


JOURNAL 
OF THE 

OIL AND COLOUR CHEMISTS'" 
ASSOCIATION 

flol. 50 No. 1 
3 * '\ ,> 

January 1967 

I Water soluble colloids in emulsion paints with special 
reference to cellulose ethers 

Some-recent advances in thermosetting acrylic resins 

Paint storage' stability in relation to pigment surface 
characteristics 

The accuracy of colour measurement 

Regulation of particle size of vinyl acetate / " VeoVa " 911 
copolyn;ei latices- 

r p  , , ,  , -  - . 
r -  - . - - ,  - , . * . ,  . , * ?  

, I  - 
I 

r + -  
3 - . - ,  

For fuller details of contents and m e  referenced see paue xv . . 

x w 
r 

+ -* .R* * - * e m *  ,..a* *.-.*.: =. 
8 . * a  . .* . 
b or 

.. ,**a 4 

.. " mt L ~ d ~ o i i ~  ~ ~ ~ M I ~ S * ~ S S O C I A T I O N  
WAX CHANDLERS' HALL, 

GRESHAM STREET, L O N D O N ,  E.C.2 



1 - HEYDOLOGICK 

I 
I I Your products won't do 

1 EVERYTHING 
I Our Resins won't either 

-. 1 OUR RESINS 

I 

I / are made for 

THEREFORE 
--_--- 

PRODUCTS 
-I 

I HAROLD HEYDON & GO. LTD. 

YOUR 

( 86 BOW ROAD, LONDON, E.3 - - ADVance 4667 



"what are Hercules Wood Naval Stores?" 
Hercules Naval Stores Productsare derived from 

the stumps of pine trees felled in past years in 

the forests of southern U.S.A. 

These stumps are wrenched from the ground, 

reduced to small chips and processed under 

carefully controlled conditionsto produce wood 

rosin and wood turpentine-and their deriva- 
tives in the form of speciality chemicals such as 

Polypale resin, Staybelite resin, Dymerex resin, 

Resin 861 also Yarmor and Herco Pine Oils, 

and Vinsol resins. 

On the basis of such products (and others too) 

Hercules offers problem answering services in 

fields like Paint, Adhesives, Plastics, Rubber, 

Inks, Polishes. Disinfectants and many many 

more. Have you talked to Hercules lately. 

dk UEmCULES POWDER COMPANY LIMITED 
+(f #CIJI.f S ONE GREAT CUMBERLAND PLACF I OFlPON W 1 Telephone: AMBassador 7766 
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 hi Speciality Resins 
for . a11 requirements 

I I I ~  L I V .  

+AM, SURREY 
Telephone: MlTcham 4684-7 

- - - - - - - -- - - 

ECONOMISE.. . CONTACT .. 

an economical unit - is yours? Why not compare . . . - 
. . . by inviting our quotations for Media tailor-made to your own Specifications. 

* E. HARDMAN, SON & CO. LTD., BEDFORD STREET, HULL. Telephone 23902 





BLE 
This outstanding infinitely variable hydraulic 
mixer, the Torrance Cavitation Disperser, 
i s  faster . . . simpler . . . more economical- 

TORRANCE & SONS LIMITED 
and has many exclusive features. BITTON, BRISTOL Tel Bitton 2118 
Rotor speed varies from zero up to 1.400 or 
2,200 r.p.m. Hydraulic transmission for safe London Offlce 

Fool-proof interlocks. 330" traverse. finger-tip P.O, Box 2804, 
control. 

la 
incorporation can cut out flameproofing cost. 21 Toth~l l  Slreet. London SW1. Tel Abbey 1911 I I W I ! I D  

Chowrlnghee Mansions. 30. Chowringhee Road. Calcutta, I6 
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L A K E  & P I G M E N T  

GQbOWRS 
for 

PAINTS 

PRINTING INKS 

CELLULOSE FINISHES 

LINOLEUM, LEATHERCLOTH 

ETC. 

W e  invite your enqutries 

HORACE CORY 
& CO. LTD. 

NATHAN WAY, 

I WOOLWICH INDUSTRIAL ESTATE 

I LONDON, S.E. 18 



high performance 
organik~igments for 
automotive 
finishes 

CIB&&,MYTON LlMlTE 
Clayton Manehester 
Teleshone EASt 134 
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He knows which coat counts 
For his money, it's the primer that counts. The excellent adhesion and resistance to  water. 
finishingcoatsmaylookgood but what he wants Bayer prepare their product in two  forms; in 
is a primer that wi l l  protect the substrata, go on white spirit and in xylene. In the latter form it is 
evenly, dry quickly and cure well all the way especially useful as a binding medium for anti- 
through. That way he can finish the job sooner, corrosive and metal-effect finishes, machinery 
get on with the finishing coat -and know there enamels and boat varnishes, and in combination 
will be no complaints later. Good primers mean with nitrocellulose and alkyds for clear or matt 
money to good painters. furniture lacquers. 
Farbenfabriken Bayer know it too, which is why For detailed information on any of these 
they havedeveloped Desmalkyd S155 for use in  applications, write to  : . . 

primers and finishes. An oil modified polyure- 
thane based on soya bean oil, Desmalkyd S155 
ensures that primers dry quickly and set fast 
right the way through, so that tinishing coats, 
even those containing strong solvents, can be 
applied over the primers very shortly afterwards. J. M. STEEL & CO. LTD. 
Time counts in the painting business. Kingsway House. 18/24 Parad~se Road. Richmond. 
Desmalkyd S155 also ensures good f low from Surrey . Telephone R~chrnond 6077 
the brush, and is used in primers because of its @Regtstered trade mark 01 Bayer Leverkusen Germany 
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Turbo Disperser lmpasler Turbo Mixers 

Turbo Cleavers BE Mills 
Revolutionary machines 
for the preparation of 
heavy varnishes and the 
production of emulsion 
palnts, casine, latex. 
P.V.C., etc.-impasting 
in high concentrations. 
Alternative methods to  
accelerate discharge can 
be provided. 

High production mills 
for the fine grinding of 
titanium. pigments and 
fillers. 

For  fur ther  information 
regarding Test Facilities and Tharnes Side, 

technica l  l i t e r a t u r e  o n  
Moritz mixing and size 

k(0 R I Tz Kingston-on-Tharnes, 
Surrey. 

r e d u c t i o n  e q u i p m e n t ,  CHWlELl lN61HfBlHE ED.llI. ~ ~ l ~ ~ h ~ ~ ~ :  ~i~~~~~~ 741 314 
contact: 



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

$$ Other Associated Lead products include:- RED LEAD . WHITE LEAD 
BASIC LEAD SULPHATE . CALCIUM PLUMBATE . LITHARGE 

ASSOCIATED LEAD MANUFACTURERS LIMITED clernents House. 14 Gresham Street. 
London E C.2 I Crescent House. Newcastle I ,Lead Works Lane. Chester 
Export Enquiries to:  As.~oczccted Lead Manufactltrers Export Co .  Ltd..  
Clemc nts Ilouse. 14 Greshtrttt Strcet. London E.C.2. 



X JOCCA 

ICI HD pigment pastes formaximumeaseo~ 
colouration of all latex-emulsion paints under factory conditions. 
H D PIGMENT PASTES are pourable and readilymisciblewith emulsion 
paints of all types. 
HD PIGMENT PASTES provide a full shade range and give stable 
colouration. 

IMPERIAL CHEMICAL INDUSTRIES LIMITED LONDON SW1 ENGLAND .... 



There could well be. Most nlanufacturers 
of good paint have long realised 

the desirable qualities which china clay 
extenders give to their products. Fine 

particle size for " body ", easy 
dispersability, excellent rheological and 

anti-settling properties which 
preserve the consistency of the 
paint. The careful research and 
continuous production control 

carried out by ' English Clays ' ensure 
that their clays will meet the specific 

requirements of the paint and 

,WE O l i t t , ,  nYILRD 
I" I Y I , U S l l < "  1 9 6 6  

I 300 mesh Below Below Brightness 
GRADE SPECIFIC 

PH Dry % Oil 

i GRAVITY lo microns mpns Reflectange Absorption % max. % 
at 4580 p. 

sPEsWHITE 2.6 5.5f 0.5 0.05 99.5 ( m i d  8 0 5  3 89f 0.7 42 

G.S.H. (S) 2.6 5.0f 0.5 0.05 85 .I- 38t 86.5f 0.7 33 

0.5 ECR* 
2.0 5.5f 0.5 (on p40 mesh) 85t 35t - 80 

M.100* 2.6 6.5rt0.5 0.1 90 (min) 50t 91.5*1.0 45 
/ 
I 

*Calcined clays *Typical 

FNII technical details, samples and prices from: 

ENGLISH CHINA CLAYS SALES 
CO LTD. 

St. Austell, Cornwall. Telephone St. Austell 4482 

Producers of fine china c1a.v~ from the world's 
larresst natural high q~~al i ty  deposits. 



Araldite l iquid resins . . .Araldite solid resins . . . Araldite solutions . . . Araldite specialities . . . Araldite curing agents 
Maywesend youdetailed information? CIBA(A.R.L) Limited Duxford Cambridge. Sawston 2121 n,,,d,t, ,A, ,,,d. t radetuark 
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ANNOUNCING TWO NEW FIRST CLASS 
INHIBITORS FOR ACIDS 

DUOTERIC S is an acid corrosion inhibitor designed to 
reduce the attack of sulphuric, sulphamic. phosphoric and 
citric acids on steel materials during pickling, chemical 
cleaning and scale removing processes. 
DUOTERIC H is an acid pickling ~nhibitor specifically 
designed to reduce tho attack of hydrochloric acid on 
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" This year . . . 
. . . next year 

and whenever" 
you take a delivery of U.C.C. 
Special Pitch you can be sure 
of constant quality and compo- 
sition. That is why Special 
Pitch No. 3 is specified by 
leading paint and industrial 
finish manufacturers all over 
the world for pitch/epoxy and 
pitch/polyurethane coatings. 
Now also available in solution 
form-ask for Special Pitch No. 
4 or 5. 

C O N S T A N T  Q U A L I T Y  
A N D  C O M P O S I T I O N  

UNITED C O K E  & CHEMICALS CO. LTD. 

yTutF,D 

(Sales De~t. SP 84) P.O. 136. Handsworth, 
Shefield 13. Tel. Woodhouse 3211. 

, ,  , Grams. Unichem, Shefield. 

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 PERIODICAL 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 
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Cherirnlcrtr : A. S. Fraser. 

of Pri~sicli~trt:S.H.Bell,rr~.~~.,~.~.c..~.~.~.s.,~.~.~.c~. 
Council Viec~-fiP.sirlc'trt : V .  C. Thompson. 

Hon. Secretci,:r~ : I .  C. R .  Bews. 15.sc.. A.R.I.C. 
Non. i~ r l i to r  : A. R. H. Tawn. F.R.I.C. 
Prc~siclc.rrt De.sigrruti~ : F. ~owerbu t t s ,  B.SC.TEC:-1. 
A. W. Hlenkinsop. 
K. Hnrgreavcs, I%.sc.. P!I.I>. 
J. S l l l ~ t h ~ r ~ t ,  A.M.C.T. 
H. C. Worsdall. 
Publications Co~imittce 
C'hriirtrrutr : A. R. 14. Tuwn. F.R.I.C. 
~ r ~ e s i f / i ~ n t  : S. 14. Bell. Pil. l I . ,  V.I.C., A.R.C.S., F.R.I.C. 
Vice-Prc,.sirlc.nt : N. A. Bennett. 
Hon. Sc~cri>tor)~ : I .  C. R. Bews. U.SC., A.R.I.C. 
Hon. Trr.crsirri.r : A. S. Fraser. 
Hotr. Ri~.sc~urclr and Devc~lopr~~i~rrt Oficc~r : A. T.  S. R ild ram. 
H. A. Hampton, n.sc'.. p!r.r>. 
J. A. L. Hawkey. 
Si)cfion Rc~pri~.siwtutives : 
Arrcklarrtl : t i .  R. Sumner. 
Bristol : R. E. Ruddick. 
H ~ r l l :  S. R. Finn, ~,.sc-., F.K.I.V. 
Irish : D. F. J. Campion. 
London : V. T. Growl, B.SC., Pi-I.I>.. Ij.1.C.. A.R.C.S., F.R.I.C. 
Manchester- : D. A. Plant. U.SC., P H . ~ .  
Mirllcrnc/.s : L. R. Seaborne. 
Nawcu.stle : D. M. James, B.SC., F.R.I.C. 
New South Wa1.s : A. Adomenas. 
Qrreerr.slu~rrl : I .  W.  Cullen. 
Scottish : A. McLean, n.sc., A.R.C.S.T., F.R.I.C. 
Soirth Afiican : C. E. Simpson. U.SC. 
Sorrrh A~tstralian : H. D. Bruce. 
Victoricrn : G .  F. Peterson. 
Wellington : G. F. Brown, B.SC., M.SC. 
We.st A~r.straIiutr : R. J.  Sheen. 
West Riding : J. N .  McKean. 
Co-optecl : D. Kalwig ( Hon. Editor, A~rstraliarr OCCA Proceedit~g.s 

& News). 
Exhibition Committee 
Chairtuan : A. S. Frirser ( Hotr. Treasirri~r). 
President: S. H .  Bell, prf.r,.. D.I.c., A.R.c.s., F.R.I.C. 
Prc~sir/i~trt Desi~natc: F. Sowerbutts, 6.SC.TECH. 
Hotr. Si~crelctry : 1. C .  R. Bews. B.SC., A.R.I.C. . 
Hotr. Eelitor : A. R. ti. Tawn, F.R.I.C. 
Hon. Rc~.~earclr urrtl Developnrerrt 0fjici.r : A. T. S. Rudram. 
J .  A. L. Hawkey. 
H. C. Worsdall. 
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Light Fastness Committee 
Chairman : G .  A. Campbell, M.SC., F.R.I.C. 
President: S. H. Bell, PH.D., D.I.c., A.R.c.S., F.R.I.C. 
Hon. Editor : A. R. H. Tawn, F.R.I.C. 
Hon. Research and Development Offier : A. T. S. Rudram. 
Hon. Secretary : 1. C. R. Bews, B.SC., A.R.I.C. 
J .  G. Gillan, PH.D., A.R.I.C. 
H. Newton, B.SC. 
R. Smith, B.SC. 
D. L. Tilleard, B.SC., F.INST.P. 

Liaison Committee 
President: S. H. Bell, ~ H . D . ,  D.I.C., A.R.C.S., F.R.I.C. 
Hon. Secretary : I.  C.  R. Bews, B.SC., A.R.I.c. 
Hon. Treasurer : A. S. Fraser. 
President : Birmingham Paint,Varnish and Lacquerclub : R. E. House. 
H. W. Keenan, PH.D., F.R.I.C. 

Technical Education Committee 
Chairman : K. W .  Keenan, PH.D., F.R.I.C. 
President: S. H. Bell, P H . ~ . ,  D.I.C., A.R.C.S., F.R.I.C. 
Hon. Editor : A. R. H. Tawn, F.R.I.C. 
Hon. Secretary : 1. C. R. Bews, B.SC., A.R.I.C. 
C .  W. Collier. 
E. H. Davies. 
J.  G .  Gillan, PH.D., A.R.I.C. 
W. G .  Hancock. 
J .  B. G .  Lewin, B.SC., F.R.I.C. 
C.  .I. A. Taylor, M.SC., A.R.I.C. 
J. A. L. Hawkey. 

Technical Committee 
Chairman : A. T. S. Rudram (Hon. Research and Developnwrrt Oflcer). 
President : S. H. Bell, PH.D., A.R.c.s., D.I.C., F.R.I.C. 
J. E.A~~OI~,B.~C.,PH.D.,F.R.I.C.,A.INST.P. 
C. Bondy, PH.D. 
F. M. Smith, ~ .sc . ,  PH.D., A.R.I.C. 



Seclion Officers 
and 
Committees 1967 
(The Previd~nt,  S. H. Bell, Plr.D., D.I.C., A.R.C.S., F. R.I.C., is  an ex oficio member of each Section Committee.) 

Auckland Chairman : P. B. Hunt, B.SC., Consolidated Chemicals Ltd., Box 15104, 
New Lvnn. Auckland. New Zealand. < ,  

Hon. Secretury : G. D. ~ e a t h l e ~ ,  P.O. Box 5192, Auckland, New 
Zealand. 

Hon. Treasrlrer : R. J.  Kelleher, ~.sc., c/o Shell Oil New Zealand Ltd., 
P.O. Box 1084, Auckland, C. I .  New Zealand. 

Hon. Publications Secrc.tury : H. R. Sumner, 14 Bermuda Road, 
St. Heliers, Auckland, E. 1, New Zealand. 

Ex Oficio Member : F. J .  Aitken-Smith, 20 Tui Glen Road, Northcote, 
Auckland, N.4, New Zealand. 

Hon. Auditor : E. E. Harrison, Lusteroid Pty. Ltd., P.O. BOX 22122, 
Otahuhu, Auckland, New Zealand. 

Comniittcc : 
G. A. Patchett, ~ . s c . ,  c/o Mobil Oil (NZ) Ltd., P.O. Box 1709, 

Auckland, New Zealand. 
D. H. P. Moss, 54 Alexander Street, Howick, Auckland, New Zealand. 
G. P. Clatworthy, M.P.s., Gollin & Co. Ltd., Box 3740, Auckland, 

New Zealand. 
T. Whitfield, 79 Kimber Hall Avenue, Mount Roskill, Auckland, 

S.W.3, New Zealand. 
J. M. de Laval Willis, ~ . s c . ,  Lusteroid Pty. Ltd., Box 22122, Otahuhu, 

Auckland, New Zealand. 
G. J. Hutchings, PH.C., C/O ESSO Standard (NZ) Ltd., Box 3301, 

Auckland, New Zealand. 
R. A. Bettison, P.O. Box 14-130, Auckland, New Zealand. 

Bristol Chairman: R. J .  Woodbridge, L.R.I.c., 17 West Town Park, 
Brislington, Bristol, 4. 

Chairman Elect : D. S. Newton, A.M.c.T., c.G.I.A., Monrnouth House, 
Almondsbury, Nr. Bristol. 

Hon. Secretary : D. N .  Fidler, ~ . s c . ,  28 Marine Drive, Barry, 
Glamorgan. 

Hon. Treasurer : W. J.  McWaters, " Overton," Homefield Road, 
Saltford, Bristol. 

Hon. Publications Secretary : F. E. Ruddick, " Darosa," 12 Orchard 
Crescent, Dinas Powis, Glamorgan. 

Representative on Colmcil : D.  S. Newton, A.M.C.T., c.G.I.A., Monrnouth 
House, Almondsbury, Nr. Bristol. 

Hon. Reserrrch Liuison Oficer : F.  E.  Ruddick, " Darosa," 12 Orchard 
Crescent, Dinas Powis, Glamorgan. 

Social Secretary : G. R. Duckett, 69 Hill Crest, Pensford, Nr. Bristol. 
Hon. Arcrlitor : C. C. Pearce, 15 David's Road, Knowle, Bristol, 4. 

Committee : 
M. J .  Atkins, 13 Hulse Road, Brislington, Bristol, 4. 
J. C. Bearman, B.SC., A.M.I.CHEM.E., .' Lamorran," 5 Leamans Close, 

Chipping Sodbury, Gloucestershire. 
L. J. Brooke, 39 Abbots Way, Westbury on Trym, Bristol. 
N. T. Butler, 19 Deanery Road, Warmley Hill, Kingswood, Bristol. 
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Hull Cliairnrirrt : L. W. Wynn. I College Gardens. Hornsea. E .  Yorks. 
Vice-Chrrirmnan : E. A. Brown, 102 Bricknell Avenue, Hull. 
Hon. Secrrtury : D. Sharpe, 4 Westwick, Sheriff Highway, Hedon. 

E. Yorks. 
Horr. Trc~a.srtrer : S. S. Done, 75a Westbourne Avenue. Hull, E. Yorks. 
Hon. Prrblicatiotrs Si.c?rturjj : S. R. Finn, ILSC.. F.K.I.c.. Bl undcl l 

Permoglaze Ltd., Sculcoates Lanc, H ull, Yorks. 
Rc~pr~sc~titrrtiv~ on Cc>irr#ci/ : E. Armstrong, A.M.II.I.M., Sissons Bros. 

& Co. Ltd., Banksidc, Hull. 
Horr. Re.scw~clr arrtl Dc,vc~kop/rrc~nt Oflkcr. : C. C. Mell, M.I. ( - : - II :M.  F.. 

43 Valley Drive, Kirkella. Hull. 
Hon. Larttermrist : J. E. Gilroy, 91 Laburnum Avenue. Garden \fil!age. 

Hull, E. Yorks. 
Hon. SociulSc~crc~tur~~ : T.  A. Fillingham, " Dunalastair," 37 Southfield. 

Hessle, E. Yorks. 
Horr. A~rrlitor : F.  S. Wilson. F.c.1.s.. F.I..A.A., 255 Cotringham [load. 

1-lull, E. Yorks. 
C O I I ~ I I I ~ ~ ~ P C  : 
A. J. Ford, Blundell Perinoglnze Ltd.. Sculcoates Lane, Hull, Yorks. 
C. Downs. 121 Etherington Koad. Beverley High Road. Hull, Yorks. 
A. Pipes, 32 Astral Road. Canlbridgc Road, Hcsslc. E. Yorks. 
R. N. Parkinson. 12 Wood1;inds Road, Willerby Road, Hull. E. Yorks. 
J. W. Wenham, 34 Swaledale Avenue. Southcoates Lane. Hull, Yorks. 
F. D. Robinson, n.sc., " Friiys." Stnllingborough Koad. Healing. 

Grimsby, Lincs. 
N. F. Lythgoe, A.R.I.c., 172 Kenilworth Avenue, Hull, E. Yorks. 

Irish Cltair~nun : J. l-j. A. Quick. c/o Messrs. Preston & Hadfields Ltd.. 
Presfeld Works. Rathfarnham. Dublin. 14. 

Chuirnlan EIc>r.l : R.  Adam. 26 South Park, Foxrock. Co. Dublin. 
Hon. Secretlrr.~ : F. D. H. Sharp, 68 South Park, Foxrock, Co. Dublin. 
Hon. Trc.asrrrer : J .  Kershaw, c/o Shell Chcrnical Co. Ltd.. 33 3 3  

Westmorland Street, Dublin. 
Hori. P~rBlicutioris Secretnr.~ : D. F .  .I. Campion, c /o  Hely T h o n ~ .  Ltd.. 

33 Botanic Road, Glasnevin. Dublin 9. 
Reprc~sentafive ON Citrrnci! : R. C. So~iicrvillc, St. Clement. I-fowtli 

Road, Sutton, Co. Dublin, Eire. 
Comnlittee : 
D. P. Godden, 68 Blackheath Park. Clontarf. Dublin, Eire. 
A. Granville, n-sc., c/o Syntheses Ltd., Woodbine Road, Blackrock, 

Co. Dublin, Eire. 
J. G. Kirwan, 5 Walkinstown Drive, Walkinstown, Dublin, Eire. 
S. McWade, c/o John McWade & Co. Ltd., 28 Adelaide Road, 

Dublin, 2. 
T. P. O'Reilly, Weaver's Roa.d, Clonsilla, Co. Dublin, Eire. 
R. B. Simon, R.SC., 39 Wood Park Road. Castleknock, Co. Dublin. 

London Chairman : R. N. Wheeler, R.A., A.R.I.c., Shell Research Ltd., P.O. 
Box I 1, Egham, Surrey. 

Hon. Secretur.~ : V .  F. Jenkins, B.SC., Group Research Dept., Laporte 
Industries Ltd., P.O. Box 8. Luton, Beds. 

Hon. Treasurer : J. E. Pooley, ~.sc., A.R.I.c., " Merrimay," Forest 
Drive, Kingswood, Tadworth. Surrey. 

Hon. Pr~blicafions Oficr~r : v. T. Crow], B.SC., PH.D., D.I.c., A.R.c.S., 
F.R.I.c., Paint Research Station, Waldegrave Road, Teddington, 
Middlesex. 

Hon. Auditor : W. H.  Campbell. Ault & Wiborg Limited, Cow Lane. 
Garston, Watford, Herts. 

Hon. Pro.qranrnic.~ Oflcc~r und Strrilenf Grorrp Liaison Oficer : D. E .  
Eddowes, n.sc., Paint O i l  & Colonr Jorrr.nn1, 83-86 Farringdon 
Street, London, E.C.4. 
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Corirlirittce : 
D. C. Colborn, 57 Arthur Road, Wokingharn, Berks. 
El. R. Haniburg, ~ t i . 1 ~ .  51 Broxbourne Road, Orpington, Kent. 
V. F. Jenkins, 13.sc.. Group  Research Dept., 1-nporte Industries Ltd., 

P.O. Box 8, Luton, Reds. 
K.  Pond, 9 Lawrence Avcnuc, Palmers Grcen, London, N.13. 
W. 0. Nutt, Birch Close, Lens Lane. Wrrlingliarn, Surrey. 
D. G .  Soar, ~ ~ s c . ,  A.II.I.C., 22 Springfields, Rroxbourne, Herts. 
Ri~rcsc~trtrrtiv~ on Corrticil : J .  E .  Pooley, n.sc., A.R.I.c., " Merrima!,." 

Forest Drive, Yingswood. Tadworth, Surrey. 
Rcpresc~ttiotivc of' So~rthc,rn Bronch : J .  K .  R. Burke, M.A.(CANTAB.), 

" Avoca," 190 Panipisford Road. South aCroydon, Surrey. 
.~lltertirrti~~c~ Sorrthcrrr Rt.rrtrclr Reprcserttrrtive.r : F .  W .  Davies, 73 

Greygoose Park, Harlow, Essex ; C .  A. Carey, 9 Ford Bridge 
Road, Ashford, M iddlescx. 

Rc~l~r.a.senmtive (4 Tlrcrrrrcs Vcclkey fiarlclr : A. G .  Holt, R.SC., R.PHARM., 
" Mor~nt ine ,"  Westfield Road, Mzidenhead, Berks. 

London Chuiru:an : J .  C. Kingcome, 13.s~. .. A.R.I .T . ,  Tyning, 6 South Road, 
Hayling Islend. Hants. (Southern Hotr. Sc.crc~tcrt.v : W. H. J .  Morris. " Ranisdcn." 123 Miller Drive, 
~ a r c l i a n ~ ;  Hants. Branch) Horr. Trc,rniirr : L. N. Clark. 1 0  Aritndel Drive, Fareham, Hants. 

Herr. Pccl?/ications Officer c~ntl Rep~escntative to the Loi~don Sectiotr : 
J .  K .  B. Burke. M.A.(~-ANTAH.). " Avoca," 190 Pampisford Road, 
South Croydon, Surrey. 

HOPI. Arrriilor : J .  Sniith, n.sc., Menglianl Farm House, Selsniore 
Road. Hayling Island, Hants. 

Coi~tnritlee : 
D. Durant, I I Compton Close, Havant, Hant4. 
R. A. Brown, ~ . s c . ,  D. H. Wilson & Co. ( P ~ i n t s )  Ltd.. Cranleigh 

Road, Portchester, Hants. 
J .  K. B. Burke. M.A., " Avoca," 190 Panipisford Road, South Croydon, 

Surrey. 
P. Targett, 13.sc.. Middlestoke Farnihouse, Stoke, Hayling Island, 

Hants. 
B. A. Richardson, B.s<-., " Spring Grovc." Church Road, Bishopstoke, 

Eastleigh. Hants. 
E.r O&cio McrnDcr : R. N.  Wheeler, H.A., A.R.I.C. (Chairman, Lor;don 

Section). 
C. A. Carey (Inrrrrc~rlirrtc~ Past Cltairnrun, Sorrthern Branch). 

London C l ~ i r r ~ ~ a n  untl Rc.prc~scnttrtive on Lonrloit Section Co~nmittee : A. G .  Holt, 

(Thames u.sc.. ILPHARM., " Morantine," Westfield Road. Maidenliead, 
Berks. 

Valley Ir~itt~c~tliutc~ Past Clrairr~lun : W. J .  Arnot. 130 Pine Gardens, Eastcote, 
M iddlesex. Branch) H O ~ .  s ~ c r ~ t ~ r - ~ :  J .  D. Lewis, 50  Heath Road, Beaconsfield, Bucks. 

Hon. Treasurer : P. Walker, c.G.I.A., 13 Pine Ridge Road, Burghfield 
Conlmon, Nr. Reading. Berks. 

Hon. Ptrhlications 0fficc.r : W. Simpson. A.R.I.c.., C/O ICI Ltd., Paints 
Division, Wexhani Road, Slough. Bucks. 

Herr. Prograt?rnws Oficer : K .  R .  W. Chitty, 165 Staines Road, Laleham, 
Middlesex. 

Hon. Attrlitor : A. A. Drummond, ~ . s c . ,  A.R.I.c., 193 Handside 
Lane, Wclwyn Garden City, Herts. 

Contmittee : 
C. J .  Birch, 55 Beechwood Gardens. Slough, Rucks. 
E. W. Drew, M.SC., C/O Blundell Permoglaze Ltd., P.O. Box 23, Argyll 

Avenue, Slough, Bucks. 
R. E. Gunn,  4 Sweetcroft Lane, Hillingdon, Middlesex. 



SECTION OFFICERS A N D  COMMITTEES JOCCA 

B. K. Hood, "Chilternwoods," Rickmansworth Lane, Chalfont St. 
Peter, Bucks. 

B. Jacob, B.SC., 84 London Road, Datchet, Bucks. 
J. L. Inshaw, A.R.I.c., A.c.T.c., C/O IC1 Ltd., Paints Division, Wexham 

Road, Slough, Bucks. 
Ex Oficio Member : R .  N .  Wheeler, R.A.. A.R.I.C. (Chairman, London 
Section). 

ManChester Chuirmun : I .  S .  Moll, B.SC., ARTS Dept., ICI Ltd., Dyestuffs Division, 
Hexagon House, Blackley, Manchester, 9. 

Vice-Chairman : W. F .  McDonnell, A.R.I.c., A.M.B.I.M., Goodlass Wall 
& Co. Ltd., Goodlass Road, Speke, Liverpool, 24. 

Hon. Secretary : H .  G. Clayton, Geigy ( U K )  Ltd., Pigments Division, 
Simonsway, Manchester, 22. 

Hon. Treasurer : S. Duckworth, A.R.I.c., The Walpamur Co. Ltd., 
Darwen, Lancs. 

Hon. Pub/ications Secretury : D. A. Plant, B.sc., ~H.D.,  ARTS Dept., 
Dyestuffs Division, Hexagon House, Blackley, Manchester, 9. 

Hon. Research Liuison Officc~r : F. M. Smith, ~ . s c . ,  PH.D., A.R.I.c., 
Geigy ( U K )  Ltd., Simonsway, Manchester, 22. 

Hon. Prograntrnes 0ficr.r : C. Williams, 60 Fall Birch Road, Lostock, 
Bolton, Lancs. 

Hon. Social Srcretary : M .  J. Heavers, White House, Shay Lane, 
Hale Barns, Cheshire. 

Hon. Auditors: L. Bowden, A.M.c.T., Glen View, Manor Road, 
Ley Hey Park, Marple, ,Cheshire; F. A. Walker, F.R.I.c., 55 
Woodlands Road, Handforth. Wilmslow, Cheshire. 

Representative on Council : W. F .  McDonnell, A.R.I.c., Goodlass 
Wall & Co. Ltd., Goodlass Road, Speke, Liverpool, 24. 

Committee : 
T. Graham, B.SC., The Walpatnur Co. Ltd., Darwen, Lancs. 
J. J. Kavanagh, Phillips Petroleum U K  Ltd., 25-28 Old Burlington 

Street, London, W.I. 
W. G. Topham, F.R.I.c., 12 Lynton Green, Woolton, Liverpool, 25. 
G. T. Williams, 96 Oakdale Drive, Heald Green, Cheadle, Cheshire. 
N. Ashworth, A.M.c.T., 17 Stanley Avenue, Farington, Preston, Lancs. 
C. Barker, u.sc., M.SC., 5 Gainford Avenue, Gatley, Cheadle, Cheshire. 
Ex Oficio Mentbers : H .  F. Clay (Irnnic~diat~ Past Chairttian). 
T. E .  Johnson (Vice Prrsir/rnt). 
J .  Smethurst, A.M.C.T., Vier-Presi(krnt. 
Dr. H. A. Hampton (Connncil Mrr?ihrr' mirl Rc.presentativc> of the Solnth 

African Section). 

~ i d l ~ ~ d ~  Chair~~~un : C. H. Morris. Research Laboratories, BIP Chemicals Ltd., 
Tate Bank Road, Oldbury, Birmingham. 

lmrnediate Post Chuirmart : R. D. Calvert, ~ . s c . ,  A.R.I.c.. Geigy (UK) 
Ltd., Simonsway, Manchester, 22. 

Hon. Secretury : D. J. Silsby, 356 Baldwins Lane, Hall Green, 
Birmingham, 28. 

Hon. Treasurer: H. J .  Griffiths, A.C.T.(UIRM.). 269 Blackberry Lane, 
Four Oaks, Sutton Coldfield, Warwickshire. 

Hon. Publicotion,r Secrrtary : L. R. Seaborne, 24 Welwyndale Road, 
Sutton Coldfield, Warwickshire. 

Representative on Conncil: D. J. Silsby, 356 Baldwins Lane, Hall 
Green, Birmingham. 28. 

Hun.  auditor.^: N .  A. Bennett, Grifiths Bros. & Co. London Ltd., 
Armour Works, Well Lane, Wednesfield, Wolverharnpton, Staffs.; 
F. Cooper, ~ . s c . ,  241 Robin Hood Lane, Hall Green, Birmingham, 
28. 
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Committee : 
P. C. Daley, 46 Ulverley Green Road, Olton, Solihull, Warwickshire. 
A. S. Gay, 42 Norman Road, Park Hall, Walsall, Staffordshire. 
F. W. Cole, 46 Westridge Road, Kings Heath, Birmingham, 14. 
J. R. Green, BIP Chemicals Ltd., Popes Lane, Oldbury, Birmingham. 
D. E. Hopper, A.C.T.(BIRM.), 48 Willson Croft, Hall Green, 

Birmingham, 28. 
D. Penrice, Newton Industrial Finishes Ltd., Ratcliffe Road, 

Atherstone, Warwickshire. 
Co-opted : R. S. Law, M.A.. Fisons Industrial Chemicals Ltd., Willow 

Works, Derby Road, Loughborough, Leicestershire. 

MjdlandS Chairnlan : R. S. Law, M.A., Fisons Industrial Chemicals Ltd., Willow 
Works, Derby Road. Loughborough, Leicestershire. (Trent Valley Imn~erliate Past Chairman : F. G. Dunkley, 36 Hall Farm Road, 

Branch) Duffield, Derbyshire. 
Ifon. Secretary : G. E. Franklyn-Smith, ~.sc., Behind the Hills, 

Stanton-by-Bridge, Derby. 
Hon. Treasurer : D. W .  Guest, B.SC., 27 Lower Church Street, Ashby- 

de-la-Zouch, Leicestershire. 
Hon. P~lhlicati~~rrs Secretary : J .  R. Bourne, c/o Mebon Limited, 

Blackwell Road, Huthwaite, Nr. Mansfield, Nottinghamshire. 
Hon. Aur1itur.v : K. H.  Buckley, The Hazels, Twodales, Matlock, 

Derbyshire : E. Hare, via Gellia Colour Co. Ltd., Matlock, 
Derbyshire. 

Committee : 
H. J. Foot, 93 Allestree Lane, Allestree, Derby. 
E. Hare, via Gellia Colour Co. Ltd., Matlock, Derbyshire. 
S. N. Hawley, W. Hawley & Son Ltd., Colour Works, Duffield, 

Derbyshire. 
S. H. Sims, Micafine Ltd., Raynesway, Derby. 
F. D. Timmins, F.R.I.c., 278 Stenson Road, Derby. 
J. R. Tomlinson, 10 Cavendish Court, Shardlow, Derby. 
Ex Oflicio Member : C. H .  Morris (Chairtnan, Mirlland Section). 
R. D. Calvert, B.SC., A.R.I.c., (ImnttLtiute P a ~ t  Chairman, Midland 

Section). 

Newcastle Chuirt71an : E. L. Farrow, 3 Irish Terrace, Crawcrook, Co. Durham. 
Vice-Chairman : D. M. James, ~ . s c . ,  F.R.I.c., 14 Beaconsfield Crescent, 

Low Fell, Gateshead, 9, Co. Durham. 
Hon. Sccretar.~ : B. Ridley, 9 Hall Park, Stella Park, Blaydon, 

Co. Durham. 
Hon. Treasirrer : A. W. Blenkinsop, 108 Yarm Road, Stockton-on- 

Tees, Co. Durham. 
Hotf. P~~blications Offi'cer : D. M. James, ~.sc., F.R.I.c., 14 Beaconsfield 

Crescent, Low Fell. Gateshead, 9, Co. Durham. 
Represcwtative on C(1ur7cil : H. D. Jefferies, 4 Tintern Avenue, 

Billingham, Co. Durham. 
Hon. Re.s.seurc11 Liaison Ofli'cer : Dr. T. A. Banfield, PH.D., D.I.C., 
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Transactions and Cammunications 

Water soluble colloids in emulsion 
paints with special reference to 
cellulose ethers* 
By A. Reveley and H. Bates 
British Celanese Limited, 345 Foleshill Rohd, Coventry 

Summary 
This paper discusses some of the conclusions that can be drawn empirically from experience 
in the use of a variety of colloids in emulsion paints. It is considered that the class of products 
offering the best balance of properties is that of water soluble cellulose ethers and the paper 
draws attention to the characteristics of these materials which are significant when selecting 
suitable grades or  types for specific emulsion paint formulations. Reference is also made 
to the principal advantages and disadvantages of colloids other than cellulose ethers. 
The solubility of cellulose derivatives is then discussed with an indication of the probable 
effect of different environments encountered in emulsion paint systems. A summary is made 
of the main paint properties which can be affected by colloid additions. 
Although emulsion paints are easy to  manufacture they are co~ilplex mixtures and too little 
is known of the basic physical chemistry to  predict with any accuracy the interactions between 
the various components. 

Le comportement en peintures-6mulsions des collo;des solubles 
dans I'eau par rapport particulier aux Qthers cellulosiques 
R6surnP 
Cet article discute certaines conclusions que I'on peut tirer empiriquement des experiences de 
I'utilisation en peintures-emulsions d'une gamme de colloi'des. On considere que la categorie 
de  produits offrant le meilleur bilan de proprietes c'est des ethers cellulosiques solubles dans 
I'eau. L'article fait reniarquer les traits caractkristiques de ces materiaux qui sont d'une 
importance lors de la selection des types convenables A la mise au point de formules specifiques 
de  peintures-emulsions. D'ailleurs on se rapporte aux avantages et inconvknients principaux 
des colloi'des.autre que les ethers cellulosiques. 
Ensuite on discute la solubilitk des derives cellulosiques a u  point de vue de  I'effet probable 
des environnernents que I'on doit attendre aux systkmes de peintures-emulsions. On fait un 
resum6 des proprietes principaux de peinture susceptibles aux additions de colloi'de. 
Bien que la preparation de peintures-Cmulsions soit facile, les peintures elles-m&mes sont des 
melanges complexes dont la physico-chimie de base est trop peu comprise pour assurer la 
prCdiction exacte des rkactions entre les composants divers. 

Wasserlosliche Kolloide in Emulsionsfarben mit besonderem 
Bezug auf Zelluloseather 
Zusammen fassung 
In dieser Abhandlung werden einige der Schlussfolgerungen, die empirisch aus der bei der 
Anwendung verschiedenster Kolloide in Emulsionsfarben gesammelten Erfahrung gezogen 
werden konnen, behandelt. Es wird die Ansicht vertreten, dass die Gruppe der wasserloslichen 
Zelluloseather sich im grossen und ganzen am besten eignet, und die Abhandlung weist auf die 

-. -- - .. - - -- 

*Presented to  the Manchester Section on 18 April 1966 
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charakteristischen Eigenschaften dieser Stoffe, die fiir die Wahl der brauchbarsten Sorten 
oder Gruppen fiir spezifische Formulierungen der Emulsionsfarben von Bedeutung sind, hin. 
Auch die hauptslchlichsten Vor- und Nachteile anderer Kolloide, die also keine Zelluloseiither 
sind, werden erwlhnt. 

Anschliessend wird die Liislichkeit von Zelluloseabkommlingen besprochen unter Hinweis 
auf die Folgen verschiedener ausserer Enfliisse, die bei Emulsionsfarbsystemen zu erwarten 
sind. Die wichtigsten Eigenschaften von Emulsionsfarben. die durch Zusatze von Kolloiden 
beeinflusst werden konnen, werden zusammengefasst. 

Obwohl die Herstellung von Emulsionsfarben einfach ist, so ist zu bedenken, dass diese 
aus komplexen Mischungen bestehen. Man weiss zu wenig von der ihr zugrunde liegenden 
physikalischen Chen~ie. Lim mit Sicherheit die zwischen den verschiedenen Komponenten 
stattfindenden Reaktionen voraussagen zu konnen. 

Pe31o.o.,1e 
B CTaTbe 06cyxnalo~cn HeKOTOpble BblBOAbl 3MnMpMYeCKM nOny'ieHHble BCJleACTBMM OllblTOB 
C ~ ~ O T ~ C ~ ~ C H I ~ I C M  pa3HbIX Kl>nnOMnOB B 3MYnbCMOHHblX KPaCKBX. n0naraeTcII YTO KnaCC 
np0nyKTOB ,!laloLUMfi 11aMny~~Mh 6 a n a ~ c  C B O ~ C T B  ~ i l f i ~ e ~  B PaCTBOPMMbIX B Bone UenJllo- 
XO3HblX 3aMpdx M B CTaTbe o 6 p a ~ ~ a c ~ c n  BHMMaHWC Ha XaPaKTePMCTMKM 3TMX MaTepuanOB 
MMeKllLlMX 3HaYCHMC npM O T ~ O P C  llOAXOAS1LUMX COPTOB MnM TMnOB Ann C ~ ~ ~ U M @ H ~ ~ C K H X  
@ O ~ M ~ ~ O B O K  3MYnbCMOtlHblX KPaCOK. 06pauiae~cn TaKXe BHMMaHMe tlB rJlaBHble llpeMMy- 
LLlCCTBil U HCAOCTilTKM KOnnOMAOB, 3a MCKnloqeHMeM UeJlJllOnO3HblX nPOM3BOAHblX CyKa3aHUeM 
BepORTHOCTtiOrO 3 & @ e ~ ~ a  pa3nMLIHblX OKpyXilloUlUX O ~ C T ~ H O B O K  KOTOpble BCTpe'faloTCR B 
CliCTCMaX 3MYnbCMOHHblX KPilCOK. A ~ ~ T C R  pe3lohle rnaBHblX KpaCOYHblX C B O ~ T B  Ha KOTOpble 
MOrYT BnMIlTb A O ~ ; I B K M  KOnnOMAOB. XOTH B npOM3BOACTBe 3MYnbCMOHHblX KpaCOK HeT 
~ ~ T P ~ ~ H ~ H u u ,  B C ~ T ~ K M  O H M  5IBJlHloTCn KOMnneKCHbIblU CMeCflMM M 0 UX OCHOBHOR 
@ U ~ M Y C C K O ~ ~  X M M M M  e u c  HeAocTarorHo u3secrHo ring n p e n c ~ a s a ~ ~ n  c yno~neTBopu~enbHoi4 
TOYHOCTblo B ~ ~ ~ M M o ~ ~ ~ C T B H I I  MeXPY Pa7JlMYHblMH KOMnOHCHTaMH. 

Emulsion paints have enjoyed increasing popularity particularly since World 
War 11. This popularity is due to the absence of solvent smell, their ease of 
application, even on damp and porous surfaces, their resistance to intermittent 
condensation, and good washability. 

The main advantage of having a binder in the form of an emulsion is that 
its high molecular weight has little effect on the emulsion viscosity. A satisfactory 
paint, however, with suitable performance in both storage and application, 
must contain a variety of additives including agents which function both as 
thickeners and protective colloids. 

Recent developments 
Developments of the principal parts of an emulsion paint, namely the binder 
and pigmentlextender, to give, on the one hand, improvements in performance 
and, on the other hand, increased and easier processing, have resulted in the 
need for an even larger number of special additives. The present trend to the 
use of fine particle size emulsions of polyvinyl acetate co-polymers which are 
internally plasticised leads to higher surfactant demands. Some of the new 
pigments and extenders have special surface coatings to improve their 
performance and these coatings can have a considerable bearing on the 
rheological properties of the final paint. 

Modern emulsion paints are very easy to make, but they are in fact very 
complex mixtures. It is, therefore, extremely difficult to establish the principal 
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factors contributing to storage and subsequent application properties, since 
they cannot be separated and studied individually. 

Colloids in emulsion paints 
A wide range of high molecular weight water-soluble and alkali-soluble colloids 
may be used to produce satisfactory emulsion paints. The principal types 
which have been used include : 

Casein 
Gums 
Polyacrylates 
Polyvinyl alcohol 
Cellulose derivatives 
Starches and starch ethers 
Alginates 
Seaweed extracts 
Polyethylene oxide 

Experience over-many years has confirmed that, whilst, in certain cases, 
each of the above types may show either technical or economic advantages. 
there is no doubt that the class giving the best all-round combination of 
properties is that of cellulose ethers. The commercial materials now offered. 
for example, under the trade names " Celacol" and " Courlose " give a wide 
choice of viscosity grade, type and physical form to suit individual formulation 
and processing requirements. 

Colloids other than cellulose ethers 
The principal advantages and disadvantages of colloids other than cellulose 
ethers which can be used in emulsion paints are summarised as follows. The 
significance of any particular characteristic may vary considerably from 
formulation to formulation. 

Advantage Disadvantage 
Casein ' Promotes good flow Basically variable, susceptible to 

bacteriological attack and large 
changes of pH 

Gums Good flow ,, 
Polyacrylates Very good flow Viscosity changes at low pH 

Brush marking 
Tendency to pigment flocculation 

Polyvinyl alcohol Good protective Lacking in thickening properties 
colloid 

Starches/starch Low cost Variable, susceptible to bacteri- 
ethers ological attack 

Alginates Good flow Susceptible to heavy metal ions 
and low pH 

Seaweed extracts Good stability Considerable variation, suscep- 
tible to bacteriological attack 

Polyethylene oxide Efticient thickeners Pigment flocculant 
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Cellulose ethers as colloids and thickeners 
The main commercial water-soluble cellulose ethers used today in emulsion 
paint production as well as in a wide range of applications in both the surface 
coatings and other industries are : 
1. MC e.g. Celacol M Methofas M 
2. HEMC Celacol HEM 
3. HPMC Celacol HPM Methofas HPM 
4. EHEC Modocoll E 
5. HEC Celacol HE Natrasol 
6. SCMC Courlose F Cellofas B 
7. ALCMC 

The principal differences between these various types are illustrated by their 
ionic characteristics and by the effect on heat of aqueous solutions. For example, 
types 1-5 in the above table are non-ionic ethers, whereas types 6 and 7 are ionic. 

Types 1-4 have a definite gel point when their solutions are heated, whereas 
types 5-6 have no gel point. These effects are characteristic of properties which 
are particularly important for the way in which the various types exhibit their 
protective colloid, stabilising and thickening functions. 

Solubility of cellulose ethers 
The starting point for the manufacture of these types is cellulose which is a 
partly amorphous, partly crystalline solid insoluble in water. It consists of 
long chains of anhydroglucose units. Its insolubility is accounted for by 
the strong hydrogen bonding between molecular chains within the fibrous 
structure and it is the reduction of this bonding, amongst other things, during 
etherification which results in a water-soluble product. Detailed investigations 
have shown that there are three distinct boundaries in the structure of crystalline 
cellulose. 

(a) Fibre with a diameter of approximately 100,000 A. 
(b) A surface fibril with a diameter of approximately 100 A. 
(c) The cellulose molecule with an approximate diameter of 10 A. 
The detailed physical chemical reasons why water-soluble macromolecules 

such as cellulose ethers do  dissolve in water are not fully understood, but 
it is generally considered that the ionisation of the associated water plays 
an important part. 

In aqueous solution, it is suggested, e.g. by Jirgensons and Straumanis, 
that the water associates with the cellulose ether molecules in three ways : 

(a) Water tightly bound by hydrogen bonds especially to polar groups. 
Here the ionic SCMC differs from the non-ionic ethers. 

(b) Layers of water molecules associated by hydrogen bonding to the first 
layer. 

(c) Slightly associated water immobilised by the geometry of the large 
cellulose molecule. 
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These factors too are significant when bonds are formed between solid 
particles of binder, pigment or extender in an emulsion paint system and the 
colloid. The redistribution of associated water in long-term storage will be 
related to such phenomena as syneresis and gel structure development. 

Effect of heat and additives 
In a simple aqueous solution the effect of heat or  the addition of electrolytes 
will have a more or  less significant effect particularly on loosely bound water. 
The thermogelling ethers have a greater proportion of water which can 
disassociate as its temperature increases, while the presence of polar groups 
or more active OH groups, as in HEC, accounts for the less marked effect 
of heat and electrolytes on non-thermogelling ethers. 

Addition of polar agents, such as wetting agents and chlorinated phenols. 
to cellulose ether solutions may give some redistribution of water and cross- 
linking of the macromolecules, resulting in a viscosity increase. Similar effects 
could also occur, say, on pigment surfaces where more or less " reactive sites " 
would preferentially associate with active groupings, whether polar COO- 
groups or  less reactive hydroxyls. 

The gel point of a thermogelling ether is dependent on viscosity grade and 
concentration. At relatively low concentrations, discrete particles will precipitate 
from solutions, while at high concentrations, say, greater than 2-3 per cent. 
particularly for high viscosity grades, gels of various textures will be formed. 
These effects are fully reversible. Some additions, such as alcohol and 
thiocyanates, increase the gel point, while others, such as phenols and 
tannins, decrease it. 

Other important characteristics of cellulose ethers 
Three important characteristics of cellulose ethers are : 

(a) DP (degree of polymerisation). 
(b) DS (degree of substitution). 
(c) MS (molar substitution). 

(a) The degree of polymerisation is the number of units in the cellulose 
chain, and .it is this factor which very largely controls solution viscosity. For 
commercial products, the DP  may range from 50 (molecular weight about 
10,000) for low viscosity grades, to 1,500-2,000 (molecular weight 180,000- 
250,000) for high viscosity grades. 

(b) The degree of substitution (DS) is the number of hydroxyl groups 
chemically reacted per anhydroglucose unit. The maximum is 3. 

To  achieve water solubility the following DS levels are normally used : 

Type 
SCMC 
MC 
HPMC 

Le~lel of substitution 
0.4-1.2 (particularly 0.5-0.8) 
1.2-1.9 ( 7 7  1.6- 1.9) 
1.2- 1.7 methoxyl 
0.2-0.3 hydroxypropoxyl 

I .O ethoxyl 
0.6-0.8 hydroxyethyl 
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In the case of hydroxyethyl cellulose the MS is always higher than DS, 
since there is a marked tendency for the second ethylene oxide molecule to 
substitute on the new OH formed by the first, rather than to take up another 
OH on the anhydroglucose ring. Commercial materials have MS in the range 
1.8-2.5 corresponding to DS of 1 .O-1.6. 

The relative reactivities instanced below also have a bearing on the evenness 
of substitution for particular types, as also does the production method used. 
Quality of the cellulose ether solutions depends largely on this factor, as do 
such properties as resistance to bacteriological (enzymatic) attack and 
degradative oxidation. A more evenly substituted product will have a higher 
solution quality and greater resistance to depolymerisation than a less evenly 
substituted product. 

The relative reactivities of the three cellulose OH groups are : . 
2 : 3 :  6 end OH after first OH substitutes 

Methylation 4.5 : 1 : 1.5 - 

Hydroxyethyiation 3 : l : l O  20 
Carboxymethylation 2 : 1 : 2.5 

The main factors which distinguish between the cellulose ethers may be 
summarised as follows : 
Solid SCMC MC EHEC HEC 

HPMC 
HEMC 

- - - - - 

Solubility in water Soluble up 
to 100°C 

Solubility in polar Insoluble 
organic solvents 

Aqueoris solution 
Effect of heating (these Viscosity 
are reversible) decreases 
pH stability 5.0-1 1.0 
Effect of heavy metal pptn. of 
(HM) salts (HM)  CMC 
Tolerance of electrolytes - 
Effect of electrolysis Migrates 
Surface tension 70 
dyneslcm 
Bacteriological resistance, 4 
most resistance No. 1 

Thermo- 
gelling 
temp. 
50°C 
Highly 
substituted 
grades have 
limited 
solubility 

Thermo- Soluble up 
gelling to 100°C 
temp. 
65-85°C 
Highly Insoluble 
substituted 
grades have 
limited 
solubility 

Viscosity decreases until Viscosity 
gel pt./pptn. pt. reached decreases 

2.0-12.0 
unaffected until " salted out " 

MC (HPMC <HEC 
No migration 

54 60 63 
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Paint properties affected by colloid 
The following examples illustrate the different effects which can be obtained 
by using the various ethers : 

1. Variation of pH and presence of heavy metal ions 
When pva homopolymers were first introduced they tended to hydrolyse. 
resulting in localised reductions of pH. To offset this, additions of buffers 
such as CaCO, were made giving an increase in Ca++ concentration. When 
SCMC was used as colloid, the effect of low pH and Ca++ gave free CMC 
and Ca CMC, both of which are water insoluble. This effect was superimposed 
on the loss of viscosity by bacteriological degradation, and resulted in preference 
for non-ionic derivatives. 

Current emulsions do not suffer from these disadvantages, and many systems 
can now incorporate SCMC because it does, in general, improve flow properties. 

In the USA, where Ti Cal is the main pigment used, ionic colloids are a 
disadvantage owing to the chemical interaction which takes place with the 
Ca++ ions. These effects can be offset by using a more highly substituted SCMC, 
but even this is not widely favoured. 

2.  Temperature increase 
This may arise during processing or in subsequent storage. While paints with 
satisfactory tropical storage can be made from MC, the non-ionic with the 
lowest solution gel point, the trend is to use higher gelling mixed ethers such 
as HPMC or non-gelling H EC or SCMC. 

3. Flow and brushability 
Since SCMC is ionic, its interaction with pigment/emulsion is of a higher 
order, and less time-dependent than with the non-ionics. Structure development 
is less as the surface rearrangements are fewer. Good flow is obtained, as the 
shear during brushing or rolling easily breaks any bonded matrix which forms. 
Bonds are, however, relatively slow to reform and, while sagging is prevented, 
brush marks do flow out satisfactorily. 

The non-ionic colloids form bonds of a lower order than SCMC, and this 
formation is more time-dependent. Surface rearrangements occur over a larger 
period and structure is more likely to develop. Depending on the nature of 
other ions and additives in the aqueous phase, cross-linking may occur between 
colloid molecules, and this supports the development of a matrix between the 
solid particles in the system. The form of the matrix and the viscosity of the 
aqueous phase both contribute to satisfactory application properties. 

Low molecular weight colloids may be better for flow and for improving 
wet edge time than high molecular weight types, although the latter are more 
economical thickeners. 

4. Stability on storage 
Although the interaction of SCMC is of a higher order than that of non-ionics. 
SCMC is susceptible to heavy metal ions present either on the pigment surface 
or in the aqueous phase. The result of replacing sodium by, say, calcium will 
be redistribution of water, resulting in a possible loss in viscosity, but this 
can be offset by using material of suitable degree of substitution. In modern 
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paints, reactive ions present on pigment surfaces are more relevant than those 
in the aqueous phase. 

Low molecular weight colloids, such as PV alcohol and low viscosity cellulose 
ethers, give good stability. It is not necessarily economically sound to use 
less of a high viscosity colloid to give satisfactory paint consistency, as the 
actual amount of colloid present may be of greater importance. It may be an 
advantage to use a mixture of molecular weights (i.e. high and low viscosity 
grades), or even types, e.g. low viscosity SCMC and high viscosity HPMC 
or HEC, to get best stability and consistency. 

Satisfactory thixotropic emulsion paints can be made using all the main 
cellulose ethers. pH conditions may be selected to give the desired results 
with combinations of colloids and complexing agents. 

Alkali-soluble cellulose ethers, such as Al CMC, can also be used. These 
types are more likely to give intermolecular cross-linking to form a thixotropic 
matrix, but their effect is somewhat pH dependent. 

It seems that emulsion paint systems require a certain minimum amount 
of colloid for satisfactory stability. Thus, when colloid-free emulsions are 
used, the amount of colloid added to the paint must be increased. The use 
of cellulose ethers as polymerisation colloids can improve paint stability because 
of their low molecular weight (after degradation in the polymerisation process) 
and their close association with the emulsion before mixing with other paint 
components. 

Other paint properties where colloid may be important 
Some of these can depend very much on formulation. 
(a) HEC can give more pigment flocculation than other non-ionics. - . - 

( h )  Bacteriological resistance. The most resistant are the mixed ethers, e.g. 
HPMC, closely followed by MC. Less resistant are HEC and SCMC in 
that order. 
It is important in paint formulations to avoid the presence of enzymes 
and not merely to kill off enzyme-producing bacteria. 

(c) Wet rub resistance. There are smaller differences now between the effects 
of cellulose ether types on wet scrub resistance mainly due to improve- 
ments in emulsion and extenders. 

( d )  Some preserving agents and surfactants can have a significant effect on 
solution viscosity of the colloids. This effect can usually be restrained 
by adding the cellulose ether separately from the reactive component 
and at a stage where some dilution takes place. 

(e )  While certain emulsions give the best performance with a limited number 
of colloids, many of the newer products can give satisfactory paints 
with most of the available cellulose ethers. 

Conclusion 
Steady improvements in solution quality of cellulose ethers, and the availability 
of a wide range of viscosity grades, in physical forms for quick and easy 
solubility, has allowed these colloids to keep pace with improvements being 
made to other components of the complex mixture called an emulsion paint. 

[ Recvived 6 June) 1966 
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Discussion at the Manchester Symposium 
MR. NATION believed that manufacturers of colloidal stabilising materials now offered 
grades treated with surfactant to promote rapid solubility. He asked if this practice 
was desirable, bearing in mind the influence of surfactants on the stability of the 
complete emulsion paint system. 

MR. REVELEY thought that this influence could be disregarded. The ratio of surfactant 
added to colloids was very small, the types were largely non-ionic and, at the colloid 
concentration used in the final paint, he considered the extent of interference to be 
infinitesimal. 

DR. O'NEILL said that colloids could be placed in order of resistance to bacterial 
degradation, and asked if the same order would be obtained for resistance to enzymatic 
degradation. 

MR. BATES replied that solutions of cellulose ethers showed different viscosity 
stability to bacterial attack arising from enzymatic degradation. There is little difference 
in the order of magnitude of effect on the various ethers. but their resistance to degrada- 
tion is in the order HPMC greater than MC, much Greater than HEC, greater than 
SMC. 
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Some recent advances in 
thermosetting acrylic resins* 
By P. V. Robinson and K. Winter 

Styrene Co-Polymers Ltd., Cheadle, Cheshire 

A brief review of the various types of thermosetting acrylic resin is given. The work carried 
out by the authors to develop thermosetting acrylic rcsins with low temperature cure properties 
for specific application is described, including a discussion of why many thermosetting acrylic 
resins do not cure until temperatures of 150°C are reached. The performance of the polymer 
systems for specific application is described in terms of paint evaluation and further areas of 
research are suggested. 

Quelques recents d6veloppements dans le domaine des resines 
acryliques thermodurcissables 

On passe brikvcment cn revue les divcrs types des rksines acryliqi~es thermodurcissables. 
On decrit les recherches cffectuecs par les au t c~~r s  dont Ic but ktait la mise ail point des rksines 
acryliqucs destinees h I'usage particulier q i~ i  se durcissent A des tempkratures basses. On 
considere pourqi~oi beaucoup dc resines acryliques thern~odurcissables ne se durcissent pas 
,iusqu'on arrive aux tempkrati~res pr6s de 150 C. On dkcrit le comportement des systkmes 
polymercs destines i I'usage particulier relatif h I'evaluation des peinti~res applicablcs. 

Neue Fortschritte auf dem Gebiete Warmehartbarer Akrylsaureharze 

Er wird uber dic verschiedenen Arten von wiirmehBrtbarcn Akrylsiureharzen eine kurze 
Ubersicht gegeben. Die von den Autoren zwecks Entwicklung fiir spezifische Zwecke bei 
niedrigcr Teniperatilr warmehiirtcnder Akrylsa~lreharze durchgefiihrten Arbeiten werden 
beschricben. Ausserdcni wird ai~sgefuhrt, warum zahlreiche wirmehiirtbare Akrylsaureharze 
nicht unloslich werden. ehe cine Temveratur von 150'C crreicht ist. Der Grad der 
Leistungsmhigkcit dcs 'fiir spezielle ~wcckc  geschaffencn Polyniersystenis wird mittels 
Rewert~~ng von Anstrichmitteln klargemacht. Weitere Forschungsgebiete werden 
vorgeschlagen. 

HeK0~0pb1e ~ o ~ e i i ~ u u e  ycnexu B nccnenosatsua ~ep~o3a~sep~esa1olrlax 
aKPUdOBblX CMOA 

.&ieTCfi K P ~ T K M ~  0 6 3 0 ~  pa3nM'iHblX TMnOB TepMo3aTBepJlCBafOUHX aKpMJlOBblX CMOJI. 
Onucbleae-rcn pa6o~a  BbInonHeHHan aeTopaMu nnn pa3su~un r e p ~ o ? a ~ s e p n e ~ a m ~ u n x  
~ K P M J O B ~ I X  CMOJI c CBO~CTBOM H M ~ K O ~ ~  3a~ncpnesaloueii TcMneparypbr, npuMeHneMbIe B 
onpeneJleHHblx cnyqanx, B 3ro# pa6o~e  BKnmsaeTcn TaKme o ~ c ~ x L ~ ~ H u ~  Bonpoca o npuqntie 
MHorMx aKpMnoBblx C M O ~  He ~ a ~ ~ e p n e ~ a m u ~ u x  HMXC TeMnepaTypbl 150°C. Onucb~eae~cn 
TaltXe I I ~ ~ ~ c T B u ~  n0nMMCpHbIX CMCTeM C C ~ ~ C ~ M @ M S C C K U M M  nPMMCHeHMIlMM OTHOCUTeflbHO 
oueHKu ~ p a c o ~  n npennaram-rcn nanb~eiimwc p a 3 s u ~ ~ n  uccnenoea~kifi. 
-. - -- -- - - - .. - - - - . -- - - 
*Presented to the Newcastle Section on 7 January 1965. 
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Introduction 
The chemistry and properties of thermosetting acrylic resins have been reviewed 
in the past and particular mention might be made of K. E. Piggott's paper 
published in this Journal some time ago1. That paper covers comprehensively 
the chemistry of polymerisation and cross-linking of the various types of 
thermosetting acrylics whether commercial or  not. The present paper deals 
with certain aspects of thermosetting acrylic resins which have been carried 
out in the authors' laboratories. 

When thermosetting acrylic resins were introduced, they constituted a 
new family of polymers of extensive usefulness in the paint industry and, up  
to  three or  four years ago, the variety of paint systems offered was governed 
by the range of different polymer systems which became available. In the 
last few years there have not been any technically significant additions to the 
range of polymers available from various manufacturers but rather the emphasis 
has been placed on the end use. Of course, this has meant that existing polymer 
systems have had to be modified t o  fit them more suitably for their particular 
application, but basically the polymer systems are still the same. For example, 
there has been an increasing demand for water soluble resins suitable for 
application by the revived technique of electrodeposition, solid resins for 
electrostatic and fluidised bed applications, together with large-scale applications 
in which the means of depositing the film are conventional, but where there has 
been a major bid by the acrylic system for business held by the widely used 
alkyd/melamine formulations. Typical of this latter development is the interest 
of certain motor companies in the use of thermosetting acrylics in motor car 
top coats. 

Definition 
For the purpose of this paper a thermosetting acrylic resin is regarded as  
one in which the carbon-to-carbon polymeric chain is cross-linked in the film 
and at least part of the active cross-linking agent is acrylic derived. Accordingly, 
this does not exclude such typical thermosetting acrylic materials2 as Resin (1) 
in Table 1 which is predominantly non-acrylic although it does cross-link by 

Table I 
Typical formulations of'acrylamide-containing interpolynlevs 

I Resin ( I )  / Resin (2) / Resin (3) 

25.0 

64.0 

I I 

37.5 

45.0 

Styrene . . . . . . . . . . 
Ethyl acrylate . . . . . . . . 

82.5 

- 

Acrylamide . . . . . . . . . . 

Methacrylic acid . . . . . . . . 

Xylene . . . . . . . . . . 
Butanol . . . . . . . . . . 

15.0 

2.5 

50.0 

50.0 

15.0 10.0 

2.5 
i 

I .o 

Shellsol A.B. . . . . . . . . 

50.0 

50.0 

- 

33.0 

- 1 -  33.0 



1967 THERMOSETTING ACRYLIC RESINS 27 

way of its acrylamide component. On the basis of this definition, it is intended 
to discuss, very briefly, the elementary chemistry of thermosetting acrylic 
resins in general. It is then intended to describe some of the problems which 
have been of interest recently, including work directed towards systems which 
bake at temperatures below 175°C. Finally, the latest polymer systems developed 
in the authors' laboratories will be described and the relationship of the new 
polymers to laboratory work will be evident. 

Vinyl polymerisation 
Vinyl monomers are characterised by the formula CH,=CHR where R can 
be almost any group. Polymerisation of such monomers is additive and can 
be described by four distinct steps, termed Initiation, Propagation, Transfer 
and Termination3. Vinyl copolymerisation involves two or more monomers 
and the monomers are seldom used up  randomly. The manner in which the 
monomers are used can be described by reactivity ratios which are characteristic 
of the monomers in question4. A number of reactivity ratios for various monomer 
pairs have been determined experimentally and the relationship of reactivity 
ratio and monomer structure has been shown semi-quantitatively5. Consideration 
of published data relating to reactivity ratio is of the utmost importance in the 
preparation of TSA resins, since without suitable precautions heterogeneous 
copolymers may be obtained6. 

The use of reactivity ratio data becomes more difficult as the number of 
components in a system increases due to unwieldy arithmetic, although the 
general case has been stated7. An interesting solution to this problem involves 
the use of a three-component graph and the relevant patents claim that only 
those compositions of a three-component monomer system which fall into a 
certain area on the graph are homogeneous8. 

Cross-link chemistry 
The chemistry involved during cross-linking reactions is well known from 
classical organic chemistry and the exact cross-linking mechanism depends 
on the type of monomer used to introduce cross-linking potential (see Table 2). 
Hence, if a copolymer contains carboxyl groups derived from such monomers 
as methacrylic acid, acrylic acid, etc., then this can be cross-linked with poly- 
epoxidesg, the chemistry of this reaction being well known from the use of 
epoxy resins cross-linked with diacids. Such an acid-containing polymer may 
also be cross-linked with an aminoplast to form interesting coatings productslO. 
Hydroxyl groups may be incorporated in the copolymer either by the use of 
monomers, such as hydroxyethyl or  hydroxypropyl acrylates or methacrylatesl1, 
or by the hydroxyethylation or  hydroxypropylation of carboxyl containing 
 copolymer^'^. Such hydroxyl containing copolymers are particularly well suited 
to cross-linking with aminoplast condensates13 and di-isocyanates (cold cure)14. 
In some cases the acrylic resin can contain both carboxyl and hydroxyl g r o ~ p s l . ~  
and as such could be regarded as taking the place of non-drying alkyds in 
alkyd/melamine systems. Obviously, there are many other chemical reactions 
which could be used to cross-link vinyl copolymers. Such monomers as methyl01 
acrylamides16, N-butoxymethyl acrylamide17 and monomers containing the 
groups glycidylls, aminel!', allyl ether20, isocyanate2', etc. are examples of 
specific means of obtaining copolymers with different functional groups which 
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Tohlc 2 
T~rpical cross-linkina monottwrs 

I 

/ Typical monomcr 
I Cross-linking 
I reagent I Catalyst 

- 

I I 
Pendant groups 

I 
Methacrylic acid 

I I 
(A) - C -  O H  

Carboxy l Aminoplasts 
Phenoplasts 

(B) -CH2-CH2-OH 
Hydroxyl 

, Hydroxyethyl 

I met hacrylate , Vinyl isocyanate 

Aminoplasts Acidic 
Di-isocyanates Zn. octoate 
Phenoplasts 

Polyamides 

i 
Polyhydroxies Zn. octoate 

Zn. octoate 
Polyamines Zn. octoate 

(C )  - N C O  
Isocyanate 

I/ 
(D) - C-NH, 

Amide 
0 

I Acrylamide 

11 

(E) - ~ c -  NH - CH,-- 0i-l 
Mcthylolaniide 

0 

Methylolacrylamide Not required / Acidic 
(enoxy resins, 
aminoplasts 
etc.) ! 

I I 
(F) -C-NH CH, 0 - - R  

N-alkoxymethyl Aniicie 
Not required I Acidic 
(epoxy resins, 
aminoplasts, 
etc.) i 

N-butoxymethyl 
acrylamide 

/\ 
(G) -CH,- CH-CH, 

Glycidyl 
Not required Basic 
(polycarboxyls, Basic 
polyaniines. , -  

polyan~ides. 
ctc.) I - 

Glycidyl methacrylate 

(HI -CH,- N.H, 
Amine 

Allyl amine 
(Vinyl pyridine) 

(1) -0 --CHI - CH - CH, 
Allyl ether 

TMP diallyl ether 
methacrylate 

can then be cross-linked in some suitable manner. Cross-linking systems can be 
divided into two groups, one group being self-reactive, the other group being 
potentially co-reactive. In the self-reactive group one might consider methyl01 
acrylamide copolymers which will cure without a cross-linking agent, whilst 
an example of the potentially co-reactive type of system would be the carboxyl 
containing polymer which is thermoplastic in its own right but which can be 
thermoset by use of such cross-linking agents as polyepoxides or aminoplast 
condensates. 

Standard acrylamide vehicles 
As a class of polymers these can be regarded as being self-reactive, but this 
does not mean that reactive cross-linking agents may not be used as well. 
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For example, several commercially successful products contain both self-reactive 
methylolamide groups which are sometimes etherified (see Table I )  and carboxyl 
groups. The resultant resin is blended with a polyepoxide and the carboxyl 
group fulfils the dual role of catalysing the self-cross-linking of the substituted 
amide group and of entering into cross-linking reactions with the epoxy groups 
of the polyepoxide. The technique of preparing acrylamide and other inter- 
polymers is relatively simple, although there are obviously many points of 
detail which must come under the heading o f "  know how." 

Recent work 
The authors' recent activity in the field of thermosetting acrylics has covered a 
wide spectrum of industrial uses and for the purpose of this paper " recent " 
activity is regarded as being not more than two or three years old. Some of this 
work is obviously at  an intermediate stage and has yet to be completed, whilst 
other work has resulted in patents being applied for and granted. . 

Clarity stability 
In the early days of thermosetting acrylic resin production based on acrylamide, 
polymer solutions were prepared which, although clear and bright initially, 
gradually developed a hazy appearance on prolonged storage. Detailed 
investigation showed quite conclusively that this haze development had no 
deleterious effects on performance in paint. It was established that the cause of 
the haze development was the reaction of ammonia, produced as a by-product 
during polymerisation, with the epoxy resin added at the end of the reaction. 
Two methods of overcoming this haze formation were developed. One involved 
the removal of the epoxy group of the epoxy resin prior to its addition to  the 
copolymer solution ; the second involved the protection of the amide group of 
acrylamide (shown to be the source of the ammonia) during the polymerisation 
so that breakdown could not occur. 

Low temperature cure 
Concurrent with the problem of haze was the problem of stoving temperature. 
Standard acrylamide based resins must be given a curing schedule of 30 minutes 
at 170"-180°C or equivalent, and it was evident that sales resistance was being 
met because of this high temperature schedule. A programme of work was 
therefore adopted to investigate ways and means of reducing the curing 
temperature and yet maintain the same performance and price. Several techniques 
of producing lower curing temperature products were examined. External 
catalysis in the form of stronger acids or other catalysts to promote the 
methylolamide cross-linking reaction were tried ; more active cross-linking 
agents were developed and one of special interest involved the preparation of a 
more active form of epoxy resin for use in blends with standard acrylics. 
Internal catalysis in the form of higher copolymerised acid content and copoly- 
merised catalysts for the carboxyl/epoxy reaction were also investigated. 

The result of this investigation was the development of two products which 
would bake at a lower temperature, but it was established that if no concessions 
were made in respect of film performance, then the absolute lower limit of stoving 
temperature when baked for 30 minutes was 145°C. The reasons for this lower 
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limit are a little difficult to understand, because if one considers the catalysed 
curing of aminoplasts, a reaction which is chemically similar to the cure reaction 
of acrylamide interpolymers, then cure temperatures much lower than 145°C 
are obtainable. It was suggested that the relevant activation energies were being 
attained, especially in the catalysed systems, for self-cross-linking to take place 
at temperatures below 145"C, but the reactive groups were not close enough to 
each other. The higher temperatures (i.e. greater activation energies) were 
thought to be necessary in order to move the vinyl polymer chains around 
sufficiently for cross-linking to become probable. This additional activation 
energy can only be obtained at temperatures approaching 150°C. This feeling 
was strengthened when it was discovered that all techniques aimed at reducing 
curing temperatures were successful only to 145°C and this was, in many 
respects, independent of the cross-linking mechanism ; hence polymers cross- 
linked according to the carboxyl/epoxy reaction also appeared to have this 
minimum curing temperature. 

The performance of acrylamide-containing polymers modified with increased 
levels of combined acid is shown in Table 3. Generally, the performance of 
Resin (2), which contains more copolymerised acid than Resin (I), is equivalent 
when baked for 30 minutes at 150°C to that of Resin ( 1 )  baked for 30 minutes 
at 175°C. 

Table 3 

Perfornrance of' low hake acrylic-acrylrmi(fc type 

I Resin (1) I Resin (2)  
-- 

Cured 30 n~ins. 175 C 30 mins. 150°C 

Erichsen . . . . 2.0 I 1.5 
Bend . . . . . . : : j Pass lo Pass 1" 
Adhesion . . . . . . Fair Fair 
Impact . . . . . . . . ' Fail 15" Fail 15" 
Scratch hardness . . . . ~ 3 1 0 0  3100 
Pencil hardness . . 5H 1 4H 
Lipstick stain 24 hrs. . ' . 1 Unaffected Unaffected 
Humidity 14 days . . . . Isolated fine blig. Isolated fine blis. 
Salt spray 21 days . . .. i 8" Creep 1 " Creep 
Boiling detergent . . . . Fine blisters Fine blisters 
509: H,SO, . . . . . . Unattacked Unattacked 
40% NaOH . . . . . . , Unattacked Unattacked 

The use of highly functional cross-linking materials such as aminoplasts 
and alkyds in association with functional thermosetting acrylic resins, permit 
lower curing temperatures-in some cases down to 120°C. or less-and it was 
felt that this also strengthened these views on the nature of curing reactions 
that the high functionality of the cross-linking additive (aminoplast or alkyd) 
would ensure adequate cross-linking in the absence of the energy required to 
activate the vinyl polymer chains into suitable cure positions. The properties 
of such cured systems, whilst being of a high order are not, unfortunately, of 
the highest quality that can be attained Trom the original resins cured at 
150- 175°C. 
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This observation was confirmed 
by carrying out simple solvent 
inextractible tests, where poorer 
cure was found in systems baking 
below 150°C. The results obtained 
from these tests, however, were 
used as a starting point in the 
choice of systems for different 
applications. Fig. 1 shows the 
solvent inextractible con tent of 
four different polymer systems 
cured over a wide range of temper- 
atures. 

System 1 is a typical:acrylamide 
containing vehicle. 

System 2 is a modified version of 
this, in which the acid level is 
significantly higher, prepared as a 
result of the investigation into curing 
mechanisms described previously. 

System 3 is a carboxyl/hydroxyl- 
4 0 containing copolymer, cross-linked 120ec 150-c 1 80-c 

with a melamine formaldehyde resin, CURE TEMPERATURE 

whilst System 4 is a polymer system Fig. 1. Solvent inextractibles of different 

which has been developed very thermosetting acrylics. 

recently, cured by a cross-linking mechanism which is a combination of the 
first three systems. 

System 1 has a very low level of cure a t  120°C and only attains a reasonable 
degree of cure a t  150°C with full cure of 96 per cent inextractibles or  better being 
obtained a t  180°C. The modified version of this is shown as System 2, and 
attains acceptable degrees of cure a t  150°C but below 150°C there is a sharp 
fall off in inextractible resin content of the cured film. 

System 3 demonstrates a very high level of cure at  120°C but with no further 
significant increase in cure even up to 180°C, whilst System 4 shows an  even 
higher degree of cure than System 3 a t  120°C and rises to the same degree of 
cure as Systems 1 and 2 at  their respective optimum cure temperatures. 

From these results it is apparent that System 1 can only be cured a t  temper- 
atures around 175"C, whilst System 2 has a minimum curing temperature of 
around 145"-150°C. Neither of these systems holds out promise for subsequent 
modification that would permit acceptable degrees of cure at 120°C. The 
performance, however, of these two systems a t  their optimum cure temperatures 
is extremely high, as shown previously. System 3, on the other hand, obviously 
cannot be considered for highly chemical resistant coatings because of its 
inability to reach a high level of cure, but it does hold out promise for applications 
which do not involve such high levels of chemical resistance. System 4 cannot 
be considered for finishes where high durability is required on account of the 
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monomer and additive composition which is not suitable for exterior durability 
applications and which is a two-pot system anyway. The performance of this 
system, however, in its chemical resistance characteristics is outstanding, being a 
significant improvement over conventional alkyd/melamine when baked at 
120°C with the cost being somewhere between a conventional alkyd/melamine 
and the kind of resin typified by System 1. 

Motor car finishes 
Since the motor car industry has, over the last few years, started to evaluate 
thermosetting acrylic resins as the basis of motor car finishes, it was decided 
to  base the preliminary investigation on System 3 because of the encouraging 
cure results obtained. The reasons for this interest are varied and differ from 
manufacturer to manufacturer, but in brief they are concerned with difficulties 
in application associated with conventional systems, along with difficulties in 
certain types of pigmentations. It has been stated22 that, after application and 
cure of the conventional alkyd/melamine paint, as many as 30-40 per cent of 
the finished cars are rejected by Inspection as requiring further treatment. 
Furthermore, one of the most salesworthy motor car enamels is the so-called 
polychromatic finish and, as is well known, this is difficult to attain with a 
conventional alkyd/melamine formulation. It has been amply demonstrated 
that polychromatic finishes based on acrylic systems have excellent gloss and 
brightness, whilst the whole point about the use of thermosetting acrylics in 
standard colours is that the enamel may be abraded and re-polished after baking 
whilst still retaining the other desirable properties of an alkydlmelamine 
formaldehyde formulation. 

The requirements for a motor car enamel are varied, and a few of these are : 
film hardness, flexibility, gloss and gloss retention, colour and colour retention, 
mar resistance, polishability, corrosion resistance, durability, petrol and stain 
resistance, acid cure capability, impact resistance, chip resistance, adequate 
film build in one application-all combined with a baking temperature of 
120°C for half-an-hour. 

Many of these requirements are inter-related ; thus, mar resistance and 
polishability are difficult factors to reconcile and a great deal of work has been 
carried out in America, this country and Europe to develop a workable system. 
As presently foreseen, thermosetting acrylics will cost more than conventional 
alkyd/melamines and the general technique seems to be that the alkyd component 
of an alkyd/melamine system is replaced by a suitable acrylic component. 
There are many organisations working according to this idea and at the moment 
the patent situation is very confused. There are at least four American systems 
available, either directly or under licence, and several British and European 
manufacturers are developing their own. 

From the patents mentioned all the systems appear to be very similar in that 
they consist of copolymers containing carboxyl and/or hydroxyl groups 
cross-linked with a suitable melamine formaldehyde resin. The kind of results 
which can be obtained from this type of system has been mentioned briefly 
during the description of the work on comparison of the degree of cure of 
various polymer types. As has also previously been pointed out, there are other 
factors which need to be taken into account when a motor car finish is formulated 
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and in order to obtain the required degree of flexibility, hardness, mar resistance 
and polishability, such monomers as ethyl, isobutyl, butyl acrylate and styrene, 
methyl methacrylate and acrylonitrile may all be used as the basis of a copolymer 
containing hydroxyl and carboxyl groups. The choice of these monomers is 
further complicated by considerations of reactivity ratio, transferability and 
solubility parameter of the completed polymer. The use of some monomers 
is further restricted by such factors as durability, alkali resistance, etc. an  
obvious example in the case of durability being styrene which is generally absent 
or only present in small quantities in motor car systems. 

Earlier it was pointed out that the extremely low level of cure developed by 
Systems 1 and 2 at 120°C did not hold out much promise for any modified 
version being capable of curing at 120°C. System 3, however, did hold promise 
in this direction and it was decided t o  evaluate the effect of carboxyl and 
hydroxyl content of the acrylic copolymer and, in addition, the effect of different 
melamine contents on the degree of cure and film performance of enamels 
derived from them. 

Fig. 2. shows the results obtained l o o -  

when a series of resins of different 
hydroxyl and carboxyl contents was 
cured at 120°C in the presence of 30 - 
per cent melamine formaldehyde 
resin. The first obvious conclusion is 
that a copolymer containing high 
levels of carboxyl groups but low 
levels of hydroxyl groups does not 2 
cure at all well with the melamine 6 
resin used in these experiments and 5 ,, it is only at  a hydroxyl number of 

- 

around 25 that adequate levels of 
cure are obtained. The second con- 5 
clusion is that there appears to be an =I 

increase in performance with a 
lowering of acid number at  the same 
hydroxyl content and, although the 
results are not unambiguous here, it 50 - 
was decided to concentrate on the 
lower acid number materials because 
of the poorer water resistance proper- 

/ 
ties of resins containing high levels c o  I' I I I I I I 
of carboxyl groups. What can be said 10 20  30 40 50 60 70 

HYDROXYL VALUE 
is that there is no improvement to be 
gained by increasing the acid Fig. 2. Inextractible contents. Effect of OH 

number beyond a level demonstrated and COOH level 

by Curve " B." Another point worth mentioning is that, similarly, there 
is little to be gained from increasing the hydroxyl number above a certain 
level since this does not result in any further significant increase in inextractibles. 
It is felt that this factor is related to reactivity ratio considerations ; it is envisaged 
that copolymer molecules exist which do  not contain any cross-linking active 
centres. 
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From these results, it would obviously be interesting to find out what would 
happen if, while maintaining hydroxyl numbers in excess of about 20, acid 
values lower than 35 were tried. Unfortunately, when the particular melamine 
resin used in the experimental work so far was tried, incompatibility problems 
arose and this point could not be checked directly. A modified melamine 
formaldehyde resin was prepared, therefore, which was compatible with such 
low acid value copolymers, and the extractability results obtained showed that. 
where the acid level was very low, then. even though high levels of hydroxyl 
content were present, low degrees of cure were obtained. This would suggest 
that the carboxyl group has at  least a dual function in that it can act as a catalyst 
for the hydroxyl/aminoplast reaction as well as taking part in cross-linking 
reactions directly. Similar conclusions have also been arrived a t  by workers 
at  the Paint Research Station working with certain alkyd/melamine systems". 

A further investigation involved the use of different levels of melamine resin 
in blend with a copolymer of the optimum carboxyl/hydroxyl contents. Fig. 3 
shows that increasing cure with increasing melamine formaldehyde content is 
obtained. This effect is a true inter-cross-linking effect, but, at  high levels of 
melamine formaldehyde resin, is also strongly related to the increasing proportion 
of self-crosslinkable component. In this case, the choice of melamine level 
must obviously be decided upon as a result of film performance data. 

Fig. 3. Inextractible contents-elfert of varying melamine content 

'Table 4 shows the film performance obtained with four different melamine 
modifications of the copolymer used in these experiments and from these 
results a 30 per cent melamine level was thought to offer optimum performance, 
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especially when the properties of mar resistance and polishability were 
considered. 

In Table 5 can be seen the kind of performance which can be obtained from 
thermosetting acrylic resins of the types described in comparison with typical 
alkydlmelamine resin as used for motor car enamels. As can be seen, the main 
improvements obtained are in respect of polishing properties at the expense of a 
slight reduction in mar resistance. Generally, other properties are of a similar 
order, but the poor flexibility characteristics of thermosetting acrylic Resin (1) 
gave some cause for concern. Accordingly, thermosetting acrylic Resin (2) was 
prepared, which was designed to have properties as close as possible to those 
of the first resin, but with improved flexibility characteristics. 

One of the major requirements of the motor-car industry is that paint systems 
should be capable of undergoing cure under low temperature, catalysed 
conditions. Table 6 shows the kind of performance obtained when thermosetting 
acrylic resins are acid catalysed and baked at a number of schedules below 
120°C. There appears to be an increase in flexibility and some loss of gloss with 
evidence of under-cure where the stoving schedule coupled a short stoving 
cycle with a low temperature. 

Motor-car enamels obviously have to be highly durable and Table 7 shows 
that the two resins being discussed here have a comparable performance to 
that of a standard alkyd/melamine. The trials on durability are obviously not 
complete and further results are continually coming to hand. 

General finishing 
Reference to Fig. 1 shows that System 4 has a high inextractible resin content, 
and although its formulation is such that it will not perform well in exterior 
applications, the system was evaluated for its level of performance as a general 
purpose appliance enamel. An enamel prepared from this polymer system 
was used as 'the basis of a one-coat system applied to bare untreated steel 
and baked at two schedules (see Table 8). The first was for 30 minutes at 120°C, 
whilst the second was for 30 minutes at 150°C. The system was compared 
against a standard alkydlmelamine baked for 30 minutes at 120°C and an 
acrylamide containing copolymer baked for 30 minutes at 150°C. The properties 
of this system, especially when cured for 30 minutes a t  120°C, are very 
encouraging since the performance is very close to that of an acrylamide 
containing copolymer and is a significant advance in performance over an 
alkydlmelamine baked at 30 minutes at 120°C ; in particular an improvement 
in properties is obtained in hardness, stain resistance, chemical resistance and 
water soak resistance. The acrylic composition is a one-coat system in distinction 
to the alkydlmelamine formaldehyde which is over a primer. 

Water diutable resins 
In recent years there has been a very large development of interest in water 
dilutable polymeric systems for use in surface coatings. 
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Table 8 

New rherntosetting acrylic 

Some 30 years ago the Crosse and Blackwell patents on " electrophoresis " 
were taken out and it is widely accepted that one of the main reasons for their 
ultimate lack of commercial exploitation was that a water dilutable resin of 
adequate film performance was not available. Since that time there has been 
considerable work carried out to  develop water dilutable systems with the 
necessary standards of film performance and this has been aided to a very 
large extent by the commercial availability of a wide range of new raw materials. 

Methods 
One of the most widely used methods of obtaining a water soluble resinous 
system is to  provide the polymer with sufficient carboxyl groups such that 
subsequent neutralisation with a volatile base will cause the polymer to become 
water soluble. Obviously, if the carboxyl content of a polymer is taken too 
high, then, although improved water solubility may be achieved, there is a 
falling-off in film properties, especially in respect of water resistances. The 
other most popular method of obtaining water dilutable systems is to produce 

Acrylamide 
containing 
co-poly mer 
30' 150°C 

3.0 
P.30 
V. good 
3100f 
SI. discol'n 
No loss of 
gloss 
Unaff. 
Unaff. 

Unaff. 

Unaff. 
Unaff. 

lsol. &"-ha 
blis. 
4 area 
covered in 
micro blis. 
Isol. x 
blis. 

Isol. x 
blis. 

Cure 

Erichsen m.m. 
Impact "Ilbs. 
Cross hatch 
Scratch hardness 

30' 120°C 
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F.15 
Fair 
3100f 

30' 1 50°C 

0.5 
F.15 
Fair-Poor 
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O'Stove 20 hrs./120°C 

Lipstick 2+ hrs. 
36 hrs. 

40 % NaOH 7 days 

50 0/,  H2S04 3 days 
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Water soak 32'C 
1000 hrs. 

Water soak 20°C 
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Alkyd 
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-Loss of adhesion 
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a polymer in emulsion or  suspension form and both methods have points 
for and against them. 

Water soluble alkyds are well known in which the alkyd is cooked to  a 
suitable viscosity at an acid value of approximately 50. A solubilising base 
such as ammonia or triethylamine is then added and the resulting alkyd is 
water soluble. Vinyl polymerisation, however, in the presence of a suitable 
acid such as methacrylic acid is not so easy in the mass, and hence polymer- 
isations are usually carried out in a water soluble solvent such as isopropanol, 
ethanol, dioxan, etc., followed in some cases by distillation to remove at least 
a part of the water soluble solvent24. 

A volatile base is then added and the resultant polymer salt can be diluted 
indefinitely in water. In some cases it is preferable to prepare a suitable polymer 
by emulsion polymerisation followed by the addition of volatile base upon 
which the polymer emulsion passes into a water solution. In other cases it is 
preferable to use the polymer emulsion for paint making in the emulsion form. 

Generally, preparation of vinyl copolymers in water soluble solvents can 
be carried out very easily and all the subsidiary reactions necessary for the 
ultimate preparation of the polymer, such as the addition of formaldehyde 
followed by some etherification in the case of acrylamide interpolymers, or 
hydroxyalkylation of carboxyl containing polymers, are feasible. One of the 
major disadvantages of this method of preparation is that, usually, it is not 
possible to remove all the solvent, especially in the case of some self-reactive 
polymers, and accordingly the final water soluble resin will contain solvent. 
This is particularly a disadvantage when high flash point solutions are essential. 
On the other hand the presence of organic solvents can be an advantage as 
far as solvent release, gloss, flow, can-stability and electrodeposition properties, 
etc., are concerned. 

Emulsion polymers are prepared by causing the polymerisation to take 
place in the surfactant micelles of a water/surfactant mixture. This is usually 
carried out by first emulsifying a portion of the appropriate monomer mixture 
with suitable surfactants, followed by the addition of water soluble catalyst 
and activator. When the reaction commences further monomer mixture is 
added together with further surfactant, water and catalyst, until copolymer- 
isation is complete. This is by no means the only method of emulsion 
polymerisation and there are a great many different and equally effective 
procedures. A disadvantage with the emulsion polymerisation technique is 
that reactions on the completed polymer chains are more difficult than is the 
case with a solution polymer. In the case of acrylamide interpolymers, a suitable 
modified monomer has to  be prepared prior to emulsification and polymer- 
isation. The reason for this is that acrylamide is water soluble and hence 
polymerises mainly in the continuous phase, even though it is found possible 
to dissolve some of the acrylamide in the monomer phase prior to emulsification. 
A further complication is that subsequent reaction with formaldehyde is 
difficult, if not impossible, and this is certainly the case if etherification is 
attempted. The technique adopted here is to react acrylamide with formaldehyde 
to form methyl01 acrylamide, followed by etherification with a suitable alcohol 
to obtain an N-alkoxy methyl a ~ r y l a m i d e ~ ~ .  This monomer is usually liquid 
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and is fairly insoluble in water, depending on the nature of the alkyl group, 
the methoxymethyl acrylamide, however, being quite water soluble. Having 
prepared the modified acrylamide monomer, a monomer mixture can be 
made up and a polymer prepared in the usual way utilising one of the normal 
techniques of emulsion polymerisation. As pointed out previously, a further 
modification is that an appreciable proportion of carboxyl-containing monomer 
may be incorporated in the monomer mixture such that the resultant polymer 
dispersion will pass into solution on the addition of a base. Whether the 
emulsion is to be used as an emulsion or, after treatment with a base, as a 
solution, the most serious disadvantage of emulsion systems is that the final 
product always contains surfactant. 

The presence of this surfactant leads to poor performance when compared 
to a similar system prepared by the water soluble solvent technique and this 
is especially noticeable in tests involving the use of water. Generally, the water 
soluble solvent method of preparation has been adopted because of the belief 
that the disadvantages of the emulsion process and products outweigh those 
of the solution type. At present, two solution types are being studied, one 
of which is an acrylamide interpolymer, whilst the other is a carboxyl copolymer 
which also contains hydroxyl groups. In each case the polymer is cured in 
the presence of a water-soluble melamine formaldehyde compound of the 
hexamethoxymethyl melamine type. In general, the considerations of formula- 
tion as applied to solvent based acrylamide and carboxyl/hydroxyl copolymers 
can be applied to water soluble copolymers with the exception that the water- 
soluble copolymers obviously require extra combined acid. 

On neutralisation of the type of polymers described by a suitable volatile 
base followed by dilution with water, there is an initial rise in viscosity and 
it is interesting to note that this effect is common to both the acrylamide 
copolymer and the hydroxyl/carboxyl copolymer even though they are 
chemically dissimilar. As dilution progresses a peak in the viscosity dilution 
curve is obtained and thereafter there is a rapid fall in viscosity. The development 
of the peak is associated in both cases with a change in appearance from a 
true solution to a fine emulsion or  suspension. It is felt that the initial sharp 
rise in viscosity is a hydrogen bonding effect developed by the addition of 
the water diluent. The subsequent rapid fall in viscosity is associated with 
increasing levels of emulsion or  suspension formation. The stability of such 
an emulsion, or of a paint made from it, is very good. As with most water 
dilutable systems which are dilutable because of a definite pH environment, 
there is a drift in pH during storage, processing and use, and appropriate 
adjustments must be made. 

The performance of such acrylic copolymers is shown in Table 9. 
Five systems were compared, in each case adopting the curing schedule 

most appropriate to the individual resin. The resins were a water soluble 
acrylamide-containing copolymer, a water soluble carboxyl/hydroxyl-containing 
copolymer, a water soluble trimellitic anhydride alkydlmelamine formaldehyde 
blend, a solvent based alkydlmelamine formaldehyde composition, and a 
solvent based acrylamide-containing copolymer. It  can be seen that both 
water soluble acrylics have a standard of performance which is greatly superior 
to that of the alkydlmelamine systems, and, in fact, the performance approaches 
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that of the solvent based acrylamide interpolymer. At this stage, water soluble 
acrylics are expensive and a great deal of work is taking place to reduce the cost. 

Electrodeposition 
An investigation has recently been carried out into the performance of a 
pigmented water soluble acrylic resin when deposited under electrodeposition 
conditions. Generally the resin, which was an acrylamide based material, 
performed in a manner similar to other resinous media which have been reported 
from time to time in the technical press. Measurements of pH, pH drift, 
behaviour under conditions of constant current, constant voltage and coulombic 
yield have been made. Since the details of application are so similar to the 
conditions already described by other workers, it is not intended to  discuss 
them in detail here. Suffice it to  say that the profile voltage technique has 
been found to be very effective with this system with an  upper limit in voltage 
of 150 volts being used. Film thicknesses of approximately 1 thou are ,obtained 
under these conditions at a pigment : binder of 0.5 : 1. Since an acrylic resin 
of known good colour retention characteristics was being dealt with it was 
decided to examine immediately the properties of the resin as the basis of 
an electrodeposition white system. Under suitable conditions of voltage, paint 
concentration, pH, etc., very good electrodeposited white coatings were obtained 
with no evidence of metallic staining on the surface, even when the substrate 
was mild steel. It is not certain if this effect is due to there being little or  no 
migration of metallic ions into the film under these conditions, or  whether 
there is appreciable diffusion of metallic ions, but that the resinjion complex 
is colourless. This point is under investigation at present and subsequent t o  
the presentation of this paper it has been found that ion migration does take 
place and is coloured, but that migration is localised a t  the resin,'metal interface. 
The performance of such electrodeposited films is of a very high order, being 
if anything higher than that shown in Column 1 of Table 9. 

Hardin process 
A further development which has taken place in the last few years and in 
which again the emphasis has been shifted on to  application technique is 
that of dipping objects t o  be painted into a trichlorethylene based paint followed 
by some form of curing. The advantages of this method of application have 
been stated comprehensively elsewhere, but briefly include uniform application 
especially at  edges, absence of thick edges in most cases, no necessity to  degrease 
in many cases, non-inflammability, theoretically no solvent loss, reduced heat 
losses, etc. 

The difficulties, however, of preparing and maintaining trichlorethylene 
based paints are more serious and directly connected with the special nature 
of the solvents. For example, if it is desired to  prepare an acrylamide 
interpolymer in trichlorethylene, then obviously there must be sufficient alcohol 
present to enable etherification to  take place. In practice, a considerable molar 
excess of alcohol has to be used if premature gelation is to  be avoided in the 
resin preparation, and hence the resulting solvent blend in the finished resin 
will contain an appreciable quantity of alcohol in addition to the trichlorethylene. 
Similarly, it may be desired t o  prepare a carboxyl,'hydroxyl copolymer in 
trichlorethylene for use in blend with an appropriate melamine resin. Under 
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these conditions a very small amount of esterification can take place, leading, 
in some cases, to premature gelation. A convenient way of suppressing these 
gelation tendencies is to incorporate alcohol in the solvent blend. 

Another consideration which has to be borne in mind is that of solvency. 
It may be quite possible to start the preparation of a polymer in a chlorinated 
solvent, but the final polymer might be found to be at least partially insoluble 
in the solvent and hence a suitable solvent needs to be added in order to attain 
complete solubility. Resin stability must also be taken into account, especially 
where a preformed resin additive is used in conjunction with the trichlorethylene 
based acrylic. For example, a carboxyl/hydroxyl copolymer would, in practice, 
be blended with a melamine/formaldehyde resin, and if the alcohol concentration 
of the combined solvent was not high enough, precipitation of the melamine 
formaldehyde would occur on standing. The most convenient technique of 
preparing vinyl copolymers in solution in trichlorethylene is to carry out the 
polymerisation in this solvent rather than first preforming the polymer and 
then dissolving it in trichlorethylene. This technique, however, involves some 
difficulty since trichlorethylene is a particularly good chain transfer agent, 
and hence low molecular weights are generally obtained. Following work 
carried out in the authors' laboratories, it is felt that the best approach to 
the various problems involving solvent is to make use of azeotrope compositions. 
In this case, the appropriate solvent for the resin system being considered 
is chosen and its azeotrope composition with trichlorethylene as second 
component is determined if such an azeotrope exists. Wherever possible this 
azeotrope composition is then utilised as the solvent for the final resin, so 
that the ratio of trichlorethylene and other solvent in the subsequent paint 
bath always remains the same. By this technique problems of solvent variability 
following evaporation are much reduced and it is fairly simple to top up with 
the appropriate blend. Similarly, stability problems can also be minimised. 

Table 10 shows the azeotrope compositions of trichlorethylene with a range 
of different solvents ; each composition can obviously be used for different 
applications. A number of resins have been prepared in trichlorethylene, 
either alone or in blend with an appropriate co-solvent, and a few examples are : 

an epoxy ester, a styrenated epoxy ester, an acrylamide based interpolymer 
in blend with an epoxy resin, and a carboxyl/hydroxyl interpolymer in blend 
with a melamine/formaldehyde resin. 

Table 10 

Azeotrope compositions of trichlorethylene 

Trichlorethylene 1 Secondary component I % W/W 
% w/w 

70 I Iso-propanol 
97.5 n-Butanol 
79.6 / Methyl iro-butyl 

I ketone 
87.2 ! Xylene 
85.1 I Butyl acrylate 
66 j Cyclohexanol 
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Future developments 
The authors' recent activities in the field of thermosetting acrylics have been 
described and it is felt that there are a number of sketchily explored areas 
which are of interest to  paint resin manufacturers and end users alike, and 
it is proposed to mention just a few of these fields. 

The use of powder coatings has become of major importance recently and 
thermosetting acrylic resins could find application here. The problems, however, 
of producing a dry, thermosetting acrylic resin, which will flow sufficiently 
before cross-linking takes place, allow products of cure to leave the film, and 
even more, of pigmenting it, are formidable. 

Obviously, any technique of removal of solvent which was used as a carrying 
solvent during polymerisation is not an easy matter. Spray-drying, drum-drying 
and thin film evaporators are obvious possibilities, but problems of flash 
point and explosion limits must be considered. If these problems can be 
overcome, then these techniques of drying can also be applied to the paint 
with the result that colour control and matching can be made very much easier 
than is normally the case with thermosettable dried paints. Another advantage 
is that blending of two or more polymer systems becomes a relatively simple 
matter, while yet another advantage is that the re-use of fines rejected by particle 
size grading becomes simple. Suitable polymers can also be made by pearl 
or bead polymerisation techniques, but here problems of molecular weight 
become extremely difficult. Such polymers, however, can be filtered and dried 
quite easily, but resin blending and paint preparation is still a problem. 

Cold cure 
The trend towards lower curing temperatures obviously has its ultimate point 
of development in the preparation of acrylic copolymers which will either 
cold-set or air-dry by oxidation ; the necessary chemistry for such systems 
being well known already. The preparation of hydroxyl containing copolymers 
cross-linked with polyisocyanate can be regarded as an improvement over 
alkyd/isocyanate systems in that the polymer backbone is made up of carbon- 
to-carbon chains and hence is unsaponifiable. One can consider other cold 
cure systems by reference to  Table 2, in which it can be seen that one merely 
has to introduce the relevant reactive group for cold cure reactions to take 
place, e.g. by the addition of a co-reactant, moisture curing or air oxidation. 

Stereoregular polymers 
In the early 1950s the development of polymers exhibiting a degree of stereo- 
regularity of the asymmetric carbon atoms on the polymer chain took place. 
The properties obtained from such stereoisomers were a distinct improvement 
over those of existing random polymers of the same constitution and, until 
recently, stereospecific polymerisation seems to have been limited to the 
hydrocarbon polymers. Recently there has been an increase in the disclosure 
of stereospecific polymers using acrylic monomers, but the inclusion of a 
reactive group into the polymer chain is still fairly difficult. The reason for 
this is that the ionic catalysts used to  produce the stereoregular polymers 
are themselves highly reactive. A recent patent26 mentions the use of Grignard 
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reagents, and the reactivity of these materials for the functional groups of 
the monomers which have been discussed in this paper is a matter of classical 
organic chemistry. The improvements to  be gained, however, from stereo- 
regular polymers are such that a thermosettable type should be a distinct 
advance over randomly polymerised types currently available. A point that 
should be borne in mind, however, is that, with the change in the reaction 
mechanism of the propagation step of polymerisation, there will obviously 
be a change in the relative reactivity ratios. A pair of monomers which may 
well copolymerise satisfactorily by free radical polymerisation could be 
completely unsuitable if ionic polymerisation is attempted, and vice versa. 

New cross-link mechanisms 
It  has been said elsewhere2' that the amount of effort devoted to developing 
new cross-linking reactions is immensely greater in other industries than it 
is in the paint industry and the specific example given was that of the textile 
industry. Furthermore, by making use of the " other man's technology" 
significant advances in paint polymer technology could result. For example, 
the recent introduction of vinyl sulphone-based finishing treatments for 
cellulosic material in the textile industry could be applicable to  the paint 
industry. This would depend on the development of a suitable monomer prior 
to  polymerisation or the grafting on to a preformed polymer chain of a suitable 
reactive group. A further point of interest is the development of pigment and 
metal reactive polymers, such that cured paint systems would have improved 
cohesion and adhesion properties. 

Conclusions 
An attempt has been made to  describe the kind of work which has taken place 
in the authors' laboratories over the last few years and of the products and 
properties to  which the work has led. At the beginning it was pointed out 
that the first thermosetting acrylic resins could be regarded as being a new 
class of polymers useful t o  the paint industry. The next step, in the authors' 
view, was .the development of new processes which used these and other 
polymers. As far as thermosetting acrylic resins are concerned, it is believed 
that the next step is the responsibility of the resin manufacturer, in that new 
polymer systems which could be cold cure types, stereoregular or  displaying 
more chemically stable cross-links must be developed. The ultimate stage in 
this kind of investigation is the development of a carbon-to-carbon cross-link, 
a problem which interests and occupies all of those who work in this sector 
of the synthetic resin industry. 
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Paint storage stability in relation 
to pigment surface characteristics* 
By J. Taylor 
Laporte Titanium Ltd., Stallingborough, Lincolnshire 

Summary 
Methods of determining the sequestering/dispersing agent demand of a pigmentlextender 
dispersion or of the complete emulsion paint system are described. Stability of emulsion 
paints at varying levels of sequestering agent concentration are determined after storage for 
eight weeks a t  40°C. The level of agent required for maximum stability in the systems studied 
is shown to be twice that required to achieve dispersion of the pigmentlextender. Increase in 
the after-treatment of the titanium oxide does not decrease the stability of the paint. 

La stabilith au stockage de peintures-6mulsions en rklation aux 
caractbristiques superficielles pigmentaires 
R&sume' 
On dkcrit des mkthodes pour determiner la demande d'agent de dispersion ou de sequestration 
qu'exige soit une dispersion d'un melange de pigment et de matiere de charge, soit une 
peinture-tmulsion entitre. On dttermine les stabilitb, aprks une duree de stockage de huit 
semaines A 4WC, manifesttes par des peinturesCmulsions aux teneurs divers d'agent de 
sequestration. Dans les systtmes considerees la teneur de I'agent necessaire pour donner 
la stabilite maximum se demontre deux fois autant que celle qui est necessaire pour achever 
la dispersion du melange de pigment et de matiere de charge. L'augmentation du post- 
traitement de l'oxyde de titane ne diminue pas la stabilite de la peinture. 

Die Lagerstabilitat von Anstrichfarben im Verhaltnis zu den 
Oberflachencharakteristika des Pigmentanteils 
Zusammen fassung 
Methoden zur Bestimmung des Bedarfes an Abscheide/Dispersionsmitteln einer Pigment/ 
Streckmittel Dispersion oder des vollstandigen Emulsionsfarbsystems wird beschrieben. Die 
Stabilitat von Dispersionsfarben mit verschiedenen Gehalten an Abscheidemittel wird nach 
achtwochiger Lagerung bei 40°C bestimmt. Es wird aufgezeigt, dass der Gehalt an fiir maximale 
Stabilitat in den untersuchten Systemen notwendigem Agens doppelt so hoch sein muss 
als fur die Dispersion von PigmentIStreckmittel. Verstarkte Nachbehandlung des Titanoxides 
verringert die Stabilitat der Anstrichfarbe nicht. 

ypoBHnx KoHueHTpauuu u30nnuuo~~oro  arema nocne xpaHeHun B ~eyeHue B O C ~ M H  'Henenb 
npH 40°C. TpeGye~blil YpOBeHb areHTa Ann 06ecneye~un MaKCUMyMa y c ~ o f i ~ u ~ o c ~ u  B 
U3YYeHHblX CUCTeMaX OKa3blBaeTCR ABa pa3a 6onbrue YeM HYXHO Ann AOCTHXeHUH ~ P Y H T O B O ~ ~  
~paco~~o /pac tuupu~em~o i i  nncnepcuH. Y B ~ ~ H Y ~ H H ~  nocnenmmeii 06pa6or~u OKHCH 
TUTaHa He YMeHbIIIaeT y c ~ o f i ~ u s o c ~ b  KpaCK1.r. 

.- .- -. -- . - . . - - - . . -. - -- 

*Presented to Manchester Section on 18 April 1966. 
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Introduction 
It has been shown that the hiding power of emulsion paints is hardly affected 
by the amount of sequestering agent present in the system except a t  very low 
PVCs, which are outside the normal range of use. Therefore, in considering 
how much sequestering/dispersing agent to use, one can ignore their effect on 
hiding power and concentrate on the effect on pigmentlextender dispersion 
during manufacture and on stability of the emulsion paint during storage. I t  
has been necessary to limit the study by choosing only three sequestering 
systems, namely Calgon, Tetron, and a mixture of equal parts Calgon and 
Orotan 731*. Three concentrations of agent were used with paints based on 
mixtures of Runa RE30 Whiting and a standard gradelwhiting, maintaining the 
titanium oxide PVC at  19.7 per cent throughout and varying the total 
PVC from 25-75 per cent. 

Determination of sequestering agent demand 
Several methods are available in order to predetermine the concentration of 
agent to give the optimum degree of dispersion. Three methods are outlined 
using, as illustration, titanium oxide only. 

In Method 1 a 50 per cent by weight slurry of the titanium oxide in a 0.625 
per cent thickener solution in demineralised water is made and this is titrated 
on a Rotothinner with a 5 per cent solution of the agent under test. The viscosity 
is recorded and plotted against the percentage agent calculated on the pigment. 
The agent demand is taken at the point when the curve flattens out. See Fig. 1. 
This method suffers in interpretation from the defect of dilution with water. 

Method 2 involves the preparation of pigment slurries a t  50 per cent 
concentration in thickener solution in demineralised water with varying 
percentages of agent. Each slurry is then adjusted to  4 poise viscosity and the 
amount of water required is plotted against agent concentration. See Fig. 2. 
The minimum point on the curve is taken as the agent demand. 

Method 3 consists of preparing a 20 per cent volume solids pigment dispersion 
in thickener solution and titrating with agent by solid increments until the 
point is reached when the dispersion begins to increase in viscosity due to the 
onset of flocculation. See Fig. 3. The minimum value extends over a wider 
range. 

None of these methods is completely satisfactory from the point of view of 
determining the agent demand for the whole emulsion paint system, but, by 
modifying the last method, using the titanium oxidelextender mixtures in the 
proportions in which they will be used in the final paint, one can determine 
what proportion of agent to use for the most efficient dispersionlwetting of the 
pigment. In order to take into account the effect of the emulsion on the 
viscosity of the system, the test can be carried out with all the ingredients of 
the emulsion paint present. This gives a picture of the effect of sequestering 
agent on the final paint viscosity. See Fig. 4. 

'Calgon, sodium hexametaphosphate, Albright & Wilson Ltd. Orotan 731, sodium salt of 
polycarboxylic electrolyte, Rohm & Haas. Tetron, tetra sodium pyrophosphate, Albright 
& Wilson Ltd. 
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Fig. 1. Dispersant demand-Method 1 

Fig. 2. Dispersant demand-Method 2 Fig. 3. Dispersant demand-Method 3 
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Fig. 4. Effect of ingredients on dispersant demand 

Storage trials 
Agent demand by Method 3 was determined on the pigmentlextenderlthickenerJ 
emulsion mixtures covering the range of PVCs used in the stability experiment. 
It was found that, despite the change in proportions of pigments and extender, 
the agent demand over the whole range varies very little from that of the 45 
per cent PVC mixture and this justifies the choice of this level for the formula- 
tions throughout the whole range. See Fig. 5 and Table 1. The wave form of the 
curve of PVC against Tetron requirement illustrated in Fig. 5 cannot be 
explained, although it should be emphasised that these results are reproducible 
using constant techniques of mixing the ingredients. This amount is referred 
to as the normal amount and, in addition, paints were made with half and 
twice this amount of agent. Actual formulations are given in Table 2. 
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Table I 
Tetron requirements for the pigment mixtures used in formulations 

S T A N D A R D  G R A D E  

PVC 
of paint 

25 % 
35 % 
45 % 
65 % 
75 % 

%TETRON 

Fig. 5. Relation of agent demand to PVC 

Tetron requirement 

Standard grade 

0.65-1.05 
0.70-1.15 
0.50-1.05 
0.40-0.85 
0.45-0.90 

RE30 
- 

0.40-0.70 
0.60-0.85 
0.45-0.75 
0.35-0.70 
0.45-0.75 
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Table 2 

Formulae used itz storage trials 

Raw material 

Titanium dioxide 
Snowcal6ML (~emeni-~arket ing  c;. ~ t d j  
Natrosol250M R (Hercules Powder Co. Ltd.J 
Fomescol U50 (Glover Chemicals Ltd.) . . 
Dispersant Nuodex 321 (Nuodex Ltd.) . . 
Vinamul N.6815 (Vinyl Products Ltd.) . . 
Demin. water . . . . . . . . .. 
PVC % . . . . . . .. . . 
PVC TiOz % . . . . .. 
Theoretical dry film dkhsity . . .. 
Volume solids % . . . . . . . . 
Weight solids % . . . . . . .. 

Observations on the stability of these paints were made by measurements 
of viscosity on a Rotothinner 16-24 hours after manufacture and after storing 
at 40°C for increasing periods of time. The drift in pH was also recorded. The 
changes up to eight weeks are recorded in Tables 3 and 4. Initial pH was 
adjusted where possible to lie between 8.0 and 9.0 In some cases, where the 
sequestering agent content was high and the PVC high, the pH figure some- 
times rose above 9. 

Titanium dioxide 

Tetron .. . . . . . . 
Calgon . . . . 
~a lgon /~ ro t in  73 i ' . . . . 

The changes in viscosity for the three sequestering agents used at increasing 
PVC are shown graphically in Figs. 6, 7 and 8. It will be seen that Tetron gives 
the most regular pattern, suggesting the greatest stability. Calgon gives a non- 
predictable performance, which is improved by mixture with Orotan 731. 

Paint formulation 

Conclusions 
The following conclusions can be drawn from this limited study. 

1. The use of whiting as an extender in increasing amounts gives greater 
stability to the emulsion paint. 

I 

22.5 
1.2 
0.3 
0.1 
0.3 

40.0 
18.0 

25 
19.7 

1.85 
72 
56.2 

2. The dispersant concentration giving the best stability in the system is 
twice the optimum required for dispersion of the pigment and extender 
in the presence of thickener and emulsion. 

3. Of the three dispersants studied, Tetron gives results closest to those 
which would be forecasted from the known composition. 

Standard grade 

0.5 1 1.0 1 2.0 

Runa RE30 

0.3 
0.4 
0.6 

v 
17.0 
33.2 
0.3 
0.1 
0.3 

12.2 
20.2 

75 
19.7 
2.54 

62 
69.0 

I1 

22.5 
12.5 
0.3 
0.1 
0.3 

40.0 
16.8 

35 
19.7 
1.98 

64 
62.2 

2.0 

1.5 
3 .O 
2.8 

0.7 
1 .O 
1.4 

0.5 1 1.0 

111 

21.0 
19.0 
0.3 
0.1 
0.3 

31.8 
17.3 

45 
19.7 
2.12 

55 
64.5 

1.5 
2.0 
2.8 

0.3 
0.6 
0.6 

I V  

18.0 
28.9 
0.3 
0.1 
0.3 

17.3 
19.4 

65 
1 9 . 7 .  
2.40 

60 
67.6 

0.7 
1.6 
1.4 
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4. The mixture of Calgon and Orotan 731 gives least viscosity change over 
the whole range of PVC. 

5. The pigment with the higher treatment, Runa RE30, gives somewhat 
greater stability. 

Table 3 

Change in viscosity on storage at 40°C (Poise) 

S t d r d  grade 

Runa RE30 

% 
PVC 

25 

35 

45 

65 

CalgonIOrotan 

75 

Disp. 
Amt. 

x normal 

0.5 
1 .O 
2.0 

2 wk. 

1.6 
1.3 
0.3 

0.1 
0.3 
1.3 

1.2 
0.4 
0.7 

0.3 
0.8 
1.8 

8 wk. 

3.5 
1.1 
1.3 

2.4 
0.8 
0.9 

2.9 
0.1 
0.2 

-0.3 
0.1 
0.7 

Calgon 

2.1 
0.5 
2.5 

2 wk. 

2.6 
1.8 
1.2 

0.5 2.7 
1.0 1 1.4 
2.0 2.2 

0.5 1.9 
1.0 1 1.7 
2.0 2.5 

0.5 1.6 
1.0 1 1.7 
2.0 3.6 

0.1 
-0.5 
-1.2 

1 

Tetron 

0.5 
1 .O 
2.0 

8 wk. 

4.0 
4.3 
0.8 

5.2 
2.0 
1.9 

3.7 
2.4 
1.8 

1.9 
1.6 
2.8 

2 wk. 

3.9 
1.1 
0.5 

3.4 
1 .O 
0.7 

1.8 
0.4 
0.3 

1 .I 
0.2 

-1.5 

1.9 
1 .O 
3.6 

8 wk. 

7.2 
4.2 
0.2 

6.4 
3.1 
0.3 

4.9 
1.4 

- 0.4 

2.4 
0.3 

-2.0 

1.9 1 0.1 
-0.2 1 .O 
-1.6 / 2.3 

-0.5 
0.3 
2.0 
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Table 4 

Change in pH on storage at 40°C 

Standard grade 

Runa RE30 

Disp. 

x normal 

2.0 

Calgon/Orotan 

2wk. 1 8wk. 

-1.30 
- 1.45 
-1.50 

Tetron 

2wk. 1 8 wk. 

-1.55 
-1.60 - 1.75 
- 1.20 -1.50 

Calgon 

-1.75 
-1.75 
-1.65 

35 

45 

65 

2 wk. 

-2.35 
-1.85 
-1.45 

0.5 
1 .O 
2.0 

0.5 
1 .O 
2.0 

0.5 
1 .O 
2.0 

8 wk. 

-2.40 
-1.75 
- 1.45 

-1.60 
- 1.50 
- 1.60 

-1.85 
-1.25 
-1.50 

-1.40 
- 1.00 
- 1.40 

-1.35 
-1.15 
- 1.45 2.0 

-1.20 
-1.35 
- 1.40 

-1.60 
-0.90 
1 . 4 0  

-1.10 
-0.60 
- 1.25 

-0.90 
- 1 .OO 
-1.15 

-1.65 - 1.65 
-1.20 1 zi:;: 1 -1.40 ' 

-1.10 -1.55 -1.35 

-1.40 -1.50 - 1.40 
-1.20 - 1.40 - 1.50 
-0.90 1 -1.20 1 -1.15 

- 1.40 
-1.45 
-1.15 

- 1.45 
- 1.40 
-0.85 

-1.10 
-0.95 
-0.90 

-1.00 
-0.90 
-0.70 

-1.10 
1 . 3 0  
-1.35 

-1.15 
-1.25 
- 1.25 

-1.30 -0.90 
-1.00 1 -0.60 
-1.10 -1.10 

-0.75 -0.45 
-0.75 -0.55 
-1.15 - 1.20 
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Fig. 6. Change in viscosity on storage for eight weeks using Tetron 
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Fig. 7 Change in viscosity on storage for eight weeks using Calgon 
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STAWDA1D GRADE CALGON-OROTAM 

i 

65% 15% P.V.C. 

Fig. 8. Change in viscosity on storage for eight weeks using CalgonIOrotan 
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The accuracy of colour 
measurement 
By J. M. Adams 
Printing, Packaging & Allied Trades Research Association, Leatherhead, Surrey 

Summary 
A general account is given of the factors which affect the accuracy of measurement and 
computation of CIE tristimulus values of reflecting and transmitting materials. Inaccuracy 
due to errors in measurement of reflection or transmission factors is distinguished from 
inaccurate computation. Reference is made to past investigations. 

L'exactitude de- colorimhtrie 
RPsume' 
On donne un expos6 des facteurs qui affectent de l'exactitude de mesurage et de supputation 
des valeurs tristimulus de la CIE rendues par des matkriaux rkflecteurs ou transmetteurs. 
On distingue entre I'inexactitude due aux erreurs de mesurage des facteurs de rkflection ou 
de transmission et celle due a la siipputation inexacte. On fait rapport aux investigations 
prkkdentes. 

Die Genauigkeit von Farbtonmessungen 
Zusammenfassung 
Uber die Faktoren, welche die Messungs- und Rerechnungsgenauigkeit von CI E Spektralwerten 
riickstrahlender oder durchlassiger Stoffe beeinflussen, wird ein allgemeiner Bericht erstattet. 
Es wird zwischen Ungenauigkeit zufolge Irrtums beim Messen von Reflexions- oder 
Durchlassigkeitsfaktoren und zufolge ungenauer Berechnung unterschieden. Auf friiher 
vorgenommene Untersuchungen wird Bezug genommen. 

Introduction 
The CIE co-ordinates (tristimulus values) of a coloured material are defined 
as three integrals : 

780 [ 
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where RA is the reflection factor (or transmission factor), 
E is the energy of the illuminant, 
Wx, yA, Zx are the CIE distribution coefficients, i.e. the tristimulus values 

of unit energy. 

In practical situations the user of the CIE system measures R, the reflection 
(or transmission) factor, while the distributions of EA RA, El 9~ and EA Zx are 
provided for him. When computing tristimulus values from spectrophotometric 
curves, these distributions are in the form of tables (allowing the integration 
to be performed as a summation), or of cams in the calculator attached to a 
recording spectrophotometer. In a colorimeter, the spectral emission of the 
lamp, transmissions of the filters and sensitivity of the photocell combine to 
give the required distributions. 

It is important to distinguish between two sources of error : that due to 
inaccurate measurement and the error resulting from inaccurate computation. 

Theoretical approach 
This distinction was made very clearly in two papers by NimerofP 15. The 
earlier paper was concerned with spectrophotometry and examined only the 
effect of errors in reflectance on the tristimulus values. This restriction was 
justified by the assumption that computational methods were free of error, 
although arguments against this will be presented below. The later paper 
recognised that errors in the weighted distribution coefficients, EA xA, etc., 
were likely when using colorimeters, and examined the effect of these errors 
on the CIE values of the sample. 

This purely theoretical approach appears to have been sterile. Ideally, it 
should be pdssible, from Nimeroff's later paper, to derive the accuracy of a 
colorimeter from the differences between its weighted distribution coefficients 
and true CIE coefficients. This appears never to have been done for an existing 
colorimeter. A graph showing these differences is often provided, but their 
effect is never stated-apart from a claim by the manufacturer that it is 
negligible. 

Nimeroff's earlier paper might allow tolerances to be set to spectrophotometric 
curves that were meaningful in terms of colorimetric-and so, visual-values. 
This approach was taken further by Shipley and Walker13, who divided errors 
into two classes : "constant errors" when all readings were true +x per cent, 
and " errors independent of wavelength." They pointed out the illogicality of 
specifying tolerances as limit curves. An error giving measurements close 
to one limit throughout the curve (Fig. la) will give a smaller error colori- 
metrically, and particularly a smaller hue error, than measurements which 
approach one limit at one end of the spectrum and the other limit near the 
other end (Fig. 1 b). 



0 A A 1 
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Wavelength 

-4 -5 06 7 
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Fig. Ib 
Fig. 1. Spectrophotometric curve, dashed line (a) lying close to one limit curve throughout 
spectrum, (b) approaching one limit at  one end and the other limit at the other end of the spectrum 
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Computation 
Basic data 
The first assumption one makes when computing tristimulus values is that 
one's data relating to the CIE system are accurate. However, a report by the 
American Committee on Colorimetry3 pointed out that their table of selected 
ordinates differed from that given in the earlier editions of the Handbook of 
Colorimetry2. These differences appear to be up to 0.2 mp, and so are unlikely 
to worry most people taking 30 ordinates from graphs 30 cm long. They appear 
to have been due to errors in interpolation. 

An associated problem is the validity of the basic data ; the correspondence 
of the weighted CIE distribution to the characteristics of human vision. One 
limitation that has always been recognised is the dependence of the data on 
the conditions under which the original 1931 determinations were made, and 
in particular the restriction of the field of view to 2". This review is confined 
to work related to the 1931 CIE recommendations, and inaccuracies in the 
use of lo0, and other more recent data are not considered. 

Another criticism of the CIE functions was made by Jacobsen5, who found 
that samples of titanium dioxide having spectrophotometric reflectance curves 
with sharp cut-offs between 390 and 430 mp were not separated by CIE 
measurements, although they appeared different to observers. He proposed 
that CIE functions should be modified to bring the measurements into line 
with the observations. 

The problem was investigated by Judd7, who claimed that the differences 
were small and varied between observers. But he later reportedlVhat some 
American users had changed to  a revised CIE Z function intended to give 
better agreement with the visual observations. 

Weighted and selected ordinates 
In practice the integration of a spectrophotometric curve is carried out as a 
summation, and there have been several empirical investigations of the relative 
accuracies of the weighted and selected ordinate methods of calculating CIE 
values, and of the number of ordinates required to attain a given accuracy. 
Both Nickersonl and de Kerf" agree that, for a given number of ordinates, 
the weighted ordinate method is the more accurate. This is surprising when 
one considers that the curve is less well sampled when using the weighted 
ordinate method, particularly when computing the Z tristimulus value. Fig. 2a 
shows the ordinates for computing the Z value using ten selected ordinates. 
But, as shown in Fig. 2b, only five of the ten weighted ordinates come within 
the Z distribution curve, if we ignore values of E,Z less than one-hundredth 
of the maximum value. 

The uncertainty in the tristimulus values resulting from the use of a limited 
number of ordinates depends on the sharpness of the absorption bands of 
the colour. Nickerson used Munsell colours and found that 30 ordinates gave 
higher accuracy than disc colorimetry. De Kerf used a wider range of samples 
including didymium glass, and expressed his results as the number of samples 
accurate to within or 4 NBS unit for each method of calculation. 



C O L O U R  M E A S U R E M E N T  
C 

- z 

A 

*4 
I 

a 5  6 *7 
Wavelength Fig. 2a 

P 

- 
z 

I 
I 
I 

1 1 

*4 
1 

05 #6 *7 
Wavelength 

Fig. 2b 
Fig. 2. Positions of (a) ten selected and (b) ten weighted ordinates for calculation of the Z 

tristimulus value 



64 J .  M.  A D A M S  JOCCA 

Recording spectrophotometers 
There appear to  be no  data regarding the accuracy of the computers that can 
be attached to  recording spectrophotometers. Some at least of the papers 
including results from such computers seem to  assume that their accuracy is 
absolute. 

Colorimeters 
The combination of the spectral emission of the colorirneter lamp, the spectral 
transmissions of the filters and the spectral sensitivity of the photocell, forms 
effectively an analogue computer giving the tristimulus values from the 
reflectance readings. Owing to  limitations of available components, the 
combination of spectral distribution is only an approximation to CIE 
requirements, and the departures from CIE requirements cause inaccuracy. 

However, so long as  the spectral distributions of the colorirneter components 
remain constant, the error will be constant. Thus, although it may be difficult 
t o  make a colorirneter which will give a correct result, it is possible to  make 
one which will give its wrong answer with extreme consistency. It has been 
argued that for many applications this very high precision is adequate, and 
may be more important than fairly high accuracyH. 

Of the three factors affecting the agreement of a colorirneter with CIE 
requirements, that most likely to  vary is the spectral energy curve of the lamp. 
The light from a filament bulb becomes yellower as the bulb ages, and in most 
colorirneters this can be compensated. Yellowing of a bulb does not, of course, 
affect spectrophotometric measurements, as  the sensitivity is set for each 
wavelength individually. 

Ultra-violet and infra-red 
Colorimeter o r  abridged spectrophotometer filters having transmission bands 
in the ultra-violet o r  infra-red regions are likely to  cause unsuspected errors 
if the photocells used are sensitive to  these regions. This trouble is most likely 
t o  occur with abridged spectrophotometers having narrow band interference 
filters. These often have additional transmission peaks outside the visible 
spectrum, and the glass or  gelatine filters, bound with the interference filters 
to  suppress unwanted transmission peaks, must be effective over the whole 
range in which the photocell is sensitive. The error caused by such unwanted 
peaks in spectrophotometer filters should in fact be classed as  a measurement 
error. The value of reflection or  transmission factor of the sample will be 
an average of the values a t  the two or  more wavelengths a t  which the filter 
transmits, instead of the measurement a t  the stated wavelength only. 

Transmission by a colorirneter filter outside the visible spectrum would 
introduce an error into the " analogue computer," of which the filter is a part. 
This fault has not been recorded in colorirneters, but can affect results from 
densitometers30 in which the transmission of the red tri-colour filter may 
extend into the infra-red. 

Floorescence 
Normal colorimetry and spectrophotometry is based on the assumption that 
the wavelength of light is not changed during reflection or  transmission by a 
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sample. Effectively this is not true for fluorescent materials, and the light 
reaching the eye from such a material illuminated by " white " light is a mixture 
of light reflected (or transmitted) and radiation absorbed and re-emitted in 
the visible region of the spectrum. Thus a measurement on a fluorescent material 
that is to correspond with normal viewing conditions must be made with the 
sample illuminated with the white light under which it will be viewed. Tri-colour 
filters or a monochromator must be between the sample and the photocell. 

The main practical problem in the measurement of fluorescent colours is 
that of obtaining a light source with an ultra-violet content similar t o  that 
of daylight26. The 1931 CIE illuminants have no  ultra-violet content, and are 
not intended t o  be used with fluorescent materials. If a sample is fluorescent, 
a 1931 CIE measurement made on an  instrument with the filters or  mono- 
chromator between the sample and the photocell will give a measurement 
characteristic of the sample seen under the CIE illuminant. If the instrument 
used has the filters or  monochromator between the lamp and the sample, the 
measurement will be meaningless, a s  the wavelength scale will not represent 
the light reaching the photocell. 

Driancourt has considered this problem24, but has also suggested that the 
measurement of non-fluorescent materials may be affected by the relative 
positions of lamp, sample, monochromator and photocell. He suggests that 
the scattering from a surface illuminated with white light will introduce a 
desaturating component, and that this will not occur with monochromatic 
illumination. This argument appears illogical, and it seems likely that the 
differences that Driancourt found on changing his narrow-band filters from 
the incident to the reflected beam of his reflectometer were due to  either 
fluorescence or  a change in the stray light in his instrument. 

Reference white 
All reflectometers give measurements relative to  some standard, so the accuracy 
of the measurement will depend on the accuracy of the standard used. 
Traditionally, the ultimate standard is taken as a freshly smoked magnesium 
oxide layer, and this is assumed to  have a reflectance of 100 per cent a t  all 
wavelengths. In fact, the reflectance of magnesium oxide depends on its method 
of preparation, and Robertson and Wright3' give the likely variation as 
2 or 3 per cent. A more particular result of this investigation was the finding 
that the National Bureau of Standards' magnesium oxide, against which many 
American laboratories calibrate their working standards, was lighter and bluer 
than the average of smoked surfaces produced elsewhere. 

The effect of reference standards once again brings u p  the question of whether 
the requirement is for accuracy or  precision. An incorrectly calibrated but 
stable reference standard will cause an error, but this error will be constant, 
and it is still possible to make colour difference measurements with a high 
degree of precision. 

Optical geometry 
Most coloured materials scatter light in all directions, but the extent to  which 
the light is scattered and the direction in which it is scattered varies with the 
texture of the material. A practical colour measurement is a sampling of this 



66 J .  M .  A D A M S  JOCCA 

distribution, with the angles of illumination and viewing being fixed by the 
construction of the instrument used. The variation in optical geometry between 
instruments appears to be the biggest single factor contributing to the 
disagreement between them. 

Transmission measurements 
Most instruments designed for measuring transmission colours are designed 
for use with solutions, glasses or clear plastics, and so measure direct trans- 
mission only. If one tries to examine translucent materials with such instruments, 
one obtains very low values, as most of the light transmitted is scattered and 
never reaches the photocell. 

In some applications, such as photographic printing from negatives, the 
scattered light must be considered, and relevant standards4 specify instruments 
which measure total transmission. 

One or other of these conditions, direct or total transmission, is accepted 
for most transmission measurements, and the effect of optical geometry on 
disagreement between transmission measurements is relatively small. 

Reflection measurements 
So far inaccuracy has been considered as departure from CIE specifications. 
When we come to optical geometry, we are faced with imprecision in the 
CJE specifications themselves. The CIE recommendations are illumination at 
45" with normal viewing, or normal illumination with viewing at 45O, and 
imply that these two conditions are equivalent. This is not necessarily so33. 
In any case, samples are in practice not illuminated by single rays of light 
and there is no mention by the CIE of the limiting angular dimensions of the 
incident and reflected beams (Fig. 3). Also, 45" implies illumination or viewing 
from one side of the sample as indicated in Fig. 3, but many instruments have 
symmetrical optical systems corresponding to these conditions. A measurement 
with an instrument having an asymmetrical optical system will depend on 
the orientation of the sample if the material has a marked grain direction, 
as have many papers. 

Photocel I 

7' Lenf 
/' h \ \  / ' 

--, \\ , 
\ 

'b sample - 
Fig. 3. CIE conditions of  45'.' incidence and normal viewing with (left) broad and (right) narrow 

cones of  light 

Many instruments depart entirely from CIE recommendations on optical 
geometry. Sometimes this is simply to allow a particular method of construction 
or design, but there are also more logical reasons for using alternative geometry. 
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The CIE conditions of illumination and viewing exclude completely the specular 
lobe of the light reflected from the sample, and it is sometimes advantageous 
to be able to include or exclude the specular component at  will. This can be 
done using the conditions pioneered in the Hardy spectrophotometer, in which 
light is incident at  6", and the light reflected is collected by an integrating sphere 
which has a removable segment where the specular component falls. 

From the point of view of correlation with visual assessment of colour, it 
would be expected that the best conditions for instrumental measurements 
would be those which were closest to the conditions under which the visual 
assessments were carried out. Experimental w o r k ' q a s  confirmed this. 

Another reason for departing from CIE conditions is that the colour 
measurements may have to correlate with predictions by some theory. An 
example of this comes in the use of the Kubelka-Munk theory for the prediction 
of opacity and colour of papers. This theory assumes that the sample is 
illuminated diffusely, and it has been foundl"hat agreement with the theoretical 
predictions is closest if the reflectometer used gives diffuse illumination with 
normal viewing. This recommendation has been incorporated into standards 
for reflectance of paper2'. 

One problem has given rise to a proposal that the readings of a reflectometer 
should not be altered by a change of gloss of the sample being measured. 
When printing, and to some extent when painting, the wet film usually has a 
high gloss, and becomes less glossy during drying. This means that a measure- 
ment of the final colour cannot be made until the film is dry ; often after 
several hours. It has been claimed that the fitting of polarising filters in both 
the incident and reflected beams of a 45"-normal re f le~tometer~~ minimises 
the change of measured reflectance during drying, and so allows instrumental 
control of a freshly printed film without the necessity of predicting the change 
of gloss on drying. 

Theoretically it must be possible to predict the change of measured colour 
with geometry". The difficulty here is that of finding a sufficiently simple 
parameter that will allow a reading taken with one colorimeter to be converted 
to that appropriate to another without excessive calculation. One investigation 
that was started in the hope of finding such a parameter3j concluded that 
the distribution of reflection from the samples tested-printed papers-was 
so complex that the complete solid polar diagram of the sample would have 
to be considered in such a conversion. 

Obviously some tightening of the CIE specification of illuminating and 
viewing conditions is desirable. It is unlikely that any one set of conditions 
will be approved by all, but there are factors which allow general recommen- 
dations to be made. In most practical sit~~ations, the change of colour with 
orientation of a material is not important and this leads to the recommendation 
that the results given by a colour measuring instrument should not depend 
upon the orientation of the sample. This is achieved if a symmetrical optical 
system is used. Another factor is that, if the incident beam is anything but 
normal to the sample, the measured reflectance will depend on the state of 
polarisation of the incident beamM. These two factors could be incorporated 
in one form of the existing CIE conditions, in which the sample is illuminated 
normally and an annular receptor collects light at 45" elevation and at all 
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azimuth angles. There are several alternative optical systems corresponding 
to these conditions (Fig. 4). 

f i  

Incident 
light 

Photocell 

P 

. . 
Sample ' i /  

J J 

0 phOtOcell 
Fig. 4. Methods of obtaining normal viewing and 45" annular viewing 

The measurement of fluorescent materials has not been of great importance 
in the past. As has already been pointed out, these must be illuminated directly 
by the lamp, and, with a spectrophotometer, this means that the light coming 
from the sample must be imaged on to the entrance slit of the monochromator. 
It  would be difficult to do this and retain annular viewing at 45" as proposed 
above. 

It may be argued that colours are usually illuminated diffusely and viewed 
normally, and that these should be standard conditions for colour measurements. 
Such conditions result in the specular component being included34, but, in 
an instrument in which the illumination is via an integrating sphere, the specular 
component can be excluded by fitting a black annulus around the exit port. 
Unfortunately it is difficult to conceive an instrument giving diffuse illumination 
without an integrating sphere, and the maintenance of a matt neutral surface 
on the interior of the sphere may in practice give rise to difficulty. However, 
diffuse illumination and normal viewing should not give rise to any difficulties 
with regard to polarisation of light, and it would not be difficult to image 
the sample on to the entrance slit of a monochromator. 

Overall accuracy 
Most of the recent work on accuracy of colorimetry has taken the form of 
direct comparisons of existing colorimeters and spectrophotometers. This 
makes it difficult to  sort out the individual factors contributing to the 
disagreements although, given an adequate analysis of a sufficient number of 
results, this can be done to some extent. Large differences occur between 
instruments used under normal commercial  condition^^^. Even the differences 
found by Robertson and Wright3' are disturbing, particularly when one 
considers that all the organisations contributing results possessed laboratories 
specialising in colour measurement. In spite of this unsatisfactory position, 
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colour measurement is widely used. Most users overcome the problem by 
quoting colour measurements within their organisation only. Under these 
circumstances they can ensure that all the instruments in use are of the same 
make and type, and it is possible to inter-calibrate them periodically, and 
so eliminate any differences that may occur. Such an inter-calibration is an 
effective way of ensuring that instruments agree, and has been used in the 
paper industry for many years. A very widely used American standard for 
blue reflectance of paper6 was based on a particular instrument, and the 
manufacturel-s of this instrument circulated samples to users of the instruments 
periodically. These samples were near-white papers and only the reflection 
in the blue region was controlled, so they would not be applicable in the wider 
field of colour measurement. A similar service has been organised in connection 
with the more recent Swedish standard for reflectance of paper2'. 

An industrial process which depends critically on interchange of colour 
measurements is the Instrumental Match Prediction service operated for 
textile dyers by Imperial Chemical I n d u s t r i e ~ ~ ~ .  When using this service, a 
dyer sends to ICI by Telex the colour specification of the sample that he has 
to match. He also sends the dyeing conditions, type of fabric and so on. ICI 
then compute the dye recipe that will give the required colour, and send it 
to the dyer. Here the computation is based on the colour measurement sent in. 
The service was set up using the Colormaster colorimeter, but the message 
sent in by the dyer includes the type of colorimeter that he is using, and 
variations between colorirneters are allowed for. However, this service is 
limited to dyed textiles, which have a matt finish, and the allowance for the 
differences between colorinieters would probably be much more difficult if 
samples with a wide range of gloss were being measured. 

Conclusions 
The present position is that it is not difficult to make colour measurements 
of high precision, and that this is adequate when computing colour differences 
and when colour measurements are used entirely within one organisation. 
Interchange of colour specifications between organisations is still not generally 
practicable, and we are very far from the ideal situation in which colour 
measurements are able to replace coloured materials as samples. The biggest 
single factor appears to be the optical geometry of the instruments and, until 
this is more closely controlled. significant improvements in accuracy cannot 
be expected. The other factors are far from negligible, but it should be possible 
to eliminate variations between white standards by inter-comparisons between 
National Standards !aboratories. There will always be departures from CIE 
functions ; these should be small with computed results, although they will 
probably always be present to a significant extent in filter colorirneters. 
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Regulation of particle size of 
vinyl acetateILLVeoVa "* 911 
copolymer laticest 
By G. C. Vegter and E. P. Grommers 

Koninklijke/Shell-Laboratorium, Amsterdam (Shell Research N.V.) 

Summary 
T o  prepare paint latices based on copolymers of vinyl acetate and " VeoVa " 91 1, Koninklijkel 
Shell-Laboratorium, Amsterdam, have developed a delayed monomer emulsion addition 
procedure. The formulation contains a mixture of an anionic and nonionic emulsifiers. Besides, 
a small amount of acrylic acid is copolymerised into the resin. 
An initial reactor charge, consisting of part of the water, anionic emulsifier, initiator and 
neutralising agent, is heated to  the reaction temperature. A monomer feed emulsion, containing 
all the monomers and the nonionic emulsifier as well as the balance of the water, anionic 
emulsifier, initiator and neutralising agent is then gradually added. Finally a digestion period 
is applied. 
I t  has been found that the distribution ratio of the anionic emulsifier between initial reactor 
charge and monomer feed emulsion greatly affects the particle size of the latex. A reproducible 
result is obtained only when a relatively large proportion of the anionic emulsifier is present 
in the initial reactor charge, but this eliminates the possibility of particle-size regulation via 
this method. 
The particle size can be regulated in a reproducible way by varying the total amount of anionic, 
the type of anionic o r  by adding small amounts of electrolytes. 

Le rbglage de la grandeur particulaire des latices copolym&res 
d'achtate de vinyle et de " VeoVa" 911 
RPsumk 
Koninklijke/Shell-Laboratorium, Amsterdam a mis au  point un proaide d'addition retardee 
de I'emulsion monomere pour la preparation des lattices a base de copolymeres d'a&tate de 
vinyle et de "VeoVa" 91 1. La formulation contient un melange de deux emulsionnants, I'un 
anionique et I'autre nonionique. D'ailleurs on copolym&rise une petite quantite d'acide 
acrylique dans la resine. 
La charge initiale de reaction consistant en des portions de I'eau, de I'emulsionnant anionique, 
de I'initiateur, et de I'agent neutrilisant est chauffee jusqu'a la temperature de reaction. Une 
emulsion mononltre d'alimentation contenant la totalite de monomeres et d'emulsionnant 
nonionique, ainsi que les restes de I'eau, de l'tmulsionnant anionique, de I'initiateur et de 
I'agent neutrilisant s'introduisent graduellement. Enfin une ptriode de digestion se met en 
vlgueur. 
On a trouve que le rapport de repartition de I'emulsionnant anionique entre la charge initiale 
de rhction et IVmulsion monomtre d'alimentation excerce un effet important sur la grandeur 
particulaire du latex. On n'obtient qu'un resultat reproductible ou la proportion dYmulsionnant 
anionique dans la charge initiale sera relativement elevee. Evidemment cela elimine la 
possibilite de rkgler la grandeur particulaire au moyen de cette methode. 
On peut regler la grandeur particulaire dans une maniere reproductible soit par la variation 
de quantite ou de type d'kmulsionnant anionique soit par I'addition de petites quantites 
d'electrolytes. 

*Shell registered trade mark. 
?Presented to the Manchester Section on 18 April 1966 
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Die Einstellung der Teilchengrosse von V iny la~eta t /~ '  VeoVa" 911 
Mischpolymerlatexen 
Z~rsammenfassicng 
Das Koninklijke Shell-Laboratorium Amsterdam hat ein Verfahren zur Darstellung von 
Latexen fiir Anstrichzwecke, die auf Mischpolymeren aus Vinylazetat und " VeoVa 911 
aufgebaut sind, entwickelt, dadurch gekennzeichnet. dass eine allmahliche Zugabe der 
rnonomeren Emulsion vorgenommen wird. Die Rezeptur enthalt eine Mischung von 
anionischem mit nichtionisiertem Emulgator. Ausserdem wird eine kleine Menge Akryldure 
mit dem Harze mischpolymerisiert. 
Eine erstmalige Beschickung des Reaktionsgefasses. die aus einem Teil des Wassers des 
anionischen Emulgators, des Initiators und des Neutralisierungsmittels besteht, wird auf die 
Reaktionstemperatur erhitzt. Dann wird allmahlich eine alle Monomeren sowie den 
nichtionisierten Emulgator, als auch das restliche Wasser, den anionischen Emulgator, den 
Initiator und das Neutralisierungsmittel enthaltende monomere Emulsionscharge zugesetzt. 
Schliesslich wird geniigend Zeit zum Digerieren vorgesehen. 
Es stellte sich heraus, dass das Aufteilungsverhaltnis des anionischen Emulgators .zwischen 
der erstmaligen Charge in das Reaktionsgefass und der monomeren Emulsionscharrre die 
~ei lchen~rosse  des   at exes stark beeinflusst. Nur, wenn ein verhaltnismassig hoher Anteil 
von anionischem Emulgator in der anfanglichen Beschickung zugegen ist, erhalt man ein 
reproduzierbares Produkt ; dies schliesst jedoch die Moglichkeit aus mit Hilfe dieser Methode 
die Teilchengrosse einzustellen. 
Die Teilchengrosse kann durch Variation des Gesamtgehaltes an anionischen, Art der 
an~onischen Emulgator oder durch Zusatz kleiner Mengen Electroligt reproduz~erbar 
eingestellt werden. 

Y c o m p r n e ~ c ~ ~ o ~ a ~ a  r o c y ~ a p c r ~ e ~ ~ o f i - U e n n  na6oparopnefi B A M C T ~ ~ A ~ M ~  Meronma 
DJlR H3rOTOBneHHII KPaCO'IHbIX JlaTeKCOB H a  6a3e KOnOnMMepOB BMHHJIOBOrO aUeTaTa U 
'BeoBa' 91 1 H 3  3aMeAneHHoR ~ o ~ ~ B o ' I H o R  3MYflbCHH MOHOMepa. @o~MYJI~~uuSI 3aKnIoqaeT 
B ce6e CMeCb aHHOHHOr0 H HeHOHHOrO ~ M ~ J ~ ~ c u @ u K ~ T O ~ ~ .  K p o ~ e  Tor0 ~e60JlbIMoe KOnH9e- 
CTBO aKpHJl0BOR KHCnOTbl KO~OJlCIMepH3YeTCII C C M O ~ O ~ ~ .  H a ~ a n b ~ b l f i  3apflA AJIfl PeaKUHH, 
COCT0flUHR M 3  YaCTM BOAbl, aHMOHHOr0 ~ M Y J ~ ~ C M ( ~ ) H K ~ T O P ~ ,  Ha'IWIbHOrO H H ~ ~ ~ T P ~ ~ U ~ U P Y W -  
llrero arema HarpemeTcfl no  TeMnepaTypbl pealcuuu. ~ O T O M  npou3~onu~cn  nocTeneHHoe 
no6aene~ue M O H O M ~ ~ H O ~ ~  J I M T ~ T ~ J ~ ~ H O R  3MYnbCMU. ~0nepXaLUefi BCe MOHOMePbl H H ~ H O H H ~ I ~ ~  
~ M ~ S I ~ C M @ M K ~ T O ~  TaKXe KaK M OCTaTKn BOJlbl, aHHOHHOr0 ~ M Y J I ~ C M @ H K ~ T O ~ ~ ,  HaYaJlbHOrO 
H ~eB~panu3upyrouero areti-ra. H ~ K O H ~ U  npnMeHseTcn nepuoa BapeHun. Y c ~ a ~ o ~ n e ~ o   TO 
3aBHCHMOCTb PaCnpeAeJleHMR aHMOHHOr0 ~ M ~ J ~ ~ c u @ u K ~ T O ~ ~  MeXny Ha'laJlbHbIM 3aPflAOM 
Ann PeaKUMM M M O H O M ~ P H O ~ ~  nM~aTeJlb~0fi 3MYJlbCMM CMJlbHO BJlMIieT Ha BeJlHYMHy YacTHq 
B JlaTeKCe. T ~ K o ~  pe3ynbTaT MOXHO BOCnPOH3BOnHTb TOJlbKO KOrna CpaBHHTeJlbHO 6onbwan 
'IaCTb aHHOHHOr0 ~ M Y J ~ ~ C H @ M K ~ T O P ~  nPHCYTCTBYeT B Ha'IaJlbHOM 3apRAe An54 peaKUUH, H o  
3 T 0  HCKJlJllQYaeT B03MOXHOCTb PeryJlHpOBaTb BeJlM'IHHbl YaCTMU no OnMCaHHOMy MeTOAY. 
K O H T P O ~ ~  BeJlHqHHbl S I C T H U  MOXHO OCYULeCTBnRTb BOCITPOHlBOAHMblM MeTOnOM BaPUPYfl 
CyMMapHW KOJlH'IeCTBO aHUOHa, Tuna aHHOHa UJlU ~ 0 6 a ~ n n n  ~e60nbwoe KOnRYeCTBo 
3JleKTpOJlMTOB. 

Introduction 
In the last few years various publications1-lo have described surface coatings 
based on branched monocarboxylic acids, called " Versatic "* acids. These 
acids are prepared from olefins, carbon monoxide and water by means of 
an acid-catalysed reaction discovered by Dr. H. Koch, of the Max-Planck- 
Institut fiir Kohlenforschung at Miilheim, Germany. 

- - . - - - - - 
*Shell registered trade mark. 
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On the basis of this reaction, Koninklijke/Shell-Laboratorium, Amsterdam, 
have developed a process for the manufacture of " Versatic" acids, which 
have been produced commercially for some years past. The acid with 9 to 1 1  
carbon atoms, " Versatic" 91 1, is used for the preparation of binders for 
surface coatings. It is incorporated via its glycidyl ester, " Cardura "* E, into 
alkyd r e ~ i n s l - ~  and via its vinyl ester, " VeoVa " 91 1, into paint latices" lo.  

It  has been established that, in stoving enamels as well as in latex paint 
applications, the surface coatings acquire some very desirable properties when 
they are based on resins in which branched " Versatic" structures are 
incorporated. The most important of these properties are a high resistance 
to degradation by outdoor weathering as well as to hydrolysis, and an excellent 
colour retention. 

In the course of the investigations into the applicability of " VeoVa " 91 1, 
a delayed monomer emulsion addition procedure has been developed for the 
preparation of vinyl acetatel" VeoVa " 91 1 copolymer latices. As particle size 
is an important variable in paint latices, its regulation and reproducibility 
were studied in detail. 

This paper describes the above-mentioned procedure, the reasons for the 
excellent reproducibility of particle size, as well as various methods for its 
regulation. 

Recipe 
The latex recipe used in this work was as follows : 

Vinyl acetate (VA) . . . . . . . . . . 52.5 pbw 
"VeoVa"911 .. . . . . . . . . . . 46.5 ,, 
Acrylic acid . . . . . . . . . . . . 1 .O ,, 
Water (deionised) . . . . . . . . . . 85 ,, 
Fenopon SF 78 (85% act. mat.)? . . . . . . 1.0 ,, 
Tergitol NP 40$ . . . . . . . . . . . . 2.5 ,, 
Potassium persulphate . . . . - .  . . . . 0.5 ,, 
Borax . . . - . . .. . . . . . . 0.5 ,, 

The small amount of acrylic acid is required to  ensure freezelthaw stability 
of the latex at a pH of 7 or higher, and contributes to its mechanical stability. 
The anionic emulsifier (Fenopon SF 78) influences the particle size and imparts 
adequate stability to  the system during latex preparation. The nonionic 
emulsifier (Tergitol N P  40) is required to obtain sufficient electrolyte stability, 
and contributes to the mechanical and freezelthaw stability of the latex. Borax 
is used as a neutralising agent. 

Method of latex preparation 
In the course of the investigations a method was selected for the preparation 
of the latices as illustrated by the following example. It is readily reproducible ; 
the reaction temperature is easy to control and the quantity of coagulum 
formed during the process is negligible. 

--- 
*Shell registered trade mark 
?Sodium alkylbenzene sulfonate ex Antara Chemicals. 
SNonylphenol condensed with on an average 20 moles of ethylene oxide per mole ; ex Union 

Carbide Chemical Company. 
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An initial reactor charge was prepared by dissolving 0.1 pbw of potassium 
persulphate, 0.05 pbw of borax and 0.6 pbw of Fenopon SF 78 in 25 pbw 
of deionised water. The balance of the ingredients was used as follows for the 
preparation of a monomer feed emulsion. In the 60 pbw of water left, were 
dissolved 2.5 pbw of Tergitol N P  40, 0.4 pbw of Fenopon SF 78, 0.4 pbw 
of potassium persulphate and 0.45 pbw of borax. T o  this solution 100 pbw 
of the monomer mixture was added with stirring. The monomer feed emulsion 
thus obtained was stable for about one day. 

The reactor, a 750 ml conical glass flask provided with a stainless steel 
anchor-type stirrer, containing the initial charge, was then heated up to 80°C 
and the monomer feed emulsion was gradually added with stirring in about 
24 hours. The temperature was kept a t  80°C. After addition of the emulsion, 
stirring was continued, the temperature being kept at  80°C, for another two 
hours. Then the latex was cooled, with stirring, to  room temperature. 

The pH, which was about 4-4.5, was raised to  5 with 10 per cent w/w 
ammonia and then to  above 7 with 0.5 pbw of ammonium carbonate as a 
10 per cent w/w solution in water. 

Influence of distribution ratio of anionic emulsifier between monomer feed 
emulsion and initial reactor charge on average particle size of the latex 
One of the variables studied was the influence of the distribution ratio of the 
emulsifiers between monomer feed emulsion and initial reactor charge on the 
latex properties. It was found that small amounts of the nonionic emulsifier 
in the initial reactor charge caused coagulum formation during latex preparation. 
So the total amount of nonionic required had to be added with the monomer 
feed emulsion. Variation in the amount did not affect the particle size. 

The distribution ratio of the anionic emulsifier, however, greatly affected 
this particle size, as is illustrated in Fig. 1. When the amount of anionic 
emulsifier in the initial reactor charge was very small, the average particle size 
increased considerably. 

To gain a better understanding of this phenomenon, the number of particles 
in the reactor was followed with time during addition of the monomer emulsion 
for three different distribution ratios of this emulsifier. The ratios 40160, 9713 
and 100/0 were chosen because they gave different particle sizes of the ultimate 
latex : the first on the flat part of the curve in Fig. 1, the second just in the 
bend and the third at  the extreme left. 

The results of these experiments are depicted in Fig. 2. It  can be seen that 
the number of particles formed in the initial stages of latex preparation depends 
on the relative amount of anionic emulsifier present. When this amount was 
small, a relatively small number of particles was formed, which remained 
constant during further latex preparation. Thus, after initial particle formation, 
only growth of existing particles took place. 

When a large amount of anionic was initially present in the reactor, a large 
number of particles was formed. In the course of the experiment this number 
decreased because not enough emulsifier was added with the monomer feed 
emulsion to keep the surface of the particles covered. Controlled agglomeration 
of polymer particles occurred to  a stage where the total surface area of the 
particles had become so small that the amount of anionic present just provided 
the required stability. 
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Fig. 1. Influence of distribution of anionic Fig. 2. Number of particles during the 
emulsifier on average particle size addition period for different partitions 

of the anionic emulsifier 
Thus, when more particles are initially formed than can be stabilised by 

the amount of anionic present later on, the ultimate average particle size is 
determined by the total amount of anionic. When fewer particles are initially 
formed, the final average particle size is determined by the number of these 
particles. Fig. 1 shows that, when more than about 15 per cent of the anionic 
was originally present in the initial reactor charge, the average particle size 
was independent of the distribution ratio, indicating that it was only determined 
by the total amount of anionic present. 

In actual fact, the average particle size of the latices proved readily 
reproducible under these conditions, whereas it had very poor reproducibility 
when less than 15 per cent of the anionic was present in the initial reactor charge. 

It will be clear that the number of particles formed initially cannot be very 
reproducible. Small variations in induction period, for instance, will affect this 
number considerably because anionic is added also with the monomer feed 
emulsion. 

Hence, although the distribution loo' 

ratio of anionic emulsifier has a con- 
siderable influence on the average m- 
particle size of the latex, it cannot be 
used for reproducible particle-size 60- 

regulation. z 
r- 

The particle-size distribution of 4 0 -  

the latices prepared by this procedure $ 
was invariably of the log-normal 20- 

type as given in Fig. 3, independent 
of the way of particle formation. This 

- 

- 

I 
/ 

o ~ ' ~ ~ f i l ~ l l l ~ l ~  
illustrates that the agglomeration of 1000 1400 I ~ O O  2200 2600 PARTICLE 3 0 0 0 3 2 0 0  SIZE AO 

particles during latex preparation Fig. 3. Particle-size distribution of a latex 
when the initial reactor charge con- prepared by the described process 
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tained more than 15 per cent of the anionic emulsifier is a random and not a 
selective process. 

Regulation of particle size by changing amount and/or type of anionic emulsifier 
The previous section indicates that, under reproducible conditions, the average 
particle size of the latex is determined by the total amount of anionic present. 
This has been verified by varying the total amount of anionic, the 40160 
distribution between monomer feed emulsion and initial reactor charge being 
kept constant. The results of these experiments are given in Fig. 4. 

The above results are compared in Fig. 5 with those obtained by changing 
the distribution ratio of anionic emulsifier a t  constant total concentration. 
The essential difference between the two series of experiments is the amount 
of anionic in the monomer feed emulsion, indicated by the figures near the 
curve. Points of the two curves on the same vertical line through the graph 
relate to two experiments in which only the amount of anionic in the' monomer 
feed emulsion differs. It can be seen that variation of this amount influences 
the average particle size considerably, which is in line with the previous 
statement that, in the region of controlled agglomeration, the average particle 
size is governed by the total amount of anionic. 

POOR 
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These results show that the particle size of the latices can be regulated 
reproducibly between about 1600 and 2400 A by varying the amount of Fenopon 
SF 78 between 1 and 0.25 pbw at a constant 40160 distribution ratio. At  this 
ratio a total amount of anionic below about 0.20 pbw leads to irreproducibility 
due to the low concentration in the initial reactor charge. A change in ratio, 
e.g. to 0/100, would be expected t o  restore reproducibility, but the desired 
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result is not obtained, because at such low total anionic concentrations con- 
siderable coagulation occurs, especially during the digestion period. 

The type of anionic used also influences the particle size. This aspect has 
been investigated for a few other anionics. The results are given in Table I. 

Table I 
Influence of type andlor amount of anionic on Iutex properties 

I I I 

Name 

Anionic 

Overall latex 
stability 

- 

Fenopon SF  78 . . 0.85 1 

Particle size 
of h e x  

A 

Total amount 
pbw 

(active 
material) 

Aerosol M A  . . 
. *  I 0.85 I 

Per cent of 
anion~c in 

initial reactor 
charge 

- 1 1650 Good 

I 2300 I Good 

Triton X 200 . . . . 

"Teepol"410 . .  . . 1 0.85 1 60 I 1400 1 Marginal 

0.26 

0.85 

0.26 

By varying the type and/or amount of anionic emulsifier, the average particle 
size of the latices can now be reproducibly regulated between about 1400 and 
3550 A. 

Influence of VA/"VeoVa9' 911 ratio on particle size 

60 

60 

60 

3550 I Good 

2150 j  GOO^ 

2700 I Good 

The work described so far was carried out at the monomer ratio given in the 
recipe, viz. VA/"VeoVaW 9 1 1 /AA = 52.5146.51 1 . The influence of varying 
polymer composition on particle size was also studied. The results, given in 
Fig. 6, show that the particle size increases with decreasing amount of" VeoVa " 
91 1 in the copolymer. 

50001- 
Additional experiments showed 

that the number of particles formed % 
in the initial stages of latex prepara- $4000 

tion does not fluctuate significantly " 
Y with the monomer ratio. Therefore u 

it must be assumed that there is i3000- 
more coalescence during the addition " 
period of the monomer emulsion, ,,, 
which has obviously to be attributed fi > to a decrease in stabilising power 4 

- 

- 

- 
c 

of the anionic emulsifier with '000806' A ' 60 ' ;o ' ;o ' ~b 
decreasing " VeoVa " 91 1 content veo va' 911 CONTENT OF COPOLYMER OIOW 

o f t h e c o p o 1 y m e r ( i n c r e a s i n g Fig. 6. Relation between "VeoVa" 911 content of 
polarity). copolymer and average particle size 
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The methods for particle size regulation discussed so far do not cover all the 
aspects involved. For instance, to eliminate a slight granularity* in latices with 
less than 35 per cent w/w of "VeoVa" 91 1 in the copolymer, it is sometimes 
advisable to reduce the solids content to about 51 per cent w/w by increasing 
the amount of water in the monomer feed emulsion from 60 to 75 pbw. The 
particle size, however, appears to be very sensitive to the amount of water. In 
latices with a monomer composition of e.g. VA/" VeoVa " 91 l/AA=79/20/1 
a particle size of about 1300 A was thus obtained, and the total amount of 
anionic had to be reduced to 0.25 pbw to obtain latices with an average particle 
size of about 2000 A, which is considered practical in connection with the 
amount of nonionic required to ensure adequate stability (about 2.5 pbw). 

It is clear that at this low concentration of anionic emulsifier particle size 
has to be regulated by means other than those indicated for latices with monomer 
ratio VA/" VeoVa " 91 I /AA=52.5/46.5/1. 

Particle-size regulation with sodium chloride 
It is a matter of common knowledge that addition of salts increases the 

particle size of latices prepared via an emulsion polymerisation procedure. 
This effect is generally attributed to interaction of the added ions with the 
electrical double layer around the particles. 

The influence of adding sodium chloride to the monomer feed emulsion on 
the average particle size of the latices was investigated, using two different 
monomer ratios and two somewhat different recipes. 

Latices with monomer ratios VA/" VeoVa " 9 1 l/AA=79/20/1 and 52-51 
46.511 were prepared according to the normal recipe, viz. 0.25 and 1 pbw of 
Fenopon SF 78, 2.5 and 2 pbw of Tergitol NP 40 and 51 and 55 per cent w/w 
of solids, respectively. Sodium chloride was added to the monomer feed emulsion 
in amounts of up to 1.0 pbw. 

In Fig. 7 the average particle size ,,, 7 D k ~ f v . ~  Va*9111~A . A T 1 0 - 7 9 ~ 1 ~ ~ 1  

of these latices is depicted as a 
function of the amount of NaCl -- 
added. The results show that the 
recipe for 79/20/1 is more sensitive 3500- 

--- . V A ~ ~ ~ O  RECIPE V~*PII NORMALLY IAA RATIO USED -sa.slar.s~~ FOR 0 0 . 2 5  pb,~ 

1 *NIONIC 51-I. SOLIDS 

mR . I o .- 
I 

ANIONIC 55.10 SOLIDS 

I 
to NaCl than that for 52.5/46.5/1 
latices. This can be ascribed to the '"o 

lower amount of anionic emulsifier 
used. 

The average particle size of latices 
with monomer ratio 79/20/1 can 
thus be regulated between 2100 and 
4500 A by adding up to 0.25 pbw of 0 . 0  0 , )  0.4 0.6 0.8 1.0 

NoC 1 ADDED,?b# 

NaC I .  More NaCl leads to severe Pig. 7. Influence of sodiumchloride concentration 
coagulation during the latex prepara- on particle size for different monomer ratios 
tion. In latices with a monomer and recipes 

ratio 52.5/46.5/1 the average particle size can be regulated between 1600 and 
-- 

*Also the addition to 0.5 pbw of hydroxyethyl cellulose (e.g. Cellosize WP 09) to the 
monomer feed emulsion eliminates this granularity. 
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3000 A by adding up to 1.0 pbw of NaCl ; larger amount again lead to 
severe coagulation. 0 

The log-normal particle-size distributions referred to before are also found 
for the latices described here. The increase in particle size on addition of NaCl 
to the monomer feed emulsion must be ascribed to a further agglomeration of 
particles under the influence of the added ions. This is confirmed by the fact 
that the authors succeeded in enlarging the particles of a finished latex by 
heating it for one hour at  80°C in the presence of a small amount of salt 
(K2S2O8), during which the log-normal distribution was maintained. 

Influence of batch size on latex properties 
As indicated before, the reactor used in the experiments described here was a 
750 ml conical flask. On various occasions, however, larger batches of latex 
were required for evaluation purposes and experiments were performed in a 
20 1 round-bottomed glass flask and in a 250 1 stainless steel reactor. 

It was found that the scale of operation has no influence on the particle size 
or other latex properties when working under conditions indicated in the fore- 
going as being reproducible. 

These large-scale experiments were in fact exact duplications of those carried 
out in the 750 ml reactor. 

Conclusion 
The delayed monomer emulsion addition procedure for the preparation of 
VA/" VeoVa" 91 1/AA latices, yields latices with excellently reproducible 
particle size when a relatively large amount of anionic emulsifier is present in 
the initial reactor charge. The average particle size is then governed by the total 
amount of anionic. 

Reproducible regulation of particle size between 1400 and 3500 A for latices 
with a monomer ratio VA/" VeoVa " 91 l/AA= 52.5146.51 1 and between 2000 
and 4500 A for latices with a 79/20/1 ratio can be effected by varying type and/or 
amount of anionic or by adding small amounts of sodium chloride to the 
monomer' feed emulsion. 
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Discussion at the Manchester Symposium 
DR. DE LA COURT asked Dr. Vegter if latex particle size distribution was measured 
microscopically, and if so, how the particles were prevented from flowing out of the 
observation zone. 



1967 REGULATION OF PARTICLE S I Z E  8 1 

DR. VEGTER stated that an ultra centrifuge method was used ; the question of 
flow out did not arise. 

DR. DE LA COURT then asked if information could be given on the reactivity ratios 
of the monomers used. 

DR. VEGTER replied that these parameters had been determined for " VeoVa " 91 1 
and vinyl acetate, and had been found to be equal and unity, implying that from 
any monomer ratio at any time during polymerisation a completely random copolymer 
would be formed. 

Finally, DR. DE LA COURT asked if the success in regulating particle size by varying 
the amount or type of anionic dispersant could be explained in terms of emulsion 
polymerisation theory. 

DR. VEGTER said that the Smith-Ewart theory did not explain the effects found. 
The theory could be applied to the polymerisation of water insoluble monomers, 
but in the present case, with one of the monomers partially soluble in water, micelle 
formation was not necessary to induce polymerisat ion. With very low concentration 
of anionic surfactant the polymer particles formed initially coalesced. Micelles played 
a part at higher surfactant concentrations. 

MR. HALL commented that in a copolymer system with low " VeoVa " 91 1 content, 
some granularity occurred in the emulsion which could be corrected by adding a 
colloid, and asked if this affected the particle size distribution to any extent. 

DR. VEGTER stated that the particle size distribution was affected by the presence 
of colloids, but that he had no quantative information to present. 

MR. HALL then asked if controlled particle size could be achieved if monomer 
and surfactant were added separately. 

DR. VEGTER stated that the normal practice was to add monomer emulsion, that 
separate monomer addition tended to give small droplets which resulted in large 
particles of coagulum. The technique of using monomer feed emulsion gave greater 
freedom from coagulum formation. 

MR. ARMITAGE inquired for the best proportion of vinyl acetate and " VeoVa " 91 1 
for a good paint copolymer. 

DR. VEGTER said that this depended on the criteria applied. The best copolymer 
was given by vinyl acetate 52.5, Vv 91 1 46.5, acrylic acid 1 ; the proportions of 
monomers to give the optimum performancelcost result depended on the cost of 
other materials ; a large improvement over PVA could already be obtained by using 
15-20 parts by weight of " VeoVa " monomer in the final composition. 

Next month's issue 
The Honorary Editor has accepted the following papers from the Manchester 
Symposium for publication and these are expected to appear in the February issue : 

"The effect of pigment volume concentration and film thickness on the optical 
properties of surface coatings," Craker and Robinson. 

" The survey of the properties of thermosetting acrylic resins in automobile and 
domestic appliances," J. R. Taylor and T. I. Price. 

" Formulation of fungus resistant paints," E. Hoffman. 
" The effect of ethylenediaminetetracetic acid on the degradation of copper containing 

soaps," S. A. Ramji and W. A. Hampson. 



Correspondence 
" Texture of Pigments " 
by W. Carr, JOCCA, 1966, 49, 83 1-43. 

SIR,-We were interested to read Dr. Carr's paper on the texture rating of 
pigments in which the relation between oil absorption and nitrogen adsorption 
surface area was examined. The useful collection of data for a range of types 
of pigments indicated that the "texture factor" S/Y approximated to unity in a 
number of cases. We were, however, unable to follow the theoretical treatment 
(pages 835-6). The equation for the " texture factor" is derived, assuming 
that a fraction of the oil, a, is present on the surface of the particles as a 
monomolecular layer, so that the remainder of the oil used in the oil absorption 
test, 1-a, is present in the voids between the coated particles. 

where S=nitrogen adsorption surface area (mI2gram) 
Y =oil absorption (grams oil/ 100 grams pigment) 
D=cross sectional area of oil molecules (square Angstroms) 
M=molecular weight of oil 

In making calculations for linseed oil (page 836), D is given as 30A2, while 
M is given as 873 or 879, the molecular weights of the triglycerides of linolenic 
and linoleic acids respectively. The literature quoted (reference 3) refers to the 
individual fatty acids having molecular areas of about 30A" not the 
triglycerides, which would be expected to have molecular areas of about three 
times this value, assuming that the oil molecules were oriented with the polar 
ester groups on the polar pigment surface. There is little information in the 
literature on the monolayer behaviour of triglycerides, but we have made 
force-area measurements on the Langmuir trough of several samples of linseed 
oil and pure triglycerides. All the samples gave clearly defined reproducible 
force-area curves, and the areas quoted below are the means of four or five 
determinations in each case. 

Linseed oil (acid refined) 90A2 
Linseed oil (bleached, alkali refined) 1 0 5 k  
Linseed oil (unbleached, alkali refined) 1 11A" 
Triolein (pure sample) 99A2 
Trilinolein (pure sample) 1 13A2 

These values confirm that the area for a triglyceride molecule is about 
IOOA~, i.e. about three times the value for the individual unsaturated fatty 
acids. Gainesl also quotes a value of 1ooA2 for triolein. With this revised figure 
for D, then the equation for the "texture factor" becomes 

S 60.2 a 100 - = -- 
Y 873 
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This relation can also be derived without making any assumptions about the 
molecular weight of the oil, by merely using the area occupied by a given weight 
of oil on the Langmuir trough to obtain the thickness of the monolayer. Taking 
the density of the oil in the monolayer to be that of the liquid, the thickness 
of the monolayer can be calculated to be 15.6 Angstroms. If now the PVC of 
the oil absorption paste is P, then the area of pigment surface in 1 ml of oil 
absorption paste is 

P p S x 10-2m2 

The volume of oil required to cover this area with a monolayer 15.6A thick is 

The total oil in 1 ml of oil absorption paste is 
(100-P) x 10-2ml 

1.56 p P s 10-3 Hence a = 
100-P 

Now the oil absorption Y, with linseed oil of density 0.93, is given by 

S a Therefore = -. - -- - - - 
1.56 x 0.93 

x 10 = 6.9 a 

How then does the experimentally determined value for S/Y approximate to 
unity in a number of cases? Dr. Carr indicates that a is of the order of 0.5 
when the pigment is completely dispersed in the oil. We have not been able 
to find an indication of such a constant value in the literature quoted 49596. 

With a constant thickness of the adsorbed monolayer of oil, the value of a, 
the fraction of the total amount of oil 'in the monolayer will depend upon the 
particle size of the pigment and the type of packing in the oil absorption paste. 
Patton2 listed the pigment volume concentrations calculated from oil absorption 
data of a range of pigments, and found that they varied appreciably. He showed 
that for many pigments the PVC approximated to that of cubic packing (52 
per cent PVC), under oil absorption conditions, but that looser or tighter 
packings occured, up to tetrahedral (74 per cent PVC). The packing obtained 
will also depend upon the particle size distribution of the pigment, but it is 
possible to make calculations of a for ideal systems of spherical monosized 
particles, arranged in packings of varying PVC. In the calculation below the 
thickness of the monolayer of oil is taken as 15.6 Angstroms, and the packing 
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of 52 per cent PVC corresponds to cubic packing of the idealised pigment 
particles. 

Diameter ofparticle (microns) Fraction of oil in monolayer, a 

Similar values for certain particle diameters were obtained by Lunkiewicz3. 
Tighter packings will give higher values of u, and looser packings lower values. 
It appears, therefore, that far from having a constant value of 0.5, or is very 
considerably lower for the range of sizes of most pigments and varies appreciably 
with particle size, only reaching values above 0.2 with the smallest sized particles. 

Using the data presented by Dr. Carr in Tables 1-3, we have calculated the 
PVCs of the oil absorption pastes, using published values for the densities of 
the pigments, and from these obtained the appropriate values of or, assuming 
that in each case the pigment was broken down into ultimate particles, the 
size of which was obtained from the nitrogen adsorption surface area S. From 
these, calculated values of S/Y =6.9 or were obtained. 

Table I 

S/ Y > I-High surface arras 

Pigment P VC 

Bordeaux 2BS . . 
Green DBN . . 
Yellow 2GP . . 
Red 4RH . . 
Yellow G ~ T  ' . . 
Yellow BAW . . 
Orange F2G . . 
Yellow GTN . . 
Red NBS . . . . 
Blue GLS . . . . 
Crimson 4BP . . 

Calculated 
SI y 

a 

57.1 
54.0 
51.7 
60.8 
41.1 
62.5 
58.2 
50.8 
59.2 
57.0 
42.8 

Experimental 
SI y 

Experiniental 
S/ Y 

Calculated 
SI y 

0.275 
0.25 1 
0.236 
0.201 
0.209 
0.197 
0.196 
0.193 
0.183 
0.180 
0.180 

1.90 
1.73 
1.63 
1.39 
1.44 
1.36 
1.35 
1.33 
1.26 
1.24 
1.24 

1.78 
1.62 
1.52 

0.94 
0.94 
0.93 

1.33 0.96 
1.30 0.90 
1.30 0.96 
1.28 
1.25 
1.20 
1.20 
1.15 

Mean- 

0.95 
0.94 
0.95 
0.97 
0.93 

-0.94 
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Table 2 

S/ Y-I-Medium surface areas 

Table 3 

S/ Y< I-Low surface areas 

Pigrnent 

Carmine FB . . 
Rubine FBS . . 
Red 4 RS . . 
Red RLB . . . . 
Red RLY . . . . 
Yellow BAR . . 
Yellow BAF . . 

If the pigments were incompletely dispersed in the oil absorption paste, 
then the effective particle diameter would be greater, so that a would be smaller. 
Hence the experimentally determined value of S/Y would be lower than the 
calculated value. The ratios shown in the last columns of the tables indicate 
that with the high surface area pigments (Table 1) this is the case. With pigments 
of lower surface area (Tables 2 and 3) the mean ratio increases, and in three 
cases in Table 3 the ratio is 1, indicating complete dispersion of the larger sized 
pigment particles. A ratio lower than 1 could also be explained by the 
assumption that certain regions of the surface as measured by nitrogen 
adsorption, regions of " micro-roughness," were inaccessible to  the monolayer 
of larger oil molecules. In no case does the ratio exceed 1, so that there is no 
evidence of disruption of the primary particles into smaller particles. 

P VC 

58.6 
59.8 
55.7 
53.9 
54.5 
58.6 
60.5 

u 

0.151 
0.154 
0.149 
0.146 
0.165 
0.154 
0.148 

Pigment 

Maroon BN . . 
Yellow BO . . 
Orange P . . . . 
Red FBS . . . . 
Geranium R C P  . . 
Yellow CG . . 
Yellow G . . . . 
Red PRR . . .. 
Bordeaux F2R . . 
Scarlet R N P  . . 
Yellow VG . . 
Red 2GM . . . . 

Experimental 
S / Y  

Calculated 
s/ y 
0.96 
0.95 
0.96 
0.95 
0.96 
0.96 
0.96 

Calculated 
s/ y 

1.04 
1.06 
1.03 
1.01 
1.14 
1.06 
1.02 

P VC 

48.5 
57.1 
56.7 
58.8 
53.6 
68.1 
65.3 
57.4 
56.4 
62.9 
62.3 
51.7 

Mean- 

Experimental 
s/ 

1 .OO 
1.01 
0.99 
0.96 
1.09 
1.02 
0.98 

a 

0.130 
0.122 
0.1 17 
0.104 
0.100 
0.080 
0.065 
0.06 1 
0.055 
0.042 
0.032 
0.025 

Experimental 
S/ Y 

Calculated 
s/ y 
0.96 
0.95 
0.96 
0.97 
0.97 
0.96 
1 .OO 
0.98 
1 .OO 
0.97 
0.95 
1 .OO 

-0.97 

Calculated 
s/ y 

0.90 
0.84 
0.8 1 
0.72 
0.69 
0.55 
0.45 
0.42 
0.38 
0.29 
0.22 
0.17 

Experimental 
s/ y 

0.86 
0.80 
0.78 
0.70 
0.67 
0.53 
0.45 
0.41 
0.38 
0.28 
0.22 
0.17 

Mean- 
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I t  is clear that i t  is the ratio of the experimental to the calculated values of 
S/Y which should be termed the " texture factor," rather than the actual value 
of S/Y, which mainly depends on the particle size of the pigment. 

Yours faithfully, 
The Paint Research Station, V. T. Crowl, 
Teddington. T. R. Bullett. 

27 October 1966 
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SIR,-In the above-mentioned most interesting paper the author states on 
page 832 that " The texture of pigments is a property, the significance of which 
is increasing greatly in the production of modern paints and inks but, as far 
as we know, there is no means of measuring it or giving it a numerical rating 
which is either comparative or absolute." 

In contrary with this statement, I should like to remark that at least four 
quantitative methods of measuring texture or dispersibility have been described 
in literature. 

D. von Pigenot, FATIPEC 7th, Vichy, 1964, 249-262, has given a mathe- 
matical description of the development of colour strength of a coloured pigment 
during its dispersion (on a triple roll mill) in a predispersed white pigment 
paste. From this quantitative rating of the texture of pigments have been 
deduced. 

Simultaneously (FATIPEC 7th, Vichy, 1964, 313-319), the present author 
has described a reproducible method of dispersing a pigment in a vehicle. 
The curve .obtained by plotting fineness of grind against time of dispersion 
can be transformed into a straight line. From the position and the slope of the 
straight line an absolute rating of the texture of a pigment can be obtained. 

Optimisation of mill bases for ball mills as well as texture rating of organic 
and inorganic pigments have been described by H. G. Cook in this Journal 
(JOCCA 48, 17-42 (1965)). In the relevant investigation a laboratory shaking 
machine was used to accelerate the rate of dispersion. 

Recently, K. RehBZek (Farbe u. Lack 72, 27-35 (1966), ibid 201-5, ibid 333-9) 
described in detail a method by means of which a quantitative dispersibility 
rating of pigments can be obtained. 

From this it is clear that the situation is not as bleak as Dr. Carr suggests. 

Verfnstituut TNO, 
Schoemakerstraat 97, 
Postbus 203, 
Devt 

Yours sincerely, 
Dr. T. Doorgeest. 

27 October 1966. 
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If you were convinced that you 
could cut the costs of your paint ... 
with no loss of quality or performance 
... would you hesitate? 

You bet you wouldn't! 

Two remarkable new modified synthetic fine silicates 
'MICROCAL ET, ':'ALUSIL ET, now make it possible. JOSEPH CROSFIELD 
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Comments on letter from Dr. T. Doorgeest 
SIR,-I am grateful to Dr. Doorgeest for his comments on my paper " Texture 

of Pigments " and would like to point out that the quotation includes the 
phrase "as  far as we know." 

I am familiar with his own paper and that by H. G. Cook, mainly because 
they are in English. His paper discusses the factors influencing the dispersbility 
of pigments ; Cook describes a method for the rapid determination of the opti- 
mum conditions for the dispersion of a pigment by ball milling. In both papers, 
dispersion is followed by measuring fineness of grind as a function of time. 
Neither paper mentions texture nor describes a method for measuring it nor 
gives any list of texture ratings. 

The recent papers by K. ~ e h ~ z e k  have not yet come my way. 
, 

The paper by von Pigenot, from a quick survey, does appear to define a 
method for assessing texture and to give the results for a small number of 
pigments and I am grateful to Dr. Doorgeest for drawing my attention to it. 
I look forward to studying a translation of this paper in due course. 

Geigy (UK) Ltd., 
Simonsway, 
Manchester 22. 

Yours faithfully, 
W. Carr. 

Reply to letter by Messrs. Crowl and Bullett 
SIR,-1 was very interested to read the comments of Dr. Crowl and 

Mr. Bullett on my paper "Texture of Pigments," which appeared in the 
October 1966 issue of JOCCA. 

They have raised a number of very pertinent points which could be discussed 
at length, but I am reluctant to join in such a discussion in the Journal at  the 
present time. This is because I have already submitted a paper (in September) 
for presentation at the OCCA Conference in June 1967, entitled "Texture 
and Dispersibility of Organic Pigments and Carbon Blacks." In this the texture 
theory is examined critically and more realistic values assigned to u and D, 
many of the points raised by Dr. Crowl and Mr. Bullett are discussed, and 
direct experimental evidence in support of the theory is presented. If this 
paper is accepted, I presume it will not be published until some time after 
the Conference, and 1 am uncertain of the propriety of releasing snippets 
or extracts of it in advance of publication. Some editorial guidance on this 
point would be appreciated. 

For the record, I can state that in the Conference paper the value of D is 
taken as 100 A2 as the result of discussions with Dr. Crowl in June of this 
year, and due acknowledgment is made to Dr. Crowl and the PRS for 
determining this value experimentally. 
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Whilst certainly not agreeing with the conclusions of Dr. Crow1 and 
Mr. Bullett, I a m  grateful that  you have published their comments quickly, 
showing a more accurate value of  D. This value is given in my Conference 
paper, but  publication of this may be the  best part of a year away. 

W. Carr. 
I November 1966 

We appreciate Dr. Carr's re~uctancc. to anticipate his Conference paper. 
This will he available as a pre-print to those who rcyistc~r .for the Conference, 
and ~ Y l l  be published in this Journal later in the year.-Ell. 

Information Received 
( In case of dificulty regarding addresses, members and srrbscriher.s to the JOURNAL shordd apply 

for details to the Genercrl Secretary of the Association at the address shown on the front cover.) 

ICI LTD are to increase their capacity for manufacture of " Melinex " polyester film 
from 6,000 to 13,000 tons a year, following the recent commissioning of two new 
plants, in Britain and Holland. The U K  plant, at Dumfries, will increase ICl's U K  
capacity to 10,000 tons. 

TITAN CO. AS Norway, a member of the Kronos group, recently timed the opening 
of their new factory in Fredrikstaat with the occasion of their 50th Anniversary, which 
also coincides with the 75th Anniversary of National Lead Company, New York, 
the parent company of the European group of Kronos producers. 

The factory has a production capacity of 15,000 tons of titanium dioxide per annum. 

An agreement has recently been completed between FEDERATED PAINTS LTD., of 
Glasgow, and BLUNDELL, SPENCE & COMPANY (AUSTRALIA) PTY LTD. to manufacture 
the paint PA-I0 in Australia under licence. 

PA-I0 is a specialised etch primer which is used as a protective first coating on 
ferrous and non-ferrous metals. 

Mr. Harold B. Gough, of FINNAREN & HALEY, INC., became the 45th President of 
the Federation of Societies for Paint Technology at the 44th Annual Meeting in 
Washington, DC. 

Dr. Herbert L. Fenburr, of Hanna Paint Mfg. Co., Columbus, Ohio, was named 
President-Elect, and Martin E. Schleicher, of McDougall-Butler Co., Inc., was elected 
Treasurer. 

DISTILLERS INDUSTRIAL SOLVENTS DIVISION can now make available comprehensive 
information on Isopropanol in their five-page Tecktrigram No. 302. 

An increase in morpholine production capacity is announced by JEFFERSON CHEMICAL 
COMPANY, INC., of Houston, Texas. The expanded facilities, with capacity almost 
double that of the present facilities, are at Jefferson's Conroe (Texas) plant, and will 
be completed in the first quarter of 1967. 
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The expansion will complement Jefferson's plans to build a new British morpholine 
plant, announced earlier this year. 

A new " Chromato-Vue " portable fluorescence analysis cabinet designed for easy 
scanning of thin layer and paper chromatograms is announced by SHANDON SC~ENTIFXC 
COMPANY LTD. 

The " Chromato-Vue " incorporates a flexible lighting system providing long wave 
UV, short wave UV, o r  white light from above, reflecting from the sample, and long o r  
short wave UV, from below, transmitted through the sample. This system is said to  
give greater resolution and stronger contrast of both paper and thin layer chromato- 
grams, and to  be ideal for other fluorescing and absorbing materials, such as dyes, 
textiles, etc. 

TRUSTY MANUFACTURINC~ CO. LTD., a member of the Cope Alman Group of 
companies, state that they have achieved an  increase in production capacity, with a 
reduction of overall costs in the painting line, by the use of a new' Ransburg 
electrostatic spray line, incorporating two Ransburg No. 2 process reciprocating 
discs. 

A new Temperature Compensation Unit is announced by SANGAMO WESTON 
LIMITED, for use with their Sangamo Specific Gravity Meter. The unit measures the 
fluid temperature using a platinum resistance thermometer, and is arranged to modify 
the output signal from the Specific Gravity Meter, thus giving a constant measurement 
of density independent of fluid temperature. 

A report has recently been issued by VICTOR WOLF LIMITED, on fatty acids in the 
manufacture of urethane oils. The report describes the manufacture of urethane oils 
of long oil length from soyabean fatty acids and from a dehydrated castor oil fatty 
acid containing 66 per cent of conjugated linoleic acid, and their evaluation by 
formulation into white paints and air drying varnishes. 

BADISCHE ANILIN-& SODA-FABRIK AG has announced the publication of a booklet 
entitled Colour in Buildi~tg, demonstrating the advantages of the Colanyl and Pigmosol 
pigments in exterior applications. The booklet will be available in English by the end 
of January 1967. 

Following the merger of NV Koninklijke Zwanenberg Organon with Koninklijke 
Industrieele Maatschappij Noury & Van der Lande NV, it has been announced that 
their respective subsidiaries, the Industrial Chemicals Division of ORGANON 
LABORATORIES LTD. and NOVADEL LTD., will be integrated a t  the Novadel Ltd. premises 
in Wandsworth, London. 

The International Conference and Exhibition for Surface Treatment was held in 
November in Basle, Switzerland. Of the 45 lectures, seven were presented by deie~ates 
from Great Britain, including one by the Honorary Editor, A. R. H. Tawn. 



Section Proceedings 

Bristol 
The strip coating of steel with paint and plastic finishes 
The 150th meeting of the Bristol Section took place on Friday 28 October at the 
Angel Hotel, Cardiff, under the chairmanship of Mr. R. J. Woodbridge, when a 
paper entitled " The strip coating of steel with paint and plastic finishes " was 
given by Mr. D. S. Newton, of Richard Thomas & Baldwins Ltd. 

Mr. Newton's introductory remarks highlighted the rapid growth rate of strip 
coated metals in the USA, where the amount of coated strip steel had practically 
doubled in five years. Several types of steel were utilised in roller coating operations, 
including cold rolled and hot dipped galvanised steel, in metal thicknesses of up 
to 30 gauge and widths of up to 52 in. 

In describing the general layout and capabilities of the RTB colour coated strip 
line at  Gorseinon, Mr. Newton referred to the use of application speeds of up to 
150ft per minute. Initial surface preparation was critically controlled and a 
sophisticated phosphating process was en~ployed to control the deposition weight 
within specification limits. 

The anti-corrosive properties of the coating systems were continually under review. 
The use of two-pack self-etch primers had given satisfactory results on galvanised 
steel, but their pot life was a limiting factor, since all applied paints were recirculated 
and large volumes were in use at any one time. The replacement of inorganic chromates 
with organic chromates was giving interesting results, whilst the use of ion exchange 
resins showed promise. 

The general requirements considered with organic coatings for strip metal were : 
(1) good appearance, (2) flexibility and extensibility, (3) abrasion and mar resistance, 
(4) colour stability, whilst the more specific requirements of ( i )  resistance to light 
and weathering, (ii) heat stability, (iii) resistance to stains and chemicals, and (it.) 
compatibility with mastics and adhesives were deciding factors. 

T o  estimate the protective value of coatings which may be weathered for prolonged 
periods of 15 years, the performance on natural exposure tests after five years was 
considered, together with accelerated weathering tests. Micro indentation tests have 
also been developed to assess ultra-violet degradation of the coatings. 

Mr. ~ e w t d n  concluded by indicating the possible future uses of different types 
of coating systems and variation in application techniques in this field. A lively 
discussion was opened by Mr. J. R. Taylor, in which Mr. Newton very adequately 
elaborated on the many points raised. In proposing a vote of thanks to Mr. Newton, 
Mr. D. M. Fidler commented on the interest shown in Mr. Newton's lecture by 
the presence of guests from South Africa and also the Midlands, Manchester and 
London Sections of the Association. The vote of thanks was warmly endorsed. 

Hull 
Recent developments in paints for naval ships 
Mr. J. C. Kingcome gave a paper entitled " Recent developments in paints for naval 
ships " a t  the second technical meeting of the session on 7 November at the Royal 
Station Hotel, Hull. Mr. L. W. Wynn was in the chair. 
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Mr. Kingcome pointed out that the subject was too large to cover in a single lecture 
and proposed to describe some of the areas in which development had taken place 
since he last lectured on the subject in 1960. 

In the field of surface preparation, shot or  grit blasting was now widely accepted 
in HM dockyards, for both new construction and maintenance work. Numerous 
slides were shown illustrating the automatic process used. On new construction 
the extent of blasting is checked by observing the surface profile with the Talysurf. 
A replica technique has been developed using a dental moulding powder for use 
with existing ships. 

The need for quick drying in shop or  prefabrication primers was stressed and the 
other necessary requirements described. The primers may be divided into two classes : 
( I )  epoxies and (2) reinforced etch primers. The former may be pigmented with zinc, 
aluminium or, more recently, iron oxide. The metallic pigments may lead to difficulties 
with respect to gassing in the tin, toxicity during welding and difficulties with cathodic 
protection or  slow drying ; iron oxide pigmentation eliminates these difficulties, but 
so far testing has only been on a limited scale. The conditions of application, 
overcoating o r  removal were discussed. 

Mr. Kingcome described the requirements for exterior weather work paints and 
discussed the problems caused in intercoat adhesion by the performance of sea trials 
before the top coat had been applied. The factors concerned in the retention of gloss 
and colour, and the difficulties caused by flotation in greys were discussed. 

On the subject of interior paints, the problems caused by condensation, mould 
growth and the need for fire retardancy were described, and the corrosion problems 
due to the use of chlorinated compounds to reduce the fire hazard were stressed. 

Under-water paints were briefly considered and a detailed description was given 
of the apparatus in use to assess these coatings in the laboratory. 

The lecture was followed by an interesting discussion in which Messrs. Wynn, 
Pearson, Ford, Blythe and Rudram took part. A vote of thanks for a most interesting 
lecture was proposed by Mr. Rudram and passed in the usual manner. Thirty-two 
members and 30 visitors were present. 

S. R. F. 

London 
Operational research methods in industry 
The London Section held a half-day symposium on " Operational Research Methods 
in Industry" on 9 November 1966 at  Imperial College. The Chairman, Mr. R. N. 
Wheeler, opened the symposium, and then handed over the chair to Mr. A. R. H. Tawn 
for the remainder of the proceedings. 

Mr. H. R. Watkins, of Shell Mex and BP Ltd., spoke first on "The Purpose and 
Scope of Operational Research." A definition of operational research was " the 
application of scientific methods to complex problems involving human beings and 
machines." The essential stages were the definition of the problem, the collection 
of data, and the application of tests for accuracy, and the distinguishing feature 
of OR was the construction of a mathematical model of the problem. Due allowance 
was made for chance effects. In all the many diverse activities to which OR methods 
were applied, it was possible to distinguish eight basic types of problem. Firstly, 
inventory problems, where one was concerned with, say, the manufacture of a number 
of types of product in a limited plant, and the costs of stock holding at  a sufficiently 
high level to meet expected fluctuations in demand. From the production aspect, 
long runs were required for efficiency ; this had to be balanced against the need for 
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high stock levels, and by combining the two costs one could arrive a t  optimum batch 
size. There was generally a very steep rise in costs when batch sizes became too small. 

A second type of problem was concerned with allocation, e.g. of plant operations, 
each of which would have certain restraints. Here linear programming was used. 
Distribution problems were of a similar nature. A third general type of problem 
was queuing, where some kind of service or  facilities were provided, and it was 
necessary to  determine the minimum size of the installation required to fulfil the 
tasks without excessive idle time. An explicit mathematical solution was possible 
only when the time for performance of the operation was independent of the number 
waiting ; in other cases simulation techniques had to  be used, based on past experience 
of the operation. Sequencing formed a fourth type of problem, where one was dealing 
with an examination of all possible ways of achieving the desired production and 
minimising delays. This was an area where critical path planning techniques were used. 

The fifth case was routing problems, where, for example, it was necessary to 
minimise the distance travelled by vehicles supplying customers spread over a large 
area. Computer solutions had been used in such cases, where every possible variation 
could be examined. This was a rather crude but effective method of solution. 
Replacement problems formed a fifth class ; these were of two main types, concerned 
with the replacement of capital equipment, and of small items which may suddenly 
fail a t  irregular times. In the latter case one could determine the saving obtained 
by replacement of all o r  some of them at fixed intervals of time. The seventh class 
of problem was the competitive situation ; here games theory had been developed, 
in which the interaction of various strategies by oneself and one's opponent (who 
could be, for example, the weather) could be studied. Finally, one came to  search 
problems, such as  might arise in quality control and inspection, accounting procedures, 
etc. The whole object of all these various techniques was to provide management 
with information on the consequences of various types of decision. 

Mr. P. J. Harrison, of Imperial Chemical Industries Ltd., then spoke on " Short- 
Term Sales Forecasting." The objective of sales forecasting was to be able to satisfy 
the needs of one's customers in the most economical way ; long-term forecasting 
referred to  periods of up  to  five years, while short-term forecasting covered periods 
of from a few days to  a year. Two categories of information were available, past 
history, e.g. monthly sales o r  order statistics, and market intelligence. T l ~ e  relative 
importance of each source varied with the type of product. In the author's company 
systems were employed in which the existing data coming in each month was processed 
by computers to  give sales forecasts ; these forecasts were used unless exceptional 
circumstances arose, e.g. further market information derived from the sales 
department. A control scheme had been introduced to look for forecasting errors. 
It was also possible to obtain figures for the random variations in customer demand, 
which could be used to  show the required stock levels. Mr. Harrison outlined the 
requirements of a successful forecasting system, which would be able to cope with 
steady selling products, growth products, and seasonal products. One feature of 
forecasting was that the importance attached to  sales o r  order figures fell off with 
the age of the statistics, and an exponentially weighted moving average was used, 
t o  take account of this factor. Similarly with growth products, a similarly exponentially 
weighted moving average of the trend was used. Seasonality could be introduced 
by the introduction of the appropriate factors derived from past experience. 

After a period of discussion, the third paper was given by Mr. A. Kemp, of Geigy 
(UK) Ltd.? who described " A Case Study in the Field of Stock Control/Production 
Planning In the Chemical Industry." In such tasks the problem was frequently 
ill-defined ; one was asked to  provide a means of doing better than present practice, 
i.e. of minimising the cost of manufacture and stock holding. It was necessary for 
the OR man t o  have a complete understanding of the whole of the company's 
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operations, and a considerable amount of time was spent in consultation with the 
departments concerned. The particular case described was a plant making some 
30 kinds of textile chemicals, most of which involved separate stages of manufacture, 
in the one set of seven reaction vessels. Some of the products were made in large 
amounts regularly, while others were only required in smaller amounts. A sales 
forecasting system was developed to show the average demand and variability, which 
was high, e.g. sales in any month could be two to  three times the average. It was 
assumed that the two main products would be made every campaign period, and 
for the remaining products it was necessary to determine the relations between the 
frequency of manufacture, and the necessary stock holding. The campaign length 
was also required, and eventually a period of three months was chosen. The results 
of 12 months' operation of the system were considered to  be successful ; stock holding 
had been reduced by an average of 15 per cent, and was easily regulated by a stock 
control system ; a sales forecasting system was now available and used for many 
other aspects of management planning ; and a much closer co-operation existed 
between the various departments of the company. 

Many points were raised in the discussions following the papers. Some speakers 
expressed concern a t  the fact that in OR work it was possible to tolerate an  " out 
of stock " situation for a product, and calculate the loss of sales. In some industries, 
e.g. printing inks, this might result not merely in the loss of the particular sale, but 
the permanent loss of that customer's account. In reply, it was said that OR was 
merely providing information for management decisions ; if it was decided to  operate 
with, say, a 1 per cent probability of " stockout," that was a conscious decision. 
There was considerable interest expressed as t o  how a small firm could initiate O R  
techniques, and whether one could get very far without computer facilities. In the 
beginning of OR, the advantages of having a team of mixed disciplines was stressed ; 
this appeared to be no  longer necessary, and OR had become a separate subject, 
but one needed a statistician and someone who really understood the field of operations 
in the team. Other topics discussed were those relating to the supply of distribution 
depots and customers, and the possibility of the application of OR techniques to  
research and development projects. Those taking part in the discussions included 
Mr. G. W. Robinson, Mr. A. R. H. Tawn, Mr. C. C. Mell, Mr. M. R. Wilson, 
Dr. L. Valentine, Mr. D. S. Ford, Mr. J. S. Marsh, Mr. J. A. L. Hawkey, Mr. K. Pond, 
Mr. T. Jones, Dr. V. T. Crow1 and Mr. K. D. C. Bruce. 

In summing u p  the symposium, Mr. A. R. H. Tawn referred to  the present era 
of professional management, which needed to be provided with the means for making 
the correct decisions. The recognition of the fact that there was only a limited range 
of types of problem was a great advance, and the fact that some of the apparent 
intangibles could be reduced to numerical data provided the means by which reasoned 
decisions could be made. In the final event, however, judgment and decision remained 
the province of management. Mr. J. Pooley proposed a vote of thanks to the speakers 
for what had been an  extremely stimulating occasion, describing techniques which 
offered many possibilities of application to  the paint and printing ink industries, 
with high raw material and stock holding costs. 

V. T. C. 

Southern Branch 
Polyurethanes-progress in the surface coating industry 
The first meeting of the 1966-67 session was held at  the Royal Hotel, Southampton, 
on Monday 10 October, when Mr. G .  Sutno read a paper on "Polyurethanes- 
Progress in the Surface Coating Industry." 

Mr. Sutno introduced his subject with the observation that polyurethanes had 
been widely used in paints, lacquers, etc., only in the last five o r  six years. The discovery 
of polyurethanes was not accidental-Bayer in 1937 made it when they were seeking 
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an alternative t o  D u  Pont's polyamides (nylon) using isocyanates and hydroxyl 
containing materials. During the war the Germans used the new polymers in aircraft 
lacquers and for limited industrial use, but, later, in the 1950s, for wider industrial 
use. Outside Germany, polyurethanes made little impact until 1959 when one-pack 
systems were promoted in the USA. Even in 1965, polyurethane sales in the USA 
accounted for only 1 per cent of total coatings sales, the main outlet being in clear 
wood finishes. A similar percentage is obtained for the estimated UK polyurethane 
sales. 

The high cost of polyurethanes relative t o  alternatives, such a s  alkyds, was referred 
to, and then the speaker discussed in detail the types of polyurethane systems available. 
These were convertible coatings-(I) urethane (oils) alkyds, (2) moisture cured 
isocyanate adducts or  prepolymers, (3) heat cured blocked isocyanates, (4) two-pack 
isocyanate adduct and polyol, (5) prepolymer cured with catalyst o r  amine ; and 
non-convertible coatings-(I) urethane polymer solutions and (2) urethane emulsions. 

The chemistry of the reactions in the convertible systems was outlined and the 
advantages of the various systems commented upon. In the moisture cured systems, 
problems due to traces of water in pigments had occurred, but stable systems of 
this type are in use, but not a commercial proposition for the retail market. It  was 
interesting t o  note that in the two-pack systems, apart from the main reaction, water 
from the atmosphere and the polyol plays a significant part by reacting with up  to 
10 per cent of available-NCO groups. 

Applications of the above systems were referred t o  : urethane oils in clear wood 
finishes, two-packs as rapid-dry sealers for furniture, and various systems, especially 
moisture cure type, in thick seamless flooring coatings reinforced with flakes of plastic. 
Panels of these flooring systems were displayed. 

Questions and contributions then came from Mr. P. Targett, Mr. I. D. Sutherland, 
Mr. W. Morris, Mr. N. W. Morgan and Dr. Bailey. Mr. R. A. Brown concluded 
with a vote of thanks and expressed the appreciation of the audience for a most 
interesting lecture. 

Members felt that the session had started well and the attendance of 25 members 
and guests, including visitors from Bristol Section and the USA, was very satisfactory. 

J. K. B. B. 

Grinding 
The second meeting of the Branch took place a t  the Keppels Head Hotel, Portsmouth, 
on Monday. 14 November, when Mr. A. C. B. Mathews presented his paper on 
" Grinding." 

Many words had been spoken and written in years past to  try to explain the 
physics and mechanics of paint and ink grinding, or  milling as some preferred to 
term it. The speaker was not satisfied with much of the published literature on the 
subject and from his long practical experience and continual relevant thought had 
formulated his own picture of the nlodirs operandi concerned in the making of the 
ideal paint and ink. He  found that the phenomena associated with pigment dispersion 
fell into place on the basis of his theories. 

The speaker emphasised the importance of air elimination in milling and described 
the mechanism by which air was removed from the pigment primary particles. Good 
wetting and adhesion were essential for good durability of the ultimate coating. 
A chart was shown indicating the relative performances of various types of milling 
machinery. The order of adding constituents was important and, other things being 
equal, the highest molecular weight materials were most strongly adsorbed. In 
maturing of varnish, micelle formation led to  better flow, gloss and brushability. 

Inactive sites on primaries (of pigment) were responsible for false body and the 
leafing of aluminium paint. The speaker advocated chip production which gave 
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colour strength, transparency and gloss and, in general, noted that the key to  good 
milling was by " very thick " working. During the lecture clear definitions were 
given for the various physical conditions of pigment such as agglomerates and 
aggregates. 

The speaker's enthusiasm for his subject was obvious and his close observation 
of physical phenomena over the years and formulation of theories to embrace the 
facts was impressive. Further, simple experiments were used most effectively to 
illustrate some points. 

Contributions were made by Mr. W. Morris, Mr. A. C. Edwards, Mr. A. R. H. Tawn, 
Mr. J. C. Kingcome and Mr. J. K. B. Burke, and a useful discussion took place. 
Mr. C. Carey thanked the speaker for giving us such an interesting talk. 

The Chairman concluded the meeting, attended by 17 members and visitors, 
including two young ladies, by thanking Mr. A. R. H. Tawn, Hon. Editor of JOCCA, 
for paying a visit to Southern Branch. 

J. K. B. B. 

Manchester 
Electrical methods of evaluating the corrosion resistance of paint specimens 
A general meeting of the Section was held at the Manchester Literary and Philosophical 
Society on Friday 11 November to hear a lecture, " Electrical Methods of Evaluating 
the Corrosion Resistance of Paint Specimens," delivered by Mr. H. F. Clay (past 
Chairman, Manchester Section) to an audience of 61 members and guests. 

The lecturer described original work on the polarisation testing of painted specimens, 
the method having been developed to  facilitate the recording of performance testing. 
While much information is available on polarisation techniques applied to bare 
metal specimens, painted specimens require modified methods to  avoid damage to 
the specimen during testing. Polarisation tests are made by immersing the specimen 
in the appropriate solution-sea water or salt spray-and observing the potential 
difference between the specimen and a reference half cell, whilst the panel is subjected 
to a polarising current from a platinum electrode also immersed in the solution. 

In galvanostatic testing the polarising current is kept constant and the potential 
of the specimen is plotted against time. In potentiostatic testing the polarising current 
is adjusted so that the potential is charged through a predetermined range ; current 
is then plotted against potential. 

The apparatus and the interpretation of the curves were dealt with in some detail. 
In general, galvanostatic and potentiostatic tests on painted specimens give similar 
pictures, the latter test being rather more informative. They give a correct indication 
of the weight of iron being corroded when scratched specimens are tested, but if 
the paint film is in good condition the test will indicate the condition at the scratch 
rather than under the paint film. 

A good indication of the rate of corrosion of unscratched primed panels is given 
providing breakdown of the film has commenced. At the present stage of development, 
there is some promise that polarisation methods will extend the limited knowledge 
of the mechanism by which paint films control corrosion. 

After a lively discussion period, at one stage between two members of the audience, 
the vote of thanks was proposed by Mr. W. G. Topham. 

D. A. P./E. J. M. 
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Mid lands 
The printing of Bank of England notes 
The Section met on 18 November a t  Wolverhampton and Staffordshire Technical 
College to  hear Dr. A. C. Healey deliver a paper entitled "The Printing of Bank 
of England Notes." 

Dr. Healey said that a bank note should be artistic, of convenient size and readily 
distinguishable from other denominations in the same series, be as simple and cheap 
to manufacture as possible and present maximum difficulty for counterfeiting. The 
paper was specially made, and incorporated security devices like watermarks, metal 
threads, blanchettes or coloured fibres. Generally more than one form of printing 
was used ; for example, the background could be printed by letterpress or lithography, 
whilst the main design used plate printing. 

Plate printing owed its origins to silversmiths and goldsmiths making prints to 
test the nature of engraving. Subsequent use of plates made of copper gave the 
expression " copper-plate printing." Copper was no longer used for plates and plate 
printing was seldom used except for security printing of bonds, travellers' cheques, 
postage stamps and bank notes. 

Plate printing was an intaglio process with the design engraved below the general 
level of the plate. The plate was covered with excess ink and the excess then removed 
by wiping. The paper was pressed against the plate and penetrated slightly into the 
engraving. This gave some embossing and a film of ink differing in thickness, according 
to  the depth of engraving. The traditional use of damp paper to allow penetration 
into the engraving was discontinued by the Bank of England in 1947. 

Because the ink film was above the general level of the paper, set-off was a particular 
problem. Formerly sheets of interleaving paper had to be inserted by hand and the 
prints were left several days to dry. The replacement of the traditional burnt linseed 
oil by synthetic resins gave inks which set much quicker and permitted automatic 
stacking. The notes were then placed in a heated safe overnight. 

The ink, which was much thicker than that used in photogravure processes, was a 
compromise between a number of conflicting requirements and it had to have good 
rub-resistance, lightfastness and chemical resistance. Plate printing gave rise to a 
number of faults peculiar to the process. These were : smearing, tinting, starving, 
poor filling, wiping out, dragging out, spewing and feathering. A number of test 
methods, specific for plate printing, had been developed. 

In 1956 the Bank of England had started research into printing by a web process. 
The first machine was installed in 1963 and four others had been ordered. The web 
process required fast drying inks. Moisture set inks were found to lack chemical 
resistance and special oxidising types were developed. Infra-red drying proved 
unsatisfactory and heated drums were cumbersome, so flame impingement was used 
for drying. It was found to be advantageous to reverse the order of printing and 
plate print before printing the background. The process was developed to  give two 
offset prints on both sides of the paper at the same time. The numbers were added 
by letterpress using raised type. 

Possible future developments included the use of water soluble inks which could 
be wiped from plates more readily and electrostatic processes for printing. 

The interest aroused by Dr. Healey's paper was reflected in the number of questions 
asked during the discussion period. Topics raised included the testing of paper, 
difficulties caused by the metal thread, the tendency for ink constituents to separate 
during printing, the average life of a bank note, magnetic inks, engraving depth, 
roller hardness and source of inks. Mr. W. Edwards proposed a vote of thanks to 
the lecturer. L. R. S. 
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New South Wales 

Top left : Mr. W. Freeman giving the opening lecture 
Top right : Front row, (Left to right) Mr. J .  Samios, Mr. E. V. Collins, Mr. T. Willmott, 

Dr. K. B. James, Mr. A. C. Hatrick, Mr. J. Foxton, Mr. D. M. D. Stewart 
Centre Iejl: Miss. M. Haylock lecturing on Gas Chromotography and Infra-Red Spectroscopy 
Centre right : Mr. E. T. Backous chairing the final session 
Bottonr Iefi : General view of students during question time 
Bottont right : Mr. L. J. Pearson during the final address 

Summer School of Industrial Chemistry 
The New South Wales Section conducted a Summer School of Industrial Chemistry 
at the University of New South Wales, Kensington, on Friday and Saturday 
26 and 27 August 1966. 
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More than 300 fifth year High School students devoted two days of their vacation 
period attending the " School " to obtain some idea of the role of the chemist in 
industry and were rewarded with some very fine entertaining lectures. Mr. W. Freeman, 
Chief Executive Officer of the Australian Chemical Industries Council, described 
the growth of the chemical industry in Australia, its conlplexities and its effect on 
the economy of the country. Mr. Freeman's lucidity and humour produced a sparkling 
30-minute survey of the industry, which was warmly received by the students. 
Mr. Freeman spoke of the future development of the chemical industry and the 
growing demand for qualified chemists. He described the opportunities which await 
the ambitious chemist and particularly drew attention to the many leaders in the 
industry who began their careers in the laboratory. 

This was followed by "The Chemistry of the Lemonade Bottle," which was to 
have been presented by Dr. Alan Draycott, of Australian Consolidated Industries. 
Unfortunately Alan was belatedly smitten by 'flu and his wife's hurried telephone 
calls gave Mr. J. De Teliga some 11 hours' notice of his " ordeal." 

Mr. De Teliga's description of the many fields of chemistry involved in a simple 
bottle of lemonade and the manner in which he presented the paper earned the 
admiration of the students and of the OCCA members conducting the " School." 
Mr. D e  Teliga accurately and entertainingly described glass manufacture, soft drink 
processing, ceramic decoration of glass, cork processing, tinplate manufacture and 
processing, etc., and provided an introduction into the surface coating industry for 
later lecturers to  develop. 

" Paint-a Product of Many Chemical Industries " was the title of the next paper 
-the work of Ted Collins, of British Paints, John Samios, of Bayer Leverkusen, 
Australia, and John Hartley, of Lewis Berger. For his sins, John Samios was chosen 
to deliver the talk and, plagued by the ever present demon of speakers lower down 
the list, pressure of time, John proceeded to a definition of paint and its raw materials. 
Presentation in the form of a flow chart provided a simple picture of the use the 
paint industry makes of the product of other chemical industries. Strong reference 
was made to the number of chemists involved in the industry-approximately one 
in ten of the manufacturing staff. 

The pattern of the lectures then was developed by Don Thompson, of Shell 
Chemicals, whose paper, " Solvents-Water to Petroleum," provoked a great deal 
of thought-silent and spoken--amongst the students, and produced some of the 
best questions of the " School." Don effectively described the action of a solvent, 
the reasons for the variety of solvents used in the paint industry, the difference between 
(and the need for) true solvents and latent solvents, the classes of solvents, and an 
illustration of the refining of hydrocarbon solvents. 

" Water Dispersed Vehicles for Paint " was Tom Willmott's paper. Tom, who 
is Chief Chemist of Polymer Corporation Pty. Limited, presented this highly technical 
subject in a manner which provided a very attentive audience with some serious 
thinking. Jt was gratifying to see the number of students who devoted most of their 
" lunch-hour " to questioning Tom and the attention with which his rapidly drawn 
blackboard diagrams were received. 

Dr. Bruce James, of Reichhold Chemicals, conlpleted the first morning's session 
with a paper entitled " Resins-Reacted Oils and Chemicals." The printed notes 
of Bruce's paper provided a very erudite description of the subject, covering natural 
resins, phenolics, maleics, coumarone, petroleum, alkyd, amine, U-F, M-F, epoxide, 
polyurethane, and silicone resins. Again time permitted only a brief description of 
a few of these types. Emphasis was laid on manufacturing techniques and formulation 
problems. 
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The Friday afternoon session provided the students with the undoubted highlight 
of the " School." This was " Professor " Len Williamson's talk, " Colours for Surface 
Coatings." With the unobtrusive, but expert, help of Andy Wilson, Len demonstrated 
the production of colour-great masses of vivid, violent colour, whilst constantly 
challenging the intelligence of the students with a commentary which complemented 
the vibrancy of his colours. 



Notes und News 

OCCA 19 mi Exhibition 

Minister of State, Board of Trade, 
to open Exhibition 
The Exhibition, which will take place in 
the Great Hall of Alexandra Palace, 
London, N.22, provides a focus for the 
technical display of advances niade in 
raw materials, plant and equipment 
for the paint, printing ink and allied 
industries. In order to assist those 
visiting the Exhibition, a map showing 
the various ways in which Alexandra 
Palace can be reached from Central 
London will be reproduced in each copy 
of the Oficial Guide, which will be sent, 
without charge, to all members of the 
Association in January. Copies will also 
be sent individually to chemists and 
technologists in Western Europe and 
Scandinavia, t o  technical colleges and, 
through the courtesy of the trade asso- 
ciations, to  companies in the paint, 
printing ink and pigment industries in 
the United Kingdom. 

The map . is  also being reproduced 
separa te ly  in a fo lder  which gives 
directions in six languages (French, 
German, Italian, Russian, Spanish and 
English) and copies of these will be sent 
with the Oficial Guides despatched to  
the Continent. Copies are also available 
to  intending visitors and they will be 
despatched without charge upon appli- 
cation to  the General Secretary of the 
Association. The six-language cards will 
also be sent to  many paint and printing 
ink manufacturing companies on the 
Continent of Europe. 

A free bus shuttle service will be 
operated by the Association from Wood 
Green Underground Station (Piccadilly 

Line) and there are ample free car 
parking facilities at Alexandra Palace. 

The total number of stands allocated 
for the Exhibition is 107 and, of the 
companies showing, 12 have never shown 
at previous OCC.4 Technical Exhibitions, 
while 18 others did not show at the 
1966 Exhibition. Amongst the overseas 
countries from which exhibits will be 
shown are Denmark. Finland, France, 
Germany,  Holland, Italy, Norway, 
Sweden, Switzerland and the United 
States of America. 

The Exhibition Luncheon will be held 
at the Savoy Hotel, London, W.C.2, on 
13 March, and principal officers of 
other scientific bodies, industrial research 
associations and organisations repre- 
senting both suppliers and consumers 
will be invited t o  attend. A form of 
application for tickets. which are priced 
at £2 12s. 6d. each, is enclosed in each 
copy of the Oficial Guide, o r  may be 
obtained from the General Secretary. 

'I'he Rt. Hon. Ccargc Darling, P.C., h1.P. 

100 
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All applications for tickets must be 
received by I March, since it will not be 
possible to accept late applications. 

The Exhibition will again be open for 
five days. The hours of opening will be 
as follows : 

Monday 13 March . . 15.00 to 18.30 
Tuesday 14 March .. 10.00 to  18.00 
Wednesday 15 March 10.00 to 18.00 
Thursday 16 March . . 10.00 to 18.00 
Friday 17 March . . 10.00 to  16.00 

As in previous years, a stand will be 
devoted to Technical Education and this 
stand will adjoin the Association's 
Information Centre. Already many 
schools have accepted invitations to send 
parties of senior science students to the 
Exhibition on the mornings of 14, 15 
and 16 March, when they will be given 
a short introductory talk by members 
of the Association in a separate Lecture 
Room before visiting the Exhibition. 
The Technical Education Stand will be 
staffed by representatives from the 
Association, technical colleges, and the 
trade organisations, and details will also 

Alphabetical list of exhibitors 
Allied Chemical Corporation 

*AMF International Limited 
Amoco International S/A 
Anchor Chemical Co. Ltd. 

*Applied Research Laboratories (GB) 
Ltd. 

BASF United Kingdom Ltd. 
Berk Ltd. 
BIP Chemicals Ltd. 
Blagden, Victor, & Co. Ltd. 
Boehm, Fredk., Ltd. 
Boulton, William, Ltd. 
British Celanese Ltd. 
British Oxygen Chemicals Ltd. 
British Titan Products Co. Ltd. 
Bush Beach & Segner Bayley Ltd. 
Byk-Gulden Lomberg GmbH. 
Campbell, Rex, & Co. Ltd. 
Carless, Cape1 & Leonard Ltd. 
Ciba (ARL) Ltd. 
Ciba Clayton Ltd. 

tCole, R. H., Ltd. 
Cornelius Chemical Co. Ltd. 

be shown of the courses available in the 
technology of the industries. 

Representatives from 26 overseas 
countries attended the 1966 Exhibition, 
and in order to assist the increasing 
number of both visitors and exhibiting 
companies, interpreters will again be in 
attendance, either at the Information 
Centre or at Stand 55. There will be 
no charge for admission to the Exhibition, 
or for copies of the Oficial Guide, 
which will be available from the Asso- 
ciation's lnforniation Centre or  from the 
Associa t ion 's  offices p r io r  t o  t h e  
Exhibition. 

Amongst the facilities available at 
Alexandra Palace are two restaurants in 
the Palace Suite (the Edinburgh Room 
-reserved, and the Alexandra Room- 
unreserved) together with two cafeteria 
and several bars. 

Any company or individual who 
wishes to receive copies of the Oficial 
Guide should write to the General 
Secretary, Oil & Colour Chemists' Asso- 
ciation, Wax Chandlers' Hall, Gresham 
Street, London, E.C.2 (MONarch 1439, 
Ext. 3). 

Coulter Electronics Ltd. 
tCray Valley Products Ltd. 
Crosfield, Joseph, & Sons Ltd. 
Croxton & Garry Ltd. 

*Daniel Products Co. 
D H  Industries Ltd. 
Draiswerke GmbH. 
Dunlop Chemical Products Div. 
Durham Raw Materials L,td. 
Elcometer Instruments Ltd. 
English China Clays 

*Eutoplast Coatings 
Farbenfabriken Bayer AG 
Farbwerke Hoechst AG 
Ferranti Ltd. 
Geigy (UK) Ltd. 

*Grace GmbH. 
Grampian Press Ltd. 

*Gunter Steirand K G  
*Harlow Chemical Co. Ltd. 
Hercules Powder Co. Ltd. 

*Hibberd, Rockall & Craig Ltd. 
Hoechst-Cassella Dyestuffs L.td. 
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Hoechst Chemicals Ltd. Plastanol Ltd. 
Imperial Chemical Industries Ltd. t Pluess-Staufer 
Imperial Smelting Corporation (NSC) *Polyvinyl Chemie Holland NV 

Ltd. Premier Colloid Mills Ltd. 
?Industrial Colours Ltd. The Pyrene Co. Ltd. 
tIsopad Ltd. Research Equipment (London) Ltd. 
tKemisk Vaerk Ksge A/S R hone-Poulenc 
Kingsley & Keith (Chemicals) Ltd. Sangamo Controls Ltd. 
Kronos Titanium Pigments Ltd. Sawell Publications Ltd. 
Kunstharsfabriek Synthese NV Scado Archer Daniels NV 
Lancashire Tar Distillers Ltd. Sericol Group Ltd. 
Laporte Industries Ltd. Sheen Instruments (Sales) Ltd. 
Lennig Chemicals Ltd. Shell Chemicals (UK) Ltd. 
Little, J. H., & Co. Ltd. Silverson Machines Ltd. 
Livingston Electronics Ltd. Spelthorne Metals Ltd. 
Marchant Bros. Ltd. Steele & Cowlishaw Ltd. 

*The Mastermix Engineering Co. Ltd. Surface Coatings Synthetics Ltd. 
*Meazzi, Dott. Edoardo Svenska Oljeslageri Aktiebolaget 
Meijer's, Rudolph, Inc. tSwada (London) Ltd. 

*Microscal Ltd. NV Tiofine 
tMillroom Accessories and Chemicals Titanium Intermediates Ltd. 

Ltd. Torrance & Sons Ltd. 
tMitchell, W. A., & Smith Ltd. ?Translation & Technical Information 
Molteni Off. Mecc. Services 

tMcKechnie Chemicals Ltd. ?United Coke & Chemicals Co. Ltd. 
TNederlandse Castor Oliefabriek Necof Vinyl Products ~ t d .  

NV Vuorikemia OY 
Norsk Spraengstofindustri A/S Winkworth Machinery Ltd. 

tA/S Norwegian Talc ?Wolf, Victor, Ltd. 
Novadel Ltd. tYounghusband Stephens & Co. Ltd. 
Paint, Oil & Colour Journal 
paint Research Station 

t Pechiney-Saint-Gobain 
Pfizer Ltd. 

t Denotes exhibitors who did not show at the 1966 
exhibition. 

*Denotes exhibitors who have not shown at previous 
exhibitions. 

Scarboroug h Conference 
20-24 June 1967 
At the beginning of January copies of the 
1967 Conference Brochure and Registra- 
tion Form were sent to all Members in the 
United Kingdom and General Overseas 
Sections. Non-Members requiring copies 
should apply to the General Secretary 
at the address given on the front cover. 

Biographies of the lecturers and 
synopses of the papers to be presented 

at the Conference were published in the 
October and November 1966 issues 
respectively and additional copies of the 
synopses are available from the General 
Secretary's office free of charge. Details 
of the programme of lectures, arranged 
by Mr. A. T. S. Rudram, the Association's 
Hon. Research and Development Officer, 
are set out below, together with the names 
of the Chairmen of Sessions. 
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Wednesday morning, 21 June 

Chairmen : Mr. A. T. S. Rudram and 
Dr. G. D. Parfitt. 

Speakers : Dr. G. D. Parfitt (Uni- 
versity of Nottingham) 
" Dispersion." 

Dr. R. H. Ottewill (Uni- 
versity of Bristol) and Mr. 
J. M. Tiffany (University 
of Pennsylvania) " The 
Adsorption of Long Chain 
Acids on to Rutile from 
n-Heptane." 

Dr. A. C. Zettlemoyer, 
Dr. R. H. Schiesser and 
Dr. W. D. Schaeffer (Le- 
high University) " Adsorp- 
tion of Polyamides-lnfra- 
red Measurements of the 
Interaction with Rutile and 
Carbon Black Surfaces." 

Thursday morning, 22 June 
Chairman : Dr. L. Valentine (Director, 

Paint Research Station). 
Speakers : Dr. J. E. 0. Mayne and 

Dr. A. J. Appleby (Uni- 
versity of Cambridge) 
" Corrosion Inhibition by 
the Salts of the Long 
Chain Fatty Acids." 

Dr. S. Wilska (Vuorikemia 
Oy) " Testing of Titanium 
Dioxide Pigments in Paint 
Film for Dispersion 
Weathering Resistance and 
Optical Properties." 

Dr. W. Funke (Forschungs- 
institut fur Pigmente und 
Lacke) " On the Relation 
between the Pigment- 
Vehicle Interaction and the 
Wateruptakeof Solid Paint 
Films." 

Thursday afternoon, 22 June 
Chairman : Dr. G. D. Parfitt. 
Speakers : Mr. D. F. Tunstall (British 

Titan Products Co. Ltd.) 

" Reflectance at Paint Sub- 
strate Boundaries." 

Dr. D. Patterson and Mr. 
A. P. Gates (University of 
Leeds) " Some Effects of 
Media on the Lightfastness 
of Colouring Matters." 

Friday morning, 23 June 

Chairman : Dr. L. Valentine. 

Speakers : Dr. V. T. Crow1 (Paint 
Research Station) " Floc- 
culation, Flotation and 
Flooding in Phthalo- 
cyanine/Titanium Dioxide 
Pigmented Paints." 

Dr. T. Doorgeest (Verf- 
instituut TNO) "Adsorp- 
tion of Water Vapour, 
Stearic Acid, Stearyl 
Alcohol and Alkyd Resins 
on to Rutile Titanium 
Dioxide Pigments." 

Dr. W. Carr (Geigy U K  
Ltd.) " Texture and Dis- 
persibility of Pigments." 

On the Friday afternoon three Work- 
shop Sessions will be held (at which 
attendance is restricted to  ticket holders 
only) and the titles of these are : 

Colour Terminology. 

The Future of Electrodeposition. 

Decorative Paint 1977. 

The usual social programme of coach 
tours, sea trip, tournaments, theatre 
party and a hat show for the ladies has 
also been arranged, together with the 
Dinner and Dance at the Grand Hotel 
on the Friday evening when the Associa- 
tion will entertain the Mayor and 
Mayoress of Scarborough as well as 
other civic dignitaries. A Civic Reception 
will take place on the Wednesday. 
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Hull Section 

(From left to right) Mrs. L. Wynn, L. Wynn (Chairman, Hull Section), Mrs. S. A. Reed, 
S. A. Reed (President, Hull Chemical and Engineering Society), Mrs. E. A. Armstrong, 

Dr. S. H. Bell (President), R. H. Hamblin (General Secretary) 

Annual Dinner and Dance 
The 1966 Annual Dinner and Dance of 
the Hull Section took place this year in 
the Garden Banqueting Suite of the 
Eden Hotel, Willerby, near Hull, on 
Friday 14 October. 

This change of venue to  a converted 
one-time manor house was a contri- 
butory factor to our having the highest 
attendance a t  this function for some few 
years. 

The chief guest was the President, 
Dr. S. H. Bell, whose journey up from 
London, accompanied by Mr. R. H. 
Hamblin, General Secretary, was much 
appreciated. Other guests included, Mr. 
S. A. Reed, Chairman of the Hull Section 
the RIC, and Mrs. Reed. Mr. N.  
Cochrane, Chairman of the West Riding 
Section OCCA, and Mrs. Cochrane and 
Mr. C. H. Morris, Chairman of the 
Midland Section OCCA, and Mrs. Morris. 

Following the dinner and three short 
speeches, the company of 150 enjoyed 
dancing to the music of the resident 
orchestra. The loyal toast was given by 
the Chairman, Mr. L. W. Wynn, who also 
proposed the toast to the Ladies and our 
Guests, to  which the response was made 
by the President. The Toastmaster was 
Mr. E. Armstrong. 

A Tombola, organised by Mr. E. A. 
Brown, was primarily intended to help 
meet expenses, but in so doing it also 
aroused considerable interest and con- 
tributed in no small measure to  the 
general enjoyment of the evening. 

In addition to the other Honorary 
Officers, the Hon. Social Secretary, 
Mr. T. A. Fillingham, was ably assisted 
by Mrs. Fillingham, Mr. S. J. Reed and 
Mr. C. G .  Harrison in making the 
arrangements for what proved to be a 
most successful occasion. 

Manchester Section 
Annual Dinner-Dance guests were Dr. M. E. D. Jarrett (Chair- 

This event was held at  the Midland man, Technical Division, WPM Limited) 
Hotel, Manchester, on Friday 28 October, and ; the guests were 
the Chairman, Mr. 1. S. Moll, being Dr- S- H. Bell (President, OCCA), 
present, together with Mrs. Moll and Mr. I. S. Hutchison (Chairman, Scottish 
370 members and guests. The principal Section) and Mrs. Hutchison, Mr. C. H. 
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(Left to right) Dr. M. E. D. Jarrett, Mrs. Moll, Mr. I. S. Moll (Chairman, Manchester 
Section), Mrs. Jarrett, Dr. S. H. Bell (President) 

Morris (Chairman, Midlands Section) 
and Mrs. Morris, Mr. L. W. Wynn 
(Chairman, Hull Section) and Mrs. Wynn, 
Mr. N. Cochrane (Chairman, West 
Riding Section) and Mrs. Cochrane, and 
Mr. R. H. Hamblin (General Secretary, 
OCCA) and Mrs. Hamblin. 

The toast to the Manchester Section 
was proposed by Dr. Jarrett in an 
extremely witty speech delivered in the 
manner of a born raconteur. The Section 
apparently had geometrical origins, being 
composed neither of acute northerners, 
obtuse southerners, but comprising more 
Mancunian right angles. This, and other 

News of Members 
Dr. S. R. W. Martin, an Ordinary 
Member attached to the London Section, 
of Mitchell & Smith Ltd., has been 
appointed by the Board of Ault & Wiborg 
Ltd., to the position of Associated 
Director. 

Dr. Martin served on the OCCA 
Council from 1955-57 and from 1958-60, 
and was Treasurer of the London Section 
from 1959-60. 

Mr. E. A. Greensitt, Associate member 
attached to the Newcastle Section, has 

sallies, were greatly appreciated by the 
diners. 

Mr. I. S. Moll then proposed the 
toasts t o  the guests and the ladies, and 
also referred to the work of the past 
Chairman (Mr. H. F. Clay) and of the 
Symposium Committee in organising a 
highly successful event. 

After a short interval for reorganisa- 
tion, dancing commenced and continued 
into the small hours until, towards the 
end, large balloon clusters deflocculated 
and were dispersed by the dancers. 

been appointed Works Manager at 
International Paints main factory a t  
Felling-on-Tyne. 

Dr. J. B. Haley, an Ordinary Member 
attached to  the London Section, has 
resigned from his position as Research 
Director of Chemical Building Products 
Ltd., and will take up a position as Senior 
Scientist in the Scientific Branch of the 
Greater London Council at the beginning 
of next year. 
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Obituary 
Mr. T. Adamson 1940. At the time of his death he was 

Joint Managing Director of Wailes 
We are sorry to report the death on Dove Bitumastic Limited, of Hebburn. 
17 November of Mr. T. Adamson, an Mr. Adamson will be greatly missed by 
Ord ina ry  Member  a t t ached  t o  the  his friends both within and outside the 
Newcastle Section since its inception in paint industry. 

Register of Members 
The following elections to membership have been approved by Council. The Sections 
to which the new members are attached are given in italics. 
Ordinary Members 
ADAMSON, DEREK W., B.SC., A.R.I.c., 31 Highfield Drive, Ickenham, Uxbridge, 

Middlesex. (London) 
ASPINALL, WILLIAM DONALD, Glenside Printing Ink Co. Ltd., Palmerstown, Co. 

Dublin. (Irish) 
AYED, ISSA SALEH, B.SC., PO BOX 1833, Amman, Jordan. ( 0 verseas) 
BALDOCK, NORMAN WILLIAM, Morris Ashby Ltd., Queens Chambers, 61 Boldmere 

Road, Sutton Coldfield, Birmingham. (Midlands) 
BARRETT, ROBERT MCDOWELL, B.SC., M.SC., 22 Drew Road, Wollescote, Stourbridge, 

Worcestershire. (Midlands) 
BISHOP, JOHN HAROLD, M.SC., B.SC., Paints Group, Defence Standards Laboratories, 

PO Box 50, Ascot Vale, Melbourne, Victoria, Australia. ( Victorian) 
BLACK, ARCHIE LINDESAY, 9 Haros Avenue, Nunawading, Victoria, Australia. 

( Victorian) 
CALDWELL-SMITH, PETER, A.s.T.c., A.R.A.c.I., Ampol Petroleum Co., Buchanan Street, 

Balmain, New South Wales, Australia. (New South Wales) 
CLARKE, GEORGE LEONARD, BALM Paints Pty. Ltd., PO Box 4, Palmyra, Western 

Australia. ( West Australian) 
CRAIG, DEREK, 27 Greenvale Grove, Fairfield, Stockton-on-Tees. (Newcastle) 
DAVIES, PAUL, PH.D., D.I.c., A.R.c.s., B.SC., 57 Woodland Rise, Welwyn Garden City, 

Hertfordshire. (London) 
ELLERY, ERIC, B.SC., ICI Ltd., Queens Square, Bristol. (Bristol) 
FEHERVARY, ALEXANDER, 5 Avery Street, Normanhurst, New South Wales, Australia. 

(New South Wales) 
FURST, GERALD, 208 Kingshill Drive, Kenton, Harrow, Middlesex. (London) 
HENDERSON, CHARLES NEIL, B.SC., 30 Churchill Drive, Bridge of Allan, Stirlingshire. 

(Scottish-Eastern) 
HEPWORTH, JAMES ALWYN, B.SC., 6 Ganghill, Guildford, Surrey. (London) 
HISLOP, DAVID WATSON, B.SC., Cherry Orchard, Stoke Poges. 

(London-Tliatnes Valley) 
HOLLAND, FREDERICK, Revertex (NZ) Ltd., Box 12077, Penrose, Auckland, New 

Zealand. (Auckland) 
JOHNYS, DAVID LEONARD, 89 Larkhall Rise, Clapham, London, S.W.4. (London) 
KERR, DAVID JOHN, 11 Gertz Avenue, Keon Park, Melbourne, Victoria, Australia. 

( Victorian) 
LEES, JOHN MITCHELL, 162 Downham Crescent, Prestwich, Lancashire. (Manchesrer) 
LEY, DAVID JOHN, 86 Marina Drive, Whitley Bay, Northumberland. (Newcastle) 
LINEIRO DE ANTONISSEN, BEATRIZ, DR., SA Alba, Centenera 2750, Capital, Argentina. 

(0 verseas) 
MCGREISH, JOHN EDWARD LEE, 158 Beechwood Drive, Glasgow, W.1. (Scottisli) 
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NORTON, DOUGLAS KENT, A.c.T., DIP. TECH., Gittings & Hills Ltd., Long Acre, 
Nechells, Birmingham, 6. (Midlands) 

ROMY, GEORGE, B.SC., C/O Amoco International SA, 7 Rue Versonnex, Geneva, 
Switzerland. (0 verseas) 

SKINNER, CATHERINE ELIZABETH, 7 Spencer Road, East Molesey, Surrey. (London) 
SMITH, JOHN WILLIAM, B.SC., A.s.T.c., A.MUS.A., 83a Harcourt Parade, Rosebery, 

New South Wales, Australia. (New South Wales) 
SPENCER, ERIC, 14 Sierra Street, St. Heliers, Auckland, New Zealand. (Auckland) 
TREUHERZ, RICHARD MANUEL, B.SC., Lewis Berger (GB) Ltd., Freshwater Road, 

Dagenham, Essex. (London) 
TRIGGS, FRANCIS CYRIL, B.SC., Reeves & Sons Ltd., Lincoln Road, Enfield, Middlesex. 

(London) 
Associate Members 
CASTLEDINE, JOHN NORTON, Fidene Corporation Pty. Ltd., 300 George Street, 

Sydney, Australia. (New South Wales) 
COOKE, CONOR J., 7 Woodlands Road, Johnstown Park, Dun Laoghaire, Co. Dublin. 

(Irish) 
EDEH, AUGUSTINE NNEJIH, 84 King Edward Street, Chalvey, Slough, Buckinghamshire. 

(London) 
ELLERINGTON, DAVID, 2 Southview Cottage, Broxhill Road, Havering, Romford, 

Essex. (London) 
E V E N N E ~ ,  CHRISTOPHER JOHN, C/O AC Hatrick Chemicals (Aust.) Pty. Ltd., 49-61 

Stephen Road, Botany, New South Wales, Australia. (New South Wales) 
HASTIE, JOHN RANKIN, 3 Hamilton Avenue, Harrogate, Yorkshire. (Manchester) 
HAY, JAMES MARSHALL, 55 Hayes Way, Reckenham, Kent. (London) 
JONES, FRANCIS WILLIAM, " The Oaklands," Denby Village, Derbyshire. 

(Midlands) 
O'BEIRNE, ALBERT, B.COMM., D.P.A., ICI (Ireland) Ltd., 3 South Frederick Street, 

Dublin, 2. (Irish) 
PATTINSON, MICHAEL GEORGE, 55 Crumpshall Lane, Manchester, 8. (Manchester) 
PFEIFFER, REGINALD VERNE, Fidene Corporation Pty. Ltd., Box 1745, GPO, Sydney, 

Australia. (New South Wales) 
RUDGE, WILLIAM LAW, 17 Allegra Avenue, Belmore, New South Wales, Australia. 

(New South Wales) 
THOMAS, OTMAR, c/o J. McWade & Co., 28 Adelaide Road, Dublin. (Irish) 
TURTILL, ARTHUR CHARLES, Forminex Pty. Ltd., 81-83 Old Pittwater Road, Brookvale, 

New South Wales, Australia. (New South Wales) 

Junior Members 
COOPER, MICHAEL CLIVE, 35 Pruden Avenue, Lansefield, Nr. Wolverhampton, 

Staffordshire. (Midlands) 
COPE, WILLIAM JOHN, 67 Old Park Road, Dudley, Worcestershire. (Midlands) 
FURNER, RAYMOND EDWIN, 26 Hazelbourne Road, London, S.W.12. (London) 
KELLY, ALAN, 13 Glenby Avenue, Peel Hall, Wythenshawe, Manchester, 22. 

(Manchester) 
MASON, JOHN OLIVER, 5 Courtenay Road, Penge, London, S.E.20. (London) 
MCGILLIVRAY, PETER CARSWELL, 79a Lennard Road, Penge, London, S.E.20. 

(London) 
MILNER, PETER JAMES, 10 York Road, Acton, London, W.3. (London) 
NORTH, CHRISTOPHER ROBERT, 31 Dunkeld Road, Baguley, Wythenshawe, Manchester, 

23. (Manchester) 
PYLE, WILLIAM JOHN, " Nelledene," Old Mill Lane, Bray, Maidenhead, Berkshire. 

(London-Thames Valley) 
WALMSLEY, TREVOR ALAN, 45 Cherry Tree Lane, Romiley, Cheshire. (Manchester) 



108 NOTES A N D  N E W S  JOCCA 

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

Monday 2 January Literary and Philosophical Society, at 
Hull Section. Hull Section Co-operative 6-30 P.m. 
Research Programme, to be held at Scottish Section. Annual Dinner Dance 
Royal Station Hotel, Hull, at 7 p.m. at Central Hotel, Glasgow, at 6.30 p.m. 

Thursday 5 January 
Midlands Section. Annual Ladies' 
Evening, to be held at  George Hotel, 
Solihull, at 7 p.m. 
Newcastle Section. " Newer Methods 
of Paint Application," by F. G. 
Dunkley, to be held at  Royal Turk's 
Head Hotel, Grey Street, Newcastle 
upon Tyne, at 6.30 p.m. 

Friday 6 January 
Bristol Section. " Measurement of 
Colour by Instrumentation," by P. V. 
Foote, to be held at Royal Hotel, 
College Green, Bristol, 1, at 7.1 5 p.m. 

Monday 9 January 
London Section-Southern Branch. 
" Paint Test Methods," by T. R. 
Bullett, to be held at Keppels Head 
Hotel, The Hard, Portsmouth, at 
7.30 p.m. 

Tuesday 10 January 
West Riding Section. " Plaster Type 
Paints from Plastic Emulsions," by 
Dr. Disselhoff, to be held at Great 
Northern Hotel, Leeds, at 7.30 p.m. 

Thursday 12 January 
Midlaitds Section-Trent Valley Branch. 
" Castor Oil Chemistry," by Dr. G. 
Silverstone, to be held at British Rail 
School of Transport, London Road, 
Derby, at  7.30 p.m. 

Friday 13 January 
Manchester Section. " What Kind of 
Staff Does the Paint Industry Need ? ", 
by M. H. M. Arnold, at Manchester 

Saturday 14 January 
Scottish Section-Student Group. 
" Forensic Medicine," by D. Jack, to 
be held at Lorne Hotel, Glasgow, at 
10 a.m. 

Wednesday 18 January 
London Section. " Evaluation for Elec- 
trodeposition of Recently Developed 
Water Soluble Epoxy Esters," by L. A. 
Tysall and J. Van Westrenen, to be 
held at Physics Department, Imperial 
College of Science and Technology, 
South Kensington, London, S.W.7, at 
6.30 p.m. 
London Sc~ction-Tltrrmes Valley Branch. 
" The Use of Computers in Industry," 
by A. Davies, to be held at Royal 
White Hart Hotel, Beaconsfield, Bucks, 
at 7 p.m. 

Thursday 19 January 
Hull Section. Discussion Evening at 
Queens Hotel, George Street, Hull. 
Scottisf1 Section. " Some Industrial 
Applications of Water Based Paints," 
by a speaker from Vinyl Products Ltd., 
to be held at Lorne Hotel, Sauchiehall 
Street, Glasgow, at 6 p.m. 

Friday 20 January 
Midlands Section. " Surface Coatings 
in Nuclear Establishments," by W. J. 
Colclough, to be held at Chamber 
of Commerce House, 75 Harborne 
Road, Birmingham, 15, at 6.30 p.m. 

Wednesday 25 January 
Scottish Section-Eastern Branch. 
" Electrical Methods of Assessing the 
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Protection Provided by Paints Against Saturday 11 February 
Corrosion," by H. F- Clay, to be Scottish Section-Student Group. 
held at North British Hotel, Princes " Discuss ion Morning-Annual 
Street, Edinburgh, at 7.30 p.m. General Meeting," to be held at Lorne 

Hotel, Sauchiehall Street, Glasgow, at 

Friday 27 January 10 a.m. 

Bristol Section. " The Use of a Com- 
puter to Control a Batch Reaction," 
by J. M. F. Drake, to be held at Royal 
Hotel, College Green, Bristol, 1, at 
7.15 p.m. 
Irish Section. Open Forum, to be held 
at Clarence Hotel, Wellington Quay, 
Dublin, at 8 p.m. 

Monday 13 February 
Victorian Sect ion.  " Theoretical  
Approach to Contact Leaching of 
Anti-fouling Paints," by F. Marson. 
London Section-Southern Branch. 
" Electrostatic Application of Powder 
Coating," by Dr. A. W. Bright, to be 
held at Royal Hotel. Southam~ton. at 

Thursday 2 February 
Newcastle Section. " A Scientist Turns Tuesday l4 February 
to Crime," by K. J. Kimber, to be held West Riding Section. " Plastics in 
at Royal Turk's Head Hotel, Grey Building," by J. R. Crowder, to be 
Street, Newcastle upon Tyne, at 6.30 held at Great Northern Hotel, Leeds, 
p.m. at 7.30 p.m. 

Thursday 16 February 
Monday 6 February New South Wales Section. Annual 

Hull Section. " Electronic Data Pro- General Meeting. 
cessing,'' by C. Campbell, to be heid London Section. " The Printing of 
at Royal Station Hotel, Hull, at 7 p.m. ~~~k of ~ ~ ~ l ~ ~ d  N ~ ~ ~ ~ , -  by D ~ .  

A. C. Healey, to be held at Physics 

Tuesday 7 February Department, Imperial College of ~ciknce 
and Technology, South Kensington, 

Newcastle Section. Evening visit to ~ ~ ~ d ~ ~ ,  s.w.7,  at 6-30 p.m. 
Northern Forensic Science Laboratory 
at Gosforth. Friday 17 February 

Midlands Section. " Polymer Char- 
Wednesday 8 February acterisation," by Dr. F. - W. Peaker, 

to be held at Chamber of Commerce Irish Section. Works visit to Messrs. House, 75 Harborne Road, Bir- Lever Brothers, at 3 p.m. mingham, 15, at 6.30 p.m. 

Thursday 9 February Tuesday 21 February 
Scottish Section. Aerosols," Metal London Section-Thame~ Valley Branch. 
Box Co. Ltd., to be held at Lorne " Decorative Paints and Decoration," 
Hotel, Sauchiehall Street, Glasgow, at to be held at ~ o y a l  White Hart ~ o t e l ,  
6.30 p.m. Reaconsfield, Bucks, at 7 p.m. 

Wednesday 22 February 
Friday 10 February Scottish Section-Eastern Branch. 

Manchester Section. "The Restoration " Applications of Computers  in 
of Works of Art," by A. R. Ashton, Industry," by C. T. Campbell, to  be 
to be held at Manchester Literary and held at North British Hotel, Princes 
Philosophical Society, at 6.30 p.m. Street, Edinburgh, at 7.30 p.m. 
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Thursday 23 February College Green, Bristol, 1, at 7.15 p.m. 
Midlands Section-Trent Valley Branch. N~ le ~c.ctio,l .  ~ ~ d i ~ ~ '  tqight at 
" Electrical Methods of Assessing the Five Bridges Hotel, Gateshead. Protection of Paints Against Corro- 
sion," by H. F. Clay, to be held at 
British Rail School of Transport, 
London Road, Derby, at 7.30 p.m. Thursday 16 March 

New South Wales Section. " Contact 
Friday 24 February Leaching Antifouling Paints," by F. 

Bristol Section. " Solvents," by L. A. Marson, Defence Standards Labor- 
Tysall, to be held at Royal Hotel, atories. 
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for base protection 
M O D E R N  technological achievementssubject 
constructional metals to ever increasing corrosive stresses. 
M O D E R N  technological achievements demand the highest 
standards of steel protection. 
M O D E R N  protective coatings based on alkali silicates 
and pigmented with 
Z lNCOLl  Z I N C  D U S T S  are meeting and beating this 
modern demand. 
For zinc rich paints of all kinds usezincoli Zinc Dusts 

to the Chief Chemist : 

A M A L G A M A T E D  OXIDES (1939) L IMITED 
Victoria Works, Dartford, Kent. Dartford 20942 
Sole Distributors: Morris Ashby Limited 
10, Phllpot Lane, London, E.C.3. Mans~on House 8071 
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CJ-lz,- CH- COO - Hg -<-9 
I 

WCW 56 

It is, in fact, one of the very wide range of chemicals which Durham 
Raw Materials supply-in bulk! And like the other products of DRM it 
is being specified by more and more manufacturers. Why? Because 
DRM have the know-how and breadth of experience to make sure 
that the quality of their products is precisely keyed to job require- 
ments. Because DRM have the resources to guarantee supplies year 
in and year out. In short, because DRM know their business and are 
therefore very good people to deal with. 

DURHAM RAW MATERIALS LTD. 
BRANCH OFFICES CANADA HOUSE. CHEPSTOW STREET OXFOIIO S lREET MANCHESTER 1 CENTRAL 2683. 
BIRTLEY. COUNTY DURHAM BIRTLEY 2361 100 HOPE STRCCT. OLASGOW C 2 DOUGLAS 9245. 
HEAD OFFICE DURHAM RAW MATCNIALS LTU.. 1 I GREAT TOWFR STREET. LONDON. E.C 3. MANSION HOUSE 4333 



Z I N C  O X 1  D E  - "Zinco l i "  B r a n d  

Z I N C  D U S T  - "Zincol i"  Bi-and 

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

RED LEAD - "Deanox"  B r a n d  

"GILSONITE" - ASPHALTUM 
(Regd. Trade Mark) 

Can be supplied in 

all grades suitable for 

the requirements of the 

Paint and Varnish Industry 

I>\. 

MORRIS ASHBY LIMITED 
10 PHILPOT LANE, LONDON E.C.3 
Phone : Telegrams : 
MANSION HOUSE ASHRY, LONDON 
8071 (6 lines) 

Altd nl Liver+ool. Glasgoze~, Brisiol, Bivmi~zeha~ri and Leeds 

-1 



Cabot, with 80 years' experience of carbon black 
manufacture, offer an unrivalled range of carbon 
blacks of the highest quality for all Paint applications 
and for other uses. Cabot's high quality is backed by 
well equipped technical service laboratories in England 

and the U.S.A. 

Plants in America, Canada, Great Britain, France, 
Italy, Argentina and Colombia. 

C A B O T  C A R B O N  L I M I T E D  
Soles Office : Carolyn House, Dingwall Road, 

Croydon. Surrey 
Telephone : MU N icipal 465115 

Coble Address : CABLAK. CROYDON, TELEX. 
Registered Office and Plant : Stanlow. Ellesmero Port. Cheshire 
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The chances are 
that you're very near 
to  a perfect service! 
If you're anywhere near Liverpool, 
London o r  Glasgow and you want o i l  
Samuel Banner wi l l  supply you promptly 
and cheerfully w i th  as much o r  as 
l i t t le as you want. 

Refined Linseed Oil Linseed Stand Oil 
Refined Soya Bean Oil Xylene Naphtha 

Oil particulars from : 

Samuel Banner 
LIVERPOOL: 34 Castle Street 051 CEN 0223 
LONDON : lOa Newton Road. E. 15 01 MAR 4321 

GLASGOW : 289 Castle Street. C.4 BEL 0723 

AIR DRIVEN 
lABORATORY 
MIXERS 

Specialists in high 
efficiency mixing 
machinery 

for hazardous 
conditions 

Capable of infinitely variable 
speeds up to 10,000 r.p.m. 

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

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

Joshua Greaves & Sons Ltd.-Dept JOCCR 
Ramsbottom, Bury, Lancashire 
Telephone : Ramsbottom 3159 
Telegrams : GREAVES Ramsbottom 



TECHNOLOGY 

SECOND EDITION 
NOW AVAILABLE 

Revised by A. A. Drummond, ~ . s c . ,  A.H.I.c., under the Editorship of 
I. C. R. Bews, B.SC., A.R.I.c., in consultation with T. E. Johnson, A.M.c.T., F . R . I . ~ .  

Because of the enormous success of the first edition (10,000 copies sold) 
and the rapid advances made in the technology of the Paint and Allied Industries 
during the past decade, the Council of the Oil and Colour Chemists' Association has 
authorised the complete revision of the " lntroduction to Paint Technology." 

The second edition will prove (as did the first edition) of immense value not only 
to young entrants into the industries but also to technical representatives and others 
desiring a basic knowledge of the principles and techniques of the Paint and Allied 
Industries. . 

LIST OF CONTENTS 

Origins and development - Decorative paints - O i l s  - Industrial 
finishes and techniques - Natural and synthetic resins - Paint 
manufacture and hazards - Oleoresinous alkyd and cellulose 
media -- Paint testing - Pigments - Common defects 

The book contains 186 pages including 10 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 15s. (post free). 
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SITUATIONS VACANT 

H O E C H S T  C H E M I C A L S  L T D .  
A subsidiary of Hoechst U.K. Ltd. is  expanding 

and requires 

Technical Sales 
Representatives 

between the ages of 23 and 33 

A degree or other  academic qualification i n  chemistry would 
be an advantage and selling experience i n  the synthetic resin 
field is desirable. 

Salaries w i l l  be good and the  prospects are excellent. The 
Company runs a generous Non-Contr ibutory Pension Scheme 
and is a group member of a Health Scheme. 

Please write, giving br ief  career details to : 

Personnel Officer 
HOECHST U.K. LTD. 

Portland House 
Stag Place 
Victoria 

London, S.W. I. 



JOCCA 

S I T U A T I O N S  V A C A N T  

CHEMIST 
with A.R.I.C. or equivalent qualification 

required by rapidly expanding Company in International Organisation. 
The ideal candidate would be under 30 years of age, with proved experience 
in emulsion technology (Bitumen, Acrylics, etc.). 
The appointment entails responsibility for technical and production 
control of a wide range of roofing and flooring materials. 
This is a progressive appointment, based in S.W. Lancs, with important 
liaison commitments. Salary by negotiation ; good fringe benefits. 
Enquiries, in confidence, to Box No. 266. 

RESEARCH 
CHEMIST 

A medium-sized, very progressive, and 
rapidly expanding company wishes to 
appoint a Research Chemist to work on 
dyeing resins and other problems. An 
Honours Graduate or  an ASDC would be 
preferred but, in any case, imagination and 
a leaning towards research are considered 
important. 

The successful candidate will have his 
own new laboratory situated on the South 
Coast, together with a very adequate 
salary and fringe benefits. Write Box No. 
268. 

Illllllllllllllllll~llllllllllllllllllllllllllllllllllllllllllllllllllllll!llllllllllllllllllllllilllllll!lllllllllllliillllll~!lll!l~ 

POLYMER CHEMISTS 
Styrene Co-Polymers Limited require 2 
graduate chemists for their new laboratories 
situated south west of Manchester close to 
Wilmslow. The work is of an extremely 
varied nature covering research, develop- 
ment, pilot plant and full scale manufacture 
of many different polymer types for use in 
a number of industries. 

Preferable candidates should have some 
experience in the above fields and should be 
aged 24-30 years. They will possess con- 
siderable initiative and be capable of 
working with a minimum of supervision. 
Salaries will be commensurate with the 
importance of these positions. 

Applications should be addressed to the 
Technical Manager, Styrene Co-Polymers 
Ltd., Earl Road, Cheadle Hulme, Cheshire. 

OCCA 19-Technical Exhibition 

please turn to pages 100-102 
for more information and an 
alphabetical list of exhibitors 



GOLDEN VALLEY MICRONSPUN 
EARTH AND FINE COLOURS 

The world-wide name for fineness, uniformity and ease of dispersion. 

PRIMER OXIDES rn EXTENDERS rn CHROME GREENS 

PRUSSIAN BLUE rn SYNTHETIC OXIDES rn UMBERSand SlENNAS 

BLACK OXIDES rn PERSIAN GULF OXIDES Z INC CHROME 

HELlO REDS W OCHRES 

For detailed literature and samples, write to 

GOLDEN VALLEY COLOURS LTD.Wick-Nr.lris~ol-England 
Teln.?phone Abson 481-3, Telex Micronspun 44301 
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