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SILIGONE GOPOLYMERS

ARE NOT JUST HEAT RESISTANT SPECIALITIES

They have many outstanding properties, such as:—

WEATHER RESISTANCE

ADHESION

FLEXIBILITY WITH MAR-PROOF HARDNESS
CHEMICAL RESISTANCE

ELECTRICAL INSULATION

FULL DETAILS OF THE

Heydolac...

from

HAROLD HEYDON & CO. LTD., 86 BOW ROAD, LONDON, E.3. Tel: 01-980 4667
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HERCULES

POWDER COMPANY LIMITED

Hercules offers problem-solving technical service
and problem-solving samples in many diverse
fields. In particular it is proud of its record
of service to the Surface Coatings
Industry. Have you consulted
Hercules recently ?

You do have a Technical Problem?
a Act!
Ask Hercules for an answer.

N

HERCULES POWDER COMPANY LIMITED

HERCULES i s e W




JOCCA

print in practice
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Metchim's have been printers for over 100 years.
Today, in the heart of Westminster, in the shadow
of Big Ben, our modern automatic presses pro-
duce vast quantities of high-class printed matter,

day and night, in our 12,000 square feet factory.

TCHIM & SON LTD

L, COLOUR AND PERIODICAL PRINTERS

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

Telephone: (01) 839 2125 (4 lines)

-
lndlspensable for Conway Bray Wet Film Applicators are suitable for
- applying and pretesting of emulsions; resins;
contro‘l?d wet fllm lacquers ; varnishes ; plasticisers ; inks ; dyes ; oils;
application

adhesives ; cosmetics and similar substances.

UNBEATABLE FOR COLOUR MATCHING.
Sets of 6 stainless steel applicators are available in two
types :

EXECUTIVE SET. 71" overall in Oak Calf leather case.
LABORATORY SET. 12" overall in hardwood case.
Ask for the standard set or select any six sizes below at
no extra charge :

00044 00048 00052 0006 00068 00076 00084 00092
0010 00108 00116 0012 0015 00164 0018 0020 0024
0028 0032 0036 0040 0048 0056 0064 0072

DELIVERY EX. STOCK. METRIC SCALE ALSO
AVAILABLE

CONWAY FERAY INVESTMENTS LIMITED
PO Box 37 Hemel Hempstead, Herts.
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COLOURS

forthe Paint, Printing Ink, Plastics, Rubber,
Flooring and Linoleum Industries

Lead and Zinc Chrome colours Permanent Yellows G and 10G
Benzidine Yellows and Orange

E. P. BRAY & Company Limited

Church Path, Mitcham, Surrey CR4 3YD. Telephone: 01-648 4088
and Charlesworth-Hyde, Cheshire. Telephone: Glossop 3277
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WYBESOL

water soluble medium

a product of :—

YOUNGHUSBAND
STEPHENS & CO. LTD.

Manufacturers of :(—

refined linseed & soya oils refined safflower oils

stand oils boiled & blown oils
dehydrafed castor oils blown & bodied tung oils
liquid refined oiticica oil water-soluble drying oils

Sales Officc: LONDON ROAD, BARKING, ESSEX
Tel: RIPpleway 3467-9  Cables: Paintoil, London  Grams: Litho, Barking
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ICI SUPRA ORANGE CHROMES H-YS and H-RS

For Brighter and Better Industrial Finishes*

Brighter pigments mean a wider and more attractive range of paints
Improved durability means higher quality paints

Better hiding power and increased strength mean cheaper paints

* Ideal for all types of commercial vehicles—lorries,
vans, buses, tankers, &c.—agricultural and civil engineering
equipment, petrol pumps and many other industrial uses,

IMPERIAL CHEMICAL INDUSTRIES LIMITED LONDON SW1 ENGLAND &

X723
RN
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YOUR BUSINESS DEPENDS ON HIS NOSE

Spray painters expect familiar odours in lacquer. They won’t have a bar of
anything unpleasant. If your lacquer doesn’t pass the “nose test” and gain the
approval of the spray gun men, a good slice of your business may be lost.

Several lacquer manufacturers have learned this important marketing truth
by hard experience.

But wise manufacturers profit by other men’s mistakes; by using traditional
Ester Solvents, they give the spray painter the traditional, mild, non-toxic
odour he accepts without question.

Esters score in other important ways, too; they have excellent solvent power
and produce lacquers with better gloss and better adhesion.

Keep the spray painter co-operative with lacquers made from

EBLIELG Solvents

(n-butyl acetate, ethyl acetate)

For full technical information contact —

G.5R. CHEMICALS:

Sydney | Melbourne / Adelaide / Brisbane.

CSRCS539B
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you put _
the best into your paint

... when you use English China Clays. For improved
flow, opacity, sheen or covering power there’s a grade of
extender to meet your need. Consistency of raw materials
is of paramount importance to the manufacture of high
quality paints. The preparation and testing of samples

to your requirements is just one of the ways we ensure
the supply of top quality china clays produced to rigorous
standards. Why not benefit from our “know-how". . .
leading paint manufacturers do!

Full technical assistance. samples and prices from :

& B English China Clays Sales Co. Ltd.,
Clays ¥ John Keay House, St. Austell, Cornwall, England

L oo Tel: St. Austell 4482. Telex: 45526/7

Sales Offices in London, Manchester, Newcastle-under-Lyme, Leominster, Edinburgh.

Offices and Overseas Representation in most countries throughout the world.
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Sell the finishes
that will sell next season’s cars

European automobile manufacturers recog-
nisc the fact that style and colour sell cars as
much as performance and economy. Their
designers seek new lines . . . colour stylists
demand new and better metallic finishes.

For over fifteen years, in response to the
tremendous demand from the United States
automobile industry, Alcoa has perfected no
less than seven aluminium tinting pastes!

From such an unrivalled range of pastes,
you will be able to select the grade which
will enable you to produce any type of auto-
motive finish with a proper balance of gloss,
hiding power and colour purity.

mALCDA
INTERNATIONAL

Alcoa (the world’s biggest producer of
aluminium) strictly controls the particle
size for each grade of paste. This minimises
the danger of oversized flakes (which cause
seeding) or of fine colloidal aluminium
(which spoils the colour of the finish).

Alcoa can also supply a comprehensive
range of other aluminium pastes and powders
for all sorts of formulations. Please send the
coupon for full information and samples of
Alcoa tinting pastes.

Alcoa International S.A., Avenue d’Ouchy
61, Lausanne, Switzerland. ( A subsidiary of
Aluminum Company of America.)

u

a n
B To: Imperial Aluminium Company Limited, ]
] Kynoch Works, PO Box 216, Witton, L]
u Birmingham. u
B Ppjease send technical literature, lesof W
= Alcoa pigments and quotations to: =
= H
H NAMG woaviiinssvisimnmisisiim R TR 57 M
= Company ........ccccceeverrnninn =
. ]
B Position..............cocceevinne. . n
] [}
= Address.......... . =
] n
[} ]
]

]

]

a

u
TP651 B =
SEEEENEEENEEEEEEEEEEENENENEEEE
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AR DRIVEN
LABORATORY

MIXERS

Specialists in high
efficiency mixing
machinery

P,

JOCCA

Speciality Resins
for
all requirements

FOR \NKS

@ W. A. MITCHELL & SMITH LTD. 43z painrs

MITCHAM, SURREY
Telephone: MITcham 4684-7 ‘

for hazardous
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.

Brochures of this and other
types of Mixers and Agitating
Gears available from :

Joshua Greaves & Sons Ltd.-Dept JOCCA

Ramsbottom, Bury, Lancashire

Telephone : Ramsbottom 3159
i Telegrams : GREAVES Ramsbottom
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If this meter
stops you
e SPOIlING just

.ruuuuug""

xaeaone hatch

NS

] <
J /

0

Tt
o

- -
T | It WI ave

It's the most accurate type for blending and
batching points. The positive displacement
type. It has a built-in adjuster which
permits recalibration in increments of
one-twentieth of one per cent, to cope with
liquids of different viscosity.

That's pretty accurate and no mistake.

No mistake. Not even a human one.

We can supply it with an automatic shut-off
valve. SET IT. FORGET IT. The batch is safe.
There's just one trouble. The day it pays for
itself by saving your batch you'll

FOUR METERS FROM THE be blissfully unaware. Which is precisely

@E&@@DEUKER]T RANGE | |

X-31 meter with 'G' counter, Up X-31 meter fitted with the X-77 meter fitted with the B-50S meter fitted with the
to 25 gallons per minute, Brodimatic Quantrol counter, Brodimatic counter and printer. Brodimatic Quantrol counter. Up
Up to 25 gallons per minute, Up to 85 gallons per minute. to 125 gallons per minute.

Other models up to 14,600 gallons per minute

GILBARGO LIMITED

Details from: Dept J, Gilbarco Ltd, Crompton Close, Basildon, Essex. Tel: Basildon 3090. Telex; 99231.



“PROFIT AND
QUALITY
IMPROVERS”
...FROM
MONSANTO

There's an old expression: watch your
“P's”and “Q’s”. Itmeans: be careful, take
heed. This old expression could apply
to today’'s surface coatings business.
Costs and customer satisfaction are vital
to profitability. Surface coating makers
and users both have to watch their
“P's”and“Q's".

Here are three profit and quality im-
provers for a variety of coatings. One or
more may lower your costs, solve a
manufacturing problem, or improve the
performance of your products. If you
would like more information on the one's
that interest you, simply mail the
coupon to Monsanto.

JOoCCA

SANTOCEL.: Based on “‘cost|
performance’’— the coatina maker’s most
efficient flatting agent.

Santocel is an aerogel—a unique three-dimen-
sional web of silica filaments. Santocel “fiats”
at low concentrations, producing satin-like
semi-gloss lustres or rich matt tones without
changing any of the other properties of the dried
film. The degree of flatting at each level of con-
centration /s constant; Santocel gives the same
gloss control from batch to batch. Santocel is
versatile. Many lacquer and paint makers use a
single grade for all their formulations. Santocel
flats nitrocellulose, alkyd. acrylic, polyurethane,
and vinyl resins. It is very easy to disperse.
Santoce! quickly and umformly disperses
through the vehicle with all types of equipment.
It can be added using roll-, pebble-. sand- or
ball mills or in high speed dispersion equipment.
Santocel produces flatted films that are smooth
to the eye and dry to the touch. The settling that
occurs with most ordinary silica flatting agents
is no problem with Santocel; it shows a mini-
mum of settling that s easily redispersed.
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'MODAFLOW—the single “‘miracle’” cure
{for surface imperfections, for improving
levelling, flow and re-coating.

Modaflow is a unique modifier for relaxing the
(surface tension of any solvent-based resin
system. The amount needed is very small. For
most coatings. as little as 0.1% to 2.0% is added.
The amount depends upon the resin and upon
e modifying effect required. The optimum
quantity to be used is critical for each resin
system. Modaflow modifies surface tension
within @ narrow spectrum of concentration.
it may be added at any point in formulation.
The small amount in the coating produces
excellent levelling, better flow out, and im-
oroved surface wetting. It eliminates bubbles,
Foaming, pin-holes, craters, thin spots, and other
surface imperfections. Modaflow is effective in
goxies, alkyds, polyester gel coats, vinyl
thloride solution coatings and other non-
ueous resin systems. It can also be effective
fr improving the surface properties of printing
nksand resin adhesives. Since itis not asilicone,
Modaflow does not affect the adhesion of
ditional top coatings.

Monsanto Monsanto
10-18 Victoria Street. L ondon S W !

Jeeghone: ABBEY H6/8 Read
heex: 23 259

Xiii

RJ-100—A new polyol for better quality
water—and solvent base paints.

RJ-100 is a new styrene-allyl alcohol. You can
use it as the base for a wide variety of top
quality finishes and greatly simplify your plant’s
production program. RJ-100 esters, co-esters,
and modified alkyds make vehicles that offer
film performances equal to epoxy esters at
much lower costs.

Over 10 different types of excellent performance
coatings can be formulated with vehicles based
on RJ-100. These include: water-base metal
primers; solvent-based metal primers and top-
coats; and modified exterior latex paints—that
adhere to masonry, wood, and chalked old paint
without priming. The RJ-100 component of the
film resin imparts improved corrosion resistance,
better levelling, and excellent adhesion.

The RJ-100 vehicles also show great promise
for formulating electrophoretic coatings. They
have outstanding bath stability, high throwing
power, and make excellent “one coat” paints
and primers.

i

Please send me technical information on:
D Santocel D Modaflow D RJ-100
Name :
Title :
Firm:
Address :

Santocel, Modaflow, RJ-100 are Monsanto

trademarks.

———————————

L
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FOR ALL YOUR

CARBON
BLACK

REQUIREMENTS

Cabot, with 80 years’ experience of carbon black

manufacture, offer an unrivalled range of carbon

blacks of the highest quality for all Paint applications

and for other uses. Cabot’s high quality is backed by

.well equipped technical service laboratories in England
and the U.S.A.

Plants in America, Canada, Great Britain, France,
Italy, Argentina, Colombia, West Germany, and
building in Spain.

ABO

CABOT CARBON LIMITED

Sales Office : Carolyn House, Dingwall Road,
Croydon, Surrey

Telephone : MUNicipal 4651/5
Cable Address : CABLAK, CROYDON, TELEX.
Registered Office and Plant : Stanlow, Ellesmere Port, Cheshire




In the air...

protective
paints need

ARALDITE

epoxy resins

‘ Araldite liquid resins . . Araldlte solid res 1
Araldite soutions . . . Araldite specialities .. . Araldite curing agen

C I B A . May we send you detailed informat J
L ClBA (A R.L.) Limited Buxford Cambndge Saw on

isa regd tradéma
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You've asked forit! Here It Is—

THE ({ RANGE OF
COLOURS

PRIMER OXIDES Grades for all purposes
RED OXIDES Natural and synthetic
BROWNS For tints

EXTENDERS Mikale Calcium Carbonate
Asbestines White Barytes MiWhite Talc
Calcined Alumina Alumina Hydrate

MICRONSPUN CHROME GREENS

Lead Chrome/Prussian Blue

PHTHALI-CROME GREEN

Phthalocyanine Blue/Chrome Yellow
CHROMIUM OXIDE

SUPRA BLACK OXIDE
PRUSSIAN BLUE Three shades
ZINC CHROMATE

ZINC TETROXYCHROMATE

Increase your production of better paint ...
at no extra cost

Technical information leafletson how touse micronised
pigments for cheaper, better, bigger paint
production are available from the manufacturers

GOLDEN VALLEY COLOURS LIMITED WICK, BRISTOL
ENGLAND. TEL. Abson 481 Telex Micronspun 44301



Reg, TRADE MARK

Anticorrosive Paints

If you want to obtain :
good adhesion to steel
good adhesion of top coat
good anticorrosive effect
use a combination of Microdol
Extra and Micro Talc A.T. Extra

Detailed report on our work
on industrial paint systems
is available.

NORWEGIAN TALC (u.k.)LIMITED

448 Derby House,
Exchange Buildings, Liverpool, 2.
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Looks like an ordinary garage.

It is. And it’s also the home of 16 different
Shell solvents and organic chemicals.

Surprising? Typical!

A close look at this picture will reveal
numerous items that depend on Shell
solvents and organic chemicals. Shell
products give you excellent performance
and assured reliability at an economical
cost. The key column (right) will give you
examples of the different uses of Shell
solvents and organic chemicals. This is

by no means a full list, merely an indica-
tion. For further information,
write to:

Shell Chemicals UK Ltd., Shell Centre,
Downstream Building, London, SEI.
Regional Offices: London, Birmingham,
Manchester, Glasgow and Belfast. Shell
Chemicals Ireland Ltd., Dublin.

please
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Artist's Impression

0.C.C.A. TIE

The Council has authorised the production of
an exclusive tie for Members of the Oil &
Colour Chemists’ Association. The Associa-
tion’s insignia is woven in red and gold silk
on a dark blue terylene background.

The tie is sold only to Members of the Associa-
tion for 20s. (sterling) post free. If Members
resident outside the continent of Europe wish
the tic to be sent by airmail 6s. 6d. (sterling)
should be added to cover postage and
insurance.  The tie is available only from :

THRESHER & GLENNY

Lancaster Place, Strand, London, W.C.2

R R P R AP S A AP

To : Thresher and Glenny Ltd.,
Lancaster Place, Strand, L.ondon, W.C.2.

As a Member of the Association please :
accept my order for an O.C.C.A. Tie. :
Remittance to the value of 20s. (sterling) :

B

(if required to be sent by airmail to

seesssssenas

addresses  outside  Europe. please add
6s. 6d. (sterling) to cover postage and

insurance) is enclosed.

Name.

Section

csesssssssssnens

Address
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“This year...
. . . next year

and whenever’

you take a delivery of U.C.C.
Special Pitch you can be sure
of constant quality and compo-
sition. That is why Special
Pitch No. 3 is specified by
leading paint and industrial
finish manufacturers all over
the world for pitch/epoxy and
pitch/polyurethane coatings.
Now also available in solution
form—ask for Special Pitch No.
4orb.

mCONSTANT QUALITY
. AND COMPOSITION

UNITED COKE & CHEMICALS CO.LTD.

IHE UNITED

Sheffield 13. Tel. Woodhouse 3211,
Grams. Unichem, Sheffield.

\
CImranies (e

(Sales Dept. SP 84) P.O. 136, Handsworth,

XX1
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TIOXIDE

. S
ments for beautiful coloY'

TIOXIDE titanium pigments are opaque, brilliantly white
and used increasingly in a wide range of products where
their performance gives unequalled standards of quality.

White pig

TIOXIDE is the registered trade mark of

British Titan Products Co Ltd

10 STRATTON STREET LONDON W.1
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Transactions and Communications

Interfacial behaviour

Foreword

The 13th Biennial Conference of the Oil and Colour Chemists® Association was
held at Scarborough in the period 20-24 June 1967.

At the beginning of his term of office as President, Dr. S. H. Bell initiated
an exercise which he called ** Forward Thinking.”” The Hon. Officers, and later
the Council and Section Committees, were asked to take a close look at
Association activities to ensure that the needs of Members were met, and to
consider where modifications and improvements might be made to meet changing
conditions, so that the Association retained its proud position.

One such activity that was, and is being, studied is the Biennial Conference.

In the past, conference time has been limited to morning sessions, except for
the introduction of the Workshop Sessions at the last conference. Some Members
have felt that more conference time should be available, though all have agreed
that informal discussion in small groups, often socially, was a valuable feature
of these international gatherings. For the 1967 Conference, Council agreed to
the introduction of an afternoon session and the retention of the Workshop
Sessions.

The President speaking of the Conference said that it ““ bridged the gap ”

between the academic and the technological and that was, possibly, the aim of the
1967 Conference.

The experimental afternoon session was no less well attended than the
traditional morning ones. Discussion time was, as we have now come to expect,
insufficient and the level was excellent. This was no doubt due, in large measure,
to the lucid presentation of the fully preprinted papers by their authors.

The Workshop Sessions were well attended and again the bookings of available
places by intending participants indicated that these discussion groups will
continue. The Convenors, Dr. H. G. Rains, Dr. F. M. Smith and Mr. J. R.
Taylor all reported useful interchange of ideas.

Some slight changes were made in the method of running the Conference.
The Chairman of the first Session, Dr. G. D. Parfitt, first set the scene with a full
lecture on the principles, theories and mechanisms of dispersion and then took
the chair for the first and third sessions with Dr. L. Valentine as Chairman for
the second and fourth sessions. Both Chairmen summarised each session and
linked the theme that ran throughout the Conference. None of this would have
been possible without the collaboration of the authors, four from overseas, who
prepared, in good time, a series of well-written and valuable contributions to
the subject.

The Council of the Association are still considering the future needs of our
Conference. It is possible that the pattern will change again in the future but
thesmall changes made in the 1967 Conference were successful and theinnovations
made will certainly be repeated, though possibly in modified form.

A. T. S. RubpraM, Hon. Research and Development Officer
821
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Dispersion
By G. D. Parfitt
Chemistry Department, University of Nottingham, Nottingham

Summary

Dispersion is discussed as a two stage process, the first, termed dispersibility, being wetting
of the pigment by the medium, the second being the stability of the system.

The dependence of the stability of the system on the potential energy caused by the interplay
of the attractive (van der Waals) and repulsive forces acting on the particles is cited. A
comparison between theoretical and practical aspects of the DLVO theory for stability in
relation to repulsive surface charge is made in aqueous and hydrocarbon systems. Non-ionic
systems are briefly discussed.

Dispersion

Résumé

On considere le phenomene de dispersion en tant qu’un processus a deux étapes, la premiére,
que I’on appelle dispersibilité, embrasse le mouillage du pigment par le liant, tandis que la
deuxiéme entraine la stabilité du systéme.

On mentionne que la stabilité du systeme se dépend de son energie potentielle en provenance
de linteraction des forces aftractives (van der Waals) et répulsives avec les particules
pigmentaires. On compare, dans des systemes aqueux et d’hydrocarbure, des aspects théoriques
et pratiques de la théorie DLVO (double couche de Verwey et Overbeek) a I’égard de stabilité
par rapport a la charge répulsive superficielle. On discute brievement des systémes nonioniques.

Dispersion
Zusammenfassung
Dispersion wird als ein durch zwei Vorgédnge beeinflusster Prozess besprochen, und zwar

erstens Dispergierbarkeit, mit Hilfe deren das Pigment vom Bindemittel benetzt wird, zweitens
Stabilitdt des Systems.

Auf die dwich das Wechselspiel der auf die Partikel einwirkenden anziehenden (von der
Waals) und abstossenden Krifte verwisachte Abhédngigkeit der Stabilitdt des Systems von der
Potentialenergic wird hingewiesen. Theoretische und praktische Gesichtspunkte der DLVO
Theorie der Stabilitdt im Verhdltnis zur abstossenden Ladung der Oberfliche werden sowohl
in wassrigen, als such in Kohlenwasserstoff-Systemen verglichen. Nicht-Ionensysteme werden
Kurz besprochen.

HAucnepens .
Pesiome

OO6cyxpaeTcss ucrmepcuMst Kak [OBYXCTYNEHYaTbli MpOLECC, mepBas CTYNEHb KOTOPOTO,
WMeHyeMasi OUCMEPCHOCTBIO, SIB/ISETCS MOYEHMEM IUTMEHTA Cpeioi, TOrga Kak BTOopas
CTyNeHb MNpeAcTaBisieT U3 cebs yCcToiuuBoCTb CHUCTeMbl. LIMTMpyeTcs 3aBMCMMOCTB CTa-
OUJIBHOCTH CHCTEMbI OT MOTEHUMAJILHONW 3JHEPTMM, BbI3bIBAEMOW B3aMMOAEHCTBHEM CHUJ
NPUTSHKEHUA  (BaH-AEP-BAANbCOBCKUX CHJI) M OTTANKMBAIOUWIMX CHUJ  OEHCTBYIOLUMX Ha
4yacTullbl. [1poU3BOAUTCS CpaBHEHHE MEXAY TEOPETUYECKUMM MU MPAKTHYECKMMMU aACNEKTaMH
Teopuu ycroiuuBoctu [lepxkaryuHa-Jlannaya-Bepseiis-OepOrka no OTHOLIEHHIO K OTTa-
JIKMUBAIOLLEMY TMOBEPXHOCTHOMY 3apsily B BOAHBIX M YIJIEBOAOPOAHBbIX cucTemax. JlaeTcs
KpaTKoe OOCYXAEHHME HEMOHHBIX CHCTEM.

The term dispersion is used here to refer to the complete process of incor-
porating a pigment into a liquid vehicle such that the final product consists of
fine particles distributed throughout the medium. In an attempt to understand
the relevance to dispersion of the various parameters associated with any par-
ticular solid-liquid system, it is useful to distinguish basically two stages in the
process, these being quite distinct in their nature but overlapping in practice.
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The first involves the displacement of air from the pigment by the medium
(wetting), and usually requires mechanical work for its completion ; the ease
with which this stage can be brought about is termed dispersibility. Once dis-
persed, there is a natural tendency for the particles to re-aggregate, and the
stability of the system represents the second stage in the overall process of dis-
persion. Assessing the relative contribution of the two effects to the state of the
final dispersion is often difficult experimentally because of their individual
complexity and that associated with the overlap. However, as separate pheno-
mena, the principles involved in each are fairly well established.

Dispersibility

In many practical uses of pigments, the primary particle size is sufficiently small
for further sub-division to be unnecessary. The dry pigment, however, usually
contains some aggregates of primary particles and these may be attached to other
aggregates and/or primary particles forming agglomerates.* Aggregates may
require considerable energy to break them down completely, to a point where
the surface of each primary particle is available to the wetting liquid. The
aggregates and agglomerates arise for various reasons which may be concerned
with either the manufacture or storage conditions or both, and a knowledge of
the factors governing their nature and strength is essential to a study of the
dispersibility of any particular system.

The first part of the dispersion process involves the displacement of air and
any other adsorbed species from the external surface of the powder and also
from the small channels inside and between the aggregates and agglomerates.
Once the air has been displaced, separation of the agglomerates into aggregates
and/or primary particles is then possible, given the appropriate mechanical
treatment. It then remains to disperse the particles (of various sizes and struc-
ture) throughout the medium to effect a permanent, or otherwise, separation.

Wetting of a solid by a liquid is normally described in terms of the equilibrium
contact angle 6 and the appropriate interfacial tensions as shown in Fig. 1.

bLiv

0 L

-4 —-

J
SIV . §siL

Fig. 1. Forces acting on a drop resting on a solid surface

*The terminology used here follows that proposed by Gerstner? in 1966. The surface area
of an aggregate is less than the total area of the constituent primary particles ; that of an
agglomerate is the same.
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At equilibrium, equating the forces leads to Young’s equation,

Ys/v == Ys/L -F YL/veos 0, ..o (1

where ys;v, vs/L and vyr/v are the interfacial tensions at the solid/vapour,
solid/liquid and liquid/vapour interfaces respectively. In all cases the vapour
refers to that of the liquid, i.e., the system is at equilibrium with the vapour at
its saturated vapour pressure. It is important to remember that Young’s equation
only applies to a system at equilibrium and for which y.;v and 0 are given their
equilibrium values.? For practical purposes, a liquid does not wet a solid when
6 > 90°, although strictly speaking a zero contact angle signifies wetting and the
complete and spontaneous displacement of air from the surface. From equation

(D

008 0 = VY T Sl errereesesssaneanes (2)
YLV

from which it is apparent that if 0 < 90°, a decrease in v,y will reduce 6 and
hence improve the wetting. The addition of a surface active agent causes a
reduction in v,y and, if adsorbed, a change (probably a decrease) in ys/r, both
effects leading to better wetting. The change in ys;y is probably negligible in
most cases ; the dominating factor in wetting is normally v /v.

The work Wy involved in the wetting of 1 cm? of the external surface of a
powder by a liquid is given by the difference between the interfacial energies
before and after wetting

Wd T OUS/L T YSIV ceeeriiiiiiiiiiiiiiiiiiiiiiaes (3)

ys/v is the surface tension of the solid in equilibrium with the vapour of the
liquid and, following Patton3, W4 is termed the work of dispersion. It is useful,
as Patton points out, to break down the overall process into three stages using
a 1 cm cube to illustrate the principles involved. Patton calls the stages adhesion,
immersion and spreading, and in Fig. 2 these are represented by the changes

Vv
S,
TSR X N < R <
L
(@ (b) (c) @

Fig. 2. The three stages involved in the complete wetting of a solid cube by a liquid: (a) to (b)
adhesion, (b) to (c) immersion, (c) to (d) spreading.

from (a) to (b), (b) to (c) and (c) to (d) respectively ; (a) to (d) represents com-
plete wetting. The energy changes that take place are given in terms of both
the interfacial energies and, using Young’s equation, the contact angles by
work of adhesion W, = vs/.— (yL/v 4+ Ys/v) = — yL,v(cos 0 4 1) ...... 4)
work of immersion W; = 4ys;p — 4vs/v == — 4ypivcos O ....o.oonie. (5)
work of spreading W = (ys/L - YL/v) — Ys/v = — YL;v (cos 0 — 1) ... (6)
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For the entire process
Wy = W, + W; + Wy = 6yg/L — 6ys)y = — b6y /vecos 0o, (7)

which, put on a unit area basis, is the same as equation (3). By using Young’s
equation only the equilibrium values of v ;v and 0 are applicable to equations
(4) to (6). Furthermore, we have assumed the surface of the solid before wetting
to be in equilibrium with the vapour of the liquid, i.e., there is an adsorbed film
of liquid molecules on the surface. This conforms with Young’s equation. Hence,
for the wetting of a surface free of liquid molecules, which is in equilibrium
with its own vapour, an extra energy must be considered, being that associated
with the adsorbed molecules, and this may be substantial.*:3

Bearing in mind these factors we may, with values of the two measurable
quantities 0 and vyr;y, use the equations to predict whether or not any par-
ticular stage of the process is spontaneous, i.c., when the appropriate W is
negative. If W is positive, then work must be expended on the system for the
process to take place. The conclusions are

(a) the adhesion process is invariably spontaneous,

(b) spontaneous immersion takes place only when 0 < 90°,

(c) spontaneous spreading takes place only when (0 = 0,
and (d) spontaneous dispersion occurs only when 0 < 90°.

In practice 0 is often close to zero and hence spontaneous dispersion is common.
Such is the ideal case, without reference to surface heterogeneity (both chemical
and physical), advancing and receding contact angles etc., all of which may help
to confuse the picture.

The penetration of the liquid into the channels between and inside the
agglomerates is more difficult to define precisely. To force into a tube of
radius r a liquid which makes a contact angle 0 with the walls, a pressure P is
required such that

P= — 2“{L;’V Cos U/"I' .............................. (8)

Hence, the penetration of the liquid is only spontaneous when 0 < 90°
Substituting Young’s equation into equation (8) gives
P = hz(‘{s/v ‘(S/L)//r .............................. (9)

which shows that now the requirement is to make ys/, as small as possible since
s v is a constant. The relationship between P and v,y is illustrated in Fig. 3.

] Ll::/
Fig. 3. The pressure required to force a liquid into a capillary as a function of the surface tension
of the liquid

(V24 <,
%mdgn NTNANY ARy
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When 0 is zero, P is directly proportional to yr;y, so that a large vy v is
desirable. Ultimately, changes in 6 accompany the increase in yry, and, assu-
ming the only variable tension to be yr,v, P will remain constant (from equations
(2) and (8)) and the limiting value increases proportionally with ((ys;v — ys/v).
Hence, it is desirable to maximise (ys/v — 7vs/L) and to keep yL;v as small as
possible ; normally a surface active agent affects both y.,v and vsL.

The rate of penetration of liquid into the tube follows the Washburn equation®

di rYL/v
L o THLIY 088 osemneseisassagomssrsissesssssass
dt = 4l %

where 1 is the depth of penetration in time t and « the viscosity of the liquid.
Rapid penetration is assisted, therefore, by high v /v cos 0, low 0 and low =,
and by a loosely packed pigment (r as large as possible). High yr;v and low 6
are normally incompatible ; a low contact angle is certainly very important.
On integration, equation (10) becomes

B myycos®

{ 2= 2’1} .................................... (ll)

which may be modified for application to a powder by multiplying 1 by a
tortuosity factor k to allow for the “ capillaries ” of random shape and size,
giving

12 T YL/V COSO

A R (12)

Equation (12) forms the basis of one of the methods” which has been used for
the measurement of 6 for a powder-liquid system, which clearly, from what has
been said, is an important parameter to evaluate. A known weight of dried pow-
der is packed in a glass tube (of about 1 cm internal diameter) one end of which
is dipped in the liquid, and the rate of rise of the liquid measured.

A plot of 12 against t is usually linear (Fig. 4), the slope depending only on the
nature of the liquid, assuming constant packing characteristics. Using a liquid
known to have zero contact angle with the solid under investigation, the slope
leads to a value of (r/k2), hence 6 for other liquids. This and other methods for
the determination of 0 for powders have been reviewed.*® Each method is
subject to criticism, which is often severe ; in the flow method a major problem
arises when there are changes in particle packing on contact with the liquid,
which invalidates the measurement. Nevertheless, qualitative observations of
flow rate are possible for comparison purposes and, as such, may be relevant to
an overall study of dispersibility.

In summary, dispersibility is dependent on

(a) the energy associated with the wetting of the external surface,

(b) the pressure involved in the liquid penetrating inside and between the
agglomerates, and

(c) the rate of penetration of liquid into the pigment.
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Heptane
|2
Water
t
Fig. 4. The relationship between 1* and t in the case of water and heptane penetrating on oxide
powder

All these are related to the contact angle 0 and the surface tension of the liquid
vL/v. In general, the process is likely to be more spontaneous the lower 6 and
the higher yL,v, although these two factors tend to operate in opposite senses.
Certainly a low 0 is an important requisite. In addition to the wetting pheno-
mena, there is the question of the amount of mechanical energy required to bring
about a desired state of dispersion, which depends on the strength of attach-
ment of particles in the aggregates and agglomerates. Surface active agents are
known to assist in the break-down by mechanical means of aggregates and pri-
mary particles. This is the Rehbinder effect.!®

Surprisingly little work of a fundamental nature has been reported on the re-
lationship between dispersibility and the various parameters involved. In our
laboratory we are studying the dispersibility of carbon blacks and rutile in
aqueous solutions of surface active agents. The relationship between wetting and
dispersibility of Graphon (graphitised Spheron 6) is illustrated in Figs. 5 and 6.
Following end-over-end shaking with dodecyl trimethylammonium bromide at
about 20 revolutions per minute for two hours and allowing the tubes to stand
for eighteen hours, it is observed (Fig. 5) that a marked increase in the quantity of
carbon remaining dispersed occurs at a concentration below the critical micelle
concentration of 16 mM. Comparison with the adsorption isotherm shows that
this concentration does not correspond to any obvious change in the nature of
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Fig. 5. The relationship between the dispersibility of Graphon in aqueous solutions of dodecyl
trimethylammonium bromide and the adsorption isotherm, c.m.c. - critical micelle concentration

the adsorbed layer. To put the changes on a more quantitative basis, we have
measured the optical density of the dispersions. Fig. 6 shows the plots of optical
density against concentration of, in this case, sodium dodecyl sulphate, and in-
cludes experiments carried out in solutions of different ionic strength ; changes
in the latter would be expected to have a profound effect if the surface charge is
relevant to the process. In fact, for both the cationic and anionic agents, the
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change in dispersibility is directly related to the concentration of adsorbed sur-
face active ions in the surface layer, and not to surface charge density and sur-
face potential on which the stability of the resulting dispersion depends. Pre-
liminary experiments using the Bikerman method!! for measuring 0, shows that
the marked increase in dispersibility occurs when 0 becomes < 90°, for solutions
with and without added salt. In these experiments, the mechanical energy is
small, so that most of the dispersing action is associated with the wetting phe-
nomena.

Stability

In the context of the present discussion, the term stability is associated with the
process, commonly called flocculation, in which the total number of particles
decreases with time as a result of collisions leading to clusters (flocculates) of
aggregates and/or primary particles.* Whether or not a particular system is
defined as stable is to some extent arbitrary since it depends on the time scale
over which observations are made. Normally, the stability is related to the height
of a potential energy barrier which exists between the particles, and is similar in
principle to the activation energy in chemical kinetics. This barrier arises from
the interplay of two forces, one being attractive (van der Waals) and the other
repulsive due to surface charge, adsorbed layers, etc. For a stable system,
i.e., when there is no change in particle number and size with time, this barrier
must be at least ca. 20 times the thermal energy of the particles.

In many cases, a surface active agent is necessary for stability, and the ad-
sorption of this material may give rise to a surface charge, or to a non-ionic
adsorbed layer such that steric or entropic factors predominate. In either case,
it is necessary to understand the chemical and physical nature of the adsorbed
layer, which means that measurement of adsorption from solution and the
characterisation of the solid surface are fundamental experiments. The existence
of a relationship between adsorption and stability is a very important question.

When two cofloidal particles approach each other, the attractive force in-
creases with decreasing inter-particle distance, and has a range comparable with
the size of the particles. For two spheres of radius @ and distance between centres
of R, the potential energy of attraction V, is given by!3

Al 2 2 (S —4)
VA = -—6 lSL4 + §é + ]Oge = S2 ] ............ (13)

where S = R/a. A is the Hamaker constant, the value of which depends on the
nature of the material of the particles and the medium separating them ; it may
also be modified by an adsorbed layer, as will be mentioned again later. It is
possible to calculate a value for A from optical data for any particular system,!*
and hence to derive a plot of V against distance between particles.

In the absence of a repulsive force, rapid flocculation occurs, for which the

*It seems that most of the readers of this Journal use the term flocculation to describe this
process. However, in other contexts, coagulation is used and some authors use both indis-
criminately. There is some justification for differentiating between them!2 but this is by no
means universally accepted.
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theory was proposed by Smoluchowski.!® The rate of flocculation, i.e., the rate
of decrease of the total number of particles, is given by

AN/dt = K'N2 oo e, (14)

where N is the number of particles per cm? at time t, and k' is the rate constant.
For rapid flocculation, k', = 8n Da, where D is the particle diffusion coeffi-
cient given by the Einstein equation D = kT/6=7a for a liquid of viscosity 5
(k is the Boltzmann constant). It is obvious that, for particle concentrations of
the order of those found in practical systems, flocculation would be rapid,
hence the need for a repulsive force.

Interaction between particles having an electrical double layer

For the case of particles for which the repulsive force is associated solely with
the surface charge and related effects, a theory of stability has been proposed by
Deryaguin and Landau!® in the Soviet Union, and independently by Verwey
and Overbeek!” in the Netherlands. It is now commonly called the DLVO theory
and, in principle, applies to dispersions in both aqueous and non-aqueous
media. The theory involves an estimation of the relative magnitudes of the
attractive and repulsive forces as a function of the relevant parameters. The re-
pulsive force arises from the overlap, as the particles approach each other, of
the electrical double layers associated with the particles. Fig. 7 shows how the
electric potential decays with distance from a surface of potential {,. The inner
region of the double layer at close distances, over which the potential decays
to ¥s, includes any adsorbed ions ; it is the Stern layer. From distance § into
the bulk solution where ¢ = 0, the potential decays exponentially through the
diffuse part of the double layer, the Gouy layer. The potential at the plane of
shear, the zeta potential Z, is readily measured by an electrokinetic measurement
and electrophoresis is commonly employed. Neither ¢5 or ¢, are obtainable
by experiment and it is normal to use { as equivalent to the surface potential
which is relevant to stability theory, i.e., the potential which controls the decay
in potential at larger distances from the surface when overlap of the double layers
occurs. Double layers are often described in terms of their * thickness > which,
although only a theoretical concept, is of great value in defining the system. A
plane at a distance 1/x from the surface is assumed to contain all the ions of
the diffuse part of the double layer, and this distance is the hypothetical * thick-
ness of the double layer.” For a 0.1M aqueous solution of monovalent ions
at 25°C the value of 1/x is approximately 10A, while for a hydrocarbon solution
of a surface active agent such as Aerosol OT, the ionic concentration is ca.
10-1'M and the thickness is ca. 15 microns. Hence, in using the double layer
overlap theory with 0.IM aqueous solutions, it would be necessary to have a
clear understanding of the nature of the interfacial region, but this would be of
less importance in the non-aqueous case (unless there were other complications
such as adsorbed water on an oxide surface).!®-2° A major advantage with non-
aqueous systems is that, since the potential decays so slowly from the surface,
the zeta potential is an excellent substitute for the surface potential ; this may not
be so for aqueous systems (yet to be adequately justified.)

Various equations have been proposed for the repulsive potential energy,
but here we shall only mention two, both of which were derived for spherical
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Fig. 7. Potential decay curves for an electrical double layer associated with a colloidal particle
whose surface potential is Jo. The lower curve represents strong adsorption in the Stern layer

particles and small §,. For systems in which xa>1 (large particles in aqueous
systems with moderate electrolyte concentration)

2
Vi s T 412"’1 loge (1 + exp (—xH)) .oovvevveennnen. (15)

and for xa<<1 (small particles in non-aqueous systems or in aqueous systems
with very low electrolyte concentration).

. save, —
VR =: H | 2 B eXP (== KHY :inoms i omnm s imns s (16)
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In these equations, H is the closest distance between particle surfaces, ¢ the
dielectric constant and  a factor to allow for loss of spherical symmetry in
the double layers as they overlap (8 is defined in Verwey and Overbeek’s book?).
For the treatment of the intermediate region of xa, and for higher potentials,
the reader is referred to the original literature. In these cases, the mathematics
is more complex ; fortunately equations (15) and (16) are applicable, in
principle, to many practical systems.

The total potential energy Vi, for the system is given by the sum of the
attractive and repulsive energies, and the form of the resulting potential energy
versus distance relationship will be dependent upon the relative magnitudes
of the two forces. Vr decreases exponentially with distance, while Vo shows
an approximate inverse relationship with the square of the distance. At very
small distances attraction predominates, otherwise the form of the Vo versus
distance plot depends to a large extent on the repulsive energy term. Fig. 8
illustrates the type of plot we might expect for particles of radius 0.1-1 micron
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Fig. 8. Potential energy curves for the interaction of two charged surfaces
in an aqueous system containing ca. 0.01M electrolyte, for which the range

of the attractive and repulsive forces are similar. The effect of reducing the
electrolyte concentration (increasing 1/x at constant {,) on the total potential
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energy curve is shown in Fig. 9 ; this illustrates the difference between the
behaviour in an aqueous and a non-aqueous solution of a surface active agent
of the same stoichiometric concentration, e.g. Aerosol OT, which dissolves
in both water and hydrocarbons, but ionises to very different extents in the
two solvents. When 1/x is large, the range of Vg is considerably greater than
that of V,, and the precision of values of the latter becomes less important.
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Fig. 9. The influence of electrolyte concentration on the total potential energy of interaction of two
spherical particles of radius 1000A in aqueous media. 1 [« =107 cm (a), 10°¢ cm (b),
10 cm (c), 10-* cm (d)

The effect of increasing the electrolyte concentration on the stability of a
colloidal dispersion has been known for a considerable time and has been
well documented experimentally. The valency of the added ions is of great
relevance (the Schulze-Hardy rule). In aqueous (but not hydrocarbon) systems,
the addition of electrolyte and consequent reduction in V,,,, may lead to a
minimum in the potential energy curve at larger distances (the secondary
minimum, Fig. 8). Although V., may be significant, if the depth of the secondary
minimum is sufficiently great (of the order of at least five times the thermal
energy of the particles) then the system will flocculate. We might expect that
less energy would be required to redisperse such a flocculated system than
with one for which there is no secondary minimum. Such a situation gives
rise to thixotropy?'.

The energy relationships tell us whether or not we might expect a system
to be ““ stable,” but give no information on the rate of flocculation. A useful
way to describe the time effects is in terms of W, the stability ratio, which
is a measure of the rate of flocculation relative to that which would obtain
if no repulsive energy existed, i.e. rapid flocculation. In terms of the rate
constants for flocculation, the stability ratio is given by W=k'o/k’ (c.f. equation
(14)). Experimental values of W may be obtained from measurements of
particle concentration with time. Such experiments were carried out in our
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laboratory by Dr. Lewis, supported by the OCCA Fellowship'®. Theoretically
W may be evaluated from the potential energy relationships using the theory
of slow flocculation originally proposed by Fuchs?2. The expression for W is23

[ exp(Vioi/kT)

j exp(Va/kT)

so that W=1 when V,,,=V, at all distances. Plots of log;oW (from equation
(17)) versus o and V ,,./kT are given in Fig. 10, for particles of various radii
in hydrocarbon media for which equation (16) applies?4. Particle size is clearly
a very important factor. To put the rate on a time basis involves the particle
concentration, and is best represented as the half-life of a dispersion (as in
chemical kinetics) for which values are readily calculable®4.
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Fig. 10. Theoretical curves of stability ratio against surface potential and potential energy maxi-
mum for various particle radii. A =5 x 10~ '3 erg

Many experimental facts support the basic premises of the theory, although
it will probably need refining in certain respects as more reliable data become
available. Certain difficulties, usually quite serious in aqueous systems, arise
when theory and practice are compared. In particular, there is the evaluation
of the surface potential and of the Hamaker attraction constant ; the zeta
potential, readily obtainable from electrophoresis experiments, is often used
with some success and the Hamaker constant can be estimated from optical
data. However, although a fair amount of effort has been directed at aqueous
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systems, there remains a number of problems which leave a detailed correlation
somewhat unsatisfactory. Nevertheless the DLVO theory still provides an
extremely useful basis on which to work. A further factor, which is receiving
increasing attention for aqueous systems, is the part played by the solvent
layer around the particles. If its removal for particles to come close enough
together to form a stable cluster requires extra work, then this constitutes
an additional repulsive force. It is still too early to estimate the magnitude
of this force although the existence of solvation layers of considerable thickness
has been established for aqueous systems by Deryaguin?%. In hydrocarbon
systems containing very few ions, the zeta potential provides an excellent
measure of the surface potential ; also the attractive force plays a much less
important part in the overall interaction so that an error in the estimation
of the Hamaker constant is of little consequence. Hence, for dispersions in
hydrocarbons, these two difficulties do not arise and the DLVO theory seems,
from our recent experiments with rutile!® and carbon black!4, to provide a
quantitative explanation for the stability characteristics. But other problems
arise in such systems, the most serious being trace water, and it is only in
absence of these that the behaviour of a particular system may be successfully
predicted by the theory.

It is often remarked that practical systems *“ do not contain monodisperse
spheres in solutions containing simple 1 : 1 electrolytes,” and of course this
is quite true. Present theory should not, however, be disregarded on this basis.
For a system containing one pigment only, the deviation from monodispersity
and spherical geometry may be effectively small enough so that an appreciable
error is not involved when the theory is applied. When more than one pigment
is present the situation is naturally more complex. A theory of heterocoagulation*
was proposed originally by Deryaguin®, but a more recent treatment?” is
mathematically simpler and may be used for aqueous systems (when x a>5)
containing particles with surface potential <50-60 mV (use the zeta potential
to a good first approximation). The potential energy of repulsion for two
particles of radii a; and a, and potentials $io; and ¢, is given by

V. = €3a, a‘z(%‘f + 4/02) 2 4’01 + 4’02 i (] + exp ("‘K_]:l))
A 4+ a)  |(doi + o)

1— exp (—«H)
+ log. (1 — exp (—21<H))] ............... (18)

which becomes equation (15) when a,=a, and {,, ={¢.,, Calculations using
equation (18) and designed to illustrate the effect of variations in radius and
potential are shown in Figs. 11 and 12. Two facts emerge from the theory :

(a) the particles with the lower radius and potential control the energetics
of the flocculation process, and

(b) although the different particles may have the same sign of surface charge
and potential they can nevertheless attract each other during flocculation.
This is a consequence of the changes in the surface charge and double
layers as the particles approach each other. (See Bierman3°.)

*This is the term used originally by Deryaguin. Co-flocculation?® mutual coagulation®
and mutual flocculation?® have also been used—perhaps heteroflocculation would be more
appropriate in the present case.
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Fig. 11. The total potential energy as a function of the shortest distance between the surfaces of
two spherical particles of similar surface potential (o = 35.86 mV) and varying radius of one
particle. A =5 X 10-%erg, « = 10 cm™1, ¢ = 78.5
(@)a, — 1250 A, a, — 1250 A (1), 1000 A (2), 750 A (3), 500 A (4), 125 A (5)
(b)a, — 125 A,a, = 1250 A (1), 1000 A (2), 750 A (3), 125 A (4)

Both are very relevant to an analysis of the stability of mixed pigment systems
and of such phenomena as flooding and flotation. Dr. Wood, the present
OCCA Fellow at the University of Nottingham, is working on the theoretical
aspects of ** heterocoagulation” in non-aqueous media, on which a report
will be published later. Other than qualitative observations of flocculation
behaviour in practical systems, there is no information to compare with the
theoretical predictions. Certainly, no fundamental study has yet been carried
out (to the author’s knowledge), but the difficulties associated with such work
must not be underestimated.

One further problem with applying theory to practice is the particle
concentration effect. It is natural to raise the question of the application of
the theory to systems that are so concentrated in pigment that the particle-
particle interaction does not begin at “ infinite  distance of separation, i.e.
one particle is, on average, sufficiently close to another to reduce the effective
energy barrier which must be overcome if contact is to be made. A preliminary
theoretical attempt to solve this problem has been made3!, but quantitative
experimental results are not yet available for a worthwhile comparison to be
attempted. Again, many parameters make the experiment rather difficult.
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Fig. 12. The total potential energy as a function of the shortest distance between the surfaces of
two spherical particles of similar radius (a,=a,=-1250 A) and varying surface potential of one
particle. A =5 x 103 erg, « = 10°cm~', ¢ = 78.5
@) Yo = + 3586mV, 4,, = + 3586 mV (1), + 2048 mV (2), + 10.24 mV (3), -+ 5.12 mV

4), 0 mV (5), — 35.86 mV (6)
(b) Yy = + 5.12mV, v, = 4 35.86mV (1), + 20.48 mV (2), - 10.24 mV (3), -1 5.12 mV (4)

Repulsion due to steric and entropic effects

The stabilising effect associated with an adsorbed layer of non-ionic polymer
molecules on the surface of pigment particles is well known in practical systems,
although the mechanism is not clearly established. This type of stabilisation
is less amenable to mathematical treatment than that in which double layers
are concerned.

The effect of an adsorbed layer on the interaction between particles is related
to the nature and thickness of the layer, and hence to the amount adsorbed.
At low coverages, there is the possibility that parts of the adsorbed molecules
become attached to two or more particles, bringing about flocculation by a
 bridging > mechanism32. This is only possible when the surface coverage
is low and parts of the surface are available for further adsorption, which
may lead to bridging when the particles come into close proximity.

Essentially, there are two factors which must be considered to explain the
stability of these uncharged systems. The first concerns the effect of the adsorbed
layer on the attractive forces between particles. Vold®? has shown theoretically
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that, with the appropriate choice of surface active material, a significant
reduction in the magnitude of the attractive force is possible. The distance
between the surfaces of the particles when they collide is increased by twice
the thickness of the adsorbed layer. Therefore, if no desorption occurs and
the adsorbed layer is compact, and negligible attraction occurs between the
material of the adsorbed layers, the stability will depend on the value of V4
corresponding to this distance and how it compares with the thermal energy
of the particles33. Calculations of this effect have been made2® using the Vold
equation for systems containing particles of pigmentary size with adsorbed
layers of dimensions one might expect for such polymers as alkyd resins.
In general, the attractive energy is reduced by the presence of an adsorbed
layer, and the effect increases with increasing thickness of the adsorbed layer.
Furthermore, the larger the particles the greater the thickness required to
produce the same effect. Application of such an idea to a practical system
might involve some estimation of adsorbed layer thickness, since this is not
readily measured with any precision. Nevertheless it is well worthwhile.

The second factor arises when the situation is such that the attractive force
between particles separated by twice the thickness of the adsorbed layer is
still large, i.e. greater than at least ten times the thermal energy of the particles.
Interpenetration of the adsorbed layers may then occur, particularly for smaller
surface coverages of adsorbed molecules. The result is a decrease in entropy
of the system (decrease in the number of possible configurations of the adsorbed
molecules) and a corresponding reduction in the free energy of interaction.
This constitutes a repulsive force, the magnitude of which may be sufficient
to provide an energy barrier to flocculation. The effect of entropic repulsion
has been treated theoretically for plane, parallel surfaces by Mackor and
van der Waals?%, assuming the adsorbed molecules to be rigid rods anchored
at one end to the surface by a freely hinged joint. More recently, Clayfield
and Lumb3® have considered the case of random polymer chains terminally
adsorbed on plane surfaces and on spherical particles, and predict that the
greater the freedom of movement of the polymer chain the more effective
it is as a stabilising agent, provided that it remains adsorbed during the
interaction between particles. Furthermore, the theory shows that there is
an optimum size of molecule which will prevent adhesion of particles of a given
size, and that increasing the length of the polymer chain may, in fact, increase
the possibility of flocculation, which seems contrary to the effect described
above. The reader is referred to the original paper for more detail. Unfortunately
the amount of detailed experimental data available on this subject is very
limited.

We have defined the principles of dispersion. Many parameters are involved
in the dispersion process, and in practice they are often difficult to define
explicitly. The value of fundamental work is obvious, but the significance
of the results is not always appreciated, so that the preparation of a dispersion
with the appropriate desirable characteristics is so often a matter of trial and
error (with some inspiration). We have at our disposal some guiding principles
which should, if wisely used, lead to better dispersion and to a better
understanding of dispersion.
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Discussion at the Scarborough Conference

DRr. E. SUNDERLAND commented on the question of nomenclature. He felt Dr. Parfitt
had been a little muddled on nomenclature in his lecture and that the matter had
been rather over-complicated. Professor Nylén and himself had had very serious
discussion on this and had come to the conclusion that only three types of definition
were necessary.
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First, there was the primary particle, which consisted of a number of crystallites
and was not normally broken down during dispersing processes.

Secondly, the term ** agglomerate > was chosen for an assembly of primary particles,
which was generally broken down under normal dispersion conditions. The word
‘“ agglomerate ” had been chosen in preference to ‘“ aggregate ” because in most
continental languages ** aggregate ” had other specialised meanings, and no intrinsic
difference between the type of association which had been taken as * agglomerate
and as ‘* aggregate ”’ here could be seen.

The difference between a series of point contacts and surface contacts was not
intrinsic ; it was simply a quantitative difference and it was possible to have a whole
range of surfaces in contact or a proportion of surfaces in contact ; there was no
real intrinsic difference.

A flocculate was simply defined as an assembly of particles which have come
together from the wetted state.

It was felt that this covered all possibilities, simplified terms to three, and left
possible all kinds of description which might be necessary in this field. -

DRr. PARFITT replied that he agreed entirely with the idea of reducing the number
of terms, but unfortunately these seemed to have crept into the language. In his
own abstract the term ‘‘ aggregate ™’ was used, but the term ** agglomerate ™ was
introduced in the lecture in keeping with a recent paper in JOCCA.

There was something to be said for differentiating between clusters of primary
particles for which there was or was not an associated decrease in surface area.
Furthermore, he was not convinced that the use of the single term * flocculate ™
was justified ; the word suggested something loose. In practice there were many
systems which, when they had “flocculated,” did not form a loose sediment and
were not easily redispersed ; coagulated perhaps. A committee had been sitting recently
on terminology in colloid science and had come to the conclusion that * flocculation ”
and “ coagulation ” should not be differentiated explicitly. It was important that
each author clearly defined the terms he used.

DRr. T. DoorGEEsT commented that Dr. Parfitt had suggested that wetting was
important in pigment dispersion, and that good stability was important, and agreed
with these points. The problem of the breaking down of agglomerates and aggregates
had not been mentioned.

In general it was thought that good wetting was identical with de-agglomeration
of pigment agglomerates, or aggregates. He felt these were totally different. Good
wetting was important and very helpful, but if the solvent or solution used penetrated
all the cavities in the agglomerate, that would not necessarily mean that the agglomerate
would fall apart into small agglomerates and primary particles. Would Dr. Parfitt
discuss this point ?

DR. PARFITT said that it was quite true that, although the internal surfaces of the
aggregates were wetted, this did not mean to say they automatically fell apart. This
was where the mechanical work was required. This had been seen, with certain
commercial pigments, which, when brought into contact with a liquid, virtually
exploded, provided they were wetted, and the energy required to produce a dispersion
was minimal. In these cases, displacement of air led to sufficient energy to break down
the aggregates. This seemed to be the ideal case. Many factors determined the relative
importance of the wetting and milling processes.

DR. DOORGEEST said that the stir-in pigments should be excluded, as they were
manufactured by enveloping primary particles with a binder, and could not cement
together during the drying process, so were totally different materials from those
under discussion. The discussion was about agglomerates and aggregates as they



842 G. D. PARFITT JOCCA

were present in normal pigments. There was a difference between a good wetting solvent
and a bad wetting solvent, but that did not mean that agglomerates present in well
dried pigments broke down into smaller fragments if they were wetted by a good
wetting solvent or by a good wetting solution. Something else had to be done, that
was breaking down the agglomerates, and therefore mechanical work was needed.
He would like to stress that good wetting was important, but it was not the end of
the story.

MR. R. R. DavipsoN said that he would like to reinforce what Dr. Doorgeest
had said. In his experience the only way to be quite clear in discussing the incorporation
of powders into liquids was to use the term *‘ cemented aggregate *’ when dealing
with powders where the primary particles were cemented together. The term ‘ cemented
agglomerate > was possible, but it was the term *‘ cemented ™ which was important.
It meant that bonds existed between the primary particles either consisting of dried
mother-liquor or being of a co-crystalline nature. If such bonds did not exist, dispersion
of primary particles was in general very easy.

Obviously no amount of ** wetting * action or of addition of surface active agents
would break apart a particle which was like a dumb-bell with a solid cementing neck
between two primary particles. Mechanical breaking of the neck was required.

Surface active agents could, of course, help by enabling the particles to be so packed
together in a suspension of suitable flow properties that particle breakage by inter-
particle attrition was greatly increased by a given milling procedure.

Further, there was the Rehbinder effect. Rehbinder showed that surface active agents
could have a pronounced effect in accelerating the breaking down of cemented
aggregates or of large crystalline particles. Apparently the mechanism in ball milling
was something like this. During the milling micro-cracks were formed. Surface active
agents or solvents penetrated into these cracks and helped to open them by a kind
of levering action. It was as though a wedge were being driven into the crack.

He asked if Dr. Parfitt would care to say something about the Rehbinder effect.

DRr. PARFAITT replied that the question one must ask was whether the cracks existed
before milling ; evidence existed from *“ t > plots of cracks existing on a rutile surface.
If these were annealed out then the effect of the surface active agent might not be
as relevant. As far as he knew there had been no study of this effect, but he felt that
annealing of cracks on oxide surfaces and the effect on the milling process and on
the energy required to mill could give some information on the Rehbinder effect.

MR. ScHAEFFER referred to work by Mr. Cozzens several years ago at Lehigh
University, in which a combination of devices, which were very pertinent to the points
that had been made on this question of the energy involved in de-agglomeration
and de-aggregation of pigments, were used. Mr. Cozzens used a Band Viscometer.
which was an instrument originally devised by Asbach and co-workers in Germany,
and was effectively a kinetic type of viscometer in which there was a rectangular
orifice, the thickness of which was defined by shims ; there was a water-cooled system
and a small reservoir in the top, with a means of tightening this to a required thickness.
A hand mixed dispersion, or rather a very poorly pre-mixed system of aggregate
at a concentration—less than 1 per cent—was examined, where the particle-particle
interaction in the dispersion process would be expected to be negligible, if not nil.
The band was then loaded with a given mass, and allowed to pull a tape—in this
case a Mylar tape—through the orifice, pulling the fluid, the dispersion, through
with it. On the basis of the time of exposure of the dispersion in the band and the
known mass, one had effectively a viscometer, and one could also compute the total
energy that was put into this dispersed system. The order of magnitude used in this
system was 1 to 10 joules, and carbon black dispersed in polybutenes and various
types of litho varnishes was examined, after passing through the viscometer and being



1967 DISPERSION 843

diluted to concentrations of the order of 1/1,000th to a 1/10,000th per cent of carbon
black, and the optical transmission was measured in much the same way as Dr. Parfitt
had done. If the per cent transmission was plotted as a function of the energy input
for an entire range from double zero litho varnish to No. 4 litho varnish with one
carbon black, a linear relationship was obtained, of fairly broad band, but precise
enough for this type of work with dilution and all that was involved, relating the
decrease in per cent transmission total energy input to the system in a linear fashion.

If polybutene was introduced into this system, instead of the litho varnishes,
much more of a dispersion was obtained in a poorer wetting system, but in effect
the slopes of the curves remained the same, which meant that the efficiency with
which de-aggregation was occurring with a known amount of energy put into the
system was approximately comparable. The difference was the initial states of the
dispersions. There was no way of hand mixing a pigment into a vehicle under very
low shear in such a way as to avoid this difference in surface chemistry in the initial
contacting of the vehicle with the pigment.

The next step was to introduce into both of these systems a lecithin as a wetting
agent, to improve the behaviour of the polybutene and the litho varnishes. In both
these cases exactly the same effect occurred. The initial curves for the initial lecithin
were parallel, so the same efficiency was being obtained, with one exception. When
the temperature of one litho varnish, a No. 3 litho varnish, was increased from
25 to 35 and 45° C in the viscometer, then the slope of the curve changed ; so that
apparently at the higher temperature limits an increased efficiency in the utilisation
of the available energy in the viscometer was being obtained.

Communicated addition

DRr. J. A. W. vaN LAAR observed that an interesting practical case of the various
connections between the contact angle 6 and the wetting was the behaviour of
aluminium pigment. This occurred in flakes and during making was treated at the
surface by what was assumed to be stearic acid. Usually these pigments were stirred
easily into the vehicle, an oil or a resin, diluted with one or more solvents. This then
would mean that the contact angle was between 90° and zero.

During the evaporation of the solvents the surface tension at the liquid/air interface
increased, thus causing the well-known circulations in the drying film. This circulation
brought the aluminium flakes to the surface. With certain kinds of aluminium the
so-called ** leafing ** then took place. The aluminium remained at the surface. Evidently
the contact angle was now over 90°. The reason might be part evaporation of the
solvent, the interface liquid/air thus having been changed. ‘ Leafing ™ power might
disappear with time.

Other aluminium pigments remained in the liquid (metallic effect and hammer-tone
finishes) and apparently the contact angle had not decreased here.

The remark was made, firstly, to ask Dr. Parfitt for a possible comment or
explanation, and secondly, to show appreciation for and give an illustration to his
theoretical survey and bridge the gap between theory and practice.

DRr. PARFITT replied that he was unfamiliar with * leafing ** behaviour and therefore
hesitated to put forward an explanation. What Dr. van Laar had said seemed very
reasonable, but what was the basic difference in the surfaces of the various aluminium
pigments that might lead to differences in wetting behaviour ?
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The adsorption of long chain acids

on to rutile from n-heptane
By R. H. Ottewill and J. M. Tiffany*
School of Chemistry, University of Bristol, Bristol 8

Summary

The adsorption of stearic, oleic, linoleic and linolenic acids on to rutile from n-heptane has
been measured at temperatures of 5°C and 25°C, using dried materials. All the materials used
were carefully characterised. Radiotracer methods using C'* labelled acids were employed to
estimate the extent of adsorption at low equilibrium concentrations of adsorbate. With
stearic acid a vertically oriented monolayer was obtained. With all the unsaturated acids
stepped isotherms were obtained and these have been interpreted in terms of reorientation of
the molecules on the rutile surface. Multilayer adsorption appeared to occur at high con-
centrations of unsaturated acids.

L'adsorption par rutile des acides en chaine longue a partir des
solutions dans n-heptane

Résumeé

On a déterminé, a ’aide des matériaux pré-séchés, I’adsorption par rutile des acides stéarique,
oléique, linoléique et linolénique a partir des solutions dans n-heptane a des températures de
5°C et 25°C. Tous les composés utilisés dans cette investigation ont été rigoureusement
caractérisés au point de vue de leur composition chimique. Des méthodes de tragage radioactif
avec le C!* ont été utilisées pour faire le dosage de I’adsorption a de faibles concentrations
d’équilibre de l'adsorbat. Dans le cas de l'acide stéarique on obtenait une monocouche
orientée verticalement. Dans le cas de tous les acides non-saturés on obtenait des isothermes en
gradins que I’on a interprétées en termes de la réorientation des molécules sur la surface du
rutile. L’adsorption en multicouche paraissait a4 se présenter aux concentrations élevées
d’acides insaturés.

Die Adsorption Langkettiger in n-Heptan Geloster Sauren
auf Rutil

Zusammenfassung

Die Adsorption auf Rutil von in n-Heptan gelosten Stearin-, Olein-, Linol- und Linolensduren
wurde bei 5 und 25°C gemessen, wofiir getrocknete Priiffmuster verwendet wurden. Alle
Stoffe wurden sorgfiltig gekennzeichnet. Um den Adsorptionsgrad bei niedrigen Gleich-
gewichtskonzentrationen des Adsorbates zu bestimmen, wurden Radioindikatormethoden
unter Verwendung von mit C!'4 markierten Sduren benutzt. Mit Stearinsiure wurde eine
vertikal orientierte, monomolekulare Schicht erhalten. Mit allen ungesittigten S#iuren
wurden abgestufte Isothermen gefunden, die im Sinne von molekularer Neuorientierung
auf der Rutiloberfliche interpretiert wurden. Bei hohen Konzentrationen ungesittigter
Siuren erfolgte scheinbar Adsorption in mehreren Lagen.

AncopOuns IVIMHHO-IENOYHLIX KHCJIOT HA PYTHJIe M3 N-renTaHa

Peszrome

Ancopbuusi CTEApMHOBOM, OJIEMHOBO#M, JNMHOJIEMHOBOH M JIMHOJICHOBO#M KHCIOT Ha pyTHIE
M3 n-rentaHa u3Mepsanack npu  TeMmmepatypax B 5°C  m 25°C, npuMeHss
cyxHe MaTepuansl. Bce mpuMeHsieMble MaTepualsibl ObUIM TILATENIBHO OXapakTepU3OBaHBI.

*Present address : Department of Microbiology, University of Pennsylvania, Philadelphia
4, Pa., USA.

844



1967 ADSORPTION OF LONG CHAIN ACIDS 845

PanuoakTMBHO-MHOMKATOPHBIE METOAbl C KHMCJIOTaMH MeveHbiMu C14 npuUMeHsnucs 1ist
OLEHKY CTeneHn aAcopOLMM NPH HU3KMX PABHOBECHBIX KOHLEHTpauusax aacopbara. B ciydae
CTE€apMHOBOM KHCJIOTbI OblJ1 NONY4YEH BEPTUKAIBLHO OPUEHTHMPOBAaHHBIE MOHOCHOH. B ciyyae
BCEX HEHACBILLEHHBIX KUCIOT ObljM MOJyUYEHb! CTYMEHYATbIE H30TEPMbI, KOTOPbIE OOBACHAIUCH
nepeopUeHTaLMe MOJIEKYJT HA MOBEPXHOCTH pyTHaa. MHOrocoiiHas aacopOuys noBHAMMOMY
MMeNa MECTO MPH BLICOKWX KOHLEHTpALMAX HEHACHIILIEHHBIX KUCIIOT.

Introduction

Although a large amount of literature is available on the adsorption of various
materials from solution on to solid surfaces!, very few precise measurements
appear to have been carried out on the adsorption of unsaturated fatty acids on
to rutile and there is a lack of precise information on the adsorption of such
molecules in the low concentration region. Unsaturated acids are notable as
compounds which can confer stability on dispersions in non-aqueous media?®
and it is therefore of some importance that their mode of adsorption should
be understood in some detail. The aim of the present work was to examine
under well-defined conditions the adsorption of a series of acids of constant
chain length on to rutile from n-heptane. The series commenced with the fully
saturated acid, stearic, and included the following unsaturated acids :

oleic (cis-form) CgH,,CH=CH(CH,),COOH
linoleic (cis-form) C;H,;CH=CH.CH.CH=CH(CH,),.COOH
linolenic (cis-form) C;H,CH=CH.CH,CH=CH.CH,CH=CH(CH.), COOH

The adsorption measurements were carried out using C'* labelled acids as
tracers and adsorption isotherms were obtained at temperatures of 5°C and
25°C. It was thus possible to carry out some thermodynamic analysis on the
results obtained.

Experimental
Materials

n-Heptane : The n-heptane, which was Hopkin and Williams material, was
dried by slowly running through a 1.5-metre-long column packed with beads
of Union Carbide molecular sieve-4A. The latter was freed from water before
use by heating in vacuo at 150°C for 24 hours. After drying, the n-heptane
was distilled and the fraction which boiled between 98.40 and 98.45°C at 760 mm
collected. A small amount of rigorously dried rutile was added as a * getter ”
to remove the remaining traces of water and the material stored in glass stoppered
flasks in a dry box. The water content of the n-heptane so treated was less than
0.01 mg per ml.

The refractive index, nj, was found to be 1.3881 compared to the literature
value? of 1.38764.

Titanium Dioxide : This was a rutile sample kindly prepared by British
Titan Products Company Limited in their laboratories, by hydrolysis of titanium
tetrachloride. The material as supplied had been heated at 420°C for three
hours, and X-ray analysis showed that the anatase content was approximately
2 per cent.

A thin slurry of rutile was prepared and adjusted to a pH in the range 9-11
to obtain a reasonable dispersion. The slurry was introcduced into Viskase
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dialysis sacs and dialysed against double distilled water with constant stirring
of the dialysate and frequent changes of water. After about a week there was no
difference in conductance of the water used before and after dialysis. The
rutile was therefore separated by centrifugation and heated in a vacuum system
(10~* mm Hg) at about 400°C for 24 hours. Carefully dried air was admitted
after cooling and the rutile was subsequently stored in a dry box. The dry box
was supplied with nitrogen gas obtained by boiling liquid nitrogen and the
pressure inside the box was maintained at a pressure greater than atmospheric.
The water content of nitrogen prepared in this way is 10~23 mg/litre of gas at
normal temperature and pressure.*

The zero point of charge of the material was found to occur at pH=4.62
as determined by microelectrophoresis in 10~ M sodium chloride solution.

A thermogravimetric analysis of dried but unheated rutile showed two main
peaks, one in the range 300-400°C and the other in the range 650-750°C.

The surface area of the sample was determined by the BET method using
krypton adsorption at liquid nitrogen temperatures. A value of 14.2+41 m?/g
was obtained which corresponds to a mean spherical diameter per particle of
0.097 p.

A mass spectrographic analysis of the material gave the following results :*

Element or Oxide Amount found (p.p.m.)
Cl 50
A1,03 50
P,0s 30
K20 25
Ca0 9
V205 <0.02
Cr203 <0.02
Fe 5
Mn0 0.01.
As0; 0.5
Sn 2.5
Pb 0.6
Si0, 100

Except for the presence of silica and some chloride the trace element content
of the material was small.

Inactive Fatty Acids : Stearic, oleic, linoleic and linolenic acids were all obtained
from Fluka Chemicals as Purissimum grade materials : in all cases the acid
was stated to be not less than 99.5 per cent cis acid. All the acids used were
quite clear and completely colourless and each ampoule was used immediately
after opening in a dry box. Solutions of the acids in n-heptane were also stored
in a dry box.

The refractive indices of all the liquid acids were measured at 20°C using a
Pulfrich refractometer and compared with literature values. The results are
recorded in Table 1.

*Qur thanks are due to Messrs. Br{tish Tritan Products Cémpany Limited for cairiryiﬁ;oh-i
this analysis.
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Table 1
Refractive indices of unsaturated acids, n},
Acid np found n} literature Reference
Oleic .. 1.4577 1.4582 S
Linoleic 1.4720 1.4710 6
Linolenic 1.4785 1.4795 7

The melting point of the stearic acid was found to be 69.5°C compared with
the literature value® of 69.6-69.8°C. Determination of a surface pressure
against area curve on a Langmuir trough gave two sharply defined straight
sections which on extrapolation to zero surface pressure gave areas per molecule
of 20.6 and 25.2 A% in good agreement with literature values® 1°. The solubility
of stearic acid in n-heptane at 5°C was found to be 1.77 x 10-2 and at 25°C a
value of 1.39 x 10~2 M was obtained.

Radioactive Acids : All the acids were obtained as C!* labelled materials from
the Radiochemical Centre, Amersham. In view of the small quantities of
radioactive acids which were used, ca. 1.25 mg, no attempt was made to purify
these materials further and they were used as obtained. The precision of the
adsorption measurements is affected by the purity of these acids and the
indistinctness of the adsorption isotherms for linolenic acid could be due to
the relatively large amounts of trans acid present in this material.

The acids as supplied were in solution in benzene in sealed Pyrex ampoules.
The ampoules were opened in a dry box and the benzene allowed to evaporate
in a gentle stream of dry nitrogen. The acid was then dissolved in dry n-heptane,
transferred to a graduated flask and made up to 100 ml. A series of stock tracer
solutions were prepared and stored in the dry box. The details of the labelled
acids used are recorded in Table 2.

Table 2
Details of radioactive acids
1
Acid Specific activity Radiochemical Chemical
mC/mM purity purity
Stearic 34.6 99% —
Oleic .. 24.6 999%; trans content 3%,
acid content 999,
Linoleic 24.7 919%; trans content 8%,
acid content 99 %,
Linolenic 22.0 899% transcontent 15%,
acid content 99 %,

Determination of adsorption isotherms

Adsorption experiments were carried out using graduated conical-ended 10 ml
centrifuge tubes fitted with B 14 ground glass stoppers. The stoppers were
fitted with Teflon sleeves to reduce the creep of the heptane through the joints.
The initial solutions of fatty acid were made up in the tubes in a dry box and
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the tubes were then agitated in an end-over-end shaker in an air thermostat
whose temperature could be controlled to within 0.1°C. After a few hours,
when the solution had come to adsorption equilibrium with the glass, a two ml
sample was withdrawn for counting. In this way an adsorption isotherm was
constructed for the glass tubes over the range of concentrations to be investi-
gated. It was found that the adsorption on the glass could conveniently be fitted
by a Freundlich isotherm and be used in this form for correcting the final
results.

A weighed amount of dry rutile was added to each tube and the tubes were
returned to the air-thermostat and shaken until equilibrium had been estab-
lished. This required ca. 15 hours at 25°C and ca. 40 hours at 5°C. The tubes
were then centrifuged until a clear supernatant liquor was obtained, the final
volume of solution noted, and a further 2 ml of solution removed for counting.
The centrifuge was housed in the air thermostat so that the tubes were not
subjected to sudden changes of temperature which might have affected the
adsorption equilibrium. The high density of the rutile enabled effective separa-
tion to be obtained at relatively low speeds, so that little heat was generated in
the thermostat box by the centrifuge motor.

The 2 ml aliquots removed for counting were immediately added to 5 ml of a
toluene solution of scintillator in the counting vials. The vials were stoppered
and stored in the dark until required for counting. Counting was carried out
using an Ekco N 664 B liquid scintillation counter in conjunction with an
Ekco N 610 A scaler unit.

If the counting rate of the initial sample is taken as R;, that of the liquid in
equilibrium with the solid as R and the concentration of the initial solution is
cr moles/litre, after allowing for the adsorption on the glass, then the final
concentration is given by,

cr = ¢1 (Rg/R;) moles/litre.

The acid adsorbed on the walls of the glass tubes did not appear to desorb
during the period of equilibration with rutile and, since the amount concerned
was small, it was assumed that the acid adsorbed on the walls played no further
part in the adsorption process. Thus, taking the volume of solution as V and the
amount of solid as m grams, then the moles adsorbed per gram is given by,

¢ (Ri— Rg)V/1000 m Ry

Variation of the mass of solid to the volume of solution did not affect the
results obtained, so that, in general, 0.1 gram of rutile was employed, unless
this brought about too large or too small a change in concentration for con-
venient counting.

Results
(i) Adsorption isotherms

It is known that fatty acids are often dimerised to some extent in organic
solvents, owing to hydrogen bonding between the carboxyl groups, and an
attempt was made to determine the extent of dimerisation of the acids in solu-
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tion using infra-red spectroscopy!!. Although the peaks arising from the mono-
meric and dimeric forms could be resolved and it was clear that the monomer-
dimer equilibrium was markedly concentration dependent, only qualitative
estimates of the equilibrium constant were found possible. For this reason all
the adsorption isotherms have been reported as, n{, moles of adsorbed acid
per gram of solid, against the equilibrium concentration of monomeric acid,
¢, expressed as moles/litre.

An interesting feature of the adsorption work was that all the isotherms
showed less scatter at low, than at high concentrations. This may well be
connected with the greater percentage of monomer present at concentrations
of 5 x 107¢ M or less, and the reduced necessity in this range for dissociation
of the acid before adsorption of the monomer could take place.

Stearic acid : The adsorption isotherms obtained at 5°C and 25°C for the
adsorption of stearic acid on to rutile are given in Fig. 1. The amount adsorbed
increased rapidly at low concentrations and then reached a plateau region
where the adsorption of the acid changed only by a small amount with increase
in concentration of acid in the bulk phase. The maximum amounts adsorbed
were 7.4 X 10~% moles/g at 5°C and 8.15 x 10-® moles/g at 25°C. The results
obtained using radioactive acids at 25°C were checked against results obtained
using the Langmuir trough as a means of obtaining the concentration of the
adsorbed material. Good agreement was obtained between the results obtained
by both methods (see Fig. I).

Oleic acid : The adsorption isotherms obtained for oleic acid are given in
Fig. 2. In contrast to the results obtained with stearic acid two steps were
observed on the isotherm. The first step occurred at an amount adsorbed of
5 x 10-5 moles/gram at both 5°C and 25°C. The adsorption at 25°C increased
rapidly after the first plateau region and did not reach a constant value within
the range of equilibrium concentrations used in these experiments. However,
it appeared to be tending to a limit at ca. 2.0 X 10~* moles/gram. At 5°C a
considerable amount of scatter was observed in the results in the region of the
second step and the curve crossed the 25°C curve.

Linoleic acid : The adsorption isotherms obtained at 5°C and 25°C using
linoleic acid are given in Fig. 3. Three distinct steps are apparent. At 5°C the
plateaux regions occurred at ca. 5.5 X 1075, 8.0 x 10=® and 1.5 x 10~* moles/
gram and at 25°C at 4.2 x 10-5, 7.9 x 10-5 and 1.3 X 10~* moles/gram. The
scatter in the points at the higher concentrations found with oleic acid was not
observed with linoleic acid.

Linolenic acid : Studies on the adsorption of linolenic acid proved to be more
difficult than with the other acids and more scatter was apparent on the adsorp-
tion isotherms. The latter are given in Fig. 4. A well defined step was observed
at 25°C at an equilibrium concentration of 4.0 X 10-3 M. Some evidence of
steps was apparent at the lower amounts adsorbed but these could not be
resolved as clearly as with the other acids.



JOCCA

H. OTTEWILL ET AL.

R.

850

suopnjos winuqipmbd jo sisA[eue 10y ysnos) nnwdue] e Suisn
pautelqo sputod ‘— ¢ — D67 ‘— 0 — DS ‘— X — ‘oueyday-u WolJ I[NNI U0 PIdE J1Ied}s Jo uondiospe ay) Joj d jsurese lu g 819

¢00X  NOIIVHINIINOD WNI¥8ITINDI ¥VIOW 'O
€ 4 l

T I |

Z
J
t.-g
x
[—]
~
v &
>
(- -]
N
[—]
=
(- -]
™
=
N
S 2
>
o] &
x
~ 0 =
VU Yo mc.
(o}




CHAIN ACIDS 851

ADSORPTION OF LONG

1967

D.,S I S)NSAI PaIdNeds WOy

o]

4

AN UBW — — — — — .67 “—0— ¢D.§ ‘— X — ‘ouepdoy-U WO} I[NNI U0 PIdE dIdjo Jo uondiospe oy} Ioj d jsurede [u -z ‘B
¢01>  NOIVEINIINOD WNI¥8ININD3 ¥V10W O
6 8 L 9 S 14 €
L | LI} I l 1 I

!
sU

s01% "Wv¥9/ 0384058Y SITO0W



852 R. H. OTTEWILL ET AL. JOCCA
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Fig. 3. nj against ¢ for the adsorption of linoleic acid on rutile from n-heptane, — x —, 5°C ;
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(ii) Geometrical considerations of the packing of unsaturated acids at interfaces

In order to assist with the interpretation of the adsorption isotherms, Catalin
models were made of all the molecules used in the present work and their
projected areas measured in various orientations. In the case of the unsaturated
acids, the number of possible points of attachment to the surface can be found
directly from the number of double bonds in the chain. Generally, for a mole-
cule with n bonds, there are (n - 1) possible points, since in cases where the
main attachment is through the carboxyl group there are associated 0, 1, 2,
— — — — n positions in which double bonds can come into contact with
the surface. The results obtained are summarised in Table 3.
Table 3
Projected areas of Catalin models

Acid Orientation Area-A? per molecule
Stearic .. - . " Horizontal 92.5
Vertical 20.5
Oleic Horizontal 90.5
2-point attachment 48.0
Linoleic Horizontal 87.5
3-point attachment 62.0
Linolenic Horizontal 85.5
4-point attachment 74.0

An alternative approach was to consider the packing of molecules on to a
rutile surface. In order to ascertain the extent of packing, paper models of the
projected areas of the acids in various orientations were arranged on site
distribution diagrams for rutile, prepared according to the distribution of the
oxygen atoms on the predominant crystal faces of a rutile crystal. Electron
microscope examinations showed that all the primary particles were acicular
crystals of closely similar shape with an axial ratio of ca. 3:1. It seemed reason-
able to assume that the predominant faces were {100}, {110}, {101} and {111},
of which the latter contributed only a small amount to the total area. Thus,
the faces {100}, {110} and {101} were taken to constitute respectively 25 per
cent, 45 per cent and 30 per cent of the total area. The results obtained are
given in Table 4. It can be observed from a comparison of Tables 3 and 4 that

Table 4
Area per adsorbed molecule on crystal faces in A?

Acid Orientation Area/molecule of face Mean
(100) (110) (101) | area/molecule

Stearic Horizontal 85.3 115.9 112.5 107.2
Vertical 27.3 26.8 25.1 26.4

Oleic Horizontal 95.3 128.5 112.8 1154
2-point attachment 54.5 48.0 62.5 54.0

Linoleic Horizontal 92.0 124.1 109.0 111.6
2-point attachment 54.5 48.0 62.5 54.0

3-point 54.5 96.5 75.4 79.6

Linolenic Horizontal 90.1 121.6 106.7 109.1
4-point 81.7 115.6 125.5 110.0
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the area per molecule is much larger in many cases than that obtained by
projection of the Catalin models. This is because there is, in all cases, space
between the adsorbed molecules which cannot be filled, owing to the restriction
of access either to the surface generally or to specific sites, by either an acid or
a heptane molecule.

Discussion

(i) The adsorption isotherms

The maximum adsorption of stearic acid at 25°C was found to be 8.15 < 103
moles/gram. On the basis of a surface area of 14.2 m?/gram this corresponds to
an area per adsorbed molecule of 29 A2 If, however, 20.9 A2 is taken for the
close packed area of stearic acid, the maximum extent of adsorption corres-
ponds to 71 per cent of a vertically oriented monolayer. This is in close agree-
ment with the work of Kipling and Wright!2, who found for the adsorption of
stearic acid on anatase from cyclohexane that in the region of maximum
adsorption 68 per cent of the surface was covered by a vertically oriented
monolayer. From geometrical considerations of the closest packing of saturated
fatty acid molecules on the various idealised crystal planes of rutile, the figures
shown in Table 4 correspond to an area of 26.4 A% The maximum adsorption
observed on this basis would correspond to 91 per cent of a monolayer. Within
the limitations imposed by the use of the BET method to determine the surface
area of the rutile sample, it would appear reasonable to conclude that stearic
acid forms a vertically oriented monolayer on rutile on adsorption from
n-heptane under dry conditions.

The adsorption isotherms for oleic acid exhibit two steps ; some difficulties
were experienced in determining the isotherm at the high concentrations of
oleic acid and for this reason the curve is shown as a dotted line in this region
in Figure 2. The first step which occurs at 5.0 x 10-® moles/gram at both
temperatures corresponds to an area per molecule of 47 A% a value close to the
54 A2 obtained from molecular models on the basis of a two-point attachment
of the molecule to the surface (see Table 4). The second step on the isotherm
at 25°C did not level out. The extent of adsorption continued to increase,
indicating the formation of multilayers. However, a slight shoulder did occur
at 9 x 1075 moles per gram. This corresponds to an area per molecule of 26 A
and might infer the completion of a vertically oriented monolayer before the
onset of multilayer formation.

In the case of linoleic acid, the isotherms exhibited steps at 25°C at 4.2 < 10-?
(56 A2), 7.9 x 10-5 (30 A2) and 1.3 < 10-* moles/gram (18 A?). The first step
appears to be in agreement with a 2-point attachment, and the second with
approximately the area expected for completion of a perpendicularly oriented
monolayer. Again, however, as in the case of oleic acid at 25°C the curve did
not appear to reach a saturation value indicating that some multilayer forma-
tion was occurring.

The isotherm for linolenic acid showed a well defined step at 6.5 x 10—
moles/gram at 25°C corresponding to an area per molecule of 36 A2 There is,
however, some uncertainty in the points in this region and the area per molecule
could be considerably lower, i.e. close to that expected for a vertically oriented
layer of linolenic acid. The low concentration end of the isotherm also indicates
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the presence of two steps, one at 2.9 x 10~-° moles/gram (81 A2) and one at
3.6 < 10~® moles/gram (66 A?). These areas per molecule are close to those
expected for 3-point and 2-point attachment of the molecules respectively. A
saturation value for the adsorption was not observed with this material at the
highest concentrations examined, and from the extent of adsorption it is clear
that multilayer adsorption occurs.

In the recent work of Sokola etz al.'® the adsorption of linoleic acid on to
rutile of various moisture contents was examined from toluene solution. On
moist rutile a Langmuirian isotherm was obtained, but on * dry > rutile a two
stepped isotherm was observed. These authors apparently found a saturation
value for the second step and attributed this to the formation of a bimolecular
layer of linoleic acid, although the amount adsorbed was in excess of that
required for a bimolecular layer.

The present results suggest that, in the adsorption of unsaturated acids, the
molecule first resides on the surface, with the carboxyl group and the double
bonds as the points of contact. The molecule then gradually stands up with
increasing concentration until a vertical orientation is assumed. The single
layer of vertically oriented molecules appears to be followed by multilayer
formation with all the unsaturated acids examined in the present work. The
formation of such thick layers probably accounts for the fact that unsaturated
acids often confer considerable stability on dispersions in non-aqueous media.?

The mechanism proposed is supported by the recent work of Sherwood and
Rybicka'®. In the case of the adsorption of oleic acid on titanium dioxide
pigments, these authors found considerable perturbation of the double-bond
stretching frequency in the infrared spectrum of the adsorbed acid. On material
adsorbed from solutions of low concentration, the band at 3007 cm~! was
entirely absent. Material prepared from solutions of higher concentration
showed a weak band which was shifted to a higher frequency. The —CH,—
frequencies in oleic acid were also perturbed, in the presence of the surface,
from their positions in the spectrum of the pure liquid or a solution of the
acid. This result was taken to infer some interaction of the hydrocarbon chain
of the acid with the surface, as might occur in a completely horizontal or two-
point attachment. Some evidence was also found for the formation of multi-
layers in the case of oleic acid.

(iii) Thermodynamic analysis
The adsorption isotherms obtained for stearic acid indicate that monolayer
formation occurs with this compound. Some attempt has therefore been made
to obtain thermodynamic information from the data obtained. The Langmuir
adsorption isotherm, following Everett'5, can be written for dilute solutions in
the following form,

c/n} = 1/Kk;.Ng + (K-1).¢c/K.Nj

where K = a surface equilibrium constant, k; = 1/6.8, a factor introduced to
convert equilibrium concentrations of acid into mole fractions, and N, =
moles of acid/gram required to form a close packed vertically oriented layer.

The data for stearic acid at 5°C and 25°C are plotted in Fig. 5 as curves
of ¢/n} against c. Over the range of n{ values from 4.7 x 10-5 to 7.3 x 103
moles/gram, reasonably linear plots were obtained and the adsorption appeared
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0 | | |
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C, MOLAR CONCENTRATION x 103

Fig. 5. ¢/n; against c for stearic acid, —x —, 5°C ; — o0 —, 25°C

to be reversible. Since the ratio gradient/intercept is equal to (K-1).k, it was
possible to obtain a value of K for this region and hence a value for the free
energy of adsorption from the expression,

—AG = 2.303 RT logjo K

A value of 6,150 cals/mole was obtained for the adsorption of stearic acid at
25°C. The linearity of the c/n} against ¢ curves suggests that AG remains
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reasonably constant over this region unless some compensating effect has
occurred, i.e. a changing number of sites compensated by a changing free
energy of adsorption.

The isosteric heat of adsorption at 25°C was calculated from the relationship,

(@ In¢/@ T)n}, p — —A Hy/RT?

The values obtained are given in Table 5, whence it can be seen that the value

of AH; drops considerably as monolayer coverage is approached. The high
initial value suggests that interaction is occurring between the polar head group
and the surface; this is in agreement with the observations of previous
workers'®. The corresponding entropies of adsorption AS; were calculated
from the value of AG and the AH values. The results, which were restricted
to the range of n} between 5.5 x 1075 and 7.29 x 10~® moles/gram, are
given in Table S.

Table 5
Isosteric heats and entropies of adsorption for stearic acid at 25°C .
ni AHs ASs
X 10® moles/gram calories/mole calories/mole/degree
35 —17,430 —37.8
6.0 —15,450 —31.2
6.5 —13,140 —234
7.0 — 9,893 —12.6
7.29 — 5,521 — 21

It is apparent from Table 5 that substantial changes of isosteric enthalpy
and entropy appear to occur as a function of surface coverage, with the entropy
becoming small, but still negative, towards saturation. A negative value is in
agreement with expectation in view of the increase in order on adsorption at
the interface. The fact that it becomes less negative with increasing coverage
may well be an indication that, as saturation is approached, a positive entropy
contribution arises owing to the increase in disorder which arises as n-heptane
molecules are desorbed from the interface.

The curves of ¢/n} against ¢ for oleic and linoleic acids are given in Figs. 6
and 7. As would be expected, changes of gradient occur on these curves at
the positions where steps occur on the adsorption isotherms, and the free energy

Table 6
Free energies of adsorption of acids

Acid Temperature °C —AG k.cals/mole
Stearic .. - 5.0 6.74
Stearic X X2 25.0 6.15
Oleic 1 » w 5.0 6.95
Oleic I 25.0 6.90
Oleic II 25.0 4.24
Linoleic 1 5.0 7.03
Linoleic 1 25.0 6.66
Linoleic IT 25.0 4.96
Linoleic TIT .. 25.0 4.56
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of adsorption is lower than for the initial region. The free energies of adsorp-
tion are tabulated in Table 6. It is notable that the free energy of adsorption for
the first region is very similar for all acids, again substantiating the fact that the
initial stage of adsorption is via the carboxylic head group.

80|

c/n}

] L | 1 ] ] ]

-

1 2 3 & 5 6 7 8 9
C, MOLAR CONCENTRATION x 103

Fig. 6. ¢/n; against ¢ for oleic acid, —x —, 5°C ; — 0 —, 25°C
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oR el | |1 | L | 1
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C, MOLAR CONCENTRATION x103

Fig. 7. c/n| against ¢ for linoleic acid, —x —, 5°C ; —0—, 25°C
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Discussion at the Scarborough Conference

DRr. G. D. PArRATT (Chairman) queried the use of the Langmuir equation in adsorp-
tion from solution, as it was introduced for an essentially different process, that of
adsorption in the gas phase, and made a number of basic assumptions as to the nature
of the adsorption behaviour. He asked Dr. Ottewill to comment on his use of the Lang-
muir equation and what followed from it in describing his adsorption.

Dr. R. H. OrTewILL replied that he had been working with quite dilute solutions,
and it had been shown by Everett (Trans. Faraday Soc., 1964, 60, 1803) that under
these conditions the Langmuir equation could be used and it could be considered that
there was an exchange on the surface. If Everett’s hypothesis was accepted then the
Langmuir equation could be used. He agreed with Dr. Parfitt that, in general, one had
to be very cautious in applying the Langmuir equation but in this case he felt he could,
with some justification, use this particular treatment.

Dr. PARFITT pointed out that the hypothesis assumed a perfect adsorption process.
There were many assumptions in this, and it was possible that the applicability of the
equation was due to cancellations of effects working in different directions.

Dr. OtTEWILL replied that the data had only been used in the very early part of the
curve. They had gone as far as they could with a slightly non-ideal system. One was
short of thermodynamic data on this particular system. This was one of the reasons
the measurements had been carried out with unsaturated acids at two temperatures,
and it did involve a great deal of effort to get accurate adsorption measurements under
these conditions. With a system like n-heptane it was impossible to work at higher
temperatures, as thesolvent tended toevaporate, and so lower temperatures must be used.
This involved quite considerable problems in the time of equilibration. He felt that,
with stearic acid, it was a reasonable thing to do.

Dr. H. W. TALEN suggested there was a contradiction between the conclusion of
the thermodynamic analysis on page 858, where it read, ‘ again substantiating
the fact that the initial stage of adsorption is via the carboxylic head group,”
and the conclusions of the adsorption experiments stating a difference between the
stearic acid being adsorbed only by the carboxylic group and the oleic and other un-
saturated fatty acids, where a two or three point attachment by the carboxylic group
and the —C = C— groups was shown.

Dr. OTTEWILL said that the adsorption isotherm showed quite clearly in the case of
oleic acid there was a break at a concentration of 5 x 10~> moles/g. and the experimental
evidence for this was felt to be really very good. The area per molecule at this point
was 47 A2, which was in very good agreement with calculations for adsorption by this
particular mode. The greater part of the energy and the enthalpy would probably be
associated with the interaction of the polar head group and the surface, and probably
the energy of interaction of the —C = C— was much lower, otherwise it would not
be possible to up-end to a more vertical configuration. This would be expected to
show up in the calculation of the free energy of adsorption, but it did not do so clearly.
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Two conclusions could be drawn from this ; either that the experimental values of
AG were not terribly accurate, or, alternatively, that if AG was subdivided into two
portions, then one was so dominant that the second did not show up in the final
value. The adsorption isotherm left little doubt that this must be the mode of inter-
action, and this was substantiated by the fact that with linoleic acid, which had two
double bonds, there was a double kink on the adsorption isotherm. He felt it was
disappointing that it had not shown up in the AG value. To summarise, it was either
experimental inaccuracy or, alternatively, interaction of the double bond was very
much weaker than that of the head group. There was some support from the work
of Sherwood and Rybicka (JOCCA, 1966, 49, 648) from infrared measurements,
which was in agreement with the conclusion that the double bond, in the initial stages,
did lie on the surface.

MR. G. Leperer complimented Dr. Ottewill on a very stimulating paper, and
commented on the observation that the adsorption of fatty acids on the pigment sur-
face sometimes led to considerably enhanced dispersion. This, as Dr. Ottewill had
explained, was due to the adsorption of multilayers on the pigment surface. It was
relevant to comment that the degree of dispersion which was achieved by the adsorp-
tion of fatty acids was substantially less than the degree of dispersion which was
achieved by the adsorption of rather larger molecules, for example, alkyds. Studies were
being carried out on the effects of adsorption of alkyds of increasing molecular weight
on pigment dispersion, using, as the measure of dispersion, the hiding power of the
resulting paints. Generally it was found that an adsorbate of smaller molecular weight
adsorbed preferentially on the pigment surface. This observation could be illustrated
by an experiment where a small quantity of labelled linoleic acid was added to a mill-
base composed of titanium dioxide and a commercial soya penta-alkyd. When ad-
sorption equilibrium had been established, the concentration of the linoleic acid on the
pigment surface was found to be ten times greater than the concentration in the rest of
the vehicle. Also, generally speaking, it was found that the adsorption of small mole-
cular weight species had a detrimental effect on dispersion as measured by hiding
power. Mr. Lederer had illustrated this with two experiments.

In the first instance, 5 per cent oleic acid was added to a millbase composed of
titanium dioxide and a commercial soya penta-alkyd, and it was found that the hiding
power was 5 per cent deficient relative to a similar paint which did not contain the oleic
acid. The second experiment was based on alkyds, and it was found that the hiding
power of titanium dioxide pigment in an alkyd of high molecular weight was greater
than that of the same pigment in an alkyd of low molecular weight. He then referred
to experiments which were carried out using linoleic acid. The experimental technique
paralleled that used by Dr. Ottewill and Dr. Tiffany. An adsorption corresponding
to the first step in the adsorption isotherm of 2.98 X 10™® (moles) linoleic acid per
square metre of pigment surface was obtained. Dr. Ottewill’s figure calculated in the
same way, was 2.95 X 10~8. Converted to an area, Mr. Lederer’s figure was 56.7 A? per
molecule ; that of Dr. Tiffany, 58 A2. This was pretty good agreement. It was interest-
ing, however, to note that the experiments were carried out on a titanium dioxide
surface which was treated with silica and alumina and had upon it 0.7 per cent of
moisture.

DR. PArRFITT commented that it seemed that the coating or the water was not having
very much effect on the adsorption. Despite the fact that Dr. Tiffany had spent a lot
of time in drying his surface, it had not affected the adsorption.

DRr. OTTEWILL said that he did not think there were many comments to make in
reply to Dr. Lederer. He was amazed at the agreement. It was probably gratifying but
maybe highly coincidental that the agreement was so good. Perhaps it lay in the fact
that both experiments used the BET method to get the surface area !
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Dr. W. FuNkeE said that a possible concentration dependent association of fatty acid
molecules in solution and its influence on the adsorption at the pigment surface had
not been mentioned. It was well known from molecular weight determination of
polymers that one must use rather dilute dilutions or even extrapolate to zero concen-
tration to obtain true molecular weights. He suggested therefore that the specific
change of adsorption observed with increasing concentration may also be related to
association phenomena of fatty acid molecules. It was expected in this case, that these
associated molecule complexes adsorbed as a whole on the pigment surface.

Dr. OtTEWILL agreed with this explanation, at the high part of the isotherm ; but
thought it was unlikely in the lower part of the curve. He had supported this work
by infrared studies on the dimerisation of these acids in solution ; the amount of di-
merisation at low concentrations appeared to be very small. He did not wish to argue
about Dr. Funke’s explanation on the upper end of the curve, and the suggestion may
be one of the reasons why a multilayer formation was found. It was possible that this
was the reason why, with linolenic acid, the curves were much less distinct. The other
interesting thing about linolenic acid was that the radioactive material contained
15 per cent trans isomer. This might tend to give a more disordered packing than with
all cis molecules.

He summarised that he would not dispute that aggregation may affect the upper
part of the isotherm. However he felt it was unlikely at the lower part of the isotherm,
particularly in view of infrared studies on solutions of these acids in normal heptane.

DR. FUNKE suggested it would be a good proposition to measure the molecular
weight in the higher concentration range in order to determine whether the molecules
were present in singular form or whether they were in the form of aggregates.

DRr. T. DOORGEEST commented on the paper by Dr. Ottewill, the remarks made by
Dr. Lederer, and remarks made by the Chairman.

He said he agreed with the choice of solvent Dr. Ottewill had used in his investigations
as there was an indication that those aliphatic hydrocarbons were the least harmful
solvents to be used in these types of experiment. With regard to Dr. Parfitt’s question ;
as long as the free energy of adsorption of the solvent molecules was negligible, and
as long as solvation of the adsorbate molecules did not take place, he felt the Lang-
muir equation could be used without trouble.

Dr. Doorgeest’s second point was an objection to part of the work. Molecules
which could be oxidised rather easily had been used, and the atmosphere used was not
free of oxygen. From a rough calculation there was plenty of oxygen to degrade all the
oleic acid molecules and similar unsaturated fatty acids completely into other fatty
acids ; and so it might be that the spreading in the results obtained may be due to
oxygen.

He remarked to Dr. Lederer that he also had found that there was no relation between
adsorption and dispersibility.

Dr. OTTEWILL replied that they had been very conscious of the effects of oxygen,
and that was why no sample of the unsaturated acid which showed any yellow colour
was used. The ampoules were all opened in a nitrogen atmosphere and dissolved
in heptane which had been kept in a nitrogen atmosphere. The TiO,, after drying,
was stored in a nitrogen atmosphere. All solutions were made up in a nitrogen
atmosphere. The top of the tube was flushed with dry nitrogen before the glass stopper
was inserted. He felt this in practical terms was as far as one could go to remove
oxygen from the system. An inhibitor—butylhydroxy toluene—had been used in
some experiments. This introduced a doubt as to whether the butylhydroxy toluene
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was going to adsorb as well ; since no difference had been noted in the results obtained,
it was omitted in the other experiments.

He felt the other point was that the system might be much more prone to oxidation
in the higher concentration regions, and this might give a partial explanation of the
difficulties with oleic acid. The remarkable fact was that the reproducibility of the
experiments in the lower region was good, even with different samples of oleic acid.
Admittedly, a radiotracer method had been used but no difference was found with
three different samples of radioactive materials. This reproducibility would not have
been obtained if oxygen on that part of the isotherm was playing such a marked effect.
Every effort had been made to exclude it.

DR. PARFITT said Dr. Doorgeest had commented on the choice of the solvent with
respect to the oxide, and had suggested using an aliphatic solvent. Was he assuming
that the aliphatic solvent was inert to the oxide surface and that if they used an
aromatic solvent there might be some different effects ?

DRr. DOORGEEST said that this was the case, and pointed out that there was a large
difference in behaviour between aliphatic and aromatic molecules due to the interaction
of the =-electrons of the aromatic molecules with the surface. :

Dr. ParFTT remarked that it was appreciated that the interaction between the
aromatic ring and the hydroxyl groups on an oxide was very great and therefore there
would be some selective adsorption here.

DRr. DoorGEEST cited work done at Delft University by Professor de Boer and his
collaborators. The adsorption of lauric acid on to various types of alumina had been
investigated and it was found that aromatic compounds could not be used as a solvent
due to the interaction of the free electrons with the surface. The conclusion was made
that aliphatic compounds like n—hexane and n—heptane were the least harmful in these
systems. However, there was always the possibility that there was some adsorption
of the solvent molecules.

DRr. PARFITT remarked that he felt that Dr. Doorgeest’s point was a very important
point to make, namely that there was a large difference in interaction between an
aromatic and an aliphatic medium with an oxide surface, and that the adsorption
behaviour and the other effects due to adsorption might be very different depending
on the medium.

Dr. S. WiLskA commented that pure rutile had been used in the experiments.
Were the adsorption properties of commercial rutile pigments mainly determined by the
properties of the rutile itself, or by the actual outer surface consisting of coating layers?

DRr. OTtTewiLL replied that he would say that the adsorption properties were
determined by the surface.

DR. L. VALENTINE drew a parallel between some of Dr. Ottewill’s work and a quite
different field, that of adhesives. Later in the conference papers dealing with varying
aspects of interfacial behaviour and their effect on properties would be read ; and
it would be useful to show how similar types of phenomena would carry quite different
technological properties. Dr. Ottewill had shown how the types of adsorption and
multi-layer adsorption varied with the nature of the fatty acid and how, as the amount of
unsaturation in the fatty acid was increased, there was a tendency to increase the type
of multilayer adsorption. Now, scientists were very interested not just in the primary
process of adsorption but also how this layer interacted with the other parts of the
medium or with the interface.

Work had been done at the PRS on adhesion by Prosser and Bullett, who showed
the effect on adhesion of adding fatty acids of various types to alkyds ; stearic acid
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had a very harmful effect on adhesion to metal surfaces, oleic acid had a less harmful
effect, and linoleic or linolenic acid had very little harmful effect on adhesion. This
showed quite clearly that there was interaction between the primary adsorbed layer
of fatty acid on the metal surface and the remainder of the medium. Later papers on
adsorption and correlation with dispersibility showed that it was not just the first step
that counted, it was the second step that counted or was more important, the interaction
between the first adsorbed layer and the second one ; Dr. Ottewill’s work showed how
these adsorption processes would affect this very considerably. In all the discussions
it must be borne in mind that these were not a single process but very complicated
interactions.
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Adsorption of polyamides. Infrared
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Summary

The adsorption of polyamides from solution on to rutile and carbon black has been described
previously as a function of polyamide molecular weight and solvation. Various experimental
methods were investigated to obtain the infrared absorption spectra of the adsorbed poly-
amides since the adsorbent appeared to have little influence on the specific adsorption. The
problem was complicated by the pigmentary grades of adsorbents which induced marked
attenuation of the radiation by scattering in the case of rutile and by absorption with carbon
black. Incorporation of the adsorbents, recovered from the solution adsorption measure-
ments, in a KBr matrix provided satisfactory transmission spectra when the spectrophotometer
was equipped with a scale expander.

Reasonable agreement was obtained between solution adsorption measurements and the
infrared absorption analysis of the residual polyamides using the absorbances of both the
carbon-hydrogen stretching and nitrogen-hydrogen bending frequencies. The spectra of
adsorbed polyamides differed from the calibration spectra principally in the disappearance
of the N-H stretching frequency absorption band and a decrease in the ratio of the absorption
intensities for the carbonyl stretching in the amide group to the C-H stretching frequencies
in the methylene carbons. Both observations suggest that the polyamide interacts strongly
with the adsorbent surfaces and completely through the amide groups in the polyamide
molecule.

L'adsorption de polyamides. Les mesures a l'infrarouge de leur
interaction les surfaces de rutile et de noir de carbone

Résume

Auparavant I'adsorption, par rutile et noir de carbone, de polyamides a partir des solutions a
¢té décrite en fonction du poids moléculaire de la polyamide et également de la solvation. On
a etudié plusieurs meéthodes pour obtenir les spectres d’absorption a I'infrarouge des polyamides
adsorbées, puisque I’adsorbant exerce peu d’influence sur I’adsorption spécifique. L’utilisation,
comme adsorbants, des types pigmentaires de rutile et de noir de carbone a compliqué le
probléeme a cause de I’atténuation importante de la radiation diffusée que provoquait le rutile,
et de I’'absorption dans le cas du noir de carbone. Les adsorbants, receuillis aprés le mesure de
I'adsorption en solution et incorporés dans une matrice de KBr, donnaient des spectres de
transmission convenables a I'aide d’un spectrophotométre doté d’un expanseur d’échelle.

On a obtenu des accords raisonnables entre les mesures de I’adsorption en solution et celles
de I'adsorption a I'infrarouge des polyamides residuelles, par I'utilisation des adsorptivités des
fréquences d’allongement carbone-hydrogéne et également des fréquences de déformation
azote-hydrogeéne. Les spectres des polyamides adsorbées différaient des spectres étalons,
notamment par la disparition de la bande d’absorption des fréquences d’allongement azote-

*Based oﬁ a thesis submiitrairl;); R; H.ﬁScihires’ser irlvmlriiédelﬁlment of the requirements
for the Ph.D. degree, Lehigh University
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hydrogeéne et par la diminution du rapport des intensités d’absorption dues a I’allongement du
carbonyle dans le groupement amide aux fréquences d’allongement carbone-hydrogéne dans le
groupement méthylénique. Toutes les deux observations suggérent que la polyamide réagit
fortement avec les surfaces de ’adsorbant, mais seulement par l’intervention de ses groupe-
ments amides.

Adsorption von Polyamiden. Infrarotmessungen von Reaktionen
mit Rutil- und Gasrussoberflachen

Zusammenfassung

Die Adsorption von Polyamiden auf Rutil und Gasruss in Lésung wurde schon vor ldngerer
Zeit als Funktion des Polyamid- Molekulargewichtes und der Solvation bezeichnet. Da das
Adsorbens nur einen geringen Einfluss auf die spezifische Adsorption zu haben schien, wurden
verschiedene Beispielmethoden gepriift, um die Infrarotabsorptionsspektra des adsorbierten
Polyamides zu erhalten. Der Pigmentcharakter der Adsorbens komplizierte das Problem,
weil dieser namlich die Bestrahlung erheblich abschwiichte, und zwar im Falle Rutil durch
Streuung und im Falle Gasruss durch Absorption. Einverleibung des aus der Adsorptions-
messungslosung wiedergewonnenen Adsorbens in einer K Br-Matrize ermdoglichte den Erhalt
zufriedenstellender Transmissionsspektra, sofern das Spektralphotometer mit einem
Skalenexpander versehen war.

Befriedigende Ubereinstimmung wurde erzielt zwischen Adsorptionsmessungen in Losung
und der Infrarot-Absorption des restlichen Polyamides, indem man die Absorptionsbanden
sowohl der Kohlenstoff-Wasserstoff-Dehnungsschwingung, als auch der Stickstoff-Wasserstoff-
Deformationsschwingung benutzte. Die Spektren der adsorbierten Polyamide unterschieden
sich von den Vergleichsmessungen hauptsichlich dadurch, dass das N-H verlingernde
Frequenzabsorptionsband verschwand, und sich das Verhiltnis der Absorptionsstarken fiir
die Karbonyldehnung in der Amidgruppe zu den C-H Dehnungsschwingungen in der Methylen-
gruppe verminderte. Beide Beobachtungen legen es nahe, dass das Polyamid stark mit den
adsorbierenden Oberflichen reagiert, und dass diese Reaktion ausschliesslich iiber die
Amidgruppen im Polyamidmolekiil erfolgt.

Ancop6uust nosmamunos. VindpakpacHbie u3mMepeHnsi B3auMOJIEHCTBHS C
PYTH/IOBBLIMH M Ca’KeBbIMH NOBEPXHOCTAMM

Peziome

Ancopbuus NOTMaMUOOB U3 PACTBOPA HA PYTHUIIE U CaXke ONUCHIBANACH PaHblle Kak QyHKUHUsA
MOJIEKYJIIPHOTO Beca MoJIMaMUAa U COJibBATalluU. BblIM McClemoBaHbl pa3iuyHble SKCNEpHU-
MEHTAalIbHbIE METOAbl JIS1 TIOJIy4YeHUs1 WHGMPaKpacHbIX CEKTPOB abcopnuuu aacopOupoBaH-
HBIX NOJIMAMHUAOB T.K. aACOPOEHT NOBUAUMOMY HeE MPOSIBJIST CUILHOTO BIUSHUA HA YAEIbHYIO
aacopbumro. 3amava YC/IOXKHsIACh NMIMEHTAPHBLIMU TPafauusMu aJCcOpOEHTOB, KOTOpbIE
NPUYHMHAIM 3aMETHOE 3aTyXaHue paaualiiid paccesiHueM B Cliyvae pyTuia v abcopnuueil B
cnydae caxu. IIpuMeHeHue ajacOpPOEHTOB BOCCTAHOBJICHHBIX H3 M3MEDPEHMI ancopouuu
pactBopa B mMarpuue KBr, noctaBuno yaoBNeTBOPUTENbHbIE CNEKTPbI TPAHCMHUCCHM KOraa
crekTpodoToMeTp OblUT CHAGXEH pPaCLIMPUTENbHONW LIKANON. Y IOBJIETBOPUTEIBLHOE COT-
nacue ObIIO NOJIyYEHO MEXOY HW3MEPEHUsIMM aaAcopOLMM pacTBOopa W aHaiu3oM HHppa-
KpacHO# abcopnuuu OCTaTOYHBIX MOJIMAMHUIOB, UCTIOb3Ys abCOPNLUKU YaCTOT KaK yrjiepono-
BOJOPOOHOTO PaCTSXKEHUsi TaK M a30THO-BOAOPOAHOTO u3rnbGanus. CnekTpbl aacopbupo-
BAaHHBIX MOJIMAMHUAOB OTJIMYAJIUCH OT CIEKTPOB KaJuOpauuM TiaBHbLIM 00pa3oM B MCYE3HO-
BEHHMU aOCOPMUMOHHOM TOJOCH 4acTOThl pacTsikeHus N-H M B MOHMXEHMH OTHOLLEHHUS
a6COPIUMOHHOI MHTEHCUBHOCTH KapOOHWILHOTO PACTSHKEHHWS B IPYINE aMUOOB K 4acTOTaM
pactspkenns C-H B merTuneHosbix yraepoaax. O6a ¢akTa CBUAETENBCTBYIOT O TOM YTO
MOJMaMU]l CUJIBHO B3aUMOIEACTBYET C MOBEPXHOCTAMHU aAcoOpOeHTa M MOJIHOCTBIO 4Yepes
rpynnsl aMUAOB B MOJIEKyJie MojvaMuaa.
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Introduction

The interactions among polyamides, 1850 to 8000 average molecular weights,
solvents, and polar and non-polar adsorbents have been characterised! based
on solution viscosity and adsorption measurements. The polyamides apparently
exist as flexible coils in alcohol solutions, in so far as the limiting viscosity
numbers could be related directly to the polyamide molecular weight by the
relationship?®3

[] = KM*

Values of « increased from 0.42 to 0.51 on changing solvents from n-propanol
to n-butanol, the magnitudes suggesting that the molecules were behaving as
solvated spheres.

The adsorption isotherms on a surface treated rutile and carbon black were
determined from ultraviolet spectrophotometry measurements of polyamide
concentration differences between initial and equilibrated solutions. The levels
of the Langmuir-type adsorption isotherms increased with increasing poly-
amide molecular weight and decreased with improved solvation. The dimensions
of the adsorbed polymer molecules estimated from nitrogen surface areas of
the adsorbents and Langmuir plots of the solution adsorption were considerably
smaller than the solution hydrodynamic radii, but maintained proportional
relationships on both adsorbents. In view of the dissimilarity of the adsorbent
surfaces, and the similarity of molecular areas, the interactions of the poly-
amides with the two types of surfaces were of interest.

Infrared absorption spectrophotometry of recovered adsorbent samples
with associated adsorbed polyamide was undertaken to confirm the levels of
solution adsorption and to provide information as to possible structures of the
adsorbed polyamide films.

The first infrared study of adsorbed polymers was reported by Fontana and
Thomas* and continued by Fontana®. These authors studied alkyl meth-
acrylates adsorbed on silica, and observed a splitting of the carbonyl band
which was interpreted as a perturbation of the adsorbate electronic structure.
In other words, a fraction of the carbonyl groups was hydrogen bonding with
surface hydroxyl groups. Measurements of band intensities for the normal
and shifted carbonyl bands led to the conclusion that approximately 40 per
cent of the monomer segments were interacting with the surface.

Infrared absorption spectrophotometry has been applied much more
extensively to the study of the bonding of the adsorbed phase in gas-solid
binary solution-solid interactions. Studies have been reported® of the solution
adsorption of amines, ketones and ethers on porous silicate adsorbents. More
recently, infrared techniques have been applied to the evaluvation of adsorbed
fatty acid carboxyl group interactions with inorganic surface coatings on
titanium dioxide pigments”-®.

Experimental
Adsorbents
Two samples of EIf 5 carbon black were used in the studies. EIf 5-1 was available

from stock in this laboratory. After this supply was exhausted, another sample
was obtained from the Special Black Division of the Cabot Corporation and
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designated EIf 5-2. The surface areas as determined from BET treatment of
nitrogen adsorption measurements at —195°C were 109.3 and 96.3 m?/g for
EIf 5-1 and EIf 5-2, respectively. Prior to all adsorption measurements, the
samples were dried at 110°C for 18 hours.

The rutile titanium dioxide used in this investigation was R-110, supplied
by the Pigments Division of E. I. du Pont Company. The composition as
specified by the manufacturer is 97 per cent Ti0,, 0.5-1.5 per cent Al,0; and
0.0-1.0 per cent Si0,. The surface area of R-110 was 8.8 m?/g. The rutile samples
also were dried at 110° for 18 hours prior to the solution adsorption experiments.

Polyamides

The polyamide resins were supplied by the Lawter Chemical Company and
S. C. Johnson Company. The resins were prepared from the reaction of dimer
acid with ethylene diamine. The dimer acid was a viscous aliphatic (principally
Cs) dibasic acid.

The properties of the polyamide resins are summarised in Table 1. The
molecular weight values were determined on a Model 301 Mechrolab Vapor
Pressure Osmometer, for which n-propanol and isopropanol were used as

Table 1
Properties of polyamide resins

Acid value ’ Amine value l MW

Polyamide Supplier
A Lawter 34 less than 6 1855
C Lawter 2.0 less than 6 3900
E S.C.J. 49 3.43 8050

solvents. The condensed unit structure

o 0] ll-[ H
u |
& @y &Ny N

has a molecular weight of 590. On this basis Polyamides A, C, and E should
contain 3.1, 6.6 and 3.6 condensation units, respectively. The model is
idealised somewhat since the hydrocarbon chains are known to be branched®.

Procedures

Reference spectra of polyamide films were obtained on sodium chloride discs
25 mm diameter and 4 mm thickness. Multiple depositions from dilute alcohol
solution were used to develop films of suitable thickness. The solvents were
evaporated at 50°C and reduced pressure.

The technique which proved useful for the analysis of adsorbate-adsorbent
complexes was the potassium bromide (KBr) pellet technique. IR quality KBr
was obtained from the Harshaw Chemical Co. The manufacturer supplied IR
spectra of the samples in the range of 2-15 microns. The spectra showed only
two minor absorption peaks due to adsorbed water centred at 2.9 and 6.0
microns. The KBr powder was dried before use at 150°C for several days and
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stored in a desiccator over phosphorus pentoxide. The exposure of this dried
powder to the atmosphere was minimised in all subsequent operations. Spectra
obtained from a sample of KBr dried in this manner showed a negligible
amount of residual water.

Samples were first prepared by adding a few milligrams, weighed to +0.1 mg,
of the substance whose spectrum was desired to 300 mg of KBr and mixing
the two solids for 20 to 30 seconds in a Wig-L-Bug Dental Vibrator. The pro-
cedure was later modified to reduce scattering losses in the sample due to pig-
ment agglomerates.

The modified mixing procedure consisted of adding known weights of
recovered adsorbent to KBr and grinding thoroughly in an agate mortar and
pestle under carbon tetrachloride. The extensive grinding of a sample with
KBr could not be done in the atmosphere because of the hygroscopic nature of
KBr. Carbon tetrachloride was a suitable mulling liquid since it did not dissolve
or desorb polymer from the adsorbent, and also because it was inactive in the
regions of the polymer infrared absorption bands. The mulls were ground for
approximately 15 minutes. The carbon tetrachloride was removed by vacuum
drying, leaving a sample well-dispersed in KBr. In some cases, aliquots of the
initial KBr dispersion were diluted with additional KBr and reground under
carbon tetrachloride.

The grinding and drying operations were followed by the pelletising process.
A 16 mm diameter Limit Research Corporation stainless steel die equipped
with optically polished discs and a vacuum connection was used to form the
pellets under pressure. The KBr dispersion was added to a heated die which
was then assembled and placed in a Carver Hydraulic Press. The cell was
evacuated with a mechanical vacuum pump for a period of one minute. Then
20,000 psi of pressure was applied for a period of two minutes while the vacuum
was maintained. This procedure produced a disc approximately 1 mm thick
which could be handled easily. Pellets of pure KBr were also prepared during
each experiment for use as reference standards. All pellets were stored in a
desiccator over phosphorus pentoxide in order to minimise water absorption.

The infrared measurements were made on a Perkin-Elmer Model 21 recording
infrared spectrophotometer. Examination of the pellets, prepared by the
method described above and containing adsorbent plus adsorbed polyamide,
gave extremely weak absorption bands in the infrared range. Only after equipping
the spectrophotometer with a Perkin-Elmer Ordinate Scale Expander, Model
021-0367, were the band intensities adequate for quantitative analysis. The
unit provided continuously variable expansion from 1X to 5X, and four step-
wise expansions of 1X, 5X, 10X and 20X. Most of the reported measurements
were made at both 1X and 10X expansion and appropriate reductions in
scanning speed.

Results

The major features of the infrared spectra from 2 to 15 microns for polyamide
A, C, and E films on NaCl are illustrated in Fig. 1. The tracing is restricted
to the two regions 2.8 to 3.9 and 5.8 to 7.3 microns because they contain most
of the absorption bands of interest. A summary of the assignments of specific
absorption bands of interest and their intensities is given in Table 2. In general,
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the assignments resemble those described by Kagarize and Weinberger for
Type 6 nylon?®.
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Fig. 1. Infrared spectrum of polyamide E film.
Table 2
Frequency assignments for polyamides
Band Wave length | Wave number | Intensity
() | (cm™!) |
N-H stretch from N-H and Nl—l2 .. 3.04 | 3289 I s
N-H stretch from NH, .. .. 3.25 | 3077 ‘ w
C-H stretch from CH, .. . - 3.43, 3.51 | 2915, 2849 | S
C = O stretch from amide .. .. 6.03, 6.08 1658, 1645 ' m,s
N-H bend from amide .. " .. 6.38, 6.45 | 1567, 1552 | m,vs
C-H bend from CH, .. .. .. 6.85, 7.28 1460, 1374 | m
|

No major differences were observed for recorded spectra of the polyamides
between free film samples and KBr-mulled samples at | per cent polymer
concentration. However, when samples were investigated at the 0.03-0.05 per
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cent polymer concentration with the use of scale expansion, splitting of the
bands was observed, an occurrence which first suggested an interaction between
polymer and KBr. An example of a polyamide-KBr matrix spectrum measured
with scale expansion is shown in Fig. 2 for Polyamide A.

80 3330 25004 1667 1430
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z 3 '
z ’ 653
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o ||
> |
(Vp]
P4 i
< i
& 4ol
10x
20}
| | 4 1 |
30 40 6-0 7-0

WAVELENGTH (MICRONS)
Fig. 2. Infrared spectrum of polyamide A-KBr matrix

The significant changes between these spectra and those obtained from free
films occurred in both the N-H stretching band and two amide bands. Amide I
is the carbonyl stretching frequency centred at 6.08 microns, and amide II is
the N-H bending band centred at 6.45 microns.

A quantitative analysis of Polyamide E absorption bands was undertaken at
various polymer concentrations dispersed in KBr. The results provide a direct
comparison with solution adsorption measurements. The baseline method!!
was used to measure peak intensities on the spectra. The Beer-Lambert calibra-
tion plots illustrated in Fig. 3 were obtained for the major absorption peaks
and the extinction coefficients, an, listed in Table 3 were calculated from the
slopes of the lines.
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Fig. 3. Beer-Lambert calibration for polyamide E

Table 3
Extinction coefficients for Polyamide E

0-5

Wave length am
(w)
3.05 0.185
3.43 0.408
6.08 0.430
6.45 0.230
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Infrared analyses were performed on most of the polyamide-absorbent
combinations. The spectrum of Polyamide A absorbed on EIf 5-2 from
n-butanol solutions is shown in Fig. 4. The KBr matrix contained between
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Fig. 4. Infrared spectrum of polyamide A adsorbed on EIf 5-2

110 and 120 micrograms of polyamide adsorbed on EIf 5-2, as estimated from a
solution adsorption value of 104.3 mg/g. The notable features of the spectrum,
recorded at 10X expansion, are the presence of absorption bands at 6.08
microns, indicative of C = 0 stretch, and the absence of an absorption peak at
3.04 microns where the N-H stretching band normally occurs. Infrared absorp-
tion spectra were also recorded for Polyamide A adsorbed on rutile from
n-propanol. An example is shown in Fig. 5 at 10X expansion for a sample
containing 3.5 X 103 micrograms of polymer-adsorbent dispersed in approxi-
mately 300 mg of potassium bromide. The amount of polymer adsorbed from
solution was 9.0 mg/g. Strong absorption peaks were obtained again at 3.43,
6.08 and 6.45 microns, and the peak shape corresponding to the N-H stretching
band at 3.05 microns was changed drastically.

Figs. 6 and 7 illustrate the infrared spectra for samples of Polyamide C
and E adsorbed on EIf 5-2. The samples contained 3.2 and 6.3 x 10? micro-
grams of polyamide-adsorbent, respectively. The polyamide solution adsorption
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Fig. 5. Infrared spectrum of polyamide A adsorbed on rutile

on these samples was 196 mg/g and 181 mg/g, respectively. The major absorp-
tion peak apparent in the 3-4 micron region is the C-H stretch at 3.43 microns.
Only in Fig. 7 is there a suggestion of an inflection corresponding to the
N-H stretching band at 3.05 microns. The carbonyl stretch at 6.08 microns is
the strongest -band present, but the peaks appear to broaden in both spectra.
Since absorption peaks due to the presence of residual water in potassium
bromide are known to occur at 2.9 and 6.1 microns, the broadening of the
carbonyl band at 6.08 microns may be due to interference from water!2.

The extinction coefficients summarised in Table 3 provide the basis for the
calculation of Polyamide E concentrations on the adsorbent samples selected
for infrared analysis. The quantitative calculations are based on C-H band

Table 4

Polyamide E adsorption
from infrared and solution measurements

IR Surface \ UV Solution
Adsorbent concentrations l adsorption
(mg/g) | (mg/g)
Rutile 34 i 27

EIf § 151 181
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(3.43 micron) intensity for the Polyamide E-rutile system and on the N-H band
(6.45 micron) of the amide group for the Polyamide E-EIf 5 system. Table 4
summarises the Polyamide E concentrations as calculated from the infrared
spectra and solution adsorption measurements.

Absorbances (log I,/l) also were calculated for the major absorption peaks
of both pure and adsorbed polyamides on rutile and carbon black. The values
are summarised in Table 5. Since the absorbance is dependent upon the con-
centration of the absorbing group, the values listed in Table 5 vary widely,
because of differences between the samples. The relative ratios of absorbances
for two absorption bands in a given polyamide spectrum should be characteristic.
Should the ratio change from one environment to another, a perturbing
influence due either to the KBr matrix or adsorbent may be involved.
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Fig. 6. Infrared spectrum of polyamide C adsorbed on EIf 5-2
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Table 5

Absorbances calculated from infrared spectra
of pure and adsorbed polyamides

Wave length 3.05 3.43 6.08 6.45
Polyamide A s - o 0.010 0.020 0.018 0.011
Polyamide C o 0 S 0.043 0.094 0.101 0.053
Polyamide E s an o 0.012 0.029 0.032 0.019
Polyamide A on rutile .. o5 — 0.015 0.013 0.009
Polyamide E on rutile .. 30 — 0.051 0.035 0.023
Polyamide A on EIf 5 .. - — 0.010 0.008 0.004
Polyamide Con EIf 5 .. 0 — 0.020 0.022 0.017
Polyamide E on EIf § P 55 — 0.019 0.020 0.021
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Discussion

The modification of typical polyamide spectra as in Fig. 1 when present at
very low concentrations either in KBr alone, Fig. 2, or when introduced
with adsorbent in KBr, Figs. 4-7, can be due to a number of causes. A
number of characteristic amide absorption bands are known to split and shift
with solution dilution.'314 Crystalline x-naphthalene acetamide has been demons-
trated to undergo structural changes with increased time of mulling in KI'2,
Moisture adsorption by KBr was the most troublesome potential problem
because bands at 2.95 and 6.1 micron could interfere with known amide absorp-
tion frequencies.

The potential difficulty of isolating the N-H stretching band at 3.03 microns
from the 2.94 O-H stretching band was illustrated best in Fig. 2 where the
overlap and band distortion could be distinguished readily. Introduction of
the adsorbents with adsorbed polyamides compounded the problem.

The spectra of carbon black with adsorbed polyamides, Figs.- 4, 6 and 7,
contain absorption bands of varying widths, centred at 2.90 in Fig. 4, and
little if any trace of the N-H stretching band at 3.04 microns. Slight changes of
curvature on steeply rising band shoulders at 3.04 microns in Figs. 4 and 7
are the only traces of any residual N-H stretching absorption.

The spectrum in Fig. 5 of rutile containing adsorbed Polyamide A, on the
other hand, contains a broad band centred at 3.05 microns. Very similar spectra
were obtained with the other polyamides adsorbed on rutile. The difference in
band shapes between Figs. 5 and 2 suggested that the apparent absorption at
3.05 microns was due to adsorbed water on the KBr. The maximum in the
1X spectrum at 2.90 to 2.95 microns in Fig. 5 indicated that the water content
of the KBr window in the reference beam was greater than in the sample
window. The edge of the resulting ‘ reverse absorption band * consequently was
responsible for the apparent wide band at 3.05 microns on the 10X spectrum.

The apparent disappearance of the N-H stretching absorption band actually
serves as reasonable evidence for a shift to shorter wave length (greater wave
number). The infrared study of butyl ethanamide and its derivatives demons-
trated that the N-H stretching bands corresponding to the observed polyamide
absorption at 3.03 and 3.23 microns shifted in dilute solution to a band at 2.91
microns,!3 an ideal location for interference with the O-H absorption band in
the present study. The feature of this comparison, however, is that the shorter
wave length absorption by butyl ethanamide is characteristic of the N-H
stretching frequency unperturbed by hydrogen bonding. If the situation is
analogous in the polyamides and the 3.03 micron absorption band is charac-
teristic of the intra- and intermolecular hydrogen bonded N-H stretching
frequency, adsorption of the polyamides’ functional groups restricts the ability
to form intramolecular hydrogen bonds. In retrospect this may not be too
surprising if the four atom amide group is planar and adsorbed parallel rather
than perpendicular to the surface. The perpendicular configuration should
promote hydrogen bonding, particularly with the rutile adsorbent; whereas
adsorption parallel to the surface should hinder energetically the amide groups
from adjacent chain segments approaching one another sufficiently closely to
form hydrogen bonds.
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The fact that the major Polyamide E absorption bands followed the Beer-
Lambert relationship in Fig. 3 over a reasonable concentration range does
not guarantee that the responsible absorbing groups are behaving independently
of the KBr matrices. In view of these reservations, the agreement is good between
Polyamide E adsorption on rutile and carbon black calculated from infrared
extinction coefficients and ultraviolet spectrophotometric solution measure-
ments. The results listed in Table 4 were sufficiently promising to apply the
KBr technique to polyamide desorption studies now in progress.

While the two examples in Table 4 provide reasonable agreement, inconsis-
tencies can be obtained readily in calculated polyamide adsorption if absorbances
are used from several bands in the spectrum of a given adsorbent-adsorbate
system. The problem can be illustrated by calculating the absorbance ratio for
any two of the several absorption bands with values listed in Table 5. Typical
ratios are listed in Table 6 for the amide I, a carbonyl stretching frequency, and
the amide 1I band, an N-H bending frequency. The C-H stretching band
absorbance at 3.43 microns was chosen as the reference because the frequency
and extinction coefficient were least likely to be perturbed by the adsorption
process. The amide 1 and Il bands, on the other hand, are very sensitive in
monosubstituted amides, both in frequency and intensity, to changes in state
and concentration.!3 14 Rather extensive analyses have been reported on the
characterization of these bands because of the interest in the structural analysis
of polypeptide chains.

Table 6

Absorbance ratios calculated from infrared spectra
of free and adsorbed polyamides

Polyamide A(6.08)/A(3.43) ‘ A(6.45)/A(3.43)
A . 0.90 ! 0.55
C . 1.07 \ 0.57
E .. .. .. 1.10 0.66
A on rutile Vs 0.87 ‘ 0.60
E on rutile ve } 0.69 ‘ 0.45
A.on EIf § . 0.80 ’ 0.40
Con EIf 5 oo | 1.10 ! 0.85
E on EIf 5 a5 1.05 \ 1.10

The first set of absorbance ratios listed in Table 6 are for the polyamides
dispersed in KBr. The absorbance ratios for both the amide 1 and Il bands
relative to the C-H stretching band increase with increasing polyamide mole-
cular weight.

The corresponding absorbance ratios for the adsorbed polymers depended
upon the particular adsorbent. Both absorbance ratios for Polyamide E on
rutile are less than the ratios for free (unadsorbed) Polyamide E. The decrease
in absorbance ratios can be explained by one or more means: (1) fractionation
of molecular weights during the adsorption process; (2) shift of an absorption
band and change in intensity due to dilution or deaggregation during adsorp-
tion ; or (3) preferential interaction between one or more of the polyamide
functional groups and the hydroxyl groups known to be present on the rutile



1967 ADSORPTION OF POLYAMIDES 879

surface.1® The first possibility, fractionation of polymers during the adsorption
process, has been eliminated by viscosity studies reported earlier' which
demonstrated that higher molecular weight polyamide fractions were pre-
ferentially adsorbed by rutile. Therefore, the decrease in the absorbance ratios
for the adsorbed Polyamide E cannot be attributed to selective adsorption of
the lower molecular weight polyamide fractions.

The 6.08 micron band is characteristic of the C = 0 stretching frequency in
monosubstituted amides ; however, two equal intensity components have
been characterised in the N-butyl ethanamide spectra,'® each of which is within
2 cm! of the shoulder at 6.03 microns and major peak at 6.08 microns in the
Polyamide A spectrum in Figure 2. Dilution of N-butyl ethanamide in a non-
polar solvent caused the amide I band to shift to 5.93 microns and slightly more
in the case of N-methyl acetamide.!* The closest analogue to this shift in the
polyamide spectra is an inflection of variable intensity which appears at 5.90
microns.

The relative absorption intensities at the three frequencies associated with
the amide I band in the polyamides varies with both polyamide molecular
weight and adsorbent. No attempt has been made to treat the intensities
quantitatively because of possible interference from adsorbed water on KBr.
The intensity of the 6.03 micron band relative to the 6.08 micron band is
greatest for the lowest molecular weight Polyamide A. Adsorption of the Poly-
amide A on to rutile promoted the relative intensity of the 6.03 micron band
without significantly affecting the absorbance ratio of the 6.08 band to the 3.43
band as indicated in Column 2, Table 6. Adsorption of Polyamide E on rutile
markedly reduced the relative intensities of both amide I and amide II bands.
With respect to the amide 1 band some shift may have occurred to 5.90 microns
since the band, though weak, is better developed than in any other spectra of
adsorbed polyamides.

The similarities between the amide I absorbance ratios for the adsorbed
polyamides on carbon black and for the corresponding polymers in KBr
suggested that simple dilution during adsorption was not the major reason for
spectral shifts observed in the polyamide-rutile samples. Specific interaction
between the amide carbonyl group and rutile was another possible cause.
Fontana and Thomas* used infrared spectrophotometry to investigate adsorbed
mono- and di-esters as well as polymethylmethacrylates on equilibrated silica
suspensions. The development of a new carbonyl band at a lower wave number
was observed due to the group interacting with the silica surface. The frequency
shifts were 20-30 cm~! and the band intensities provided estimates of the numbers
of free and adsorbed segments.

Isolation of the adsorbents in this investigation and incorporation into KBr
matrices eliminated the possibility of identifying the solvated and adsorbed
groups. Even the solvated groups in solution which belonged to adsorbed
molecules could collapse to either polymer or adsorbent surface during removal
from suspension and drying. Nevertheless, the present work indicates that the
KBr technique can be sufficiently sensitive to characterise various energy
states of the C = 0 stretching band in adsorbed polyamides.

The third column in Table 6 was based on the absorbance ratios of the
amide II band, 6.45 microns, to the C-H stretching band. The ratios increased
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slightly with polyamide molecular weights when dispersed in KBr. The response
to adsorption was more varied than that of the amide I band. The ratio decreased
for Polyamide E on rutile very similarly to the behaviour of the amide I band.
On carbon black, the response varied with polyamide molecular weight, the
ratio for the lowest molecular weight decreased, and increased for the two
highest molecular weights. The mixed response to adsorption may not be too
surprising in view of the several factors influencing the frequency and intensity
of this band.

The 6.45 micron band disappears on disubstitution of amides and is generally
attributed to N-H in-plane bending in monosubstituted amides.!! A major
contribution in determining the frequency is derived from the resonance form
of the amide group!’

R H
N, o+
C=N
/ \\
O~ R’

as well as the C-R and N-R’ bond vibrations.'* The band frequency also is
sensitive to dilution and changes of state. An analysis of the amide II band
structure in diformylhydrazine and its deuterated analogue led Miyazawa,
Shimansuchi and Mizushima!* to the conclusion that the band frequency in
the non-deuterated form is also sensitive to the vibration stretching frequency
of the N-H bond. On this basis, the observed effects of polyamide adsorption
on the N-H and C=0 stretching frequencies may be reflected in the amide 1l
band structure and absorbance.

The central amide II band for polyamide films on NaCl, Figure 1, was
located at 6.43 microns and appeared to have poorly resolved inflections on
both sides. The KBr spectrum of Polyamide A in Figure 2 has resolved three
peaks in this region, one of low intensity at 6.38 microns and two of approxi-
mately equal intensity at 6.45 and 6.53 microns. A similar set of bands was
reported in the spectra of N-butyl ethanamide and its derivatives.!® Bands in
the spectrum of the parent compound appeared at 6.39, 6.43 and 6.47 microns
and were attributed to C-N vibrations in dimers involving cyclic N-H-O,
linear N-H-O and N-H-N hydrogen bonds, respectively. All of the bands
shifted with dilution to form a strong band at 6.66 microns, close to a 6.68 micron
band observed in the present KBr spectra. If the suggested shift in the N-H
stretching frequency of the adsorbed polyamides to shorter wave lengths was
due to disruption of intramolecular hydrogen bonds, and the frequency assign-
ments of Letaw and Gropp were correct, the dominant 6.45 micron band in
the polyamides should be sacrificed on adsorption in favour of the 6.68 band
formation. Comparisons among Polyamide A spectra in Figures 2, 4, and §
indicate a qualitative trend in this direction. The 6.68 micron bands in the
adsorbed Polyamide C and E spectra are very weak and do not justify any
comment as to contributions of free and hydrogen bonded forms to the N-H
bending absorption.

The earlier suggestion, based on analogy, that the 6.53 micron band was a
part of the amide II structure had to be changed. Absence of the band in the
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informed, he’s capable of giving
expert advice on paint formulations
and applications problems on the
spot. Behind him is a complete
technical service laboratory
equipped for continuous
research and development.
Modern environmental test
equipment is available to
assist customers in
formulating finishes for
specific applications.
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spectra of polyamide films on NaCl and the displacement of the band from the
reported structure in monosubstituted amide spectra made the assignment
doubtful. The development of the band in KBr and the proximity to the 6.49
micron absorption reported for the ionic form of the carboxyl group in stearic
acid adsorbed on the rutile® suggests that adsorbed terminal carboxyl groups in
the polyamide chains may be responsible. The observation that the ratios of the
6.53 to 6.45 micron absorbances decrease with increasing polyamide molecular
weight supports the tentative assignment.

Conclusions

The results of the present study indicate that the concentrations of polyamides
adsorbed on pigments can be determined by analysis of infrared spectra obtained
on pressed KBr discs containing known sample weights of recovered pigments.
Order of magnitude agreement can be obtained with adsorption determinations
based on solution analyses of the depleted polyamide concentrations.

Adsorption of the polyamides induces significant shifts in several bands of
the infrared spectra due to dilution, disruption of intra- and intermolecular
hydrogen bonds, and interactions with the adsorbent surfaces. Most notable
was the apparent loss of the N-H stretching frequency. The probable shift was
to a lower wave length which was concealed by interference with the O-H
stretching frequency of water adsorbed on KBr. Modification of both amide I
and amide II bands by rutile and amide Il bands by carbon black indicate that
the amide group itself was perturbed by the surfaces.

The spectral data support an earlier hypothesis that the polyamide chains
are oriented predominantly with amide groups on the adsorbent surface
connected by solvated, looped or coiled hydrocarbon chains.
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Discussion at the Scarborough Conference

Dr. G. D. PArRFITT pointed out that in the stretching region, the water that existed
in the KBr could tend to mask any effects in that region. What did Mr. Schaeffer
think about water on the surface of rutile ; what sort of part did this play in the
infrared ?

MR. W. D. ScHAEFFER said he assumed Dr. Parfitt was referring to the effects of
adsorbed water on the adsorption of both polymer and resulting spectrum. All the
pigments had been dried at 110°C before the adsorption experiments were performed ;
consequently some residual physically adsorbed water remained on the surface and
some surface oxide structure may have been perturbed.

The effect of the residual physically adsorbed water on the spectrum of the rutile
should be relatively small, since this was a pigmentary grade of rutile. This was not the
ideal substance, and as Dr. Parfitt had pointed out in his introductory lecture this
was not the ideal grade to use in an infrared study of the surface chemistry of rutile.
A much smaller particle size material was necessary, in which the relative number of
surface atoms compared to bulk atoms was much increased. When working with pig-
mentary grades, a minimum response, due to adsorbed water or adsorbed solvent
species, would result due to the limited concentration of surface sites. The determination
had been carried out under conditions where the system had minimal response to ad-
sorbed water vapour, if indeed much existed on these surfaces.

DRr. V. T. CrowL asked whether Dr. Schaeffer had tried the KBr reinforced-disc
technique for examining the infra-red spectra of the adsorbed polyamides.

With reinforced discs there was the minimum amount of mechanical disturbance of
the specimen and one avoided completely any possibility of interaction with the
solvent, e.g. the carbon tetrachloride used to mull the specimen with the KBr.

A second point was concerned with the adsorbance values quoted in Table 6 ;
Polyamide E adsorbed on rutile showed a very low value for the Ag.s/A;.45 ratio,
which was difficult to understand, particularly in connection with the statement in the
text that the decrease could not be accounted for by fractionation of the polymer.
Could Dr. Schaeffer comment on the interpretation of these adsorbance ratios ?

MR. ScHAEFFER replied that initially attempts had been made to introduce adsor-
bents with adsorbed polyamide into the KBr on the base of the vacuum cell in which
he prepared the KBr window. Virtually all the work was done on recovered pigments
containing the adsorbed polymers. The pigments were agglomerated since they lost
all solvent during the interval between recovery from solution adsorption experiments
and introduction into the KBr system. Under these circumstances the scattering
by the agglomerated sample was so intense that there was a lack of sensitivity, and
it was only after repeated mulling that satisfactory spectra were obtained.

Two techniques had been employed, and the carbon tetrachloride mull was the most
satisfactory from the standpoint of the quality of the spectra. From the point of view
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of interpretation, he was not sure that carbon tetrachloride was necessarily the most
satisfactory technique. The other technique was to redisperse the initial KBr window
and then either reform or dilute with more KBr. In this case the spectra did improve
but in this additional breaking down of the pellet, the KBr had a chance to adsorb

more moisture from the environment. This was the major reason for preferring the
carbon tetrachloride mull.

The second question concerned a section of the paper which was omitted in the
presentation of the lecture. The most difficult of all of the adsorbance ratios in Table 6
to explain was that of polyamide E on a rutile surface, which was probably the
one referred to. The absorbance ratios for the CO stretch to the CH stretch, as well as to
the N-H bending to the CH stretch, were perturbed from the standpoint that the ab-
sorbance ratios were lower in both cases than for polyamide E in KBr alone, or for the
lower molecular weight polyamide A absorbed on rutile.

In the solution adsorption studies of polyamide E on rutile, it was found that the
molecular weight distribution was wide enough to give significant preferential adsorp-
tion of the higher molecular weight components. At first, the low infrared absorbance
ratios for the same samples were attributed to polyamide E fractionation, but if
indeed fractionation were involved, the lower molecular weight components should
be selectively adsorbed. The volumetric analysis of equilibrated polyamide solutions
did not support the point of view.

The remaining explanation possible was a greater perturbation of the amide I and II
bands by the adsorption process on rutile for polyamide E than for polyamide A. Why
the intensities of the corresponding adsorption bands should be influenced more in the
higher molecular weight polyamide was not clear.

Referring back to the work on solution adsorption, it was difficult to say that the
polyamide E molecular area on rutile differed greatly, except for the molecular depence,
from polyamide C or polyamide A molecular areas on rutile. Polyamide E shows about
the same change, the same response, to the presence of an interface or surface as the
other two polymers, so there was no evidence on the basis of molecular areas to support
the above suggestion.

DRr. W. FunkEk asked why alcohols had been used, as they were poor solvents for
polyamide systems. Why were not dimethyl formamide or similar solvents used ?

MR. ScHAEFFER felt the point was very well taken, since the present manuscript in-
cluded only the work with two solvents, n-propanol and n-butanol. The solution
adsorption measurements had included additional solvent systems, mixed solvents
incorporating either n-decane or water. He had not used dimethyl formamide. Attempts
had been made to follow the adsorption behaviour as a function of the quality of the
polymer solvation. Since that time chloroform had been used, a solvent which provided
as little competition in the spectral region of the polymer as possible.

It was found that the better the solvent, the lower the amount of polyamide adsorbed ;
a trend comparable to all the published studies on the adsorption of linear polymers.

DRr. PARFAITT pointed out that the adsorption from solution data were not shown
because these were being published elsewhere and had not been published yet. The
strong adsorption of the polyamide had been mentioned, and this presumably arose
from adsorption isotherms. It had also been suggested, from the experiments, that
there was strong interaction with the amide grouping. He asked how the area occupied
by the polymer on the surface was related to the molecular weight, and what sort of

configuration they adopted at the surface. Would Mr. Schaeffer like to say something
about the adsorption isotherms ?

MR. SCHAEFFER said this was a fascinating part of the study, and apologised for not
having the entire study available. As he had suggested to Dr. Funke the better the sol-
vent system which was employed, the lower effectively was the amount of polyamide
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adsorbed. In other words, the adsorption of a given polyamide from two or more
solvents could be inversely related to the limiting viscosity number. The higher the
limiting viscosity number, the lower was the weight of material adsorbed from solution
at the plateau of the typical Langmuirian type isotherm. This applied as long as the
solvents were the normal alcohols and mixtures of these alcohols with the hydrocarbons.
When water was introduced into the two alcohols, the quality of the solvent became
much poorer, and the effective molecular diameter decreased. When the polyamides
were adsorbed from these solvent systems on the carbon black surface, the poorer
the solvent system, the greater the amount of polyamide which was adsorbed.

When rutile—which could interact very selectively with water—was used as the
absorbent, on the other hand, then the presence of water in the solvents had a markedly
different effect : it tended to decrease the amount of polymer adsorbed and increase
the effective areas of the adsorbed polyamides.

In summary, water in solvents equilibrated with rutile influenced the interaction of
polyamides with specific surface sites; in the case of carbon black, the water in-
fluenced the polyamide configuration by limiting the solvation. Latter systems were
surprising, because the Elf-5 surface contained about 3 per cent chemisorbed oxygen,
and might be expected to interact selectively with polar groups on the polyamide
and water.

DRr. PARrfITT felt that it was a question of energy of interaction of water with the
surface. An oxide surface apparently dried at 120 C would normally absorb water
rapidly on exposing it to the atmosphere.



Reviews
SURFACE TENSION AND ADSORPTION

By R. DEerAY and I. PRIGOGINE, with the collaboration of A. BELLEMANS
(translated from the French by D. H. EvVERETT). Longmans, Green & Co. Ltd.,
London, 1966. Pp. xxxii-+432. Price 100s.

For many of the readers of this Journal surface chemistry is a prime interest,
hence the title of this book will attract their attention. Those with more than
a passing interest in thermodynamics will recognise the names of the authors
and expect on closer examination to find an authoritative account of the
thermodynamics of interfaces. They will not be disappointed except, perhaps,
in the fact that not all interfaces are considered. The major proportion of
the 21 chapters deals with the thermodynamics of liquid surfaces. Some
consideration is given to the surface tension of solids with particular reference
to nucleation phenomena, but adsorption by solids receives little attention ;
mention is made of adsorption from the vapour phase, but there is no discussion
of that from solution by solids.

In his classical work Gibbs laid the foundation of the thermodynamics of
interfaces. The authors of this volume present an authoritative exposition
based mainly on the Gibbsian treatment. The first five chapters contain the
definitions and the development of the thermodynamic formulae for interfacial
systems. A detailed investigation of the Gibbs adsorption equation is then
given and followed by several chapters on the surface tension (static and
dynamic) of pure liquids and solutions, and a brief discussion of the properties
of insoluble films. The Gibbs model is replaced for solutions by a statistical
approach based on the assumption that a monolayer of given composition
separates the two bulk phases. The shortcomings of this model are discussed
and a treatment involving a multiple layer model is developed which is then
compared with that using the Gibbs approach. The important effects of surface
curvature are then considered and lead to an examination of the concept
of surface tension of a solid surface, from which the thermodynamic aspects
of nucleation are developed and reviewed. The final chapter deals with
adsorption of electrolytes and electrocapillarity.

Although there is liberal reference to experimental work, the book contains
mainly a mathematical treatment which in parts is quite formidable, but
nevertheless readable. Production, style and translation are all excellent ; the
price is very reasonable. For those who wish to study the subject in depth
this book will be an asset. Herein lie the fundamentals ready to be exploited.

G. D. PARFITT.

RUBBER : NATURAL AND SYNTHETIC, 2ND EDITION

By H. J. STERN. Maclaren & Sons Ltd., London. Pp. 518. Price £5 5s.

The first edition of this book appeared in 1954, so that a revised edition
was due and is very welcome. The arrangement of the new edition is somewhat
different from that of its forerunner. The book is no longer divided into two
parts (natural, synthetic), and, for example, the first treatment of synthetic
rubber comes in Chapter 3 instead of Chapter 8 as previously.
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The chapter headings, as follows (approximately), indicate the coverage:
(1) historical, plantation rubber, (2) raw rubber, propetties, etc., (3) synthetic
rubber, emulsion polymers, (4) butyl and ethylene, etc., copolymers, (5)
stereoregular rubbers, thermoplastics, (6) vulcanisation, antioxidants, (7)
compounding ingredients, (8) rubber machinery, (9) manufacturing processes,
(10) latex technology, (11) properties of rubber. Thus 11 chapters replace the
previous 13.

To write a book covering a particular field of technology completely is a
formidable task nowadays, and Dr. Stern is to be congratulated not only in
doing just this but also in filling a serious gap in the technological literature.
1t is difficult to think of any other book which could be recommended to
anyone wanting an up-to-date general treatise on the whole subject of rubber
technology.

The most serious criticism that can be levelled against the book is the
divergence into the realm of plastics in various places, which seems hardly
justified in a book of this title, especially since, as mentioned, rubber technology
would seem to be a big enough subject in itself. The author explains that
accounts of certain plastics, e.g. polyvinylchloride (cf. p. 210), are included
because they have some rubberlike properties, but this ignores the essential
differences between elastomers and thermoplastics. Again what rubbery
properties does ptfe, for example, have to justify its inclusion in Rubber :
Natural and Synthetic? On the other hand an important material used in
tyre manufacture, insoluble sulphur, finds no mention.

The book seems to contain more printing errors than the first edition. Some
noted were :

p- 29, for the reference 24 read 23.
p. 208, Fig. 5.8, for ** from > read ** foam.™
p. 467, Fig. 11.4, line 6, for * molecular " read ** molecule.”
p. 507, for “ frequency " read * frequently.™
On the other hand the reader has gained something in the reduced weight
of this second edition, thus :
Weight of book, Ist edition—31b 7oz
»» s s 2ndedition—21b 11 0z

As mentioned in the review of the first edition (JOCCA, January 1955,

p. 48), the choice of a comparatively thick ** art ™" paper appears to be responsible
for these comparatively high figures.

Finally the book can be recommended to memters of the Association who
want a general treatise on rubber technology (but which does not deal at any
great length with the use of elastomers in coatings).

W. H. STEVENS.



Information Received

(In case of difficulty regarding 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.)

A new booklet on Santotherm heat transfer fluids has recently been published by
Monsanto Chemicals Ltd. The Santotherm (FR) Series 1 fire-resistant fluids are claimed
to operate in a temperature range from —18°C to 315°C, and the Series II fluids
to operate in a range from —73°C to 360°C. They are claimed to afford even heating,
and to be controllable to within 1°C.

BP Chemicals (UK) Limited, Carshalton Division, have announced that they are
to commence manufacture of Biso/ DDSA (dodecenyl succinic anhydride) in com-
mercial quantities. It is claimed that this is the first time that the material has been
manufactured in commercial quantities in Britain.

A new speciality addition to the Cromophtal range of high performance pigments
has been introduced by Ciba Clayton Ltd. The new organic pigment, Cromophtal
Red A3B, is bright bluish red in shade and is claimed to have excellent resistance
to heat, light, weathering, solvents and chemicals. It may be used in all high quality
pigment applications, but is recommended by the manufacturers for use in strong
shade metallic finishes, molybdate chrome blends, or to produce bright bluish reds
in pvc and polyolefines.

Also announced by Ciba is Orasol Red G, a brilliant red solvent soluble dye
recommended for printing inks and lacquers.

Improved production handling and paint performance is claimed by The Dow
Chemical Company for their new synthetic latex paint additive, Methocel SA 1214.5.
A cellulose ether, it is said to offer close solubility rate control and good flow and
levelling characteristics, particularly in acrylic latex systems.

Greater transfer of ink, superior tone reproduction and improved highlights are
advantages claimed for the new Crosfield Heliostat 260, the latest development in
electrostatically assisted gravure printing from Crosfield Electronics Ltd.

The Heliostat, which was recently demonstrated jointly by Crosfield and Fishburn
Printing Ink Co. Ltd., generates an electrostatic field across the printing nip and
draws the ink particles into the pores of the paper, giving optimum ink coverage
and eliminating speckling or ““ dot skip.”

The Heliostat is a pipe roller, containing a sealed electronic package, which runs
in contact with, and is driven by, the impression roller. The surface of the generator
roller is covered with conducting rubber, and a high voltage is transmitted to the
surface of the impression roller, which is also covered with conducting rubber,
producing the required electrostatic action in the printing nip.

Additions to the Plastokyd range have recently been announced by Plastanol
Limited. These are Plastokyd 300X, a DCO oil of 27 per cent oil length, Plastokyd
310XB, a 30 per cent oil length linseed oil, Plastokyd 462X, a 43 per cent linseed
oil, Plastokyd 465X, a 47 per cent oil length soya/DCO oil, and Plastokyd 475X,
40 per cent oil length tall oil fatty acids.

Badische Anilin- and Soda-Fabrik AG have recently added three further pigments
to their Heliogen range. These are Heliogen Blue BC, Heliogen Green 6GA and
Heliogen Green 8GA. The new pigments are claimed to have improved colour strength,
cleanness of shade and dispersibility.
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A new technical information leaflet, Pigment No. 10, has recently been issued
by Farbwerke Hoechst AG. The leaflet covers properties and formulation of PV fast
and PV pigments, and Euviprint D pigment preparations, for use in printing inks
for polyolefines, pvc and aluminium foils. Also announced are two new additions
to these ranges, Permanent Bordeaux HF3R extra power and PV Pink FL.

A new device for accurate temperature control of solids, liquids and gases in the
laboratory has been introduced by GSPK (Electronics) Ltd. The device, the
Thermonitor, is simple in operation, requiring only the use of a mercury/glass
thermometer. The thermometer is placed in a stainless steel jacket, using mercury
as a contact liquid, and one probe of the Thermonitor attached to the jacket. The
other probe is attached to the thermometer, and after the instrument sensitivity
has been adjusted, this probe can be set to the temperature required on the
thermometer, after which, it is claimed, this temperature will be maintained to within
2 mm of the thermometer scale for any desired length of time.

Mitchell Craig Pumps Ltd. have recently published a new brochure dealing with
their range of side-entering mixers. Reference No. S.E.l, the brochure covers a range
of gear- and belt-driven mixers from } to 40 hp.

A new quick drying Parsolac primer has been introduced by Sherwood Parsons Ltd.,
a subsidiary of Donald Macpherson and Co. The primer is claimed to have improved
adhesion, flow and covering power, and incorporate the latest rust-inhibiting pigments.

Continuous level indication of bulk container contents together with up to ten
relay control points is available with the Levelrator, recently introduced by Thomas
Industrial Automation Limited. The ten relay control points are infinitely variable
along the entire electrode length, and as the instrument is transistorised, it can be
mounted, it is claimed, up to one mile from the point of measurement.

Important changes in the activities of Berk Limited have been announced. To
line up with the policy of concentrating endeavour into the company’s more profitable
fields, and cutting back central overheads, the Chemicals Division has been divided
into two profit-accountable units, responsible separately for manufactured and
merchanted products. At the same time the ‘‘ made to order ™ plant section of the
Engineering Division has been sold to Pennsalt Ltd., a joint company, BCA
Pharmaceuticals, has been formed with Cope Allman International Ltd., and expansion
of the joint sand gravel business with Ready Mixed Concrete (United Kingdom) Ltd.
is planned.

John & E. Sturge Limited are offering a free sample of emulsion paint containing
Calopake EP for evaluation by any interested paint manufacturer. Calopake EP
is one of the Sturge range of precipitated calcium carbonates, claimed to be specifically
produced to give increased brightness and opacity in emulsion paint, with improved
brushing characteristics, can stability, high wash resistance, and good flow out rating.



Section Proceedings

Thames Valley

Some recent developments in paint testing instruments

The sixth technical meeting of the session was held at the Royal White Hart Hotel,
Beaconsfield, on 29 March 1967, when Mr. C. J. H. Monk, of ICI Paints Division,
spoke on ** Some recent developments in paint testing instruments.”

Mr. Monk introduced the subject by outlining the various properties of a paint
which it is desirable to measure for specification and other purposes. These properties
could be broadly divided into two main groups : (¢) Those which could be precisely
defined into simple scientific terms, (b) those which were assessed in a subjective
manner and could only be defined empirically. The measurement of film thickness,
viscosity, gloss, etc., were used to illustrate these groups.

The main requirements for standardising methods of paint testing and the design
of paint testing instruments were discussed. The advantages of good testing equipment
being available to raw material suppliers, paint manufacturers and customers were
pointed out.

Examples of instruments developed by ICI Paints Division were considered in
this light and details given of their construction and use.

These were :

(1) The pressure WPG cup

(2) The Cone and Plate Viscometer & f ) ot T 1

(3) The Gel Tester or testing paint in the can.
(4) The High Viscosity Rotothinner

(5) The Mechanical Applicator
(6) The Drying Time Machine for paint application testing.
(7) The Oven Temperature Recorder

(8) The Pneumatic Hardness Tester  » for dry film testing.

In concluding, the importance of a concise definition of what was to be measured
was stressed. Also the advantage of making instruments available which could give
results independent of the judgment of the operator was pointed out.

Concerning the future, there was still a need for better paint testing instruments
in the fields of measurement not mentioned in the talk. Also there was scope for
miniature instruments which the paint technologist could carry in his pocket, and
lastly the inevitable automation of paint plant would be largely dependent on the
availability of suitable measuring instruments.

The talk was followed by a demonstration of the various instruments discussed.
A vote of thanks for a very professional presentation was proposed by the Chairman,
Mr. A. G. Holt.

W. s.
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Notes and News

Applications to exhibit at next year's
Technical Exhibition close on 4 September
1967, and a large number of applications
have been received, both from the
United Kingdom and continental sources.
The Exhibition will take place from
25-29 March at Alexandra Palace,
London. (The hours of opening were
given in the July Journal.) Leaflets giving
a map and directions in six languages
(English, French, German, Italian,
Russian and Spanish) have been prepared

Jordan Award

As announced at the Annual General
Meeting, Council has been very pleased
to receive from Mrs. L. A. Jordan a
bequest for the institution of an Award
in memory of her late husband, Dr. L. A.
Jordan, who was President of the Asso-
ciation 1947-49, became an Honorary
Membcr in 1955 and presented the first
Commemorative Lecture in 1963.

Louis Arnold Jordan, C.B.E., was
the Founder Director of the Research
Association of British Paint, Colour
and Varnish Manufacturers from its
inception in 1926 until his retirement in
1959. He died on 1 December 1964 at the
age of 72. He had a distinguished
academic career at the Royal College
of Science and in the 1914-18 war was

Technical

Exhib

for wide distribution on the Continent.
It may be possible to supply copies to
members wishing to send these to their
colleagues and associates abroad, if
written application is made to the
General Secretary. Similarly, copies of the
Official Guide, which will be available
early next year, may be obtained free of
charge by those intending to visit the
Exhibition ; all members of the Asso-
ciation wherever resident will receive a
copy immediately upon publication.

concerned with explosives. After the
war he held appointments in the chemical
industry and for a time was the scientific
adviser to the State of Bhopal. As well
as his Directorship of the Paint Research
Station and Presidency of the Oil and
Colour Chemists’ Association, he took
an active interest in many other bodies
connected with the industries and
education ; he was a member of the
Senate of London University and
Professor of Chemistry at the Royal
Academy of Arts 1958-62. After his
retirement he visited India and the Far
East on official visits.

It is intended that the first Award of
£100, which will be in cash and entirely
at the disposal of the recipient, shall be
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made at the time of the Association's
Jubilee Celebrations in May 1968 and
thereafter it is hoped to make the Award
biennially.

The Award is open to all members of
the Association up to the age of 35 on
the final date for the submission of
applications which, on this occasion,
will be 31 December 1967. There will be
two methods of application. First, by
direct application in which a paper is
submitted of original work which has
either been published in the Journal or
is so submitted for publication. The
alternative method would be by recom-
mendation by a superior for work which
for reasons of commercial secrecy cannot
be published ; in this case some form of
dissertation would be required from the
candidate. It is stressed that all members
of the Association wherever resident may
apply for the Award and the submission
will be judged on scientific and tech-
nological content and its merit as a
contribution to industry or the Asso-
ciation.

The selection of the recipient for the
Award will be made by a Committee
under the Chairmanship of the Asso-
ciation's Hon. Research and Development
Officer, Mr. A. T. S. Rudram. Appli-

Scottish Section

Student Group

A very pleasant outing to the
Covenanters’ Inn, Aberfoyle, was held
by the Scottish Section, Student Group,
on Saturday 24 June. A large number of
students and friends enjoyed to the full
the hospitality offered at the inn, and

Obituary

Johannes Hoekstra

Many members of the Association who
knew Professor Hoekstra, the second
President of FATIPEC (1952-53), will be
sad to hear of his death on 8 June. He was
professorat the Technical University, Delft.

NOTES AND NEWS
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cations are now invited for the first
Award and these should be addressed in
the first instance to the General Secretary
at the address shown on the front cover.

Dr. L. A. Jordan (President 1947-49)

once again the evening was voted an
outstanding success.

This is the third year of what has
become an annual event, and in view of
the popularity it is almost certain that
continued success will be forthcoming in
the future.

As the second President of FATIPEC
he took the chair at the second FATIPEC
Congress at Noordwijk, and all who
attended the last FATIPEC Congress
will remember his contribution on that
occasion.
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News of Members

Mr. H. T. Skinner, an Ordinary Member
attached to the London Section, has
been appointed a Director of The
Empire Printing Ink Company Limited,
a subsidiary of the Ault and Wiborg
Group. Mr. Skinner is General Manager
of Empire Printing Ink.

Mr. P. F. Sharp, an ordinary member
attached to the Bristol Section, recently
left British Resin Products Limited, where
he was a member of the Surface Coating
Technical Service Department, to take
up an appointment as Assistant Chief
Chemist with Lusteroid Pty, Otahuhu,
Auckland, New Zealand.

Colour measurement and colour control

The programme for the course on
‘“Colour measurement and colour
control,” to be held at South Birmingham
Technical College on six successive
Thursdays from 19 October to 23
November, has been announced, and is
as follows :

19 October.—16.45: M. H. Wilson
and R. W. Brocklebank (Goethean
Science Foundation), * The factors which
determine how we experience colours.”
19.00 : Second part of the introductory
lecture.

26 October.—16.45: Dr. K. H.
Ruddock (Imperial College of Science
and Technology), “ The CIE system
of colour measurement.” 19.00 : R. W.
Brocklebank (Goethean Science Foun-
dation), *“ The use of colour atlases.”

2 November.—16.45 : F. A. Garforth
(National Physical Laboratory), ** Visual
methods of colour measurement.”” 19.00 :
F. Malkin (British Ceramic Research
Association), ** Colorimeters, their appli-
cations and processing of their results by
digital computer.”

9 November.—16.45 : J. L. R. Landry
(Davidson and Hemmendinger Inc.),
** Spectrophotomsters and their applica-
tions.”” 19.00 : J. L. R. Landry (Davidson
and Hemmendinger Inc.), ** The use of
analogue computers in colour control.”
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16 November.—16.45: P. S. Davies
(IC1 Paints Division), ** Colour toler-
ances.” 19.00: J. M. Adams (The
Research Association for the Paper
and Board, Printing and Packaging
Industries), ‘* The accuracy of colour
measurement.”

23 November.—16.45: Miss M. B.
Halstead (British Lighting Industries
Ltd.), “ The effect of lighting on colour
rendering.”” 19.00 : A. J. Ford (Blundell
Permoglaze Ltd.), ** A method of con-
trolling the formulation and production
of paints by computer.”

The preliminary programme schedule has
been announced for the Annual Meeting
of the Federation of Societies for Paint
Technology, to be held at Municipal
Convention Hall in Minneapolis, Minn.,
15-18 October.

The programme is again to be presented
on a divisional basis, having three
concurrent sessions, A, B and C.

The 32nd Paint Industries Show is
also to run concurrently with the Annual
Meeting.

IXth FATIPEC Congress

The organisers of the 1Xth FATIPEC
Congress, to be held in Brussels from
12 to 18 May 1968, with the theme
‘““ Fundamental aspects of the test
methods peculiar to the industry of
paints, varnishes, printing inks and
related products,” have announced that
registration for the Congress is now
well under way, and, according to the
registrations already received, there will
be more than five plenary lectures and
more than 70 papers.

An exhibition of measuring instruments
is also to be held.

Paint industry survey

The Federation of Societies for Paint
Technology has engaged David Litter
Laboratories to conduct a survey of
the paint industry in order to collect
information on the latest equipment
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being used and the latest development in
practices to improve efficiency.

The Federation feels that the combined
cost of surface preparation and paint
application, which has been calculated to
be about 80 per cent of the total cost of
the job, might well be reduced sub-
stantially, offsetting the cost of the paint
used. This would obviously cause a rise
in paint consumption.

The Federation hopes that the survey
will lead to greater overall knowledge
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in the area of efficient and economical
production, thereby decreasing overall
costs and increasing paint usage.

Anyone with any suggestions or infor-
mation to offer is invited to contact the
following :

Sidney B. Levinson,
Technical Director,

David Litter Laboratories,
116 East 16 Street,

New York, N.Y. 10003.

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

Francois, PETER THomAs, Chemical Services, PO Box 2, Parklands, Johannesburg,

South Africa.
GRrAY, DONALD LEONARD STRANG, B.SC.,

LEONARD, BARRY DAVID, B.SC.,

Moss, ARTHUR JAMES, ICI (SA) Ltd.,
Africa.

(South African)

14 Rosen Street, Epping, N.S.W., Australia.

(New South Wales)

International Adhesives & Resin P/L., Sir Thomas
Mitchell Road, Chester Hill, N.S.W., Australia.

(New South Wales)

1 Leyd Street, Braamfontein, Transvaal, South

(South African)

MosTERT, ALBERTUS 1zAK, 37 Launceston Road, New Redruth, Alberton, Transvaal,

South Affrica.
MURRAY, CoLIN OWEN,

RANKIN, JOHN, B.SC.,

(South African)

12 Carlisle Crescent, Durban North, South Affrica.

(South African)

10 Andy Street, Guildford, Sydney, N.S.W., Australia.

(New South Wales)

RoLrE, AUSTIN PARMA, B.sc., Fabco Products, 150 Wigram Road, Glebe, N.S.W.,

Australia.

RoOUSE, ROBERT EARNSHAW, B.sC., 27 St.

South Africa.

(New South Wales)

Michael Road, New Redruth, Transvaal,

(South African)

SouTER, THOMAS GEORGE, B.SC., A.S.T.C., 55 Lucas Road, East Hills, Sydney, N.S.W.,

Australia.

(New South Wales)

TAYLOR, COLIN JAMES, A.R.1.C., Van Leer Packaging, R & D Div., PO Box 32, Mobeni,

South Africa.

(South African)

WISHART, ARTHUR DENNISON, c/o British Paints (Aust.) Pty. Ltd., Gow Street, Banks-

town, N.S.W., Australia.

Associate Members

BARNES, ASHLEY LEWIS, ¢c/o BASF, Aust. Ltd.,

Australia.

(New South Wales)

11b Lachlan Street, Waterloo, N.S.W.,
(New South Wales)

BooTtH, MICHAEL D'ABROU, c/o Baker Perkins Pty. Ltd., 4 Atchison Street, Crows Nest,

N.S.W., Australia.

(New South Wales)

DoucH, KENNETH JOHN, James Hardie Trading Co. Pty. Ltd., 9-25 Commonwealth

Street, Sydney, N.S.W., Australia.

MCLOUGHLIN, JOHN ANTHONY,
N.S.W., Australia.

(New South Wales)

A. C. Hatrick Pty, Ltd., 49-61 Stephen Road, Botany,

(New South Wales)
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Junior Members
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CRrAIG, KENNETH JOHN, 11 Burton Avenue, Parkholme, South Australia.

(South Australian)

PURNELL, STEPHEN JOHN, Taubmans (WA) Pty. Ltd., Hamilton Street, Queens Park,

Western Australia.

(West Australian)

Forthcoming Events

Details are given of meetings in the United Kingdom up 1o the end of the month following
publication, and in South Africa and the Commonwealth up to the end of the second month.

Tuesday 12 September
West Riding Section. Symposium on
* Current Trends in Paint Additives,”
to be held at Bodington Hall, University
of Leeds, Otley Road, at 7.30 p.m. Full
details of the programme were given
in the August issue of the Journal.

Wednesday 13 September
Manchester Section. Junior Lecture :
‘ Corrosion and Paint,” by Mr. H. F.
Clay (Cromford Colour Co. Ltd.),
at the Manchester Literary & Philo-
sophical Society, 36 George Street,
Manchester, 1, at 4.00 p.m.

Friday 15 September
Midland Section. Annual Ladies’ Even-
ing, to be held at Westbourne Suite,
Botanical Gardens, Birmingham, 15,
at 7.00 p.m.

Saturday 16 September

Scottish  Section—Student  Group.
* Primers,” by Mr. G. Scott (Federated
Paints), to be held at Lorne Hotel,
Sauchiehall Street, Glasgow, at 10.00
a.m.

Wednesday 20 September
London Section. Chairman’s Evening.
“ Art Forms from Newer Materials ™
by R. N. Wheeler, to be held at the
New Engineering Block, University
College, London, W.C.1, at 6.30 p.m.

Friday 22 September

Midland Section. ** Safety in the Paint
Industry,”—** Storage and Handling,”
by Mr. F. Tennant, “ Toxicity,” by

Dr. R. Piper, ** Fire Prevention in the
Paint Industry,” by Dr. H. D. Taylor,
to be held at Chamber of Commerce
House, Birmingham, 15, at 6.30 p.m.

Manchester Section. Works Visit to
Dutton’s & Thwaites’ Breweries,
Blackburn.

Thursday 28 September

Midland Section—Trent Valley Branch.
* Dispersible Pigments,”” by Dr. F. M.
Smith (Geigy UK Ltd.), to be held at
the British Rail School of Transport,
London Road, Derby, at 7.30 p.m.

Thames Valley Section. * Interfacial
Phenomena in Printing,” by Mr. K.
Pond, to be held at Royal White Hart
Hotel, Beaconsfield, Bucks, at 7.00 p.m.

Friday 29 September
Irish Section. ‘‘ Quality Control of
Organic Pigments,” by Dr. J. D.
Saunders, to be held at the Clarence
Hotel, Wellington Quay, Dublin, at
8.00 p.m.

Bristol Section. Chairman’s Address by
Mr. D. S. Newton.

Monday 2 October
Hull Section. A talk by Mr. P. J. Gay,
title to be announced later, to be held

at the Hull College of Technology, at
7.00 p.m.

Thursday 5 October
Newcastle Section. ** Coil Coating,” by
Mr. D. S. Newton, to be held at the
Royal Turks Head Hotel, Grey Street,
Newcastle upon Tyne, at 6.30 p.m.
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Monday 9 October
London  Section—Southern  Branch.

Film Evening presented by Hoechst
(UK) Ltd., to be held at the Keppel’s
Head Hotel, The Hard, Portsmouth, at
7.30 p.m.

Tuesday 10 October
West Riding Section. ** The Work and
Activities of the Paint Research
Station,”” by Dr. S. H. Bell, to be held
at the Griffin Hotel, Boar Lane, Leeds,
1, at 7.30 p.m.

Thursday 12 October
Scottish Section. *‘ Painting the Q4,”
by Mr. A. Pisacane (John S. Craig &
Co. Ltd.), to be held at the Lorne
Hotel, Sauchiehall Street, Glasgow, at
6.00 p.m.

Friday 13 October
Manchester Section. * Towards Auto-
mation,” by Mr. H. R. Touchin, at the
Manchester Literary & Philosophical
Society, 36 George Street, Manchester,
1, at 6.30 p.m.

Hull Section. 24th Annual Dinner and
Dance at the Hotel Eden, Willerby.

Saturday 14 October
Scottish Section—Student Group. ** Ex-
plosives and the North Sea Search,”
by Mr. J. E. Dolan (ICI Ltd.), to be
held at the Lorne Hotel, Sauchiehall
Street, Glasgow, at 10.00 a.m.
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Wednesday 18 October

London Section. ** Irradiation Curing of
Paint Films,” by Dr. F. L. Dalton, at
New Engineering Block, University
College, London, W.C.1, at 6.30 p.m.

Friday 20 October

Midland Section. * Law of Contracts of
Employment,” by Mr. D. Mather, to
be held at Chamber of Commerce
House, Birmingham, 15, at 6.30 p.m.

Manchester Section. Annual Dinner and
Dance at the Piccadilly Plaza Hotel.

Wednesday 25 October

Scottish  Section—Eastern  Branch.
* Carbon Blacks,” by Mr. Mynett
(Columbia International), -to be held
at the Wee Windaes Restaurant, High
Street, Edinburgh, at 7.30 p.m.

Friday 27 October

Irish Section. * The Measurement of
Colour by Instrumentation,” by Mr.
P. V. Foote—Introduction by Dr. S. H.
Bell, to be held in the Imperial Hotel,
Cork, preceded by a works visit to
Michelstown Creameries at 3.00 p.m.

Bristol Section. ‘‘ Methods of Paint
Application,” by Mr. A. A. B. Harvey
(Institute of Metal Finishing), to be
held at the Royal Hotel, Bristol, at
7.15 p.m.

Tuesday 31 October

Thames Valley Section. Practical Con-
tributions to the Analysis of Paints,”
by Mr. E. L. Deeley, to be held at
the Royal White Hart Hotel, Beacons-
field, Bucks, at 7.00 p.m.

Errata

In the list of Section Officers and Committees in the August issue, it is regretted that
Mr. G. H. Hutchinson’s name was erroneously shown as Scottish Section, Eastern
Branch Representative on Council. Branches do not have a representative on
Council. Mr. Hutchinson is an Elective Member of Council, and represents the
Eastern Branch on the Scottish Section Committee.

Also in error : Scottish Section, line 11, Craiglaw not Graiglaw ; line 13, P. Birrell
not B. Birrell ; line 14, Kilgraston not Kilgarston. Eastern Branch, line 4, Inverleith
not Inverleity ; line 13, Comiston not Commiston; line 22, A. B. Fleming not
A. R. Fleming.



Oil and Colour Chemists’ Association
President: F. SOWERBUTTS, B.SC.TECH.

The Oil and Colour Chemists’ Association was formed in 1918, to cover paint,
printing inks, pigments, varnishes, drying and essential oils, resins, lacquers, soaps,
linoleum and treated fabrics, and the plant, apparatus and raw materials useful in their
manufacture. In 1923 it absorbed the Paint and Varnish Society. The stated purpose
of the Association is to promote by discussion and scientific investigation the
technology of the industries concerned with the above-mentioned products, and to
afford members opportunity for the interchange of ideas. This is achieved by the regular
holding of ordinary meetings at which papers are presented, and the organisation
of annual technical exhibitions, biennial conferences, educational activities and practical
co-operative experimental work. Details of these activities are given in the Journal
of the Oil and Colour Chemists’ Association, which is published monthly, and whose
pages are open to receive communications and other pronouncements on scientific
and technical matters affecting the members of the Association and the industries
concerned. The Association’s meetings also afford opportunities for members to
meet informally and socially.

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

Ordinary Membership is granted to scientifically trained persons, and Associate
Membership to others interested in the industries covered. Junior Membership, which
is intended primarily for students, is open without restriction to persons under the
age of 21 and to those up to 25 who are following a course of technical study. The
annual subscription in each case is three guineas, except for Junior Members whose
subscription is 10s. 6d. An entrance fee of 10s. is payable by all members. Applications
for membership are invited from suitably qualified persons who are engaged or other-
wise interested in the industries noted above. Applications, which should be supported
by two members of the Association (one of whom must be an Ordinary Member), should
be forwarded to the General Secretary at the address given below. Application forms
and full details of membership may be obtained from the offices of the Association.

PUBLICATIONS
Journal of the Oil and Colour Chemists’ Association. Published monthly. Subscription rate
to non-members in UK and abroad, £7 10s. p.a. post free ; payable in advance.
An Introduction to Paint Technology (Second Edition). Pp. 187, illustrated, with index, 15s.
(including postage).
Paint Technology Manuals
Part 1 : *“ Non-convertible Coatings,” Pp. 326, 35s.
Part 2 : ** Solvents, Oils, Resins and Driers,” Pp. 239, 35s.
Part 3 : ““ Convertible Coatings,” Pp. 318, 35s.
Part 4 : ** The Application of Surface Coatings,” Pp. 345, 35s.
Part 5 : * The Testing of Paints,” Pp. 196, 35s.
Part 6 : ** Pigments, Dyestuffs and Lakes,”” Pp. 340, 35s.

General Secretary: R. H. Hamblin, M.A., F.c.L.S., F.c.c.s., Wax Chandlers’ Hall,
Gresham Street, London, E.C.2.
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Bentone: every grade of gellant you need

— all from a single source

A little Bentone gives sound insurance against common troubles. Like thick-
ening in the can, floating and flooding and sagging during application. But
Bentone also gives you positive user benefits. Like thixotropy with rapid
recovery and - nol that you or your customer will need it—longer shelf life. A
little Bentone cosls virtually nothing. And there are no side effecls, because
Bentone is consistently pure, consistently inert and of consistent particle size.
Moral: use Bentone positively. Add a little to every solvent based paint. Ask

@ Berk how little. Have you got your Bentone brochure? If not, write today.

Bentone is a registered trademark

Berk Limlted Berk House, 8 Baker Street, London W1 Tel: HUNter 6688
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METHUEN HANDBOOK
OF COLOUR (Second Edition)

A. Kornerup and J. H. Wanscher

The range of this valuable ready-reference work has been greatly
increased by a new 16-page section giving conversion for the inter-
national Munsell system ; equivalents are also given for the B.S.I.
tabulation. The Handbook is divided into two sections—the first
explains the basis of all systems of colour identification, while the
second contains 1,266 colour samples, with descriptive glossaries of
colour names and an easy method of colour reference. 50s.

 METHUEN

“YOU CAN HAVE ¢ ANY COLOUR, YOU LIKE

~providing it's black”

SAID HENRY FORD

This also used to be true of coal tar epoxy
resin coatings until recently. Unrivalled in the
marine field and for protecting structural
steelwork, these coatings were subject to one
limitation — based upon a blend of epoxy
resins and coal tar pitches, they had to be
black.

Now UCC have successfully produced a
derivative from coal tar — "DIPOL"” — which
makes coloured finishes readily possible. Two
grades are available: “Dipol L™ in liquid form,
and “Dipol H"" in semi solid form.

Send for a copy of our “Dipol” Technical
Curmicaus 1o coaL]  COMPANILS 18 Information Bulletin today.

UNITED COKE AND CHEMICALS CO., LTD.

(Sales Department D. 120) P.0O. Box 136, Handsworth, Sheffield 13. England.
Telephone Woodhouse 3211 Telegrams Unichem, Sheffield.

THE UNITED
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Freely available Competitively priced and
British. BXL can supply all the nitrocellulose
you want-the right quality at the right price.
The service that backs it is British made too-
always there when you need it. So nitrocellulose
is one chemical no one need shop abroad for.

E BAKELITE XYLONITE
' LIMITED

MANNINGTREE - ESSEX - MANNINGTREE 2401
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Colourful answer to burning question

The question: how to make a first-class decorative paint yet meet the
requirements of the mnew Building Regulations? The answer: use
Timonox Antimony Oxide pigments. In many cases the Regulations
cannot be met with conventional paints, but they can by using paints
based on Timonox, when the correct spread of flame classification can be
achieved without any loss of decorative effect or change in the ease of
application. How is it done? Antimony Oxide reacts at high temperatures
with other constituents of the paint to form the powerful flame-retardant
Antimony Chloride, which comes into play exactly when needed. This
special property does not affect the paint film or its finish. Timonox is
. another in the long list of Associated Lead products* that began with
Associated Lead research.

3% Other Associated Lead products include:— RED LEAD - WHITE LEAD
BASIC LEAD SULPHATE - CALCIUM PLUMBATE ‘- LITHARGE
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ASSOCIATED LEAD MANUFACTURERS LIMITED Clements House, 14 Gresham Street,
London E.C.2 [ |Crescent House, Newcastle | |Lead Works Lane, Chester —
Ezxport Enquiries to: Associated Lead Manufacturers Export Co. Ltd., =g
Clements House, 14 Gresham Street, London E.C.2.
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ALSYNATE '55°

BY BURTS AND HARVEY

LOWER COST

BETTER COLOUR

HIGHER METAL CONCENTRATION
LOWER VISCOSITIES

EASIER HANDLING

SOLE SELLING AGENTS

James
Beadel

Sample on request from JAMES BEADEL & CO. LTD.

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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CLASSIFIED ADVERTISEMENTS

Classified Advertisements are charged at the rate of 9s. per line. Advertisements for

Situations Wanted are charged at 2s. 6d. per line. A box number is charged at 1s. 0d.

They should be sent to the General Secretary, Oil & Colour Chemists’ Association, Wax
Chandlers’ Hall, Gresham Street, London, E.C.2. Telephone: Monarch 1439

SITUATIONS VACANT

SYNRES, an international organisation with factories for

Q the production of surface coating resins in a number of
A European and overseas countries, require for their factory
in Portugal a

TECHNICAL SERVICE CHEMIST

B.Sc. or equivalent with some years experience in the paint
industry. A training period of some months in the Applica-
tion Laboratories at the Hook of Holland, Netherlands, will
be provided.

Applications should be made to Laporte-Synres Limited,
P.O. Box 35, Stallingborough, Grimsby, Lincs., England,
giving full particulars.

OVERSEAS OPPORTUNITIES FOR INK CHEMISTS

Sun Chemical Corporation USA, a world wide manufacturer of Printing
Inks, requires several technologists for positions in Canada, Latin America
and the USA due to a progressive expansion programme.

The openings for men between 26 and 40 require experience in liquid and/

or oil inks, and are for research and development, customer service and

plant operations.

Applications are invited from

a. Ink Chemists with degree, HNC or other suitable qualification.

b. Ink Technologists with NC, or CGI certificate or minimum “ A >
level in Chemistry, and experienced in production, research or technical
service.

Generous relocation expenses are provided together with an appropriate

medical insurance and pension rights.

Reply in confidence to Box 279.
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TITANIUM
PIGMENTS

British Tian Products Co Ltd

invite

applications from experienced graduate
chemists for a limited number of posts
as

TECHNICAL OFFICERS

in their

TECHNICAL
SERVICE
DEPARTMENT

The Company, which is one of the world's
largest producers of Titanium Dioxide,
has an impressive growth record. Its
products are universally used for white-
ning and opacifying all kinds of surface
coatings and allied materials, e.g. paints,
plastics, paper, printing inks, vitreous
enamels and floor coverings.

Salaries and fringe benefits are attractive
and there will be opportunities for travel.

If you are interested, send details in
confidence to

The Personnel Manager
BRITISH TITAN PRODUCTS COMPANY LIMITED
BILLINGHAM, Co. Durham

quoting reference S.708
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Inner London Education Authority

LONDON COLLEGE OF PRINTING
SCIENCE DEPARTMENT
ASSISTANT TEACHERS OF SCIENCE

Required as soon as possible two Assistant
Lecturers Grade B in the Department of Science.
Applicants should either be graduates in mathe-
matics, physics or chemistry or should hold an
HND or HNC qualification in a branch of
science or applied science. Experience in printing
or an allied industry would be an additional
qualification.

Salary scale : Assistant Lecturer, Grade B:
maximum for non-graduate £1,625 with starting
position on scale dependent on age, experience
and qualifications ; with good honour degree
(1Ist or 2nd class) £1,845 with starting position on
scale dependent on training and relative ex-
perience. Both scales subject to the addition of
London Allowance £70. Assistance may be given
towards household removal expenses.

Application forms and further particulars from
Clerk to the Governors, London College of
Printing, Elephant and Castle, London, S.E.1.

JOCCA

LACQUER CHEMIST

Required by a company situated near
Birmingham City Centre. A suitable
young man, preferably 18-20 years of
age, will be given responsibility for
laboratory control of works production.
He will also deal with customers’
problems and participate in development
work. Lacquer or paint laboratory
experience essential. Details of education,
salary and experience should be
addressed to Box No. 278.

CHEMIST to supervise printing ink production
and quality control. Qualifications : HNC or
General Degree or equivalent preferably with
experience in printing inks or paint technology.

Salary in the range £1,000 to £2,000 per annum
with prospects of further advancement. Maclean’s
Printed Packaging Ltd., Felix Works, 107,
High Street, E.15.

work with a

rI Corporation
OFFER MORE THAN A TOP

SALARY TO TOP CALIBRE
PEOPLE

We offer a top opportunity to
leading Anglo-

American petro-chemical and oil refinery contractor who look forward to
enlarging their share of this growth of industry.

PAINT & INSULATION SPECIALIST

to work in our Specification Section. Applicants should have a compre-
hensive knowledge of industrial paints, including selection and applica-
tion methods. Knowledge of protective coating for buried piping and
equipment, and of thermal insulation an advantage. Training in thermal

insulation will be given if necessary.

Write to P J Kidger

Kellogg House

Personnel Officer

KELLOGG
INTERNATIONAL
CORPORATION

Chiltern Street London W 1



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 :
01-626 8071 (6 lines) AsuBY, LOoNDON

And at Liverpool, Glasgow, Bristol, Birmingham and Leeds

Printed in England by Metchim & Son Ltd., 8 Storey’s Gate, Westminster, London, S.W.1.




Technical Exhibition

Alexandra Palace London

25-29 March 1968

©il and €olour

€ hemists’ A ssociation

A full list of exhibitors will be published in the October issue

15 Wy 2518
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