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FROM START TO FINISH USE

HEYDOILACS

THE

RESINS THAT COUNT

MADE BY HAROLD HEYDON OF COURSE

Write or telephone

AGENTS
UNIVERSAL SYMNMTHETIC
86 BOW ROAD, 1L.ONDON E.3 CO. LTD.

TELEPHONE : ADVANCE 478]|
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HERCULES

PENTALYN K

A synthetic resin of unusually high soft-
ening point which still retains solubility in
aliphatic hydrocarbons. It commends itself
especially for heat-set offset, high speed
gravure, and silk screen inks, and addition-
ally finds application in many unusual

coatings. Some typical characteristics are:

Softening point (Hercules drop method), °C. 188-197

Colour (USDA rosin scale) G max.
Acid number 25 max.
507, Solids solution in mineral spirits—
Colour (Gardner 1933 Standards) 15 max.
Viscosity (Gardner-Holdt) at 25°C. T-X

Detailed technical notes are available on request.

HERCULES

POWDER COMPANY

LIMITED
ONE GREAT CUMBERLAND PLACE, LONDON W.1. Telephone: AMBassador 7766
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FEAR NO MORE THE HEAT OF THE SUN

Paints for heaters, or any articles subjected to
neat, must have exceptional properties; paints
oased on Cardura resins possess those proper-
ries.Yellowing due to heatageing or overbaking
s virtually eliminated: colour and gloss defy
chemical or physical action, stains or mechani-
caldamage. Cardura’s high solids content makes
t possible to obtain thicker films quickly and
sasily. Could this flexible combination of virtues c A R D U R A
solve your paint problems, whether as a resin

ntermediate (Cardura E) or as a developed
-esin (Cardura 30 or 40)? If so, talk to your Shell Chemicals
Shell Company about Cardura.

or further information consult your Shell Company(in the
J.K., apply to Shell Chemical Company Limited, Marl-
yorough House, 15-17 Gt. Marlborough St., London W.1).



CONSTANT QUALITY
QUALITY CONSTANT
CONSTANT QUALITY
QUALITY CONSTANT
CONSTANT QUALITY
QUALITY CONSTANT

KRONOS TITANIUM PIGMENTS LTD. ' YORK HOUSE - 199 WESTMINSTER BRIDGE ROAD LONDON S E.1

DERIVES DU TITANE S.A. TITANGESELLSCHAFT MBH TITAN CO AS.
) LANGERBRUGGE, BELGIUM LEVERKUSEN, GERMANY FREDRIKSTAD, NORWAY
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The external paint system for this magnificent example of modern architecture in
Sao Paulo, Brazil, was based on Mowilith® emulsions. The wide range of these
emulsions includes grades for internal and external paint systems, adhesives and many
other applications. Mowilith has proved its value in every corner of the world under
the most extreme climatic conditions. Mowilith emulsions are now being produced
in England by the Harlow Chemical Co. Ltd., whose technicians will gladly supply a
Mowilith formulation tailored to your needs.

Backeo By 1@ (O vEARS IN CHEMISTRY

HOECHST CHEMICALS LIMITED

Portland House, Stag Place, London, S.W.1. Victoria 2366
and at Manchester - Birmingham - Leeds - Glasgow

REGISTERED TRADE MARK
REGISTERED USERS
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VICKERS-ARMSTRONGS (ENGINEERS) LIMITED VICKERS HOUSE MILLBANK TOWER MILLBANK LONDON SW1

PT 183A
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Element v the Elements . .ou:

research station at Dounreay on the North coast of Scotland affords yet
another proof of the weather resistance of painting systems based on
one metal—LEAD. For the meteorological tower and the ventilating
plant, the pigments specified were Calcium Plurmhbate and White Lead—
supplied by Associated Lead. The paint is still in perfect condition after
weathering several Scottish winters. Associated Lead are specialists
in the uses of lead for all purposes—from protective painting systems
to nuclear shielding.

Other Associated Lead products include:—RED LEAD - LITHARGE - BASIC
LEAD SULPHATE - TIMONOX FLAME-RETARDANT FOR PAINTS.

w§§x VAW g\\
N
§\§§ N \ﬁ%\ \\\@ m@

ASSOCIATED LEAD MANUFACTURERS LIMITED N ;j

Clements House, 14 Gresham Street, London, E.C.2 . Crescent House, Newcastle - Lead Works Lane, Chester
Export Enquiries to: Associated Lead Manufuacturers Export Co. Ltd., Clements House, 14 Gresham Street, London, E.C.2
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In addition to Europe’s most comprehensive range
of thermosetting acrylic resins,

STYRENE CO-POLYMERS LTD. now offer their further
expansion in the field of ACRYLIC resins.

SGOPAGRONS 1550 & 1575

Two complementary THERMOSETTING ACRYLIC
resins for AUTOMOBILE FINISHES recommended

as sole binders, designed to meet motor car
manufacturers’ stringent specifications.

SGOPASOL 550

A WATER REDUCIBLE THERMOSETTING

ACRYLIC resin for ONE COAT GLOSS FINISHES with
outstanding resistance properties.

SGOPAGRYLS

A very comprehensive range of

THERMOPLASTIC ACRYLIC polymers for
a wide variety of applications.

Samples and further information on request.

Styrene Go-Polymers Limited
Roebuck Lane - Sale - Cheshire
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N EWA(MMHI s to the Aerograph t

GAS CHROMATOGRAPHY
O
@
&

FEATURES

FOR ADDITIONAL INFORMATION ON THEST Same as Model 1520, but:
AND OTHER AEROGRAPHS. WRITE Dual column with either dual ionization or dual
thermal conductivity detector.

European Main Office: Linear temperature programming up to 40°C/min.
WILKENS INST. & RES.AG to 400°C. Infinitely variable and reproducible

P.O. Box 734 Basel/SWITZERLAND rates available with the use of resistance plug.

Alternate low-cost manual temperature programm-

Office in UK: ing module utilizing heat gain equal heat loss
WILKENS INST.&RES. (U.K.) LTD. principle for control and program of column oven

Hale Top temperature.

Wythenshawe Civic Center Manchester .
Manual 2-position sample collector (also standard

Other offices at PARIS, AMSTERDAM, ars Madal 15:20),

DARMSTADT, HALSINGBORG
Represented in most countries.

WILKENS INSTRUMENT & RESEARCH INC , USA

EROGRAPH

¥y
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AEROGRAPH MODULINE
GAS CHROMATOGRAPHS

o | [ |

FEATURES

Dual column with both dual ionization and dual
therma! conductivity detector.

‘On-column”* or flash-vaporization sample
introduction methods.

Built-in MATRIX-BOARD TEMPERATURE
PROGRAMMER. Temperature programming rates
may be changed automatically up to 20 times in
a single pre-set program.

Automatic column-oven cooling at the end of the
programming. Temperature will rapidly return and
hold within 0.1°C of starting temperature.

Infinitely variable and completely reproducible

linear temperature programming to 40°C/min.
Eolumn oven cools from 400°C to 100°C in four

ft
“.mque, high performance, feed-back stabilized
dual input electrometer. Qutput may be in differen-
ual, dual or single form.

du-Advertising

Glass or metal columns; glass or metal vaporization
chamber heated to 450°C.

Separate detector and column oven, both propor-
tionally and independently temperature controlled
to 0.1°C, from ambient to 400°C.

Fan-cooled electronic components, forced air
circulation for efficient cooling of every
component.

Optional Dual FID, Single FID, Electron Capture,
Cross-Section, Dual Thermal Conductivity or Gas
Density Detector.

Optional pre-column sample splitter for use with
columns of any diameter.

Optional post-column effluent splitter for dual
channel gas chromatography applications and
sample collections.

All modules are readily interchangeable,
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Diatomite mining operations at Lompoc, California

CELITE FILLERS for —

® An exact degree of permanent flatness
Achieving a durable and uniform finish
Imparting adhesion and * tooth ™

aint
Flat undercoats with correct texture
Microporosity to prevent blistering
a
industry cere ruren as

® The filtration of varnishes, lacquers and resins to
achieve a brilliant polish at lowest cost.

*Celite is the trade
name for Diatomite
and Perlite products . .
Send for sample and details to : Johns-Manville Co. Ltd.,

20 Albert Embankment, London, S.E.l. Tel : REL 6464-7

Johns-Manville

Over 100 years' experience

JOHNS-MANVILLE

PRODUCTS



COLOURS LTD.

JW. & T. A.SMITH LTD
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N/ow selllng as S C.C. COLOURS LTD

Sales & Export: MARYLAND ROAD, STRATFORD, LONDON

nnnnnnn Sales EWBR DG LANE, STOCKPORT, CHESH R Tel h STOCKPORT
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‘0K If youd rather I wear something
that gives better cover and opacity,
get me Vandike Emulsion!

Yes, Vandike copolymer and homopolymer emulsions mean paints with good
coverand high opacity. Combined with adhesion; weathering ;durability ;excel-
lent tinting characteristics; film toughness; and other prop-
erties essential to paint quality. Through research, British
Oxygen works both to maintain this quality and develop

new products and processes for the future. Our technical M
service Is always at your disposal. And we deliver either in

drums or by tanker.

BRITISH OXYGEN CHEMICALS LIMITED - HAMMERSMITH HOUSE - LONDON W6
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The widest colour range in the world

Monastral Fast Blue & Green Phthalocyanine Pigments
* From reddish-blue to Monastral Fast Green 6Y, the

yellowest phthalocyanine green made.
* All are outstandingly fast to heat, light and chemicals.

* Excellent dispersibility and printing properties.
Write for full information to X406

IMPERIAL CHEMICAL INDUSTRIES LIMITED LONDON SW1 ENGLAND
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Refined Soyabean & Linseed Oils

Soya and Linseed Stand Oils

Dehydrated Castor Oil
Boiled and Blown Oils
“PLASTYBCOL”

“ CICOIL)”

&

“WYBESOL”

Water & Hydrocarbon Soluble
Drying Oil

Younghusband Stephens & Co. Ltd

Sales Office : London Road, Barking, Essex

‘j'elephone : Rippleway 3467-9 Cables : Paintoil, London Telegrams : Litho, Barking
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so white...soright

by every analysis

Unsurpassed for whiteness, opacity

and reducing power; excellent
dispersability; produced in grades
suited to the requirements of
many industries.

BLLANC FIXE to B.S.S. 1795
also manufactured.

TECHNICAL SERVICE
Our Research Staff are always
ready to furnish expert advice on

specific problems.
Special formulations supplied on request. ‘

LITHOPONE

Prompt deliveries from the manufacturers
MC¢KECHNIE BROTHERS LIMITED
P.O. Box 4, Ditton Road, Widnes, Lancs.
Telephone: Widnes 2611

Branch Sales Ofhice: 30 Jermyn Street.
l.ondon, S.W.I1. Tel. : Hyde Park 9841/7

e o« « o o« Preparations Merek for
thin layer and preparative thin layver
chromatography ... ..

ALUMINIUM OXIDES : G, GFas,. H. HFus,. PFosy. PFusy o sa

KIESELGUHR G, POLAMIDE POWDER, NEATAN
NEW (PRESERVATIVE)

SILICA GELS : G, GF,s,, H, HFs5,, HF 3. 40
DYEING REAGENTS IN READY TO USE AEROSOL TINS

PREPARATIONS FOR COLUMN. PAPER & GAS
CHROMATOGRAPHY

For further details write to the UK distributors of E. Merck AG laboratory chemicals:

& COMPANY LIMITED ;
M Battlebridge House, 87/95 Tooley Street, London S.E.1 i

Telephone: HOP 1169, 0035/6




July

N
.=_v o

On reflection, it’s easy to see just why Solvesso solvents produce an out-
standing finish.

For consistency, mild odour, and colour stability you can’t beat Solvesso.
And, backing an outstanding product, there’s the unequalled Esso tech-
nical service. If you are not using Solvesso yet, now’s the time to get in
touch with the Chemicals Department, Esso Petroleum Company,
J.}nited, Victoria Street, London SW1. Telephone: Victoria 6677.

SUCCESSFUL FINISHES START WITH SOLVESSO

Xvii
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for the most

effective

protective primers =S S S

use \Ea“-.
Zincoli superfine zinc dust -

EFFECTIVE

Zincoli Superfine Zinc Dust is a

fine pigment. Highly loaded
oleo-resinous paints will

produce smooth films ready to receive
the best decorative finishes.

EFFECTIVE

Zincoli Superfine Zinc Dust is
very reactive. Highly loaded
aqueous silicate paints will rapidly
set into hard cementiferous

films for under-sea corrosion

and abrasion resistance.

Manufacturers:
AMALGAMATED OXIDES (1939) LTD., DARTFORD, KENT
Sole Distributors:

MORRIS ASHBY LTD.,
10 Philpot Lane, London, E.C.3. Telephone: Mansion House 8071
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TECHNICAL EXHIBITION

Monday 22 March—Friday 26 March 1965

CLOSING DATE FOR APPLICATIONS
TO EXHIBIT—9 SEPTEMBER 1964

Alexandra

Palace
A 4
London

OIL & COLOUR CHEMISTS’ ASSOCIATION

WAX CHANDLERS’' HALL,
GRESHAM STREET, LONDON, E.C.2
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WALKER
~ FORMAIDEHYDE

A high quality product at com-

petitive prices. Prompt delivery
to all parts of the country in

drum or tanker loads

THE WALKER CHEMICAL COMPANY LIMITED P.O. BOX NO. 39 BOLTON ° LANCS - TEL. BOLTON 23264
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Paint
without

TEARS-

thanks
to

BENTONE GELLANTS
by Berk

Bentone Gellants save tears all round. And that goes for Benagel & Benagel E. W. too. They make life
easier for whoever applies the paint. They give the paint itself something extra. And they add a valu-
able marketing PLUS to the paints in which they are used—for in these do-it-yourself days, everyone
wants paint that's as easy-working as paint can be. We won’t quote figures here, but if you would like
to know the effect the appropriate Bentone Gellants would have on your product, contact

FW Berk ancd Co Lid

BERK HOUSE, 8 BAKER STREET, LONDON, W.1. TEL: HUNTER 6688.

Abbey Chemicals Ltd.. holder of the Reg. Trade Mark No. 698520. Bentc:ne
MANCHESTER - GLASGOW - BELFAST . SWANSEA
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Bright brilliant pure

\WE T

paints.....

Get the bestout of your non-yellowing alkyds need bright hri"ia nt

by using Siccatol Driers. They are clear and
bright, practically odourless, excellent colour

and always uniform in quality. They have a pure CIear driers

high metal content yet are easy to handle.
Siccatols are manufactured at Novadel's

Gillingham Works, and are sold at competi-
tive prices for immediate delivery. s ' c GA I 0 Ls '
Please ask us for details and samples. Of c OU rse H

ST. ANN'S CRESCENT, WANDSWORTH, LONDON S.W.18
TELEPHONE: VANDYKE 7761-7 TELEX 21997
WORKS: PIER ROAD, GILLINGHAM, KENT

NOVADEL

GD 665




Geigy pigment dispersions for

emulsion paints

rgalite CPV colours |

Take advantage of 12 years’
manufacturing experience

1952
Irgalite PV colours

1956 -
Irgalite SPV colours

1964
Irgalite CPV colours

In the new Irgalite CPV colours
special attention is paid to

high concentration
pourability

non settlement
non drying out
wide range
compatability
uniformity

The Geigy Company Limited
Simonsway
Manchester 22

aen
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“Some very desirable features™

of the AUTOMATIC PIGMENT MULLER JEL 25/53

@ Loading range between 8.5
and 10.0 kilos (18 to 22 Ibs.)

® Counting from | to 9999

@® Water cooled top plates
available

® ! hp motor
@ 10" diameter plates

® All  plates ground to t
standard

J. ENGELSMANN AG of LUDWIGSHAFEN

Sole UK Agent

F. COPLEY & GO., Beeston, Nottingham

REFINED AND PROCESSED
TOBACCO SEED OILS
~ SOYA BEAN OILS
SAFFLOWER OILS
LINSEED OILS

XYLENE
and other aromatic solvents

Samuel Banner

SAMUEL BANNER & COMPANY LIMITED, 34 Castle St., Liverpool. Central 0223
Also at 10a Newton Road, Stratford, London, E.I5. Maryland 4321
and 289 Castle Street, Glasgow, C.4. Bell 0723
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Araldite
the widest range of epoxies for paint

liquid resins

solid resins

solutions

curing agents

specialities

may we send you detailed information ?

.
i
-
s
s
.
o
P
+
o
B
e
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e
-
i

CIBA (A.R.L.) Limited, Duxford, Cambridge. Tel. Sawston 2121. Araldite is a registered trademark.
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WHO MAKES
PAINTS

SPREAD BETTER,
SOAPS

CLEAN BETTER,
LOTIONS

FEEL SMOOTHER?

Cyanamid does

Does it with AKROSOL* Surface Active Agents. Through their detergent, dispersing, foaming
and emulsifying powers, these versatile chemicals endow scores of products with more desirable
properties. They are especially valuable in emulsion polymerization. Cosmetics, paints, polishes,
detergents, plastic films are just a few products which benefit from AEROSOL Surfactants. Five
outstanding grades are: AEROSOL 18, 22, and TR 70, OT 75, OT 100. Who makes good
products even better? Cyanamid does. *Trademark

write to: CYANANMID >
CYANAMID OF GREAT BRITAIN LIMITED —=<

SERVES BRITAIN

GENERAL CHEMICALS DIVISION - BUSH HOUSE + ALDWYCH - LONDON WCx



TIOXIDE

TIOXIDE titanium pigments give brilliance and opacity to
white and pastel colours in all paints where beautiful,
durable colours are a source of pride and lasting appeal.

British Titan Products Co Ltd

VI, 10 STRATTON STREET LONDON W.1
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SPECIALIST TECHNICIANS

to the PAINT, VARNISH, LINOLEUM and

ALLIED INDUSTRIES

SYNTHETIC RESINS by Beck, Koller & Co. (England) Ltd.

PROMPT AND REGULAR

‘ALCHEMY’ BRAND DRIERS Naphthenates - Linoleates -

DELIVERIES FOR HOME Oleates by Burts & Harvey Ltd.

AND EXPORT OF
ZINC OXIDE ‘‘Felzo” brand and all grades for the Paint Industry.

PIGMENTS, EARTH COLOURS, etc. Extra strong Yellow Ochres

/

Samples on request from AMES BEADEL AND COMPANY LIMITED
Member of the Reichhold Chemicals Ltd. Group.
HEAD OFFICE : Frodsham House, Edwards Lane, Liverpool, 24. Tel.: Hunts Cross 1395/6. Grams: Rodatz, Liverpool.
LONDON OFFICE: Hillgate House, 26 Old Bailey, London, E.C.4. Tel. and Grams: City 2405/7.
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Intermediates
Pigments
Chromatex pastes for
emulsion paints

Predispersed pigments for
rotogravure and flexo inks and
all conventional pigments in
powder forms.

Sk

SOCIETE DE PRODUITS CHIMIQUES ET MATIERES COLORANTES DE MULHOUSE
21, rue Henri-Rochefort PARIS 17¢ - FRANCE

U.K. Representatives :

VICTOR BLAGDEN & Cv Ltd,
Plantation House Mincing Lane,
LONDON, E.C. 3

Telephone No. MANsion House 2861.

LB,A 114
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—intermediates in pigment and dyestuff produc- Available in bulk:
tion—can be coupled with appropriate diazonium Acetoacetanilide
compounds to obtain ranges of colours that are Acetoacet-o-chloranilide
stable to light, heat, alkalis and atmospheric Acetoacet-o-anisidide
sulphur. Acetoacet-o-toluidide
Acetoacet-m-4-xylidide
Available in development quantities:
Pl S Acetoacet-p-chloranilide
aooratory sampies oJ other 3
acetoacetarylamides are available Acetoaceb-benzylaxplde
for experimental evaluation. Acetoacet-p-toluidide
BISUL For technical and commercial Acetoacet-p-anisidide

information, please write for BISOL Technigram.
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LAKE & PIGMENT

COLOURS

~

for
PAINTS
PRINTING INKS
CELLULOSE FINISHES
LINOLEUM, LEATHERCLOTH
ETC.

We invite your enquiries

HORACE CORY

& CO. LTD.

NATHAN WAY,
WOOLWICH INDUSTRIAL ESTATE
LONDON, S.E.I18
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Versatility of Chromatographic Techniques in

Their Application to Paint Research®
By S. M. RyBICKA

Paint Research Station, Waldegrave Road, Teddington, Middlesex

Summary

This paper summarises and compares chromatographic techniques and describes their
applications to problems in paint research. Details are given of the methods used at
the Paint Research Station and the results obtained in the analysis of solvent systems
in lacquers, the characterisation of commercial turpentines and dipentenes, solvent
retention of lacquer films, the fatty acid composition of drying oils, the separation of
minor constituents of linseed oil, the analysis of glycerolysis products, the examination
of volatiles of natural oils, and the pyrolysis of polymers.

INTRODUCTION

The subject of this paper is the versatility of chromatographic techniques in
their application to paint research. Tt is impossible to do full justice to the
techniques which revolutionised the understanding of natural products and
played such an important role in biochemical and medical sciences, but their
usefulness in paint research is not perhaps so obvious.

The paint research chemist is mostly concerned with improvement of the
performance of paint films. This implies correlation of the properties of the
paint film with the composition of the original paint. It is a formidable task
considering that the paint formulation includes mixtures of various inorganic
and organic pigments, polymeric or polymerisable media, plasticisers, catalysts,
solvents, etc.—and that the dried, cured or weathered paint films are far removed
in their chemical structure from the composition of the original paint ; it is
surprising that any correlations can ever be made. In the large array of physical
and chemical methods used by the team of workers trying to solve these
problems, chromatographic techniques also have something to offer.

*Presented before London Section 20 February 1963 and Manchester Section 8 November
1963.
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Chromatography is essentially an efficient method of separating mixtures
of soluble or volatile compounds, so its uses in a way are restricted. Some
examples will be given later, however, of the use of chromatography even in
the study of properties and structure of polymeric materials.

But first consider how chromatographic techniques work, what types of
chromatographic systems exist and how they compare.

CHROMATOGRAPHIC SYSTEM

Separation in all chromatographic methods is based on unequal distribution
of the components of a mixture between two phases. The choice of the two
competing phases is of primary importance to the separation. Distribution is
influenced by the weak secondary forces acting between the molecules of the
solute and the medium. These forces depend on the presence of polar and
polarisable groups, shapes and sizes of molecules of both the solute and the
medium. In general, therefore, solutes differing in chemical structure distribute
themselves unequally between the competing phases which differ in polarity.
This effect is usually very small in a static experiment when only one equilibration
takes place. It can be magnified, however, by performing a number of successive
equilibrations.

In chromatography the continuous repetition of a single equilibration proceeds
automatically by letting one of the competing phases move in one direction
through the other phase. Imagine a narrow glass tube filled with an adsorbent
powder and a solvent percolating continuously through it. This is our
chromatographic system. The mixture to be separated is introduced as a small
batch at the top of the column without interrupting the flow of the solvent.
Various molecules present in the mixture distribute themselves between the
stationary and the mobile phase and only those which are in the mobile phase
move along the system to the new sites of the stationary phase where new
distributions occur. At the same time pure mobile phase reaches the occupied
zone of the stationary phase and another distribution takes place. In this way
the components of the mixture travel along the system, where the more they
are attracted by the stationary phase the longer they are retained. Finally,
discrete zones of separated components move along the system and can be
detected either on the column, if they are visible or made visible, or after
leaving the chromatographic system in different intervals of time. Fig. I illustrates
the separation of two components of different distribution coefficients.

The principal factor of successful separation is the efficiency of the single
equilibration step ; the number of repetitions can only magnify it. The efficiency
of the single equilibration depends primarily on the choice of a suitable pair of
phases. A rational choice is guided by an understanding of the nature of the
interactions between the molecules. Unfortunately only rough correlations
between the structure of molecules and the secondary forces of attraction are
known and in practice the two-phase systems used are far from perfect. But
even if the two-phase system is not the best possible, a successful separation
can be achieved by increasing the number of equilibrations. This can be done
by increasing the length of the system or by decreasing the fraction of the path
needed for a single equilibration (the height equivalent of the theoretical plate).
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Types of Chromatographic Systems

The chromatographic systems met in practice can be roughly divided into :
(i) packed column chromatography in which the competing phases can be
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solid/liquid, liquid/liquid, solid/gas, liquid/gas, (ii) capillary column chromato-
graphy—Iliquid/gas ; (iii) open column chromatography—paper and thin layer
chromatography.

Each of these systems has a number of variables such as the type of both
stationary and mobile phase, length of the path, temperature, rate of flow, etc.

Packed Column Chromatography

The oldest chromatographic system is a packed column with a solid/liquid
pair of phases. One difficulty encountered in using this system is the poor
reproducibility of the results due to the changes in the properties of solid
adsorbent powders from batch to batch. Another is that as the solid adsorbent
is usually irreversibly changed by the passage of the liquid phase, fresh columns
have to be prepared for each experiment.

Packed column chromatography with a liquid/liquid pair of phases is realised
by impregnation of the inert powder with the liquid stationary phase. Both
phases have to be equilibrated with each other. Changes of temperature during
the separation may affect greatly the results.

Both these systems have the advantage that relatively large batches of
mixtures can be separated in one experiment. In both systems the composition
of the mobile phase can be changed during the experiment to improve the
separations. Automatic fraction collectors, by dividing the eluates into small
equal volumes, facilitate the detection of the separated zones.

Packed column systems with a liquid/gas pair of competing phases (gas-
liqguid chromatography) have achieved great popularity in recent times.
Distribution between the liquid and gaseous phases is determined by the solu-
bility/volatility ratios and only volatile compounds can be separated. The
temperature of the system, however, can be maintained at any desired level
limited only by the stability of the stationary phases so that the separations of
very high boiling compounds can be carried out successfully. This method is
capable of great precision and reproducibility when the temperature, pressure
and flow of gas are strictly controlled.

Mass transfer between the thin layer of the liquid stationary phase and gas
is much quicker than between liquid and liquid so that the system is capable
of a large number of equilibrations in a comparatively short time. Columns can
be used repeatedly and detection is automatic and very sensitive. Moreover
the result of the separation is automatically registered on a chart. The advent
of gas chromatography opened new possibilities of quick and reliable analyses
of complicated natural mixtures. Separations based on solubility/volatility
ratios are much more efficient than those obtained by fractional distillation
when only volatility differences are exploited. Quantitative determination of
the composition of the mixture can be made using the recorded chromatograms
and identification of the components is facilitated by the reproducibility of
retention times.

The limitations of the method are that mixtures to be separated have to be
volatile at the temperature at which the separation is carried out and although
it is possible to work at high temperatures the stability of the stationary phase
is the limiting factor. The choice of mobile phases is limited to a few inert
gases and this is restricted even more by the type of detectors used. The method
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is at its best with very small samples. These limitations, however, apply only
to the present stage of the development of this elegant technique. There is
perhaps a danger of rash identifications of the separated compounds by their
retention times only, especially if only one stationary phase is used for separation.

Capillary Column Chromatography

This forms a branch of gas chromatography. Glass, metal or nylon capillaries
are used coated inside with a thin layer of a liquid stationary phase and an
inert gas flows through the open space in the middle of the capillary. This
system can work only with extremely small samples and requires high sensitivity
detectors. Equilibrations proceed very quickly and the length of path can reach
hundreds of metres thus providing the opportunity for very subtle separations.
On the other hand short lengths of capillary columns can be used to provide
separations in a matter of seconds, the chromatogram being displayed on the
memory screen of an oscilloscope.

The Open Column Systems

These consist of thin sheets of a stationary phase which is porous enough to
allow the liquid mobile phase to move across by capillary action or by gravity,
the whole system being enclosed in an air-tight container. This system is
represented by two techniques : paper chromatography and thin layer
chromatography.

Paper chromatography is a well established technique of great versatility.
The stationary phase is usually cellulose with a layer of adsorbed water but in
recent years a large number of modified and impregnated papers have come into
use, so that the stationary phase can range from a nonpolar hydrocarbon oil
to an ion exchanger. An unlimited number of liquid mobile phases can be applied.
Several samples can be separated simultaneously on one sheet, thus making it
possible to compare the unknown mixture with the mixture of standard
compounds, etc. Separation can be carried out with one solvent in one direction
and continued at right angles with another solvent. (Two-dimensional paper
chromatography.) The movement of the mobile phase can be stopped at any
time by removing the sheet and evaporating the solvent. Thus the separated
zones are immobilised and can be detected by spraying with an appropriate
reagent.

The limitations of the method are, the length of the path of the mobile
phase is restricted, the movement of the mobile phase is slow, so that one
experiment may last up to 24 hours ; the reproducibility of retention factors is
not very good due to the difficulties of controlling humidity, temperature, etc. ;
only non-volatile compounds can be satisfactorily separated and detected, so that
volatile mixtures have to be converted to some non-volatile derivatives ;
quantitative estimation is difficult.

In thin layer chromatography (TLC) a layer of adsorbent powder is made
to adhere to a glass plate. Adhesion may be increased by addition of a small
quantity of Plaster of Paris or starch to the aqueous slurry of the powder
before spreading it on the plate. The adsorbent layer may be reactivated by
heating to the required temperature in an oven. The same adsorbents as used
in the packed columns can be used. A layer of an inert powder can be impreg-
nated with any stationary phase. The advantage of this system over column
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chromatography is that separation is more precise and reproducible, takes a
short time and is done on a microscale. The separated compounds can be
visualised in situ by spraying with similar reagents to those used in paper
chromatography. TLC can be used to monitor large scale column separations
done on the same stationary phase, in order to find the best solvent system and
to check the composition of the fractions. TLC separations take less time
than on paper (30 minutes instead of several hours). There is less diffusion of
zones leading to much sharper separations. When a purely inorganic adsorbent
is used, strong reagents (sulphuric acid) can be applied for the general detection
of organic compounds. In other aspects the scope and limitations of TLC
are similar to paper chromatography. Its particular limitations are the fragility
of the thin layer and the tendency of separated zones to air oxidation, due possibly
to catalytic effects of the adsorbents.

It is hoped that this short appraisal of chromatographic systems makes it
clear that chromatography is an inexhaustible mine of separating techniques.
The choice is unlimited, but the best choice is difficult to arrive at. Of course by
using other people’s choice it can be hoped to get as good separations as they
achieved themselves but the challenge is there to find a better, if not perfect,
system.

APPLICATION OF CHROMATOGRAPHY TO PAINT RESEARCH

All the above mentioned chromatographic techniques have been used at one
time or another at the Paint Research Station. Paper chromatography is used
in routine analytical procedures for separations of inorganic ions, dibasic
acids, polyalcohols, etc. Column liquid chromatography is used for research
into adsorptive properties of pigments but now it is proposed to give some
examples of application to paint research problems of gas and thin layer
chromatography only.

Two types of gas chromatographic apparatus are used at the Paint Research
Station : a double beam thermal conductivity detector apparatus and an
argon ionization apparatus. Fig. 2 shows the first, which was built at the PRS
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in 1956. The two cells of this differential detector are connected to the outlets
of the identical columns ; in a single experiment one column is used for
separation, the other acting as a reference column. At low temperatures, when
the stationary phases are stable, each column may contain a different stationary
phase, thus giving the means to separate a given sample on two different phases
without any change. At high temperatures when there is a possibility of bleeding
of the stationary phase into the detector, both columns are filled with the same
stationary phases thus giving good stability to the system. The separate heating
of the detector and columns is useful when the programmed temperature
separation is carried out.

The argon ionization detector is much more sensitive than the thermal
conductivity one and is used for special problems which will be discussed later.

Analysis of Solvents

The obvious application of gas chromatography is analysis of solvent
“ mixtures > such as white spirit, petroleum distillates, benzoles, solvent
naphthas, etc. The composition of the solvent mixtures can be checked and the
presence of some components, which influence their performance in the paint,
can be traced. Components of the mixtures can be identified by comparing
the retention times of the peaks appearing on the chromatogram with previously
accumulated data for the pure compounds on the same stationary phase.

Lacquer solvents analysis is more difficult as these solvents contain a variety
of components of widely different nature and volatility. In this case separation on
one stationary phase only can be very misleading, as may be illustrated by the
following example.

Two samples of solvents for a special lacquer were found to differ in their
performance and were believed to contain the same components, a large amount
of petroleum ether with small amounts of iso-propanol, ethyl acetate and
methyl ethyl ketone. Separation performed on a medium polarity dinonyl
phthalate stationary phase gave two identical chromatograms for both samples
consisting of six major peaks. Petroleum ether separated in the same conditions
also gave the same pattern of peaks. Various isomeric hydrocarbons present
in the petroleum ether obscured entirely the presence of other components
of the mixture. This, however, became obvious only when the mixture was
separated on a non-polar Apiezon grease stationary phase, on which the
hydrocarbon peaks shifted to longer retention times revealing the presence of
three other components in one sample and only two in the other.

The component present only in one sample was found to have the same
retention time as normal propanol and not iso-propanol. The other component
had the same retention time as toluene which was not expected to be present.
The third could be either ethyl acetate or methyl ethyl ketone as this stationary
phase could not separate them. A highly polar polyethylene glycol stationary
phase was found to be most useful for this analysis. The aliphatic hydrocarbons
were only slightly soluble in this stationary phase and therefore had retention
times much shorter than the other components. Ethyl acetate was well separated
from methyl ethyl ketone, n-propanol shifted to much longer retention time
as was to be expected because of its high solubility in this medium, toluene also
gave a well separated peak. Fig. 3 shows the chromatogram obtained. The
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presence of toluene was confirmed by ultra violet analysis. This example illu-
strates well the importance of the proper choice of the stationary phase as
well as the danger of relying on a separation on one stationary phase only.

Characterisation of Commercial Turpentines and Dipentenes

Terpene hydrocarbons are difficult to separate by fractional distillation because
their boiling range is narrow (170-186°C) and at these temperatures isomerisation
occurs readily. Using gas chromatography with a polar stationary phase in
which these hydrocarbons are only slightly soluble, good separations were
achieved at temperatures below 100°C thus avoiding any danger of isomerisation.
The retention times of eleven pure terpene hydrocarbons were determined on
dinonyl phthalate and ethylene glycol stationary phases and these data were
used for the analysis of several commercial turpentines.

Fig. 4 shows the chromatograms of three turpentines. The first has
A3-carene as the major component, the second contains predominantly
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a-pinene, the third has three major components vy-terpinene, terpinolene and
limonene in nearly equal amounts. A3-carene and a«-pinene have only one
double bond on the ring, terpinene, terpinolene and limonene have two double
bonds ; the third turpentine differs considerably therefore from the others.
Commercial dipentenes were also separated. Their content of limonene does
not exceed 50 per cent, terpinolene and saturated menthane are the other main
components.
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Fig. 5 shows the chemical structures of some of the components of commercial

turpentines.
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Solvent Retention of Lacquer Films

Usually volatile compounds are the object of analysis by gas chromatography
and known stationary phases are used for separation of unknown volatiles.
The problem, however, can be reversed and the properties of the unknown
compound used as stationary phase can be investigated by passing known
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volatiles and observing their retention times, shapes of eluted zones etc. This
method was used for the comparison of solvent retention of four lacquer
films all containing the same amount of nitrocellulose and tricresyl phosphate
and differing only in the type of resin present. Identical columns were prepared
containing equal amounts of the investigated lacquers spread as a thin coating
on inert solid particles. The behaviour of five solvents was examined on each
of these columns. Each solvent was injected alone and the chromatogram gave
the retention time and the shape of the peak. Fig. 6 illustrates the result of this
comparison. The graphs shown represent superimposed chromatograms of the
individual solvents. The longer the retention time the stronger is the solvent
retained by the film. The asymmetry and the broadness of the peaks indicate
the non-ideal behaviour, i.e., the increased retention time when the solvent
concentration decreases.

Lacquer containing a non-drying alkyd exhibits the greatest selectivity of
solvent retention and the smallest tendency to retain small concentrations of
solvents. Lacquer with maleic resin of high rosin content releases isopropyl
acetate, n-butanol and toluene nearly at the same rate and the non-ideal
behaviour is very pronounced. Lacquer containing dewaxed Dammar resin
shows a marked tendency to retain n-butyl acetate much longer than other
components. The graphs illustrate the fact that vapours leaving lacquer films
have a mixed composition until the last traces of solvents in both lacquer
compositions containing maleic resin. The composition of the vapour phase
released from the lacquer with non-drying alkyd changes rapidly at first but
the last traces contain n-butyl acetate and butanol.

The Fatty Acid Composition of Drying Oils

Unsaturated glyceride oils are a major raw material of the paint industry and
are also of great interest to biochemists and the food industry. Hence a large
number of research workers all over the world have applied themselves to finding
suitable conditions for the efficient separation of fatty acids by gas chroma-
tography.

As methyl esters are more volatile and less reactive than fatty acids, the
separation of the former presents fewer difficulties. The main problem was to
find a stationary phase stable enough at the temperatures required for separation
and efficient enough to separate the large number of acids of the same carbon
chain length but differing in position and number of double bonds. Polyester
type stationary phases were found to be more efficient the shorter the carbon
chain of the dibasic acid used. The shortest dibasic acid which gave sufficient
thermal stability to the polyester was succinic acid, and ethylene glycol succinate
polyester is the most efficient stationary phase used up to date. Methyl esters of
fatty acids of the same chain length are retained the longer, the more double
bonds they possess. On the other hand non-polar Apiezon greases retain
saturated structures longer than unsaturated, without, however, clear separa-
tion of individual unsaturated acids.

The determination of the fatty acid composition of natural oils such as
linseed, soya bean, tobacco, etc. has now become a standard procedure.!
Fig. 7 shows a chromatogram of linseed oil methyl esters. Distinct peaks for
linolenate, linoleate, oleate and the saturated acid esters are visible; their
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proportions may be calculated from the areas under the peaks. Typical fatty
acid compositions of some oils are shown in Table I.

TABLE I

MEeTHYL ESTERS OF THE FATTY AcIDS OF DRYING OILS.
STATIONARY PHASE :

ETHYLENE GLYCOL SUCCINATE POLYESTER.

GAs LiQuiD CHROMATOGRAPHY :
TEMPERATURE 195°C

Methyl esters of Linseed Soya Tobacco Tall oil Tall oil Dehy-
acids oil bean oil seed oil (Scan- |(American)| drated
dinavian) castor oil

Palmitic 7 12 5 1 4 1
Palmitoleic — — — 1 1 —
Stearic oyt 2 3 1 0.2 1 1
Oleic (-} elaidic) .. 20 28 13 40 41.5 4
Linoleic 14 S0 75 35 36.5 23
Unidentified — — — 8 3 —
Linolenic .. 56 7 6 2 3 —
Conjugated

linoleic 1 — — — 1.5 4
Conjugated } 54.5

linoleic 2 — — — - 1
Higher boiling

comp. .. 2 — — 1 12.5 6 15.5
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The problem of separating and identifying mixtures of acids becomes more
complex when heated or modified oils are examined. Dehydrated castor oil is such
an example and the chromatogram of the separation of methyl esters of the
fatty acids of such oil is given in Fig. 8. Apart from small amounts of palmitate,
stearate, and oleate, there is a large peak of non-conjugated linoleate followed
by three not very well separated peaks of conjugated linoleates, and lastly a
small peak of unchanged ricinoleate.
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FIG. 8. SEPARATION OF METHYL ESTERS OF DEHYDRATED CASTOR OIL

Another system containing acids of uncertain composition is the monomeric
fraction obtained on heat treatment of linseed oil followed by molecular
still distillation. The distillate contains not only the original unchanged acids
which have not polymerised but also some new acids. Fig. 9 shows the
chromatogram of this fraction. Between the linoleic ester peak and the linolenic
peak, a peak of an unknown fatty acid ester appears which is possibly the ring
compound reported by some authors to be present in this system.2

Identification of unknown fatty acids solely from gas chromatographic data
is not easy. When the retention times of normal saturated fatty acid methyl
esters are plotted on semi-logarithmic paper against the number of carbon atoms
in the chain a straight line is obtained. By definition the normal saturated fatty
acid esters are represented as integers equal to their carbon chain length. The
positions of the unsaturated fatty acid esters fall usually in between, and their
positions can be expressed by the carbon number of the corresponding saturated
acid ester plus a certain fraction characteristic for one, two, three etc. double
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bonds in the molecule. This equivalent carbon number? can be used for identi-
fication. Such a plot is shown in Fig. 10. When the equivalent carbon numbers
are found for both polar and non polar stationary phases, identification becomes
more reliable.

Although the identification of the fatty acids in the triglycerides of a drying
oil is of the greatest importance for the characterisation of its performance in
the paint film, the presence of some other components may also have an influence.
For instance oxidation is affected by the presence of natural antioxidants, the
amount of * foots ”” may be related to the phospholipid content, waxes present
in the oil may affect the gloss of dried films and the colour of films may be
influenced by natural colouring matters.

_ For the best method of studying these components, thin layer chromatography
is used. In contrast to gas chromatography, thin layer chromatography can be
carried out without any special apparatus. Devices for preparing the plates and
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carrying out the various operations can be purchased but at the Paint Research
Station these have not been found necessary.

Separation of Minor Components of Linseed Oil

Separation by thin layer chromatography using silicic acid as adsorbent
depends mainly on the type and number of oxygen-containing polar groups
present in the molecule. The main components of oils, triglycerides, occupy
a narrow zone on the plate although they vary in unsaturation. Components
varying in hydroxyl or carboxyl content separate clearly.

Raw linseed oil was separated by TLC on silicic acid plates using continuously
changing concentration of diethyl ether in petroleum ether (20-60 per cent)
during the experiment, a method developed at the Paint Research Station.*
In this system hydrocarbons travel to the solvent front and very polar com-
pounds remain on the base line. The separated components were visualised by
spraying the plate with 50 per cent sulphuric acid, followed by heating at 120°C.
Apart from the major triglyceride spot, eleven smaller spots were detected.
Identification was made by comparing the retention factors with standard
compounds runon the same plate, specific reagents, and byinfrared analysisof the
material extracted from the separated zones. A semiquantitative estimation of
the proportions of minor components was done by taking a photograph of the
plate and measuring the optical density of the spots along the path of the
separation.

The following minor components were identified : long chain alcohol and
sterol esters, tocopherol esters, free tocopherols, fatty acids, triglycerides with
polar groups on the fatty chains (epoxy and hydroxyl), diglycerides, sterols, a
yellow compound with keto groups and finally phospholipids. Fig. 11 gives
some of the structures of the compounds present as minor components in
linseed oil.
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As the phospholipids stayed on the base line during the main separation and
could not be identified properly, another solvent system was used for their
separation. First, the phospholipids were separated from the other components
on a thin layer plate by using acetone as the mobile phase. The phospholipids
remained on the base line and all the other components travelled to the solvent
front. (Advantage was taken of specific insolubility of phospholipids in this
very polar solvent.) Acetone was evaporated from the plate and the plate
was developed a second time using a solvent system in which the main
phospholipid types are known to separate.?

The linseed oil phospholipids were compared with soya bean phospholipids
run on the same plate. The linseed oil phospholipids were found to consist
mostly of one type—phosphotidylcholine, whereas the soya bean phospholipids
are composed of almost equal amounts of several types.

Column chromatography using silicic acid as adsorbent is much less efficient
for separation of the minor components of linseed oil than TLC. When raw
linseed oil was separated on a silicic acid column, the non-polar esters and
triglycerides were eluted with petroleum ether leaving other minor components
on the silicic acid. The elution was monitored by testing the composition of
eluates on a TLC plate. The triglycerides eluted were still yellow due to the
presence of tocopherols and their esters. A completely colourless linseed oil was
obtained by passing it through a double layer column containing a silicic acid
layer and below it a charcoal layer. The charcoal layer removed the non polar
yellow components. A film made of this completely colourless linseed oil did
yellow on ageing and exposure to ammonia as much as untreated linseed oil,
showing that the yellowing of linseed oil films is not connected with the presence
of natural colouring matters in the original oil. Moreover the oil was unstable
and gelled easily due to the absence of antioxidants.
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Analysis of the Products of Glycerolysis

Another example of application of thin layer chromatography in paint research
is the use of this technique for the analysis of the products of the glycerolysis
reaction, known in the industry under the name of monoglycerides. From the
reaction mixture of linseed oil and glycerol a mixture of glycerol,1- and 2-mono,
1:2- and 1:3-diglycerides and triglycerides is obtained. The separation of
mono-, di- and triglycerides of linseed oil has been carried out on silicic acid
coated plates using continuously changing concentration of diethyl ether in
petroleum ether (composition changing from 10 per cent ether to 60 per cent
during the experiment). All the components separated clearly and their pro-
portion could be estimated. The same technique was applied for the separation
of the mixture of pentaerythritol esters of linseed oil fatty acids and of a mixture
obtained from the reaction of pentaerythritol and linseed oil. The last mixture
contained both glycerides and pentaerythritol esters. Table 11 illustrates these
separations.

TABLE 11

RF VALUES OF GLYCERIDES AND PENTAERYTHRITOL ESTERS OF LINSEED OIL OBTAINED WITH
CONCENTRATION GRADIENT DEVELOPMENT

Compound Mixture 1 Mixture 2 Mixture 3

Glycerol, penta o - e e 0 0 0

2-Monoglycerides .. .. .. .. 0 — 0

Mono-penta esters .. - o s — 0.09 0.09
1, -Monoglycerides o . e 0.19 s 0.18
Di-penta esters - o - i — 0.30 0.28
1, 2-Diglycerides .. . ars o 0.38 : 0.37
Tri-penta esters 2% 2 an .. — 0.46 0.46
1, 3-Diglycerides .. - s " 0.47 o 047
Tetra-penta esters .. 23 o " — 0.79 0.79
Triglycerides - 85 .. .. 0.82 — 0.81

Thin layer chromatography was also used to follow the course of glycerolysis
reaction.® Linseed oil and glycerol were reacted in the presence of sodium
hydroxide catalyst at 235°C for two hours with continuous stirring. Samples
of the reaction mixture removed every ten minutes were delivered to weighed
containers, cooled, weighed and diluted with acetone to give 5 per cent solution
of each sample. A large silicic acid coated plate was spotted with ten solutions
of these samples. Care was taken to deliver exactly the same amount of solution
on each spot. The plate was developed by a mobile phase of composition
changing from pure petroleum ether to 50 per cent solution of diethyl ether.
The dried plate was sprayed with concentrated sulphuric acid and heated until
dark spots developed.



1964 VERSATILITY OF CHROMATOGRAPHIC TECHNIQUES 493

Fig. 12 shows the photograph of a TLC plate. The trains of spots for each
time of reaction showed clearly the gradual decrease of triglycerides as well as
the increase of mono- and diglycerides up to 30 minutes of reaction, but later
the changes became small. A photograph of the plate was taken and the
negative was scanned on an optical densitometer, so that a plot of optical

-

Fi1G. 12. A PHOTOGRAPH OF A TLC PLATE OF THE SAMPLES OF GLYCEROLYSIS REACTION MIXTURE

density against distance could be obtained. When the negative was scanned in
the direction parallel to the base of the plate, along the spots of one type of
component, the changes of concentration of a given species during the reaction
could be estimated more accurately. Fig. 13 shows the graph obtained for
monoglycerides.

Thin layer chromatography was also used to get a glimpse of the distribution
of triglycerides of various drying oils. The triglycerides could be separated into
groups of different total unsaturation. This was done on plates coated with
inert powder impregnated with a non polar stationary phase such as squalane
or undecane. The mobile phase was of high polarity (acetic acid). The separated
triglycerides were exposed to iodine vapour thus giving brown spots on the
plate ; the retention factors increased with the degree of unsaturation of the
triglycerides. Various oils could be differentiated clearly by the number and the
positions of the triglyceride types.
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Examination of Volatiles of Natural Oils

In the examination of oils, both gas chromatography and thin layer chroma-
tography have their uses and they are in a sense complementary. The presence
of volatiles in the natural oil or evolution of volatiles during the autoxidation
process can be detected and to some degree identified by gas chromatography,
using the highly sensitive argon detector. For this purpose the apparatus is
provided with a bypass, which can be heated to any suitable temperature. The
oil to be examined is kept in the bypass for a time required to accumulate
sufficient amount of volatiles in the gaseous phase and then the contents are
swept into the column by argon flow. The volatiles separate in the column in
the usual way and appear as a series of peaks on the chromatogram.

When the autoxidation products are investigated, air is admitted to the by-pass
and a catalyst is added to the oil to promote autoxidation. In this way it is a
simple matter to detect the presence of volatiles, but identification proves to be
difficult. The autoxidation products of linseed oil consist prcdominantly of
propionaldehyde and formic acid but a large number of minor components are
also detected. These consist of higher saturated and unsaturated aldehydes but
some other compounds are also present which have not yet been identified.
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The by-pass on the argon detector apparatus can be used for the detection
of trace components not only in paint films but also in printed papers, lacquer
films, the residual monomers in synthetic polymers, etc. The volatiles evolved
during the curing of paint films can also be examined in this system.

The sensitivity of the argon detector is such that a sample of the gaseous
phase from above the solution (of a lacquer) can be taken by a gas syringe and
injected into the column, thus giving the composition of the vapour phase
above a solution, a paint in a container, or even a paint film.

Pyrolysis of Polymers

Thermal degradation of polymers depends primarily on the molecular structure
of the polymers. Separation and identification of volatile products of pyrolysis
can therefore throw some light on the structure of a polymer. If a polymer could
be identified solely by its volatile pyrolysis products gas chromatography
could be used for its analysis. In many cases this was found to be true.

These experiments were realised in practice in the following way. The usual
packed column was provided with a pyrolysis unit” consisting of a platinum coil
sealed inside a short glass tubing. This unit is placed on the top of the column.
Fig. 14 gives a diagram of such a unit. Nitrogen is made to flow through the
coil straight into the column, the coil being heated to any required temperature
by an electric current. The polymer is deposited on the coil by dipping it in a
solution of the polymer in a volatile solvent, the solvent evaporated and the
loaded pyrolysis unit connected to the column. Usually one has to wait and
see if any volatiles are released from the polymer without heating the coil—
these may be due to the presence of residual solvent or monomer entrapped
in the polymer. A current sufficient to obtain the given temperature of pyrolysis

( /
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FiG. 14. DIAGRAM OF PyroLysis UNIT
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is switched on for 10 or 20 seconds. The volatiles are swept into the column as
soon as they are formed thus minimising any secondary reactions between the
highly reactive products.

Volatiles are separated in the usual way by their passage through an
appropriate column and a pattern of peaks appears in due time on the recorder
chart. The pyrolysis products may consist of gases and compounds of varying
volatility. One set of conditions may not be adequate to cope with separation.
Usually, however, the conditions suitable for separation of medium range
volatility compounds are employed as most monomers and other characteristic
degradation products can be separated in these conditions.

A series of homopolymers of methacrylate, acrylate and styrene type gave a
high proportion of monomers in the pyrolysis volatiles and could be easily
identified. Copolymers gave different patterns of peaks than the mixtures of
corresponding homopolymers—so that copolymers could be differentiated
from the mixtures of homopolymers. Some copolymers, however, could not
be differentiated from each other, i.e., acrylic acid/butyl methacrylate from the
copolymer containing maleic or methacrylic acid instead of acrylic. On the
other hand in some cases even the proportion of the monomeric constituents
of a copolymer could be evaluated. Fig. 15 shows some of the results of pyrolysis
of copolymers.

STYRENE/BUTYL STYRENE/BUTYL METH-  BUTYL ACRYLATE/ STYRENE/ACRYLIC
ACRYLATE ACRYLATE/ACRYLIC A METHYL METHACR/ ACID/METHYL
ACRYLIC ACID METHACRYLATE

F1G. 15. PYRoLYSIS OF COPOLYMERS. SEPARATION OF VOLATILE COMPONENTS OF PYROLYSIS

The detection of the volatile products of pyrolysis can be used not only for
identification of polymers but also for the study of their thermal stability.
The temperature of the coil could gradually be increased, thus giving informa-
tion about the behaviour of the polymer at various temperatures. In some cases
the pyrolysis coil may be placed in the bypass instead of at the top of the column,
thus avoiding contamination of the column with high boiling pyrolysis products.

CONCLUSIONS

The number of applications of chromatographic techniques to paint research
seems to be infinite although only a few have been mentioned. Chromatographic
separation methods do not have a sound theoretical basis yet and a rational
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choice of the competing phases is still difficult. There is, however, a growing
tendency to rationalise the chromatographic systems—and the near future may
bring spectacular improvements in these methods. It must not be forgotten
that the research worker is not alone and that teams of other research workers,
who, perhaps, are never met but whose work can be read and appreciated in so
many scientific journals, do most of the basic research.
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Di1SCUSSION

Mr. A. R. H. TAwWN said that one of the problems in using GLC as a means of
quantitative analysis was the measurement of the peak areas on the recorder chart.
Of the more obvious methods, a recent publication on this subject had given
triangulation, cutting-out and weighing, and measurement by Planimeter as the order
of preference. He asked the lecturer which of these methods she considered to be
the most satisfactory and, as several integrating recorders were now available, whether
any of these instruments gave satisfactory results.

MRs. S. M. RyBICKA said that in any quantitative approach the first consideration
was the equal response of the detector to all the components of the separated mixture.
In this respect she preferred the thermal conductivity detector to the Argon detector,
because she felt that the former was more likely to give reproducible equal response.
The measurement of peak areas always involved errors, but she thought that the
errors of triangulation and cutting-out were of the same order. Triangulation was
easier and more suitable for narrow symmetrical peaks. The Planimeter gave large
errors especially for small peaks, and was, therefore, unsatisfactory. So far as
automatic integrators were concerned she had no experience of their use, but she
felt that although some of the errors experienced by the manual methods might be
excluded, there would still be difficulties, e.g. with the base line drift, not well resolved
peaks, etc.

DRr. H. WARsSON asked what the procedure was when a solvent mixture contained
water and whether it was possible to have a preliminary short ancillary column with
glycerol or polyglycol to retain the water. He also asked whether the gas density
bridge was the only detector which gave the area under the peak as a strictly molar
quantity. He also queried the quantitative interpretation of pyrolysis chromatograms.

MRs. RyYBICKA said that to determine water it was necessary to use a very polar
stationary phase, e.g. polyethyleneglycol. Using nitrogen as the mobile phase a negative
peak was obtained with water. Small amounts of water, 0.1 per cent or less, could
be estimated correctly with previous calibration as the response of the thermal
conductivity detector was very high for water vapour. The Argon detector was not
suitable for the determination of water and its sensitivity to other components dropped
when water entered the detector. If it was desired to remove a large quantity of water
a short column of diglycerol on top of the main column would retard the water
sufficiently to enable the estimation of the other solvent peaks. Alternatively the
direction of the carrier gas could be reversed when the water vapour started to leave
the digiycerol column, thus removing it from the system.
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She thought that the gas density balance detector was most reliable and was the
best detector for quantitative analysis. So far it had not been used very much due
to difficulties in construction, but there were now several commercial instruments
of this type available. It certainly gave a response on the basis of molecular weight.

She said that she had no faith in quantitative results in pyrolysis experiments.
Such results as had been quoted in the lecture had been based on the knowledge
of the amount of monomer used to prepare the polymer.

MR. TAWN commented that the lecturer had suggested that TLC could be used
to monitor large-scale column chromatography. He thought that this implied that
the two techniques did the same thing and gave the same results. Mrs. Rybicka,
however, had achieved by TLC the exceedingly difficult separation of 1.2- and
1.3-diglycerides in a linseed oil glycerolysis product, which he and his colleagues
had failed to achieve some years ago, using the same adsorbent and solvent system,
in a column. The lecturer had also reported TLC as being superior to column
chromatography in the separation of phospholipids. He asked Mrs. Rybicka to
comment on this apparent anomaly.

MRs. RyBickA replied that when she suggested that TLC could be used to monitor
large-scale column chromatography she meant that the solvent system could be tried
out first on TLC using the same adsorbent as on the column. The column might
be imperfect due to the unevenness of the powder packing or channelling and this
could be checked by examining the composition of the eluates by TLC. The comparison
of the separation achieved on both systems might be used to improve the column
performance.

MR. D. GrRIME asked whether the lecturer had found any difficulty in the pyrolysis
technique from the retention of solvent by the polymer film as such solvent would
be expected to appear in the pyrogram. He suggested that pyrolysis of block and
random co-polymers would be expected to give different pyrograms by giving different
products in, e.g., the ‘““unzipping™ process, and asked Mrs. Rybicka whether she
had any experience of the pyrolysis of this type of polymer.

MRs. RyBICKA replied that one of the diagrams demonstrated clearly the possible
misleading effect of residual solvent in the polymer film. Two peaks were found
with methyl methacrylate, one of which was found, on using a much lower temperature,
to be due to residual solvent. It was necessary to be very careful to remove all residual
solvent by heating at a much lower temperature for a sufficient time before carrying
out the pyrolysis experiment. No work had been carried out as yet on polymers of
the type quoted in the second question.

DRr. WARSON, in proposing a vote of thanks, gave an example of the way in which
the use of GLC had assisted in the manufacture of higher purity vinyl esters by the
unexpected detection of ethylene glycol diacetate in the reaction products. Suitable
modifications to the reaction conditions had resulted in the elimination of this
undesirable by-product, which could not have been found by any other method.
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Use of Gas-Liquid Chromatography in the Field
of Drying Oils and Oleoresinous Media™

By J. H. GREAVEST

Younghusband, Stephens & Co. Ltd., Barking, Essex

Summary

The limitations of using GLC for qualitative work is noted and the methods for
overcoming some of these limitations discussed. The experimental procedure for obtaining
chromatograms of methyl esters from processed oils and alkyds is then described and the
results discussed.

INTRODUCTION

Gas-Liquid Chromatography (GLC), or Vapour Phase Chromatography as it
is sometimes called, is a comparatively new tool for the chemist, for it was
in 1942 that Martin and Synge! first indicated the basis of the method, and
not until 1952 did James and Martin? show the far-reaching possibilities for
analysis of volatile substances. During the last decade there has been an
increasing volume of literature concerning use of GLC in many branches of
science and industry, including analysis of vegetable drying oils and solvents,?
but not including much else of direct bearing to the paint industry. The present
paper is an attempt to describe some preliminary work and future possibilities
concerning analysis by GLC of processed drying oils, oleoresinous media and
resins used in surface coatings.

EXPERIMENTAL

A Pye Argon Chromatograph has been used in the conventional manner for
the experimental work described. It was found convenient for expelling the
sample from the micro-pipette, and for washing it, to have a rubber teat instead
of small bore rubber tubing. A typical simple chromatogram is given in Fig. |
for the methyl esters of linseed oil fatty acids, showing peaks due to methyl
palmitate, stearate, oleate, linoleate and linolenate. Once the position of the
peak arising from a pure substance is known then, in general, when it appears
from a mixture it can be provisionally identified and later confirmed by using
a column of different polarity as described by Haslam? for solvents.

Limitations of qualitative analysis include the following :

(/) Constituents with the greatest volatility may not be noticed, as they
may occur as one peak, perhaps with the peak due to a solvent deliberately
added.

(i) Constituents of low volatility may not give peaks that can be distinguished.

(iif) Non-volatile constituents are not recorded.

*Given before the Midlands Section on 18 January 1963.
tPresent address : 21 Kirkwood Avenue, Woodchurch, Ashford, Kent.
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Fi1G. 1. MeTHYL ESTERS OF LINSEED O1L FATTY ACIDS
The peaks are lettered as follows : S, solvent ; A, palmitic ; B. stearic ; C, oleic ; D, linoleic ;
E, linolenic. Polyethylene glycol succinate column, 160°C

(iv) Some substances may change (decompose, isomerise, etc.) during passage
through the column, especially when a pre-heater is used.

(v) Two or more substances may have the same retention time.

(vi) Even when retention times are different, a substance may not appear
as a separate peak or even as a ‘‘ shoulder > because of swamping.

(vii) Some constituents may be altered or lost during preparation of the
sample. '

Certain of the above limitations may be overcome, partially at least, for
example : (/) by obtaining a separate chromatogram at a low temperature,
or by temperature programming ; (v) and (vi) by using a column with a different
polarity, or by using a longer column. With a capillary column separation of
cis and trans isomers* of fatty acids is possible.

On the preparative scale, GLC is used for obtaining fractions after they
pass through the detector, usually having a very high degree of purity.
Examination of the constitution of an unknown can then proceed by other
techniques, such as infrared spectroscopy or nuclear magnetic resonance.

Quantitative Aspects

The area under a peak, usually calculated from the dimensions of the triangle
comprising the sides of the peak and the base line, is a measure of the quantity
of substance that has passed through the detector. For some detectors, for
example the katharometer, it is standard procedure for a factor to be determined
for converting area to weight. The argon detector is one for which the claim
is made that area is directly proportional to weight, and though this has been
found to be so in some cases,’ there is by no means complete agreement that
this proportionality is always true.
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For quantitative work special attention must be made to water® ; since it
often passes through polar columns much more slowly than might be
anticipated, reduces sensitivity and greatly interferes with quantitative work.
A flame ionisation detector, unaffected by water, is convenient for aqueous
samples. Using an argon detector for quantitative work that is required to
be as accurate as possible, all samples should be free from water and the argon
dried, for which a molecular sieve is recommended. In this paper most of the
work described is technological and of a semi-quantitative nature carried out
at temperatures above 150°C, so that these special precautions were not taken.

Removal of water is, however, necessary when using an internal standard,
a procedure that involves adding to the sample a known proportion of a pure
substance, such as methyl myristate, preceded and followed by quantitative
analysis. The change in composition as calculated from the peaks compared
with the theoretical change shows if all the constituents of the original sample
appear on the resulting chromatogram. This calculation is particularly valuable
when examining samples which contain a proportion of non-volatile polymers,
such as methyl esters derived from heat-treated products.

In the chromatogram of methyl esters of fatty acids, the peak due to stearic
acid may be insufficiently separate from the oleic peak for the triangle to be
accurately drawn. In such cases it may be useful to use the relationship that
the width of the peak at the base is proportional to the distance from the air
peak. Knowing the position of one end of the base, the position of the other
end can be marked, and after drawing the first side, the other can then be
drawn in with fair accuracy.

Crude and Refined Oils and Acid Oils

When Hilditch first wrote * The Constitution of Natural Fats,” the deter-
mination of fatty acid composition was extremely tedious. Nowadays results
that are believed to be much more accurate are obtained very quickly, and
have been widely published. The common fatty acids may be readily identified,
but “ unusual > acids can be troublesome ; there is still some doubt concerning
two of the major peaks, close to that of ordinary linoleic acid, given by tall
oil fatty acids. From some oils the number of peaks on the chromatogram
obtained by GLC is very large, especially marine oils, for example, 50 peaks
have been obtained from cod liver oil,” many of which may be hitherto unknown,
or at least unsuspected acids.

The straight line obtained by plotting log retention time against number
of carbon atoms for the homologous series consisting of the methyl esters of
straight chain saturated fatty acids can be usefully extended to unsaturated
chains. The point corresponding to the logarithm of the retention time for any
other acid (the methyl ester is understood) can be put on the straight line,
and the corresponding chain length can then be read off. For example, for a
polyethylene glycol succinate or adipate polyester column, oleic acid gives
a reading of approximately 18.3. This is called the Equivalent Chain Length
(ECL), a concept introduced by Miwa and co-workers.® The idea is most
useful, simplifies thinking considerably, and could obviously be extended to
other compounds. In the polyester columns just mentioned the ECL of oleic
acid is 0.3 higher than the corresponding saturated acid (stearic acid is 18.0
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by definition), and in fact the introduction of one double bond into a saturated
straight chain fatty acid always appears to raise the ECL by about 0.3. The
two isolated double bonds of linoleic acid raise the ECL to about 18.8, while
conjugation of double bonds raises the value considerably more.

On the technical side, fatty acid composition is of particular importance
for non-yellowing oils, notably soya bean oil, since this oil contains scveral
per cent of linolenic acid, the constituent believed to give rise to the yellowing
of linseed oil. An average analysis of soya bean oil is 9 per cent linolenic,
50 per cent or slightly more of linoleic, together with oleic, stearic and palmitic
acids, sometimes with traces of lauric and myristic acids. From the fatty acid
composition the iodine value of an oil can be calculated. For non-conjugated
crude oils the result is found to be within two or three units of the Wijs iodine
value, while for refined oils the agreement is better.

Where free fatty acids are put through a column the peaks obtained are
very poor, flat and skew, apparently caused by association. Good peaks can
be obtained by taking certain measures, for example, by washing the support
with very dilute hydrochloric acid before coating with the liquid phase, and
by incorporating stearic acid? or phosphoric acid.” In all the original work
described in this paper, the methyl esters are used.

Preparation of Methyl Esters

Methyl esters of fatty acids may be readily prepared by direct esterification
or by ester interchange. Methanolysis of triglycerides is often preferred owing
to the greater convenience and speed ; although the yield may not be so high,
it is sufficient for quantitative work for technological purposcs.

Methanolysis was used for routine analysis of paint oils as long ago as
1954,1° and may be brought about by a variety of catalysts. A suitable and
convenient reagent, in which sodium methoxide is the catalyst, is prepared
by allowing 1 per cent by weight of sodium metal to dissolve in AR methanol.
When an alkali refined oil is shaken with 100 per cent excess of this solution
for five minutes, and the mixture allowed to stand, free glycerol settles quickly.
The upper layer, essentially methyl esters in methanol solution, is preferably
washed with salt solution and then dried (filtering is sometimes sufficient)
before analysing by GLC.

With viscous oils especially it is more convenient first, to make a solution
in an inert solvent, for example, in one-half volume of toluene. The methanolysis
procedure just described then works well for vegetable oils, processed oils
and products containing these oils up to acid values of about eight. After
addition of the methanolysis reagent the liquid may be warmed with subsequent
mixing by careful agitation, or in difficult cases the mixture may be heated
under reflux. After standing, a sample of the upper layer can be used without
further treatment for the chromatograph, but it is always better to wash the
sample first in order to avoid contamination of the column with traces of
soap, etc. For oils or media of high acid value preliminary esterification or
removal of the free fatty acids is necessary for methanolysis to proceed.

Removal of the free acids by extraction with methanol is too tedious to
be practical. There are several methods for converting to the corresponding
methyl esters : (¢) With dimethoxy propane,'' (b) The standard method of
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refluxing in methanol solution with sulphuric acid as catalyst, (¢) Similarly,
using boron trifluoride as catalyst, (d) With diazomethane.!?

Methods (¢) and (d) are quick and the most convenient. Diazomethane
has the advantage of esterifying rosin acids, but requires good fume extraction.
By using boron trifluoride (which also requires care) dissolved in methanol,
only two minutes’ refluxing is required for complete esterification (Metcalfe
and Schmitz!'3). If this reagent is not easily obtained, boron trifluoride/ether
complex may be used. For an acid oil containing about one-half free fatty
acids, a suitable procedure is as follows :

To 1 ml acid oil add 12 ml of a reagent made by slowly adding
one volume boron trifluoride/ether complex to three volumes methanol
and reflux for 15 minutes. Allow to cool, add 10 ml toluene and wash
with 30 ml salt solution. Dry the upper layer by filtering through
paper wetted with toluene.

The solution obtained contains the methyl esters of the free acids in the
sample of acid oil together with the triglycerides and other constituents
originally present. This solution may be examined by GLC to obtain the
composition of the methyl esters. It may also be heated with the methanolysis
reagent (sodium methoxide in methanol) when the triglycerides are methanolysed
to give the methyl esters of all the acids of the acid oil. If the solution is
opalescent after washing and filtering, it may be clarified with a little ether.
The constitution of both the free and combined acids of a highly acidic oil
may thus be determined. For linseed acid oil the proportion of linolenic acid
is found to be well below that in linseed oil.

The composition of the free fatty acids of raw linseed oil has been investigated
by esterification with diazomethane followed by chromatographing the methyl
esters in the presence of triglycerides. Results are given in Table 1.

TABLE 1
PERCENTAGE COMPOSITION OF THE FREE FATTY ACIDS OF THREE SAMPLES OF RAw LINSEED OIL
Palmitic Stearic Oleic Linoleic | Linolenic
Sample 1 10.4 3.0 27.5 22.3 26.8
Sample 2 114 33 24.9 20.2 40.0
Sample 3 8.9 5.3 26.2 21.8 37.7

Diethylene glycol succinate liquid phase ; 160°C, 1,500 volts, 50 ml/sec.

For comparison, the average composition of the three raw linseed oils is
6 per cent palmitic, 4 per cent stearic, 20 per cent oleic, 15 per cent linoleic
and 55 per cent linolenic acids. Since more than one-half the linseed acid oil
consists of the free acids present in the raw oil it is evident that the linolenic
acid content and similarly the iodine value are both much lower than for
the original oil.

For the kind of work just described with linseed oil or linseed acid oil no
special precautions are usually necessary. With oils such as tung or oiticica,
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however, it is advisable to use an inert atmosphere when preparing or working
with the methyl esters.

The effect on fatty acid composition has been found for the procedure used
for determination of the percentage unsaponifiable matter in linseed oil, namely,
heating under reflux for one hour with N/2 ethanolic potassium hydroxide.
After liberation with mineral acids the fatty acids were esterified with methanol
using boron trifluoride as catalyst. On the chromatogram a new peak appeared,
about 3 per cent of the total area. Under the conditions described for
saponification, it appears that at least 3 per cent of the acids are isomerised
(probably conjugated).

Processed Oils

When drying oils are processed commercially by polymerisation or oxidation,
the main changes that take place arise in the fatty acid chains—isomerisation,
polymerisation, oxidation, scission. These changes can obviously be investigated
by GLC after conversion to the corresponding methyl esters. A simple case
is that of the heat bodying of refined linseed oil, where it has been shown!?
for a cook at constant temperature that the reciprocal of the percentage of
linoleic and linolenic acids gives a straight line when plotted against cooking
time. The oleic acid content in the experiments described tends to fall, but
since the variation is near the outside limit of experimental error, this point
merits further investigation. A typical chromatogram of a polymerised linseed

C

F1G. 2. METHYL ESTERS FROM A 60 POISE LINSEED STAND OIL

S, solvent peak ; A, palmitic ; B, stearic ; C, oleic ; D, linoleic ; E and F, linolenic and new
peaks. Polyethylene glycol succinate column, 160°C

oil is given in Fig. 2. The limitations of a quantitative examination of a
chromatogram such as this include the following :
(i) Any of the five peaks due to palmitic, stearic, oleic, linoleic and linolenic

methyl esters may hide peaks due to methyl esters of closely allied isomers
or other acids or indeed peaks due to other types of chemical compound.
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(if) Substances with a much shorter retention time than methyl palmitate,
if present, are not separated from the solvent peak.

(iii) Methyl esters of high molecular weight acids such as dimers are not
shown. (Work at high temperatures has been described whereby methyl esters
of dimer acids and even triglycerides such as tripalmitin!® have been recorded.)

(iv) The * linolenic acid peak ” is undoubtedly a complex one which would
be separated into different constituents by a longer column, especially by a
capillary column.

Similarly, mixed stand oils may be examined by GLC. When a mixture of
linseed oil and tung oil in the proportion of 3 to 1 is heated on the manufacturing
scale, the proportion of eleostearic acid (originally about 20 per cent) falls
almost to zero at the time that the property of webbing in a foul atmosphere
(burnt coal-gas) is lost. On the other hand, when tung oil is heated alone the
property of webbing is retained, and the proportion of eleostearic acid falls
only slowly, being still as high as 60 per cent in a 15 poise oil.

For commercially produced oxidised oils the changes in fatty acid composition
are less than those that occur in polymerised oils. Evidently the increased viscosi-
ties are obtained by reaction of a smaller proportion of unsaturated fatty acid
chains than is required in the virtual absence of oxygen.

When drying oils or mixtures of oils are processed, the following generalisation
may be made. Except for conjugated acids present in small amounts (less
than one-third) in the original oil, then in the final product sufficient of all
the monomeric acids remain unpolymerised to indicate the pattern of fatty
acid distribution in the starting mixture, i.e. by using GLC to examine an
“unknown,” the class of triglyceride oil is usually quickly established, and
from economic and other considerations the identity of the oil or oils may
be deduced.

At the present time there are seven main classes of drying oils used
commercially, all with their own characteristic chromatograms. These are :

(a) Linolenic rich, namely linseed oil containing about 60 per cent linolenic
and 15 per cent linoleic acid.

(b) Linoleic rich with some linolenic, namely soya bean oil containing about
60 per cent linoleic and 10 per cent linolenic acid.

(¢) Linoleic rich with very little or no linolenic acid, namely the seed oils
of tobacco, sunflower and safflower.

(d) Dehydrated castor oil. There is a characteristic group of three peaks due
to isomeric linoleic acids (one is conjugated) with sometimes a trace of ricinoleic
acid.

(e) The triply-conjugated oils, tung and oiticica. On both polar and non-polar
liquid phases eleostearic and licanic acids occur in characteristic positions after
the other C,; acids (as is shown by their ECLs).

(f) Tall oil fatty acids, variable in composition, but characterised by consisting
mainly of oleic acid and 9 : 12 linoleic acid together with peaks apparently
due to linoleic isomers. There are traces only of palmitic, palmitoleic, stearic
and linolenic acids.
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(g) High iodine value fish oils. The large number of the fatty acids and the
high content of palmitoleic acid characterise these oils. Later peaks than that
due to linolenic acid are present because of acids having more than three
double bonds and 18 carbon atoms.

Even after processing these seven classes of oil usually retain sufficient of
their characteristics of composition for a processed oil to be identified by GLC.

An oil that has been dried in air may be considered as a type of processed
oil. The fatty acid composition during the earlier stages of drying may be
followed by GLC.

Alkali refined linseed oil was flowed out on to glass microscope slides and
the films were allowed to dry vertically in air without driers. After two days
the films were sticky and after three days were as tack-free and as hard as
this oil can become in a few days. After varying times a slide was stripped
of its film by the vapour from boiling toluene (cyclohexanone was added for
the dry film) and the resultant solution was subjected to methanolysis. Fatty
acid compositions were found as in Table TI. The linolenic peak had a shoulder
which is included in the percentage of linolenic. A small peak of ECL 15.1
was also formed. A clearer picture of the changes is obtained if the figures
in Table II are converted to a constant figure for the saturated acids as in
Table I1I.

TABLE II
PERCENTAGE COMPOSITION OF THE MONOMERIC FATTY AcCIDS IN LINSEED OIL DURING DRYING
Palmitic Stearic Oleic Linoleic | Linolenic
Original oil s oz s o 5.0 3.8 18.0 14.6 58.6
After one day .. r o 6.6 4.3 21.0 14.5 53.6
After two days .. e 7.1 49 27.5 15.2 453
After three days .. .. 9.4 5.0 26.9 14.4 ‘ 443

Diethylene glycol adipate liquid phase : 175°C, 1,250 volts, 50 ml/sec.

TABLE III
PERCENTAGF COMPOSITION FROM TABLE Il CONVERTED TO CONSTANT SATURATED ACIDS
Saturated Oleic Linoleic Linolenic
Original oil e 8.8 18.0 14.6 : 58.6
After one day .. .. .. 8.8 19.3 133 | 492
After two days .. s i 8.8 227 12.7 ‘ 37.7
After three days .. .. .. 8.8 18.7 10.0 ; 30.7

It is interesting and perhaps surprising that even when the oil had reached
the “dry” stage, the unpolymerised linolenic content was still one-half that
of the original oil.
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Alkyds and Oleoresinous Varnishes

When vegetable oils are heated in the presence of resins and other substances
which do not react with the fatty acid chains, it might be expected from the
results already given for mixtures of vegetable oils that in the final product
unaltered saturated and monounsaturated acids are present together with most
of the original reactive acids, except conjugated acid when present in minor
amounts ; this is borne out by experiment.

Methyl esters of the constituent acids may usually be prepared from alkyds
and oleoresinous media by the simple direct methanolysis procedure already
described. Preliminary thinning (e.g. with } to 1 volume toluene) and warming
with the methanolysis reagent is often advisable. If methanolysis is stopped
by high acidity then preliminary esterification with methanol using boron
trifluoride as catalyst, or with diazomethane if the acidity is due to rosin acids,
is necessary. If any glycerol layer separates, it should be removed before washing
(which is advised in order to prolong column life) and drying by filtering.
The product contains most of the solvents in the original sample.

Pentaerythritol alkyds are methanolised as quickly as glycerol alkyds. The
pentaerythritol solidifies after separating, so that the methanolysis procedure
is a quick qualitative test for this polyhydric alcohol.

GLC analysis of alkyds has led to the conclusion that during alkyd
manufacture less of the reactive monomeric unsaturated fatty acids are lost
by polymerisation than during stand oil manufacture (as might be anticipated
from the lower temperatures used). In addition, the acids used in the alkyd
cook also form methyl esters which can be identified on the resulting chromato-
gram.

Table IV shows the fatty acid compositions of three laboratory-made
glycerol alkyds, one from linseed oil, one from soya bean oil and the other
from linseed/soya in the ratio 3/1. The quantitative results, although with a

TABLE 1V
PERCENTAGE COMPOSITION OF THE MONOMERIC FATTY AcCIDS FROM THREE ALKYDS
Saturated Oleic Linoleic | Linolenic | Others
Linseed alkyd .. 2. e 14 19 13 49 5
Soya alkyd o S T 15 30 40 7 8
Linseed/soya alkyd % s 11 21 25 38 5
Linseed oil, average .. g 10 20 15 55 —
Soya bean oil, average. . e 13 23. 54 10 —

lower accuracy than usual are sufficient to demonstrate that the proportion of
monomeric linolenic acid lost by polymerisation in the linseed oil cook is small,
probably less than one-tenth.
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Fig. 3 shows the peaks due to methyl esters from a commercial tung oil
alkyd. Here the peaks caused by the two isomeric eleostearic acid peaks occupy
an area in relation to the total area due to all the fatty acids not much different
from the proportion in tung oil itself.

F1G. 3. METHYL ESTERS FROM A COMMERCIAL ALKYD

S, complex solvent peak ; A, palmitic ; B, stearic ; C, oleic ; D, linoleic ; G, a- and 3-eleostearic
peaks. There is no peak due to dimethyl phthalate. Polyethylene glycol adipate column, 175°C

Particular note should be made of the peak-due to dimethyl phthalate,
which for the glycol adipate column used has an ECL of 17.3. Since the area
of this peak relative to the total area of the various peaks depends on (i) the
proportion of phthalic in the alkyd and (/i) the proportion of fatty acids not
lost by polymerisation (which is related to the extent of the cook), some quite
useful information can be deduced from it.

The dimethyl esters of isophthalic and terephthalic acids have different
ECL’s from that of dimethyl phthalate, so that the particular phthalic acid
or other acids used in an alkyd can be readily identified. Methyl benzoate if
present appears before the palmitate so that a low temperature chromatogram
is required for identification.

The main differences between the two common polyester phases for GLC
of unsaturated acids are (a) the adipate columns are rather more stable to
higher temperatures ; (b) the succinate columns have a slightly better resolving
power for oleic and stearic peaks. The ECL’s of methyl esters for the two
liquids are very similar, but for dimethyl phthalate they are quite different.
The ECL is about 17.3 on a polyadipate column and 18.7 on a polysuccinate
column. Thus in one case the peak due to dimethyl phthalate appears before
stearic acid, and in the other, after oleic acid.

Pyrolysis
Several papers have been published on the examination by GLC of the products
of pyrolysis of polymers such as polystyrene and polymethacrylate resins, but
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very little if any on the applications of pyrolysis to the polymers and other
complex products used in the surface coatings industry.

In the experiments to be described a pyrolysis unit available commercially
based on that described by Parriss and Holland!® 17 has been used. Fig. 4
shows the result of a pyrolysis of a medium viscosity linseed stand oil at 600°C
for ten seconds followed by passage through a polyester column. The pattern
of peaks obtained include a striking set of three close to one another which
are also obtained from heat treated tung oil, so that polymerised eleostearate
chains are not thereby distinguished from a polymerised non-conjugated
system. Nevertheless, it would seem likely that there must be some differences
between the pyrolysis products of conjugated and isolated double bond systems
which could be recorded and which would be of great use for the analysis
of products containing oils.

[]

FiG. 4. PyroLysis orF A 30 Poise LINSEED STAND OIL

600°C, 10 seconds. Polyethylene glycol adipate column, 175°C

Oil-soluble resins and doubtless most resinous materials give a typical
pyrogram after pyrolysis under suitable conditions. Fig. 5 shows the pattern
from a coumarone resin. Several peaks are given by phenolic resins, which
probably include those of the phenols used in manufacture. Although it is
certain that it would be a considerable task to investigate the patterns of peaks
given by pyrolysis of the varnish resins, the likely reward would be a quick
and certain method of identifying the resin constituents of varnishes. It would
seem that the same method would also be useful for the examination of paints
and dried films.
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F1G. 5. PyroLYSIS OF A COUMARONE RESIN
600°C, 10 seconds. Polyethylene glycol adipate column, 175°C

CONCLUSION

In conclusion, it can be stated with certainty that, in this paper, only a few
of the possible applications of GLC to the field of drying oils, resins and paint
media have been described or indicated. There is no doubt that investigations
by GLC of free acids, methyl esters and of other compounds from processed
media containing oils or resins, and of surface coating materials in general,
including partly or wholly dried films, will provide many valuable quick
qualitative and semi-quantitative analytical methods useful for technology and
for many research problems.

ACKNOWLEDGEMENT

The author thanks the Directors of Younghusband, Stephens & Co. Lid. for

granting permission to publish this paper.
[Received 22 January 1964

REFERENCES

. Martin, A. J. P., and Synge, R. L. M., Biochem. J., 1941, 35, 1358.

. James, A. T., and Martin, A. J. P., ibid., 1952, 50, 679 ; Analyst, 1952, 77, 915.

. Haslam, J., Jeffs, A. R., and Willis, H. A., JOCCA, 1962, 45, 325.

. Lipsky, S. R., Landowne, R. A., and Lovelock, J. E., Anal. Chem., 1959, 31, 852.
Huebner, V. R., J. Amer. Oil Chem. Soc., 1961, 38, 628.

. Evans, R. S., and Scott, P. G. W., Nature, 1961, 190, 710.

A lllzed, §é3A.3,gand De Witt, K. W., Lecture in November 1962, summarised in Chem. &
nd., 1963, 393.

NOAVMEAWN—



1964 USE OF GAS-LIQUID CHROMATOGRAPHY 511

8. Miwa, T. K., Mikolajczak, K. L., Earle, F. R., and Wolff, I. A., Anal. Chem., 1960, 32, 1739.
9. Metcalfe, L. D., Nature, 1960, 188, 142.
IO}Hanson N. W., JOCCA, 1958, 41, 203.
Lorette, N. B., and Brown J.H, J Org. Chem., 1959, 24, 261.
I2. Schlenk, H., and Gellerman, J. L Anal. Chem., 1960, 32, 1412.
13. Metcalfe, L. D., and Schmitz, A. A., 1961, 33, 363.
14. Greaves, J. H., and Laker, B., Chem. & Ind., 1961, 1709.
15. Fryer, F. H., Ormand, W. L., and Crump, G. B., J. Amer. Oil Chem. Soc., 1960, 37, 589.
16. Parriss, W. H., and Holland, P. D., Brit. Plastics, 1960, 33, 372.
17. Jones, C. E. R., and Moyles, A. F., Narure, 1961, 161, 663.



512 J. K. HAKEN July

The Gas Chromatographic Analysis of Residual
Oil on Electrolytic Tinplate

By J. K. HAKEN

Department of Polymer Science
and

R. L. WERNER and M. WITHERS

Department of Physical Chemistry,
The University of New South Wales, Kensington, New South Wales, Australia

Summary

A method is described for the determination of oil films on electrolytic tinplate. Using
gas chromatography microgram quantities of dioctyl sebacate may be quantitatively
estimated while the presence of other materials may be established simultaneously.

INTRODUCTION

Electrolytic tinplate, when manufactured, is coated with a minute film of
dioctyl sebacate to inhibit rusting and oxidation during storage and to act as a
lubricant during subsequent mechanical forming operations. Surface coatings
are normally applied to the tinplate without any prior surface preparation.

The concentration of dioctyl sebacate on the tinplate is somewhat variable,
0.1-0.3 g per base box appearing to cover most cases. (A base box is that
quantity of tinplate which covers an area of 31,360 sq in. The total surface area
therefore being 62,720 sq in.)

Three methods' have been used to determine oil film weight. The oldest
procedure involving the removal of oil from about 500 in? of plate with a
suitable solvent in a Soxhlet extractor, evaporation of the solvent and weighing
of the residual oil. While the oil recovered in this way is normally 3 to 4 mg,
losses and the difficulty in establishing constant weight detract from the value
of the method which requires approximately four hours.

To allow a measure of production control a more rapid procedure depending
on the spreading of extracted oil on a clean water surface using the Hydrophil
Balance? has been developed. This uses a small sample of plate and requires
less than one hour.

A combination of these two methods has been developed by the Metal Box
Company.* A large sample of tinplate is refluxed with benzene in an extractor ;
the extract being concentrated to 5 ml. The extract is directed on to a clean
water surface using a microlitre syringe. The quantity of solution which can
be applied to the surface before a permanent lens of oil appears forms a measure
of the concentration of the extract.

While these subjective procedures are suitable for production control,
caution in the interpretation of the oil film values obtained must be made.
The ability of the oil to form a film may vary with age and conditions
encountered during transportation and storage. As the oil film values are
calibrated in terms of the expected oil, contamination on the sheet or material
extracted from the apparatus may possibly influence the results.
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Where finishing failures have occurred it is desirable to obtain more
information than is possible from the above procedures. Using gas chromato-
graphy, a procedure is reported where the extracted oil after concentration is
estimated quantitatively for dioctyl sebacate while the presence of other
materials is indicated simultaneously. Other materials if present may be
estimated quantitatively after their identity has been established by using
retention data or unambiguously after infrared spectroscopic examination of
a sample collected by preparative gas chromatography.

With a gas chromatograph employing an ionisation detector the limits of
detection are about | ppm while with the newer detectors the sensitivity is
even greater.

EXPERIMENTAL
A section of tinplate (50 in%) was guillotined into 1 in. strips and the oil film
extracted with chloroform for two hours in a Soxhlet apparatus. The chloroform
extract consisting of about twice the free volume of the extractor was transferred
to an evaporation vessel for concentration.

The evaporator described by Riddle® and shown in Fig. 1 has been used
successfully. With the flask in position one, evaporation on a steam bath was

7
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POSITION 1 B19
\\
—
e
/ 550
TO VERTICAL
7
e
v
7
7
AXIS OF B10
ROTATION

10 ml FLASK

POSITION 2
FiG. 1. EVAPORATION VESSEL
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continued until a few mls of residue remained, when the flask was rotated
to position two and the evaporation continued to about 1 ml. The 5 ml flask
was then removed from the larger flask and evaporated to dryness using a
jet of air and without heat. A solution for analysis was prepared by the addition
of 20 p 1 of chloroform from a microlitre syringe. 1 u 1 samples of this solution
were injected into the gas chromatograph with a 10 x | Hamilton syringe.

Gas chromatography was carried out using an instrument marketed by
CSR Chemicals Pty. Ltd. The instrument is fitted with a flame ionisation
detector, and a simple, one valve, impedance converter type amplifier feeding
a S mv, Leeds and Northrup Model H Recorder. This instrument has now been
replaced by a Perkin-Elmer Model 800, which gives considerably improved
sensitivity. The column consisted of a 4 ft 4.5 mm inside diameter straight
y\z LAC-IR-196 (diethylene glycol
adipate polyester, obtained from Cambridge Industries Co. Inc., 101 Potter
Street, Cambridge, Mass.) on 100-120 mesh Dry-Sil treated celite 545. Column
temperature was 220°C and the injection operated at 300°C. Nitrogen was used
as carrier gas at an inlet pressure of 12 1b/in? and flow rate of 60 ml/min as
measured by the use of a soap bubble flow meter (uncorrected).

glass tube, and was packed with 13 per cent

DiscuUsSSION

Calibration is carried out by injecting 1 p 1 samples of chloroform solutions
of pure dioctyl sebacate. Peak areas are measured with a planimeter and a
simple three of four point calibration line drawn. For those cases where the
highest accuracy is not desired, a solution of dioctyl sebacate is taken, close
in concentration to that of the sample for analysis, and the ratio of the peak
areas is used to calculate the dioctyl sebacate concentration in the analysis
sample.

Solutions for calibration should be injected on the same day as the analysis
is carried out since the polyester stationary phase ages with use and this will
effect the quantitative accuracy of the results. The column has a “life ” of
approximately 100 hours at 220°C before its performance deteriorates noticeably.

Two typical chromatograms are given in Figs. 2a and 2b. Fig. 2a shows a
chloroform solution of dioctyl sebacate, while Fig. 2b shows a typical trace
resulting from chromatography of a tinplate extract. Note particularly the
succession of small peaks following the off-scale solvent peak. This clearly
shows the presence of a small amount of mineral oil on the sheet and indicates
a major advantage of the gas chromatographic method, that of immediately
showing the presence of other contaminants on the surface of the sheet,
providing that they are sufficiently volatile. With suitable modifications to the
gas chromatographic conditions the method could certainly be extended to
hydrocarbon oils and other contaminants on metal sheeting.
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The loss of sebacate during the evaporation step is negligible ; a theoretical
estimate of this loss using the Rayleigh Equation is shown in the appendix.

[Received 30 December 1963
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APPENDIX

ESTIMATION OF LoSs OF DiocTYL SEBACATE DURING
EVAPORATION FROM CHLOROFORM

The loss of dioctyl sebacate during evaporation of a chloroform solution at
constant temperature may be estimated using an integrated form of Rayleigh’s
Equation.

log ;; = o log ;’: .......................... 1
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Concentration (moles, weight or volume) of solvent at start
and completion of evaporation.

X3, x2

y1, ¥» = Concentration (moles, weight or volume) of dioctyl sebacate
at start and completion of evaporation.

Vapour pressure of solvent

Vapour pressure of solute

Let the per cent solute lost during a given isothermal evaporation be

d = (y“ y‘%) 100 oo 2
Y1

The elimination of y,/y, by combining equations | and 2 produces a general
equation in terms of per cent solute lost during any given isothermal
vaporisation.

B 1 X
log (100 — ¢) = 2 - . logi .................. 3

The vapour pressure of dioctyl phthalate at 61°C has been determined by a
logarithmic plot of pressure against the reciprocal of the absolute temperature
as approximately 0.003 mm and the value of « has been calculated to be
approximately 250,000. By evaluation of equation 3 considering a volume
decrease of 100 to | ml (:1 = 100) it is apparent that the value of c is

2

negligible.
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Gas Chromatographic Analysis of Solvent
Mixtures Using Sequential Application of

Solubility and Functional Group Tests

By J. K. HAKEN and T. R. McKay

The Department of Polymer Science, University of New South Wales,
Kensington, NSW, Australia

Summary

The separation of compounds in a solvent mixture cannot be accomplished with certainty
by a single gas chromatographic analysis nor can an identification of the peaks obtained
be achieved by relying on retention data alone.

A method employing solubility tests and functional group identification is described
which, when used in conjunction with retention volume data, allows positive identification.

An index of retention volume data of relevant compounds more extensive than
previously reported and determined on columns of different polar properties (dinonyl
phthalate and silicone oil) is included.

INTRODUCTION

While a number of workers have described the application of gas chromato-
graphy to the identification of solvent mixtures used by the surface coatings
industry, it is well known that a positive analysis cannot be obtained by a
single gas chromatographic examination.

Whitham! supplemented the usual chemical and physical tests by gas
chromatography by first examining the sample mixture then fractions obtained
by use of the fluorescent indicator absorption technique developed by Ellis
and Le Tourneau.? Haslam et a/® have used gas chromatography on columns
of different polarity and infrared spectroscopy to resolve complex solvent
mixtures. Infrared techniques are not successfully applied to multi-component
mixtures, but a peak consisting of a single or two superimposed components
when trapped out can readily be identified. While the advantages of this
procedure conducted on a micro-scale are recorded it has been found that
larger samples are usually available. Also infrared spectrophotometry, if
available, will not always allow a quantitative determination.

The application of colour reactions to gas chromatographic effluents has
been reviewed by Walsh and Merritt.? Dubois and Monkman?® have investigated
several colour reactions for the qualitative determination of functional groups
and determined the limits of detection of these reactions.

One further scheme® involved directing effluent gas on to a strip of a colour
reagent mixed with an inert paste which was moved past the outlet tube at
the same speed as the recorder chart. In this way, direct visual correlation
was made of the location of a particular class of compound in the chromatogram.
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In the authors’ experience, the preliminary solubility classification not only
reduced the need for such extensive examination by colour reagents but also
indicated the presence of the very commonly used glycol ethers. These
compounds are very difficult to detect by colour tests.

In practice, factors complicating gas chromatographic analysis of solvent
mixtures are the wide range of boiling points of the common organic solvents
likely to be used and also the widespread use of mixed aliphatic and aromatic
petroleum fractions as diluents.

Thus, a typical chromatogram of a solvent mixture containing such a diluent
could show at least a dozen peaks, half of them belonging to the complex
mixture of paraffins, isoparaffins and aromatics in the diluent.

Programmed temperature gas chromatography was examined by Esposito
and Swann’ for rapid determination of mixtures of simple solvents possessing
a wide boiling range, but the presence of commercial hydrocarbon fractions
interferes with the unambiguous identification of the component peaks.

Characterisation of thinner mixtures may be greatly simplified by application
of a series of solubility tests to the mixture, examining residues in sequence
by gas chromatography and observing the effect of the removal of particular
classes of compounds from the mixtures. These data then permit accurate
interpretation of the identity of the peaks involved by relative retention volume
data. The procedure adopted is outlined in Table 1 and is based on a macro
separation scheme developed by Hall® where the insoluble fractions were
further examined by physical and chemical means.

Hydrocarbon mixtures may be separated from polar solvents, and to some
extent the aromatic component of these hydrocarbon mixtures may also be
removed. Such mixtures may then be identified as a whole by their characteristic
“ fingerprint > chromatogram. Detailed study of such material commonly used
in Australia has been conducted.®

Gas chromatographic analysis was carried out at 130°C using two different
stationary phases, dinonyl phthalate and silicone SE30. This temperature
provided the most suitable balance between separation of lower boiling
components and spreading of peaks of the high boilers. Retention data on
the two columns provide a further means of confirming the identification of
peaks,® # 1% but in most cases the dinonyl phthalate column only need be

employed.

Use of a thermal conductivity detector enabled simple colour tests to be
applied to the effluent gas to differentiate between acetone and ethyl alcohol
in the first stages of the chromatogram, as well as to characterise other peaks
when necessary.
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TABLE 1
SOLUBILITY CLASSIFICATION SCHEME
SOLVENT GC Sample
MIXTURE
Extract — — — Insoluble — — — All except — — — — — — GC Sample
with MeOH, EtOH
109 brine
—— Extract——— Insoluble————— Esters, many
with alcohols and
H.O acetone, GC Sample
—_— hydrocarbons, etc.
Removed Water-soluble
alcohols and
ketones, glycol
ethers
—— Extract——— Insoluble———— Hydrocarbon ——  GC Sample
with diluents and
859% H,S0, chlorinated
_ solvents
Removed Esters, other
alcohols,
ketones and
[ pOlal' »
solvents
|——— Extract——— Insoluble————— Aliphatic, ——————  GC Sample
with hydrocarbons
conc. and chlorinated
H,SO, solvents
Removed Aromatic
hydrocarbons

and unsaturates

METHOD

The solubility tests have been conducted on a very small scale and although
10 ml of solvent is normally required for examination this has not seriously
affected the applicability of the method.

Three solvent samples of 2.5 ml were each mixed and vigorously shaken with
a similar quantity of water, 85 per cent sulphuric acid and concentrated
sulphuric acid respectively in 5 ml stoppered graduated cylinders. Smaller
vessels may be equally satisfactory but were not available. The samples, after
shaking, were allowed to stand and on separation the residue examined. The
treatment with 85 per cent sulphuric acid was conducted by a gradual addition
of acid and continual cooling under running water. Under these conditions
aromatic and unsaturated hydrocarbons are essentially unaffected and trials
on larger samples have shown that reproducibility of about 1 per cent is normally
encountered. The effect of these solubility tests on the compounds for which
retention data are available is shown in Table II. Solvents of low water solubility
are shown in the table as insoluble while partially soluble materials are shown
as per cent soluble at 20°C. By variation of acid strength removal of olefins



520 J. K. HAKEN AND T. R. MCKAY July

can be achieved within reasonable limits, as described by Ashton,!! but the
separations are incomplete and the test is not specific. Trials with mixed
hydrocarbons have shown that errors of 5-10 per cent are experienced.

A simple gas chromatograph (Shimadzu GC-2B) using a hot wire detector
was used in conjunction with a Leeds & Northrup Speedomax G Recorder.
A modified injection system employing a rubber septum was necessary as the
bulk sampling device was unsatisfactory. The operating conditions used are
shown below.

Bridge current . . 28 .. 200 mA.

Oven temperature .. .. 130°C.

Injection block temperature .. 150°C.

Gas flow - w5 .. 40-50 ml/min. helium.

Inlet pressure .. .. .. 10 1b/sq in.

Columns - . .. 6ft §in ID copper.

Column packings 23 .. 25 per cent dinonyl phthalate and 25 per

cent silicone SE30 respectively on 40-50
mesh acid washed Celite.
Chart speed .. s .. 40 in/hour.

The comparative properties of the columns used are as follows :
DNP SE30 Ref.

Theoretical Plates N - 2n(h" ) ... .. 80 510 12
(Benzene) area
2
N = 16 (") ... .. 50 35 13
w
Effective Peak Number EPN — 4% ~ (Wa " Wo) 3 4 14
Benzene/toluene (Wa 1 Wb)

The notation used is shown in Fig. 1.

...
]\ N

e

Wp a
FiG. 1. CoMPARATIVE PROPERTIES OF COLUMNS USED
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The oven temperature of 130°C has given good results over the wide-boiling
range of solvents likely to be encountered. While this is higher than temperatures
more commonly used, the response of the thermal conductivity detector was
improved for compounds with high boiling points and the conditions were
also selected so that the spread of these peaks was kept to a minimum while
the peaks of low boilers were not eluted so rapidly that excessive super-
imposition occurred.

The identification can be made by determination of relative retention volumes
or for routine work it is preferable to adjust the gas flow slightly such that
the elution time of benzene always occurs at the same time. In this way a direct
visual comparison with previous examinations can be made which is invaluable
in the identification of * fingerprint ” chromatograms of varieus hydrocarbon
fractions.

The sample size normally used is 0.2-5.0 ul, quantitative determinations are
made by comparison of peak areas. The sample size for each injection may
be varied according to the proportion of insoluble residues recovered from
each solubility characterisation or else a constant volume may be used. The
principal value of the former is that a rapid visual appreciation of the effect
of each operation on individual components is achieved.

The accuracy of the method has been found to be 1-2 per cent, which is
quite satisfactory for the majority of purposes. By comparison with a mixture
or mixtures prepared on the basis of the analysis the accuracy can be vastly
improved.

A recent index of chromatographic data prepared by McWilliam!s: 16
indicates that comprehensive lists of retention data for many common solvents
are not readily available and so retention volumes determined on the two
columns are shown in Table 1II.

Confirmatory colour reactions were applied to the effluent gas mixture by
passing it through a stream splitter of negligible volume to avoid intermixing
of components and into micro-tubes containing test solutions. Whenever a
positive result was obtained, the set of reagents was immediately replaced by
a fresh set so that the presence of similar compounds with greater retention
times would not be masked.

Compounds giving significant response to the tests adapted from Dubois
and Monkman are classified in Table II as follows :

A. Alcohols
Reagent : 10 per cent solution of ceric ammonium sulphate in water.

K. Ketones

Reagent : 2 : 4-dinitrophenylhydrazine o .. 28
Conc. sulphuric acid =3 i .. 4 ml
Methyl alcohol - s £ .. 30 ml added carefully.
Water .. s o .. e .. 10 ml

C. Chlorinated Hydrocarbons

Beilstein test (green coloration imparted to a flame). This test is applied to a
small sample of the solvent residue which was insoluble in conc. sulphuric acid.
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TABLE 11
|
BP Solubility* Con- |  Relative retention
(°C) Classi- firmatory volume
fication colour Benzene=:1.0
reaction
DNP SE30
Alcohols
Methanol .. 64.5 la A 0.190 0.150
Ethanol 78.3 la A 0.294 0.234
Isopropanol 82.3 1 A 0.354 0.308
tert-Butanol 82.5 1 A 0.430 0.380
Allyl alcohol 97 1 A 0.616 0.045
n-Propanol 97.2 1 A 0.562 0.440
sec-Butanol : .. 99.5 1 (18%) A 0.735 0.650
Isobutanol 5 e 107.2 1(9%) A 0.730 0.590
n-Butanol 117.7 1(8%) A 1.180 0.805
2-Methyl butanol ; 129.8 2 A 1.920 1.31
n-Pentanol » 138 2 A 2.280 1.54
4-Methyl-2- pentanol . 139 2 A 2.95 2.10
2-Ethyl butanol .. - 147 2 A 3.66 | 2.33
2-Methyl-1 -pentanol . 148 2 ; A 3.30 2.20
n-Hexanol : .. 157 2 A 4.23 2.79
Cyclohexanol .. 5% 161 2 A 5.18 3.29
Pentoxol .. .. .. 165 1 A 6.40 ‘ 4.13
n-Heptanol - 172 2 A 79 4.7
Di-iso-butyl carbinol .. 178 2 | A 9.45 5.58
2-Ethyl hexanol .. .. 184 2 A 11.0 6.80
Ketones ’
Acetone .. P 56.1 1 K 0.364 0.327
Methyl ethyl ketone - 79.6 1(27%) K 0.690 0.585
Di ethyl ketone .. .. 102.7 2 K 1.27 1.10
Methyl n-propyl ketone 102.3 2 K 1.21 1.04
Methyl iso-butyl ketone 116.2 2 K 1.67 1.37
Methyl n-butyl ketone .. 127.2 2 K 2.03 1.75
Mesityl oxide .. 53 128.3 2 K 2.69 1.84
Methyl iso amyl ketone 144.7 2 K 3.56 2.65
Ethyl butyl ketone .. 147.6 2 K 2.40 1.84
Methyl n-amyl ketone .. 151.4 2 K 3.45 3.00
Cyclohexanone .. .. 156.7 2 K 5.51 3.47
Pentoxone .. 160 1(28%) K | 532 3.59
Ethyl n-amyl ketone .. 168 2 K 4.30 3.15
Di-iso-butyl ketone .. 169.4 2 K 6.30 4.86
Di acetone alcohol 3 169.2 1 A, K 5.00 242
Isophorone .. .. 215.2 2 K 254 11.4
Esters
Methyl formate .. .. 31.5 1(30%) — 0.191 0.232
Ethyl formate .. o5 54.3 1(8%) — 0.368 0.346
Propyl formate .. - 81.3 2 —- 0.707 0.666
Butyl formate .. .. 106.8 2 1.39 1.23
Methyl acetate .. . 57.1 1(32%) 0.390 0.334
Ethyl acetate .. .. 77.2 19%) — 0.629 0.594
Isopropyl acetate .. 89 2 - 0.760 0.810
n-Propyl acetate .. i 101.6 2 — 1.130 1.07
sec-Butyl acetate . . .. 112 2 - 1.42 1.46
tert-Butyl acetate - 98 2 — 0.975 0.940
Isobutyl acetate .. hr 116.5 2 — 1.44 1.40
n-Butyl acetate .. .. 126.5 2 — 2.14 1.92
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TABLE 11—Continued

BP Solubility* Con- Relative retention
(§©) Classi- firmatory volume
fication colour Benzene=1.0
reaction
DNP SE30
n-Amyl acetate .. e 148 2 — 3.90 3.30
Methyl propionate .. 79.9 1 (7%) — 0.716 0.680
Ethyl propionate 55 99.1 2 — 1.07 1.04
Isopropyl propionate .. 111.3 2 —- 1.28 1.30
n-Propyl propionate .. 123.4 2 — 1.94 1.82
Methyl Cellosolve acetate 144.5 1 — 3.10 2.35
Cellosolve acetate 3d 156.4 1(23%) — 3.82 3.06
Butyl Cellosolve acetate . . 192.2 2 — 9.20 7.50
Allyl acetate . . 103 2 — 1.10 1.00
Ether compounds
Ether e " s 34.6 2 - 0.256 320
n-Propyl ether .. s 91 2 — 0.800 0.980
n-Butyl ether .. v 142.2 2. - 2.55 3.12
Propylene oxide .. .. 35 1 (60%) — 0.281 0.274
1, 4-Dioxane X .. 101.5 1 — 1.41 1.13
Methyl Cellosolve . 124.6 1 A 1.11 0.695
Cellosolve . . s - 135.6 1 A 1.69 1.16
Isopropyl Cellosolve o 142 1 A 2.30 1.61
Butyl Cellosolve .. i 171.1 1 A 5.37 3.63
Methyl Carbitol .. - 194 1 — 4.60 3.25
Carbitol .. & e 201 1 — 6.35 5.44
Butyl Carbitol .. % 230 1 — 10.5 12.45
Hydrocarbons
Aromatic
Benzene .. s o 80.1 3 — 1.00 1.00
Toluene .. o = 110.6 3 — 1.94 1.86
Ethyl benzene .. oo 136.2 3 — 3.38 2.93
0-Xylene .. - s 144.4 3 — 442 3.54
m-Xylene .. 24 25 139.1 3 — 3.64 3.08
p-Xylene .. 5z .3 138.4 3 — 3.70 3.12
Aliphatic
n-Pentane ok ‘s 36.1 4 — 0.228 0.354
n-Hexane .. . is 68.7 4 — 0414 0.650
n-Heptane T 2 98.4 4 — 0.820 1.22
n-Octane .. - i 125.7 4 — 1.55 2.19
n-Nonane . s 150.7 4 — 2.87 3.60
n-Decane .. A 2% 174.0 4 — 5.23 6.40
n-Undecane s 2 195.8 4 — 9.30 10.5
Isohexane - ‘s 58.0 4 — 0.361 0.61
Isooctane .. 5. £ 99.0 4 — 0.805 1.18
Cyclohexane i oF 80.7 4 — 0.775 1.07
Trans-decalin .. o 185 4 — 9.18 9.10
Cis-decalin o X 195 4 — 11.86 113
Chlorinated hydrocarbons
Methylene chloride 3 39.8 4 B 0.487 0.33
Chloroform 5os o 61.7 4 B 0.873 0.65
Carbon tetrachloride .. 76.5 4 B 1.230 0.98

*Solubility classification : 1. Soluble in water.  1a. Soluble in brine. 2. Soluble in 85 per cent sulphuric acid.
3. Soluble in concentrated sulphuric acid. 4. Insoluble in concentrated sulphuric acid.
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10
3
10 i
" i
Original Mixture 4ul sample
(a)
12
(b) Water Insoluble 3.2u] sample
12
P,
-5 .
(c) 85 per cent Sulphuric Insoluble
- 2.1ul
8
7 =
9 5 - 321
" -
1—A‘ ] 1 1 1 L L 0
10 .
7 T1° Concentrated Sulphuric Acid
(@) 9 5 32 , 4 Insoluble 0.9« sample
12
|—A—‘l 1 1 h 1 N 1 o
8 7 42
- 10 5432 Shell X55 Solvent Fingerprint
12 2 ! 1 Chromatogram 0.9l sample
! el | | 1 1 1 1 O
10 5 0
TIME (MINS)

FiG. 2. GAs CHROMATOGRAMS OF SOLVENT MIXTURES SHOWING EFFECTS OF SEQUENTIAL
SoLUBILITY EXAMINATION
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EXAMPLE
The solvent mixture used by Hall® was analysed according to the sequential
following results :

525

Solvent Percentage soluble | Percentage residue | Sample for GC
l (Original mix=4ul)
H,O .. - - 13 77 3.2
85 per cent H,SO, .. 48 52 2.1
Conc. H,SO, 70 30 0.9

The chromatograms obtained are shown in Fig. 2, the curves being :

(a) Original solvent mixture.
(b) Elimination of water solubles with removal of peak 3 and a change in

peak 7.

(c) Elimination of 85 per cent H,SO, solubles with removal of several more
substances at peaks 6, 7, 8 and 11.

(d) Extraction with conc. H,SO, resulted in a large decrease in peak 10 and

a slight effect on peak 12.
Interpretation of these results from the tables of relative retention volumes
enabled the peaks to be identified as 3, ethyl alcohol ; 6, ethyl acetate ; 7, methyl

ethyl ketone ;

8, n-butyl alcohol ;

trace of the isomeric xylenes.

The remaining peaks were the components of a hydrocarbon mixture.

(e) By examination of a reference collection of typical fingerprint chromato-
grams of more commonly used commercial petroleum fractions, Shell X55
was selected as the most likely solvent and a check run of comparative
sample size confirmed this. (An apparent discrepancy in (d) in the
proportion of toluene remaining is explained by the incomplete extraction
of this compound by conc. H,SO,.1%)

Each component was then estimated quantitatively by comparison of peak

areas with reference chromatograms.

10, toluene ;

11, butyl acetate ; and 12, a

TABLE III
PETERMINATION OF SOLVENT COMPOSITION
Solubility
Composition Hall’s Method Classification

and GC
Ethanol 10.0 10.0 10.2
n-Butanol 7.0 8.8* 71
Ethyl acetate .. .. 6.0 54 6.2
R-Butyl acetate . 200 20.6 20.3
Methyl ethyl ketone . . .. 50 5.0 5.1
Shell X55 .. 270 26.7 25.0
Toluene . 250 23.5 26.0
100.0 99.9

*Determined by ditference.
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Review

ANALYSIS AND CHARACTERIZATION OF OILS, FATS AND
FAT PRODUCTS. VOL. I

By H. A. BOoEkeNOOGEN (Editor). Interscience Publishers, 1964. Pp. xii-{-421.

Introducing this book, the editor expresses the intention of publishing
from time to time a number of chapters on certain topics of an analytical
nature for the benefit of those engaged in the investigation of fats in the
widest possible sense. Of the nine contributions by different authors presented
here, only four deal with analytical techniques as such and the remainder
with their application to specific problems. Although the publication of
miscellaneous collections is not uncommon nowadays, the policy has certain
disadvantages when the various subjects discussed have an important theme
in common. Here we have a rather curious position in which the second
chapter—on the assay of essential fatty acids—pays scant attention to the
thiocyanogen method so strongly recommended in the first, and completely
ignores the possibility of separating cis and trans isomers by means of their
urea inclusion compounds described in the third. Indeed, it is difficult to
understand why this contribution was included in the first volume at all, in
spite of its general excellence. It would have been expected that such important
topics as absorption spectroscopy and the various chromatographical techniques
would have been dealt with first in separate chapters, rather than merely as a
means of determining the essential fatty acids. Another chapter which appears
to be out of place describes attempts to estimate foots in linseed and other
oils. After pointing out the inadequacy of the methods included in various
official specifications and leaving the reader in some doubt as to what it is
that has to be measured, a number of abortive attempts to solve the problem
are described. It would have been better to have waited until a generally
acceptable method had been found.

The type of treatment accorded by the various authors to their subjects is
by no means uniform. The more useful chapters are extremely well written and,
after giving a general introductory survey, describe methods of analysis in
terms giving the impression that they have been selected as the result of long
practical experience. Judged from this point of view, those dealing with the
assay of essential fatty acids, the application of urea inclusion compounds,
dilatometry of fats and the analysis of monoglyceride and related emulsifiers
can be warmly recommended. A short chapter on nuclear magnetic resonance
spectra fails because it gives no descriptions of the apparatus and techniques
employed in producing the spectra.

A chapter on the use of ion-exchangers for the analysis of detergents would
have been recommended had it been written in a clearer style. The author is not
completely at home with the English language and to follow his argument
sometimes requires more than the usual amount of concentration. Considering
that only two of the contributions are written by English-speaking authors it is
pleasing to note that this defect is noticeable only in two others. A certain
quaintness of style is not altogether unacceptable, but when it leads to obscurity
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or confusion it must surely detract from the value of the work. In the chapter
on the classical chemical methods in fat analysis it has led to palm oil being
confused with palm kernel oil on more than one occasion, and to the extra-
ordinary statement that the calculation of the acid value is based on the
molecular weight of a given fatty acid or fatty acid mixture. This contribution
can also be criticised on the grounds that too strong a bias has been shown
towards the work of one particular school of fat chemistry, with which the
author was once associated. Readers who may be deterred by a formidable list of
references, more than two-thirds of which are to journals in languages they cannot
understand, may find it profitable to consult the first volume of any of the
editions of Lewkowitsch published at the turn of the century and still to be
found on the shelves of many libraries. The language difficulty does not
seriously affect the clarity of a chapter on the analysis of butter and cheese,
but the authors use too much space with subjects like the estimation of moisture,
fat, solids-not-fat, etc., which are important in dairy chemistry but have little
general interest, and too little on the determination of composition and detection
of adulteration which are problems common to other industries. Their suggestion
that the fatty acid composition of butter fat, and even the glyceride mixture
occurring in it, might be simulated by the admixture of materials derived from
other sources is an intriguing one which ought to have been developed further.

A publication which sets out to present information to assist both industrial
analysts and research workers to keep abreast with progress made by their
opposite numbers should itself be up-to-date. A study of the references contained
in this volume suggests that most of the chapters were completed in 1960 at the
latest. Although an opportunity was doubtless given for last-minute adjustments,
these can never really compensate for any serious loss of time. On the whole,
the book is well produced and contains much valuable information of an assorted
character. It is to be hoped that at least some of the weaknesses noted will
not be repeated in subsequent volumes.

M. R. MiLLS
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Information Received

(In case of difficulty regardins addresses, members and subscribers to the Journal should apply for details to the
General Secretary of the Association at the address shown on the front cover.)

GLovErs CHEMICALS LTp. have sent us a booklet describing their range of anionic
surface active agents.

The Secretary of State for Scotland, The Rt. Hon. Michael Noble, m.p., opened the
new factory of BJN Paints (ScoTtLAnD) Ltp. on 11 May. The factory situated at
East Kilbride, Lanarkshire, replaces the old factory in Forbes Street which has been
zoned as a new housing area.

BASF AG have introduced a 25 per cent plastic emulsion called Latekoll D that can
be converted into a clear highly viscous liquid solution by the addition of ammonia.
The Company reports that its main features are the yielding of emulsion paints with
high resistance to water and that it prevents or reduces the formation of serum.

From ANDERMAN & Co. LTD. we have received the catalogue of gas chromatographic
chemicals produced by E. MERCK.

EDITORIAL COMMENT

Powder Coatings

The current ** State of the Art > of any newly developed product is often difficult to
determine. Shell Chemicals have, by their recent demonstration at their Technical
Service Laboratories at Egham, done their best to remedy this in the case of Powder
Coatings, their application and performance.

Laboratory tests designed to show the outstanding chemical resistance of this type
of product were exhibited by Shell themselves, and they enlisted the aid of the manu-
facturers of equipment who demonstrated the current and development plant used for
electrostatic spraying and fluidised bed application.

Examples of electrical equipment, expanded metal grilles and pipes coated by this
technique were available for examination, the powder coatings used being supplied by
various paint companies and applied by trade enamellers.

All in all a well-balanced picture of a product which will undoubtedly gain an
important place among the heavy duty surface coatings in the next few years.
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New South Wales Section

WHAT CAN THE PAINT INDUSTRY PROVIDE? ARCHITECTS AND ENGINEERS STATE
THEIR REQUIREMENTS

The April meeting of the New South Wales Section was held in conjunction with
the Royal Australian Institute of Architects and the Australian Institute of Engineers.

The three speakers, Mr. W. Lucas (Architects), Mr. C. Putt (Engineers) and
Mr. A. E. Cameron (OCCA), each spoke on the above topic from the viewpoint
of his profession. Afterwards Mr. D. M. Martin (OCCA) joined them to form a
discussion panel to answer questions from the audience.

Mr. Lucas criticised what he considered the paint industry’s preoccupation with
purely decorative coatings for visual effect, sales advertising and frequent changes
in colour trends causing unnecessary repainting, to the exclusion of developing other
properties, e.g. sound absorption, flame retardance, solar absorbence, etc. Modern
architects are showing a tendency to use material not requiring painting (timber,
copper, aluminium, brick, stone, etc.) because paint performance is not good enough.

Mr. Putt, speaking on maintenance problems with ferrous metals, considered that
a more sophisticated and more highly capitalised approach to industrial painting
is needed in Australia. More emphasis must be placed by paint manufacturers on
advising clients of the correct procedure of surface preparation, the proper paint
for the job, and the correct system at the right film thickness. Insufficient rigid
recommendations are given. The industrial customer wants protection from corrosion,
and in most cases all he is getting is paint. Mr. Putt considers that it would be
appropriate for the paint industry to take the leading part in ensuring correct industrial
application of their products.

Mr. Cameron spoke. on the efforts of the paint industry to educate builders and
architects on what paints are available and how to use them, of the lack of training
of engineers and architects on protective coatings and of the inadequacy of painting
specifications on even the largest building projects. Mr. Cameron suggested that
poor initial design in buildings and plant often caused maintenance problems.

An interesting discussion followed, in which some of the questions posed were :
(a) ‘** What is the paint industry doing to provide a satisfactory clear finish for exposed
timber ?* (b) * Why do paint manufacturers change a product which a customer
may have been using satisfactorily for some time ? Why not print an accurate analysis
on the label ? > (¢) *“ Do engineers use the right materials, as probably the inclusion
of as little as 0.4 per cent Ni to mild steel could vastly improve corrosion problems ? ™

L. J.
Victorian Section

STATIC HAZARDS IN THE PAINT INDUSTRY

The April technical meeting of the Victorian Section was held in the Union Hall,
University of Melbourne, when Mr. John Cordner spoke to 79 members on ** Static
Hazards in the Paint Industry.”

The oil and petrochemical industries have given the lead to other manufacturers
in studying this problem, prompted by such major accidents as the explosion and
fire at a petrol tanker in Dusseldorf just prior to the last war, when 34 people were
killed. This was directly attributed to a flash from static electricity discharge.

Static electricity belied its name because by nature it was a dynamic force. An
electrical double-layer formed at the junction of any two dissimilar materials and
when these were separated a static charge built up. The hazard only occurred when
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this voltage became very big and a discharge took place. It should be remembered
that materials normally thought of as insulators could store up large amounts of
static electricity ; for example, plastic materials.

Three conditions must be satisfied for a hazard to exist : (1) An explosive atmosphere
must exist. (2) An accumulation of charge must take place. (3) A sufficient potential
gradient must build up to ionise the gas in the vicinity of the charge, to allow discharge
to take place.

The obvious counters to these conditions were : (i) Careful factory practice—
adequate ventilation, use of inert gas blankets. (ii) It was impossible to avoid generating
a charge, but static earthing and certain other measures could prevent the charge
accumulating. (Fine solid particles are a particular hazard because of their high
specific area.) (iii) A radio-active source could be used to ionise the adjacent air to
a point where a continuous, safe discharge takes place.

In handling solids, large static charges accumulated during mixing, grinding or
pouring. An instance was cited of a point discharge occurring at an imperfection
in a sheet of plastics film over which powder was moving.

Liquids built up charges during operations such as pumping, filtration and agitation.
Sampling of tanks of inflammable liquids should be delayed for a time after any
of these operations in order to avoid static flash to the sampler. The settling of solids
in liquids had been known to build up high static voltages. The mixing of dissimilar
liquids could also be a static source and the agitation of emulsions was a particularly
serious hazard.

The most effective remedy to combat static electricity was to use efficient earthing.
Conductors should be massive to provide a path of low resistance and to minimise
loss of efficiency by corrosion. Moving parts must be earthed by means of a separate
brush and collector ring, as grounding through bearings is inefficient. Portable earth
leads should clamp tightly to equipment ; screw clips were not desirable. Danger
points to watch for which could defeat static earthing were localising of earthing
by paint, plastic gaskets and rust.

The lecture was comprehensively illustrated by a colour film showing the build-up
of static charges in liquids, solids and gases, the effect of subsequent discharges and
the means of avoiding them.

At question time, Mr. Cordner made the following comments :

It was possible that some paints could be made conductive by incorporating
polyethylene glycol in them, but the speaker had no personal experience of this.
One of the simplest and most effective ways of detecting static electricity build-up
was the gold-leaf electroscope of school physics days. This will readily detect a
potential of 500 volts, which was not a dangerous pressure. No minimum voltage
could be specified as the danger threshold to cause ignition of hydrocarbon vapour,
as this would also be influenced by factors such as the physical shape of the object
collecting the charge ; but partial ionisation of air takes place at 5,000-20,000 volts
and hence a flash became possible in this region. Below 5,000 volts an induced
corona discharge could leak the charge safely away. As early as 1898 it was realised
that magnesium oleate could be added to an inflammable liquid in order to prevent
static build-up, but the dosage required was massive. It was unlikely that organo-
metallic driers in a paint system would be present in sufficient quantity to perform
a similar function. Current anti-static liquids were usually chromium organic acid
complexes such as chromium dialkyl salicylate. The case quoted by a questioner,
the pumping at high speed of de-ionised water through polyethylene piping, was
considered by Mr. Cordner to be a textbook example of a set-up to generate large
quantities of static electricity, both materials being insulators and difficult to earth.
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The trouble would, of course, occur at the discharge point. The lecturer agreed that
the liberal use of water in a paint company had probably contributed to the rarity
of static fires in the industry, but cautioned his audience not to become complacent
because of their good record to date in Australia, as the danger still existed and was
very real.

In thanking the lecturer for his talk, Mr. C. Bray quoted the familiar example
of static electrical build-up on the driver of a car in very dry weather. However, he
felt reluctant to avoid the unpleasant shock from static discharge he experienced
when he subsequently touched a metal component of the car, by dragging an anti-static
belt behind his vehicle and driving with anti-static boots on.

The long question period and the presence of many visitors at the meeting attested
to its importance and excellent presentation.

D. W. B.
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SEVENTEENTH TECHNICAL EXHIBITION

1965
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THeE GREAT HALL OF

NEw VENUE AND LONGER EXHIBITION
PERIOD FOR 1965

The growth in popularity of the Exhibition,
which is one of the most important annual
events for the surface coating industries
amongst both exhibitors and visitors, has
been so marked in recent years that it has
been necessary to curtail the size of stands
in order to accommodate all the companies
whose applications were received by the
closing date (in the preceding September),
and many visitors have expressed the wish
that the Exhibition should be open for a
further day.

The Exhibition Committee has also
taken into consideration the difficulties
which arose in the preparation of the 1964
Exhibition because of the unofficial ban on

Pl

Leslie Bryce, A.I.B.P., A.R.P.S.
ALEXANDRA PALACE

overtime operated by carpenters, painters
and labourers, which naturally meant that
the weekend build-up period was lost ;
the Committee feels that exhibitors would
therefore welcome a longer build-up period
before the weekend.

Accordingly, the Committee has made
arrangements for the 1965 Seventeenth
Technical Exhibition to take place at
Alexandra Palace, London, on the following
dates and times :

Monday 22 March 3.00 p.m.-6.30 p.m.
Tuesday 23 March .. 10.00 2.m.-6.00 p.m.
Wednesday 24 March 10.00 a.m.-6.00 p.m.
Thursday 25 March  10.00 2.m.-6.00 p.m.
Friday 26 March .. 10.00 a.m.-4.00 p.m.
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The Committee is pleased that it has
been able to arrange continuity of tenure
at Alexandra Palace so that the Exhibition
will take place in March each year.

It is felt that by extending the Exhibition
for an additional day, this will not only
allow overseas visitors greater time to
visit the stands, but will also allow more
companies in the United Kingdom an
opportunity to arrange for their technical
personnel to visit the Exhibition in
rotation.

From the exhibitors’ point of view, two
of the advantages of the new arrangements
will be that all contractors for interior
fitments will be able to enter the Hall on
the Thursday preceding the Exhibition
and also that all the stands will be
accommodated in the Great Hall.

There are ample free car parking
facilities available at Alexandra Palace

Leslie Bryce A.1.B.P., A.R.P.S.
A CORNER OF ONE OF THE TWO RESTAURANTS AT ALEXANDRA PALACE

and the journey by road from Central
London is relatively easy. Alexandra
Palace occupies a commanding position
high on the North London hills and is less
than two miles from the North Circular
Road and only four miles from Euston.
A free bus shuttle service will be operated
from Wood Green Station on the Piccadilly
Underground Line to and from Alexandra
Palace ; the journey from Central London
to Wood Green takes approximately 18
minutes. Visitors arriving at the West
London Air Terminal can board the
Piccadilly Line trains at Gloucester Road
Station. Those arriving at main line
stations will also find it is not a difficult
journey and a map will be included in the
Official Guide showing main line, Under-
ground and bus services, together with
suggested routes for those travelling by car.

There are adequate catering facilities at
Alexandra Palace and there are two
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restaurants with full dining facilities, to-
gether with two buffets and several bars.

The Exhibition Committee wishes to
make known as widely as possible the
rules governing participation in the
Exhibition, which exhibitors agree to
accept when sending in their application
forms. The rules state that companies
exhibiting shall present technical advances
in the paint, printing ink and allied
industries relating to :

(/) New products ;

(if) New knowledge relating to existing
products and their use ; or

(iii) In suitable cases, existing knowledge
which is not generally available in
the consuming industries.

The Committee stipulates that exhibitors
should present a technical theme, that is,
to display in a technical manner the
technical developments in raw materials,
plant or apparatus illustrated by experi-
mental evidence. Furthermore, it is a
feature of the Exhibition that technically
or scientifically trained people should be
available on the stands throughout the
official hours of opening.

Copies of the Invitation to Exhibit
and application forms have already been
dispatched to companies both in the
United Kingdom and on the continent of
Europe ; applications for stand space must
be returned to the General Secretary by
Wednesday 9 September 1964.

There will be no charge for admission
and copies of the Official Guide will be
available without charge both prior to the
Exhibition and at Alexandra Palace. All
members of the Association, wherever
resident, will be sent a copy of the Official
Guide as soon as thcse are available early
in 1965. It is felt that members appreciate
receiving copies of the Official Guide well
in advance of the Exhibition dates in
order that they can plan their itineraries.
Copies of the Official Guide will also be
sent to paint and printing ink companies in
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the United Kingdom and individually to
scientists and technologists on the con-
tinent of Europe. Any non-member, com-
pany, or organisation wishing to receive a
copy of the Official Guide before the
Exhibition should notify the General
Secretary before the end of the year.

It was particularly gratifying to the
Committee to learn that the visitors to the
Sixteenth Technical Exhibition included
representatives from at least 30 countries.
The countries recorded in the overseas
visitors’ books on the OCCA information
stands were Argentina, Australia, Belgium,
Canada, Denmark, Egypt, Eire, Finland,
France, Germany, Holland, Hong Kong,
Hungary, India, Italy, Japan, Jordan,
Jugoslavia, New Zealand, Nigeria, Norway,
Pakistan, Poland, Portugal, South Africa,
Spain, Sweden, Switzerland the USSR
and the United States.

A feature of the Exhibitions, which will
be repeated at the Seventeenth Technical
Exhibition, has been the stand devoted to
Technical Education, on which information
on technical courses and careers will te
available. The Committee has decided
once again to invite parties of sixth form
science students to visit the Exhibition,
when they will be given short introductory
lectures by members of the Association.

An Exhibition Luncheon will be held at
the Savoy Hotel, London, W.C.2, on
Monday 22 March, prior to the Opening
Ceremony. So popular has this function
become in recent years that it has not
been possible to accommodate all the
requests for tickets. A form of application
for Luncheon Tickets will be enclosed with
each copy of the Official Guide.

Companies who have not previously
exhibited and would like to have their
names submitted to the Committee for
consideration should write to the General
Secretary, R. H. Hamblin, M.A., F.C.Ls.,
F.c.c.s., Oil and Colour Chemists’ Asso-
ciation, Wax Chandlers’ Hall, Gresham
Street, London, E.C.2.
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Bristol Section

ANNUAL GENERAL MEETING

The 20th Annual General Meeting of the
Bristol Section was held at the Royal
Hotel, College Green, Bristol, 1, on Friday
24 April. A rather disappointing figure of
only 18 members was present.

Minutes of the previous AGM were
read and approved. Arising from these,
it was stated that the Committee had
decided not to arrange any further works
visits unless there was a specific demand
for them—this decision being forced by
the generally poor attendance on previous
visits.

Next followed the Committee report
and reports from the Treasurer and
Publications Secretary. The Chairman,
Mr. L. Brooke, thanked the retiring
Committee members for their valuable
support. The Committee for 1964-65 was
then elected with the following results :

Chairman : Mr. L. J. Brooke.
Chairman-Elect : Mr. R. J. Woodbridge.
Hon. Secretary : Mr. D. N. Fidler.

Hon. Treasurer : Mr. W. J. McWaters.

Hon. Publications Secretary and Hon.
Research and Liaison Officer : Mr. L.
Tasker.

Representative on Council : Mr. R. J.
Woodbridge.

Hon. Auditor : Mr. C. C. Pearce.

Committee : Mr. R. Dennis, Mr. P. L.
Gollop, Mr. 1. S. Cox, Mr. C. G. Philli-
more and Mr. J. R. Taylor.

Finally, the Chairman asked the views
of members present to the Section tackling
a research project during the coming year
—to mark the Section’s ** coming of age.”
Views on this were rather mixed, and it
was agreed, since the number present was
rather small, to circulate all members and
leave to the Committee to act on the
response.

The meeting was then closed, but was
followed by a film show, capably projected
by the Chairman.

R.J. W.

Manchester Section

PRESENTATION TO PAST CHAIRMAN

After the Summer Committee Meeting,
held on 8 May, an informal dinner party
was held, which was attended by Committee
and Sub-committee members. After the
meal, the Chairman (Mr. H. F. Clay) paid
tribute to the tireless way the past Chairman
(Mr. J. Smethurst) had carried out his
duties. He commented on the efficient way
Mr. Smethurst had conducted the business
of the Section during the past two years,
and the innovations he had introduced.
He then presented to Mr. Smethurst on
behalf of the Committee a silver sauce
boat which he hoped would serve to
remind him of his successful term of office

and the best wishes and thanks of the
members.

In reply, Mr. Smethurst thanked Mr.
Clay and the committee for the kind
remarks, good wishes and very acceptable
gift which he was sure would delight and
remind both him and his wife of his enjoy-
able term of office. He thought that if he
had been successful in the position, it was
because of the loyal and full support of the
whole committee. Mr. Smethurst concluded
by saying that he hoped Mr. Clay would
find his two years of office just as enjoyable
and he would, as a loyal committee member,
help him in any way possible.

W. F. McD.
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Newecastle Section

Photograph by

Dr. T. Bannield

DINNER DANCE, 3 APRIL 1964, HEXHAM

The photograph shows (left to right) Mrs. Arnold, Mr. J. G. N. Smith (Chairman), Mrs. Smith,
Dr. J. E. Arnold (President), Mrs. Hamblin and Mr. R. H. Hamblin (General Secretary)

LADIES’ NIGHT

Ladies’ Night, now an annual event in the
calendar of the Newcastle Section, was
held on Friday 3 April at the Royal Hotel,
Hexham. Nearly 100 members and guests
were present this year and the Section was
honoured by the presence of the President
and Mrs. Arnold. The General Secretary
and Mrs. Hamblin also made the long
journey North to Hadrian’s Wall, and Dr.
Arnold made reference to his exploration
of this ancient Iron Curtain in a short

speech which followed the dinner. A new
innovation was to have the local branch
president of the Federation of Master
Painters and Decorators, Mr. W. Connor,
as a principal guest.

Dancing continued until 1 a.m. and
welcome cups of hot soup provided on
leaving helped to keep out the cold during
the long journeys home to Newcastle,
Billingham and Carlisle.

JLA W,

MR. M. J. HEAVERS

Mr. M. J. Heavers, an Ordinary Member
attached to the Manchester Section for
many years has joined Kronos Titanium
Pigments Limited, the United Kingdom
subsidiary of National Lead Company.

Mr. Heavers who has had many years’
experience in the surface coatings industry
has been the Honorary Social Secretary of
the Manchester Section for four years and
is also the representative of the Section on
Council.
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ASSOCIATION NOTICES

APPLICATIONS FOR MEMBERSHIP

It is felt that members would like to be
reminded of the standard of competence
for the election of candidates to Ordinary
Membership of the Association, as laid
down by the Council, when they are
sponsoring candidates for election. The
qualifications for the granting of Ordinary
Membership at the present time are :

1. A degree in a scientific subject or any
generally accepted equivalent qualification ;
or any technological qualification in a
subject covered by the Association.

2. Or where there is adequate evidence
of the technical competence of the can-
didate other than the obtaining of the
qualifications mentioned above, the qualify-
ing period of practice in the industries
covered by the Association shall be
normally not less than seven years.

Associate Membership is open to those
employed in the industries who do not
qualify for Ordinary Membership.

The Council has further resolved that
Junior Membership should be open
without restriction to the age of 21 years
and may be extended to 25 years of age,
where candidates are following courses of
technical study to the satisfaction of their
employers or technical college lecturers.

RETIRED MEMBERS

Council also wishes it to be widely known
that in 1962 it introduced a reduced
membership subscription rate for members
who have retired from business. This
applies to a member who has completed
20 years as an Ordinary or Associate
Member and has retired from business,
and normally has reached the age of 60 ;
he may apply for his name to be retained
on the Register of Members at an annual

subscription rate of £1 Is. and he will
retain the same rights of membership as
the class of membership to which he was
attached upon retirement.

Members wishing to avail themselves of
this concession should write, in confidence,
to the General Secretary at the address
shown on the front cover of this Journal,
giving the relevant information under the
four headings : (a¢) name, address and
Section, (b) date of election, (c) date of
retirement, (d) age.

CHANGE OF ADDRESS

Members changing their address are urged
to inform the General Secretary’s office
immediately so as to avoid any mis-
direction of mail. This is particularly
important as far as the Journal is concerned.

Will members please note that since
membership of the Association is entirely
on an individual basis, if notification of
the change of an address for a company
is sent to the Association’s office this will
not necessarily guarantee the change of
address in the Association’s records of
the member concerned unless the name of
the member is stated on the communication.

BINDING OF THE ‘‘ JOURNAL ”’

Members will be pleased to know that
W. Heffer & Sons Ltd., Hills Road,
Cambridge, will undertake the binding of
back volumes of the Association’s Journal
sent in by individual members, at a cost
of 21s. per volume.

Members wishing to avail themselves of
this facility should send the parts direct
to W. Heffer & Sons Ltd., enclosing a
remittance of 21s. and ensuring that notes
bearing their names and addresses are
enclosed with the parcels.
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Register of Members

The following elections to membership have been approved by Council. The Sections
to which the new members are attached are given in italics.

Ordinary Members
ASTFALCK, ANTHONY NOEL, Carst & Walker Pty. Ltd., PO Box 5500, Johannesburg,

South Africa. (South African)
BensoN, PETER HEYs, Drynamels Ltd., Hall Green, Birmingham, 28. (Midlands)
BeTTISON, ROBERT AMES, PO Box 14-130, Auckland, New Zealand. (New Zealand)
BRAMHILL, COLIN, B.sC., 16 Adelphi Drive, Scartho, Grimsby, Lincs. (Hull)
CHITTENDEN, RICHARD, B.sc., Mander-Kidd Ltd., Old Heath Town Road, Wolver-
hampton. (Midlands)
Epwarps, ERNEST HAROLD, 4 Selwyn Street, Blackburn, Victoria, Australia.
(Victorian)

Evans, RoBerT GIBSON, A.R.I.C., | Lilac Avenue, Humberstone, Leicester. (Midlands)
GREEFF, MATTHEUS PHiLIP, B.sC., 30 Piet Joubert Street, Krugersdorp, Transvaal,
South Africa. (South Afrlcan)
JELLIS, RICHARD LESLIE, B.SC., 9 Forest Edge, Buckhurst Hill, Essex. (London)
JoHN, ELwyN CLIVE, 14 Brettonwoods Avenue, Harrietwood, Durban, Natal, South
Africa. (South African)
KEercHiss, RoMAN RoserT, RK Chemical Company, The Laboratory, Great Chishill,
Royston, Herts. (London)
Lyons, BARRY JOHN, 57 Marchant Avenue, Reservoir, Victoria, Australia.
(Victorian)
O’REGAN, BARRY PHiLLIP, B.sc., Ciba Co. Pty. Ltd., Orion Road, Lane Cove, New
South Wales, Australia. (New South Wales)
ROBINSON, ALAN ELLWOOD, B.A., 38 Inglis Road, Ealing Common, London, W.5.
(London)
RoOBINSON, FRANCIS DERRIK, B.SC., ** Frays,” Stallingborough Road, Healing, Grimsby,
Lincs. (Hull)
RusseLL, REx HAMILTON, M.sC., Presso lannini Via Carissimi 5, Milan, Italy.
(Overseas)
SAWYER, ROBERT SARGENT, B.SC., B.CH.ENG., PO Box 3714, Johannesburg, South Africa.
(South African)
WiLsoN, GAVIN DouGLAs, B.SC., ** Barfields,” 43 Oaken Grove, Maidenhead, Berks.
(London)

Associate Members
BasTEIN, T. EBERHARD H., 368 Pine Avenue, Ferndale, Randburg, Transvaal, South

Africa. (South African)
HUTCHINGS, GRAHAM JOHN, PH.C., c¢/o Esso Standard NZ Ltd., Box 3001, Auckland,
New Zealand. (New Zealand)

LapPHAM, JOHN HENRY WATSON, B.A., PO Box 3429, Durban, Natal, South Africa.
(South African)
PAGETT, JOHN ARTHUR, 8 Hood Street, Old Toongabbie, New South Wales, Australia.
(New South Wales)
PRIDE, DouGLAS MAXWELL, c/o Swift & Co. (Trading) Pty. Ltd., 149 Milton Street,
Ashfield, New South Wales, Australia. (New South Wales)
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STEPHANI, WOLFGANG V., PO Box 1521, Durban, Natal, South Africa.
(South African)

VICKERS, RAYMOND HAROLD, A. C. Hatrick Ltd., Patiki Road, Avondale, Auckland,

New Zealand. (New Zealand)
WiLLIAMS, JOHN, 11 Abbotsbury Road, Hayes, Kent. (London)
WILMSHURST, ALFRED GEORGE, 12 Sylvia Street, Lower Templestowe, Victoria,

Australia. (Victorian)

Junior Members

BrRAITHWAITE, TREVOR JAMES, 16 Scott Street, Germiston, South Africa.
(South African)

MOoRPETH, LIONEL, 18 Holly Avenue, Dunston, Gateshead, 11, Co. Durham.

(Newcastle)
SkipPseY, DAvID, 43 Wellington Court, Felling, Gateshead, 10, Co. Durham.

(Newecastle)
WiLLIAMS, WINSTON ROGER AsHLEE, 90 Upton Road, Slough, Bucks. (London)

Forthcoming Events

(Note: Details are given of meetings arranged in the United Kingdom up to the 15th of the month following publication,
and in South Africa and the Commonwealth up to the 15th of the second month after publication.)

Wednesday 1 July Chalet, Warburton, Victoria.

OCCA Council Meeting.
London Section. Visit to Shell Centre Tuesday 18 August

at 6 p.m. ; . ; :
) p West Australian Section. A discussion

between members and Mr. Wichett
Thursday 16 July—Sunday 19 July (Timber Research Laboratories), regard-
Sixth Australian Convention, Meyer ing the Painting of Karri.
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First view of the outside world for a group of Bisol chemicals.
This is the business end of one of DCL's factories where
different, quality-tested chemicals are dispensed into the
familiar DCL drum. From a nationwide network of factories
and depots, DCL supply chemicals in drum and in bulk, at
speed, on time, to any part of the country.

THE DISTILLERS COMPANY LIMITED - CHEMICALS & PLASTICS GROUP
Bisol Sales Office - Devonshire House - Piccadilly - London W1
(MAYfair 8867).

XXXiil

chemicals at speed, in bulk or drum

10245
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WINKWORTH the buy-word
for MIXERS -1 pint to 200 galls

1 Quart
“Z” Blade
Mixer = §

Dismantled for easy
cleaning

WINKWORTH
MACHINERY LTD.

65 High Street, Staines.
Middlesex.

Telephone: 55951

Dear Sir,

answer to your first query I would recommend the

purchase of ‘‘Introduction to Paint Technology.’’

I

Thank you for your letter of yesterday’s date and in

consider that it is an excellent book for introducing a

person into the industry and at 15s. I feel that it is

outstanding value. It can be obtained from the 0il &

Colour Chemists’ Association, Wax Chandlers’

Gresham Street, London E.C.2

Now with regard to your second question

Hall,
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What’s in a name?

Just as the Greek letter ¢ means ONE MILLIONTH OF A
METRE (i.e. I MICRON) so the name MICRONSPUN is your
assurance of a pigment manufactured to unequalled Micron
fineness. MICRONSPUN is the new registered name for G.V.
Micronized Pigments; it signifies products proven in use and backed
by 16 years of G.V. micronizing experience. You can be confident
that their quality and fineness will be reflected in your output.

MICRONSPUN

THE REGISTERED NAME OF
MICRONIZED PIGMENTS

MICRON SPUN PRODUCTS INCLUDEZ/L PRIMER OXIDES'/L RED OXIDES
/.( OCHRE-ﬂ EXTENDERS- 4 PRUSSIAN BlUE-/l BROWN: /t GREENS
For easy dispersion in paint, plastics.

Wiite for literature on individual pigments
in the G.V. range.

GOLDEN VALLEY COLOURS LTD., WICK, BRISTOL



WATER SOLUBLE
NEUTRAL
NON-IONIC
STABLE

FILM FORMING

FACILITATES
BRUSH APPLICATION

IMPROVES PIGMENT
DISPERSION
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AIR_DRIVEN for hazardous
LABORATORY . conditions

Capable of infinitely variable

speeds up to 10,000 r.p.m.

The machine is capable of
emulsifying, homogenising,
dispersing and preparing
Heavy Pastes. The adjustable
deflector prevents admission
of air and reduces the vortex
to a minimum.

Specialists in high
efficiency mixing

machinery Brochures of this and other

types of Mixers and Agitating
Gears available from :

Joshua Greaves & Sons Limited
Ramsbottom, Bury, Lancs.
Telephone : Ramsbottom 3159

Telegrams : GREAVES Ramsbottom

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
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For further information, contact
our U.K.-representatives:

LONABARC LIMITED,
110 CRANBROOK ROAD,
ILFORD, ESSEX.

or write direct to:

NORSK SPRENGSTOFINDUSTRI A/S

Box 779, Oslo, Norway.
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talk to

TORRANCE

about the
NEW
‘MICROFLOW’

INK MILL
for
continuous
Production

This simple to operate,
easy to clean machine,
is ideal for small
quantity production of
printing inks and similar
dispersions.

Production ranges, de-
pending on formula,
between 5 Ibs. and 15 Ibs.
per hour of fine dis-
persions, and throughput
can be adjusted to meet
the degree of fineness
required. So easily and
quickly can it be cleaned
that a change over from
black to white ink can
be made in a matter of
minutes.

‘MICROFLOW’ CONTINUOUS MILL
With 1 H.P. Drip Proof or Flameproof Motor,
and complete with stainless steel Hopper.

Overall Dimensions :

Length-—2" 7"

Breadth—1" 3"

Height-—2" 4" (including hopper)

TORRANCE & SONS LTD - BITTON - BRISTOL

Tel: BITTON 2118 London Office: 21 Tothill St., London, S.W.| Tel: Abbey 1911

[LIMITED)|
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ZINC OXIDE — “Zincoli” Brand
ZINC DUST—“Zincoli” Brand

IRON OXIDE — Synthetic. “Deanox”
Brand. Reds, Yellows and Marigold

RED LEAD —“Deanox” Brand

“ GILSONITE ”—ASPHALTUM
(Regd. Trade Mark)

Can be supplied in
all grades suitable for
the requirements of the

Paint and Varnish Industry

by

MORRIS ASHBY LIMITED

10 PHILPOT LANE, LONDON, E.C.3

Phone: Telegrams:
Mansion House ASHBY, LONDON
8071 (6 lines)

And at Liverpool, Glasgow, Bristol, Birmingham, and Leeds




xlii

JOCCA

CLASSIFIED ADVERTISEMENTS

SITUATIONS VACANT

such as :

compositions.

LABORATORY ASSISTANTS

required by

ESSO RESEARCH LIMITED

at their Research Centre near Abingdon, Berkshire. The work involves activities

Development and evaluation of additives for petroleum fuels and lubricants.
Advanced exploratory and basic research in Organic and Physical Chemistry.
Development and evaluation of experimental rubber, plastic and surface coating

Chemical analysis of a wide range of petroleum and other products.

Applicants, in age bracket 20-32, should have had some laboratory experience,
preferably in one of the above fields. Pass degree, HNC (Chemistry) or comparable
technological qualifications are desirable, but GCE *“ A level ONC with evidence
of proven experimental aptitude will be considered.

Please write, giving a summary of qualifications and experience to :

Recruitment (Ref. : L. A.),
Esso Research Limited,
Abingdon, Berks.

ASSISTANT LECTURER, Grade *““B,” in
PRINTING SCIENCE required. Industrial

experience in Printing Inks, Paper or Printing

Machine Engineering would be an advantage.

Salary scale £830-£1,450, initial increments
for full-time training and approved adult
industrial experience.

Application forms and further particulars
from the Registrar, Watford College of Tech-
nology, Hempstead Road, Watford, Herts.

YOUNG organic chemist with photographic

interest required for research and develop-
ment on photo-mechanical processes including
diazo-sensitized. Previous experience not essential.
Write Box K.369 c/o Streets, 110 Old Broad
Street, E.C.2.

TECHNOLOGIST urgently required by Lewis

Berger (GB) Ltd.,, Freshwater Road,
Chadwell Heath, Essex, to join small develop-
ment team in expanding Automotive division.
Modern well equipped laboratories. Excellent
salary and conditions. Previous paint experience,
particularly in industrial finishes, desirable.
Applications in writing please to Personnel
Officer.

CHEMIST required by member of large

printing group. Experience of Plastics and
Plastic Printing would be an advantage. Inter-
esting and varied work and opportunity for
advancement. Preferred age 25-35. Write only for
details to : Associated Trapinex Limited, 176-188
Acre Lane, London, S.W.2.

pAINT TECHNOLOGIST. An outstanding
opportunity for a young man to take charge
of laboratory engaged on production control
and development work in Surface Coatings.
This new and rapidly expanding Company
offers excellent salary and prospects to a
suitably qualified man in the age group 23-30
years. Please send full personal details to the
Technical Director, Mebon Limited, Blackwell
Road, Huthwaite, Sutton-in-Ashfield, Notts.

SITUATIONS WANTED

AINT Chemist, 46, HNC (Chem.) seeks
interesting new post. 22 years in dyestuff
and paint industry. Reply to Box 216.



THE CHEMICAL WORLD
RELIES ON :

UNIVERSAL

. .. YOU, TOO, CAN DEPEND UPON UNIVERSAL PRODUCTS
AND THEIR WIDE RANGE OF PURE ACIDS FROM C, to C,

Samples and technical details are available covering:

® C, —UNIVOL U.308—90% CAPRYLIC ACID.

C,, —UNIVOL U.310—90% CAPRIC ACID.

C,/.o —UNIVOL U.312—CAPRYLIC/CAPRIC ACIDS.
C,. —UNIVOL U.314/a/b—90/98%, LAURIC ACIDS.
C,. —UNIVOL U.320—90% MYRISTIC ACID.

C,, —UNIVOL U.332—90% PALMITIC ACID.

C,, —UNIVOL U.334—90%, STEARIC ACID.
C.0/::—UNIVOL U.304—DISTILLED C,,/,, ACIDS.
C., —UNIVOL U.342—85/90% ERUCIC ACID.

C.. —UNIVOL U.344—85/90°, BEHENIC ACID.

We shall be glad to hear from you.

THE UNIVERSAL OIL COMPANY LIMITED, HULL 3

Phone: 41311 (9 lines). Telegrams and Cables: “UNIVOL, HULL TELEX" U QVE'R

LONDON OFFICE: Cunard House, 88 Leadenhall Street, E.C.3. L

Phone: AVE 4081 (3 lines). Telegrams: ‘Premoil, LONDON TELEX”
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Printed in England by Metchim & Son Ltd.. 8 Storey's Gate. Westminster. London, S W1

BASF Raw Materials for the Surface Coating Industry

LUDOPAL

Our polyester resins for lacquers (previously ®* PALATAL brands) will in future
be kown as LUDOPAL.

LUDOPAL lacquers bring out the grain extremely well in decorative woods,
and afford lasting protection.

The coatings are exceptionally hard and resistant to scratching,

and are not attacked by water, alcohol, and dilute alkalis. They can be
rubbed down and polished to a high gloss without any difficulty.

Literature will be supplied on request, and our technologists are always
ready to advise you.

Badische Anilin- & Soda-Fabrik AG, Ludwigshafen am Rhein, West Germany
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