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New urea resin DYNOMIN UI-17 
isobutylated resin. 
The same excellent speed 
of curing at all temperatures 
as for DYNOMIN UI-16. 
Improved water resistance. 
Favourable price. 

Sole UK Agents: 
Bader Trading Corporation Limited 
Fa, (i-cs.t.no Slieei 
L ~rldcr,,  'N.'. - ' 
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PARTICLE FOR YOU 
FROM US 

WHATEVER YOUR PARTICULAR ZlNC DUST REQUIREMENT 
WE HAVE THE GRADE FOR YOU. PARTICLE SIZE, 
METALLICS, COST & USE MAY VARY BUT THE OUTSTANDING 
QUALITY OF ZlNCOLl ZlNC DUST IS THE SAME WITH 
EVERY GRADE, SPECIFY ZlNCOLl AND BE SURE. 

ZlNCOLl 
ZINC DUST 

AMALGAMATED OX1 IIES (1939) LTI)., I)AKTFOKD, KENT 
Associated Companies: 
Stolbcr~cr Zincoli GmbH Aachen, Wcst Germany. 
Canadian Zincoli Pigment Ltd., Milton, Ontario, Canada. a subsidiary of 

MORRIS ASHBY LIMITED 
1 0  PHILPOT LANE 

Telex No 886 170 LONDON EC3 Telephone 01-626.8071 

M u ~ I I . .  A - . l ~ l ~ y  LIcI I \  r c . l ~ ~ ~ . \ c . ~ t l t * d  t l ~ r u ~ ~ ~ l l ~ u u t  1111. world 



JOCCA 

DEDICATED 
WORKERS 

Theee minute larvae af the lac insect will 
devote Lheir six-montih life cycle to 
pl.ayimg their part i l l  the ,produotion of 
lac--the vital natura.1 base material for 
SWdNLAC BLEACHED LACS (trans- 
parent. waxy or modified) SHELLACS 
LAC ESTlERS & H Y D R O L Y S E D  LAC 

You will find us equally dedicated to the 
task of meeting your lac requirements. 
likewise those for natural V A R N I S H  
RESINS. W A X E S  & WATER G U M S  

Agents for Established 1906 

ANGEL0 BROTHERS SHELLACS 

print 

practice 
Metchim's have been printers for 

over 100 years. 

Today, in the heart of Westminster, 

under the shadow of Big Ben, 

our modern automatic presses 

produce vast quantities of 

high-class printed 

matter, day and night, in our 

12,000 square' feet factory. 

METCHIM & SON LTD 
GENERAL, COLOUR AND PERlODlCAL PRINTERS 

8 S T O R E Y ' S  G A T E ,  
W E S T M  I N S T E  R ,  S . W . 1  

Telephone : 01-839 2125 



. . . to meet thc ever-growing dcmallds Ready too for the coloration of a wide 
of the Paint and l'rinting Ink Industries. variety of thermoplastic materials and 

It's the magnificent llcw for some applications in the Textile 
MONAS'I'KAL GKI'ENS plant built by Industry. 
ICI Dyestuff's Division at Grangemouth. ICI are alzoays at the ready. 

Ready to cater for every ilccd for high T o  breathe new fireinto thewonderful 

& & & ? i t ?  @ imperial (.hemirill i ~~du\ tr i c \  1.i111itnl I o~ ldon  SWI England @ X921 
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introduction 

paint 
technology 

second edition 
with additional chapter 

The sales of this Association publication now exceed 13,000, and because of continuing 
high sales of the second edition, and the need for a work of reference to be constantly abreast of 
the latest developments in its field, the Council of the Oil and Colour Chemists' Association 
has authorised the addition of an eleventh chapter to the "Introduction to Paint Technology." 
Entitled "Recent Developments," the Chapter incorporates up-to-date information on the latest 
advances in the technology of the paint and allied industries. 

This addition will help the "Introduction to Paint Technology" to maintain its position as an 
invaluable aid to young entrants into the industries and to marketing and other personnel requiring 
a basic knowledge of the principles and techniques of si~rface coating production and application. 

new chapter 
The new chapter is subdivided into three sections 

resins and media 
Including polyester, epoxy, polyurethane resins and developments in water based pzints, 

vinylics, etc. 

application techniques 

Including electrodeposition, powder coatings, strip-coating, aerosol spraying. 

instrumental testing and control methods 

Including colour measurement, viscometers, brushability, hardness, film thickness, wenthero- 
meters, and use of computers. 

The book contains 204 pages including 11 line diagrams, 8 photographs of common paint 
defects, and comprehensive index. Copies can be obtained from the Oil and Colour Chemists' 
Association, Wax Chandlers' Hall, Gresham Street, London E.C.2, price £1 (post free). 



COLOURS LTD. 

I auJTHERN SALES & E ~ r u i i i :  Maryland Road, Stratford, London, E.10 
Telephone: 01-534 4151. Telex: 263664 

NORTHERN SALES: Newbridge Lane, Stockport, Cheshire, 
SKI  2NB Telephone: 061480 4474 
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76 crude oil tanks at the Burmah Oil Refinery 
Extension, Ellesmere Port are primed with 

Atlas Ruskilla Quick Drying (2 hour) 
Metallic Lead Primer. 

More and more national and international companies are 
finding their corrosion protection requirements are satisfied 

with Metallic Lead Primers. 

They are available based on a variety of binders (oil, alkyd, 
rubber, epoxy) enabling a type to be selected suitable for 

application at site or at steel works, and providing protection 
in marine, industrial or chemically polluted atmospheres. 
Obtainable from leading paint manufacturers. 

YREE 64 PAGE MANUAL n5 
Our Technical Manual is designed 
to  inform hntli paint manufiilcturer 
and user of the incrir and salpc 01' Sl11<I,'1'I IOIiNIi MI<I .AIS 1.Ihil'l 'ED 

AIetallic I.cad I'rimer. \Vc invite you ~\furrtr/.rrrrrr~~r.r ~r l ' . \ l~ . rcr l l i r  I.c.r'/ I'iqrrrcfrr. 
to send for your pcrs~~aal  cop\. (:hurc.h Strcct. I<ir.knians\r~~~rth. 

containing user stories, tccli~iici~l i l n ~ l  I lertc. \VI)3 I J Q  lingland 
resc;~rch inli~rrnutio~i dr;~\t  11 Iiic.l;m:~~isw~~rlli 736x6. 

from world-\vide soul Selling agcnts tl~roughnut the wurld. 

Burmah R.otect - - - - 

with Metallic Lead 
Rimer 
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) .a@.. For decades a@@@. I 
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And in the #Wurej LIIIII % -  p= 

Channel Blacks have specific properties which do not exist in 
other types. They are essential in the manufacture of many 
lacquers, printing inks and 8 plastics. To meet these de- 
mands. DEGUSSA produce a wide range of Channel 
Blacks by the modern gas black process. There is a 
DEGUSSA-Black to meet DEGUSSA your needs. Please contact 
us or our representatives for full information and samples. 

DEGUSSA, Pigments Division, D 6000 Frankfurt 1, Postfach 3993. 
Tel. (08 11) 21 81 



lacquers 
you wish to manufacture 

You wish to manufactureexcellent 
lacquers and paints. This depends 
on the quality of the raw 
materials.Dynamit Nobel supply 
auxiliary materials and raw 
materials of many kinds for first- 
class lacquers and paints, such as: 

Synthetic Resins for Lacauers 

DYNAPOL L 
Saturated polyester, containing 
terephthalic acid,for lacquers 
which withstand punching and 
deep-drawing, sterilising and 
boiling, and are weather-resistant. 

DYNAPOL P 
Polyester,containing terephthalic 
acid,for the manufacture of 
sintering powders for electrostatic 
coating and for thefluidised bed 
process. 

ICDAL@TE/TI 
Resins for electric insulating 
enamels,ester resins and ester- 
imide resins. Wire enamel resins for 
the manufacture of insulated 
conductors with long-term temper- 
ature resistance,of types N and W 
according to DIN 46453. 
Impregnating varnish resins for the 
manufacture of insulating 
varnishes according to VDE 
Standard Specification 0360. 

ICDALB 
Alkyd resins for the manufacture 
of high quality industr~al lacquers 
and decorators' lacquers, 
stoving enamels and n~trocellulose 
combination lacquers. 

Nitrocellulose 
Collodion Cotton 
Plasticised Nitrocellulose 

Lacquer raw materials for cars, 
railway carriages,furniture 
and floors,foil lacquers and printing 
inks, highly elastlc,tough and 
weather-rcsistant coating 
lacquers.Silver varnishes, spray 
varnishes, dipping varnishes and 
brushing varnishes. 

Post-chlorinated PVC 
RHENOFLEX 
For the manufacture of transfer 
lacquers and corrosion-protection 
lacquers,above all for chemical 
apparatuses. 

Silicate Esters 
DYNASIL 
Manufacture of corrosion- 
protection lacquers, especially zinc 
dust paints. 

Polyaylfluoridc 
forthe coating of sheet metal, 
for the manufacture of formed 
sidings,fordccorative architectural 
finishes,forthe lining of 
chernical apparatuses and of 
containers. 

H _ y d y s i s  Products 
As binders forz~nc dust paints. 

Titanium.-nad Zirconi~~m 
Acid Esters 
Reactive crosslinking agents and 
curing agents for synthetic resins 
for lacquers, such as alkyd, 
epoxide and terephthalate resins 
and similar compounds. 
Binders for corrosion-resistant 
high temperature lacquers 
(400 to 603 "C). 

Plasticisers 1 
WITAMOL" i 

For varlous flelds of use In 
lacquers Specla1 plast~c~sersfor 
heat-sealable and phys~olog~cally 
harmless alumln~um lacquerlngs. 

For lmpartlng low ~nflammablllty!~ 
lacquers Manufacture of facade 1 
paints. 

Chlorophenols 
WITOPHEN" 
Additive to oil paints and 
dispersion paints to avoid modd 
formation and decomposition 
on storagc. For the manufacture 
of fungus-resistant wall paints. 

DYNATRl LQ 
Solvents for reslns and lacquers, 
and for hot and cold d ~ p  lacquerrng. 

Please contact us ~f you w~sh 
to have further detalls of the 
auxll~ary rnaterlals and raw 
rnaterlals for thc lacquer and paint 
~ndustry. i 
Dynam~t Nobel 
Akt~engesellschaft 
Vertrcb Chem~kal~en, WKS 
D-5 Koln 80, Wlener Platz 4 
W-Germany 
Telefon (0221 ) 82901 
Telex 8873521 

Dqnamit Nobel' 
CHEMICALS 







- carbon black . 

pigments 
r A Carbon Black is available - 

for all pigmentatior 
applications-Paints, Inks, Plastics . , - . 

.. .. . 

T CARBON LIMITED 
Ellesmere . Port, Cheshire, L65 4HT. 

3i97 Telex: Cablak Stank No. 62261. . 
. . 

. . . ,  . . ,. 

.Agents in the principal cities d the wmM, ' , .-&': . .. -.>-A 
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VeoVa will probably make your 
rl 

P aidlast juscas long 
If there's an emulsion paint that gives 

you that long-lasting quality, it is a VeoVa 
based paint. 

VeoVa has rapidly proveditself by 
making great improvements on emulsion 
formulations. Paints made with latices based 
on VeoVa monomers have greatly improved 
pigment binding power, improved colour 
retention and U-V resistance, low dirt 
retention and good alkali and water resistance. 

And VeoVa ~ a i n t s  are exce~tionallv 
versatile. For o;tdoors as well i s  indo&. 
Matt and glossy emulsions. Domestic and 
industrial emulsions, and ncwcr tcxturcd 
finishes. 

* w 

And VeoVa versatility has not gone 
unrecognised. More and more emulsion 
paints are moving over to VeoVa. Will your 
paint stand out in years to come ? 

For further information please contact 
your Shell company. In the UK, your Shell 
Chemicals sales office in London, 
Manchester, Birmingham, Glasgow or 
Belfast; in the Republic of Ircland, Shell 
Chemicals Ircland Limited, Dublin. 
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Scoltis/r: R. G.  Gardincr (Chairman); E. M. Burns. 
Sonth A f i i c~ :  L. F .  Saunders, BSc (Chairman); A. Lowc, BSc, PhD. 
TIIN~II~JS Valley: B. Jacob, BSc (Chairman); W. H. Tatton, ARIC. 
West Riditr~: Mrs K .  Driver (Chairman); J. N. McKean 
Wellitrgto~i: M. D. Thompson (Chairman); G. Willison, ARIC. 

Finance Committee 
Committees ~huirtrran: F. Cooper. RSC. 

of Pri~sicletif: A. W .  Blenkinsop. 
Council Inv?rnliate Pu.~t Prcsirliv~t: A. S. Fraser. 

Vice-Presirlent: N. H. Seymour. 
Hotr. Sc~cri~turj~: D. S. Newton, AMCT, CGIA, FlnstCori.7'. FIMF. 
Hotr. Eriitor: S. R. Finn, BSc, FRIC. 
K. R. W. Chitty. 
S. Duckworth, ARIC. 
H. J. Griffitlis, ACT. 
J. Smethurst. 
H. C. Worsdall. 

President's Advisory Committee 
Pr(,.sl'i/i1~t: A. W. Blenkinsop. 
Itlrt~ic~liute Past Pr~sirlc'tlt: A. S. Fraser. 
Horr. Si~crc.tury: D. S. Newton, AMCT, CGIA, FlnstCoirT. FIMF. 
Hon. Tri~ciarrc~r: F. Cooper, BSc. 
Hotr. Editor: S. R. Finn, BSc. FRIC. 
Hon. Rescarch atrtl Developmetrt 0fici.r: A. R. H .  T:~wn. FRIC, 

FlnstPet, FIMF. 
Chcrirman, HIIN Sectioti: N. F. Lytligoe, FRIC. 
Clreiirtnan, Mrinchesti~r Si~ction: F. M. Smith, BSc, Ph D, A R IC. 
Clr'lmirmun, Mirllantls Section: H .  J. Griffiths, ACT(Birm). 

Publications Committee 
Clrairtnan: S. R. Finn, BSc, FRIC. 
Presidert: A. W. Blenkinsop. 
Jtrrtnerliate Past Pre.sirlenf: A. S. Fraser. 
Vice-President: C. H. Morris. 
Hon. Sccrc.te~ry: D. S. Newton, AMCT, CGIA, FlnstCorrT. FIMF. 
Hon. Treasurer: F. Cooper, BSc. 
Horr. Rescwrch and Development OfJlcer: A. R. H .  Tawti, FRIC, 

FlnstPet, FIM F. 
F. D. Robinson, BSc. 
C. J. A. Taylor, MSc, ARIC. 
J. R. Taylor, BSc, FRIC. 
L. J. Watkinson, MSc, PhD, ARIC. 

S i~ t ion  Rc.pre.sentutive.s: 
Arrcltlunrl: B. R. Murray, MNZIPS, ANZIM. 
Bri.sto1: T. I. Price, BSc. 
HIIII: J. A. Hasnio. BSc. 
Irish: A. ~ichards. '  
Lonrlon: V. T. Crowl. BSc. PhD, DIC, ARCS, FRIC. 
Munchester: A. McWilliam, ARIC. 
Micllutrrls: R. J. King, BSc, AWP. 
N~wcustli~: A. Laws, ARIC. 
Scottish: H. A. Munro, BSc. 
Sorith Afiican: K. R. McDonald, BSc. 
Thrrmes Valli>,v: R. E. Gunn. 
Wc.llingfon: G. P. Cryer. 
Wc~st Ritlitig: R. Cliappell, ARIC. 
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Exhibition Committee 
Clruirtrnrrr: F. Cooper, BSc (Horr. Trcusirri~r). 
Pri~.sirlent: A. W. Blenkinsop. 
Irrrrtre~li~iti~ Past Pri,.sitli~rrt: A. S. Frascr. 
Hon. Secri~trrr:~: D. S. Newton. AMCT, CGIA, FlnstCorrT, FIMF. 
Horr. Editor: S. R. Finn. BSc. FRIC. 
Hotr. Rt~.se(irclr iitrtl D B I ~ ~ ~ I ~ ~ I I I C I I ~  Officer: A. R. H .  Tawn, FRIC, 

FlnstPet. FIMF. 
L). Jacob, BSc. 
A. D. Lock. 
L. H. Silver. 
F. Sowcrbutts, BScTcch. 
R. N. Whcelcr, HA, ARIC. 

Liaison Committee 
Presirlerrt: A. W. Blenkinsop. 
Inrrrr~(liiiti~ Pus/ Pri~.sitIt~trt: A. S. Fraser. 
Horr. Si,cietury: D. S. Ncwton. AMCT, CG IA, FlnstCorrT, F I  M F. 
Prc~.sitli~nt, Birrrrirrglratrr Piritrt, V~irrrish trrrtl Lacqrtcr Clrrh: F. Suddaby. 
Clroirtrrrin, Mit1liinrl.s Si~ctiorr : M r H .  J. G rilTit 11s. 

Technical Education Committee 
Clruirttratr : Tire Pri~.sitli,trt: A. W. Blcn k i  llsop. 
Itrtrtri~ili~rtt~ Ptist P~.c~.si(li~trt: A. S. Frascr. 
Hotr. Si.crc~t~ry: D. S. Newton, AMCT. CGIA, FlnstCorrT. I-'IMF. 
Horr. Editor: S. R. Finn, BSc, FRIC. 
A. Bray. 
N. J. P. Buchanan. 
J. E. Mitchell. . 
A. R. H. Tawn. 
H. C. Worsdall. 

.lordan Award Committee 
Cltairtr~~t~: A. R. 14. Tawn, FRIC, FlnstPct, F I M F  (Hot?. Rc.st~nrclr 

iind Devt~lopnri~rrt Ofliccr). 
Prc~sitlerrt: A. W. Hlenkinsop. 
Irtrttte~liate P(rsr Pri~.sit/i~rrt: A. S. Frascr. 
Horr. Si~c.ri.turv: D. S. Ncwton, AMCT. CGIA, FlnstCorrT, FIMF. 
Horr. E(Iitor: S. R. Finn. BSc, FRIC. 

Technical Committee 
C/rcrirrtr(~n: TIri' Hotr. R ~ J S C ~ I ~ ~ I I  trtril Di~~-rIol)trri~trt Oflficcr: A. R. H. 

Tawn, FRIC. FlnstPct, FIMF. 
Tlre Pre,sit/cr~t: A. W. Blenkinsop. 
Irrsneclirrtc~ P(r.st Presiclc~rrt: A. S. Frascr. 
T. R. Bulictt. BSc, FlnstP, FlnstCorrT. 
G. H. Hutchinson. ARIC, AFlnstPct. 
A. T. S. Rudram. 
F. M. Smith, DSc, PIID, ARIC. 
G. Swann, BSc, PhD, FRIC. 
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Professional Grade Committee 
Cl~~irnicni: Tlrc Prc.siclc.nt: A. W .  Blcn kinsop. 
/111r1ic(/iilitrtc> Plrst Prc~.virlc.nt: A. S.  Frascr. 
T. W. J. Apperlcy, BSc. 
S. 1-1. Bell, PhD, DIC, ARCS, FRIC. 
I i .  J. Clarke. 
R. R. Coupc. BSc. 
S. R. Finn, BSc, FRIC. 
I-I. W. Kccnan, PhD, FRIC. 
A. McLcan, BSc, ARCST. FRIC. 
W. M. Morgans, BSc, PhD. FRIC. 
A. T. S. Rudrani. 
I--. M. Smith, BSc. PhD. ARIC. 
A. R. H. Tawn, FRIC, FlnstPet. FIMI-'. 
C. J. A. Taylor, MSC, ARIC. 



Seclion Oflicers 
and 
Committees 19 71- 72 

Auckland C l r r ~ i r r ~ t ~ t ~ :  0. E. Rutledge, 44 Sunrise Avenue, Auckland 10: 
Hot?. S~JC~CJ~CIIL) ':  A. P. O'Ncill, 13 Woolley Avcnue, New Lynn, Auckland 

7. 
Hon. Trcusrrrc~r: J .  F. Beachcn, MSc, 102 Iiuia Road, Auckland 7. 
Hon. Prrl~licrrtiori.~ S c ~ c r e ~ t ~ r j ~ :  B. R. Murray, MNZIPS, ANZIM, I S  

Lynmore Drivc, Manurewa. Auckland. 
Represeritc~tive on Corrncil: F. Sowcrbutts, BSc. Thc Warrcn, Cran- 

borne Avenue, Meads, Eastbourne, Sussex. 
Hot?. Progrnt~rtirev Officer: J .  W. Hirst, 39 Belfast Street, Auckland 4. 

Cor~ttiiittc~c~: 
R. F.  Meek, 40 Ornana Avenue, Papatoetoe, Auckland. 
W. N. C. Tisdall, c/o Shell Oil (NZ)  Ltd., PO Box 1084, Auckland I .  
R. A. White, MSc, c /o  A. C. Hatricks ( N Z )  Ltd., PO Box 2359, 

Auckland I .  
D. W. Sell, 4 Claudc Road, Manurewa, Auckland. 
P. B. Hunt, BSc, c /o Consolidated Chemicals Ltd., PO Box 15104. 

Auckland 7. 
A. G. Stubbs, c /o Imperial Chemical Industries (NZ) Ltd.. PO Box 

900, Auckland I .  
G.  R. Wilson, 41 Hawera Road, Auckland 5. 

~ ~ i ~ f ~ l  Cl'oirnrun: P. L. Gollop, ARIC, 4 Oakdalc Court, Downcnd, Bristol. 
Vice-Chairman orrrl Repre.serrmlivc~ otr Cormcil: J .  R.  Taylor. BSc. 

FRIC, 51A Porth-y-Castell, Barry, Glam. 
Hon. Secretory: D. N. Fidlcr, MSc, 28 Marine Drivc, Harry, Clam. 
Hon. Treasurer: L. J .  Brooke, 39 Abbots Way, Westbury on Tryrn, 

Bristol. 
Hon. Prihlications S ~ ~ c r ~ t u r ~ :  T. I.  Price, BSc, 68 Cor-nwall Road, 

Mertliyr Dyfan, Barry, Glam. 
Hort. Social Secretary: G.  R. Duckett, Thc Orchard, High Strecl, 

Pcnsford, Nr. Bristol. 
Hon. A~rrlitor: W .  J .  McWatcrs, "Overton." Horncfield Road, Saltford, 

Bristol. 

Contt~l i t tc~~:  
H. G .  Boudicr, 94 Stanwell Road, Penarth, Glani. 
1. S. Cox, "Tanera More," 31 1 Church Road, Franipton Coltcrell. 

Bristol. 
M. P. Ford, 23 Risdale Road. Ashton Vale, Bristol 3. 
E. H. Giles, c/o Hoechst-Cassella DyestufTs Ltd., Norwich Union 

House, High Street, Bristol 1. 
W. A. Gill, I I Manor Road, Saltford, Bristol. 
Mrs E. N. Harper, 179 Airport Road, Hcngrovc, Bristol 4. 
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Hull C-l~(~irtrrnn: N .  F. Lythgoc, FRIC. 172. Kcnilworth Avcnuc, Hull. 
East Yorks. 

Vii-e-Clrairrrrcrrr curd Repri~.vi~rr/ofivi~ orr Corrrrcil: F. D. Robinson. BSc, 
"Frays." 78 Stallingborough Road, Healing, Grirnsby, Lines. 

Ikttr. Sc~cri.tor.v: B. J. Howclls. LRIC, Laporte Industries Ltd., Stalling- 
borough, Nr. Grinisby, Lines. 

Horr. fic.asrrrc~r: A. Pipes, 32 Astral Road. Cambridge Road, Hesslc, 
E. Yorks. 

Horr. Prrhlicntiorrs Oflic~r: J. A. Hasnip, BSc, 44 Ancastcr Avenuc, 
Fairfax Avcnuc, Hull, HU5 4QS. 

Ifon. Socicrl Silcretary: J .  R. Tinegatc, 3 Briarfield Road. National 
Avcnuc. Hull. E. Yorks. 

Horr. Larrtcrrtisf: J. E. Gilroy. 91 Laburnum Avenue. Garden Village, 
Hull. E. Yorks. 

Horr. Arr(litor: F. S .  Wilson. FCIS, FIAA, 255 Cottingham Road, 
Hull. E. Yorks. 

Corrrr~rillee: 
E. Arnistrong, AMRIM, Rycland Hill, South Cavc, E. Yorks. 
E. A. Brown, 102, Hricknell Avcnuc, Hull, E. Yorks. 
T. A. Fillingham. "Dunalastcr," 37 Soutlificld, Hcssle. E. Yorks. 
J. C. Gibson. Blundell-Pcrrnoglazc Ltd., Sculcoatcs Lane, Hull, 

E. Yorks. 
J. E. Gilroy. 
T. W. Wilkinson, AMCT, "Priory Vicw." Little Cawthorpc, Loutli, 

Lines. 

Ifish C/rcrirr~rcrrr: F .  D.  H. Sharp. 68 South Park, Foxrock, Co. Dublin 6. 
Horr. Si,crctarv: M. J. O'Hanlon, I I Shelton Gardens, Kimmagc 

Road Wcst, Dublin 12. 
Horr. Trcasrrrer: J. Corrigan, 34 Killbarrack Road. Sutton, Dublin. 
Iforr. Prrhliccrtions Sccrc~tury: A. Richards, 52 Tenlpleville Road, 

Tcrcnurc, Dublin 6. 
Horr. Progr~trrrnr Si~cretar~.: D. P. Power, 4 Glcndliu Road. Navan 

Road, Dublin 7. 
Hon. T~~chrtical Trairrirrg Ojficar: G.  F .  Jones. Irish Printing Co. Ltd., 

Eclipse Works, Swords, Co. Dublin. 
Rcpres~rrtolivc on Corrrrcil Miss P. Magec "Cabra Villa," Cabra Road. 

Pliilsborough, Dublin 7. 
Horr. Arrclitors: R. F.  Patton, 13 Auburn Avenue, Cabinteely, Co. 

Dublin. 

Corrrmillee: 
R. C. Somcrvillc, St. Clcmcnt Howth Road, Sutton, Co. Dublin. 
K. V. Whcatley, Ault & Wiborg (Ireland) Ltd., John F. Kcnncdy 

Drive. Bluebell. Dublin 12. 
K. O'Callaghan, 5 Lucan Road, Palmcrstown, Co. Dublin. 
R. Sliaw, 32 Sutton Downs, Dublin Road, Co. Dublin. 
D. Barry, Tlie Walpami~r Co. (Ireland) Ltd., Cardiff Lanc, Dublin 2. 
Miqq P. Magcc. 
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London Cliairtnnti: D. E. Eddowes, BSc. Paint, Oil and C o l o i ~ r  Journal. 17 
John Adam Street, London WC2. 

Vice-Cl~mirti~crn: 
Hon. Sc~crrtcrry: R. H.  E. Munn. LRIC, Cray Valley Product\ 1-td.. 

St. Mary Cray, Orpington, Kent. 
Hon. Trwsrrrc~r and Keprc~scwtrrtivc on Corrncil: H. R. Hamburg, 

PhD, "lona," 51 Broxbournc Road, Orpington, Kent. 
f t o t ~ .  P11h1icution.s Ojjicer: V. T. Crowl, BSc, PhD, DIC. FRIC. 

ARCS, The  Paint Research Association, Waldcgra\c Road. 
Teddington, Middlescx. 

Hon. Pro~rrrr~rmes Ojjicrr: D. A. Bayliss, 18 Stuart Road, Ea\t Barnct. 
Herts. 

H o i ~ .  Arrclitor: A. H. Soane, RSc, ARIC, 86 Church Hill Road. t-.a\t 
Barnct, Herts. 

Coll lnl itfc~~: 
J .  K .  B. Burke, MA, "Avoca," 190 Panipisford Road, South C'roydon, 

Surrey. 
I<. J. Hedgccock, 59 Warren Road, Reigate, Surrey. 
H. A. Hipwood, 147 Abbotts Road, Mitcharn, Surrcy. 
W. M. Morgans, BSc, PhD, ARIC, 115 Norton Way Soi~ th ,  

Letchwortli, Hcrts. 
A. K. Unsworth, MSc, FRIC,  FPI, I Court  Downs Road, Bcckenlia~n. 

Kent. 
G. E. Westwood, FIIIC. Bcrger, Jenson and Nicholson Ltd., Frcsli- 

water Road, Uxbriclgc, Middx. 
R. M. W. W. Wilson, BSc, I-RIC, ARCS, 91 Ram-Gorse, Ilarlow. 

Essex. 
H. C. Worsdall, Worsdall Chcniical Co. Ltd., Southdown Housc. 

Bessels Green, Nr. Scvenoaks. Kent. 

London ~ / l ~ i ~ ~ l l ~ l l :  B. A. Kicliardson, BSc. Penartli Rescarch Ccntrc, I'cnarlh 
House, Otterhourne Hill, Winchcstcr, Hants. (Southern Hoti. Sc~cr+c>t(rry: W. H. Morris, I23 Millcr Drive, Fi~reli;im, Hants. 

Branch) Hori. Trc~a.sr~rc~~: R. A. Brown. HSc, Vangilard Paints Ltd., Cranlcigh 
Road, Portchcster, Hants. 

Hon. Prrhlicr~tiorrs Ofticcr: T. R. G. Cox, RSc, Penartli licscarch 
Centre, Penartli House. Otterbourne Hill, Winchester, Hants. 

Rcprcso~trrtivc~ to Lorlrlorl Srctiori: J .  T. Tookc-Kirby, "Frintry 1-odgc." 
80 Arlinton Avenue, Goring-by-Sea, Wortliing, Sussex. 

H ~ I I .  Ar~rlitor: D. L. Storer, 3 Rlcnliei~il Gardens, Dcnvillcs. tHa\ant. 
Hants., PO9 7PN. 

Cor~ir~ritlce: 
K .  L. Bargrove. 5 Greville Road, Richmond. Surrey. 
J. R. E. F. Coatcs, "Captains," Red Lane, Limpsficld, Oxtcd, S L I ~ ~ C ! .  
J. R. Marchant, 19 Ash Close, Soutli Menstliam, Surrey. 

ManChester Chuirt~iun: F .  M. S111ith. BSC, PliD. ARIC, CIBA-GEIGY ( U K )  Ltd.. 
Pignients Division, Roundthorn Estatc, Wytlienslinwc, Mnnchcstcr 
M23 9ND. 

Viec~-Clrtri~.r~rrrr~ ~ r r t l  Rc~prc~.sc~tit~fiv~~ 0 1 1  Corr~icil: S. D i ~ c k w ~ r t l i ,  ARIC. 
Wall Paper Manufacturers Ltd., Rescarcl~ [Iivision, Station 
Road, Wilmslow, Cheshire. 

Hori. Secretary: H. G. Clayton, CIBA-GEIGY ( U K )  Ltd.. I'igmcnts 
Division, R o ~ ~ n d t l i o r n  Estate, Wytlicnsliawc, Mancheslcr. M3.7 
9N D. 

I-1011. Trcc~.sirrer: N. H .  Seymour, Sterling Varnish Co. Ltd., 1:rilscr 
Road, Tratford Park, M;~ncliester 17. 

Ho:l. Plrhlicr~tiort.~ L % ~ c r e ~ c ~ r ~ ~ :  A. McWilliani, ARIC, England, tlughes. 
Bell & Co. Ltd., Valley Works, Moriton Road, Eccles, Manclic\- 
tcr. M30 9HU. 
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Horr. R ~ . s ~ ~ N I T A  Liiri.son Officer: C. Barker, BSc, MSc. ARTS, Dept.. 
ICI Ltd., Dyestuffs Division, Hexagon House, Blackley, Manches- 
ter, M9 3DA. 

Horr. Pro~rcrr~ir~rcs Officer: W. G .  Topliam. FRIC, Goodlass Wall C(r 
Co. Ltd.. Goodlass Road, Spekc, Liverpool, L24 9HJ. 

Herr. Socicrl Secrcterr:,': W. K. MacCallum, Hardman & Holden Ltd., 
Manox Housc. Coleshill Street, Manchester 10. 

Horr. Strrtlcrrt Activilie.~ Seer-etcrty: J .  E. Mitchell, BSc, FRIC, Thc 
Walpaniur Co. Ltd., Walpaniur Works, Darwen, Lancs. 

Horr. Ar~tlitors: H. Archer, AMCT, FRIC, 12 Winchester Road, ttalc 
Barns. Cheshire. 

K. W. G. Hutclier. FCS, Donald Macpherson & Co. Ltd., Warth 
Mills. Radcliffe Road, Bury, Lancs. 

Conrrtritti~: 
F. Courtman, AMCT, LIRI, 24 St. Anne's Crescent, Grasscroft. 

Oldham, Lanes. 
J. R. Lvon. Goodlass Wall & Co. Ltd.. Goodlass Road. Speke. 

~ i v c r ~ o o l  L24 9HJ. 
F. B. Rcdman, 305 Holton Road, Edgworth, Nr. Bolton, Lancs. 
H. G .  Cook, MA, ARTS, Dcpt.. ICI Ltd., Dyestufs Division, Hexagon 

House, Blackley, Manclicster H9 3DA. 
M. A. Kerr. BSc, 22 Monnioutli Avenue, Sale, Cheshire. 
F. B. Windsor, 53 Iklcatlificld Drive. Snicthurst Lane, Bolton, Lancs. 
E.r Oficio: 
A. Lowe. MSc, PhD, 35 Darley Avenue. West Didsbury, Mancliester 

20. 
I. S. Moll. BSc, ARTS. Dept.. ICI Ltd.. Dyestuffs Division. Hexagon 

House, Blackley. Mancliester M9 3DA. 
H. R. Touchin, BSc. FRIC. Carnc I-louse. Parsons Lane, Bury, La~-.cs., 

BL9 OJT. 
Co-opterl: I-'. Dalton, BSc. PhD, CIBA-GEIGY ( U K )  Ltd., Pigments 

Division, Roundthorn Estate, Wytlienshawe, Mancliester, M23 
9ND. 

Clrcrirriicrrr: H. J .  Griffitlis. ACT (Bir~ii), 235 Mon~iiouth Drive, Sutton 
Coldfield, Warwickshire. 

Vicc-Clrcrir~rrrcirr: A. S. Gay, 42 Norman Road. Park Hall, Walsnll, 
StalTordsliire. 

tlorr. S~~crc~tor:v ~lrel Reprc~.scrrtrrtive or1 Corrrrcil: D. E. Hoppcr. ACT 
(Birtii), 163 Stanway Road, Shirley, Soliliull. Warwiclts. 

Holr. Trc,er.srrrc,r: T. D. Nation, c /o Hoechst Chemicals Ltd., Norwicli 
Union House. Lichfield Street. Walsall, Staffs. 

Horr. Pr111licrrtioti.r Sc.cretrrrj,: R. J .  King, BSc, AWP, 73 Corbett Road. 
Hollywood, Birmingham, Warwicks. 

Horr. Socicrl Secrcturv: R. Mc.D. Barrett. BSc. MSc, RIP Chemicals 
Ltd., PO Box 18, Tat Bank Road, Oldbury, Warley, Worcs. 

Horr. Ar~elitor:~: F2. Coopcr, BSc, 55 Orchard Road, Nettlestonc. 
Scaview, IOW. 

H. J. Clarkc, 33 Pctcrsficld Road, Hall Grcen, Birniingliani 28. 

c~ol~rrl~ittl~c~: 
F. W. Cole. 46 Wcstridge Road, Kings Heath, Birmingham 1-1. 

Warwicks. 
A. G. Eadcs. API, HIP Clicmiccils Ltd., PO Box 18, Tat Bank Road, 

Oldbury. Warlcy. Worcs. 
J. R. Grcen, RIP Clieniicals Ltd.. PO Box 18, Tat Bank Road, Oldbury. 

Warlcy, Worcs. 
R. F. Hill, HSc, ARIC, ACT, API, BIP Clieniicals Ltd., PO Box 18, 

Tat Bank Road, Oldbury, Warley, Worcs. 
1). H. W. Lovcgrove, "Kcncott," Hodgetts Lane, Berkswell, Coventry, 

Warwicks. 
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D. J. Silsby, 356 Baldwins Lane, Hall Green. Birmingham 28, 
Warwicks. 

Co-optc~l: Clruirrrru~r Trc~tit Vt~llc~y Bru~rcli: 
E. Hare, Via Gellia Colour Co. Ltd., Matlock, Derbys. 

MidlandS Cliuirnian: E. Hare. "q., Via Gcllia Colour Co. Ltd., Matlock. 
Derby DE4 3PT. 

(Trent Valley v i ~ ~ - c t ~ ~ i r ~ ~ , , t ~ :  J .  R. Bourne. Mcbon ~ t d . .  Blackwell Road, 
Branch) Huthwaite, Nr. Mansfield, Notts. 

Horr. Sclcrettrry: J. R. Tomlinson, 1 0  Cavendisli Court, Shardlow, 
Dcrbyshire DE7 2HJ. 

Hon. Trcmrrrer: S. N. Hawley, W. Hawley & Son 1,td.. Colour Works. 
Dufield, Derbysliirc. 

Hon. P111)lictrtiorr.s Srcrrtor:19: D. F .  J .  Grimmer. CI BA-GEIGY ( U K ) 
Ltd.. Mclton Road, Thurniaston, Leicester LE4 8BG. 

Horr. Arrclitors: K .  H .  Bucklev, Via Gcllia Colour Co. Ltd., Matlock, 
Derby DE4 3PT. 

C. V. White, Cromford Colour Co. Ltd., Cromford, Matlock, Derby- 
shire. 

Coninlittee: 
C. W. Collier, 7 The Lawns, Whatton-in-the-Vale. Notts. 
J. H. Cox, BSc, Cromford Colour Co. Ltd.. Cromford. Matlock. 

Derbyshire. 
D. J. Holmes, LRIC, 2 The Firs, Bole Hill, Wirksworth, Derbyshire. 
J. R. Kitchen, The Forge, 1 Grantham Road, Bingham. Notts. 
R. S. Law, MA, Fisons Industrial Chemicals Ltd., Willow Works, 

Derby Road, Lougliborough, Lcicestersliire. 
C. V. White, Cromford Colour Co. Ltd., Cromford. Matlock. Derby- 

shire. 

Chairman: A. A. Duell, ARIC, 1 Westbourne Avenue, Grange Estate. Newcastle Gosforth, Ncwcastle upon Tyne, NE3 2HN. 
Vice-Cl~airrrran: C. N. Finlay, 23 Beech Grove, Springwell, Gateshead 

9. Co. Durham. 
Hon. Secreto~v: B. Ridley, "Beverley." Meadowfield Park, Stocksfield, 

Northumberland. 
Hon. Treasrrrer: T. A. Banfield, PhD, DIC, ARCS, FRIC, 5 Dene 

Close, Newcastle NE7 7BL. 
Hon. P~rhlicari(~rrs O f f c ~ r :  A. Laws, ARIC. 42 Woodside Gardens, 

Gateshead 1 1, Co. Durham. 
Hon. Reserrrcl~ Liaisori Offcer urrtl Rc~presc~ntutive on Cormcil: K. F. 

Baxter, 5 Greybournc Gardens, Sunderland, Co. Durham. 
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Transactions and Com.munications 

Chemical characterisation of 
pigment surfaces* 
By 6. D. Parfitt 

Tioxide International Limited, Billingham, Teesside 

The knowledge of the nature of the surface of titanium dioxide surfaces gained by mcans of 
infra-red and electrophoretic methods is discussed. 
The effect of coating the surfaces with silica and/or alumina on the nuniber and form of thc 
surface hydroxyl groups is considered. 
Dehydration experiments give information on the nature and stability of the hydroxyl group. 
The adsorption of ammonia and pyridine on the surface gives further inforniation on thc 
nature of these groups. 

Keywords 
Pritne pigtiirnts crt~d rlyes Propc,rtier, clraracferi.stic.s urrd cotrrlitiotr.\. 

titanium dioxide prinmrily associated with rcrw ntotc~riuls 
for coati!~gs 

Process nnrl ri~ef liorls pritr~~ri!)' (~.s.soci~/i~I )vith pignlen t surface treatment 
unalysis, I ? I ~ ~ ~ ~ . ~ I I ~ ~ ~ I ? I c I I ~ ,  an(/ l e r l i t ~ ~  

electrophoresis 
infra-red spectroscopy 

La nature des caractihistiques chimiques des surfaces 
pigmentaires 

On discute la connaissance de la nature de la surface du dioxyde de titane. ail moycns tics 
methodes infra-rouge ou d'6lectrophorese. 
On considere I'effet qu'exerce un enrobement de la surface par la silice, I'alumine 011 tous lcs 
deux composCs, sur le nombre et la forme des groupements hydroxyles superficiels. 
Des experiences de dirshydration donnent de I'information sur la nature et la stabilitir du 
groupement hydroxle. L'adsorption de pyridine par les surfaces rend d'autre information sur 
la nature de ces groupements. 

Chemische Charakterisierung von Pigmentoberflachen 
Z~tsarntnenfa.ss~rr~rig 
Die im Wege der Infrarot-und Elektrophoresemethoden iiber die Natur der Titandioxidc- 
berflachen geworlnenen Kenntnisse werden besprochen. 
Die Auswirkung dcr Beschichtung der Oberfliichen mit Kieselerde und/oder Toncrdc a i~ f  
die Anzahl und Form dcr an der Oberflache befindlichen Hydroxylgruppen wird in Bctracht 
gezogen. 
Dehydrierungsexperimente verscliaffen Auskunft iiber die Natur und Stabilitiit der Hydroxyl- 
gruppen. Die Adsorption von Pyridin an dcr Oberfliiche gibt weitere Auskunft iibcr die 
Natur dieser Gruppen. 

*Presented to a joint meeting of the London Scction and the Colloid and Surface Chemistry 
Group of the Society of Cheniical Industry, 25 Noveniber 1970. 
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Introduction 
It is well known that titanium dioxide pigments are coated with both inorganic 
and organic compounds for the purpose of optimising their efficiency in dis- 
persion and durability. The coatings play a large part in the present day success 
of titania pigments. To obtain a complete understanding of the surface of the 
coated material and of the interactions that take place during the coating 
process, it is necessary to characterise the surface, both of the underlying base 
material and of the final product. This characterisation must be in ternis both 
of its physical form (porosity, density of coating etc.) and its chemical nature 
(type and number of s~lrface sites, impurity effects, etc.). For the former, it is 
common to use such techniques as gas adsorption and electron microscopy, 
and for the latter, infra-red spectroscopy, adsorption from gas and solution 
phases, and electrophoresis are proving increasingly useful. 

To define explicitly the chemical character of the surface of a pure oxide is 
in itself a complex task and much progress has been made during the past 
decade, but for mixed oxides the understanding of the surface is less developed. 
It is the latter, of course, which is of great relevance to the pigment industry. 

This paper briefly summarises current thinking in the application of infra-red 
spectroscopy and electrophoresis to the study of the chemical character of 
oxide surfaces. Such surfaces, under normal conditions, contain hydroxyl 
groups and adsorbed species such as water and carbon dioxide, as well as 
anions which arise from the preparation, e.g. chloride and sulphate. Infra-red 
spectroscopy may be used to study the behaviour of these various surface 
species, their relation to the surface chemistry of the oxide, and how this is 
affected by external conditions such as heat treatment, humidity, etc. This 
technique also permits a study of the interaction between the oxide and the 
adsorbates, such as those of relevance to the treatment of pigments with organic 
compounds and to the interaction of pigments with paint media, etc. Certain 
adsorbates may also be used to give information on the surface as, for example. 
in the use of amines to study the acidity of surface groups. 

The literature contains a large amount of infra-red data on silica, alumina 
and silica/alumina catalysts, the interest in these materials being obviously 
related to their catalytic potentiall9 2. The amount of fundamental work on 
titanium dioxide surfaces is increasing, and during the next decade it is anticipat- 
ed that our knowledge of these surfaces will have reached the state current for 
silica. Future development along the lines of coated oxides is a vital part of 
pigment technology. 
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The technique of electrophoresis has, for many years, been used successfully 
in tlie characterisation of colloidal dispersions, and more recently for defining 
the acidlbase character of powder surfaces. Oxides have received considerable 
attention, because the nature of the surface liydroxyl groups determines how 
the electroplioretic mo~ility varies with pH. Each oxide has its own zero point 
of mobility, i.e. the pH at which there is no overall charge on the particle and 
hence no movement in an electric fieldR. For pH values higher than the zero 
point. the particles are negatively charged. and are positively charged for 
values below it. This reflects the dissociation of the hydroxyl groups by the 
mechaniqm 

M -OH,+ il M - O H  ;. M O  i- H +  . f 
decreasing pH increasing pH 

The /cro point of mobility (or point of zero zeta potential, pzz) sliould not be 
confused with the zero point of charge obtained from titration experiments, 
although in certain cases the difference between them is trivial" We would 
expect the pzz for pure silica to be pH 1-2, for pure titania pH 4.5-5.5, and 
for pure alumina pH 8-9 :$. Hence, the establishment of a pzz for a pure or 
coated oxide gives information on the character.of the surface hydroxyl groups 
and could therefore be used to define the nature of the external surface of 
coated pigments. 

Infra-red studies of oxide surfaces 
Particle size is an important factor in determini~ig the resolution of absorption 
bands in the infra-red. The technique commonly used is to compress the powder 
into a disc (either self-supporting or with KBr) and to support this disc in the 
infrn-red beam using an appropriate glass cell, of which several useful designs 
have been published1. Whether or not bands are observed, and the resolution 
of fine structure in the bands, depend on tlie precision of the instrument in use, 
as well as the degree of scattering of the radiation by the small particles. This 
scattering is approximately proportional to the third power of the particle size 
and inversely to the fourth power of the wavelength. Hence, small particles 
and long wavelengths tend to reduce the scattering effect; thus, care must be 
taken not to relate the lack of absorption bands to the absence of surface 
species without first ensuring that the particles are sufficiently small. The 
assignment of structures to the absorption bands is normally based on a compari- 
son with those published for molecules in the bulk liquid or solid phases, which 
assumes that the physical state of the species at the solid surface is of a similar 
kind and that similar restriction occurs in molecular vibration and rotation 
as exists in these phases. For example, the pos~tion of the absorption band due 
to the vibration of a hydroxyl group on an oxide surface is close to that found 
for the same group in alcohols and, from a comparison with the spectra of 
dilute and concentrated alcohol solutions in hydrocarbon media, it is possible 
to derive significant information on the hydrogen bonding interaction of 
adjacent hydroxyl groups. Several examples of such assignments are published 
in Little's book* and there are numerous cases of good correlation between 
observed spectra and anticipated surface structures. 



The contributions made by infra-red spectroscopy to the understanding of 
the chemistry of oxide surfaces will now be considered, first on the individual 
oxides silica, alumina, and titania, and then on the mixed silica/alumina type 
oxides, which are more closely related to tlie surface of pigmentary titanium 
dioxide. 

Silica 
This oxide has been the subject of a great deal of research, and couplcd with 
those from thermogravimetric methods the data from infra-red analysis have 
led to a satisfactory description of the concentration, coordination and sterco- 
chemistry of tlie surface hydroxyl groups. 

A review of the infra-red literature on silica gels and powders shows that 
the liydroxyl stretching region (3000-3800 cm-l) of the spectrum has two distinct 
features, the relative magnitude of each depending on the pretreatment of 
the silica. The sharp absorption band at 3740 -1- 10 cm-I is assigned to isolated 
liydroxyl groups on the surface and these predominate when the oxide is 
heated in vacuo at high temperatures (> 500°C). A broad band ccntrcd at 
about 3500 cm-I is due to hydrogen bonded hydroxyl groups which are pro- 
gressively removed on heating silicas above ambient temperature in cacuo. 
and are virtually all gone at about 500°C according to the reaction 

The effect is clearly shown in tlie infra-red spectra and illustrated in Fig. I .  
Hydroxyl groups in the bulk of the oxide, i.e. not accessible to adsorbates and 
therefore taking no direct part in the oxide's surface chemistry, also give absorp- 
tion bands in this region. but by simple interaction with deuterium or dcuterium 
oxide vapour their location is readily established, since the exchange converri; 
OH to OD and the bands appear at higher wavelengths (lower wavenumber) in 
the region 2700-2750 cm-I. 

Various studies of the concentration of surfrice liydroxyls on silica (uslng 
thermogravimetric, spectroscopic and chemical techniques) suggest that, aftcr 
evacuation at 150-200°C to removc physically adsorbed molecular water. 
there are 4.5-5 hydroxyl groups per 100 A2 of surface. corresponding to one 
hydroxyl per silicon atom in the surface2. Thcrc has bcen speculation as to 
whether this number represents the concentration on a "fully" liydroxylated 
surface, since the definition of the latter requires an assumption of what crystal 
planes predominate in tlie surface, e.g. the rhombohedra1 face of (2-tridymitc 
has 4.6 silicon atoms per 100 A2 whereas the 100 face of (2-cristobalitc would 
be fully liydroxylated, with each silicon atom carrying two hydroxyl groups. 
giving a theoretical maximum of 7.9 hydroxyls per 100 A2. Recent studies5 
of the stoichiometry of the reactions of SiMe2C12, TiCI, and BCI, with silica 
hydroxyl groups demonstrate that thc fillly hydroxylatcd s~lrface contains I \ \ ( )  
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Fig. 1. Infra-red spectra of silica after evacuating at room temperature (dotted line), 50O0C 
(broken line), and 940°C (continuous line) 

distinct types of hydroxyl sites. These are single surface hydroxyls at 1.4 + 0.1 
per 100 A" and interacting (hydrogen bonded) hydroxyls in pairs at 1.6 j 0.1 
per 100 A*, giving a total hydroxyl population of 4.6 per 100 A2. The interacting 
groups are lost by evacuation at - 500°C, while the concentration of single 
hydroxyls remains approximately constant up to 600 & 50°C. At higher tempera- 
tures, further loss of hydroxyls occurs but the details are not well defined. There 
is no definitive evidence on the extent of dehydroxylation of silica evacuated 
at room temperature, but it seems likely that some occurs. To explain the 
numbers quoted above, it is necessary to consider that the surface corresponds 
to an array of different crystal planes, some with hydroxyl groups far enough 
apart to preclude liydrogei~ bonding and others with hydroxyls sufficiently 
close to interact. 

Infra-red spectroscopy also gives information on rehydration and 
rehydroxylation processes, although analysis of the spectra is not without 
problems. Again, coupled with thermogravimetric data, a picture emerges 
suggesting that, for a surface evacuated at high (>800°C) temperatures, interac- 
tion with saturated water vapour at  room temperature does not lead to 
significant rehydroxylation of the surface, although at lower activation tempera- 
tures the .hydroxylation process is to some extent reversible6. However, the 
exact behaviour depends on the nature and previous treatment of the particular 
silica under consideration. 

The existence of acidic sites on oxide surfaces is well known in catalysis. 
Two types are considered; Lewis acid s~tes, capable of accepting electrons from 
adsorbate molecules, and Bronsted acid sites, which donate protons to the 
adsorbate molecule. Characterisation of these sites on oxides is possible by 
studying the infra-red spectra of adsorbed amines and, by varying the strength 
of the amine, the relative acidity of the sites may be defined, e.g. pyridine 
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(pKU -9) only reacts with the stronger acid sites since it is a weak Lewis base 
and therefore should be more selective in its reaction with surface sites than 
ammonia (pKB - 5). Infra-red spectroscopy readily distinguishes between 
pyridine coordinated with surface Lewis acid sites and the pyridinium ion 
formed on interaction with a Briinsted acid site. Experiments with silicas 
indicate that pyridine hydrogen bonds only with the surface. since the spectra 
are similar to that for pyridine in chloroform solution, no interaction with 
Lewis or Bronsted acid sites being observed7. Similar results are obtained 
with ammonia, suggesting the absence of Lewis and Bronsted acid sites on 
pure silicaR. 

Physical adsorption of molecules on silica surfaces is frequently observed. 
and the displacement of the hydroxyl bands to lower frequencies as a result 
of this interaction gives useful information on the nature and energy of short 
range molecular interactions as well as on the character of the surface. Kiselev" 
has shown that the shift of the absorption band of silica surface single (isolated) 
hydroxyl groups is closely related to the extent and heat of adsorption for a 
variety of adsorbate molecules, and by judicious choice of adsorbate the 
adsorption process may be defined in terms of the nature of the substrate 
surface. lnfra-red spectroscopy is also an important tool in the investigation 
of chemical reactions between surface groups and adsorbate molecules. e.g. 
the silica hydroxyl reacts in the same manner as an alcoholic hydroxyl group 
as, for csample, in the formation of surface alkoxides with alcohols: 

\\ \. 
- Si OH i ROH :- - Si-- 0-R -; H,O 
/ ' ,/ 

A study of the surface reactions is important in the production of surfaces 
with specific properties as, for example, in the treatment of pigment surfaces 
with organic molecules, and infra-red spectroscopy is particularly valuable 
since it is the only technique yet developed that provides a ready means of 
identifying surface species. Such information on reactions of silica, surfaces 
with hydrocarbons, Grignard reagents, silicones, alcohols etc. is reviewed in 
the books by Little2 and Hair1. 

AI14n1inci 
The hydroxyl stretching region of the infra-red spectrum is more complex 
in the case of alumina. Perilo reports five distinct bands between 3810 and 
3680 cm-l after outgassing at high temperature, and using "Monte Carlo" 
statistical methods" has predicted the existence of five different isolated hydro- 
xyl positions in which the group is adjacent to differing numbers of surface 
oxide ions from 0 to 4. These isolated hydroxyls and their respective absorption 
bands arise after all hydrogen-bonded hydroxyls have been removed by heat 
treatment. The Monte Carlo technique has also been used for silica1" but its 
value depends. of course, on how close to reality i s  the model used for the 
surface. 

The spectra obtained for pyridine adsorbed on alumina7 show bands similar 
to thosc observed for the pyridine/boron trihydride complex in solution. and 



therefore the adsorbed pyridine is assumed to be coordinated to Lewis acid 
sites (surface cations). No evidence for the pyridinium ion has been reported, 
suggesting absence of Bronsted activity on pure alumina surfaces. 

The value of infra-red spectroscopy in the study of surface reuclions is 
well illustrated by the interaction of alumina with ethanol. Greenler's experi- 
mentsl%how that ethanol reacts with hydroxyls to form surface ethoxide 
species, some of which, when heated at 170°C in the presence of ethanol. are 
converted to acetate ions; the appropriate spectra were compared with those 
of aluminium ethoxide and acetate. 

Titaniunz cliosi(le 
To date, less infra-red work has been reported on titania than on silica1 and 
alumina, although quite a number of papers are currently in the press. From 
available information, it would appear that there are two distinct types of 
isolated hydroxyl group on the rutile (and probably anatase) surface. Spectra 
showing the hydroxyl stretching bands and the changes brought about by 
evacuating pure rutile at elevated temperatures14, are shown in Fig. 2. The 
sharp bands at 3700 and 3670 cm-' are assigned to two isolated hydroxyl 
groups in different stereochemical environments, and the broad band centred 
at about 3400 cm-I results from absorption' by hydrogen-bonded surface 
species (hydroxyls and water). The spectra clearly show the disappearance of 
the hydroxyls as the temperature is raised. until at 400°C the surface appears 
to contain very few of these groups. After such treatment, the hydroxyls are 
readily replaced by exposing the surface to saturated water vapour, as shown 
by the reversible character of the spectra. It should be noted that impurities 
of the type remaining after rutile preparations (chloride and sulphate) have 
a profound effect on the spectra", suggesting exchange of these species with 
the hydroxyls, and as such they play a significant role in the dehydroxylation 
process. The extent to which such effects take part in similar treatment of 
the other oxides has not yet been established. 

The interaction of ammonia and pyridine with pure rutile is of particular 
interest. Ammonia, the stronger of the two bases, gives spectral5 which indicate 
coordination to two different cation sites, i.e. four bands are observed in the 
3100-3500 cm-I region (Fig. 3) rather than the two expected for adsorbed 
ammonia2. These two different cation (Lewis acid) sites might be those associated 
with the two different hydroxyls discussed above. Also, neither suggests the 
presence of ammonium ion, as would be expected if Bronsted acidity was 
involved. Adsorption of pyridinelQives only one set of four bands in the 
1400-1650 cm-I region (Fig. 4) showing that only one of the sites is sufficiently 
strong to coordinate with this weaker base, and demonstrating the selectivity 
of pyridine as an adsorbate. 

Silica jalumina 
Some of the studies on silica/alumina catalysts provide a useful guide in the 
characterisation of coated pigment surfaces. A variety of methods may be 
used to prepare the mixed oxide, and therefore the constituents of the silica! 
alumina system are likely to be present in various states of intermixing, ranging 
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Fig. 2. Infra-red spectra of rutile after evacuating at room temperature (a), at 100°C (b), at 
150°C (c), at 200°C (d), at 300°C (e), and at 400' C (f) 
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Fig. 3. Infra-red spectra of ammonia adsorbed on   tile. Continuous line, starting surface; 
broken line, after adsorption 

from perfect alternation of silica and alumina to regions containing bulk silica 
or bulk alumina. Both Lewis and Bronsted acidity have been detected by 
pyridine adsorption on silica/alumina catalysts2, and the conversion of Lewis 
sites on a dehydrated surface to Bronsted sites by adding water vapour is well 
known. A recent paper by Bourne, Cannings and Pitkethly17 describes the 
preparation of two silica/alumina systems, one in which the aluminium atoms 
are incorporated (by ion-exchange) on to a silica surface, and one in which 
the aluminium is co-precipitated with the silica so that it is incorporated into the 
lattice. In both cases the aluminium atoms have only oxygen and silicon atoms 
as near neighbours and are therefore potential catalytic sites. Using pyridine, 
i t  was demonstrated that, for the aluminium sites in the first system, there is 
both Lewis and Bronsted acidity, the amount of each depending on the pre- 
treatment and surface water content; the conversion of Lewis acid sites to 
Bronsted sites is reversible. However, when the aluminium is buried within 
the silica, only Bronsted sites were detected after dehydration, suggesting that, 
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Fig. 4. Infra-red.spectra of pgridine adsorbed on rutile. Continuous line, starting surface; broken 

line, after adsorption 

after heat treatment, protons are retained within the lattice in the vicinity of 
the aluminium. These slowly migrate to the surface when water is present. 
forming pyridinium ions with adsorbed pyridine. Thus infra-red studies using 
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pyridine provide an effective method for locating the position of aluminium 
in the silica/alumina lattice, and also for defining potential catalytic activity, 
both being of relevance to pigment surfaces. 

Electrophoresis 
Although the charge characteristics of pure oxide surfaces in aqueous media 
have been quite well defined by electrochemical experiments, the same cannot 
be said for mixed oxides, and in particular the literature contains very little 
definitive information on the behaviour of titahium dioxide pigment surfaces 
involving coatings of mixed oxides laid down on a "pure" oxide. From what 
has been said above, it is clear that infra-red spectroscopy would be useful. 
especially if coupled with electrophoretic experiments, in defining the location 
and behaviour of the coating components. No such infra-red studies have 
yet been reported, but recent electrophoretic data on titanium dioxide pigments 
containing varying proportions of silica and alumina in the coatings/demons- 
trate the potential of such an approachla. 

The details of the pigments are given in Table 1, and the variation in p H  
at the pzz with proportion of alumina in the coating is illustrated in Fig. 5. 

Table I 
Details of surface treatments of TiO, pifments 

I'igment No. 

Fig. 5. Variation of pH at the pzz with proportion of alumina in the coating 

SiO, (%) Proportion of A12 Q, in 
surface treatment 

-- 
1.88 0.23 
1.86 0.34 
1.84 0.49 
1.84 0.54 
0.98 0.69 
0.56 0.80 
0.15 1 0.94 
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Clearly the pzz is related directly t o  the amount  of aluminium species in 
the coating, since the pzz remains constant at p H  4.4 f 0.1 for pigments 4-7 
having approximately identical alumina content, and decreases with the alumina 
content for  pigments 1-3 until it reaches the extrapolated value of about p H  1.5 
for  zero alumina, corresponding t o  what might be expected for  a pure silica 
surface. The constancy in pzz with alumina content, and the fact that  this 
pzz is not approaching p H  9 (expected for pure alumina) suggests that the 
surfaces of pigments 4-7 a re  similar and contain  predominant!^ aluminium 
associated with silicon and oxygen as near neighbours; infra-red studies with 
pyridine should confirm this hypothesis. 

Conclusions 
Tnfra-red spectroscopy is now sufficiently well developed t o  be used for  the 
definitive characterisation of titanium dioxide pigments. Dehydration experi- 
ments lead t o  information on the nature and thermal stability of surface hydroxyl 
groups, and from analysis of surface species formed by adsorbed pyridine the 
acid sites (Bronsted and  Lewis) present are  defined. The  location and reactivity 
of the various components of surface coatings may also be established. Coupled 
with electrophoretic data, the infra-red technique provides a valuable tool for 
obtaining useful information o n  the chemical character of the pigment surface 
in relation t o  its dispersion and durability behaviour. 

[Received 18 March 1971 
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Discussion at the London Section 
DR TH. F. TADROS commented that Professor Parfitt had said that silica surfaces 
were fully hydroxylated with about 4.5 OH groups per 100 A2. I t  had been mentioned 
in Iler's book that, based on model calculations, a silica surface should contain 8 OH 
groups for 100 A2. Was there any explanation of why a figure of between 4 and 5 
hydroxyl groups was obtained experimentally? 
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PROFESSOR G. D. PARFITT said that this depended upon the assumptions made in 
the theoretical model, i.e. which planes were available for adsorption. A fully 
hydroxylated surface meant that every available site was hydroxylated. 

DR TADROS, referring to the point of zero zeta potential in alumina/silica mixtures. 
said that he had carried out micro-electrophoresis measurements on glass that 
contained silica and alumina. He had found that the point of zero zeta potential 
was about pH 2 in KC1 solutions, whereas the titration curves in a number of mono- 
valent chlorides would suggest a point of zero charge around pH 6. The difference 
between the pzz and the pzc was large for glass, whereas this was not so for silica. 
Could it be expected that the same would occur for pigment surfaces? What electrolyte 
was used for the electrophoretic measurements? 

PROFESSOR PARFITT said that the ions adsorbed on the surface were determined 
directly in titration experiments. On measuring the pH of a pigment suspension a 
different result would be obtained from electrophoresis because here a point of zero 
charge was found, not zero zeta potential. Potassium nitrate was used in the electro- 
phoretic experiments. 

MR T. D. BLAKE made the point that it was very difficult to decide from the structure 
of the bulk oxide what the structure of the surface might be. For example, one estimate 
of the maximum hydroxyl concentration on the y-alumina surface (based on the oxygen 
concentration of the 11 1 plane) gave about 20 OH'S per 100 A2, whereas the experi- 
mental value was closer to 10 per 100 A2. 

PROFESSOR PARFITT agreed that the choice of crystal plane would greatly affect the 
value obtained. 

MR A. J. GROSZEK wondered whether any work had been done on the adsorption 
of fatty acids on to alumina and titanium dioxide. Did the fatty acids chemisorb 
exclusively on to the Lewis sites or perhaps Si OH groups, and had this been demons- 
trated by IR spectroscopy? 

PROFESSOR PARFITT said that adsorption of a fatty acid on an OH site would yield 
an ester. Interactions with particular sites were difficult to detect, and he knew of no 
IR work that had given definite information on this topic. 

DR R. R. FORD referred to recent IR studies of carbon monoxide adsorbed on 
metals, where it had been observed that only a small percentage of the adsorbed 
phase was IR active in the carboxyl region. Was it possible to be sure that all the 
OH groups on the metal oxide surface interacted with the IR beam? 

PROFESSOR PARFITT said that the interaction of OH groups with D20  and various 
other adsorbates could be followed and thus the number of OH groups available 
could be measured quantitatively, and related to the infra-red data. Published compari- 
sons did not suggest that some surface OH groups were not infra-red active. 

DR D. DOLLIMORE remarked that the structure of a surface would be different from 
the structure in the bulk mass of material. Therefore, although a particular layer 
plane exposed at the surface might be considered, this would have different spacings 
from the spacings of the same layer plane in the interior. This point was largely ignored 
in calculating the theoretical number of hydroxyl sites at a surface. 

One further point was the danger of merely equating weight loss to loss of water. 
In many cases he had found other species to be present, and a series of experiments 
came to mind in which hydrogen was detected from the thermal treatment of kaolin. 

PROFESSOR PARFITT expressed his agreement with these comments. 
PROFESSOR K. S. W. SING referred to differences between silica and alumina, in 

dehydration and re-hydration. On dehydration, silica was rendered hydrophobic, 
and it took. some time to recover the surface. On the other hand, high temperature 



y-alumina re-hydrated quite rapidly. Concerning alcohol adsorption, chcmisorption 
at room temperatures had been mentioned. With silica, higher temperatures \\ere 
necessary to obtain ethylation of the surface. 

PROFESSOR PARFITT agreed. It was clear that titanium dioxide behaved nwrc likc 
alumina than silica. 

DR DOLLIMORE said that he had found that a small amount of polymer 
(e.g. polyacrylamide) which was quite insufficient to cover a significant proportion 
of the surface was, however, sufficient to alter the rate and nature of the loss of water 
from oxides and clays. Could Professor Parfitt suggest how this process'could npcrate. 
as many industrial oxides were coated with organic materials? 

PROFESSOR PARFITT suggested that one polyn~er molecule could cover a \ci. large 
area of surface, and hence restrict a large number of OH groups, to which it might 
be attached. The relative effect of a small overall coverage of polyn~er would oh\ iously 
depend on the degree of hydroxylation of the oxide. 
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The adsorption of gases and the 
charaderisation of the surface 
properties of pigments* 
By K. S. W. Sing 
Department of Chemistry, Brunel University, Uxbridge, Middx. 

Gas a d ~ r p t i o n  techniques are now widely used for tlie determination of the surface area 
and porc slle distribution of pigments and similar materials. In the analysis of physical adsorp- 
tion data obtained on different gas-solid systems it is useful to distinguish between specific 
and non-specific adsorbent/adsorbate interactions. The specific interactions are encountered 
when polar n~olecules are adsorbed on ionic or  heteropolar solids, whereas non-specific 
interactions are the result of the universal dispersion forces. 
The BET monolayer capacity is of doubtful validity unless the isotherm exhibits a sharp knec 
(well-defined point B); this condition generally demands an appreciable interaction energy. 
which niay arise through either high dispersion potentials or specific adsorbent/adsorbatc 
interactions. An empirical method of isotherm analysis may be eniployed to check tlie BET 
areas and to assist in the interpretation of the mechanism of adsorption. 
Two different mechanisms of pore filling niay influence the course of an adsorption isotherm: 
micropore filling, associated with tlie overlap of adsorption potentials and occurring at low 
relative pressure; and capillary condensation in niesopores, taking place over the multllayer 
range of relative pressure and involving nieniscus formation. The application of the Kelvin 
equation for pore size distribution calculations should be restricted to mesoporous solids. 
The empirical method can be employed to assess the micropore volume, provided that standard 
adsorption data are available on an appropriate non-porous solid. 

.llkcc.c~llrrnc~ou tclrni.s 
Brunaucr Emmett 
'Pcllcr cauation 

Pritiii* pi~r11i~tit.s atrd f1ve.s Properties, e/rararteri.sfics crfid 
carbon black conrlitions prirnurily cr.s.soeiatetl ~c'itlr 

tiiat~ricrls in ,gcrreral 
surface area 

Process arid nii~t/rorls 
pririiarifv crssociatecl with 
una1.v.si.s. riii1asrrrurnc8nt u~iti 
testirig 

adsorption test 

L'adsorption des gaz et la caract6risation des propri6t6s 
superficielles de pigments 

Les techniques de I'adsorption des gaz sont largelnent utilisces actuellcment pour dcterrnincr 
I'aire supcrficielle et la rcpartition de la grandeur des pores de pigments et de matikre4 
semhlables. Au cours de I'analyse des cotes de I'adsorption physique, dcrivees des sysdmcs 
gaz,'solidc, i l  est convenable dc faire une distinction entre les interactions specifiques dc 
I'adsorhant et de I'adsorbat et cclles qui ne sont pas spccifiques. Les interactions spccifiques 
sont abordkes dans le cas ou des niolecules polaires sont adsorkes sur les solides ioniques oil 
h&ti.ropolaircs, tandis que les interactions non-sp6cifiques risultcnt des forces universelles de 
dispersion. 
- - -- . - - - - - -. pp . -~ - -- - 

"Prcscntcd to a joint meeting of tlie London Section and the Colloid and Sr~rfacc Cheniistry 
Group of tlie Society of Chemical Industry on 25 Noveniber 1970. 
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La capacite monocouche BET est d'une validite douteuse sinon I'isotherme dCniontre "un 
genou aigu," (un point B bien defini); en general cette condition exige une energie d'interaction 
apprkiable qui peut arriver soit par des potentiels dispersion Clevcs, soit par des interactions 
adsorbant/adsorbat spkcifiques. On peut s'en servir d'une methode empirique pour analyser 
les isothermes afin de verifier les aires BET et de faciliter I'intcrpretation des mtlcanismes 
d'adsorption. 
Deux diffkrents mecanismes du remplissage de pores peuvent exercer une influence sur ie 
track d'une isotherme d'adsorption: remplissage des micropores qui se produit aux pressions 
relativement basses, et qui est lie au chevauchement des potentiels d'adsorption; condensation 
capillaire dans les micropores ayant lieu a travcrs la ganinie multicouchc de prcssion relathe 
et accompagne de la formation de menisque. L'application dc I'cquation de Kelvin pour 
calculer la repartition de la grandeur des pores devrait Ctre liniitee aux solides mcsoporcus. 
On peut employer la methode empiriquc pour apprecier le volume dcs micropores, pourvu 
que les donnces normales d'adsorption d'un solidc non-poreux et npproprie soient disponihlc\. 

Die Adsorption von Gasen und die Charakterisierung der 
Oberflacheneigenschaften von Pigmenten 
Zusamrnenfass~rri~ 
Gasadsorptionstechniken werden heutzutage hiiufig zur Bestim~nung dcr Oberfiichengsiisse 
und Verteilung von Poren verschiedener Grosse bei Pigmenten und ahnlichen Stoffcn bcnutzt. 
Bei verscliiedenen Gas- Festkorper Systemen der Analyse physikalischcr Adsorptionsdaten 
ist es zweckmassig zwischen spczifischen und nicht-spczifischcn Reaktioncn von Adsorbans 
mit Adsorbat zu unterscheiden. Die spczifischen Reaktionen trim man dann an, wenn polare 
Molekiile auf ionischen oder heteropolaren Festsubstanzen adsorbiert werden; die nicht- 
spezifischen Reaktionen sind dagegen das Ergebnis der universcllen Dispersionskriiftc. 
Die Aufnahmefzhigkeit der BET Monomolekularschicht ist zweifelhaft. es sei dcnn, dass die 
Isotherme ein scharfes Knie zeigt (klar definierter Punkt B): dieser Zustand crfordert f u r  
die Reaktion im allgemeinen erlieblichen Encrgieaufwand. welcher entweder durch hohc 
Dispersionspotentiale oder spezifische Adsorbans/Adsorbat Rcaktionen entstchcn kann. 
Eine empirische Methode der Isothermen-Analyse kann angcwandt wcrden, um die BET 
Oberflachen nachzupriifen und bei dcr Interpretierung des Adsorptionsnicchanisni~~s 711 
lielfen. 
Zwei verscliiedene Mechanismen fur das Fiillen von Porcn konncn den Ablauf.cincr Adsorp- 
tionsisotherme beeinflussen: Mil<roporenbildung in Vcrbindung mit dem Ubcrschneidcn 
von Adsorptionspotentialen und bei niedrigem relativen Druck vorkommend; sowie kapillare 
Kondensation in Mesoporcn im mehrlagigcn Berciche relativen Druckcs und Meniskusbildung 
mit sich bringend. Die Anwendung der Kclvin Glcicliung fur die Rerechnung der Vertcilung 
von Porengrossen sollte auf Festkorper mit Mesoporen beschriinkt wcrden. Die empirische 
Methode kann benutzt werden, urn das Mikroporenvolumcn zu schatzen vorausgcsetzt, das\ 
Standard-Adsorptionsdaten fur eine entsprecliende niclitporiise Festsubstanz vorliegcn. 

T~XHOJIO~UR ra3oeoii ancop6uuu B tlacToatuee BpcMn w u p o ~ o  npuMeHneTcn nnn ollpcncjlelilia 
pacnpeneneHun n o ~ e p x ~ o c ~ ~ o i i  nnoulancl M nenusuHb1 nop nurMerlToe u ~ H ~ J I ( ~ M ~ I H ~ I x  
MaTepManoB. ~ P M  aHanH7C @ H ~ U ' ~ ~ C K M X  A;1HtlblX 2 I ~ ~ 0 p 6 u I . f ~  nOnyYeHHblX B palJliIqHblA 
cucTeMax ccra3-~sepnoe reno),, uenecoo6pa3~0 pa3nusa~b Memny c n e u u @ u s c c ~ n ~ ~  M I I ~  

C ~ ~ U U @ H ' ~ ~ C K U M U  a n ~ o p 6 e ~ ~ / a n ~ 0 p 6 a T t i b l ~ ~  B ~ ~ U M O ~ C ~ ~ C T B M I I M M .  C~~CUU@HSCCKMC B3;11i\10- 
~ ~ ~ ~ C T B M R  MMeKlT MeCTo KOrna nOJlRpHble MoJlCKynbl a ~ c o p 6 ~ p y m ~ c n  Ha MOHHblX MJlW TClepO- 
nonnp~blx TBepnblx Tenax, Torna KaK tie c n e u ~ @ w q e c ~ ~ e  ~ ~ a u ~ o n e f i c ~ ~ u n  nsnnlo-rcn pc3ynb- 
TaTOM YHHBePCaJlbHblX .llUCllepCMOHHblX CMn. 
O ~ I H O C J I O ~ H ~ ~ I  eMKOCTb BET o6nanaer C O M H H T C ~ ~ H O ~ ~  UeHtIOCTbKl, eCnH MlOTCPhlii He 
np0nBJlneT OCTpOrO a3ru6a (XO~OUIO B ~ I ~ ~ X ~ H H O ~  TO'IKM B); 3TO YCnOBUe 06blqti0 T ~ C ~ ~ C T  
3~a'Iu~eJlbHofi 7HeprUU B ~ ~ U M O ~ ~ ~ ~ C T B M I I ,  KOTOpaR MOXCT B03IlMKHYTb n ~ 6 0  3il C'IC'I RblCOKMY 
.4MCllePCMOHl~t>lX nOTeHUMaJlOB UJlM C ~ C U M ( ~ M ~ C C K M X  ~ \ J ~ C O ~ ~ C H T / ~ ~ C O ~ ~ : I T H ~ I Y  B l ; ~ k l ~ O . l c ' f i -  



1971 (8) S U R F A C E  PROPERTIES  O F  P I G M E N T S  733 

C T B U ~ .  ~ M I ~ U P U S ~ C K U ~  M e T O n  H30TePMUSeCKOTO a H a n U 3 a  M O X e T  6 b l ~ b  IlpUMeHetI nJIR 
n p o B e p K u  n o ~ e p x ~ o c ~ e i t  BET u nnrr noco6un B u ~ ~ e p n p e ~ a q u u  ~ e x a ~ u s ~ a  ancop6quu. 
Ass pa3nUqHbIX MeXaHU3Ma HanOnHeHUR n O p  MOrYT nOBJlURTb H a  X O n  a n c o p 6 ~ n 0 ~ ~ 0 f i  
U 3 0 T e p M b l :  MUKpOnOpUCTOe H a n O n H e H n e ,  CBU3aHHOe C n e p e K p b l T H e M  IlOTeHUUanOB ancop6uu~ 
H UMeFOlllee MeCTO n p U  HM3KUX OTtiOCUTeJlbHblX naBneHUIlX U KanUnnRpHaR KOHnCHCaUUR 1% 
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Introduction 
The use of the physical adsorption of gases for the determination of surface 
area and pore size distribution is now well esta~lished in many different fields 
of scientific investigation. In view of the vast literature on the subject1* and 
the variety of commercial equipment available, it might be supposed that the 
interpretation of adsorption data no longer presents a serious problem. In 
principle, the amount of gas adsorbed per unit mass of adsorbent may be 
expressed as a function of the pressure, temperature and the surface properties 
of the solid, i.e. its chemistry, area and porosity. In practice, however, an 
unambiguous interpretation of the adsorption data is not always possible. 

It is customary to record adsorption data in the form of the adsorption 
isotherm, i.e. the adsorption measured at various equilibrium pressures, all 
other variables being held constant. Many attempts have been made to analyse 
mathematically the adsorption isotherm in terms of surface coverage and pore 
filling mechanisms. Most solid surfaces of industrial importance (e.g. catalysts or 
pigments) are heterogeneous and they are often associated with either poly- 
disperse systems of particles or porous structures (or both). Is is hardly surpris- 
ing, therefore, that adsorption isotherms on such surfaces are not amenable 
to theoretical analysis by any relatively simple model. 

In spite of these difficulties, the BET (Brunauer-Emmett-Teller) method" 
has provided for some systems a simple and remarkably successful means of 
isotherm analysis. The method is still the most widely used procedure for 
surface area determination, and it has been adopted recently as the basis for 
a BSI method for the determination of the specific surface area of powders4. 
A good deal of the experimental evidence in support of the validity of BET 
areas2 has been obtained for nitrogen adsorption on oxides, hydroxides and 
carbon blacks. Much less information is available on the adsorptive properties 
of organic solids. However, recent studies5* have revealed significant differences 
in specificity between various physical adsorption systems, and it is now possible 
to make useful comparisons of different types of solid surfaces by studying 
their interactions with selected adsorbate molecules. It is the aim of this short 
review to discuss the various aspects of physical adsorption that must be 
taken into account if the method is to be exploited successfully for the charac- 
terisation of the texture and surface chemistry of pigments and similar materials. 

Thermodynamics of adsorption and physical interaction energies 
From the thermodynamic standpoint, the affinity between the adsorbate and 
adsorbent at the relative pressure, p/po may be expressed as the difference in 



chemical potential of the vapour in equilibrium with the adsorbed phase and 
that of the vapour at the standard saturation pressure, po. Thus: 

A p  =: RT ln(p!po) 
- 

and also A p  - -  A@ -- TAS 

whcre - AH is the isosteric heat of adsorption, q,,. and AS is the differential 
entropy of adsorption. 

It can be seen from the second equation that the change in chemical potential 
can be separated in the usual way into the heat and entropy terms: thus, the 
affinity of adsorption at a particular value of p / p ~  is governed not only by the 
exothermic release of heat energy, but also by a difference in entropy between 
the vapour and the adsorbed state. The entropy term itself has thermal and 
configurational components, the latter varying with surface coverage accordins 
to the arrangement of adsorbate molecules on the surface. 

Model adsorption systems may be postulated (e.g. localised or mobile mono- 
layers) and the variation of differential heat and entropy with coverage 
calci~ lated7. In practice, however, it is difficult to distinguish clearly between 
such models because of overlap in the effects of energetic heterogeneity with 
respect to the adsorbent/adsorbate interactions and the effects of the lateral 
interactions between adsorbate molecules. 

In spite of the uncertainties in the quantitative analysis of adsorption heat 
data, it is nevertheless useful to separate the various interaction energy con- 
tributions. This approach provides a basis for the comparison of different 
physical adsorption systems and the study of the physical and chemical nature 
of a solid surface. 

Because of their universality, the dispersion energy, cp~, ,  and short-range 
repulsion, ( P R ,  contributions are regarded as non-specific interactions. On the 
other hand, the polarisation, (pp, field-dipole, cprP and field gradient-quadrupole. 
~ F Q ,  terms are examples of specific interaction energies, which are significant 
only in the case of particular adsorbent-adsorbate systems5. 

The dispersion energy is calculated by the summation of the pairwise inter- 
actions between the fluctuating dipoles (and where appropriate quadrupoles) 
in the adsorbate molecule and those in the assembly of atoms or ions in the 
solid adsorbent. The value of (pl, depends, therefore, not only on the 
polarisabilities of the interacting atomic and molecular species, but also on 
the structure of the solid (bull< and surface) and the orientation of the adsorbate 
~iiolecule. The value of cpn will be enhanced if the adsorbate molecule can fit 
into surface indentations or penetrate into very narrow pores. 

Specific interactions are encountered with ionic, or heteropolar, solids; the 
contribution of cpp is usually small. but c p ~ ,  or c p ~ p  may be very important in 
the case of adsorbate molecules having permanent electric moments. In general, 
the specific interactions are the result of the concentration of negative or 
positive charges on the peripheries of adsorbate molecules~ They are not 
confined to molecules with permanent dipole moments, but are also important 
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in the case of molecules with permanent quadrupole moments (e.g. N,, CO,) 
interacting with the field gradient over an ionic or heteropolar surface. 

Progress has been made in recent years by the study (both theoretical and 
experimental) of graphitised carbon blacks as adsorbents5. High temperature 
graphitisation of carbon black produces a regular and energetically uniform 
surface, which is essentially that of the basal face of graphite. After graphitisa- 
tion of carbon black, the variation in the differential heat of adsorption with 
surface coverage is greatly reduced. Moreover, the characteristic feature of 
graphitised carbon as an adsorbent is tlie high potential of dispersion forces 
above the close-packed basal plane. The interactions between adsorbate 
molecules and graphite are therefore essentially non-specific, even with polar 
molecules, since the impurity centres, which would otherwise give specific 
interactions, have been removed. Kiselev and his co-workers5 have investigated 
the adsorption of a number of vapours on graphitised carbons in detail. By 
studying various homologous series of hydrocarbons (n-alkanes, alkylbenzenes 
etc.). they have confirmed the principle of additivity of the pairwise dispersion 
interactions by showing that, for each series, tlie differential heat at low coverage 
varies linearly with the number of carbon atoms. 

In the estimation of the relative importance of specific and non-specific 
interactions, it is useful to compare the heats of adsorption on various 
adsorbents of two selected adsorbate molecules, one polar and the other non- 
polar, of similar size and polarisability. Such comparisons are made in 
Tables 1 and 2. Taking the case first of argon and nitrogen (Table I), it will be 

Table I 
Isotlic~r~r~ charlzctc~r arid isostevic lren~s of arlsorptiorr of ar.gotr and riitrogerz or1 non-porous solids 

Adsorbent 

-- - 

Carbon blackH. " . . 
Graph. carbon blackk 
Hydroxylated silica" l' . . 
Dehydroxylated silica5. ' 
y-alurnina'? . . . . 
z-alumina" . . . . 
Rutilel" l 4  . . . . 
Anatase14. '" . . . . 
Polypropylene1\ . . . 
Polytetrafluoroctl~ylcnc'~ 

I 

lsosteric heat 
I at V/Vn, - 0.5 

-- 

Argon 

- -- 

Point B 
well-defined 

Yes Yes 
Yes Yes 
N o  Yes 
N o  N o  
N o  Yes 
Yes Yes 
Yes Yes 
- Yes 
N o  N o  
N o  I N o  

noted that the isosteric heat values (recorded at half-coverage) are higher for 
nitrogen than for argon in every case in which the specific interactions are 
significant. On carbon black, polypropylene, polytetrafluoroethylene and 
dehydroxylated silica, the two corresponding values of the heat are not very 
different, but there is an appreciable difference in the individual values, the 
extremes being on the graphitised carbon and polytetrafluoroethylene. Clearly, 
in the latter case (and also with polypropylene) the less dense solid structure 
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has greatly reduced the overall dispersion interactions. The comparison between 
n-hexane and benzene (Table 2) is also of interest. The high value of the heat 

Adsorbent 
Differential heat of adsorption 1 (kcal molc I) a t  Yi Vtn 0.5 

I -  1- - 

/ n-Hcxane 
- - - - - -- - - - - - 

Graphitised carbon black'". . . . . . . . . 
Magnesium hydroxideIg . . . . . . . . 

1 11.5 - 
9.0 

Magnesium oxidelus 2u . . . . . . . . : : 1 9.4 
Hydroxylated silicaG . . . . . . . . . . . I 

8.8 
Dehydroxylated silica" . . . . . . 8.8 
Chemically modified silica \(cH),s~ - 1 %  ID . . : : 1 7.5 

Hcnzcnc 
-- 

10.2 
9.0 

9. I ,  9.2 
10.2 
8.6  

for n-hexane on graphitised carbon is partly the result of lateral interactions 
between adsorbed molecules, since the value at low surface coverage is 
11.4 kcal mole (i.e. closer to the benzene heat). It will be noted that 
dehydration of the silica and magnesium hydroxide has resulted in an appre- 
ciable decrease in the benzene heat. without altering very much the hexane 
value. This is undoubtedly due to the m~lch lower specific interaction con- 
tribution in the case of the dehydrated surface. The modification of the silanol 
surface by reacting it with (CH,), Si CI has led to a reduction in the specific 
interaction for benzene, but has also resulted in a marked decrease i l l  the 
dispersion field. 

The adsorption isotherm 
In view of the differences in interaction energies and hence differential heats of 
adsorption, it is not surprising to find that the adsorption isotherm for a 
particular vapour varies considerably in character from one solid to another. 
The case of adsorption on non-porous solids will be discussed first. examining 
in particular the monolayer region of the isotherm. 

Curve (a) in Fig. 1 is a typical isotherm for a system in which the adsorbent- 
adsorbate interaction energy is high. Examples are argon, nitrogen. n-hexane. 
on graphitised c a r b ~ n * ~ " ~ ~ ~ ~ ~  and nitrogen on a-alumina" and titania1:$,ll.15.21. 
Isotherms of nitrogen on low-temperature carbon blacksx* " hydroxylated 
silica5 or y-alumina12 are similar to curve (b). I t  is noteworthy that. with the 
change of y-alumina to the close-packed a-alumina (corundum) structure. the 
dispersion potential is enhanced (Table I )  and the character of the nitrogen 
and argon isotherms is changed from (b) to (a). A similar change in isotherm 
shape has been noted with the dehydroxylation of titania, but the effect of 
dehydroxylation of silica is different5; in the latter case the oxygen structure 
remains practically unchanged and the dispersion potential relatively weak 
(see Table 1). Thus, dehydroxylation of silica has very little effect on argon 
adsorption, whereas the specific interactions with nitrogen are reduced. 
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Fig. 1.  Adsorption isotherms on non-porous solids 

Isotherms similar to curve (c) have been obtained with argon and nitrogen 
on polyolefins16 and polytetraflu~roethylene~~- 22, with benzene on chemically 
modified silica (-Si(CHd,)5 and with water on carbon5 and dehydroxylated 
silica2? The adsorption of water vapour is a special case which depends primarily 
on specific interactions. This is why the uptake of water vapour by high-area 
sraphitised carbon is very low-indeed, quite difficult to detect until p j h  4 I .  

The effect of porosity on isotherm shape may now be considered. The three 
most important isotherm types in the Brunauer c lass i f i~at ion~~ are shown in 
Fig. 2. Isotherms 11 and IV are drawn as a common curve up to a certain level 
of p/pn, where capillary condensation has caused IV to swing upwards. 
Isotherms of type IV are obtained with mesoporous solids (formerly called 
transitional porous) with pore widths in the approximate range 20-200A. An 
important aspect of capillary condensation is that it involves meniscus form- 
ation in pores which are already lined with an adsorbed layer. The process of 
micropore filling, which is identified by the type I (or Langmuir) isotherm, 
is quite different in character. In this case, pore filling occurs at low pip,, 
i.e. within the usual monolayer region of the isotherm, and is the result of the 
enhanced adsorption potential within very narrow pores (pore width <- 20A). 
The experimental evidence now available with a number of adsorption systems 
confirms the effect of micropore filling in distorting the isotherm as indicated 
in Fig. 2 and in being accompanied by an enhanced heat of adsorption over 
that given by the surface coverage of the mesoporous, maeroporous 
(d  > 200A) or non-porous surface2* 239 25. 



Fig. 2. Adsorption isotherms on porous and non-porous solids 

The BET method for the determination of surface area 
In the context of surface area determination, the best known theory is that of 
Brunauer, Emmett and Teller? This theory, which is based on a simple model 
for multilayer adsorption (an extension of the Langmuir theory for localised 
monolayer adsorption on a uniform surface), leads to the well known BET 
equation, which is usually written in the form 

where V is the amount adsorbed (mass. volume or n~ole) at the equilibrium 
relative pressure pip,, Vtrl is the monolayer capacity and C is a constant related 
exponentially to the first layer heat of adsorption. I t  is clear that the BET 
equation demands a linear relation between p/ V (p, - p )  and plp, (i.e. the BET 
plot). and that if this is the case it is a simple matter to calculate V t ,  and C. 
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In practice, the range of linearity of tlie BET plot is always restricted to a 
part of the isotherm (e.g. pip,, of 0.05-0.3), even with non-porous solids. Indeed, 
there appears to be no connection between the range of linearity of the BET 
plot and tlie validity of V,,. 

In their early work, Emmett and BrunaucrZ6 designated point B as the point 
corresponding to tlie beginning of tlie middle nearly linear part of a type I1 
isotherm (see Figs. I and 2); on empirical grounds they suggested that point B 
may be taken as an indication of tlie completion of the monolayer. Later 
Brunauer, Emmett and Teller3 argued that the close agreement often found 
between the value of V,,, and the uptake at point B supported their claim for 
the validity of V,,. In fact, it is now clear that the correspondence between 
point B and the BET monolayer capacity is only given if point B lies within 
tlie linear range of the BET plot2'. HalseyZ8 and others1 have proposed that 
point B is more trustworthy than is the BET plot in providing a measure of the 
true monolayer capacity. Indeed, many workers2 now agree that it is doubtful 
whether an isotherm without a clear point B sliould be used for the evaluation 
of monolayer capacity by the BET method. Tn fact, point B cannot be located 
with accuracy if C values are less than 70-80. This implies that values of the 
BET monolayer capacity are not reliable for a number of the adsorption 
systems in Tables 1 and 2. 

The second stage in the application of the BET method is the calculation 
of the surface area from the monolayer capacity by means of an equation of 
the form 

Here, SBEr is the specific surface (m2 g I), V,,, is expressed in grams adsorbate 
per gram solid, M is the molecular weight of the adsorbate, No is Avogadro's 
Constant (6.023 x 102~olecules/mole) and A, is the average area occupied 
by the adsorbate molecule in tlie completed monolayer. 

,12lternatively. if V,,, is expressed in cm"stp)g-l, the equation becomes 

A dilticulty in the calculation of Snm from V,, is the lack of independent 
evidence on the correct values for A,. Emmett and Brunauerz6 assumed 
that the close-packing of adsorbate molecules in tlie monolayer is very nearly 
tlie same as in tlie bulk solid or liquid. For nitrogen as the adsorbate and 
taking the liquid density this calculation gives the valire A,,, = 16.2A2 at 
- 196°C. ' 

Little is known about the exact mode of packing of the adsorbed molecules 
in the monolayer, but on a priori grounds some degree of localisation and a 
variation in the value of A,; from one surface to another might be expected. 
It is remarkable that the value of A, for nitrogen appears to be reasonably 
constant and close to 16.2Az with hydrated oxides and some other solids2. 
Recent evidence, however, suggests that the nitrogen monolayer is localised 
on graphitised carbon2%nd a-alumina12 surfaces, with values of A, of about 
20 and 18A2, respectively. Tt is noteworthy that in both of these cases the 
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nitrogen isotherm is similar to curve (a) in Fig. I ,  the knee being sharp (C--300) 
and point B especially well defined at low p;p,,. 

The position with other adsorbates is still very confused. Many attempts:"' 
have been made to adjust the areas assigned to the adsorbate molecules to 
bring the BET areas into agreement-based on the nitrogen value of 
A,,, ; 16.2A" For example, krypton, which has been used extensively for the 
determination of low surface areas of pigments and other materials" appears 
to occupy about 19.5A8r"/moIecu1e in  the completed monolayer rather than 
15.2A",'moIecu1e, the value calculated for a close-packed "liquid" monolayer. 
The BET C values for krypton extend from about 10. with organic solids, to 
over 2000 with clean metal films"'. Campbell and Dutlirie:'"ave drawn 
attention to the pronounced alteration in the low pressure region of the 
krypton isotherm produced by the chemisorption of oxygen on nickel and 
have suggested that this is probably linked with a variation in the effective 
area occi~pied by each adsorbed krypton atom. Although this is probably the 
case, it milst be re-emphasised that the use of tlie BET plot as a means of 
locating the monolayer capacity is not satisfactory in the case of isotherms 
of type (c) in Fig. I .  Indeed, this is confirmed by the recent work of Wlialen. 
Wade and Porter2%n Teflon, in which it was found that the area obtained 
froni electron microscopy was larger than the mu.\-itnwn BET area which could 
be calc~~lated from tlie nitrogen isotherm. 

Empirical methods 
There are a number of ways in which isotherms may be conipnred with standard 
or "universal" isotherm data obtained on non-porous reference solids. The 
best known of these empirical methods is probably the t-method of Lippens 
and de BoerJ" wliich provides a simple and direct means of analysing nitrogen 
isotherms on some solids. The amount of nitrogen adsorbed by tlie sample 
under test is plotted against t, tlie multilayer tliickne~s of nitrogen (at cor- 
responding relative pressures) on tlie non-porous solid. Any deviation in shape 
from the standard t-curve is therefore detected on the t-plot as n departure 
from linearity. The so-called "universal t-curve" of de Boer and his co-workers 
has been criticised on tlie grounds that it cannot represent precisely tlie nitrogen 
isotherni on all non-porous solids. It should be clear from the above discussion 
of interaction energies that the structure of the adsorbed layer must depend 
on the nature of the particular adsorption system. In its early form, the t-method 
did not take micropore filling into account; the method was amended by 
Sing:'3 to provide (in the absence of mesoporosity) an assessment of the 
micropore voli~me'~. The most serious limitation of the t-method is that it is 
necessarily dependent on the BET evaluation of the monolayer capacity, since 
t is itself calculated from V/V,,,. The t-method is therefore restricted to those 
systems where V,, is well defined. 

Recently, the t-method has been modified" and I replaced by (V/V,),- 
which will be called %,,-where V,  is the amount adsorbed by the non-porous 
reference solid at the selected relative pressure (pip,,,,).,. The master curve for 
the standard data is therefore plotted as a ,  against pip,, and the x,-plot is 
constructed as amount adsorbed on tlie test sample against x ,  for the standard. 

*The influence of micropore filling on thc nature of the /-plot was also disci~ssed by Day 
and Parfitt (Day, R.E., and Parfitt, G.D., Trtrns. I;crrcrr/ry Soc. 1963, 63, 708). 
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The values of r., are thus obtained directly from the adsorption data without 
the need to calculate V,,, first. I t  is important to stress that the or, method is 
essentially a means of comparing the mathematical form of isotherms and 
that in principle a, could be placed equal to unity at any convenient point on 
the standard isotherm. In practice it is usually convenient to place a, = I at 
( p  P , , ) ~  - 0.4 since monolayer coverage and micropore filling occur at 
p p,, .: 0.4 whereas capillary condensation (along with any hysteresis) takes 
place at p , h  > 0.4. 

Three typical u,-plots are given in Fig. 3. corresponding to the isotherms in 
Fig. 2: curve (a) is the result of unrestricted monolayer-multilayer adsorption 
(type I 1  isotherm) on a non-porous solid, whilst the upward departure of (b) 

Fig. 3. zs plots for nitrogen on silicas 
I non-porous silica (TI* 800) 
1 niesoporous silica 
0 microporous gel 



from linearity indicates capillary condensation (type 1V isotherm) on i l  
mesoporous solid, and the restricted adsorption in the case of (c) (type I 
isotherm) is caused by the filling of micropores. 

Values of surface area, S,, are readily calculated from the slopes of the 
linear regions of the cr,-plots by the use of a proportionality (or normalising) 
factor which is obtained from the standard isotherm on the non-porous reference 
material of known BET surface area. In tlie case of nitrogen adsorption on 
hydroxylated silica25, the appropriate relationship is: 

S, = 2.89 . V/as 
which, when applied to a,-plots similar to (a) and (b) in Fig. 3, gives v* '1 1 ues 
of S, in excellent agreement with those of S ~ E T  (usually to within I per cent). 
With type 1 isotherms, on the other hand, Ss must be calculated from the 
upper linear part of the us-plot and now the surface areas are considerably 
smaller than the corresponding BET areas. In the latter case, the value of S, 
calculated from the multilayer region of the isotherm, provided that this is 
linear, gives a measure of the external surface area. 

Once the standard isotherm has been obtained on the non-porous reference 
solid, the a,-method provides a convenient diagnostic test for micropore 
filling and capillary condensation and a routine method for surface area 
determination. The approach may also be employed to reveal the effect of 
specific interactions or enhanced (or reduced) dispersion interactions on the 
structure of the adsorbed layer1? The a,-method is more versatile than the 
t-method because it may be applied to type 111 (or near type Ill) isotherms. 
It seems likely that us-areas calculated from isotherms with low C values are 
more reliable than the corresponding BET areas. Thus, the a,-method can be 
applied to adsorption systems that exhibit low interaction energies in Tables I 
and 2. Particular care is, of course, required to ensure that the u,-plot i4 

restricted to that part of the isotherm covered by reliable standard data. 
Assessment of porosity 
The Kelvin equation is generally used as the basis of pore size distribution 
calculations2. With the correction introduced for multilayer thickness, t ,  tlic 
pore radius, r,, is given by the equation: 

r, = 
2 Vri' 

- 1  1 
RT I ~(P,,'P) 

where VL is the molar volume and y is the surface tension of the liquid. 
Condensation in the pore at p/p, is assumed to entail the formation of a 
hemispherical meniscus. For the case of condensation in :I set of cylindrical 
pores, the equation becomes: 

,* 

Vp - V ,  - ( r  t)rl-(t.)dr I - r, 
where V, is the total pore volume, and V, is the volume adsorbed at tlic 
relative pressure at whicl all pores having radii less than I-,, are full. Various 
methods have been used to obtain the pore size distribution function L(r ) .  i t  
is now customary to use numerical integration rather than assume a 
mathematical form for the distribution. 

It is clear that the application of the Kelvin equation is restricted to capillary 
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condensation in mesoporous solids. However, even in the ideal case of perfect 
wetting of cylindrical pores, it is very doubtful whether the bulk values of V, 
and y are appropriate with pore radii < IOOA. The pore shape should also 
be taken into account. but with most porous adsorbents this is unknown. 
Hysteresis is another complication and it is still uncertain whether pore s i x  
distribution calculations should be applied to the adsorption or the desorptiori 
branch of the hysteresis loop. Indeed, it seems likely that the correct pro- 
cedure will depend on the pore shape. since meniscus formation is likely to be 
delayed in the case of slit-shaped or open-ended pores3" In view of these 
complications. the method can only be expected to provide a semi-quantitative 
estimate of the pore size distribution. which is nevertheless useful in the com- 
parison of the surface properties of closely related catalysts or pigments. 

Attempts have been made by Brunauer3~and Dubinin" 7 0  assess thc 
micropore size distribution. Brunauer and his co-workers have used an 
extension of the I-method, whereas the Russian workers have adapted the 
potential theory of Polanyi making the assumption of a Gaussian function 
for the adsorption potential. 

As mentioned earlier, Sing" has also modified tlie r-method in order t o  
assess the micropore volume. It was suggested that, in the case of microporouh 
tolids. the backward extrapolation of the linear t-plot, or u,-plot, to  the V-axis 
(see Fig. 3) would provide a measure of the micropore volume-provided that 
~nesoporosity is negligible. A compensating effect can occur with certain 
isotherms, i.e. a combination of curves (b) and (c), giving rise to an almost 
linear a,-plot over a very wide range of pip,, and thus masking microporc 
filling and capillary condensation. This situation may be identified" by making 
a systematic study using adsorbate molecules of different size and polarisability 
in order to check the constancy of S, and the linearity of the different a,-plot\ 
on tlie same adsorbent. 

General conclusions 
A considerable amount of evidence is available which suggests that BET areaa 
are not always reliable and, in practice, the validity of the area must be 
assessed empirically for each gaslsolid system. Unfortunately, many of the 
experimental investigations reported in the literature were undertaken with 
poorly characterised solids and the numerous attempts to adjust molecular 
cross-sectional areas were often made on an arbitrary basis. In fact, the 
calculation of the area is not justifiable unless the monolayer capacity is itself 
valid. 

There are at least two adsorbent systems for which the BET monolayer 
capacity is in error. In tlie first case, tlie adsorbent/adsorbate interaction is so 
weak that the statistical monolayer is not manifested as any well-defined 
feature of the isotherm. i.e. the C value is low (C < 50) and the location ol' 
point B is uncertain. Secondly. if micropore filling occurs along with monolayer 
coverage (at plp, < 0.1), although C may be high (C > 100) and point H 
sharp, the BET monolayer capacity is false unless proper allowance is madc 
for the micropore filling component of the isotherm. 

The use of gas adsorption for the characterisation of solid surfaces can only 
be fully exploited if standard adsorption data are obtained on well-character- 
ised non-porous solids. Progress in this direction has been made in recent 
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years, but it is important that the range of adsorption systems he extended to 
include organic solids. 

The method oflers considerable promise for the study of pigments and coated 
materials, since physical adsorption isotherms and heats of adsorption are 
sensitive to changes in the chemistry and the structure of solid surfaces. Thus. 
the coating of a titanium dioxide surface by an organic polymer or silica 
would be expected to reduce the interaction energy and hence change the shape 
of the adsorption isotherm of, say, nitrogen or benzene vapour. On the other 
hand, ~nicroporosity in the coating would give rise to an enhanced differential 
heat over that given by coverage (under the same conditions of pip,) of the 
open surface. With a judicious selection of adsorbate molec~~les of different 
size, polarisability, and specific properties, it should be possible to Improve 
the understanding of the chemistry and the texture of the exposed pigment 
surfrtce. 

[Roc.c,ivc~c/ 16 Fchrucrn, 1971 
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Discussion at the London Section 
DR D. DOLLIMORE remarked that some of the isotherms on graphitised surfaces werc 
stepped. What kind of treatment should be applied to  such isotherms? 

PROFFSSOR K. S. W. SING said that this was quite an important feature; in the last 
10 or 15 years a number of stepped isotherms had been found, e.g. argon or krypton 
on graphitised carbon, or  on other uniform surfaces. The work of Prenzlow and 
Halsey had shown that the tread of the steps sharpened with a decrease in temperature, 
but the height of the steps remained the same. These results could be interpreted in 
terms of localised site adsorption with some lateral ;nteraction between adsorbed 
molcculcs. Strictly speaking, one should not apply the BET equation t o  such systems. 

DK A. J. GROSZEK said that graphitised carbon blacks were shown by electron 
niicroscopy to  be strongly aggregated. For this reason one would expect that this 
adsorbent would have spaces between the particles which might act as micropores, 
and the filling of these pores might contribute to the sharp knee that was observed 
for graphon, in the first monolayer. 

PROFLSSOR SING commented that this was an ingenious idea, but the steps extended 
up into the multilayer region. The steps were quite well defined, and he thought that 
this was due to  the regularity of the graphite structure, and that adsorption was taking 
place layer by layer. The edge effects would probably be quite small. 

PROFESSOR G .  D. PARFITT respectfully reminded Professor Sing that graphitised 
carbon black was not a pigment, although one appreciated the need for the use of 
well-defined surfaces in the development of fundamental knowledge. He asked which 
technique was likely to  be of the greatest value to  the industrial chemist in the 
characterisation of surface area and surface features. Professor Sing's ors plot would 
seen1 to  be very useful. 

PROFESSOR SING referred to the recent publication of thc proceedings of the Bristol 
SCI symposium on the determination of surface area. Essentially the or, plot was an 
extension of Lippens and de Boer's I-plot, which had gained a lot of attention in the 
last few years. One set up a standard isotherm for nitrogen, plotting the multilayer 
thickness ( t )  against pip,. and used this to  compare with the isotherm under test. 
One plottcd Vu against t and with a non-porous solid obtained a straight line; devia- 
tions from this were of interest. Professor Sing had developed from this a method in 
which one replaced t by V /  Vo, where Vo was the uptake at a particular relative pressure, 
e.g. p/p!, - 0.4. One was no longer restricted to  a type I1 isotherm. One 
could distinguish between the processes of surface coverage, micropore filling, and 
capillary condensation. 

MR J. D. COHEN said that he spoke as an ink maker, whose task was to  get the 
maximum value for money, notably the maximum dispersibility, from the pigments 
available. Some very important organic pigments, such as phthalocyanine blue and 
benzidine yellow, had surfaces of relatively low energy. Professor Sing had pointed 
out that the BET method could not be used for polyisopropylene and polytetrafluoro- 
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cthylcnc. Thcse materials also had low cnergy surfaces, and he askcd I'rofcssor Sing 
to comment on adsorption on such surfaces, particularly concerning the forces 
involved. 

PROFESSOR SING replied that he could not do justicc to this topic, as littlc was kno\\ n 
about adsorption on such low cnergy surfaces. Onc could probably obtain a rough 
guidc to  the surface area by the use of the BET method. In the simplest casc the 
interaction was primarily due to dispersion forces. There might be other contributions 
from the pigments, due t o  the polar groups present. One could begin to see a sharpening 
of the isotherms, due to the effect of specific interactions. It should be possiblc to 
apply thc us ~iiethod in such cases provided that standard adsorption data could bc 
obtained on refcrence materials. Analysis of the a, plots of various vapours tc.g. 
nitrogcn. argon, alcohols) should yield information on thc chcniistry and thc textcrc 
of the cxposcd pigmcnt surface. 

DR TH. F. TAIIROS, rcferring to  the t or us plots, said that he could understand why 
one could obtain an upward deviation. but it was not clear to  him how a downward 
dcviation could be interpreted. He had obtained such downward deviations on glass. 
using t hc standard curve for amorphous silica. Did this mean that onc had slit-shaped 
niicropores that were inaccessible to  the adsorbate molecules? 

PROFESSCR SING said that this depended upon the refcrencc matcrial ~ ~ s c d .  Tile 
system must be chemically similar to thc matcrial under cxamination: hc did not 
Ixlicve in a universal t isotherm. Thc downward swing undcr such circumstnncc~ 
must bc due to micropore filling. 
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Polymeric binders containing vinyl 
esters of branched carboxylic 
acids for use in electrodeposition 
finishes* 
By W. J. van Westrenen and W. H. M. Nieuwenhuis 1 
Koninklijke/Shell Plastics Laboratorium, Delft, Holland 

Solution polyn~ers designcd for use in water-soluble binders for electrodeposition finishes 
lia\e been prepared from vinyl estcrs of branched fatty acids ("VeoVa" lo), (meth) acrylic 
acid and hydroxyethyl methacrylate with styrene and/or methyl methacrylate. 
Scn~i-batch polymerisation procedures have been developed for preparation in high conversion 
of products which proved very stable in aqueous solutions. White pigmented electrodeposition 
finislies from these polymers, cured with ~llelan~ine/formaldehyde resin, showed the high 
chemical resistance characteristically iniparted by the branched-chain esters to surface coatings. 

Keywords 
T~.pr.s urlrl c1u.sse.s of coulin~g Binrlcrs- resins clc 

clcctrocoating copolynler resin 
water-soluble coating acrvlic resin u 

Processes urirl methods prirl~crrily o.ssocirrtc't1 with tne~a~nine/formaldeli~de rebin 
~~~~lrrlfitctrrre or .syntlic.sis met hacrylate resin 

styrene 
solution polymerisation VeoVa resin 

Liants polym2res contenant des esters vinyliques des acides 
carboxyliques, chaine ramifiGe, destin6s 6tre utiliscs en 
finitions pour application par 6lectrod6position 
Risllll71; 
Des polynlitres solubles destinks A Etre utilisls en liants, soluble dans I'eau, des finitions pour 
application par klcctrodCposition ont ete preparls a partir des esters vinyliques des acides 
gras 5 chaine ramifice (Vcova 10). de I'acide (mcth) acrylique, du methacrylate d'hydroxyithyle, 
avec styrolcne et/ou nilthacrylate de mlthyle. 
On a mis au point des procCdks de polymCrisation a I'dchelle pilote pour la preparation, i 
Lln taux de conversion ClcvC, des produits qui se dcmontrent trks stables en solutions aqueuses. 
Des finitions blanches pour application par ClectrodCposition, preparees partir de ces poly- 
meres ct durcies par rCsine mdlamine-formol ont dlmontrk la bonne resistance aux agents 
chimiques qui cst une caractkristique accordCe aux revCten~ents par les esters A chaine ramifiee. 

Vinylester Werzweigter ~arbonsauren Enfhaltende Polymere 
Bindemittel fiir Elektrotauchlacke 
Z~~su~~~~~lat!fu.s.sring 
Aus Vinylestern verzweigter Fcttsiiuren ("VeoVa" lo), (Metli-) Akrylslurc ilnd Hydro- 
xyhthylmethakrylat mit Styrol und/oder Methylniethakrylat wurden Losungspolymere zur 
Verwcndung in wasserliislichcn, fur Elcktrotauchlacke bestimmten Bindcmittln hergestellt. 
-- - 

+Koninklijke/Shell Plastics Laboratorium, Amsterdam, Holland. 
"Presented to the London Section on 10 December 1970. 
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Polymerisationsverfallren mit halben Ansitzen wurden zur Herstellung stark un~gcwandclter 
Produkte entwickelt, welche sich in wPssrigen Losungen sehr stabil verhielten. Weisspig- 
lnentierte mit Melaminformaldehydliarz gehiirtete Elcktrotauchlacke aus diesen Polymeren 
wiesen die hohe Cheniikalienbestindigkeit auf, welche charakteristischer Wcisc Beschicht- 
ungsmitteln von Estern mit verzweigten Ketten verliehen wird. 

P e 3 ~ ) ~ e  
P ~ C T B O ~ H ~ I ~  nonuMept.1, n p e n ~ a 3 ~ a q e ~ ~ b l e  Ann npuMeHeHun B Bonopacreoptihlblr h'pcrln- 
rennx Ann oTnenoK 3neKrponuruqecKoro ocamnctlun, npuroTosnnnucb u3 B M ~ I I I ; I O B ~ I X .  
~ @ M P O B  pa3BeTBneHHbIX XHPHblX KMCJIOT ({(Veo Va,) lo), (MCT) ~ K ~ H ~ O B O U  KMCJIOTbl M rbIUPO- 
KCU3TMn MeTaKpMnaTa CO CTMPOnOM M / M ~ U  MeTMn MeTaKpllnaTOM. 
Paspa6ora~bl nonyno3upoeoa~~ble npoueccbl n o n u ~ e p u 3 a u ~ u  m n  I I ~ M ~ O T O R ; I C H I I R .  B 
IUHPOKOM npe06pa30BaHu~, np0AyKTOB KOTOPble OKd3anMCb BeCbMa Y C T O ~ ~ ' ~ M B ~ ~ M M  B BOUHblX 
pacrsopax. Eenble nurMeHruposaHHble ornenltu ~ n e ~ r p o n u ~ u ~ e c ~ u x  ocamnctr~iU ~3 ~ T M X  
nonuMepoe, BblcywetiHble ~ e n a ~ u ~ o / @ o p ~ a n b n e r u n ~ o f i  c ~ o n o t i ,  o 6 ~ a p y m ~ n l i  BbrcoKoe 
xuMurecKoe conporusncHue, xapaKTep~cruqecKu npMnaeaeMoc p a 3 s e ~ s n e ~ ~ o  I I C ' I I H ~ I M I I  
~ @ H P ~ M H  nOBepXHOCTHblM IlOKPblTURM. 

Introduction 
Vinyl esters of branched fatty acids have been widely known in  thc paint 
industry for a number of years, in particular as base materials for the pre- 
paration of paint latices1* 2. lmproved alkali resistance and outdoor durability 
are among the characteristics which result from the introduction of the 
branched fatty acid structure in these copolymer latices. In earlier work, the 
beneficial effect of the same branched acid structures in alkyd type resins has 
been demonstrated3. The glycidyl ester of the acids was used to incorporate 
the branched acid structure into the alkyd molecules. More recently' attention 
has also been paid to a third category of binders increasingly finding use in 
the industrial paint field-solution polymers of a molecular weight between 
that of emulsion polymers and condensation resins. 

The present paper describes solution polymers of this third category that 
are specially designed for use in electrodeposition finishes. These copolymers 
are prepared from four or five different monomers. 

Considerations on the choice of monomers 
When considering the technical requirements of polymers of the type to be 
used in electrodeposition finishes, one inevitably concludes that it is necessary 
to use systems composed of at least three monomers. Each monomer has to 
contribute towards achieving a given essential polymer property. The following 
are the requirements concerned. 

In order to obtain adequate water solubility, the polymer should have a 
number of carboxyl groups attached to its chains. As known from experience. 
their concentration should be such that the final acid value of the product is 
about 90meq/ 100g. 

The polymer should have the inherent capability of being cross-linked by 
stoving in paints to form a system with good physical and chemical resistance 
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properties. Either self-curing or, a bctter alternative, cross-linking with amino- 
curing resins, can be considered. 

A polymer entirely consisting of a carboxylic acid monomer and a functional 
monomer. from the point of view of curing, could be designed theoretically 
but in practice, for economic reasons, cheaper monomers have to be used as 
well. These monomers must impart to the polymer the desired balance of 
hardness and flexibility. This is usuallyachieved by selecting a combination of 
a "hard" and a "soft" monomer. 

In the literature5 some mention has been made of the feasibility of curing 
products containing carboxyl groups with special amino resins. I n  early 
investigations polymers were made from vinyl acetate/vinyl esters of branched 
fatty acids and acrylic acid. 

The branched chain vinyl esters will be referred to, for conveniencc, as 
VeoVa 10, and consist of esters of branched chain saturated acids of the general 
structure: 

CH,,-6-CO-0-CH - CH, 
1 

R, 
It soon became clear that, in conjunction with amino resins. no proper cure 

could be attained. Variations in acid valuc and changes in stoving temperature 
and amino resin concentration were made without leading to acceptable 
improvements; hence, it was concluded that the presence of hydroxyl groups 
was indispensable for an adeq~~ate  cure. 

Thus, the use of four types of monomer is generally involved in considering 
the possibility of using VeoVa I0 in a water-soluble solution polymer, a COOH- 
monomer, an OH-monomer, a "hard" monomer and a "soft" monomer. 
VeoVa 10 is classified under the last of these types. Representative and readily 
available monomers of each type are: 

COOH-monomers-acrylic acid, methacrylic acid 
OH-monomers-hydroxy ethyl methacrylate 
"hard" monomers-methyl methacrylate, styrene 
"soft" monomers-VeoVn 10, acrylic esters such as butyl acrylate. 

Systematic exploitation of multi-component polymer systems is still in its 
infancy as far as the knowledge of the molecular structures obtained is con- 
cerned. Nevertheless, in practice, four-component polymers have received 
considerable attention in technological applications for a number of years. 
Examples of such polymers are acrylic systems. This paper will be restricted 
specifically to water-soluble acrylic systems. 

Typical water-solubel acrylates are composed of monomers such as acrylic 
acid, hydroxyl ethyl methacrylate, butyl acrylate and styrene. Although exact 
data on the course of the copolymerisation of four-component systems ot this 
type are scarce, in practice not many difficulties are encountered in obtaining 
polymer solutions homogeneous in appearance and of good conversion under 
reasonable reaction conditions. 
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This is because the mutual relative reactivity ratios of the monomers are 
not too far apart. When the "soft" flexibilising monomer is replaced by n 
vinyl ester, the picture changes drastically. As can be seen in Table I, which 
gives rate constants for radical-initiated polymerisations from the literature6, the 
liomopolymerisation rate of vinyl acetate is much lower than its free radical 
copolymerisation rates with methylmethacrylate and styrene, whereas the 
homopolymerisation rates of methylmethacrylate and styrene are much higher 
than their free-radical copolymerisation rate with vinyl acetate. . VeoVa 10 
is apparently not very different from vinyl acetate in reactivity7. The large 
differences in rate constant ratios mean that thc initial copolymer from the 
system vinyl esterlmethyl methacrylate contains much less vinyl compound 
than is present in the monomer mixture. The same is true of vinyl ester,'styrene: 
here, moreover, the extremely low reactivity of vinyl monomer with the styrene 
radical lowers the overall rate of polymerisation so drastically that a small 
amount of styrene acts as an inhibitor for vinyl polymerisation. 

Table I 
Rate constants fi)r ruclicul initiated po/)~mrrisation (60°C) ( W ~ l l i r i ~ ~ )  

I 

Methyl n~ethacrylate . . 1 278 1 705 1 - 100,000 

Monomer 
- - - - - - - - - - 

Styrene . . . . .. 

Vinyl acetate . . . . 1 3 1 35 2.300 
I 

The situation becomes somewhat different when ternary systems are con- 
sidered. It has been statedS that it is possible to copolymerise styrene and vinyl 
acetate in the presence of an acrylate monomer. The latter can be considered 
to be a "coupling" monomer. No detail is, however. given in this patent 
reference on the preparation of such a product and, in fact, in the final patent 
specification no mention of styrene appears at all. 

Radical 

The work on VeoVa in such systems was therefore simply started with 
exploratory experiments in order to gain some insight into the actual phenomena 
that would occur in practice. 

Styrene 

Polymerisation procedures 
The laboratory apparatus that has been used for the polymerisation work is 
schematically illustrated in Fig. I .  Basically, it consists of a normal glass reactor 
fitted with an anchor stirrer, thermometer, condenser. nitrogen-inlet tube. The 
reactor is connected via glass tubes with a metering vessel and a micro-pump. 
Bearing in mind the differences in reactivity, in most of the procedures the 
reactor was precharged with VeoVa monomer, while the more reactive 
monomers were gradually added over periods varying from 12-24 hours. This 
addition was started after the reactor contents had been heated to 80°C. During 

-- 

Methyl 
niethacry late 

Vinyl acetate 

-- 
, 100,000 145 1,520 
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CONDENSER 

Fig. 1. Laboratory polymerisation apparatus 

the addition period the temperature was allowed to increase to 115-120°C. 
A typical scheme of such a procedure js given in Table 2. All acrylic types of 
monomers have been given the common heading of "acryl", although it is 
realised that between certain of these monomers some variations in reactivity 
may exist. 

Initiator 

*DTBP (di tert. butyl peroxide) 
' *UP0 (benzoyl peroxide) 

I 

Reaction I 

Using this technique, a number of polymers was prepared with final acid 
values of 90- 100meq/ 100g and an OH-content of 80-90meq! 100g. The 
monomer compositions are given in Table 3. 

-... - - 

Time j 'C 
- 

I - 

Constituents 
Stcps 

. - --- 

charge 

- K o v ~ ~  "Acryl" 
- - - - 

0.1 b 

I Ih !  115 addition ' 1 0.1 D 

5111 110 post-reaction 

Styrene 

0.1 c 

0.9 c 

- 
Solvent 

3 

27 

__ / - -- 

a -I b I c = 70wt parts; total monon~ers/solvent 70130 
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The rour styrene-containing polymer solutions, after neutralisntion with 
triethylamine, could be diluted easily with water. Solutions of 10 per cent 
solids, although sometimes milky in appeitrance, showed very good stability. 
as judged from storage tests at 40°C. where, even after three months, no obvious 
changes had shown up. White tinishes were formulated from these binders in 
combination wlth a low-reactive butylated melamine resin. The base rcsinlcuring 
resin ratio was 80120, the pigmentlbinder ratio 0.33 and the binder solids 
content of the electrodeposition (E/D) paints was 10 per cent. The main 
features of this preliminary evaluation are sumniarised in Table 4. 

Tkhle 4 
E ~ ~ ( i l i i ( ~ t i o t ~  11ut~i 011 nrc~/ i t?~i t~~irv  ~ x ~ i ~ r i t ? i ~ t ~ / . s  

Ref. No. 1 2108 W 1 I009 F 1 071 1 F 1 271 1 1. 

0910 P 
-- - 

60.0 

6.6 

10.3 

23.1 

0711 F 
-- - 

50.0 

0710 F 
- - 

53.6 

7.7 

12.0 

26.7 

Ref. No. 

VeoVa .. . . 

A A  . . . . 

HEMA .. 
MMA . .  .. 

2711 F 
- - 

50.0 

0.t )  

I 
I 

matt \mootll, 
~ I o \ \ )  

I60 130 
30 30 

o r  nioder.llc 

- .- -- - - - 1 -  - -  

Film appearance . . . . matt matt 
I 

- 

- - - 
ST . . . . 

2108 W 

36.4 

6.4 

10.0 

17.3 

- - 

10.3 6.6 I, I0.i 

Rupture voltage . . . . . . 
Thickness, IL . . . . . . . . 
Flexibility . . . . . . 

solvent . . . . 

1009 F 
- -- 

44.9 

6.6 

10.3 

17.7 

16.0 
-- - -  

17.1 

450 1 450 
12-18 15-20 

very poor very poor 
5% NaOH, 23 C' . . . . 
Mins. to be softened b; ' 

xylene . . . . . . . . 
M l B K  . .  . . . . . . 

Ruchholz hardness . . . . . . 

29.9 
- - - 

17.1 

BuOx = butyl Oxitol (butyl ether of ethylcne glycol) 
A A  = acrylic acid 
HEMA = hydroxy ethyl methacrylate 
MMA = methyl methacrylate 
ST = styrene 

The styrene containing polymeric solutions were all clear in appearance 
and stable; however, the two formulations prepared without styrene showed 
phase separations quite rapidly, undoubtedly caused by too great a polymer 
inhomogeneity. On separation of the two phases and removal of their solvents. 
it appeared that one phase was sticky, while the other phase was considerably 
"harder". The acid value of the latter phase was more than twice that of the 
first. 

20.5 
- . -- - 

ethyl ether of ethylene glycol - -  1- b 

Stoving: 30min 150 C; d-days; v.sl.bl.-vcry \light blistering 

2 d soft 

8 
10 
- 

knzyl  alcl - 
HuOx 3, l  

7 d 401'1 I - 
, 7 11 \ . \ I  I l l .  

1 
8 0 1 25 

10 4 24 
125 I05 1 105  
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On studying these results, it becomes obvious that the first two polymers 
give films that are too brittle, but whose solvent resistancz indicates a reasonable 
degree of cure. The high rupture voltages may, moreover, be typical of the 
presence of acidic polystyrene of a fairly high molecular weight. In the other 
two formulations, the reduction of tlie styrene content indeed resulted in an 
improvement in flexibility. An interesting observation was that the matt films 
obtained improved considerably in gloss when, after deposition and just prior 
to stoving, a superficial rinse with some organic solvent was carried out. This 
suggests that only a slight improvement in flow is actually required. The pro- 
duct polymerised in benzyl alcohol/ethylene glycol butyl ether gives a good 
gloss without any treatment. The resistance of this E/D film to alkali is con- 
sidered to be very good. 

In additional, more elaborate, polymerisation work a number of variations 
wits examined, including the effect of: 

type and concentration of the monomers to be used in tlie initial rc'actor 
charge and of the monomers to be added, 
addition period or addition sequence of the various monomers, 
temperature, 
type of solvents and initiators, and 
post-reaction conditions. 

It was found that on increase in the amount of styrene in the formulations 
invariably reduced the final monomer conversion. This effect coi~ld be partly 
overcome by simultaneously increasing the hydroxy ethyl methacrylate (HEMA) 
concentration, but for economic reasons this is not very attractive. For an 
adequate cure, 10 per cent of H E M A ,  corresponding with 80meq OH/100g, is 
sufficient. Styrene monomer concentrations around 15 per cent offer no serious 
polymerisation problems. A final acidity of 90meq/100g is a good compromise 
between good colloidal solution stability and E/D characteristics, whic!i means 
that the quantities of acrylic acid or methacrylic acid should be in the range 
of 6-7 per cent. 

Precharging tlie reactor with all of the vinyl ester remained in every case 
advisable in order to obtain good conversions. Initially, i t  seemed better to 
add the more reactive styrene and the acrylic monomers gradually to the vinyl 
monomer, the styrene somewhat more qilickly than the acrylic monomer. In 
the course of the experiments aimed at reducing the processing time from 
about twenty-four hours to about six hoiirs, it also ;tppeared quite possible to 
precharge the reactor with a11 of the vinyl and styrene and then gradually to 
add the acrylic monomer mixture. Some polymers showed an increased in- 
homogeneity when prepared nt a higher speed. This manifested itself by slow 
phase separations on storage in the 70 per cent polymer solutions. The 
reduction in processing time can also be effected by raising the re:iction 
temperature; in this case n gradual addition of styrene prevents any slow 
phase separation. 

Certain solvents had n very pronounced effect on the copolymerisatioli. An 
exam~le of such a solvent is benzyl alcohol which strongly atTects polymerisa- 
tion. thereby causing the vinyl conversion to be retarded quite appreciably. 
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Temperature and type of initiator are, of course, interrelated. For the 
polymerisations carried out at 1 15-1 20°C, benzoyl peroxide was used. At 
higher temperatures (140°C) a blend of di-r-butyl peroxidelf-butyl perbenzoate 
was used. Conversion improves with increasing temperature. 

Finally. the various stages of development in the preparation procedure 
are qiven in Table 5. A selection of tlie polymers prepared will be considered 
further and details of thcir composition are given in Table 6.  

Ref. 1 
i 

all wt. parts a -1- b -1- c 70 
*di-1-butyl peroxide 
**t-butyl perbenzoate 

I 
Reaction I 

Evaluation 

Constituents I Initiator 

A first impression of tlie suitability of any polymer for electrodcposition is 
always obtained by assessing the water dilutability of the pre-neutralised 
polymer solutions. For neutralisation, amines such as triethylamine or dimethyl 
ethanolaniine are quite common. The aqueous systems obtained should be 
stable at solids conccntrations around 10 per cent, in the sense that on storage 
at temperatures up to 40°C no rapid phase separations should occur, nor n 
serious drift in pH, or rather in conductivity, due to hydrolysis of the binder. 
This breakdown by saponifici~tion is governed by thc relation: 

1 Steps (BPO) 

. . a 0.1 t-i I 0 .1  c , 1 2  -- 

I8hrs I 115 I addition I -- , 0.8 b 0.9 c 1 15 : 0.8 
i addition 2 ! 0.1 h I - 3 0.2 

4 - - I -- , - 1 - 
0 .5  

- - - -- - - - . --- - - , - - -- - - . - - - - - 

115 charge 
addition 

post-reaction 

- I 

I 

I 

R -- { K,(OH- ) -1- K,(H,O) -4. K:3(H ')} s (cstcr) 

Thc main Iiydrolysis is in practice the alkaline saponification. and the others 
can be ignored in the present case. In order to learn something about the 
apparent acidity of the carboxyl groups in the VeoVa polymers, pH values 
were measured in relation to the degree of neutralisation ( x ) .  Results have 
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been plotted in Fig. 2. For comparison, calculated titration curves of a wcak 
base (pK,, --- 4.6) versus acids of various pK,'s have been plotted as well. In 
addition, the change in pH, which results from the addition of Versatic 10 
(branched CIO acid) to completely neutralised VeoVa polymer. has been 
plotted. 

NEUTRALISATION CURVE 
OF A VeoVa POLYMER 

EFFECT OF ADDING VERSATIC 
pH 
7.5 

7.0 

6.5 

6.0 

56 
I 1 

0 0.5 1.0 1.5 2.0 
DEGREE OF NEUTRALISATION 

Fig. 2. Neutralisation curves of various acids with a wcak hasc (pkb - 4.6) 

The polymer acids behave like a very weak acid. In Fig. 3 the two extreme 
pH/neutralisation relarions have been replotted. Furthermore, the initial pH 
at equivalent neutralisation has been indicated for a representative VeoVa 
polymer (0309). a corresponding acrylic polymer (0316), a typical commercial 
acrylate polymer and a water-soluble alkyd based on the glycidyl ester* of the 
same branched acids as those in VeoVa. 

After storage of the ne~~tralised solutions at 40°C. for six months for the 
polymer systems but only 14 days for the alkyd system owing to early phase 
separation, the resultant increase in acid value was determined. From these 
values the decreased neutralisation degree was calculated; these values are also 
given in Fig. 3. 

I t  can be seen that the rate of saponification of the VeoVn polymers is 
extremely low and slightly lower than that of acrylate polymers. The acid 
liberated is very weak, as is also the case with corresponding acrylate polymers. 
The HEMA in the VeoVa polymer probably hydrolyses faster than the 
Versatic esters. The binder acids of the alkyd (phthalic monoesters) are stronger 
than the polymer acids. The pH decreases much fi~ster. which causes slowing 
down of the process, but in practice i~nf:lvourable efkcts such iis discolorations 
of the deposited films have then already shown up. The very small degree of 
saponification observed with VeoVa polymers could possibly be reduced further 
by using a different hydroxy-containing monomer (Iiydroxypropyl methacrylate). 

As regards phase sep:lrntions of diluted polymer solutions upon storage, it  - -- - - - - - - - . - - - - - - - 

trade-namc Cardura E 
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9.0 - 

o =  0309 VeoVa POLYMER 

COMMERCIAL ACRYLIC 
x = CARDURA ALKYD 

5 . 6 i  , , , 
0 0.5 1.0 1.5 

DEGREE OF NEUTRALISATION 

Fig. 3. Saponification of various polymeric binders 

has to be remarked that these are not always due to mere saponification. Phase 
separations have also been observed with systems that could have hardly 
suffered from saponification. It  is interesting to note that these observations 
were made only with systems without styrene. The styrene-containing polymers 
could also be more easily (quickly) thinned down with water than the 
viny1,'acrylate systems. 

El~~ctrodcposition of paints 
There is no need to stress the importance of electrodeposition as a method of 
paint application; after all, the process has been commercially operational 
now for more than seven years and the number of installations commissioned 
has increased considerably over that period" The technical problems associated 
with electrodeposition primers, such as bath control, have largely been solved; 
industry is now approaching the stage of demanding additional performance 
properties from these binders. Hitherto, the more successful binders have 
been those of the "oleo-resinous" type, including phenolic or hard resin 
modified styrene/allyl alcohol copolymers and epoxy ester systems. For electro- 
phoretic application of white or slightly tinted systems, these binders fail, 
however. to.offer good colour and colour consistency. The polymeric binders 
discussed here have intrinsically more attractive characteristics in this respect, 
and ]lave therefore been tested in white electrodeposition paints. 

The preferred method of preparing white electrodeposition paints is first to 
blend the polymer with the amino-curing resin, to neutralise this blend with 
amines and then to dilute this system with demineralised water to about 25 per 
cent solids. Part of this solution is used for making a "slush" type pigment 
dispersion in a pebble mill. The laboratory electrodeposition coating technique 
is sufficiently common these days and hardly needs further explanation. For 
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testing the paint stability properties circulation tests or stirring tests were used. 
These have been found to be sufficiently severe to obtain a reliable impression 
of the actual usefulness of the systems under practical conditions. 

The melamine resins suitable for these applications can be of the low 
molecular weight solvent-free type,1° but more conventional low-reactive 
butylated amino resins, available as solutions in butanol, can also be used. 

A collection of the major electrodeposition paint test results on the selected 
binders is given in Table 7. In general, the degree of neutralisation was 1.0. 
which resulted in pH values of the final paints of approximately 9, using 
dimethyl ethanolamine or triethylamine. The value of the specific resistance of 
the paints as used varied from 900 to 1,200 ilcm at 10 per cent total solids. 
For comparisor?, results of similar tests carried out on one of the commercial 
acrylic type polymers used for reference have been included. 

The VeoVa containing polymers gave films of a good whiteness. In contrast 
to previous experience of water-soluble alkyd systems, the colour proved to 
be much more consistent with ageing of the paints. Another interesting feature 
is the good chemical resistance of these systems, which is superior to that of 
four commercial acrylates used as reference (the results of the best acrylate 
are given in Table 7). In straight comparisons between similarly prepared 
VeoVa/HEMA/methacrylic acid copolymers and butyl acrylate/HEMA/meth- 
acrylic acid copolymers, the former systems have a better chemical resistance. 
In a comparison between two such polymers where a certain amount of styrene 
has been used, the difference in performance is less obvious, but is still in f. 'lvour 
of VeoVa polymers. 

It can be seen that, for one of the first polymers prepared (0302 F), tlie 
conversion as given in Table 6 is fairly low. The unconverted monomer is 
mainly VeoVa. This means that the final paint (10 per cent binder solids) 
contained 1.6 per cent free VeoVa 10, but this did not affect the colour or the 
stability of the paint. Of course, the actual polymer in the paint films is then 
different in composition (VeoVa lO/AA/HEMA/MMA/ST 37.5/8.2/12.9121.4 
19.9) and this explains the better chemical resistance, in comparison with VeoVa 
polymers of higher conversion. 

The gloss of the electrodeposited paint films on bonderised steel (Bonderite 97) 
is a property which is very sensitive to polymer preparation procedures. On 
plain degreased steel, this is far less critical, as can be seen from results obtained 
with 0309 polymer. Attempts to trace the course of this phenomenon by 
studying the molecular weight characteristics have not yet been successful. 
The curves obtained from the relevant gel permeation chromatograph gave 
an apparent uniform molecular weight distribution for the VeoVa polymers. 
The non-VeoVa containing acrylate polymers, admittedly prepared according 
to a technique which is somewhat unusual for these polymers, did show 
anomalous peaks in their GPC curves. So far preparation method 1V for 
VeoVa polymers has been the most promising in this respect. 

Terpolymerisatbn model tests 
For a better understanding of the actual course of events during polymerisation 
when using VeoVa 10, acrylic monomers and styrene, a special test was 
developed which allowed regular gas chromatographic analysis of unreacted 
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monomer during the process. In order to facilitate the analysis, more volatile 
model compounds had to be selected. The vinyl ester of pivalic acid was used 
to represent VeoVa as a class of monomers and methyl methacrylate was 
chosen in place of HEMA and methacrylic acid. 

As an example, the results are given of a model experiment following 
polymerisation procedure I1 1. 

After the reaction temperature of 110°C was reached. samples were taken at 
half-hour intervals and analysed. The information obtained from this analysis 
was fed into a computer in order to calculate the effect of changes in concen- 
trations of the various constituents in the reaction mixture. The initial monomer 
ratio was adjusted to correspond with the ratios used with the VeoVa 10 
polymers evaluated for electrodeposition finishes. Fig. 4 shows the quantities 
of monomer plotted against the reaction time. 

MOLES o a M M A  

POLYMER 

MONOMER 

I I I I 1 I 
2 3 4-25 5 6 6.5 

REACTION TIME (HRS) 

Fig. 4. Results of gle analysis during terpolyrnerisation 

In tlte first hours of the reaction, after a short inhibition period, styrene and 
acrylate almost exclusively take part in the polymerisation. The vinyl ester 



1971 (8) P O L Y M E R I C  B I N D E R S  76 1 

only enters the copolymer when the styrene monomer concentration has been 
reduced appreciably. In Fig. 5 the polymer composition distribution, as 

OIo CONVERSION 

CALCULATED THEORETI'CAL LINE 

Fig. 5 

computed from the difference between total and measured residual monomer 
quantities, has been plotted as a function of the total monomer conversion. 
The theoretical instantaneous polymer composition calculated from the 
relative reactivity ratios from literature has been plotted as well and shows 
very reasonable agreement with the practical results. 

It is, however, obvious that more studies of this type are required to 
elucidate the relationship between process conditions and polymer build-up, 
to enable the ultimate preparation of a copolymer of predetermined structure. 



762 J .  V A N  W I . : S T I I I . : N I I N  I;'S A I . .  J(  ) ( . ( . A  

Conclusions 
The work described here has shown that, under suitable process conditions. 
polymeric water-soluble binders can  be prepared from VeoVa 10 and styrene. 
together with acrylic type monomers, such a s  hydroxyethyl methacrylate. 
(meth), acrylic acid and methyl methacrylate. 

Tests o n  relevant model compounds have indicated that such polymers vary 
in chemical composition during polymerisation. However, in spite of this 
drift in composition with conversion, these polymers have attractive character- 
istics for  the formulation of white pigmented electrodeposition finishes. After 
neutralisation with amines they are  readily dilutable with water and hardly 
suffer from hydrolysis o r  phase separation when stored a s  aqueous solutions 
a t  40°C. In conjunction with melamine/formaldehyde resins. electrodeposition 
finishes can be prepared which show an  attractive level of film properties. of 
which good colour and alkali resistance itre most notnble. 
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Discussion at the London Section 
DR M. ELLINGER asked how the colour of the films compared with that of' acrylics, 
in the case of pure whites. Also, what stoving times and temperatures were i~sed? 

MR VAN WESTRENEN said that the whiteness was quite as good as that with acrylics. 
A normal stoving schedule of 30 minutes at 150°C was used when the polymer systenis 
in question were combined with conventional butylated melamine resins. In thc case 
of low molecular weight solvent-free melamine resins of the hexametho;ymethyl 
melamine type a stoving temperature of 175°C was used, in view of the low r:acti\.ity 
of thesc melamine resins. 

MR S. TELLER, referring t o  polymers in which butyl acrylate had been used, asked 
how the overall reactivity of the system would ba affected if the butyl acrylntc wcre 
replaced by Zethylhexyl acrylate. 

MR VAN WESTRENEN replied that the two monomers had roughly comparable 
reactivities and hence the polymerisation could be expected to  proceed verv similarly. 
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MR P. J .  SCAMMELL asked whether the specially developed addition techniques for 
polymerising vinyl esters of branched fatty acids with acrylate monomers and styrene 
could be of value for applications other than electrodeposition e.g. conventional 
solvent borne systems. 

MR V A N  WESTRENEN said that this was certainly possible. In the screening of mela- 
mine resins to be used for the clectrodeposition binders discussed, first draw-downs 
oft he systems, only containing the solvents (no water, no amines) were always prepared 
and then stoved for an assessment of the curing characteristics. This assessment had 
clcarly indicated that, when applied only in solvents, these systems possessed interest- 
ing properties. For such an application in practice, however, one would re-adjust 
the compositions of the polymer to some extent, as for example less carboxyl monomer 
was strictly needed or even desirable. Similarly, by re-adjusting the quantities of 
carhoxyl and hydroxyl monomers, polymers could be prepared which were suitable 
for isocyanate cure. 

MR D. E. EDDOWES, commenting on the range of systems examined, asked whether 
the transport number was the same in all cases. 

MR V A N  WESTRENEN said that one was dealing with a colloidal system which could 
not really be seen as a collection of individual ions. What was really important was 
that therc should be an cquilibrium between the feed material and the material drawn 
out of the bath by clectrodcposilion. 
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The characterisation of glycol 
ethers by gas chromatography 
J. K. Haken and V. Mhemangkorn* 

Department of Polymer Science, The University of New South Wales, PO Box 1,  
Kensington, NSW 2033, Australia 

The gas chromatography of glycol ctliers and their acetate esters is reported. using 111rc.c 
polysiloxane stationary phases of varying polar character which exhibit esscntially non-polar. 
donor and electron accepting properties. The csters find some application and may be used 
as derivatives formed by reaction in tlie colunin to conlirm tlie presence of tlie glycol cthcr\. 
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Introduction 
Whilst gas chromatography has found extensive acceptance in the surfiicc 
coatings industry and is widely used for the characterisation of solvent mixtures 
and monomers, the emphasis has tended to be directed towards the lower 
boiling compounds. Detailed examinations have not yet been reported on the 
available glycol ethers and their Iiomologues, which appear to be finding 
greater application in the apparently ever increasing number of speciality 
coatings and inks. 

As unambiguous identification is not possible from a single gas chromato- 
graphic examination, a variety of supplement-try procedures have been 
described. WhitliamL examined fractions of solvent mixtures obtained by the 
use of the fluorescent indicator technique developed by Ellis and Le Tourneaug. 
Haslam and his co-workershsed two columns of different polarity and 
infra-red spectrophotometry to resolve complex mixtures. Gatrel14 used a mixed 
stationary phase under isothermal conditions wliilst Esposito and Swann" 
have used temperature programmed gas chromatography. Haken and McKay'; 
have reported a method of analysis using sequential application of solubility 
tests supplemented, if necessary, with several effluent colour reactions. 

Limited retention data on glycol ethers and their esters have been 
reported6? '? H, the most extensive work being that of Esposito and Wagner!'. 
who used temperature programmed operation with two polar stationary phases. 
The use of gas chromatography in the examination of coating solvents has 
recently been reviewedL0 and retention data from a number of early report\ 
concerning solvent analysis have been tabulated by Hundertll. 

Gas chromatographic retention data for glycol ethers, obtained by isothermal 
operation, are reported in this work, using three polysiloxane stationary phases 
of varying polar character. These are: the essentially non-polar phase OV-I. 
dimethyl polysiloxane; OV-25, with 50 per cent phenyl substitution ancl 
exhibiting some donor properties; and OV-210, with 50 per cent trifluoropropyl 
substitution and exhibiting electron accepting properties. 

The acetate esters and several other high boiling solvents have also been 
examined, as certain of these find industrial use, wliilst the esters are also ol' 
interest as derivatives which may be used to confirm the presence of the glycnl 
ethers. The esters may be prepared as derivatives either externally or by reaction 
in the column, using a peak-shifting techniq~le'~. 

Experimental 
Gas chromatographj~ 
The retention data were obtained on :I modified F & M XI0 29 Research 
Chromatograph witli simullaneous flame ionisation and thermal conductivit! 
detection, and fitted witli an improved flow control system. Two 12ft ', ,tin 011 
aluminium columns were packed with 10 per cent of the stationary pliasc on 
60-80 mesh acid-washed and silanised Celite 560, and operated isothermall> 
at 150°C. 

With thermal conductivity detection, the following conditions were i~scd: 
injection temperature, 190' C: detector temperature 220' C; bridge currenr. 
150 ma: carrier gas, helium, with :ui inlet pressure of 40 psi. 
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The retention data of the compounds examined are shown in Table I as 
net retention (V,), relative retention (VR) using nonane as standard. and as 
retention indices (IR). 

The majority of the esters were prepared in the atlaborory using conven- 
tional esterification procedures with sulphuric acid or ion-exchange resins as 
catalysts, and were purified before use. 

On-column reaction 
The peak-shifting technique involves it1 situ chemical reaction of the hydroxyl 
group with the formation of the ester derivative in the column. The injection 
of the sample (0.1~1) was followed within 2-5 seconds by an injection (0.5~1) 
of the esterifying agent. Acetic anhydride containing 0.5 per cent sulphuric 
acid is satisfactory, whilst almost quantitative conversion is achieved using 
acetyl chIoridel2. 

While the compounds examined have many trade namesIJ the Union Carbide 
product names are widely known and, for convenience, these are i~sed where 
applicable. 

The series of glycol ethers studied have the general structure 

where R is an alkyl group, R' is a hydrogen atom or acetate group, and n is 
the number of (CH,CH,O) groups. When n is one, two or three. a homo- 
logous series of ethylene glycol, diethylene glycol, and triethylene glycol 
monoalkyl ethers result, and are represented by the Cellosolve*. Carhitol* 
and Tri-Icinol** series, respectively. 

7 1 
A similar series has the basic structure R-0- -CH,--CH-0 -- --R' 

L J 11 

where R and R' are as described above and n is the number of 

groups. 

The compounds Ucar LM*, Proposol P* and Proposol B*, wherc 11 !]as a 
value of one and R values of 1, 3 and 4 carbon atoms respectively. were 
examined, together with Ucar 2LM*, where n is 2 and R is I .  In each case the 
hydroxyl compound and the acetylated derivative were used. 

Results 
The retention data of the compounds examined are shown in Table I .  The 
-- - .  -. 

*Registered trade name of Union Carbide Corporation. 
**Registered trade name of ICI Ltd. 
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NO. OF ATOMS IN R 

various ho~nologous series are plotted in Fig. 1 on the three stationary phases. 
from which it is apparent that the retention indices of the polar compounds 
are increased as the general polar character of the column is increased. The 
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effect of non-polar compounds is shown by the behaviour of the paraffinic 
hydrocarbons used as reference compounds, which are more rapidly eluted as 
the general polar character of the phase is increased. A nearly parallel series 
of plots is observed with the various series on the three phases. The slopes of 
the three sets of data are not equal, as the OV-I plots have a considerably 
greater slope than that observed with the other two columns. 

An alternative representation of the data is shown in Fig. 2, where the 
number of ether groups present forms the abscissa. A series of parallel linear 
relationships is observed for the methyl, ethyl, butyl and hexyl ethers. and 
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NO. OF C ATOMS IN R 
Fig. 1. Retention plots of glycol ethers and their acetate derivatives with (a) OV-210 dimethyl 
trifluoropropyl (50%) polysiloxane (b) OV-25 dimethyl phenyl (501j/,) polysiloxane and (c) 
OV-1 dimethyl polysiloxane as the stationary phase. Series: (1) Cellosolve, (2) Cellosolve acetate, 

(3) Carbitol, (4) Carbitol acetate, (5) Tri-lcinol, (6) Tri-lcinol acetate 
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such plots may be used to estimate the retention of a homologue that may 
not be available. This type of relationship, which considers some structural 
feature of a portion of the molecule rather than the total molecule, i.e. carbon 
number, has been used with success in the tentative identification of a variety 
of unsaturated estersl4? 15. Confidence in a tentative identification is enhanced 
by the use of two columns of varied polarity. The particular behaviour of the 
compounds on the two stationary phases is apparent from Fig. 2 by the 
relative separation of the plots of the individual series. 

Fig. 2. Retention plots showing (1)  methyl (2) ethyl (3) butyl and (4) hexyl ethers on (a) OV-1 
and (b) OV-210 stationary phases 

The formation of the acetate derivative by chemical reaction in the column 
is shown in Fig. 3. The chromatogram (a) is that of O. lp l  of a mixture of 
Cellosolve and methyl Carbitol. The chromatogram (b) shows the peak- 
shifting technique by the appearance of peaks due to the acetate esters formed 
by in situ reaction of the sample with 0SPI of the acetylating agent. The 
technique is of particular value where peaks may be superimposed, as 
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frequently occurs with. for instance, hydrocarbon fractions, where a separation 
of the peaks assists in the identification. With hydrocarbons and super- 
imposition of the glycol ethers, a change in column polarity is also frequently 
advantageous. With an increase in the general polar character of the column 
material, hydrocarbons of similar retention on a non-polar phase, i.e. elution 
essentially following boiling point, tend to be separated owing to structure 
with elution order paraffins, olefins, and aromatics, whilst the elution of glycol 
ethers is significantly retarded with this polarity change. 

. . .. . , . - -  . .. . I - L 

800 900 1000 1100 
RETENTION INDICES 

Fig. 3. On-column chemical reaction. Chromatogram (a) is that of a mixture of (1) Cellosolve 
acetate (2) butyl Cellosolve and (3) methyl Carbitol. Chromatogram (b) after reaction shows 

peaks (4) butyl Cellosolve acetate and (5) methyl Carbitol acetate 

Whilst a series of chromatographic injections and the application of reaction 
gas chromatography require only a few microlitres of sample, a difference in 
the chromatogram may often be achieved by solvent extraction if larger samples 
are available0* lo. Relatively few of the higher boiling solvents are water 
soluble and the glycol ethers may be removed by shaking 2.5ml of sample 
with an equal volume of water in a 5ml graduated cylinder. The sample size 
may be reduced if smaller graduated vessels are availabl~, but with small 
diameter vessels a metal probe is required to facilitate mixing. The solubility 
of the glycol ethers is shown in Table I and. considering the example shown 
in Fig. 3, it is apparent that the first peak in chromatogram (a) will remain 
after aqueous extraction, whilst the other two will essentially be removed. 
Chromatography of the resulting organic layer after extraction by vigorous 
shaking will show that minor residual glycol ether peaks, i.e. usually less than 
0.2 per cent, remain. 
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Water transport through paint films 
Part V: Pigmented films 
By D. Y. Perera and P. M. Heertjes* 

Paint Research Institute TNO, Delft, Holland 

Summary 
The water transport in paint films consisting of two binders with two different pignients 
has been investigated. The variation of tlie permeability, solubility and diffusion coefficients 
with the pigment volunie fraction under varying conditions has been determined. 
The two pigments used were an untreated titanium dioxide and a non-setting red lead, 
representing two quite different types of the many pigments used in paint manufacture. It 
was found that the two pigments caused large differences in tlie water transport through 
the paint films. 
The experimental results are qualitatively in accordance with a model proposed to describe 
the water permeation in pigmented films. For an impermeable and inert pigment incor- 
porated in a binder. a decrease of tlie permeability coefficient with increase of the pigment 
volume fraction is to  be expected. When pigment aggregates are formed in the film, higher 
values were found for tlie permeability coefficient than would be expected. 
It was shown that this was caused by the air entrapped in the film. For the system alkyd 
resin/red lead, lower permeability coefficients than those expected were found. This was 
explained on the basis that the pigment interacted with the binder. 

Keywords 
Prime pi~t~lents arid dyes 

red lead 
titanium dioxide 

Ritrtlers, resins, etc. 
alkyd resin 
epoxy resin 

Properties, charc~rteri.sticc. a td  cotiditiotu pritnorilv 
associat~ci with clrieci or crrre(ifiit~u 

water permeation 

Transport de I'eau 2 travers des feuils de peintures. 
v ~ ~ ~ -  Partie : Feuils pigrnent6s 

On a examini. le transport de I'eai~ B travers les feuils dc peintures coniposi.~ de deux liants 
et de deux pigments differents. On a determini., sous des conditions varices, la variation des 
coefficients de pernicabilite, de solubiliti.. et de diffusion en fonction de la fraction pignientaire 
par volume. 
Les deux pigments, un dioxyde de titane non-traite, et un niinium dc plonib "non-setting," 
representent deux types tout B fait dilfi-rents parnii les plusieurs pigments utilisks dans la 
fabrication de peintures. On a trouvi. que ccs dcux pignients provoquent des dilrkrences 
importantes dans le transport dc I'eau i travers les I'cuils dc peintures. 
Les rcsultats expcrimentaux sont en accord, au titre qualitatif, avcc le modele propose pour 
dkcrire la penetration de I'eau en feuils pign1enti.s. On doit s'attcndrc une diminution de la 
coefficient dc la fraction pignientaire par volume, dans le cas ou i l  s'agit d'un pigment. inerte 
et impermeable, incorpore dans un liant. Quand dcs agrkgats pignicntaires se forment dans 
le feuil on trouve des coCfficients dc permeabilite plus i.1evi.s que I'on devrait s'attendre. On 
a deniontre qile cela est provoqi~i. par I'air occlus dcdans lc I'euil. A I'egard du systenic resine 
alkyde/niinium dc plonib, on a trouve les coefficients de permeabilitk plus bas q i ~ c  I'on devrait 
s'attendre. C'Ctait expliquC sur la base d'une interaction pignicnt/liant. 
-. - - . - . - - - - - - -  - - - - -- - - - 

* University of Technology, Delft, Holland. 
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Wassertransport d urch Anstrichfilme. Teil V : Pigmentierte Filme 

Zusaninieti fu.~.~rmng 
Der Wassertransport in aus zwei BindemitJeln und zwci verschiedenen Pigmenten beste- 
lienden Anstrichfilmen wurdc gepruft. Die Anderung von Durchliissigkeit, Loslichkeit und 
Diffusionskoeffizienten niit der Pigmentvolunienfraktion unter verschiedenen Bedingungen 
wurde bestimmmt. 
Die beiden benutzten Pigniente waren ein unbehandeltes Titandioxid undeinenichtabsetzende 
Bleimennige. Diese stellten zwei ganz verscliiedene Typs unter den zahlreichen in der 
Lackfabrikation benutzten Pigmentcn dar. Es wurde gefunden, dass die beiden Pigmente 
grosse Unterschiede im Wassertransport durch die Anstrichfilme verursachten. 
Die experimentellen Resultate stehen qualitativ in Einklang mit einem Modell. das 
vorgeschlagen wird, um die Wasserdurchdringung pigmentierter Filme zu beschreiben. Fur  
ein undurchlassiges und inertes Pigment in einem Bindemittel ist Verniinderung des 
Durchliissigkeitskoeffizienten bei Vergrosserung der Pigmentvolumenfraktion zu erwarten. 
Wenn sich im Film Pigmentaggregate bildeten, wurden fur den Durchllssigkeitskoeffizienten 
hohere Werte als erwartet gefunden. 
Es wurde festgestellt, dass dies durch Lufteinsclilusse im Film hervorgerufen wird. Fiir das 
System Alkydharz Bleimennige wurden niedrigere Durchlassigkeitskoeffizienten als erwartet , 
gefunden. Die Erklarung dafiir war, dass das Pigment mit den1 Bindemittel reagierte. 

~ ~ u M ~ H R ~ M c ~  ABa nMrMeHTa: ~ e o 6 p a 6 o ~ a ~ ~ a ~  nByOKMCb TUTaHa M ~eo~ena10LUMfi C B M H U O B ~ I R  
CypMK, KOTOPbIe RBJIRIOTCR ABYMR COBePUleHHO pa3HblMM THIl2lMI.I CPellM MHOrMX nMrMeHTOB 
npHMeHReMblX B K ~ ~ C O Y H O ~ ~  npOMblUlJleHHOCTM. H a f i n e ~ o  YTO 3TM nBa nNrMeHTa BbllBanM 
60nbu~yto paPtiuuy B nepeHcxe Bonbl B KpacoYHblx nnetirax. 
3 ~ ~ I l e p M ~ e ~ ~ a J l b ~ b l e  pe'3ynbTaTbl COrnaCytOTCR KaYeCTBeHHO C MOnenbtO IlpeJIn~XCe~~ofi nnR 
OnUCaHMR nPOHMKaHMIl BOnbl B nMrMeHTUPOBdHHblX IlneHrdX. HenpOHMuaeMOJO U 
MHepTHOrO nMrMeHTa BKnIOYeHHOrO B KpenMTenC, M O X H O  OXMLlaTb YMeHbUleHMR B K 0 3 @ .  
@ M U H ~ H T ~  np0HMUaeMOCTM C YBCnMVeHMCM ~ ~ M F M ~ H T H O ~ ~  06be~Hof i  @ P ~ K U M M .  Korna nMrMeHT- 
Hble arperaTbl 06pa3yto~c11 B nnCHKt'. O ~ H ~ ~ P Y X M B ~ J ~ H C ~  6onee BblCOKMe 3HaVeHMR ~034- 
@IMUHCHT~ nPOHMUaeMOCTM YCM M O X H O  6b1n0 OXMfliiTb. 

Introduction 
To investigate the process of water transport through pigmented films is 
obviously of practical, as well as of theoretical. interest. However, owing to 
the pigment incorporation, the number of factors to be considered in s ~ ~ c h  
investigations is greater than with non-pigmented films. 

A quantitative treatment has only been given1 for certain penetrants, such 
as simple gases and non-polar vapours and liquids. and for media consisting 
of polymers and a well dispersed tiller having a well defined particle form and 
size ( q . ~ . ) .  
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For more complicated systems, only qualitative treatments could be found 
in the literature" 33' 4. No rigorous treatment exists for the water transport 
I Iiro~~gli filled media. 

Witli respect to paints, relatively few attempts to investigate water transport 
through pigmented films have been made. Most of the published work5. " is 
only descriptive. The possible effects of pigmentation on water permeation 
were discussed by MichaelsH. He pointed out that tlie incorporation of the 
pignicnt into the binder may reduce or increase the permeability. of water 
relative to that of the binder, depending on the pigment volume fraction, the 
chemical constitution and geometry of the pigment. degree of dispersion, etc. 
Fun ke cr l o  found that the water absorbed by tlie pigmented films may be 
related to the pigment volume fraction (A,) in three different ways, viz: the 
water absorption is independent or decreases with the increase of A,: 
the water absorption increases steadily with increasing A,; and the water 
absorption has a maximum at relatively low A,. They related these depen- 
dencies to the strength of adhesion between the pigment and the binder. 

In thc previous papers1'* l4 on transport of water through non- 
pigmented films, large differences in the water permeation, sorption and 
diffusion were found for different materials. This was due to the specific 
waterlpolymer interaction and the formation of clusters of water in the film. 

This paper deals with the influence of pigmentation on tlie water transport 
for a non-treated titanium dioxide and for a non-setting red lead in two 
different binders. 

A permeation model for pigmented films 
A model is proposed to describe water permeation through pigmented films. 
The arrangement of the binder '(b) and the pigment (p) in the film is assumed 
to be as follows: a part of the binder is in series with the pigment, while the 
rest of the binder is in parallel with this system. 

Fig. 1. Permeation model for pigmented films 

The volume fraction of the binder in series with the pigment is denoted by i.,. 
:tnd the rest of the binder (in parallel) is denoted by A, (see Fig. 1). 

If, for the wllole system: 

A,, -1- A, 4- A, -: 1 . . . . . . . . . . . . . . . . . . . . . . . . . . ( I ) 
then the permeability coefficient of the total system, P,, is: 

Pt (A, + Al f - LL) - Pt - =  AIPI i -  A? Pb . . . . . . . . . . . . . . . . ( 2 )  
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In this equation 
?ir - A, + -  A,, . . . . . . . . . . . . . . . . . . . . . . . . .  .(3) 

where in equation 2: 
PI, permeability coefficient of the binder, 
PI permeability coefficient of that part of the model in which the pigment 

and the binder are in series. In this region reciprocal permeabilities are 
additive: 

A , - t A ,  A, A, 3 - . - - -1- - 
PI PI Pb P p  

or. 

Introd~~ction of equations 3 and 4 into equation 2 gives: 

By denoting: 
1, - -- - X ............ :.................... . (6) 
'97 

and I., -1 A, - Ab ....................... . (7) 
where kh is the volume fraction of the binder in the film, equation ( 5 )  can be 
rewritten as: 

When the permeation of water through the pigment is zero (P, - 0) (which 
for the pigments under consideration seems to be a reasonable approach) the 
repartition factor a can easily be determined. Then equation (8) transforms to: 

since I.,, . - I .  equation (9) can be rewritten as: 

Pt - (I - A, - ah,) Pb.  . . . . . . . . . . . . . . . . . . . .  -(lo) 
From which: 

Since Pb and P, can be determined experimentally, the repartition factor x 
can be calculated. 

If the pigment particles are incompletely wetted by the binder, pigment 
aggregates containing air can be formed in the film. For such a situation, the 
model must describe a three-component system. As a function of the volume 
fraction of air which actually takes part in the permeation process, P, may 
have higher, the same, or lower values than Pb. This situation will be con- 
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sidered later. Other complications may arise if the pigment particles interact 
with the binder, and the resultant product has different properties from those 
of the bulk binder. 

Another model which could be used takes into consideration the tortuosity, 
i.e. the increase in the diffusion length, caused by the presence of the pigment 
particles in the film1. 2 v  ? Thus, for a pigmented film-composed of an inert 
pigment impermeable to the penetrant action, but perfectly dispersed into a 
binder-for which the fraction of area occupied by the binder in any cross- 
section is taken to be equal to the volume fraction of the binder, it follows 
that: 

The tortuosity factor k, as introduced in equation (12), depends on i., and on 
the pigment geometry. 

For a perfect dispersion of particles of a well-defined form and size, such as 
spheres, cubes and plates, the dependence of k on h, can be calculated" 3* 15. 

In the case where the pigment particle size approaches zero, k will approach 1 
and a will approach zero. Thus, it follows from equations (10) and (12) that: 

The advantage of the model described by equation (8) when compared with 
the tortuosity model, equation (12), is that it can predict the minimum 
permeability through pigmented films without considering the tortuosity. In 
most cases, the pigment particles in the paint films are present as aggregates 
of different forms and sizes. Therefore, the tortuosity factor can rarely be 
determined accurately. The model proposed can also be used when the pigment 
particles (or aggregates) are permeable to the penetrant. 

Experimental 
The influence of pigmentation on the water transport was investigated using 
two pigments and two binders. 
Pigments: A well water-washed. non-treated titanium dioxide (Kronos R. 
d = 4.2), and a reactive pigment-red lead (non-setting, PbO, 34 per cent. 
d = 8.9). 
Bintk.l:s: An air drying medium oil length alkyd, and an epoxy resin. 

The properties of the binders were described in an earlier paper". Con- 
centrated pastes were prepared in white (porcelain) ball mills. un t i l  the 
fineness of grind reached 7-8 Hegman units for the titanium dioxide, and 
5-6 Hegman units for the red lead. 

Paints having different pigment volume fractions were prepared by dilution 
of the paste with binder, according to: 
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In equation ( 14). V,, and Vb represent the volume of pigment and binder 
in the dry film, respectively. For ageing, the paints were left on a roll (for 
30 days) after milling. The film preparation technique was identical to that 
used for the non-pigmented films1'. 

Metltotl 
The sorption and the permeation measurements were carried out under the 
same conditions of time, temperali~re and relative humidities, as for the 
non-pigmented films". Each measurement was made in triplicate. 

Results and discussion 
Because the pigmented films investigated behave differently, the results from 
each will be discussed separately. 

Fibns pigrncwtecl with TiO, 
Perrneatior~ mcasurerncnts: The permeability coefficients P, as calculated from 
the permeation measurements are shown in Table I .  and in Figs. 2 and 3 for 
the alkyd resin and the epoxy resin, respectively. 

-- 
AT - alkyd resin with TiO,: ET epoxy resin with TiO,: AR - alkyd resin with red lead: 
ER = epoxy resin with red lexd: p ,  and p, - water vapour pressures on both sides of the 
film; h p  = pigment volume fraction. 
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Fig. 2. Alkyd resin/TiO,. Permeability coefficient (Pt) versus pigment volume fraction (Al7), 
under different experimental conditions 

Fig. 3. Epoxy resin/TiO,. Permeability coefficient (Pt) versus pigment volume fraction (Ap). 
under different experimental conditions 

For the alkyd resin (AT), it was found that the experimental results l i t  the 
curves expressed by: 

Pt - AbPb -- ( I  - hp)Pb . . . . . ... . . . .. . . . . . (13 )  

As already shown, such behaviour is to be expected if the pigment particles in 
the film are impermeable to water (P, = O),  small (a -, 0, or k rr I), and 
well dispersed. An examination of a cross-section, see Fig. 4. confirms that 
the pigment particles are small (0.2 - 0.4pm) and well dispersed in the binder. 
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Fig. 4. Part of a cross-section ( >. 11,700) of an alkyd resin/TiO, film (A,  - 0.1) 

For the epoxy resin (ET), the results are quite different. P, appears to he 
equal to the permeability coefficient of the binder, Pb. for all A,-values 
investigated, and independent of the experimental conditions. This finding 
can only be explaitled on the basis of equation (8) if the water permeability 
of the pigment and that of the binder are equal (P, - Pb). This cannot be 
true, because the pigment itself is not permeable to water. However, as pre- 
viously shown, the pigment particles may be incompletely wetted by binder. 
In this case, porous aggregates which contain air may be present in the filmlp 2. 

An examination of a cross-section, as well as density measurements of the 
films, show this to be the case for the system epoxy resin/TiO,. Fig. 5 shows 
that the pigment particles are unequally dispersed in binder. From Fig. 6 and 
Table 2, it can be seen that the determined densities (d,) have lower vali~es 
than those given%y: 

(ic - - hbdb 1 hp(ip . . . . . . . . . . . . . . . . . . . . . . (1 5 )  

in which the additivity of volumes was assumed. In equation (15), db and lip 
represent the density of binder and pigment, respectively. 
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Fig. 5. Part of a cross-section ( 11,700) of an epoxy resin/'l'iO2 film (A,, 0.1) 

The volume fraction of air, A,, present in ET-films, as estimated from the 
values of dC and d,, is about 0.06-0.07. For AT (see Table 2). the values of (1,. 
are in agreement with those observed expcrimentally, tt,. 

The volume fraction of air which influences the permeation process can be 
approximated. For this purpose, a model i.epresenting the porous aggregates 
will be used (see Fig. 7). This model, in which the pigment particles, I, , ,  are 
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Table 2 

dc (density values as calcrrlated froin eq~ration (15 ) ) ;  nnd dt (detertnit~ed deruity) of 
sortre pigmented fins 

I AIY 

d ~ i 0 ~  = 4.2; A l k y d  resin = 1.22; dred  lead = 8.9; depoxy resin = 1.16. 

dc . . 1.46 ET- 
dt .. 1 1 1.34 

-- 

ERA d c  .. - 1.93 
Q 1 - 1 1.73 .. I 

Fig. 6. 
A P  

Epoxy resin/'riO,. Densities as calculated from equation (IS), dc (continuow 
observed densities dt(X) versus Ap 

1.61 
1.51 

- 
- 

line) and 

Fig. 7. I'ermeation model for porous aggregates 

1.77 
1.62 

2.70 
2.38 

1.92 
1.80 

- 
- 

2.07 
1.90 

3.48 
3.18 

- 
- 

4.25 
3.85 



784 I). Y .  P I ~ K E R A  IT A L .  I O ~  

assumed to be arranged with air, in series, A,,, and in parallel, LA.. IS similar 
to the one already described (see Fig. 1). Therefore: 

In this equation P,,, Pp and PA represent the permeability coefficients of 
water in the porous aggregate, of the pigment particles, and of air, respectively. 
Because the TiO, particles are impermeable to water ( P ,  - -  0). it  follows that 
equation (1 6) can be reduced lo: 

P t p  - -  AAJ'A 

As already shown for ET-films, P,,, equal to Pb . PA, was found in  the 
literature16 to be N (gcm-lh-lmm Hg-I). From which, AA? N 0.0003. I t  
follows that the volume of air (A, - AA1 + AAz) incorporated In the porous 
aggregates is more than sufficient to increase the water permeability through 
the porous aggregates to a value close to that of the binder. 
Sorption measurements: From the sorption measurements the solubility 
coefficients, S,, were calculated. Some of the results obtained are represented 
in Figs. 8 and 9 for AT and ET, respectively (see also Table 3). 

, ( I  

2.2 a=l (~47.53 m m Hq) 

Fig. 8. 

m 
0 0.1 0.2 0.3 

AP 
Alkyd resin/TiO,. SB(X), St(@) and Sc (continuous line) versus A,, under 

experimental conditions 
two 
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Tnblc 3 
Solubility cocficierrts rmrkr two experin~erltal corrditions 

These figures show that the solubility coefficients, when calculated per 
unit volume of binder (SB = G /  V b .  p;  gh ~ m - ~  mmHg-l) for all the materials 
at constant activities of the water, do not vary with A,. This virtually means 
that the pigment in the film does not take up water, and that pigment incorpora- 
tion into the binder does not affect its sorption characteristics. 

- 

a = l . . AT-SB a - 0.2 . . 

a == l . . 
" a = 0 . 2 . .  

a - I . . 
a = 0.2 . . 

-- 
a = 1  .. ET-Sn a = 0.2 . . 

S' a - 1  . .  
a - 0 . 2 . .  

S t ,  - 1  . .  
a - 0 . 2 . .  

-- - - - - 

AR-S1 a = 1 . . 
3 - 0 . 2 . .  

- -  - 

ER-SB a = I . .  
a - 0 . 2 . .  

From thc above it also follows that: - ( I  - A,) Sb + h,S, . . . . . . . . . . . . . . . . . . . . . . .  .(17) 

Since the solubility coefficient of the pigment is zero (S ,  -= O), therefore: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s, = (1 - A,) S b . .  . ( 1  8) 

SB = experimental data as calculated per unit volume of binder; St = experimental data 
as calculated per unit volume of pigmented film; St1 = after the density correction; 
Sc - as calculated from equation (18). 

SB x lo3, Sc x lo3, St x lo3 ( g  ~ m - ~  mm Hg-I) 
- --- 

In Figs. 8 and 9, the dependence of S, on A, is represented by a continuous line, 
and that of the experimental data (St) by bIack circles. 

For AT, a good agreement between the values of St and those of S, is 
obtained. 

For ET the agreement is also obtained, but only after the density corrections 
have been made. This can be explained only if the air incorporated in the film 

-- -- 
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I 

E mE I ,.4k-x-x- 
E 

a=0.2 (p=3-50 mg Hg) 

Fig. 9. Epoxy resin/TiO,. Ssv), Se (continuous line) and St before (0) and after (a) the 
density correction, versus hp, under two experimental conditions 

(viz. 6-8 per cent per volume) as well as the area of pigment left unwetted by 
binder, do not contribute noticeably to  the sorption process. As already found 
in the literature, the solubility coefficient of the water in air SA* (N g em-3 
mmHg-l) is negligible in comparison to the solubility coefficient of the water 
in binder (Sb Y g ~ m - ~  mmHg-I). 

In addition, the water taken up by the pigment (e.g. 0.3 per cent at a = 0.9 
and 20QC), under equivalent experimental conditions, is small in comparison 
to the water taken up by the binder (e.g. 1.4 per cent at a = 0.9 and 20°C). 

The difision coeficient: From the permeability, Pt, and solubility coefficients, 
St' the mean diffusion coefficients of water in the pigmented films, can be 
deducedl1: 

(cm2 h I ) .  . . . . . . . . . . . . . . . . . ( 19) 

where q is the flux (g h-l ~ m - ~ ) ,  L the thickness of the film (cm), c the water 
concentration after the density correction (g ~ m - ~ ) ,  and a the activity of water. 

-- - 
* SA can also be approximated from the data of PA and DA Ithe permeability and the 

diffusion coefficient of the water id air), quoted in the literature1" 17: 
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For AT. D, appears to be independent of A, (see Fig. 10) confirming that 
the mobility of water, in the range of k, investigated, is practically unaffected 
by the presence of pigment in the film. As previously shown, this is due to the 
fact that the pigment particles are small and well dispersed in the binder. 

X-x- XXX 0.15 - 0 
I 

Fig. 10. Alkyd resin/TiO,. Mean diffusion coefficien't (61) versus A,, under different 
experimental conditions 

For ET, as a result of the air present in the film, 3, increases with A, (see 
Fig. 1 I ) .  

Fig. 11. Epoxy resin/TiO,. Mean diffusion coefficient bt (after the density correction) 
versus A,, under different experimental conditions 

Films pigmentc~d with red lead 
Alkyd resin: The dependence of P, on i,, is characterised by a steep decrease 

at small values of A,, followed by a slower decrease with a further increase in 
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h, (see curves I and 11 in Fig. 12 and Table 1). The almost abrupt break in 
the curve indicates that the properties of the binder with respect to the transport 
of water are changed by pigment incorporation in the alkyd resin. Presumably, 
such a dependence shows that, once the pigment and the binder are in contact. 
a new component that is much less permeable to water is formed. 

-x-X- x-x 

Fig. 12. Alkyd resinlred lead. Permeability coefficient (Pt) versus A,, under different 
experimental conditions 

Similar conclusions could be drawn from the sorption measurements (see 
curve I and 11 in Fig. 13 and Table 3) for the water uptake in liquid water 
(a= I) and az0.2. The experimental values St are below the values S, calculated 
from equation 18, showing that red lead strongly affects the sorption properties 
of the binder. 

Tlie viscosity measurements of the paints and an examination of a cross- 
section of the films indicate that red lead interacts chemically with the alkyd 
resin, as already suggested in the literaturelR9 19. The increase in the paint 
consistency in the first days after milling (see Table 4) shows that a chemical 
reaction can take place, while the spots around the pigment particles (see Figs. 14 
and 15) indicate the presence of lead soaps in the film. 

In addition, it should be mentioned that, during the process of film formation 
by air drying, new compounds are formed which can also interact chemically 
with red lead. 
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0 0.1 0.2 0.3 0.4 
AP 

Fig. 13. Alkyd resin/red lead. St (a) and SC (continuous line) versus A p  

Table 4 

Change in viscosity (cps) of red lead paints at 20°C 

Epoxy resin: The sorption measurements show that the incorporation of 
red lead in the epoxy resin does not affect the binder properties with respect 
to the water uptake. This can be seen from Table 3, where the solubility coeffi- 

- 

- . - -  

Alkyd resin (Ap = 0.50) . . . . 
Epoxy resin ( A p  = 0.55) . . . . 

After 
1 day 

6.560 

3.360 

Initial 

6.240 

3.360 

After 
10 days 

-- 
10.600 

3.360 

After 
30 days 

11.200 

3.360 
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Fig. 14. Part of a cross-section ( . 46,000) of  an alkyd resinlred lead film (Ap - 0.3). The 
spots around the pigment particles indicate the presence of  lead soaps in the film 

cients calci~lated per unit volume of binder SB are given for different I. , .  The 
values of Sg appear to be independent of A,. 

The permeability coefficients Pt, as calculated from the permeation measure- 
ments, decrease linearly with h, (see Fig. 16 and Table I). 

Moreover, the values of P, are always above the curve described by the 
equation: 

Pt = ( 1  -A,)  Pb ................................ (13) 

Such a case is in agreement with the permeation model, as described by equa- 
tion 8, but for which the pigment aggregates contain air (P, # 0). The presence 
of pigment aggregates and air in the films is, indeed, confirmed by an examina- 
tion of a cross-section (see Fig. 17), and the density measurements (see Table 2), 
respectively. 



1971 (8) W A T E R  T R A N S P O R T  T H R O U G I I  P A I N T  F I L M S  

Fig. 15. An 82,500 magnification of red lead particles in alkyd resin film. The spots indicate 
the presence of lead soaps in the film 

Fig. 16. Epoxy resin/red lead. Permeability coefficient (Pt) versus Ap, under different 
experimental conditions 

(X), (0), (A): experimental data 
discontinuous line: Pt = (1 - Ap)Pb (equation 13) 



Fig. 17. Cross-section ( .. 9,000) of an epoxy resin/red lead film ( A ,  - 0.3) 

The mean diffusion coefficients. & as calculated from equation 19 are shown 
i n  Fig. 18. They increrise s~noothly with A,. 

~ i g .  18. EPOXY resin/red lead. Mean diffusion coefficient (after the density correction) versus hp, 
under different experimental conditions 

X 

lo' ', 

From the above results, as well as from the viscosity measurement (see Table 
4), it seems that the epoxy resin, in contrast to the alkyd resin, does not interact 
chemically with red lead. 

X - x - x x  0.15 - 0 

' 0  011 012 013 014 

AP 
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Conclusions 
Thc transport of water through the pigmented films is obviously affected by 
the nature of both pigment and binder. The different behaviour noticed experi- 
mentally could qualitatively be interpreted by a permeation model. The model 
predicts. for an impermeable and inert pigment which is well wetted by the 
binder. a linear decrease of the permeability coefficient of the pigmented films. 
I-',. \\it11 increase of the pigment volume fraction, A,. For small pigment 
particles, P, -. (1 -A,) Pb. The alkyd resin/TiO, combination investigated 
shows s ~ ~ c l i  a behaviour. When the pigment particles are incompletely wetted 
by thc binder, pigment aggregates including air are formed in the film. As a 
consequence, the pigment aggregates become permeable to water. 

As rt function of the volume fraction of air actually involved in the water 
transport process, P, may increase, decrease or be independent of A,. For the 
system epoxy resin/TiO,, it was found that P, is independent of A,, and for the 
system epoxy resinl'red lead, it  was found that P, decreases with A,. 

Thc presence of air in the pigmented films, however, does not affect the 
sorption measurements. This is due to the fact that the water taken up by air 
and by the area of pigment left unwetted is negligible in comparison with the 
water taken up by the binder. I t  also shows that the air incorporated in the film 
is surrounded by binder, in such a way that no. direct contact (i.e. through 
capillaries, voids, etc.) with the exterior can be established. 

IS capillaries had been present through the film, a very significant increase 
in P, values, as compared with the values of Pb. should have been observed, 
but this was not the case. It also follows that the presence of air in the film 
affects the permeability of water through the pigmented films, solely owing 
to diffusion. 

Thc system alkyd resinjred lead represents a special case. In earlier work on 
red lead in media such as linseed oil, stand oil, alkyds and similar material, 
it was reported that a pigmentlbinder interaction occurred. Problems of storage, 
the increase in consistency, and gelation were studiedlH. Anticorrosive properties 
of red lead were also investigatedlS, and it was concluded that lead soaps, the 
products of pigmentlbinder interaction, were the causes of these properties. 
The present investigation demonstrates that pigmentlbinder interaction causes a 
considerable decrease in the water solubility and permeability which, together 
with the inhibitive properties of lead soaps, give good anticorrosive properties 
for the system red lead!linseed oil alkyd. 

With respect to the dependence of the permeability, solubility and diffusion 
coefficients on the water concentration within the film, the experimental results 
showed that, for all the pigmented films investigated, these were basically 
the same as for the non-pigmented films. 

[Rccc.ived I8 Marc11 1971 
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Next month's issue 
The Honorary Editor has accepted the following papers from the Torquay Conference 
for publication, and these are expected t o  appear in the September issue: 

"Keynote Address: The changing face of paint," by T. R. B~~llctt 

"Appearance and performance factors in coatings for buildings," by P. Wlritelc~j. 
arlci G. W. Rothwell 

"Colour specification by visual means," by K. McLnren 

"Gas chromatographic study of the interaction forces between binder and solvent in 
paint films," by K.-H. R~ic l l er t  



Correspondence 
Geographical distribution of Transactions and Communications 

SIR,-A survey of the Transactions and Communications published in the 
OCCA journal during the past three years will show that some 40 per cent 
originated from overseas. Some 14 countries outside the UK are represented, 
strangely enough however, not including either Russia or France into whose 
languages the summaries are translated. 

A figure of 40 per cent might seem to be an inordinately high proportion 
having regard to the numerical distribution of membership of the Association, 
and one is compelled to  ask what are the special reasons which have led to 
this situation. 

Do you find that papers from British sources are offered less frequently 
than might be expected, or do you perhaps find that the quality of these contribu- 
tions is not up to the standard you require? It is noteworthy too that out of the 
90 odd articles originating in the U K  only about 10 per cent are from companies 
manufacturing paint-a sad reflection on the industry? 

Yours faithfully, 
F. Armitage. 

195, Clarence Gate Gdns. 
London N W l .  
28 May 1971 
Hon. Editor replies- 
The statistics given by Mr Armitage are of interest, and some distinction should 
be made between Communications and Transactions in this connection. The 
Communications from home sources are of uniformly high quality and very 
few rejections have been made during the two years of the present Hon. Editor's 
service. The Transactions generally originate from Section lectures or symposia, 
and here the rejection rate is higher, as might be expected, because some are 
reviews of reasonably well known matter and are not original papers. Lectures 
given by visitors from overseas to Sections or at symposia account for a number 
6 

of papers from overseas sources. 
The papers submitted as Communications from overseas are more variable 

in quality, although many have been quite outstanding. Overall. the rejection 
I-ate has been higher than with indigenous papers. 

It is unfortunate that so few papers have emanated from paint manufacturers; 
none have been rejected by the present Hon. Editor to date when submitted 
as Comn~unications. The recent questionnaire carried out by the Sections resulted 
i n  several suggestions that "more practical papers should be published." Any 
such papers of suitable standard woi~ld be gratefully received, but they are 
just not forthcoming. 

There is certainly a disproportion between home and overseas papers on the 
basis of our membership, but if the paint manufacturers, who produce few 
papers, are excluded, the disproportion is not so noticeable if assessed on the 
basis of the relative numbers of potential paper producing organisations. 
This is. perhaps, a more relevant comparison because our membership per 
organisation must be much lower overseas than in this country. 



Review 

BY W. G. POTTER, London, lliffe Books (for the Plastics Institute) 1971, 
Pp. 239, Price £4.50. 

This book is one of a series of  non no graphs published for the Plastics Institute 
and is intended primarily as a textbook for those studying for the professional 
examinations of the Institute. Dr Potter gives a clear and concise picture of the 
epoxide resin field and has made the effort to include many of the more recent 
developments. 

Although not so comprehensive as sonie of the well known handbooks on 
cpoxide resins, Dr Potter has assembled his material in an orderly and logical 
manner which makes for easy reading. The early chapters describe in some 
detail the basic chemistry, synthesis and reaction possibilities of epoxide resin 
systems and are followed by a descriptive chapter on the various types of cross- 
linking agents. Next follows a short section devoted to the chemistry and 
properties of the newer cycloalipliatic epoxides and epoxidised olefins. 

The final section of the book is more practical and describes in six chapters 
the current usage of epoxide resins in the various fields of application. The 
chapter on coatings includes the more recent developments, such as powder 
coatings and water soluble esters for electrodeposition. There is also a short 
section on the use of epoxides in flooring and as Civil Engineering materials. 
It is perhaps a pity that the scope of the book did not allow a more detailed 
treatment of this rapidly developing field. 

For the student, this is a very readable and informative book and the very 
adequate references provide a reservoir of information for the chemist and 
technologist in industry. 

The book is, in general, well printed but one criticism that may be levelled 
is that many of the chemical structures are in very small print, and would bc 
easier to read if a bolder type had been used. 

A. (i. M C K A Y  
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thr Director & Secrerary of the Association nr rhe a~ldre$s sho~vn on rlre front cover.) 

Technical Publication No. 43, recently issued by Joseph Crosfield & Sons Limited, 
deals with the use of "Gasil brand micronised silica gels for matting surface coatings." 
The booklet recommends grades of Gasil for particular types of coating, and gives 

few typical formulations. 

A range of automatic electrostatic finishing systems which can be programmed r(, 
spray-coat products of a wide variety of shapes and sizes at maximum production 
speeds has been introduced by Graco. Made by H. G. Fischer Co., the systems use 
automatic electrostatic spray guns mounted on a hydraulically-actuated carriage 
which reciprocates vertically to match the height of the article being sprayed. Even 
with products of mixed sizes, the reciprocators can be programmed to spray only the 
products, and to cut out between products. Optical sensors are used to programme 
the horizontal and vertical dimensions. 

Mutual agreement has been reached between Sherman Chemicals Ltd. and Hoechst 
(UK) Ltd., under which Hoechst will market the chemical products of Riedel de Haen 
previously handled in the UK by Sherman Chemicals. This development follows 
last year's acquisition by Farbwerke Hoechst AG of a majority holding in Cassella 
Farbwerke Mainkur, of which Riedel de Haen is a subsidiary. 

A new range of Hexacal chemicals introduced by ICI Ltd., Dyestuffs Division, 
will enable ICl's range of Hexnfoom fire-resistant polyurethane foams to be made 
by most of the current techniques for the production of rigid polyurethane foams. 
Whilst having the same properties as conventional rigid foams, Hexafoam is claimed 
to have considerably increased resistance to burning and spread of flame-Class 1 or  
Class 2 of BS476-and the ability to withstand temperatures of up to 150°C. 

The Static Mixer, a new developnlent in viscous and turbulent mixing developed 
iointly in the USA by Kenics Corporation and Arthur D. Little Inc. and handled in 
Europe by Kenics Europe, is now available in the UK through Kenics UK represen- 
tative, Mr C. D. Grace. 

Said to be a new concept in fluid mixing, the Static Mixer has no moving parts, 
consisting essentially of a number of elements, each of which is a length of pipe 
containing a helix running along its length, each element being placed so that thc 
helix runs in the opposite direction to that in the previous element. The fluid is pumped 
through the elements, which impart turbulent or laminar flow, absorbing the energy 
of mixing from the flowing fluid. I t  is claimed that the Static Mixer can be used with 
excellent results for the production of slurries, dispersions or emulsions, with a great 
reduction of power consumption-only sufficient power to operate the pump is 
required-and, since there are no moving parts, maintenance costs. It is also claimed 
that the controlled flow patterns produced by the elements reduce abrasion ancl 
corrosion to a point even less than that of an ordinary pipe of the same material. 

Uses of the mixer in paint production in the USA are reported; in some cases i t  
has been used in converting from batch to continuous production. 

W. A. Keller Process Engineering of Zurich has been appointed general agent for  
the Static Mixer in Switzerland and Austria, and agent for the German textile anci 
polymer industries. 
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Synthetic Resins Limited, the company formed recently by the amalgamation of 
Unilever resins companies, has issued two new publications. One covers the back- 
ground to the company's formation, while the other sunimarises the wide product 
range now available. 

It has recently been announced that Pure Chemicals Limited has changed its name 
to lnterstab Limited. The company is part of the chemical division of Akzo, together 
with lnterstab GmbH, Novadel Ltd., Noury & Van der Lande NV and Oelwerke 
Noury & Van der Lande GmbH, and the rationalisation, i t  is claimed, will. bring many 
benefits in terms of new products, applications and customer service. 

A new leaflet from Allied Colloids Manufacturing Co. Ltd. gives details of the use 
.of Alcopol sulphated esters in paint and pigment applications. Two of the products, 
Alcopol M Specinl and Alcopol T. are suggested as dispersing agents for dyes and 
organic pigments in aqueous systems. The other, Alcopol AH New, has good water- 
carrying properties, and is thus suggested for improving pigment dispersion in non- 
aqueous media by solubilising surface water. 

A new factory has recently been opened in Darlington by Swale Chemicals Limited. 
Although the plant was designed in 1969 to accommodate production at a rate twice 
that then current, demand is such that production at the old Aycliffe plant will have 
to be continued until extensions can be added to the new factory. 

The Timber Research and Development Association has issued a new booklet dealing 
with wood as a building material in relation to the fire regulations. Entitled "Fire 
and timber in modern building design," the booklet is written by Mr L. A. Ashton, 
who points out that, contrary to common opinion, wood is rarely responsible for 
fires, and gives guide lines for the safe use of timber in buildings, tracing stages in 
the development of a fire, and outlining testing procedures and fire-retardant treat- 
ments. Copies of tlie booklet areavailable from TRADA, free of chargc in the U K ,  
and at a cost of 20p a copy to cover postage overseas. 

Degussa has added another methacrylic ester to its range, triniethylolpropane 
trimethacrylate. The product is recommended as an additive to pvc-plastisols, 
improving their adhesion to metal. 

Following the acquisition by Vinyl Praducts Ltd. of the full marketing rights 
for British Oxygen Chemical's VNII ( /Y/~C polymer emulsions, it has becn announced 
that all production of these grades is now taking place at Vinyl Products' Carshalton 
works. Close co-operation between the technical stafTs of the two conipanies is said 
to have accelerated tlie transfer; no change of qi~ality has occurred with any of the 
grades concerned. 

Tlic spectrophotonietric properties of an average set of the ceramic colour standards 
produced jointly by the British Ceramic Research Association and the National Physical 
Laboratories, as described previoiisly in this Jorrrrwl, have now been accurately 
determined. The colour standards, which arc intended for checking and standard- 
isation of photoelectric colour nieasuring instru~iicnts, are now availablc with this 
data, and also the goniophotoelectric charac1cristics of the various tiles. 

Individually calibrated sets of the standards will also be available; 40 such sets 
are currently being measured at NPL. 
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I t  has rcccnt ly been arinou~iccd that the discussions betwccn Unilever Limited and 
Resinas Sintcticas SA for thc purcliasc of the latter's business in Barcelona have bcen 
discont inucd by riiutual agreement. 

Allied Chemical International SA has introduced two new products from Harmon 
Colors Inc. Ilrclofirst Il~~illirrrrt K ~ t l  ER-8070 is a ncw perylene red pignient which can 
be used to replace molybdate orange in a~~toniotivc anci industrial finishes. It is 
claimed to have high opacity, rcsistarice to hlccding, alkali, and acid, and thus to be 
an ideal lead-free substitute for molybdatc orange. P~ln.i~~tlc~c~ir Viok)r EV-8001 is a 
new perylene bordeaux toner, uith a deeper arid niore transparent shade than the 
existing M V-7020. 

NL Industries, Inc. is the new corporate name for National Lead Company. It is 
said that the new name, while retaining the familiar NL corporate symbol, is less 
restrictive, and more accurately embraces the total range of the company's corporate 
interests. 

SODAC 15th Biennial Symposium Solids handling course 
The Society of Dyers and Colourists is A one-week residential course entitled 
to hold it; 15th ~ iennia l  Symposium at . . ~ h ~  flow and storage of bulk is 
the Avienlore Centre, Scotland, on 
15-1 7 September 1971. to be held at the University of Bradford 

The title of the syniposium is "Colour 20-24 September l9'I. 
and processing challcngcs in the seven- ~h~ course is intended for engilleers 
ties" and 10 papers have been acccptcd 
for the tccllllical tlronranlme. A lecture and scientists concerned with powder 
period dealing with tlic work of SODAC's handling and storage problems; appli- 
Autoniation Coniniittec is also planned. forms be fronl: ~h~ 
Full details are available from: The 
~~~~~~l secretary,  SODA^, PO R~~ 244, Sccrctary, School of Powder Technology, 
Bradford, Yorkshire RDI 2JB. University of Bradford, RD7 IDP. 



Oil and Colour Chemists' Association 
President: A. W. BLENKINSOP 

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 tlie plant, apparatus and raw materials useful in their manufacture. In 
1924 it absorbed the Paint and Varnish Society. The stated purpose of the Association is to 
promote by discussion and scientific investigation the technology of the industries concerned 
with the above-mentioned products, and to aflbrd members opportunity for the interchange 
of ideas. This is achieved by the regular holding of ordinary meetings at which papers are 
presented, and the organisation of annual technical exhibitions, biennial conferences, educa- 
tional activities and practical co-operative experimental work. Details of these activities are 
given in the Jorrrn(t1 r , f  the Oi l  ufrd ('olortr C%i~rrri.v~.s* A~.soci~tior~, wliicli is published monthly, 
and whose pagcs are open to receive communications and other pronouncements on scientific 
and technical matters a k t i n g  the members of the Association and tlie industries concerned. 
The Association's meetings also afrord opportunities for nwmbers to meet informally and 
socially. 

There are Sections of OCCA in Auckland, Bristol, Hull, Ireland, London (with a Southern 
Branch), Manchester, the Midlands (with a Trent Valley Branch), Newcastle upon Tyne. 
Scotland (with an Eastern Rrmch), South Africa (with Rranclies in the Cape, Transvaal and 
Natal), Thames Valley, Wellington, and the West Riding, and these are responsible for the 
conduct of their own local afl'airs. Tliere is also a General Overseas Section. There is also 
a close alliance between the Association, the Federation of Socicties for Paint Technology 
in the United States, and tlie FCdCration d'Associations dcs Tecliniciens de I'Industrie des 
Peintures, Vernis, Eniaux et Encrcs d'lmprinicrie dc I'Europe Continentnle (FATIPEC). 
The Association also maintains cordial relations with the Scandinavian Federation of Paint 
and Varnish Technicians (SLF). 

The five Sections previously maintained by the Association in Australia formed (1 . I  5 8 )  
the Oil and Colour Chemists' Association dustralia, having the same aims and activities as. 
and working in closc liaison with, the parent body. 

Ordinary Membership is granted to scientifically trained persons, and Associate Membership 
to others interested in the industries covercd. Student 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 
$3.25, except for Student Menibcrs whosc subscription is E1.05. An entrance fee of 50p is 
payable by all members. Applications for nicmbersliip arc invited from suitably qualified 
persons who are engaged or otherwise interested in the industries noted above. Applications. 
which should be supported by two members of the Association (one of whom must be an 
Ordinary Member). sliould he forwarded to tlie Director Xr Secretary at the address given 
below. Application forms and full details of niembership niay bc obtained froni the offices 
of the Association. 

PURLICAT~ONS 
Jorrrnal of the Oi l  arrd Culorrr C1tc~r~ri.st.s' Associutiorr. Published monthly. Subscription r:lre 

to non-members in U K  and ribroad; E 10.00 p.a. post free; payable in advance. 
AII lrrtroductiorr to Paint T(~c11nology (Second Edition with additional chapter). Pp. 187, illui- 

trated, with index, f 1.00 (including postage). 
Paint Techno1o;py Marlrcals 

Part 1 :  "Non-con\lertible Coatings," Second Edition, Pp. 343, £1.80. 
Part 2: "Solvents, Oils. Resins and Driers," Second Edition, Pp. 268, £1.80. 
Part 3: "Convertible Coatings," Pp. 3 18, f 1.75. 
Part 4: "The Application of Surface Coatings." Pp. 345, f 1.75. 
Part 5: "The Testing of Paints," Pp. 196, El .75. 
Part 6: "Pi~ments, Dyestuffs and Lakes." Pp. 340, E1.75. 

Director & Secretary: R. H. Hamhlin. MA.. F.c.I.s.. Wax Chandlers' Hnll, Gresham Strecr. 
London EC2V 7AH. 
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OCCA-23 Technical Review 

The Guest of Honour at the Exhibition Luncheon, The Rt. Hon. Margaret Thatcher, PC, MP, 
with (left to right) Mr F. Coopcr (Chairman, Exhibition Committee), The President (Mr 

A. W. Blenkinsop), and Mr K. H. Hamblin (Director & Secretary) 

OCCA-23 a great success in June 
OCCA-23 (The Twenty Third Annual Technical Exhibition of the Oil and Colour 
Cheniists' Association) was held at  the Enipire Hall, Olympia, London, from 21-25 
June 1971. 

For niany years, the Association has held its annual Exhibitions of raw materials 
and equipment for the paint, printing ink, colour and allied industries in March or  
April but it had not proved possible to obtain such a booking for the new venue-this 
being the second occasion on which the Exhibition had been held at Olympia-and 
concern had been expressed lest the attendance at the largest Exhibition yet organised 
by the Association, including exhibitors from 12 overseas countries as far afield as 
Australia and Canada, would suffer. In the event, however, the total attendance 
registered at the turnstiles of 14,500 maintained that of the previous year, there being 
the same number of overseas countries (38), represented in the Visitors Book at 
the Information Centre. as in 1970. The overseas countries represented were: Argentina, 
Australia. Austria. Belgium, Brazil, Canada, Czechoslovakia, Denmark, Finland, 
France, Germany, Greece, Holland, Hungary, India, Iran, Ireland, Israel, Italy, 
Japan, Kenya, Malaysia, Mexico. Nigeria, Norway, Pakistan, Poland, Portugal, 
South Africa, Spain, Sweden, Switzerland, Syria, Trinidad, Turkey, USA, Venezuela, 
Yugoslavia. 

Exhibition Luncheon 
On the opening day, a large number of nlenibers, exhibitors and visitors attended an 
Exhibition Luncheon at the Savoy Hotel, London, WC2, when the Guest of Honour 
was the Secretary of State for Education and Science, the Rt. Hon. Margaret Thatcher, 
PC. MP, who replied to the Address of Welconie by the President of the Association, 
Mr A. W. Rlenkinsop. 
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Mr Blenkinsop said that this occasion was one of many "firsts." It was the first 
time that the Exhibition had been as late in the year as June, which nieant that i t  
followed the Conference Annual General Meeting. at which, by custom, the President 
was elected. Thus, this was his first oflicial appearance as President. 

Also, this was the first time that the Guest of Honour was n lady. In welcoming 
the Rt. Hon. Margaret Thatcher. PC, MP, Secretary of State for Education and 
Science, he reminded guests that Mrs Thatcher had spent four years in chemical 
research in industry before being called to the Bar and, before her marriage, had 
replied on behalf of the ladies at a dinner held by the London Section in 1951. 

The President went on to welcome the other Association guests; Dr G .  de W. 
Anderson (Director, Paint Research Association), Mr G .  H. Beeby (President, Society 
of Chemical Industry), Mr R. T. Bowcs (President, Society of British Printing Jnk 
Manufacturers), Mr A. 0. Brantsaeter (President, Federation of Scandinavian Paint 
and Varnish Technologists), Mr. W. B. Cork (Chairman, British Colour Makers' 
Association), Mr D. Crouch, MP, (Parliamentary and Scientific Committee), Mr 
S. C. H. Dix (President, Paintmakers' Association), Mr K. S. Flory (Director, Paint- 
makers' Association), Mr J. C. Garrels (President, British Plastics Federation), 
Mr W. G. B. Grant (President, Society of Dyers and Colourists), Dr F. T. Hamblin, 
CBE (Director, British Plastics Federation), Lord lronside (Vice-President, Parlia- 
mentary and Scientific Committee), Mr G. lsserlis (President, Institute of Metal 
Finishing), Professor Sir Ewart Jones (President, Royal Institute of Chemistry), 
Mr R. E. W. Large (Master, Worshipful Con~pany of Painter Stainers), Mr A. P. 
Low, OBE (Chemical and Allied Products Training Board). Sir Harry Melville 
(President, Plastics Institute), Mr C. H. Morris (Chairman, British Resin Manu- 
facturers Association), Dr E. S. Paice (President, Research Association of British 
Paint, Colour and Varnish Manufacturers), Mr A. H. Pangborn (Clerk, Worshipful 
Company of Painter Stainers), Mr H. T. Pike (Master. Worshipful Company of Wax 
Chandlers), Professor G. Porter (President, Chemical Society), Dr G. L. Riddell 
(Director, Research Association for the Paper and Board, Printing and Packaging 
Industries), Mr R. K. Sanders (Chairman, Research Association for the Paper and 
Board, Printing and Packaging Industries), Lord Sherfield, GCR. GCMG (President. 
Parliamentary and Scientific Committee), Mr C. Sin~eons. MP (Parliamentary and 
Scientific Committee), Sir Charles Taylor, TD. MP (Parliamentary and Scientific 
Committee), Professor A. G. Ward, ORE (President, Society of Leather Trades 
Chemists), Mr T. Wood (Clerk, Worshipful Company of Wax Chandlers) and Mr 
C. M. Wright (Chairman, Chemical and Allied Products Industry Training Board). 

Another first was that this was the first OCCA Exhibition at which over 200 
conipanies were mentioned in the 0ffi'c.itrl Grriclc.; 18 of the 120 stands were occupied 
by companies that had never shown at OCCA before and a further 32 did not exhibit 
in 1970. 

Mr Blenkinsop then turned to the educational side of the Association's activities. 
OCCA had for many years been partic~~larly intcresteci in st~~derits in the industries. 
having published the "Introduction to paint technology," sales of which had no\+ 
exceeded 15,000 copies, and the "Paint Technology Manuals," Part 7 of which, 
entitled "Works practice and manilfacturing techniques," was to be published as a 
part work in the 1972 volunie of the Jornntrl, under Student Reviews. 

In order to strengthen the technical training already being undertaken in the indus- 
tries, both in the UK and Overseas, the Association was now to offer an optional 
professional grade to its Ordinary Members. Although it might seem a bit late in 
the day for the Association to introduce this scheme, there had been difficulties, the 
main one being that of instituting the professional grade without altering the whole 
concept, and perhaps even the name, of the Association. However, a way of satisfying 
the younger members of the Association who wished to achieve an educational identity 



The Association's Information Centre, showing the large seating area provided 

I'he thcmc of the .l'ecllniral 1Sducation Stand w:~s "Colonr and colour 
matchi~~g" 
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with their industry had now been found without amending the present constitution 
or name and without jeopardising the continuing success of existing courses. Full 
details would appear in the JONIIIINI in the near future. 

The President felt that it was particularly apposite that he was able to mention this 
scheme for the first time in the presence of the Secretary of State for Education, and 
proceeded to propose the toast to the Association's guests, coupled with the name of 
the Guest of Honour, the Rt. Hon. Margaret Thatcher. 

In her response, Mrs Thatcher gave an outline of her ideas on education in industry. 
She felt that it was important that there should be adequate research facilities available 
to industry; a trained "research capacity" should be maintained at the universities 
which could be called upon to solve problems of a fundamental nature. Of no less 
importance were the polytechnics, which could aid in the solution of problems which. 
although more practical, required academic expertise equal to that necessary in more , 
basic studies. I 

At an earlier age level, children, most of whom would be average in their capabilities, 
should receive the best and fullest training to equip them for their working lives. 

Mrs Thatcher apologised for the fact that she would not be able to open the Exhibi- 
tion at Olympia, owing to an unexpected commitment in the House of Commons. 
but hoped that it would be as successful as previous Exhibitions. 

The Exhibition 
Once again the placing of the Information Centre as a focal point immediately opposite 
the main entrance was much appreciated by visitors. The provision of a seating area 
in front of the Tnformation Centre gave those entering the Exhibition a base from I 

which to plan their tour, having first obtained any necessary data from the Associa- 
tion's stand. The other seating areas on both floors were also welcomed by visitors 
as oases to collect their thoughts and rest feet wearied by the coverage of the largest 
OCCA Exhibition to date. 

The cool clean greens chosen for the stand felts were echoed by many of the stand 
designers, and the overall level of designs was an improvement even over last year's 
high standard. The exhibitors are to be congratulated on their efforts, which produced 1 
a light, airy, and visually attractive show without the sacrifice of any quality in the 
technical content of the displays. An increasing use of visual aids-closed circuit and 
cassette television, and back projected film-was noted, and as has been stated before 
in OCCA Reviews, any such means of aiding the increasingly beleaguered visitor to 
gain the maximum technical information in the minimum time can only b: applaud-d. 

Technical Education 
I 1 

The theme of the Technical Education Stand was "Colour and colour matching," 
and a special leaflet was provided covering the concept of colour and how the eye sees 
it, and describing the basis of instrumental methods of colour measurement. Displays 
on the stand illustrated points from the leaflet, and included practical demonstrations 
of the concepts of additive and subtractive primary colours. A simple colorimeter 
was demonstrated on the stand, and visitors could undergo a shortened version of the 
colour aptitude test developed by the Inter-Society Colour Council and now handled 
by the Federation of Societies for Paint Technology. The latter item aroused a great 
deal of interest amongst visitors, a large number of whom tested their colour matching 
ability. 

The stand also displayed literature on educational courses relevant to the surface 
coating industries, and staff from the technical colleges were always available to give 
information and advice both to the school parties invited by the Association and to any 
other interested visitors. i 
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Research Associations 
The PAINT RESEARCH ASSOCIATION showed aspects of their work on fungus 
resistant paints, demonstrating screening tests for the resistance of potential biocides 
to fungi that are commonly responsible for paint film breakdown. Similar procedures 
investigating the effectiveness of additives as agents against antifouling-brought 
into commercial focus by the increasingly tight schedules set for increasingly large 
oil tankers-were shown. Of particular interest was a number of flasks showing the 
effect of antifoulings on green weed; this is believed to be the first time that the weed 
has been grown under laboratory conditions. 

The fibre optics calorimeter was also on show, and its use in continuous production, 
connected directly to a computer calculating quantities of tinter necessary to maintain 
the shade. illustrated. Several other testing instruments developed at the PRA were 
also exhibited. 

Fungicidal and antifouling paints were also featured by the TIN RESEARCH 
INSTITUTE, the biocidal agent being tri-n-butyltin oxide. Particular emphasis was 
placed on the use of this agent in wood preservation. 

Technical journals, services and publications 
PAINT MANUFACTURE and PAINT TECHNOLOGY had their respective 
Exhibition preview issues on display, and details of the other publications produced 
by their two publishers. The industry's weekly publication, PAINT OIL AND 
COLOUR JOURNAL displayed several recent issues: the Paint Oil and Colour 
Yearbook was to appear within a few weeks of the Exhibition. 

Appearing at OCCA for the first time, ELSEVIER SEQUOIA SA showed the new 
international review journal "Progress in Organic Coatings" whose stated editorial 
policy is to summarise and analyse the progress and correct state of knowledge in the 
field of organic coatings and related subjects, and in particular to concentrate on 
fields of activity which have undergone significant development in recent years. 
Other books from this publishing group which had relevance to the surface coatings 
industry were available on the stand. 

Another new exhibitor was CRYSTAL TACK CLOTH CO. LTD., showing a 
hand cleanser effective against all types of paint as well as dirt, grease, etc. The 
cleanser is claimed to eliminate dermatological problems, without the danger of 
contamination of the workpiece caused by barrier creams. 

A stand was sponsored by the West German Government for the CHEMICAL 
INDUSTRY O F  THE FEDERAL REPUBLIC O F  GERMANY. Attractively 
decorated with sample panels demonstrating methods for decorating and protecting 
various substrates, the stand served as a source of information on the range of chemical 
products offered by West German manufacturers. 

Pigments 
A new beta-modified, greenish blue phthalocyanine, lsol Phthalo Cyan BC3 7549, 
was introduced by KEMISKE VAERK KOEGE A/S. The pigment conforms to 
the Pantone matching system, and is intended for use as one of the four trichromatic 
printing inks. Good light fastness and resistance to bleeding are claimed. lsol Toluidine 
Red LH 2B 8507 is another new pigment, manufactured as an exact match to BS.2660- 
0-006 Post Office Red. This and other similar pigments were shown in various tints 
with white. The company's range of azo oranges was increased by the addition of two 
new pigments, Isol Diaryl Orange G T  7592. having high colour strength and good 
gloss and transparency, and lsol Fast Orange G.2519, intended for litho inks. 

Several additions were made to the pigment ranges of BASF UNITED KINGDOM 
LIMITED. New pigments in the Fanal and Lithol series for inks showed improved 
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colour strength and purity of shade. For coatings, new pigments with the lightfastness 
and cleanness of shade required for industrial finishes were introduced in the Paliogen 
range. The pignients were of the flavanthrone, dioxarine and perylene types. Iniprove- 
ments in the dispersibility and flocculation resistance of the Hcliogen phthalocyanines 
have also been made. 

Improved dispersibility on ball-n-rilling in alkyd niedia was demonstrated by 
FRANCAIS DES MATlERES COLORANTES SA for three of its organic pigments- 
Lutetia Fast Emerald J (phthiilocyanine green). Lutetia Fast Cyanine CS-D (solvent- 
stabilised phthalocyanine blue) and Lutetia Fast Red 5R0 1501. This company also 
exhibited Thernioplaste Yellow and Thernioplaste Orange, two pigments for use 
in plastics to be submitted to temperatures of up to 320 C. 

Improved dispersibility was also featured by ICI LIMITED for its range of phthalo- 
cyanine green pigments for paints and plastics. VICTOR RLAGDEN LIMITED 
displayed easily-dispersible organic pigments from Societe des Produites Chimiques 
des Mulhouse. CIBA-GEIGY (UK) LIMITED showed a range of easily-dispersed 
organic pigments, in particular Irgalite Red LZR, a new grade for printing ink, as well 
as high performance and elaborated versions. Particular emphasis was given to Irgazin 
Yellow 3RLTN, a progression from the 3RLT and 2RLT grades, having a cleaner. 
brighter, slightly greener tone. 

Additions to the Sandorin range of organic pigments were made by SANDOZ 
LTD. Organic based solvent-soluble dyestufTs in the Savinyl range, for use in 
flexographic and gravure printing inks, were also displayed. HARDMAN & HOLDEN 
LTD. exhibited a new range of five variants of Pigment Red 53, under the name 
Manox Lake Red C, and gave full details of their properties. 

Four grades of the chloride process titanium dioxide pigments produced by 
LAPORTE INDUSTRIES LTD. were shown. Available last year only in sample 
quantities, Runa RH 472 and Runa RE 376 are now in bulk production, and Runa 
RE 372 and Runa RO 676 production is scheduled to go on stream in six months. 
Since the pigment's introduction last year, comprehensive durability tests have been 
carried out, and the results of these, in a variety of media, were on display. 

VUORlKEMlA OY demonstrated the improved dispersibility of the Finntitan 
sulphate process titanium dioxide pignients using high speed mixing equipment. 
Properties of the pigments were compared with those of other sulphate process pig- 
ments, and also with chloride process pignients. Electron n~icrographs showed that 
the particle size distribution of Finntitan grades was as good as that of chloride process 
TiO,; emphasis was placed on the importance of choosing the correct pigment for 
a particular application, irrespective of the pigment's manufacturing process. Two 
special grades of TiO, for eniulsion paints-Finntitans RDE2 and RDI-were shown. 

The TIOXIDE INTERNATIONAL LIMITED stand was centred on the use of 
TiO, pigments in powder coatings. A working demonstration of electrostatic spraying 
of a thermosetting powder coating forniulated on Tioxide pigments was featured, 
and displays showed the effect of formulation o n  various properties of the applied 
coating. The use of Tioxide pigments in air-drying gloss paints was outlined, 
demonstrating how an adequate coniproniise bctwcen hiding power and pigment 
utilisation could be achieved. 

A comparison of the gloss retention and chalk resistance of treated and highly 
treated TiO, pignients had been prepared by KRONOS TITAN l U M PIGMENTS 
LTD., using panels exposed in Florida, Teddington and Enstenberg. The difTerences 
caused by the various pigment grades, and also the diff'erent binders, were clearly 
shown. The res~llts of work on the hiding power of various pigment grades in emulsion 
paints was also on view, using difl'erent eniulsions and several dilrerent formulations. 
Changes in hiding power obtained by varying overall PVC while maintaining a constant 
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TiO, PVC wcre demonstrated. Other exhibits showed further work on the deterniina- 
tion of state of dispersion by measurement of the gloss haze with a goniophotonieter. 

Although no long-tern1 work on the rutile TiO, pigments from the newly opened 
Scarlino fr~ctory of MONTECATIN1 EDISION SPA had been possible, information 
on tlie seven grades offered was available. These included RS 33, reconiniended for 
high gloss applications. RS 55, with superior weathering properties, and RS 99 with 
high hiding power and ease of dispersion in aqueous niedia, reco~iinicnded for enlulsion 
paints. SACHTLEREN AG intrc?d~:ceti new grades of TiO, pigment and gave saniple 
forniulations for several applications. 

Faced with difficulties c a ~ ~ s e d  by the banning in the USA anct other countries ofthe 
channel black process under pollution regulations, carbon black pignicnt manu- 
facturers offered seve:al alteratives. DEGUSSA have perfected a gas process for 
channel blacks which passes tlic stringent West German pollution control require- 
ments. A new pre-dispersed carbon black, in free flowing powder forni, was added 
to the company's range. Intended for cniulsion paints, the new grade, Corasol A, is 
directly dispersible in the emulsion, giving uniform dispersion and all depths of shade. 
A particular advance is the high weathering resistance of the grade, the dispersing 
agents having little deletcrioi~s effect on tlic paint film. 

COLUMBIAN INTERNATIONAL LTD. introduced furnace blacks to replace 
the existing channel grades. Suitable pigments are available for printing inks and 
plastics. but some grades for paints are still being developed. 

Three new high and low structure furnace blacks were exhibited by CABOT 
CARBON LTD. The grades were CSX 65 and 66, with high structure and medium 
colour. CSX 71 and 72 with low structure and medium colour, and Regal 660, with 
standard colour. All these types are suitable for paints and plastics. 

Pigments with anticorrosive properties were strongly represented at the Exhihitior?. 
ALBR IGHT & WILSON LTD. had a selection of panels demonstrating the long-term 
corrosion resistance of Corinac A and Corinac C, the two anticorrosive pigments 
introduced at OCCA 22, in various media. The National Lead Co. pigments, Oncor 
M50 and Oncor F31, wcre exhibited by BERK LIMITED, with examples of their 
corrosion protection in solvent-based and electrodeposition primers. Metallic lead 
primers for protection of structural steelwork were the theme of the SPELTHORNE 
METALS LIMITED stand. The Government now specifies this type of primer for 
steelwork and bridges on niotorways, and exaniples of water-based primers on this 
substrate were shown. A display illustratect the fact that increased lead content 
improves the adhesion of the prin~er. using the torque wrench method to test adhesion. 

KINGSLEY AND KEITH (CHEMICALS) LTD. showed Moly-White, a zinc 
molybdate pigment newly available in this country. Proctuced by Sherwin-Williams 
Chemicals, this white pigment is said to have equal corrosive resistance to basic zinc 
chromate while being completely non-toxic. Samples are expected to be available 
towards the end of the year. 

The efficiency of zinc phosphate pigment in corrosion protection was denionstrated 
by IMPERIAL SMELTING CORPORATION (ALLOYS) LTD. Zinc dust in 
zinc rich primers, based on organic binciers, was also featured, anci the effect of various 
extenders and topcoats illustrated. SCC COLOURS LIMITED added zinc phosphate 
to its range of inhibitive pigments, and a series of tests on rusty and bright steel in 
various niedia was displayed. In tlie field of general purpose inorganic pigments, the 
company's new S r a n g  of lead chromes represents an advance in manufacturing 
techniques in imparting lightfastness ancl sulphur dioxide resistance. Four colours 
are available, frotii pale yellow chrome LEFS to pale Scalachrome LFS. The use 
of zinc oxide pigment in emulsion paint was demonstrated by VVB LACKE UND 
FARBEN, showing tlie advantages in incrcasecl shelf life and fungus resistance. 
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The cxliil~itors on the ahovc sbsnds cover nine or the twelve overscils countries represented at 
O<'CA 23 
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A fungicidal and biocidal pigment, Busan 1 I-MI, was the focus of the BUCKMAN 

LABORATORIES INC. display. The efficiency of this barium metaborate pigment in 
controlling fungae and algae, and its other more general properties in coatings for 
external use, were outlined, and compared with the previously used organic mercury 
compounds. Bariuni metaborate does not have the harmful properties of mercury, 
and was shown to have a longer life span. An interesting niap of the world, showing 
the surprisingly wide spread of areas in which fungus is a problem, was also on display. 
SCHERING AG demonstrated the efficacy of organo-tin compounds, particularly 
triphenyltin chloride, as antifoulants in marine paints. 

Several pigments for novelty fi nishes were exhibited and, of these, fluorescent types 
had perhaps the greatest representation. SWADA (LONDON) LTD. showed new 
extra strength fluorescent concentlatcs, the 5DE range, claimed to be 30-40 per cent 
stronger than the standard ZO series. Available in nine colours, the pigment is very 
finely dispersed, and can be incorporated in several varnish media without further 
nillling; main uses are for litho and letterpress printing inks. A new range of solvent 
soluble toners was also on display, which are available in ten colours, and dissolve 
readily i n  comnion solvent systems. Gravure and flexographic inks are the main 
applications. Amongst its fluorescent pigment range, INDUSTRIAL COLOURS 
LTD. featured a new photographic grade, of very fine particle size, for use in photo- 
graphic paper. A fluorescent "wash" is imparted to a print from an ordinary black and 
wh~te negative: applications in high impact display work were demonstrated. 
RADIANT COLOR O F  CALIFORNIA NV, a new exhibitor, showed a compre- 
hensive range of fluorescent pigments and pastes. . 

An aluminium pigment for metallic finishes, produced by Silberline Manufacturing 
Co., was exhibited by REX CAMPBELL & CO. LTD. Designed to give a "glitter" 
finish, the pigment, Sparkle Silver 3500, is of similar particle size distribution to 
conventional aluminium pigments, said to be much smaller than the usual "flake" 
pigments used for glitter efTects. Midas Gold green shade hydrated iron oxide pigments 
from Lamont Corporation were shown by CROXTON & CARRY LTD. and examples 
of their use in metallic automotive finishes given. CORNELIUS CHEMICAL 
COMPANY LIMITED had the Murano P range of pigments for pearl finishes from 
the Mearl Corporation. Examples of decorative coatings and cosmetic products 
containing pigments from this range were on display. 

A new range of the Uni-sperse Universal Tinting Pastes was featured among the 
range of dispersions produced by INTERNATIONAL COLLOIDS LIMITED, 
and its use in all types of finish was demonstrated. 

COLUMBIAN INTERNATIONAL LIMITED showed the new Runnyeadem 
Dispersion range of dispersions, the RDX 1000 series. Supplied in solvent/wetting 
agent only, the dispersions are claimed to give a high degree of gloss and transparency 
with transparent iron oxide and phthalocyanine pigments, and drawdowns of typical 
formulations illustrated this; a carbon black dispersion was also on show. A range of 
chlorinated rubber pigment chips based on Alloprene R2D was another of the 
company's exhibits. 

The Colourtrend Exceptionale system of tinters was the main exhibit of the CALI 
INK CHEMICAL COMPANY O F  CANADA LTD. The system consists of 12 
lightfast, lead free, alkali resistant tinters, glycol based, and compatible with alkyd, 
emulsion and oleoresinous paints. Although the tinters can be applied to a manu- 
facturer's forniulations, Cal/lnk's own formulation book, which offers a total 
of 1,350 shades, was given emphasis. This involves four base paints-a clear and three 
different PVC's of TiO,. The advantageous economics of the system were stressed, 
particularly when tinting took place at point of sale. RUSH, BEACH & SEGNER 
BAYLEY LTD. showed the Kolorit rangz of colourants manufactured by Henning 
Perrson. 
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Additions to the range of Ilushcd colours manuf:~ctured by SCC COLOURS 
LIMITED inclitded Diarylide Yellow AT. The pignient is supplied in an alkyd 
resinlhard resin blend in distillate solution, and shows improved tint strength, cleanli- 
ness of tone and gloss. All the pigments in this range can be supplied in media specified 
by the customer. Four new additions to the Diarylide Yellow range for printing inks 
\+ere displayed also. 

KEMlSK VAERK KOEGE A/S katured two new pignient preparations for 
flexographic inks. Prcdisol C is a nitrocellulose based product for NC and polyarnide 
inks. and Predisol V is based on a vinyl copolymer. Hotli products have high pigment 
loading. Amongst new Irgalite Rlues introduced by CIRA-GEIGY (UK) LIMITED 
\\as lrgalite Blue CPV3, a paste for water-based paint systems. 
Oils 
Following the installation of a new plant, OULU OSAKEYHTIO have available 
an improved range of tall oil products, and the characteristics of alkyd varnishes 
based on these conlpounds was conlpared favourably with those of varnishes based 
on linseed and soya oils, particularly in respect of resistance to yellowing. The results 
of one year exposure tests were used to support the comparison. Pale grades of 
distilled turpentine were also displayed. 

Exhibiting its wide range of processed vegetable oils, YOUNGHUSBAND 
STEPHENS & CO. LTD. stressed that most products could be produced and supplied 
to  the custonler's specifications. 

Suggestions as to the applications for cis polybutadiene oils, Polyols 1 I0 and 130, 
of low and niedium viscosity respectively. were made by CHEMISCHE WERKE 
HUELS AG. 

Modified vegetable oils were exhibited by NOURY & VAN DER LANDE NV. 
The Magie range of hydrocarbon oils for low odour printing inks, including de- 
odorised grades with FDA approval for foodstutl' packaging, was shown by REX 
CAMPBELL & CO. LTD., who also exhibited cyclopentadiene modified oils froni 
Necof NV. 
Solvents 
Specially featured amongst the solvents produced by ESSO CHEMICAL SA were 
Solvent 200, a new high Ilash point, high aromatic content, high boiling conlpound 
designed for use in low bake syste~iis to reduce sagging and runs, and the Isopar 
range of low odour, high purity isoparallins. The latter products are available in six 
bns~c boiling ranges, coded C .  E, G .  H ,  L and M. The G and H grades are very close 
fractions and can be used for electrostatic wet copying systems; the main use in the 
UK, ho\vever, is said to bc in aerosols. Information was also available on the coni- 
pany's new mcthyl cthyl ketone plant at Southampton, said to be the largest in 
Europe. 

The main exhibit of SOCIETE DES LJSINES CHIMIQUES UGlNE KULMANN 
\\as the Sido range of ketone solvents. This range includes an ethyl niethyl ketone 
reconimended for polyurctha~ies, since i t  shows lower water absorption than many 
solvents currently used Ibr this application. 

A new solvent range from the Heavy Organic Chemicals Division of 1C1 LIMITED 
\\as the Ethoxol glycol ethers, and typical properties were illustrated. The Aromasol 
solvent range was also shown. Kcl-Sol 42394, a printing ink vehicle for fast setting 
\\ater-niiscihlc letterpress inks, was introduced by CORN PRODUCTS (SALES) 
LTD. 

The Hyvis range of polybutenes was given prominence among the wide range 
produced by BP CHEMICALS INTERNATIONAL LTD. Non-drying, stable, 
polymer oils, the$e solvents are available in a variety of viscosities; applications in 
putties, mastics and adhesives, as well as surface coatings, are recommended. 

The REX CAMPBELL & CO. LTD. display included acetate solvents froni Leek 
Chemicals Ltd. 
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Extenders 
Now fully recovered froni the after effects of the unfortunate fire in its factory in 
1969, NORWEGIAN TALC A/S showed the familiar range of niicronised Micro 
Minerals. A new, niore complex, process for Micro Mica was announced, producing 
better and more varied grades. The results of investigations into the use of conven- 
tional extenders in coil and powder coatings were displayed, and a series of coarse 
grade Microdols for plasters and filling compounds introduced. 

CROXTON & CARRY LTD. showed four products in the range of extenders 
from Omya that were new to OCCA. Omya D5, a fine particle size ( I  - 2 0 ~ ) .  low oil 
absorption, crystalline calcite was recommended for brilliant white pva and acrylic 
emulsion paints, acrylic sealants, undercoats, primers and eggshell finishes, showing 
excellent dry brightness. Hydrocarb, a crystalline brilliant white grade with top cut 
size of 4!~. and a brightness of 96 (green filter) was demonstrated in high gloss alkyd 
paints, gloss and semi-gloss emulsions, and industrial finishes and primers. Advantages 
in reduction of chalking and the possibility of replacement of TiO, in typical formula- 
tions were stressed. Oniyalite 90, a whiting of similar particle size to Hydrocarb, was 
specifically recommended for gloss and senii-gloss eniulsion paints and decorative 
and industrial alkyds. Calibrite SL, a brilliant white grade of 15p mean particle size, 
\vas recommended for high performance exterior masonry products. The Syloid 
range of silica extenders from Grace GmbH also appeared on this stand, including 
a new porous, amorphous gradc. Syloid 165, a universal product for all finishes 
requiring flatting and a snlooth surface. 

A wide range of extenders. including lithopone fr6m the International Lithopone 
Association, blanc fixe, white barytes and the Sachtoblanc series was exhibited by 
SACHTLEBEN AG. 

A range of non-tarnishable bronze powders for metallic finishes from Clareti~ont 
Polycheniical Corporation was shown by VICTOR BLAGDEN & CO. LTD. 

Silica extenders formed the main feature of the stand of JOSEPH CROSFIELD & 
SONS LTD. Particularly stressed were Gasil WP, for wallpaper and other aqueous 
systems, and Microcal ET, for enlulsion paints. 

Resins-alkyd 
PLASTANOL LIMITED exhibited a new medium oil length alkyd modified with 
non-yellowing drying oil. The quick drying properties of the resin, Plastokyd Al ,  
which is supplied in white spirit, were emphasised. Faster drying was also a feature 
of Hythane 5, a new urethane-modified alkyd following the earlier Hythane 2. 

Mitchalac 421 8, a novel plasticising alkyd for stoving enamels, having good colour 
and giving high gloss, was shown by W. A. MITCHELL & SMITH LTD., together 
with Mitchalac 756. a fast drying vinyl toluenated alkyd for litho inks. 

Prominent aniongst the resins from CHEMISCHE WERKE HUELS AG were 
Vestivit BL 905, a new alkyd for flexible industrial and coil coating, and Vesturit 
BL 901, which iniparts improved compatibility with other lacquer systems in stoving 
finishes. A new air-drying medium oil length resin with fast surface and through dry, 
Alkydal F41,  intended for the motor repair trade, was introduced by FARBEN- 
FABRIKEN BAYER AG. Roskydal W9, a high build wax type polyester giving a 
colourless coating with good yellowing resistance, was also exhibited. 

SYNTHESE KUNSTHARSFABRIEK NV had exaniples of alkyd/isocyanate 
coatings for prefabricated houses of asbestos cement or coil coated steel. These 
coatings were based on a new product, Setalux C115 1-XX-5 1, an alkyd curing with 
aliphatic or aromatic isocyanates. Formulations for motor repair and refinishing 
based on this resin were also featured. For more general automobile finishes of the 
alkyd/melamine type, Setal 109-XX-60, a non-drying alkyd, was recommended. The 
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good salt spray resistance of two drying oil modified alkyds, Setal 175-XX-60 and 
Setal 84-XX-70, in electrodeposition primers was demonstrated. 

Scoplas 201SB, a silicone modified oil-free alkyd, was featured amongst the resins 
shown by SYNTHETIC RESINS LTD. lts use in high durability coil coating enamels 
was illustrated. Scoplas 101, an oil-free alkyd for cure by high functionality melaminel 
formaldehyde resins, was also exhibited. 

AMOCO CHEMICALS EUROPE have developed an oil-free alkyd, PE-300, 
based on trimellitic anhydride. Flexibility and stain resistance advantages compared 
with resins based on trimethylol ethane were claimed. Wide strip coil coating was a 
suggested application. Coil coating was an application for coatings based on Dynotal 
FP-300, a new oil-free alkyd from NORSK SPRAENGSTOFINDUSTRI A/S, in 
combination with butylated or isobutylated melamines. 

Alkyds were the main feature of the SCADO-ARCHER-DANIELS NV stand, 
and an oil-free coil coating grade, Scadonal 225. with outstanding deep-drawing 
properties, was shown. Scadonal 175, a recently-introduced product, was recom- 
mended for cross-linking with aliphatic isocyanates to give coatings with improved 
chalk resistance and gloss retention. A powder coatings formulation based on a new 
alkyd/melamine system, Scadonal P2001, was given prominence, excellent exterior 
durability and gloss retention being claimed. 

DYNAMlT NOBEL AG introduced Dynapol P, an alkyd for electrostatic powder 
coating formulations, and also Dynapol L, a high molecular weight linear polyester 
with good stamping and deep drawing properties. General purpose alkyds, under 
the trade name Gedeglyps, based on linseed and fish oils, were amongst the resins 
from CDF CHlMlE and, on the same stand, silicone modified air-drying alkyds 
(Heydolacs SA60 and El 398) and specialist silicone alkyds (Heydolacs SA140, SA305, 
SA346, E905 and SA650) from Harold Heydon & Co. Ltd. were on view. SHELL 
INTERNATIONAL CHEMICAL CO. LTD. demonstrated a new use for Cardura E 
resins in low temperature bake refinishing enamels, using the resins DX-49 and DX-50 
to illustrate the point. 

VVB LACKE UND FARBEN displayed data 011 the weathering resistance of 
Duxalkyd S259, a drying type, in various nicdia, and gave suggestcd forn~ulations. 
A novel non-drying alkyd, Resenoplast F321, was introduced, and its properties in 
combination with polyurethanes outlined. 

A new isobutylated urea/formaldehydc resin, Rectle L3606, was featured by BIP 
CHEMICALS LTD. This is a highly rcactivc rcsin suitable for fast curing, acid 
catalysed wood lacquers or low temperature baking systems. The effect of various 
acid catalysts on hardening rate was shown. Further information on Beetle BE672, 
a recently-introduced isobutylated mclaniinc with a wide range of compatibility with 
alkyds and acrylics, was available. 

Epok U910/89, a newly developed niethylated melamine/formaldehyde resin, was 
shown by BP CHEMICALS INTERNATIONAL LTD. High cross-linking eficiency 
with versatility in combination with oil-free polycstcrs and other plasticising resins 
was demonstrated, giving coatings of good hardness and flexibility, of interest for 
coil coating. Two new highly rcactive ilrca/formaldcliyde resins, Epok U9047, an 
~sobutylated version, and the butylnteci Epok U9048, were also displayed. 

NORSK SPRAENGSTOFINDUSTRI A/S introduced an acid curing isobutylated 
niclaniine resin, Dynomin FP-201, and demonstrated its combination of rapid cure, 
superior moisturc rcsistancc during and altcr ci~rc, and good cold check rcsistance. 
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I t  is hoped that this resin will be of interest to the wood finishing industry. Two 
isobutylated urea resins were also exhibited: Dynomin FP-101, with fast cure rate, 
long pot life, high solids and low viscosity, intended for paper coatings, and Dynomin 
FP-106, with particularly good compatibility with cellulose acetate butyrate and 
polyvinyl butyral, and giving good flexibility with long-oil alkyds in stoving finishes. 

Resins-polyamide 
VICTOR WOLF LIMITED exhibited a new alcohol-soluble polyamide resin, 
Wolfamid 19. Intended mainly for printing inks, the resin is claimed to have out- 
standing conlpatibility with nitrocellulose resins, and good grease and water resistance. 

Resins-unsaturated polyester 
The applications of a range of conipositions based on the unsaturated polyester resins 
Celipal 710, 810, 830 and 850 were displayed by CHEMISCHE WERKE HUELS AG. 
Interesting uses included pigmented lacquers, potting compounds and fillers. 

W. A. MITCHELL & SMITH LTD. gave particular emphasis to Polymaster 1209, 
an unsaturated polyester claimed to have excellent colour properties in castings or 
coating lacquers. 

Coil coating was the suggested application for Ester-Diol 204, a polyester with 
good overbake resistance, weatherability and stain resistance offered by UNION 
CARBIDE EUROPE SA. Silicone modified polyesters E976, E1112 and El  135 from 
Harold Heydon & Co. Ltd. were shown on the C D F  CHIMIE stand. 

Resins-+pox y 
The range of Eurepox epoxy resins, available in the UK for the first time, was the 
focus of the SCHERING AG stand. The resins are available in solvent-based or 
solventless forms, and one of the range, Eurepox 7 16, can be used in aqueous emulsions. 
The use of epoxy paints as anticorrosive coatings in modern automated construction 
yards and for the repair and protection of concrete was illustrated. 

SHELL INTERNATIONAL CHEMICAL CO. LTD. added two resins to the 
Epikote range; Epikote DX216, a medium viscosity resin, and Epikote DX315, a low 
viscosity resin. The use of the products in solventless and high solids coatings was 
recommended. New decorative effects for powder coatings based on Epikote 1004, 
including matt and semi-metallic finishes, were demonstrated. 

Iopox epoxy resins were shown by C D F  CHIMIE, the particular aspects featured 
being self-levelling floor coatings, solventless coatings, and paints for underwater 
application. Floor coating applications for the Araldite range of epoxy resins, as  well 
as general coating and civil engineering uses, were described by CIBA-GEIGY UK 
LIMITED. 

Resins-acrylic 
Four new hydroxylated resins appeared on the BP CHEMICALS INTERNATIONAL 
LTD. stand. Three of these, Epoks D2107, D2108 and D2109, were developed 
specially for metallic car body finishes including overlacquering techniques, while the 
fourth, Epok D2110, is intended for the low-bake domestic appliance field. A series 
of electron micrographs illustrated an interesting phenomenon which occurred during 
development work on aluminium pigmented lacquers. At certain specially-prepared 
formulations, an extremely regular flocculation of the pigment occurs, giving a regular 
pattern of evenly-spaced circular flocculates. BP Chemicals is carrying out further 
work in an attempt to explain this effect. 

SYNTHETIC RESINS LTD. showed the Scopacron 400 series of thermosetting 
acrylics, and the Scopacron 800 SB range of silicone modified acrylic copolymers. The 
Neocryl range of thermoplastic acrylics, supplied in granular form, was exhibited by 
POLYVINYL CHEMIE HOLLAND NV, and printing ink applications outlined. 
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A new product from this company is the alcohol soluble Neocryl NJ-71 acrylic resin, 
displayed with special formulations for gravure and flexographic printing on plastics. 

Polymethacrylate esters were featured by the Dyestuffs Division of ICI LTD. 
Bedacryl 200 CX was specially recommended for two-pack acryliclurethane finishes, 
and Bedacryl 123 AH, for general non-convertible coatings, was also shown. 

The superior stain resistance of systems based on Acrysol 110, a thermosetting 
acrylic, compared with three-component systems, was demonstrated by PLASTANOL 
LTD. Panels showing the resistance of the coatings to lipstick, boot polish and 
mustard were displayed. 

The RESINOUS CHEMlCALS DIVJSION of BRITISH PAINTS & CHEMICALS 
LTD. exhibited two thermosetting acrylics for industrial finishes, Wresacryl R513 
and Wresacryl R514. The high performance coatings-comparable with those based 
on acrylamide-containing acrylics-obtained by blending Wresacryl R514 with RCL's 
hexamethoxy methyl melamine were described. Wresinol R5 13 is claimed to provide 
tough, adherent, low bake finishes when used with amino resins. 

Several new acrylics were announced by ROEH M GmbH CHEMISCHE FABRI K, 
including: Plexisol DV577 for coil coating; Plex 481 IL, a water-soluble type for 
electrodeposition; Plex 5350L, for curing with isocyanates; and Plex 8675F, a 
methacrylate for water-free masonry paint. 

BASF UNITED KINGDOM LTD's new thermosetting cross-linkable acrylic, 
Luprenal LR8303, was specially designed for coil coatings, and its good durability 
in combination with epoxies was demonstrated. For powder coatings, an improved 
acrylic grade, LR825911, has been produced. 

A hydroxyl-containing polymer for use in two-pack lacquers, Synedol 2513 XF, 
was featured by SYNRES INTERNATIONAL NV. Use with aliphatic and aromatic 
polyisocyanates is intended. A display on the LENNIG CHEMICALS LTD. stand 
demonstrated the versatility of Primal AL388, a multipurpose acrylic binder. Various 
pigmented films, and also clear finishes and stains for wood, were illustrated. 

Resins-emulsion polymer 
Epok V8402, a new vinyl acetate/olefin/VeoVa 10 latex designed to combine the 
high durability of VeoVa 10 systems with the economies of olefin types, was featured 
by BP CHEMICALS INTERNATIONAL LTD. The high level of performance of 
this new product in interior and exterior coatings, including textured masonry 
finishes, was illustrated. Also shown was Epok V8303, a vinyl acetatelolefin latex 
developed from the successful Epok V8300, with higher solids than the earlier product. 

CHEMJSCHE WERKE HUELS AG demonstrated the applications of the Litex 
copolymer and terpolymer latices. In particular, the good water, alkali, dirt and 
scrub resistance of paints based on Litex A10 and the improved adhesion and 
resistance to wiater swelling imparted by additions of Litex 6301 to cement mortars 
for expanded thermoplastics tiles were eniphasised. 

Three acrylic emulsions with increasing film forming tenlperatures, Plextol D471, 
Plextol D541 and Plextol M600, were exhibited by ROEHM GmbH CHEMISCHE 
FABRIK. LENNlG CHEMICALS LTD. produced a new experimental product, 
acrylic emulsion E521. Comparisons with other emulsions in a water immersion test 
were made, and the superior resistance of E521 to water whitening when used as a 
glaze coat illustrated. 

The display of WACKER-CHEMIE GmbH included three novel copolynler 
dispersions. Vinnapas Dispersion EZ 1513 is intended for interior paints with high 
pigment loading and good flow. The SAF 5/37 grade of this product, based on 
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styrenelacrylate, is for exterior coatings. having an even higher pigment loading than 
EZ 1513. For use in fast setting. heat resistant pvc adhesives, Vinnapas Dispersion 
EV 12/46 was introduced; the improved flow on the niacliine of adhesives based on 
this dispersion was denionstrated. 

Exterior finishes were the end use for two products exhibited by SYNRES 
INTERNATIONAL NV, Synresyls C050 arid C056. C056 was being shown for 
the first time, and panels illustrated the superior resistance of coatings based on this 
eniulsion for testing in a humidity cabinet and in artificial weathering apparatus. 

Resins-miscellaneous 
The Exon range of vinyl resins produced by Firestone was introduced by KINGSLEY 
& KEITH (CHEMICALS) LTD. In addition to vinyl chloride/acetate types, two 
hydroxyl-containing polyniers are ofkred. a maleate copolynier and a vinyl 
chloride1TFCE copolymer. Threc carboxyl-containing "metal adhesion" types with 
good solubility characteristics are also included in the range. 

Reactive vinyl resins with good flexibility for paper and foil coatings, VERR and 
VMCA. were shown by UNION CARBIDE EUROPE SA, together with a series ol' 
phenoxy resins suggested for use in can coatings in conibination with phenolic or 
epoxy resins. A particular feature of this stand was a display showing the corrosion 
rcsistalice of zinc rich primers based on ethyl and Cellosolve acetates. 

SHELL INTERNATIONAL CHEMICAL CO. LTD. suggested a novel appli- 
cation for VeoVa 10. A water soluble polymer, DX-40, based on this monomer with 
styrene and acrylic monoliler was exhibited in white paints for electrodeposition, 
evceptionally good colour and alkali resistance being demonstrated. The use of Vilit 
\,illy1 chloride/vinyl acetatelmaleic acid ester copolyniers in one and two-coat systems 
for ferrous and non-fcrrous (especially hot galvanised) substrates was illustrated by 
CHEMISCHE WERKE HUELS AG. 

Vinyl acetate/ethyle~ie copolymers for use as stir-in additives to cement-based 
products were exhibited by WACKER-CHEMIE GmbH. Supplied in dispersible 
potvder form, Vinnapas EMPZ I is for use in mortars and tile cements, giving 
improved water and alkali resistance, while the same benefits, as well as added strength, 
are gained by adding Vinnapas EMPZ 2 to concretes. 

Urethane lacquer resin 798-8, a recent developnient of the Cargill Corporation, 
\\as demonstrated in leather finishes by VICTOR RLAGDEN & CO. LTD., who also 
had on display a moisture curing polyurethane system for seamless floorings. Poly- 
urethanes were also prominent on the SYNTHETIC RESINS LTD. stand; Beckurane 
L90, L91 and DV1866 form a new series of elastomeric urethanes for non-curing 
coatings for leather; Beckurane 2-225 is a non-yellowing urethane prepolymer for 
use in two-pack coatings of good colour and durability. 

A development product. Imprez 100, a petroleum resin for use in heat and UV 
stable finishes, was offered by ICI LIMITED, as well as the one-pack urethane pre- 
polymers based on Suprasec 1 I00 and Daltolac 2200 for heavy duty finishes. Appli- 
cations of the Alloprelie range of chlorinated rubbers in traffic marking paints, high 
build marine paints and printing inks were also outlined. 

Chlorinated rubbers were emphasised by FARBENFABRIKEN BAYER AG. 
A new range was compared favourably with existing types in respect of stability and 
control of viscosity from batch to batch. Bayer also showed a new condensation 
addition product, coded 12 70, a self cross-linking binder for coil coatings. Higher 
flexibility and resistance to  household detergents are advantages of the product in 
domestic coatings. Desmodur HL, a new polyurethane intended particularly for 
formulations to be applied by curtain coater was announced; this product combines 
short drying times with long pot life and good viscosity stability. 



820 NOTES A N D  N E W S  JOCC'A 

CORN PRODUCTS (SALES) LTD., a new exhibitor at OCCA, showed latest 
developments in the Kelrez range of resins for printing inks. Of particular interest 
were Kelrez 42376, a maleic-modified penta ester of rosin, having very quick setting 
properties, Kelreir. 42405, a rosin-modified phenolic resin imparting very high gloss. 
and Kelrez 40150, designed to eliminate pin-holing in alcohol based nitrocellulose 
or polyamide inks. Another new exhibitor. GENERAL ELECTRIC PLASTICS NV. 
centred its stand on Methylon, a phenolic based conipound for electrophoretic prinier 
systems. Already used in Europe, the resin was displayed as having high throwing 
power and good chemical resistance and mechanical lilni properties in electrophoretic 
formulations. 

Coatings based on polyvinyl fluoride were indicated by DYNAMIT NOBEL AG 
with a binder of this type. Exceptional chemical and weathering resistance are expected 
for this type of paint. 

An addition to the range of ketone resins from the Walter Ulbricht Leuna works 
was announced by VVB LACK UND FARBEN. The new resin, L, is a condensation 
product of cyclohexanone and formaldehyde, modified with a metal stearate. Appli- 
cations in matt NC lacquers were outlined. 

Amongst the wide range of resins shown by RHONE POULENCIREDIS, par- 
ticular emphasis was placed on: Rhodeftal 200 polyimide resins for high temperature 
-up to 300°C-resistant coatings with high salt spray and weathering resistance: 
Rhovinal BSA, a polyvinyl butyral with less than I per cent acetate, applications 
including wash primers, shop primers, welding primers and temporary protective 
coatings; and a vinyl chloride copolymer for priming coats in a system designed for 
application to damp plaster. 

Following market trends in rosin, HERCULES POWDER CO. LTD. introduced 
pilot plant batches of a series of hydrocarbon resins. It is hoped that these resins will 
find application over a very broad field, including adhesives, printing inks, floor 
covering, wood preservatives, rubber compounding, and hot melt applications. Two 
new resins for printing inks were also shown, Pentalyn 417 and Pentalyn 450, both 
specially designed for heat-set and quick setting ofTset inks. 

The main feature of the EASTMAN CHEMICAL INTERNATIONAL AG stand 
was a large range of cellulose acetate butyrate resins, with a quick selection chart for 
various applications. A new development was the use of chlorinated polyolefines as 
media for primers for polypropylene. Although still at an early stage, excellent 
adhesion properties for these formulations have been shown. 

Chemical intermediates 
NOURY & VAN DER LANDE NV featured the Nourypol range of polyols for 
isocyanate-cured two-component lacquers, in particular a low viscosity version 
suitable for use in jointing and flooring compositions. Two polyols based on 
bisphenol A, Dianols 22 and 33, were given prominence; it is intended that these 
products will find use in the manufacture of unsaturated polyester and alkyd resins. 

Examples of polyurethane foams based on the new Unem 444 series of polyols 
appeared on the UNILEVER-EMERY NV stand and included an impressive artificial 
wood. High density integral skin mouldings based on the polyols were also shown. 
Amongst the company's range of Empol dimeric and trimeric acids, a new product 
with very pale colour and high dimeric acid content, Empol 1010, was featured. 

The Pamolyn range of technical grade conjugated l inoleic acids was displayed by 
HERCULES POWDER CO. LTD. These products are produced by a precision 
controlled process from high grade tall oil fatty acids, and are available in three 
series, Pamolyn 100, based on oleic acid, Pamolyn 200, based on linoleic acid, and 
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Pamolyn 300, conjugated diene fatty acids. Fatty acids were also given prominence 
by VICTOR WOLF LTD., two dehydrated castor oil types being introduced. 
Dedico 80 is a DCFO containing approximately 80 per cent conjugated linoleic acid: 
it is hoped that this will find use in solvent- and water-based alkyds and epoxy esters 
where outstanding drying properties are required. Dehydrated Castor Oil Fatty 
Acid 55,  containing a minimum of 55 per cent conjugated linoleic acid, is intended for 
use where the higher reactivity and better drying characteristics of Dedico 80 are not 
required. A pure (99 per cent) grade of isophthalic acid, produced by Arco Chemical 
Company, was exhibited by CORNELIUS CHEMICAL COMPANY. The range of 
Epiol glycidyl ethers from Nippon Oils & Fats Co. Ltd. was shown by KINGSLEY & 
KEITH CHEMICALS LTD. 

Additives, driers, surfactants 
Laroniin LR8308, a new diamine hardener for curing epoxies of low molecular weight 
at temperatures down to O°C was exhibited by BASF UNITED KINGDOM LTD. 
Epoxy curing agents formed the major exhibit of ANCHOR CHEMICAL CO. 
LTD.: there were two new products, Ancamine CTA, an accelerated polyamine for 
epoxy/coal tar systems, and Ancamine AD, of particular interest for its ability to 
cure films in cold, damp conditions. 

THOMAS SWAN & CO. LTD., in addition to the established Casamid range of 
curing agents, had available a development material, coded SP258. This is a water 
dispersible curing agent, supplied as a 50 per cent solids solution in water. It is hoped 
that, using this compound with liquid epoxy resins, no solvent will be required to 
formulate water-thinnable coatings. This is of particular importance for paints to be 
applied in confined spaces; the chemical resistance of the cured film is said to be 
greater than that of conventional solvent-based epoxy systems. Another new product, 
SP232, was featured, its very rapid cure at low temperatures being emphasised, and 
its use as an accelerator in combination with other curing agents indicated. 

VEBA-CHEMIE AG presented new uses for diamines, diisocyanates and poly- 
amides related to isophorone. An experimental product, polyamide V208, was 
demonstrated as a curing agent for epoxy powder coating compositions to  be applied 
by electrostatic methods, and an experimental blocked isophorone diisocyanate was 
also recommended for powder coatings. lsophorone diamine and diisocyanate were 
recommended as epoxy curing agents, and trimethyl hexamethylene diamine and 
diisocyanate as colour stabilisers in one- and two-pack lacquer systems. Trigonal 14, 
a UV activated curing catalyst for polyester lacquers, was given prominence by 
NOURY & VAN DER LANDE NV. 

SANDOZ PRODUCTS LTD. added a whitener paste, WROL, to the Pintasol 
range. The improved scattering-and hence hiding power-and whiteness of paints 
containing the paste were demonstrated. A new product from ALBRIGHT & WILSON 
LTD. was Accomet C, a water-soluble concentrate based on chromium salts. Panels 
illustrating the excellent adhesion of coatings containing this product to metal sub- 
strates, including aluminium, mild steel, and zinc, and the improvements in corrosion 
resistance imparted, were displayed. Room temperature application is possible for 
this type of coating, and additional benefits include the lack of reaction time, the 
absence of sludging or emuent problems, and the fact that no rinsing is necessary. 

Cutinox toxicant pastes, produced by Acima Chemical Industries in Switzerland, 
appeared on the KINGSLEY & KEITH (CHEMICALS) LTD. stand. For use in 
antifouling paints, the incorporation of these micronised pastes is intended to avoid 
dispersion and toxic fume problems found with other biocides. 

SHELL 1NTERNATlONAL CHEMlCAL CO. LTD. indicated novel uses for 
the Epikure range of curing agents. 
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Thixotropic emulsion paints formed the theme for TITANIUM INTER- 
MEDIATES LTD., the use of titanium chelates in their manufacture being illustrated. 
Main types mentioned were triethanolamine titanate, for exterior finishes, di- 
ethanolamine titanate, recommended for glass paints, and the new Tilcom range. 

Cab-0-Sil fumed silica, although introduced at OCCA 22, has only recently become 
available in the UK, and CABOT CARBON LTD. gave special coverage to its uses 
in paints, plastics, rubbers and inks, using a 20 minute film to give further emphasis. 
Basically a thickener and thixotropic agent, Cab-0-Sil can also be used for viscosity 

General scenes at OCCA 23: people from 38 overseas countries signed the visitors' book 

stability and prevention of settling. Thixotropic agents for non-aqueous systems were 
featured by BAKER CASTOR 01L COMPANY, including two new types. Rheox 1 
is a non-hygroscopic, hydrolytically stable and chemically inert thixotrope, supplied 
in paste form and recommended for protectivc coatings where the ultimate structure 
for thick films is required in combination with good application properties. Thixseal 
is a powder-form product designed for use in polymeric sealants and recommended 
also for plastisols and powder coatings. In sealants, Thixseal is claimed to impart 
rheological characteristics such that the product is pumpable and easy to work, but 
maintains outstanding sag control. A new matting agent, Matt 2, an organic petroleum 
high polymer supplied as a fine dispersion in xylene. was also introduced, and 
recommended for use in clear lacquers, particularly urethane systems. 
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BERK LIMITED demonstrated the range of applications of its Bentone gelling 
agents in paints, plastics and adhesives. 

A broad range of additives was shown by HARDMAN & HOLDEN LTD. 
Particular prominence was given to the Manolox series of wetting agents. Di-alkyl 
sulphosuccinates, these compounds are for use in emulsion polymerisation systems, 
and details of the mechanisms involved were given. The results of long term durability 
tests on water-resistant masonry paints based on Manolox 403, a silicone-free material, 
were illustrated; water repellents based on this compound satisfy the requirements 
of BS 3826 in classes A, B and C. Amongst a variety of additives exhibited by the 
DANIEL PRODUCTS COMPANY, emphasis was given to Tint-Ayd opacity booster, 
designed to increase the hiding power of white pigments with a minimal effect on 
reflectance values, and Slip-Ayd, a series of low molecular weight polyolefin and 
polymerised wax dispersions to improve slip and mar resistance, etc. A new micronised 
polyethylene wax from BASF appeared on the BUSH, BEACH & SEGNER BAYLEY 
LTD. stand. Designed for quicker and simpler preparation of wax dispersions, the 
new product is intended for the paint and printing ink industries. 

Maleic anhydride adducts were shown by CHEMISCHE WERKE HUELS AG 
to improve drying and overcoating of corrosion resistant electrodeposition primers. 

Manufacturing equipment 
Following the trend set in previous years towards machines for use with ready-made 
dispersions and easily dispersed pigments, the greatest number of machines on show 
were of the high-speed mixer type. As well as its range of conventional high-speed 
mixers, SILVERSON MACHINES LIMITED showed the new Flash Mix, in which 
solids and liquids are fed simultaneously through a specially designed hopper to a 
series of mixing heads, the homogeneous dispersion being discharged almost instan- 
taneously. It is claimed that the machine will disperse solids at rates in excess of 
1 cwt per minute, and models for batch and in-line operation are available. The 
company's Multishear mill, operating by multiple rotors and stators, was also 
exhibited in batch and continuous forms. 

The Trifor H450 was featured by MOLTEN1 OFF. MECH, being a high-speed 
disperser suitable for operation under vacuum, with the facility of changing the 
position of the impeller without any leakage of air. A conlpletely enclosed high-speed 
disperser was the WlNN & COALES exhibit. Fitted with an internal temperature 
control jacket, the mixer is equipped with a hydraulic drive coupling, protecting the 
motor against jamming or solidification in the mixing vessel. A unique bearing unit 
is incorporated which prevents the machine charge coming into contact with the 
bearing by means of air trapped by the bearing assembly. 

D.H. INDUSTRIES LTD. also had on display a machine with hydraulic drive, 
a high-speed circulation mixer in sizes up to 75 h.p., manufactured by one of the 
company's principals, Ateliers Sussmeyer. Another principal, Peter Kupper, provided 
the type VTS-D mixer, an inclined vertical helical, either single or twin, which is 
capable of mixing both dry and pasty materials. A twin-shaft high-speed mixer from 
Paul Vollrath was also shown, type VDDS, in sizes up to 200 h.p. Much reduced 
mixing times compared with single shaft mixers are claimed. JOHN GODRICH 
exhibited the Kotthoff high-speed disperser, a novel feature of which is the lack of 
bearings at the central disperser head. 

A new series of laboratory mixers was introduced by THE MASTERMIX 
ENGINEERING CO. LTD. The H Drive Laboratory Heavy Duty Agitators, avail- 
able with #, % and & h.p. motors, incorporate infinitely variable speed, interchangeable 
heads and constant speed under load. This is believed to be the first laboratory heavy 
duty mixer to have all these features. 
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A Variflow control had been added to the range of high-speed mixers produced 
by PETER SILVER & SONS (ENGINEERS) LTD. This is an adjustable baffle 
plate which can be used to regulate the flow into the machine head. This allows the 
processing of more viscous materials, by starting at low flow rates until the initial 
inertia has been overcome, and reduces strain on the motor. 

The latest machines in the Rotamix and Biotomix ranges were exhibited by 
MILLROOM ACCESSOR1 ES & CHEMICALS LTD. The high-speed Kreis dis- 
solvers displayed by TECHNESSEN NV incorporated several novel safety devices, 
such as a pressure sensitive device to prevent the machine operating unless the mixing 
vessel is secure. Coupled automatic speed and power regulators prevent any over- 
loading of the motor. Technessen also showed an agitator ball mill capable of the full 
dispersion process, the Netzsch Molinex for continuous operation. The patent 
agitator, composed of eccentrically mounted grinding rings, is claimed to  give high 
grinding tolerances with minimum wear and temperature rise. 

The Polymill was exhibited by AUGUSTS LTD. Relying on glass beads for its 
shearing action, the Polymill has a special disc-shaped agitator, designed to create a 
vortex in the bowl shaped mixing vessel. The machine is claimed to carry out the 
complete dispersion process in materials up to 50 poise. 

Other "complete" dispersers of this type were the 255 gallon capacity 200 S Attritor 
from TORRANCE & SONS LTD., the Perl mill made by DRAISWERKE GmbH 
and the WILLlAM BOULTON LIMITED Pearlmill. The latter company also 
showed the Podmore Boulton Vibro-Energy Mill range, which grind dry materials 
by the three-dimensional vibration of a vessel containing columns of cylindrical 
grinding media. A very narrow range of particle sizes is obtained, owing to the 
"protection" of smaller particles by larger particles. 

The Heidenau Power Grinder 192 B was given prominence by MASCHINEN- 
FABRIK HEIDENAU VEB. Described by the manufacturer as  a spindle mill, the 
Power Grinder operates on the same principle as a sand mill, using silica beads as  
the grinding media. The mill can operate in clockwise or anticlockwise directions, 
equalising wear, and outputs of u p l o  165 gallons per hour are claimed. The company 
also showed a range of triple-roll mills, as did its English associate, MARCHANT 
BROTHERS LIMITED. BUHLER BROTHERS LIMITED exhibited what is 
claimed to be the largest triple-roll mill on the market, the SDV 13001400, with roll 
dimensions of 16in x 51$in. The SDW 800/300, with dynamic hydraulic and auto- 
matic water cooling systems was also exhibited, as was a hydraulic laboratory mill. 
the SDH-300, with 6in x 12in rolls. A system of modifications by which older 
triple-roll mills could be updated to incorporate design developments from newer 
models aroused much interest on the COX'S MACHINERY LTD. stand. 

A novel Z-blade mixer, claimed to be the world's smallest, was exhibited by 
WINKWORTH MACHINERY LTD. A $-pint working capacity model capable of 
vacuum operation and fitted with an electric heating jacket, the mixer is intended for 
laboratory evaluation of production technique, particularly where the use of 
expensive materials is necessary. 

The Iopor Ultrafiltration system was a new development from a new exhibitor, 
DORR-OLIVER COMPANY LIMITED. Based on a membrane separation process, 
the system separates paint components from water and undesirable ionic impurities, 
and can be used both for the continuous purification and dewatering of paints for 
electrodeposition, and recovery of paint from "drag-out" eflluent. Great savings of 
paint in electrophoretic processes are claimed, as well as elimination of problems in 
effluent disposal. 

A new large capacity model was added to the JENAG EQUIPMENT LIMITED 
range of liquid strainers. The model 3000 series has an output range of 0-2,700 gallons 
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per hour, and has the usual Jenag feature of self-cleaning by back flushing, a gauge 
being fitted to show the pressure drop through the filter, which increases with 
increasing contamination. DIAF A/S showed a high capacity vibratory sieve, type 
RS450, for use with liquid or dry materials. Vibratory sieves were also featured by 
WILLIAM BOULTON LIMITED; in the latest model the screen is supported by a 
cushion of air, giving greatcr throughpilts and allowing thixotropic materials to be 
handled. 

STRAZDINS PTY. exhibited a dispenser for tinters to be added to white base 
paint at retail outlets, allowing the custon~er to have colours mixed "to order." 
Although this method is used in the UK, i t  has not found wide acceptance; American 
and Australasian manufacturers are using this technique increasingly. Strazdin's 
equipment is calibrated in both metric and imperial measure. so that tins of base 
paint in all sizes of both measures can be tinted without the need for reformulation. 
A colourant disperser manufactured by H. G. Fisher was displayed by CALIINK 
CHEMICAL CO. O F  CANADA LTD., illustrating its use with Cal/lnk's own tinting 
dispersions. Colour cards and books of colour samples manufactured by Colwell 
Colour Cards were shown in the colours of the Cal/lnk colourant systems. 

Items of cleaning apparatus appeared on the stand of MARCHANT BROTHERS 
LIMITED, a pan cleaner handling change pans of up to 200 gallons capacity and an 
automatic pail washer operating at speeds of 40-120 pails per hour. This company 
also had a roller coating machine capable of coating strips of metal up to 13:in wide 
and lin thick at speeds of 183 ft/min. 

D.H. INDUSTRIES LIMITED had extended its range of volumetric filling machines 
by the addition of the V154 semi-automatic machine, based on the fully automatic 
V136. New from TORRANCE & SONS LTD. was an automatic coding machine 
which can print on to moving objects without smearing. Capable of being added to 
existing equipment, the machine can handle up to 80 operations per minute. 

In the field of resin plant, HYGROTHERM ENGlNEERlNG LTD. exhibited 
developments in a hard resin cooler. This machine extrudes the molten resin into rods 
of from bin to -::in diameter, which are then water cooled, dried, and broken into 
3in lengths. 

THE PYRENE COMPANY showed its range of metal test panels, available in 
various pret reatments. 

Testing equipment 
As at OCCA 22, computer-based systems for colour matching were well represented. 
and further development has produced instruments of greater sophistication. The 
Pretema 32 Filter Spectroniat Spectrophotometer, shown by 1NSTRUMENTAL 
COLOUR SYSTEMS LTD., is now available for on-line use, in combination with 
a process control computer for formulation computation and colour correction 
calculation. This instrument gives automatic calculation of shade correction for 
production work, shade matching, tinting fzctors 2nd colour difference tolerances. 
A new lighting cabinet conforming to BS 950 Part 2 was also displayed. 

An integrated system for colour measurement and computer control of industrial 
processes based on the Color Eye colorinieter was demonstrated by KOLL- 
MORGEN COLOR SYSTEMS. A selection of the other equipment supplied by 
Kollmorgen to the surface coatings industry, including the Macb~th  range of lighting 
cabinets, and the new Macbeth RD505 portable lightweight solid-state densitometer 
for the printing ink industry, was on view. 

The range of Gardner instruments exhibited by WENTWORTH INSTRUMENTS 
LTD. included the XL- I0 digital computer, which determines automatically whether 
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a sample is within colour tolerances, and gives a guide to the corrections needed to 
reach an acceptable match. This latest development of the colorimeter appeared to be 
a considerable advance in neatness of design and stability compared with earlier models. 

FERRANTI LTD., in addition to the Ferranti-Shirley cone and plate viscometer 
and the coaxial cylinder viscometer, exhibited a new instrument for flow line deter- 
mination of viscosity. The Unipan Ultrasonic Viscometer Type 504 A, niade in 
Poland, consists of a probe immersed in the fluid, and measuring head. A wide range 
of viscosities is covered, and the instrument can be used for viscosity control of con- 
tinuous processes. Given special prominence amongst the wide range of equipment 
from RESEARCH EQUIPMENT (LONDON) LTD. was the latest model of the 
ICI high temperature cone and plate viscometer. The instrument is thermostatically 
controlled at set temperatures between 25°C and 15OUC, and is intended for the 
determination of melt viscosity of resins during manufacture. A paper describing 
this instrument has appeared in this Jourrrcrl(1970, 53, 876). 

A new sedimentometer, the Ladal X-Ray Scanning Sedimentometer, featured on 
the MlCROSCAL LTD. stand, together with Microscal's wide angle sedimentometer, 
now equipped with an automatic vertical scanning facility. A new model of the flow 
microcalorimeter, which can be vacuum degassed to remove surface water prior to 
adsorption experiments, was shown. Experiments can also be performed in the 
presence of metered amounts of gas, and heats of degassing measured. 

JOHN GODRlCH exhibited test equipment for the paint and dyeing industries. 
The Praxitest 100 for dyestuff testing permits the application of a dye solution under 
controlled conditions, for subsequent examination of the uniformity of dyeing and 
other properties. The Xenotest range of machines for accelerated light and weather 
fastness testing, based on a Xenon arc, were also shown, emphasis being placed on 
the machines' robustness and ease of programming. 

Also concerned with the dyeing industry was a laboratory sample dyeing unit 
introduced by DYEING SERVICES LTD. The machine has, however, a potential 
use for the testing of colouring techniques for non-textile substances as well as for 
colouring of textiles; for instance in the surface dyeing of plastic mouldings or 
extrusions of acrylic and urethane resins. The unit can also be used to test the 
sublimation fastness of pigments or dyes in a variety of media. A three-bath dyeing 
and testing machine was also shown. 

The TORSION BALANCE CO. (GREAT BRITAIN) LTD. demonstrated its 
comprehensive range of weighing equipment covering the range 7 Kg to 0.1 mg, all 
incorporating the "no knife edge" construction. A new print-out unit was displayed. 

The photosedimentometer attachment for its disc centrifuge was shown in operation 
by JOYCE LOEBL & CO. LTD. The particle size distribution is displayed autc- 
matically on a chart recorder from an optical/photoelectric system through the 
transparent disc. Automatic operation is possible. 

A full range of testing equipment was exhibited by SHEEN INSTRUMENTS 
LTD. Of particular interest was a lever operated scratch tester combining the smooth 
advance of motor driven apparatus with the economy of hand operation. 

Prominence amongst the instruments from ELCOMETER INSTRUMENTS LTD. 
was given to the Eddy Gauge 133, and eddy current type film thickness gauge, and 
to the Surclean 153, a surface cleanness tester operating on a reflective principle. 
Also featured was the Audiotester 171, a thickness gauge for routine testing which 
emits an audible note when the pre-set limits of thickness are exceeded. 

RUDOLPH MEYER'S INC. demonstrated the Tack-o-scope for measuring the 
tack of printing inks. A novel feature was a print-out device for recording the tack 
of an ink according to a pre-set programme. 
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As announced in the July issue of the 
Jorr~.ncrl, the Twenty-fourth Technical 
Exhibition will be held in the Empire 
Hall, Olympia, froni 17-21 April 1972. 

Many companies, both from the U K  
and overseas, have already applied for 
space, thus eniphasising the success of 
the exhibition at Olympia last year. Any 
company, therefore. wishing to exhibit is 
urged to apply to the Director & Secre- 
tary ininicdiately at the address shown o n  
the front covcr. 

Olynipia is easily accessible from hotels 
in the West End. The special extension 
underground service I'rom Earls C'ourt to 
Olympia will be operating at 10-15 minutc 

Technical 
Exhibition 
17-21 April 1972 

intervals throughout the period of the 
Exhibition. The hours when the Exhibi- 
tion will be open are given below: 

Monday I7 April 15.30-1 8.30 
Tuesday 18 April 09.30-1 8.30 
Wednesday I9 April 09.30-1 8.30 
Thursday 20 April 09.30-1 8.30 
Friday Z l  April 09.30-16.00 

As usual, information leaflets in six 
languages are available free of charge 
and these will be distributed to paint 
companies overseas well before the 
Exhibition. Any company or individual 
requiring copies to send to colleagues 
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overseas should apply to the Association's 
office. 

Interpreters for French, German, 
Italian and Spanish visitors will be in 
attendance throughout the period of 
the Exhibition, and all overseas visitors 
are asked to sign the Visitors' Book at 
the Information Centre. 

The Association has made arrange- 
ments with several hotel groups for hotel 
accommodation for visitors to the Exhi- 
bition. Full information will be given in 
the Oficiul Guirkc being sent overseas 
early in the New Year, but any person 
wishing to take advantage of this service 
should writc to the Association's offices. 

Report of Meeting of Council 
The first meeting of the Council under 
the chairmanship of the Association's 
newly elected President, Mr A. W. 
Blenkinsop, was held at Wax Chandler's 
Hall, Gresham Street. London, on 
Thursday 3 June, with 27 members 
present. 

Council received the resignation of Mr 
D. M. James as one of the Elective 
Members of Council since he was 
leaving the industry, and invited Mr 
H. R. Touchin, who had been placed 
fourth in the 1970 election, to f i l l  the 
vacancy for the unexpired portion of 
Mr James's service. 

The President extended a warm wel- 
come on behalf of the Council not only 
to the three Elective Members-Dr V. T. 
Crowl, Mr D. J. Morris and Mr A. T. S. 
Rudram-whose election had been an- 
nounced at the Annual General Meeting 
in Torquay, but also to other members 
attending for the first time and those who 
were serving again on Council in different 
capacities. 

The dates of the Council meetings for 
the forthcoming session were agreed, 
together with the date of the Annual 
General Meeting in London on Wednes- 
day 7 June 1972. 

The Committees and Working Parties 
of the Council for the forthcoming 
session were appointed and these are 
listed elsewhere in this issue of the 
Journal. In accordance with the practice 
of previous years, the President of the 

representatives on other organisations for 
the forthcoming session were also con- 
firmed. 

Reports were received on: 
(a) Torquay Conference, 4-8 May 197 1 ,  
which had been most successful and 
attended by representatives from 14 over- 
seas countries-Belgium, Canada, Den- 
mark ,  F in l and ,  France ,  Germany.  
Holland, India, Italy, Japan, Norway, 
Sweden, Switzerland and the USA. Atten- 
dance at all the sessions throughout the 
Conference had been encouraging and a 
high standard of discussion took place not 
only in the technical sessions but also in 
the management and workshop sessions. 
The Conference Diary appeared in the 
July issue. 
(b) The 1971 Exhibition, to be held at 
Olympia 21-25 June, the final arrange- 
ments for which were well in hand. A very 
late request had been received from an 
Australian company to exhibit and a 
small amount of space had been made 
available. This brought the number of 
overseas countries with direct exhibitors 
to 12. 
(c) The 1972 Exhibition, the arrangements 
for which were in hand. The Invitation 
to Exhibit a t  Olympia 17-21 April 1972 
would be despatched in July. 
(d) Paint Technology Manual, Volume 111 
Convertible Coatings, the revision of 
which was now in hand and Dr H. W. 
Keenan was in contact with the con- 
tributors concerned. 

Oil - and ~ o l o u r  Chemists' Association (e) Clirmistry iil Industry it1 New Zealarld, 
Australia was co-opted to the Council, in which "OCCA Notes and News" was 
and the appointment of the Association's now to be a regular feature. 
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( f )  FSPT Meeting in Detroit, October 
1951, at which Dr D. A. Plant had agreed 
that his paper entitled "Hiding power of 
coloured pigments" be designated as the 
official OCCA Paper. 

In the report of the previous meeting 
of Council (which appeared in the April 
issue of the Jo~r~rcrl) n~cnlbers will have 
read about the setting up of the Pro- 
fessional Grade Committee; at this 
meeting members of Council had before 
them the document prepared by this 
newly formed Comniittee setting out 
details of the optional professional grade 
for notification to members of the 
Association through the pages of the 
Jourrral. Considerable discussion took 
place and certain minor amendments 
were made, but in principle the docunlent 
was accepted as a basis for the announce- 
ment to the Members, and it will be 
published in a later issue of the Jo~wrrrrl. 

Following the recent postal strike and 
in view of further increases in charges 

Irish Section 
Annual General Meeting 
On the 19 March 1971, the 6th AGM 
of the lrish Section was held in the 
Clarence Hotel at 8.15 p.m. 

The Chairman, Mrs .  McWade, presided 
and 16 members attended. At the meeting 
the following officers were elected: 

Chairman: Mr F. D. H. Sharp; Imme- 
diate past Chairman: Mr S. McWade 
(Ex-Officio); Hon. Secretary: Mr M. J. 
O'Hanlon; Hon. Treasurer: Mr J. Cor- 
rigan; Hon. Publications Secretary: Mr 
A. Richards; Hon. Programme Secre- 
tary: Mr D. Power; Hon. Technical 
Training Officer: Mr G. F. Jones. 
Committee: Mr R. C. Sonierville, Mr 
K.  O'Callaghan, Mr K. V. Wheatley, 
Miss P. A. Magee, Mr D. Berry, Mr R. 
Shaw. 

Following the AGM, an "Open 
Forum" was held, the subject being the 
"Effects that entry into EEC would have 
on the paint and printing industries in 
Ireland." The incoming Chairman, 
Mr F. D. H. Sharp, presided. 

later in the year, the importance was 
stressed, particularly to Section Chairmen 
and Representatives, of sumcient time 
being allowed for all Section notices, etc., 
to be sent second class mail and for 
co-ordination between Section Branches 
and St~ldent Groups to avoid unnecessary 
duplication and expenditure. Information 
about functions open to all Sections 
shoi~ld be sent to the Association well in 
advance so that a circular could be 
included in an issue of the Jorrrrrol. 
rather than being sent as a separate 
notice. 

The meeting then received reports on 
the activities of the various Sections; 
Council was saddened to learn of the 
recent death not only of the Hon. 
Treasurer of the Manchester Section, Dr 
T. I. Kyle, but also the Section's Auditor, 
Mr F. A. Walker, as well as the Hon. 
Social Secretary of the West Riding 
Section, Mr D. T. Young. 

Treasure Hunt 
Saturday 22 May saw the lrish Section's 
first event in their Summer programme. 
This took the form of what has now 
become an annual event, namely, a 
Treasure Hunt. 

Sixteen stolid crews braved the in- 
clement weather and set out on a tour 
of South Co. Dublin. Having counted 
innumerable objects, all competitors 
arrived at the half-way stage where the 
Hon. Secretary, armed with a flagon of 
beer. sent them on their way. Eventually 
they found themselves in a car park where 
after a driving test which proved whether 
or not they could reverse, the travel worn 
tcams made their way to the home of the 
Chairman and his wife, where they were 
cnough revived by food and drink to 
dance ~ ~ n t i l  the early hours. 

The Committee's thanks are due to 
Mrs E. O'Hanlon, Mrs B. Sharp, Mr S. 
Hull and Mr K. Wheatley for their efforts 
in ensuring the success of the event. 

J.O'H. 
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Golf outing 
What has now become known as the 
Irish Section's Golfing Society (as we 
were described by the Golf Club) held its 
.annual outing at Clontarf Golf Club on 
Friday 1 1  June. 

Once again, the weather did not favour 
us, nevertheless 21 enthusiasts braved the 
monsoon to struggle round a course 
which contained many natural and man- 
made hazards to compete for the John 
Kershaw Memorial Trophy. 

The tournament was followed by a 
meal, at which the prize winners were 
presented with their prizes by the Chair- 
man, who stated that he was delighted 
that on this occasion the trophy shoi~ld go 
to one of the Section's new Members, 
Mr N. Caulwell, at his first attempt. The 

second Members' prize went to Mr D. 
Godden, who has won this event since its 
inception. The visitors' prize was pre- 
sented through the generosity of Phillips 
Dufar and was won by Mr C. Day 
(ironically enough one of our bearded 
visitors), taking the form of a cordless 
shaver. The Chairman was pleased to 
present Mr A. Kershaw (son of the late 
lrish Section Treasurer in whose memory 
the trophy is named) with the runners-up 
prize for the visitors. Mr A. Berkley took 
the booby prize and Mr L. Bredin, the 
visitors' booby. 

The Committee's thanks are extended 
to Mr R. Shnw and Mr D. Godden for 
the work they did in organising this very 
successful event. 

J.O.H. 

West Riding Section 

t\'cst Ititling 1.rrrirlicon 1,ecturc (Irlt to right) h l r  'I'. I<. Sniit l~ (Hon. 
'I'rcasurcr. West Itiding Section), Rlr A. 'l'ilcy, .I.['.. Mrs li. Driver 
(Cliairnian, West Riding Section), Rlr I). Rlorris (tion. Secretary, \l'est 

I< i t  ling Section) 

High risk and export insurance intcrsperscci with anecdotes of his experi- 
The third annuai luncheon I~~~~~~~ of enccs-in the House of Con~mons when an 

West Riding Section was held at the MP. Ncvcrthelcss, several serioug points 
wcrc made, partic~ilarly on methods of 

Astoria Restaurant, Lccds, on Friday ,,,iniIllising ,ire risk and llence prenlillms, 
14 May 1971. which Icd to :I brisk discilssion period. 

The speaker was Mr A. Tilcy, .I[', who All present heartily endorsed the vote 
dealt with the subject "Higll risk and thanks proposcd hy MI- T. R. Smith. 
export insurance" in a lighthcartccl vein R.A.C. 
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Register of Members 
The following elections t o  membership have been approved by Council. The Sections 
to which new members are attached are  given in italics. 

Ordinary Members 
BUSHILL, JOHN DAVID, BA, Shell Chemicals UK Ltd.. Villiers House, Strand, 

London WC2. ( Lonchn) 
DAVIF., ALEXANDER KNIGHT, 19 Bcllinwood Chase. Wilmslow Park, Wilmslow, 

Cheshire. ( Mnnclr~stc~r ) 

FRENCH, ERIC L., 39 Swakeleys Drive, Ickenhani, Middlescx. ( Lo11(/011) 

HFSTFR, NIGEL LEWIS, 248 Broadway, Woodlands Estate. Featherby Road, 
Gillingham, Kent. ( Lo~rtloir) 

NISRFI.  PFTER SAMUEL, RSc, A. B. Fleming & Co. Ltd., 170 Glasgow Road, 
Edinburgh 12. (Scottis11-Errstern Brunch) 

PORJOY, REGINALD CLAUI>I., 12 Selkirk Road. Kansenji, Ndola, Zambia ( P O  Box 927. 
Ndola). ( 0 vcr.scws) 

S H A C K L ~ T O N ,  RONALD, FRIC, Downhills, Woodhill Avenue, Gerrards Cross, 
Buck inghanishire. ( Mtrrrclrc~stc~r ) 

SMITH, LEONARD PEKCIVAI , Willow Creck, 2 Broom Water West, Teddington. 
M iddlesex. ( Loncloir ) 

V F S S E Y ,  ERIC, 3 Princess Road, Anderton, Chorley, Lancashire. ( Mmrclrrsf~r) 

Associate Members 
GRILLO, CLEOMAK ALBR~CI-11, Rua T u i ~ ~ t y  474, Caixa Postal 48, Indaiatuba, Est. 

Paulo. Bra7il. ( 0 r.cr.scla.s) 
R ~ A .  Ron1 R I  N., 8 St. A11thc)ny's Avenue, Clondalkin, Co. Dublin, Ireland. (Irish) 

Student Members 
ALLAN, BRIAN CHAKLI-S, 2 Mi l i rho~~sc  Place West, Edinburgh. (Scottish) 

E D M ~ N D ,  BRIAN, 44 Wynierslcy Road, Hull, Yorkshire. (London) 

GRAHAM,  RC)I)GER WILLIAM, Wardlcy Chemicals Ltd., Grcenhay Place, Skelmersdale, 
Lancashire. ( M ~ n c h c s t c ~  ) 

Section programmes for 1971 -72 
session 
Main Association events 
1972 at the Savoy Hotel, London WC2. 
Monday 17-Friday 21 April 

OCCA 24 Technical Exhibition. To be 
held a t  the Empire Hall. Olympia, Wednesday 7 June 
London. Annual General Meeting, to be held a t  

Friday 12 May Wax Chandlers' Hall, Gresham Street, 
Association Dinncr Dance. to  hc held Loncion. 
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Bristol 
All meetings will be held at the Royal Hotel, Bristol, at 7.15 p.m. unless otherwise 
stated. 

1971 1972 

Friday 24 September Friday 28 January 
Joint meeting with the Institute of Chairman's Address. "Some aspects of P r i n t i n g ,  Wes te rn  Branch .  

metal pretreatment and priming" by ..Practical dispersion,- by Mr  
Mr P. L. Gollop. J. Groom and Mr M. Baker of Sandoz 

Products Ltd. 
Thursday 7 October 

"The future of plastics." Joint meeting Friday 25 February 
with the Birmingham PVL Club, to be A lecture by Professor E. M. Evans of 
held at the Imperial Hotel, Birming- BP Chemicals International Ltd., to be 
ham. held at the Angel Hotel, Cardifl'. 

Friday 29 October 
Wednesday 15 March 

Ladies' Evening. "Paint, art, coloi~r Annual Dinner Dance, to be held at 
the Mayfair Suite, Bristol Entertain- and heraldry" by Dr S. H. Bell of the ments Centre. Paint Research Association. 

Friday 31 March 
Friday 26 November "lndiutrial relations in the surface 

"Quality control." Discussion evening. coatings industries" by Mr J .  L. 
Panel: Mr W. S. Grainger of Berger Thomas of the University of Bristol, 
Hall Paints, Mr D. S. Newton of Department of' Extra Mural Studies. 
British Steel Corporation, and Mr 
J.  R. Taylor of BP Chemicals Inter- Friday 28 April 
national Limited. Annual General Meeting. 

Hull 
All meetings will be held in the Bullock Lecture Theatre at the Hull College of 
Technology, at 7.00 p.m., unless otherwise stated. 

1971 
Monday 4 October 

"Practical pigment dispersion" by Mr 
J .  R. Groom and Mr M. Baker of 
Sandoz Products Ltd. 

Friday 8 October 
Annual Dinner and Dance. 

Monday 1 November 
"Some aspects of drying oils tech- 
nology" by Mr G.  H. Hutchinson of 
A. B. Fleming & Co. Ltd. 

Monday 6 December 
"Emulsion polymers for exterior paints 

-a co~nparative study" by Mr. K.  Safe 
of Vinyl Products Ltd. 

1972 
Monday 3 January 

"Current thinking on flame retardant 
paints" by Mr A. G. Walker of 
Associated Lead Manufacturers Ltd. 

Monday 7 February 
"Powder coatings" by a speaker from 
Shell Research 1,td. 

Monday 6 March 
Ladies' Evening. A conducted tour of 
the Hull Art Gallery, by the Director. 
Mr Bradshaw. 



Irish 
All meetings will be held at the Clarence Hotel, Wellington Quay, Dublin, at 8.00 p.m., 
unless otherwise stated. 

1971 1972 
Friday 17 September Friday 21 January 

"The efficient use of titanium dioxide "Magazine production by the web 
pigments in organic compounds" by ofl'set process" by C. F. Jones of Irish 
Mr J. G. Hoogerbeets of NV Titaan- Printing Inks Ltd. 
dioxydefabrik Tiofine. 

Friday 18 February 
Friday 15 October "The treatment of timber" by Mr P. J. 

"Factors which affect the efficiency of Coyle of Pr0tim (Ireland) Ltd. 
ball niilling" by Dr W. Carr of CIRA- 
GElGY (UK) Ltd. Friday 24  March 

"Solvents" by Dr D. H. Schiirer of 
Friday 29 October Shell Research Ltd. 

Annual Dinner Dance at the Tara 
Towers Hotel, Dublin. Reception at Friday Z1 April 
8.00 p.m. Annual General Meeting, followed by 

an open forum. 
Friday 19 November 

"Powder coatings" by Mr Lonsdalc of Friday 20 May 
BJN Paints Ltd. Annual Treasi~re Hunt. Details to be 

announced. 
Friday 10 December 

Ladies' Night. A talk "Reminiscences" Friday 16 June 
by Dr F. W. Stoyle of Protim (Ireland) Annual Golf Outing. Venue to be 
Ltd. announced. 

London 
All meetings will be held at the Polytechnic of the South Rank at 7.00 p.m., unless 
otherwise stated. 

1971 Friday 19 November 
Wednesday 13 October Ladies Night, to be held at the Strand 

"Chairmanqs Forum: Cost etfectiveness Palace Hotel, 7-00 for 7.45 P.m. 
and profitability in the paint industry." 
by Mr D. E. Eddowes, to be held at 
2.15 p.m. 

Wednesday 10 November 
"Changes in the physical characteristics 
of paint films in difl'eringenvironments," 
by Mr R. L. J. Morris, of the Quality 
Assurance Directorate (Materials), to 
be held at the East Ham Technical 
College. 

Wednesday 8 December 
"What's 'bugging' your paint?" by 
Catherine E. Skinner. of the Paint 
Research Association. 

Monday 13 December 
Joint Meeting with the Colloid and 
Surface Chemistry Group of the SCI. 
"Colloidal aspects of printing inks." by 
Dr W. Carr, of CIBA-GEIGY (UK)  
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Ltd., to be held at 14 Belgrave Square, 
London SW I, at 6.00 p.m. 

1972 
Wednesday 12 January 

"The effects of lithographic ink ingre- 
dients," by Mr J. R. Groom and Mr 
K. Atkinson of Sandoz Products Ltd. 

Wednesday 26 January 
Symposium: "Surface coritings, their 
use and abuse. No. 2, Building paints," 
to be held at 2.15 p.m. 

Wednesday 9 February 
"A new approach to the preparation of 
alkyds based on the glycidyl ester of a 
branched chain acid," by Mr G. Rossa 
of Shell Research Ltd. 

Wednesday 8 March 
"Statistical evaluation of colour differ- 
ence formulae," by Mr K. McLaren of 
ICI Ltd. Dyestuffs Division. 

April 
AGM. date to be arranged. 

Southern Branch 

All meetings will be held at the Pendragon Hotel, Southsea, at 7.00 p.m., unless 
otherwise stated. 
1971 Polytechnic, Burnaby Road, Ports- 
Tuesday 19 October niouth, at 7.30 p.m. 

"Vinyl resins in surface coatings" by 
Mr D. .I. Silsby of Bakelite Xylonite 
Ltd. 

Tuesday 16 November 
"Masonry finishes," by a speaker from 
the Cement Marketing Board. 

1972 
Thursday 20 January 

Joint meeting with the Institute of 
Metal Finishing. "Electrodeposition," 
by Mr McKay of Berger Paints Ltd. 
to be held at the Lecture Theatre. 
Chemistry Department Portsmouth 

Tuesday 15 February 
"Reflections on an industry," by Mr 
D. E. Eddowes of Paint, Oil and Colour 
Journal. 

Tuesday 14 March 
"Zinc phosphate-its history and 
development," by Mr M. Rendu of 
Imperial Smelting Corporation (Alloys) 
Ltd. 

Friday 26 May 
Annual General Meeting and Social 
Evening. 

Manchester 
All meetings will be held at the Manchester Literary and Philosophical Society, 
36 George Street. Manchester I, at 6.30 p.m., unless otherwise stated. 
1971 Friday 22  October 

Friday 8 October Annual Dinner Dance, to be held at 
the Piccadilly Hotel, Piccadilly Plaza, 

"The fibre optics calorimeter and its I .  
applications for industrial colour con- 
trol," by Dr I .  G. H. lshak of The Friday 12November 
paint ~esea rch  Association, to be held "Themanagement ofhuman resources," 
at the Bolton Institute of Technology. by Mr J.  Munro-Fraser of the Univer- 
Deane Road, Bolton. sity of Aston-in-Birmingham. 
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Wednesday 8 December 
"Continuous production lines for paint 
manufacture," by a lecturer from VEB 
Konstrukt ions und l ngenieurburo 
Chemie, to be held at the Royal 
Institution, Colquitt Street, Liverpool I, 
at 6.30 p.m. 

1972 
Friday 14 January 

"Pyrolysis gas chromatography," by 
Mr C. E. Roland Jones of Vinyl 
Products Ltd. 

Friday 1 1  February 
"Chrome pigments up to date," by Dr 

D. A. Plant of ICI Ltd., Dyestuffs 
Division. 

Thursday 9 March 
Joint Meeting with the North Western 
Branch of the Institute of Printing. 
"Future trends in the printing and 
comnlunication industries in the seven- 
ties," by Mr H. Sander of the Bonnier 
Group, to be held at the Royal Insti- 
tution. Liverpool. 

Friday 14 April (provisional date) 
Annual General Meeting. Venue to be 
advised. 

Student Lectures 

1971 1972 
Wednesday 15 September Wednesday 12 January 

"Formulation of two-pack epoxy "Chlorinated rubber in inks and 
paints," by Mr A. McWilliam of surface Coatings," by Dr D. R. Sayers 
England, Hughes, Bell & Co. Ltd., of ICI Ltd. Mond Division, to be held 
to be held at 4.30 p.m. at 4.30 p.m. 

Wednesday 13 October 
"A review of printing inks and printing Wednesday 29 March 
processes," by Mr F. Lewis of W. P. M. "Modern applications of polyure- 
Colour & Adhesives Co. Ltd.. to he thanes," by Mr A. C. Jolly of Synthetic 
held at 4.30 p.m. Resins Ltd., to be held at 4.30 p.m. 

Midlands 
All meetings will be held at the Birmingham Chamber of Commerce and Industry. 
75 Harborne Road, Birmingham 15, at 6.30 p.m., unless otherwise stated. 

1971 Friday 19 November 
Friday 17 September "Oil free alkyds," by Mr A. G. North 

Ladies Evening. to be held at the of Gray Products Ltd. 
Westbourne ~uyte,  Botanical Gardens, 
at 7.00 ~ . m .  1972 

Friday 21 January 
Friday 24 September Annual Dinner Lecture. "Coil coating 

"Chlorinated rubber marine paints," in the seventies," by Mr P. D. 
by Mr C. G. Reid of ICI Ltd. General Winchcombe of British Steel Corpora- 
Chemicals Group. tion. 

Friday 15 October Friday 18 February 
"The importance of electrokinetics in "The changing structure of the paint 
electrodeposition." by Professor G. D. industry," by Mr D. E. Eddowes of 
Parfitt of Tioxide International Ltd. Paint. Oil and Colour Journal. 
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Friday 17 March Friday 14 April 
Annual J. Newton Friend Lecture. Annual General Meeting. 
"Antiques," by Mrs D. I .  Bamber of 
J. & D. I. Bamber Ltd., to be held at 
7.30 p.m. 

Trent Valley Branch 

All meetings will be held at the British Rail School of Transport, London Road, 
Derby, at 7.00 p.m. 

1971 
Thursday 14 October 

Joint meeting with the East Midlands 
Branch of the Institute of Metal 
Finishing. "Corrosion and the auto- 
mobile" by Mr H. L. Quick of Chrysler 
U K  Ltd. 

Thursday 11 November 
"Chromate and phosphate pigments in 
anii-corrosive primers" by M r H. F. 
Clay and Mr J. H. Cox of SCC 
Colours Ltd. 

Thursday 9 December 
"A layman's view of paint" by Mr 
J. R. Bourne of Mebon Ltd. 

1972 
Thursday 10 February 

"Micronised pigments and  future 
developments" by a speaker from 
Bayer Chemicals Ltd. 

Thursday 9 March 
"Examination of paint systems using 
the scanning electron microscope" by 
Mr H. Wells of the Quality Assurance 
Directorate (Materials), Ministry of 
Defence, Woolwich. 

Thursday 6 April 
Annual General Meeting, followed by 
"Printing banknotes" by Mr D. R. 
Lowther of Thomas de la R L ! ~  & Co. 
Ltd. 

Newcastle 
All meetings will be held at the Royal Turks Head Hotel, Grey Street, Newcastle 
upon Tyne, at 6.30 p.m. 

1971 
Thursday 7 October 

"The fibre optics colorimeter and its 
applications for industrial colour 
control," by Dr I .  G .  H. lshak of 
The Paint Research Association. 

Thursday 4 November 
"Hazard analysis-a quantitative 
approach to safety," by Mr T. A. 
Kletz of ICI Ltd., Heavy Organic 
Chemicals Division. 

Thursday 2 December 
"Flame retardant coatings-the whys 
and wherefores," by Mr A. G. Walker 
of Associated Lead Manufacturers Ltd. 

1972 
Thursday 6 January 

"The use of zinc oxide in photocopying 
techniques," by Mr P. .I. Robinson of 
Durham Cheniicals Ltd. 

Thursday 3 February 
"Alpha-olefins, new monomers for 
surface coatings," by Mr A. Laws of 
Resinous Chemicals Ltd. 

Friday 18 February 
Annual Dinner Dance. 

Thursday 2 March 
"Inorganic zinc rich priniers," by Mr 
D. S. Newton and Mr M. Rendu of the 
Imperial Smelting Corp. Ltd. 

Thursday 6 April 
AGM. 



Student Group 

All lectures will be held at the Newcastle Polytechnic, Ellison Place, Newcastle upon 
Tyne at 3.00 p.m., unless otherwise stated. 

Wednesday 13 October Wednesday 12 January 
Visit to Tioxide International weather- "Marine paints" by Dr T. Banfield of 
ing station at Carlton. British Paints Ltd. 

Wednesday 10 November 
"Paint formulation" by Mr H. Caddell Wdnesday February 
of International Paint Co. Ltd. 

To be arranged. 
Wednesday 8 December 

"Instrumental coloi~r measuren~ent" 
by Mr J. Bravey of British Paints & Wednesda~RMarch 
Chemicals. Film show. 

Scottish 
All meetings will be held at the St. Enoch Hotel, St. Enoch Square, Glasgow, at 
6.00 p.m., unless otherwise stated. 

1971 Thursday 20 January 
Thursday 14 October "Modern trends in printing inks," 

"Personalised marketing," by Mr W. A. by Mr G. H. Hutchinson of A. B. 
Cooni of the lnternational Life Fleming & Co. Ltd. 
Assurance Co. ( U K )  Ltd. 

Thursday 1 1  November Thursday 10 February 
Joint Meeting wit11 the British Paper 
arid Board Makers' Association: "The effect of recent changes in 
"Amino resins..-their use i n  the surface shipbuilding processes on ship paint- 
coatings and paper industries" by ing," by Dr D. Atherton of Craig 
Mr R. McD.Barrett of BIP Chemicals Hubback Ltd. 
Ltd., to be held at 6.45 p.m. 

Thursday 9 December Thursday 9 March 
"Modern trends in building and 
building finishes, including paints," "Some aspects of managing a new town 

by Mr D. K. Barren of the Building Mr 

Research Station. G. B. Young of East Kilbride Develop- 
ment Corporation. 

1972 
Friday I4 January 

Annual Dinner Dance. 
Friday 7 April 

AG M and Smoker. 



Eastern Branch I 

All meetings will be held in the Carlton Hotel. North Bridge, Edinburgh, at 7.30 p.m.. 
unless otherwise stated. 

1971 mcnt in ink technoloav." bv Mr G.  H. 

Wednesday 20 October Hutchinson of A.-- H. ~leming  & 
Co. Ltd.. to bc held at 6.45 p.m. 

"Developnlents in water-based surface 
coatings," by Mr A. J. Becalick of 
Lennig Chemicals Ltd. Wednesday 26 January 

Wednesday 17 November 

"Acrosols, past, prescnt and future," 
by Mr D. Lake of D. H. Industries Ltd. 

"Pollution"--Joint meeting with 
BPBMA in Aberdeen. details lo bc l6  February 
arranged. 

Wednesday 15 December 

"Some problenls of ink and paper 
performance in printing," by M r 
E. W. Peacock of PIRA. 

"Inter-personnel relationships," by Mr 
R. M. McKenzie of the Department Wednesday 22 March 
of Business Studies. Edinburgh Filnl night. Film by Hocchst UK Ltd. - 
University. 

1972 
Wednesday 19 April 

"Airless spray applications," by Mr 
Tuesday 1 1  January D. I. Muirhead of Wni. Sim & Sons 

Joint meeting with RPRMA. "Devclop- (Paints) Ltd. 

Student Group 

All nieetings will bc held at the St. Enocli Hotcl, Glasgow, at 10.00 il.111. 

1971 1972 
Friday 1 October Saturday 22 January 

"The properties of anti-corrosive pig- "Thc future of plastics" by Dr N. 
ments" by Mr .I. Bowden of Craig- Grassc of the University of Glasgou. 
Hubbuck Ltd. 

Saturday 13 November 
"Exploration of the North Sea for Saturday 12 February 
fuel" by Mr Junor of RP Cheniicals Works visit to Outram Press. 
International Ltd. 

Saturday I f  December 
Joint meeting. "Organic pigments for Saturday 1 1  March 
use in printing inks" by Mr D. Whitc Annual Gcneral Meeting, followed by 
of Farbwerke Hoechst AG. :I general knowlcdgc quiz, 
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Thames Valley 
All meetings will be held at the Beech Tree Hotel. Maxwell Road. Beaconsfield, 
Buckinghamshirc, at 7.00 p.m.. ~ ~ ~ i l e s s  otherwise stated. 

1971 bv Mr J. R. Taylor of BP Chemicals 
Thursday 23 September international  id. and Mr R. G. 

Kinsman of Winstones Ltd. 
"The consunlers' association the aims 
and achievements," by Mrs A. Williams Friday 4 February 
of the Consun~ers' Association. 

Buffet Dance. to be held at "Great 
Thursday 21 Octoher Fosters," ~ ~ h a n ~ .  

"Pollution," by Dr R. H. Brown Thursday 24 February Scientific Adviser to the Greater 
London Council. "Training for the paint and printing 

ink industries." bv Mr A. R. H. Tawn 
Thursday 25 November of Cray valley ~ i o d u c t s  Ltd. 

"The philosophy of paint test ing." by Thursday 23 March Mr T. R. Bullet1 of Thc Paint Research 
Association. "Powder coatings," by Dr 0 .  Bruss~nan 

of BASF AG. 

1972 Thursday 20 April 
Thursday 20 January AGM followed by a talk by Mr 

"Painting and printing on plastics," Conipton of the Thanies Conservancy. 

Student Group 

All meetings will be held at the Main Lecture Theatre. Slough College, at 4.00 p.m.. 
unless otherwise stated 

1971 1972 
Tuesday 5 October Tuesday I l January 

"Metal pretreatment," by MI. P. "Colour," by Mr R.  SelT: of ICI Ltd. 
Burden of Pyrene Ltd. Paints Division. 

Tuesday 2 November 
"Acrylic resins." by Mr A. R.  H.  Tawn 
of Cray Valley Products Ltd. 

Tuesday 7 Decemher 
Open invitation lecture lo scnior 
members. "Microbiology and corro- 
sion." by Dr E. Pankhurst of the Gas 
Council. 

Tuesday 8 February 
Works visit lo a furniture factory. 
Meeting in Slough College Car Park, 
at 1.00 p.m. 

Tuesday 14 March 
"Titaniun~ dioxide-manufacture and 
treatment," by a speakcr from Laporte. 

'I'uesday 2 May 
"Analysis of paint lilms," by Mr N. 
Falla of The Paint Research Associa- 
tion. 
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West Riding 
All meetings will be held at the Griffin Hotel, Boar Lane, Leeds I ,  at 7.30 p.m., 
unless otherwise stated. 

1971 
Tuesday 14 September 

"Microbiology in paints," Speaker 
to be arranged. 

Tuesday 12 October 
"Pigmentation of plastics." by Dr 
Armstrong. 

Tuesday 9 November 
"Silicates," by Mr K. Loftnian of the 
Cabot Corporation. 

Tuesday l l .January 
"Functions of the Factory Inspec- 
torate," by Mr P. F. .I. Buchanan, 
HM Inspector of Factories. Leeds 
West District, Factory Inspectorate. 

Tuesday 8 Fcbruary 
"Industrial surface coatings and the 
paint industry," by Mr F. Ariitage of 
Sherwin-Williams. 

Friday 26 November Tuesday 14 March 
Annual Dinner and Dance. to be held Speakcr to 
at the Crown Hotel, Harrogate. be arranged. 

Tuesday 14 December 
"Flexographic printing inks," Speaker Tuesday 1 1  April 
to be arranged. Ann~tlil Gcne~.;~l Meeting. 

Forthcoming Events 
Details are given of rneetings in the Utritetl Kirrgdonr lip to the erltl of /lip rnorrth f i~llo~r. ir~.  
publication, und in South Africa and the Conlr~lorrwealth rrp to the enci cd the wcotrd rno~~tll. 

Wednesday 15 September 
Moricl~cstc~r Scction -St~clc.nt Grorip. 
"Forniulation of two-pack epoxy 
paints" by Mr A. McWilliam (England, 
Hughes Bell & Co. Ltd.), to be held at 
the Manchester Literary and Philo- 
sophical Society at 4.30 p.m. 

Friday 17 September 
Iris11 Sc~ctiolr. "The efficient use of TiO, 
pigments in organic conlpounds" by 
Mr J.  G.  Hoogerbeets of N V  Titaan- 
dioxydefabriek Tiofine, to be held at the 
Clarence Hotel, Wellington Quay, 
Dublin, at 8.00 p.m. 
MidI~rr~ls Smtiori. Ladies' Evening, to 
be held at the Westbourne Suite. 
Botanical Gardens, Birmingham, at 
7.00 p.m. 

Thursday 23 September 
T1irmic.s Vrrl1e.r~ Sccfior~. "The Con- 
sun~ers' Association-the aims and 
achievenients" by Mrs A. Williams of 
the Consumers' Association, to be held 
at the Beech Tree Hotel, Maxwell 
Road, Beaconsfield, Bucks. at 7.00 p.m. 

Friday 24 September 
Micllcrtrrl.~ Sc~tiort. "Chlorinated rubber 
marine paints" by Mr C. G. Reid of 
General Chen~icals Group, Imperial 
Chemical Industries Ltd., to be held at 
the Birmingham Chamber of Com- 
merce and Industry, PO Box 30, 
75 Harborne  Road ,  Birmingham 
€315 3DH. at 6.30 p.m. 



Continuous production on our varnish 
plant enables us to supply Oleo-Resinous 1 media at highly competitive prices. 1 

r ~ a n u f a c t u r e d  under  strict t;chnical 
control t o  your o w n  specifications or 
our formulations. 

HARDMANS I 
VARNISH MEDIA 

I E. HARDMAN,  SON & CO., LTD. 
'Varnish Makers to the Paint industry' Bedford Street, Hull  . Tel 0482 23902 

- 

Have you considered sib-tropical Florida's 
severe natural weather testing for creating colour s u b - T ~ O P I C ~ I  brochure 
superior products ? 

Since 1929 many leaders have u t ~ l ~ s e d  

SUB-TROPICAL TESTING SERVICE 
For economical-dependable-rapid-natural weather tests of * paints * chemical coatings * plastics * textiles * fabrics * related products * 

(List of representative clients given upon request) 

For our customers' 
assurance of r-3 

durability we have 
weathered 

*a: I 

169 Sub 
41 years I Tropacnl 

MI nr 

Sub-Tropical Testing is trusted world wide for aid to technology 
For colourful data, no charge, w r~ te  at once to 

Mr. C. Hubbard Davis, President Sub-Tropical Testing Serv~ce, Inc. 

We'd l ~ k e  to send YOU p.0. Box 876 Miami, Florida 33156, U.S.A. ( d " , ' ~ I ~ h ~ ~ ~ , " d , ' k 3 5  3111) 
now the data you may 

well need soon I Sub-Tropical Testing gives fastest Natural Weather teats available 



HEAVYDUTV arl.. 

*Write now for brochure 
showing full range of Greaves 
mixers to Dept. (JOCCA). 
JOSHUA GREAVES & S O N S  LTD. 

RAMSBOTTOM, BURY, LANCS. 
Telephone: RAMSBOTTOM 3159 

Oil & Golour Ghemists' 
Association 

PAINT 
TECHNOLOGY 
MANUALS 
The second editions of 

1 Non-convertible Coatings 

2 Solvents, Oils, Resins 
and Driers 

are now available 

Chapters on the latest 
developments In their field have 
been added to each volume 

The price of the 2nd edition is f 1.80 per 
volume. 

Still available in 1st edition is: 

6 Pigments, Dyestuffs and 
Lakes 

The price of fhe volume is  f 1.75 

The following parts: 
3 Convertible Coatings 

4 The Application of Surface 
Coatings 

5 The Testing of Paints 
are now in the course of reprinting. 

CHAPMAN & HALL LTD. 
11 New Fetter Lane, 
London, E.C.4 
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For t he  f i r s t  t ime  Associated Lead n o w  
o f fe r  pa in t  manufacturers a complete 
three-coat Calcium Plumbate system 
wh i ch  ensures per fect  in tercoat  
adhesion. It is no surprise that this technical 
triumph began in Associated Lead's 
laboratories. Here the unique rust inhibitor, 
Caldiox Calcium Plumbate, was developed 
many years ago and perfected in a formulation 
for a primer that was soon accepted by the 
world. Associated Lead carried research to a 
further crucial stage and have solved the far- 
from-easy problem of introducing Calcium 

Plumbate t o  t he  undercoat and f in ishing 
coat  as well, thereby achieving corrosion 
protection throughout the paint system. 
We offer the formulation of this unique 
three-coat anti-corrosion system to any 
interested manufacturer - free. 
Need we say more ? 

ASS OC~I/YI'E 13 1,1i/A13 
ASSOCIATED LEAD MANUFACTURERS LIMITED 
Clements House. I 4  Gresham St.. London E.C.2. 
Crescent House. Newcastle-upon-Tyne, NE99 1 GE 
Lead Works Lane. Chester CHI  3BS 



TheUnileverdEmery 
dimer acid story 

'I'lle e x t r ; ~  Ic:ngtll of linilevc.r~-IS~~t(~~'~r (lil~lrr it(-id 
~noloc:rrlcs is tllc hca1.1 ol' l l ~ c  slory. 

A story (i f  ;L c!sscwtiirlly i~liplli~tic*, t l i c~ i~~~l~osy l ic  
:wid. t l ~ i ~ t  intl1iu.1~ gl.catcla I'lclsil)ilily ( i t l l t l  tougl~~toss) 
to yotrr. ~)roclucls. 

I'~+oducls like [)olyirlnido rcsills, su~*f;~c~c: tboilling 
~ ~ c s i n s ,  ~)olyurctlharlr~s clntl ltrl)ricaltls. 

'l'l~c 11-I< (Iitt~cv :~c,i(l s101-y gels 1011gc:r it1111 lo~lgcn~,... 
a I*allgcl of ditllclr i~cids co11~1i11ltly cx~)ir l idi~~g to ~ l l t ~ * t  
spcc:ific nrctls from oul* ct~slolncl.s .... like you. 

Hut ulllilie lnost stories, lllc 11-15 tlinlcbr story is 11.uc. 

~lNiI,R\'I<I~-NMI<I~Y N.V.- l'.O. l3OX !! - ( i O l l l > A  -lfOiaIANi) 
Sale:; office for lJnitcd Kingclomll~~elund : U-1S Chemicals (U.K.) I,tci. - Hillgate House, Oicl Hailey - Lonclun E.C.4. 

Sales office for W.-C;er~nanylAustri~Switze~.Iinl  : 11-15 Cl~el~~ici~ls (;1n1)11 - 3 I)iissel(lor.f - In~~~~c~l~l~~annstlxsse 13. 
Sales agents in all princ8ipal countries of the worltl. 
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Classified Advertisenients are charged ;it the rate ot 50p per line. Advertisements for 
Situations Wanted arc charged a t  l 2 j p  p'er line. A box nunibcr i s  charged at 5p. 
I hey should be sent to the IDirector & Secretary. Oil & Colour Chemists' Association. 

Wax Chandler.,' Hall. Gresham Street. I.ondon. E.C.2. Telephone: 01-(>Oh 1439. 

SITUATIONS VACANT 

INSTITUTE FOR INDUSTRIAL RESEARCH AND STANDARDS 

a PAINT TECHNICIAN 
(Chemistry Department) 

Applications are invited for the above post in the Surface Coatings 
Section of the Chemistry Department. 

This post is intended for a technician with at. least two years' laboratory 
experience in the field of paint technology. 

Appointment will be made at Technician Grade 1 level; minimum 
academic qualifications:- 

Science Laboratory Technicians' Certificate of the City and 
Guilds of London Institute, or two approved science subjects 
at G.C.E. Advanced Level, or an approved equivalent. 

SALARY:  within the range £1,167-£1,690 per annum. 

CONDITIONS: five-day week; non-contributory Superannuation 
Scheme, contributory Widows' and Children's Pension Scheme. 

Application forms are available from THE PERSONNEL MANAGER, 
INSTITUTE FOR INDUSTRIAL RESEARCH A N D  STANDARDS, 
BALLYMUN ROAD, DUBLIN 9, who should receive completed forms 
not later than 24 August 1971. 

SITUATIONS WANI'ED 

London Member. aged 50, requires situation TECHNICAL EXHIBITION 
in one of the following:- - 

Devclopmcnt: Raw Material Testing: OCCA 24 17-21 APRIL 1972 
Testing of' Paints. Inks or Paper: - 

Technical Buying: Statistics: Costing: 
Technical Service or Rcprcscntution; 

EMPIRE HALL, OLYMPIA, 

Colour Matching. L O N D O N  

Write to Box No. 337. 
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PA 
ADVERTISING 

Technical Manager 
Litho Inks 

A well established Ink Company in the South of England is 
seeking a Technical Manager with thorough knowledge and 
several years' experience of the forrnulation and development 
of Litho Inks. The Company is aiming to expand its activities 
considerably in this field and the position offers the 
opportunity to take a leading part in an organisation for 
which growth is planned. 

The successful applicant will, on appointment, be responsible 
to the Technical Director for the management of his 
laboratory. 

Initial salary and other benefits will reflect the importance 
of the position. Assistance will be given with removal, where 
necessary, to an attractive part of the country. 

(Ref. C2285/JOC/Manager) 

REPLIES wi l l  be forwarded direct, unopened and i n  confidence to  the cllent 
unless addressed to  our  Security Manager listing companies t o  which they 
may not be sent. They should include comprehensive career details, not  
refer t o  previous correspondence wi th  PA and quote the reference on the 
envelope. 

P A  Adve r t i s i ng  L im i ted ,  2 A l b e r t  Gate. L o n d o n  S W I  X 7JU 
T e l  : 0 1-235 6060 



themove Porter Lancartrian 

introduce transportable Portatanks 

for the Paint Industry 

combine all the feat1 
static Portatan k-Bul k storage 

1 Po 
J res 
in 

~rtatan ks 
o f  the 

air free 
conditions-elimination o f  oxidisation-no cleaning-maximum 
economy and now the PLUS transportable Portatanks enable 
you t o  move your paint in bulk wi th  all these features. 
Additionally a stirrer can be incorporated and Portatanks can 
simply be pressurised for coupling t o  spray equipment.-Want 
t o  know more ? 

For full technical information contact : 

BAYLEY STREET, BOLTON, LANCS. Telephone: Bolton 331 I I 

Printed in England hv M e ~ c h i m  A Son Ltd.. 8 Storey's Gale, Weslminster, London, S.W.1 



Closing date for a plications for 
stand space: I gctober 19712 o u~A.  : 
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