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introduction 

paint 
technology 

second edition 
with additional chapter 

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

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

new chapter 
The new chapter is subdivided to three sections 

resins and media 

Including polyester, epoxy, polyurethane resins and developments in water based paints, 
vinylics, etc. 

applicaf ion techniques 

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

~nstrumental testing and ccr,:trld wet'hom 

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

The book c o n t ~ i h s : 2 ~ ~  p$ges !ccludin;.J 11 I h e  .diag.:ax~s,, 8 phq:ographs of common paint 
defects, and comprehihs'$ve: i?dex. Copies can' be cb,tai?ed from tho Oil and Colour Chemists' 
Association, Wax Chandlers' Hall. Gresham Street. London E.C.2, price 20s. (post free). 



Nopco chemicals for the paint industry 
A capsule guide to  part of the vast range 

of Nopco C h e m i c a l s  for protective coatings 
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The fie is blue ferylene, wit11 the 
Association's insignia woven in red and 
gold silk. 

The blazer badge has the insignia 
embroidered in silver and gold wire on a 
red and blue ground. 

The plaque has the insignia hand- 
painted in  red and gold on a blue ground. 

The car badge has the insignia 
embossed in red and gold on a blue 
ground, the whole being covered in 
transparent polypropylene, with a fhick 
chrome surround. Bar and grille fittings 
are available. 

~ h e i e  items are available only from :- Lancaster Place, Strand, 
London, W.C.2. 

i (All prices include postage 1 i 

........................................................................................................................ 
i To : Thresher & Glenny Ltd., Lancaster Place, Strand, London, W.C.2. i 
i A s  a member of the Association, please accept my orderfor the following: i -- -- 

. - ..................................................... and packing) I-- 1 : If tie is required airmail add 1 

..... i OCCA tie @ 2616 
i ...... OCCA blazer badge Q 751- 
i ...... OCCA wall plaque Gd 441- 
i ...... OCCA car badge @ 441- 

(state bar or gril le) 

............................................................. 
6s. 6d. I 

/ . . :  

Tota l  Remitted I-- i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........ ............................................................................................................... 
The ties will be supplied from stock; all other items are made to order. Only the tie can 

be supplied by airmail at an extra cost of 6s. 6d. 

1 Name ............................................... . . . . . . .  

................ 

. . . . . . . . . . . . . . . . .  

................... -- 
SectionINo. ............................................ : 

.................................... Address i 
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Get 011 the Vinarnul6705 bandwagon and 
join the money-makingpaint makers.Vinamul 
6705 is the ethylene grafted vinyl acetate 

L'inarnulh705 is just about the greatest thing to 
ha\.e happened in paint for years. Write or telephone 
now and we'll let you have the fill1 story. 

vinamcuII I .  i .. 6705 
Tlie record hreakitig et?irrlsiori .from 

VINYL PRODUCTS LTD 
V Mill Lane . Carshalton . Surrey . 7.~1: 01-669 4422 



DEDICATED 
WORKERS 

These minute larvae of the lac insect wlll 
devote their slx-month llfe cycle to 
playing thelr part in the produotion of 
lac-the vltal natural base materlal for 
SWANLAC BLEACHED LACS (trans- 
parent. waxy or modified) SHELLACS 
LAC ESTERS & HYDROLYSED LAC 

You wlll And us equally dedicated to the 
task of meetlng your lac requirements. 
Iikewlse those for natural VARNISH 
RESINS. WAXES & WATER GUMS 

Agents for Estal)l~<tleci 1906 

ANGEL0 BROTHERS SHELLACS 
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THIS IS  THE START Or 
BRIGHT COLOUR AND 
SUPER- DURABILITY 

TlOXlDE R-CR2,  a multipurpose pigment 
and BTP's standard for high durability, is suitable 
for almost all paints, printing inks, plastics, 
rubber, paper coatings, resin-bonded laminate 
papers, and polyolefine fibres, Initial wetting both 
by non-aqueous and aqueous media is extremely 
fast, and complete dispersion is achieved very 
quickly. R - C R 2  is ideally suitable for processing 
in mills of all types. Owing to its surface treatment 
it usually gives lower millbase viscosities 
than pigments not similarly treated, so that much 
higher pigment loadings can be used to 
increase productivity. TlOXlDE R - C R 2  can be 

incorporated easily into most types of plastics 
even when using low-shear machines, thus saving 
production time and increasing throughput. 

With its high level of tint-reducing power, 
opacity, gloss retention, and colour stability. the 
excellent chalk resistance of R - C R 2  makes ~t 
the economical choice whenever exterior durability 
is of overriding importance. 

Tioxide International Limite 
10 STRATON STREET LONDON WlX 6BS ENGLAF 
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H . A . HAMPTON. R.SC.. PH.D. . . . . . . . . . . . .  1961-63 

.. J . E . ARNOLD.R.SC..PH.D..F.R.I.C.. A.1NST.P. . . . . . . 1963-65 
. .  S . H . BELL. PH.D.. D.I.C .. A.R.c.s.. F.R.I.C. . . . . . . . . 1965-67 . .. F . SOWERR~JTTS R.SC.TFCH. . . . . . . . . . . . . 1967-69 

* Decensed 
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Council 1.970- 71 
and 
Committees of Council 

Council President: A. S. Fraser, 42 Busby Road, Carmunnock, Lanarkshire. 
President Designate: A. W. Rlenkinsop, 108 Yarln Road, Stockton-on- 

Tees, Teesside. 

Vice- Presirlents: 
*S. H. Bell, PhD, DIC, ARCS, FRIC, Tlie Paint Research Station, 

Waldegrave Road. Teddington, Middlesex. 
A. H. McEwan, A. C. Hatrick (NZ) Ltd., PO Box 51-05, Tawa. 

Wellington, New Zealand. 
W. J.  McWaters, "Overton," Homefield Road, Saltford, Bristol. 
1. S. Moll, 54 Rectory Lane, Prestwich, Lancs. 
C. H. Morris, c/o British Paints Limited, Resinous Chemicals Div.. 

Portland Road, Newcastle upon Tyne. 
F. Scliollick, BSc, FRIC, c/o British Industrial Plastics-SA (Pty.) 

Ltd., PO Box 12, Pinetown, Natal, S. Africa. 
L. H. Silver, Silver Paint & Lacquer Co. Ltd., SPL Centre, Bradford 

Road, Batley. Yorks. 
Hon. Secrc~trrry: D. S. Newton, AMCT, CGIA, FlnstCorrT, Monmouth 

House, 1 Tlie Hill, Almondshury, Nr. Bristol, US12 4AE. 
Hoti. Treasrrrer: F. Cooper, RSc, 241 Robin Hood Lane, Hall Green, 

Birmingham 28. 
Hon. Editor: S. R. Finn, BSc, FRIC, 49 Elms Drive, Kirk Ella, Hull 

HUlO 7QH. 
Hon. R~warc l t  arid Dcvc~lopnietit Oficer: A. R. H. Tawn, FRIC, 

FlnstPet, FIMF. 34 Crest View Drive, Petts Wood, Kent. 

Elective Met1iher.s: 
1. C. R. Bews. BSc, ARIC. Hritish Titan Products Co. Ltd., 10 Stratton 

Street, London Wl.  
A. G. Holt, BSc, BPliar~ii, "Morantinc." Westfield Road, Maidenhead, 

Berks. 
D. M. James, HSc, FRIC, 14 Beaconsfield Crescent, Low Fell, 

Gateshead 9, Co. Durham. 
J. E. Mitchell, BSc, FRIC, The Walpa~nur Co. Ltd., Darwen, Lancs. 
R. N. Wheeler, BA. ARIC, "Shell" Research Ltd, PO Box I I, Egham, 

Surrey. 
H. C. Worsdall, Surface Coating Synthetics Ltd, Whitby Avenue 

Park Royal, London NWIO. 

Sectiorl Represeiitatives: 
Alrcklortd: 0. E. Rutledge (Chairman); E'. Sowerbutts, BScTech. 
Rristol: .I. R. Taylor, BSc, FRIC (Chairman); P. L. Gollop, ARIC. 
Hull: N. F. Lytligoe, FRIC (Chairman): F. D. Robinson, USc. 
Irish: S. McWade (Chairman); F. D. H. Sharp. 
Lonc/on: J. E. Pooley, BSc, ARIC (Chairman); D. E. Eddowes, RSc. 
Manchester: F. M. Smith, BSc, PhD, ARIC (Chairman); S. Duckworth, 

ARIC. 
Midlands: H .  J .  Gritfiths, ACT (Chairman); R. F. Hill, BSc, ARIC. 

ACT, API. 
*Vice-President who has been President. 

2 
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N~wcctstk~: D. H .  Tatc (Chairman); A. A. Duell, ARIC. 
Scottislr: R. G. Garciiner (Chairman). E. M. Hums. 
Soritlr Afiicarr: L. I:. Sa~mders (Chairnian); A. Lowe, MSc, PIID. 
Il%cirirc,.s V(rl1.v: H. Jncoh. HSc (Chairman); K. R. W. Chitty. 
M'c'st Ri(liri~r: L. J .  Watkinson, HSc, PhD, ARIC (Chairman); Mrs 

K. Driver. 
Wc.llirrgtorr: T. W. Slinn, HSc (Chairman); G. Willicon, ARIC. 

Commit f ees Finance Committee 
Of (%uirtrrurr: F. Cooper, BSc. 

Prc..sirk,trt: A. S. Fraser. 
Council Prc,sir/ctrt ~ e v i ~ r ~ i t ~ ~ :  A. W. Blcnkinsop. 

Vice,- Prc,.si(k,rr~: W. J. McWaters. 
Horr. Secrctu):)': I). S. Newton. AMCT, CGIA, FlnsrCorrT 
Iiorr. Glitor: S. R. Finn, RSc, FRIC'. 
K. It. W. Chitty. 
S. Duckworth, ARIC. 
H. J. Grifiiths, ACT. 
H. C. Worsdnll. 

President's Advisory Comniittee 
Presiclent : A. S. Fraser. 
Prc~siclc.rrt Dasi~rr(rte: A. W. Hlen kinsop. 
Hori. Sc~crcltury: D. S. Newton, AMCT. CGIA. FlnstCorrT. 
Hon. Tri,cisrirc*r: F. Cooper, BSc. 
Iiorr. Glitor: S. R. Finn. BSc. FRIC. 
Hotr. Hc~.sc~cir~clr trrrtl Dc~i~c~k)l)rirc*rrt OIfici~r: A. I i .  I 1. Tawn. FRIC, 

t-Inst Pet. FIM F. 
('lnrir~trcr~r, Lotrik~rr Sc,ctiorr: J. E. I'oolcy. l1Sc, ARIC. 
('lroirrrurrr, Nctc.ccr.stk, Sc~ctiotr : D. H .  Tate. 
C'lrciirrrrrrrr, 12'c,st Rirlitr~ Sc'rtiorr: I.. J. Watkinson, I3Sc, PhD, ARIC. 

Publications Comnlittee 
Clruirnmn: S. I<. Finn, HSc, FRIC. 
Presi(/e~rt: A. S. Fraser. 
Prc.siclc,nt I)cJ.si~rnrti~: A. W .  I3lenkinsop. 
Viccp-1'rc:vick.rrt: C. H. Morris. 
Hotr. Secretary: D. S. Newton, AMC'T. CGI A, FlnstCol-rT. 
Iiorr. Trc*ci.srrrt*r: F. Comer. BSc. 
lion. Re.sc~urch urrcl J ) ~ ; ~ I & I ~ I " I I ~  Offcer: A. R. H. Tawn. FRIC, 

FlnstPct. FIMI.'. 
F. D. Robinson, BSc. 
C. J. A. Tavlor. MSc. ARIC. 
J. R. ~ a ~ l o ; .  B S ~ ,  FRIC. 
L. J. Watkinson, MSc. PhD. ARIC' 

Sectiorr R~,pre~c~t~turive.s: 
Artckluncl: J. W. Hirst. 
Bristol: T.  I.  Price, BSc. 
Hull: J. A. Iinsnip, BSc. 
Irislr : A. liicliards. 
Londotr: V. T. Crowl, BSc, I'ltD. DIC, ARCS, FRIC 
Manclre.stc~r: D. A. Plant, BSc, PhD. 
i2liclltrrrcl.s: A. E. Claxton, BSc, ARCS. 
Newcu.stlc: A. Laws, ARIC. 
Scottislr: 11. A. Munro, BSc. 
Sorrtlr Africurr: P. R. dc Gersigny, I1Sc. 
Thumes Vullev: R. E. Gunn. 
Wc.llitrgtorr: R. A. White, MSc. 
West Riding: J. N .  McKean. 
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Exhibition Committee 
Chair~nan: F. Cooper, BSc (Hon. Tren.srtrc~r). 
President: A. S .  Fraser. 
Presirlent De.~ignate: A. W. Blenkinsop. 
Hon. Secretary: D. S. Newton, AMCT, CGIA, FlnstCorrT. 
Hon. Editor: S. R. Finn, BSc, FRlC. 
Hon. Research and Develop~ilent Offreerr A. R. H .  Tawn, FRIC, 

FlnstPet, FIMF. 
B. Jacob. 
A. B. Lock. 
J. E. Pooley, BSc, ARIC. 
L. H. Silver. 
R. N. Wheeler, BA, ARIC. 
H. C. Worsdall. 

Light Fastness Committee 
Chairman: S. H .  Bell, PhD, DIC, ARCS, FRIC. 
President: A. S. Fraser. 
President Designate: A. W. Blenkinsop. 
Hon. Secretary: D. S. Newton, AMCT, CGIA, FlnstCorrT. 
Hon. Editor: S. R. Finn, BSc, FRIC. 
Hon. Research and Develop~ner~t Oficer: A. R. H .  Tawn, FRIC, 

FlnstPet, FIMF. 
J. G. Gillan, PhD, ARIC. 
R. Smith, BSc. 
D. L. Tilleard, BSc, FlnstP. 

Liaison Committee 
President: A. S. Fraser. 
President Designate: A. W. Blenkinsop. 
Hon. Secretary: D. S. Newton, AMCT, CGIA, FlnstCorrT. 
President, Birti~inghanl Paint, Varnish nrrtl 1,ocqrtrr Clrth: D. Penrice. 
H .  W. Keenan, PhD, FRIC. 

Technical Education Committee 
Chairman: H.  W. Keenan, PhD, FRIC. 
President: A. S. Fraser. 
President Designate: A. W. Blenkinsop. 
Hon. Secretary: D. S. Newton, AMCT, CGIA, FlnstCorrT. 
Hon. Editor: S. R. Finn, BSc, FRIC. 

Jordan Award Committee 
Chair~nun: A. R. H .  Tawn, FRIC, FlnstPet, FIMF (Horr. Research 

and D~velop~~ic,nt Oflicer). 
President: A. S. Fraser. 
President Designate: A. W. Blenkinsop. 
tion. Secretary: D. S. Newton, AMCT, CGIA, FlnstCorrT. 
Hon. Editor: S. R. Finn, BSc, FRIC. 

Working Party on Education, Training and Qualifications: 
Chairman: H. W. Keenan, PhD, FRIC. 
President: A. S. Fraser. 
President Designate: A. W. Blenkinsop. 
Hon. Research and Development Oficer: A. R. H .  Tawn, FRIC, 

FInstPet. 
S. H. Bell, PhD, DIC. ARCS, FRIC. 
N. J. P. Buchanan. 
A. McLean, BSc, ARCST, FRIC. 
J. E. Mitchell, BSc, FRIC. 
C. J. A. Taylor, MSc, ARIC. 
H. C. Worsdall. 
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Working Party on Forward Thinking: 
Chairman: A. S. Fraser (President). 
President Designate: A. W .  Blenkinsop. 
Hon. Secrerury: D. S. Newton. AMCT, CGIA, FInstCorrT. 
A. G. Holt, BSc, BPharm. 
I. S. Moll, BSc. 
C. H. Morris. 
L. H. Silver. 
J. E. Pooley. 
R. J. Woodbridge, LRIC. 



Section OHicers 
and 
Comrrcittees 1974)- 71 
l h e  Prcsidmt, A. .S. Fro.wr. 

Auckland ('Ir(rir~nn~r: 0. E. liutledge, Polycheni (NZ) Ltd., PO BOX 2704, 
Auckland I .  New Zealand. 

Hon. Secretrrrj~: D. W. Sell, 4 Claude Road, Manurewa, Auckland, 
New Zealand. 

Horr. Trecr.sr~rcr: G.  J .  Hutchings. c/o LSsso Standard (NZ)  Ltd., Box 
3301, Auckland, New Zealand. 

Hon. Prih1iccttiorr.s Sc,cretu,:v: J .  W. Hirst, 39 Belfast Street, 
Hills borough, Auckland, New Zealand. 

Horr. Progrtrrrrnrc~s OfJicc,r: P. B. Hunt, HSc, PO Box 15104, New Lynn, 
Auckland, New Zealand. 

R~~presc~rrtrrtivc. 0 1 1  Corrrrcil: F .  Sowerbutts, BScTech, "The Warren," 
Cranbornc Avcnire, Mends. Eastboirrne, Sirssex. 

('o~rrrrritloc,: 
J .  Heachen, MSc, Okewa Road, Titir:ungi. Auckland, New Zealand. 

Zcaland. 
13. Murray, 34 B~rIlcr Crescent, Manurewa, Auckland, New Zealand. 
A. O'Neill, Condidated Chemicals, PO Box 15104, New Lynn, 

New Zcaland. 
G .  Wilson, 41 Hawera Road, Kohimaramara, Auckland El. New 

Zealand. 

~ ~ j ~ t ~ l  CI'~ir11r~rl: J .  R. Taylor. RSc, FRIC, 5 1 A Porth-y-Castell, Barry, 
Glarn. 

Vice,-(%ctirrrrcr,r (C%rrirrrr(rrr Elcjct) crrrtl Kc,l~rc,.sc~rrtari~~(~ 0 1 1  Cormcil: 
P. L. Gollop, ARIC, 4 Oi~kdalc Court, Downend, 13ristol. 

Horl. Sc~crotcrr.~: I). N. Fidler, MSc, 28 Marinc Drive, Barry. Glam. 
Hen. Trc~u.sorc,r: L. J. Brooke, 39 Abbots Way, Westbury-on-Tryni, 

Bristol. 
Hon. Pr~h/i(.~liorr.s S~cretctty: T. I .  Price, RSc, 68 Cornwall Road, 

Merthyr Dyfan, Barry, Glani. 
Hon. R(<sc.trrch Litriso~r Officc~r: F .  17. Rirddick, "Darosa," I2 Orchard 

Crescent, Dinas Powis, Glam. 
Horr. SociuI Secrc,/(rty: G .  R. Duckett, The Orchard, High Street, 

Pensford, Nr. Bristol. 
Horr. Alrtlitor: W. J .  McWaters, "Overton," Honiefield Road, Saltford 

Hristol. 

( 'o t~~rrr i t t~~:  
H. G.  Boudicr, 94 Stanwell Road, Penarth, Glam. 
I. S. Cox, "Tamera More," 31 1 Ch~rrch lioad, Frampton Cotterell, 

Iiristol. 
D. G .  Dou!ing, 94 Talhot Road, Rri\tol RS4 2NT. 
M. P. Ford, 23 Risdale Road, Ashton Vale, Bristol, 3. 
I\. F. Nicholls, 39 Petherton Road, Hengrove, Bristol, 4. 



SI:CTION OFFICERS A N D  COMMITTEES 7 
Hull (%oirrrrrtrr: N. F .  Lytllgoc, FRIC, 172 Kcnilworth Avenue, Hull, 

k.. York\. 
Irrrrr~c,rli~rtc~ I'trst ('I~crir~rrtrrr: (Ex. Oliicio) E. A. Brown, 102 Bricknell 

Avcnuc. Hull, li. Yorks. 
I'ii,c,-('hnir,rirtr,r, Kc~pre~sorrtrrriw orr Corrrrcil orrrl Ilon. Rcsrarrh and 

Dc~vc~loprrrcvrt O//rc.cv.: F. D. Robinson, BSc, "Frays," 78 Stalling- 
borough Road, Healing, Grimshy, Lincs. 

Ilorr. Si,c.r.c,ttry*: J. C. (iihson, 13lundcll-Per~iioglazc Ltd., Sculcoates 
L;llic. I I L I I I  HUS I1<1!. 

/Ion. Tri,(rsrrrc~r: A. Pipes, 32 Astral Road, Cambridge Road, Hessle, 
I!. Yorks. 

Iforr. P~thliccr/iorr,s Sr*c.rc/rrry: J .  A. Hasnip, BSc, 44 Ancaster Avenue, 
Fairkts Avcnuc, tlull HU5 4QS. 

Iiorr. Soc,ictl Secrr~or:,': J. R .  Tinegate, 3 Briarfield Road, National 
Avenuc, Hull, E. Yorks. 

Ilorr. Lurr~i~rrrist: J .  I.. Ciilroy, 9 1 Laburnum Avcnuc, Garden Village, 
14~111, I:. Yorks. 

Ilorr. Artrlitor: F. S. Wilson, FCIS, I:IAA, 255 Cottingham Rortd, Hull. 
E. Yorks. 

C'or11rrrittc,c3: 
I:. Armstro~lg, AMRIM, Ryeland Ilill, So~ltli Cave, E. Yorks. 
T. A. Fillingham, "Dunnlastair," 37 Southfield, Hessle, E. Yorks. 
J. I:. <;ilrcly. 
13. J .  I-lowclls, LRIC, 73 I3radlbrd Avenue, Cleethorpes, Lmcs. 
I,. Taskcr, IiSc, "Farthings," School Lane, Irby-upon-Humber, 

Nr. <;rimshy, Lincs. 

Irish c'lroirrirrrrr: S. McWadc, I3;tycr (Ireland) Ltd., Industrial Estate, Kill 
O'Thc <il.angc. llun L~toghairc. 

Vie~c~-Clrrrit.rrrtr,r crrrrl Kc,~>~.c~sc,rrtntil~e~ or/ (.orirrcil: F. D. H. Sharp, 68 
SOLI~II I'i~rk, Foxrock, Co. Dublin. 

Ilorr. Sc,c~r.c,trr,:v: M. J. O'lianlnn, 1 1  Sliclton Gardens, Kinimage 
Iioad West, I)uhli~l 12. 

Iforr. Trc,trsrrr.r~r: M. O'Cnllaghan, 32 Hallytore lioad, Rathfarnham, 
Duhlin 14. 

Ilorr. Ptrhlic.i~/iorr.v Sc.crc,/rrry: A. Richards, 52 Tcmpleville Road, 
Tel-cnure, Ilu hlin 0. 

Ilorr. Pro~ycrrrrrrrc, Sc~c.rc~t(rr:~~: D. 1'. Goddcn, 68 Blackheath Park, 
Clontnrf, I)ublin 3. 

I-lotr. Tc~.lrrric.crl Trcrirrirr,q Office-I.: G. F. Jones, Irish Printing Inks Co. 
Ltd.. 1:clipse Works, Swords, Co. Iluhlin. 

I I O I I .  Ar~rlitor: R. Adam, c/o Associated Printing Inks Ltd., Du~isinea 
Worlis, Castleknock, Co. D~~hl in .  

~'orrlrrlilt~~l~: 
I<. C. Somcrvillc, St. Clement Howth Road, Sutton, Co. Dublin. 
K.  J. O'Callagha~i, 5 Lucan Road, Pallncrstown, Co. Dublin. 
I). 1'. Power, 4 Glcndhu Road, Navan Road, Dublin 7. 
J. Corriga~i. 34 Killbarrack Road, Sutton, Dublin. 
K .  V. Wheatlcy, Ault & Wiborg (Ireland) Ltd., Jolm F. Kennedy 

Drive, 13luebell, Dubli~i 12. 
R. J .  Murphy, Larkticld 1-louse, Crumlin, Dublin 12. 
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London C / ~ ( r i r ~ r r ~ ( r ~ r :  .I. I!. l'oolcy. l3Sc, Ali lC', . 'Mc~,ry~ii;~y," l:orc\t Dr i \c ,  
Ki~ighwood, T ;~ t l \ ~o r t l i ,  Surrcy. 

I ' i c ~ c ~ - ( * l ~ o i r r r ~ ( r r r  trrrt l  K(,l)r.c..vc~rr/cr/i~,(* orr  ( 'orrrrc~il:  I ). l i. I<tldo\\ cs, HSc, 
I'ainc, O i l  tk ('olour Journ;~l. 17 .Iolin Ad;lm Street. London 
WC.2. 

I l o r r .  .Y(,(.IY*/(~I.I-: I<. I I. I,.. MLIJ~J~. l . l i l ( ' ,  CTr;!y \';~llcy l ' ro i !~~ct \  1- i~~i i tct l .  
Sl. Mary  Cr;~y. O ~ ~ j ~ i n g t o n ,  Kent. 

I l o ~ r .  'li.c,osrrr.c,r.: I I. I<. I lam1iul.g. l'lil), "lona." 51 I3roshournc Roail. 
Orpinglon, Kent. 

l l o r r .  I J r r / ~ / i ~ ~ ( ~ i i o r r , ~  . Y ( ~ ( ~ r ~ c / ( r r ~ ~ ~ :  V. '1'. ( ' r ~ w l ,  l3Sc. I'IID, Ill<., l-'l<l(., 
AIICS. Paint I<csc;~rcli St:llion. Waldcrrr;ivc l ioad. Teddineton. 
Midtllcscs. 

I l o r r .  Pr.or,~~rtrrrrrrrc.s O / j i ( . ( ~ ~ . :  I). A.  Ii;lyli\.;. IS S1rl;trt I<o;~tl, I<;lst 13;irnct. 

IEarncl. Hcrts. 

~ ' o r i r r r r i / i ( ~ ( ~  
K .  A. Chippington. S3 I';II-I\ Drive, I lpmi~ is tc r ,  lisscs. 
K .  .I. Hcdgccoch. 59 W,lrrcn Ro;id, licigatc, Surrcy. 
t i .  A. I lipwootl, 147 Ahhotl.; I<o:ltl, Mi1clia1ii. Surrey. 
.I. C. M;lrtin, 22 Vigo Vill;tgc. Mcol>Ii;im, Kent. 
W. M .  Morg;~ns, t3Sc. l'lil). A l i l c ' .  I I 5  Nor ton Way S o ~ r r l ~ .  I.etcli- 
' worth, Hcrts. 
1'. Wliilcley, HSc, Ali l(., l3t1iltli1ig licsc;~rcli Sl ;~t io~i ,  ( i ;~rsto~i ,  W:~tforcl. 

l icr ts.  
('o-o/)/(,(l: 
J. K .  13. I<urltc, M A .  "Avoc:~." I00 I':l~npisI'ortl l ioad. Soutli ('roydon. 

Sul.rcy. 
J. T .  Tookc-Kirb!,. "l:ililry I.odgc," K O  Arlilig(011 AV~JILIC. ( io r i~ ig-by-  

Sen, \Vortliing. Susseu. (Rep. for So i~ l l i cn i  I3rancIi). 

London (./r(tir~rr~(rrr: 13. A. I<icii;~rtIson, 13s~. I '~J~;I~~II i icsc;~rc~i  cc~ l t r c ,  I'~II;I~~II 
Ho~lsc .  Ot tc rho~l lnc  klill, Winchcstcr. El:lril.;. 

f l o r r .  ,Y(,(.r.(,/(rr:,,: W. 11. Morris. 17-7 Mi l le r  Dl.ivc. 1;;lreliam. 1l;lnls. 
Branch) / l o / / .  fi.oasrir.or.: R. 11. 13rown. H S ~ .  V;i~igi~artI I'aints  ti^., CranleigIl 

R0;ltl. I'Ol-tchc~lcr, I ~ ~ J I ~ s .  
I l o r r .  Pr /h l ic~rr / iorr ,v  S(,c.r.c,/~rr:,~: 'r. I<. ( i .  Cox, IISc, Pcnnrth Research 

Ccntrc, I'cnnrtli I lo~lhc. Ottcrl>oulnc I-lill, Winchester, Hnnts. 
l i ~ ~ r c , . v c ~ r r / t r / i ~ ~  1 0  l ~ o r r ~ l o r r  . Y ( ~ . i i o r r :  .I. T. Tookc-Kirhy, "Fintry Lodge," 

80 ,\rlington A\cnuc, Cioring-hy-S~;I, Wortl i ing. Su\.;es. 
I l o r r .  ~ l r r ( l i / o r ~ :  11. I-. Storc~-. 3 l % l c ~ i l i c i ~ i i  ( i ;~r i lc~is.  l l e ~ i v i l l c ~ .  l I ; i \ ; ~ ~ i t .  

]+ants 1'00 2PN. 

~ ~ o l r r ~ l ~ i / / ~ ~ ~ ~ :  
K .  L. H;~rgrovc, 5 (ircvil lc I<oatl, l i icl imond. Surrcy. 
.I. R. 1:. I:. C'oate.;. "C'apti~ins." I i c i l  Lane. Limpslicld, Oxlctl, Surrey. 
J. R. M;~rch;~nt, I 9  A41 ('lose. Sou!li Mcr.;th;lm, Surrcy. 

ManChester ( ~ / ~ ~ ~ i t ~ ~ r r ( r r r :  I-'. M .  S~i i i t l i ,  IW. 1'111). Al<lC, (icigy ( U K )  Lttl,, l ' ig~i ic~i ts 
I)ivisio~i, Rountlt l iorn llsl;~te, Wyllicnsliawc, Mnncliestcr M?3 
ONI). 

Vicc~-( ' /rtr i~~rrrtrrr:  S. I )~~ck \ \~o r l l i .  AIiIC'. W;III I'apel- Manuli icturcrs 
1-(d.. 1icsc;rrcli I)ivision, S1;ltion Iioad. Wilmslnw, Chc4. 

H o r r .  S(,c~r~/(r,:l.: H. (i. Clayton, (icigy ( U  K )  1.1il.. I'ig~ncnts Di\ ision, 
I iount l t l iom Ils(;iic. Wylhcnhliowc. Manclicslcr' M23  9NI). 

I l o r r .  'li.c,(r.vrrrc~~.: 1'. I. Kyle, l'lill A l i l< ' ,  S<'(' ( 'o lo~lrs Ltd.. Colour 
Works, Ncwhrit lgc I-anc. Stochl~ort. C'hcs. 

1101t. I ' ~ t / ~ l i ~ ~ / i o ~ r . ~  ,S(YW~(II.I~: 1). A .  l'l:~rit, I3Sc. I'IiD. A K T S  IJept.. 
I C I  1-td., Dycstult;; Di\.i.;ion, Hcs;igon Hou.;c, I3lackle}. 
Ma~lchcslcr M() 31)A. 
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Ilorr. Kc~.vc~cir~c~lr I.icri.\orr Ol/ic~csr~: C. Hnrkcr, HSc, MSc, AliTS Dcpt., 1CI 
I2tc1., I)ycstull\ I)i\ision, I-leuagon House, Hlackley, Manchestcr 
MO 31)A. 

Ilorr. I'r~o,~r~cr~rrrrrc~.s 0)jfic.c.r: W. C .  Topham, I:RIC, Goodlass Wall & 
C'cr. I..ttl., (ioodlass lioad, Spckc, Livcrpool L24 9HJ. 

Ilotr. .Soc.ictl .Yc~c.r~c~~(rr~~~: W. K. MacCallum, Hardman & t-lolden Ltd., 
Manou I louse. Colcshill Street. Manchestcr 10. 

Ilorr. .S/rrclc~rr/ Ac./i~-i/ic,.s .Sc,c.r.c,/rrr.,~.: J. I:. Mitchell, BSc, FRIC, Thc 
Walpalnur ('0. Ltd., Walp;tmi~r Works, Darwen, Lancs RR3 
OlKi. 

Ilorr. .~lircli~or.s: I.. l3owdcn. AMC'T. Cilcn View, Manor Road, Ley 
I Icy Park. M:~rplc, Ches. 

1.'. A.  Walker, I;RI<', 5 5  Wootilands Ro;ld, I-landl'orth, Chcs. 

c 'ilrrrrrri//c~(~: 
I . <'ourtman. AMCT, ldllil, 24 St. Anne's Crescent, Gmsscroft, 

Oltlham. Lanes. 
. I .  I<. Lyon. ( i o o t l l : ~ ~ ~  Wall & ('o. Ltd., <ioottlass Road, Speke, 

I.i\,crl>ool L74 9tl J. 
i\. McWilli:~ni. ARIC. lingland, lluglics, I3cll Rr Co. Ltd., Valley 

L\'ork\, Monlo~l Iioad, liccles, Munchcstcr M30 9HU. 
1'. 13. Rcdlii;~~i, 305 I3olton lio:~d, I:tigwortli, Nr. Holton, Lancs. 
N .  I I. Seymour, 7 Reggarmans 1-nnc, Kni~lsfortl. Chcs. 
I ) .  Slcw:~rt. 54 Athin\o~i lio;ld. S;~lc, Chcs. 
I;\ (?l/ic*io: 
A. I.ouc. MSc. 1'111). 35 I):~rlcy Avenue. West Didsbury. Manchester 

20. 
\V. 1 ' .  Mcl)onncll. E'RIC. AMBIM. Ciootllass Wall Rr Co. Ltd., 

<;oottl:~\.; Roatl, Spckc, Livcrpool L23 9HJ. 
I .  S. Moll. I3Sc. ARTS I)cpt., ICI Ltd.. Ilycstul~s Division, Hexagon 

I lo~lsc. I%l;rcklcy. Manclic.;ter M9 31)A. 

MidlandS ('IIO~I~IIMUK I I .  J. ( i~i l l i t l l~,  AC'T (Hir"i), 735 M O J I I ~ I O L I ~ ~ ~  Drivc, Sutton 
C'oldfcltl, Wi~rks. 

Irrr,rrc*tlio/c~ I'trsr ('lrtrir~rrrirrr: I). J. Morris. 102 Ratcliwood Drive. St. 
Alhans, I Icrts. 

Ilorr. .S(,c,rc,/crrv crrrtl R(~~)rc,sc,rrtcr/ivc~ orr Cori~rcil: K. F:. Hill. BSc, ARIC. 
AC'T. A ~ I ,  l 'hc i2:~horntorics, RIP Chemicals Ltd., PO Box 18, 
Tat H:ink Roi~d, Oldbury, Warlcy, Worcs. 

Ilorr. 7i~c~tr.srrr.c3r: T. I). Nation, c/o Hoeclat Chemicals Ltd., Norwicli 
Ilnion I lo~~sc .  17 L.ichlicld Street, Walsall, Stan's. 

Ilorr. I'rrhlir~cr~ir~rrs .Yc~c.rc,/crr:l-: A. t:. Claxton, HSc, ARCS, "Tinwood," 
The O~~twoorls. Ncwport. Sliropshirc. 

Ilorr. Soc~itrl .Yc,c.r.c./crr.~.: A. S. Gay. 47 Norman Koad, Park Hall, 
w:1ls~lll. S1;lll.s. 

ilorr, Arte1ilor.s: I;. ('ooper, I3Sc. 241 liohin Hood Lane, Hall Green, 
l3ir1i1i~igl1;11ii, 28. 

1 1 .  J. C'l:~rke, 33 I'ctcl-\lielit Road, I lnll (ireen, 13irminglian1, 28. 

( 'i~rlrrl!i/rc~l~: 
I< .  Mcl). H;~rrctt. MSc. 20 I<iddcrmirlstcr Ro;lct, West Hagley, Worcs. 
I) .  I . .  Iloppcr. A<'T (I{irrn), 163 Stanway Road, Shirley, Solihull, 

W:1rks. 
I). John. 13%. 75 Addcnl>roohc Drivc, Wyldc <ireen, Sutton Coldfield, 

Wttrks. 
11. J. King. I3Sc. AWI', 73 C'orhctt Road, I-lollywood, Birminglia~n. 
I). 11. W. I.occgro\.c, 17 t-l:111 Walk, Colcshill. Warks. 
J .  I.'. I). Warren, HSs, Springficld House, 269 Birchfield Road, 

licdditch, Worcs. 
( '0-opri~l :  ('lrtrir.rircrrr, Trc*rrr I'crlk~~* Brcrrlclr: 1;. Hare. 
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Midlands Chuir~rrrrtr: E. Hare, Via Gellia Colo~lr Co. Ltd., Matlock, Derbys. 
DE4 3PT. (Trent Valley /nlin~~(/if~tc~ t'u~t C/rtlirllr~~r: C. W. Collier, 7 The Lawns, Whatton-in-the- 

Branch) Vale, N O ~ ~ S .  
Non. S<>cr~ttiry: J .  R. Tomlinson, 10 Cavendish Court, Shardlow, 

Dcrby. DE7 2tlJ. 
Hoir. Piihlictrtiotrs Sc,crettrrj~: D. F .  J. Grimmer, Gcigy (UK)  Ltd., 

Melton Road, Th~~rmaston,  Lcics. Llj4 8BG. 
t-Ion. Tr~rrsrir.c~r: P. 1). Hare, HSc, 9 Granville Closc, Hall Farm Road 

Dullicld, Derby Dl26 4FY. 
Hotr. Socictl Srcrcltcrry: S. N. Hawley, W. Hawley & Son Ltd., Colour 

Works, Dultield, Derbys. 
Hon. A~rtlitors: K .  H. Bucklcy, Via Gellia Colour Co. Ltd., Matlock, 

Derbys. DE4 3PT. 
C. V. White, Cromford Colour Co. Ltd., Cromford, Matlock, Derbys. 
collll l l i / /~e: 
J. R. Hourne, c/o Mebon Ltd., Hlackwell Road, Huthwaite, Nr. 

Mansfield, Notts. 
J. H. Cox, BSc, Cromford Colour Co. Ltd., Croniford, Matlock, 

Dcrbys. DE4 31'T. 
D. J .  Holmcs, LRIC, 2, The Firs, Hole Hill, Wirksworth, Dcrbys. 
I<. S. Law, MA, Fisons Industrial Che~ilicals Ltd., Willows Works, 

Dcrby Road, Loughborougli, Lcics. 
C. V. White, Cromford Colo~lr Co. Ltd., Cromford, Matlock, Derbys. 

~ ~ ~ ~ ~ ~ t l ~  Cl7oirtnun: D. H. Tatc. 33 Langliolm Road, Ca\t Holdon, Co. Durham. 
Vice-Cfictirnrmtr trrr(1 Re~pre.sc~tr/~itivc~ on ('orrtrc.il: A. A. Duell, ARIC, 

1 Westbournc Avenue. Gnunee Ebtatc. Gosforth. Newcastle - 
i~pon Tync NE3 2HN. 

Hotr. Secrc,torv: B. Ridlcv. "Bcverlev." Mcadowfield Park. Stocksfield. - .  . , 
~orthum'hcrland. 

Hotr. T~.~osrir.c~r: T. A. Ranfield, PIID, DIC, ARCS, FRIC, 5 Dene 
Closc, Newcastle upon Tync, NE7 7HL. 

Hotr. Pith1iccrtio1r.s Sc,cretrrq~: A. Laws, ARIC, 42 Woodside Gardens, 
Gateshead, I I ,  Co. Durluuii. 

Mon. Rc~.~~(zrcIr Li~i.sotl Ojjicc~r: K .  I:. Baxter, 5 Greybournc Gardens, 
Sunderland, Co. Durham. 

Hon. Socicrl Secrc~tory: tl. t-.~~ller, 552 Acklam Road, Acklam, Middles- 
brough (Co-opted). 

Hon. Co-ortliricrtitrg Ofii'cer for T<~chtricol Edrrcution: N .  J. P .  Buchanan, 
Strathniorc, Park lioad, Haltwhistlc, Northumberland. 

Hun. Secretory --Strident Grorrp: D. W. Hudson, RSc, 9 Eden Grove, 
Stobhill Grange Estate, Morpeth, Northumberland. 

Horr. Artdifors: t-'. G. I'alnier, FRIC, "Polperro," 62 York Avenue, 
Jarrow, Co. Durham. 

E. G. Elphinstonc, 9 Victoria Terrace, East Holdon. Co. Durham. 
Coitr111i1 tc~f,: 
J. Clark. BSc. The White House. White House Drive. Bisho~s  Road 

west, ~ tbck ton ,  Co. Durha~ii. 
D. G. Dowling, HSc, 1 1  Auckland Way, I-larthurn, Stockton on Tees. 
C. N. Finlay, 23 Bccch Grove, Springwell, Gateshead 9, Co. Durham. 
K. V. liodgson, 10 Southniayne lioad, High Barnes, Sunderland, 

Co. Durham. 
J. J. Norman, BSc, ARIC, 7 Arcadia Avenue, Chester-Le-Street. 

Co. Durliani. 
G. Willison, AIIIC, British Titan Products Co. Ltd., Central Labora- 

tories, Portrack Lane, Billingham, Teesside. 
Co-optetl: A. W. Blenkinsop, IOX Yarm Road, Stockton-on-Tees. 

Co. Durham. 
D. M. James, 13Sc, FRIC, 14 Bcaconsticlil Crescent, Low Fell. 

Ciatcshead 9. Co. Durhanl. 
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Scottish Clrairtrmtl: R. G. Gardiner, Durham Raw Materials Ltd., 180 Hope 
Street, Glasgow C2. 

Vice-Clirrirr~rrrrr uttrl K(~prc.sc~tltrrtivc or1 Corrtlcil: E. M. Burns, Morris 
Ashhy Ltd., 5 Queen Margarct Road, Glasgow NW. 

Itrrriietliatc Prrst C / I ~ I ~ Y I I I N I I :  .I. Miller, 60 Ortnonde Avenue, Glasgow S4. 
Ilorr. Scct.c,tnr)': H. Smith. BSc, Vinyl Products Ltd., 159 Deanston 

Drive, Glasgow SI. 
Hen. 7'rcw.srrrc~r: L. Hopwood, ICI Ltd., Dyestuffs Dept., 4 Blythswood 

Square, Glasgow C2. 
Hotr. Progrcrttrtrrc, 0,fficar: D. Rowley, 57 Linn Drive, Glasgow S4. 
1fot1. Ptrhlictrtiotrs S~~crc~tctrv: 1-1. A. M unro, BSc, Hurd Hastie (Holdings) 

Ltd.. 73 Milnpark Strcct, Glasgow SI. 
Horr. S~rrclc~rrt S(~-/ ion Lioisot~ 0flicc.r: I .  R. McCallum, 37 Burnbrae 

Avenue, Hcarsden, G lasgow. 
Hmn. E(11tccrtior~ Oficcr: A. McLean, BSc, ARCST, FRIC, 46 Lindsay 

Road, East Kilbridc, Glasgow. 
Hott. Rcscorclt Lirri.~or~ Officrr: C .  S. MacLean, Federated Paints Ltd., 

309 Dobbies Loan, Glasgow C4. 
Horr. Arrrlitors: J. D. W .  Dtividson, FIWM, FIPE, MBIM, Federated 

Paints Ltd., 309 Dobbies Loan, Glasgow C4. 
I. S. Hutcliison, Craig Hubbuck Ltd., 12 Bognioor Road, Glasgow 

SWI. 

Corntrritfce: 
R. L. Rarrett, BSc, ARIC, Alexander Fergusson & Co. Ltd., 50 

Ruchill Street, Glasgow NW. 
J. Rowden, Craig Hubbuck Ltd., 12 Rogmoor Road, Glasgow SW1. 
E. N. Blair, 10 Polwn Drive, Johnstone, Renfrewshire. 
J.Mandelson, 34 Lomondsidc Avenue, Clarkston, Glasgow. 

S C O e h  CIi(tirmarr: P. A. Gowcr, c/o Lorillcaux & Bolton Ltd., Eclipse Works, 
Sighthill, Edinburgh, I I .  

(Eastern Itl~tnc(liatc Past Clioirnmn: G. H. Hutchinson, ARIC, AFInstPet, 
Branch) c/o A. B. k'leming & Co. Ltd., Glasgow Road, Edinburgh, 12. 

Vice.-Clrcrirnrun: R. Webster, 37 lona Street, Edinburgh, 6. 
Horr. Srcrc~tcrrj~: J. W. Rritnton, 20 Cramond Terrace, Edinburgh, 4. 
Hor~. Tt~crt.nrrr~r: R. Harvie, 8 Deanpark Crescent, Edinburgh, 4. 
Hott. Ptthlic.tttiotr.v S~crc~lrrr)~: J .  H. Slcwart, AHWC, LRIC, C/O 

A. H. Fleming cYr Co. Ltd., Glasgow Road, Edinburgh 12. 
Ifort. Arrrli/or: D. I. Muirhcad, c/o Wm. Sim & Sons (Paints) IAd., 

40 Jane Strcct, Edinburgh, 6. 

Cot~rtrlitfee: 
C .  G. Cochrane, BSc, c/o Craig & Rose Ltd.. Leith Walk, Edinburgh, 6. 
A. McLarcn, 4 Hermitage Park, Edinburgh, 6. 
P. R. Phillips, 10 Craigcrook Park, Blackhall, Edinburgh, 4. 
G.  A. Pringle RSc, ARIC, 3 House O'Hill Grove, Blackhall, 

Edinburgh, 4. 
J. J.  Traynor, 114 Cuikew Terrace, Penicuik, Midlothian. 



l l o ~ r .  7~~(~(r .~rrr~i~r:  K .  bl . I ~igc1l~c1.1, AT('. I>() I%<;\ 3783. I>LI~I~;IJ~. 
So i~ t l i  Africa. 

~IOII. Ptr/)/ic(r/io~r.s .Si,cr~i,/ot:~,: I]. 13. CIC (icrbiyiy. <'or11 I'I-OCILIC~\ l < c l i ~ i i ~ i g  
Co., 1'0 I3ox 154.1. I>t~l.I>;rn, S o ~ ~ t l i  Africa. 

r .  
Ir.crrr.v~~ctrrl R(~/)rc~.sc,rrttr/i~~c, olt .S(~c~/iolr ( 'o~trttri//c,c,: N .  t\. .I. \ ' ; ~ r i  l>cr 

Mcrwc. 47 l ' l iamc\ I)ri\e, \Vest\ illc, N;lr;ll. Sor~r l i  .Africa. 
N(I/N/ R e / ) r ~ i ~ ~ i ~ ~ r / c r ~ i l ~ ( ~ . v  011 .So(.~ioii ('~IIIIII~II(Y,: A.  S. Wy~i ier .  c o 

I-'etleralctl I'ainth, 1 '0  130s I I. J:~cohs. N;ital. Sv~r t l i  ;Africa. 
K. K. Mcl)onalii. HSc. c / o  I3ritish Indi~\r~. ia l ,  I'l;ihlics fSA) I l ly. 

1.1d.. PO 130s 17, I'inelown, N;~t;ll. S o ~ l t ! ~  !\f~.ic;~. 

South ' r l l is is ;~~ l~ i~ in i s i c r - cd  I,!, 111e Section ( 'omri i i~tcc ;!clilil: :.\ tlic I31.anch 

African Comriiiltee. 

(Natal 
Branch) 

South C/r(~ir~rr(ti~: I<. L. I<oi~se, 27 SI. Micl i ;~cl  l<o:~tl, New I<~L~I~~II!I. '1 I.;IJ~\\;I;I~, 
South Afric;~. African //on. ~ccrc,r,:,*: 11 I, I';I,IJI, I ~ S ,  c (1 \~ ; t rc~~, is i  I \ ~ i n l \  I hi.. 1'0 

(Transvaal 13ox 52. A l  herton. 'I'r;~n>v:!aI. sou111 Africa. 

Branch) I/("/. T'"'(/.~//rc'r: A. <'. Ci. VIOIII~:II~. IW. 1'0 1 3 0 ~  52, f\lhc~.lon, 
Trunsv;lal, Soul11 Africa. 

1lo11. I1rrb/i(~(t~io~r.s .Sc,(~r~i~(rt~j~: I]. 11. .I. ( ;;I~c. A I< I<', L. I ( '1  ( S 4  ). 
[.id., PO 130s 11770. . I o l i : ~ ~ ~ ~ i c l ~ u ~ ' g ,  S ( > r ~ l l ~  ,\fric;l. 

1'. C. (;cld~iiaclicr, cia I l o c c l ~ \ ~  S o ~ ~ l l i  AI'~.ica Il ly. 1.1~1.. 1 ' 0  I)o\ X002, 
Joli;~nncsburg, Soul I1 Afl.ic;r. 

A. Sclit~berl. c/o 1'0 I~(>Y 444, ( i c r~ i i i \ l o~ i .  ' l ' r;~:i\\;~i~l, Sot11Ii Al'ri~,;~. 
A. G. Shcplicrd, I locch\r (SA)  1'1y. I ttl.. 1 ' 0  I ~ J Y  8002. . I~~I i ;~nncshi~rg. 

South Africa. 

Thames 
Valley 

~%tr i r~~rrtr~r:  I%. .I;lcoh. I3Sc. S4 I -on i lo~ i  I(oail. I )a !c l~s~,  I3r;c.h\. 
/irrrri(,(li(t/(, ll(/.s/ ('/I(~~I~III~II (ill(/ I ~o /~ r~~~ .s (~~r / ( r / i r~c~  OII ( '(~tt~rcil: K ,  I<. \V. 

Clii l ty, 165 Si;~inc'i I<o;ld. Id;~lcli;~ni. 1311ch\. 
Iloir. Si~crc/(r~:~~: \ j l .  I I. 1~:1lto1i, AI<lC7. 4 i  C.OII~II:II;CI\ I\\~IILIC, I .;~~iglcy, 

I3ircks. 
Ilorr. T,.c~ct.srrr.c~r: 1%. ( i. Allen. Ill, M1;1y < 'or-ncr, <'li;~lfc:nt I ic ig l i~ \ ,  

<;erl.nrds Cross. I % ~ ~ c k s .  
Ilolr. Prr/~licrr/io~r.s (?ffic.c,r.: I<. I . (irlnn. 4 S ~ c c ~ c r - o f 1  I.;IJI~. Hillingtlon, 

Middx. 
Iloir. Progrorrr~rrc, O/fic.c*r.: .I. I . Irisli;~\v. AKIC'. A<'I'<'. !('I 1.1il. 

Pnints l)ivihion, \Vc\li;!ni l<o;~d. Slougli. I3ucl,\. 
Ilorr. ,'Itu/i~o~,: \V. .I. ,\I.IIO~. 130 l'i~ic ( i ; ~ r ( i c ~ ~ \ .  1<11i\Iip. M i c l t l ~ .  
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I I. 13rny. 5 Asher I)rivc. Ascot. I3crkh. 
I-:. W. Holtlsworlh. I~PCI~CI~I~C~IIS ( U K )  Lld., I'lastics Dcpt., Dcvonshirc 

I-lo~l.;c. London W I. 
11. !<. I~loocl. "('hillonwootl.;," Rickmansworth Lane, Chnlfont St. 

I'clcr. I311cks. 
1). .I. I lorno, HSc, "'T;lnyol," Altwood Ro;ld, Maidenhead, Berks. 
.I. .I:i~.vi>, 0 Voluntcor Road, Thealc, Rcrks. 
J. I). 1-cwi~, <'(i [A .  Rl 1C'orrT. 5 0  Hc:llli Road. Iioltspur, Hcaconsticld, 

l % ~ ~ c l i \ .  

Wellington ( .II~I~I.~II(III: .P. W. Slinn, 13Sc, c/o Ralln Paints (NZ) I,td., PO Box 30366, 
Luwcr Flutt. Wellington, New Zc:~land. 

Ilorr. Sc~c.rc~/cr~:v: M. I). .I :lylor, c/o Pinchin .lolinson & Co. (NZ) Ltd., 
1'0 13ox 14-004, K.ilhirnic, Wcllington, Ncw Zcaland. 

Ilolr. 7i.c~rr.rrrr~c~r.: A. J. Mayne, MSc, c/o Polychem (NZ) Ltd., PO 
l3ox 9141, Wellington, Ncw Zcalrmd. 

/lo//. l'r~l~lii~cr/io~rv Ofjici,~.: (;. 1'. Cryer, DSc, Atlantic Union Oil Co. 
(NZ)  Lttl.. PO I5ox 38073, Pctonc, New Zcalnnd. 

l<c.l~r.c~.sc~n/ir/i~~(~ oil ('oii~rc.il: G. \Villison. 

C >~r!~rrillcc~: 
I<. I3ockhop. Swift C !  ('0. ('Pratling) Ply. Lltl., 1'0 Box 1002, Wellington, 

New Zcaland. 
I<. A. New, c/o Mohil Oil, 1'0 130s 38073. Pctone, Wcllington, Ncw 

Zc:~lantl. 
I<. M.  Sinelair, MSc, 169 I<ivcrsidc Drive. Lower tlutt, Wellington, 

Now Zcnl;lntl. 
M. I). 71'liompson. I 2  I<c:ltling Street, Karori, Wellington, New 

Zc;lland. 
<i. I.. Willis, 35 I3avitl Crcsccnl. K;lrori, 5, VJellington, New Zealand. 
1).  .I. Wilson. c/o l<obci.t I3rycc L C  Cc). 1.ltl.. 19 Lower Tory Street, 

1 ' 0  I3ax 3747. Wcllingtoii. New Zcal:uid. 

West C 11cri1.111iir1: I . . I .  Walkinson, I1Sc. I'IiI). AIIIC. " l~ lu l l i~~ . "  95 Cookridge 
Lane, Lcecli. 

Riding L.;,., c~tl~lil~lllil~l ,,II,I I ~ ~ ~ , , ~ ~ ~ ~ . ~ ~ ~ ~ ~ I ( I I ~ , ~ ~ ~  oll COIII~~.~I: M ~ S  K. Driver, c/o 
.Iol~n I largr-c!:~vc:; C! Son (Hradforcl) I-ttl., 1 Harris Strect, Bradford, 
1, Yorks. 

I lotr. S(,c.~.r/irr.~*: I). Morris. 45 St. Lc~nards Oval, Harrogate, Yorks. 
I f o l r .  7i.c,tr.v11rc,r: T. I<. Smith. I3cccliwotld. Hurlev Road. Mcnston, 

llklcy, Yorh\. 
Ilorr. Prrhlic~n~io~r O/fic.c,r.: J. N . McKc:ui, 16 Toothill Lane. Rastrick, 

I3riglio~r.;c, Yorks. 
1lo11. ,Yocitrl S(~cr~c,rirr~~,: I ) .  'f. Yoi~ng, c/o Sandoz Products Ltd., 

1 '0 I3ox I lorsfi)rth No. 4. Calvcrlcy L.ane. Ixcds. Yorks. 
I lo~r.  .,llr(li/or.: K. I largl-ca\ cs, IlSc, PIlI), c/o John Hargreaves & 

Sons (I3r;ldford) I.td., I Iial-ris Street, H~xdford. I, Yorks. 

~ 'o l l r l l l i / /~~c~: 
1'. I3r1rlr~im. Wallnlcy, Lnyton Road, l<;lwdon. I~eccls. Yorks. 
I<. Chaplicll, "I ligh <il.ccn," 17 Wcstway, Tr:tnrnerc Park, Guiscley, 

Yorks. 
I I. I-. IDrc\\i. 70 Kirkhv Road. Ki l~on. Yorks. 
K. H:~rgrca\;c.;. 
A. I~lcywood, "i';~irs~inpc," 19 I'indcr Closc, Waddington, Nr. 

C'lithcrc~c, L;lncs. 1S13Y 3LK. 
I . Slnilli, l liglilicld I~OLISC, IZL~tland lioild. IJpper Hatley. Yorks. 
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Oil & ColoUr A s  from I January 1968 the five Austr;llinn Sections have formed all 
independent organisation, Oil and Colour Chemists' Association Chemists' Australia, having the same aims as, and maintaining a close liaison 

AsOciafion with, the Association. 

Australia 

Honorary G. A. Campbell, MSc, FRIC. 
Members of G. C ~ P P ' " ~ .  

H. A. Gardner, PhD. the H. A. Hampton, HSc, I~IiD. - - 
Association G. N. Hill, FCIC. 

H. W. Keenan, PhD, FRIC. 
L. 0. Kekwick, BSc, FRIC. 
*H. H. Morgan, RSc, PhD, FRIC, ARCS. 
A. R. Pcnfold, FRACI, FMA(Lond) 
F. Sowcrhutls, HScTccli. 

Director & Secrrtcrry: R. H .  llamhlin, M A ,  PCIS. 

Assistarit Secrc~tar)): N. S. Pcarce, ACIS. 

Assistarit Editor: R .  Wood, HScTech. 

Wax Chandlers' Iiall, Grcsham Street. 1-ondon 1IC2 V 7,413. 

Aurlitors: Coopcr Brothers & Co., A b n c ~ ~ s  I-lousc, 33 Gutter Lane 
London EC2. 

Solicitors: Linklatcrs & Paincs. Barrington House, 59-67 Gresham 
Street, London EC2. 

Bankers: National Westminster Rank Ltd., 33 King's Road, Chelsea, 
London SW3 (Code No. 50-30-14). 



Human relations and 
communications in industry* 
By Sir Paul Chambers 

President of the Advertising Association, Chairman of the Royal Insurance Co., Ltd. 

We are all aware of the great contributions that have been made to productivity 
in  industry by technological advances since the war, but we are equally aware 
that n~uch of the potential progress is being frustrated by disharmony, dis- 
affection and bad human relations. 

111 this lecture I shall not be concerned with technical matters but solely 
with hunian relations and the nature of communications between persons or 
groups of persons within a single industrial enterprise. Communications, 
of course, can be between equals with different jobs or functions within the 
organisation, from somebody i n  authority to a person or group of persons over 
whom he has authority, or in the opposite direction, i.e. upwards to those in 
authority. 

A communication can be an order, a request, a suggestion, information or 
the response to a conimunication in the form of a comment upon a suggestion. 
It is an elementary rule, not uncommonly overlooked, that the originator of a 
cornniunication S I I O L I I ~  be quite clear as to which of these types his communica- 
tion is intended to be, and what he expects to be the result of making it. 

The nature and the basic for111 of these different kinds of communication 
are of the greatest importance, both to the happiness of the persons concerned 
and to the efficiency, and, therefore, to the productivity and profitability of the 
enterprise. Good human relationships and good personal comniunications do 
not just happen in nnv organisation, and are very difficult to achieve in any 
large organisation without some hard thinking and planning. 

The first and most elementary condition for good relationships and com- 
munications is that those in control of the enterprise have clear objectives and 
clearly expressed policies for the achievement of those objectives. Without 
this condition difrerent persons within the organisation can get seriously at 
cross purposes. An atmosphere in  which nobody knows the reasons for the 
work they are doing or where it is all leading, or in which there is a feeling that 
the objectives are anti-social, can lead to poor work done in a perfunctory 
manner, and to a "couldn't care less" attitude of mind. 

In competitive private enterprise more harm than good is done by being 
sentiniental, or hypocritical, about basic objectives and policies. 

To maximise lotig-tcrm profitability by fair, competitive production and 
marketing is, in my view, the natural and right ob.jective of an industrial under- 
taking owned by shareholders in a society which recosnises individual freedom 
- - --- -- 

*Presented to the Acsociation on 8 October 1970 
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of clioice, and this ob.jcctivc is more likely to be in tlie interests of society as a 
whole than any woolly objective sucli as "operating in thc national interest." 
The inclusion of the words "long-term" and "competitivc" is essential in this 
definition of the objective; thc making of large prolits by the maintenance of 
monopoly conditions, and the niaking of quick short-term prolits at the expense 
of the future, are ob-jectives of :I ditTercnt character altogether and much more 
difficult to defend. 

Given the qualificatir~n of "long-term" to the word "profitability" and of 
"competitive" to "production and marketing," the interests of employees 
and custoniers are assured, as far as tliis is pri~cticuble in the circumstances of 
the business, because unless employees at all lcvcls havc good pay and conditions 
the right kind of nien and women will not be recruited and kept in tlie business 
and, siniilarly, without products which are competitive in price and quality 
custolners will turn to other suppliers. 

Some of you may feel that this statement of ob.jectives in private enterprise 
is so obvious that it is unnecessary to spell it out in tliis way. I do  not agree. 
There are still sonie enterprises in British industry in which tlie directors have no 
clear understanding of their ob.jectives and policies, and who rather vaguely 
feel that if they are technically conipctcnt, somcliow or othcr the prolits will 
follow. Some directors feel that they should work "in the national interest" 
or  "to expand exports at all costs" and they end ilp working u,ycrin.vt the national 
interest by making losses (wlliich means the loss of valuablc resources to thc 
nation) and by losing exports by being uncompetitive. Such directors need to 
sharpen up their ideas about their objectives and their policies or  bc replaced 
by others. 

Secondly, however dif5cult it may hc, there is a great need to explain thc 
objectives, and tlie policies being followed to achicve thesc objectives. to all 
employees. Whether all of tlieni will accept tlie explanations is rlnotlier matter, 
but my experience is that, except for those whose minds arc closed itt?d who have 
in advance detertilined not to accept the explanations izivcn. the extent of 
recognition of the arguments and their acceptance can be very high. Incidcntr~llv, 
the tentative adoption in certain communist cou~itries of profitability in  place 
of output as the criterion for bonuses for factory production must be giving 
second thoughts to some of those to whom "pr~lits" has always been a bad 
word. 1 shoilld add that personally I have reservations about tliis ncw practice 
in countries where tlie other conditions of private competitive enterprise are 
absent . 

It is essential, however, that in any explanation "prolits" and "profitability" 
should be qualified as I have indicated. so that thc vital importance of serving 
the customers (and through them society as a whole) is recognised and tlie key 
importance of pay and conditions of employees is also npparcnt. In any explana- 
tion to employees, no excuse slioi~ld be made Tor aiming for good profits or 
achieving such an aim: it is :I loss tliat wc slioi~ld be ;~sh;~tiied of, ilnless we call 
cxplain it away as a passing phcnomcnon due to external causes. 

On the other hand, recognition that, given tlic condition of competition, 
particularly international competition, the achievement of good profits is the 
result of good team work is also essential to good Iiumun relations within an 
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enterprise. I t  is easy to li)rget that productivity o n  the shop lloor is only one 
element i n  prolitnbility; tlic work of many others in the organisation is just 
as important. Incidentally. i t  is l'or this reason tliat I am in favour of profit- 
sharing in a k)rm suitable for cmployccs as a wliolc: 1 shall be referring again 
to profit-sharing in  another context a little later. 

The recognition that the final results in terms of prolits is the achievement 
of the whole team ctocs not elid with prolit-sharing: the consideration of tlie 
part played hy irrtli~~itlrrtrl members of tlic tcnni is also involved. 

I n  any large-scale enterprise, man~lgenient consists in tlic main of making 
decisions based upon the consideration of the available evidence. There are. 
of course. other functions of management such as verifying that the policies 
arc being carried o ~ l t  and the drawing up ol evidence for others to tilake deci- 
sions: but i t  is now generally rccognised tliat decision-making is the heart of the 
work of tliosc engaged in  ~nanagemcnt. 

One of the arts of ninnagement in a good organisation is to ensure that each 
decision is taken at tlic lcvel wliicli, and at the place where, given both tlie 
expertise and tlie knowledge of thc frlcts, it is likely to be the best decision. 
Tllis will somctimcs be at tlie top i.c. at the level of the main board of directors, 
and at other times anywliere between tliat board and the shop floor or the sales 
oflice. The responsibility of making decisions is the essence of some jobs in 
the organisation. and ;I good man appreciates not only the work involved, but 
the satisfaction of making important decisions. Human beings, particularly 
very intclligellt Iii~man beings. do  not like being treated as cogs in an elaborate 
management machine; they wish to have the power to do  the job assigned to  
them to thc best of their ability and with the ~iiininium of supervision and 
instruction. In soliic r;ltIier bad organisations instructions are given by people 
in higher authority to tliose in lower positions to do  things which tlie receivers 
of the instructions i~ndcrstand better than tliose giving the instructions. 

Moreover, a conipetent and intelligent member of tlie stalf does not take 
kindly to extensive supervision and checkin8 by a "superior"; lie prefers to 
take tlic full responsibility Ibr his work, sceklng guidance if he needs it in any 
special situation. A man's attitude to his job, and his enthusiasm and sense 
of responsibility. depend to a surprising degree on the amount of independent 
authority lie is given. I knew of one industrial concern, long since defunct 
and tliereforc ilniclentilinble, wliicli took on lirst-class scientists and other 
graduates and then treated tlicm as trainees Ihr so long tliat many, perhaps 
most, of Iliem became incapable o f  any independent decisions or action. From 
this concern Iiiany of tlic best men left to go to enterprises where, as they 
expressed i t .  they had a real job to d o  and Inore independence. 111 some large 
~lndertakings tlicrc is a need 10 get away fro111 the idea that instructions have 
to be given covering nearly every aspect of tlie work. Instead there should be 
communication of the basic ob.iectivcs and policies, and a general plan for 
carrying oilt these policies c o ~ ~ p l e d  with tlie maximum possible independence 
to  those who, at difkrent levels. have to carry out the policies and help to achieve 
the ol7.jectives. Ideally, there should be no operational instructions, except 
where new technologies or special conditions arc involved and where, therefore, 
the word "instructions" has its natural meaning of conveying new iliforliiation. 
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There must, of course, be acco~~ntability and some means of monitoring 
performance. Here again, as all decisions involve risks, some mistakes will 
be made and the worst feature of some organisations is tlie tendency to have 
inquests on what has gone wrong with little or no recognition of what has gone 
right. Such a feature in an organisation leads to a reluctance to make decisions 
and a growing sense of frustration. 

Part of the great task of top level Iiianagenient is to find O L I ~  what goes on 
in the minds of en~ployees of all ranks from the top to tlie bottom. The desire 
to do a job well is much Inore widespread than some people imagine and extends 
to branch managers, works managers, craftsnien and operatives. as well as to 
those at or near the top of an enterprise to whom the success or failure is of 
very direct concern. 

The incentives or driving forces in an individual are, however, complex. 
To do his job well is one. Another is to earn good pay for himself and his family; 
yet another is to gain promotion. Another is to stand well in the eyes of other 
people, whether at his place of work, in his home or his social circle. It is wrong 
to assume that one person has one motivating force, e.g. to do his job well. 
and another, a different one, e.g. to make money; in fact, every human being 
has many motivating forces, but hardly any two have them in the same propor- 
tion. For example, the humiliation of a conscientious nian who loses his job 
can be very cruel and of greater importance than the loss of income. He stands 
condemned as incompetent by his colleagues and may lose face in his own home. 
Sometimes, when a man is given notice because he is not thought to be good 
enough for Iiis job, generous financial compensation for loss of office may even 
aggravate the sense of personal humiliation: he may infer that the greater the 
compensation, the greater the desire to get rid of him-and he may be right. 

None of the incentives which spur a man to give of his best in his job is 
unworthy and none should be neglected. An employer who expects an employee 
to be utterly devoted to his work to the neglect of his fr~mily or social life-to 
be "dedicated" to the work-is not only unreasonable, but is lacking in ~ ~ n d e r -  
standing of hunian beings and a bad employer; the chances are that he is also 
a hypocrite. 

1 have said that it is necessary to explain the objectives and policies of an 
industrial organisation all down the line, and to get a sense of involvement in 
these objectives and policies, so that none of the work is done in a careless or 
perfunctory way. Inevitably the question of joint consultation arises, and here 
there is a good deal of niisunderstanding and over-statement of what is possible. 

There is a need, for example, to explain why it is necessary to close a plant 
or factory. Such explanations should be given honestly and as long in advance 
of closure as possible, so that preparation can be made both organisationally 
and personally. Sonie employees may prefer to start looking for other jobs as 
soon as possible, others might prefer early retirement; others might be fitted 
elsewhere in the organisation. 

Explanations of what is happening in the concern as a whole, where progress 
is being made, where there are disappointments, at home and overseas, are given 
to all employees in some of the best businesses, not only in Britain and the 
United States but also in Japan and industrial countries on the Continent. 



1 have been present a t  meetings, including one in Japan, where the president of 
the cotlipany had gone to great tro~lble, with tlie use of modern visual aids, 
to get tlie facts across. 

It is surprising how signilicant a profit-sharing scheme can be as an aid to 
the communication, to e~iiployees of all ranks, of the facts oftlie business of the 
enterprise as :I whole. When ICI introduced a prolit-sharing scheme, which took 
the form of giving ordinary shares on a basis related to a percentage of each 
employee's total remuneration lor the year, the proportion being determined by 
reference to a number of factors of which the total profit for the year was only 
one, it was thought desirable to issue a leaflet putting the figures of profit 
and the main balance sheet items in a sitiiplified or popular form with coloured 
diagrams. A year later at tlie central council meeting of workers and nianage- 
ment, it was suggested by workers nilembers that this leaflet was unnecessary 
and a waste of money; workers preferred to get the infor~iiation from the 
company's published report and accounts, which as stockliolders they received 
individually. It is fair to say that the finance director had at a series of central 
council meetings given talks explaining the figures, but it is significant that 
once there is a direct personal linancial interest in a subject. those concerned 
settle down very quickly to the task ol'understanding the figures. This we found 
to be just as true of profit-sharing as, for exaniple, of football pools and other 
matters which may look coniplicated to those who do not bother to examine 
the facts and figures carefully because they have no financirtl interest. 

My belief is tliat such schemes have a merit which goes beyond giving a 
financial spur to employees to work well; it makes it far easier for them to be 
receptive to explanations and information about the company's operations 
as a whole. It also helps towards a better understanding of the objectives and 
tilethods of private enterprise. 

"Co-partnership" ---prolit-sharing and similar schemes-undoubtedly go 
a long way to  the improvement of understanding t h r o i ~ g l i ~ i ~ t  an organisation 
and achieving tliat intelligent application to work which rnakes so ~iiuch 
difrerence to the results as a whole. 

There is a danger, however, of beconiing too enthusiastic and expecting co- 
partnership to achieve more than is practicable. In this niiatter there is a wide 
difference between a s~nall or mediuni-sized business and a large international 
business. It niay well be possible in a small single-product business to discuss 
with the workers as a whole decisions which will have to be taken, so tliat it 
niay be said that they are in a sense party to silch decisions. This is not true 
of large concerns where. in general, no efrective contribution towards decisions 
involving difficult technical, conimercial, financial or international factors can 
be expected, except from those who are expert or experienced in these matters. 

For example, the problems that have to be considered when licensing patent 
rights and selling know-how in respect of processes involving large highly 
technical plants are very complex; if the potential buyer is a foreign govern- 
ment, perhaps the govertitnent of a communist country, the reasons for fixing 
terms in one way rather than another are too complicated and involve too 
many factors for general discussion with people who are unfamiliar with the 
factors involved. The same is true when decisions have to be taken to erect, 
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or not to erect, large plants costing millions of pounds in countries overseas. 
What can be done is to explain to employees thc elrects. in due course, of 
production from these plants on the marketing of corresponding products 
from plants in Britain, but in reaching a dccision to go ahead or not to go ilhead 
with such a prc!ject, the factors to be taken into account include not onlb. 
marketing factors illid questions of linancing and long term prolitability. but 
also the economic or political stilbility or lack of it o f  the coi~ntry or c o i ~ n t r i ~ s  
concerned. The reasons for going ahend in one country and not in another are 
sometimes best not spelt out in detail in a Itlrge ~nccting. 

My personal experience has been that many very intelligent tradc union 
leaders and shop stewards who have looked at this sul~jcct come fairly lirml!. 
to  the view that decisions on complex matters of this kind are decisions which 
should be left to management or directors. On the other hand, they are most 
anxious to see a general explanation given of what is being done, together with 
an account of the elTect this will have on the work and conditions of employees. 
In IC1, discussions of local matters of personal concern to employees at regular 
works councils, and the wider discussions of more general importance at the 
divisionnl and central council. give valuable opportunities of explaining the 
company's objectives and policies and of showing what progress is bein2 made 
and how eniployecs' interests are being safeguarded. 

Any attempt, however. lo involve the workers as n whole with m:Got- decisions 
of a difficult nature woilld not only be rather a waste <)I' time, but would ctlt 
across the principle, which I have already explained, that in any large organisa- 
tion a decision should be taken by the person at the level ant1 at the point where 
it is likely to be the best decision. l'his means that management higher up 
may take no part in many of these decisions and may have no detailed facts 
about them, because to attempt to d o  s o  woilld involve breaking two principles 
(a) leaving the decision to be made at the right point and (b) not asking for 
detailed reports in a way which takes away from the persons concerned their 
full power to niake elTective decisions within their sphere ol'control. I)iscussions 
of Inany matters with groups of workers befiwe decisions are taken wc>uld cut 
across the general principles of decision-making and would lead to ctel:~?. 
inefficiency and sometinies to chaos. 

I have said that an  important function of higher niar1;lgcnient is to explain 
the company's ob.jectives and policies to those w h o  in the management structure 
are on the next lower level and ensure that the message gets all down the line. 
This is niuch better than giving detailed instructions telling people how to do 
theirjobs, arid limiting their powers of decision by rcqi~iring too many ninttcrs to 
be referred upwards for decision or conlirmation at a higher level. 

What is dificitlt to get across to some men. to whom responsibility for certain 
decisions is delegated, is the need to treat those i~nder  their control ;IS human 
beings whose Seelings and reactions to decisions shoilld be taken into account. 
Good relationsliips can so easily be wrecked by this we:tkness. I can think of 
two cases, in quite different organisations, one Govern~nent and nnother in 
private industry, when, just after the war, a man of Gern~an origin was put in 
charge of British ex-soldiers who deeply resented taking orders from somebody 
whom they regarded as n recent ex-enemy. In both cases, it niay be that the man 



appointed was technically competent, but acceptability to his colleagues on 
other grounds is a factor which has to be taken into account if fill1 co-operation 
is to be expected. In both cases, o little thought w o ~ ~ l d  have showed that making 
the appointn~ent was boi~nd to put n spanner into the works. 

Another type of case is the promotion of somebody above the heads of others 
when it is far from clear that he will do the higher job better than those who 
have been passed over. That tlicre shoilld be promotion on merit to all jobs 
of any importance milst be a general principle in any sound organisation, but 
where a whole range of jobs constiti~te a "service" with long-term careers 
and reasonable expectations, one has to be fairly certain that a promotion out 
of turn will be recognised 11s having been tilade on merit and not the promotion 
of a favourite or, worse still, tlie proniotion o f a  "yes" man. On tlie other hand, 
fail ure to renlove soniebody who has been over-promoted and is manifestly 
not LIP to the job can be just as disastrous for good hunlan relationships. 
Provided that generous and fair treatment is given in these cases of casualties, 
lirm action leading to greater efficiency will earn respect. 

I have mentioned that there are major dilt'ercnces in tlie application of general 
principles to large, medium and small businesses. What is appropriate and 
possible by way of cornniunicatio~~ in a very srnall concern is sometimes imprac- 
ticable in a larger one. 1 renieniber one small Luid profitable business in which all 
commi~nications internally were verbal and personal. This business, which let 
nie hasten to add was not a chenlical business, had less than 100 employees 
and was owned and managed by a nian wlio earlier in his life had worked as 
a skilled craftsman in the industry and knew the business thoroughly. He knew 
the strengths and weaknesses of each enlployee and Iiis personal relationships 
were excellent. The net result was that c o ~ i ~ ~ l ~ i ~ ~ ~ i c a t i o ~ ~ s  were ideal, i.e. prompt, 
verbal, personal and completely frank. There was a genuine loyalty which 
meant good. intelligent co-opelation and good prolits when other f i r m  in the 
same line of business were making losses. 

This ideal system of conimi~nication is quite i~npossible in a large organisation, 
and when it is sometimes said impatiently by people who have no i~nderstanding 
of communication problems in large businesses, that the managing director, 
or whoever is the chief executive, sl~ould get to know - all his people better, they 
fail to recognise the complete impossibility of doing this efl'ectively. A business 
with several thousands of employees and with perhaps twenty or more factories 
in difrerent parts of the country as well as factories overseas can only have 
brief local visits by tlie chief executive and in a way which would make it 
impossible for personal relationships to be established, even if he spent all his 
time visiting factories, wliicli would mean that he would completely fail to  do  
his job properly. 111 fact. attempts of this kind by some very energetic managing 
directors do  more harm than good. I know of at least two businesses which 
suffer from a traditional system under which the chief executive feels obliged 
to spend a great part of his life making such rather inelt'ective visits. 

I have explained how important i t  is to delegate decisions to lower levels, 
leaving those to whom decision-making of different kinds has been delegated 
to get on witli the work witliout interference and witli the minimum supervision, 
if any. TIie danger of trying to establish strong personal links direct from the 
top to the bottom, by-passing several layers of management, is that the authority 
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at intermediate levels is weakened, particularly if there is any feeling that there 
is always some kind of right of appeal to the man at the top, by-passing the man 
in direct charge. 

This does not mean that there should be no contact between those at the top, 
or near the top, of an organisation and those further down the line, but these 
contacts have to be for the putpose of getting a better appreciation of what is 
happening and must be made skillfully to avoid the dangers to which I have 
referred. There can be no clear rules as, of course, ditferent conditions will 
require different kinds of personal communication. 1 cannot too strongly 
emphasise the utterly demoralising effect that the overruling by a higher 
authority of somebody who has been given powers of decision can have, not 
only upon the man directly affected, but on the organisation as a whole. 1 have 
seen instances of this not only in industrial organisations, but in Government 
matters as well. 

Some failures of conlmunication and bad relationships arise from defective 
organisation, where there is no clear distinction between line management and 
specialist advice or instruction. In a very large organisation where operations 
are under the control of separate divisions or subsidiary companies and the 
parent company has specialists in technical, finance, marketing and other 
matters, it will normally be found that, for efficient operation, the elyective 
control of everything relating to the production and marketing of a product or 
product group has to be vested firmly in the manager of the division 01- the 
managing director of the subsidiary company concerned. As you know, deci- 
sions on manufacture and marketing cannot be made in isolation; they have 
to be co-ordinated at an operational level where, on a consideration of all 
factors (production, distribution, marketing, final~ce etc.) decisions can be 
made promptly to meet changing conditions. For this reason, orders from the 
head office or parent company should not normally be orders of a narrow 
specialist type, e.g. related to one function only-methods of production. 
pricing or products or finance; such orders can only cause confusion and, if 
they are sent direct to the corresponding specialists in the division or subsidiary 
company, may be in conflict with the orders from the division's manager or 
the subsidiary conlpany's managing director who has taken all factors into 
account. This kind of thing can, and does happen when energetic specialists 
at a higher level want to give orders instead of being available to give specialist 
advice, and the result can be confusion, a serious failure in personal relation- 
ships and morale, with a corresponding loss of eficiency. Restraint and self- 
discipline in communication to those down the line are more important the 
higher up you are in such an organisation. 

I have explained that one of the most difrlcult aspects of communication 
arises when there have been failures at a lower level. At the higher levels in any 
industrial or commercial enterprise, there is an element of risk with every 
ilnportant decision taken. This is true whether, for example, the decision is to 
embark on the production of a new product, put up a new factory, to change 
the marketing policy on a product or to appoint somebody to an i~iiportant 
management post. 

Everybody who makes decisions, therefore, runs the risk of being wrong and, 
of course, the only people who never make mistakes are those who never make 
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decisions. A good Inan will therefore son~etinies make mistakes and sometimes 
these might be quite big mistakes. If, as a consequence, there is hasty action 
from those in authority to conde~iin or censure him, the net result is likely 
to be timidity in making decisions in future. 

Another serious error when mistakes have been made is to bring back to 
a higher lcvel the power to make decisions which were properly delegated. This 
may not only weaken the organisation by t a k i n ~  away the power of decision 
from its natural point, but may cause a fall in morale and in enthusiasm. 

In these matters there has to be n careful assessment at the higher levels of 
management as to whether, if there are continuing mistakes, this is due to 
personal inefficiency or to sollie organisational defect. Where the mistakes are 
due to poor judgment or some other weakness, unpleasant action may have 
to be taken and there should be no flinching from it. 

It is here that some of the more difficult decisions have to be made at a higher 
level. Somebody may have to be moved, retired, asked to resign or dismissed 
with, or without, compensation. Hardly anything is worse in an organisation 
than failure to make decisions of this difficult personal character but, if the 
system of coniniunication is good, it should be possible to explain matters to 
the man, or men, concerned and to give adequate and suitable compensation 
where it is appropriate. When such firm action is taken the morale of the 
organisation is generally likely to be maintained if communications and personal 
relationships are good. My experience is that, where communications are bad, 
there is frequently the retention of weak members of a team for far too long 
and there is a great reluctance to take the firm action that is necessary. The 
effect of weakness in personnel matters upon other and better members of the 
team is, of course, intangible, but there is no doubt that weakness or indecision 
in these matters is just as damaging as impetuous, harsh or ill-judged dismissal. 
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Srrmnmry 
The Quantimet Image Analysing Coniputer (QTM) was successfully applied in automated 
carbon black dispersion analyses of a variety of paint and ink systems. Dispersion functions 
were developed in terms of agglomeration frequency (agglomeration index), the weight mean 
:~gglomerate size, and the product of these two functions: dispersion quality index. Light 
micrographs of thin drawdowns of paint tilms werc analysed by this method, each analysis of 
25 or more fields requiring less than live minutes for data storage on punched tape. Final 
results were based on progranln~ing of the paper tape o ~ ~ t p u t  in a larger computer system. 
A modified version of the Daniel Flow Point Mctliod was used in evaluating a wide variety 
of carbon blacks in n ied i~~m oil alkyd, thermosetting acrylic and poly~~rethane vehicle systenic. 
To derive tlie niost benefit from a pigment, i t  is necessary to conipound i t  in a polymer system 
with a critical halance of all ingredients. For this purpose tlie nioditicd flow point technique 
was generally successful in yielding agglomeration index and agglonieratc size values equivalent 
to  or lower than those obtainable by other methods. thus providing optimum dispersion 
quality at the highest pigment concentration. 
A variety of factors related to  the dispersibility of carbon blacks was evaluated. 1.argc 
particle size and high structure were shown to be tlie most important properties of carbon 
pigments for ease of dispersibility. Signiticant improve~ilents in dispcrsibility. obtained by 
modification of tlie carbon black surface chemistry (c.g.. increased oxygen volatile) were 
observed in both a medium oil alkyd and a lieatset ink system, the latter showing the most 
important effects. 
In the end use of paint and ink systems, the niost significant correlations with dispersion 
were related to appearance, notably gloss: the better the dispcrsion, tlie higher the gloss. 
However, gloss development as a function of dispcrsion quality varied appreciably between 
different carbon and vehicle types, with the coarser carbons tending to give higher gloss ratings 
at specific dispersion levels. On the other hand, gloss retention (in accelerated weathering 
tests) was predoniinantly a function of particle size, with dispersion a very minor factor. 
except in achieving the initial rating: the finer tlie carbon tlie better the gloss retention. The 
relationship of dispersion to blackness development was also found to be relatively insignificant. 
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L' &tat de dispersion des noirs de carbone en peintures et encres 
d'imprimerie 
RZsrct~rP 
Le QTM (Quantimet Image Analysing Computer) etait utilise avec succes pour les analyses 
autoniatiskes des dispersions de noir dc carbone dans une ganime de systenies de peintures et 
d'encres d'iniprimeric. Des fonctions dc dispersions ont Ctt etablies soils termes de la frequence 
d'aggloniCration (indice d'agglomeration), de la grandeur de I'agglonieration en poids moyen, 
et lc produit de ces deux fonctions, DISPERSION QUALITY INDEX (l'indice de la qualit6 
de dispersion). Des plioton~icrographies dc feuils minces dc pcint~~res ont ete analysees par 
cette ~nethode. Cliaque analyse. comprenant de 25 champs au moins, exigeait pas plus de 
5 minutes pour I'enregistre~iicnt des donnkcs sur ruban perfore. Les rksultats ultimes Ctaient 
bases sur le programming de la sortie du ruhan dans un plus grand ordinateur. 

On a utilise une version niodifitc de la Daniel Flow Point MCtliode pour Cvaluer une gamliie 
itendue dc noirs de carbonc dans dcs systbnies de liants a base des resines alkydes en longuei~r 
d'liuile nioyenne, des aeryliqc~cs tlierniodurcissables et des polyurethannes. Afin d'obtenir le 
rendenlent pigliientaire le plus important, i l  est necessaire d'incorporer le pigment dans un 
systcnie polaire ou tous Ics constit~~ants sont en Cquilibre critique. La technique de flow 
point modifice avail, en gCnCral, du s~lcces dam cc but pour rendre des chifres de I'indice 
d'agglomeration ct de la grandeur de I'agglonicrat equivalentes ou infirieures a celles niises en 
evidence par d'autres mctliodcs. Ainsi la niethode f o ~ ~ r n i t  la possibilite d'achever la qualit6 
de dispersion optiliialc avcc la concentration pigmentaire la plus elevtc. 

On a evaluC Line sCrie de facteurs liCs A la dispersibilitt. des noirs de carbone. On a dC~nontrC 
que Ics propriCtCs Ics plus importantes dcs noirs de carbone h I'Cgard dc la facilite de dispersion 
cc sont ilne grandeur particulaire iniportante el une structure evoluke. Des ameliorations 
importantes au point dc vue dc la dispersibilitC niise en evidence par la modification de la 
surfdce chimique des noirs de carbonc (par cxeniple, une teneur augmentte d'oyskne volatil) 
o r ~ t  CtC notees A la fois dans unc resine alkyde dc longueur en huile moyenne ct dans une 
encre du type "lieat set," cellc-ci dtmontre les cffets Ics plus importants. 

A I'Cgard dcs applications ultimes des peintures et des encres. lcs plus iniportantes correlations 
dc dispersion ont 6tC likes i I'apparcnce, nota~iinient Ic brillant, une meilleure dispersion 
donne un brillant plus eleve. Cependant. le dkveloppement du brillant en fonction de la 
qualite de dispersion s'est varik en grand mesure selon de difftrents types des noirs de carbone 
et egalenient des liants. Les noirs de carbone h plus gros grains ont une tendance de donner 
des cotes du brillant plus elevees aux riivea~~x de dispersion specifiques. Au contraire, la 
stabiliti du brillant (au caurs des cssais de vieillissenlent acceICrCs) etait largenient une fonction 
de la grandeur particulaire, et en mCme tenips I'elat de dispersion Ctait un facteur tres mineur, 
sauf en aclicvant le hrillant initial. Ic plus fins les grains des noirs de carbone, le meilleur la 
stabilite du brillant qui s'ensuit. On a trouve clue le rapport entre I'etat de dispersion et le 
developpement du noirceur etait rclativenient sins importance. 

Die Dispersion von Gasruss in Lacken und Druckfarben 
Z~tsal?l,~ll~lljir.ssltl~~ 
Zur automatisierten Analyse von Gasrussdispersionen in den verschiedensten Lack- und 
Druckfarbensystenien wurdc der Quantimet Image Analysencomputer (QTM) mit Erfolg 
angewandt. Dispersionsfunktionen wurden entwickelt und ausgedruckt als Agglomera- 
tionsfrequenz (Agglomerationsindex), die mittlere gewichtsm3ssige..Agglomeratgriisse und 
d a j  Produkt dieser beiden Funktionen: DISPERSIONSQUALITATSINDEX. Mit Hilfe 
dieser Methode wurden Liclitliiikrographien dunner Abziige von Lackfilmen analysiert, 
wobei jede Analyse von 25 odcr nielir Feldern weniger als 5 Minuten fur die Aufspeicherung 
der Daten auf gelochtcn Kartcn benotigte. Endresultate basierten auf dem Program~nieren 
des Papierbandausstosses in cine111 griissercn Computersystem. 
Um eine grossere Auswahl von Gasrussen in mitteloligen Alkydharz-, warmehartbaren 
Akrylharz-und Polyurcthan-Bindernittelsystenien zu beurteilen, wurde eine modifizierte 
Version der Daniel Flow Point Mcthode benutzt. Uni den grossten Nutzeu von einem Pigment 
zu haben, mass man es mit einem Polymersystem, dessen Bestandteile alle in einern kritischen 
Gleichgewicht sielien, verarbeiten. Hierfiir war die niodifizierte Flow Point Technik im 
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allgemeinen insofem erfolgrcich als sie Agglomerationsindcx- und Agglo~iierationsgriissen- 
werte ergab, die denen mit anderen Methoden erhaltencn entspraclien oder untcr diescn lagen 
und soniit optimale Dispersionsqualitiit bci li8chsler Pigmcntkonzcntration ergab. 
Eine Anzahl mit der Dispergierbarkeit von Gasrussen in Bezichung stchendcr Faktoren 
wurden bewertct. Fiir leiclites Dispergieren erwiesen sich grossc Tcilcliengr6sse und holie 
Strukturbildung als die bei Gasrusscn wiclitigsten Eigcnschaftcn. Wcsentliclic Verbesscrungen 
in der Dispergierbarkeit durch Modifizierung des clieniisclicn Verlialtens der Carbon Black 
Oberfllche (z.B. liohere Sauerstoffliichtigkeit) wurden in bcidcn, nanilicli eincni niitteliiligcn 
Alkydharz- und einem heatset (warmegchiirteten) Dr~~ckhrbensystem beobachtet; bei lctztcrem 
iiusserten sie sich an1 stiirkstcn. 
In der Endanwendung von Anstrich- und Druckfarbensystemen wurdcn die wesentlichen 
Korrelationen zur Dispersion auf Aussehen bezogen, vor allcm auf Glanz: jc besser die 
Dispersion, urn so holier der Glanz. Zwischen verschiedencn Ciasruss- und Bindemitteityps 
variierte jedoch die Entwicklung des Glanzcs wcsentlicli als Funktion der Dispersionsqualitat, 
wobei die groberen Carbon Blacks bei spezitischen Dispersionsgradcn ~ L I  liolieren 
Glanzablesungen neigten, Andererseits war (bei kiinstliclicn Bewitteri~ngspriifungen) 
Glanzerhaltung iiberwiegend eine Funktion von Tcilchcngrossc, Dispersion war dabei ausscr- 
bei der Anfangsablesung ein selir untergeordneter Faktor: je feincr das Carbon Black, uni 
so besser war die Glanzcrhaltung. Die Bezieh~~ngen zwischcn Dispcrsion und Schwarze- 
entwicklung stellte sich ebenfalls als verhaltnisn12ssig unbedeutend heraus. 

Aacnepca~ caxn B lcpaclcax a neqaT1mx YepHanax 
Pesro~e  
0 ~ 0 6 p a ~ a T e n b ~ a R  aHanMTMYeCKaR BblYMCnMTenbHaR MalUMHa K B ~ H T M M ~ T  YCnCLUHO npMMeH- 
RnaCb Anrt aBTOMaTMVeCKOr0 aHanM3a AMCnepCMM CaXM B pa3nMYHbIX KPaCOYHblX M YepHMnb- 
HbIX CHCTeMBX. 6blnM BblBeneHbl (PYHKUMM AMCnCPCMM BblpaXeHHble Yepe3 YaCTOTy itrJlOM- 
epaquM ( n o ~ a s a ~ e n ~  a rno~epauuu) ,  cpentlero secoeoro p a 3 ~ e p a  arnoMepaTa M n p o ~ 3 ~ e n e ~ u ~  
cnenymupix n ~ y x  @ Y H K ~ M ~ ~ :  nMcnepcMu M n o ~ a 3 a ~ e n ~  KarecrBa. MMKPOCHMMKM TOHKMX 
Cpe30B KpaCOYHblX IIneHOK aHanM3MPOBaJIMCb 3TMM MCTOnOM, KaXablfi aHanM3 M 3  2.5-TM MnM 
6onee noneR, ~ p e 6 y n  MeHee 5-TM MMHYT Ann 3 a n ~ c ~  M ~ ~ ~ O M M H ~ H M R  naHHblx tla nep@op~-  
~ O B ~ H H O ~ ~  JIeHTe. K o H ~ Y H ~ I ~  pe3ynbTaTbI OCHOBblBanMCb Ha npOrp2lMMMpOBaHMM BblXOna 
~ Y M ~ X H O ~ ~  JIeHTbI Ha 6onee K P Y ~ H O ~  ~blYMCnM~Cnb~0fi CMCTeMe. 
M O ~ U @ W U U P O B ~ H H ~ I ~ ~  TMn MeTOna TOYKM TeKYYeCTM A ~ H M ~ ~ R  IlpMhleHRnCfl AilR OUeHKM 
pa3JIMYHblX Cam B CpenHMX MaCJlRHblX anKMnHblX, TePMOPeaKTMBHblX aKPMnOBblX M nOnMy- 
peTaHOBbIX paCTBOpMTeJlbtlbIX CMCTeMaX. Y~06bl  nOnyYMTb t1a~6onbmy10 nOnb3y OT nMrMeHTa, 
H ~ O ~ X O ~ M M O  er0 COenMHHTb B ~ o J I M M ~ ~ H o ~ ~  CMCTeMe C KPMTMYeCKMM PaBHOBeCMeM BCeX 
COCTaBHblX Vaclefi. Ann 3~0s UenM BMAOM3MeHeHHaH TeXHMKa TOYKH TCKYYCCTM OKa3anaCb B 
o 6 q e ~  6onee ycnem~ofi n n ~  nonyYeHMR s ~ a ~ e ~ u i i  n o ~ a 3 a ~ e n ~  arnoMepauuM M p a 3 ~ e p o ~  
YaCTHU, 3KBMBaneHTHblX MJIM 6onee HM3KMX YeM 3HaYeHMR IlOSlyYaeMble APYrMMM MCTOnaMU, 
AaBaR TaKMM 0 6 p a 3 0 ~  OnTMMaJlbHOe KaYeCTBO ,llMCllepCMM npM HaM~blCIlleR KOHqeHTpaUMM 
IIUrMeHTa. 
O ~ ~ H U B ~ J I C R  pRn @ ~ K T O ~ O B  CBR3aHHblX C LZMCnePCMBHOCTbtO CBX. n 0 ~ a 3 a ~ 0  YTO 60nbmoR 
pa3Mep YaCTMq M CnOXHaR CTpyKTypa RBnRloTCR ~ a u 6 o n c e  BaXHbIMM C B O ~ C T B B M M  YrnepOnHbIX 
IIUrMeHTOB YnyYIlleHMR nMCllCPCMBHOCTM. CYUI~CTB~HHOC YnyYUleHMe ,llMCnepCMBHOCTM 
nonyqeHHoe ~ o n ~ @ ~ ~ a q ~ e i i  ~ O B ~ ~ X H O C T H O R  XMMMM c a x  ( ~ . e .  yBenuqeHMe Kucnopona B 
~ ~ T Y Y ~ M ) ,  ~a6nmnanocb KaK B C ~ ~ A H ~ - M ~ C ~ R H O ~ ~  ~ A K M A H O ~ ~  TaK M B C X B ~ T ~ I B ~ H ) U C ~ ~  YepHMn- 
bHb1X CMCTeMaX, IIOCneflHRR npORBnRfl ~ a ~ 6 o n e e  BaRHble 3@@e~Tb1. 
B KOHeYHOM IIpUMeHeHUU KPaCOYHblX H YePHMnbHblX CMCTeM, ~ a u 6 o n e e  CyuleCTBeHHbIe 
COOTHOllleHHR AUCnepCHH 6bmw OTHeCeHbI K HaPYHCHOMY BHnY, B VaCTHOCTM K JIOCKy: YeM JIyYIlle 
AMCIIepCMR, TeM BbIIUe JIOCK. O A H ~ K O  pa3BMTMe JlOCKa, KaK @YHKUMH KaYeCTBa AMCnepCMM, 
B3MeHRJIOCb 3HaYMTeJlbHO B pa3HblX YrnePOAHblX M PaCTBOPMTenbHblX CMCTeMaX, 6onee 
rpy6ble YrnepOnbl npORBnRR TeHneHqMtO naBaTb 6onee BbICOKYH) XapaKTepMCTMKy JIOCKa npM 
c n e q u @ u ~ e c ~ a x  ~ ~ O B H R X  nwcnepcuu. C npyroii C T O ~ O H ~ I ,  coxpaHeHHe nocKa (B YcKopeHHblx 
HCIIbITaHHRX Ha B ~ I B ~ T ~ U B ~ H U ~ ) ,  RBnRnOCb IIpeMMylueCTBeHHO @ y ~ ~ u M e i i  pa3Mepa 'lilCTHU, 
nMCIIepCM5l MrpaR 3HaYMTeJlbHO MeHee BaXHYH) POnb, 3a MCKnloYeHMeM nOnyYeHMR MCXOnHbIX 
napaMeTpos: YeM Menbye yrnepon, TeM n y w e  coxpaHeHMe noma. H a R n e ~ o  TaKxe YTO 
COOTHOLIleHMe MeXny JJMCnepCMe~ M pa3BMTHeM HenpOHMUaeMOCTH RBnReTCR CpaBHMTeJIbHO 
HeCYUIeCTBeHHblM . 



Introduction 
Quantitative dispersion analyses of paint and ink systems have seen limited 
application, chiefly because they are so time consuming and because the evalua- 
tlon of paint and ink is highly appearance oriented. But while the grind gauge 
has long been considered the most practical means of analysis, its use can be 
misleading on dispersion quality, particularly in carbon black systems. This 
was demonstrated in a previous paper1 in which excellent grind gauge readings 
were obtained even though entire pigment concentrations remained undispersed 
in the form of agglomerates a few microns in size. Moreover, grind gauge 
dispersion ratings tend to be somewhat subjective and may vary with different 
operators. Thus, there is a real need for better methods of dispersion analysis 
in paints and inks. 

The previous microscopical studies on paint dispersions were carried out 
on a medium oil alkyd system, pigmented with MCC-1 type carbon black, a 
red iron oxide, and a rutile TiO,. The carbon black dispersions were evaluated 
with an optical microscope on drawdowns about 10 microns in thickness. 
Since the concentrations of carbon black in paint systems are quite low (around 
5 per cent), the optical microscope is an ideal means of dispersion evaluation. 
Carbon agglomerates are opaque to light and can readily be detected down to a 
few microns in size. Contact X-ray microradiography was employed for evaluat- 
ing the iron oxide and TiO, dispersions. This method relies on the high X-ray 
absorption of such pigments. Paint drawdowns are made in the thickness range 
of 20 microns directly on to the emulsion of a fine grain photographic film. 
The paint is allowed to dry until it is no longer fluid and is then exposed to a 
beam of soft X-rays (e.g., 3.5-5 kV) for about four minutes. The paint is washed 
off the emulsion with a solvent and the film developed in the conventional 
manner. The resultant X-ray negative permits resolution of clumps of pigment 
down to I or 2 microns. Tlle major drawback of the X-ray method is that it 
is time consuming, requiring exposure and development in addition to sub- 
sequent enlargement and analysis under an optical microscope. 

Another difficulty with microscopical assessments of dispersion quality is 
in the analysis of the data. Measurements of agglomerate size and frequency 
can be tedious if carried out by conventional methods. Such methods involve 
the use of a graticule in the eyepiece of an optical microscope for direct assess- 
ments%r the use of micrographs with a measuring device such as the Zeiss 
Particle Size Analyser.:' The Zeiss Analyser was used in the previous work 
because i t  facilitated determination of agglomerate size and distributional data. 
Pa~nt films tend towards wide ranges of agglomerate size, particularly at 
relatively short dispersing times. (i.e. 4-8 hours of ball milling). It was found 
that weighted averages provide the most useful information on agglomerate 
size. The percentage of pigment dispersed was expressed as the ratio of the 
measured volume of undispersed agglomerates to the total pigment volume 
loading in the paint film. 

~ u c l l  measur&nents and computations are quite lengthy, particularly if an 
adequate level of test precision is sought thro~lgh proper sampling. Hence, a 
prime objective of the present work was to find ways to simplify these 
procedures. This was accomplished through the use of a Quantlmet Image 
Analysing Computer (QTM).l This is a television scanning device which is 
capable of nnalysing microscope images or micrographs for size, frequency, 
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area and shape information on high contrast areas (e.g.. pigment agglomera- 
tions). Previous use of this instrument for dispersion analysis has been reported 
bv Smith.Vn the nresent work. the recording of disnersion information has " 
been fully automated, using a data multiplexer for programming agglomerate 
size distribution analysis and a paper tape punch for recording data output. 
The final output is then further programmed for the desired dispersion para- 
meters using a conventional computer. The entire recording process is quite 
rapid, requiring about six seconds for each individual analysis. A complete 
dispersion analysis on 25-30 fields may be carried out in as little as 3-5 niinutes. 

Another objective was to study the dispersion characteristics of a wide 
variety of carbon blacks in diflerent vehicle systems. Finally, the significance 
of carbon black dispersion in end use performance of paint and ink systems 
was examined. 

Experimental procedures 
Pig~ncrit types 
This study was restricted to different carbon black types, including 14 
commercial samples, one development carbon and three trentcd samples. Their 
colloidal properties are shown in Tables 1.  3, 7. 10. and 13". They include both 
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channel and furnace types and range in particle size from 3,000 A (MT type) 
to about 130 A (HCC-3). Electron micrographs illustrate the particle size and 
aggregate size difrerences among the commercial blacks (Figs. 1 ,  2, and 3). 
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Fig. 2. Aggregate and particle size of different furnace carhon blacks 

The specimens were d~spersed ultrasonically in chloroform prior to deposition 
on thin carbon substrates for examination in the electron n~icroscope.~ Such 
dispersions approach the primary aggregate units of the different blacks, 
altlioi~gli some agglomeration due to physical bonding effects does exist, 
particularly with the very fine particle channel types. In many blacks, there is 
a further reduction in aggregate size during dispersion in different vehicle 
systems owing to n breakdown of the primary aggregate units. Carbon black 
aggregates are now defined as single graphite para-crystals,"? which contain 
a continuous network of distorted graphite layers. The atomic spacing of these 
layers approximates that of graphite, but there appears to be little or no three- 
dimensional grouping into crystallites as previously supposed. The high surface 
energy of carbon black can be attributed to the out-of-phase stacking of the 
surface graphite layers and also to layer bending. The latter may be associated 
with basal dislocation areas or actual atomic vacancies. Oxygen functionality 
on the black surface is generally associated with exposed edges of the graphite 
layers, but can also exist within the layers if surfiice dislocations or vacancies 
were present during the oxidation process. 
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Fig. 3. Aggregate and particle size of different furnace carbon blacks 

HIGH RESOLUTION PHASE CONTRAST ELECTRON MICROGRAPHS 

Fig. 4. Particle microstructure of oxidizcd and partially graphitized Kavcn 1200 
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Examples of the microstructure of carbon black are shown in high resolution 
electron micrographs (Fig. 4) : (a) an untreated sample of Raven 1200 and the 
same black after, (b) thermal oxidation, (c) chemical oxidation, and (d) partial 
graphitisation at 2,000"C. These are phase contrast images in which much ot' 
the detail is attributable to interference between the axial beam of electrons 
and the (002) diffracted beam from the graphite layers. This interference 
mechanism is controlled by fine focusing of the electron microscope.The 
light and dark lines which are visible on these micrographs (e.g., peripheral 
regions of particles) represent a vertical projection of the graphite layers with 
a spacing of about 3.5 A. The appearance of the standard and oxidised samples 
is typical of the para-crystalline graphite structure found in all carbon blacks. 
The layers show considerable bending and form a continuous network between 
the adjoining particle units. The term particle is actually a misnomer in the 
characterisation of carbon blacks, in that particle size measurements do not 
reflect the size of the ultimate black units that are dispersed in different vehicle 
systems. Particle size probably reflects the state of the hydrocarbon feedstock 
prior to carbonisation. It is likely that aggregates (e.g., structure units) are 
formed by simultaneous carbonisation of small hydrocarbon units which have 
partially coalesced while in a fairly liquid state. However, although carbon 
black particles rarely exist as discrete entities, the size of these sub-units is an 
important property, fundamental to the light scattering characteristics of carbon 
black and thus a controlling factor in blackness index and ultraviolet screening. 
Particle size also affects aggregate irregularity and is related to the total surface 
area of the carbon black. 

The microstructures of the untreated and the oxidised samples of Raven 
1200 are quite similar, although some porosity effects were observed for the 
thermally oxidised sample, which showed a large increase in its total surface 
area. The effects of thermal oxidation manifest themselves in terms of greater 
particle edge irregularity in images of this type or in actual removal of graphite 
layers. However, much of the ncw surface area developed by thermal oxidation 
is internal and not necessarily available to the vehicle in which the black is 
dispersed. 

A marked microstructural change is evident in the partially graphitised 
Raven 1200 (Fig. 4) as compared to the other samples. The effects of heat 
treating a carbon black at elevated temperatures are: removal of most of the 
surface functional groups (e .~ . .  chenlisorbed oxygen and hydrogen); and joining 
of neighbouring graphite layers into a more continuous network. The treatment 
also anneals out most of the previously mentioned surface defects. The end result 
is to seal off the carbon surface to form capsular units. The final shape of the 
particle sub-units approximates that of hollow polyhedrons with continuous 
graphite layers bending from one facet to another. 

All carbon blacks heat treated in this manner have a common low surface 
activity. Such samples are useful as inert controls in studying surface chemistry 
effects in different media. 

Paint nnd ink ,formulations 
The paint systems studied in this work include medium oil alkyd, thermosetting 
acrylic, and polyurethane systems (Tables 2, 4, 5 ,  6, 8, and 12A). 
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Two printing ink systems were evaluated for dispersion etTects: a flexographic- 
rotogravure system (polyamide type), and a heatset system. (Tables 9 and 12B). 

The medium oil alkyd dispersions were prepared by means of conventional 
ball milling and by a modified sand mill procedure using zirconium oxide 
beads. The thermosetting acrylic and polyurethane systems were evaluated by 
ball milling only. 

The heatset ink dispersions were prepared by means of a three-roll mill; 
ball milling was used for the flexographic-rotogravure dispersions. 

The dispersion analyses were carried out by means of a Quantimet Type "B" 
Image Analysing Computer (Metals Research Ltd., Melbourne, Royston, 
Herts.). The Quantimet is a television scanning device which can analyse a 
microscope image directly or by means of an epidiascope using micrographs. 
The direct approach, using conventional transmission optical microscopy, was 
employed exclusively for the work in this paper. The various functions of the 
QTM system have been described in detail by Fisher and Cole5 and will only be 
discussed briefly here. A simple block diagram illustrating the QTM system 
is shown in Fig. 5.4 The camera output of the QTM system is displayed on a 
monitor and is also fed into an electronic detector which responds to changes 
in output voltage as the scanning spot in the vidicon tube passes over the 
features (e.g., carbon black agglomerates) in the field which vary in optical 
density. The detection threshold may be set to record the desired features. 
either a light or dark phase. The contrast of the image to be analysed is an 
important factor. High contrast images are desirable in that background noise 
can readily be eliminated. Paint systems, in which the pignient volume concentra- 
tion of the carbon black is generally quite low, are ideal in this respect. Pigment 
volume concentrations of 3 per cent (dry film) were employed for a11 of the 
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Fig. 5. Schematic of QTM system 
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different systems that were analysed, including the printing inks. The latter 
were let down to this level from their final paste form according to the formula- 
tions shown in Table 9. All preparations were made on 2 x 3in glass slides 
using a drawdown bar (0.001 in Bird Applicator, Gardner Laboratories, IIIC., 
Bethesda, Maryland, USA) which produced films about 10-15 microns thick. 
It is also possible to analyse ink pastes in their undiluted form by the use of 
high pressure pressouts. However, such preparations give relatively low image 
contrast and the final evaluations must be made from micrographs rather than 
the much quicker direct readout method. Therefore, all of the ink dispersion 
analyses in  this work were carried out using letdowns at 3 per cent pigment 
volume concentration (PVC). The letdown procedure does not appear to alter the 
dispersion quality of the original paste. 

Monitor displays showing the various functions of the Quantimet, as applied 
to the analysis of carbon black dispersion. are illustrated in Fig. 6: the normal 
light microscope image of a poor carbon black dispersion, the agglomerate 
area (total measured area, agglomerates in white), the counting mode, and the 
projection mode (chord count). The agglomerate area mode demonstrates 
the setting of the threshold for detection of black agglomerates in the field. All 
agglomerates in white within the blank frame area are detected and measured. 
The Quantimet has threc different resolution levels for the threshold setting. 
Tn the prcsent studies. most of  the examinations were made at minimum resolu- 

NORMAL LIGHT M l CROSCOPE IMAGE AGGLOMERATE AREA 

pi)() lc T * 
1) 

Fig. 6. QTM monitor displays on paint film showing poor carbon black dispersinn 
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tion to eliminate background noise caused by very small black agglomerations. 
The lower size limit of the agglomerates measured was about 3 microns. The 
total agglomerate area is measured as a ratio of the area covered by the agglo- 
merates to the total area of the blank frame, the latter being kept at a constant 
setting. A magnification (on the monitor) of 6 0 0 ~  was used for most of these 
dis~ersion analyses. Lower magnifications were occasionally employed for 
some of the very poor dispersions. 

The agglomerate counting mode is illustrated in Fig. 6. Agglomerates are 
counted on the basis of their longest scan line (chord). During the counting 
operation, marker pulses are generated to the lower right of each agglomerate 
and the number of these corresponds to the total count. In the projection mode 
all of the chords across the agglomerate are counted. These are denoted by 
the white edge on the right side of the agglomerates. Studies in size distrib~~tion 
may be carried out using either the count or projection functions. The former 
was used in the present studies because the agglomerates generally represent 
discrete units that are roughly spheroidal in shape. For networks or more 
irregular shaped objects, the chord distribution generally produces more 
favourable results. In the present instance, both types of measurements gave 
comparable size results. Size distributions are carried out by means of a series 
of seven potentiometers on the data multiplexer. These are programmed in 
uniform increments up to the largest agglomerate to be measured. The first 
potentiometer records the total count and projection and each subsequent 
potentiometer accumulatively eliminates all those chords up to the size level 
at which i t  is programmed. The measured values are registered on the output 
of a paper tape punch and appear alternately in a count, projection sequence. 
Thus, for the seven potentiometers, a total of 14 readings is recorded. The 
15th and final measurement appearing on the tape outpi~t is the total agglo- 
merate area, relative to the area of blank frame. All of the measurements 
appear as four digit numbers. Any values less than four digits are preceded 
by zeros to satisfy this requirement. Each individual measurement is separated 
by a space symbol. The final area value is followed by a symbol for end of 
field which separates each set of measurements from the one following. 

From 15 to 40 fields were analysed for each dispersion, an average sampling 
being 25 fields. Larger samplings were required for specinlens showing a very 
wide agglomerate size distribution, as may occur in the early stages of ball 
milling. About six seconds is required to record the measurements on paper 
tape. Hence, a complete dispersion evaluation can bc completed in less than 
five minutes. Each dispersion was initially screened under the light microscope 
to determine the best area to be scanned. The selection of fields was based 
both on representative sampling and the overall optical density of the preparu- 
tion. This added precaution was taken to minimise errors due to thickness 
variation. Field selection was carried out in a lateral and vertical step-wise 
pattern, refocusing the microscope whenever necessary. The threshold setting 
of the Quantimet was kept constant for each series of dispersion analyses. A 
rough pre-screening of all the dispersions was also carried out in order to group 
them according to quality (e.g., agglomerate size range). Dispersions similar 
in agglomerate size were run as a series to minimise changes in the potentiometer 
settings on the multiplexer. 
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During the initial programming of the Quantimet paper tape O L I ~ P L I ~ ,  it was 
found that punching errors sometimes occur (almost always in the form of 
missed digits), seriously effecting the final values. Punching errors are eliminated 
by means of the final computer program (IBM-I 130). All normal fields of data 
are based on a final p~~nched  output of 60 digits, and the programme is set to 
recognise this output only. All scans containing other than 60 digits are rejected. 
This requires making a few extra scans for each dispersion analysis because 
the programmes are based on a specific number of fields. For example, if a dis- 
persion analysis is to be based on 25 fields, then a total of about 30 fields are 
generally run to insure a sampling of 25 good ones. The computer responds 
to the first 25 good scans and then disregards all others and moves on to the 
next sample. 

Dispersion parameters 
The agglomerate size distributions for carbon blacks in paint and ink systems 
often tend to be highly skewed, showing high incidence of small agglomerates 
and low incidence of very large ones. To emphasise the large agglomerate 
content, which is most detrimental to the performance characteristics of paint 
and ink systems, a weight mean averagevs used to express agglomerate size. 
This average is determined from the following expression: 

x .fc14 
d,,,,, = -- j;i:3 

where (! represents the agglomerate diameter based on its longest chord as 
measured by the Quantimet, and.fis the frequency of agglomerates in each size 
range. 

In the earlier work1 the degree of black agglomeration was determined from 
the measured volume concentration of the agglomerates divided by the total 
volume concentration of carbon black in the paint film. From this expression, 
it is possible to calculate the percentage of pigment dispersed down to a specific 
agglomerate size within the limits of the measurements (e.g., 3 microns). 
However, these per cent dispersion measurements are only suitable when good 
dispersion levels exist. For poor dispersions, negative ratings frequently occur, 
because most carbon black agglomerates contain appreciable quantities of 
vehicle. A more meaningful type of agglomerate frequency rating for paint and 
ink systems can therefore be expressed in terms of the actual total area covered 
by black agglomerates. On this basis, an agglomeration index (A.I.) is calcu- 
lated from the following expression: 

O' Area covered by agglomerates A.1. - lo -. - 

Pigment Volume Concentration (PVC) 
x 100 

where the per cent area is the direct Quantimet measurement and the PVC refers 
to the pigment volume concentration in the paint film (e.g., 3 per cent in this 
work). Generally speaking, a good dispersion may be considered as one having 
an agglomeration index below 30 and a weight mean agglomerate size of 5 or 
lower. 

In evaluating the performance characteristics of different systems (gloss, 
jetness, durability) the most useful measure of dispersion was found to be the 



product of the agglomerate size times the agglomeration index. As n general 
rule, ii value of 100 or lower for this product indicates a good dispersion. 

In most of the iiccompanying plcts that relate dispersion quality to paint or 
ink performance, the reciprocal of the product has been iltilised. The reciprocal 
permits plottirig dispersion as a positive function in correlations with pcrform- 
ance characteristics. (Because of the limited significi~nce of values at the upper 
limits, it is often desirable to plot these dispersion ratings on a logarithmic 
scale.) Such an expression is the best means of describing the quality of carbon 
black dispersions, and is tliils termed the dispersion quality index (DQI). 

DQI - - - .- - 
1 

Agglomeration Index .. Weight Mean Agglomernte Sizc 

For convenience in plotting the data this reciprocal is multiplied by 10'. 10:'. 
or 10"epending on dispersion range involved. The dispersion quality index 
takes into account both the frequency of agglomeration and the size of the 
agglomerates, weighting the area of large agglomerates which are most detri- 
mental. The higher the dispersion quality index value. the better the dispersion. 

Carbon blacks of varied particle size in medium oil alkyd vehicles 
Ten carbon blacks of varied particle size. including furnace, channel, and 
thernial types, (Table I) were studied in it mediilm oil alkyd forniulntion (Table 
2). Dispersion profiles of these blacks were obtained, after ball milling. for 
agglomeration index (Fig. 7) and weight mean agglomerate size (Fig. 8 ) .  All 
samples were examined in the same formulation to provide a direct comparison 
of their relative dispersibility. In actual practice, of course, direrent formula- 
tions would be utilised for some of these carbon blacks. More detailed dispersion 
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LT 

LCC-1  
(RAVEN Ill 
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(RAVEN 8 0 0 )  ( STi:[i i.12) 

HOURS OF BALL MILLING 

Fig. 7. The effect of carbon black type on agglomeration index in medium oil alkyd 
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Fig. 8. l'he effect of carhon hlack type on agglomerate size in medium oil alkyd 

analyses using the flow point method will be discussed in subsequent sections 
of the paper. 

Pronounced ditrerences in agglomeration index are evident among these 
carbon blacks (Fig. 7). The coarser blacks (MT,  LCF-4, LCF-3) rapidly reach a 
low level of agglomeration index (i.e., good dispersion). Satisfactory dispersion 
levels may also be achieved for some of the intermediate fineness furnace 
grades, but only after ball milling for 24-32 hours. Of the three channel type 
carbons included in this study, only the largest particle size sample (LCC-I) 
reached a satisfactory final dispersion level. The two fine particle size blacks 
(MCC-I and MCC-2) were very poorly dispersed even after 32 hours of ball 
milling. The LCC-I black had, initially, a poor dispersion, but after 32 hours of 
ball milling it was comparable to that of the very large particle size carbon 
blacks at an excellent dispersion level. This behaviour seems to be related at 
least in part to surface chemistry effects (e.g., the initial wetting of the black 
surface) and is further manifest in the agglomerate size data (Fig. 8). Here, the 
LCC-I carbon has the largest agglomerate size after 4 and 8 hours of ball 
milling, but the lowest agglomerate size after 32 hours. The agglomerate size 
patterns for the different carbons do not differ as much as the agglomeration 
index values. Agglomerate size is not 11 dispersion function related to the type 
of carbon, but is more of :i reflection of the method of dispersion. Ball milling 
is shown to be an effective grinding method for reducing agglomerate size. All 
final agglomerate size ratings for the 32 hour dispersions are comparable, 
despite the large variations in agglomeration index. 

Modified sand grinder dispersions (zirconium oxide media) were prepared 
for six of the blacks which had been studied by ball milling. (Figs. 9 and 10). 
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Fig. 9. The effect of carhon hlack type on agglomeration index in medium oillalkyd 
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Fig. 10. The effect of carbon black type on agglomerate size in medium oil alkyd 
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The very fine particle size carbon blacks were omitted from this study because 
they could not ne compared in tlie same formulations. The sand grinder disper- 
sions were evaluated after 1 ,  2, 4, 6, 10, and 15 minute treatments. Both the 
agglomeration index deternlinations (Fig. 9) and the weight mean agglomerate 
size measurements (Fig. 10) demonstrate the greater effectiveness of the sand 
grinding method in dispersing the nicdium-large particle size carbon blacks. 
In all instances, tlie sand grinder produced better dispersions and smaller 
:igglomerate size in a small fraction of the time required for the ball mill disper- 
sions. Another comparison of tlie two methods is sIio\vn for two other carbon 
blacks in Fig. I I .  The differences in dispersion are most apparent in the agglo- 
meration indexes. At prolonged ball milling times, Iliere generally appears to 
be a levelling off in agglo~iieratc size in tlie range of 5 [ A .  However, this level is 
achieved in the sand grinder in as little as 10 minutes. 

Fig. 11. Compari.ion o f  dispersing procedure in mediuni oil alkyd-ball milling vs. modified 
sand grinding 

Light photomicrographs (Fig. 12) illustrate some of the black dispersions in 
the particle size ball milling s t ~ ~ d y .  The difTcrences in black dispersibil~ty as a 
function of particle size are readily discernible. The advantages of the Quantimet 
system in carrying out analyses of this sort are quite evident. For each carbon 
black dispersion evaluated in this series (six ball milling times) a total of 150-200 
fields similar to those sliown in Fig. 12 were analysed in a few minutes. This kind 
of study would have been quite imprilctical by more conventional methods. 
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ratings are plotted against thc dispersion quality index. The gloss ratings are 
20 (angle of incidence) values using the Hunterlao glossmeter (Hunter Asso- 
ciates Laboratory, Inc., Fairfax, Virginia, USA). The improved dispersion of 
these blacks wit11 sand milling is again evidenced by the more rapid gloss develop- 
ment. For each of tlie carbon black plots, the successive points for ball milling 
indicate dispersing times of 4, S, 16, 24, and 32 hours, respectively. Similarly, 
the points for the sand mill dispersions represent times of 1, 2, 4, 6, 10, and 15 
minutes. 

"'I 

Fig. 13. Gloss development of carbon blacks in medium oil alkyd ball milling dispersions 
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Fig. 14. Gloss development of carbon blacks in medium oil alkyd modified sand mill (ZrO,) 
dispersions 

A definite gloss-dispersion relationship is also evident for each different 
carbon black. The difrercnces betwcen blacks are minimised in the sand mill 
dispersions, and difference in gloss ratings tend to level out once a black has 
reached a high level of dispersion quitlily. 
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Comparison of Quantimet and grind gauge dispersion ratings 
Because of the widespread use of the grind gauge for assessing paint and ink 

dispersion quality, a comparison of this method with Quantinict me:l.suremcnts 
is desirable. PC (Prod~~ction Club) gauge ratings (Production Club grind 
gauge, Precision Gage and Tool Company, Dayton, Ohio, USA) are plotted 
against the product of the agglomeration index times tlie weight mean agglo- 
merate size (Fig. 15). This correlation was the best of tlie three Quantimet 
fi~nctions utilised. Previoi~s studies1 Iind shown that the grind gauge is most 
sensitive to agglomerate size. Excellent grind gauge ratings are achieved when 
the agglomerate size approaches the range of about 5 microns, regardless of the 
agglomeration index. Under normal dispersion conditions. however, tlie reduc- 
tion in agglomerate size is generally accompanied by a decrease in agglomeration 
index. The exceptions to this are some dispersions for the high colour type 
channel blacks. These eventually yield small agglomerate size, but often remain 
at a high level of agglomeration index. 

' O r  

5 I I I I I I I I 

4 8 12 16 2 0  24 2 8  32 
DlSt'LRSlON Q G A L l T Y  INDEX (lo2) 

Fig. 15. Comparison of Quantimet dispersion measurements and production club grind gauge 
ratings 

Flow point formulation development 
Several factors must be considered concerning dispersion efficiency and 
production rate in the n i a ~ i ~ ~ f a c t ~ ~ r e  of pigmented compositions by si~cli tech- 
niques as ball, pebble, or sand milling. In fluid systems conimon to paints and 
inks, one of the most critical factors is tlie selection of the proper combination 
of ingredients for the most efficient use of the dispersing equipment. The primary 
concern is to disperse adeqi~ately the most pigment in the mill base paste in the 
shortest time to maintain a high production rate. With a ball mill, for example. 
such factors as the mill speed, ball size. volume of ball charge and ingredients, 
paste viscosity, and milling time are all important. These have been discussed in 
detail by a number of authors, including Cooperl"and Patton". However, this 
phase of the study was directed at tlie l'ormi~lation aspects of' ball mill disper- 
sions, using a set of constant conditions relating to the other factors mentioned. 
The two principle variables were the various carbon pignicnl types, and thc 
different paint vehicles used in testing. The prime objective was to disperse the 
maximum amount of each pigment into its respective mill base paste. 
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Medium-high colour carbon blacks 
Four channel blacks and one fi~rnace black were examined. These pig- 
ments vary widely in the physical and chemical properties by which they are 
classified. 1 2 .  I:' 

D~II I~CI  , i lo\~ poi11t ~ / C ~ ~ ( ~ ~ I I I ~ I I ( I I ~ O I I  
A modification of t l ~ e  Daniel flow point method ' ' was enlployed to deter- 
mine the optim~1111 paste grinding consistency and the highest pigment concen- 
t ration in t hree dilrerent vehicle systems (medium oil alkyd, thermosetting 
acrylic melamine, and polyurctliane). Because of their fine particle size, carbon 
b l ~ ~ c k s  do not readily lend themselves to the standard procedure. The original 
nietliod of hand stirring by rod or spatuln was therefore altered, and a modified 
tecliniquc suitable for carbon blacks was adopted in whicli a miniature sand 
mill was used. The original flow point method is described below. 

Proccltlurc~: Plncc a measured quantity of pigment in a suitable container. Add 
to it resin solution of known solids content. stirring continuously with a glass 
rod. until a smooth heavy paste is obtained. Add more solution gradually 
until thc mass can be stirred witliout niuch resistance. Lift the rod from the 
container and hold vertically. If the pastc does not flow from the end of the rod, 
add more of tlie resin solution with continued stirring. When enougli of the 
solution is present to wet the pigment adcquatcly, a recognisable and reproduc- 
ible (with repented dipping of tlie rod into thc mixture) state of fluidity lias been 
achieved. This is the !low point. It occurs when a thin film of material remains 
on the rod, the Inst Sew drops of wliicli break away from the tip with an elastic- 
like snap-back. (If  too much of the vchicle is used. there is a more rapid flow 
from tlic rod and no snap-baclc ofthe last few drops.) Record the volume of resin 
solution added. Repent thc test using difrcrent proportions of resin solids in the 
solutions (usually at 5 per ccnt intervals) to a limit of 40 per cent vehicle solids 
content. Plot the qi~:~ntities of resin solution against the solids content to deter- 
mine tlic minimum amount of solution required to wet the pigment. Thus, the 
n i :~x in i~~~n  aninunt of a pigment dispersible in a vehicle system can be deter- 
mined. Tlie niixti~re at the flow point represents those proportions of solvent, 
binder, and pigment suitable for the most ctEcient use of ball mill. Such 
mixtures niay be termed "ideal" formulations. The solvent/binder ratio is 
particularly important in that excess solvent tends to induce pigment floccula- 
tion, wliile excess binder increases the premix ar.d mill base viscosity. Both are 
undesirable departures from the optimum blend derived from tlie minimum 
point curve. 

Morlifirrl proccrllrrc~ ,for c-nrhon hlrrc-h-s: Carbon blacks, because of their fine 
particle size. require a more rigorous technique to ensure a homogeneous 
mixture. In this work a miniature sand mill was used that consisted of a single 
2in diameter disc rotated in a bed of 30-30 mesh Ottawa Sand (ASTM C-190, 
type, Ottawa Silica Company. Ottawa, Illinois, USA) in a half-pint can. Resin 
solution was added to a mixture of 7g of carbon black and I14g of sand. When 
the point of elastic snap-back was being approached, a small amount of the 
"paste" (the carbon/vehicle nlixti~re in the sand) was tested by placing it on a 
fine mesh paint screen. Tlie flow behaviour of the filtered mixture indicated 
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whether more or less vehicle was required or if retesting was necessary, as in the 
regular procedure. 

Results 
Flow point curves (Fig. 16) for the five medium-high colour carbon blacks 
were derived in a medium oil alkyd vehicle system (Beckosol P-531-50, Reichold 
Chemicals, Inc., White Plains, New York, USA). From these determinations, 
the mill base formulations were calculated for each vehicle solids level and are 
shown in Table 4. There is a good correlation between the surface area of these 
pigments and the amount of resinous material required to achieve the optimum 
consistency in the paste, as determined by the modified flow point procedure. 

HCC-3 
u 
U 

(NEO SPECTRA M K I I )  

cn 
I 
Cl 

( R A V E N  40) 

- _ I - .  i - 2- 
15 20 25 30 

PERCENT VEHICLE SOLIDS 
Fig. 16. Flow point determinations for different carbon blacks in medium oil alkyd 

It can thus be observed that the greater the surface area of the pigment, the 
greater the quantity of resinous material required to attain an "ideal" consist- 
ency. For example, the finest particle size carbon, HCC-3 type (Neo Spectra 
Mark 11) with a surface area of 900 m 2 - l  required 42g of a 25 per cent vcliicle 
solids solution for every 7g of carbon; the coarsesl particle size carbon of the 
set, MCF-I (R'wen 40), with a surface arca of 102 m2 g-I, required only 20g of 
20 per cent solids vehicle to attain "ideal" consistency. Comparative pigment to 
binder ratios are 0.64 and 1.72, respectively, indicating the difference in vehicle 
demand of each carbon black. 

At the "ideal" formulation for each grade of carbon, it can be seen that the 
highest level of pigment concentration in the paste is achieved. These formula- 
tions were calculated on a weight percentage basis, but can also be expressed 
in the normal manner in terms of volume concentration. 

The relative viscosities (measured by Brookfield viscometer) for the five 
blacks (Table 3) in each of four vehicle solids formulations are shown (Fig. 17) 
after 48 hour dispersion cycles. These bar graphs illustrate the specific pattern 
that emerges for each pigment. The maximum viscosity for each black generally 
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Fig. 17. Viscosity variations for different carbon blacks in medium oil alkyd 

occurs in tlie "ideal" formulation, which contains the largest quantities of each 
crlrbon black. Thc large ditTcrcnccs in Rrookfeld viscosities arc due to the fact 
that cacti pigment, in its optimum formulation, exhibits a dilrercnt rheological 
pattern. The factors alfecting viscosity include the solvent content, the pigment/ 
binder ratios, the particle sizc and structure of each pigment and its surfacc 
chemistry. 

Siniilar studies wcre carricd out with four of these carbon blacks in a thermo- 
setting acrylic vehicle (Acryloid AT-56 and Uformite MM-47, Rohm and Haas 
Company, Philadelphia, Pennsylvania, USA), as well as in an oil modified 
polyurethane system (1210-MS, Cnrgill, Inc., Minneapolis, Minnesota, USA). 
For the polyurctlianc system only tlirec of the carbon blacks, 999 (MCC-2), 
Raven I I (LCC-I), and Raven 40 (MCF-I) were studied. Flow point curves for 
the acrylic and polyurctlianc systems arc shown in Figs. IS and 19, respectively. 
The "idcal" mill base formulations for these systems arc shown in Tables 5 and 
6.  Again, tlie carbon black S L I ~ ~ ; I C C  rirca, ;IS it alTccLs vehicle demand, appears to 
be a critical factor in determining tlic proper combination of ingredients for 
these blacks with tllc ball mill dispcrslon technique. 

Altliougli the flow point tcclinique outlincd above is by no Iiieans a complete 
answer to all tlie problems in preparing suitable coatings products, it does serve 
as a ~~seful  !:uidclinc. These studies were based on simple formulations which are 
not necessarily of a conimerci:~l nature. In actual practice, sevcral other ingre- 
dients may be used and must be nccountcd for in the formulation. 

Eralurrrion of pniiit ,films 
To evaluate the q~~a l i ty  of these formulations tlic IjilstC concentrates were let 
down in a normal manner t o  tlie same final pigment to bindcr ratio (approxi- 
mately 5 wcight per cent of pigment on total film forming solids) for quality 
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either comparable to or slightly better than the other veliicle solids levels. 
However, the important point is that, at the flow point, the maximum amount ot 
pigment has been incorporated into the mill base paste without any sacrifice in 
dispersion quality. This is also apparent in terms of gloss development. 
Hunterlab 20" gloss readings are plotted against the dispersion quality index 
for the 999 (MCC-2) Fig. 22, and Raven I 1  LCC-I Fig. 23, type carbon blacks. 
These blacks differ appreciably in their surface area, but each showed 
negligible fluctuation in gloss development as a fitnction of the per cent vehicle 
solids in the mill base paste. Similar results were obtained for all the carbons in 
this phase of the study. 

Fig. 22. Gloss development of MCC-2 black (999) in medium oil alkyd at different vehicle solids 
levels 

351 I I I I 
I 5 1U .O  .:, 7k7k*c0 
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Fig. 23. Gloss development of LCC-1 black (raven 11) in medium oil alkyd at different vehicle 
solids levels 

The gloss development of MCC-2 and LCC-I is colnpared in their respective 
"ideal" formulations (Fig. 24), by plotting gloss ratings against the ball milling 
time. The gloss differences between the two blacks appear to be consistent with 
their dispersion differences as shown in Fig. 21. The coarser Raven I I black 
has a more rapid rate of dispersion and gloss development under these test 
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conditions, and maintains this advantage throughout the entire dispersion cycle. 
The final difference betwccn the two blacks, however. also relates to their basic 
properties and cannot be cntirely attributed to dispersion differences. From the 
flow point curves and the formulations for these two blacks, it is evident that, 
although the vehicle solids content for each pigment is tlie same, the finer 999 
carbon black requires more resinous material to satisfy its surface vehicle 
demand. 

A L C C -  I (RAVEN 11)--20% V. S. 

X MCC-2 (999) - - - -20% V. S. 

1 2 
0 4 8 16 24 32 4 8  

tIOURS OF BALL M I L L I N G  

Fig. 24. Carbon blacks at  ideal forniulations in medium oil alkyd 

Similar flow point detcrminations were performed in a thermosetting acrylic 
and in an oil modified polyurethane system. The blacks studied in these vehicles 
also exhibited a dispersion pattern similar to that shown in medium oil alkyd 
vehicle, i.e., the dispersion development was similar at different vel~icle solids 
levels. The principle advantage of the flow point method is in achieving 
niaxinium pigment concentration in thc mill base paste. Because of this similarity 
in dispersion development, only the "ideal" formulations will be discussed. 
Gloss development in tlie acrylic system was determined for four carbon blacks 
as a function of dispersion (Fig. 25) and as n fi~nction of ball milling time (Fig. 
26). It would appear that the gloss differences among these blacks are pre- 
dominantly attributable to the dispersion variations. The separate dispersion 
plots (Fig. 25) fall close together; actually, a single curve could be plotted 
through all of the data points. On the other hand, tlie plots against ball milling 
time (Fig. 26) show distinctly different patterns, which may be attributable to 
differences in the particle size or aggregate morphology of the blacks, factors 
which affect dispersibility. 

The gloss-dispersion relationship for three carbon blacks in the polyurethane 
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Fig. 26. Gloss development of different carbon blacks in TS acrylic 

system is shown in Figs. 27 and 28. Again, the dispersion results play a major 
role in the gloss development but, in this instance, the basic carbon black 
characteristics appear to have a greater bearing per se. For example, the 999 
type black shows a better dispersion in the polyurethane system in comparison 
with the acrylic. However, the gloss differential between Raven 1 1  and 999 is 
similar in both systems. 
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Fig. 27. Gloss development in polyurethane using flow point formulations 
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Fig. 28. Gloss development of different carhon blacks in polyurethane system 
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Although not a prinie objective, accelerated weathering tests were made on the 
five carbon blacks dispersed in the mcdium oil alkyd system. These sti~dics were 
carried out using the "ideal" formulations. Coatings were prepared on alodine- 
treated aluminium panels at a dry film thickness of approximately I mil. 
Enamels of low PVC, approximately 3 per cent, were used to ensure high initial 
gloss. Each black was ball milled for 48 Iiours to achieve good dispersion. The 
Atlas X-W Weatherometer (Atlas Electric Devices Company, Chicago. Illinois, 
USA) was employed in these studies, using a cycle of 2 hours of simulated sun- 
light and 15 minutes of water spray for a total of 800 hours. Plots of gloss versus 
liours of weathering for the five difrerent blacks are shown in Fig. 29. The results 

DISPERSIONS 

MCC-2 
(909)  

MCF-1 
(RAVEN 4'21 

1. 
0 200 400 600 800 

HOURS IN WEATHEROMETER 

Fig. 29. Durability of  medium oil alkyd paint films a s  a function of carbon black type 

are consistent with previous correlations which have shown that the durability 
of black enamels is closely related to the particle size and surfiice area of the 
pigments. Dispersion appears to have very little bearing on these weathering 
results, although a reasonable level of dispersion is, of course, requ~red for 
satisfactory initial gloss development. The highest surfilce area black. Neo 
Spectra Mk 11 (HCC-3) showed the poorest dispersion after 48 hoi~rs. yet gave 
by far tlie best weathering characteristics. The largest particle si/c hli~ch\, 
Raven I I and Raven 40, were the poorest in \vcatIiering. 

C~~rnpnrison o f  hluclis it1 thrcc clifjiwwt vc~lriclo ,sj,.stcltns 
The performance characteristics of a carbon black may vary widely ;iccortiing 
to the vehicle system in which it is eniployed. This is not surprising in view of tlie 
many resinous vehicle systems which are available in the coatings industry, each 
one having its own specific chemical and physical characteristics. Combined 
with the unique properties of many of the different type carbon blacks, :I variety 
of different pigment-vehicle interactions are to be expected. 
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The dispcrsion and performance characteristics of the medium oil alkyd, 
thermosetting acrylic, and polyurethane systems were compared on the basis 
of three different carbon blacks which vary in their particle size and surface 
chemistry: Raven 40 (MCF-I), Raven 1 I (LCC-I), and 999 (MCC-2). The 
MCF-I type of black is a relativcly large particle size (240A) furnace black with 
low oxygen volatile content (-- 1 pcr cent) on the surface. The LCC-I type of 
carbon black is made by the channel process and shows relatively high oxygen 
volatile content (5.5 per cent) while being in the particle size range of the MCF- 
1 .  The MCC-2 type of black conibines the characteristics of very small particle 
size (I60 A)  and a high surface oxygen content (5 per cent). All comparisons 
were based on the "ideal" mill basc formulations using the flow point method 
(Tables 4, 5, and 6). 

A comparison of the blackness (or jetness) developed by each of these blacks 
in each of the three diffcrent vchicle systems was made with the medium oil 
alkyd system as the control at zero level. (Fig. 30.) These observations were 

MCC- 2 LCC-I M C F - I  
( 9 9 9 )  (RAVEN - I I )  (RAVEN - 4 0 )  

I 

ACR MOA PU ACR MOA PU 

VALUES REPRESENT JETNESS DIFFERENCES 
RELATIVE TO MEDIUM OIL  ALKYD 

Fig. 30. Carbon black colour comparison in different vehicles using flow point formulations 

made separately for each of the blacks in the three vehicles and comparisons 
are valid only between compositions of the same black in different vehicles. 
Comparisons are not valid bctween different  lacks in different vehicles. Jetness 
evaluations were made on drawdowns on a non-absorbent stock at a unifornl 
film thickness. They were rated visually, the test being performed in a com- 
pletely darkened area using an intense light source (3,400°K., supplied by a 
Photoflood Lamp, General Electric Company, Nela Park, Cleveland, Ohio, 
USA). Jetness, as determined by this procedure, has no absolute value and is 
always rated relative to a control standard along with thc other samples to be 
tested. The smallest difference observed between two black panels is referred 
to as "one mass shade". Although it can be somewhat subjective, the visual 
method is the preferred procedure in colour rating dispersions of carbon black 
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by the similarity in jctncss among the three vehicles with the MCC-2 and LCC-1 
type carbon blacks, both of which are high in oxygen volatile content. The 
relative jetness in the medi~lni oil alkyd and polyurethane systems are reversed 
with these two channel blacks. In acrylic and polyurethane systems, the jetness 
differential is consistent for all three blacks, although the spread is greatest with 
the MCF-1 type black, presumably owing to the lack of surface chemistry effects. 

The relation of dispersion to gloss in the three systems was determined with 
the LCC-I (Raven I I ) and MCC-2 (999) carbons (Figs. 3 1 to 34). For the finer 
MCC-2 black, the acrylic systcm shows by far the poorest dispersion, while 
polyurethane was slightly higher than medium oil alkyd. The dispersion differ- 
ences were minimal with the LCC-I type of black, but the medium oil alkyd 
vehicle did show the best overall dispersion. The gloss development of these two 
blacks in the three different systems can be explained only partially on the basis 
of dispersion (Figs. 33, 34). The pigment-vehicle interactions appear to have the 

2000- 

1000 - 

500 - 

.i- 

0 - 
x 200-  
W 
D 

4 8 16 2 4 3 2 4 8 
HOURS O F  BALL MILLING 

Fig. 32. Dispersion comparison of LCC-1 (Raven 11) carbon in various vehicles using fiow point 
formulations 
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Fig. 33. Gloss development of MCC-2 (999) carhon in different vehicle systems using flow point 
formulations 
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Fig. 34. Gloss development of IKC-1 (Raven 11) carbon in different vehicles systems using flow 
paint formulations 

most effect on the gloss of tlie MCC-2 (999) black in the alkyd and the polyure- 
thane systems, both of which are at a good final dispersion level. The gloss of the 
MCC-2 black in the acrylic system does not reflect its dispersion ratings and is 
more indicative of a specific carbon/polynier interaction. The dispersion curves 
for the acrylic and alkyd systems follow a similar line, with the former simply 
ending at a lower level. The gloss development of tlie LCC-I type of black (Fig. 
34) appears more closely related to the basic gloss characteristics of the vehicles 
themselves, with a slight reversal between the acrylic and the polyurethane. 
Hunterlab gloss-meter ratings of the unpigmented vehicles were: 84 for the 
alkyd vehicle, 76 for the polyurethane, and 70 for the acrylic, a at all 10' angle. 
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Gloss conlparisons for the MCC-2, LCC-I and MCF-I blacks in the three 
systems were based on the final 48 hour ball mill dispersions (Fig. 35). These 
data, in contrast to those in a similar chart for blackness (Fig. 30). are absolute. 
The relative gloss ratings of the three blacks was the same in all three systems, 
the differences being the least in the medium oil alkyd vehicle (MOA). In 
comparing the gloss development for each black in the three different systems, 
the pattern was not always consistent with the unpigmented gloss ratings of the 
three vehicles. For example, with the very good dispersing LCC-I type of black 
the gloss rating of the acrylic system surpasses that of the polyurethane and 
approaches the medium oil alkyd rating, which was the highest in all instances. 

MEDIUM O I L  
8 0 .  T S . A C R Y L I C  1 ALKYD POLYURETHANE 

M C C - 2  L C C - I  M C F - I  
(999)  (R- l l )  ( R - 4 0 )  

I 
I 
1 
I 

MCC-2  L C C - I  M C F - I  
(9991 ( R - l l )  (R-401 

MCC-2 LCC- I M C F - I  
(999)  (R- I l l  (R-401 

Fig. 35. Gloss comparisons in different vehicles using flow point formulations 

These results further emphasise the possibility of pigment-vehicle interactions 
and it is difficult to establish broad correlations for predicting carbon black 
performance characteristics in different vehicle systems. Dispersion is a signi- 
ficant, but not necessarily overriding, factor in gloss variations among different 
vehicle systems. Dispersion appears to be a relatively minor factor with respect 
to jetness in all systems. 

Meilium-low colour carbon blacks in medium oil alkyd 
The initial dispersion studies were focused on the high colour type carbon 
blacks. Subsequently, the work was broadened to include some of the larger 
particle size blacks to provide a more thorough study of the relationship between 
the type of black and its flow point formulation. Flow point curves for four 
medium-low colour blacks are shown in Fig. 36, together with the flow point 
curve for the MCC-2 (999) type of black as a reference. The colloidal properties 
of the blacks are shown in Table 7, and the formulations in Table 8. These 
carbons have a particle size range of 160-700 A. As suggested by previous 
studies, each black has its own specific flow point curve. The pigment to binder 
ratio in the mill base paste shows a significant relationship to the surface area, 
with the coarsest sample requiring the lowest amount of binder. A plot of 
pigment to binder ratio vs. surface area is shown in Fig. 37 for the entire series 
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Fig. 36. Flow point determinations for different carhon blacks in medium oil alkyd 
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Fig. 37. The effect of carbon black surface area on mill base formulations in medium oil alkyd 

of blacks studied in the medium oil alkyd system. The carbon black surface 
areas are plotted as reciprocal functions of both the nitrogen adsorption (BET) 
and the electron microscope surface area (based on particle size). Both plots 
give a similar relationship, with the nitrogen values showing a somewhat better 
correlation. A similar plot of pigment to binder ratio against surface area in the 
thermosetting acrylic system shows a better correlation with electron microscope 
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surface area. This is consistent with some of the previous comparisons between 
the alkyd and acrylic systems which had indicated that surface chemistry effects 
(e.g., wetting of the pigment surface) were less significant in the acrylic system. 

Gloss development as a function of dispersion was plotted for three of the 
medium-low colour carbon blacks in the medium oil alkyd flow point formula- 
tions (Figs. 38 and 39), the latter plot showing gloss development as a function 
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Fig. 38. Gloss development of medium-coarse particle size carhons: flow point formulations in 
medium oil alkyd 
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Fig. 39. Gloss development of medium-coarse particle size carhons: flow point formulations in 
medium oil alkyd 
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of ball milling time. The dispersion ratings of the three blacks are consistent 
with their particle size characteristics, i.e., the coarser LCF-4 (Molacco H )  
black gave the best dispersion and the MCF-2 (Raven 30) the poorest of the 
three. However, the gloss differences among the three blacks are again only 
partially attributable to the dispersion differences. At common ratings in the 
range of 20-40 on the dispersion quality index scale (Fig. 38), the dispersion 
curves are parallel and there is an increase in gloss with increasing particle size. 
presumably due to lower vehicle demand of the coarser pigments. 

Flow point vs. conventional formulations 
To illustrate further the advantage of the flow point formulation method for 
more efficient compounding of carbon black pigments, the dispersion and 
performance characteristics of several black samples were compared by both 
the flow point and conventional dispersing methods in the same medium oil 
alkyd vehicle. The term "conventional" implies a less detailed method of formu- 
lation, wherein the carbon black is simply compounded on an arbitrary weight 
or volume concentration basis. The dispersion/gloss development curves for 
MCF-2 (Raven 30) and MCF-5 (Raven 1200) carbons are compared, separately 
for each carbon, by the flow point and conventional formulating procedures in 
Figs. 40 and 41. Each successive point on the graph represents 4, 8, 16, and 24 
hour times of dispersion. Specific formulations for the compounds shown in 
these two plots are given in Table 8 (flow point) and Table 2 (conventional). 
The "conventional" formulation of ingredients was arbitrarily chosen earlier 
for comparisons of the dispersing characteristics of a variety of blacks which 
varied appreciably in particle size and surface area. 

The advantage of a shorter dispersing cycle for a higher pigment loading 
using the flow point method is demonstrated for the MCF-2 type of carbon 
black in Fig. 40. In 16 hours of ball milling, the flow point formulation (pigment 
to binder ratio of 2.15) achieves approximately the same final gloss level that 
requires 24 hours for the other formulation (pigment to binder ratio of 0.89). 
The advantage of obtaining improved gloss development at eq~~ivalent dispersing 
time is shown in Fig. 41 for the MCF-5 type of carbon black. These two 
examples illustrate the potential benefits that can be derived with the flow point 
formulation technique. The magnitude of these effects will, of course. vary 
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Fig. 40. Gloss development of MCF-2 (Raven 30) carbon black: comparison of flow point and 
conventional formulas 



1971 ( 1 )  C ' A R I 3 O N  I%I.ACKS I N  P A I N T  A N D  I N K  S Y S T E M S  

r'113=1.3? (FLOW POINT) 

Fig. 41. Gloss development of MCF-5 (Raven 1200) carbon black: comparison of flow point and 
conventional formulas 

according to the type of carbon black and the particular vehicle system. Gener- 
ally, the greatest advantages in dispersing efficiency and improved performance 
by the flow point method are obtained with the finer particle carbon blacks. 
Arbitrary or empirical formulating techniques may not derive the fullest capa- 
bilities of these finer particle size pigments. The prime advantage of the flow 
point method is in achieving the maximum amount of dispersed pigment per 
batch. 

Flexographic-rotogravure inks 
Seven carbon blacks (Table 10) were compounded in a polymer system 
common to rotogravure and flexographic inks, the resin being a polyamide 
type used in co-solvent flexographic or D-type rotogravure ink formulations 
(generally with a blend of alcohols and aromatic or aliphatic solvents in the 
vehicle). Dispersions were produced in a typical ball mill grind, the prime 
objective being to study the effect of carbon black type under identical formula- 
tion conditions (Table 9). The carbon blacks and their colloidal properties are 
included in Table 10. A I6 hour ball milling cycle was used for these carbon 
blacks, this being similar to accepted laboratory testing procedures approximat- 
ing normal production cycles. Samples were also extracted after 3 and 8 hours 
of dispersing time in order to assess the rate of quality development in terms of 
the QTM d~spersion analyses. As in the other studies for this paper, the QTM 
mcasurements were made on inks that were reduced to approximately 5 per cent 
(by weight) in the film forming solids. Quality appraisal (e.g., blackness and 
gloss development) was performed on inks reduced 33 per cent with solvent on a 
weight basis. This is similar to the quantities used when the inks are reduced 
to actual press viscosity (standardised as 25 seconds in a No. 2 Zahn cup). Thus, 
the ink letdowns for colour and gloss testing were not the same as those used 
for the QTM ratings. However, it is felt that this did not have a significant effect 
on the results. The letdowns for the Quantimet were visually compared to press- 
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outs of the same ink pastes in the unrcduced state. In all instances. the same 
relative dispersion patterns werc shown for all the blacks studied. The major 
effect of the letdown procedure is to reduce the concentration of agglomerates 
in the sa~nples without changing the relative dispersion ratings significantly. 

The dispersion patterns of the seven blacks were determined in terms of 
agglomeration index and weight mean agglomerate sizc (Fig. 42). All of the 
blacks had a relatively low weight mean agglomerate size (in the range of 5 
microns) after 16 hours of ball milling. Howcvcr, therc wcrc significant differ- 
ences in the reduction of agglomeration index. The large particle sizc carbon 
blacks-LCF-3 (Statex 93) and Raven 800-both gave excellent dispersion in 
this respect. as did the LCC-2 (Raven 15). The reduction in agglomerate fre- 
quency was not as complete for the other four blncks, although acceptable final 
levels of agglomeration index were reached by the LFF- I (Peerless 159, M FF- I 
(Raven 3 9 ,  and MCF-5 (Raven 1200) blacks after 16 hours of ball milling. 
The MCF-2 (Raven 30) types of black remained at :I fairly high agglomeration 
index even after 16 hours of ball milling, presumably owing to the combination 
of the low oxygen volatile content and small aggregate size (low structure) of 
this carbon. 
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Fig. 42. The effect of carbon black type on dispersibility in a Hexographic ink 

Blackness and gloss ctevelopment 
The blackness development for these seven carbon blacks as a function of 
ball milling time is illustrated in Fig. 43 (Table I I). These data are plotted 
relative to the largest particle size black, Statex 93 (LCF-3) at a rating of zero at 
16 hours of dispersing time. In contrast to most of the data for paint systems, 
there were some significant blackness differences attributable to dispersion. 
These are most apparent for the Raven 30 (MCF-2) and Raven 35 (MFF-I) 
type carbon blacks, which had the slowest dispersion development of all the 
samples. Both blacks increased about 10 shades in jctness between the 3 hour 
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and I6 hour ball mill grinds. (A shade is the smallest difference in jetness 
detectable to the human eyc. By standard proceduresl%ome 260 jetness shades 
are distinguishable between the coarsest and finest grades of carbon black.) 
Blackness differences as functions of dispersion were minimal for tllc other 
samples. Blackness variations between the different types of black, however. 
are quite pronounced. These ditrerences are predominantly attributable to 
particle size and strilcti~re differences (Table 10). 

PEERLESS 

STATEX 

o l n  

RAVEN 
800 

RAVEN 
30 

RAVEN 
35 

RAVEN 
15 

3 8 1 6  3 8 1 6  3 8 1 6  3 8 1 6  3 8 1 6  3 8 1 6  3 8 1 6  

HOURS OF BALL MILLING 

Fig. 43. Jetness developrnent-carbon blacks in a flexographic ink system 

The gloss ratings of the inks containing these different blacks (Fig. 44) were 
closely related to the dispersion characteristics. The LCC-2 (Raven 15) black 
had tlie best final dispersion and the highest gloss level, while the MCF-2 (Raven 
30) was the poorest in dispersion and gloss development. It was again 
observed, however, that each type of carbon black appears to have its own 
specific pattern for gloss development as a function of d~spersion. Some of the 
results cannot be f~rlly explained. For example, the MCF-5 type carbon has a 
significantly higher gloss than thc MFF-I at roughly equivalent dispersion 
quality. Surface chemistry effects, inducing specific carbon-polymer interactions, 
are also iniportant factors. The LCC-2 (Raven 15) and the LFF-I (Peerless 155) 
carbons have tlie most active surfaces of all the pigments in this series, as seen 
in their colloidal properties (Table 10). No doubt, the enhanced activity of these 
pigments is a contributing factor in wetting and dispersibility and, hence, rapid 
attainment of gloss. Raven 800 (the development carbon) and LCF-3, both 
coarser and easier to disperse than the others, have acceptable dispersion and 
quality classifications. 

Surface chemistry studies 
For this part of the investigation, the surface of a medium colour furnace 
carbon black (Raven 1200. MCF-5) was modified by chemical oxidation, 



Fig. 44. The effect of dispersion on gloss development in a Hexographic ink 

thermal oxidation, and partial graphitisation (Table 13). Both the chemical and 
thermal oxidation treatments produce a significant change in surface activity in 
terms of increased oxygen functionality.l51 I". l i  Partial graphitisation, on the 
other hand, lowers surface activity by removing most of the oxygen functional 
groups and also by forming more continuous graphite layers at the surface and 
removing internal layer defects. Their dispersion characteristics were studied. 
with LCC-I (Raven 1 1 )  and MCF-I (Raven 40) samples, in a heatset ink 
forlnulation as well as the medium oil alkyd system discussed earlier. The 
for~nulations used for these experiments are listed in Table 12. The i n k  pastes 
\\ere reduced for QTM analysis as described in a previous section. 
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RAVEN 1200 
GRAPH. 

r l  

RAVEN 1200 
THFRM OX 
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THERM OX GRAPH - 

RAVEN ! I  

RAVEN II 

NUMBER OF PASSES ON 3 ROLLER M I L L  

Fig. 45. The effect of carbon hlack st~rface chemistry on dispersibility in a heatset ink 
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The dispersion patterns of the six blacks in the heatset ink are shown in Fig. 
45. A simple ink formulation was used to facilitate observation of the basic 
pigment-\chicle interactions without side effects from other ingredients. The 
samples were dispersed for fo~lr  passes on a three-roll mill. Striking differences 
in agglomeration index were observed, attributable directly to the surface 
chemistry variations among these carbon blacks. The best dispersion was 
obtained with the chemically oxidised Raven 1200. This sample showed a very 
low agglomeration index after only one pass. Increased oxygen functionality 
(surface ~olatile matter) generally acts as a built-in wetting and dispersing aid 
in man! \chicle systems used in the coatings industry. The enhanced acidity 
and polarity1" 11"* l7 on the carbon surface serves to reduce the interfacial tension 
that retards wetting of pigments by vehicles, thereby aiding the vehicle to pene- 
trate the clusters of pigment particles and induce a more rapid rate of dispersion 
of these particles. 

The thermally oxidised sample gave the same excellent dispersion level as the 
chemically oxidised black after the second pass, but did not match the quality 
achieved by the latter after the first mill pass. Partial graphitisation produced a 
sisnificant drop in dispersion quality, showing a higher agglomeration index 
than the control sample at each stage of the dispersing procedure. The poorest 
dispersion was obtained with the MCF-I (Raven 40) type of carbon owing to its 
low struct~lre and the lack of surface oxygen filnctionality. The LCC-I black 
( R a ~ e n  I I )  gave very poor d~spersion and with results similar to the thermally 
oxidised sample. Similarity of the two blacks is to be expected because the 
LCC-I type (Raven I I) is manufactured by the channel process and is also 
subjected to thermal oxidation. Both these blacks are more poorly dispersed 
after the first pass on the three roll mill than the chemically oxidised specimen 
of Raven 1200. This suggests a small degree of aggregate sintering which is 
often caused by thermal oxidation. 

The agglomerate size data were relatively insignificant in these experiments, 
largely because of the relatively low agglomeration index figures for many of 
these samples. Only the MCF-I (Raven 40) type of black was characterised by 
significantly larger agglomerate size than the other carbons. 

None of these blacks had weight mean values in the range of 5 microns even 
after four passes on the three-roll mill. This contrasts with the ball milling or 
modified sand grinding results. Both ball milling and modified sand grinding 
almost always produced a noticeable reduction in agglomerate size after long 
dispersing times. The three-roll mill appears to be quite superior to other dis- 
persing equipment in reducing the amount of agglomeration, while the ball mill 
and the sand mill are more efficient in reducing agglomerate size. Earlier 
studies' did show. however, that, when operated under high pressure, the three- 
roll rnill is very efficient in terms of both dispersion and agglomerate size reduc- 
tion. 

Light micrographs (Fig. 46) illustrate the dispersion characteristics of five of 
the carbon blacks in this series. The areas reflect primarily the differences in 
agglomeration index, rather than agglomerate size. The latter function is based 
on QTM analyses of a large number of fields. In view of the high level of disper- 
sion quality for most of these samples, it is quite difficult to select exact areas 
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which reflect both the ;~gglomerate size and agglon1er:ttion index average resillts 
as determined by the Quantimet. Nevertheless, the improvement in dispersibility 
as a function of increased oxygen functionality is quite apparent in these sets of 
micrographs. The heatset system appeared to bc the ~iiost sens~tive in this 
respect of all the different vehicles studied in this work. 

3 ROLLER MILL 

1\) 
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The resultant inks were cvnluatcd by examining prints made with a Vander- 
cook Universal 1 Test Press (Vandcrcook and Sons, Inc., Chicago, Illinois, 
USA) on a 60 pound coated magazine cover stock. Prints were made with the 
ink samples extracted after eacli pass on the roller mill, using a constant volume 
of ink on the press. Identical prints from eacli run were tested for surface gloss in 
the full tone areas and compared to the dispersion ratings as measured by the 
QTM. 

The QTM analyses, as in all instances in this work, were performed with 
reduction in the carbon loadings. However, print quality, in contrast to the 
other properly nssessmcnts. was established with the inks in their original 
dispersed state. As in every instance, quality interpretations were made in a 
fi~shion similar to that which would be i~tiliscd on the product in its particular 
area of application. 

The dispersion gloss rclationsliip of the diffcrent blacks in the heatset system 
is illustrated in Fig. 47. The gloss ratings are plotted against tlie reciprocal of 
agglomcrntion index alone, bccause the agglomerate size data were relatively 
insignificant. The results show a significant correlation with dispersion, but can 
be only partially explained on this basis. At equivalent dispersion, the chemically 
oxidised sample showed signilicantly Iiigher gloss than either the thermally 
oxidised black or  its cliannel black counterpart, the LCC-1 (Raven 1 1 )  sample. 
The untreated Raven 1200 sample also gave higher gloss than the thermally 
oxidised black at equivalent dispersion. 

r "A"'" I?'"'. 4 " r r l N i H O L  

H A V t N  1200, T I I t H M  OX 

4 

V) 

' "47  ~ 

4 5  -- 
I l A V i N  l ? l l t r ,  riF<AF'IIITISCLJ 

i 

Medium oil alkpi vc'hic.1~ 
D~spersiori profiles (Fig. 48) on tlie same series of treated Raven 1200 samples 
were obtained after ball milling in a medium oil alkyd vehicle. Because of the 
small quantity of sample available for the oxidised and partially graphitised 
blacks, the ball Inill dispersions were prepared using a reduced batch of material 
(100 grams total) in a pint container using ;tin steel shot. However. the 

37 

35 

7 
-1 I I 1 I I 1 I I I I I 1 l I I I 1 1 - - - ~  

0 4 R 1 2  16 2 0  24 2 8  2 36 52 6 
OlSPF rlS,l 'rN OLlAL ITY INL)CX (10') 

Fig. 47. 'I'he effect of diqpersiun on print quality of a heatset ink 
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results appear co~nparable to the larger 500g or 1,000g batches which were 
dispersed with Gin steel shot in the other studies. The Raven 1200 control 
sample showed a similar dispersion pattern under both conditions (e.8.. Fig. 48 
vs. Fig. 7). 

X 1200 RAVEN 1200 
W 

125 Z 
100 

0 
5 75  
K 
W 
3 5 0  

S 
2 5  

Q 
n 

RAVEN 1200 RAVEN 1200 RAVEN 1200 RAVEN 1200 

HOURS OF BALL MILLING 

Fig. 48. The effect of carbon black surface chemistry on dispersibility in medium oil alkyd 

Significant dispersion improvements were seen with both the chen~ically and 
thermally oxidised samples relative to the untreated control. A marked drop in 
agglomeration index was observed after 8 hours of ball milling in comparison 
to the control. Both the oxidised blacks also showed the best dispersions after 
the final ball milling cycle. The dispersion of the partially graphitised sample 
was similar to the control. 

All the blacks showed a similar pattern in agglomerate size reduction. which 
is again typical of the ball milling procedure. Small agglomerate size was 
observed for all of the different samples after the final ball milling cycle. How- 
ever, the most rapid reduction in agglomerate size was shown by the chenlically 
and thermally oxidised blacks. 

Rheology measurements on the four blacks are illustrated in Fig. 49. These 
viscosities were taken at three different shear rates with a Brookfield viscometer 
(Brookfield Engineering Laboratories, Stoughton, Massachusetts. USA). Of 
course, these are, again, relative viscosities. Any true measurement of viscosity 
must be observed relative to a specific shear rate. The Brookfield is widely 
accepted as a quality control instrument. More sophisticated viscometers. such 
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as those possessing a cone and plate assembly, may be preferred for determinilig 
true viscosities at specific shear rates. The results for the treated samples showed 
an interesting pattern relative to the untreated control black. The thermally 
oxidised black, possibly due to the large increase in surface area with such 
treatment (Table 13), gave relatively high viscosity at the lowest shear rate, but 
was significantly lower in viscosity than the control black under higher shear 
conditions. This reflects the better wetting characteristics attributable to the 
oxygen volatile on the black surface. The chemically oxidised black, on the 
other hand, showed very low viscosity at all three shear rates, which is attribut- 
able both to its high surface volatile and also to the fact that there is no increase 
in surface area with this type of treatment. The cons~stently low viscosity of the 
partially graphitised black may be attributed to the low surface activity of such 
a black, e.g., the aggregates neither bond very strongly to themselves (a condi- 
tion conducive to high thixotropy) nor to the vehicle. The resultant gloss- 
dispersion relationship (Fig. 50) appears to be influenced by the different 
viscosities as well as the dispersion variations. The latter ratings were again 
expressed in terms of agglomeration index only for these samples. 

MCF - 5 (RAVEN 1200) 

L I I 
10 5 0  1 0 0  

SHEAR RATES (rpm) 

Fig. 49. Kheolagy of medium oil alkyd mill base pastes as  a function of carbon black surface 
chemistry 
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Fig. 50. Gloss development for MCF-5 (Raven 1200) carbon samples of varied surface chemistry 
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% 
Volatile 

Appendix 1 
Ttrhlc I 

Crrrhotr 1)lrrc.k colloirlnl properties 
pcrrticlc sizc series 

Mrclirrr~r oil crlkyrl l~ai111-hal1 rrrill arrt/ rno(lifict1 srrritl rnill r/i.spersioru 

Mill base formula 
23.0 Carbon black 
51.9 Medium oil alkyd vehicle (50% N.V.) 
22.3 V M &P naptha 
2.4 24 j! lead napthenate 
0.4 ASA 

-- 

100.0 

Strueture- 
dbp 

absorp- 
tion 

(ccl loo g) 
- - -- 

145 
112 
106 
72 
67 
56 

84 
79 
79 
3 5 

Paste reduction fc~rrn~~la 
8.8 Mill base 

69.4 Medium oil alkyd vehicle 
20.4 VM&P naptha 

1.4 Drier solution* 

I 
Trade name : Process - - Industry symbol 

I 
- - . . - . - -. 

Superba , Clionncl MCC-I 
999 Channel MCC-2 
Raven I I Channcl LCC-I 

*6% cobalt napthenate, 6 %  nianganese napthenate, 24% lead napthenate @ 2/1/1 ratio 

Particle 
diameter, 
:iritlinietie 

mean 
(A) 

- .- 

140 
I60 
250 
210 
270 
290 

330 
540 
700 

3000 

Raven 1200 
Raven 30 
Raven 800 

Statex B-12 
Statex 93 
Molacco H 
Statex MT 

Surface 
area 
N, 

adsorp- 
tion-bet 
(mV/g) 

695 
275 
147 
1 20 
82 
77 

58 
3 3 
28 
10 

Furnace MCF-5 
Furnace MCF-2 
Furnace Development 

Carbon 
Furnace LCF-2 
Furnace LCF-3 
Furnace LCF-4 
Thermal MT 

I 
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firblc 4 
hlill l>asc firnrrrlatiolu 

fio~rr ,flow poilrt tki~tar~ni~~rrtiuns ill N 

I P I P ( / ~ ~ I I ~ I  oil rrlkjlrl vehicle 

I 

,\'PO Spactrn Mli I 1  . . . . . . I I 1 14* 12 
Vehicle . . . . . . . . 1 :  :: I 36 43 53 
Mineral spirits . . . . . . . . 62 1 53 42 35 

Formulation~f 

Total solids . . . . 
Pignient/bindcr ratio 

Srrperl~u . . . . 
Vel~iclc . . . . 
Mincral spirits . . 

Total solids . . 
Pignientlbindcr rat;; 

.Yo. 999 . . . . 
Vehicle . . . . 
Mineral spirits . . 

Total solids . . . . 
Pignient/bindcr ratio 

R[in'cri I I . . . . 
Vehicle . . . . 
Mineral spirits . . 

Wt. r,: vehicle solids 
-. -- -- / 20 i 25 30 

I 

Total solids . . . . . . . . . . 3 37 39 42 
Pigment/bindcr ratio . . . . . . 1.33 1 .92 .66 

I -- I 
- -  

RUIJCI~ 40 . . . . . . . . 26 I 22 20 
Vehicle . . . . . . . . 30 I 39 48 
Mineral spirits . . . . . . 53 44 j 39 32 

Total solids . . . . . . . . . . !  36 41 42 44 
I'igment/binder ratio . . . . 2.09 1 1.72 1.11 .SO . '  i 

I I I 

'"Ideal forniulations indicated in bold-face type. 
+All formi~lations contain 0.4 per cent drier solution. 
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.~ - - - ~ -  

Vehicle solids, % . . . . . . 

Carbon . . . . . . 
AT-56 (50':,,' N.v.)* . . . . 
MM-47 (60";: N.V.)? . . . . 
Solvesso 100 . . . . . . 

Neo Spectra 
Mark I 1  

I -- - 

40 

N o .  999 Raven I I 
- - 

40 25 I 

Raven 30 
- . -  

25 

*Acryloid AT-56 (50 per ccnt non-volatile) 1 Rohm k 1i:ia.; Co. 
IUSorniite MM-47 (60 per ccnt non-volatile) 

I I No. 999 R;~vcrl I I Rnucn 40 
.- -- - .- - - - -- . 

Vehicle solids, ";, . . . . . . . . . . 25 20 20 

Carbon . . . . . . . . . . . . 21.9 24.1 
1210-MS*' . .  . . . . . . . . . , 30.7 In.? 23.4 22.8 
Soya lecithin . . . . . . . . . . 0. I 0. I 0. I 
Mineral spirits . . . . . . . . . . 48.0 52.3 50.8 
Drier .;elution . . . . . . . . . . 3.0 2.3 -.- 7 7 

Pigment/hinder ratio . . . . . . . . 0.99 I .50 I .76 

'"31 modified polyure~lianc vehicle. c~rgill, lnc. 

T~rhk ,  7 
C'crr.horl hlrtc~k colloirktl pi,opc,rtii,.s 

ptrr/iclr, si:c8- f l o ~ l  poirt/ .si,ri(,.v 

I 
\ I SirrSacc 

Wrticlc arci  1 
I diamctcr N,  Structi~rc- 
I arithmetic , ahsorp- i IIRP 

111c3n tion- 1 ahsorp- 0 

I (.A) I3ET I tion Volatile 
~ r a d e  narne ~ ( ~ c c s s  - lndilstry ( ~ n ? / g )  (cc/ 100 g) i 
. - - - - - . - - - - - - - - ~ - -- 

999 Channel MCC-2 1 60 275 112 I 50  
Raven 1200 , Furnacc MCF-5 2 1 0 120 72 1.5 
Raven 30 Furnace MCF-2 270 82 67 1 .O 
Statex B-12 1 Furnace LCF-2 330 58 84 1 .O 
Molacco H Furnace LCF-4 i 700 28 70 0.3 



T(11)lc. 8 

Mill h s r  firriir~lrr~ions: 
r?ic~rlirtrii lo cotrr..sc c:ri.hotrs 

it? Jlo~i~ poir~l rlr~cr.ri~ir~a/ion.~ 
nrc~tl~rir~i oil nlkj.rl 1~chic.1~~ 

Vcl!iclc solids, ",, . . 20 

Carbon . . . . i 18.9 
P-53 1 -50* . . . . 32.4 
Mineral spirits . . I 48.3 
Drier solution . . 0.4 

Pigment hinder . . 1 .I5 

I 1 Raven I200 , Raven 30 i Staler 8-12 ! Molaao  H 

'!'Mediuni oil rrlkyd vchiclc, Hcckasol P-53 1-50, Rcichold Clictiiicals, Inc. 

I'olyamiclc type 
Di\pcrsion of i~n~.cduced ink 

13.8 Carbon black 
41.4 Polynmidc rcsin 
31.4 lsopropyl alcohol 
13.4 Toli~cnc 

- -- 

100.0 

I<cdtrction for QTM ratings 
IJnrcdi~ccd ink 

132 .0  Rain 
Polya~i~ide resin varnish 37.4 Isopropyl alcohol 

J 16.0 Toluene 
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I i 1 Blackness dwelopnicnt* 

B. Jetness shades 
(series) Carbon black 

Raven 1200 . . 

* The number of shades of jctncss increased by ball milling each (individual) carbon black 
(column A) are relative values for each carbon black. The number of shades in jetness 
incrcascd by ball milling thc (serics) of seven blacks (column B) permits comparison of the 
jctncss of the difrcrcnt carbon blacks. 

8 59.4 I- I 
I 1 6 ! 69.9 I + 3  

Dispersion 
time ( h o ~ ~ r s )  

- -. . - - 
3 

60' 
Gloss 

-- - - - 

41.4 

A. Jctncss shades 
(individual) 

- - - - 
0 



A. Medium oil alkyd paint-hall mill dispersions 
Mill base formula 

20.0 Carbon black 
54.0 Mcdiu~ii oil alkyd vehicle (SO",, N.V.) 
23.2 VM Rc I' Naptlia 
2.5 24:'; Laid napthcn:~tc 
0.3 AS A 

I'aste reduction formula-5 % CB on FFS 
10.0 Mill base 
68.3 Medium oil nlkytl vehicle 
20.1 VM Rc 1' naptha 

1.6 Drier solution" 
- -- - - -  - - 

'6% cobalt napthenate, 6 %  manganese napthenate, 24Ytg lead napllicn;~tc ( 1 1  2/1!1 rnllo 

B. Hcatsct ink-three-roll mill dispersions 
Dispersion formula 

15.0 Carbon hlnck 
70.0 Hcutsct vehicle (OO",; NV) 
15.0 Solvcnl (High boiling pctrulcum hydrocarhnn 

fraction) 
- - 
1 00.0 

Cutback f o r m ~ ~ l a  for QTM ratings 
9 Dispersion 

9 1 Flcatscl veliiclc 
- 
100 

I 
i Oil 

Type 01. 1 ahsorp- i ",, Surf;~cc 
Ircatmcnt lion Volalilc :ires h, 

1 ! still' ab5orp- 

Trade name Process - Indirstry symbol , , 1001h.) 

Raven 1200 
Raven 1200 
Raven 1200 
Raven 1200 
Raven 40 
Raven 1 1  

-- -- . - - - - - 

Furnace MCF-5 
Furnacc MCF-5 
Furnace MCF-5 
Furnace MCF-5 
Furnace MCF-I 
Furnace ILCC-I 

- - 

Nonc 7 1.5 120 
Clicm. ox. 12.2 1- - 5.  I 123 
Tlicr. ou. , 12.7 0 .  h 36 1 
C;;$. 1 13.3 0. I 95 

8.4 1 .o 102 
None 1 13.9 5 5 147 
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Appendix 2 
Vehicles and resins used in formulations 
Medium oil alkyd vehicle-Beckasol P-53 1-50 
Reichold Chemicals, Inc., White Plains, New York 

Heatset vehicle-Thermex A-6-E 
Lawter Chemicals, Inc., Chicago, Illinois 

Polyamide resin-Versamid 940 
General Mills Chemical Division, Kankakee, Illinois 

Thermosetting acrylic vehicle-Acryloid AT-56 
Rohm and Haas Company, Philadelphia, Pennsylvania 

Melamine formaldehyde vehicle-Uformite M M-47 
Rohm and Haas Company, Philadelphia, Pennsylvania 

Polyurethane-I2 10-MS 
Cargill, Incorporated 
Minneapolis, Minnesota 

Pigments 
All carbon blacks used are under registered trademarks of Cities Service 
Company (formerly of Columbian Carbon Company). 

Discussion at the Scottish Symposium 
MR J .  A.  L. HAWKEY referred to a particular feature which was evident in many of 
the results, the apparent anomaly between density, gloss and other visual characteris- 
tics. This might be due to the fact that the systenis studied had all been heterogeneous, 
and the differing chemical nature of the surfaces of the different carbon blacks might 
cause loss of compatibility in the vehicle phase to varying degrees. Had the authors 
any views on the possibility of the resin components that remained in the continuoi~s 
phase being different for different blacks? I f  this was the case, one would expect as 
many differences within a series of formulations based on say, alkyds, as one would 
when comparing with formulations based on other resins. 

MR M. D. GARRET agreed that this effect might occur. No specific investigation 
on those lines had been carried out, but he could remember no incompatibilities, or 
haze, in the test panels. 

MR N. SCOTT, following on from Mr Hawkey's point, said that he agreed that gloss 
comparisons could be misleading, owing to the number of variables present. For 
instance, high surface area pigments wo~lld be formulated at lower PVCs, allowing 
Inore free binder and hence giving higher gloss. Further, in the ink systems, as the 
authors had pointed out, difl'erent viscosities would result in different degrees of 
"hold-out" on the paper. Had any attempts been made to equalise the viscosity of the 
fcumulations, both to give a more representative dispcrsibility and improve the 
usefulness of gloss comparisons? 

Secondly, he noted that the Daniel flow point method had been used. It seemed 
obvious that the standard method of mulling would not provide adequate dispersion 
of the black. What modifications had been used to ensure adequate dispersion? Tn 
general, dispersions made by this method were subject to instability, and colloidal 
or thermal shock could occur on let-down, causing reflocculation. Had determinations 
been carried out on fresh dispersions, or had consideration been given to this effect? 
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MR W. M. HESS began by pointing out that the aim of  the paper had not been to 
optiniise the perforniance characteristics of  forniulations, but to compare the pro- 
perties of various carbon blacks under similar conditions, and to relate dispersion 
characteristics to final properties. Perhaps under ideal conditions the methods the 
authors had applied would not be used, but it had been necessary to keep the procedure 
simple to obtain a siniple coniparison. 

MR GARRLT replied to the points referring to the practical approach. The basic 
Daniel flow point method would not have been satisfactory; in fact, a modified 
technique. using a mini sand mill and a fine mesh paint strainer, had been applied. 
They had been aware of the instability probleni, and the dispersions were examined 
\\hen fresh, and let down carefully to the sanie PVC for the niicroscopical analyses. 

As firr as viscosity was concerned, no attempt had been made to equalise this for 
various formulations. The effects of the variation in carboll black properties were 
being studied, as ~ l e l l  as tlie qualities imparted to the conipounds in which they were 
incorporated. There was little variation in viscosity of the paints, which were all 
reduced to spray viscosities. Gloss readings werc made on these by drawdowns on a 
coated, non-porous stock. 

The amounts of pigment, in each case, were the same. Therefore, any variation in 
gloss \\as due to the dilTerence in the properties of  the carbon blacks, which was the 
hbject of the investigation. It is obvious tliat different pigments are formulated with 
regard to their respective properties, and the author had been aware of this; the intent, 
however. \\as to study the carbon blacks in these systems and not to formulate com- 
mercial compositions. 

Regarding the lieatset ink system to which Mr Scott referred, again it was desired 
to test tlie pigments ~uider similar conditions and not forniulate for each one. The 
prints and quality determinations, unlike the others in this study, were made with the 
concentrates thcmselvcs. containing the higher pigment loadings that would be typical 
in thi5 area as opposed to testing of the letdowns or  reductions with most of the other 
compounds in the scrics. The cotiiparative viscosities werc similar, and it was not 
thought that they played a significant part in quality development. 

DR S. H. RELI. said that, in order to obtain a cotiipletc picture of tlie effect of dis- 
persion, the paint should be s t ~ ~ d i e d  at all stages from tlie initial nianufacture; e.g. 
after storing, during brushing, tlie wet film, and the dried film: and the particular 
property under review related to the dispersion at tlie appropriate stage, c.g. gloss to 
the dispel-sion in the dried lilni. Would thc authors comment? 

MK HISS agreed that this was a valid point, particularly in tlie case of pigments 
other than carbon black. where efTects due to dispersion were more pronounced. 
In fact, some work on tlie cxami~ration of dispersion at  all levels was planned. 
Agglomeration hod, in fact, bceri studied in thin drawdowns on microscope slides, 
and it had been found tliat agglomerations of particles of around 5-10 microns in si7e 
in a carbon black systcnl had little effect on the final properties, and none on the 
ietness. 

Further incestigation was dil'ficult, and had not been attempted as yet. General.1~ 
speaking, tlie Quantimct technique had been developed as a practical, relatively easy, 
method of examination. As, with carbon black, small agglomerates did not appear 
to affect final properties appreciably, tlie scope ofrered by the technique was adequate 
for most purposes. 

M R  W. F. MCDONNI LL said tIi;it in soliie cases the use of a low niolecular weight 
solvent could aid the prevention of agglomeration, as the sn~aller solvent molecules 
could penetrate the agglomerates more easily. Had the authors any information 011 

the use of specific solvents to iniprove the dispersion of the fine particle size carbon 
blacks during ball or  sand milling? 
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MR GARRET replied that this aspect would be worthy of investigation, but no work 
had been done as yet. The paper had considered many parameters to a moderate 
degree, but a study of the individual parameters in depth was planned. 

MR M. HESS commented on investigations he had carried out at  the Ostwald Insti- 
tute, in conjunction with Professor Kruger. A Zeks spectrophotometer had been usetl 
in an  attempt to determine the white contents of various blacks. I t  had been found 
that visual judgments were superior to those obtained instrumentally. 

Mu GARRET agreed that any instrument capable of nieasuring blackness accuratel;: 
would be of interest. He knew of no equipment yet produced which was superior to  thc 
human eye. 

MR D. ALDCROFT said that the correlation between the surface areas obtained from 
size measurements with the electron n~icroscope and nitrogen BET surface area 
values was very good. What model had the authors used as a basis for surface area 
calculation by electron microscopy? 

MR W. M. HESS replied that it was very difficult to find a lilodel for carbon 
aggregates. As the slides had shown, they were very irregular, and no two were the same. 
In fact, much work was being carried out on this; individual aggregates were being 
studied by the Quantiniet system, and attempts being made to obtain form factors 
based on total projected length related to average width. Particle frequency functions, 
based on the rate of the projected aggregate area to the average particle area, had 
also been obtained. Most grades of blacks had been examined in the dry state, using 
ultrasonic dispersion techniques. High structure rubber grade blacks were shown to 
have length and width ratios as high as 4.8, and low structure paint and ink blacks 
about 2.8. 

Similar work was also being carried out on blacks in various vehicle systems: 
this was much more difficult and time consuniing, but results to date seemed q u ~ t e  
promising. 

In regard to the specific question on the electron n~icroscope surface areas used 
in the paper, these were based on the size distr~bution of the particles within the 
aggregates. For these determinations, the particles were assumed to be unattnchcd 
spheres, which was theconventionalelectron microscope model that had been employed 
for a number of years. The correlation between electron n~icroscope and BET 
surface area was generally quite good, provided that the carbon blacks did not difl'er 
appreciably in surface porosity. W ~ t h  the exception of the highly porous channel 
blacks, E M  surface areas were generally somewhat higher than the BET values. This 
was attributable to the surface that was lost because of particle fusion within the aggre- 
gates. 

MR HAWKEY, returning to the topic of nleasurement of jetness, said that he felt 
that it was inlpossible to have adequate instrumental measurement unless a large 
statistical survey comparing the assessments of panels by observers with instrumental 
values was carried out. Although. formally, black was not a colour, it could not really 
be considered as such, as the ultimate judge was the consumer, who judged it by 
physiological and psychological processes, and often required a black to have, for 
instance, a blue tinge. Hence, instrumental assessment without correlation with 
observer judgment might be of little value. 

MR GARRET agreed that this was so. His own company had a visual rating system 
of 260 mass shades which could be distinguished by a trained observer. Instrumentally. 
niany of these shades were not distinguishable, and there might be n o  difference to 
the untrained eye. 

It was obvious that accurate instrun~ental measurement would be of great value. 
and he did not think that this was impossible; using the right light source and sensor. 
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possibly with a photoni~~ltiplier, i t  might even be possible to include the kind of the 
colour difference Mr Hawkey had mentioned. 

MR T. HANRAHAN commented on the studies on agglonieration index. It appeared 
from the data that 32 hours of ball milling was equivalent to 15 minutes of sand milling. 
What typc of ball niill had been ~ a e d ,  and c o ~ ~ l d  the authors coninlent on the use of 
various types of ball niill and their comparison for the agglomeration index? 

MR GAKIIET said that the relationship between ball niilling times and modified 
sand milling times was tiierely 11 comparison! The assumption that 32 hours on the 
ball mill equalled 15 minutes on the sand mill waserroneous. In fact, it was not possible 
to obtain correlations of this typc from the work they had done. 

The niill used had been a steel niill with steel balls, and this had been found to be 
more etl'ective than, say, a pebble mill. The important feat~ire was the density of the 
grinding niedia; the higher the density at the same relative size and shape, the better 
and faster would be the pigment dispersion. Regarding size of the niedia, the smaller 
sizes were better becr~usc of more particle contact with the pigment itself, thus imparting 
the improvenicnt in rate and quality of dispersion over larger size dispersion media, 
under the same conditions of testing. This fact had also shown up in sand milling, 
where finer media, s~lch ;IS small steel shot and fine grade zirconiuni oxide, were more 
effective. 

Ultimately, a ball mill would ~lsually give better dispersion with carbon black, 
but the alnd niill was much quicker. 
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Operating and design principles 
of high speed dispersers* 
By F. K. Daniel 
Daniel Products Co., Jersey City, NJ, USA 

S~ai~nrnry 

The high speed disperser (HSD) has bccomc an indispensable tool for premixing, for premixing 
~ n d  dispersing soft textured pigments. as wcll as for post~iiixing. I t  does not break up hard 
agglomerates, nor can it disperse highly viscoi~s systems. I t  therefore cannot replace all other 
mills. 
No one impeller works best in all situations; tlicrcfore, a paint plant needs several ditkrent 
impeller types as well as different si7cs. Expcricnce as wcll as pilot s t ~ ~ d i e s  arc needed to 
determine whizh inipcller perft>rnis a given job best, and/or to adapt the mill base composition 
to the impeller characteris.ics. Such studies, and the burden of switching impellers. pa! off in 
greater output and often in superior paint quality. 
Skill and fill1 co-operation of the batchmaker arc vital for getting optimitm rcsult~ from the 
HSD. The HSD operator shoultl be the most highly trained man on the protiuctinn floor. 

Keywords 
Eq~liprnei~t prii11(1ri1~ i~.s.socii~/i~i/ 1tit11 ~ ~ ~ ( i i ~ ~ i f i ~ c t ~ ~ i ~ i ~ i g  or . s ~ ~ I I ! / I ~ ~ . s ~ . s  

high speed dispcrser 

Les principes du dessein et de 110p6ration des disperseurs 2 
grande vitesse 

Le disperseur h grandc vitesse cst dcvenu LIII outil indispensable pour faire Ic prC-melange t.1 
13 dispersion des pigments dc texture tcndre. ct d'ailleurs pour faire aucun ~iii.lange suhsCqi~rnt 
B la fabrication dc la peinturc clle-niCmc. I1 ne lsci~t ni rcduirc les agglomkrats durs ni disperser 
Ics systemcs tres visqi~eux. Ain~i  il nc pcut pas rcmplacer t o ~ ~ s  Ics autres types dc broycur. 
Nul impulseur se coniportc h son meillc~~r dans toutcs Ics applications oil 1'011 en pourrait 
employer. Par consequent Ic fabricant de peintures a bcsoin dc P I L I S ~ C L I ~ S  diflrrcnts type\ 
d'impulseurs et de capacitks cgalenient. I 1  exige dcs etudes-pilotes di.taillCcs nlin de dbcidcr de 
I'impulseur qui rCpond le micux aux hcsoins pnrticulicrs, ou de motlilier la composition J e  la 
masse broyante aux caracti.ristiqucs dc I'itiip~~lsci~r. TeIIcs etudes, ct In pcinc dc hire  cl~anper 
dcs impulseurs sont co~iipcnsCcs par 111 production augmcntCc ct souvc~lt par 1cs peintitrcs dc 
qilalitk super' !ewe. 
Afin d'obtcnir lcs rksultats optirnaux :i partir dcs dispersci~rs 1 grandc vitcssc. i l  cst cs.;ctitiel 
d'avoir du personnel tres hahilc sur lcqiicl on pcut comptcr. Celui qui s'occupc dcy di\!>crict~rs 
:I grande vitcssc dcvrait Ctrc Ic menibre dc I'cquipe dc protluction le plt~s expi.ritiic~irb. 

Arbeits- und Konstruktionsprinzipien von Schnellmischwerken 
Z I I . ~ ~ I ~ ~ I I I ~ ~ I ! ~ ~ ~ . Y . S I I I I ~  
Der Schncllmischcr ist zu cincm uncnthchrlichcn Wcrkzcug fucr tl:ls Vormischcn. \c>\%ic 
das Vormisclien 1111tl Dispergicrcn wciclikocrnigcr I'ig~lic~ltagglo~~ic~~i~tc, und letzthi.1 filer 
das Nachmischcn gcworden. Er ist nicht (hcllig. li;~rtc Aggregate 711 -1crk1einern otler 
liocliviskose Systemc ztr dispcrgieren. Dahcr ersctlt cr nicht allc antlern Dispergiermaschi~~en 
und Muehlcn. 

- . -  -- - - ~- 

'Vrescnted to the West Riding Section on 24 April 1970 and to the Trent Valley 13rancIi of 
the Midlands Section on 28 May 1970 
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Kein Impeller, cgal wclcher Konstruktion, eignet sich gleich gut fuer alle Zwecke; infolgedesscn 
sollte jede Lackfabrik verschiedenc Impeller Typen und Groessen einsetzen. Erfahrung und 
Versuchsarbeit sind erfordcrlich, um den geeignetsten Impeller zu bestimmen, oder um die 
Mahlgut Zusammcnsctzung auf einen gegcbenen Impeller abzustimmen. Solche Vorarbeit. 
und das Auswechseln der Impeller, maclien sich haeufig durch erhoehte Produktion, ilnd 
oft auch durch bessere Qualitact des Lackes bezahlt. 
Fachkenntnis und Willigkeit seitens des Bedienungspersonals sind unerlaessliche Vorbedingung 
zur Erziehlung optimalcr Ergcbnissc. Daher sollte der Mann am Schnellniischwerh 
der lioechstbezahltc und bcst trainierte Arbeiter in dcr Lackfabrik sein. 

HMKaKofi MMnennep He MOXeT np0RBnRTb HaMnyYlllMe KaYeCTBa npM BCRKMX YCnOBMRX, II  
n03TOMY KpaCOYHaR YCTaHOBKa ~ p e 6 y e ~  HeCKOnbKMX TMnOB MMnennCpOB M MMIIennepoB 
pa3nM'iHblX pa3MepoB. H e o 6 x o ~ u ~ o  neTanbH0e npeABapMTenbHoe M3yYeHHe ,4nR Tor0 ~ ~ 0 6 b l  
onpenenuTb K ~ K O C ~  MMnennep nywue Bcero BblnonHneT namoe  3anaHMe M '1~06bl nono6pa~b 
OCHOBHYK) CMeCb ~ ~ c > ~ I U K M  K XapaKTepMCTMKaM MMnennepa. T a ~ o e  M3Y'ieHMe M Y C M J ~ M R  
yTpaseHHble Ha 3 a ~ e ~ y  MMnennepoe, Enontie onnaweaw-rcfi 6onee ~ b r c o ~ o f i  n p o ~ 3 ~ o n ~ ~ e n -  
bHOCTbW M qaCTO 6once BblCOKMM KaVCCTBOM KpaCKM. 

Introduction 
The high speed disperser (HSD) is like a car in that it gets by, for ordinary 
purposes, on part of its full potential. But, whereas the car owner knows that 
he is wasting fuel when the engine runs roughly, and eventually has it tuned, the 
HSD owner seldom knows when he is wasting time and money, or is getting 
only second-best results. Even if he is aware of the problem, the HSD owner 
rarely does anything about it. His alibis are: 

Nobody has told him how to run the machine; in fact, it is supposed to be so 
foolproof that no operating instructions are considered to be necessary; 

Even if he knew how to run the ~nachine best, it would be impossible to write 
the exact procedure down on the batch card for the operator to follow, step by 
step. Slight differences in impeller position and speed at any stage of the opera- 
tion can make the difference between good and poor results. It takes a skilled 
operator to know what to do. 

This dependence on skill makes the HSD, in a sense, an old-fashioned 
~nachine, like the roller mill. Yet there are enough advantages to make the paint 
manufacturer accept gratefully whatever results he happens to get froni his 
HSD with semi-skilled or unskilled labour. 

In tlie author's opinion and experience, this willingness to sacrifice opt i~nu~n 
results is only partly justilied. It is admittedly difficult to find skilled batcli- 
makers. Yet, even today, batchniakers respond to careful training if their 
craftsmanship is recognised in the form of better pay and high prestige among 
operators. The real obstacle is not so much the lack of trainable operators as the 
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shortage of qualified trainers and of suitable teaching material. This paper is 
meant to be a "primer" for teaching the f'undan~entals of high speed dispersion. 

Triple function of impeller 
The paintmaking ability of high speed dispersers depends on how well the 
impeller fulfils each of its three functions: ( I )  to wet dry pigment, (2) to disperse 
pigment agglomerates, and (3) to circulate the mill base. The three functions 
partly overlap, but they are, nevertheless, independent parameters. 

Optimum high speed dispersion can only be achieved by impellers with 
properly balanced wetting, dispersing and circulating actions. The required 
balance differs with the mill base consistency, batch size and several other 
variables. Consequently, no onc impeller design can ever be "best" for all 
purposes. Each can justly claim superiority, but only for a limited set of condi- 
tions. 

The batchmaker or his supervisor I I IL IS~  be able to select the most suitable 
impeller (size and design) for each mill base, just as a carpenter must know 
where to use a crosscut saw and where a ripsaw. However, the right tool alone 
is not enough; the craftsman must also know how to use it. 

Operating procedure 
In viscous systems, operating conditions favouring good wetting are quite 
difyerent froni those favouring good dispersion. The former needs turbulence. 
the latter laminar (orderly) flow. Therefi,rc, good high speed dispersion tech- 
nique usually requires a two-step procedure, one for optimal wetting and the 
other for optimal dispersion. 

Fig. 1 .  Wetting-good flow pattern, low pigmentation 

(All diagrams are reproduced by kind pcrmissian o f  Paint and Varnish Production) 



How nice fo meet someone 
who speaks your language 

When you mect ou r  interviewer you'll 
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it's chemistry, physics, engineering, 
mathematics, ccono~liics o r  arts. 
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1 THE PAINT TRADE 
BENEVOLENT FUND j 

The Fund was established in 1935 to  
provide assistance by grants or  loans t o  necessitous 
cases amongst persons engaged in the colour, paint 
and varnish industries and t o  the widows and other 
dependants of persons lately engaged in those 
industries. 

Pension schemes and the " Welfare State " 
are unfortunately not always adequate t o  meet 
difficult circumstances at a given time. It is in such 
cases that the Fund can be of practical assistance. 

Finance i s  obtained by voluntary gifts from 
firms and individuals by way of covenanted sub- 
scriptions, annual subscriptions and donations, 
supplemented mainly by money raised by an annual 
golf competition. The Fund costs very l itt le t o  
administer as all services are given voluntarily. 

For many years the income from these 
sources proved adequate t o  meet the yearly grants 
paid. This is no longer so. 

Contributions are therefore greatly needed 
and should be sent t o  : 

HONORARY SECRETARY, P A I N T  T R A D E  BENEVOLENT 

FUND, ST. STEPHENS HOUSE, WESTMINSTER, S.W.1. 



Wetring 
For best wetting action, the sliaft sliould be positioned in the centre of a round 
tank and the impeller height and speed so adjusted that all the liquid moves 
freely and fornis a deep vortex around the sliaft (Fig. 1). However, excessive 
speed, which causes splashing and rapid heat build-up, should be avoided. 

The dry pigment slioi~ld be charged directly into the vortex as fast as the 
liquid will absorb it ,  i.e. rapidly at lirst, arid then more slowly. To  maintain an 
effective vortex, tlie impeller must be raised intermittently and its speed gradu- 
ally increased as the pignieritntion becomes higher (Fig. 2). 

Fig. 2. \Vetting good How pattern, high pigmentation 

With two-speed dispersers, one switches fro111 low to high speed when the 
niill base begins to move sluggishly (Fig. 3). At no time should the pigment be 
added so rapidly that big lunips form. Du~iiping pigment too rapidly often 
produces specky dispersions; furthermore, it increases rather than decreases 
total processing time, and in some cases it even damages the machine. 

Disper.sin,r: 
A few minutes after pigmcnt loading is completed, i.e., when no more dry 
pigment floats on the batch surface and tlie submerged lumps are broken up, 
the sides of the tank as well as tlie shaft should be freed of dry or  caked pigment. 
The machine is then stopped and the shaft is shifted sideways to a position 
approxitilately midway between the centre arid side of the tank. 

The purpose of this nianoeuvre is to prevent the concentric motion of the 
charge, which results in poor and often irregular power utilisation, poor batch 
circulation at the upper (and lower) rim, excessive heat build-up, air entrapment 
and generally diniinished dispersing efficiency. 
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Fig. 3. \\cttillx -5luggich flow. Necds Ilighcr speccl or Iligller i111l)cllcr ~)o\ition 



Placing the slinft off-centre increases the power demand, and hence, the 
dispersing ellicicncy of :my impeller by 25 to 50 per cent. In place of the deep 
>halt vortex, one or scvcral slinllowcr vortices form on the downstream side of 
tlic sliaft (Figs. 4 and 5 ) .  The distance and depth o f  tlie downstream vortex varies 
\\.it11 the mill b:~sc consistency', tlie position of tlic shaft, the height of the 
impcllcr. and  its s i ~ c ,  dchign and spccd. 

Optimal dispc~-sing spccd is usu:~lly 4,500 to 6,000ft per niinute a t  the peri- 
phery, but it can also bc below 3,0001t per minute in dilatnnt mill bases2. 
Always, proper vortex form:~tion is the key to clrective dispersion. 

Complele circulation of the mill base is, of course, vital to good dispersion. 
Witliout i t  the paint rcm:~ins spccky, regardless of how long it is being dispersed. 
U~idersized impcllcrs arc incfkctivc, not because they have less dispersing 
po\ver t11;11i larger units (run at tlic same peripheral speed), but because they 
cannot move the outlying ~nill base back to tlic inner zone where dispersion 
takes place. 

H o ~ c v c r ,  even corl-ect impcllcr diameter and type does not auton~atically 
n\$ure coniplete circulation. Pockets of stagn:lnt niaterial car1 still for111 if the 
impeller is positioned too higli or too low in the tank, or if it runs too slowly. 

The skilled operator detects "dead spots" by periodically checking for low 
tcnipcrnturc areas along the outside of the tank (including tlie bottom), and he 
knows IIOW to eliliii~iatc tlicm by manip~~latioli of speed and/or impeller position. 

Fig. 5. Dispcrsitig :it I~iglicr sl)cbccl or lower viscosity-scvcral downstream vorticcs, but still no 
deep shaft vortcx 



If this fails to restore complete circulation, a larger or difTerent type of iliipeller 
is needed, or the mill base viscosity must be reduced. 

In two-speed dispersers without swivel action, the manipulation of ~ i i i l l  base 
consistency, batch height, and impeller height are tlie only means for preventing 
the shaft vortex from extending down to the inipeller, sucking in air and dimin- 
ishing dispersing action. 

As a rule, an impeller measuring one-third to one-quarter ol'the tank diameter 
should give sufficient (but not excessive) circulation; son'ietinies, however, the 
impeller~tank ratio can go above or below this guide figure. Tlie impeller shoi~ld 
be positioned no less than one-half, nor more than one and one-third diameters 
above the tank bottom. Table 1 shows a typical relationship between inipeller 
and batch dimensions. Generally, the higher the mill base viscosity, the lower 
the batch height and tank diameter should be. 

Design principles 
There are many ways in which horsepower can be i~sed for pigment grinding 
and dispersion; hence the profusion of paintmaking equipment. Yet. all are 
based on the utilisation, in various combinations, of three basic forces-shear, 
impact and pressure. 

Pressure is the static head-on force that cr~~shes  pigment agglonierates and 
aggregates, re_gardless of size. Impact is tlie dynamic force that smashes or 
shatters them by hammer-like blows or violent collision. Its effectiveness dimin- 
ishes with decreasing size of the pigment units and with increasing vehicle 
viscosity. 

Shear is generated when layers of liquid slide along each other in parallel 
direction, but at different speed. This force disperses in two ways. In a highly 
viscous vehicle it pulls apart the agglomerates caught between the moving layers. 
This effect, called "visco~~s shear," is independent of pigment concentration. but 
it diminishes rapidly with decreasing veliicle viscosity. 

Conversely, low vehicle viscosity helps dispersion if tlie pigment concentra- 
tion is high enough to cause mi~ti~al  interference of the moving particles. 
Agglomerate break-up by such ruhhit~,q action (friction) is called "attrition." In 
practice, viscous shear and attrition efTects can never be entirely separated, but 
one or other may become tlie dominant dispersing mechanism. Both depend on 
laminar flow, whereas impact does not. 

It is instructive to analyse how dilferent mills apply these forces in totally 
different ways. For example, roller mills exert high pressure and high viscous 
shear, but no impact at all. The full power of the machine is brought to bear on 
only a small amount of mill base at one time. By contrast, ball and pebble mills 
contin~~ously move a large fract~on of the mill base, along with tlie grinding 
elements, which then release their potential energy in the form of high impact and 
attrition, moderate pressure, but no great amount of viscous shear action. 

The high speed disperser is more flexible than other mills in the ways it con- 
verts power into dispersion work. Tlie impeller designer can emphasise, at will. 
impact or shear, or he can strike u fair balance between them. However, no 
high speed disperser can deliver m ~ ~ c l i  pressure and. furthermore, the intensity 



of tlic dispersion forces i t  produces is lower than that gencratcd in roller, ball or 
e\/en sand mills. 

T l ic~c  are the reasons why the liigli speed disperser cannot break hard or 
toi~gli aggreg:ltcs or co:~rsc particles. I t  can only wet and disperse soft agglo- 
merates In low to mcdium \~iscous systcms, but this i t  does faster than any other 
device, and therein I ics its greatest virtue. 

Impeller analysis 
The simplest irnpcllc~- one could use, and an clement colnmon to all, is a 
smooth disc which propels a thin layer of liquid radially outward by centrifugal 
force. Tlic acceleration of flow horn tlic centre towards the periphery followed 
by tlic deceleration in tlic surrounding body of liquid produces some shear and a 
little pressure. but no impact ; ~ t  ;ill. 

Tlie amount of licl i~ id  niovcd by tlic disc varies with tlic viscosity of the liquid 
medium. but is gencrnlly insu1Ticicnt to provide good batch circulation. Never- 
tlieless. mi1c11 liigli speed dispersion is carried out with impellers approaching 
tlie plain disc shape. riot by design but by wear gone unheeded. It is a tribute to 
the pigment manufi~cturcr's ability to control particle size and to minimise 
aggregate formation tIi:it dispersion is still possible with such a primitive device. 

.Yo11 toot11 hlrrk, 
Tlic origin~~l  and still thc most widely used impeller type is the "sawtooth" 
blade' shown in Fig. 6, or modilic;~tio~is thereof. The teeth are formed by 
bending the serrated rim of n disc alternately up and down, slanting them at an 
angle of 20 to 40 to the tangent. 

Tlie vertical Icnding cdge, I:' of each tooth (Fig. 6A) produces strong impact. 
Tlic faces F shoot streams of mill base outward, causing considerable circulation 
and some slicnr action. However, not all of the mill base in front of the teeth 
is puslied forward. Some can't gct out of tlie way of the oncon~ing teeth fast 
enougl~ ;rnd slides backward over the horizontal edge. H, where it is sheared 
intensively. 

Fig. 6. S:~vtootl~ in1pcllc.r Fig. 6.\. Sawtooth detail 
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In other words, each tooth acts somewhat like a knife applicator pulling a 
layer of liquid across a substrate (in this case the relatively stationary body of 
mill base), and shearing it in the process. The accelerated and then decelerated 
liquid flow a t  and near the outer edges of the teeth is partly laminar (orderly) 
and partly turbulent in nature. 

The lower the mill base consistency, the morc turbulence is created. and since 
turbulence diminishes shear eficiency, it follows that the sawtooth iliipeller 
works better in systems above 80 to 90 poise thnn in the lower viscosity range. 
Furthermore, the greater the turbulence, the morc metal wear takes 
place. In aqueous systems containing abrasive extender pigments, the wear on 
the teeth will often become excessive. 

All in all, the sawtooth impeller is the simplest and most nearly foolproof of 
all commercial impellers, but its effectiveness drops ofT sharply with decreasing 
viscosity. 

Mtrlti-ring impeller 
The "niulti-ring" impeller," shown in Fig. 7, works better i n  low viscosity 
vehicle systenis where attrition rather than visco~ls shear must do the dispersing. 
This impeller consists of several downward curved rings mounted approximately 
one-eighth-of-an-inch apart on an equally curved disc. Adjacent to the inside 
of the rings are a number of wedge-shaped teeth, slanted inwardly in the direc- 
tion of rotation. Their leading edge provides impact, while their front faces 
give the mill base a radial push. 

Fig. 7. Multi-ring impeller 

Most dispersion takes place in the ring chalnbcrsii~st behind the teeth, as can 
be seen clearly by the wear pattern shown in Fig. 8 .  The curvature of the rings 
accelerates the horizontal radial flow in a downward direction, and thus has a 
similar effect as higher peripheral speed. 

The same accelerating effect is achieved by the tilted planes, B, of the modi- 
fied sawtooth impeller5 shown in Fig. 9. The vertical flow produced by these 
shovels greatly increases the circulating action. In oversize batches, or for 
moving pseudo-plastic liquids, such strong circulating action may be usefill, but 
in many other cases it is detrimental. This impeller produces less impact and 
viscous shear, but slightly more attrition than the regular sawtooth impeller. 



Fig. 8. \\ or11 mr~lti-rinx impcllcr, cl i~~~scmhled. Fig. 9. hlotlified ~ : i ~ t o o f I i  impcllcr. Note 
showing near patter11 tilted plane, labcllcd "H" 

Power problem 
All impellers discussed so 1;1r, and ; I I I  the vi11.ialits h;~scti on the same under- 
lying principles. liavc one cli;~rnctc~.istic in  corntiion: po\vcr consumption drops 
o1T sharply as mill basc viscosity dccrc;~scs with prog~.cssi~ig dispersion 2nd heat 
build-up. The powcr drop is pnrticul;~rly pronc>unced in solvent based paints. 
It  sets u p  n vicious cycle of  diminishins dispersing cllicie~icy and more conver- 
sion of powcr into hc;tt. 

A reccnt invention" has larscly elimi~i;~tcd this prohlcm. 7'lic "constant-slical. 
inipellcr" (CSI)," shown in  Fig. 10, ~i~aintains  powcr consirniption ovcr ;I wide 
range or viscosities: in litct. it sometinics consumcs ~iiorc po\vcr as viscosity 

Fig. 10. Constant-shear impeller 



drops. Only if and when the viscosity reduction becomes pronounced will the 
power co~isumption diminish. 

At first glance, the CSI looks niuch like the multi-ring i~npeller. Both designs 
show a number of stacked rings mounted on (or i~nder) a carrier disc. However. 
the CSI is unique in that it applies the well-known Venturi principle (hitherto 
used to measure flow or to create a vacuum) to pigment dispersion. 

Fig. I I shows a Venturi tube with its converging and diverging ends and the 
throat in between. Liquid entering under pressure at one end is greatly acce- 
lerated. It reaches maximum flow rates and creates a pressure drop at the throat. 
Both effects are beneficial for high speed dispersion-the or~e  produces high 
shear,rates, the other more pu~nping action. 

j- 4 P - P  1 2  

- 
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Fig. 11. Vcnturi tuhc 

The profiled rings shown in Fig. 12 make the CSI a true Venti~ri device. At the 
throat, centrifugal force builds up a pressure of 20 to 40 pounds per square 
inch, depending on the peripheral speed. This is not mi~cli pressure in coni- 
parison to that produced by roller mills, but i t  is enough to create a Vcnturi 
effect, provided the spacing of the rings is commensurate with the mill base 
consistency. 

Impeller dianieter . . . .  I I D  
Tank diameter (round) . . I 2.513 4D 
Liquid height . . . . . . 
Inlpeller height (abovc hottom) 

2 . 2 D  4 D  
114 to 113 ol' liquid hcight (Mini~i iu~i i  

1/21), maximum 4/31)) 
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Fig. 12. Constant-shear impeller-section 

In low viscosity systems (3,000 to 5.000 cps) a gap of approximately 0.04in 
( I  mm) allows a large volume to flow through the rings at high velocity, giving 
optimum dispersion. More viscous liquids do not properly flow through such 
a narrow gap at the available pressure. An opening of approximately O.lin 
(2.5mm) is needed when the viscosity reaches 80-100 poises measured by the 
Brookfield viscometer at 60 rpm or higher (125 to 140 Krebs Units). At still 
higher viscosities, the device fails altogether; the pressure becomes inadequate 
to push the mill base through the rings, and the power consumption becomes 
excessive if the rings are spaced farther apart. 

Selective ring spacing is, therefore, needed to achieve optimum performance 
in a given viscosity range. Yet, each Venturi also compensates to a considerable 
extent for the viscosity drop taking place during dispersion by letting an increas- 
ing volume of mill base flow through. This self-regulating characteristic of the 
constant-shear impeller is the explanation for an almost constarit output of 
shear energy and nearly constant power consumption. 

The CSI often gives qualitatively better results than any other impeller, 
especially in low-to-medium-low-viscosity systems. It is also less dependent 
on the wetting characteristics of the vehicle, it develops less heat and it wears 
less than any other impeller, but it requires somewhat greater operating care 
to avoid blockage of the ring openings. 

Limitations 
Useful as the high speed disperser admittedly is, it has definite limitations 
which should not be over-looked. Its inability to break hard or tough aggregates 
has already been mentioned. As a result, it cannot produce clean grinds where 
even a small fraction of the pigment consists of oversized particles, hard aggre- 
gates or foreign matter. 



More serious. because less obvious, is tlie opposite situation, where 
acceptable grind readings are obtained, yet tlic pigment is not fillly dispersed. 
Even a high Hegmnn gauge rending o f  73 merely ~ndicntes tliat n o  units larger 
than three niicrons (several hundred TiO, particles) arc present. The 7$  fineness 
says nothing about tlie size distribution of tlic overwhelming number of smaller 
units which determines how completely tlic pigment is really ilscd. Often 
five, ten and sonietimes as much as 1 5  per cent pigment value may be lost in 
tint strength or opacity tlirougli incomplete dispersion. 

Wasting this percentage of pignientary value may be permissible in tlic case 
of inexpensive pignients, but it is harder to defend in tlie case of' the expensive 
piglnents which arc now so widely used in the indi~stry. T o  find out whether 
liigli speed dispersion makes econonlic sense, as opposcd to tilerely technical 
sense, tlie production department niust set 111-1 an cqu:~tion which balances low 
production cost btit reduced piglncnt ill ilisnt ion of Iiigli spccd dispersers against 
tlie higher production costs but better pigment utilis;ttion of other equipliient. 

The decision will often go against the liigli spccd disperser, even when operated 
most efficiently with tlie niost si~itable impeller. The Iiigli speed disperscr cannot 
hope to  replace all otlier paintmaking machines unlcss cuid until all pigments 
are made as soft tcxtured and easy dispersing ns the best grades of TiO, arc now. 
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Discussion at the Wcst Riding Section 
MU P. M ~ L I .  opened the discussion by ;Isking I'or the opti~li~im viscosities a t  \\liic.h 
to use the sawtooth impeller. 

MR F. DANIEL replied that i t  was vcry dillicult to :~ris\vcr the question, bec:ti~se 
one was not really dealing with vi~cositics but wi th  very complex rhcology, :~nd tllc 
definition "viscosity" could not he applictl. As an approuimatio~l, n sawtooth inipeller 
worked quite well anywhere hctwecn 110 and 150 Krcbs Units or something like 90 to 
150 poise., but tii;tt was a vcry rough f'Ig111-c ;111it co~~ ld .  again, bc vcry niislcading. 
It was possihlc to 1i;ivc milch lo\vcr viscosities and n very psci~doplnstic system, hut 
tlie pigmentation coi~ld not be i~icrcascd without losing all llo\v, so a compromise 
was necessary. 

M R  C. BUTI.I..R ;tskcd i f  tlicre \vcrc limitations to tlic amount of mill base in the tank 
during dispersion. 

M R  DANII:I. said thcrc was a vcry dclinitc relationship hclwccn the tot;tl volume 
of mill basc that could bc dispersed, tlic tank size, and the impeller diameter. 
Obviously, the more viscous. the sm;tller must be tlic total voltuiic of ~ i i i l l  basc, othcr- 
wise circulation could not be maintained. Circulation was the limiting factor. One 



could use a s~iiall inipellcr for all purposes if one could sonieliow feed the material 
effectively to the s p i ~ ~ n i n g  head; it would then be irntl~aterial how much mill base 
there was. A small and a large impeller had equal dispersing power when run at  equal 
peripheral spced, but they dilTercd in their pumping or circulating capacity. As a rule 
of thumb, under many conditions tlie tank diameter should be about 3 to  4 times the 
itiipellcr diameter and tliat tlie batch licight should be about 2 to 26 times as high 
as the diametcr of the impeller. Tlic i~lipcller should be located about one-third of 
the batch height above the bottom. These were very rough rules. One had to keep 
in mind at all times tlie inter-relationship between the mill base consistency, i.e. the 
flow cliaracteristics and all otlicr rlieological characteristics, and the action of the 
impeller. 

M a  C .  F .  B~TTOMLIIY said t1i;lt Mr Daniel hati mentioned thc reason for offsetting 
the shaft, but hc wa~ltcd to know if this applied irrespective of the shape of the vessel, 
and whether this had a sloping or  flat bottom. 

M u  DANIEL replied tliat of all tlie tank designs, tlie round tank, unbaffled witli a 
dish bottom, was probably tlic most advantageous. 

With a square tank, even i f  it had rounded corners, i t  was a probleni to niaintain 
complcte circulation: with a bamcd tank it was alrnost impossible to  maintain full 
circulation, both with on- and otY-centre operation. Howcvcr, even in a square tank 
witli rounded corners, a sliat't position resulting in a deep vortcx should be avoided; 
the shaft should be Far e ~ i o i ~ g h  olf-centre lo elimini~tc i t .  I f  the shaft was too far off- 
centre, dead zones of material were created at tlic far side of the tank where the niill 
basc did not move. I'rcdiction was dil?;cult but tlie llow pattern would give the answer, 
and the appearance of cold spots around the tank would also give the answer about 
proper circulation. 

The Next Speaker asked which Mr Daniel would use, to get a better decorative 
paint, a roller mill or  a high speed disperser. 

Mi< Dn~lriL said that in the high spced disperser there was not niuch leeway in the 
viscosity range. The answer was that a much better dispersion was obtained on a 
roller mill when high shear was needed to break hard aggregates. On the other hand, 
witli easy dispersing pigments, an adequate paint could be made in high speed dispersers, 
\vliich have many ;tdvnntages over tlic roller mill in cost without sacrificing too much 
pigment value. The answer was also that in either case the mill base composition 
must be adapted to tlic dispersing equipmcnt. 

M R  S. DUCKWOIITH suggested that an oll-centre position of the shaft increased 
turb~~lence  in tlic mill bnsc. 

M u  DANIEL answered tliis by saying that tliis was not really so. It was true that there 
was more circulation. but this was due to the ctcflcciion of the niill base otT thewall 
of the tank, which did not really consume much powcr. Much more power was consuni- 
ed by tiu-bulence at the periphery of tlic impeller. In other words, tlie objectionable 
kind of turbulence was tliat generated at tlic impeller and not that created by using 
the tank wall as a balllc. If the ~ C S L L I ~ S  acliieved by on-centre and off-centre positions 
were compared. tlic on-centre batch was very nlucli hotter than the off-centre batch 
brought to tlie same degree of dispersion. This was of course indirect reasoning, but 
really quite compelling. Tlic extra Iiertt generated was due to excessive turbulence at  
the inipeller. 

M R  DUCKWOKTII commented o n  tlic "magic nuniber" 4,000 to 5,000 feet per 
minutc peripheral spced. 

MR DANIEL said that this involved tlic cxamination of mill basc rhcology, but there 
is a very close relationship bctween the peripheral speed needed for op t i~ i~a l  dispersion 
and the rhcology of the system. With a dilatant ~ i i i l l  base, very good results 
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could be obtained at 3,000 or  2,500 feet per minute. It was sometimes possible to 
get better results at the lower peripheral speed than at the higher because at the higher 
speed, with too much dilatancy, there was no longer laminar flow. Instead, there was 
plug flow, which was unsuitable for dispersing. In spite of tremendous circulation, 
very little dispersion was obtained in such systems, so he was the last to want to 
stick rigidly to any "magic numbers." On the contrary, he had pointed out several 
times that the peripheral speed itself may be meaningless if the impeller construction 
affected the shear rates, as the slanted teeth in the multi-ring impeller and the downward 
curvature of the rings did. If a multi-ring impeller was run at 5,000 feet per minute, 
the shear rates were really much higher than those generated at 5,000 ft/min by the 
sawtooth impeller of the same diameter. So there was nothing sacred ahout the 4,000 
to  5,000 number, but there was this to be said: if the machine ran at much over 6.000 
ft/min considerable secondary problems were usually created. 

MR P. ROUT asked if there was any significant difl'erence in the type of circulation 
between the sawtooth and Venturi type of impellers. 

MR DANIEI. replied that the Venturi type gave predominantly laminar flow. The 
circulation it produced resulted mainly from the laminar stream emerging from the 
Venturi openings, which was then bounced ofT the tank, whereas in the sawtooth 
there was a lot of turbulence at the inipeller periphery. There was therefore quite a 
difference in the type of flow, and proof of this was that one could obtain good dis- 
persion and complete, smooth, circulation of highly pseudoplastic materials, for 
instance using Bentone, with the Venturi impeller but not with the sawtooth impeller, 
no matter how it was used. 

MR F. J. OWEN asked if Mr Daniel would differentiate between turbulent and 
laminar flow, as he felt these were normally defined in terms of Reynolds numbers. 
Did Mr Daniel consider the flow was laminar up to a certain reading in Reynolds 
numbers and above that was turbulent flow, or  was the assessment purely subjective- 
it looked laminar or i t  looked turbulent? 

MR DANIEL said that the Reynolds number determined at what point the laminar 
flow could not be maintained, and became turbulent. Obviously to maintain laminar 
flow, one must stay below the Reynolds number, but how this c o ~ ~ l d  be achieved 
depended very much on the construction of the impeller. With the Venturi impeller 
it seemed difficult to go above the Reynolds number because there was exceptionally 
orderly flow. The centrifugal force made the mill base converge very smoothly and 
gradually. There was a stationary layer at the metal surfaces and progressively faster 
flow towards the centre, so the ideal flow profile was attained. Much higher pressures 
than available would be required to destroy the Venturi efrect and get turbulence. 
On the other hand, if a sawtooth impeller was used, it was extremely easy to set up 
turbulence; in fact, there was really no way to  avoid turbulence in a low viscosity 
system. 

MR OWEN said that his definition of the Reynolds number was the product of the 
square of the diameter of the impeller, the rpm, the density, and the viscosity of the 
mill base. so that as the viscosity decreased for a constant speed and constant diameter 
of any turbine, the Reynolds number was then solely dependent on the viscosity; 
so  for any one impeller it could only be dependent on viscosity. 

MR DANIEL replied that he did not think that it was that simple; there were many 
more variables. Valid comparisons could only be made if the inlpellers were basically 
the same design; the Reynolds numbers could then be determined. As paints were not 
Newtonian systems, and had very con~plex rheologies, theoretical approaches to the 
problem were beset with many difficulties and uncertainties. He would seriously 
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The Polymill is a self contained 

production unit combining in  

one machine premixing, grinding 

and dispersing resulting in  sav- 

ings in  time, labour and power 

when dealing with iron oxides, 

ferrites and chromes as well as 

soft, easily dispersed or micro- 

nised pigments. 

Centrifugal discharge of 

product - easy, quick and 

clean. 

Flameproof or totally en- 

closed electrical equipment. 

The Polymill i s  suitable for 

paints, inks, plastisols, ad- 

hesives, pharmaceuticals, 

antibiotics, cosmetics, fine 

chemical reductions and all 

allied applications, 
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3.5 to  75 gallons. 

Test facilities are available. 

See the Polymill at OCCA 23, Empire 
Hall, Olympia, London, 21-25 June 1971 

- 

Telephone: Halifax 6124519. 

Telegrams: August. Halifax 

Telex: 51642 

Manufactured by arrangement with SEVlN ET CIE. MEAUX. FRANCE 
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doubt whether this theoretical approach by Reynolds numbers could be used for any 
system that was as non-Newtonian as a mill base. 

MR OWFN said that he wondered how one related the statements that at  one stage 
turbulent flow was needed for wetting and laminar flow was needed for dispersion, 
and what criterion was used to distinguish between these flows. Did one just look and 
say "that looks like turbulence" and later "that looks laminar?" 

MR DANIEL agreed that this was the case. 

MR J. BRAVEY asked if Mr Daniel envisaged experimenting with about half a dozen 
consecutive batches to determine the correlation between lab and production operating 
conditions. 

MR DANIEL said that this raised a very important point. At present there was 
no tool that he knew of that allowed one to determine in the lab the behavior in the 
plant. If one scaled down operation in a quart can in the lab, an impeller approximately 
l in to l ]in in diameter would be required, and in order to create the necessary peri- 
pheral speeds, it had to run at 18,000 to 20,000 rpm. A shaft running at this speed 
would always cause spitting and create a deep vortex. Also a half horsepower motor 
was required, and this was more than most lab mixers had. On the other hand, 
to experiment in the plant with relatively large batches of the order of 100 gallons was 
really awkward. The gentleman who invented the Venturi impeller had spent the last 
six months trying to develop the design for a lab unit that really correlated in all 
inlpellers with plant operations, and, in all his years of experience had never come up 
against a seemingly simple scaling down probleni which had proved to be so difficult. 
He claimed to have solved the problem, but the instrument was not yet available. 
This would bz a wonderful tool to put into easy practice the correlation of lab and 
plant. 

MR W. A. ALLMAN asked, if one graphed current consumptions against time, what 
sort of curve could be expected. Did this curve indicate incorrect and defective manu- 
facturing methods and would one expect a similar sort of curve for different types of 
paint? 

MR DANIEL replied that this would be the case if total power consumption were 
plotted against time, and the same type of mill base was run. He had seen a plant in 
the US  which was plotting the power demand throughout the operation, not the total 
power consumption; but thought that. in general, it had little merit, because if 
a much higher fraction of the power was wasted by converting it to heat with one 
~mpeller or with one mill base consistency than with another, it could at  best be 
consistent within itself. Every time the same product was made with a given 
composition and a givcn impeller. the endpoint could probably be determined by 
the total power consump!ion, but to go from one product or one impeller to another 
and still expect correlation was not valid. For instance, the same degree of dispersion 
could be obtained at totally dilrerent temperatures; when making the same batch, 
diqpersing it to exactly the same endpoint, in the one case with the ring impeller and 
the other with the Venturi, the run was 17-22°C cooler with the Venturi, probably 
proving that thc total power consumption could not be the same. It depended very 
much on what tool was used and how, i.c. how deep the impeller was set, what the 
total operating time was, etc. If the operator did not control every variable, i.e. if 
he did not feed at  the same rate, i f  he did not bring the speed up to the dispersion 
speed in exactly the same way, then it was hard to see how one could use such broad 
criteria as those the questioner had mentioned. 

MR H. G. COOK referred to the use of a high speed disperser in conjunction with 
a sand mill. Did Mr Daniel believe in operating the high speed disperser more or  less 
to its limit and then finishing off in the sand mill, or  vice-versa? 
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MR D A N I E L  said that whatever could be achieved easily with good operating 
technique by the high speed disperser was all t o  the good. 

If the correct impeller, mill base composition, and technique were used, 
it did not take any extra time to  achieve good dispersion and what had already 
been accomplished in the high speed disperser would cut down the work load on the 
sand mill. So a much better through-put would be achieved by ensuring a good 
predisprrsion in the high speed disperser, using the sand mill almost as a refining tool. 
This was exactly the same situation as in using the pony mixer and roller mill combina- 
tion: the better the premix that was fed to the roller mills, the fewer passes that were 
needed. 

Discussion at the Trent Valley Branch 
THE FIRST QUESTIONER asked if it would not have been more appropriate to discuss 
high sheor dispersion rather than high spcc~ci dispersion, since low speeds gave satis- 
factory results in a dilatant system. 

MR F. K. DANIEL replied that the term "high shear'' would be more misleading than 
"high speed." It would imply that the shear stress generated by the impeller was high, 
but it was not--certainly not as compared to the stress generated by roller mills. 
Impellers dispersed best at  medium to low shear stress but fairly high shear r.(~tc.~, 
i.e. high fluid velocity o r  speed. Good dispersion ~ ~ s u a l l y  required peripheral speeds 
of 4,000 to 5,000 ftlniin. True, strongly dilatant systems must be dispersed at some- 
what lower speeds such as 2,500 to 3,000 ft/min but that was still relatively high speed. 
Besides, such dilatant mill bases were not typical; in fact. strong dilatancy should be 
avoided because such systems were so  sensitive to minor changes in operating condi- 
tions. 

T I IE  SECOND QUESTIONER referred to the Venturi impeller and asked about the 
slide illustrating a worn impeller showing deflecting teeth. 

MI< DANIFL said that the l o w r  the mill base viscosity, the lower was the dispersing 
eficiency of the sawtooth impeller and the grcater the wear on the teeth. At higher 
consistencies, the teeth caused less turbulence. hence they wore only moderately. 
The Venturi rings, on the other hand, wore hardly a t  all because they suppressed 
turbulent flow, even in low viscosity fluids. 

THE THIRD QUESTIONER asked what the advantage of  feeding pigment into the 
vortex was. 

MR DANIEL replied that it saved wetting time and also kept the temperature down. 
Sifting the pigment into the vortex, rather than dumping it by the bagful, would be 
most advantageous. 

THE FOURTH QUESTIONER enquired as to which pigments should be selected to 
give a good grind. 

MR DANIEL. commented that it was preferable to reverse this question. All pigments 
forming tough aggregates and agglomerates woilld be unw~itable. A hiding o r  tinting 
test was more sensitive than a grinding test. 

THE FIFTH QUESTIONER asked it there was any difference in tooth and disc techniques 
and any difference in temperatures. 

MR DANIEL said that the mill base was 17-12°C cooler with a Venturi impeller, 
using correct mill base consistency. 

THE SIXTH QUESTIONER asked if there was an  ideal shape for the container. 
MR DANIEL replied that a round, dish-bottot~led tank was most ideal. 
THE SEVENTH QGESTIONEK asked if there were any litnitations on batch size. 
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MR DANII-I. said thcrc werc none. 
THE EIGHTH Q~JI:STIONI.R dealt with the possibility of using two-shaft units with 

the sanie niotor arid askcd for coninient on the use of the Varikinetic type. 
MR DANIFL said that two-shaft units were useful where mill bases had insufficient 

flow to maintain good circulation with a singlc impeller. They acted somewhat like 
the old pony mixer. The Vnrikinctic dispcrscr used a single speed niotor without 
specd contolq. Propcr flow could be niaintoined by adjustmcnt of the vanes. However, 
the vanes produced high tivbulencc and could wear badly in abrasive systems. In 
other words, the Varikinctic too had its limitations. 

T I ~ F  N I N T I ~  Q ~ I E S T I O N I : ~  askcd if ~ i i i l l  design was more important than mill base 
formulation. 

Mu DA&II:I. replicd that both wcrc important: in fact, thcy were interdependent. 

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

"Dispersion in aqueous media," by W.  (irrr 

"The influence of non-aqueous media on dispersions," by K. Por?tl 

"Polyurethane finishes for the coil coat in^ process," hv F. h'k)~z*rirc,j?c~r 

"The fibre optics colorimetcr and its application in paint manufactnre," I?!. I. G. H .  
1.5 / ~ ~ l / \  



Correspondence 

Sir,-Looking tlirough some old school books, 1 came across the following 
gem which 1 had copied froni an .American journal (identity long forgotten) 
around the mid-1930s. 

The Chemists 

Whose interest is to ferret out the last minute constituent 
And hazard veiled opinions as to types of groups substituent 
Who scrutinises all results in manner supercritical 
The filter washing, beaker tossing, chemist analytical. 

Who d o ~ ~ b t s  e'e~;  know^ reactions when he doesn't know conditions 
Whose temperature and pressure rules upset our best traditions 
Who looks on all but van der Waals with naught but deep suspiciol~ 
The phase-rule hampered, ego pampered, chemist who is physical. 

Who makes unholy liiesses that he cannot crystallise 
Who generates foul vapours which contaminate the skies 
Who builds up complex molec~~les whose structures are titanic 
The work bedizened, wan and wizened, cheliiicn organic. 

Who cxtracts dope fro111 berry leaves and venom out of snakes 
Gets alkaloids from kidney beans and weeds that grow in brakes 
Whose cheap two-bit cosmetics are a cinch to wreck the cuticlc 
Tlie drug besotted, fever rotted, chemist pharliiaceuticul. 

Whose iron-carbon diagranls at best are mercly boring 
Who looks on sliielter refuse dulnps with attitude adoring 
Who ever seeks to make alloys by methods scarce cheniurgical 
The nietal etching. test piece stretching, chcniist metallurgical. 

Who seeks to make it evident he's versed in any subject 
Whose hastily for~iied judgement spells ruin to your project 
Who fakes up specious arguments about the woes resulting 
The pencil pushing, error shushing, clie~iiist wlio's consulting. 

To  whcm is everything coliiposed of just whorls in the ether 
Who looks c)n force and matter play as befitting neither 
Whose principles and precepts are for ever hypothetical 
The quantiilii chasing, law erasing, chemist theoretical. 

102 
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Whose life is just a tedium of motors, pumps and tanks 
Distilling columns, colloid mills and heater tubes in banks 
Whose outlook economically is scarcely ever cheering 
Tlie hybrid chennist-physicist who deals in engineering. 

It occurs to me that your readers rnay care to amuse themselves by co~inposing 
additional stanzas appropriate to our branch of the profession. 

Yours faithfully, 
A. R. H. Tawn 

24 Noveluber 1970 
34, Crest I.'ic.n> Drive, 
Petts Wood. Kent. BR.5 I BY 

( How about- 

Whose overall is stained with colours kaleidoscopic 
Who searches ceaselessly for systems thixotropic 
Whose endless efforts are to stop the damned thing floating 
That unfortunate of science-the chemist, surface coating. 

-Hoii. Editor) 



Reviews 
SURFACTANT BI~I)EC;IIAI)A.SION 

By R.  D. SWISIII:R, New York: Marcel Dekkcr Inc.. 1970. Pp. xxiii . 496. 
Price f 15.05 

The problem of surfactant biodegradation was found to be serious in the 
1950s when excessive foaming was occurring at sewage works and in the 
environment of sewage eflluents. Tliis resulted I'rom tlie widespread replacement 
of soap for domestic and laundry use by synthetic detergents, whicli retain their 
foaming properties down to 1 p.p.111. Intcnsivc study indicated that tlie principal 
cause of the trouble was tlie branched alkyl chain in the dodecyl benzene 
sulphonate derived from propylene tetramer. whicli rendered the surfactant 
highly resistant to biodegradation. By tlie late 1960s the nuisance had largely 
been avoided by the substitution of alkyl benezcne sulplionates of straighter 
chain configuration. Some individual prc)blems witli industrial surSi~ctants. 
particularly the non-ionics. however, still remain. 

The whole subject is young enough to be reviewed in its entirety in tliis single 
volun~e. An exliaustive bibliography of over 1.000 references covers every 
significant work on tlie sub-ject to 1969. Compreliensivc tables record tlie 
comparative biodegrad:lbility of all important surli~ctnnts. While i t  may not be 
necessary for this book to be on tlic shelf of every paint library, it should be 
readily available for consultation. 

I.. A .  ~ ' N I : I L [ ,  

VOLUMI! 11. T~IEOIIY AND AI~I~ I . ICATIONS 
By D. F. MAIITIN. New York: Marcei Ilckker Inc. 1070. Pp. x 451. 

Price f4.50. 
I t  is i~nlikely that a chemist concerned with tlic protection of ship bottoms and 

marine structures will ever lind tlie whole of n book dealing broadly with the 
subject of tlie oceans to have a direct bearing on liis particular concern. Never- 
theless tliere is a sense in which information about tlie environment witli which 
he is involved niust be of considerable help. even if only to condition liis mode 
of  thinking. This volume. described as a pre1imin:rry edition, gives a convincing 
picture of what happens or probably happens in the oceans. and particularly 
of tlie relationship between physical and cliemicnl S:~ctors of air, land and ocean. 
and marine ecology. The danger in having n limited professional interest is that 
the book leads one into fi~scinating but. from the paint clicmist's point of view. 
unnecessary paths. 

Of partici~lnr interest to tliis revicwcr were tlie sections dealing witli tlie r61e 
of silicates in the ~iietabolism of marine organisms. with tlic synthesis of complex 
silicates by sea water, and witli tlie control o f  pH. in tlie short term by carbonates 
and in the long tern1 by tlie silicates. Tliis is covered by chapter 4 entitled "The 
niodel ocean". Also in chapter 4. the chemistry of iron in sea water is considered 
at sonie length and your reviewer could not help wondering whether tliere is an 
analogy witli other tnetals such as copper. It is suggested that chelates between 
tlie metal and liumic acid are of importance. 
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The cycles involving the principal elements of importance to nutrition; 
carbon, nitrogen, s ~ ~ l p h i ~ r  and phosphorus are described and the contribution 
of anoxic bacteria deep on the ocean floor or in estuarial ~ncds  is outlined. It 
would seem that the limiting factor in growth is the availability of phosphorus, 
which varies both seasonally and geographically. 

The short section on food and dri~gs from the sea stimulates thought on the 
possibility of extracting marine biotoxins for possible use to discourage marine 
growths attaching to surfr~ce coatings. 

Tlie book is clearly printed, easy to rend and well provided with references. 
The practice of including a summary with notes at the end of each chapter is 
useful and could well be adopted in other similar reviews. Obvious printing 
errors are few with only minor slips such as AI(CH), for AI(OH), on page 114. 

P. J. GAY 



Manchester Section 
Some aspects of paint formulation 
The second meeting for Student Members of the Manchester Section was held in the 
Manchester Literary and Philosophical Society's Lecture Theatre on Wednesday 
14 October 1970. Mr J. E. Mitchell was in the chair and 63 students and guests 
attended the meeting. 

Mr Mitchell began by apologising for the absence of Mr T. W. Wilkinson of Laporte 
Industries Limited, who was unable to give the lecture as planned owing to an 
important business commitment. Mr B. Howells of Laporte was introduced and he 
proceeded with the lecture on "Some aspects of paint formulation". 

Mr Howells started by touching on the historical background of paint formulation, 
pointing out that writing paint recipes on a percentage basis was useful for costing 
formulations, and that referring to paint forn~ulations by giving pigment to binder 
ratios did give an indication of the type of paint, i.e. gloss, eggshell or matt. 

Referring to the dangers of formulation collecting, i t  was said that although a 
handy. well-tried, formulation was useful, the continued use of old formulations could 
make the paint chemist lazy and inhibit the development and trials of new products. 

Mr Howells developed the lecture by going into the aspects of successful paint 
formulation. Owing to conflicting property requirements, everybody was aware that i t  
was virtually impossible to produce a paint incorporating every desirable property at 
low cost, and the essence of successful paint formulation is in arriving at the correct 
compromise of properties. Therefore, before starting to formulate a paint a clear aim 
or target must be established and, bearing in mind the end use of the product, definite 
property requirements must be laid down. To assist in arriving at the required paint 
formulation quickly some knowledge of statistical testing could be a great held, and 
any effort spent by the paint chemist in acquiring such knowledge would not be 
wasted. 

The importance of correct raw material selection was stressed, not only from the 
technical point but also from the point of view of using versatile products so that the 
stocking of several products for similar uses could be minimised. Here the raw material 
suppliers were complimented on the provision of useful data relating to their products, 
thereby making the correct selection of raw materials much easier. It was pointed out 
that extenders were not added to paints just to cut costs, but were in fact necessary 
for improving certain properties such as flow, opacity, brushing, filling, etc. 

Correct fornlulation of mill bases was also considered important with a view to 
cutting processing time to a minimum to obtain maximum output of paint with the 
required properties. 

Some very interesting tables and graphs were presented illustrating how formulations 
should be costed, and others showing the relationship between cost and pigment 
volume concentration of TiO, in paints in which whiting was used as the common 
extender. A graph showing the effect of PVC on such properties as gloss. blistering and 
hiding was also shown. The relevant properties such as contrast ratio (brushed and 
coated), colour, etc., of extenders such as natural and synthetic calcium carbonate, Talc, 
Barytes and Blanc Fixe, calcined and natural China Clay were presented in tabular 
form. 

After question time a vote of thanks was proposed by Mr A. Gerrard and carried 
with acclamation. 

D.A.P. 
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It has recently been announced that Ciba United Kingdom Limited and Geigy (UK) 
Limited have agreed to merge to form a single company in the UK. The merger, 
which is expected to take place early in 1971, follows the acceptance of the proposals 
to merge Ciba Limited and J. R. Geigy SA by shareholders of the parent companies 
in Basle earlier this year. I t  is said that the merging of the two U K  companies will 
be a logical extension of the joining of the Swiss parents and essential to the research 
activities of both companies for future developments and diversification of their 
interests. 

The UK organisation will take the form of a combined holding and operating 
company which i t  is anticipated will be called Ciba-Geigy (UK) Limited. The Head 
Office will be at 42, Berkeley Square, London. llford Limited will continue to operate 
as a separate company. 

Colunlbian International (Great Britain) Limited has recently announced that i t  
is now working on the development of furnace blacks which are intended to replace 
the existing channel blacks used in paint and printing inks. This is of particular impor- 
tance in view of the decision by The Texas Air Control Board that no channel black 
manufacture will be allowed, for pollution reasons, after the end of 1972. By this 
date the United States channel black industry will have shut down. Some work in 
this field has already been carried out, owing to the rising costs of importing channel 
blacks into this country. Columbian's two high colour furnace blacks, Rnwn 1000 
and Raven 1200, are said to be f rst in a new family of such products. 

It has recently been announced that Unilever NV and Resinas Sinteticas SA are 
discussing the possibility of the acquisition by Unilever of 100 per cent of the equity 
of Resinas Sinteticas. The latter company is a long established synthetic resin producer 
whose products include alkyds, amino resins, phenolics and unsaturated polyesters. 
production facilities being situated near Barcelona. Any agreement reached will be 
subject to the approval of the Spanish Government. 

Cray Valley Products Limited has extended its range of curing agents for epoxy 
resins by the introduction of Synolirlc 968. Developed primarily as a low temperature 
accelerator for the Vcrsnt?lid range of polyamide hardeners, Synoli~/e 968 is claimed 
to be equally effective as an accelerator of many other types. Low toxicity and economy 
in use are also claimed. 

A new leaflet giving details of a range of synthetic resin plants, including computer 
programmed units, has been issued by Chemical and Thermal Engineering Limited. 
Copies of the four-page booklet are obtainable from Chemical and Thermal Engineer- 
ing. 

It has recently been announced that Southern Instruments Holdings Limited has 
acquired Shandon Scientific Industries Limited. Shandon will be merged with the 
Southern l nstruments and Southern Analytical subsidiaries at Camberley, thus 
forming a new company to be called Shandon Southern Instruments Limited. It is 
believed that the combination of Southern's strength in production expertise and 
technical innovation, allied with the marketing ability of Shandon, will strengthen 
the overall position of the new company. 
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ICI Limited is to olTer for sale a safety system for use in hydrocarbon plants. From 
its experience over nearly 20 years of operating these plants, the company has developed 
a firewall stcam curtain, which, it is cl~~imed, can be installed for less than I per cent 
of the cost of a large olefine plant. 

The steam curtain is automatically triggered off when sensors inside tlie firc\vall 
detect escaping vnpour, tlii~s preventing clouds of inflammable vapoilr reaching 
sources of ignition. Full details of the system, togethcr with 3 manual giving detailed 
guidance on how to calculate when and whcrc ha7ards can occur in oleline plants, is 
of'ered, and ICI experts will be available for consultation. 

fiirntl, a new solid state radiometer for measulrmcnt of illiuminance sources, has 
heen introduced by Kollmorgcn Color Systems. Completely automatic, fiirclcl measures 
the light sourceand displays the CIE chromaticity co-ordinates after a delay of approxi- 
mately 70 seconds. Illuminnnce ( Y )  is displayed in lumens per sq ft. The measuring 
head can be used direct with control iunit, or  by nic:~ns of an extension cable up to 
loft away. 

Hoechst-Cassella Dyestuffs Limited has recently issi~cd a technical data sheet on 
Mtrtlrrrit O P  Po~cltk~, a new mel:umine resin for surfi~ce linisliing of paper and cnrd- 
board. 

A new prefabrication primcr for stri~ctur-al steelwork, U'c~ltkllk)~~, has been introduced 
by Southern Imperial Coatings Corporation. Rased on Iient tolerant, corrosion inhibitive 
nletallic alloys. Woltlrrlloj~ is said to provide protection bcli>rc, during and after 
construction, and to accommodstc burning, heating and shaping at ~ L I I I  production 
speeds, without any arc instability, weld porosity or  gns production. A ?%page booklet 
describing the new product, :~nd giving dct;lils of practical usages and tests. is ~~vailable 
frorn Southern Imperial Coatings. 

A new range of gas fired infra-red ovens is now being prodi~ced by Mechanical 
Coatings Limited. Rased on 7:1~pc, A / ,  emitters and with a burner Ihcc tc~nperaturc of 
1,010'C. the new ovcn is said to olyer extreme tinie saving compared to convection 
stoving. A wide range (of ovcn configulxtions is available, including the normal hexagon 
as well as horizontally positioned ovcns firing both ilpw~lrds and downwards. Burners 
for town gas, natural gas, o r  liqirid propane gas can be supplied. 

Virrcit P482 is a new general purpose ndhcsivc recently introduced by The Car- 
borundum Company Limitcd. Usability with a wide rongc of surfi~ccs, high initial 
tack and bond strcnglh, and good shear stability arc claimed for tlie new product. 

Two new products n1anulhct~1red by the Ncwcastlc Company of Pennsylvania are 
to be nlarkcted in this counlry. 

The Nc~~c~crrstlc hloclc,l 57 case packer is a semi-automatic. pneumat icnlly controlled 
unit designed for those wishing to package in a wide mnge of containers. It is clainied 
that the packer will deal with virti~ally any s i l t  or shape container nt a line speed of 
740 containers pcr ~ninute, and tli:~t metal, glass or plastic containers can be used. 

A new floor level serni-automatic pnlletiscr, i2lotk.l 1-57 Perl(r~~r~or, is also ofrered 
by the Newcastle Company. Operating at floor levcl with no plntlhrm, the new machine. 
i t  is clainied, can handle cartons. bags and bundles witli rated line speeds up to 20130 
cases per minute. 



Blythe Colours Limited lias recently issucd a Cpage booklet entitled "Progress 
in colour . . . 1870- 1970" comnieniorating Rlythe's establishment 100 years ago. 
A full list of Blytlie's inorganic pigment products is included. 

A new plant for thc ~iianufacturc of Fl~r~~rn~c~,' flame retardants has recently been 
comriiissio~icd by Berk Limited. Owing to the increase in regulations regarding flame 
resistance of plastic.;. the plant lias become very much larger than was envisaged when 
its developmcnt was announced 12 nionths ago. Two production lines are now in 
operation: one for the FIrmrnrc~.\- T23P and 1,V T23P retardants which are manufactured 
under licericc from Michigan Chemical Corporation, and one for Berk's own broniine- 
based Flrrnrn~c~.\- compounds. 

A new fluoroclastonicr with significantly improvcd conipression set resistance has 
been cicvcloped by the Du Pont Company (UK) Limited. Optimum compression set 
values uqirig tlic new product, Vito~r E-60 C, are obtained by curing at 232'C. All 
othcr properties of I-l-60 C arc said to bc siriiilar t o  thc other Vitnrr types. 

Du Pont has also recently announced that the analytical instrunients business of 
Bell and Howell Limited has bccn transfcrrcd to the Instri~ment Products Division 
of Du Pont (UK) Limited. This follows the announccmerlt in tlie United States that 
Du Pont has purchased the business and :~sscts of Bell and Howell Company's analytical 
instr~rmcnts products line. 

A new high-speed vibration mill, tlic 017-Po hlill, lias recently been introduced by 
Podmorc & Sons Limited. Rascd o n  a patcntcd drive unit that transmits horizontal 
vibrations claimcd to be of higher frequency and amplitude than othcr conventional 
vibration mills. tlie 01)-Po operates two or  f o ~ ~ r  grindirig containers up to 700ml. 
capacity. Tlicsc colltaincrs arc constructed in stccl, ccramics. or  othcr suitablc materials, 
and it is recoriinicndcd that they arc filled to 60 per ccnt volunie with grinding media 
and 30 pcr ccnt with the matcrial to bc processed. It is claimed that great time savings 
in laboratory grinding, tiispcrsion arid blending processes are possible using the 
new mill. Reduction of par-ticlc sizc to lcss than 1 micron is possible. 

Coates Brothers Inks Limitcd has announced that i t  has acquired a controlling 
intcrcst in IJorilleux-Lcfranc (West Indies) Limited. The name of thc company has 
been cliangcd to Coatev Brothers (Jamaica) Limited, and will be operated as a joint 
veriture with I>ewis Berger (West Indies) Limited, which will rcriiain a substantial 
shareholder and will also takc a small sharcholding in Coatcs Brothers (Caribbean) 
Limited. I t  is cnvisag:d, say C'oates. that tlicsc new arrangements will improve still 
further scrviccs to the printers in the North Caribbean area. 

A new red oxide primer li>r usc o n  polyester glass fibre moulds has been developed 
by Ault and Wiborg Industrial Finishes Limited. The new primer, Alcohonrt. comprises 
a red oxictc primcr base and special catalyst in a mixing ratio of 2:1, and is applied 
to tlie t i io~~ld  bcforc application of thc release a g n t .  When the m o ~ ~ l d c d  item is 
removed, tlie Alcohond is prcscnt in the surface of the gclcoat, providing a primer 
that can be covered w ~ t h  most typcs of convcntional paint. 

A pot-table pH meter has rcccritly bccn produced by Pye Unicam Limited. Designed 
to bring on site thc stability and accuracy of laboratory models, tlic hlorlc.1293 Pnrtrrhlc. 
pH I I I ~ I P I .  is claimcd to opel.ntc for more than 2,000 hours between battery changes 
and to he or' n rugged constrilction which will allow years of use without loss 
of repeatability or  accuracy. The ranges arc 0-14 pH and 700-0 to 700mV with 
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manual temperature con~pensation from 0 1 0 0  C .  Automatic temperature compensn- 
tion from -5 - 100°C is also available by use of a resistance thernion~cter. 

Alkydlll F 41 is a new vegetable fatty acid modified medium oil alkyd produced by 
Farbenfabriken Bayer AG. The new resin, which is primarily for ~ ~ s e  in the forniulation 
of coatings having reduced drying times and curing within the range 20-80 C .  is 
available in this country from Bayer Chemicals 1,imited. 

The new Degussa-Antwerpen NV chemicals plant in Antwerp was recently opened 
in the presence of representatives of the Belgian Government. The new plant, which 
is in a 270 acre site, is the most modern and large5t of Degussa's production units, and 
will have an annual capacity of 4,000 tons of Ac~rosil (with possibilities for doubling 
in the near future) as well as 10,000 tons cyanuric chloride, 17,000 tons calcium 
ferrocyanide, 3,000 tons sodium cyanide, 36,000 tons hydrogen peroxide, and 60,000 
tons sodium perborate. 



Section IDrocc?edin~s 

Hull 
Protective coatings for gas pipe lines and storage vessels 
The second meeting of the present session was held at the Technical College, Hull, 
on 2 November. The Section Chairman, Mr N. F. Lythgoe, introduced Dr J. T. 
Harrison of the Gas Council, who gave a lecture with the above title. 

Dr Harrison described the growth of the national grid for the storage and trans- 
mission of natural gas and then discussed the reasons for coating pipes and storage 
vessels. e.g. to improve resistance to corrosion, to assist gas flow by reducing wall 
friction and to facilitate inspection. Choice of pretreatment and of coating system 
\%as discussed in some detail, as were the several methods ofjoint coating after welding. 

An account of a similar lecture given by Dr Harrison has appeared previously in 
the Journal (JOCCA 1969, 52, 464) and it  is unnecessary to give greater detail here. 
Dr Harrison's lecture was nevertheless most interesting and was followed by the usual 
discussion period in which questions were asked by Messrs. Tasker, Gilroy, Gibson. 
Harrison, Brown and Lythgoe. Finally, a vote of thanks was proposed by the 
Chairman; 19 members and 3 visitors were present. 

J.A.H. 

Irish 
The role of chlorinated rubber in modern anti-corrosive systems, including its use in 
printing inks 
A lecture was given on Friday 16 October, at the Clarence Hotel, by Mr P. A. Herbert 
of Inlperial Chemical Industries Ltd. His subject was "The role of chlorinated rubber 
in modern anti-corrosive systems, including its use in printing inks." Two films and 
several slides were shown to augment Mr Herbert's very interesting talk. Thirty 
~nernbers and 12 visitors were present. 

A.R. 

London 
The significance of glass transition temperatures of paint films 
A mecting was held on I I November 1970 at Borough Polytechnic, London SEI, 
when Mr .I. L. Prosser of the Paint Research Station gave a paper with the above 
title. In the absence of the Section Chairman, Mr R. H. E. Munn took the chair. 

Mr Prosser com~nenced by posing the question "What is a glass transition tempera- 
ture'?" Basically a change in physical properties occurred, such as specific volume or 
refractive index; it was perhaps from a practical point of view more important that 
there was a change in the mechanical properties at the T,. Unfortunately there was 
often a difference of up to 20°C between T,'s derived from mechanical measurements 
and those obtained from optical or volunle measurements, and most of the T, figures 
quoted in the literature canie from the latter. In practice, there was a region of transl- 
tion rather than a sharp change; the T, was obtained by the intersection of two 
tangents. 

A paint film was laid down on a substrate from solution; at a certain stage of film 
formation rigidity developed, and on further evaporation of the solvent intermole- 
cular porosity developed. On releasing stresses by increasing the temperature some 
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relaxation occurred, leading to  a change in volume. Three methods of measurement 
had been used in the PRS work, (a) the sonic pulse method, (b) dilatonietry. and (c) 
a more practical bend test on a mandrel. A wide range of paints had been examined, 
all pigmented with titanium dioxide; these were epoxy polyaniide, vinyl toluenated 
alkyd, linseed epoxy ester, soyalpenta alkyd, polybutyl methacrylate, linseed/tung 
phenolic, vinyl chloride/acetate/maleic acid, and an aliphatic NCO polyurethane. 
These paints had all been laid down to  form 2511. films, and conditioned in a standard 
manner. 

The procedure used wa3 to  measure the T, of the filni when fresh; the film was 
then sub.iected to  artificial weathering and removed, dried out for 24 hours, and then 
measured again. This was repeated as required. The original measurements had been 
made by the sonic pulse method. Most films showed a rapid initial rise in T, in the 
first few weeks, followed by a gradual levelling out or sometimes a slight fall. After 
about 15 weeks' artificial weathering, the T,'s of a wide variety of films were very 
similar, in the range of 40-50 C. It was found that soyalpenta alkyd films always 
showed two values for T,, while other alkyds did not; there was no adequate explana- 
tion. It had been suggested in the literature that pigmentation of films could increase 
the T, markedly. This effect had not been observed; a paint film with I5 per cent 
titanium dioxide showed a difference of only 2-3 C compared with a clear film. 

In order to  see whether the unexpected results obtained were caused by the sonic 
pulse method of measurement, the dilatometer technicjue had been used. Some 
differences were found in individual cases, but generall) there was good agreement 
between the results with the dilatometer and sonic pulse methods. 

It was then decided t o  develop a method which could bc used generally in a normal 
paint laboratory based on the nieasurenient of a mechanical property. A bend test 
using a conical mandrel was chosen. Soft aluminiuni panels were pretreated and then 
painted. These were cooled in a refrigerator, at  intervals of 5 C, and then wbjected 
to  an  extensibility test on the conical mandrel. The limitation of the method was that 
only about 9 per cent elongation could be achieved, whereas 30-40 per cent was 
really necessary for complete utility. It was found that the rate of extension had an 
important effect. 

Mr Prosser concluded by saying that it was possible that thct-e were two kinds of 
transition temperature, (a) one such as is shown by sonic pulse or volun~e change 
methods, and (b) one where the paint film was strained at the same time as the measure- 
ment was made. The paper was followed by a lively and extensive discussion, after 
which a vote of thanks to  the speaker was proposed by Mr P. Whiteley. 

V.T.C. 

Midlands 
Polymer developments in the 70's and beyond 
A meeting of the Midlands Section was held on 16 October in the Chamber of Com- 
merce, Birmingham, when 45 nienibers and guests, under the chairnianship of Mr H. 
Griffiths, the Section Chairman, heard Mr A. R. H .  Tawn give il lecture entitled 
"Polymer developnients in the 70's and beyond." 

Mr Tawn opened with a quotation from Louis Pasteur as a text, "Chance favours 
the prepared mind." His main purpose of the evening was to prepare the niinds of the 
audience for the great deal of change likely in the state of polymer development over 
the next few years. Although the rate of change in the polymer field was high and this 
was reflected in the progress with plastics, rubber, adhesives and textiles, the paint 
industry did not keep step; the growth of the paint industry just about kept pace with 
the gross national product. Mr Tawn's solution to  the problem was to find new uses for 
surface coatings, giving paint-on central heating developed at  the P.R.S. as an 
example. 



Three facets of materials scicncc wcre frequently studied in isolation, structure was 
studied by the chemist, propcrtics wcre measured by the physicist and applications 
werc dealt with by a technologist or engineer. It was iniportant that cross-discipline 
work and liaison was cncouragcd and one could fcjrcsec the emergence of the materials 
scientist, able to spccialise but cquipped to deal with any facet as appropriate. 

Mr Tawn gave scveral examplcs of mutual interest between technologies. Crystal- 
linity in plastics led to supcrb mechanical propcrtics but was avoided in paints because 
of solubility problcms. It was thcrcfore necessary to modify the technology for trans- 
ference to thc surface. With both the areas of vitreous and organic coatings well 
established, startling developn~ents could be expcctcct in the hinterland between tlie 
two pure types. It has been known for very many years that discrete particles of foreign 
material dispersed in a metal could cnhance its strcngth, siniilarly this two phase 
system opcratcd to advantagc in ABS and G R P  plastics. 

Five important breakthroughs in polymer scicncc in rccent years werc listed. 

In 1953 Zieglcr and Natta introduced a new tool for polymerisation, namely ionic 
stereospecific propagation. 

A vcry great incrcase in the understanding of  ionic polymerisation was taking place. 

Recently thcrc had bccn grcat rcfincmcnts in block and graft copolymerisation so 
as to cxcludc homopolynicrs. 

Polymer scientists wcre now able to control cross-link distribution as well as dcnsity. 

A recent innovation was stcrcorcgular free radical polynierisation. 

Mr Tawn went on to discuss in more detail developments in anionic polynierisation 
and polymer growth at pignicnt surfaces. Anionic initiation using alkali metal aryl 
compounds caused an initial dimcrisation of thc monomer to givc a bifunctional ionic 
radical which could grow in both directions. Stcreorcg~llar polymerisation resulted 
 hen tlie diluent did not solvatc. As the generation of reactive sites was immediate, 
siich polymcrs wcre practically monc>dispersc. As common contaminants such as 
oxygen, carbon dioxidc and watcr would all terminate this growth. conditions needed 
to be practically aseptic. This led to the fascinating concept of "living polymers" 
where polymerisation continued until all the nionomcr was used LIP, leaving polymer 
chains with "livc" ends; i t  only rcquired the addition of a second nlononier to produce 
a perfect block copolynicr. 

Anionic polyn~crisation involving phthalic anhydride and ethylene oxlde had recently 
produced tlic first stereoregular polyester. By ~ l s c  of peroxides of transition metals, 
particularly nickel, stereoregular free radical polymcrisation had also been achieved. A 
number of othcr rccent processes were reported in Mr Tawn's paper (JOCCA 1969 
53 600) originally prcsentcd to thc l andon  Scction in September 1968. 

Finally, Mr Tnwn warned that i f  projected fig~trcs for the growth in polynier usage, 
such as three million pounds wcight in thc ycar 2000, sounded unrealistic, it should 
be borne in mind that S L I C I ~  fcwccasts were invariably low. Also, if thc surface coatings 
industry did not dcvelop new technology to take advantage of polyn~er development, 
then someone else would. He cndcd with the exhortation, quoted from Cardinal 
Ncumann, "A man would d o  nothing if he waited so long that no onc could find fault 
with what he had ctonc." 

The audiencc, although slightly stunned by the complexity of the subject matter and 
thc eloqucncc of the address. recovered sullicicntly to enter into a lively discussion. 
A vote of thanks was proposed by Mr D. E. Hopper and endorsed by the assembled 
gathering. 

R.J.K. 
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Scottish 
Some aspects of coil coating 
The first meeting of the new session was held on Thursday 15 October, at the St. 
Enoch Hotel, Glasgow, when Mr J. Hortensius of Synres International N.V. and Mr L. 
Tasker of Laporte-Synres Ltd., presented a paper entitled "Some aspects of coil 
coating." 

Mr Hortensius began by describing the problems and incentives, both economic 
and practical, which had led to the adoption of the coil coating system for the protec- 
tion and decoration of sheet steel, aluminium and other metals prior to their fabrica- 
tion into furniture, building components, household equipment and other industrial 
products. 

The processes and equipment involved in coil coating were described and illustrated 
with many slides, and many of the problems inherent were discussed. 

Many examples of the uses to which pre-coated metal was put were illustrated, the 
biggest consumer being the building industry, though slides showing furniture and 
domestic articles were included. From these examples, the combination of hardness, 
adhesion, elasticity and "slip" which determined the formability of a satisfactory 
paint system were apparent. 

Mr Hortensius said that the measurement of hardness. smoothness and mar 
resistance were straightforward but difficulties were encountered when elasticity and 
adhesion were measured. Several tests were available, such as those of the ECCA 
(European Coil Coating Association) and the ASTM test No. D.1737-62, which used 
cylindrical steel mandrels, but as the minimun~ mandrel used was :in they coula not be 
truly indicative of performance where a zero bend was being produced. Mr Hortensius 
described his work in conjunction with Mr F. Sjoukes of N.V. Plaatwerkerij En 
Verzinkenij V/H P. Bammens & ZN using bends of 0-T, I-T and 2-T. Small pieces 
of the formed material werc embedded in polyamide/epoxy compounds or in poly- 
acrylate compounds, and part of the cast piece was cut off in a lathe until the metal 
was at the surface and could be sanded and polished ready for microscopic examination 
and photographing using polarised light. The resulting photographs, showing film 
performance on inside bends, outside bends and stretching, were most illuminating. 
especially where the coating was over a galvanised surface where cracking of the zinc 
layer could give rise to problems. 

A short survey of the types of paints used followed. The oldest and probably still 
the most used was the alkyd/melamine enamel for metal for inside use. The so-called 
polyester or oil-free alkyd/melamine combinations, which yellowed less and had 
better forming properties, were often preferred. Thermosetting acrylics of the acryla- 
mide type were being used more and more, as they gave better results at higher band 
speeds. The siliconised acrylic and polyester resins were used for sidings for which 
very good weather resistance was required, though the best weather resistance was 
obtained with paints based on polyvinylidene fluoride. 

Besides paints, polyvinylchloride and polyvinylfluoride were used, applied mainly as 
films laminated on the metal band. 

During the discussion that followed, several important points were brought out. 

Research on the problem of cracking of the film on severe bending was in progress 
and it might be that specialised acrylics, polyesters, or even isocyanates would be the 
eventual answer. 

Epoxy type coatings were only being used as primers at present. 
The maximum bend that could be allowed for to give reasonable freedom from 

cracking was 2-T. 
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Polyethylene waxes and sometinies lanolin were occasionally incorporated in the 
paint to facilitate mechanical forming but care must be taken to ensure that the mar 
resistance of the film was not impaired. 

The "guaranteed" life of coated panelling used outside in America was quoted as: 
polyvinylidene fluoride--20 years; siliconised types-5-10 years; acrylics-about 5 
years. 

The gro\vth rate of usage of coated panelling in America was about 30 per cent per 
annuni and in Europe about 10 per cent per annuni. The latter figure was the growth 
rate which obtained in the U.S. about 5 years ago, but usage there had expanded 
considerably over the past 4 years. The UK was lagging behind Europe in this field, 
with pvc being the main coating used. Whilst in America the main outlet was for 
building cladding, in Europe the tendency was to expand in refrigerator, washing 
machine, and heater casings. venetian blind slats and other household articles. 

The vote of thanks was proposed by Mr A. Maclean. 
H.A.M. 

South African 
Third National C'onventian 
During the week-end of 11-13 Septenibcr 1970, the South African Section held a 
Lery successful and enjoyable Convention at Cathedral Peak Hotel in the Drakensberg 
Mountains in Natal. 

The Convention was attended by 58 members of the South African Section, mainly 
from the Transvaal and Natal, indicating the popularity and topicality of the theme 
chosen. The popularity of the choice of venue was indicated by the ract that nearly 
all delepates were acconipanied by their wives and that a fair proportion also brought 
their children. 

The theme, "Electrophoresis," was well covered by the five speakers, who discussed 
all the aspects of the subiect. 

After an opening lecture by Professor .I. W. Rayles. of the University of Natal, on 
the theoretical aspects of electrodeposition, entitled "The physical chemistry of 
electrophoresis," Mr H. R.  Crawford, of Cray Vallcy Products, lectured on "The 
design of resins for electrodeposition." Mr Crawford outlined the historical develop- 
ment of resins designed for electrophoretic deposition and then went on to  describe 
the advantages to be gained by paint deposition by this method. He then highlighted, 
at  some length. the underlying principles which give the particular advantages of the 
process and examined these basic features under varying environmental conditions 
to  optimise the resin performance. 

The morning session was concluded with a talk by Mr T. Entwistle, of S. A. Titan 
Products, who reviewed the literature concerning the pigmentation of paints suitable 
for electrodeposition in his paper entitled "Pigments and pigmentation of paints 
suitable for electrodeposition." He then made particular reference to the effect of 
different types of pigment and extender: different grades of the same pigment; and 
different quantities of pigment on paint deposition and film properties, noting points 
of agreement and disagreement between various workers. 

Dr R. L. Nicolay, of Herbert Evans, opened the afternoon session with a lecture 
on "Equipment aspects and quality control of electropainting baths." His talk covered 
in some detail the plant and installation requirements for electropainting. Also covered 
was a description of operational sequence with attendant problems of pretreatment, 
jigging and methods or  conveying. After dealing with quality control and testing of 
the paint in the tank, D r  Nicblay concluded with a discussion of the different electrical 
systems used. 
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The concluding paper of the Convention was entitled "Broad aspects of formulation 
and process control in electrophoretic deposition." and was presented by Mr R. E. 
Rouse, of Dulux Ltd. His paper dealt with the effects of the constituents of the paint 
on electrodeposition, and the effects of pigment volume concentration and pH. He 
then went on to deal with process controls in some detail and illustrated his arguments 
with examples of various paint formulae used for electrodeposition and their deposition 
characteristics. 

The proceedings closed with a lively and interesting "Open forum" during which 
the delegates were given the opportunity of questioning the speakers on various points 
on which they required more detailed information. 

L.IB.R. DE G .  

Thames Valley 
Management principles and can the small firm survive? 
The Thames Valley's 1970-71 winter session got off to a successful start when Mr 
Wansbrough-White of Booz-Allen & Hamilton International gave a lecture on the 
"Survival of the small company" on 24 September. The meeting was held at a new 
venue-The Beech Tree, Beaconsfield, where i t  is intended to hold the rest of the winter 
programme. 

Mr Wansbrough-White began by saying that good management was a pre-condi- 
tion of the successful business and that one could be sure that many companies would 
not survive in the seventies and eighties. Statistics showed that 97 per cent of all 
registered companies in the UK employed less than 500 workpeople and yet up to 
50 per cent of all the work force was employed in these same companies. If the 8,000 
smallest firms were to close, at least 24 nlillion people would lose their jobs. 

The smaller company, particularly the family concern, had tended to suffer most in 
recent years from capital gains tax, SET, death duties, and so on, but the position was 
improving as management improved and the attitude of paternalism became less 
common. The speaker showed how time itself was no longer an aid to company 
health; the life cycle of products was getting shorter, the peak profit period was 
lessening, more rapid innovation was necessary and speedier decision processes were 
required. Companies were therefore in much more of a time compression sequence 
than hitherto and had to adapt themselves to it. 

In surveying the attributes and weaknesses of small and large companies, Mr 
Wansbrough-White found it convenient to classify them into four main groups 
according to the size of the total work force: those with up to 25 employees, those with 
25-300 employees, those with approximately 500 employees and, finally, the large 
concerns with upwards of 1,000 personnel. 

In the group of smallest companies, there was a high degree of entrepreneurial skill 
and one man usually made all the vital decisions. Often there were problems of delega- 
tion and finance but there existed freedom from competitive anxiety. 

In the second group as defined above, a company was at its most vigorous and i t  
was particularly outstanding among all four groups because it easily achieved the 
highest rate of return on capital employed. However, difficulties of increasing size 
led. for example, to appearance of management strata, to more problems of delegation 
and usually, to a thirst for additional capital; company aims became muddled and 
required much deep discussion to be properly identified. As the company grew in size 
to the third group there were even more transitional problems; overheads could 
rocket, budgeting was a more difficult exercise, increased production seemed to 
increase overheads rather than diminish them. Often enough, the takeover loomed up, 
giving rise to more company instability and worker uncertainty with the possibility of 
strikes. 



SECTION P R O C E E D I N G S  

Further company growth to the fourth stage and beyond meant a sharp diminution 
on the rate of return on capital; time seemed to become even more an enemy; higher 
management now received too much advice, often conflicting; staff infighting occurred 
and status problems usually multiplied. Sound upward communication was rarely 
achieved, and management failed to comprehend the attitude of the rank and file. 
Another common failing was that too many competing products were liable to be 
introduced and the desirable goal of near 100 per cent efficiency in stock levels often 
enough was more than offset by the escalating costs of doing so. 

In the operation of the more successful companies, the basic principles needed were 
fairly well understood, e.g. good production planning, sound engineering, reliable and 
relevant upline information, independent outside assessors to improve company 
efficiency and profitability, reduction in the volume of unnecessary paper, fewer 
ineffectual meetings. greater personal responsibility, and reduction in the number of 
layers of "management". In addition, further desirable features should include good 
financial control, an adequate cash flow, more flexibility in budgeting procedures, and 
close vetting of R & D expenditure with the possibility of a reduction by increasing 
use of consultancy. Again, information systems needed to be closely examined in case 
the right information was not flowing freely. Especially important was the more 
intelligent use of computers with programming designed to give more relevant informa- 
tion; training programmes ought to be encouraged among all ranks; upper management 
should try to be less remote and, finally, personnel policies should try to reflect more 
the feelings of the majority of the rank and file. 

After some good questions which reflected the intense interest in the speaker's 
subject, Mr A. L. Bacon gave the vote of thanks. 

R.E.G. 



Obituary 
Past Honorary Ollicers and will be greatly 
missed for his pleasant and self-effacing 
personality. When the Association held 
its Annual General Meeting in Bristol 
in 1968 he and his wife niet the coach 
which travelled in the afternoon across 
the Severn Bridge for tea at Speech 
House in the Forest of Dean and 
interested everyone with details of his 
hobby of wine-making arid liqueur- 
making by free7ing. 

Mr  Britton was one of the original 
niembers of the committee formed by the 
Government in 1916 to examine the use 
of linseed oil fatty acids to make a drying 
paint n~ediuni. This Committee brought 
together those who, two years later. 
were to found the Association. I t  is  

Members of the Association will be 
saddened to learn of the death on 12 
November 1970 of Mr  R. P. L. Britton, 
a Foi~nder Meniber of the Association. 

Mr  Britton's interest in the Association 
had remained constant throughout his 
life and in October he willingly agreed 
to propose the vote of thanks to the 
Lecturer on the occasion of the Founda- 
tion Lecture at the Painter Stainers Hall. 
I n  recent years Mr  Britton had regularly 
attended the Annual Reunion Dinner of 
Founder Members, Past President and 

dificult to appreciate the courage which 
this took because in those days chemists 
in industry were not allowed to know one 
another, let alone talk about technical 
matters, but when the Committee dis- 
banded the nienibers thought it would 
be a pity to go back to the old situation 
and very courageously took steps which 
led to thc formation of OCCA. 

M r  Britton was one of the sixteen 
Founder Menibers, was a niember of 
Council for the first few years and 
frequently took part in the discussions; 
hc also read two papers at early meetings 
of the Association. 



Largest Exhibition to date 
The demand for space at the Twenty- 
Third Technical Exhibition. to be held 
for the second time at the Enipire Hall. 
Olympia, Lontlon, W14, has exceeded 
that of any previous Exhibition. 

Applications have been received from 
I l overseas countries Belgium, Canada, 
Denmark, Finland, France, Gerniany, 
Holland, Italy, Norway, Switzerland 
and the United States of America. Of 
the applications made, 12 of the 
companies have never shown at previous 
Exhibitions whilst 28 did not show at 
the 1970 Exhibition. A list of exhibitors, 
as at the closing date ( I  December 1970). 
is given below. 

The "Official Guide" to the Exhibition, 
17,500 copies of which will be printed, is 
now being prepared and all orders for 
advertising space must he received by 
29 January. Copies of the "OFticial 
Guide" will be posted to members in 
the New Zealand and So~lth African 

Alphabetical List of 
Albright & Wilson Ltd 
Amoco Chemicals Europe 
Anchor Chemical Co. Ltd 
August's Limited 
Baker Castor Oil Company, The 
BASF United Kingdom Ltd 
Berk Limited 
BIP Chemicals Ltd 

t Rlagden, Victor, & Co. Ltd 

Technical 
Exhibition 
21-25 June 1971 

Sections in March and thereafter to the 
members in all other Sections. 

Any non-members wishing to receive 
a copy of the "Official Guide," which is 
free of charge, should apply to the 
Association's Offices, Wax Chandlers' 
Hall, Gresham Street, EC2V 7AB, or 
telephone (01 ) 606-1439 (Ext. 3). 

The admission of visitors to the 
Exhibition is also without charge, in 
pursuance of the Association's policy 
of enco~lraging the widest possible 
dissemination of knowledge concerning 
technical developments. As the Exhibi- 
tions afford an excellent opportunity for 
the technical men in the supplying and 
consuming industries to discuss their 
common technical problems, this 
important occasion in the calendar of 
the surface coatings industries has been 
known for niany years as "The Forum 
for Technical Display and Discussion." 

Further details will be appearing in 
this .lournal in the coming months. 

t Boulton, William, Limited 
t BP Chemicals ( U K )  Limited 

British Titan Products Co. Ltd, 
with Titanium Intermediates Ltd 

t Buckman Laboratories Inc 
Buhler Brothers (England) Ltd 
Bush Beach & Segner Bayley 
Cabot Carbon Limited 

**** Cal/lnk Chemical Co.ofCanada Ltd 
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Alphabetical List of Exhibitors-OCCA 24Continued 
t Campbell, Rex, & Co. Ltd t Norsk Spraengstofindustri A/S 

**** CdF Chimie A/S Norwegian Talc 
Ciba-Geigy (UK) Ltd t Noury & Van der Lande, NV 
Chemical Industry of the Federal **** Oulu Oy 

Republic of Germany P(rirtr Mrrnr&rctrrre (Morgan Gram- 
Chemische Werke Huls AG pian (Publishers) Ltd) 

t Columbian International (Great P~rint, Oi l  & Colorrr Jorrrnal 
Britain) Ltd (Industrial Newspapers Ltd) 

Cornelius Chemical Co. Ltd Paint Research Association 
Cox's Machinery Ltd P(rirrr Teclrrtolo~ry (Sawell Publica- 

**** CPC (United Kingdom) Ltd tions Ltd) 
Crosfield, Joseph, & Sons Limited t Plastanol Limitcd 

t Croxton & Garry Ltd Polyvinyl Chemie Holland 
Daniel Products Conipany t Pyrcne Company Liniited 
Degussa Research Equipment (London) Ltd 
D.H. Industries Ltd Rosinous Chemical Products 
Diaf A/S Rhone-Poulenc/Redis 

**** Dorr-Oliver Co. Ltd **** Rohm & Haas GmbH 
t Draiswerke Sachtleben AG 

Eastman Chemical International Sandoz Liniitcd 
AG Scado-Archcr-Daniels NV 

Elcometer Instruments Ltd t SCC Colours Limited 
t Esso Chemical SA **** Schering AG 

Farbenfabriken Bayer AG Sheen Instruments (Sales) Ltd 
Ferranti Ltd Shell Inter~iational Chemical Co. 

**** Francaise des Matiercs Colorantes Ltd 
**** General Electric Plastics NV Silver, Peter, & Sons (Engineers) 

t Hardman & Holden Limited Ltd 
t Hercules Powder Conlpany Limited Silverson Machines Limited 

Hoechst UK Limited t Spelthorne Metals Ltd 
Hygrotherm Engineering Ltd t Swada (London) Ltd 
Imperial Chemical Industries **** Swan, Thonlas, & Co. Ltd 

Limited **** Synres International NV 
Imperial Smelting Corporation t S~nthese NV 

(Alloys) Limited Synthetic Resins Limited 
t Industrial Colours Limited **** Tcchnessen NV 

Instrumental Colour Systems Ltd t Tin Research Institute 
Jenag Equipment Ltd Torrance & Sons Limited 
Kingsley & Kcith (Cheniicals) Ltd Torsion Balance Co 

t Koge Chemical Works Ltd Unilcvcr-Emcry NV 
Kronos Titanium Pigments Ltd Union Carbide Europe SA 
Laporte Industries Limited Veba Chemic AG 
Lennig Chemicals Liniitcd Vuorikemia Oy 
Marchant Brothers Ltd VVB Lacke und Farben 
Mastermix Engineering Co. Ltd, Wacker Chcniic 

The Winkworth Machinery Limited 
Meijer's, Rudolph, Inc Winn and Coales 
Microscal Ltd t Wolf, Victor, Limited 

t Millroom Accessories & Chen~icals t Younghusband Stephcns & Co. 
Ltd Ltd 

t Mitchell, W. A. & Sn~ith Ltd ****  Denotrs companies \vho have not previously 
Molteni OfT, Mecc. of Milan exhihiled n l  OC('A Fxli~bitions. 

t Montecatini Edison SpA 
Denotes ('c~mpanies wlio did not exhibit at 1970 
Exliibilion. 
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Biennial Conference 1971 
Surface Properties and Appearance Powder coatings-a threat to stoving 
At the end of November co~ ie s  of the mamels? 
Conference Brochure were 'despatched 
to all members of the Association and 
to non-members who had written request- 
ing this information. The closing date 
for applications on this occasion will be 
1 March 1971 and the attention of readers 
is directed to this date which is a month 
earlier than nornial since the Conference 
itself will be held from 4-8 May at the 
Palace Hotel, Torquay. 

Following the practice of previous 
Conferences, i t  is intended to despatch 
pre-prints of the papers, together with 
full details of accon~modation allocated, 
badges, tickets etc. in the special 
Conference folder, at the beginning of 
April 197 1. 

Four technical sessions have been 
arranged under the title given above, 
together with a special session devoted 
to a management topic-"The manage- 
ment of innovation"-and three Work- 
shop Sessions entitled: 

How will pollution control affect the 
paint industry? 

Is the gloss emulsion paint a myth? 

London Section 
Half-Day Symposium 
Surface coatings for structural steel- 
their use and abuse 

A half-day Symposium will be held on 
Wednesday, 20 January 197 1 commencing 
at 2.15 p.m. at the Polytechnic of the 
South Bank (formerly the Borough 
Polytechnic), Borough Road, London, 
SEI. Those contributing will be: 
Mr R. Hullcoop, ICI Ltd., Paints 
Division-"Paint and painting speci- 
ficat ions" 
Mr J .  Runham, J. D. and S. Tighe, 
Painting Contractors-"The industrial 
painting contractor" 

As well as the technical sessions there 
will be the usual social programme for 
ladies attending the Conference, together 
with a Civic Reception for all delegates 
on 5 May and the Association's Dinner 
and Dance at the conclusion of the 
Conference on the Friday evening, 7 
May. 

Council has fixed the registration fees 
at £15 for Members, £7 10s Od for 
Wives and £25 for Non-members, with 
a concessionary rate for Student and 
Retired Members of £7 10s Od. The 
Chemical & Allied Products Industry 
Training Board will consider the payment 
of grant, to firms within scope, for 
attendance at the Conference. Payment 
is subject to the content of the Conference 
being relevant to the needs of the sponsor- 
ing company and also to the development 
of the individual attending. 

Readers wishing to receive the 
Conference Brochure and Registration 
form and/or synopses of the papers 
(as published in the October and 
November 1970 issues of JOCCA) are 
requested to apply to the Director & 
Secretary at the Association's office. 

Mr K. Harden, W. P. M. Paints Division 
-"Problems on site" 

Mr J. Rogers, Shell International 
Petroleum Ltd.-"The customers' re- 
quirements" 

Mr R. C. Dent, C. E. G. B., Civil 
Engineering Branch-"The architects' 
point of view." 

Each speaker will be allocated up 
to 15 minutes to speak on his subject 
after which a short break will be taken 
for refreshments. The meeting will then 
be thrown open for general discussion. 

Prices have been set as follows, which 
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includes afternoon refreshments: OCCA. regrets that tliroi~gh illness Jack Poolcy 
Members 7s 6d. Non-Members f I, was not present and stated that the best 
Student Members free of charge. wishes of all present would be sent to 
Members from other Sections and non- him. Mr Tnwn liad spoken of the London 
niembers are welcome. Application Section starting tlie annual exhibition 
should be [wade as quickly as possible at tlie Boroilgli Polytechnic; tlic Sectiori 
to R. H. E. Munn, Cray Valley Products now held i t s  technical meetings there in 
Ltd., St. Mary Cray, Orpington. Kent. the splendid new building. He welcomed 

Mr  and Mrs A. R. H. Tnwn and the other 
ollicial guests, Mr and Mrs R. A. Kichard- 

Ladies' Night son, from the Southern Branch; Dr 
~h~ London section Ladies' Night was and Mrs F. M. Smith, from Manchestcr 
held on 20 Novenlber 1970 at the Section: MI' and H .  J. Grillitlis, from 
Criterion in PicUdilly, ~ 1 .  Guest Midlands Section: Dr and Mrs L. J. 
of H ~ ~ ~ ~ ~ ,  M~ A. R. H. Tawn, H ~ ~ .  W;~tkinson, from West Riding Section: 
Research and Development OfTicer of and MI. I<. H. Haniblin, Director & 
the Association, proposed the toast of Secretary. 
London Section. Mr  Tawn referred to He also thanked those members of the 
the achievements of the Section; i t  liad Committee who liad taken part in the 
provided several Presidents of OCCA; i t  organisation of the event, and proposcd 
initiated the annual Technical Exhibition, the toast of the Ladies and Guests. 
which had now into Ihe Mrs J. E. A. Hedgecock, in her reply, 
premier exhibition in the world on paint the thanks of all the guests 
technology; it had introduced the br being invited to a very pleasant 
European Exchange lectures. ,411 present evening in [he honlely atmosphere the 
were very conscio~ls of the fact that the criterion; it was a real pleasure to have 
Chairman. Jack Pooley, was missing. , Illeal served which had had 
lhrough He proposed 'lie toast to plan and prepare beforehand, Follo\v- 
of London Section with the greatest pride ing the dinner, was the excitement 
and delight. of the tonibola. after which dr~ncing - 

Mr  D. Eddowes, the Vice-Chairman of continued until I a.m. 
the Section, in his reply, expressed his V:I .(.. 

Manchester Section 
Annual Dinner Dance 
The Annual Dinner Dance was again held 
in the Peacock Suite of the Piccadilly 
Hotel, Manchester, on 23 October, sonie 
420 niembers, guests and their ladies 
attending. 

The principal guests were Mr  and Mrs 
J. Smethurst (Mr Sniethurst being a 
former Section Chairnian). The other 
Section guests were M r  A. S. Frascr 
(President) and Mrs Fraser. M r  D. H. 
Tate (Chairman, Newcastle Section) and 
Mrs Tate, M r  R. G .  Gardiner (Chair- 
man, Scottish Section) and Mrs Gardiner, 
Mr  N. F. Lythgoe (Chairman, Hull 
Section) and Mrs Lythgoe, Mr  R. H. 
Hamblin (Director & Secretary). together 

with Dr  V. G. Jolly (a past Section 
Chairman) and Mrs Jolly. and Mr  G. A. 
Campbell (an Honorary Member, past 
President. and Chairman of tlic Man- 
chester Sect ion) and Mrs Canipbell. 

At a separate ceremony before the 
dinner, Dr Smith completed tlie presenta- 
tion of badges to past Section Chnirnien 
by making the award to Mr  Smethurst 
and Dr Jolly. Previous presentations were 
made at the Annual General Meeting and 
the Summer Coninlittee Meeting earlier 
in the year. 

The toast to the Manchester Section 
was proposed by Mr J. Sniethurst. who, 
after reniarking that he had been host on 
many similar occasions, now found 



Seen at t l~c Vanchcster Section Dinner I)ancc. Hack row (Iel't to rixl~t): 
Dr. F. \ I .  Smith (C'hairrnsn, Manchester), Mr. S. D~~ckworth (\ ' ice- 
C'hairmitn, blanchester), Mrs I)urkworth, Mr . I .  Smethurst. 'l'he 
Prcsidcnt (Mr i\. S. Iiraser). Front row (left to right): Mrs Smith, Mrs 

Sniethurst, hlrs I;raser 

himself playing an i~nusunl role. Having 
heen instructed hy his colleague, the 
Chairman, to be serious, he rccom- 
mended the table punters not l o  bother 
to make books siiicc his speech woi~ld 
not be a long one. His ~n:~in thcnle, 
ho\vever, was a thoughtful one, in fr~cc of 
the dehumanising clkct of bigger and 
bigger businesses (amalgamations were 
proceeding between suppliers. as well 
as between paint and ink manufncturcrs), 
he considered that OC'CA Sections could 
help to preserve hi~man rapport on occa- 
sions such as this. and in and after their 
meetings. 

Dr Smith. in replying and proposing 
the toast to the guests. was making a 
reference to his principal guest's speech, 

when he was interrupted by either a 
popping champagne cork or a pistol shot. 
Fortunately, either missile went wide and 
he was able to continue. He welcomed 
individually each visiting Section Chair- 
man and referred to the presentation of 
past Chairmen's badges. In concli~sion. 
lie thanked the Section Conimittee for 
their support and particularly Mr  W. K. 
MacCallum (Hon. Social Secretary) for- 
his strenuous erorts in organising the 
function. 

After a short interval, dancing coni- 
menced to Don Mack and his Music. 
with the support of a gyratory girl 
vocalist, in l'r~ct froni this tinle to the 
close. all was go-go-go. 

I) .A. l3 .  

Scottish Section 
Student Group 

Programme 197 1 
All nieetings will be held in the St Enocli Hotel. St Enoch Square, Glasgo\\. at 

10.00 a.m. 
Saturday 9 January drying oil" by G. H. Hutchinson of 

"How the alkyd resin I-eplr~ccd thc A. B. Fleming & Co. Ltd. 
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Saturday 13 February Saturday 13 March 
"Organic pigments available to the A.G.M. followed by lecture on the 
paint chemist today" by M. A. Kerr Student Project by 1.  R. McCallum & 
of Geigy (UK) Ltd. R. F. Hill. 

Association Notices 
Applications for membership of £1.05 and he will retain the same 
It is felt that the members would like to be rights menlbership as the class 
reminded of the standard of competence membership which he was attached 
for the election of candidates to Ordinary 
Membership of the Association, as laid Members wishing to avail themselves 
down by the Council, when they are of this concession should write, in 
sponsoring candidates for election. The confidence, to the Director & Secretary at 
qualifications for the granting of Ordinary the address shown on the front cover 
Membership at the present time are: of this Joltrr~rrl, giving the relevant 

1 .  A degree in a scientific subject or any information under the four headings: 
generally accepted equivalent qualifica- (0)  name, address and Section, (b) date 
tion; or an approved technological of election, (c) date of retirement, (d) age. 
qualification in a subject covered by 
the Association. Change of address 

2. Or where there is adequate evidence Members changing their address are 
of the technical competence of the urged to inform the Association's office 
candidate other than the obtaining of immediately so as to avoid any mis- 
the qualifications mentioned above, the direction of mail. This is particularly 
qualifying period of practice in the important as far as the Jolir,lnl is 
industries covered by the Association concerned. 

be less than seven Will members please note that since 
years. membership of the Association is entirely 

Associate Membership is open to those on an individual basis, if notification 
employed in the industries who do not of the change of an address for a 
qualify for Ordinary Membership. company is sent to the Association's 

The Council has further resolved that office this will not necessarily guarantee 
Student Membership should be open the change of address in the Association's 
without restriction to the age of 21 years records of the member concerned unless 
and may be extended to 25 years of age, the name of the member is stated on the 
where candidates are following courses of ~~mn~un ica t i on .  
technical study to the satisfaction of their 
en~ployers or technical college lecturers. Binding of the "Journal" 

Retired members Members will be pleased to know that 
Council also wishes it to be known widely W. Heffer & Ltd., 
that i n  1962 i t  introduced a reduced Cambridge, will undertake the binding of 
membership subscription for back volunies of the Association's 

menlt,ers have retired from business. JOIWNOI sent in by individual members 
This applies to a member who has at  a cost of E2 per 
completed 20 years as an Ordinary Members wishing to avail theniselves 
or Associate Member and has retired of this facility should send the parts direct 
from business, and norn~ally has reached to W. Heffer & Sons Ltd., enclosing a 
the age of 60; he may apply for his remittance of £2 and ensuring that 
name to be retained on the Register of notes bearing their names and addresses 
Members at an annual subscription rate are enclosed with the parcels. 
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1971 members' subscriptions Mr Adam was presented with a silver 
Members are reminded that 1971 Mem- salver by the Irish Section in recognition 
bership subscriptions to the Association of his hard work both for the Section 
are payable on I January 1971. Forms and the Association. 
were despatched to all niembers in 
October or November, depending upon 
address. 

New members may like to know that 
the Commissioners of Inland Revenue 
have approved of the Association for the 
purpose of the Finance Act, 1958, Section 
16, so that a member subject to United 
Kingdom income tax is entitled to a 
deduction from the amount of his 
emoluments assessable to income tax 
for the whole of his annual subscription 
to the Association, provided the subscrip- 
tion is defrayed out of the cn~olunients of 
his ofice or employment and that the 
interests covered by the ob.iects of the 
Association are relevant to such office or 
employment. 

Claims for adjustment of PAYE code 
numbers should be madc on form P.358, 
copies of which may be obtained from 
local tax ofices. 

News of Members 
Mr F. Lewis, an Ordinary Member 
attached to the Manchester Section, has 
been appointed managing director of 
WPM Colour and Adhesives Co. Ltd. 

Mr R. Adam, an Ordinary Member 
attached to the Irish Section, and past- 
Chairman of that Section, is to leave 
Dublin to take up a position in Australia. 

Mr A. A. Harrison, an Ordinary 
Member attached to the London Section, 
has been appointed to the board of Coates 
Brothers & Company Limited, becoming 
group production director. 

Dr W. Carr, an Ordinary Member 
attached to the Manchester Section, has 
been awarded the Roon Foundation 
Award for 1970. He received the award, 
which is given to the speaker adjudged 
to have given the best contribution to 
the Annual Meeting of the Federation 
of Societies for Paint Technology, in 
recognition of his paper "The flocculation 
of phthalocyanine blue-fact or fiction?" 
presented at the 1970 meeting in Boston. 
Dr Carr is also to present a paper at the 
Association's Conference at Torquay in 
May. 

Amongst the sixnew directorsappointed 
to the board of the Silver Paint & 
Lacquer Company Limited are the 
following Ordinary Members attached to 
West Riding Section: 

Major Gordon Bentley 
Mr Cecil Butler (Chairman West 
Riding Section 1959-61) 
Mr David Morris (Hon. Secretary 
West Riding Section) 
Mr Eric Smith 

Register of Members 
The following elections to niembersliip have been approved by Council. The Section 
to which the new members are attached are given in italics 

Ordinary Members 
DAVIES, BERTRAM MICHAEL, Woodhouse Court, 31 Woodhouse Road, London N12. 

(London) 
FLEMING, JOHN MURRAY. BSc, 151 Hwelwell Crescent, Birmingham B30 2QE. 

(Midlands) 
KHIDHER, ABDUL MONIM, BSc, Al Zahid Building, 1513 25B A1 Kuraada, A1 Sharkiya, 

Aswad Street, Baghdad, Iraq. (0 verseas) 



S-IRU(;AII, D A N I I  I.. I'hD. E. I .  Du Pnnt Dc N e m o ~ ~ r s  Nr Compan:,i, M;lrsl?all Rc.;c.:lrcli & 
Developmait I.rth.. 3.500 Grays Ferry Avenue. I'hilndclphin, I'enna.. C'SA. 

( 0 I c,i..vc,rr c )  

\\'ILSON. DA\  11) SMITH. 40 Dee I)ri\.c. I':li.;lcy. I?enfrcwshirc. ( . S : ~ o ~ / i v / ! )  
Yousu~:, KHALII ) .  RSC, c / o  Modern h i n t  Ind. Corporation. PO R o \  4901. K:!r:tchi. 2. 

M'est P;tkistn~l. ( 0 I ! , t . v ; , ~ v )  

rlssociatc RZembrrs 
HURLI:Y, RI(.HAKI) R.. BA. C;!hot Carbon I.td., Carolyn t-!oust. Ding\\all Road, 

Croydon C R 9  ZXS. ( / - o ~ I ( / o I ~ )  

Student Members 
R l t o o ~ s .  MI(-HAI:I. F R A N K ,  47 Culnbcrland liorld, Plnistow, I..ondon E1.3. ( / .o~r( /oir)  
Ci-lo. JOCK MIN. 94 York Hol~se. Idlethorp Way, Thorpc Edge. Idlc. Rrndli>rii 2. 

( I t  >.st R i ( / i t r~~)  
HILI.MAN, ROHERT. 127 Ch;trlton Road, Kcynshnm, Nr. Rristol. ( l - o / ~ ~ / o / r )  

Forthcoming Events 
Details are giver1 of rireetirigs ilr tire United Kirlg(iori1 rrp to tlra eir:! of tlre rrrorrllr follo~t~i~rg 
prrblication, arid in Sorrth Afiica nrrrl tlie Cot?~nrorr~c~ealtlr r~p to the i,rrrl of the .si~coritl month. 

Monday 4 January 
H I / / /  Si~ctiotr. "Thc prcscl-vation and 
waterproofing of ioinery t i ~ n b c r  prior 
t o  painting" by M r  R. R. Hill of the 
Timber Research and Develop~nerit 
Association, t o  be held at the Bullock 
L.ecture Theatre, Hull Cnllegc of  
Technology, at 7.00 p.m. 

Tliursday 7 January 
Nowv.c~~t/c S,~c.tiot?. "Discounted c.lsh 
flow and investment appraical-a 
management technique" by Mr  K. W. 
Blackburn of the Sunderland Poly- 
technic, t o  be held at  the Royal Turks 
Head Hotel, Grey Street. Newca-;tic 
upon Tyne at  6.30 p.m. 

Friday 8 January 
Mnncltestrr .'?(>c.tioti. "Printing inks 
for web offset" by Mr  D. F. Risset 
of Coates Bros. (Inlts) Limited, t o  he 
held at  the Manchcster Literary and 
Philosophical Society. 36 George Street. 
Manchester 1 at  6.30 p.m. 

Saturday 9 January 
Scottislr Scctio11-Strrtk~~11t Grorrp. C .  H. 
Hutchinson, ARIC,  A. R. Fleming & 

Co. I.td. "How the alkyd ret;in i.eplaccd 
the drying oil" t o  bc held at the St. 
Enoch Hotel, Glasgow at 10.00 a.m. 

Tuesday 12 January 
.I l '(~.~t R i t l i ~ ~ ~  S(,c.tiori. "TI\ O - I X I C ~  

epoxy coatinps" by M r  A. McKay 
of CIHA (ARI.) I-imited, t o  he held at 
the Griffin Hotel, Hoar I-ant. L::cds 
at 7.30 p.m. 

\I'ednesday 13 January 
Mnric~hc.s/i~r Srcntiorr - Strrrk>rr/ Grorip. 
"The use of carbon hlack i l l  paintc. 
plastics and printing inks" by Mr 
B. E. Thomas of Colurnhian Industrial 
l.td., t o  he held at  the Manchestel- 
L iterary and Philosophical Society, 36 
Georgc Str-cet, Manchester a t  4.30 
17. I l l .  

,'Vc~~,c.tr.stli,- .S'tr~t/o~it (;roi~p. " V o d c r ~ i  
management techniques" h> Mr  N. D. 
Harris of the Department of Mnnnge- 
ment Studies, Newcastle Po!ytechnic, 
t o  he held at  the Newcastle Polytechnic. 
Ellison Place, Ncwcastlc upon T!n.: 
at 3.00 p.m. 



Friday IS . lawary 
/rid! .Yci./iori. "Modcrri dispersion 
ccjuipnient" hy Mr H. Wiidhani of  
Torrance Rc Sons. 1 td.. to he hcld at 
tlie CI;ircncc tiotcl. Wellington Quay. 
Dublin at 8.00 p.m. 
\ I i i l l ~ t l s  Sc~c~/io~i. Annu;\ l Dinner 
I.ccturc "hlicroscopic ex:l~iiination of 
~~iznicllt-\chick interaction durinc 
iilk f(>rm:ition" by Dr Jcttm:ir itnil 
Dr Apcl of RASF, to be held at the 
\?!iriston Restaurant. Birmingham 5, at 
6.30 p.m. 
S(~orris1r .J'clc./ior!. Annual 1)inncr Dnncc. 
to he held in the St. Fnocli Hotcl. 

a\%!(>\\'. GI - _  

\l'cdnesday 20 January 
Sc~orri.vl~ S(~c.riorr-l;ils/c~rt~ Brrrric.lr. 
" Mo~ie>-go-~.ou~id." A 30-mini~tc film 
itnd t;t!k on com~iicrci:rl practice hy a 
speakrr froni the Scottish Stock E\- 
changc, to  be held at the CiirIt011 
Hotrl. North Rritlgc. Edinburgh at 
7.30 p.m. 
l.otit101i .Se~./ioti. Co~ivcrsnzionc: "Sur- 
I':ice coatings: their use and abuse for 
painting structural steel." Lecti~rcrs as 
follo\vs: Mr R. tiullcoop (ICI Paints 
Diiision) Mr J. Runham (J. D. c !  S. 
Tighc) Mr K .  Harden (WPM P;iints 
Di\ision\ Mr J .  Rodgers (Shell Inter- 
national Pctroleuni) Mr R. C. Dent 
(CEGH). T o  hc held :it the Borough 
Polvtcclinic. Horougli Road, London 
SEI, nt 2.15 p.m. 

Thursda!. 2 1 January 
lri.sli .Yc,c.liori. Annual Dinner Dance 
to be held at the Clare Manor Hotel. 
.2lii//rrrrt/s Si~~/iort--Trc,ri/ Vr~lli>!~ i3rr1rrcli 
--"The future of water-thinnablc coat- 
ings" hy Mr A. J. Bccalick of Lcnnig 
Cheniicals Ltd., to be held at the British 
Rail School of Transport, London 
Road. Derby at  7.00 p.m. 
Sco//isli S ~ I I  "Handling of 
sol\.ents" by Mr I. M. Fotheringham 
of Shell Chemicals ( U K )  Ltd., and 
"Hazards of solvent fires" by AD 
Officer Clarke of tlie Fire Prevention 
Section, Glasgow Corporation Fire 

Department, to b: held at the St. 
Enoch Hotel, Glasgow at 6.00 p.m. 
Tlicirric~.~ I/irllc~!~ Soi~liotr. "Special 
problems of paints and mastics with 
reference to building techniques" by 
Mr E. I,. French of Taylor Woodrow 
Con~truction I-td.. to he held at the 
t3eecli Tree Hotel. Beaconsfield. ni~cks 
:it 7.00 p.m. 

Friday 29 .lanoary 
.cri.s/ol Sclc./iorr. I>adics Evening. 
"Cosmetics" by Mr A. Fostcr of 
Revlon Overseas Corporation, to he 
Iicld at the Royal Hotel. Bristol at 
7.15 p.m. 

Monday 1 February 
I i ~ l l l  Sc,r./iorr. "The use of instrumenta- 
tion in tlie evaluation of paint per- 
formance" by Mr D. M. Bishop of  
British Railways, to be held at The 
Bullock Lecture Theatre, Hull College 
of Technology at 7.00 p.m. 

'Thursday 4 February 
Nr~~~c-crslk~ Sc~.tiorl. "Floori~ig composi- 
tions" by Mr A. C. Jolly and Mr E. 
Stanley of Synthetic Resins Limited. 
to be held at The Royal Turks Head 
Hotcl, Grey Street. Newcastle upon 
Tyne at 6.30 p.ni. 

Friday 5 February 
Tlrr~n~c~.s C'olli~j. Sc~c~iori. Ruffet Dance. 
to be hcld at "Great Fosters." Eghan:. 

Tuesday 9 February 

Loticlorr Sc~clion-Sorr/lic.rll Bri~ricli. 
"New developnients in the field of 
shop and wash primers" by Herr 
Lampe, given by Dr Lehmann of 
Farbwerke Hoechst AG. To be held 
at the Pendragon Hotel, Clarence 
Parade, Southsea at 7.00 p.m. 

M'ost Riiiir~g Si~clion. "Compositional 
changes of solvent mixtures during the 
film formation process" by Mr 1,. A. 
Tysall and Dr D. H. Shearer of Shell 
Rescarch Limited. to be held at The 
Grifiin tiotel, Roar 1,ane. Leeds at 
7.30 p.m. 
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Wednesday 10 February Borough Road. London SEI, at 
hlewcastle Section-Student Group. 7.0° p.m. 
"Modern methods of paint applica- Scottish-Errstern Branch. "Layout of 
tion" by Mr K. Baxter of British machinery and plant" by Mr D. P. 
Paints Limited, to be held at the Sullivan of DH Industries Limited, 
Newcastle Polytechnic, Ellison Place, to be held at the Carlton Hotel, 
Newcastle upon Tyne, at 3.00 p.m. North Bridge, Edinburgh at 7.30 p.m. 

Thursday 11 February 
Scottisli Section. "Colour consious- 
ness" by Dr F. M. Smith and Mr 
D. Malin of Geigy fUK) I,td., to  be 
held at the St. Enoch Hotel, Glasgow 
at 6.45 p.m. Joint meeting with the 
Plastics Institute and the British Paper 
and Board Makers Association. 

Friday 12 February 
Manchester Section. "Present and 
future trends in motor car finishing" 
by Mr H. L. Quick of Rootes Motors 
Limited, to be held at Manchester 
Literary and Philosophical Society, 36 
George Street, Manchester 1 at 6.30 
p.m. 

Saturday 13 February 
Scottislt Section--Student G r o ~ ~ p .  
"Organic pigments available to the 
paint chemist today" by Mr M. A. 
Kerr, Geigy (UK) Ltd., to  be held at 
St. Enoch Hotel, Glasgow at 10.00 
a.m. 

Wednesday 17 February 
London Section. "Techniques of 
electrographic reproduction" by Mr 
J. Sloman of Ozalid Limited, to be 
held at the Borough Polytechnic, 

Thursday 18 February 
Tl!nnles l/alle.v Section. "Where paint 
and ink meet" by R. G. Kinsman of 
U'instones Ltd., to be held at the Beech 
Tree Hotel, Beaconsfield, Rucks at 
7.00 p.m. 

Friday 19 February 
Irish Section. "Paper production" by 
Dr P. Sherry of Clondalkin Paper 
Mills Limited, to be held at the 
Clarence Hotel, Wellington Quay, 
Dublin at 8.00 p.m. 
 midland^ Section. "Developments in 
automobile finishing" by Mr H. L. 
Quick of Rootes Motors Limited, 
to be held at the Chamber of Com- 
merce House, 75 Harbourne Road, 
Birmingham 15 at 6.30 p.m. 
A'ewcastle Section. "Ladies Night" 
to be held at the Five Bridges Hotel, 
Gateshead. 

Friday 26 February 
Bristol Section. "The glass transition 
temperature of paint films" by Mr 
L. J. Prosser of the Paint Research 
Station, to be held at the Angel Hotel, 
Cardiff at 7.15 p.m. 



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. 

METCHlM & 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 . l  

Telephone : 01-839 2125 

& DETERGENTS, 
for decorating paint 

59/61 Sandh~l l  Lane. L I V E R P O O L  L5 9 X L  
Tel :  051-922 787 1 
Newton  Road. Stratford, L O N D O N  EIS. 
Tel:  01-534 4321 
289 Castle Street. G L A S G O W  C4. 
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C L A S S I F I E D  A D V E R T I S E M E N T S  

Classified Advertisements are charged at  the rate of 10s per line. Advertisements for 
Situations Wanted are charged at 2s 6d per line. A box number is charged at  Is Od. 
They should be sent to the Director & Secretary, Oil & Colour Chemists' Association. 

Wax Chandlers' Hall, Gresham Street, London EC2V 7.4B. Telephone: (21-606 1439. 

T H E  C I T Y  U N I V E R S I T Y  
ST. J O H N  STREET, 

LONDON ECI 

COURSE ON 
INDUSTRIAL 

COLOR I M E T R Y  
Tliis Courw is intended for scientists and 
technologists concerned with COIOLI~ MC;ISLI~C- 
men1 in Industry and deals with tlic fundamentals 
of the su1,iect. Both lect~~res and practical work 
arc included. 
1t is to be held all day on Wednesdays, for 
SEVEN weckc. hcginning on 14th April, 1971 
arid ending on 26th May, 1071. The fee k)r tlie 
C o ~ ~ r s e  is f 3-5. 
Detail, and application form\ from: 

THE SECRETARY 
The Cit? University, Department of Oplitlialmic 
Optics. Cranwood Annexe, Cran\vood Street, 
London. E.C. I .  

SITUATIONS VACANT 

SENIOR TECHNICIAN-PIGMENTS 

Appointment in OsakaIJapan 
Hoeclist Japan Ltd.. a subsidiary of Farhwcrkc 
Hoeclist A.G., have a vacancy for a Senicar 
Tcclinician in their Technical Applicatio~is 
Department. 
Academically well q~~alified applicants will he 
considered, who have practical experience in 
tlie i~sc of organic pigments. 
Tliis is a progrcssivc appointment in an 
espanding organisation and very attractive 
conditions will he ofrered to thc successfi~l 
applicant. Initially. interviews will he arranged 
in Manchcstcr, or London. 
Details of qualifications and cxpcriencc, whicli 
will be treated in strictest contidence, should 
hc 5ent to: 

Mr W. R. Moon. 
Hoechst-Cassella Dyestuffs. Ltd.. 
48, Sy~iiour Grove, 
Old Trafford, 
Vancliester, M 16 OLN. 

FOR SALE 

I Marchant IS" . 30" Horifont;~l 
I Torrance 15" 30" Hori/ont;~l 

THIPLI,' NOl.1. bI1LL.S. plus . . . 
I Kccnock 0" Uniroll Mill 

Apply to: 
Marcliant Rrotlicrs, I d . .  
60. Vcrncy Road. 
London. S.E. 16. 

Triple Roll Mill 
All sires 

Uniroll Mills 
Mixers (various sizes) 

E. Newton Engineering. 
60. Verncy Road. 
I .ondon, S.E. 16. 

1,ONDON SECTION SYMPOSI U\I  

" Surfncc coatings: their use and abuse for 
painting structi~ral steel." Borough Polytech- 
nic, 2.15 p.m., Wednesday 20 January. 

For fi~rtlicr details see page 121 

Technical Exhibition 

OCCA 23 
21-25 J U N E  1971 

EMPIRE HALL, OLYMPIA, 

LONDON 



AVAILABLE IIV TWO GRAOfS 
DIP01 '1 IN LIOUID fORII1 MODIFIED EPOXIES THAT CAN BE PIGMENTED 

I DIPDL W I Y  SEMI SOLID FORM TO GIVE ANY DESIRED COLOUR. 

Have you considered sub-tropical Florida's Send for free 

severe natural weather testing for creating Sub-Tropical 

superior products ? 
Since 1929 many leaders have utilised 

SUB-TROPICAL TESTING SERVICE 
For economical-dependable-rapid-natural weather tests of * paints * chemical coatings * plastics * textiles * fabrics * related products * 

(List of representative clients given upon request) 

I 

For our customers' 

assurance of 
-1 ,'>\ 

durability we have %' " 
weathered 
41 years I ~ r o p ~ c a l  

MlNnl 

Sub-Tropical Testing is trusted world wide for aid to  technology 
For colourful data, no charge, wrlte at once to 

Mr. C. Hubbard Davls, President Sub-Tropical Testing Service, Inc. 
P.O. Box 898 mi am^, Florida 33143, U.S.A. (telephone 305: 235 3111) 
Sub-Tropical Testing gives fastest Natural Weather tests available 



FOR QUALITY, STRENGTH AND ECONOMY 
RED, YELLOW & MARIGOLD COLOURS 
FOR 

PAINT, RUBBER, PLASTICS, 
PAPER, PRINTING INKS, 
I - - - - -  IT, T bZZO, TILES, 

X I C K S ,  CONCRETE 
h*- 

is-------- - 

SYNTHETIC 
IRON OXIDES 

MORRIS ASHBY LIMITED 
10 PHILPOT LANE 

Telex No 886 170 LONDON EC3 Telephone 01-626 8071 

M o r r ~ s  A s h t ~ y  Ltrl. IS rt'prctsented throughout the world 
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