

ASSOCIATION

" Physics

BIENNIAL CONFERENCE, 1961

in Surface Coatings"

The full text of the papers presented at the first Technical Session, together
with the full discussion following each paper willbe appearing in the September
issue of the Journal. Further papers will appear in succeeding issues.



August xxxiii

AT LASTS
our solid Acids

BEHAVE
like liquids

You can

Pump them
Use bulk storage and handling
Use automatic weighing

Use volumetric measuring

They are
Completely stable

Non-Dusting
Of constant bead size

The whole range of our
saturated Fatty Acids now
available in BEADS

Have you seen
Lauric Acid "I
Myristic Acid Jin
Palmitic Acid BEADS?
Stearic Acid

THE UNIVERSAL OIL
COMPANY LIMITED

HULL HEAD OFFICE and
WORKS

Phone: 41311 (9 lines)
Telegrams and Cables

"UNIVOL. HULL TELEX"

LONDON Cunard House.
88 Leadenhall Street. E.C.3
Phone: AVE 4081 (3 lines)

Telegrams
"Premoil. LONDON TELEX"
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porcelain ball mill pots

J.G.C.C.A.

Write or telephone Crawley 25166 for List PP340B

These new type ball mill pots with flat ground tops
and flat ground interchangeable covers are already
popular with a large number of satisfied users.
Made of hard porcelain with the excellent prop­
erties of resistance to corrosion and abrasion and
freedom from contamination. Ideal for dry or wet
grinding ceramic colours. paints and printing inks.

Available from I-pint to 5-gallons nominal capaci­
ties. Supplied complete with nickel-plated metal
fittings and with or without ball charges. Nickel­
plated metal pourers for separating ball and material
charges are available for all sizes of ball mill pots.

THE PASCALL ENGINEERING CO LTD
GATWICK ROAD • CRAWLEY • SUSSEX

l&M@@@ HYDROCARBON RESINS
SPECIFICATIONS:

PANAREZ :1-210

PANAREZ 6-210

COLOUR GARDNER
SOFTENING POINT ­
IODINE NO. WIJS. MIN.
SAP. NO. MAX.
ACID NO. MAX. •
NON·VOLATILE WT. %.

COLOUR GARDNER
SOFTENING POINT
IODINE NO. WIJS. MIN.
SAP. NO. MAX.
ACID NO. MAX. • •
NON·VOLATILE WT. %.

II
:100/ll0°F

I9S
· I
• I
100

• 11
:110/llsoF

140
• I
• I
100

80th grades available for prompt despatch from U.K. stock.

Prices, samples, technical brochure. and details of comprehensive range available from:

R. Y#. GREEFF & COMPANY LTD.
31/45 GRESHAM STREET, LONDON, E.Co2. Telephone: MONARCH 1066 (IS lines)

Telegrams: GREEFF. CENT. LONDON
TELEX 22698

and at THE ROYAL EXCHANGE. MANCHESTER, :1
7 SWAN aUILDINGS. III EDMUND ST•• BIRMINGHAM
147 BATH STREET. GLASGOW. C.1

Teleflhone: alaele'ria" 9«J7
Telephone: Central 394 I

- Teleflhone: Centrol 2564
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Excellent 'one-coat' formulations

Hard, tough and corrosion-resistant

RALDIT
Cures at high humidity and low temperatures

Instruction Sheet S13 gives full particulars.
A copy, together with other literature,
will be sent to you gladly on request.

ARALDITE
the widest range of
epoxy resins for
the paint industry

Araldite ia a registered trade mark

C IBA (A.R.L.) LIMITED, DUXFORD, CAMBRIDGE. TEL. SAWSTON 2121

AP639
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Whether you want a letter heading

or a three-hundred-page book-printed in

one colour or four-on newsprint or art paper-

you will want the best results, therefore

consult us on any matter of print.

METCHIM & SON LTD
8 STOREY'S GATE, WESTMINSTER, SWI

Whitehall 7292

PAINT TECHNOLOGY
MANUALS

•
Editors-in-Chief:

C. J. A. Taylor, M.SC., A.R.I.C.
S. Marks, M.SC.(TECH.), F.R.I.e.

•
PART ONE

Collator .-

J. B. G. Lewin, B.SC., F.R.I.e.

•
All orders to be addressed to :

Chapman & Hall Ltd.,
37 Essex Street,
London, W.C.2

•
Pp. 326 Price 305.
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NEW FORMULATIONS FOR THICK-COAT 'ALLOPRENE'

I.C.I. has developed new formulations for thick-

coat 'Alloprene' chlorinated rubber pain~s. These

new formulations give paints that offer maximum

protection in corrosive conditions. Thick-coat

'Alloprene' paints also reduce application costs:

each coat is 0.005" to 0.007" thick, equivalent

to 4-7 coats of alkyd or conventional chlorinated

~ubber paint; they also give good brushability

and levelling qualities, and rapid drying by solvent

evaporation.

Find out more about the new chlorinated ruhber

grades and the new th i ck- coat 'Alloprene'

of'Jrmulat ions - wri t.e to:

Imperial Chemical Industries Ltd., London, S.W.l.

API4.
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MAGLITES NOW AVAILABLE

IN THE UNITED KINGDOM!

magnesium compounds for

NON -PENETRATION

ENAMEL HOLD-OUT

BUFFERING AGENTS

as manufactured by

MERCK & CO., INC., NEW JERSEY

Full information and samples from

CROXTON & GARRY LTD
27 St. James Road,
Kingston-on-Thames,

Surrey.

Tel. KIN 9444 (PBX)

Scottish Office :

312 High Street, Glasgow, CA.
Tel. Bel 0899



A IIgllst

CLASSIFIED CONTINUED FROM OVERLEAF

SITUATION VACANT
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have a vacancy for a

Chemist
Applications are invited from young men with a good
honours degree in Chemistry or a Graduate Membership
of the Royal Institute of Chemistry - preferably under 35
years of age- for a position in a

Technical Service Laboratory dealing with the
use of Pigments in the Printing Ink Industry.

It is essential that applicants should have a knowledge of
Pigments or Printing Inks-preferably both. A knowledge
of Ink formulation and ability to write reports would be
desirable. Write, giving details of age, qualifications and
experience to the Personnel Officer, quoting Ref. G.20/0C

Geigy The Geigy Company Limited
Rhodes Middleton Manchester

000000000000000000000000000.
8 •
S •
8 •

IPLANT, etc. I
s •s •
~ Mills .. more than 19 kinds =
S •
~ Mixers "" 16" =
mFilters. S =s •
8 Filling •s •
s Machines" 8 •s •
8 P 6.8 umps.. " •
8 •
8 Drums" 14".
8 •

~ Tins 10" =
8 •
8 •
~ All w;1I be ;n =
~ U Fisk's Paint Year Book =
8 •
8 and A-Z Buyers' Guide" •
B •
8 •
EJ sa College Road. Harrow, Mdx. HARrow~3578.

EJ •...........................

SITUATION VACANT

NEW RESEARCH LABORATORY

SCIENTIFIC ASSISTANT CLASS I
required in the Paints Section of London

Transport's modern Research Laboratory at
Chiswick.

Applicants should be experienced in the
analysis of paints, paint materials and other
products. Ability to prepare clear and concise
reports is a necessary requirement and can­
didates mllst have a First or Second Class
Honours Degree in Chemistry or an equivalent
qualification.

SALARY RANGE £1,140-£1,320 per
annum.

VALUABLE FREE TRAVEL; FlVE-DA Y
WEEK; STAFF DINING ROOMS; CON­
TRIBUTORY SUPERANNUATION.

Applications to Staff and Welfare Officer,
LONDON TRANSPORT, 55 Broadway,
S.W.I, quoting referem;e No. 146/2.
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CLASSIFIED ADVERTISEMENTS

SITUATIONS VACANT

J.O.C.C.A.

Classified Advertisements are charged
at the rate of 7s. 6d. per line. Advertise­
ments f(\rSituations Wanted are charged
at 18. 6d. per line. They should be sent
to the General Secretary, Oil & Colour
Chemists' Association, Wax Chandlers'
Hall, Gresham Street, l.,ondon, E.C.2.

Telephone: Monarch 1439

SITUATIONS VACANT
A VACANCY occurs in the laboratories of

a Midland Paint and Varnish company
for a Senior Chemist to carry out research
work on a wide range of synthetic resins. The
applicant should be academically qualified,
and should preferably have had experience in
this field. For further details, write to A. Holden
& Sons Ltd., Bordesley Green Road, Bir­
mingham,9.

DEVELOPMENT CHEMIST required
immediately. Position is one of con­

siderable responsibility with good prospects of
advancement. Pension scheme in operation.
Apply with full ~etails of experience ~nd quali­
fications to Chairman, Federated Pamts Ltd.,
Dobbies Loan, Glasgow.

PAINT CHEMIST/TECHNOLOGIST
required. Age under 35. Suitable ~o .t~ke

charge of small Paint Department speclah~mg
in chlorinated rubber paints, emulSion pamts
and various resinous compounds, knowledge
ofadhesives an advantage. Capable of initiating
and carrying out research work and supervising
manufacture if necessary. Position New Town
North of London, housing could be arranged.
Please reply to Box No. 148/61.

WINSTONES LTD., require young tech­
nicians in their laboratories at Harefield,

Middlesex, to work on the development of all
types of inks. Excellent prospects for su!t~ble

applicants. Facilities given for further trammg,
including day-release in suitable cases ~or

C & G Ink Technicians' Courses. Apply Chief
Chemist, Winstones Ltd., Park Works, Park
Lane, Harefield, Middlesex.

PUBLISHER'S ANNOUNCEMENT
Latest Figures at JJ July:-

2,013 headings-names of different products
4,959 entries- " "manufacturers

in Fisk's Paint Year Book and Buyers'
Guide, 58 College Road, Harrow, Middlesex.

HARrow 3578.

City and County of Bristol
Education Committee

BRISTOL TECHNICAL COLLEGE
SCHOOL OF PRINTING

THE Governors invite applications for fu~l­

time post of ASSISTANT, GRADE B, m
PRINTING SCIENCE to commence 1st
September, 1961.

Duties will include the teaching of general
science to apprentices from all sections of the
printing industry, and applied science in paper
making, printing inks or metallurgy of pnntmg
metals.

Applicants should possess general science
qualifications with suitable industrial experience.

Salary: Burn!lam Technical Scale-£7q<l. to
£1,150, with degree or .equivalent ~nd tramlOg
allowances where applicable. Placmg on scale
dependent on approved industrial and teaching
experience.

Details and application forms, returnable as
soon as possible, from Registrar, Bristol Tech­
nical College, Ashley Down, Bristol, 7. Please
quote BTC 61/4.

CHEMIST

VACANCIES exist for honours graduates in
Chemistry or A.R.I.C. equivalent, to

undertake dev~lopment work in the industrial
applications of fine dispersions.

The posts will be based in South Devon.

Ideally, applicants should have had two or
three years experience in industry, but new
graduates will be considered who have an
interest in this field. Preferred age range 21-27.

Prospects are unusually goo~ ~~d c~:mti!1,:,ed
growth in the Company's actIVities IS glvmg
rise to new positions and opportunities for pro­
motion are constantly created.

An attractive starting salary will be paid
which will take into account post graduate
work or previous industrial experience and a
generous pension scheme is in operation.

Please write (marked confidential) to:
R&D Manager,
ACHESON COLLOIDS LIMITED,
National Provincial Bank Chambers,
St. Andrew's Cross,
PLYMOUTH, Devon.

MORE CLASSIFIED ADVERTISEMENTS OVERLEAF



SPECIALIST TECHNICIANS
TO THE PAINT, VARNISH, LINOLEUM

AND ALLIED INDUSTRIES "

-

James Beadel
AND COMPANY LIMITED

Member oj the Reichhold Chemicals Ltd. Group

PROMPT AND REGULAR
DELIVERIES FOR HOME AND EXPORT OF

SYNTHETIC RESINS
by Beck Koller & Company (England) Limited

DRIERS
Naphthenates . Linoleates Oleates

by Alchemy Limited

ZINC OXIDE
by The Felling Zinc Oxide Company Limited

PIGMENTS, EARTH COLOURS, etc.
Extra strong Yellow Ochres

SAMPLES ON REQUEST FROM

-...
III

L

HEAD OFFICE:
Beckacite House, Speke,
Liverpool 24
'Phone: Hunts Cross 1395/6
'Grams: Rodatz, Liverpool

LONDON OFFICE:
110 Cannon Street, E.C.4
'Phone: Mansion House 1766/7
'Grams: Rodatz, Cannon,
London



Bisol Sales Office, Devonshire House, Piccadilly, London, W.1
Telephone: MAYfair 8867

THE DISTILLERS COMPANY LIMITED
CHEMICAL DIVISION

A million tests a year safeguard the consis­
tently high quality of the many chemicals
produced by DCL. 200,000 tons of Bisol
solvents, intermediates and plasticisers leave
the DCl factories every year, a production
matched by a streamlined service and supply
organisation. The Technical Services Depart­
ment has well equipped laboratories specially
designed to iron out customers' manufactur­
ing problems. DCl supply depots up and
down the country ensure a speedy and
dependable delivery service.

Sisol Sulk Chemicals Include:-

ACETIC ACID

ACETONE

ACETATE ESTERS

BUTANOL

DIACETONE ALCOHOL

M.E.K.

PHTHALATES

.-.-:.:.:.;,;<.~

TA5639

Printed by Metchim & Son Ltd .. 8 Storey's Gate, Westminster, S.W.I
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