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What's in a name?
Just as the Greek letter f1' means ONE MILLIONTH OF A
METRE (i.e. 1 MICRON) so the name MICRONSPUN is your
assurance of a pigment manufactured to unequalled Micron
fineness. MICRONSPUN is the new registered name for G.V.
Micronized Pigments; it signifies products proven in use and backed
by 16 years of G.V. micronizing experience. You can be confident
that their quality and fineness will be reflected in your output.

MICRONSPUN

O THE REGISTERED NAME OF

MICRONIZED PIGMENTS

MICRON SPUN PRODUCTS INCLUDE: It PRIMER OXIDES' P, RED OXIDES
J1. OCHRE· Ji EXTENDERS· jJ, PRUSSIAN BLUE·J1. BROWN· P, GREENS
For easy dispersion in paint, plastics.
Write for literature on individual pigments
in the G.V. range.

GOLDEN VALLEY COLOURS LTD., WICK, BRISTOL
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MOONSHINE?
JOC( ',-1

CERTAINLY NOT-
PRODUCTS THAT USE HOECHST WAX NEVER WANE

.ACKED BY n®@ YEARS IN CHEMISTRY

HOECHST CHEMICALS LIMITED

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

[8
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Irgalite®
Fast Brilliant
Blue BCS
Solvent stable red shade phthalocyanine
blue with exceptional brightness and
colour strength. Suitable for all surface
coating systems. Excellent texture.

Irgalite Fast Brilliant Blue BCS
now available in granulated form.

Technical Service Bulletin
Products for the Paint Industry 4
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)CIBA (A.R.L.) Limited. Duxf~d. Cambridge. Tel. Sawston 2121. Araldite is a registered trademark.



VI

AIR DRIVEN
LABORATORY

MIXERS

Specialists in high
efficiency mixing
machinery

JOCCA

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 ai r and red uces the vortex
to a minimum.

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

Joshua Greaves & Sons limited
Ramsbottom, Bury, lanes.
Telephone: Ramsbottom 3159

Telegrams: GREAVES Ram.bottom

Prompt deliveries from the manufacturers
MCKECHNIE BROTHERS LIMITED
P.O. Box 4, Ditton Road, Widnes, Lane.
Telephone: Widnes 2611

Branch SaJc~ Office: 50 Jermyn Streel.
London, S.W.I. Tel. : Hyde Park 98~ 1/7
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WALKER PENTAERYTHRITOL

"Pentrol' brand-a high grade product
for alkyd and hard resin manufacture

VII

THE WALKER CHEMICAL COMPANY LIMITED P.O. BOX NO. 39 • BOLTON' LANCS • TEL. BOLTON 23264
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Ifyou already make perfect paint-read on.Today's perfection
may fail to meet the demands of tomorrow. Maintaining perfection,
and achieving it more efficiently, are the aims of Alcoa-Aluminum
Company of America. Alcoa does not make paint. But Alcoa does
make a comprehensive line of proven aluminium pigments that will
make it easier for you to make the best-quality, best-selling
aluminium pigmented paints for all applications.

Alcoa Albron Pigments enable you to produce bright, durable
aluminium paints suitable for use on wood, masonry, concrete,
brick or metal-indoors or out. We will be glad to help you specify
the grade best suited to each application.

Alcoa Tinting Pastes permit you to obtain strikingly beautiful
polychromatic coatings, including modern pastel effects in auto
motive finishes. Rigid control of particle size eliminates both over
sized flakes (which cause seeding) and fine colloidal aluminium
(which spoils colour). As a result, you can take advantage of the

IOCCA
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new colour pigments and synthetic reSinS developed in recent
years by the coatings industry.

Alcoa Flake Powders give you a high degree of leaf stability in
ready-mixed aluminium paints and dipping paints. They also permit
the development of colourful eye-catching finishes for metal pro
ducts. These powders are vacuum dried from standard leafing and
non-leafing grades, then polished.

Hydral 705, a new development of Alcoa's Chemical Division,
allows you to replace up to 20 per cent of titanium dioxide in interior
flat latex paints with a product oflower cost, yet with no loss of hid
ing power. Other properties of colour tinting, viscosity, stability, pH
control and settling remain excellent. Many ofthese grades are avail
able from Alcoa International's bonded warehouse in Rotterdam.

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

mALCOA
INTERNATIONAL

ix

••• •••••••••••••••
To: Imperial Aluminium Company Limited, Kynoch Works, •

• PO Box 216, Witton, Birmingham. Please send. technical •
• literature, samples of Alcoa Pigments and quotations to: •• •• Name... .. •

• •Position. •

•Company.. •

Address . •• •· . ,.,........ .
• JCAI ••••••••••••••••••••••••••••
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XYLENE
and other aromatic solvents

REFINED AND PROCESSED
TOBACCO SEED OILS

SOYA BEAN OILS
SAFFLOWER OILS

LI NSEED 01 LS

SAMUEL BANNER & COMPANY LIM/TED, 34 Castle St., liverpool. Central 0223
Also at /00 Newton Rood, Stratford, London, E./5. Maryland 432/

and 289 Castle Street, Glasgow, CA. 8e/1 0723

Samuel Banner

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

1 Quart

" Z" Blade
Mixer ~

Dismantled for easy
cleaning

WlNKWORTH
MACHINERY LTD.

65 High Street. Staines,
Middlesex.

Telephone: 55951
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Intermediates
Pigments

Chromatex pastes for
emulsion paints

Predispersed pigments for
rotogravure and flexo inks and

all conventional pigments in
powder forms.

xi

g
SOCIETE DE PRODUITS CHIMIQUES ET MATIERES COLORANTES DE MULHOUSE

21, rue Henri-Rochefort PARIS 17e - FRANCE

<..
~.

U.K. Representatives:
VICTOR BLAGDEN & Co Ltd,

Plantation House Mincing Lane,
LONDON, E. C. 3

Telephone No. MANsion House 2861.
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ZINC OXIDE - "Zincoli" Brand

ZINC DUST-"Zincoli" Brand

IRON OXIDE - Synthetic. "Deanox"
Brand. Reds, Yellows and Marigold

RED LEAD -" Deanox" Brand

" GILSONITE "-ASPHALTUM
(Regd. Trade Mark)

Can be supplied in

all grades suitable for

the requirements of the

Paint and Varnish Industry

by

MORRIS ASHBY LIlVIITED
10 PHILPOT LANE, LONDON, E.C.3

JOCCA

Phone:
MANSION HOUSE

8071 (6 lines)

Telegrams:
ASHBY,LoNDON

And at Li,'erpool, Glasgow, Bristol, Birmingham, and Leeds



Septembu

-- +

XIII

The drying power of 1 part of

cozirc 69
eq uals or excels that of

1 part of cobalt naphthenate' 6%

plus.

2t parts of lead naphthenate 24%

and costs less!

cozil'c 69
LEAD FREE • LOW VISCOSITY • LOW ODOUR

hardman and holden ltd
manchester 10
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for the paint,
and linoleum

JOCCA

Kenkrom colours cover the com
plete range of Lead and Zinc
Chrome pigments.

Write or telephone now for cur
rent literature and details of the
complete technical service avail
able.

printing ink
industries

COLOURS
E. P. BRAY & COMPANY LIMITED

CHURCH PATH· MITCHAM· SURREY· TELEPHONE: MITCHAM 4088
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SPECIALIST TECHNICIANS

to the PAINT, VARNISH, LINOLEUM and

ALLIED INDUSTRIES

SYNTHETIC RESINS by Bec~, Koller & Co. (Eng!and) Ltd.

PROMPT AND REGULAR

DElIVERIES FOR HOME

AND EXPORT OF

'ALCHEMY' BRAND DRIERS Naphthenates • Lina/eates .
Oleates by Burts & Harvey Ltd.

ZINC OXIDE "Fe/zo" brand and all grades for the Paint Industry.

PIGMENTS, EARTH COLOURS, etc. Extra strong Yellow Ochres

Samples on request from JAMES BEADH AND COMPANY LIMITED

Member of the Reichhold Chem;cals Ltd. Group.

HEAD OFFICE: Frodsham Hause. Edwards Lane. liverpool. 24. reI.: Hunts Crass 1395/6. Grams: Radatz, Liverpool.

LONDON OFFICE: Hillrate House. 26 Old 8ailey. London, E.C4. rei. and Grams: City 240517.



FEAR NO MORE·THE HEAT OF THE SUN

Shell Chemicals

.Paints for heaters, or any articles subjected to
heat, must have exceptional properties; paints
based on Cardura resins possess those proper
ties. Yellowing due to heat ageing or overbaking
is virtually eliminated: colour and gloss defy
chemical or physical action, stains or mechani
cal damage. Cardura's high solids content makes
it possible to obtain thicker films quickly and
easily. Could this flexible combination of virtues
solve your paint problems, whether as a resin
intermediate (Cardura E) or as a developed
resin (Cardura 30 or 40)? If so, talk to your
Shell Company about Cardur?-.

For further information consult your Shell Company(in the
U.K., apply to Shell Chemical Company Limited, Shell
Centre, Downstream Building, London, S E 1J. .

CARDURA

11
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WHO MAKES
PAINTS
SPREAD BETTER,
SOAPS
CLEAN BETTER,
LOTIONS
FEEL SMO.OTHER?

~Janamld do••

XVII

Does it with AEROSOL* Surface Active Agents. Through their detergent, dispersing, foaming

and emulsifying powers, these versatile chemicals endow scores of products with more desirable

properties. They are especially valuable in emulsion polymerization. Cosmetics, paints, polishes,

detergents, plastic films are just a few products which benefit from AEROSOL Surfactants. Five

outstanding grades are: AEROSOL 18, 22, and TR 70, OT 75, OT 100. Who makes good

products even better? Cyanamid does. *Trademark

writ. to:

CYANAMID OF GREAT BRITAIN LIMITED
c:::::: C Y A lVA ~ r D :=::::>

SERVES BRITAIN

GENERAL CHEMICALS DIVISION • BUSH HOUSI;:: . ALDWYCH • LONDON WC~
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Fully Hydraulic
3-Roller Mill

BUHLER BROTHERS (England) LTD.,
The Wood House, Cockfosters, Barnet, Herts.
Telephone: BARnet 0810
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let PIGMENTS
FOR EVERY PURPOSE

Deventer Gravure Machine

JOCCA

Whatever your requirements
you cannot obtain a wider variety
of pigments better suited to
your needs than is provided by ICI.
The range of high quality ICI

I pigments is supported by efficient
technical service, employing
the most modern equipment
and techniques.

This ensures that
quality is maintained
and problems arising
from industrial appli-
cations of pigments

are attacked speedily
and effectively. Your
enquiries are invited

in relation to any
pigment application.

IMPERIAL CHEMICAL INDUSTRIES LIMITED LONDON SWI ENGLAND

X.493
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Liverpool: Havelock Works, Aintree, Liverpool 10. Tel: Aintree 1721

Head Office: Braby House, Smithfield Street, London, EC2. Tel: Central 2388

Wrile now (or (ull particulars 10

FREDK. BRABY & COMPANY LIMITED

Insecticides for Indonesia? Paints for Panama? Chemicals for Colombia? Oils for
Otago? Wherever your products may be bound, send them safely on their way,
perfectly protected by the extra strength of Braby steel drums.
Select drums of the required type, size and weight from the. extensive range
available. Have them painted, galvanized or shot-blasted and lacquered internally,
as conditions demand. Have them decorated to your own design or stamped with
your trade-mark-for instant identification or publicity.

Member of Braby of Bri/ain Group
11'3: ,

GLASGOW· BRISTOL . BELFAST . PLYMOUTH

Perfect for packaging your products!

STEEL DRUMS



Southern Sales & Export:
MARYLAND ROAD, STRATFORD, LONDON, E.IS

MARyland 4151
Northern Sales:
NEWBRIDGE LANE, STOCKPORT, CHESHIRE

STOCKPORT 4474 .



Farbe und La<

Current Science lind I

Peintures, Pigment, Vern

326 pages . Price 355.

.. Although intended primarily for students . ..
will be read with interest by all those interested
the paint industry."

" ... useful in the training and education of pair
technologists, apprentices and students ... equal~
helpful as a guide to those engaged in the man,
facture and use of lacquers."

" ... really complete and up-to-date work . . , of ree
use in manufacturing processes or laboratory work,
also indispensable to the more advanced technician,

Pitture EVe"

PART ONE
(Published April 196/)

" '" a delight to review . .. Obviously the book '"
going to be of great value to the student and indet
to the practical man in the industry."

Chemistry & InduS!'

" ... provides on excellent all-round view of l',

various row materials used for coatings . .. is
every way to be recommended."

•••

Verfkroniek

239 pages' Price 35s.

lnl. Plastics Institute

lnl. Soc. Dyers & Colourists

PART TWO

.. This second port, like the first port, is on
admirable piece of work . .. in all cases the text is
clear, accurate and practical."

..... on excellent textbook . .. When the hexalogy
is completed it will doubtless form a standard work
of reference on surface coating technology."

British Plastics

" This second volume equals the first one with
regard to the clean and pleasant treatment of the
subject ... moreover, one is impressed with the
up-to-dateness of the work."

" This is undoubtedly a book to be recommended to
students, and to be used much more widely by those
concerned with the manufacture of surface
coatings."

(Published December 1961)

" The book will be valuable as a basic textbook not
only to those preparing for the City and Guilds
examinations, but also to all newcomers to the point
and varnis/:.:ndustry."

Chemistry & Industry

••

•

•

•



This is an indispensable addition to every paint
technologist's bookshelf. Since publication in
November 1962 over 1500 copies have been sold
to all parts of the world. The contents include
chapters on Media. Alkyd, Amine, Epoxide•
Polyester and Polyamide resins. Polyurethane
surface coatings and silicones are also discussed. •

a
•
•
4\
&
•

p.'_._.-

PART THREE

318 pages' Price 35s.

These manuals are published on behalf of the

OIL & COLOLIt CIIEMISTS' ASSO(]ATIO~ by

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

The manuals are obtainable only through booksellers and not from the Association

TO BE PUBLISHED

AUTUMN .'64
FURTHER DETAILS WILL

~ BE GIVEN LATER
l ~ ~.~.~ ..

~~~ ~.~.~ ........- ~ _.....

r PART FOUR

I Application and Testing
.. of Surface Coatings
t

f

• .. •
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Refined Soyabean & Linseed Oils
Soya and Linseed Stand Oils

Boiled and Blown Oils

MASTIC OILS

U PLASTYBCOL"

&

"CONJUGOL"
brand of Dehydrated Castor Oil for

U AlLOPRENE "*/DCO Paints

Younghusband Stephens & Co. Ltd
Sales Office: London Road, Barking, Essex

Telephone: Rippleway 3467-9 Cables; Paintoil, London Telegrams: Litho, Barking

*" ALLOPRENE "-chlorinaced rubber I.C.1. Ltd., Mond Division
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Yes, Vandike copolymer and homopolymer emulsions give a really tough film.

Combined with adhesion, weathering, durability, excellent tinting character

istics and other properties essential to paint quality,

Through research, British Oxygen works both to main

tain this quality and develop new products and processes

for the future. Our technical service is always at your
disposal. And we deliver either in drums or by tanker.

xxvii

•
•
•

BRITISH OXYGEN CHEMICALS LIMITED' HAMMERSMITH HOUSE' LONDON W6
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Dehydag Produetl

JOCCA
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On export bent. here DCL Bisol chemicals are piped aboard a
tanker. DCL and its associate companies have both the
productive capacity and the means of delivery to supply
chemicals in bulk to all parts of Britain and the world. DCL's
full technical service accompanies every consignment.

THE DISTILLERS COMPANY LIMITED· CHEMICALS &PLASTICS GROUP
Bisol Sales Office· Devonshire House' Piccadilly' London' WI
(MA flair 8867)

JOCCA

piped'aboa

101'"
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LAKE & PIGMENT

for

PAINTS

PRINTING INKS

CELLULOSE FINISHES

LINOLEUM, LEATHERCLOTH

ETC.

We invite your enquiries

HORACE CORY
& co. LTD.

NATHAN WAY,

WOOLWICH INDUSTRIAL ESTATE

LONDON, S.E.18

JOCCA
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TRANSACTIONS AND COMMUNICATIONS

A Comprehensive Study of Optimum Milling
Conditions in Conventional and Planetary Ball

Milling Equipment
By 1. R. SHEPPARD

Steele & Cowlishaw Ltd., Cooper Street, Hanley, Stoke-on-Trent, Staffs, England

Summary
Using two types of machinery available, a conventional laboratory pot mill and a planetary
mill operating under centr((ugal force, a comprehensive series of tests on the dispersion of
pigments into standard paint vehicles has been performed. The results ofthese tests have been
obtained using newly developed techniques of dispersion assessment and their interpretation
indicates that a considerable difference between the machinery as far as optimum formulation
is concerned, must be accepted. This is shown within this paper in terms of practicaL and
empirical tests but is aLso emphasised using rheologicaL information. Consideration of the use
of the planetary mill under optimum conditions shows considerably increased output and·
reduced time cycles. Under carefully controlled conditions considerable economy in expensive
new materials is also readily attained by increasing the staining power of expensive organic
pigments.

Etude Appronfondie des Conditions Optima de Broyage Malaxage dans
Ie Cadre de L'Equipement de Broyage a Boulet de Type Classique et de

Type Planetaire
Resume

En utilisant deux types de machines a disposition-un broyeur malaxeur en pot c1assique
de laboratoire et un broyeur maLaxeur planetaire fonctionnant grace aLa force centrifuge
iI a ere possible de realiser une ample serie d'essais touchant a la dispersion des matieres
colorantes dans les vehicules de peintures standard. Les resultats de ces essais ont ere obtenus
en appliquant des techniques recemment mises au point pour l'erude de la dispersion;
l'interpretation de ces resultats demontre qu'i1 existe--en ce qui concerne la formuLation
optima-une difference considerable entre les diverses machines. Ceci apparait au cours
de ce memoire non seuLement en termes d'essais pratiques et empiriques, mais est egalement
mis en evidence grace ades renseignements rheologiques. L'utilisation du broyeur malaxeur
planeraire dans des conditions optima se caracterise par un rendement accru et des cycles
de temps reduits. Grace a un controle minutieux, une economie substantielle des nouveaux
materiaux de prix eLeve est aisement realisable en augmentant Ie pouvoir colorant des
matieres organiques couteuses.

669
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Eine Umfassende Untersuchung der Optimalen Mahlbedingungen bei
Herk··mmlichen und bei Planetengetriebe-Mahlanlagen

Zusammenfassung
Vnter Benutzung von zwei verfugbaren Maschinentypen-einer herkommlichen Labor
topfmuhle und einer Planetengetriebemuh/e, die unter Einf/uss der Zentrifugalkraft arbeitete
wurde eine umfassende Versuchsserie uber das Vertei/en von Pigmenten in Normfarb
behalter durchgefuhrt. Die Versuchsergebnisse wurden auf Grund neu entwickelter Verfahren
zur Ermilllung der Dispersion erzielt und ihre Ausdelltung weist daraug hin, dass ein
betrachtlicher Vnterschied zwischen den Maschinen-was die optimale Mischformel
angeht-als bewiesen angenommen werden muss. Dies wird im vorliegenden Artikel durch
praktische, empirische Versuche belegt, aber daruber hinalls durch Auswertung rheologischer
Vnterlagen bestiitigt. Bei Verwendung einer Planetengetriebemuhle kann unter optima/en
Bedingungen eine betriichtfiche Leistungssteigerung und eine Verringerung der Vmlaufszeit
gezeigt werden. Betrachtliche Einsparungen konnen unter sorgfiiltig kontrol!ierten Bedin
gungen auch bei kostspieligen neuen Materia/ien miihelos erzielt werden, indem die
Farbkraft teurer organischer Pigmente erhOht wird.

INTRODUCTION

Manufacturers in the paint and ink industry have, in recent years, admitted
that the processing of materials should be carried out under conditions defined
by a knowledgeable dispersion technologist, as it is becoming evident that,
by using such conditions, increased output and general plant efficiency may
be realised. Reductions in processing and raw material costs per unit of output
could also be achieved within the confines of existing formulae.

Extensive exercises in this field have shown that the duties of the dispersion
technologist are to examine each individual machine type on a finished quality
and total cost basis, so that each machine is used to its best advantage, not
only to provide the maximum output of any material, but also to ensure that
the machine employed produces a product possessing the required physical
properties with the least expenditure on raw materials. For it can be shown
that the use of correct milling conditions has far more effect on final properties
of paints and inks than has previously been acknowledged. The use of these
carefully controlled processing conditions invariably results in great economy
on the total cost of manufacture.

These economies can best be obtained by the exact matching of the
rheological conditions during processing to the physical processing conditions
available in the machine. This end has been served to a certain extent by
empirical experiment and bench titration to operative controlled endpoints,
but as the required conditions are proved to be essentially machine dependent,
other methods must be derived. These methods may be derived using the
type of information obtained from comprehensive test work on a variety of
materials.

The main object of this paper is to present data obtained from experiments
on conventional and planetary ball mills to show the logic behind a new method
of mill formulation which is to be presented in a subsequent paper. It is also
intended to show that the use of carefully controlled milling conditions may
result in considerable economies of raw materials, particularly of expensive
organic pigments.
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The conventional ball mill (Fig. I) is at present widely used throughout
the industry and is favoured for its ability to produce reliable results with
the minimum of labour, additional equipment, power, and solvent and pigment

FIG. I. A CO VI:. TIONAL BALL MILL

loss. The high-speed planetary ball mill (Fig. 2) ha been regarded and offered
a a high-speed small production version of the standard unit. The original
claim for a 90 per cent time saving has been verified on many occasions in
the past and it is used where relatively small batches of material are required
at a short delivery. ft can now be shown further that the high-speed ball mill
when used to its be t advantage, i capable of producing fini hed paint at a
red uced final cost.

The reduction in material expenditure is most apparent when the formulation
is ba ed on high pecific surface organic taining pigment and considerable
advantage can invariably be obtained by the proce sing of tainers and toners
under controlled conditions in this machine. Formulations for the two machines
have normally been based on the same milliJlg conditions whereas the dynamic
conditions during processing can be shown to differ considerably. This suggests
that completely different rheological conditions are required to produce
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optimum efficiency in the two types of machine, and the following experimental
data confirm that widely differing conditions produce optimum results in the
two different units. It will be immediately apparent, however, that few, if
any, manufacturers would be prepared to carry out such exhaustive milling
tests when considering the production of single paint formulae on a production
basis and that it is necessary to interpret from the information obtained some
satisfactory means of machine-dependent mill formulation.

FIG. 2. A HIGH SPEW PLANETARY BALL MILL

EXPERIMENTAL

The series of experiments illustrated were designed to provide data from which
a comprehensive analysis might be made of the comparative efficiencies of
the planetary mill and the standard ball mill. The experiments were performed
to enable the effect of standard milling variables to be considered between
predetermined parameters. These milling experiments were performed on the
Steel-Shaw Mark I I hp high-speed ball mill and on the standard Steel-Shaw
6 in diameter laboratory pot mill. The results from these small scale tests
were then verified wherever possible on larger units within the same range
of equipment. The main variables that were considered were pigment type,
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specific surface, pigment concentrations of mill formulations, time, mill charge
volume and weight, and size of grinding media charge.

The principal method of testing used was the determination by centrifugal
particle size analysis of the proportion of undispersed material after a curtailed
milling cycle under fixed conditions. The information so obtained was verified
by microscopic examination and Hegman scale readings.

The basic centrifugal test may be regarded as a research laboratory form
of Hegman reading in that it provides a numerical measure of the amount
of material over a certain particle size. The system employed to obtain this
figure was that samples of the final products from the tests to be compared
were centrifuged at controlled speeds for fixed lengths of time in the MSE
Super Multex Centrifuge. The procedure adopted was to fill duplicate weighed
centrifuge tubes with a standard weight of dispersion and centrifuge for a
fixed length of time at a fixed speed. The speed and time chosen was selected
so that approximately 20-50 per cent of the pigment solids in suspension were
precipitated in a mean sample. The speed found most suitable for most materials
was between 3,000 and 4,000 rpm and a dwell time of 15 minutes to four hours
was employed depending on the fineness of the pigment examined, for example,
titanium dioxide-3,OOO rpm, 30 minutes; prussian blue-4,OOO rpm, I hour
45 minutes. When the standard centrifuging time had been completed the
supernatant dispersion and resin solution was decanted off, and after draining
under standard conditions in a solvent atmosphere the weight of the plug
was determined by difference. Accuracy of ±2 per cent could be obtained.

Further tests were then performed on prepared films of the final product.
These tests consisted of transmitted opacity, gloss and reflectance. In some
cases these figures were found to be more reliable than the figures obtained
from centrifugal sedimentation and were therefore employed in the following
graphs. Normally for all pigments possessing particle size in the region of
0.05fL to 5fL the centrifuge appears to provide an extremely useful form of
assessment. The instruments used for the photometric determinations were
an opacity meter constructed in the author's laboratories, an EEL high gloss
head, an EEL spectrophotometer head, an EEL PRS Mark III reflectance
head. Further figures were also obtained using the Colormaster reflectometer
at the Paint Research Station. Following the photometric tests and the analysis
of the results, all products produced under optimum conditions were examined
for tinting power and the result recorded. For the purpose of simplicity, unless
two sets of readings contradicted one another, only single sets of readings
were used for each pigment system. The actual range of the experiments and
results can best be shown from the following graphs.

Part A
Part A of the series consists of an extremely comprehensive examination of
the milling behaviour of titanium dioxide (Rutiox CR ex British Titan Products
Co. Ltd.) in long oil linseed oil modified alkyd resin containing pentaerythritol
(Paralac 10 ex ICI Ltd.). Experiments were carried out in white spirit solution
and consisted of an examination of the effect of varying pigments content
of the mill base, time, ball charge, ball size and specific gravity and resin solution
concentration.
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From the graphs it will be seen that in all cases the 90 per cent time saving
was verified with some margin and it is interesting to note that in the case
of Fig. 3, where pigment content is varied, there is a slight shift in the optimum
milling condition, indicating that the planetary mill is capable of handling
higher pigment solids than is the standard mill. It is also interesting to note
in Fig. 4 that the planetary mill is less sensitive to charge volume increase
than is the pot mill and that the optimum resin solution concentration (Fig. 5)
does not coincide with the Daniel flow point titration (Fig. 6). The effect of
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40

milling time was investigated and it was shown (Fig. 7) that whereas the
Mark I product continued to improve within the time limit set, the ball mill
product reached equilibrium. In Fig. 8, where the behaviour of the pigment
is extended to the use of two further resins, a short-medium oil length drying
castor oil modified alkyd resin (Paralac 64X ex leI Ltd.) and a drying oil
alkyd resin modified with a vinyl type resin (Bedacryl 3X ex leI Ltd.), it will
be seen that the resin solution concentration appears to produce less effect
in the standard mill than it does in the high-speed mill and that this effect is
less where Para/ac 64X and B3X is concerned than in the case of Para/ac 10.
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Section B
Section B of the series concerned a similar extensive series, using prussian
blue pigment, two pigments being employed-lei Pure Bronzeless Blue 16266
and Hardman and Holdman 42FS. The results obtained with this pigment
confirmed findings obtained from the series on titanium dioxide, but the effect
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of increase in pigment content (Fig. 10) on the optimum conditions was more
marked and the shift of the optimum conditions in the two machines noticeably
increased. With this finer pigment it was also demonstrated that the planetary

.'
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mill was capable of handling considerable increased milling volumes (Fig. 9)
as compared with the standard machine.

In Fig. 11 the influence of time under various milling conditions in the
two machines may be observed and it will be seen that the high-speed ball
mill can produce a satisfactory product within four hours which equals that
obtained from the standard machine in 80 hours. A further difference being
that the standard machine cannot operate satisfactorily with a milling
formulation containing more than 20 per cent pigment whereas the high-speed
mill is capable of handling formulations containing as much as 50 per cent
prussian blue. It is also extremely interesting to observe that the tinting strength
of the high speed ball mill product is approximately 20 per cent higher than
that from the standard machine, indicating considerable amount of pigment
saving. This will be discussed later in the paper.
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Section C
Section C of the series consisted of a slightly less comprehensive examination
of the milling behaviour of the two machines when milling carbon black
pigments. The two pigments chosen were Peerless Carbon Black (ex Columbia
Carbon Co.) and Neospectra Mark IJ Carbon Black (ex Columbia Carbon
Co.). The results are shown in Figs. 12, 13 and 14, hiding power and
luminance factors being measured on films based on tints produced using
the product of base white. The greater the hiding power or lower the luminance
factor the greater is the degree of dispersion achieved. Information obtained
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confirms the previous findings, but again the difference in optimum formulation
is more marked with carbon black than with prussian blue, and it would appear
also that increased mill volumes with such fine pigments as these cannot be
handled as readily.
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Section D
Section 0 of the series consisted of examination of the milling behaviour of
several other pigments, lemon chrome, toluidine red, phthalocyanine blue and
phthalocyanine green.

With lemon chrome and toluidine red similar behaviour patterns appeared
to those experienced with other pigments of similar particle size. The shift
in optimum milling condition between pot mill and planetary mill when milling
toluidine red is extremely pronounced. When milling phthalocyanine green
an unexpected behaviour pattern emerges and from microscopic examination
it would appear that this is brought about due to this unconventional pigments
tendency to flocculate irrespective of dynamic conditions, and the results
achieved for phthalocyanine blue were so irregular and unreproducible that
the data obtained has not been graphed.

Finally, all the optimum milling formulae in each machine were examined
at milling concentration on the Shirley/Ferranti Viscometer and the resultant
graphs analysed and averaged to provide the two curves exhibited in the graph
shown in Fig. 16A. This graph shows the considerable difference in optimum
milling formulation in rheological terms. It would appear that the planetary
mill is capable of handling material of higher viscosity and greater thixotropy
than the standard machine. As this effect appears to be reasonably consistent
for the majority of pigments (not including the phthalocyanine group), some
form of machine-dependent formulation method should be obtainable from
ana.lysis of the data obtained in these empirical experiments.

DISCUSSION

If the infonnation obtained from this range of experiments is considered
objectively it will be realised that considerably greater efficiencies and pigment
economies might be forthcoming if machines of both types were employed
under the optimum conditions defined by comprehensive tests of this nature.
If, therefore, the results from this range of experiments are considered in terms
of dispersion technology, then it at once becomes apparent that a misconception
has arisen in past years as to the application of the high-speed ball mill. This
machine when handling paint systems is apparently not only capable of handling
fonnulations similar to those processed on the conventional mill in one-tenth
of the time cycle, but it is also capable under optimum milling conditions
of handling similar materials using milling conditions exactly suited to the
machine at considerably increased viscosities and at larger batch volumes.
Under these conditions it has been shown that the reduction in the time cycle
can be as much as one-twentieth (Fig. II) for certain pigments and it is under
these conditions that real savings may be made by increasing the tinting power
per Ib of expensive organic pigments, for it is in this field of dispersion
technology that the greatest economies can be made. As mentioned earlier
when milling prussian blue, it was found that an economy in pigment to the
extent of 20 per cent could be achieved to a milling cycle of only four hours
as compared with conventional ball milling of 80 hours, without pigment
saving. This economy can be increased to as much as 25 per cent with this
pigment by prolonging the grinding cycle a further 2-3 hours and this order
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of pigment economy can be realised with the majority of fine colloidal pigments.
That this saving is of no mean value is shown in this simple empirical calculation
in which symbols employed represent the various costs of producing con
centrated pigment bases in a 25 hp Mark II high-speed planetary ball mill
compared with standard mills of different capacities in terms of milling prussian
blue stainer based on leI 16266 Bronzeless Blue in Paralac 10 and white spirit.

Pigment Finished
Machine Batch cyle weight volume at HP/Av.hp/hr Hp/gallon

]] % w/w

MK II 25 5 hrs. 41 Kg ]()() gallons 25/ 6.1/4 0.625
]04lb

MK II 25 2 x 5 hrs. 82 Kg 200 gallons 25/12.1/2 0.625
2 cycles 208]b

MK II 25 4 x 5 hrs. 164 Kg 400 gallons 25/25 0.625
4 cycles 4161b

4 ft 6 in Porcelain 20 hrs. 58 Kg ]41 gallons 7.]/2./7~ 0.532
Mill ]281b

2 x 4 ft 6 in Porcelain 20 hrs. 1]6 Kg 282 gallons ]2./12 0.532
Mills 2561b

4 x 3 ft 3 in Porcelain 20 hrs. 9].5 Kg 223 gallons 15./15 0.538
Mills 2021b

10 x2 ft 3 in 20 hrs. 89.5 Kg 219 gallons 20./20 0.91
Porcelain Mills 1971b

I

HpjAv.hp/hr. Two figures are shown, the maximum power input and the mean power input
over the 24 hour period.

The economic advantage to be obtained from the Mark 1/ 25 hp high-speed
planetary ball mill in terms of pigment economy.

Assume from experimental data that the product possesses 20 per cent
more colour than from existing equipment. Also assume the following:

Pigment cost
Batch cycle
Batch size
Labour cost
Power cost
Pigment economy

Case A

3s.lb
5 hrs.
]()()Ib

£2 ]Os. Od.
]Os. Od.

20 per cent

CaseB

20s.lb
5 hrs.
100lb

£2 lOs. Od.
]Os. Od.

20 per cent

Pigment at 50 per cent w/w pigment solids
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Case A
Pigment (prussian blue), 3s. lb.

100 lb pigment dispersed (Mark lI, 25 hp)=120 Ib pigment dispersed
(ball milled).

20 Ib pigment=£3.
Labour and power=£3.

i.e. high-speed production for no cost.

Case B
Pigment (phthalocyanine blue), 20s. lb.

100 Ib pigment dispersed (Mark IJ, 25 hp)_120 Ib pigment (ball mill).
20 Ib pigment =£20.
Processing cost=£3.
Net economy=£17.

Two five-hour cycles per day =£34 per day,
or £170 per five-day week,
or £6,500 per 50-week year.

Three five-hour cycles per day=£51 per day,
or £255 per five-day week,
or £12,750 per 50-week year.
Capital outlay required =£3,200.

In the average factory a high proportion of the figures applicable to the
working day (i.e. £3,250 p.a. for a six.-hour day, £6,500 p.a. for a 12-hour day,
£15, 150 p.a. for an 18-hour day) is achieved, while the machine is also used
as a small production unit where lesser economies can be achieved in terms
of pigment economy while giving high production rate and low product
retention.

From the calculation it can be seen that the production rate is based
in the numerical calculation on a production rate of 100 lb of pigment per
batch cycle. In the production of concentrated stainers, a batch cycle of
5-8 hours is normally found most economic. In order to produce pigment
concentrates at the same rate in conventional equipment it would be necessary.
to utilise a fairly large number of intermediate capacity conventional ball mills
as is shown in the above table and calculation.

If the advantages of utilising this equipment are considered in terms of
pigment economy for the semi-continuous production of pigment concentrates
for tinting and staining base colours, it is immediately apparent that considerable
raw materials savings can be made, but few paint manufacturers can afford
time on production machinery to investigate each system in production to
the ex.tent necessary to determine the optimum processing conditions in the
way that optimum conditions have been derived in the previous work. It is
therefore absolutely necessary to arrive at some sensible and relatively simple
method of mill base formulation which does not involve comprehensive work
of the type outlined in the graphs. Fortunately it has been found .that an
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empirical analysis of the graphs included in this paper yields information
which provides a machine and pigment dependent method of formulation
for use with 90 per cent of all pigments. This system cannot be described
within the confines of this paper.

CONCLUSION

From the data provided in this paper it can be said that the planetary ball
mill requires different mill formulation conditions to give optimum results as
compared with the conventional formulations employed in conventional ball
milling. It has also been demonstrated that the use of the planetary ball mill
under these conditions enables it to process considerably increased volumes
of finished products and the use of optimum conditions results in considerable
pigment economy.

[Received 4 November 1963
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Machine Dependent Method of Calculating
Milling Conditions for Ball Milling

By I. R. SHEPPARD

A
Optimum

Steele and Cowlishaw Limited, Cooper Street, Hanley, Stoke-on-Trent, Staffs.

Summary
From previous work it was realised that some form of machine dependent formulation
technique independent oftitration and capable oftranslation to either conventional ball milling
equipment or planetary ball mill was required. Methods available for mill formulation were
reviewed and a method based on the use of the specific surface of the pigment and physical
jactors relating to the resin solution and dispersability of the pigment were included in a simple
calculation to give an empirically applicable calculation for mill base formulation. The logic
behind this method offormulation is based to some extent on hydrodynamic and hydrostatic
analysis of the machine in question and the use of this method of formulation explains in
almost all cases the deviation in optimum formula between two such different machines as the
Steele-Shaw Planetary Ball Mill and the conventional horizontal ball mill.

It is suggested that the use of this type of formulation will enable paint manufacturers to
take advantage of the considerable economic savings which are obtainable by use ofoptimum
milling conditions in both types of machines by increasing the staining powers of expensive
raw materials while avoiding the need for comprehensive milling exercises as outlined in the
Author's previous paper!.

Une Methode Applicable en Fonction de la Machine et Propre aCalculer
les Conditions Optima de Broyage Malaxage a L' Aide d' un Broyeur

Malaxeur a Boulet
Resume

A la suite de travaux anterieurs, la necessite est apparue de mettre au point une technique
de formulation fonction de la machine, independante du dosage et susceptible de s'adapter
tant a['equipement classique de broyage malaxage aboulet qu'au broyeur malaxeur planetaire.
Les methodes existantes pour la formulation du broyage malaxage furent revues,. ainsi
une nouvelle methode a ete mise au point, basee sur la surface specifique de la matiere
colorante ,. de plus, des jacteurs physiques se rapportant au coefficient de dispersion de la
solution resineuse de la matiere colorante ont ete incorpores dans un calcul simple pour
permettre un calcul empirique destine a la formulation de base du broyage malaxage. La
logique sur laquelle repose cette methode de formulation est basee dans une certaine mesure
sur {'analyse hydrodynamique et hydrostatique de la machine en question,. ['utilisation de
cette methode de formulation explique dans presque tous les cas la deviation dans la formule
optima entre des machines di.fJerentes telles que Ie broyeur malaxeur aboulet Steele-Shaw
de type planetaire et Ie broyeur malaxeur aboulet horizontal de type classique.

L'utilisation de cette methode de formulation permettra certainement aux fabricants de
peintures de tirer des avantages considerables du point de vue economique. Ces avantages
seront possibles grace a des conditions optima de broyage malaxage pour les deux types
de machines: iI sera possible d'augmenter les pouvoirs colorants des matieres premieres
couteuses tout en evitant la necessite d'entreprendre d'amples operations de broyage malaxage
telles que les deerit ['Auteur dans son memoire precedent.
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Eine Maschinelle Methode zur Berechnung Der Optimalbedingungen bei
Benutzung Einer Kugelmiihle

Zusammenfassung
Es geht aus friiheren Arbeiten hervor, dass eine Art von maschineller Mischforme/
unabhiingig von der Titrierung und iibertragbar auf herkommliche Kuge/miih/en-oder
P/anetengetriebean/agen erforderlich war. Die Methoden zur Bestimmung der Mahlforme/
wurden einer Revision unterzogen und eine Methode, die auf der spezijischen Oberfliiche
des Pigmentes und den physikalischen Faktoren in Bezug aufdie Harz/oslichkeit des Pigmentes
beruht, wurde in eine einfache G/eichung eingebaut, um eine empirisch anwendbare Bere
chnung der Mah/grund/agenformel zu ermog/ishen. Der Leitgedonke bei dieser Formelbestim
mungsmetlwde beruht in gewisser Weise auf der hydrodynamischen und hydrostatischen
Analyse der betreffenden Maschine. Die Anwendung dieser Methode fiihrt in fast allen
Fiillen zur Ab/eitung einer Optima/formel zwischen zwei derartig verschiedenen Maschinen
wie die Steele-Shaw P/anetengetriebe Kugelmiihle und der herkommlichen Horizontal
Kugelmiihle.

Es wird angeregt, doss die Anwendung dieser Formel es den Farbenherstellern ermoglicht,
sich die betriichtlichen Einsparungen zu Nutze zu machen, die man erzielen kann, wenn
man optimale Mahlbedingungen bei beiden Maschinentypen sicherstellt, indem man die
Fiirbkraft teurer Rohmaterialien erhoht und doch g/eichzeifig die Notwendigkeit umfassender
Mahlvorgiinge vermeidet, wie dies bereits in dem voraufgegangenen Artikel des Autors
beschrieben wurde.

INTRODUCTION

When considering methods of formulation for ball milling equipment which
enables paint manufacturers to achieve greater overall efficiency and pro
ductivity as achieved in the series described in the author's previous paper, 1

it is obviously necessary to develop some new type of formulation technique
other than at present available, in order that the manufacturer may achieve a
considerable savings in pigment described in this previous paper, and it is
the author's intention within the present paper to outline his findings in this
respect.

Following previous investigations as to satisfactory formulation techniques
and especially the need for a satisfactory form of mill dependent formulation
as was shown in comprehensive laboratory tests, a review was made of the
formulation methods now available, and it was discovered that there was no
method which was capable of direct interpretation for machine dependent
application. One method only, based on the specific surface of the pigment,
involved a direct calculation based on actual measurable physical properties
of the individual ingredients. This method was employed in the analysis of
the series of experiments which were performed in order to determine the
optimum conditions for milling for a range of pigments. It was found that
reasonably constant figures were obtained for any given machine with regard
to the relationship between total pigment specific surface and resin solution
volume, and that a further reasonably constant ratio was derived when the
resin volume for a given total pigment surface in one machine was divided
by that in another. Difficulty was experienced in associating this difference
factor with any physical phenomena attributable to the dynamic conditions
during processing.

Larger scale tests on conventional ball milling equipment under otherwise
similar conditions suggested that variations in machine dependent formulation
might be expected between large and small diameter models of the same basic
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unit and reduced speed trials, i.e. at reduced centrifugal g confinned that
machine dependent factors were required when converting optimum fonnula
to different speeds of the planetary ball mill. This led to a mathematical
investigation of the hydrostatic and hydrodynamic forces exerted during
milling and a relationship was finally achieved between the machine dependent
factors for conventional high-speed ball mills and the "hydrostatic energy"
available during the milling operation. This relationship is shown in graph
form later in the paper.

TESTING

From the graphs included in the previous paper the optimum conditions
under the various milling conditions can be extracted and analysed and this
was done using a formulation technique advocated by Sonsthagen. This
method involves the determination of the specific surface of the pigment
concerned and an air permeability apparatus was built in the author's labora
tories and developed from a model of the KC Production Limited apparatus to
BS 12 : 1958 and from the theories obtained from the Paint Research Station,
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Teddington, was used to obtain specific surface data. It was found that specific
surface data obtained in this way were more reliable than those obtainable
using other specific surface methods such as the Fischer sub sieve sizer, and
were also more applicable to the flow problems involved than information
obtain by such techniques as the BET nitrogen adsorption method. The reasons
for this figure being most applicable are probably that it provides an accurate
measurement of superficial surface whereas the BET method provides a
measurement which includes the surface area of interstices which are not
normally wetted by resin solution and do not therefore affect the flow properties
of the paste. Specific surface data obtained by conversion from mean micron
size obtained using the Fischer sub sieve sizer were not found to be sufficiently
accurate for powders possessing specific surfaces above 12 sq mjgm, whereas
the author's apparatus gave a reasonable linear relationship to the BET method
up to specific surfaces of 70-80 sq mjgm ; the figures from the Fischer sub sieve
sizer bear no sensible relationship to the BET method above 12 sq m/gm.

This method of testing was applied to the pigments within its range employed
in the series under consideration, Pigments outside this range, i.e. carbon
black pigments, were given specific surfaces obtained from the manufacturers'
catalogue under "Effective Surface Area."

The air permeability apparatus employed is shown Fig. I.

Kozeny specific surface:
S _ t X A x Dp £3 P

k - K x Q x 'fJ x L X (I-7f)2 X PI

Specific surface for molecular flow:

S = t X Ax Dp 0 96 x £2 J(RT)
m Q x. L x PIX. 7T _ £) x -if

True specific surface:

So = ~m + J(S;/ + Sk)

So

where: Q volume gas flowing in time (seconds)
A - area of cross section of bed
L depth of bed
Dp = pressure drop across bed
PI = atmospheric pressure
P = mean pressure in bed
E = porosity of bed
K = Kozeny constant (5)
'Ij = viscosity of gas
U - specific gravity of powder
R gas constant
T absolute temperature
M - molecular_ weight of gas
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Resin
The testing of the resin solution was performed along the empirical lines
suggested by the Daniel flow point technique. The actual resin concentration
employed to give optimum milling conditions was not obtained using this
method for reasons to be mentioned later, but titration of the resin solution
against known weights of a standard pigment as compared with a similar
titration carried out with an unknown resin enabled the operative to calculate
a resin factor.

The standard resin employed was a long oil linseed oil modified alkyd resin
containing pentaerythritol (Paralac 10 ex ICI). For the purpose of the method
this resin was given a factor of 100 and all other resins were given factors
obtained by multiplying the ratio of their titration at the same concentration
to the Paralac 10 titration by 100. Paralac 10 was chosen as a standard resin
as it had been applied in a comprehensive range of milling experiments and
it was considered as a constant with a factor of 100 in the majority of the
analytical calculations.

Solvent
Assessment of solvents, where miscible with Paralac 10, was performed by
carrying out a titration to a Daniel flow point with a solution of Paralac 10
in the unknown solvent and comparing the titration figure so obtained with a
figure obtained when titrating the same weight of the standard pigment with
a solution of Paralac 10 in white spirit of the same concentration. White spirit
was chosen as a standard as it was used in the comprehensive tests and can
therefore be accepted as a standard factor in the analytical calculations. For
purposes of the method, white spirit is taken to possess a solvent factor of 25.

Machine Dependent Factor
The machine dependent factor can only really be obtained in the detailed
way described in the previous paper unless the machine is a member
of a known range of equipment and physical conditions prevalent during
processing are sufficiently well defined for mathematical calculations to yield
hydrostatic and hydrodynamic information from which its own particular
machine dependent factor might be calculated.

Pigment Dispersability Factor
No theoretical basis is offered for determining pigment dispersability, this
factor being obtained on purely empirical lines from past experience, as will
be seen subsequently.

RESULTS

The air permeability apparatus was used to examine the pigments employed
in the previous test series and the following specific surface figures were
obtained:

Rutiox CR titanium dioxide ex British Titan Products Co. Ltd., 7.18 sq m/gm.
Pure Bronzeless Blue 16266 ex lCI Ltd., 40.4 sq m/gm.
Prussian Blue 42 FS ex Hardman and Holden Ltd., 28.5 sq m/gm.
Pure Primrose Chrome L6GS ex ICI Ltd., 6.09 sq m/gm.
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Mono/ite Fast Scarlet RNS ex ICI Ltd., 15.34 sq m/gm.
Monastral Fast Blue LBXS ex ICI Ltd., 48.0 sq m/gm.
Monastral Fast Green GNS ex ICI Ltd., 43.5 sq m/gm.

Further figures were utilised from the catalogue of the Columbian Carbon
Company for the carbon black pigments, the effective surface area being
recorded:

Peerless Carbon Black, 100 sq m/gm.
Neospectra Mark II Carbon Black, 203 sq m/gm.

The optimum formulae from the graphs previously published were then
analysed using the reciprocal of the Sonsthagen formula.

The original Sonsthagen formula was:

V = W x S
B

where : W = weight of pigment
S = specific surface of pigment
B = combined wetting and surface satisfying property of resin

solution termed by the originator (L. A. Sonsthagen) Binder
Solution C or constant

V - volume of resin solution required
or:

WxS
Vl = Rand V2 -

WxS
D

where: R - surface s~tisfying property of resin
D - wetting property of solvent
Vl = volume neat resin or Binder C or constant
V2 = volume neat solvent or Solvent C or constant

In analysis of optimum formulae:

WxS
R = V

l
and

Using this method of analysis similar values for Rand D independent of
pigment were obtained for optimum milling conditions in the same machine and

~~ and ~~ remained constant for the two machines. The approximation

~~ = ~~ was then shown to be valid. Thus the mean conversion factor between

the optimum milling formula in any two machines could be obtained empirically
from the factor :
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w x S
V1 and D x 0.9

wxS
V1 and D x 1.45 = Vz

wxS
V1 and D x 1.45 x 1.2

Thus by utilising this simple algebraic relationship a factor can be obtained
which relates the resin solution requirement for optimum milling conditions
to two machines in which dispersion is subject to dissimilar physical forces.

A further experiment was required from which machine dependent factor
could be obtained under different mechanical conditions and this was performed
using steel balls instead of ceramic balls in both machines, the same type of
analysis being employed. At the optimum condition from experimental results
it was found that, within limits, the following series of calculations would
hold good:

I. For a 6 in pot mill W x S
with i in steatite R x 0.9
balls

2. For a Mark I mill W x S
with i in steatite R x 1.45
balls

3. For a Mark I mill W x S
with i in steel
balls R x 1.45 x 1.2

i.e. machine dependent factors are:
6 in pot mill
Steel balls
Mark I HSBM

= 0.9
1.2

= 1.45
Energy Considerations
Before attempting to utilise a machine dependent type of formulating technique,
based on the use of these machine dependent factors, an analysis of the physical
conditions existing during processing was carried out. The results are given in
Table I :

TABLE I

Type and size of ISelf iml?osed Revs. per

I
Peripheral I Hydrostatic Hp per

Mill gravIty minute speed energy gallon

ft min ft/lb
6 in Lab. mill .. 0.0658 88 138.2 7.62 0.00454

I ft ball mill
I

0.0477 53
I

166.5 I 15.24 0.01098.. I

3 ft ball mill .. I 0.0429 29
I

273.3 I 45.72 0.02129

5 ft ball mill .. I 0.0412 22 I 345.6
I

76.2 0.02823

7 ft ball mill .. I 0.0386 18 I 396.2 I 106.7 0.03268

Mark I .. .. I 0.422 461 I 844.3
t

111.1 0.3048

Mark II .. .. I 0.467 275 I 863.8 I 172.4 0.4085

The hydrostatic energy for any system is determined in terms of ft/lb
being the pressure exerted along the main resultant g force assuming a mean
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density of 2.5 gmjcc. It was then found that the machine dependent factors
could be plotted in terms of hydrostatic energy in the graph appearing in Fig. 2.
It is therefore suggested that the use of the basic formula

lO
o

o
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WxS WxS
VI = R X MF and V2 = D X MF

is valid in the majority of cases,

where: W weight of pigment
S - specific surface of pigment
R resin factor
MF = machine dependent factor
D = solvent factor
VI = volume of resin to be used in mill formulation incorporating

weight of pigment W
V2 = volume of solvent required in mill formulation incorporating

weight of pigment W

Machine Dependent Factors
The following list shows a typical series of machine dependent factors derived

from experimental data~using the expression ~ -\- %: derived above:

2

6 in laboratory pot mill
2 ft 6 in ball mill
4 ft 6 in ball mill
6 ft 6 in ball mill
High speed ball mill

Steel grinding media inde
pendent of machine ..

0.9
0.96
0.975
0.99
1,45

1.2

The inclusion of the factor of 1.2 for steel balls was obtained from
experimental evidence indicating that the use of steel balls (Fig. 2) affected
the machine factor independent of machine used to this extent.

Pigment Dispersability
This type of formulation could then be employed, but it was felt that some
attempt should be made to account for the differences in optimum operating
volume possible between the two machines and the difference in optimum
operating volume applicable to different types of pigment. This was done by
associating the horizontal ball mill with a standard operating volume of
40 per cent and the high-speed ball mill with a standard operating volume
of 60 per cent, while at the same time multiplying these standard working
volumes by the following list of empirical factors:

Pigment Dispersability Factors
(a) micronised inorganic pigments 1.00
(b) coarse inorganic pigments 0.80
(c) normal prussian blue 0.70
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(d) fine organic pigments
(e) Peerless carbon black
(f) Neospectra 1I carbon black
(g) Royal Spectra carbon black

0.60
0.55
0.50
0.45

September

ApPLICATION OF THE METHOD

The range of factors can therefore be employed to produce actual milling
fomulations as follows:

(a) Manufacture of high gloss titanium dioxide based enamel finish for decorative
purposes.

Final formulation Amount Constants for this formulation

Titanium dioxide . . . . 25 per cent Pigment specific surface 7 sq m/gm
50 per cent NY long oil alkyd 50 per cent Machine standard 6 ft 6 in

diameter ball mill 0.99
White spirit 25 per cent Resin factor 100 sq m/ml

Standard volume 40 per cent
Solvent factor 27 sq m/ml.
Pigment dispersability factor I

Total surface area
Solvent factor x machine dependent factor

6.42

The pigment binder relation is therefore obtained by calculation based on
batch of 100 gm, i.e. 25 gm of pigment. Total specific surface: 7 x25=175 sq m.

R
·· 25 Total surface area

esm reqUtrement per gm =. .
ReSin factor X mach me dependent factor

i.e. I;g mls = 1.77 mls solid resm or approximately 3.54 mls of 50 per cent

solution.

The solvent requirement per
25 gm pigment

. . h' 175
I.e. 10 t IS case 27 x 0.99

The final recommended milling formula therefore becomes:

Pigment 25 gm
Resin solution (50 per cent NY) 3.54
Solvent .. 4.65

allowance being made for the solvent contained in the resin solution.

The actual mill base can then be calculated by taking specific gravities of
the individual constituents and calculating the volume of the above standard
batch.

As the pigment dispersability factor is 1.0 in this case, the standard working
volume of 40 per cent of total mill volume is used.
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Standard
Weight Volume

Specific
gravity

Mill
Weight Volume

Pigment I 25 gm 5.95 mls 4.2 7,1201b 169.4 gal· . · .

Resin ·. · . 3.16 gm 3.54 mls 0.9 901lb 100.8 gal

Solvent · . · . 3.72 gm 4.65 mls 0.8 1,0601b 132.8 gal

Batch · . · . 31.88 gm 14.14 mls 2.32 9,081 lb
I

403.0 gal

60
32

Neospectra I carbon black
60 per cent NY mixture of medium short oil and other

ink varnishes ..
Solvent

(b) Manufacture of high gloss black gravure ink. Final formulation.

Percentage
8

8 x 230 = 1,840 sq m

Solvent factor x machine
dependent factor

1,840 = 39.6 mls
32 x 1.45

Solvent requirement

Contents for this formulation:
Pigment specific surface .. 230 sq mlgm
Machine Steel-Shaw high-speed ball mill, Mark II, 25 hp 1.45
Resin factor using the known medium oil resin 75 sq mimI
Solvent factor (Xylol) 32 sq mimI
Pigment dispersability factor 0.45
Standard volume 60 %
Working volume (volume factor) 27 %

The calculation is based on a batch of 100 gm.
Total surface

Total specific surface 1,840
Resin factor x machine - 75 x 1.45

dependent factor
= 16.9 mls solid resin or 28.2 mls 60 per cent solution.

Total specific surface

Binder requirement

The final milling formula therefore becomes:
Pigment 8.0 gm
Resin solution 28.2 mls
Solvent 28.3 mls

The actual mill loading can then be calculated by taking the specific gravities
of the individual constituents and calculating the volume of the above standard
batch.
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Standard formula Specific gravity
I

Volume [ Mill formula I Mill volume

Pigment 8 gm . . · . 1.7 4.7 mls 3.531b 0.208 gal

Resin 25.4 gm · . 0.9 20.2 mls 11.20lb 1.244 gal

Solvent 25.5 gm · . 0.8 28.3 mls II.30lb 1.412 gal

Batch 58.9 gm
.. I 0.96 61.2 mls 26.00 Ib 2.800 gal

The use of this type of milling formula, in which higher resin solids milling
solutions are employed than are normally recommended following titration
methods such as the Daniel flow point technique, was shown to overcome
many of the usual problems of subsequent "let down" to finished paint
formulation. It was thought that this was due to providing the exposed pigment
surface with an excess of resin solution for the dynamic conditions available
during processing.

The transition from the dynamic condition to the static condition prevalent
in the finished paint incurs risk of loss of pigment strength, gloss and hiding
power due to flocculation and gel formation, and the presence of excess
of resin during the milling process is found to simplify the" let down" proced ure
without incurring losses in these characteristics. Some care must, however,
still be taken to avoid the loss of pigment strength and it is suggested that the
following simple and empirical procedure is adopted:

Taking a process involving the transition between the following dynamically
stable milling formula and statically stable final formula:

Pigment

Resin Solution

Solvent

Milling formula

25 parts

5 parts

10 parts

Final formula

25 parts

50 parts

25 parts

the" let down" procedure is as follows:
1st addition: 5 parts resin sol ution

5 parts solvent
2nd addition: 10 parts resin solution

10 parts solvent
3rd addition: 30 parts resin solution

DISCUSSION

Using this recommended method of mill formulation it is possible for the
manufacturer to employ his machinery to process materials under formulation
conditions more closely approaching the optimum for each given machine
without becoming involved in comprehensive milling exercises or frequent use
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of laboratory time. If the products of the average paint manufacturer are
analysed, it will be found that approximately 10-20 resins and 10-15 solvents
are involved at the milling stage and that less than 100 pigments are included
in the various paint formulations.

If the specific surface of each of these pigments were determined at three
monthly intervals for a period of 9-12 months, data would be collected which
would allow the manufacturer to determine which pigments could be regarded
as possessing the relatively constant specific surface and which pigments would
require regular testing.

The resins and solvents could easily be examined at about these intervals
without any great difficulty, but again certain products may be found to possess
extremely constant values and would not require such frequent examination.

This information would then prove sufficient for the production personnel
to formulate for any combination of resins and pigments taken from the wide
range. It is almost invariably found that mixed pigment systems can be
considered as possessing a mean specific surface in the calculation. If possible
the resin possessing the highest resin factor or Binder. C and the solvent
possessing the highest solvent factor should be used during the milling process
if a mixed resin and solvent system is involved. This is not always possible,
however, as the resins and solvents are not always completely miscible at all
dilutions, but it is a simple principle on which to base the application of the
method.

CONCLUSION

Using this technique it is possible to formulate, by calculation, milling formulae
in any type of ball mill equipment for which machine dependent factors are
known. The use of this method is particularly applicable to milling using
steel balls and also in planetary ball mills where the optimum formula deviates
considerably from that obtained by bench titration. In the case of the planetary
ball mill the machine operating under optimum conditions exhibits considerably
different milling characteristics to those obtained employing normal ball
milling formulae, and it can be shown that greater outputs and efficiencies
may be achieved as compared with the use of standard ball milling formulations.

[Received 4 November 1963
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Some Rheological Phenomena in Mill Bases
By G. COPE AND A. J. BOULTON

Steele and Cow/ishaw Ltd., Cooper Street, Han/ey, Stoke-on-Trent

Summary
The rhe%glcal changes occurring during the processing ofa range ofmill bases are described
and typical results of .. grinding" and" dispersion" phenomena are quoted. These results
suggest that rheology may be a possible method of particle size and dispersion control
if testing techniques are rigidly controlled. The authors hope that the work described may
promote further investigations into the subject by other workers.

Quelques Phenomenes Rheolog;ques Propres aux Bases de Malaxage
Resume

Les changements rhe%giques qui s'operent durant 10 transformation d'un certain nombre
de bases de ma/axage sont decrits .. fe.I' resu/ta1S propres aux phenomenes de .. broyage "
et de .. dispersion" sont ega/ement cites. Ces resu/tats /aissent prevoir que /a rheologie peUf
erre une methode possible pour Ie contrli/e de la dispersion et de 10 dimension des particules
ceci pour autant que les techniques d'essQi .mient rigoureusement contrlitees. Les auteurs
souhaitent voir Ie travail decrit ouvrir /a voie a d'autre,I' recherches entreprises dans ce
dO/1/aine par d'autres specialistes.

E;nige Rheologische Ersche;nungen be; Grundstoffen
Zusammenfassung

Es werden die rhe%gischen Veriinderungen beschrieben, die sich bei del' Verarbeilung
verschiedener Grundstoffe ergeben, sowie die Iypischen Formen del' .. Mahl-" und .. Dis
persions "-Erscheinungen. Man kann daraus erkennen, dass die Rheologie eine Rolle
spie/en kann, wenn es darum gehl, Partike/grosse und Di.l'per.l'ionsvorgiinge zu priifen,
vorausgeselzt, dass die Testmelhoden streng eingeha/ten werden. Die Verjasser hoffen, doss
die in dem Artikel beschriebenen Untersuchungen allch andere Fach/eute veronlassen
werden, sich damit Zli befassen.

INTRODUCTION

The complex adsorption processes which occur in pigment/resin systems have
been thoroughly discussed in papers by Dintenfass, I Crowl,2 and other workers,
but there appears to be little, if any, published work on the rheological changes
which take place in a mill base during dispersion and/or grinding. This paper
describes rheological phenomena which the Authors have recorded during the
processing of a range of inorganic pigments in an alkyd system, the aqueous
grinding of extenders, and the processing of emulsion paints.

As described in the recent paper by Sheppard and Cope 3 the commonly used
instrument of dispersion assessment, the Hegman Gauge is not ideal for the
control of pigments finer than about 2 microns minimum size and most other
testing techniques, e.g. gloss, opacity and tint strength are too slow to be used for
production control of pigment dispersion. This paper describes experimental
data which suggest that the rheological examination of mill bases during
processing is a sensitive method of dispersion or particle size assessment which
can be performed rapidly enough to be employed as a useful control method.
The Authors have successfully applied this method of approach in the assess-
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ment of high efficiency dispersion and grinding machinery, producing mill
bases of too great a degree of dispersion for measurement by orthodox means.

EXPERIMENTAL

The oleoresinous milling experiments were performed on two grades of Garbon
black, in both the standard and beaded state, prussian blue and coated titanium
dioxide. The ball milling vehicle for all the pigments was a 33{ per cent by
weight solution of alkyd in white spirit. A solution of this strength, which com
pares with the normally used 20 per cent by weight, was chosen so that any mill
base let down could be carried out with the minimum risk of" pigment shock."
The ratio of pigment to alkyd was that which, from previous work, was known
to give optimum final paint film properties, at the same time maintaining
sufficient vehicle to exceed the requirements of the pigmented surface.

The emulsion paint was an orthodox day/titanium dioxide/surfactant system.
The example of extender grinding is the milling of dolomite, a double salt

of calcium and magnesium carbonates, in water.
The milling experiments were performed in the Steel-Shaw High Speed Ball

Mill Mark T, Laboratory Kady Mill and an experimental machine.
The mill bases were examined on the Ferranti Shirley .Rotating Cone Visco

meter (Fig. 1), fitted with a closely controlled temperature water hath.

FIG. J. FERRANTI SHIRLEY VISCOMETER
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Some of the products were examined by the orthodox paint testing methods
for gloss, tint strength and opacity in order to obtain a comparison between the
different techniques.

Testing Techniques
In order to obtain reproducible and sensitive results it was leamed that the
pre-testing and testing treatment of the mill bases must be stringently controlled.
This is particularly important with the finer pigments. The technique developed
by the authors was to extract sufficient sample from the batch to virtually fill a
2 dram screw top tube, which was quickly sealed and placed in the controlled
temperature water bath, so allowing the sample to attain the temperature of the
viscometer plate. The water bath temperature should be a mean of the tempera
ture range expected in the milling cycle under test, in order to cause the minimum
of change in the rheology of the sample. The samples were left in the bath for
exactly 15 minutes, transferred to the viscometer plate, spread beneath the cone
and excess removed over a further one-minute period. After one minute's
standing the samples were then tested over the selected shear rate range.

The suspensions were examined by accelerating the viscometer cone up to
100 rpm and then decelerating immediately back to zero, with torque meter
readings being taken at 10 rpm intervals on the up and down cycles. The 0-100
rpm range is equivalent to a shear rate range of 0-264.6 sees-I.

Treatment of Results
From the meter readings and the corresponding cone rotational speeds the
following data is obtained:

(i) Meter readings at a cone rotational speed of 10 rpm (26.46 sees-I).
(ii) Meter reading at a cone rotational speed of 100 rpm (264.6 sees-I).
(iii) The area between the accelerating and decelerating curves. This area was

simply obtained by adding together the differences between the up and down
curve meter readings at each recording point. A sign convention was adopted by
always subtracting the down curve readings from the up curve readings. This
calculated area is termed the "Thixotropic Area" of the system.

(iv) The slope of the accelerating curve is obtained using the simple formula

Meter reading at 100 rpm-Meter reading at 10 rpm
rpm range

The slope is of course directly proportional to the apparent viscosity of the
system.

(v) A figure termed the" Deviation from Newtonian" is derived from the
data by drawing a straight line from zero to the 100 rpm meter reading and
summing the meter reading differences between the line and the accelerating
curve at each recorded cone rotational speed.

The above information is easily calculated from the data obtained during the
testing cycle. No graphing of results or time-consuming mathematics is necessary,
although some typical curves have in fact been included in the next section.
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Grinding of Dolomite
Dolomite was water ground in the Steel-Shaw Mark I High Speed Ball Mill
and samples extracted at 30 minute intervals and examined on the Ferranti
Shirley Viscometer. The results obtained are summarised in Table I and illustrated
in Fig. 2. It will be noted that there is a progressive increase of all the factors
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TABLE I
DOLOMITE

September

Milling time 10 rpm Deviation 100 rpm Slope Thixotropicfrom(mins) reading Newtonian reading area

30 7

I
20 39 0.36 I - 67.5

60 24 78.5 64 0.45 - 26
I

90 33

I
167 118.5 0.95 + 59.5

120 65 495 225 1.73 +220

with increase in milling time, i.e. a tendency to become increasingly non
Newtonian. This is due, presumably, to the creation of new active surfaces to
which the polar water molecules are attracted, thus reducing the free liquid
content and increasing the apparent viscosity and structural formation in the
suspension. It is interesting to note the" Negative Thixotropic Area" (shown
by the arrows indicating the respective curves on the accelerating and deceler
ating cycles), in the 30 minute and 60 minute samples. Although the mechanism
of this phenomenon is not understood, it has been previously observed in the
early stages of grinding experiments, and in systems where insufficient defloc
culant is available for dispersion.

Dispersion of Titanium Dioxide
A 75 per cent by weight dispersion of titanium dioxide in a 33.1/3 per cent
solution of Paralac 10 (leI) in white spirit was prepared in the Steel-Shaw
Mark I High Speed Ball Mill, and samples examined rheologically at intervals
in the milling cycle. The results obtained are listed in Table IT, and show the

TABLE II
TITANIUM DIOXIDE

Milling time 10 rpm 100 rpm Slope Thixotropic Deviation
(mins) reading reading area from

Newtonian

20 13 161 1.64 285 290

40 11 150 1.54 107 163

80 10 110 1.I1 97 98

120 9.5 104 1.05 65 43

200 9 74 .72 32 18

300 8 58 .56 I 22 10

reverse tendency to the dolomite wet ground figures with a progressive decrease
in all the rheological data with increase in milling time, i.e. a tendency to become
more Newtonian, with a steady decrease in apparent viscosity. The basic
difference between the two systems is that the dolomite was ground in a non
deflocculating liquid and the large area of new active surface could only be



1964 SOME RHEOLOGICAL PHENOMENA IN MILL BASES 709

satisfied by adsorption of a large number of water molecules whereas, in the
titania system agglomerates were broken down and deflocculated by a relatively
small amount of preferentially adsorbed resin molecules, and little if any
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particle breakdown occurred. Thus rheologically there is a clear difference
between" grinding" and "dispersion" in these two examples.

A series of titanium dioxide dispersion experiments has also been performed
in a Steel-Shaw laboratory model Kady Mill and clearly indicated the extreme
sensitivity of the rheological method. The tests were performed on a mill base
formulation of 75 per cent by weight Titanium dioxide in 10 per cent Paralac 10
solution at three charge loading volumes.

Previously it was considered that all dispersions performed on the machine
reached equilibrium after 30 minutes and that variations in charge loading had
little if any effect. The results obtained show that rheological equilibrium is not
reached up to 60 minutes milling and that an increase in charge volume definitely
reduces the rate of dispersion as illustrated in Figs. 3 and 4. It is interesting to
note that, using orthodox methods of assessment, it was not possible to
differentiate between the various charge loadings after 15 minutes, and no
change was recorded after 30 minutes.
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Prussian Blue
A prussian blue pigment was milled in the High Speed BaH Mill into 33.1/3
per cent Paralac 10 solution at 40 per cent by weight pigment concentration. The
rheological data on the extracted samples are given in Table III, and show an
increase in all the factors, other than thixotropic area, up to between 45 and
75 minutes and then a steady decrease. Up to this change point it appears that
" grinding" is taking place and after 75 minutes .. dispersion" is occurring.

TABLE JII
PRUSSIAN BLUE

Milling time 10 rpm 100 rpm Slope I Thixotropic Deviation
(mins) reading reading

I
area from

Newtonian

10 13 29 .178 36.75 60.5

20 16.25 38.5 .247 35.75 78.0

45 23* 57.25 .381 27.75 104*

75 19.5 62.25* .475* 8· 88.25

120 14 56 .467 - 6.5 51.75

240 9.75 45.5 .400 - 6.75 29.5

300 9 45.25 .403 - 7.75 27.25

360 8 44.25 .403 -14.75 19.15

"The changeover point.

Carbon Black
Milling experiments have been performed using the High Speed Ball Mill
on two grades of carbon black, namely Neospectra Mark II and Peerless,
in both the standard and beaded form. The finer Neospectra (660m2/gm
specific surface) was processed at 15 per cent by weight pigment and the
Peerless (300 m2/gm) at 30 per cent by weight pigment in 33.1/3 per cent
by weight Para/ac 10. The results obtained are illustrated in Figs. 5 and 6.
Fig. 5 shows the change in thixotropic area with time, being typical of all
properties other than slope which is shown in Fig. 6.

It will be noted that the two types of Neospectra mill bases show quite different
rheological trends. The standard form (nonbeaded) shows an immediate fall in
thixotropic area with increase in milling time, following the titania dispersion
direction, whereas the beaded grade moves in the opposite "grinding"
direction as for dolomite. This difference must be due to the beading process
causing some cementation of the particles which required grinding to break the
bonds. The coarser beaded Peerless black does not show the same trend as the
Neospeclra beaded pigment, and moves in the "dispersion" direction
immediately in everything but the slope. The slope of the standard uncompacted
Peerless also increases initially but for a slightly shorter period and to a lesser
degree than does its beaded grade, due, presumably, to the lesser need for
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300 NEOSPECTRA
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FIG. 5. THE PROCESSING OF CARBON BLACK
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FIG. 6. THE PROCESSING OF CARBON BLACK

" grinding." The great difference between the two beaded blacks is to be expected,
as considerably more interparticle bonding would occur in the Neospectra
grade which has approximately twice the specific surface of the Peerless black,
and would therefore require more" grinding."



1964 SOME RHEOLOGICAL PHENOMENA IN MILL BASES 713

During the development of the rheological testing technique a range of mill
base samples taken during a milling test performed on Peerless carbon black
were tested in the manner described, and also after various periods of standing.
The thixotropic area changes and the slope changes are shown in Fig. 7, and
besides indicating the need for testing the samples after a controlled standing
time, this graph also shows the influence on static stability of the degree of
dispersion, i.e. the longer the dispersion time the less the rheological change on
standing. No attempt was made to measure the diluted paint film properties
on standing, but it would be interesting to learn what the effect of standing a
mill base would have on its let down properties.
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Emulsion Paints

A rheological examination has been performed on the mill bases of a number of
Kady milled emulsion paints during the dispersion stage of the pigment/china/
clay deflocculant systems and the results given in Table IV are typical.
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TABLE IV
EMULSION PAINT

September

Milling time 10 rpm 100 rpm Slope Thixotropic Deviation
from(mins) reading reading area Newtonian

]5 9 58.25 .55 20.85 12.3

20 8.5 52.25 .49 6.25 4.0

25 8.0 I 48.5 .45 5.75 2.9

I30 7.9 48.0 .45 5.60 2.6
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PROCESSING OF CARBON BLACK (BEADED) IN AN EXPERIMENTAL MACHINE
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It will be noted that the change in rheological data between samples as the
milling cycle progresses is decreasing, as the rate of dispersion slows and virtually
reaches equilibrium after· 30 minutes processing. The Thixotropic Area is
generally the most sensitive factor. However, due to the low vehicle viscosity
experienced in emulsion paints no marked changes in thixotropy are seen.

USES OF THE TECHNIQUE

This method of assessment can only be directly applied to the comparison of
mill bases of the same composition, and in this manner has been successfully
used in machinery assessment. An example of this is shown in Fig. 8 which
shows the changes in thixotropic area experienced in a mill base milled at
three levels of efficiency in an experimental machine, with an increase in machine
rotational speed corresponding to an increase in efficiency. It will be noted
that the initial increase in thixotropic area at the lowest speed is absent from
the two more efficient milling trials due to this " grinding" period occurring
prior to the taking of the first sample. Also with increase in milling efficiency
there is a progressive movement of the complete curves in the" dispersion"
direction. The trends illustrated for thixotropy were also followed by the
other rheological data obtained from the mill bases. The trends shown rheologi-

110
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cally were also confirmed, basically, by physical measurements made on the
diluted paints, although the separation was less positive.

The described effect of charge volume on the Kady milling of titanium dioxide
is, of course, another example of the direct comparison of mill bases of identical
formulation, and in Fig. 9, the thixotropic area curve for one of these charge

150

140

18 130

I
I
I
I

16 120 I
I

<t I
w I0: I<l: I
u I

3 4014 n: 110 .1
0

1\0:
~

I-
0 . IU ~

\ \I
l- I-

4 42~ 12 100 . \
~

\ "
\!) If)

0 Z l-

e z'w
wIf) . ,

<t ~

\ \. \ w W--J

50: 440:~10 90 AREA
UJ =>

If)::> e> <l:LL

\ \ \,
=> UJ0:

CENTRIFUGAL <t ~l- e>z
SEDIMENT If)w Z If)u

8 80 \. " 6<t 460
~ ..J

\\OLO55"'"
e> e>
UJ
I

6 70 \ " ........ 48

\ ',-.- ................. .'

\ '-- - ~.--......- :..::::.:=. - - - - - -
~GMAN '

SCALE
8 50604

0 10 20 30 40 50 60
MILLING TIME (MINS)

FIG. 9. THE EFFECT OF MILLING TIME ON VARIABLES IN A LABORATORY KADY MILL WITH A
2,000 CC CHARGE VOLUME



716 G. COPE AND A. BOULTON September

volumes is plotted against comparative physical measurements, which clearly
shows the greater sensitivity of the rheological testing technique.

The effect of mill base formulation variations on milling efficiency can also be
considered by noting the milling time required to reach equilibrium or for
certain rheological phenomena to take place, e.g. the time at which the prussian
blue " grinding cycle" ends and the "dispersion cycle" begins, or the time
required to "grind" carbon black beads.

For grinding processes, rheology offers considerable possibilities for the
control of particle size, or possibly more precisely specific surface area, by
matching the rheology of products to that of a known standard.

The authors had hoped that by pursuing the described line of research that a
method of mill base formulation would have been derived based on the optimum
rheological characteristics determined for mill bases in any machine, however it
now appears that, as mill base rheology changes markedly during milling,
such a method of formulation can only be used as a guide to mill base
composition.

CONCLUSIONS

The authors feel that it is reasonable to presume that the complex adsorption,
moisture and gas removal, etc., processes of dispersion and grinding must
affect the rheology of a mill base, and therefore its measurement offers a
possible means of controlling particle size and dispersion. Although this paper
describes an extremely narrow range of systems, and the suggested" grinding"
and "dispersion" processes are gross simplifications it is considered that
sufficient information is shown to indicate the possible uses of this technique,
employing the fact that progress towards "Newtonian characteristics" is
indicative of the increase in the degree of dispersion of the given system.

[Received 4 November 1963
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Modern Dispersion Equipment*
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Summary
The three separate papers deal with three types of modern dispersion equipment, namely
the high-speed impeller, the attritor, and the sand mill.

In the first paper a description of the origin and development of high-speed impeller
equipment is given together with the relative merits of overdriven and underdriven types.
Loading techniques, operational procedures and the use of high-speed impellers in
combination with ball mills, roll mills, sand grinders and other mills is discussed. Correct
pigment/vehicle ratio and optimum resin solids are important for efficient dispersion.
Conditions for successful operation are described withp articular reference to control
ofoverload and the dependence o/power demand on impeller size and shaft speed.

The second paper describes the basic action of the attritor invented by Dr. Szegvari,
which depends on the agitation of small grinding units which act on the material being
processed. Attdtors are slow running and their action depends on the balance between
centrifugal and centripetal forces in the agitated mass. A wide range of materials of
various degrees of hardness can be processed at viscosities up to 450 poise. Low or high
resin concentrations can be employed. The S type for batchwise operation and the more
recent C type for continuous working were available in all sizes up .to large-scale production
units.

In the third paper the mode of action of the sand mill is described. Dispersion is effected
by the relative movement of very large numbers of grains of sand, roughly spherical
in shape. The construction of the mill and the flow patterns required to give maximum
efficiency are detailed together with the calculations involved on size of aggregater to be
dispersed. Once pigment/resin/solvent balance has been selected, .. stay-time" in the
active milling space becomes the controlling factors and is controlled by pump speed. The
new" wide-range" sand mill handles high viscosity material.

Equipement Moderne de Dispersion
Resume

Les trois memoires particuliers traitent des trois types d'equipemellf moderne de dispersion,
asavoir : Ie brasseur avitesse e1evee, l' .. attritor " et Ie broyeur asable.

Le premier memoire est consacre al'origine et ala mise au point de l'equipement composant
Ie brasseur avitesse elevee et traite egalement des avantages compares du type asurexitation
et du type asous-exitation. Ce memoire commente egalement les techniques de charge, les
methodes de fonctionnement et l'utilisation des brasseurs avitesse elevee en combinaison avec
les broyeursaboulet, arouleau, asable et d'autres genres de broyeurs. Une proportion correcte
pigment/vehicule de meme que des composants resineux solides de qualite optima sont
essentiels pour obtenir une dispersion effective. Les conditions propres aun fonctionnement
parfa;I sont decrites et concernent particulierement Ie controle de la surcharge et la
et la dependance caracterisee par Ie facteur puissance quant a la dimension du brasseur
et la vitesse de l'arbre.

Le deuxieme memoire decrit 10 fonction de base de l' .. attritor " invente par Ie Dr. Szegvari
et qui est fonde sur Ie principe de I'agitation de petits elements broyeurs agissant sur la
matiere traitee. Les" attritors" fonctionnent a faible vitesse et leur action depend de
l'equilibre entre les forces centrifuge et centripere dans la masse agitee. Une gamme etendue
de materiaux dont les degres de durete varient sont susceptibles d'etre traitees ades v;scosites
atteignant 450 unites en equilibre. Des concentrations resineuses foibles ou elevees peuvent
etre employees. Le type" S" pour l'operation de dosage et Ie type" C," plus recent, pour
Ie travail en continu ont ete realises en toutes dimensions, y compris en tant qu'ensembles
destines a la production en masse.

·Presented to the Manchester Section on 14 December 1962.
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Le troisieme memoire deerit Ie fonctionnement du broyeur Ii sable. La dispersion s'opere
griice au deplacement relatif d'un tres grand nombre de grains de sable, de forme Ii pelt pres
spherique. La construction du broyeur et les debits-types propres a assurer un rendement
maximum sont detailles, de meme que les calculs necessaires quant au volume de la masse
destinee a entre dispersee. Apres avoir determine requilibre pigment/resin/solvant, la duree
effective du broyage devient Ie facteur de controle .. cette duree effective est elle-meme
fonction de la vitesse de la pompeo Le nouveau broyeur iJ sable, presente dans line gamme
etendue de modeles, traite des materiaux de haute viscosite.

Zeitgemaesse Dispersionsanlagen
Zusammenfassung

Die drei Arbeiten beschaeftigen sich mit drei Typen moderner Dispersionsanlage/l : Mit dem
Hochgeschwindigkeitsgeblaeserad, mit del' Aufreibungsanlage und del' Sandmuehle.

1m ersten Artikel wird eine Beschreibung des Ursprungs und del' Entwicklung von
Hochgeschwindigkeitsgeblaeserad-Anlagen zusammen mit einer Eroerterung del' Vorzuege
von ueber-und untertourten Typen gegeben. Beschickungsverfahren, Betriebsvorgaenge und
die Verwendung von Hochgeschwindigkeitsgeblaeseraedern zusammen mit Kugelmuehlen,
Walzenmuehlen, Sandschleifanlagen und anderen Muehlen werden eroertert. Das richtige
Pigment/Traeger Verhaeltnis und eine optimale Beschaffenheit der Festkoerperharze sind
fuel' eine wirkungsvolle Dispersion ausschlaggebend. Die Voraussetzungen fuel' einen erfolg
reichen Betrieb werden unter besonderer Beruecksichtigung del' Steuerung von Ueberlastung
und del' Abhaengigkeit des Energiebedarfs vom Geblaeseraddurchmesser lind von de,.
Wel/endrehzahl beschrieben.

1m zweiten Artikel werden die Wirkungsgrundlagen del' von Dr. Szegvari entwickelten
Aufreibungsanlage dargelegt, die aufdel' Mahlwirkung kleiner Mahleinheiten beruht, die auf
das Material einwirken, das gerade verarbeitet wird. Aufreibungsanlagen arbeiten langsam
und ihre Wirkung haengt von dem Ausgleich zwischen zentri/ugalen und zentripetalen
Kraeften in del' Schleudermasse abo Eine Vielzahl von Materialien verschiedener Haertegrade
kann bis zu einem Viskositaetsgrad von 450 verarbeitet werden. Dabei koennen niedrige ode,.
hohe Harzkonzentrationen verwendet werden. Del' Typ "S" fuel' Schubbetrieb und de,.
/Ieuere Tup "e" fuel' Dauerbetrieb waren in aI/en Groessen bis zum Grossproduktionsformaf
verfuegbar.

In del' dritten Arbeif' wird die Wirkweise del' Sandmuehle beschrieben. Die Dispersion wird
hierbei durch die relative Bewegung einer sehr grossen Zahl von Sandkoernern, die etwa
kugelfoermig sind, bewirkt.

Die Konstruktion del' Muehle und die Fliesschemen, die eine Hoechstleistung ermoeglichen,
werden gemeinsam mit den Berechnungen del' Feinsplittgroessen, die dispergiert werden
sol/en, im einzelnen eroert. Wenn erst einmal das Pigment/Harz/Loesungsmittel Gleich
gewicht richtig bestimmt worden ist, so wird die eigentliche Mahlzeit zum bestimmenden
Faktor, und sie wird dann durch die Pumpengeschwindigkeit gesteuert. Die neue Sandmuehle
mit einem weilgespannten Anwendungsbereich verarbeitet Materialien mit hoher Viskositaet.
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High-Speed Mixing Equipment
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INTRODUCTION

The scope of application developed by plate-type impellers revolving at peri
pheral speeds in the range of 2,000-6,000 fpm has become quite extensive
during recent years. This has resulted from a vertical growth within a particular
industry followed by a translation of the application from one industry to
another. With the introduction of the plate-type impeller mixer to the paint and
printing ink industries a new approach to dispersion is rapidly developing.

Production efficiency in combining premix and milling operation has acted
as an incentive to develop the use of this type of equipment to the point where
acceptable dispersion of the pigment is obtained. Always assuming no primary
particle size reduction is involved, the role of the high-speed impeller type mixer
is to tear apart agglomerates or aggregates of pigment particles.

High-speed impeller equipment can really be classified into two types, namely
the underdriven and the overdriven.

The underdriven type is possibly limited in its scope for the following
reasons :-

(i) The underseal must be suspect, particularly if abrasive pigments are
involved.

(ii) Generally speaking it cannot handle viscous materials, but works on low
vehicle/solids dispersions which are more susceptible to colloidal shock
on let-down if not carefully handled.

(iii) To some extent it limits the rate of production because it works on a
fixed-container system which must be emptied before the next batch can
be started.

(iv) Cleaning is not as simple as with the overdriven type.

The underdriven units are, however, particularly effective where vortexing and
air-entrainment are problems, and where low viscosity products are to be
produced.

The overdriven types are more popular than the underdriven machines because
it is generally accepted that they have a number of advantages which make them
more versatile.

(i) All working parts are above liquid level.
(ii) Higher vehicle/solids ratios can be used, considerably reducing the

tendency toward colloidal shock.
(iii) Any container of the correct dimensions can be used and when dispersion

is complete the container is immediately removed. Altematively, the
batch can be covered and the machine moved around to the next
container. Providing adequate loading facilities are available the operation
can be made almost continuous.
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Fig. 2 shows curves which indicate the increase in power demand with increase
of impeller size for any given speed.

Many mixing operations, particularly where high speeds are involved, require
a variation in speed. This variation can be achieved by changing belts and
sheaves, by the use of multispeed motors or by variable speed drives. The latter
are very convenient since they give an infinite variation throughout the speed
range of the drive.

Belt-driven variable speed drives are generally constant torque drives and
one can say that at any speed below the rated top speed of the drive, the capacity
to transmit power is reduced in proportion to the speed. In other words a 20 hp
unit would deliver 20 hp at 1,800 rpm but only 10 hp at 900 rpm.

At least one manufacturer has developed a variable speed drive which must be
considered as a constant horse power drive transmitting at least 90 per cent of
the motor hp at low speed. This is an important development in that maximum
use can be made of the full horse power during the initial loading period resulting
in a higher pigment loading per unit of horse power than a conventional constant
torque machine.

Whilst there is a preference for the variable-speed machines in general it is
important that the value of the two-speed and the single-speed machines is not
overlooked.

Where the mixing is to be followed by a refining process a fixed speed system
is usually adequate. This is perhaps true if the machine has enough premix to
keep it occupied throughout each 8-hour day. If, however, it will be used for a
variety of products a variable speed or even a two-speed machine would be more
versatile.
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In operations where large volumes of solids are to be added to a vehicle an
adjustment to the height of the impeller is desirable and this is usually achieved
by hydraulic control for ease of operation.

Having covered a brief survey of the principle of high speed mixers generally,
some of the factors affecting dispersion efficiency may be examined in more
detail.

Speed of Impeller.
In very general terms the peripheral speed of the impeller should be approxi
mately 4,500 rpm for dispersion, but for tinting and mixing only half this speed
or less will be required.

The simple formula for converting shaft speed to peripheral speed is as
follows :-

fpm=rpm xO.262 x diameter of impeller

The Ratio of Impeller Diameter to Tank Diameter
Where the paste exhibits Newtonian properties a 1:3 ratio is usually satisfactory
(Fig. 3), but with some heavy pastes which show little flow a 1:2 ratio will be found
more suitable. Too large an impeller/tank ratio will not permit maximum radial
flow and also will not allow the impeller to be covered by liquid in the initial
stages of dispersion. To increase liquid level would also mean additional pigment
to maintain the correct balance resulting in an overload on the motor.

o

FIG. 3

Minimum and Maximum Impeller Heights
With proper circulation the material spends most of its time in, or passing
through, the high energy zone surrounding the impeller. In practice the lower
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level of the paste should be approximately one half the impeller diameter and
the upper level about twice the impeller diameter (Fig. 4).

20

FIG. 4

Dished bottom tanks are preferable to flat as there is less likelihood of dry
pigment lodging in the comers and remaining there until the completion of the
batch. Discharge valves should be at the bottom of the container with as short
a pipe length as possible. When manufacturing products which will not be
refined the discharge valve should be opened two or three times during the
operation to ensure no unwetted pigment remains in the line.

For tinting and let-down operations the level is not so important and is
preferably as near the bottom of the container as possible. Dispersion on this
type of equipment involves the kinetics of both mixing and grinding. The vehicle
mix must be fluid enough to allow flow to all parts of the tank, yet viscous
enough to exert shear forces that will assist in breaking down agglomerates of
pigment particles. The object of the impeller design is to import high velocity
and laminar flow to materials being processed (Fig. 5).

Viscosity
In general high speeds are not compatible with high viscosities, but it is surprising
how high one can go in viscosity with this type of equipment. If the viscosity
is very high some reduction in speed or batch size will be necessary to compensate
for it, otherwise overload will result.
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INDUSTRIAL USE

Finally, there is the most important point of all, the use of these machines in
.industry. Providing the particle size distribution of the pigments and extenders is
of the correct order it is possible to produce primers, undercoats, flat wall
paints, distempers, emulsion paints etc., without refining, although some will
require sieving to remove bits or contamination. Normal processing time is 1-2
hours according to the batch size.

When preparing primers, undercoats, and flat wall paints based on oleoresinous
or alkyd systems it will be found that all or most of the resin will be required in
the initial dispersion and, therefore, little will be available to stabilise the mix
,on completion. It is best in these systems to add the high oil absorption pigments
or extenders first whilst there is plenty of liquid available to wet quickly. At
this point, it would be as well to emphasise that if one is expecting a 4 or a 5
on a maximum 8 Hegman gauge for your primers and undercoats a coarse

.extender such as barytes cannot be used.

So far as emulsion paints are concerned there are one or two factors which
require a somewhat different approach. The water absorption factor cannot be
determined for this system and generally speaking it is possible to work at
approximately It times the oil absorption of the pigment where only water and
wetting agents are used and I ~ times when the pigment is dispersed in the
plOtective colloid solution. rt is also possible to produce the colloid solution in
the high speed mixer providing the dry colloid is sprinkled in carefully during
operation to avoid lumping.
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Next, consider the dissolving of hard resins such as rosin, and rosin modified
maleic and phenolics, cellulose nitrate both dense, and in linter form, cellulose
acetate, ethyl cellulose, chlorinated rubber, shellac, vinyl and acrylic resins.
In the case of hard resins a single baffle in the container improves efficiency.
The high-speed mixer is particularly versatile in dissolving nitrocellulose both
dense and linter in a much shorter time than by conventional systems. The dense
grade works particularly well as the pigment can be dispersed at the same time.

Finally, there is the field of premixing operations for ball mills, sand mills,
triple roll and single roll mills.

Ball Mills
By premixing in a high speed mixer it is possible to reduce ball milling time
by at least 50 per cent. The paste consistency of this premix is far higher than
required for an efficient ball mill dispersion, but when stabilised with additional
resin the solvent produces the ideal consistency used in current ball mill dis
persion techniques. This operation not only reduces the wear on the lining of
the mill but also considerably reduces the necessity for frequent screening of the
ball charge.

Sand Mills
Premixing prior to sand milling is another excellent opportunity for combining
the advantages of two machines. By this method a greater throughput is
achieved with less heat development and less possibility of discoloration
occurring. By giving careful thought to the layout of the installation almost
continuous production can be achieved.

Triple-Roll Mills
It is usual to make two or more passes on a triple-roll mill to achieve a satis
factory dispersion, but by premixing in a high speed mixer the number of passes
can be reduced by 50 per cent at least.

Single-Roll Mills
Many gloss systems can be produced on the high speed mixer alone, particularly
with the softer pigments such as titanium dioxide but without special care and
attention to detail during processing the result can be spoilt by the appearance of
bits or agglomerates which have already been wetted. Quite often they will wet
out again on storage but a light refining action with a single-roll mill will
produce very satisfactory results.

To arrive at a satisfactory pigment-to-vehic1e ratio for a premix often involves
a system of trial and error which is both time consuming and costly. Over a
period of time it has been found that a definite ratio exists for each individual
resin to obtain optimum results. It has also been found that it is desirable to
dispense with gelling agents, etc.

In arriving at a suitable method for formulating for high speed mixers we can
consider the oil absorption of the pigments or extenders as the basic property
providing that the same method of determination is used in all cases. The
stirring rod method is preferred in the United States as it requires approximately
60 per cent less oil to reach the putty stage, and Guggenheim has produced a
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simple formula for the premix which as far as can be seen holds good for a wide
variety of mixes for the Cowles Dissolver.

FjC = 0.90 + l~s5 + :0
FjC=oil absorption factor for high speed impeller equipment
Vs =percentage vehicle solids
P=viscosity of vehicle in poises at 25°C.

Let us take a simple case as applied to a titanium dioxide dispersion. Assuming
an oil absorption of 20 for the titanium pigment we arrive at the following mill
charges calculated at 30, 50 and 75 % resin solids (Table I).

TABLE 1

Percentage
Resin solids Oil absorption Ib resin Ib titanium pigment

factor dioxide concentration
in paste

30% 1.58 31.6 100
I

76

50% 1.72 I 34.4 I 100
I

74
I

I
75% 1.89 I 37.8 100 I 72

I I II

From experience it has been found that a vehicle solids of between 30 and 40
per cent is a safe and practical range although many successful dispersions have
been made outside these limits.

From these figures it will be seen that it is possible to produce a system for
each individual resin computing the oil absorption factor at various resin solids
which indicates that the lower these values the lower the oil absorption factor
and consequently the higher the pigment loading.

Surface Active Agents
A large number of wetting and dispersing aids have been examined for appli
cation to high speed mixing systems and it appears that such additions improve
the speed of dispersion, but not always the quality of the dispersion.

GENERAL COMMENTS

This type of equipment will give many years of active service without trouble
providing the general principles relating to their operation are observed.
Some of the more important operating factors are as follows :-

(i) Never run the machines on continuous overload.

(ii) With variable speed machines always reduce the speed before stopping.

(iii) Never start the machine without the container in position.
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(iv) Always ensure that the belts have the correct tension and the grease points
receive regular attention.

(v) Make absolutely sure that the shaft and impeller are centralised in the
container before starting up the motor.

(vi) After completion of the premix always stabilise before stopping. Shaft
distortion can occur on restarting if the impeller is left standing in an off
centre position in a cold very viscous premix.

[Received 8 May 1964
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The Szegvari Attritor
By H. WADHAM

Torrance and Son Ltd., Bitton, Bristol.

September

INTRODUCTION

Many changes in methods and equipment used to mix, disperse and wet
pigments in media for the paint, ink and allied trades have taken place in
the last decade, certainly since the day of the edge runner, diluter, tandem
triple-roll mill combination. This was employed when a vast trade was carried
on producing and exporting colours in oil as a heavy paste.

This was followed after the 1914-18 war by an era during which variations
were introduced when a considerable amount of dispersion was effected in
the liquid state especially when ready mixed paints became popular. For this,
high shear triple roll mills, micro-twins, super grinders and finally the single
roll mill were employed together with pugs, ponies, vortex mixers, etc. [t was
eventually realised that with such procedures time was wasted in passing media
through the mills.

Pigments and extenders were very hard and this is in some cases desirable
even today, although available reduced to a finer mesh, and so precision roll
mills had to be carefully maintained and skilled operators employed, in
attendance the whole time, to make the necessary adjustments as wear
progressed.

During this time a mill had been developed from the dry grinding field, a
machine which did not depend on accuracy of its mating parts in order to
perform its duty. This. mill was, of course, the ball mill, which had been used
extensively in the ceramic industry. It was lined with very tough silex blocks
or porcelain.

Advantages of the Ball Mill
There is no doubt that the ball mill was both advantageous and economical

by comparison with earlier equipment, requiring very little maintenance and
only an unskilled operator at the start and finish of the cycle. Such a machine
that could be run unattended during the night gained even more favour during
the war. In the United States this type of equipment was concentrated on
to such an extent that it became standard practice, and anything requiring
dispersing which could be made in a liquid state at some stage was put into
a ball mill. This mill was studied very carefully indeed in order to obtain the
best results, and so the well-known flow point system was established, which
no doubt was a tremendous help to ball mill users. This machine became
even more popular in the United Kingdom during and after the war, to such
an extent that the roll mill was displaced in the paint trade as the main equipment
for dispersion.

Disadvantages of the Ball Mill
Even so the installation of a ball mill was not an easy project, since it is a

slow running heavy machine requiring special foundations to withstand the
weight involved.
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With the ever increasing quality of pigments, extenders, medias, and the
advance in the use of wetting agents, other types of equipment were developed,
namely colloid mills, high-speed mixers, centrifugal ball mills, sand grinders,
etc. Most of these can be made to disperse titanium dioxide pigments having
some final treatment, the micronised colours and extenders sufficiently well to
make house paints. Tn the process high speeds are employed to step up the
value G, with consequent heat generation, which limits the field of application
to the sphere mentioned. Such machines, except possibly the centrifugal type
of ball mill, were sensitive to pigment mixtures where one solid was harder
or more difficult to disperse than the other, and so failed to disperse these
to a really fine state. The centrifugal ball mill was limited by virtue of the
live masses involved, and difficult in arranging for the dissipation of heat.
Most of the machines mentioned operated on a continuous system and so
required a premix. Some drawbacks can be listed:

(i) They act only in a limited viscosity range.
(ii) They are sensitive when volatile liquids are used with fire hazard always

present.
(iii) In the case of the sand mill, and eventually the centrifugal mill, the

action stops if specific gravity is close to that of the grinding elements.
(iv) Temperature control is not good.
(v) Air is entrained.

(vi) Usually there is a limit to fineness attainable.

All these limitations were considered in the United States, together with
the cumbersomeness of the orthodox ball mills. They have a great deal fewer
of the above shortcomings, but often have two main weaknesses:

(i) Being cumbersome and heavy, special foundations are required. The
process is difficult to inspect and they are not so easy to charge or discharge
as some more modern equipment.

(ii) The action is slow and therefore takes hours, days and sometimes a
week to achieve the desired result.

It was quite obvious that as all the equipment was concerned in dispersing
and wetting, there was no real difference in them, but merely a variation in
degree.

In making a dispersion, one starts at point A with resins, solvents, diluents,
pigments and extenders, etc., and at point B a final satisfactory mixture is
required. Surely the object must be to go from A to B in as few steps as possible
and the ball mill was a means of achieving this, whereas with combinations
of pans, pugs, roller mills and stirrers, etc., the procedure was quite involved
and at every stage of transfer there existed the possibility of picking up
extraneous matter and incurring losses which were quite difficult to replace
exactly. All this resulted in a lack of uniformity.

In certain fields outside the paint trade, at first, fine, extremely pure and
uniform dispersions were required, and so, as a result, a new type of disperser
has emerged, was patented, and is now being produced under licence in this
country and on the Continent.
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THE ATTRIToR
This machine is the Szegvari attritor, which does not depend upon preCISion

mating parts to perform its work, does not require skill to operate, and fits
into process equipment very conveniently, since it is not heavy and so does
not require special foundations. It is a comparatively slow running machine,
and therefore waste of power in generating heat is reduced; also wear is
extremely small indeed, enabling a high standard of purity to be obtained.

The machine as shown basically in Fig. I is the 5 type and consists of a
stationary, vertical, circular, stainless steel vessel, jacketed for cooling and/or
heating under atmospheric conditions. Grinding and/or dispersion is effected
in this by the special rotating agitator that activates the grinding charge, which
consists of small elements which are intermixed with the material to be processed.
The agitator is the only moving part of the equipment. Discharge is carried
out either through the specially designed valve in the bottom of the vessel
or from the top by dividing the driving coupling, placing a half-round screen
in position, and then swinging the container forward at the top by hand in
the case of the smallest 1'5 unit, or by a built-in tilting gear in that of the larger
prod uction sizes.
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On the two larger sizes a pump can be fitted which can be used to pump
material in from a premix tank or circulate the batch during the grinding
cycle, thus reducing the time required, and then pump away to a thinning
and finishing tank. This type of attritor can also be charged direct if
necessary to avoid the use of a premixer. All attritors tilt, this feature being
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meant really for discharging the charge of elements and takes only a few
minutes.

The attritor works slowly in an equilibrium between centripetal and
centrifugal forces, the action being based on agitated grinding media composed
of small smooth pebbles, or ceramic or steel balls ranging from ~ in to -& in
in diameter specially selected for the purpose. One will use the smallest sized
media, capable of acting as kinetically independent elements, and this is a
very important point. Since the vessel is stationary, and there is no high
centrifugal force acting on its sides, the equipment is light by comparison
with the orthodox ball mill.

Due to the complete activation of small elements, the rate of dispersion
is high, and on the average is ten times that of the ball mill ; sometimes it
has been known to be 300 times as fast. This is so because only 15 to 20 per
cent of the ball millcharge in an orthodox mill is cascading through the
material, whilst the rest remains relatively static when being raised to the
cascade point; this absorbs power without effecting the dispersion. Due to
the grinding elements being small, a large number of points of contact within
the mill are available to disperse the mix. It must be borne in mind that a
one-gallon measure will hold 808 i in diameter balls, whilst the same measure
will hold 6,856 i in diameter, or 22,232 ! in diameter, or 173,824 -k in diameter
spheres.

There are a number of advantages accruing from the above design. The
attritor equipment is smaller and more serviceable, the former made possible
due to faster dispersion, which means that the size can be reduced, and smaller
more serviceable units are more adaptable. Due to the efficient way in which
the elements are activated, less power is required, and therefore it is more
economical for the same size production.

In the attritor the action takes place between grinding media without involving
the walls of the grinding vessel. It is the only grinding and/or dispersing
equipment where the action is concentrated in the inner volume of the grinding
vessel.

The attritor can disperse with minimum necessary resin solids present, since
stabilisation can be effected commencing slowly and without it being necessary
to stop the machine. This is very important, especially where pigments such
as carbon black are being dispersed, also, due to the use of the stationary
vessel, the state during the dispersion phase can be examined at any time,
again without the necessity of stopping the machine and if adjustments are
required, these too can be effected with the machine running.

The stationary vessel can be of light construction and any heat that is
generated is dissipated very quickly. The proportion of the vessel is such that
during the dispersion phase there is ample cooled wall above the working
level, which can act as a condenser, and is most important when the units
are employed to handle mixtures with volatile solvents. This space is also
available at the end in which sufficient stabilent can be held. The attritor action
tends to release entrained air, enabling higher pigm~nt concentration in media
which are inclined to froth easily, for example when incorporating sulphur,
crystals for adhesives and Indian ink. Speed can be varied to suit the viscosity.
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Contamination resulting in discoloration when using steel elements is
negligible compared with the orthodox. mill and the sand grinder, since
activation is thorough but gentle, due to the absence of high centrifugal forces.
or long cascading under gravity. Stainless steel vessels with flint or steatite
balls will grind absolutely white materials, again due to the very low pressure
of the elements on the vessel wall.

Because contamination is negligible, very pure products can be made, and
by the use of small elements the degree of uniformity is high and a steep particle
size distribution curve is obtainable. An example is the dispersion required
which is used to coat the inside of strip lighting tubes. Here the fluorescent
pigment must be ground to the exact range; if too large, a shadow is cast
and if too small, the domain is destroyed. It is claimed that with attritor.
equipment 4t per cent more light is obtained. This material is very sensitive
and will discolour, but not in a porcelain-lined attritor using ~ in steatite balls.

Almost any material in any required particle size range can be handled.
For instance, those easy to handle requiring only "deflocculation" and hard
materials which require" grinding effort." This range of materials extend from
the easiest dispersing commercial pigment to the hardest material like tungsten
carbide. The system can have any viscosity from low to high and low or high
concentration. From the above it can be seen that attritor equipment is among
the most versatile of its kind, has a wider area of usefulness, and is therefore
more universal than any other processing equipment; even specific gravity
does not cause limitation since it will handle materials having a higher specific
gravity than the elements themselves.

This type of attritor can be used in many ways. Take, for instance, a 15 S
machine; this can handle a minimum charge of 5~ gallons up to 7 gallons using
the normal full complement of elements, and its output is equal to a ball mill.
which has a working volume of ten times this size. This machine can make
quite small batches comprising five gallons of finished material, taking it thin,
to five gallons of concentration, which would thin out three times for a house
paint, or anything up to ten times for an industrial finish. It can also, if necessary.
be made to handle a much larger batch than its own volume by adding a pump
and bringing in circuit with it the whole of a premix, and the time would be
that for the static batch times the quantity in number of batches less 20 per cent.
In such a case the premix stirrer must be kept running all the time at half speed.
In this way batches ten to 20 times that of the machine itself can be handled,
and yet in the end, when it comes to a change of colour, only a comparatively
small machine has to be cleaned, and this is not too difficult with judicious
use of the solvent required to complete the material handled.

Such machines can also be controlled automatically and be left running
over night in the same manner as the orthodox ball mill. The advantage of
it is that at any time, should the urgency arise, the sequence can be quickly
stopped and a static batch ground and taken away, when the machine can
then continue on the bulk. This type of procedure is quite impossible to achieve
with the orthodox ball mill.

One other very important advantage is the ability of the attritor to discharge
thixotropic mixtures through the bottom valve since the machine can be kept
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running slowly to ensure fluidity. In this way yields of 95 per cent are possible
where hitherto only 10 per cent or even less is all that can be discharged from
the orthodox ball mill. For such mixtures conventional precision equipment
had to be employed.

Finally, it would appear that with this type of machine it is certain to replace
the heavy ball mill in many applications since it is among the most versatile
of its kind and has an application far more universal.

The following list gives particulars of pigment, resin and solvent dispersion
phase ratios using a typical long oil, penta-alkyd and white spirit media
(TR 690) :

TABLE I

Proportion by weight of pigment, alkyd and
h't "tW Ie spm

Pigment

I
100 per cent

I
White spirit

alkyd

8 I 1 I 2
· . · .

I13.9 1 3.9

·. · . 1 I 1 2.8

· . · . 1.5 I I
I

2

t

---
[· . · . 5 1 3Toluidine red

Rone black ..

Carbon black

Titanium dioxide ..

Name of pigment

3

1.82

3

36.4

range c rome .. . . · . · .

I9.3 I 3.5
-

Iron oxide . . . . . . · . · . I 12 I 1 3.5

25 per cent helio blue }
I

14.5
I

1 1.575 per cent titanium dioxide · . · .

25 per cent helio blue }
I

14.5

I

1 275 per cent titanium dioxide · . · .

o h

Chrome green

Hansa yellow } I
Chrome yellow . . . .

.-----..~·1--6-.1-

M_ilo_r_i_b_lu_e_._._. -~====-=_... 1: 2_'°_6_

6

Referring to Fig. 2, this shows quite a different machine, but nevertheless
performs on the same principle. This is a continuous attritor type C. Today
preference is for continuous systems although they invariably start and finish
with a batch, the dispersion phase being the only one carried out on a continuous
basis.
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FIG. 2. C TYPE ATTRITOR
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A rotor of special construction revolves inside the stationary grinding tank,
which can be either cooled or heated, and is filled with small grinding elements
such as flint, ceramic or steel balls. The circumferential velocity is adjustable
to the viscosity of the product to be ground or dispersed in such a way that
the state of equilibrium is obtained between the centrifugal and centripetal
forces developed. This produces a kinetic activation of the grinding elements,
which transforms its energy into direct attrition. The grinding media is enclosed
below a heavy screen through which the material passes on its way out. With
this arrangement even higher viscosities can be dealt with up to 40,000-45,000
centipoise, and it is quite possible to commence replacing the triple roll mill
in the printing ink field as well as the ball mill for gravures. The vessel is extended
above the screen to form a well in the side of which the outlet chute is attached.
Being uppermost, this is very convenient. In order to assist discharge of viscous
pastes, a stirring blade or paddle is attached to the agitator shaft situated
inside the well and sufficiently near the screen to enable it to sweep. This blade
is also used for stirring in additions, to which reference is made later. There
are various modifications of the top assembly ; one, for instance, has a shaft-seal
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equipped cover so that the finished dispersion will issue due to the pump
pressure, even if it does not flow by itself.

Another quite recent development has been the provision of an adjustable
upper discharge screen. This feature has made possible a control not obtainable
with any other form of machine employing balls or pebbles as the work
elements. It enables the proximity of the elements to be adjusted irrespective
of specific gravity or viscosity of the mixture to be processed or the type of
element used. Usually to start the mill the screen must be released and when
static friction has been overcome and the mass fluidised then it can be adjusted
downwards until an optimum is reached, when the greatest effect is obtained.

The main difference between the machines is that the geometry has been
altered to prevent intermixing as is desirable for the S type, as shown in Fig. I.
and to promote vertical movement in plug form. The product to be dispersed
enters by means of a pump at the bottom of the grinding vessel, which is cone
shaped. The period of time during which the product stays in the vessel is
variable between two and 60 minutes. When grinding sensitive pastes, a second
pump running synchronously permits the addition of a sufficient quantity of
stabilising media to prevent flocculation as a result of osmosis. As with the
S type machine, stabilising is carried out with the machine running; with
the small models the regulation of the pumps is effected mechanically, whilst
with the largest, hydraulically.

For this type of attritor a premix is necessary, and since the intention is
that such machines are used for large-scale production; reasonable sized
premixers are required, preferably in pairs, in order to keep the attritor running
continuously.

With regard to processing times, it has been found that on the average
the S type machine is ten times as fast as the ball mill, and the dwell time of
the C type, that is the time to pass a volume equal to the voids of the elements,
approximately one-quarter to one-tenth of the time that is taken in the
S type.

Since the orthodox ball mill has been so well established over the last 20
years, the time in this mill is taken as the yardstick, and so attritor times can
be estimated from this.

The continuous attritors represent a rather recent development. According
to performance reports received from the United States, a continuous attritor
will finish a medium house paint requiring 50 per cent paste grind at the rate
of ten United States gallons per minute. Immediate production is being started
on automotive paints, roll mill pastes, paper coating compounds and
pharmaceutical products. In an advanced planning stage are the processing of
most paint products, ferrites for electronic applications, up grading of clays, etc.

With most high-speed equipment, expensive pigments are necessary, but
with the attritor, which does not use too small an element, coarser materials
can be handled, still at a fast rate, and so a saving on the raw material bill
can be shown. This can amount to more than any saving in labour. If one
could halve the labour cost on a gallon of paint, it would amount to only
pence, whilst if a pigment costing shillings per Ib less can be handled, the
saving is much greater.
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Comparing the equipment described with the orthodox, there is no doubt
whatsoever that there has been a very great advance in the type now being
used, although the objective is still the same, that of mixing, breaking down
and wetting, and it would appear that the attritor can be the successor to
the ball mill.

The 16 important features of the attritor can be summarised as follows:

(i) Very short grinding cycles.
(ii) Homogeneous dispersion.

(iii) Efficient method of working.
(iv) Substantial economy in manpower.
(v) Easy control.

(vi) Easy cleaning.
(vii) Low power consumption.

(viii) Minimum floor space requirements.
(ix) Safety in work ing.
(x) Low maintenance costs.

(xi) Quiet operation.
(xii) Large field of application.

(xiii) Good temperature control in both low or high range.
(xiv) Little or no mixing in of air.
(xv) Action concentrated in centre portion of grinding vessel: no vessel wear.

(xvi) Attritors can be supplied with special covers, seals and valves for
operation under pressure, vacuum and as reactors.
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INTRODUCTION

The sand grinding process and the equipment needed for its industrial appli
cation are the result of a long search for an easier way to produce dispersions
with high quality. Many trials with cruder versions of the sand mill were
necessary to achieve the design that we know today. This evolution was done
under actual production conditions by people farpiliar with paint systems.
The success of their efforts is demonstrated by the world's acceptance of sand
milling as an economical method for dispersing pigmented products of all
types. More than 150 companies in Europe are using the process on a com
mercial scale.

Today the sand mill is used by the paint industry to process the complete
range of pigments from the coarse barytes to the very fine carbon blacks.
Most vehicle systems are handled without difficulty. The sand mill is found to be
just as useful with alkyd enamels and nitrocellulose lacquers as it is with oil
paints and water systems. High quality car finishes and industrial products
are made by it as well as house paints and primers. Off-scale fineness and purity
of tones are easily achieved and users are delighted by the fact that a sand
mill's performance is not affected by variations between deliveries of raw
materials. Other industries use sand mills to make such products as inks, dyes,
magnetic tape coatings, shoe finishes, paper coatings, fabric coatings, and
other items requiring efficient particle separation.

PROCESS AND ApPARATUS

The mechanics of the process are simple. The sand mill may be regarded as the
first development of an apparatus primarily directed to creating those forces
necessary for breaking up the pigment agglomerates into their primary
particles and, hence, avoiding the excessive forces created by the heavier equip
ment such as the ball mill which hitherto has been recognised as one of the
best means of making pigment dispersions of uniformly high quality.

Instead of large size pebbles or steel balls the sand mill employs, as grinding
medium, sand, of a particle size much smaller than either the pebbles or balls
used in ball milling. The basic construction of a sand mill is relatively simple.
(See Fig. 1.) It consists of a water jacketed cylindrical vessel containing the
sand which is agitated by means of a specially designed impeller. A premix
of pigment and vehicle is pumped continuously in at the bottom of the vessel
and up through the "fluidised bed" of sand, passing through the successive
milling zones around each impeller disc to the top of the vessel and then out
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FIG. 1. CONSTRUCTION OF THE SAND MILL
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through a screen. The screen retains the sand in the vessel and permits the
dispersed base to pass and be discharged as required.

Dispersive action is achieved in milling zones near the surfaces of each
disc, as a result of adjacent layers of sand particles passing each other with
high differential velocities. Pigment agglomerates caught between these passing
sand particles are subjected to a shearing action with sufficient force to break
them apart. The strength of this shearing force varies inversely with the size of
the agglomerate being "pinched" by the sand. For instance, a 7-micron
agglomerate is subjected to lOO times the shearing stress that a 70-micron
particle receives. The stress on larger particles is enough to break down and
disperse agglomerates but not enough to fracture individual crystals in most
cases. Thus the sand mill is very efficient for deagglomerating and dispersing
pigments.! (Figs. 2 and 3.)

The amount of dispersive work done on each pigment particle is a function
of its residence time in the grinding vessel, and this is controlled by simply
adjusting the feed pump to the desired flow rate. One pass through the mill
is all that is required to disperse completely most pigments.

Many different materials were tried as grinding media, various sands, glass
beads, steel shot, plastic and ceramic beads, etc. None of these performed as
well as 20-40 mesh Ottawa sand, which represents an extremely fortunate
compromise of two characteristics : a general spherical shape that prevents
wear and an irregular surface, which results in greater dispersive action.
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FORMULATION

There is nothing new in formulating a base for the sand mill. In most cases
the ball mill formula is good enough except that higher resin solids than indi
cated by the Daniel flow point technique2 should be employed. This means
that mill bases are stable, flocculation resistant and not prone to " colloidal"
shock.

TABLE I
SAND MILL PERFORMANCE V. PIGMENT CONCENTRATION

(Ti02 base for high gloss industrial enamel)
Vehicle composition-30 per cent alkyd resin solids

Data obtained with a 3Q-gallon sand mill

Pigment Output rate Production
concentration (gph)* capacity

(percentage by wt) (Ib of pigmentfhr)

15 100 100

35 100 400

48 200 1,100

56 370 2,600

62 320 2,800

65 300 3,000

70 100 1,000

°Gph=US gals/hr.

TABLE II
SAND ·MILL PERFORMANCE V. VEHICLE COMPOSmON

(Ti02 base for high gloss industrial enamel)
Pigment concentration-60 per cent by weight

Data obtained with a 3D-gallon sand mill

Vehicle Olitput rate Production
composition (gph)* capacity

(percentage solids) (Ib of pigmentfhr)

18 250 1,800

22 300 2,100

26 320 2,400

30 370 2,700

34 350 2,500

42 100 1,500

50 80 200

°Gpb = us gals/hr.
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There are only two variables to be considered in working out a mill base
formula for the sand mill: pigment concentration and vehicle solids. The
effect of these two variables on the performance of a sand mill for a typical
(Ti02) white stoving enamel is shown in the tables below (Tables I and II) :

It is easy to see the wide latitude in the choice of each variable.

Too little pigment decreases the total output while too much will restrict sand
circulation and so reduce milling action. Vehicle viscosity should be neither
too low nor too high as this will lead to poor circulation of the sand with a
corresponding reduction of milling action.

Since there is a wide range between these extremes, many manufacturers
find that a ball mill formulation as discharged from the mill, is a convenient
formula with which to start with. A typical titanium dioxide mill base would have
the following formula:

Titanium dioxide 65 per cent by weight
Alkyd resin solids 10 per cent by weight
Hydrocarbon solvent 25 per cent by weight

OPERATION

During operation in a factory, there are five variables that can influence a
sand mill's performance. These are:

(i) Pigment concentration
(ii) Vehicle composition
(iii) Operating temperature
(iv) Sand concentration

(v) Residence time

Pigment concentration and vehicle composition are defined by the formula,
and so are a constant to the operator. Temperature is controlled automatically
to a predetermined level, and so of little concern to the operator. A specific
sand level is also maintained. This leaves only one variable for the operator
to adjust for each run-the residence time. He controls this by simply setting the
varidrive on the feed pump for the desired throughput rate. Once this is
established, no further adjustment is needed. Some plants are set up with one
man running as many as eight units.

The most satisfactory set up for a sand mill is an arrangement with two fixed
premix tanks. (Fig. 6). This permits the plant to run continuously-grinding
out of one premixer while the other is being loaded. However, some manu~

facturers find that portable equipment such as cans and even drums work well
as premixers for small batches. Actual premixing requirements are not stringent
and in many cases existing equipment can be used without difficulty. The types
of mixing methods used range from high-speed disc agitators to low-speed
paddles. All types are being used with equal success. Generally, what is wanted
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is a mixer that will produce a premix smooth enough to be pumped without
blocking the feed lines. The author's company uses low-speed agitation with
about 1 hp per 100 gallons (378 litres) of base to accomplish this in their
operations.
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PERFORMANCE

Although sand mills are relatively light and compact, their production capacity
is high as shown in Table III :

TABLE III

Production rates·

Unit size (Gph) L/hrt Motor (hp)
(US gallons)

3-gallon 10-60 38-226 7.5

8-gallon 20-100 75-567 15.0

16-gallon 40-200 151-756 20.0

30-gallon 80-400 302-1,512 30.0

Weight loaded
----

(Pounds)! Kg:

1,025 464

2,300 1,042

3,100 1,404

3,800 1,721

'Concentrated mill base. Figures for finished products higher.
t I US gallon = 3.785 Iitres.
tl Ib=O.453 kg.

The smallest production unit, for instance, has a grinding shell of only
3 gallons capacity (half of this volume being occupied by sand and the other
half by mill-base) yet the output is from 10-60 gallons per hour of mill base
according to the type of pigment and vehicle used.

ft will therefore produce up to 1,000 gallons of a finished white enamel in an
eight hour day as compared with, for example 1,000 gallons of the same enamel
produced by a 7 ft 7 ft (I,OOO-gallon) ball mill in 16 hours or 250 gallons of
this enamel in eight hours from a 12 in . 24 in three-roll mill.

THE NEW" WIDE-RANGE" SAND MILL

The new wide-range sand mill introduced in Europe towards the end of 1962
has many advantages for manufacturing house paints and other products where
a fine grind is not required but the mill base is viscous, high in solids or
thixotropic. In addition it performs at least as well as standard sand mills
with the less viscous and the finely ground finishes.

Mechanically, the new sand mill is characterised by a modification of the
screening zone to increase the forces developed in that zone. The flow of sand
between dispersion and screening zones has also been improved.

The main effect of the improvements is that the speed of separation of mill
base from sand has been considerably increased, especially for high viscosity
and thixotropic materials. Processed material now leaves the screen more
readily and in some cases also in a more fluid condition.

The screen zone in the wide range sand mill acts as a reservoir for sand not
required in the dispersion zone with some formulatiom, thus eliminating the
need for adjusting the volume of sand in order to increase the output of products
where throughput is not strictly limited by product fineness. The volume of
sand required for dispersion now adjusts itself automatically to the requirements
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of the mill base, with consequently greater flexibility of operation and greater
latitude in mill base formulation.

With the new model it is possible to process more highly viscous products
of the following types :

(a) High pigment concentration with a low viscosity vehicle.
(b) High pigment concentration with medium to high viscosity vehicle.
(c) Non-organic pigments with high viscosity vehicle.
(d) Systems exhibiting a high degree of thixotropy.

This means that heavily pigmented primers, undercoats, universal stainers,
low-solvent coatings, stencil pastes, oil paints, flat wall paints, etc., may be
processed satisfactorily.

CONCLUSIONS

Generally, it may be said that when compared with milling equipment
of equivalent capacity, users find that sand mills have greater flexibility, with
regard to both quality and quantity, are more efficient in their use of electric
power and operating space, and can be purchased for less money. Losses of
materials from cleaning and evaporation as well as the actual cost of cleaning
are very small. The cost of maintenance is practically negligible. The sand
does not wear out, nor does the shell. Discs and screens are of special con
struction, and so do not wear. Pump wear is no more than normal.

W~ile the biggest advantage of sand mills is their high production capacity
and a great flexibility for a relatively low investment, a manufacturer's justi
fication for employing them in his operations is not always the same. Some
use them to make batches in large volume, while others use them to make many
different small batches: Some use them because of quality advantages. One
manufacturer finds that sand milling gives better gloss to his products and
increases the tinting strength of colour dispersions" by as much as 50 per cent
over former milling methods." Another boasts that he can make .. whiter
whites and cleaner colours" by the sand mill. Generally, the experience of
all users is that sand mills produce products of high quality showing less settling,
chalking and bronzing without contamination problems.

[Received 8 May 1964
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DISCUSSION

MR. H. G. COOK referred to Dr. Manz's statement that stabilised mill bases should
be used in the sand mill. In the figures given this factor did not appear to have been
taken into account in determining the optimum pigment/resin/solvent ratios. He
asked if this meant that optimum concentrations always gave stable mill bases. He
also inquired whether there were any rules for producing stable mill bases and if
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there was a maximum pigment volume concentration or a minimum resin solids
for stability.

DR. MANz replied that the resin solids in properly formulated mill bases were
generally high enough to yield stable bases which were resistant to " colloidal shock,"
flocculation, settlement, etc. The figures shown in Table II to demonstrate the effect
of resin solids and pigment concentration on output were taken from an actual
production run, but there was no need to make production runs to establish this
information. There was a much simpler laboratory technique involving a beaker
and impeller of suitable dimensions which made it possible to develop this and other
information very much more quickly with very little material. The residence times
established by this technique could readily be translated into actual output figures
for any size production mill. The residence time in a production mill was controlled
by simply adjusting the delivery rate of the feed pump. In the case of, for example,
a dispersion of titanium dioxide in a medium oil alkyd, the resin solids employed
for optimum performance in the sand mill were 35 per cent. For finer pigments,
the resin solids would be increased up to, say, 50 per cent, as in the case of the very
fine carl1'on blacks. As stability was not a problem with properly formulated mill
bases, no attempt had been made to correlate separately stability with resin solids
and pigment content.

MR. COOK went on to ask whether, in fact, when formulating a mill base, maximum
production was obtained with a mill base that was stable. .

DR. MANZ said that this was generally so with alkyds where a plot of the output
versus resin solids at constant pigment concentration resulted in a curve passing
through a maximum, e.g. 35 per cent when the pigment was Ti02 and the vehicle a
medium oil alkyd. Other classes of resins may exhibit different curvature or even
independence of resin solids over a wide range. Furthermore, output had to be
correlated with fineness of grind, gloss, colour development, and the effect of such
variables as resin solids, pigment content, etc., on these properties could easily be
established by the beaker laboratory technique. Permanent records of these relation
ships could thus be set up for any particular system.

MR. G. R. LESTER commented that as far as the high-speed mixer was concerned,
one needed an average of 10-15 minutes at high speed for the completion of the premix
which should then be established with additional resin. Providing one started one's
mix at 30 per cent minimum solids it was fairly safe. Below that one could run into
difficulty from colloidal shock.

MR. H. WADHAM remarked that Dr. Manz had mentioned 35 per cent resin solids
and a low pigmentation figure. When using an attritor, if the resin solids was taken
as unity, the pigment could be 26 times and the solvent 7-8 times, which would give
a percentage non-volatile as low as 11.35 per cent, and one could see that the
pigmentation was much higher. This could be stabilised because the attritor could
be kept running and the stabilant added slowly to start with. When trying to do
this in a ball mill, if the resin solids were too low, reflocculation could take place,
even when just stopping the mill, and then one had to put in a fair quantity of media.
He had examined a 5 ft mill in the factory and found that this trouble could apparently
be overcome if the resin solids were reduced with solvent to be about half that of
the media in the mill base.

DR. D. A. PLANT stated that his own experience of organic pigments in sand grinding
agreed with Dr. Manz's in that no undue difficulties were encountered. In the case
of the newer granular form of toluidine red, it might be thought that the effective
particle size was so great that dispersion would be poor. However, the individual
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granule was not a rigid pigment aggregate but a loosely coherent mass of pigment
agglomerates and it had been found that dispersion of the granular form was as
easy to achieve as powder. On a more general question, differences were noted for a
given pigment in residence time for long-oil alkyds compared with short-oil alkyds.
He asked Dr. Manz to comment on the reasons for this difference.

DR. MANZ replied that it was certainly true that there was much more latitude
when formulating mill bases with long-oil air-drying alkyds than with short-oil alkyds.
The differences in the dispersion chracteristics were probably due to differences in
wetting ability and in the fluidity of bases having enough resin to give adequate wetting.
In the case of stoving enamels, it was found that some pigments were more easily
dispersed in the melamine resin portion than in the alkyd portion. It depended on
the surface characteristics of the pigment and the affinity of the vehicle for the pigment
surface. Dr. Manz recalled an earlier discussion with Dr. Plant when he learnt that,
in leI's experience, phthalocyanine blue had been found to be more readily dispersable
by sand milling in melamine resin than in the alkyd. Dispersability of mill bases
was found to be generally more dependent on polymer solids in the vehicle portion
than on the pigment-to-liquid ratio except in the case of alkyd systems where pigment
to-liquid ratios were important. The optimum range of vehicle solids in the case
of alkyds was 20-40 per cent, for nitrocellulose 10-20 per cent, for thermoplastic
acrylics 18-24 per cent, and for cellulose acetate 6.4-7 per cent.

MR. W. A. ALLMAN asked (u) what the comparative rates of wear on the grinding
media in the attritor versus the ball mill were, (b) whether the" worn-down" balls
were discarded when reduced to too small a size, and (c) whether there had been
any change in the policy of charging royalties on the use of the sand grinder.

MR. H. WADHAM, dealing with the first two points, answered that the action taking
place in the attritor was definitely between the elements, and this brought into the
picture the size minimum. The elements must act as kinetically independent units
and when the rather simple circular section arms were passing through the mass
of balls and material, they mechanically acted on the balls, and these, after getting
out of static contact, reapproached, so that anything between them was dealt with.
It was that action which was claimed to be the significant difference between the
attritor and the sand grinder, although not quite so much as with the ball mill. Because
the balls were not driven round at high speed, there was no action on the vessel wall
at all and because there was not sufficient force applied for the centrifugal action
to be the predominant one; every action between the elements was very gentle.
Daniels, in his paper on flow point, stated that the majority of work required to
disperse a pigment was not of the heavy impacting type but more a gentle action.
It was judged that it must be less, because one could deal with materials in the attritor
without discolouring them. One instance was that one could deal with a yellow stainer
in the attritor using steel balls without damaging its colour at all. (In a written
contribution, Mr. Wadham has stated that, taking a wide view of materials, the
rates of wear were approximately 9-15 per cent per year.)

The balls were still acceptable when worn down in size. In most cases they simply
disappeared. One was merely asked, therefore, to top up with the large size which
was dependent upon what one was trying to disperse. For ordinary use, in paints
for instance, one could use a mixture of balls !-~ in or flint. Non-metallic flint was
good as well as being the cheapest. There was no need to do extensive cleaning.

DR. MANZ, in reply to Mr. Allman's third point, jocularly commented that royalties
had certainly not gone up! His company, he said, had followed an enlightened policy
in the matter of royalties, having reduced royalty rates on four separate occasions
in the past, and he saw no reason why the same policy should not be followed in
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future. They preferred to charge royalties on the use of machines rather than to
incorporate them in the price of the machines, as they regarded this as a much fairer
system. One of the consequences of this was that machines could be offered at a
very attractive price. It should also be noted that the new " wide range" sand mill
was being offered at no increased cost to licensees despite the fact that the invention
and the patent-filling programme associated with it had put the company to
considerable expense. The sand mill was now being adopted all over the world and
especially on the Continent. For instance, in Germany, Du Pont's licensees accounted
for 75 per cent of the country's total paint production. There was some indication
that in the United Kingdom royalties would be more acceptable if they were
incorporated in the price of the machines, and this was being borne in mind.

MR. S. DUCKWORTH commented that Mr. Wadham had stated that no discoloration
. took place in the attritor when grinding Hansa yellow stainer with steel balls. He
said he would like to disagree with this statement as he had seen discoloration under
these circumstances.

MR. H. WADHAM replied that he had made the statement to illustrate the gentle
action of the attritor, but he asked Mr. Duckworth to accept his statement since
they had handled Hansa yellow as a stainer for a large producer in the South of
England. This also agreed with experience in the United States. He said that one
would not use steel as a choice, but it had been tried to see what would happen and
for this particular firm it had been successful.

DR. F. M. SMITH inquired whether the method of adding the pigment at the premix
stage had any effect on the efficiency of the final dispersion obtained.

MR. G. R. LESTER replied that in all cases such pieces of milling equipment could
be helped by the use of a high-speed mixer prior to the milling stage. He had found
by experience that the addition of pigments to a high-speed mixer should be done
at a reasonable rate. Some care had to be exercised and a steady feed was better
than mere dumping. Usually it was advisable to add the higher oil absorption pigments
first, whilst there was adequate medium available, followed by the lower oil absorption
pigments.

DR. MANz said that so far as premixing for the sand grinder was concerned, he
could give the actual method used in his company's plants. Du Pont used two fixed
premix tanks, each of which was fitted with an agitator driven at 90 rpm by I hp
for every 100 gallons of charge. Generally the solvent was put in first, then the resin
and then the pigment, which latter was added slowly with agitation. While the sand
mill was being charged, the agitator in the premix tank was kept going so that no
difference in consistency due to settling could occur. They did not use high-speed
mixers and it was their experience that almost any mixer would do the job quite
well because a homogeneous slurry was all that was required. There were cases,
however, where the affinity between pigment and vehicle was not very great, in which
case it was necessary to allow longer time for the premixing operation. The time
allowed for premixing had to be long enough for the active components to become
absorbed on the surface, especially when this was much longer than the two to
12 minutes that the mill base would normally spend in the sand mill.

DR. W. CARR inquired whether when making paint at very high speeds there was
any problem in colour standardisation.

DR. MANz answered that the secret of his company's method was to control raw
materials extremely closely so that there was very little after-shading to do. The
products came out very close to the final colour. This, of course, entailed very strict
control on the raw material supplier.
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DR. E. LEVY asked if the specific gravity of the grinding elements had an effect
on the rate or fineness of grind in the attritor.

MR. H. WADHAM said that it was not possible to give a specific comparison. He
thought that the heavier grinding elements, i.e. in relation to the material to be ground,
would produce the results faster, but the point he had been trying to make was that
the attritor would not stop dispersing because the elements were .. lighter" than
the material to be processed. It would continue to disperse, but the ratio of the balls
to the slurry volume had to be considered. Under these conditions it was advisable
not to oversaturate the grinding charge in order to have some control over the
proximity of the elements.

DR. MANz commented on the statement made that the specific gra'vity of the
grinding medium was an important influence on the behaviour of the sand grinder.
Sand which had a specific gravity of 2.64 was found to be quite adequate for all the
needs of the paint manufacturer.

MR. H. G. COOK queried whether one could judge if the speed of the impeller
in a high-speed mixer was correct simply by the visual appearance of the vortex
produced.

MR. G. R. LESTER replied that providing one worked to the maximum pigment
concentration, getting the best flow pattern rather like a doughnut ring, one should
just about be able to see the base of the impeller. Initially it looked very rough and,
as the dispersion improved, it became smoother. If the pigment concentration was
correct in the first instance it took on this doughnut-ring appearance quite soon
and would continue well. An increase in speed would not make much difference,
Initially it looked as if the pigment would never go in, but gradually it started to
turn in and if more medium were added it would eventually become slack, resulting
in inadequate shear.

MR. I. S. MOLL said that both the attritor and sand mill utilised a shearing action
for achieving dispersion, whereas the high-speed mixer could use cavitation. From
the evidence presented on the latter type of equipment, dispersion improved over
the first 20 minutes and then ceased. This could suggest the formation of agglomerates
before all the material had time to come under the action of the mixing blades. He
asked whether there was evidence that the cavitation action was different from the
attritor or sand grinder in the type of dispersion produced.

MR. G. R. LESTER said he had noticed some evidence of this on one or two occasions,
particularly in soya alkyds. Dispersions had been taken down to 7+ in a maximum
8 Hegmann reading, which was as good as for most decorative enamels. If one then
carried out a texture rating there could be an appearance of agglomerates which,
on a Hegmann gauge test, would be removed anyway except at the 1-3 end of the
gauge. When such material was allowed to stand, however, the agglomerates seemed
to disappear. This tended to occur particularly in the poorer wetting types of media.

MR. MOLL commented that the disappearance of these agglomerates of titanium
dioxide represented a fairly unique behaviour. With most organic pigments such
agglomerates were not likely to disappear on standing.

MR. G. R. LESTER said that many organic pigments were really a different proposition
unless a micronised batch was used. There was a factor in the structure of organic
pigments giving a bond stronger than in the inorganic types.

DR. E. LEVY asked if the grinding effect in the attritor was the same as in the ball
mill, where one imagines that weight of the ball charge contributes to the grinding
effect and reduces the size of primary particles.



1964 THE SAND GRINDING PROCESS 749.'

MR. H. WADHAM replied that the attritor could deal with loose agglomerates easily;
also fused agglomerates and even "concrete" solid particles could be ground, as
opposed to so-called dispersion work.

DR. E. LEVY then asked if this action was similar to the roll mill.

MR. H. WADHAM said it was thought that the roll-mill action slowed down after
reaching the 5 micron range. The ball mill, on the other hand, would continue to
grind. The attritor could go very much further because of the number of grinding
elements mechanically involved was so much larger.
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Reviews
LACKROHSTOFF-TABELLEN

Third edition, by DR. ERICH KARSTEN. DIN A5. Pp. 329. Published by
Curt R. Vincentz Verlag, Hannover, Germany. Price DM 28.50.

A progressive paint chemist has to search for better or more economical
raw materials all the time, i.e. he has to look beyond the frontiers of his country.
A very good opportunity for this is offered by reference to the Lackrohstoff
Tabel/en, the third edition of which has been greatly extended compared with
the previous 1959 edition (from 248 to 329 pages). Also the increase of
subheadings is to be welcomed. These tables of raw materials used in the
paint and varnish industry are up-to-date, the references to May 1963 and the
materials include versatic acid-based alkyd resins.

The following products are covered: Oils and their derivatives, natural
and synthetic resins, which comprise almost 60 out of 79 groups, emulsifiers,
surface active agents, bactericides and fungicides, stabilisers, miscellaneous
auxiliaries, waxes, driers, plasticisers and solvents, i.e. practically all types of
raw materials for the manufacture of varnishes, paints and lacquers except
pigments and dyestuffs.

A number of raw materials from countries other than Germany, 19 British
and 14 American companies, are also included. fn some cases where these
are produced in Germany under a licence, as is the case with polyamide resins,
or under a German set-up, only the German licensee's name and trade
designations are given.

The comprehensiveness of the tables can be judged from the subject index
of trade names, which lists about 3,500 items. The summary of contents is
well subdivided into classes of materials so that it is not difficult to find quickly
what one is looking for.

Most of the 79 main groups are preceded by a short summary of the general
properties; detailed data for the individual products are given in various
columns under miscellaneous headings with characteristics and recommen
dations for formulations under the heading: Remarks.

Automatically one draws comparisons between these tables and the Surface
Coating Resin Index by the British Plastics Federation and the Surface Coating
Synthetic Resin Manufacturers' Association. The latter gives in some cases
more physical constants, but is otherwise not as informative, and as far as
resins are concerned is not as comprehensive, but the reviewer would not like
to be without either of them. The information in the Karsten tables would
be more complete if, for example, the constants of alkyd and amino resins
were complete. In other cases only part of well-known products of some
manufacturers are recorded. The table" Composition of vegetable and animal
oils and fats," on page 22, generalises without indicating this. It should have
been headed "Examples of . . ." as compositions vary and in some cases
considerably according to counLry of origin, etc. To characterise plasticisers
the listing of boiling ranges and toxicity would have been desirable.
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However, these and other omissions weigh lightly compared with the mass
of useful information, which is excellently presented, intelligently arranged
and cleverly coded, so that within a little space a lot is told. This book is
indispensable.

M. HESS.

SYSTEMATISCHE QUALITATIVE ANALYSE ANORGANISCHER
PIGMENTGEMISCHE

By DR. -fNG. ERICH BEZEL. Published by Curt R. Vincentz Verlag, Hannover,
Germany. Paperback. Pp. 40. Price DM 7.50.

Many a chemist who has frequently to identify similar compounds has
found means and ways to cut short the methods of classical analysis or other
circumstantial tests and thus saved for himself and his company time and
bother. Not many have made the results of their experience public. This is
exactly what E. Hezel has done with regard to the qualitative analysis of
inorganic pigment mixtures, which he has carried out in a paint works
laboratory. First published in the form of articles in Farbe und Lack, his findings
are now available in booklet form.

The identification of ions alone often gives no clear-cut answers, but Hezel's
stepwise identification method for definite pigments gives it. The analytical
steps used are simple and follow each other in a set order. He says that using
his " Kurzanalyse" (speed-analysis) a mixture of five to· eight components
can, after a little practice, be identified within about two hours.

The various stages of analysis and their results are discussed. The analysis
of rarer inorganic pigments and of those individual ones which can be identified
by a direct test is described separately.

E. Hezel's observations will be found useful in many laboratories.

M. HESS.

INDUSTRIAL PAINT APPLICATION

By W. B. TATTON and E. W. DREW. George Newnes Ltd., 1964. Pp. 200.
Price 36s.

The authors of this book state, in their preface, a modest objective which
they have achieved handsomely. Their presentation is succinct, readable and
without pretentiousness, leaving this reader wishing he could have written the
book himself.

Many technical books leave the impression that the authors were unwilling
to simplify their text, possibly lest it be thought to detract from their status
as experts, with the result that much remains unintelligible to the uninitiated
seeking instruction. In the book under review, however, the authors have
presented an admirable text, simply written, but leaving out nothing of
importance to a broad survey of methods of paint application in industry.

Each of the application methods could have formed the text of a book, if.
treated in detail, but this book is a survey of and introduction to a variety
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of methods. Some will be familiar to many readers, but they will not easily
find evidence of mistreatment or lack of balance, but they will find sufficient
detail on unfamiliar techniques to give a useful picture.

There is sufficient paint technology for the non-specialist to appreciate the
inter-relationship between the paint composition, the method of application
and the service requirements. The reader is taken through the cleaning and
preparation of a substrate, the important methods of application, the coating
requirements and finally a broad outline of stoving requirements and equipment.

This is a most useful book for all those engaged in providing and using
industrial paints to gain knowledge of methods with which they are not regularly
concerned, with much of general interest to a wider readership.

A. T. S. RUDRAM.

METAL CLEANING

By SAMUEL SPRING. New York: Reinhold Publishing Corporation. London:
Chapman & Hall Ltd., 1963. Pp. 232. Price 78s.

This book describes the various methods available for cleaning metal prior
to painting and as such will be valuable to the paint technologist. The principles
underlying metal cleaning and the types of soil and cleaners are described
in the early chapters of the book and are followed by a more detailed description
of individual methods.

In addition the book contains methods for the evaluation of cleanliness,
the evaluation of cleaners, the reduction of costs and a chapter on production
hints which should prove useful when trouble occurs in cleaning operations.

The book is clearly. printed and only one minor error was noted (p. 21,
incorrect formula for substituted polyoxyethylene). Whilst attempting to cover
such a large subject, the author is to be commended, but due to the small
volume the book now resembles lecture notes rather than a finished thesis.
This, however, is compensated for by the references at the end of each chapter.
The book is to be recommended as a source of metal cleaning methods.

A. BATEMAN.
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COMMENT

COMMENT

Acetic Acid Achievement

753

In 1960, The Distillers Co. Ltd. announced the beginning of construction of a new
acetic acid plant at its Hull chemical works, and the film premiered at Distillers'
Headquarters on 16 July showed the start of the development of the new process
and the construction of the Hull plant.

The theme of the film, in 16 mm sound and colour, fell into two parts. The first
part, a short animated sequence describing the history of acetic acid, the reactions
involved in the various processes, ended with a brief description of the new
process based on a light petroleum distillate.

The second part of the film was a description of the construction of the new
equipment. The development was traced from the initial idea, and the various stages
through laboratory pilot plant and final construction were shown.

In the 27 minutes the film ran, a large number of facts were given following the
usual pattern of most trade films, but the film was excellently produced and serves
its purpose admirably.

The plant shown in the film was commissioned in 1962 and, in view of the progress
made, the company has decided to add extensions, thus raising the capacity from
the 15,000 tons of acetic acid produced annually at the moment to approximately
six times this figure.
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Information Received

September

(In case of difficullY regarding addresses, members and subscribers 10 Ihe Journal should apply for details 10 the
General Secrelary of the Association at the address shown on the front cov"r.)

The LATEX ENGINEERING COMPANY announce that they are manufacturing cone mills
for the production of ultra fine dispersions. The machine sizes run from 20 in diameter
cone with a 12-gallon capacity to a 4! in cone with a I-quart capacity.

The Colour Aptitude Test Committee of the Inter-Society Colour of the United
States have released the 1964 edition of the Colour Aptitude Test. The Committee
states that the new edition embodies no major changes in plan, but incorporates
refinements that will make it a more useful tool for the evaluation of colour skill in
industry.

ARMOUR HESS CHEMICALS LTD. are marketing a new product called Armogel, which
has been designed to overcome the difficulty of incorporating hydrogenated castor
oil into paint formulations. Armogel is based upon an ultra-fine dispersion of modified
hardened castor oil and is said to be a free flowing fine powder that is easily dispersed
into paint media.

An unusually designed booklet has reached us from TITANGESELLSCHAFT MBH.
Entitled Kronos Information Silhouette, it consists of photographs of the company's
plant taken in such a manner as to emphasise the contrast between the light and
shadow of a modern chemical plant and thus contrasting the darkness of the titanium
ore with the brilliance of the final product.

GARDNER LABORATORIES INC. announced the publication of Consistency Bulletin
1964, which brings together. for the first time, all the Gardner viscosity measuring
instruments.

On 9 July, BRITISH TITAN PRODUCTS CO. LTD. celebrated the 30th anniversary
of the opening of their first plant at Billingham. As a note on progress, the company
mentions that the initial output of the Billingham factory was 950 tons of pigment,
while today the total capacity of this plant is 20,000 tons. Recently the company
has obtained an additional source of Ilmenite situated near Bunbury, Western
Australia. The mine will be worked by WESTERN MINERAL SANDS PTY. LTD., a
subsidiary of AUSTRALIAN TITAN PRODUCTS PTY. LTD. The output will be about 100.000
tons per year and it will all go to the factories of the BTP group.
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SEVENTEENTH TECHNICAL
1965

EXHIBITION,

The closing date for applications for the
Seventeenth Technical Exhibition will be
9 September 1964, and any Company
wishing to make application for stand
space, which has not already done so,
should send in its application immediately
to the General Secretary of the Association
since the Exhibition Committee will be
meeting shortly after the closing date to
allocate the space. All exhibitors will be
notified of the stand space allocated at the
end of September.

The Exhibition, which is universally
regarded as one of the most important
events in the calendar of the surface
coatings industries, constitutes a display
of recent developments in raw materials,
plant and equipment for the paint, printing
ink and aIlied industries. Applications
are not restricted to United Kingdom
companies, and a feature of recent
Exhibitions has been not only the consider
able participation by overseas companies
but also the large number of visitors from
overseas, there being 30 countries repre
sented by visitors who signed the books
at the Information Centre during the
Sixteenth Technical Exhibition.

In 1965 the Exhibition will be open for
the first time on five days. and in order to
give a longer build-up period to exhibitors
also, the Exhibition Committee has decided
to change the venue of the Exhibition to
Alexandra Palace, London. The Exhibition
will be open on the following dates and
times:

Monday 22 March 3.00 p.m.-6.30 p.m.
Tuesday 23 March 10.00 a.m.-6.00 p.m.
Wednesday

24 March 10.00 a.m.-6.00 p.m.
Thursday

25 March 10.00 a.m.-6.00 p.m.
Friday 26 March 10.00 a.m.-4.00 p.m.

There are ample free car parking
facilities available at Alexandra Palace
and the journey by road from Central
London is relatively easy. Alexandra

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

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

Details of the exhibits will be contained
in the Official Guide, copies of which will
be sent to all members of the Association,
both at home and overseas, and also to
manufacturing companies in the paint and
printing ink industries in the United
Kingdom. Copies will also be sent, together
with a four-language invitation card, which
this year will include a map reproduced
from the Official Guide, to chemists and
technologists individually on the continent
of Europe. It is also proposed to send the
four-language cards to manufacturing
companies in the paint and printing ink
industries on the continent of Europe
and both cards and posters will be sent to
the Commerical Counsellors of British
Embassies on the Continent and to
overseas Embassies in the United Kingdom.
If a member of the Association wishes to
receive copies of the four-language leaflets
to send to colleagues abroad, these will
be available towards the end of the year,
and application should be made to the
General Secretary's office at the address
shown on the front cover. by I December.
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ASSOCIATION CONFERENCE, 1965
As already announced, the Association's
Biennial Conference in 1965 is to be held
at Torquay from 25-29 May, with head
quarters at the Palace Hotel, under the
title .. Recent Progress in Coatings Tech
nology." Nine papers are to be presented
during the three morning technical sessions
and it is hoped that the lecturers will
be not only from the United Kingdom
but also the Continent and the United
States. In addition, on the Friday
afternoon immediately following the Asso
ciation Annual General Meeting, it is
hoped to arrange three .. Workshop

Sessions" on subjects not related to the
main topic of the Conference. Attendance
at these sessions will be restricted to ticket
holders only and full details will be issued
at a later date.

The full programme of all Conference
events, both technical and social, will be
included in the printed brochure which
will be dispatched to members early in
1965, together with the registration form,
and non-members who wish to receive a
copy should make application to the
General Secretary at the address shown
on the front cover.

SIXTH AUSTRALIAN CONVENTIO

From leji 10 right: Mr. E. V. Collins (Past Federal Committee Chairman), Mr. J. R. Rischbieth
(Federal Committee Chairman), Mr. E. A. Sandford (Guest of Honour).

MAYOR CHALET, WARBURTON, 16-19 JULY

The Sixth Australian Convention of the
Association was held in the Mayor Chalet
at Warburton in the Great Dividing
Range, 47 miles from Melbourne, on
16-19 July. Despite blizzards and a record
snowfall, 160 delegates from five states
assembled on the Thursday evening to be
welcomed by the Victorian host Chairman
Mr. J. F. Walker. Each delegate was
presented with an inscribed plastic folder
containing a note pad, list of delegates,
ball-point pen, synopses of lectures, pro
gramme and name-badge.

The technical session was opened by the
Federal Chairman, Mr. J. R. Rischbieth,
and eight papers were delivered during the
two working days.

The first paper presented" The Effect of
Molecular Weight Distribution on the
Properties of Alkyd and Acrylic Resins," by
Dr. D. H. Solomon, in which examples of
polymers used in the paint and related
industries were discussed where the distri
bution of the molecular weight was of
prime importance. Special mention was
made of acrylic and vinyl polymers.

The preparation, stabilising and curing
of water-soluble thermosetting coatings
were discussed by Mr. J. J. Hopwood in
his paper on .. The Chemistry of Water
Soluble Thermosetting Surface Coatings."

The chemistry and uses, together with
their limitations, of organic peroxides in
polymers and polyesters were reviewed by
Mr. B. L. Morrison.
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The use of atomic absorption spectra in
chemical analysis was covered by Dr. A.
Walsh in his paper, and it was mentior:ed
that preliminary investigations had shown
that this technique was also applicable to
the determination of various metals in
paints.

The examination of certain procedures
in the paint industry could be carried out
by using statistics; this view was pro
pounded by Mr. J. R. Bainbridge in his
paper on .• Statistical Methods in Paint
Research." He said that in these days it
was necessary to separate from the creative
methods of research and development
these hinderances and errors which were
relics cf the past technologies; this could
be dOLe by the application of statistics
and he showed an example to explain his
point.

Details of an investigation of varnish
holding prcperties of 16 timbers were
presented by Mr. K. L. Jones in his paper
on the .. Varnish Holding Properties of
Timbers." Two clear finishes were used
and the timber panels subjected to natural
weathering for various periods. A method
of assigning numerical ratings to the
timber defects in order to place them in
an order of merit was discussed.

The natural weathering of paints was
discussed by Mr. J. R. Rischbieth and
Mr. K. R. Bussell in their paper on .. The
Weathering of Paints-Some Findings and
Suggestions." Testing on racks and fences
was compared and it was found that a
combination of both gave the best results.
The development of conventional and new
methods of assessment were considered
and new methods of handling the results
suggested.

The final paper of the convention dealt
with the role of the scientist in manage
ment, represented by Mr. R. C. Trendil!.
After giving his definition of a .. Surface

Coating Scientist" and .. Management," .
he presented a diagramatic explanation of
the scientist's position in relation to his
place in his own industry. He finished by
discussing certain aspects of the scientist
administrator transition.

As outlined by the Victorian Publications
Officer in his closing remarks to the
technical sessions, the programme was
planr.ed to present a balanced cover of
basic research, an infusion of new ideas
from related scientific bodies and a
practical approach to topics of basic
importance to the industry. The degree of
interest shown by the attendances at all
sessions and at question times was most
gratifying to the organising committee.

At the official dinner on the Saturday
night, the guest speaker, Mr. E. A. Sanford,
managing director of BALM Paints Ltd.,
preserited a stimulating address to the
delegates and to the 20 senior executives
of the industry who were the Association's
guests on this occasion. Drawing on his
experience as a paint chemist who had
progressed through all technical depart
ments of the industry to his present
position, he challenged all present to face
up to the reality that this industry had a
lower productivity based on total capital
(including technical personnel) outlay than
many of its contemporaries and yet could
still not lay down specifications for its
own raw materials with the precision of,
for instance, the metal industry. Indeed,
it often happened that the raw materials
supplier knew more about his products
and their application than the consumer.

The vote of thanks proposed by the
Past Federal Chairman, Mr. E. V. Collins,
was acclaimed with enthusiasm by the
audience, it being generally agreed that
this address had vividly crystallised the
dormant theme of the whole Convention.

D.W.B.

Bristol Section
IRISH BRANCH

PRESENTATION TO MR. J. K. B. BURKE J. K. B. Burke, with a cut glass vase in
On Friday 24 July 1964 the members of the appreciation of services rendered to the
Committee of the Irish Branch presented Branch.
their former Honorary Treasurer, Mr. Mr. Burke is leaving Ireland to take up a
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posItion with his Company in South-East
England and all members of the Irish
Branch wish him every success in his new
position.

Committee member, Mr. R. F. Cotter
has been elected to take Mr. Burke's place
as Treasurer.

F. D. H. S.

London Section

The view over London from the balcony on
the 24th floor of Shell Centre)

VISIT TO SHELL CENTRE

Instead of the normal works visit, arrange
ments were made this year for members
of the London Section and their ladies to
visit Shell Centre. The response was
overwhelming, and in order to avoid
disappointing too many people, Shell
Chemical Company agreed to arrange an
additional visit, as a result of which over
300 people were able to take part.

The visits took place on Monday
28 June and Wednesday I July, and after
a brief reception in the theatre foyer, an
interesting feature of which is the large
scale mural by Osbert Lancaster which
occupies the whole of one wall, members
were shown two films in the theatre. The
theatre itself, with accommodation for
328 people, is of particular interest, the
decor having been designed by Cecil
Beaton. The first film, .. Traffic in Towns,"
was produced by the Central Office of
Information, with the aid of Professor
Buchanan and his staff, and tackled the
serious problem of traffic congestion in
~owns. It showed that unless new road

The guests assembling in the theatre foyer
which contains the Large Mural

systems were rapidly and correctly designed,
the traffic situation would shortly become
completely chaotic. The second film,
.. Giuseppina:' posed 110 serious problems,
but was a charming, light-hearted film which
won a Hollywood .. Oscar.·'

Immediately after the films, members
were taken on a brief tour of some of the
recreational sections of the building,
including the international size swimming
pool, and then to the 23rd floor for
refreshments. Visits were made to the
viewing gallery on the 24th floor, which
affords views over a very wide area of
L,:mdon.

At the conclusion of the Wednesday
visit, Mr. M. R. Mills, Chairman of the
London Section, said it was evident that
everybody had very much enjoyed them
selves and he wished to propose a sincere
vote of thanks to Shell Chemical Company
on behalf of all those present for the
excellent organisation and for making the
occasion such a memorable one. He hoped
that summer visits of this type might
become a regular feature of London
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Section's programme. In reply, Mr. R. A.
Atkinson, general manager of Industrial
Chemicals Division of Shell Chemical
Company, thanked Mr. Mills for his kind
words and said that it had been a great

pleasure to entertain members of the
London Section and their ladies, and he
had been particularly pleased to learn how
much they had enjoyed themselves.

R.N.W.

Manchester Section

MEMBERS OF THE SECTION AT leI DYESTUFFS DIVISION

VISIT TO leI LTD. DYESTUFFS DIVISION,
BLACKLEY

On 3 July 1964, the Chairman, Mr. H.
F. Clay, and 25 members of the Section
spent the day visiting the laboratories and
part of experimental plant of leI Ltd.
Dyestujj~' Division at Blackley.

Mr. North, the chief colourist, welcomed
the party and outlined the programme of
visits which had been arranged to various
parts of the technical service and research
departments and to the division experi
mental plant. Members divided into four
parties to visit successively the locations
selected with a break for luncheon in the
visitors dining room.

In the Polymer and Chemicals Service
Department, paint testing instruments and
methods were shown including a tin
stamping test for methacrylated alkyds
and the use of the Ferranti viscometer and a
gel strength apparatus for testing thixo
tropic alkyds. Among the more recent
developments in the surface coating field
the properties of newer thermosetting
acrylic resins were illustrated and polyure
thane wood finishes and floor finishes based
on both two-pack and one-pack rnoisture
curing systems were displayed.

In the Textile Printing Section an
exhibition was shown of the wide and
varied print styles possible with Procion
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reactive dyestuffs followed by a fascinating
demonstration of six-colour screen printing
with these dyes. In the same laboratory,
the use of instrumental match prediction
methods to provide a rapid service to
printers on shade matching was illu
strated. Using colour measuring instruments
to obtain basic data, a computer, appro
priately programmed, then provides recipes
which are automatically corrected for the
particular conditions of application to be
employed. In the adjacent laboratory a
full-scale, three-colour roller printing
machine was seen which is used for bulk
evaluation of new dyestuffs under
development.

A wide variety of colour applications
was shown in the plastics and miscel
laneous colouring section. Mass-coloration
with special grades of organic and inor
ganic pigments was described and polythene,
polystyrene, acrylic and other articles
made by these methods were on display.
Surface dyeing methods for cellulose
acetate, polyester, nylon, acrylic and
casein plastics were also described and
illustrated. Miscellaneous uses of colouring
matters shown included writing inks,
carbon papers, typewriter ribbons, ball
pen inks, soap and foodstuffs.

In the Pigments Section the uses of the
Laray viscometer and the Ferran/i-Shirley
cone-and-plate viscometer were demon
strated in relation to duct flow and
distribution properties of viscous printing
inks. For the evaluation of improved
pigments and dyestuffs for high-speed
rotogravure printing the MACO small
scale printing unit is employed to simulate
practical conditions as closely as possible.
1n relation to the paint field, the use of
standard depths of shade for fastness
testing were described together with the
use of Geometric Grey Scales for visual
assessment of the overall change occurring.
Exposure panels of coloured paints and
white·overspray tests were shown which
illustrated the methods. A demonstration
of pigment dispersability testing was also
given, using the Red Devil shaking machine.
Operation of this method was described for
rapid determination of optimum starting
formulations for ball mills, sand mills
and attritors.

In the paper section a 20 in width paper
making machine was seen which closely
simulates conditions of full scale working
but at slower speeds. This is used for
semi-bulk scale evaluation in development
work on coloured pigments and dyestuffs
and to produce pattern card illustration
material.

Application of dyestuffs to leather was
described during a visit to the adjacent
leather section where there was a display
of leather and wool skins. Some of these
were dyed with conventional acid leather
dyes and others with the newer, reactive
Pyocion range.

During a visit to the experimental plant,
where processes for many different types of
organic compound are worked up to the
semi-bulk scale, most of the types of
normal plant equipment used for dyestuffs,
pigments and intermediates manufacture
were to be seen. These included pressure
vessels for chemical reactions, coupling
vats, filter presses, and a through-circulation
dryer which was being used for pigments.
Members also saw a modern, specialised
unit for the production of Mysolin, a drug
widely used in the treatment of epilepsy.

A tour was also made of the technical
library and the main library housing all
scientific publications and the technical
archives, following which the main lecture
theatre was visited.

At about 4 p.m. the party reasscmbled in
thc rcstaurant for afternoon tea and each
visitor was presented with a mounted
photograph of the party (seen above) and a
handy steel tape measur.e. Before leaving,
Mr. H. F. Clay sincerely thanked the
party's hosts on behalf of those present.
He said that considerable work must have
gone into organising all the various
items which had been prcsented during
the tour and this was very much
appreciated. He felt the visit had been
most interesting particularly as it had
included several activities on the fringe or
outside the normal interests of the
Section's members. In conclusion, he
commented that many of those present
were not known to him personally,
(one had even askcd if he was a member of
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the Manchester Section !), and that he duce themselves to himself or members of
hoped they would come along to lectures the Committee.
during the forthcoming session and intro- W. F. McD.

ew South Wales Section

The above is a photograph of the Officers and Committee members of the New South Wales
Section. They are (ji'om left 10 right), Back row: Mr. M. J. Leahey, Mr. P. J. Donovan,
Mr. J. V. McAuliffe, Mr. B. T. Clarke, Mr. D. R. Heywood, Mr. D. M. Martin. Seated:
Mr. L. Jones (Hon. Publication Officer). Mr. B. Lathlean (Hon. Secretary), Mr. J. H. Foxton

(Chairman), Mr. B. J. Lourey (Hon. Treasurer).

ASSOCIATION TIE

Members of the Association will have
received in the August issue of the Journal
the leaflet describing the exclusive tie for
members, the production of which has
been authorised by the Council.

The tie will show the Association's
insignia in gold and red silk, as on the
cover of this Journal, on a dark blue
terylene background, and it is expected
that these will be available early in
November.

Members of the Association are asked,
however, to note that all sales of the tie
are being handled by Thresher & Glenny
Ltd., 152/153 Strand, London, W.C.2, and
not by the Association. The tie will cost
20s. sterling, post free, but if members
resident outside the Continent of Europe
wish the tie to be sent air mail, a further
5s. sterling should be added to cover
postage and insurance.

Members who have not completed the
order form will find a further copy on page
xxxiv of the advertising section.
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BUPA GROUP MANAGEMENT SCHEME

It will be recalled that in the February
issue of the Journal, sent to members
resident in the United Kingdom, a leaflet

. was enclosed concerning the possibility
of forming a group of members of the
Association under the British United
Provident Association scheme for private
treatment in illness, which would enable a
20 per cent rebate in subscription rates to
be obtained. Members who completed and
returned the form were subsequently
informed by Group Management Limited,
who minister such groups on behalf of the
BUPA, that a Group of Association
Members had indeed been formed.

A communication has now been received
from the British United Provident Asso
ciation stating that it will no longer be
possible to allow the 20 per cent rebate
to any professional or trade groups
although this will be allowed to company

. staff groups. The Board of BUPA has,
therefore, reluctantly decided that in
future new subscribers to existing pro
fessional groups such as the Association
will enjoy a rebate of 10 per cent, and the
rebate to present subscribers to the group
will be 10 per cent with effect from the
next renewal date, i.e. I March 1965.

A notice regarding the alteration in
subscription will be sent to all members
in the group in due course.

NEWS OF MEMBERS

As announced on p. 648 of the August
issue, Laporte Chemicals Ltd. and Imperial
Smelting Corporation have amalgamated
their barium chemicals interests and
recently the members of the board and
the senior executives of the new company
have been appointed. Members of the
board include Mr. D. H. Cutler, an
Ordinary Member attached to the London
Section, while the senior executives include
Dr. H. Mills, an Ordinary Member
attached to the Manchester Section, and

Mr. E. H. V. Jorey, an Associate Member
attached to the London Section.

MAC 64

Paints and varnishes is the field of chemical
equipment that the" Chemical Appliances
Exhibition" (MAC) have chosen to
highlight for the 1964 exhibition. Promoted
by the Italian Chemists' National Asso
ciation, the exhibition will be held from
26 November to 4 December 1964 at the
Palazzo Dell'arte, Milan. The scope of the
exhibition ranges from manufacturing
equipment through raw materials to
packaging. Details can be obtained from
the General Secretary, Via desiderio da
Settignano 13, Milan, Italy.

20TH CONVENTION AND SYMPOSIUM ON
OILS AND FATS

The 20th Convention and Symposium on
Oils and Fats will be held in Delhi, India,
from 26-29 December 1964. Promoted
under the joint auspices of the Oil Tech
nologists' Association of India, Soyabean
Council of America Inc. and the Vana
sparti Manufacturers' Association, India,
the symposium will consist of two technical
sessions followed by a group discussion.
Further details can be obtained from the
Convenor, Symposium on Oils and Fats,
Ganesh Flour Mills Co. Ltd., PO Box 1025,
Delhi, 6, India.

There are the following corrections to the
programmes as printed in the August issue:

London Section-for Thursday 7
January, read Thursday 6 January.

Midlands Section (Trent Valley Branch)
-for Thursday 10 October, read Thursday
I October.
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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

ARISS, ALAN GEORGE, 17 Rowley Avenue, Sidcup, Kent. (London)

ATHERSUCH, DOUGLAS, Abbey View, Winchester Hill, Romsey, Hants. (London)

BAILEY, JOHN NOEL, British Paints (Barbados) Ltd., PO Box 218, Bridgetown, Barbados,
West Indies. (Overseas)

CERESA, RAYMOND JOHN, B.SC., PH.D., A.R.LC., A.LR.L, A.P.L, Pyghtle House, Caxton,
Cambs. (London)

CHAMBERS, DESMOND JOHN, 12 Omar Street, Wellington, N.5, New Zealand.
(Wellington)

GALLOWAY, GEOFFREY, 9 Kingfisher Court, Bridge Road, East Molesey, Surrey.
(London)

HENDERSON, GEOFFREY RUSSELL, 8 Cranbrook Street, Spotswood, W.14, Victoria,
Australia. (Victorian)

JOGA, RAO, SRJPADA CHINA, Shalimar Paint Works, Botanical Garden PO, Howrah,
India. (Overseas)

JOHNSON, RONALD DAVID, Australian Master Builders Co. Pty. Ltd., 60-64 West Beach
Road, Keswick, South Australia. (South Australian)

KIRKHOPE, DAVID JOHN, B.SC.(MELB.), Esso Standard Oil, 360 Lonsdale Street,
Melbourne, Victoria, Australia. (Victorian)

MATHIAS, BRIAN MORGAN, B.E., F.S.A.S.M., A.S.A.S.M., 28 Francis Street, Clarence Park,
South Australia. (South Australian)

SLADE, ALBERT ERNEST, 45 Sullivan Crescent, Harefield, Middlesex. (London)

T AMAI, RODOLFO, S. Dyrup & Co. Sp.a, Strada Sannitica III, Casoria, Napoli.
(Overseas)

THURSBY, ALBERT EDWARD, B.SC., 38 Daleside, Gerrards Cross, Bucks. (London)

WARREN, JOHN FREDERICK DAVIES, B.SC., 73 Derby Road, Lower Kilburn, Derbyshire.
(London)

Auociate Membeci

ALDRED, DAVID HARRY, B.A., c/o ICl (NZ) Ltd., Box 1592, Wellington, New Zealand.
( Wellington)

BUCKLAND, ROBIN JAMES, 55 Raymead Avenue, Thornton Heath, Surrey. (London)

DAVISON, LAURENCE WILLIAM, 65 Murray Street, Coburg, N.I3, Melbourne, Victoria,
Australia. (Victorian)

HORTON, JOHN, 56 Kinsella Street, Joondanna, Western Australia. (W~st Australian)

MOUAT, ROBYN JAMES, c/o CSR Co. Ltd., Distilleries Division, 1-3 O'Connell Street.
Sydney, New South Wales, Australia. (New South Wales)

PIER, LUDWIG, Henry H. York & Co. Pty. Ltd., 47-67 Wilson Street, Botany, New
South Wales, Australia. (New South Wales)
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Junior Members

BARBER, JOHN WILLIAM, 23 Elphinstone Street, West Footscray, W.12, Victoria,
Australia. (Victorian)

CAIRNS, ALLAN BELL, 181 Dormanside Road, Glasgow, S.W.3. (Scottish)
CAMPBELL, JAMES MAITLAND, 29 Hillcrest Drive, Stevenston, Ayrshire. (Scottish)
ELLIOTT, RICHARD, 38 Cal Side, Paisley, Renfrewshire. (Scottish)
GIBSON, FREDERICK JACKSON, 24 Bogany Terrace, Castlemilk, Glasgow, S.5.

(Scottish)
HARDIE, ANDREW DOUGALL, 36 Castlebay Street, Glasgow, N.2. (Scottish)
LAWSON, CHARLES, c/o McCormick, 17 Torbreck Street, Bellahouston, Glasgow, S.W.2.

(Scottish)
McDoWALL, JOSEPH MCCARTNEY, 15 Edgam Drive, Glasgow, S.W.2. (Scottish)
MACFARLANE, HUGH WEIR, 7 Cherrybank Road, Merrylee, Glasgow. (Scottish)
McKENZIE, NEIL DAVID, 71 Eirene Street, Yarraville, Victoria, Australia. (Victorian)
McLEAN, ALISTAIR RUSSELL, Flat 3, 31 Arnold Street, Underdale, South Australia.

(South Australian)
McLEAN, DENIS FREDERICK, 2A Kean Street, South Caulfield, Victoria, Australia.

( Victorian)
MOFFAT, PETER ALAN, 20 Love Street, Northgate, Brisbane, Queensland, Australia.

(Queens/and)
MORRISON, HENRY CAMPBELL, 28 Newton Avenue, Paisley, Renfrewshire. (Scottish)
MUIR. IAN MORRIS, 32 Thornly Park Avenue, Paisley, Renfrewshire. (Scottish)
NUGENT, ROBERT, 15 Drumberg Drive, Glasgow, S.W.3. (Scottish)
PATRICK, IAN, 8 Anchor Buildings, Paisley, Renfrewshire. (Scottish)
REID. MIss GEORGINA, 7 Dykebar Crescent, Hunterhill, Paisley. Renfrewshirc. (Scottish)
SHARP, WILLIAM MOORE, 193 Boreland Drive, Glasgow, W.3. (Scottish)
SMITH, ALEXANDER BORLAND. 55 Arkleston Road, Paisley, Renfrewshire. (Scottish)
WALKER, MISS ROSEMARY BUCHANAN. 70 Caledonia Road, Saltcoats, Ayrshire. (Scottish)
WATTERS. MISS MARGARET NICOL MITCHELL, 89 Raeberry Street, Glasgow, N.W.

(Scottish)

Forthcoming Events
(Note: Details are givell of meetings arranged iI/ the United Kingdom up to the 15th oftlie mOllthfol/owing publicatioll,

and in South Africa and the Commol/wealtli liP to tlie 15tli of the second mOlllli after publication.)

September
Wellington Section. Golf Day (date to
be advised).

Thursday 3 September
Auk/and Section. Combined meeting
with the New Zealand Branch of the
Australiasian Corrossion Association.
Speaker Mr. N. A. Bennett.

Thursday 17 September
Queensland Section. Lecture to be
advised.

South Austra/ian Section. "Opacity of
Titanium Pigments," by G. Hartshorn
(Australian Titan Products).

Friday ]8 September
Manchester Section. Works Visit to
Ford Motor Co. Ltd., Halewood.
Mid/ands Section. "The Selection and
Efficient Operation of Shot-Blasting
Equipment," by W. R. Macmillan
(Tilmans Ltd.), at Griffiths Bros. &
Co. (London) Ltd., Wednesfield, at
6.30 p.m.
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Monday 21 September
London Section-Sol/thern Branch.
"Marine Coatings-Some Impressions
from a Visit to USA," by Mr. J. C.
Kingcome (Ministry of Defence (Navy
Branch», at the Queen's Hotel, Southsea,
at 7.30 p.m.

Wednesday 23 September

Auckland Section. General Meeting.
Speaker, Mr. Bennett.
London Section. "The Assessment of
Process Inks," by J. M. Adams,
PATRA, at Manson House, 26 Portland
Place, London, W.I, at 7 p.m.

Thursday 24 September
London Section-Thames Valley Branch.
.. Electrodeposition of Paints," by Dr.
A. L. L. Palluel (ICI), at the Royal
White Hart, Beaconsfield, at 7 p.m.
Refreshments at 6.30 p.m.

Friday 25 September
Bristol Section. "Theoretical Aspects of
Adhesion," by Dr. W. J. Dunning
(University of Bristol), at Royal Hotel,
College Green, Bristol, I, at 7.15 p.m.
Bristol Section-Irish Branch. " Mixing,
Dispersing and Wetting Equipment,"
by Mr. Wadham (Torrance & Sons), at
the Dolphin Hotel, Essex Street, Dublin,
at 8 p.m.

Monday 28 September
Hull Section. "A Method for Estab
lishing the Acceptability of Colour
Matches," Hull Section Co-operative
Research Project, by Mr. A. C. Ford
(Chairman) and Mr. C. C. Mell, at the
Royal Station Hotel, Hull, at 7.15 p.m.

October
WellinKton Section. " Locally Available
Clays" (date to be advised).

Thursday 1 October
Midlands Section-Trent Valley Branch.
" Current Developments in Dispersion,"
by G. Cope (Steele & Cowlishaw), at
British Railways School of Transport,
Lecture Theatre, at 7.30 p.m.

Newcastle Section. "Paint and the
Consumer," by J. Dukes (WHICH),
Crown Hotel, Newcastle at 6.30 p.m.

Wednesday 7 October
OCCA Council Meeting at 2 p.m. and
Past Presidents' Dinner at 6.30 p.m.

Friday 9 October
Manchester Section. "The Electro
deposition of Paint," by G. North, at
the Strand Hotel, Liverpool, at 6.30 p.m.
Hull Section. Annual Dinner-Dance,
New York Hotel, at 7 p.m.

Monday 12 October
London Section-Southern Branch. " Pig
mentation of Finishes for Electro
deposition," by J. R. Taylor (British
Resin Products Ltd.), at the Royal Hotel,
Cumberland Place, Southampton, at
7.30 p.m.

Wednesday 14 October
Scottish Section-Eastern Branch.
"Work Study," by J. Gloag (Heriot
Watt College), at the North British
Hotel, Edinburgh at 7.30 p.m.

Thursday 15 October
London Section-Thames Valley Branch.
"Objective Approaches to Colour
Matching and Production Control,"
by J. L. R. Landry (Davidson &
Hemmendinger), at the Royal White
Hart, Beaconsfield, at 7 p.m. Refresh
ments at 6.30 p.m.
Midlands Section. Day Symposium
" Electrodeposition of Paint," at Regency
Club, Shirley, at 10.30 a.m.

Thursday 15 October
Queensland Section. Wine Tasting
Evening.

Saturday 17 or 24 October
Auckland Section. Ladies' Night at
Flamingo Cabaret.

Wednesday 21 or 28 October
Auckland Section. General Meeting.
Speaker, Mr. Brooker.

November
Wellington Section. Ladies' Night (date
to be advised).
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Oil and Colour Chemists' Association
President: J. E. ARNOLD, B.SC., PH.D., F.R.I.C., A.INST.P.

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 used 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 regula.
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 (with an Irish Branch), Hull,
London (with Southern and Thames Valley Branches), 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, 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 Federation
d'Associations des Techniciens de l'Indlistrie des Peintures, Vernis, Emallx et Encres
d'Imprimerie de rEurope 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 lOs. 6d. An entrance fee of lOs. 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 Associa
tion.

PUBLICATIONS
Journal of the Oil and Colour Chemists' Association, Published monthly. Subscription rate

to non-members in UK, £5 p.a. post free; abroad, £6 p.a. post free; payable in advance.
An Introduction to Paint Technolozy (Second Edition). Pp. 187, illustrated, with index, ISs.

(including postage).
Paint Technolozy Manuals

Part 1 : " Non-convertible Coatings," Pp. 326, 35s.
Part 2 : " Solvents, Oils, Resins and Driers," Pp. 239, 35s.
Part 3 : " Convertible CoatiniS," Pp. 318, 35s.

General Secretary: R. H. Hamblin, M.A., F.C.r.S., F.C.C.S., Wax Chandlers' Hall,
Gresham Street, London, E.C.2.
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like this
You need a nose to detect New Isopar
Isopar is the name of a new range of isoparaffins of unusually high purity.
Isopar is free from contaminants, including reactive polar compounds, and
leaves no residual odour on evaporation. Isopar is new and versatile, and so
important that you will want to read the whole story of its many possibilities.
Send for our comprehensive technical booklet now. We will be glad to help you
decide how to make the best use of Isopar. Please get in touch with: Chemicals
Department, Esso Petroleum Company, Limited, Victoria Street, London SWl.
Telephone: Victoria 6677.

isepar
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NORSK SPR.tENGSTOFINDUSTRI AIS
Box 779, Oslo, Norway.
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VICKERS-ARllISTRONGS (ENGINEERS) LIMITED VICKERS HOUSE MILLBANK TOWER MILLBANK LONDON SWI
PT InA
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THE RESULT IS MOST IMPORTANT
This machine is designed to give you full and accurate
information on grain structure, and this it will do.
Furthermore, you may rely on that information as accurate
because this machine works on the plan-sifter principle
and is built by the most experienced and the leading
European maker of screening and sifting machinery.

It is also helpful in that it weighs only 48 Ibs.,
is compact and easily portable. It is virtually silent
and is fitted with an automatic timer. The price
is reasonable, and the workmanship and finish are most
impressive. Jel 200 Test Sieve Shaker

FREE! - A Table of Screens, giving comparative data for the most
common screen fabrics in international use

J. ENGELSMANN A.G. OF LUDWIGSHAFEN
Sole U.K. Agent:

F. Copley & Co., Beeston, Notts.

Whether you want a letter heading

or a three-hundred-page book-printed in

one colour or four-on newsprint or art paper-

you will want the best results, therefore

consult us on any matter of print.

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

Whitehall 7292
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HERCULES

NATROSOL 250
(HYDROXYETHYL CELLULOSE)

A water-soluble cellulose ether yielding

sparkling solutions which are substantially

Newtonian in character.

Because it is available in a range of viscos

ities wh ich extend from below IS to over

75,000 c.p.s. in 2 %solution. it is of special

interest both as a protective colloid and as

a thickener.

It also has properties of great interest to

the formulators of water based paints and

many other products as it is available in

regular and extra dispersible grades.

xlv

HERCULES
POWDER COMPANY

LIMITED

ONE GREAT CUMBERLAND PLACE, LONDON W.I. Telephone: AMBassador 7766



STYRENE CO·POLYMERS LTD
Sale, Cheshire Tel: Sale 8256

xlvi

The new Scopacryl range of Thermoplastic Acrylic Resins has
been designed for use in paints, adhesives, sealants,
trowelling compositions and other conventional surface coatings.
They are suitable for blends with nitrocellulose as well as
with thermosetting film forming media for stoving finishes.
Ranging from hard and rigid to soft and permanently tacky,
Scopacryl resins have excellent resistance to grease,
aliphatic oils and chemical fumes. They also have good electrical
characteristics, display very pale colours of.J ,01";0", aod film, aod hove melle" <010"' ,,'e";oo.

>-a new range
~ scopACRYL 21
1.1.. scopACRYLU scopACRYL 3
." scopACRYL 4

5~ scopACRYL
" scopACRYL 76
w.. scopACRYL

O scopACRYL 8
9U scopACRYL

'"

IOCCA
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Butanox AM 50 is the latest product of

Novadel research, and a most important

addition to the much used range of Butanox

catalysts. Its greatly enhanced reactivity puts

it in a class of its own, but it costs no more!

Full details and sample on request.

BUTANOX AM50
(methyl ethyl ketone peroxide)

It's new from NOVADEL
It's even safer to store and handle

·\/'fJlcl/lber

NOVADEL
-and there's
NO PRICE INCREASE!
Bulanox calalysls are jusI one group ill the
Novadel range of organic peroxides. Whatever
your requiremenls, ask Novadel-Ihe name
wilh so much experience behind il.

NOVADEL LTD., ST. ANN'S CRESCENT, WANDSWORTH, LONDON S.W.18

Telephone: VANdyke 7761-7 Telex: 21997 Works: Gillingham, Kent
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Element v the Elements The atomic
research station at Dounreay on the North coast of Scotland affords yet
another proof of the weather resistance of painting systems based on
one metal-LEAD. For the meteorological tower and the ventilating
plant, the pigments specified were Calcium Plumbate and White Lead
supplied by Associated Lead. The paint is still in perfect condition after
weathering several Scottish winters. Associ~ted Lead are specialists
in the uses of lead for all purposes-from. protective painting systems
to nuclear shielding.

Other Associated Lead products include :-RED LEAD· LITHARGE· BASIC

LEAD SULPHATE· TIMONOX FLAME-RETARDANT FOR PAINTS.

ASSOCIATED LEAD MANUFACTURERS LIMITED

Clements House. 14 Gresham Street, London, E.C.2· Crescent House, Newcastle· Lead Works Lane, Chester
Export Enquiries to: Associated Lead Manufacturers Export Co. Ltd.• Clements House, 11 Gres/wlII Street. London, E.C.2
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MINI-VAN AI WORK
This handsome business ambassador and jack
of all trades owes much to its acrylic finish
a formulation based on 'Oxitol' acetate.
The exceptional properties of acrylic resins for automobile finishes and

refinish lacquers, particularly with respect to their high rate of solvent

release, require solvent systems featuring 'Oxitol' acetate as a prime

constituent. This high power solvent in the Shell Chemical range is an

excellent vehicle for acrylic and other synthetic resins, and along with

Shell's ketones, alcohols, glycol ethers and aromatic hydrocarbons, is

helping to get the best out of modern coatings.

Wrire (or rechnical lirerarure on 'Oxirol' acerare and orher Shell chemical solvents.

OXITOl ACETATE FOR ACRYLIC FINISHES

xlix

Shell Chemicals
•

SHEll CHEMICAL COMPANY LIMITED
Shell Centre. Downstream Building, London S.E.1.

Regional offices: Lonclon. Birminghilm, Manchester. Glasgow. Belfilst and Dublin.

SHELL and OXITOL are trade marks
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_-_eO-Vlscommeter

-of special interest to the paint and colour industry. Wide range and r---------...
extreme sensitivity coupled with facilities for the following tests' FAROL
• Cone and plate. • Parallel plate. • Coucttc conccntric cylinders. RESEARCH
• Capillary platen. • Creep experiments.
Special de~igl/ [ea/llres illclude:-
1500r.p.m. motorsuitableforshearrates from 7 x 10-4

• see-I to t) Y. 10". sec-I: ENGINEERS
(3000 r.p.m. motor doubles these figures): Air bearing torsion head with
sensitivity from 0'1 dyncs/cm~ to 5 A IO~ dynes/em'!: Micro-inch gap setting: LIMIIED'
Electro-magnctic clutch with 10 mill i-second operating time: Direct reading
equipment: Provision for temperature control of sample from -50°C to
+ 400°C.
Prices from £1920. 51n81e Channel Pen Recorder £95 extra. If required.
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Epok Is a rcg'd. tmdc mark

For m.ore details please write
quoting Ref. No. 65

-and put the
best into your

paint

for flexi ble foil coatings and
roller coat applications

for domestic applian e
finishes

0,1150

0.1000 )
0,1003

~8
qaf. fJtd:d ~~.d ~p~

SALES A"D TECIIKICAL SERVICE DEVO SIlIRE HO . E PICCADILLY LO DO WI HYDE PARK 8131
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KENTDARTFORD,(1939) LTD.,OXIDES
Manufacturers:
AMALGAMATED

EFFECTIVE
Zincoli Superfine Zinc Dust is
very reactive. Highly loaded
aqueous silicate paints will rapidly
set into hard cementiferous
films for under-sea corrosion
and abrasion resistance.

EFFECTIVE
Zincoli Superfine Zinc Dust is a
fine pigment. Highly loaded
oleo-resinous paints will
produce smooth films ready to receive
the best decorative finishes.

for the most

effective

protective primers

use
Zincoli superfine zinc dust

Sale Distributors:
MORRIS ASHBY LTD.,
10 Philpot Lane. London. E.C.3. Telephone: Mansion House 8071
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paint

industry

serves

·Ce/ite is the trade
name (or Diatomite
and Perlite products

!J~
J>R.ODUCTS

the
Diatomite mining operations at Lompoc. California

CELITE FILLERS for-

• An exact degree of permanent flatness

• Achieving a durable and uniform finish

• Imparting adhesion and" tooth ..

• Flat undercoats with correct texture

• Microporosity to prevent blistering

CELITE FILTER AIDS for-

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

Send for sample and details to : Johns-Manville Co. Ltd.,
20 Albert Embankment, London, S.E.1. Tel: REL 6464-7

Johns-Manville
Over 100 years' experience~
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OROTAN
high-efficiency

dispersants

OROTAN 850 a dispersant specifically recommended
for producing stable, fluid dispersions of inorganic
pigments and clays, with minimum foam formation.

OROTAN 731 'highly efficient dispersant and stabiliser
for dyestuffs and pigments. Recommended as a pigment
dispersant in the production of emulsion paints.

OROTAN SN highly economical, low foaming dis
persant for dyestuffs, clays and pigments.

For more information, write to
LENNIG CHEMICALS LIMITED
26-28 Bedford Row, London WC I
Telephone: CHAncery 6631 (PBX)
OROTAN is a trademark of our parent company
Rohm & Haas Co Philadelphia USA,
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CLASSIFIED ADVERTISEMENTS

Classified Advertisements are charged at the rate of 7s. 6d. per line. Advertisements for
Situations Wanted are charged at 2s.6d. per line. A box number is charged at Is.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

Rapidly expanding paint factory in South Africa requires an experienced

PAINT CHEMIST
or PAINT TECHNOLOGIST

with a minimum of 10 years' experience in industrial-preferably
automotive-finishes.

Good theoretical background and flair for systematic development work
are necessary.

Excellent salary and prospects. Three-year contract and free passage.
Interview will be arranged in Europe.

Application letters under number 218 to the Offices of this journal.

Chemist Manager

Graduate Chemists who are at present responsible for an industrial
research or development team, are invited to apply to a major London
organisation for a stimulating and exacting Laboratory Management
appointment which will involve the initiation, direction and control of
development work for a major group of products allied to the synthetic
resin and paint industries.

Applicants for this well remunerated and progressive opportunity
who should be honours graduates aged approximately 27-30 should write
in absolute confidence to Box No. 218.
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SITUATIONS VACANT

~ British' Titan Products Co Ltd
TITANIUM • _

'lGMENTS~

GRADUATE CHEMIST
BRITISH TITAN PRODUCTS COMPANY LIMITED require a GRADUATE CHEMIST
for interesting research work in their spacious, well-equipped modern laboratories at
Stockton-on-Tees, County Durham.

Previous experience in the Paint industry would be an advantage.

Bonus Scheme

Non-Contributory Superannuation Scheme

Housing Assistance

Details in confidence to:
The Personnel Manager

BRITISH TITAN PRODUCTS CO. LTD.,
Billingham, Co. Durham.

CHEMIST required for analytical work on
inks, adhesives and raw materials, also to

devise test methods for determining the physical
characteristics of these materials. A considerable
part of the work involved will be connected with
the Company's Patents and the situation is
therefore one of responsibility. Applications are
invited from qualified chemists with analytical
experience and preferably experienced in paints,
inks, or adhesives.

The Company operates a pension scheme.
Salary will be negotiated according to quali
fications and experience. Apply giving full
details to Technical Director, Letraset Limited.,
17-19 Valentine Place, S.E.t.

LABORATORY SUPERVISOR

required by Lewis Berger (Great Britain)
Limited, Freshwater Road, Chadwell
Heath, Essex for their Production
Quality Control Laboratory. Ideal appli
cant will possess HNC Chemistry
qualification. or equivalent and several
years bench experience in the paint
industry. Modern, well equipped,
laboratories. Excellent salary and con
ditions. Applications in writing please
to Personnel Officer.

TECHNOLOGIST

required by

LEWIS BERGER (GREAT BRITAIN) LIMITED

Freshwater Road, Chadwell Heath, Essex,

to join small development team in expanding production laboratory. Duties will include
Pilot Scale work, Production Trouble Shooting, etc. Ideal applicant will possess HNC
(Chemistry) qualifications or equivalent, and have some experience in the paint or
resin industry. Excellent salary and conditions. Applications in writing please to
Personnel Officer.
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SITUATIONS VACANT

Dyestuffs Sales Representative
(for London Area)

required by

L. B. HOLLIDAY & CO. LTD.,
HUDDERSFIELD

Applicants should be over 25 years of age and preferably though not necessarily have
experience in one or more dye-consuming industries. Write giving full career details
to date, marking the envelope" Sales Representative."
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THE DISTILLERS COMPANY LIMITED

PAINT CHEMISTS

British Resin Products Limited, a
company within the Chemicals and
Plastics Group of the Distillers
Company Limited, have vacancies for
experienced paint chemists in the Techni
cal Service Laboratories at Barry,
Glamorgan.

The men appointed will test and
evaluate new and established surface
coating resins, and will undertake
technical service work to assist
customers. Candidates, aged not over
35, must hold a degree or Diploma in
Technology in chemistry, or an equiva
lent qualification, and must have
experience of paint and resin technology;
in particular, and up-to-date knowledge
of the formulation, manufacture, uses
and testing of surface coatings would
be a distinct advantage.

Please write, quoting Ref. No. 462CC,
to :

Staff Manager,
THE DISTILLERS COMPANY LIMITED,

(Chemicals & Plastics Group)
21-22 Bolton Street,

London, W.1.

SITUAnON WANTED

pAINT Chemist, 46, HNC (Chem.) seeks
interesting new post. 22 years in dyestuff

and paint industry. Reply to Box 216.

GRAVURE PRINTER
ClBA CLAYTON LIMITED

requires an Experienced Printer (25-30
years of age) to work in Technical
Service Laboratories on problems
associated with the use of dyes and
pigments in the formulation and
application of gravure printing inks.
Minimum qualifications-ONC or HNC
in chemistry or applied chemistry.
Applicants should have several years
practical experience of gravure printing.

The Company operates a generous
staff pension fund and there are canteen
and sports club facilities.

Applications in writing to :

The Secretary,

CTBA CLAYTON LIMITED
Manchester, 11.

A CHEMIST, thoroughly experienced
in liquid inks, is required to

combine with Research and Develop
ment the overall supervision of pro
duction in a modern factory in an
English-speaking Southern Hemisphere
country.

This well paid position offers good
future prospects including the possi
bility of managerial responsibility.

Handwritten applications to Box
No. 220.
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INTRODUCTION TO

CHEMIST
Rapidly expanding paper processing company

requires Chemist possessing a minimum of
University degree or equivalent qualifications.
This key position offers unlimited scope for
advances in the field of copying papers, methods
and materials and the successful applicant will
be expected to work on own initiative developing
both existing and future products. For further
details write stating age, qualifications, salary,
etc., to Managing Director, Dawley Brook
Papers Limited, Stallings Lane, Kingswinford,
Staffs.

SITUATIONS VACANT

ASSISTANT CHEMIST
Owing to further expansion, Molecular Metals

Ltd., Harrogate, require for their surface
coatings division, an Assistant Chemist with
energy and initiative.
QUALIFICATIONS must include HNC in
chemistry, or City and Guilds in Paint Tech
nology, and three years in a surface coatings
laboratory.
AGE 22-28.
SALAR Y £650-£950, with excellent prospects of
advancement for the right man.
Please apply in writing to :-

Senior Chemist,
Molecular Metals Limited,

Harrogate.

DEVELOPMENT CHEMIST required by •
rapidly expanding Company in coated t

products and industrial transfer field. Experience paI n
in ink, paint or adhesive desirable. Excellent
salary and prospects to a suitably qualified
man of proven experimental aptitude. Pension
scheme. Apply giving full details to : Technical
Director, Letraset Limited, 17-19 Valentine
Place, London, S.E.I. TECHNOLOGY

RESIN CHEMIST required in North West
London for development work. Newly

equipped laboratory and part of well known
company. Experience in surface coatings, New Edition now available
printing inks or resin manufacture desirable.
Apply Box No. 221 Price ISs,

AGENCIES WANTED

~ANUFACTURERS, EXPORTERS AND
BUYING AGENTS, NIGERIA import F' t Ed't' Id 10000 '

firm intends to extend and promote Trade Irs I Ion so , copies
contracts with British Manufacturers and
Exporters of PAINT. Manufacturers, Exporters
and Buying Agents, please send your CI F
Price Lists and Representative samples directly published by
to Messrs: A. F. ODUNSI BROTHERS,
PO Box 1243, JBADAN NIGERIA, WESTERN
NIGERIA. OIL & COLOUR CHEMISTS' ASSOCIATION

Ex-Buyer (45) BL-20 years Chief Buyer for one of Sweden's largest paint and varnish
manufacturers--excellent personal contacts in the trade-now an Agent covering
Sweden, Norway and Finland, seeks additional representation for suppliers of raw
materials to the paint and varnish and chemical industries. Negotiations can be con
ducted in England if desired. Please reply to : Mr. L. Fredelius, c/o Knut Lindquist,
St. Hadhusgatan 18, GOTENBURG C.

MORE CLASSIFIED ADVERTISEMENTS OVERLEAF



IT'S UNIVERSAL KNOWLEDGE

These four complete, handy and easily read Specification
Cards are now available. The set of four or individual Cards
can be obtained on application to-

THE UNIVERSAL OIL CO., LTO. HULL
Phone: 41311 (9 lines) Telegrams and Cables: "UNIVOL, HULL TELEX"

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

Phone: AVE 40111 (3I1nel). Telegrams: "Premoll, LONDON TELEX"

Printed in England by Metchim & Son Ltd .. 8 Storey's Gate. Westminster. London. S.W.\



Raw Materials for the
Surface Coating Industry

tBSUPRAPAL 8M

U.K. Distributors:
Allied Colloids Limited,
Cleckheaton Road,
Low Moor,
Bradford, Yorkshire
Tpl· Rr~rlfnrrl 7Rq11-7

A pale, very rapid drying,spirit-soluble,
non-plasticizing resin. Nitrocellulose
lacquers containing Suprapal BM
are stable to light and resistant to
water, oil, and hydrocarbons. Literature
on Suprapal BM is available on
request. Why not consult our techno
logists on your particular problem?

Badische Anilin- & Soda-Fabrik AG
Ludwigshafen am Rhein
~",rl",r~1 I=l",nll~.rif"' nf r-",rrYI<>n\l


	Journal of the Oil and Colour Chemists' Association 1964 Vol.47 No.9
	Contents
	Index of Advertisers
	A Comprehensive Study of Optimum Milling Conditions in Conventional and Planetary Ball Milling Equipment
	A Machine Dependent Method of Calculating Optimum Milling Conditions for Ball Milling
	Some Rheological Phenomana in Mill Bases
	Modern Dispersion Equipment
	High-Speed Mixing Equipment
	The Szegvari Attritor
	The Sand Grinding Process
	Reviews
	Comment
	Information Received
	Notes and News
	Register of Members
	Forthcoming Events

