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1. C.  J. Dury, LRIC, 23 Tlic Cliippings, Stapleton, Bristol 5. 
N. W. Morgan, 20 Grittleton Road, Hristol 7. 
R. F. Nicholls, 39 Petherton Road, Hengrove, Bristol 4. 
D. S. Owen, 132 Swiss Drivc, Asliton, 13ristol 3. 
D. Socn, c /o  Jolin Hall & Sons (Bristol & London) Ltd., Petherton 

Road, Hengrove, Bristol 4. 

6 
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Hull Chairtlran: E. A. Brown, 102 Bricknell Avenue, Hull, E. Yorks. 
Vice-Chairtnarz and Representative on Council: N .  F. Lythgoe, FRIC, 

172 Kenilworth Avenue, Hull, E. Yorks. 
Hon. Secretary: J. C. Gibson, Blundell-Permoglaze Ltd., Sculcoates 

Lane, Hull, E. Yorks. 
Hon. Treasrrrer: A. Pipes, 32 Astral Road, Cambridge Road, Hessle, 

E. Yorks. 
Hon. Prrhlications Oficer: J. A. Hasnip, BSc, 44 Ancaster Avenue, 

Fairfax Avenue, Hull, E. Yorks. 
Hotr. Researclz attrl Development Oficer: F. D. Robinson, BSc, 

"Frays," Stallinborough Road, Healing, Grimsby, Lincs. 
Hon. Alrditor: F. S. Wilson, FCIS, FIAA, 255 Cottingham Road, 

Hull, E. Yorks. 
Hon. Social Secretary: L. W .  Wynn, 1 College Gardens, Hornsea, 

E. Yorks. 
Hon. Lanternist: J .  E .  Gilroy, 91 Laburnum Avenue, Garden Village, 

Hull, E. Yorks. 

Committee: 
J .  E. Gilroy. 
€3. J. Howells, 74 Bradford Avenue, Cleethorpes, Lincs. 
H. J. R. Mayes, BSc, 3 Thirlmere Avenue, Scarthe, Grimsby, Lincs. 
S. J. Reed, ARIC, 60 Hall Road, Hull, E. Yorks. 
L. Tasker, RSc, "Farthings," School ,Lane, Trby-upon-Humber, 

Nr. Grimsby, Lincs. 
Co-opted Metnbers: 
E. A. Armstrong, AMBIM, Ryeland Hill, South Cave, E. Yorks. 
T. A. Fillingham, "Dunalastair," 37 Southfield, Hessle, E. Yorks. 

Irish C~rairrilc~tr: S. McWade, Bayer (Ireland) Ltd., Industrial Estate, 
Kill O'The Grange, Dun Laoghaire. 

Itirtlrc.cliatc Past Clrairt~iatr: R. Adam, c/o Associated Printing Inks 
Ltd., Dunsined Works, Castleknock, Co. Dublin. 

Hon. Secretary: F. D. H. Sharp, 68 South Park, Foxrock, Co. Dublin. 
Hon. Trc~ct.s~~rc~r: M. O'Callaglian, Sissons Bros. & Keirans Ltd., 

East Road, Dublin 3. 
Hon. P~rhlicatiot~s Secretary: R. B. Simon, BSc, 39 Woodpark Road, 

Castleknock, Co. Dublin. 
Represcvrtotive or1 Corrncil: W. A. Grainger. 
Hon. Pro~ramrnes Secretarv: D. P. Godden, 68 Blackheath Park, 

Clontarf, Dublin 3. 
Hon. Teclitrical Training Oficer: G. F. Jones, c/o Irish Painting Co. 

Ltd., Eclipse Works, Swords, Co. Dublin. 
Hotr. Alrrlitor: R. F. Patton, BSc, 13 Aubarn Avenue, Cabinteely, Co. 

Dublin. 

Conrr~itlee: 
R. J. Clinton, BSc, BP Chemicals (Ireland) Ltd., 7 Upper Leeson Street, 

Dublin 2. 
W. A. Grainger, Ault & Wiborg (Ireland) Ltd., John F. Kennedy 

Drive, Blue Bell, Inchicone, Dublin 12. 
R. J. Murphy, Parkfield House, Crurnlin, Dublin 12. 
M. O'Hanlon, Ault & Wiborg (Ireland) Ltd., John F. Kennedy Drive, 

Blue Bell, Inchicone, Dublin 6. 
A. Richards, 52 Temple Ville Road, Terenure, Dublin 6. 
P. J. Scammell, BSc, Shell Chemicals (Ireland) Ltd., 33-34 Westmore- 

land Street, Dublin 2. 
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Lolldon Chairman: J. E. Pooley, BSc, ARIC, "Merrymay," Forest Drive, 
Kingswood, Tadworth, Surrey. 

Inimediate Past Chairman: R. N .  Wheeler, BA, ARIC, Shell Research 
Ltd., PO Box I I ,  Egham, Surrey. - 

Hon. Secretary: R. H .  E .  Munn, LRIC, Cray Valley Products Ltd., 
St. Mary Cray, Orpington, Kent. 

Hon. Publications Oficer: V. T. Crowl, BSc, PhD, DIC, ARCS, 
FRIC, Paint Research Station, Waldegrave Road, Teddington, 
Middx. 

Horr. Treasurer: H. R. Hamburg, PhD, 5 1 Broxbourne Road, Orpington, 
Kent. 

Programmes Oficer: D. E.  Eddowes, BSc, Paint Oil & Colour Journal, 
17 John Adam Street, Adelphi, London WC2. 

Horr. Auditor: A. H. Soane, BSc, ARIC, 86 Church Hill Road, East 
Barnet, Herts. 

Committee : 
D. A. Bayliss, 18 Stuart Road, East Barnet, Herts. 
J. K. B. Burke, MA, "Avoca," 190 Pampisford Road, South Croydon, 

Surrey. 
J. B. Ley, PhD, 19 Highview, Pinner, Middx. 
J. C. Martin, 22 Vigo Village, Meopham, Kent. 
W. M. Morgans, BSc, PhD, ARIC, 115 Morton Way South, Letchwood, 

Herts. 
D. G. Soar, BSc, ARTC, 22 Springfields, Broxbourne, Herts. 
P. Whiteley, BSc, Building Research Station, Garston, Watford, 

Herts. 
Southern Branch Representative anrl Representative on Council: J .  Tooke- 

Kirby, "Fintry Lodge," 80 Arlington Avenue, Goring-by-Sea, 
Worthing, Sussex. 

London Chairman: J .  T. Tooke-Kirby, "Fintry Lodge," 80 Arlington Avenue, 
Goring-by-Sea, Worthing, Sussex. (Southern Hon. Secretary: W. H. Morris, 123 Miller Drive, Fareham, Hants. 

Branch) Hon. Treasurer: R. A. Brown, BSc, Vanguard Paints Ltd., Cranleigh 
Road, Portchester, Hants. 

Hon. Publications Secretary: B. A. Richardson, BSc. Penarth House. 
Otterbourne Hill. Winchester. Hants. 

Representative to ~ondorl Section: J. T. Tooke-Kirby. 
Hon. Auditor: M. J .  Main, 45 Highbury Grove, Cosham PO6 2R1. 
Committee: 
J .  R. Marchant, 19 Ash Close, South Merstham, Surrey. 
J. R. E. F. Coates, "Captains," Red Lane, Limpsfield, Oxted, Surrey. 
K. L. Bargrove, 5 Grenville Road, Richmond, Surrey. 

Manchester Chairman: W. F.  McDonnell, FRIC, AMBIM, Goodlass Wall & Co. 
Ltd., Goodlass Road, Speke, Liverpool L24 9HJ. 

Vice-Chairman: F .  M .  Smith, BSc, PhD, ARIC, Geigy (UK) Ltd., 
Pigments Division, Roundthorn Estate, Wythenshawe, Manchester 
M23 9ND. 

Fon. Secretary: H .  G. Clayton, Geigy ( J K )  Ltd., Pigments Division. 
Roundthorn Estate, Wythenshawe, Manchester M23 9ND. 

Hon. Treasurer: S. Duckworth, ARTC, Wall Paper Manufacturers Ltd.. 
Research Division, Station Road. Wilmslow, Cheshire. 

Hon. Publications Secretary: D. A. Plant, BSc, PhD, ARTS Dept., ICI 
Ltd., Dyestuffs Division, Hexagon House, Blackley, Manchester 
M9 3DA. 

Representative on Council: F .  M .  Smith, BSc, PhD, ARIC,. 
Hon. Research Liaison Oficer: C .  Barker, BSc, MSc, ARTS, Dept.. 

TCI Ltd., Dyestuffs Dkision, Hexagon House, Blackley, Man- 
chester M9 3DA. 
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Hurl. Prograrlimes Oficer: W. G. Topham, FRIC, Goodlass Wall & Co. 
Ltd., Goodlass Road, Speke, Liverpool 24. 

Hon. Sc~ciul Secretury: C. Williams, Styrene Co-Polymers Ltd., 
Earl Road, Cheadle Hulme, Cheadle, Cheshire. 

Hun. Strrrlent Activities Secretary: J .  E. Mitchell, BSc, FRIC, The 
Walpamur Co. Ltd., Walpamur Works, Darwen, Lancs. BB3 OBG. 

Hon. Atrrlitors: L. Bowden, AMCT, "Glen View." Manor Road, Ley 
Hey Park, Marple, Cheshire. 

F. A. Walker, FRIC, 55 Woodlands Road, Handforth, Cheshire. 

Cutn11iittc~,: 
H. Archer, AMCT, FRIC, 12 Winchester Road, Hale Barns, Cheshire. 
F. Dalton, BSc, PhD. Geigy (UK) Ltd., Pigments Division, Round- 

thorn Estate, Wythenshawe, Manchester M23 9ND. 
T. I .  Kyle, PhD, ARIC, 50 Clement Road, Marple Bridge, Cheshire. 
A. McWilliam, ARIC, England Hughes, Bell & Co. Ltd., Valley Works, 

Monton Road, Eccles, Manchester M30 9HU 
D. Stewart, 45 Atkinson Road, Sale, Cheshire. 
F. Courtman, AMCT, LIRI, 24 St. Anne's Crescent, Grasscroft, 

Oldham. Lancs. 
W. K. McCallum, 20 Syddall Crescent, Bramhal.1, Cheshire. 
Ex Oflicio 
I .  S. Moll, BSc, ARTS Dept., ICI Ltd., Dyestuffs Division, Hexagon 

House, Blackley, Manchester 9. 

MidlandS Cli~irt11~11: D. J .  Morris, 102 Batchwood Drive, St. Albans, Herts. 
It~~niccliute Pust Chairttic~tl: C. H. Morris, Resinous Chemicals Ltd., 

Portland Road, Newcastle upon Tyne NE2 IBL. 
Hoti. Secretary: R. F. Hill, BSc, ARIC, ACT, API, The Laboratories, 

RIP Chemicals Ltd., PO Box 18, Tat Bank Road, Oldbury, 
Warley, Worcs. 

Vice-Clirrirnirnr: H. J .  Griffiths, ACT, 235 Monmouth Drive, Sutton 
Coldfield, Warwickshire. 

Hot?. Treas~rrc~r: T. D. Nation, c/o Hoechst Chemicals Ltd., Norwich 
Union House, 17 Lichfield Street, Walsall, Staffs. 

Hott. Pt~hlicatiotr.s Secretary: A. E. Claxton, BSc, ARCS, "Tinwood," 
The Outwoods, Newport, Shropshire. 

Reprc~sc~ritativ~ or1 Cu~tr~cil: R. F. Hill. 
Hoti. Social Sc~cretary: A. S. Gay, 42 Norman Road, Park Hall, 

Walsall, Staffs. 
Hun. Atcclitors: F. Cooper, BSc, 247 Robin Hood Lane, Hall Green, 

Birmingham 28. 
H. J. Clarkc, 33 Petersfield Road, Hall Green, Birmingham 28. 

Cot~itnittce: 
C. W? Collier, 29 Selby Road, West Bridgford, Nottingham. 
P. C. Daley, 46 Ulverley Green Road, Olton, Solihull, Warks. 
R. McD. Barrett, BSc, MSc, 26 Kidderminster Road, West Hagley, 

Worcs. 
D. John, RSc, 25 Addenbrooke Drive, Wylde Green, Sutton Coldfield, 

Warks. 
D. H. W. Lovegrove, 17 Hall Walk, Coleshill, Warks. 
D. J. Silsby, 356 Baldwins Lane, Hall Green, Birmingham 28. 
J. F. D. Warren, BSc, Springfield House, 269 Birchfield Road, Redditch, 

Worcs. 
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MidlandS Chairt?ian: C. W. Collier, 29 Sclby Road, West Bridgford, Nottingham 
NG2 7BP. (Trent Valley Vice-chairman: E.  Hare, Via Gellia Colour Co. Ltd., Matlock, 

Branch) Derbys, D E ~  ~ P T .  
Hon. Secretary: D. W. Guest, BSc, c/o Vinyl Products Ltd., 27 1-owcr- 

Church Street. Ashbv-de-la-Zouch. Leics LE6 5AE. 
Hotl. Treasurer: P. D.  ire, BScTech, 9 Granv~lle Clofe, Hall I-arln 

Road, Dullield, Derby DE6 4FY. 
Hon. P~tblicc~tions Secretary: J. R .  Tomlinson, 10 Cavendrsh Court, 

Shardlow, Derby DE7 2HS. 
Hen. A~rclitot-s: K .  H. Buckley, Via Gellia Colour Co. Ltd., Matlock, 

Derbys DE4 3PT. 
C. V. White, Cromford Colour Co. Ltd., Croniford, Matlock, Derbys. 

Comn~ittee: 
J. R. Bourne, c/o Mebon Ltd., Blackwell Road., Huthwaite, Nr. 

Mansfield, Notts. 
J. A. Burns, E. Earnshaw & Co. (1965) Ltd., Mill in the Hole, Gauntley 

Street, Rasford, Nottingham. 
H. J. Foot, 93 Allestree Lane, Allestree, Derby. 
D. F. J. Grimmer, Gcigy (UK) Ltd., Melton Road, Thurmaston, 

Leicester. 
S. N. Hawley, W. Hawley & Son Ltd., Colour Works, Duffield, 

Derby. 
R. S. Law, MA, Fisons Industrial Chemicals Ltd., Willows Works. 

Derby Road, Loughborough, Leics. 

Newcastle Chairn~an: D. H. Tate, 33 Langholni Road, East Boldon, Co. Durham. 
Vice-Chairn.lat1: A. A. Duell, ARIC, 1 Westbourne Avenue, Grange 

Estate, Gosforth, Newcastle upon Tync NE3 2HN. 
In~mediate P a t  Chairman: D. M. Janies, BSc, FRIC, 14 Beaconsfield 

Crescent, Low Fell, Gateshead 9, Co. Durham. 
Hon. Secretary: B. Ridley, "Revcrlcy," Meadowsfield Park, Stocksfield, 

Northumberland. 
Hon. Treasurer: A. W. Blenkinsop, 108 Yarm Road, Stockton-on- 

Tees, Teesside. 
Hon. Publications Sect-etary: A. Laws, ARIC, 42 Woodside Gardens, 

Gateshead 1 I ,  Co. Durham. 
Representative on Council: A. A. Duell, ARIC, 1 Westbourne Avenue, 

Grange Estate, Gosforth, Newcastle upon Tyne NE3 2HN. 
Hon. Resc.urc/z Liaison Oficer: K .  F .  Raxter, 5 Greybourne Gardens. 

Sunderland, Co. Durham. 
Hon. Co-ordinating Oficer for Technical Ecl~~cation: N .  J. P .  Buchanan, 

"Strathmore," Park Road, Haltwhistle, Northumberland. 
Hon. Social Secretary : H. Fullcr, 552 Acklam Road, Acklam, Middler- 

brough. 
Strrcient Group Secretary: D. W .  Hudson, RSc., c/o Research Dept., 

International Paints Ltd., Stoneygate Lane, Felling-on-Tyne. 
Co. Durham. 

Hon. Auditors: E. G. Elphinstone, 9 Victoria Terrace, East Boldon, 
Co. Durhani. 

F. C. Palmer, FRIC, "Polperro," 62 York Avenue, Jarrow, Co. 
Durham. 

Comt~iittee: 
T. A. Banfield. PhD. DIC. ARCS. FRIC. 5 Dene Close. Newcrr\tlc 

upon Tync, NE7 7BL. 
J. Brougli, ARIC, ARTCS, 2 Bassenthwaite Avenue, Garden Farm 

Estate, Chester-le-Street, Co. Durham. 
J. Clark, RSc, The White House, Whitc Housc Drive, Bishop\ Road 

West. Stockton-on-Tee\, Teesside. 
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D. G. Dowling, BSc, 1 1  Auckland Way, Hartburn, Stockton-on-Tees, 
Teesside. 

F. Hellens, ARIC, MCIC, 8 Westcroft Road, Forest Hall, Newcastle 
upon Tyne 12. 

K. V. Hodgson, 10 Southmayne Road, High Barnes, Sunderland, 
Co. Durham. 

G. Willison, ARIC, 44 Coast Road, Redcar, Yorks. 

Scottish Clrairrnan: J.  Miller, c/o Vinyl Products Ltd., 159 Deanston Drive, 
Glasgow S I .  

Vice-Chairman ancl Reprc~sentutivc~ on Cormcil: D. Rowley, 
57 Linn Drive, Glasgow S4. 

117rt~tediatc Past Chairnirin: I. S. Hutchison, Craig-Hubbuck Ltd., 
12-40 Bogmoor Road, Glasgow SWI. 

Ifott. Secretary: E. M. Burns, Morris Ashby Ltd., 6 Queen Margaret 
Road, Glasgow NW. 

Hon. Trecisurer: T. €3. Hannah. BSc. 33 Gloucester Avenue. Clarkston. 
Glasgow. 

Hon. Pro~ramrtre Oficer: R. G. Gardiner, Durham Raw Materials 
Ltd., 180 Hope Street, Glasgow C2. 

Hort. Pi~hliccrtiorrs Oflicer: 

Hon. Student Section Liai~on Oficer: A. H. Smith, 102 Cartside Street, 
Glasgow S2. 

Hon. Education Oficer: A. McLean, BSc, ARCST, FRIC, 46 Lindsay 
Road, East Kilbride, Glasgow. 

Hotr. Research Liaisott Ofjicer: H. A. Munro, BSc, Hird Hastie 
(Holdings) Ltd., 73 Milnpark Street, Glasgow S1. 

Hon. Auclitors: J .  D. W. Davidson, FIWM, FIPE, MBIM, Federated 
Paints Ltd., 309 Dobbies Loan, Glasgow C4. 

L. Hopwood, ICI Ltd., Dyestuffs Dept., 4 Blythswood Square, 
Glasgow C2. 

Cornmittec: 
R. L. Barrett. BSc, ARIC, Alexander Fergusson & Co. Ltd., 50 

Ruchill Street, Glasgow NW. 
A. D. C. Brown, 16 Craigielea Crescent, Milngavie, Glasgow. 
E. N. Blair, Mathews, Maclay & Manson Ltd., 136 Hydepark Street, 

Glasgow C3. 
I .  R. McCallum, 37 Burnbrae Avenue, Bearsden, Glasgow. 
C. S. MacLean, Federated Paints Ltd., 309 Dobbies Loan, Glasgow C4. 
J. Mandelson, 34 Lo~nondside Avenue, Clarkston, Glasgow. 

Scotfish Chairman: P. A. Gower, 52 Drum Brae North, Edinburgh 4. 
Vice-Chairman: E. A. Bullions, 17 Comiston View, Edinburgh. (Eastern Hen. Secretary: R. Webster, 37 lona Street, Edinburgh 6. 

Branch) Hon. Treasurer: R. Harvie, 8 Deanpark Crescent, Edinburgh 4. 
Hon. Puhlicatiotrs Secretary: J.  H. Stewart, AHWC, LRIC, c/o 

A. B. Fleming & Co. Ltd., Glasgow Road, Corstorphine. 
Ex Oficio (Immerliate Past Cliairr7tan): G. H. Hutchinson, ARIC, 

AFlnstPet, c/o A. B. Fleming & Co. Ltd., Glasgow Road, 
Corstorphine. 

Horl. Auditor: G. A. Pringle, BSc, 'ARIC. 3 House O'Hill Grove, 
Edinburgh 4. 

C. G. Cochrane, BSc, FRIC, AHWC, Craig & Rose Ltd., 172 Leith 
Walk, Edinburgh. 

T. G. Elliott, William Sim & Son, 40 Jane Street, Leith, Edinburgh 6. 
A. McLaren, 4 Hermitage Terrace, Edinburgh 6. 
P. R. Phillips, 10 Craigcrook Park, Edinburgh 4. 
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N. Henderson, BSc, 30 Churchill Drive, Bridge of Allan, Stirling. 
R. W. Miles, MA, ARIC, 22 Wester Broom Terrace, Edinburgh 12. 

South Chairman: P. A. Draper, c/o PO Box 44, Jacobs, Natal, South Africa. 

African Hon. Secretary: P. Gregson, LKIC, 258 Gray Park Road, Brighton 
Beach, Durban, Natal, South Africa. 

Hon. Treaslrrer: 
Hon. Publicatioru Secretary: N. A. Brown, 114 Konigkranier Avenue. 

Bearea West, Westville, Natal, South Africa. 
Transvaal  representative.^ on Section Cornmittec,: N. A. J .  Van der 

Merwe, 47 Thames Drive, Westville, Natal, South Africa. 
R. E. Rouse (Chairman), 27 St. Michael Road, New Redruth, Transvaal, 

South Africa. 
Natal Representatives ori Sectiori Cor~imittee: J. Kidd BSc, c/o Herbert 

Evans & Co. Ltd., PO Box 1386, Durban, Natal, South Africa. 
P. B. Gersigny, Corn Products Refining Co. PO Box 1544, Durban, 

Natal, South Africa. 

South This Branch is administered by the Section Committee acting as the 
Branch Committee. 

African 
(Natal 

Branch) 

South Cliuirti~ari: R. E. Rouse, 27 St. Michael Road, New Redruth, Transvaal, 
South Africa. 

African Hon. Secrvtary: H. W. Mcxson, PO Box 9294, Johanncsburg, South 
(Transvaal Africa. 

Branch) Hori. Trc~asr~rer: P. Quorn, 3 Millhaven, 58 Pope Strect, Bcllcvue. 
Johannesburg, South Africa. 

.Hurl. P11h1icatiori.s Secretary: P. A. J. Gate, ARIC, c/o ICI Ltd., 
PO Box 1 1270, Johannesburg, South Africa. 

Corlrr?iittee: 
A. L. G. Vlotman, PO Box 52, Alberton, Transvaal, South Africa. 
A. N. Astfalck, Carst & Walker Pty. Ltd., PO Box 5500, Johannesburg, 

South Africa. 
H. Schubert, c/o Shura Plastics (Pty.) Ltd., PO Box 4, Kenniare, 

Transvaal. South Africa. 

ThameS Chairman: K .  R. W. Chitty, 165 Staines Road, Lalehani, Middx. 
Cllairman Elect: B. Jacob, BSc, 84 London Road, Datchet Bucks. 
Hot,. Secretary: W. H. Tatton, ARIC, FIMF, ''WiIwyn,''45 Courtlands 

Avenue, Langley, Bucks. 
Hon. Treasurer: P. Walker. CGIA, 13 P h e  Ridge Road, Burghfield 

Common, Nr. Reading. 
Hon. P~b1ication.s Oficer: R. E. Gunn, 4 Sweetcroft Lane, Hillingdon. 

Middx. 
Representative on Council: K .  R. W. Chitty. 
Hon. Programmes OfJicer: J. L. Inshaw, ARIC, ACTC, ICI Ltd., 

Paints Division, Wexham Road, Slough, Bucks. 
Hon. Auditor: A. A. Drummond, MSc, ARIC, 193 Handside Lane, 

Welwvn Garden City. Herts. 
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Cot?imittee: 
B. G. Allen, "Sinfonia," Hill Rise, Chalfont-St.-Peter, Bucks. 
G. V. G. Hill, BSc, 60 Heath Road, Holtspur, Beaconsfield, Bucks. 
E. W. Holdsworth, BP Chemicals (UK)  Ltd., Plastics Dept., Devon- 

shire House, London W 1. 
B. K. Hood, " Chiltcrnwoods," Rickmansworth Lane, Chalfont-St. 

Peter, Bucks. 
D. J. Horne, BSc, "Tanyol," Altwood Road, Maidenhead, Berks. 
J. D. Lcwis, 50 Heath Road, Holtspur, Beaconsfield, Bucks. 

Wellington C/iairt?rcrtr: T. W. Slinn, BSc, c/o Balm Paints (NZ) Ltd., PO Box 
30366, Lower Hutt. 

Hotr. St~crc)tar.v: D. J. Wilson, c/o Robert Bryce & Co. Ltd., PO Box 
3747, Wellington. 

Hotr. Trcla.srrrc,r: A. J. Maync, MSc, c/o Polychem (NZ) Ltd., PO Box 
9141, Wellington. 

Hon. P11h1ication.s Secretary: R. A. White, MSc, ANZIM, c/o A. C. 
Hatrick (NZ) Ltd., PO Box 51-005, Tawa. 

Reprt~scwtrrtil~e on Cormcil: G .  Willison. 
cot?rt7littr~~~: 
M. D. Taylor, c/o Pinchin Johnson & Co. (NZ) 'Ltd., PO Box 14-060, 

Wellington. 
G. P. Crycr, RSc, c/o Atlantic Union Oil Co. Ltd., PO Box 38-073, 

Retone. 
R. Bockhop, c/o Swift & Co. Ltd., PO Box 1002, Wellington. 
R. M. Sinclair, MSc, ANZIC. 8 Rowe Parade, Wainuiomata. 
M. D. Thomson, c/o Polychem (NZ) Ltd., 12 Reading Street, Karori, 

Wellington. 

Wesf Cliuirtrratr: L. J .  Watkinson, PhD, "Hallin," 95 Cookridge Lane, Leeds. 

~ i d i ~ ~  Vice-Chairtriati atrtl Representative on Council: Mrs. K .  Driver, c/o 
John Hargreaves & Son (Bradford) Ltd., 1 HarrisStreet,Bradford I .  

In~nretliate Past Chairniati: L. Silver, SPL Paint Centre, Bradford Road, 
Batley, Yorks. 

Hotr. Secrctary: D. Morris, 45 St. Leonards Oval, Harrogate, Yorks. 
Hon. Trerrsurer: T. R. Smith, Beechwood, Burley Road, Menston, 

Ilkley, Yorkshire. 
Hoti. P11b1icution.s 0ficc.r: J. N .  McKean, 16 Toothill Lane, Rastrick, 

Brighouse, Yorks. 
Hon. Social Secretary: D. T. Young, c/o Sandoz Products Ltd., 

PO Box Horsforth No. 4, Calverley Lane, Horsforth, Leeds. 
Hon. A~~clifor: K. Hargreaves, BSc, PhD, c/o John Hargreaves & Sons 

(Bradford) Ltd., 1 Harris Street, Bradford. 

Cotnmittee: 
J. Groom (Student Liaison Officer), 6 Eel Mires Garth, Wetherby, 

Yorks. 
E. Smith (Student Liaison Officer), Highfield House, 9 Rutland Road, 

Batley, Yorks. 
R. P. Bartrum, Walmley, Layton Road, Rawdon, Leeds, Yorks. 
R. A. C. Chappell, "High Green," 17 Westway, Tranmere Park, 

Guiseley, Lecds. 
H. H. L. Drew, 79 Kirkby Road, Ripon, Yorks. 
A. Heywood, "Fairsnape," 19 Pinder Close, Waddington, Nr. 

Clitheroe, Lancs. 
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Oil & Colour 
Chemists' 

Association 

As from 1 January 1968 the five Australian Sections have formed an 
independent organisation, Oil and Colour Chemists' Association 
Australia, having the same aims as, and maintaining a close liaison 
with, the Association. 

Australia 

Honorary G. A. Can~pbell, MSc, FRIC. 
G. Copping. Members of H. A. Gardner, PhD. 

the G. N. Hill. FCIC. 
Association H. W. ~ e c n a n .  PhD, FRIC. 

L. 0. Kekwick, BSC,'FRIC. 
*H. H. Morgan, BSc, PhD, FRIC, ARCS. 
A. R.  Penfold, FRACI, FMA(Lond) 

Director & Sc~crefury: R. H. Hamblin, MA, FCIS, FCCS. 

As.si.strrrrt Sccretnr~~:  N. S. Pearce, AC I S. 

A.ssistnrit Editor: R.  Wood, BScTech. 

Wax Chandlers' Hall, Gresham Street, London EC2. 

and it or:^: Cooper Brothers & Co., Abacus House, 33 Gutter Lane, 
London EC2. 

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

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



1. 011 Col. Chem. Assoc. 1970. 53, 15-23 

Transactions and Com~muruieations 

Outlinelunit area chromatography: 
II. Effects due to dye structure 
By D. W. Poxon 

Department of Chemistry, University of Technology, Loughborough, Leicestershire 

A mixture of oleic and palmitic acids, the carrier liquid, gives a single outline/area index 
peak at 17.6'C, when chromatographed with petroleum spirit on paper impregnated with 
the dye C.I. 11 110, Disperse Red I, and other peaks appear at fixed temperatures characteristic 
of the polar group when conipounds having other polar groups are dissolved in the above 
mixture. 
The effect of using other dyes having structilres related to that of the above dye has been 
investigated for similar n~ixtures of compounds. It has been shown that the distribution of 
the hydroxyl group, and to some extent other groups on the dye molecule, affects both the 
shape of the basic index-temperature curve given by the carrier liquid and the response of 
the outline/area index to the presence of other compounds. 
A tentative theoretical explanation of these ell-ects, involving ionisation of the dye and based 
on phase changes in interfacial coniplcxes, is proposed. 

Key words 
Ruw n1uteriu1.s rrsc~d itr ~~~rrtrr~fuctirre or Proce.s.ses or ttre/holl.s ussociutecl with 
.s>.ntkesis of' ingreclietits for. coutitrgs rirrczlysis, ttrecr.surerner~t crntl testitrg 

lauric acid 
oleic acid 
palmitic acid 

chromatography 

L'influence de la structure des colorants sur I'indice profillaire 
unitaire en chromatographie sur papier 

Un melange des acidcs oleique et palmitiquc, en tant quc liquide-porteur, ne donne qu'une 
maximale indicc profil/airc unitaire qu'a 17.6 C, qu'unc lors de la chroniatographie sur 
papier impregnc du colorant C.I. 1 1  110, Disperse Red I, partir d'un distillat pctrolique. 
D'autres maxima se rkvclent aux tempCratilres dkfinics qui se dependent du groupement 
polaire, dans le cas oil dcs composCs ayant de difrerents groupen~ents polaires sont dissous 
dans le n~klangc mentionnk ci-dessus. 
On a investigd I'effct d'autrcs colorants, ayant dcs stri~ctures se~-nblables a h celle du colorant 
ci-dessus. Sur de parcils mdlangcs dc con~poscs. On a dCniontrk quc la repartition du groupe- 
ment hydroxyliquc et Cgalement en quclqi~e degrc d'autrcs groilpements de la molccule 
colorante ont unc infli~encc sur In forme ct h la fois sur la courbc dc base de I'indice-tempkrature 
mise en evidence par Ic liquid-portcur, ct en meme temps sur la rdponse de I'indice profil/airc 
unitaire B la presence d'autrcs cornposi.~. 
On propose unc explication tentative acl point de vile th6orique de ces effets, ou i l  s'agit de 
I'ionisation d i ~  colorant, ct hasccs SLIV lcs changc~ncnts en phases de complexes interfaciaux. 
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UmrissIEinheit Areachromatographie : 
Auswirkungen der Farbstoffstruktur 

Zusammenfassung 
Eine Mischung von Olein- und Palmitinsauren, die Tragerfliissigkeit, ergibt eine einzelne 
Umriss/Area lndexspitze bei 17,6"C, wenn mit Petroleumspirit auf mit Farbstoff C.I. 1 1  110 
impragniertem Papier chromatographiert. Andere Spitzen werden bei bestimmten Tempera- 
turen, die fur polare Gruppen charakteristisch sind, sichtbar, wenn Verbindungen. welche 
andere polare Gruppen enthalten, in obiger Mischung aufgelost wcrden. 
Bei ahnlichen Mischungen von Verbindungen wurde gepruft, wie sich der Einsatz anderer 
Farbstoffe, deren Struktur dem vorstehend erwiihnten Farbstoff iihnelt, auswirkt. Es wurde 
aufgezeigt, dass die Verteilung der Hydroxylgruppen und in gewissem Masse anderer Gruppen 
am Farbstoffmolekiil, sowohl den Verlauf der basischen Index-Temperaturkurve, die von 
der Trigerflussigkeit angezeigt wird, als auch die Emfindlichkeit des Umriss/Area Indexes 
gegeniiber anwesenden anderen Verbindungen beeinflusst. 
Versuchsweise wird eine theoretische Erkliir~~ng dieser Wirkungen unter Einbezichung von 
lonisierung des Farbstoffes und auf Phaseniinderungen in Grenzfl8chenkomplexen beruhend 
in Vorschlag gebracht. 

P e s l o ~ e  
CMecb O J I ~ M H O B O ~ ~  W ~ ~ ~ ~ M M T M H O B O ~  KMCJIOT, B K3qeCTBe HeCy~efi XMpKOCTM, RaeT 
enPfHMgHblR K O H T ~ ~ H O - ~ O B ~ ~ X H O C T H ~ I ~ ~  nOKa3aTenh nMKa npW 17.6"C, npM x ~ o M ~ T o ~ ~ ~ @ M ~ o -  
BaHUM 6eH31 .1~0~  Ha 6 y ~ a r e  I I ~ O ~ W T ~ H H O R  AMCtlePCMOtlHhlM KPaCHblM KpaCMTeneM MapKl.1 
C.1. 111 10,1 H flpyrkie I I M K M  n0RBnRH)TCR IIpM OnpeAeneHHblX TeMnepaTyplIblX XapaKTepMCTM- 
Kax n o n n p ~ o a  rpynnh1, Korna coenwHeHMn MMerowkie ApyrMe nonnpHble rpynnbr 
PaCTBOpREOTCR B B ~ ~ I U ~ ~ ~ O M ~ H ~ T O ~ ~  CMeCM. 

P ~ C C M ~ T ~ U B ~ ~ T C R  ~ $ & K T  npMMeHeHMn ApyrMX ~pacMTeJlefi CO CTPYKTyPaMM PO&~CTB~HH~IMM 
CTpyKType B ~ I L L I ~ ~ ~ o M ~ H ~ T o ~ ~  KPaCKM, Dn5l CXOAHblX C M ~ C ~ G  cO~AMH~HM~. n0~a3aH0 qTO 
pacnpenenetiae ~ H A P O K C I . ~ ~ ~ H O ~  rpynnbl, M n o  W ~ B ~ C T H O R  cTeneHM M n p y r ~ x  rpynn, Ha 
MoneKyne Kpacwenn, Bnwne-r KaK Ha @ o p ~ y  o c ~ o e ~ o i i  ~ e ~ n e p a ~ y p ~ o - y ~ a - j a ~ e n b ~ o f i  ~ P M B O A  
~ecymei i  XHAKocrM, TaK M Ha pearMpoBaHMe ~ o ~ ~ y p ~ ~ - n o ~ e p x ~ o c ~ ~ o r o  n o ~ a 3 a ~ e n n  Ha 
npacyTcTBue npyrfix c o e n ~ ~ e ~ ~ f i .  

Introduction 
It  has been found that on paper dyed with the dye C.I. I I 110, Disperse Red I 

(see Table 1) the shape of a chromatographic band as measured by length of 
outline per unit area is sensitive to temperature, concentration, and type of 
polar groups present in the material being chromatograbhed, the eluant being 
petroleum spirit (boiling range 40-60°C).' 

The above dye gives only one definite peak value of this outlineifunit area 
index at 17.6"C in the temperature range 15.0 to 19.5"C for a mixture of oleic 
acid containing sufficient palmitic acid to give a setting point of 18°C (the 
carrier liquid), but when other compounds are present in small concentration 
further peaks are produced at temperatures related to specific polar groups and 
at concentrations in the carrier liquid specific to the particular compounds. 
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Table I 
Dyes 

FO~IPIII/(I ( I I I ( /  ~ ( I I I I C  Co1o11r 111de.v No .  

Dispersol Fast Scarlet. B. 
11110 
Disperse Red. I 

-I -. ....-:_) N = 9. lCH3 
\cH2.cH2 OH 

11100 
Dispersal Fast Orange Hrown R.N.  150 Disperse Orange 5 

Dispersol Fast Red R. 300 

NH. CH-3 

0 

1)urnnol Brilliant Blue HN 300 

Duranol Hlue Grew B. 300 

1 1  130 
Disperse Red 19 

61.505 
Disperse Blue 3 

Disperse Fast Yellow G 
1 1855 
Disperse Yellow 3 
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0 

61565 
Waxoline Green, G. Solvent Green 3 

JOCCA 

6. 

Since these phenomena have resulted in the development of a system of 
chromatography which may be used for complicated mixtures of high molecular 
weight compounds without the necessity for the separation of individual 
compounds and which gives information of the types and. to a certain extent, 
of the number, of compounds present" it was thought desirable to investigate 
the influence of the structure of the dye. 

Four extra dyes were, therefore. used in which the same basic feature of 
-CH, -CH, -OH chains attached to nitrogen atoms was retained, but other 
structural details of the dye molecule were ditrerent. 

The actual variations in structure may be seen in Table I, in which compound I 
is the original dye, 2 and 3 are closely related to it in structure, but 4 and 5 are 
basically different, being anthraquinoid instead of azo-dyes. 

Experimental 
Except for the fact that the sectors of the paper were painted in pairs with 

saturated solutions in ethanol of the four dyes 2 to 5. one to each pair, the 
experimental details were as previously stated1v2. 

The following combinations were tried for each dye: 
carrier liquid alone, 
carrier liquid containing I per cent of phloroglucinol. 
carrier liquid containing I per cent of lauric acid. 

All development was with petrole~~m spirit (boiling range 40-60'C). 

Results and discussion 
The results are shown in Figs. 1, 2 and 3, in which the temperatures at which 
the original dye (no. I Table I )  would give index values for the relevant polar 
groups are indicated by vertical lines, C indicating the .~osition of the carrier 
peak. 

The four curves in Fig. I (carrier only) for dyes 2 to 5 show considerable 
similarity to each other but major differences from the original dye, 1 ,  which 
would only give a peak at position C. 

Dye 5 gives a very much flattened curve, which cannot be due solely to the 
presence of the two ethanolic hydroxyl groups, since the curve for dye 3, which 
also has two such groups, is not flattened. 



C L  TABLE 1 
11  1 0 0  . . . . . . . . . . (2) 

Fig. 1. Carrier only 

The reduction in peak height would appear to be due to the hydroxyl groups, 
probably both ethanolic and phenolic, being widely distributed over the molecule. 
Compounds of this type, 

HOOC, , COO H 

. \  

HOOC COOH 

present in the niixti~re being chromatographed have been found to give siniilnrly 
flattened curves with the original dye3. 

I n  the region 16.5-1 7.5'C there is a steady shift of the peak position towards 
higher temperatures 2s the dye molecule becomes more complex, i.e. from 
dye 2 to dye 5, altlioi~gh this is somewhat obscured i n  the case of the last dye 
because of the flattened curve. 

The region above 17.6'C. i.e. at higher temperatures than the position of 
the carrier peak given by the original dye, is less definite with the new dyes, 
although there appears to be some differentiation between the azo and anthra- 
quinoid dyes at about 18'C. The most striking effect is the large peak given by 
dye 3 at this temperature. 
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The high peak given by the carrier liquid with dye 3 at 18.1 'C is of interest. 
since many acids also give a peak at this temperature with the original dye 
when added to the carrier liquid in very small quantities. - 

The similarity between the structures 
CH, CH, OH 
/ /' OH 
/ 

R - N and R.CH c 
\. 

\ 

CH, CH, OH .OH 

the enolic form of a carboxylic acid, is self evident. 
If it is objected that the latter would only be present in very small amount. 

it should be noted first, that all acids do not give this peak and secondly, that an 
investigation of concentration effects using dodecanol showed that the critical 
concentration for peak formation could be of the order of molar. 

The introduction of phloroglucinol (Fig. 2) into the carrier liquid-dye system 
causes a considerable disruption of the pattern shown in Fig. 1 .  

Fig. 2. 1 per cent phloroglucinol in carrier 

The curves for the different dyes are now no longer so similar. 
The most striking effect is seen at 1 5.S°C, where the original dye would show 

a peak index value of hydroxyl. The original peaks of Fig. 1 are either partially or 
completely suppressed. 
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This suggests some form of competition for the oillwater interface between 
the hydroxyl groups of the phloroglucinol and those of the dye in each case. 

A tentative explanation of the sharp changes in outline[unit area index at 
'*a certain specific temperature is that a phase change is occurring in an interfacial 
complex formed between the dye and the other compounds present at the relevant 
temperature. 

Such interfacial complexes are most easily formed when one of the compo- 
nents is both ionised and strongly adsorbed at the interface. 

The original dye ( I ) ,  and the other dyes given in Table I ,  may all be written 
in the ionised forms (see Table 2), whereas a dye such as Dispersol Fast Yellow G. 
(C.I. Disperse 3, 11855) Table I ,  dye 6, which cannot easily be written in such 
a stable ionised form, does not show any index temperature relationship. 

Tuhle 2 
DVES giving iotiic .strrrc/rrr~~s 

2. Similar to  above, and: 

for each chlorine atom 

3. Siniilar to No. 1 

4. NH. CH, 

0 NH CH2.CH20H - 3  + NH.CH2.CH2 OH 0- +NH.CH~.CH~ OH 

5. Similar to NO. 4 

Similarly, in the case of Waxoline Green (C.I. Solvent Green, 3, 61565), 
Table 1 ,  dye 7, the wez?kly water soluble groups are "screened" by the phenyl 
groups and strong adsorption at the oil-water interface is unlikely. In fact, 
this dye is completely insoluble in water (unlike the peak-producing dyes which 
are appreciably soluble) and shows no index-temperature relationship. 

The fact that the dyes, other than 1 and 3, give extra charged forms of the 
molecule could account for the more complicated curves. In the case of dye 3 
the presence of two hydroxyl groups would also cause differences, as previously 
indicated. 



C.I.  - TABLE 1  

1 1 1 0 0 . .  . .  . . . . . . .  (2) 

Fig. 3. I per cent lauric acid in carrier 

According to this theory. tlic eliniin:~tion of the original peak at 15.8 C by 
phloroglucinol indicates tliat this complex is no longcr being fhrmcd, presumably 
because the dye has been excluded from the interface except, perhaps, in the case 
of dye 2, which still shows a remnant of tlie original pcak. Similarly, the displace- 
ment along tlic temperature axis of certain otlicr peak\, c.<q. i n  thc region 16 
to 17.5"C, could be explained on tlie basis of' tlie forrn:~tion of difrcrcnt types 
of interfacial complex having phase changes at tcmpcraturcs difrcrcnt from those 
given by tlie complexes formed with the carrier liquid above. 

On this hypothesis, the formation of entirely new pealis, siicli as occur with 
the original dye ( I )  on tlie introduction of further compounds into the carrier 
liquid, would indicate the formation of interfi~cial coniplcxes not originally 
present with the carrier alonc. Certain peaks, for ex:~mplc tli:~t due to dye 
2 at 16.6"C and to dye 3 at 18.1 C, arc not cIi:~ngcd by phloroglucinol and it 
would, therefore, seem tliat tlic original coniplexe\ arc not affected by its 
introduction and tlie tcmpcrat~~re of the phase ch:~ngc therefore remains the 
same. 

Although pliloroglucinol exists in two tautomcric forms, liydroxyl and 
carbonyl, and a peak for each form is given by dye I ,  no definite change in the 
index-temperature curve ofany of the otlicr dyes occurs in the region immediately 
around 16.4'C, the teniperature at which dye I shows the cnrbo~iyl peak. 

Presumably, the carbonyl group is too weakly adsorbed at the oil-water 
interface to compete with tlie lnorc strongly adsorbed dyes or does not give n 
suitable complex with them. 
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The easy suppression of the effect of the carbonyl group is borne out by 
the fact that compounds of the type 

present in the material being chromatographed do not give a carbonyl peak 
with dye 1 at 16.4"C, although a peak appears at 15.g°C when the carbonyl 
groups are reduced to hydroxyl and the peak at 16.4"C is given by benzoquinone 
itself". 

The effects caused by the addition of lauric acid to the carrier liquid, except 
for dye 2, indicate that there is a general lowering of the index at 15.6 and at 
16.9 C, where dye I would give peaks due to the carboxyl group. 

This is less marked for the azo-dyes, (as compared to the anthroquinoid) and 
least for dye 2, which is the closest in structure to dye 1. 

The picture is clearer in the 18.1 to 18.XnC region in which dye 1 gives marked 
acid peaks. 

Where there was originally a major peak (dye 3) this has been suppressed 
(cf. phlorogl~~cinol). Where there was only a minor peak (dye 2) this has been 
enhanced and where there was no peak (dyes 4 and 5) peaks have been produced 
(cf. dye I ) .  although only one peak covering the whole temperature range is 
produced, and not two as is indicated by the vertical lines showing the peak 
positions for dye I. 

This is in line with the interfacial complex-transition theory already advanced 
to explain the effect of phloroglucinol. 

A dye would, therefore, seem to require two attributes in order to produce 
the peak effects; a polar group strongly adsorbed at the oil-water interface 

R 

(provided by the -N -CH, -CH, -OH) and the ability to ionise. That 
is, it must satisfy the conditions put forward by Schulman and Cockbain4 as 
necessary for the formation of stable interfacial complexes, to give condensed 
films in the presence of oil soluble and water soluble compounds. 

The oil soluble compounds are provided by the materials being chromato- 
graphed. Some of these may also be water soluble, but in any case the peak- 
producing dyes are themselves partially water soluble. 

Any complication of the dye molecule over and above the simple structure 
of dye 1. such as thc ability to give extra charged species, appears to lead to a 
more complicated temperature-index relationship, because of the probability 
of the formation of extra interfacial complexes. [Received 9 May 1969 
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Outlinelunit area chromatography: 
Ill. The detection and characteris: 
ation of residual polar impurities 
in refined mineral oils 
By D. W. Poxon 

Department of Chemistry, University of Technology, Loughborough, Leicestershire 

S~~nirna~:il 
Four samples of solvent refined base oils and one sample of unrefined oil have been exanlined 
by outlinejunit area chromatography. 
This is a method of paper chromatography making use of alterations in the shape of the 
chromatographic band in the presence of certain surface active dyes, caused by the presence 
of polar groups in the material being chromatographed, and using a completely standardised 
development technique which does not require any separation of the polar compounds. 
I t  has been found possible to detect and identify the type of polar compounds present in the 
oil samples, and to show differences in degree of the purity between the various samples. 

Key words 
Oils Proce.sses and tnef1~od.s prirnorily 

mineral oil associated with nncr1)~si.r meas~rerlient or- festirig 
chromatography 

La dgtection et caractibisation des impuretgs polaires rgsiduelles 
en huiles min6rales 

RPsumc: 
On a dose par chroniatographie sur papier, en termes de  I'indice profiljaire i~nitaire, quatre 
Cchantillons d'huiles'raffinees par solvant, et une Cchantillon d'huile brute. 
Cette methode de chromatographie ou I'on se sert des changements de la forme de  la bande 
chromatographique en presence de certains solvants tensio-actifs provoques par des 
groupements polaires qui se presentent dans I'Cchantillon pour dosage. On utilise une technique 
de developpement tout a fait normalis6 que n'exige aucune separation des composes polaires. 
On a trouvk la possibilite de mettre en evidence et d'identifier le type de  composts polaires 
qui se presentent dans les echantillons d'huile et de demontrer les diffcrences dans le niveau de 
purete de divers echantillons. 

Nachweis und Charakterisierung von Resten Polarer 
Verunreinigungen in rafTinierten Mineralolen 

Vier Prufmuster von mit Losungsmitteln raffinierten bastschen Olen, sowie eins von 
unraffiniertem 01 wurden n~ittels UmrissjEinheit Aereaclironiatographie gepruft. 
Bei dieser Methode der Papierchromatographie macht man von Veranderungen der Form 
des chromatographischen Bandes in Gegenwart gewisser oberflachenaktiver Farbstoffe 
Gebrauch. Diese werden durch die Anwesenheit in den1 zu priifenden Material von polaren 
Gruppen verursacht. Es wird eine vollig genormte Entwicklungstechnik verwandt, bei welcher 
keinerlei Trennung der polaren Verbindungen notig ist. 
Man fand, dass es moglich war, den Typ der in den Olniustern enthaltenen Verbindungen zu 
entdecken und zu identifizieren, und Unterschiede im Reinheitsgrad zwischen den verschiedenen 
Priifmustern aufzuzeigen. 



Ahn~3kipye~cn r(cTblpe o6pa3ua C ~ I P ~ I X  P ~ C T B O P H O - O Y M U L ~ H H ~ I X  Maces1 M O A H ~ I  06pa3eu 
HeO'IMUlCHHOrO MaCnil, MCTODOM K O H T Y P H O - ~ ~ M H M ~ H O  ~ O B ~ P X H O C T H O ~ ~  x ~ o M ~ T o ~ ~ ~ @ M M .  
Me~on 3aKnloYaeTCR B X P O M ~ T O ~ P ~ @ M ~ ( > B ~ ~ H M M  Ha 6 y ~ a r e  MCnOnb3yR M3MeHeHMR (P0pMbl 
X ~ O M ~ T O ~ ~ ~ ( P M Y ~ C K O ~ ~  nOJIOCb1, B IlpMCYTCTBMU HeKOTOpblX H3BeCTHblX nOBePXHOCTH0- 
aKTMBHblX KpacM~cnefi, Bbl3BaHHblC JlPMCYTCTBMeM nOnRPHblX rpynn B X ~ O M ~ T O ~ ~ ~ @ U ~ O B ~ H -  
HOM MaTepMane, npMMeHRR noSIHOCTbl0 CTilll~apTM3MpOBaHtlytO TeXHMKY, npM ~ o ~ o p o i i  tie 
HyxHa cenapaum nonnprlblx c o e n ~ ~ e ~ n i i .  
HaAne~o YTO BO3MOXHO O ~ H ~ P Y X M T ~  M 01103H;1Tb TMll IlOnRpliblX C O C ~ M H ~ H M ~ ~  npMCYTCT- 
aymurwx B o6pa3uax Macna M onpe4enu~b pa~nwiun B cTenerlM Y M C T O T ~ I  Memny OT4CnbtibIMM 
06pa3ua~u. 

Introduction 
The solvent refining of lubricating oils has as its purpose the removal of polar 
compounds in order to improve the viscosity characteristics of the oil. 

The amount of polar material left in the oil after the refining should be 
very small and it is, consequently, diffici~lt to detect by normal methods of 
analysis. 

Outline/unit area chromatography is capable of detecting polar compounds 
at very low concentrations (of the order of molar) especially when they 
are present in a non-polar mixture. Each polar group present gives a marked 
increase in the outline/unit area index (total perimeter of the chromatographic 
band divided by the area of the band) at a specific temperature for the particular 
polar group concerned and at a specific concentration when chromatographed 
in a solvent composed of a mixture of oleic and palmitic acids. (Table I). 

Gro i~p  , Temperati~rc C 
- -- - - - - -. -. . . -- . - . . - 

COOH . .  115.6 16.9 18.1 18.8 
CO . . 16.4 
O H  . . : : 15.8 (alcohols. enols. phenols) 
Peroxides 

. I 15.0 - 15.3 
Carricr . . 17.6 

Thus, three-dimensional diagrams may be constructed with temperature, 
concentration, and index as the axes, which are specific for any particular 
mixture of polar compounds. 

This has been done for four, solvent refined, base oils containing no additives 
and one oil sample which has not been subjected to  solvent refining. 

Experimental 
The main details of the method have been described elsewherel~\ The same 

system of I lcm filter papers (No. I grade), dyed with a mixture of Dispersol 
Fast Scarlet B (CI Disperse Red I ,  I I 1 10) and Waxoline Green G (CI Solvent 
Green 3, 61565), and cut into eight sectors with development tabs between 
each section, was used. The chromatographic liquid was petroleum spirit (b.r. 
40-60°C). and rigid temperature control was maintained during chromatography. 
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The samples were dissolved in a mixture of oleic and palmitic acid (the 
carrier liquid), having a setting point of 18°C. 

The range of oil concentrations used was 1 to 8 per cent at I per cent intervals. 
these solutions being applied to the base of each sector of the paper as a ctrn- 
tinuous band approximately 1 mm wide. 

Fig. 1. Lubricating oil, solvent refined. High viscosity index 

Fig. 2. Lubricating oil, solvent refined. High viscosity index 
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When the chromatography, which only required a few minutes, was complete, 
the outline and area of each band was pencilled in, and the necessary measure- 
ments and calculations made. Figs. 1 to 5 were then constructed, and these 
,%ow the results from each oil. Individual points (not shown on the diagrams) 
were obtained every 0.2 to 0.3"C for each I per cent concentration interval. 

Fig. 3. Lubricating oil, solvent refined. Medium viscosity index 

81 INDE X COPJTOIJPS 40 (( \\: 

Fig. 4. Lubricating oil, solvent refined. Low viscosity index 



Fig. 5. Lubricating oil. Unrefined residual stock 

Results and Discussion 
Except for the unrefined sample (Fig. 5), none of the samples contain either 

a large number or a large quantity of polar compounds. 

Figs. I and 2 are the diagrams for two samples of oil having a high viscosity 
index. Ideally, solvent refining should remove all polar material, and for oil 
no. I this is almost the case. The single peak across the diagram at 17.6'C 
which would be given by the oleic-palmitic acid carrier liquid alone, and which 
is usually removed or disrupted by the presence of other polar compounds. 
is still present and scarcely distorted. The compounds present appear to be 
chiefly ketonic (1 64°C). 

Oil no. 2 is not so pure as the above, as is indicated by the disappearance 
of the carrier peak and the more numerous and higher peaks at other tempern- 
tures. Acids and peroxides are the chief impurities here (see Table I ) .  

Fig. 3 shows the results for a medium viscosity index oil. Peroxides and 
acids are the chief impurities in this case (possibly peroxy-acids) with a trace of 
ketone. 

Sample no. 4 is a low viscosity index oil, the higha. and larger peak areas 
indicating more impurity of a polar type. Again the compounds are ketones and 
acids. 

Finally, the unpurified sample shows a marked increase in the number and 
quantity of impurities. Ketones and acids again predominate, but there is also 
evidence of hydroxyl compounds (15.g°C). The method indicates the degree of 
efficiency of the solvent refining in each case and clearly illustrates the differences 
in purity of the five samples of lubricating oil. 
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Conclusions 
The outline'unit area index method of chromatography is ideally suited to 
the detection of polar compounds, at low concentrations, when these are '* . 
d~ssolved in a non-polar bulk material, as is the case with polar impurities in 
lubricating oils. 

In  the present case the concentrations are such as to be undetectable by 
orthodox spectroscopic, and most other, methods. In  addition, information 
as to the nature of polar groups present is provided. 
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The adhesion of organic surface 
coatings to cadmium plate 
By P. Walker 
UKAEA AWRE, Aldermaston, Berks. 

Summary 
Tlie adhesion of a range of organic coating systems to passivatcd and non-passivated cadmiuni 
plate has been ~lleasured by the "torque spanner" technique over a period of five years' natural 
exposure. I t  has been shown that surface coatings containing vegetable oils or oil residues 
have poor initial adhesion and lose adhesion rapidly on ageing. This is attributed to attack 
on the substrate by decomposition products arising from the oils. Cl~cn~ically c~lred systems, 
on the other hand, show good adhesion rctention, and the adhesion of an aniine cured cpoxide 
and a blocked polyurethane showed no change over the entire period of exposure. The use 
of a two-pack etch primer may minimise the loss of adhesion but will riot prevent it. Chromate 
passivation of the cadmium surface docs nothing to reduce the loss of adhesion and may 
accelerate it. 

Key words 
Types and classes of fsnrface TYI)CS ntid c1r.s.se.s of coutit~r 

cadmium plated steel alkyd coating 
epoxy ester coating 
epoxy finish 
urethane finish 

red iron oxide pigment zinc chromate 

an~ide  cured epoxy resin 
aminc cured epoxy rcsin 
chlorinated rubber 

~'adh6rence de revgtements organiques aux plaques de cadmium 

L'adhkrence d'une gamme de systkrnes de rcvktcnients organiques sur plaques de cadmiuni 
passive ou non a-t-elle CtC determinee par la technique dc "cle dc torsion" pendant une 
periode de cinq annees d'exposition aux intempkries. On a dcnlontre que des revktements 
contenant d'liuiles vegetales ou leurs restes possCdent une adhi.rence infcrieure au debut et 
aussi ils perdent rapidenient d'adliCrence lors du vieillisement. D'autre part, les systemes 
durcis par ouil des agents chinliques revelent de bonne retention d'adhbrencc, ct d'ailleurs 
I'adhtrence d'une epoxyde durcie par une amine ou d'un polyurethannc bloque ne deniontrent 
pas de changement pendant la periode totale de I'exposition. L'utilisation d'un "etch-primer" 
B deux emballages peut mininier la perte d'adliCrence, quoiqu'elle nc puisse pas I'cmpkcher. 
La passivation de la surface du cadmium au nioyens de chromate n'est pas effective pour 
reduire la perte d'adherence, et en outre peut-elle I'accCICrer. 

Die Haftung organischer Anstrichmittel auf Cadmierung 

Z~~sammer~fassrttig 
Die natiirliche Bewitterung von fiinfjliliriger Dauer diente zur Messung mittcls der 
"Torsionsschraubschliissel"-Technik der Haftung einer Reihe organisclier Anstrichsysteme 
auf passiviertem und nicht passivierteni, kadniicrten Blech, Dabei zeigte sich, dass 
Anstrichmittel, die pflanzliche ole oder Olreste antlialten, von Anfang an schlecht haften 
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und beim Altern schr sc11n.ell ihre Hafti~ng vcrlieren. Dies wird darauf zuriickgefiihrt, dass 
Zersetzungsprodukte der Ole die Substrate angreifen. Dagegen zeigen clien~isch gehartete 
Systeme gute ~ ~ n d  blcibcndc Haftfestigkcit. ilnd die Haftung cines niit Amin vernetzten 
Epoxides und cines blockicrtcn Polyurethanes blicb wiihrend dcr gesamten Bewittcrungsperiode 
unvcriindcrt. Die Anwendung cines Zweikomponentcn-Waslipriniers kann zwar den 
Haftungsverlust vcrringern, abcr nicht verhiiten. Chro~natpassivierung der Kadniii~rnobsrflache 
hilft in keiner Weise und kann sogar den Vcrlust der Hafti~ng besclileunigen. 

Pe31anre 
M3uepnnocb C U ~ ~ ~ C H H C  pnna O ~ ~ ~ I I M Y C C K M X  ~ I O B ~ ~ X I ~ O C T H ~ I X  ~ O K P ~ I T M #  Ha IlaCCMBMPOBaHHblX 
W HCnaCCMBMPOBaHllblX nnMTaX KaJlMMII, C MCnOJlb7OBaHMCM T C X H M K H  npMMeHCHMR (( KnlOYa 
KpyTXUlCrO MOMCHTa>>, B TetlCHKC n5lTMJleTlll2rO nCpMOna CCTeCTBCHHOrO O ~ H ~ X ~ H U H .  
nOKa3atlo YTO nOBepXHOCTHblf2 IlOKPblTMR COnCpXalllMC paCTMTCnbHble MaCna, M J l M  MaCJlOBble 
OCT~TKM,  O ~ J I ~ A ~ ~ O T  cna6oR tmranbtroii anre3ueii M ~ L I C T ~ O  T C ~ H I O T  3 ~ y  anre3um npw 
CTapeHMM. 3 ~ 0  nl)MnMCblBaCTCR KOpPO3MM CY~CTI) .?T;~  nPOnYKTaMM pa3nOXeHUri MaCCJl. 
X M M U Y ~ C K U  OCYLLlCHHblC CMCTCMbI, C npyr0h CTOpOHbl. XOPOUlO COXPBHflIOT CUenneHUe, 
a cuennetlue pno~cuna Bblcywetllroro aMut1aMM M ~ I T O K M ~ O B ~ H H O ~ O  nonwypeTaHa He 
06~apymuno tlMKaKMX M ~ M C H C H M ~ ~  3a BCCI. nCpMOA O ~ H ~ X C H M R .  npMh4eHeHMe D B O R H O ~  
Tpa~MnbHOfi rPYMTOBKM MOniCT CtlM3MTb nOTept0 6 anre3MM, FlO He IIpCAOTBpaTMT Ce. 
X ~ O M ~ T H O ~  ~aCCMBllpOB~llMC K ~ A M M ~ B O U  ~OBCpXllOCTM tle CHMKdCT nOTepm B anrC3MM M 
nanie MomeT ee Y C K O ~ M T ~ .  

Introduction 
In a recent paper1 the author described work carried out to assess the potential 
difficulties in using organic coatings in proximity to cadmium plated steel, 
and to determine to what extent coatings could be used to prevent organic 
vapour attack on cadmium. A further part of the paper described preliminary 
work on the adhesion of organic coatings to cadmium plate and the effect of 
exterior exposure on this property. The results quoted were for an exposure 
period of I5 months. That exposure series has now been terminated after five 
years, and is reported in detail in the present paper. 

It is perhaps relevant to restate the reasons for painting cadmium and to 
outline previous recorded experience of organic coatings on this substrate. 
Although cadmium plating alone is regarded as an effective method of protecting 
steel against atmospheric attack, it relies for its efficiency on a "sacrificial" 
mechanism and is liable to be consumed during its protective life. Further, 
cadmium metal is particularly prone to attack by organic vapours which may 
be emitted from wood, paints, adhesives etc. in the vicinity. Because of these 
defects. and because many mani~factilred goods which are painted overall 
contain cadmium plated components, and for aesthetic reasons it is undesirable 
to leave these unpainkd, it may be necessary to apply paint over cadmium plate. 

It is generally recognised that cadmium is a difficult metal to paint2. 3* in 
that it is not easy to obtain a good initial adhesion and the adhesion is liable 
to deteriorate on ageing. In this respect, it is considered to present more of a 
problem than zinc'. It has been suggested2.Vhat a chromate passivation 
process will materially improve both initial adhesion, and long term retention 
of adhesion on ageing. Evidence has already been presented which suggests 
that these statements are not generally valid. 
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This present paper demonstrates that the conclusions drawn by the authors 
from relatively short term exposure trials were generally sound, but that points 
of detail require some modification. 

Choice of paint systems and substrate 
A total of ten paint systems was exposed, covering most of the room temperature 
curing resin systems of commercial significance for the coating of metals. In 
addition, a one-pack blocked polyurethane stoving paint was included as a 
control. Thus, the ten paint systems included four drying by an oxidative 
mechanism, four curing by chemical reaction, one thermosetting system and 
one drying by solvent evaporation. All the coatings selected were exposed as 
part of a two or three coat system based on the same resin. The exceptions to 
this were the four chemically cured systems, which had a common primer. 
The panels chosen were cadmium plated to DTD 904A and cadmium plated 
and passivated to  the same specification. All panels were plated at the:same time. 

The complete systems exposed are shown below: 
System I Red oxide epoxide ester primer to CS 8005 

white epoxide ester undercoat to CS 8006 
white epoxide ester finish to CS 8007 

System 2 Red oxide styrenated epoxide ester primer to CS 8072A 
white styrenated epoxide ester undercoat to CS 8072A 
white styrenated epoxide ester finish to CS 8072A 

System 3 Red oxidelzinc cl-lromate primer to DEF 1035A 
white undercoat to D E F  1052A 
white finish to DEF 1052A 

System 4 Red oxidelzinc chromate short oil alkyd primer 
white undercoat on short oil alkyd 
white finish on short oil alkyd 

System 5 Red oxidelzinc chromate polyamide cured epoxide primer 
two coats white aromatic isocyanate cured polyurethane finish 

System 6 Black one-pack blocked polyurethane finish to  CS 8017 
white one-pack blocked polyurethane finish to CS 801 7 

System 7 Red oxidelzinc chromate polyamide cured epoxide primer 
white amine cured epoxide finish 

System 8 Red oxidelzinc chromate polyamide cured epoxide primer 
white amine adduct cured epoxide finish 

System 9 Red oxidelzinc chromate polyamide cured epoxide primer 
white polyamide cured epoxide finish 

System 10 Proprietary chlorinated rubber primer 
cream proprietary chlorinated rubber finish 

The formulations of the non-specification paints are given in Appendix I .  

Method of test 
All panels were painted by spray application to the dry film weight recommended 
in the specification, or at  such a wet film thickness as to give a 1-1.5 mil coat. 
Panels were allowed to cure at room temperature and humidity (60°F, 40 per cent 
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RH) for 14 days before test. The panels for the complete programme were 
exposed in December 1963 at Aldermaston, Berkshire, at  an angle of 45" 
facing due south. The method of assessing the adhesion of the coatings was the 

' "torque spanner" test6. In this test, cylindrical steel specimens are bonded 
to the test panel after gently abrading the test face with a nylon pad. The adhesive 
L I S C ~  in the present tests was a two-pack epoxide system, "Araldite MY 753" 
and "Hardener H Y  95 1" at a ratio of 10: 1 by weight. The mixture was allowed 
to age for 30 minutes before use. After allowing the adhesive to cure for 24-36 
hours, the test specimens were twisted off using a recording torque spanner 
coupled to a supporting table through a universal joint. The failing load for 
each specimen was recorded, together with the site of failure and an estimate 
of the percentage area of coating removed: this was obtained by a carefill 
examination of both the panel and the cylindrical specimen. Tests were carried 
out in triplicate. 

To carry out the adhesion test, the panels were removed after fixed periods 
of time and brought into the laboratory to recover under standard conditions. 
The adhesion measured was, therefore, the actual retained adhesion and not 
subject to variations caused by weather conditions7. On completion of the test, 
the damaged areas were made good with a high quality quick drying primer 
and the panels replaced in the exposure racks. 

Results 
Reference to Table I will show that; none of the oxidation cured coatings had 
good adhesion characteristics on non-passivated cadmium, in general the 
original adhesion values were low for the type of coating used, and all the 
coatings sheared cleanly from the substrate. The short oil epoxide ester 
system, although having an adhesion value more or less equivalent to that 
which would be expected on other metals, also failed by loss of adhesion from 
the metal. On other metals, such as mild steel and aluminium, most failures 
would occur in the cohesion of one or more coats of the system. 

The chemically cured systems gave uniformly good adhesion values initially 
~ i n d  none of the coatings failed at the maximum shear value which could be 
applied with the 1201b in torque spanner used. The chlorinated rubber paint 
showed cohesional failure at an acceptable level. 

On exterior exposure, the epoxide ester and styrenated epoxide ester systems 
showed rapid loss of adhesion, followed by complete failure by flaking after 
two to three years' exposure. The two alkyd paint systems behaved quite 
differently, with the long oil alkyd showing only a slight loss of adhesion after 
five years. The short oil alkyd system showed a progressive loss over the same 
period, dropping to ?pproximately half the original value. As a group, the 
oxidation cured systems behaved badly. 

The chemically c~lred systems were again uniformly good and showed no 
detectable change in adhesion, failing in cohesion of the finishing coat at 
relatively high values. This cohesive failure was in the surface layers of the 
paints rather than a deep seated failure, and indicates that the paints had chalked. 
The values for the one-pack blocked polyurethane stoving paint were excellent. 

The chlorinated rubber paint exhibited variable behaviour, with a tendency 
to show adhesion failures from the substrate. The site of failure in the final 
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determination was cohesional at  a value approximately 100 psi below that 
of the original, so it is possible that some loss of adhesion occurred but was 
masked by the low cohesive strength of the system. 

In general then, the behaviour of the various paint systems followed closely 
the pattern which emerged from the work on corrosion of cadmium by vapours 
from organic coatings'. This work showed that the oxidation cured systems 
showed marked attack, with the chemically cured and chlorinated rubber 
systems showing very little. Thus, the coatings can be divided into reactive and 
non-reactive types. The reactive types show loss of adhesion, the non-reactive 
types do not. 

Table 2 shows the adhesion values recorded on the passivated cadmium 
panels. Comparison of the original values with those in Table I shows that 
there is no significant difference and, for all practical purposes, the two sets 
of values are identical. Thus, there is no gain in adhesion resulting from the 
passivation process. 

On exterior exposure, the adhesion of all the oxidation cured systems fell 
rapidly and dramatically, with the styrenated epoxy ester failing after only one 
year's exposure. The long oil alkyd system failed after eighteen months and 
the short oil alkyd after two years. The short oil epoxide ester paint system 
gave the longest life in this group, failing between two and a half and three years. 
In the case of the non-passivated panels, all these systems lasted a minimum of 
two and a half to three years, and the short oil alkyd system was still adherent 
after five years' exposure. 

Of the chemically cured systems, two, namely the aromatic isocyanate cured 
polyurethane and the polyamide cured epoxide, showed pronounced loss of 
adhesion on ageing. The same systems on non-passivated cadmium did not 
show loss of adhesion. The three remaining chemically cured systems failed in 
cohesion, at values very close to those measured on the non-passivated panels. 
The chlorinated rubber paint system also failed in cohesion. 

Thus, rather than improving the adhesion and retention of adhesion on 
ageing, passivation appeared to result in a marked tendency for the adhesion to 
be lost more rapidly. 

Effect of etch primers on the retention of adhesion 
In an attempt to insulate the surface coatings from the substrate and thus avoid 
the loss of adhesion of some systems apparent on both the passivated and non- 
passivated cadmium, a series of one- and two-pack etch primers were 
investigated. The primers chosen were: an unmodified WPI type specified in 
CS2626F (now DEF 1408), two proprietary twin-pack ,.primers stated to be 
modified with phenolic resin, and two single-pack types of unknown composi- 
tion. All the etch primers were applied by spray to the dry film weight recom- 
mended in the specification or by the manufacturer, and allowed to dry for 24 
hours before application of the complete system. 

Comparison of the original adhesion values in Table 3 with those obtained 
on the passivated and non-passivated cadmium panels shows that in almost 
all cases the adhesion of the oxidation cured materials has been greatly improved 
by the use of the DEF 1408 etch primer. In all cases, except that of the short 
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oil epoxide ester, the adhesion values recorded were appreciably higher and 
the failures were in cohesion of the finish. The values for the short oil epoxide 
ester were lower, but again the failure was cohesional. The chemically cured 
'systems fell into distinct groups, the one-pack blocked polyurethane and the 
adduct and polyamide cured epoxides, which gave identical results to those 
obtained from the non-etch primed panels, and the two-pack polyurethane and 
amine cured epoxide which failed in adhesion from the etch primer. This defect 
did not occur on the non etch primed panels. The chlorinated rubber paint 
values were very similar on all the panels. There did not appear to be any 
difference in the passivated and non-passivated panels. 

On exterior exposure, considerable differences were apparent. None of the 
oxidation cured systems failed during the five year exposure period when 
applied over the etch primer, although the adhesion of the short oil epoxide 
ester system on the passivated panel was very low. This represented a distinct 
improvement over that of the same paints on the non etch primed panels, 
where only one panel out of the eight was still intact after five years. 

The two-pack polyurethane paint had better adhesion on the etch primed 
panel than on the passivated panel, but inferior adhesion to that on the non- 
passivated panel. The one-pack blocked polyurethane and the amine cured 
epoxide systems were definitely inferior on the etch primed panels. 

Both the adduct cured and the polyamide cured epoxide systems failed in 
cohesion of the finish at approximately the same values on the etch primed 
panels as on the passivatcd and non-passivated panels. The chlorinated r u b b ~ r  
paint appeared to be stronger on the non-passivated panels than on the 
passivated and etch primed panels but this is more a fi~nction of the efficiency 
of removal of the chalk layer than a real indication of difference in performance. 

Table 4 shows the values recorded on panels primed with a proprietary two- 
pack etch primer stated to be modified with a phenolic resin. The values and 
observations on the sites of failure are very similar to those recorded on the 
specification etch primer except that the amine cured epoxide did not show 
any sign of adhesion failure from the etch primer in the early stages of exposure. 
Almost identical results were recorded on a second proprietary two-pack etch 
primer which has, therefore, not been reported in detail. 

Two proprietary single-pack etch primers of the pre-reacted type, containing 
phosphoric acid, were also examined and the resitlts obtained are shown in 
Tables 5 and 6. In general, the values and sites of failure for primer 1 are similar 
to those obtained from the specification and proprietary two-pack etch primers 
in that all the oxidation cured systems showed a loss of adhesion on ageine 
while the chemically cured systems did not; all the sites of failure recorded 
after five years' exposure were in cohesion of the finish. 

Proprietary one-pack etch primer 2, however, was very much inferior to 
1 and three of the paint systems failed in service after three years on the 
passivated panels, and of these, one failed on the non-passivated surfzice also. 
Further, the two-pack polyurethane and the amine cured epoxide also showed 
pronounced adhesion failure on the passivated panels and the former also 
showed this failure on the non-passivated panels. This primer gave rise to a 
performance which was inferior to that of the paints applied to the non- 
passivated cadmium without benef t of an etch primer. 
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Paint system p~ - 1 

kdllcsinn 1' site of ~. A d l ~ e s i o ~ ~  -p I site of ~ c i ~ i ~ s i o n  Site oI. i& 
I psi failure p i  L~ilurc psi failure 

- - -  
f 

I - 

Short oil cpoxide ester . . 3'970 100". AIS 3550 0 A S  3200 IOO' , , ,  A S j,, 

I 

Styrenated cpoxide ester 27 10 100":, A/S 1920 IOO",, AIS 1470 100 ",, A S ,, 
Long oil alkyd . . . . 1 2310 100": A/S 2400 ' 0 0  A 2280 I I X ) ' . .  A S ,, 
Short oil alkyd . . . . I ,  A 1880 IOO" . .  .\ S 

Two-pack poly urcthane No hilure 4800 i No Liilu~c iO 

Single-pack blccked 
polyurethane . . . . 4800 I 1 No 8.ilurc / 4800 I No failure 4800 I No O~lure - 

C 

A/S - Adhexion from ..: 

Arnine cured cpoxidc . . 4800 1 ' No failore 4800 i I No failure 4400 I No failure 1 
I C 

Adduct cured epoxidc . . I 4800 1 No failure 4800 1 No failure 4400 I N o  failure I 
C 

Polyamidc cured epoxide No k~ilusc 4800-1 4800 I N o  failure 4400 I- No l~ilure 1 
, 3M:O 100". CIF 1 28SO I O O o t ,  A 5 Chlorinafcd rubber . . 

I I I 

3 I60 IOO"',, C/F 
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- -1 - - 

Adhesion Site of I Adhe;ion 1 Site of Adhesion Site of 
psi failure failure 1 psi -1 failure 

I 
System failed -- 1 -- 1 

1 - I -  

lo failure 4800 I -  No failure 4800 40% C/F / 4280 I W % C/F 1 4920 1 60% C/F 

nn. A i s  700 l o o  S sy\km failed 1 
I - I -  - I 

bfailure 4800 1 -  No failure 4080 100% C/F 1 4600 ( No failure I 4440 1 100% C/F 

~ O O < A S  1900 100'%, A/S 1980 100% A/S I 2160 I 100':/,A/S 

F - Cohesional failure in finish 

- 

System failed 

I 00"/:, A/S 2080 I00 A/S 1400 

4800 / I O O % C / F /  4000 

lo failure 4600 100 '%, C/F 100% C/F 3880 

w " A S  48001 Nofailure lOO%C/F 3960 

,200 

4200 

I00 % A/S 

IOO",C/F 

100% C/F 

100%C/F 

100 ./. A/s 

IOO%C/F 
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Discussion 
The exposure programme has shown that surface coatings which cure by an 
oxidative mechanism are likely to have low initial adhesion to cadmium plate, 
and this initially poor adhesion will deteriorate on external exposure to sueh 
an extent that complete loss of adhesion will occur. Contrary to published 
data, a chromate passivation of the cadmium surface does nothing to improve 
this poor initial adhesion, and fails to prevent loss of adhesion on exposure. 
In fact, from the evidence presented in this paper, there is a strong indication 
that the passivation treatment is positively harmful to the long term retention 
of adhesion, causing early failure of most of the oxidation cured systems. 

It  is not difficult to see why coatings of this type should lose adhesion on 
cadmium, as aliphatic acids and aldehydes are produced within the film during 
the cure and subsequent life of the coating. It is well documented that cadmium 
plate is attacked by both organic acidsQnd aldehydes!'. These materials diffuse 
through the film and react with the substrate to form the appropriate cadmium 
salt, which would appear to be of low cohesive strength. Further, cadmium 
formate, one of the principal products formed, is very soluble in water and the 
presence of a water soluble layer at the paint-metal interface must have an 
adverse effect on the adhesion of the coating system. In this respect then, 
coatings which cure by atmospheric oxidation must be regardcd as reactive 
towards cadmium. This reactivity leads to loss of adhesion, a parallel beliaviour 
with that of zinc. 

The chemically cured systems all had good adhesion to both passivated and 
non-passivated cadmium plate, when tested initially, and the amine and amine 
adduct cured epoxides maintained this good adhesion over the complete period 
of exposure. The two-pack polyurethane and the polyamide cured epoxide, 
however, showed some loss of adhesion on ageing on the passivated cadmium 
surface, a defect absent on the non-passivated cadmium panels. The stoved 
one-pack polyurethane paint showed no loss of adhesion on either substrate. 
This coating, together with the amine and amine adduct cured epoxide coatings, 
may be regarded as completely unreactive towards cadmium. 

The chlorinated rubber coating behaved in a rather erratic manner; when 
high breaking load values were recorded, adhesion failure from the substrate 
was observed, and when the failing loads were low, cohesive failure in the finish 
occurred, suggesting that there was a fine balance between cohesion and 
adhesion. It did not appear to show a progressive deterioration of adhesion on 
ageing. 

Attempts to improve the initial adhesion and the long term retention of 
adhesion on exposure by the use of etch primers as insulating layers met with 
mixed success. Certainly, all the primers used improved the initial adhesion 
of the oxidation cured systems, but did not entirely pr'event the loss of adhesion 
on ageing of these sytems. There was, however, a considerable improvement 
arising from the use of the two-pack etch primers and none of the systems failed 
completely over the five year exposure period. The two single-pack etch primers 
showed considerable variation, and while the better of the two was almost as 
good as the two-pack etch primers, the other was very much inferior. This 
suggests strongly that it would be better to use two-pack etch primers should this 
approach be considered. 
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Conclusions 
It has been abundantly demonstrated that coating systems which contain 
nctural vegetable oils or oil residues are unsuitable for use on cadmium, showing 
low initial adhesion and rapid and complete loss of adhesion on exposure. A 
passivated cadmium surface is of no value in preventing this loss and may well 
accelerate the rate of loss. The loss may be minimised by the use of a two-pack 
etch primer, but where long term protection is important, a surface coating 
of the chemically cured type should be used. The preference would be for an 
amine or amine adduct cured epoxide or a single-pack blocked polyurethane. 
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Appendix 
Formulations of non-specification paints used 
Red o.ride'=inc chromcrte short oil crlkyd primer 

Red oxide . . . . . . . . . . 
Zinc chromate . . . . . . . . . . 
M icit . . . . . . . . . . . . 
Short oil linseed alkyd 35'::) oil length . . 
6':;) Cobalt naphthenate . . . . . . 
24",) Lead naphthenate . . . . . . . . 
Methyl ethyl ketoxime . . . . . . . . 
Xylene . . . . . . . . . . . . 

Wi~ite short oil ulkycl unc/crc.out 

Rutile titanium dioxide . . 
Barytes . . . . . . 
M icronised talc . . 
Short oil linseed alkyd 35%) 
6'yo Cobalt naphthenate 
240/;', Lead naphthenate . . 
Methyl ethyl ketoxime . . 
Xylene . . . . . . 

pbw 
. . . . . . 23 
. . . . . . 28 
. . . . . .  8 

oil length . . 33 
. . . . . . 0.12 
. . . . . . 0.28 
. . . . . . 0.05 
. . . . . . 20 
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White short oil alkydJinish pbw 

Rutile titanium dioxide . . . . . . .. 100 
Short oil linseed alkyd 35% oil length . . 250 
6% Cobalt naphthenate . . . . . .  1.0 
24% Lead naphthenate . . . . . . . . 2.6 
Methyl ethyl ketoxime . . . . . . . . 0.3 
Xylene . . . . .. . . . . .. 190 

Red oxidelzinc chromate epoxide primer 
Red oxide . . . . 
Zinc chromate . . . . 
Asbestine . . . . . . 
Epikote 1007 . . . . 
Methyl isobutyl ketone 
Xylene . . . . . . 
Versamid 1 1 52 . . . . 
Methyl isobutyl ketone 
Cellosolve . . . . 
Toluene . . . . . . 

White aromatic cured t wo-pack polyurc~thane Jinisll ~ b w  
Rutile titanium dioxide . . . . . . . . 200 
Daltolac 12003 . . . . . . . . . . 200 
10% Solution of 4 second butyrate4 in lnethyl 

ethyl ketone . . . . . . . . . . 40 
Methyl isobutyl ketone . . . . . . 200 
Cyclohexanone . . . . . . . . . . 50 
Suprasec 4 1 75 . . . . . . . . . . 226 

Wl~ite anline cured epoxide jinisl~ pbw 
Rutile titanium dioxide . . . . . . . . 50 
Epikote 1007 . . . . . . . . . . 50 
Methyl ethyl ketone . . . . . . . . 10 
Methyl isobutyl ketone . . . . . . 10 
Cellosolve . . . . . . . . .. 5 
Toluene . . . . . . . . . . . . 25 
Hardener HY 951" . . . . . . .. 3 
n-Butyl alcohol . . . . . . . . . . 3.5 
Toluene . . . . . . . . . . . . 3.5 

White amine adduct cured epoxi~k. Jinisl~ .. ~ b w  
Rutile titanium dioxide . . . . . . . . 333 
Epikote 1007 . . . . . . . . . . 333 
Methyl isobutyl ketone . . . . . .  165 
Xylene . . . . . . . . . . . .  167 
EDA'Adduct 870G . . . . . . . .  100 
Cellosolve . . . . . . . . . . 80 
n-Butyl alcohol . . . . . . . . . . 20 
Toluene . . . . . . . . . . . . 50 
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Wltite pol~vumide cure(/ epoxicle finish 
Rutile titanium dioxide . . . . . Epikote 1007 . . . . . . 
Methyl isobutyl ketone . . 
Xylene . . . . . . . . 
Versamid 1 15 . . . . . . 
Methyl isobutyl ketone . . 
Cellosolve . . . . . . 
Toluene . . . . . . . . 

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

I . Shell Chemicals Ltd . 2 . Cray Valley Products Ltd . 
4 . Bayer (UK) Ltd . 5 . Ciba Ltd . 

3 . Imperial Chemical Industries Ltd . 
6 . Anchor Chemical C o  . Ltd . 
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Recent developments in thermally 
resistant polymers - 

.?. 

By R. L. Burns 

Chemical and Medical Division, General Electric Company, Schenectady, New York 

Summary 
A brief discussion of thermal stability and its evaluation as related to organic polymers is 
presented. The chemistry and thermal stability of the various high temperature polymers 
available commercially, o r  on a limited development scale, have been reviewed, showing the 
substantial progress that has recently occurred in the field of thermally resistant polymers. 

Keywords Properties, characteri.stic.s and conciitions 
Binders-resins etc. primarily associaferl with materials itr general 

copolymer resin thermal stability 
polymer 

D6veloppements &cents dans le domaine des polymsres 
r6sistant a la chaleur 

On discute brikvement la stabilite a la chaleur des polymkres organiques et d'ailleurs son 
evaluation. On a passe en revue la chiniie et la stabilitt A la chaleur de quelques polymkres, 
destines a l'usage aux hautes teniperatures, qui sont disponibles actuellement en commerce 
ou en etat de developpement. Cette revue demontre le progrks important qui a ete mis en 
evidence tout recemment dans le doniaine des polymkres resistant a la chaleur. 

Neuere Entwicklungen auf dem Gebiete Hitzebestandiger Polymere 
Zusammen fassung 
Es wird eine kurze Besprechung der Warmestabilitiit und deren Bewertung in Bezug auf 
organische Polymere vorgelegt. Die Chemie und Warmebestiindigkeit der verschiedenen im 
Handel befindlichen oder in beschrankten Mengen versuchsweise erlialtlichen, fiir hohe 
Temoeraturen bestimmten Polymere wird iiberblickt. Dabei zeigt sich, dass unlangst auf 
diesem Gebiete erhebliche Fortschritte gemacht wurden. 

Introduction 
Within the last ten years, great effort has been devoted to the development of 
thermally stable plastics. As modern technology expands at an ever increasing 
rate, there is growing need for new materials offering superior performance 
over those currently available. Conventional plastics have severely limited 
utility at  elevated temperatures. Above 200°C, most conventional plastics fail 
to perform, either because of softening and loss of mechanical strength, or 
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because of overall degradation. The need for more thermally stable materials 
in the aerospace industry is well known. Advanced design concepts have 
increased the urgency of this need, and pushed the temperature requirements 
$to even higher regions. Present organic materials research is aimed at providing 
polymers for extended use in the 200-400°C range. 

Thermal stability 
It must be noted that the actual concept of thermal stability is quite indefinite, 
different authors frequently use the term in different senses. Thermal stability 
as used in this paper will be taken to mean the ability of a polymer to maintain 
unchanged its useful properties and structure at high temperatures. In a definite 
sense, thermal stability corresponds to the melting point or softening point 
of the polymer. In the absence of a softening point, as with the thermosetting 
polymers, the ultimate thermal stability of a material depends on the strength 
of the bonds between atoms in the polymeric molecule and the readiness with 
which the molecules undergo various reactions, primarily those involving 
degradation. The prolonged action of a high temperature on polymers causes 
the breakdown, both by the direct action of temperature producing degradation 
and cross-linking, and the rapidly occurring chemical reactions with oxygen, 
water and other chemical reagents. All these changes take place rapidly at 
high temperature and, therefore, the susceptibility of a polymer to undergo 
them is very important in assessing its practical use. 

Heating a polymer to a high temperature can cause the occurrence of two 
processes, degradation and cross-linking. Degradation is due to the rupture of 
chain molecules with a progressive decrease in molecular weight of the polymer 
and the formation of low molecular weight volatiles. Cross-linking involves 
the formation of bonds between polymer chains, and is accompanied by an 
increase in molecular weight, which to some extent may tend to improve the 
physical and mechanical properties of the polymer as well as its thermal 
stability. 

The formation of a large number of cross-linking bonds between separate 
molecules with the build-up of a rigid network converts the polymer into a 
hard, brittle, infusible and insoluble product. Most often both these processes 
take place in polymers at the same time, especially as the primary stage in both 
processes involves the formation of free radicals. For some time degradation 
and cross-linking in a polymer can, in effect, balance one another, so that it 
appears that no change has occurred in the polymer. As the process continues, 
one of the two reactions begins to predominate, resulting in either rapid 
softening or a sudden breakdown in the material. 

Resistance to oxidatip is a most important characteristic of a polymer, 
since almost all polymers undergo oxidation by air, especially at high tempera- 
tures. Reactions caused by the action of atmospheric oxygen on polymers 
result either in degradation or cross-linking, or both simultaneously, which 
impairs their physical properties. For example, polyamides, on storage in air 
at room temperature, gradually oxidise and form peroxides; heating accelerates 
this process considerably and results in oxidative degradation. The main cause 
of the appearance of brittleness and loss of strength in a polyamide on being 
heated in air is oxidative degradation accompanied by hydrolysis. 
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Polymers containing benzene or heterocyclics of aromatic character show 
much greater resistance to oxidation than polymers containing aliphatic 
hydrogen. The hydrogen atoms in aromatic systems are very firmly bound, 
and are not easily abstracted by free radicals. Thus, it would seem obvious tf 
prepare polymers composed entirely of aromatic rings to obtain the ultimate 
in thermally stable organic materials. Such polymers, composed entirely of 
benzene rings, (e.g. poly-p-phenylene), have been prepared, and begin to 
oxidise only at  high temperatures (400-600°C); however, their main disadvantage 
is in processing. These materials are insoluble and intractable. Therefore, a 
compromise between the ultimate in thermal stability and ease of processing 
must be reached for these materials to be of commercial use. 

Evaluation of thermal stability 
An established method of measuring thermal stability of polymers is thermo- 
gravimetric analysis (TGA). This method continuously records the weight loss 
of a sample with increasing temperature in either air or an inert atmosphere. 
The exposure times usually are short (temperature increases 5-10" per minute) 
and, therefore, only major changes are recorded. The characteristic inflection 
temperature in TGA curves indicate the onset of catastrophic thermal degrada- 
tion. Following the determination of the primary region of thermal instability, 
isothermal ageing at lower temperatures provides a means for determining the 
maximum service temperature. 

Significant property changes can occur in polymers without a change in 
weight, for example crystallisation, softening, melting, cross-linking. These 
changes can be detected with the various calorimetric instruments currently 
available, e.g. differential thermal analysis (DTA) or differential scanning 
calorimetry (DSC). 

The true thermal stability of a polymer application is most meaningfully 
defined by the temperature and time over which an end product retains its 
useful properties, however, the gathering of such data is tedious and time 
consuming. Manufacturers are finding it increasingly more difficult to supply 
the requisite data immediately, because the time between the conception of a new 
high temperature polymer and its commercialisation has been shortened consider- 
ably. In addition, the necessary feedback of results in the field is slow. Thus, future 
development and modifications of new and existing polymers must be directed 
with somewhat fragmentary evidence, and the user is left with the problem of 
translating available data into meaningful terms for a given application. 

High temperature polymers 
A brief summary of the high temperature polymers that have recently received 
sizeable research and development effort will serve to illustrate the progress 
that has been made in the development of materials with higher heat resistance. 
A number of these polymers are commercially available. Others are still in the 
early stages of development and data are still fragmentary. 

The first high temperature polymers were, of course, the fluorocarbons1 which 
have been thoroughly covered elsewhere. 
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Silicones 
One very important factor in the improvement and reliability of electrical 
equipment today is the better insulation materials which have been made 
flailable in recent years. Of the many new and improved materials available, 
silicones offer one of the broadest lines, and their versatility puts them into a 
wide variety of applications. To cover the subject completely the list would 
have to include fluids for liquid dielectrics and lubricants, silicone resins for 
the manufacture of electrical insulation, protective finishes and, more recently, 
transfer moulding compounds for encapsulating electronic devices. Silicone 
elastomers are used extensively as insulation for wire and cable, for 
motor and generator insulation and as moulding compounds to encase 
electrical equipment completely. 

A new product which offers opportunities for the development of new 
products in a wide variety of industries is a 100 per cent solids, dry, silicone 
binder resin. This product is formulated with mineral fillers and, when moulded 
by conventional methods, will produce parts to precision tolerances. Actually, 
there is a whole class of binder resins available. Some are particularly suitable 
for use in the fabrication of precision moulded ceramic parts, which may be 
used at temperatures up to I,IOO°C, or higher depending on the choice of 
filler. Still other resins may be formulated with mineral fillers, asbestos, silica, 
quartz, metal oxides to provide materials which are useful in the manufacture 
of electrical components, such as bushings, insulators, connectors and terminal 
boards. The use of asbestos with these resins suggests their use as a binder 
for brake linings and clutch facings, where integrity of the finished product 
at very high temperatures is a basic requirement. 

Out of this same technology has come a new type of transfer moulding 
compound which has higher flow than previous compounds, providing for 
complete filling of the moulds. Such compounds are non-burning and will 
not deform during soldering operations. The operating range for devices 
encapsulated with these materials is from 55°C to above 370°C. These compounds 
are formulated with fused silica and short glass fibres, and, when properly 
cured, develop physical properties which protect dielectric devices against 
shock and vibration, and provide for long operating life. Because they bond 
well to leads and other components in the device, they provide better moisture 
protection under humid conditions. In addition, they have low dielectric loss 
characteristics at high operating temperature and frequencies. These properties 
make the silicone moulding compounds particularly suitable for encapsulation 
of semiconductor devices, such as transistors, integrated circuits, rectifiers, 
resistors and capacitors. ' 

A significant development in the area of silicone elastomers, is a new dimethyl 
vinyl silicone rubber compound with outstanding physical properties. These 
physical properties are shown in the following list. I t  should be noted that 
the tear strength of this compound is outstanding. In addition, it possesses a 
high modulus for such a high tear stock. With its low knit time it lends itself 
readily to extrusion and calendering processes. When properly cured, these new 
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dimethyl silicone rubber compounds will meet the high strength requirements 
of many industry and military specifications. 

Tensile strength, psi 1 300- 1500 
Elongation, % 500-700 
Durometer, Shore A 50 
Tear, die B 185-200 

The room temperature vulcanising rubbers have traditionally been versatile 
products developing a high degree of interest for a broad range of applications 
within almost every industry. Of the most recent developments, two new one- 
pack silicone rubber compounds have all of the good handling characteristics 
of earlier one-pack products (RTV), but, in addition, show exceptionally high 
physical properties, with tensile strengths of 850 psi and elongations to 800 
per cent. In addition, the tear strength of 130 pounds per inch gives these 
compounds a degree of toughness not available previously. 

These RTV products are thixotropic, non-sagging, paste compounds. They 
require no curing agent addition and cure on contact with atmospheric moisture. 
They show peel strengths greater than 120 pounds per inch, and this, coupled 
with the 130 pounds per inch tear strength, makes them particularly useful 
in aerospace applications to produce high strength metal-to-metal bonds over 
a wide temperature range. The temperature range of the high temperature 
version of these new one-package compounds is -65 to 315°C. A third one- 
pack RTV has been designed specifically for high temperature use, where 
extreme low volatile content is required. Such a product is a red, thixotropic, 
compound and is ideal for aero-space and similar applications, where out- 
gassing is of critical importance. Its temperature capability range is -55 to 31 5OC. 

Polyphenylene oxideS 
General Electric introduced a modified polyphenylene oxide, Noryl, in 1966 
as a thermoplastic molding compound. The polymer has good mechanical 
and electrical properties up to the heat deflection temperature 130°C when 
stabilised. Unstabilised material is suitable for service for extended periods at 
105°C. Processing is on conventional extrusion and injection moulding equip- 
ment capable of operating in the range of 220-290°C. The polymer offers a 
potential challenge to chemically resistant fluorinated materials, and to thermo- 
setting plastics in the lower temperature range. 

Applications for this material are connectors, computer modules, coil forms, 
bus-bar insulation, and switch gear bushings. General Electric recently 
introduced Noryl SE-100, a new flame retardant variety for appliance, business 
machine, aircraft and automobile applications. 

Polymethylenediphenyloxide4 
Developed by Westinghouse Electric Company in 1962 and called Doryl, the 
polymethylenediphenyl oxides are described as a thermosetting polymer prepared 
from diphenyl oxide with CH, bridges. The prepolymer is soluble in toluene 
but cures (200°C for two hours) to a tough, insoluble material which has main- 
tained bond strength for over 3,000 hours at 250°C. In laminate form, the 
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material provides excellent dielectric properties, low water absorption and 
excellent mechanical strength after extended periods in the 300°C range. Dory1 
is used primarily as a high temperature varnish in the aircraft industry. 
'3 

Uniroyal Chemicals recently introduced a thermoplastic molding resin, Arylon, 
on a development scale. This polymer is reported to offer good impact strength, 
ease of processing and good hydrolytic stability. The heat distortion tempera- 
ture is 150°C. Applications for Arylon resin include exterior and interior 
automotive parts, range handles, coil forms, valve bodies, stems and bonnets, 
terminal connectors and blocks, power tool housings and industrial safety and 
athletic helmets. 

Polybutadiene-glyco P2 
TRW, Inc., and Commonwealth Oil have formed the Hystl Development 
Corporation to make and sell a new high performance thermosetting resin 
called Hystl (Hydrocarbon resin from Space Technology Laboratory). The 
material is a 1,2-polybutadiene prepolymer with terminal primary hydroxyl 
groups (G series), vinyl groups ( B  series) or carboxyl groups (C series). The 
functional end groups are capable of further reaction before the final vinyl 
type cure. 

The Hystl resin receiving the most interest is the polybutadiene glycol (the 
hydroxy terminated, G series prepolymer) which is reacted with a small amount 
of toluene diisocyanate to form a urethane extended polybutadiene block 
polymer. This polymer has a high molecular weight, and is soluble and rubbery. 
The final cure with peroxides yields a hard, tough material, characterised as 
a cross-linked ladder structure stemming from condensed cyclohexane groups. 

One of the significant advantages of Hystl carboxy and hydroxy terminated 
resins is in the ease of increasing the molecular weight of the resin by reacting 
it  with the various polyfunctional epoxides and isocyanates. This allows the 
resin to be advanced in molecular weight to the desired consistency for preparing 
B-stage materials prior to the final cure. 

The resin has been transfer- and compression-moulded, cast, laminated, and, 
in sheet form, match die moulded and vacuum formed. 

Hystl has a heat distortion temperature of 260°C, its glass transition tempera- 
ture. Hystl exhibits the mechanical and thermal properties of high performance 
epoxy systems and possesses a shelf life of six months at room temperature. 
The cured resin is reported to be stable to strong bases, glacial acetic acid, and 
nitric acid. Water absorption is low, as would be expected from the hydrophobic 
nature of the hydrocarbon structure. The electrical properties of laminates 
and moulding compounds show high dielectric strength and a low dissipation 
factor. 

Moulding applications are aimed at the electronic, electrical, automobile 
and appliance industries. Laminate uses include radomes for aircraft, ground 
bases and ships, flexible circuits and cable packaging, insulating tapes, printed 
circuit boards and chemical hoods, ducts and scrubbers. 
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Po/~*hutadic~ne-Firestor~e 
In 1968 the Firestone Tyre and Rubber Company introduced a thermosetting 
polybutadiene resin, FCR-1261, for moulding and laminating applications. 
This 100 per cent hydrocarbon is reported to perform excellently in compressioff. 
transfer, and injection moulding operations with practical cure rates. Fillers, 
such as silica, alumina and metal powders can be incorporated with the resin 
up to 70 per cent by weight. 

High and low pressure laminates have been developed using glass fabric 
or mat, nylon, cotton, jute and asbestos fibre or paper. Filament winding 
operations are under investigation. Five resin solutions are available using 
hexane, styrene and t-butyl styrene as solvents. Laminates show superior 
electrical properties, high hardness, excellent chemical resistance (insignificant 
loss of weight or flexural strength after seven days in fuming nitric acid), good 
thermal stability (months at 205°C). very low water absorption (0.2 per cent) 
and high heat distortion (> 260°C). 

Polyphenylenc. sulphide 
Initially developed by Dow Chemical Company" the polyphenylene sulphides 
represent another class of stable aromatic polymers. Recently, Phillips Petroleum 
Company introduced both a linear and a branched polyphenylene sulphide 
under the trade name Rytont Typical melting points for these polymers are 
reported to be in the 270" to 290°C range. They can be cross-linked by heat 
at 400°C to provide increased toughness and adhesive strength. The polymer 
has good solvent resistance below 200°C good wetting action and excellent 
coating adhesion. This material has been used for fluidised bed coating and 
shows good impact resistance and extensibility. Service at 288°C has been 
successful. 

Polj~ar1~onatc.s 
The polycarbonates5 were developed in Germany by Farbenfabriken Bayer 
AG; the polycarbonate resins manufactured in the United States by General 
Electric (Lexan) and by Mobay Chemical (Merlon) have been on the market 
for about 12 years. These polymers are prepared by reacting bisphenol-A with 
either phosgene or a dialkyl carbonate. The standard resins have excellent 
mechanical and electrical properties, which are maintained over a wide tempera- 
ture range. The temperature maximum for extended service is about 105'C. 
These resins are available in transparent, as well as in pigmented form in all 
colours. Processing of these resins is readily carried out in usual equipment 
over a temperature range of the melt of from 220°C to 320°C depending on 
the molecular weight. 

More recently, glass fibre reinforced polycarbonate resins manufactured by 
General Electric, Fiberfil, and Liquid Nitrogen Processing, have produced 
other advantages in stability, creep resistance, and slightly higher operating 
temperatures, as well as increased physical properties, especially the modulus 
of elasticity. Other modifications of the unreinforced base resins have led to 
the production of several new flame retardant resins by General Electric. The 
most flame retardant of these resins, Lexan NB-155, has a deflection temperature 
some 30°C higher than ordinary Lexan polycarbonate resins. Its oxygen index 
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value is about 43 per cent. Tt combines a great number of good qualities in a 
single material. 

The polycarbonates have found wide application in many fields. The applica- 
Rons are far too many to enumerate. It should be mentioned that these materials 
are also available in film and sheet form for packaging, insulation and vacuum 
forming applications. 

Polysulphone 
The polysulphones were introduced commercially by Union Carbide Corpora- 
tion in 19658. This heat resistant thermoplastic is prepared from the sodium 
salt of bisphenol-A and p,p'-dichlorodiphenylsulphone, and has good electrical 
properties, and resistance to acids and bases. The material, available in both 
transparent and opaque forms, has good thermal and oxidative stability for 
extended periods at 1 50°C, and a heat deflection temperature of 173°C. Process- 
ing is on standard equipment for injection, extrusion and blow moulding 
at 350-400°C. Applications for this polymer include automotive parts, housings 
for power tools, computer parts, appliance housings, electrical switches, circuit 
breakers and wire and cable insulation. 

In 1967, Minnesota Mining and Manufacturing Company introduced a high 
temperature thermoplastic polysulphone7 on a limited development scale. 
It is composed of diphenyl and phenyl groups connected by oxygen and sulphone 
linkages. The thermal and oxidative stabilities of these polymers are good, and 
should rival those of the polyimides. The resin retains good thermal, hydrolytic, 
electrical and mechanical properties to 260°C. It is available as a moulding 
resin (Polymer 360) and as a film (Polymer 380). Processing can be accomplished 
on conventional extrusion, compression, transfer and injection moulding 
equipment. The first substantial application is in the connector field. The 
properties of the material suggest it for moulding electrical components, coil 
forms, switch parts, wire wraps and circuit boards. Polymer 360 has been 
extruded as wire insulation and cable jacketing. 

P~lycarhoranesiloxane~~' 
The polycarboranesiloxanes, developed by Olin Mathieson, and bearing the 
trademark Dexsil, are thermally resistant to temperatures of 260°C and retain 
elastomeric properties after short exposure to temperatures as high as 525°C. 
The development of this new family of polymers is in its infancy, with predicted 
use as a component in rubber products used for sealing, heat shields, adhesives, 
protective coatings, and electrical conductor inserts. These polymers can be 
extruded, compounded and moulded. 

Poly-p-xyly lene" 8 

Parylene is the generic name of a family of polymers developed by Union 
Carbide in 1961. The polymers are made by a unique vacuum deposition 
process, which allows pinhole-free films to be deposited on substrates at  room 
temperature in thicknesses ranging from a few hundred angstroms to several 
mils. 

The basic member of the family is parylene N, poly-p-xylylene, and has 
outstanding electrical characteristics. Parylene C ,  poly (chloro-p-xylylene), 
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exhibits exceptional barrier properties. Both parylenes are inert to almost 
all acids and bases and are insoluble in organic solvents below 170°C. 

In oxygen-free environments, both parylenes maintain long-term (ten year$ 
useful mechanical properties at temperatures in excess of 225°C. For brief 
periods, both parylene N and C may be used at higher temperatures, figures 
exceeding 350°C and 265"C, respectively, being quoted. Both polymers may be 
used for short periods in air at about 200°C and extrapolation of present data 
indicates that parylene C should maintain useful electrical properties in air for 
ten years at temperatures greater than 125°C. 

Parylene C is being used as a conformal coating for electronic assemblies. 
This material's favourable combination of barrier and electrical properties has 
enabled it to surpass the military specifications set forth for circuit board coatings 
in MIL-I-46058B. Parylene N is rated as a primary dielectric, and is being used 
in a line of capacitors designed for continuous operation at more than 125°C. 
These capacitors have a better frequency response and a lower dissipation factor 
than, and are 20 per cent the size of, an equivalently rated polystyrene capacitor. 

The parylenes have also been successfully evaluated as semiconductor passivat- 
ing films, as hydrophobic surfaces to increase the heat transfer efficiency of a 
steam condenser, and for particulate encapsulation of reactive materials. 
Unsupported films as thin as 300 A are being used in optical and radiation 
applications. Other uses include corrosion retardation and cryogenic 
applications. 

Polybenzimidazole12 
The polybenzimidazoles (PBI) were first synthesised in the late 1950s, and 
exhibit excellent thermal and oxidative stability. The thermal breakdown by 
TGA is as high as 600°C in nitrogen, and oxidative resistance is about 300°C 
in air; good physical properties are retained after 1,000 hours at 31 5°C. 

The polymer is produced by reacting an aromatic tetramine with an aromatic 
diacid to form a relatively low molecular weight prepolymer. Thc material is 
infusible after curing, and must be converted into useful forms prior to the 
final cure. Final processing, during which high molecular weight, linear, thermo- 
plastic molecules are developed, occurs at elevated temperatures. Difficult 
processing has restricted civilian use of this polymer. 

The polybenzimidazoles have had limited commercial development by 
Narmco Materials Division of Whittaker Corporation, for use as high tempera- 
ture adhesives and laminating resins for the aerospace industry. 

Two polybenzimidazole prepolymers are offered, by Narmco Materials 
Division; these are designated Narmco 2801 and Narmco 2803. These 
prepolymers are formed through the condensation of 3,3'-diaminobenzidine 
with various isophthalic acid derivatives. Narmco 2801 is a condensation 
product with tetramines and diphenyl isophthalate. Narmco 2803 is the 
condensation product of the tetramine and isophthalamide. On heating to a 
temperature of 370°C, the prepolymers are converted into polybenzimidazole. 
In the prepolymer state, the polybenzimidazoles are both soluble and fusible 
and will set and stick to surfaces well. 
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Narmco 2801 is particularly effective as an adhesive or a binder for a variety 
of materials and should be useful in the manufacture of high temperature 
resistant friction materials and abrasives. This polymer is stable in nuclear 
rpplications and possesses good electrical properties. Foams, which are tough 
and lightweight, can be produced from these prepolymers. Narmco 2803 is 
particularly suitable for use as an unfilled, unreinforced plastic. 

Imidite 1850 is a PBI laminating prepreg for aerospace and supersonic 
transport applications. Specific applications are similar to those described for 
Narmco 1832 in the polyimide section. 

Imidite 850 is a PBI based adhesive formulation supported by a water resistant 
fibreglass reinforced carrier. Imidite 850 is one of the best commercial adhesives 
for use at elevated temperatures; maintaining short time (5-15 min) bearing 
capabilities to 540°C and on long time exposure (4,000h at 183°C) shows 
no decrease in strength at  185°C. Applications for Imidite 850 are similar to 
those described for Narmco's polyimide adhesive Miltbond 840. 

Polybenzimidazole fibres are being developed by Celanese. DuPont and 
the Air Force Materials Laboratory have also shown interest in PBI polymers. 

Aromatic polyarnidc.~~~ 
Some of the most thermally stable polymers so far discovered are the aromatic 
polyamides. DuPont introduced this polymer in 1961 and production reached 
full commercial scale in 1967 under the trademark Nomex. Although the 
composition of the polymer has not been officially disclosed, it is believed to 
be based on poly-m-phenylene-isopl~thalamide':'. Originally code named 
HT-I, Nomex is available as a fibre and :is a paper structure. The polymer 
does not melt, it is rapidly self-extinguishing and it is highly resistant to 
oxidation. The material has high heat resistance, a heat deflection of 28OCC, 
and outstanding Class I80 electrical properties. Underwriters' laboratories 
recognise it for continuous use at 220°C and MIL-1-24204 (ships) covers its 
use in electrical machinery at temperatures up to 220°C. The major use of the 
paper form is in electrical insulation and in applications where heat and 
chemically resistant fabrics are needed. 

Laminates composed of the paper are commercially available, as are 
composites of the paper and mica; flexible laminates of the paper and other 
plastic films; various types of round, square, and rectangular tubing, and 
coil forms; bushing, wedges, slot insulation; and die cut and formed parts of 
all types. Nomex fibre, in the form of coated and uncoated tapes, braids, cords, 
and thread, is used on wrapped magnet wire, tie cord, braided sleeving and 
pressure sensitive tape. 

DuPont supplies papgr, in thicknesses of 2 to 30 mils, which may be coated 
with a polyimide varnish to provide heat-sealing characteristics. This material 
is also found in speciality end uses, such as insulation in high temperature dry 
type transformers, pipe wrapping for use at high temperatures, and insulation 
in motors and generators. 

~ h e s e  polymers have-high temperature properties intermediate between the 
aromatic polyamides and the aromatic polyimides. The polyamide-imides are 
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produced from an aromatic diamine and an anhydride-acid, which forms a 
polyamic acid capable of being converted to the polyimide through the action 
of heat. The polyester-imides are produced from aromatic diamines and 
dianhydrides containing ester links in the central chain. Trishydroxy-ethf; 
isocyanurates (THEIC) or similar type compounds, have been used to form the 
ester linkages. In their production and processing, both polyester-imides and 
polyamide-imides share many points in common with the aromatic polyimides. 

Amoco Chemicals Corporation is manufacturing polyamide-imides, called 
AI Polymer, for use at 290°C. These polymers are gaining acceptance in various 
application areas, such as magnet wire enamels, high temperature laminates 
and adhesives, decorative coatings for high-temperature service, and moulded 
components. The Amoco polymer is supplied as a powder that is soluble in 
a number of solvents and cures at about 250°C. DeBeers is marketing an amide- 
imide paint coating for kitchen utensils, and Sterling Varnish has developed 
an amide-imide varnish for electrical applications. 

Ten years ago Westinghouse Electric Company""eveloped a polyamide- 
imide resin based on benzophenone dianhydride, trade marked Aramidyl. 
At present, Westinghouse is offering commercially a coated copper foil (Aminin) 
for use in printed circuitry and flat cable systems. Polyamide-imide based 
laminates and adhesives for aircraft applications undergoing prolonged exposure 
to high temperature environments related to supersonic flight conditions, were 
developed under contract from the Air Force. 

Glass laminates showed 30,000 hours of ageing at 250°C without serious 
impairment of properties. Polyamide-imide glass laminated gear and bearin8 
constructions for use in helicopter gear boxes were developed under Army 
contracts for use in the UH-I  helicopter. This work also resulted in a long-life. 
high temperature, adhesive system for stainless steel and/or titanium, with a 
lap shear bond strength of 1,000 psi at 340°C after I00 hours. 

A flat conductor cable system for wiring harnesses. based on a polyamide- 
imide, was developed four years ago. 

Rogers Corporation is offering a polyamide-imide coated copper foil material, 
(Duroid 8150) which can be printed, etched, and film covered to provide a thin 
flexible printed circuit or flat cable. Computer current and signal conductors 
are the primary applications. 

The polyester-imides are available commercially from a number of manu- 
facturers. General Electric Company (Imidex E) and Schenectady Chemical 
Company (Isomid)13 are both marketing these polymers for magnet wire 
enamel. In 1967 Westinghouse introduced a polyester-amide-imide called 
Enamel Omega for electrical applications. Mobil Chemical Company is also 
active in the area of high temperature insulation, and has been marketing a 
polyester-imide since 1965. P. D. George Company offers a polyester-imide 
wire enamel based on a modified isocyanurate. 

The polyimides have received a substantial amount of development, and are 
among the most promising of the high temperature polymers. They are available 
in both linear and cross-linked forms. They provide particularly outstanding 
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thermal and oxidative stability, and have already found a secure place in the 
technology as electrical insulation and in mechanical applications, such as 
bearings in severe thermal and wear environments. The aromatic polyimides 
x e  produced essentially in two steps by the reaction of a dianhydride with an 
aromatic primary diamine. In the first step of the reaction, a polyamic acid is 
formed, which may be converted subsequently by heat or through the use of 
suitable catalyst to high molecular weight linear polyimides which are non- 
fusible and very insoluble. 

Numerous manufacturers have shown interest in polyimides since 1961, 
namely. DuPont, General Electric, Monsanto, TRW Inc., Narmco, American 
Cyanimid, Quantum Inc., Dixon, U S  Polymeric, and Lash Laboratories. 

DuPont has marketed polyimide based wire enamels and varnishes and coated 
glass fabrics (Pyre M L) since 1961, polyimide film (Kapton) since 1965, precision 
parts and abrasives (Vespel) since 1962. Polyimide prepregs (Pyralin) are 
available for high and low pressure laminates. Polyimide fibers, adhesives and 
foams are also being developed, as well as electrically conductive films and 
paints. 

The polymer is based on pyromellitic dianhydride and oxydianiline, and has 
a service life of 20,000 hours at 230°C 1,000 hours at 3 15°C and short term 
use to 400°C. 

Kapton film is produced in two forms. Type H is a pure polyimide film. 
available in thicknesses from k to 5 mils. Type F is a heat sealable modification. 
which is a composite of the base polyimide film coated with Teflon 
(fluorinated ethylene propylene copolymer) fluorocarbon resin. Type F is 
available in thicknesses ranging from 1.5 to 6 mils, the film consisting of various 
polyimide substrates with FEP on one or both surfaces. Currently in develop- 
ment are additional product modifications, such as ultrathin (25 gauge) Type 
H film and very thin heat-sealable structures. 

Polyimides are essentially non-fusible, and are difficult to fabricate by 
conventional polymer moulding processes. DuPont is employing a sintering 
technique as one means of fabrication to form its polyimide moulding resin 
(Polymer SP) into finished parts (trade marked Vespel). Four standard composi- 
tions are available as moulded products: an unfilled resin, a 15 per cent graphite- 
filled compound, a MoS,-filled material and a composition filled with 44 
weight per cent glass fibre. 

Pyralin prepregs utilising several varieties of E glass, silica, quartz and S glass 
are under development for structural, dielectric and printed circuitry applica- 
tions. Thermal stability of Pyralin is good. Time to 40 per cent strength retention 
is 35,000 hours at 260°Cd 1,500 hours at 315°C and 100 hours at 370°C. Pyralin 
glass roving prepregs are available for structural and dielectric applications. 
Conductive polyimide coated glass fabric for heating elements, static bleed off, 
and microwave absorption, and Pyralin coated Nomex paper are marketed. 
An N-methylpyrrolidon-hydrocarbon solution of Pyralin is being used for 
coating, sealing and bonding applications. 

American Cyanamid currently has available a polyimide moulding compound 
that differs from other existing polyimides in that is is a true thermoplastic, 
rather than a thermoset, material. Processing by conventional injection moulding 
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equipment, XPI-MC154 Polyimide offers the user a dimensionally stable 
material, with a heat distortion of 260°C, which is suitable for use in demanding 
electrical, chemical, and thermal environments. Potential applications include 
switch parts, gears, electrical connectors, and insulators. .. 

A polyimide adhesive film supported by a glass carrier, FM-34, is also available 
from American Cyananlid. This adhesive film was formulated for strength 
retention after long term exposure to temperatures of 205 to 213°C in both 
metal-to-metal and sandwich constructions. There is no significant change in 
tensile lap shear strength after 20,000 hours ageing at 205 or 260°C. After 
2,000 hours ageing at 315"C, FM-34 adhesive film maintains a shear strength 
of 1,300 psi. 

Tn 1961 Monsanto introduced a series of Skybond polyimide reslns, based 
on benzophenone dianhydride and aromatic diamines, for use in preparing 
glass cloth laminates. Monsanto has, also, done work with polyimide resins 
in wire enamel applications, but is not currently offering products for such 
applications. Recently Monsanto introduced a new polyimide resin with better 
thermal resistance cl~aracteristics than Skybond. Called RX-383, the resin is 
a polyimide specifically designed for structural and speciality applications where 
extended exposure at temperatures up to 370°C is required. The resin solution 
(85 per cent solids in ethylene glycol) is used as a laminating varnish. Glass 
laminates prepared with this resin system retain a flexural strength greater 
than 20,000 psi when tested at 370°C and exposed to this temperature for 
100 hours. 

Dixon Company recently introduced a new line of polyimide moulded parts 
called Meldon PI. This material has good retention of physical properties after 
100 hours at 370°C, and is available as moulded sheets, rods and tubes. 

Quantum, Tnc. is a newcomer to the polyimide field, introducing a moulding 
r:sin, adhesives, varnishes, and laminating resins called Quantad 159 in 1967. 
Features of Quantad 159 include thermal stability at 3 15-370°C for extended 
periods (1,000 hours), high abrasion resistance, and good peel strength. The 
primary application for this resin system is in producing circuit board laminates. 

Narmco Materials Division of Whittaker Corporation is marketing a high 
temperature resistant fibreglass reinforced tape containing an adhesive material 
based on a polyimide resin system, Meltbond 840. This material is suitable 
for use with aluminium, titanium, beryllium and stainless steels, where resistance 
to continuous exposure to intermediate temperatures (205-315°C) is required. 
Applications include the bonding of metals to control surfaces of missiles and 
aircraft, and the bonding of high temperature radomes, deflectors, radiation 
covers, re-entry nose cones and turbine blades. 

Narmco 1832 is a B staged polyimide laminating prepreg. This material was 
designed for the manufacture of glass fabric reinforced structural laminates. 
and laminate faced, honeycomb sandwich details, where resistance to long term 
exposure at temperatures up to 285°C is required. Applications for this structure 
include high temperature de-icer ducting, wing closure panels, wing to body 
fairings, wing and fin tips, radomes and antennae, exhaust deflectors, leading 
edges and re-entry structural substrates. 
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Lash Laboratories introduced a modified polyimide, high temperature 
adhesive for use at 260°C in 1968. The material, called Lashclad ID, 
was developed for use as a high temperature adhesive for bonding polyimide 
film or laminates to metals, and as a conformal, protective coating for flexible 
circuits. The resin is supplied as a 25 per cent solids solution in dimethyl 
sulphoxide and mn be applied by spraying, dipping or brushing to thicknesses 
of 1 mil. 

A new polyimide resin solution (dimethyl formamide solvent), "P13NW, 
is being offered by TRW Systems, Inc., for military and commercial applications 
on a development scale. The first polyimide form available was an impregnating 
varnish for glass cloth in a forn~ulation designed for press grade laminates. 
Composites for vacuum or autoclave moulding, a compression moulding formu- 
lation, boron, graphite and silica reinforced laminates and adhesives are being 
developed. 

The principle advantages of the P13N resin lie in its ease of fabrication; 
namely, prepregs are stable and not subject to hydrolytic or oxidative degrada- 
tion; they can be processed into low void laminates (less than 2 per cent void) 
using standard moulding techniques at 315°C and 200 psi for relatively short 
durations (60 minutes); and no post cure or press cooling is required. The final 
cure involves an addition type polymerisation rather than a condensation 
reaction with the elimination of volatile side products. Thermal ageing at 
315°C for 1,000 hours has been successful. Laminates retain a 40,000 psi flexural 
strength after 1,000 hours at 285OC. 

Applications for this resin are in supersonic aircraft structures, jet engine 
components, circuit board, flexible electrical cable insulation and reinforced 
ablative nozzle inserts. 

US Polymeric introduced a polyimide glass prepreg, V-303, for vacuum bag 
moulding in 1967. The Air Force Material Laboratory has extensively evaluated 
high temperature laminates for various structural substrates. Recently Avoco's 
Aerostructures Division fabricated a boron reinforced polyimide structural beam 
for Boeing's supersonic transport project. 

Ferro Corporation has worked with various high temperature resins and is 
making polyimide prepregs available on a limited scale. American Reinforced 
Plastics Company, a specialist in the manufacture of prepregs for the aerospace 
industry, is offering a polyimide material. 

Polyhcn;othia;o Ics 
Abex Corporation has developed commercially a polybenzothiazole (PBT) for 
use in laminating appliptions. This resin system, requiring a somewhat involved 
cure process, offers higher thermal and oxidative stability than the polyimides. 
The resin is soluble in dimethylacetamide and melts and flows before cure. 
The cure mechanism involves a zinc oxide cross-linking. Thermal ageing at 
315'C for 2,000 hours shows 95 per cent retention of strength. 

The future 
In the immediate future, several new high temperature resins should be appear- 
ing on the market. At least half a dozen new polyimides and polybenzimidazoles 
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resins are being quietly developed around the USA; some not as quietly as 
others. 

Many new and promising polymer systems are also being explored, for instance 
the polyoxadiazoles2~ poly-thiadiazoles,17 polytriazoles,lR polybenzoxazoles18, 
po ly th iaz~les~~,  polyquin~xalines~~, polypyra~oles~~,  p y r r ~ l o n e s ~ ~ ,  poly- 
h ~ d r a z i d e s ~ ~ ,  p~lyphenylenes~~,  polyperfluor~triazines~~, p~lytetrazopyrenes~~, 
bisbenzimidazobenzophenanthroline-dione (BBB)". It is evident from the 
above that an enormous variety of organic polymers have been synthesised 
in the quest for new materials with superior high temperature performance. 
As these new materials become commercially available, it seems unavoidable 
that they will bring an improvement in the processing and reliability, as well as 
a reduction in cost. 
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Next month's issue 
T h e  Honora ry  Edi tor  has  accepted the  following papers for publication, a n d  these 
a re  expected t o  appear in the  February issue. 

"An international flow cup," by A .  N. McKelvic.. 

"Antifouling paints based on organotin compounds. Part I1 Spectrographic determina- 
tion of microgram amounts of bis(tri-n-butyl tin) oxide in aqueous solutions," 61- 
L. C i~romy ,  W.  Mlodzianowska, K .  Uhacz uric/ R. Warchol. 

"Towards automation," by H. R. touch it^. 

"Coatings based upon thermosetting resins containing reactive liquid polypropylene 
sulphide as plasticiser," by J. L. Sniith, C .  T. Williut?is arld R.  D. Sin~rcv.. 
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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 
lncluding polyester, epoxy, polyurethane resins and developments in water based paints, 

vinylics, etc. 

application techniques 
lncluding electrodeposition, powder coatings, strip-coating, aerosol spraying. 

instrumental testing and control methods 

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

The book contains 204 pages including 11 line diagrams, 8 photographs of common paint 
defects, iand comprehensive index. Copies can be obtained from the Oil and Colour Chemists' 
Association, Wax Chandlers' Hall, Gresham Street, London E.C.2, price 20s. (post free). 



Reviews 

, J ~ Y  A. RIECHE. London: Butterworth 1968. English translation of third 
German edition. Pp. xix+572. Price £4 18s Od. 

This text-book, which was first published in German in 1955, followed by 
a second, enlarged, edition in 1961, was based on lectures given by Professor 
A. Rieche at Jena University. The volume under review is the English translation 
of the third edition, published in 1966. 

In a brief introduction (seven pages) the author discusses the fundamental 
considerations relating to the planning and design of a large scale process. 
The main part of the book then deals with the historical development of the 
most important branches (excepting perfumes and essential oils) of the organic 
chemical industry, its processes, chemical principles and economic aspects. 

The subject matter is divided into three main groups: A The chemistry of 
coal and crude oil and the production of chemical raw materials and 
intermediates; B The chemical processing of raw materials produced in agri- 
culture and forestry; and C The manufacture of commodities by chemical 
processing of natural and synthetic raw materials. These groups are further 
subdivided into sections dealing with specific aspects including coal, natural 
gas, petroleum, and synthesis based on carbon monoxide, paraffins, olefins, 
acetylene and aromatic intermediates (under group A); wood, sugar, fermenta- 
tion, fats, oils and tanning (under group B); and synthetic fibres, lacquers, 
plastics, elastomers, resins, textile auxiliaries and washing raw materials, 
pharmaceutical products, synthetic organic dyestuffs and explosives (under 
group C). 

The book is written mainly from a chemical standpoint, the emphasis being 
on materials rather than the equipment. The various unit processes (e.g. distilla- 
tion, filtration, centrifuging, evaporation and drying), control devices (e.g. 
for the measurement of gas flow, temperature and pressure) and equipment 
(e.g. pumps, filters and grinders), together with manufacturing processes, are 
discussed and illustrated by 152 line drawings at  appropriate places throughout 
the book, in connection with a specific chemical process. These sections will 
provide the student reader with a useful introductory survey of chemical 
engineering principles. 

The specialist may feel that the author does not always present an entirely 
balanced account of a particular process. For example, only one method is 
given for the manufacture of bodied linseed oil. However, the author has 
summarised successfully a vast amount of material covering many technologies 
and the text appears substantially to be accurate. Only a few trivial errors 
were noted. 

Throughout the text and at the end of each chapter numerous literature 
references are given. Understandably these have a bias to German sources, 
since the book was primarily intended for the German student. There is a good 
index and a comprehensive contents list. Also, the book is well produced and 
reasonably priced. 
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The publication of this translation provides an extremely useful and very 
readable source of information for the student (and possibly the younger 
qualified man entering industry) which would otherwise be inaccessible to those 
who do not read German. 

R. N. FAULKNER 

By MORRIS K A U F M A N .  London: Maclaren and Sons Ltd., 1969. Pp. 208. 
Price £4 2s. 

The author, in his preface, states "This book is the outcome of a conviction 
that teaching aspiring rubber and plastics technologists the bare bones of 
polymer technology provides a lifeless two-dimensional study-it throws no 
light on the reasons for the technology or the mainspring of its progress." 
This most certainly is not so of Morris Kaufman's "History of pvc." It is alive. 
interesting, and entirely readable. There are, of course, many books dealing 
with the history of scientific subjects, usually confined to the first few pages 
of the first chapter or the preface, but the reviewer has not come across one 
before where the historical and technical aspects continue side by side throughout 
the book. 

In the first chapter Kaufman gives considerable detail to the early days of 
pvc. This chapter is refreshing and informative, and must prove of exceptional 
interest to the non-academic chemist; it will certainly give him a new insight 
into polyvinyl chloride chemistry. Chapter 2, on the industrial origins of poly- 
vinyl chloride, deals with the appearance of industrial interest, followed by 
the various early methods and patents involved. Chapter 3, on the preparation 
of the monomer, gives a clear picture of the economic and technical difficulties 
associated with early production. This is followed naturally by a chapter on 
polymerisation, covering the research and reasoning behind photopolymerisation, 
and thermal, solution, dispersion, suspension, and emulsion polymerisation, 
finishing with a short resume of progress in the United Kingdom and the USA. 

Chapter 5, on modification of vinyl chloride polymers includes work on 
copolymerisation. Chapters 6 and 7, on plasticisation and stabilisation and also 
on processing, will provide interesting and informative reading for anyone 
engaged in this work. The final short chapter, on the early applications of pvc, 
tidily completes the volume. The standard of reference in this book is very good. 
There is also a comprehensive index with which one cannot find fault. 

The book is an excellent example of balance between historical and technical 
viewpoints. The author has perhaps laboured the historical angle, but after 
all it is the history of pvc. It loses nothing from this treatment, and leaves 
one with the feeling that more "dry as dust" technical publications could well 
do with a few more interest-making historical facts included. Kaufman's 
treatment of this volume is both systematic and interesting. 

There is no ambiguity in the terminology; the clear type is excellent as is 
the whole presentation. The author is to be congratulated on the obviously 
painstaking care and observance of detail which have been embodied in this 
volume. 

G. ANDERSON 
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* 
Blundell-Permoglaze Ltd. has recently introduced a new high-bake acrylic finish, 

specially formulated for high performance on domestic equipment. The new product, 
designated the 003 range, is based on acrylamide acrylic, and is designed for stoving 
at 400 ' F  in I R ovens. Full gloss, exceptional hardness, chip and scratch resistance, and 
hot fat and detergent resistance are claimed for the finish. 

"Zinc dust in paints" is the title of the latest in the series of bibilographies produced 
by the Zinc and Lead Development Associations. This is an extended and revised edition 
of the previous volume, and contains some 850 references to zinc dust paints, covering 
the period 193 1-68. 

The introduction of Arliprcvzc~ CM, a new type of millable urethane elastomer, has 
recently been announced by Du Pont Company (UK) Ltd. The product, which is 
polyether based. is claimed to offer improved processing, lower costs, and good resis- 
tance to tear, radiation, chemicals, weathering and ozone. It is said to be vulcanisable 
with both sulphur and peroxide systems, and to have a hardness range of 45" to  90" 
Shore A. 

A new brochure, entitled "What is carbon black?," intended for the technician 
using carbon black, has recently been issued by Degussa. The various types of carbon 
black are described, together with their manufacture and uses, and copies are available 
from Degussa on request. 

Kronos Titanium Pigments Limited has recently announced the availability of the 
Titcinox-Kronos strengtlr cornpurritor, as described by Mr F. B. Stieg in his paper to 
the recent Symposium on water-borne coatings organised by the Manchester Section. 

The comparator, which is a slide rule which compares the relative opacity of TiO, 
pigments in a given formulation when used in conjunction with a reflectance photo- 
meter, is available from Kronos on request. 

"The painting of joinery timber which has been pre-treated against rot" is the title 
of an information leaflet recently published by the Paintmakers Association of Great 
Britain Limited. Copies are available from the PA. 

It has recently been announced that the Construction Industry Research and Informa- 
tion Association is to  change slightly its field of operations. 

Its main functions will si'ill be to  promote and manage research for the benefit of 
its members, and, arising from this work, to provide them with the appropriate and 
complementary technical intelligence service. However, it is no longer required to 
proceed with the work of providing a nation-wide advisory service, as the Ministry 
of Public Building and Works has decided that the Building Research Station is to  
experiment with the running of such a service, to test its commercial viability. CIRTA 
will continue to  depend on subscriptions from members, and to receive a grant from 
the Ministry of Technology. 
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B P  Chemicals (UK) Limited has recently published a fully illustrated 32 page booklet 
describing its operations and facilities. Copies are available free of charge from BP's 
Public Relations and Advertising Dept. 

Cerric Cellfust is the name of a new range of inks introduced by Pinchin Johnson 
Paints, designed for use in automatic screen printing, with forced drying. 

It is claimed that CellfClst provides an ultra-thin film which dries much faster than 
conventional screen inks, and to  have outstanding covering power and light fastness. 
A range of 27 colours, plus black, white, and opaque white, is available. 

The two latest booklets issued by Vinyl Products Ltd. in its series of "Technical 
service reports" deal with "Emulsion paint test methods (CI)" and "Vinyl acetate- 
acrylate copolymer emulsion paints (C2)". 

A new high sensitivity oxygen meter, based on the electron capture detector cell, 
has been announced by Analytical Instruments Ltd. The instrument, which is mains 
or battery operated, is a portable gas chromatograph with electron capture detector, 
and, by use of various accessories, can be used to measure the amount of oxygen in 
most gases, oxygen permeability of films, and oxygen dissolved in liquids. 

Koch-Light Laboratories Ltd. has recently brought up to date and re-issued its 
"Catalogue and price list." Copies are available free of charge from Koch-Light. 

It has recently been announced that Victor Wolf Limited has concluded a licence 
agreement with Kemrez Chemicals, of Australia. Kemrez are to have exclusive rights 
to  manufacture and sell Wolf's Wolfrrmid polyamides. 

Letraset Limited has issued a booklet giving full details of its range of products 
for marking and dec.oration of thermosetting and thermoplastic articles. Three systems 
are available, for in-mould or separate heat transfer operation. 

Samuel Banner & Co. Ltd. has now moved its head office and administration to 
new offices at its Liverpool works. 

The Walker Chemical Company Limited has recently issued a data sheet on Walker 
paraformaldehyde 87 Fluke, a solid polymer containing 87 per cent formaldehyde 
and 13 per cent water. The product is said to be ideally suited for the manufacture of 
p/f, c/f, u/f, and m/f resins, particularly where low water content is required. 

Surface Coatings journal is to sponsor a second "International Conference on Plastic 
Powder Coatings," following the success of the first conference. The venue will be the 
Criterion-in-Piccadilly, London, from 10-1 2 February 1970. Additional features will 
be a workshop session on the I 1  February, and an information service by companies 
manufacturing powder coatings. 

Copies of the programme and registration form are available from the conference 
organisers, Business Conferences and Exhibitions Ltd. 
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A new range of strippers for all types of finishes and substrates has recently been 
announced by Croda Polymers Ltd. 

The range includes water and solvent-based types, alkaline and acidic baths for hot 
2nd cold dipping, a grade in powder form, additives for traditional caustic baths, and 
a brush-on grade for conventional paints. 

Sample amounts of Sf-815 Heut Stcihle Dispersant, a new product to provide high 
dispersibility of high pigment solids, are now available, announce Calgon Corporation. 
SP-815 is an amber-coloured, slightly viscous, aqueous solution of an organic dis- 
persant, claimed to be effective over a wide range of pH, and to exhibit excellent hydro- 
lytic and thermal stability. 

Four-ounce samples, and technical literature, are obtainable from the Chemical 
Specialties Division of Calgon. 

Badische Anilin- und Soda-Fabrik AG has recently added new products to two of 
its range of colours. 

Lirconyl Yellow 3 R  is a reddish-shade yellow, added to the L~rconyl range of colour 
pastes for aqueous paints. Outstanding fastness properties are claimed, even in extensive 
reduct ion. 

Frrncrl Blrre GNC Slrpra is an addition to the Fcrncrl pigment range for printing inks, 
having the same colour as, but slightly greener and cleaner shade than, Fanal Blue 
B Slrpru. 



Seetion Proceedings 

Hull 
Reactivity of titanium dioxide in vinyl chloridelvinyl acetate copolymer surface coatin& 
The first meeting of the current session was held at the College of Technology, Hull, 
on Monday 6 October. The section Chairman, Mr E. A. Brown. introduced Mr F. 
D. Robinson, who gave a lecture entitled "Reactivity of titanium dioxide in pigmented 
vinyl chloride/vinyl acetate copolymer surface coatings." 

Mr Robinson remarked that, although surface coated titanium dioxide was normally 
regarded as inert when present in paints, there were certain areas in which reactivity 
could be detected. One such area was in conibination with pvclpvac co-polym.er 
solutions, and the reactivity in such systems had been followed by measuring the 
increase in viscosity which occurred on storage for a period of up to  six months. 
In extreme cases this took the form of gelation and could even occur during the actual 
preparation of the paint. 

Three factors were essential to  the developnient of reactivity. These were: the 
presence of at least a minor proportion of acid in the co-polymer, inorganic treatment 
of the pigment with silica or alumina, in the presence, or absence, of zinc oxide, and 
the presence of water. Additional organic treatment of the pigment might exaggerate 
the effect as with amines, o r  reduce it as with polyol pigment treatment. Other materials, 
such as maleic acid and, particularly, citric acid, when added to the paint in minor 
amounts were effective in reducing the reactivity of the system. and Mr Robinson 
considered that such materials behaved as chain terminators. 

Commercially available polymers. prepared by solution polymerisation, had been 
employed in this work, but one polymer, incorporating I per cent of maleic acid in 
the backbone, prepared by emulsion polymerisation, had also been examined. 
This gave total stability at comparable pigment and solids content in the presence of 
added water. 

In concluding his paper, the lecturer stressed that, with careful choice of pigment 
and resin, stable systems could be obtained. The lecture was extremely well illustrated 
with slides and it is hoped that it will be possible to publish it in due course. 

During the discussion period which followed, Mr Robinson answered questions 
from Messrs. Gibson, Gilroy, Finn, Smith and Mell. The vote of thanks was proposed 
by Mr L. W. Wynn. Twenty-five members and seven visitors were present. 

J . A . H .  

Operational research 
The second meeting of the Hull Section was held at the College of Technology, Hull. 
on Monday 3 November, when Mr S. J. Morrison gave an interesting lecture entitled 
"Operational research: a service to  management." 

Mr Morrison referred briefly t o  the various services available to management, 
ranging from accountancy and work study to such sophisticated techniques as auto- 
mation and cybernetics. 

Management roots extended back to such large scale projects as the Chinese wall 
and the Egyptian pyramids, and to  large scale organisations like the church and the 
army in ancient times. With the growth of large productive enterprises in the 18th 
and 19th centuries, for example mining, brewing, and textiles, management was 
faced with problems arising from technological change, new industrial systems and 
the market economy. Landmarks in the contribution of scientific and mathematical 
thought and inventions were then given. 
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Operational research originated in 1936 and the years immediately following, with 
the development of radar and fighter direction. Similar techniques were extended 
by the Allies during the war to  weapons evaluation, convoy tactics, and military 
o,ganisation, and in the civil sector, after the war, by large basic industries to  such 
problems as production scheduling, stock control, forecasting, and queues. 

The OR process was likened to  that of work study, the steps taken in the solution 
of a problem being: 

define the problem 
collect information or data 
construct a (mat hematical) model 
find a solution 
test the solution t o  see if i t  was currently valid 
set up a control to see if the environment changed 
implement 

Feed-back in the control of a process, and the formulation of a mathematical 
model, were briefly discussed. The primary purpose of the model was t o  stage a 
demonstration rather than to  solve the original problem. A compromise had t o  be 
made between a crude model of poor similitude to real life, giving non-valid and non- 
useful response, and one of high similitude which took a long time to  build or was 
unworkable. 

In the second part of his lecture, Mr Morrison illustrated the use of models and 
OR techniques with reference t o  statistical analysis, prediction by regression analysis, 
stock control, linear programming, simulation and network analysis. 

During the long discussion which followed, the lecturer answered questions from 
Messrs. Brown, Lythgoe, Finn, Mell, Reed and Gilroy. A vote of thanks was proposed 
by Mr P. J. Gay. The meeting was attended by 18 members and 3 visitors. 

J.A.H. 

Irish 
Paint formulation and performance 
The first meeting of the 1969-70 session of the lrish Section was held in the Imperial 
Hotel, Cork, on 26 September. The subject was "Paint formulation and performance" 
and the lecturer was Mr A. H. Hipwood from the Chemical Inspectorate, Woolwich. 
The Chairman of the lrish Section, Mr S. McWade, in opening the meeting, paid 
tribute to  Messrs. Harringtons Goodlass Ltd.. Cork. and in particular to  Dr  Long 
for the hospitality given to  the members during their visit to  Cork. He also thanked 
Messrs. Ford Ltd. for allowing the members to visit their factory that afternoon 
(see photograph). In introducing Mr Hipwood, Mr McWade wished him and Mrs 
Hipwood a "Cead Mile Failte" to  Sreland. He also pointed out that Mr Hipwood 
was no stranger t o  Ireland or t o  the lrish members, as he had lectured at a seminar 
at the lnstitute for Industr_ial Research and Standards last year. 

Mr Hipwood, before beginning his lecture, paid tribute to  the lrish hospitality 
as shown by the members. He then commenced by saying that paint formulation and 
performance was a vast subject. and in the interest of brevity he would be restricted 
to a review of the outdoor weathering performance of glossy decorative air-drying 
alkyd systems. Also, to  preserve the confidence established between the manufacturers 
and the Inspectorate, reference would not be made to  details of composition or t o  
proprietary names of any raw materials. 

The Chemical Inspectorate was responsible for a very wide range of organic 
coatings supplied for the decoration and protection of buildings, structures, aircraft, 
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and other diverse types of equipment used by the Services. It had been found that 
for most requirements a knowledge of the coniposition of the paint was essential 
for sound interpretation of quality. Most Service specifications were therefore of the 
performance/compositio~i type, in which essential composition requirements, such 
as type of medium, were specified, and a number of perforniance tests included to  
ensure that the paint possessed the standard of performance within the general class 
specified by composition. 

Definition of natural  enth the ring 
The exposure site, Glascoed, South Wales, was describcd toget her with the instruments 
used to  record climatic data. The reasons for its selection and the limitations of "onc 
site" exposure tests were discussed. The assessment of film performance to natural 
weather was also described, toget her witli the automatic data processing machine 
used for recording and retrieval of weathering results. 

Surface hehrrviour o f  alkycl films 
With the introduction of alkyd resins, a considerable improvement was achieved 

over the older oil based and oleo-resinous paints witli respect to gloss retention, 
colour retention, chalking and erosion resistance, and this type of medium was 
currently most popular for air-drying glossy coatings where decoration was of prime 
importance. During weathering, all films exhibited surface deterioration, but the rate 
and degree of degradation varied with each type of paint formulation. 
Pigmentcrtion: At Cheniical Inspectorate it had been found convenient to divide the 
range of colours described in B.S.381C and B.S.2660 into "colour groups" of film 
performance. The general trend of surface behaviour for each group was given. 
Group A comprised strong blue colours based on Prussian. phthalocyanine, and 
indanthrene pigments. Colours in this group exhibited "bron7ing" on exposure to 
natural weathering. It was appreciated that particle size control by pigment manu- 
facturers was important for retarding this defect, but even so, such failures were 
observed with the so-called "non-bronzing'' types of pigment. 
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Group B comprised strong green colours based on combinations of Prussian blue 
with light-fast chromes, or phthalocyanine with arylamide yellows. Organic combina- 
tions, although more expensive, were in general superior t o  inorganic varieties with 
rospect to  colour retention, but considerable "blueing" or "yellowing" was a frequent 
failure and was evident within three years of natural exposure. 

Group C comprised white, pastel colours, and shades which contained a high proportion 
of white pigment. In this context it should be observed that even very dark greys 
contained titanium dioxide as the major pigment constituent. This group of colours 
was the most attractive for decorative purposes but the films in general were first t o  
reveal loss of gloss, chalking and colour change for any given alkyd medium during 
exposure to  natural weathering. For maximum resistance to  weathering, it was 
essential to  observe the recommendations made by the suppliers of the rutile titanium 
dioxide. 

Group D comprised strong browns, red oxide and other "earth colours." Early loss 
of gloss was a common feature with colours of this group, and in these respects the 
group was inferior to Group C .  When mixtures of pigments were used for the produc- 
tion of colours like the "warm browns," colour retention on exposure could be most 
disappointing. 
Group E comprised strong reds and violets. Light-fast pure organic pigment dyestuffs 
were superior for colour retention to  inorganic pigment combinations containing 
molybdate chromes or  cadmium reds. It should be appreciated, however, that dilution 
of organic pigments with rutile titanium dioxide, which was a common practice 
with manufacturers experiencing difficulty in meeting contrast ratio requirements of 
specifications, resulted in much earlier fading failures. A fair degree of colour retention 
was evident in this group with the high quality pigmentations. 

Group F comprised the various blacks. The highest standards of gloss retention 
and resistance to  other surface failures was always evident with black for any given 
medium. This was due to absorption of ultra-violet light by the pigments. 

Group G comprised aluminium-type paints, a class which Mr Hipwood did not discuss 
further. 

Group H comprised the strong yellows, based on light-fast chromes, arylamide and 
benzidene pigments. The gloss retention of colours in this group was in general second 
only to  black, and a high standard of performance could be expected from the light- 
fast chromes even in industrial areas. The organic colours could be extremely 
disappointing, as a high concentration must be used for acceptable opacity and dilution 
with titanium dioxide was often necessary for colour matching purposes. Both opera- 
tions reduce the standard of gloss retention and colour retention on exposure t o  
weathering. The benzidene pigments were more durable when used alone than when 
reduced with titanium. 

Types of alkyc/.~. It was impossible t o  relate film performance directly to  a given range 
of constants of an alkyd resin and considerable variations of performance have been 
observed even with resins of the same constants supplied from different manufacturers. 
Certain trends, however, could be observed. 

Linseed, soya and tobacco seed oils were most common in paints supplied t o  
specifications for decorative purposes, and whilst it was appreciated that the linoleic- 
rich types were t o  be preferred for non-yellowing purposes, all types were equally 
acceptable for natural weathering performance. Tung oil modifications, however, 
exerted a degrading influence with respect t o  surface deterioration by loss of gloss 
chalking and colour retention. Some evidence was also available which indicated 
that with frequent washing, say, once every three months, the recovery of gloss by 
removal of chalk was marginally less with the linoleic types of oil. 
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For specification work, medium oil length alkyds of 55 per cent to 65 per cent were 
preferred for spraying air-drying systems such as those used in vehicle finishing. These 
paints were, in general, superior for resistance to surface deterioration than the longer 
oil length 65 per cent to 72 per cent types developed for the decoration of buildiws 
where application by brush was a main requirement. Oiling out (addition of oil to an 
already cooked alkyd) of an alkyd resin for improvement of application properties 
likewise had a degrading effect with respect to gloss retention and chalk resistance. 

The natural weathering performance of many urethane modified alkyds, in 
comparison with more conventional types, had so far proved disappointing when 
considering gloss retention and chalk resistance. However, these modifications might 
upgrade the resistance of the film to cleansing fluids, etc. 

A significant improvement had been observed with tlie use of co-polymerised 
silicone alkyd resins with a silicone content in the region of 30 per cent. These resins 
were commercially unattractive because of their high price, but practical field trials 
were at present in operation to establish the degree of improvement over conventional 
alkyd media when used for vehicle re-finishing. Recently introduced silicone modified 
polyurethane alkyds were only marginally better than urethane alkyds for gloss 
retention and chalk resistance, although other advantages had been claimed in respect 
of heat and water resistance. 
Presence of c.xtc~nders in top (.oat forn~rrl~/tion,s. 1 mprovements in the mechanical 
properties of paint films had been claimed with addition of extenders, but their 
incorporation into top coat formulations reduced the standard of gloss retention 
and chalk resistance. 
Pign~~ntlhinder ratio. An increase in this ratio produced an inferior performance with 
respect to gloss retention and chalk resistance. Many high opacity white paints were, 
therefore, extremely vulnerable on exterior exposure, and severe chalking failures 
had been observed after weathering periods of only one year at Glascoed. 
T11c. infirrenee of q ffln.l~ite rmdercocrt.~ in conjrmct ion wit11 hrigl~t rev1 finishes. Pale under- 
coats had been proposed by manufacturers in order to enhance the appearance of 
films based on red dyestuff colours of low opacity (55 per cent contrast ratio). Natural 
weathering tests indicated that, in such systems, the rate of deterioration of the red 
finishing coat could be accelerated, presumably 'owing to inadequate absorption of 
energy by the top coat, the energy being reflected back by the "white" undercoat. 

Checking and cracking failures were rare with conventional alkyd paint systems on 
steel, exposed in five year weathering tests. When failures occurred, they were usually 
worse with the washed areas of the exposed film. It had also been observed that there 
was a higher incidence of checking failures with strong red finishes. Tall oil alkyds 
and styrenated alkyds were slightly suspect with regard to checking failures occurring 
between three or four years of exposure. Cracking failures were always more advanced 
on wooden substrates. 

Blistc~r ,failures. It was an unfortunate fact that with the introduction of glossy alkyd 
based paints in replacement for the oleo-resinous types. tlie incidence of blistering 
had increased. Microwater type blisters (containing liquid and occurring between 
coats) were frcquent causes of failure with alkyd systems under conditions of high 
humidity and wetness. Under drier conditions, most films made a sufficient recovery 
so that there was subsistence of the blisters. In certain cases, however, the pressures 
produced in the process of blistering were sufficient to extend the film of the top coat 
to beyond its elastic limit, and in such cases blisters, which might be of Imm diameter 
or even greater, occurred and permanently marred the appearance of the film. 
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Flaking failure between coats may occur from sites of such blisters. Investigations 
carried out by Chemical Inspectorate several years ago indicated that magnesium 
carbonate as a main extender in undercoat formulations aggravated this phenomenon. 
Tltere was, however, no clear evidence to  suggest that the presence of other carbonate 
extenders or the double carbonate of dolomite extender in undercoats contributed 
to the incidence of blistering. 
Flakirtg. Although under damp conditions alkyd films lost adhesion, their recovery 
was such that flaking failures were rare in three t o  four years of natural weathering 
tests. Flaking failures had, however, been observed with alkyd systems in which the 
type of undercoat used contributed t o  failure. Undercoats containing a high pro- 
portion of oil presented an excellent nutrient for supporting mould growth, and mould 
spores entering through burst n~icroscopic blisters colonised in the undercoat layer 
with resultant flaking of the top coat from this layer. Exceptionally hard undercoats 
were equally undesirable and severe inter-coat adhesion failures had been noted in 
such systems. 

Corrosion of ntctcrl .suhstrrrtc~.s 
With proper metal preparation and the adoption of the correct anticorrosive primer, 
corrosion failures with multi-coat alkyd systems were rare in five year natural weathering 
tests at Glascoed. It had been observed, however, that systems exhibiting heavy 
brush-marks act as water traps with resultant brush-line corrosion occurring during 
the latter stages of exposure. It was also observed that there were limitations 
in corrosion testing at Glascoed, owing to the rural nature of the site. 

The lecture concluded with a series of slides illustrating the points made during 
the lecture and the natural weathering performance of several types of paint exposed 
in extremes of geographical environment. These included alkyds, epoxies, poly- 
urethane, chlorinated rubber and emulsion based systems. In discussing these types 
of paint, Mr Hipwood suggested that it could be concluded that whilst the degree of 
chalking of the paint film varied with each type of formulation and with climatic 
exposure, the order of severity of exposure sites was not constant for all types of media, 
e.g., chlorinated rubber was severely degraded in a hot dry climate, whilst, in contrast, 
this climate had least effect on a two-pack polyurethane (aromatic isocyanate) film. 
In damper climates, the order of resistance of these two films was reversed. He also 
suggested that the best that could be achieved from accelerated tests was prediction of 
performance in one type of climate only. 

He also said that B.S.3900, Part F3 cycle was reliable for the prediction of chalking 
and discoloration failures occurring on exposure in climates similar t o  that of the 
UK and Ireland, especially with the paints of colour group "C." This cycle, however, 
had limitations in the prediction of colour changes occurring with certain other 
pigments, and it was also weak for inducing checking and corrosion failures with 
systems exhibiting the defects on exposure outdoors. 

Mr McWade, in opening the meeting for discussion, remarked on the endless scope 
for discussion which he felt had been opened by Mr Hipwood's lecture. He congratu- 
lated Mr Hipwood on his lecture and said that he was amazed to  learn that Phoenix, 
Arizona, was a more severe site than Florida. Mr Hipwood then described the details 
of the exposure site at Arizona and contrasted that method with that of B.S.3900, 
Part F3. 

When Mr Coleman asked for comments on urethane alkyd, urethane oil and two- 
pack (aliphatic) decorative enamels, he was told that the two-pack material was best. 
He was also informed that the silicone modified alkyds were better than the one-pack 
urethanes. 

Mr O'Callaghan asked if a red leadlwhite lead formulation was a good primer. 
Mr Hipwood said that it was preferred to acrylic emulsion types for application 
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to wood. He also explained that red lead in oil was preferred for steel; this was tolerant 
to poor surface preparation, whereas the epoxy/red lead based paints were not. 

Mr Sharpe was told that there was no advantage in adding optical whitening agents 
to the cheaper type titanium pigments as far as chalking resistance was concern8d. 

Others taking part in the discussion were Messrs. Sommerville, Moorish and Hanlon. 
Tn proposing a vote of thanks, Mr A. Coleman said that Mr Hipwood's lecture 

was most interesting and comprehensive, and in a very short time he had covered the 
more important aspects of paint formulation and performance. Another important 
aspect of the lecture was the way in which it stimulated questions from the audience. 
Mr Coleman concluded by wishing Mr and Mrs Hipwood "Bon voyage." The lecture 
was attended by 24 members and seven visitors. 

R.B.S. 

London 
Some aspects of the protection of exterior joinery 
A meeting of London Section was held on 23 October 1969 at University College, 
London WC1, with Mr J. E. Pooley in the chair. Mr R. Dooper, of Verfinstitut TNO, 
presented the European Liaison Lecture, with the above title. 

Mr Dooper said that exterior wood needed protection, which had traditionally 
been given by paint, but now preservative treatment was being used to an increasing 
extent. The shrinkage and swelling of wood as a result of changes in the moisture 
content was the major problem giving rise to cracking and peeling of the paint. In 
1961, the specification on quality requirements for timber specified a water content 
not in excess of 17 per cent, but this could not always be met. Last year, a second 
edition called for a maximum of 14 per cent moisture at the surface and 18 per cent 
at the interior for first grade timber, and for a maximum of 21 per cent in second 
grade timber. 

If the timber was dried artificially to a given level, then this level of water content 
must be maintained on the building site. One coat of primer was insufficient, and two 
coats were required. However, even after application of the full paint system, a complete 
seal was not obtained, because of the permeability of the paints to water vapour. 
Under normal conditions, the humidity was higher on the inside than on the outside, 
and, consequently, accumulation of water in the wood could be avoided if the perme- 
ability of the inside coats was less than that of the exterior. 

Mr Dooper showed slides of a "blister hut" which illustrated clearly the effects 
of variation in the water vapour permeability of the films. The temperature gradient 
through the wood was also of importance, and a theoretical treatment had been 
applied. This indicated that the differences in water vapour transport were much 
greater for window frames (8cm) than for thin panels (Icm). The transport was also 
related to  the season of the year. Even if one used thick films that were almost 
completely impermeable, e.g., chlorinated rubber or epoxy paints, temperature 
gradients within the wood could cause the moisture content on the cold side to exceed 
the safe level of 20 per cent, and would allow fungal gro+th to occur. 

By the use of high standards for design and construction, and the choice of suitable 
paint systems, it should be possible to avoid wood decay. However, even then some 
decay occurred, possibly as a result of mechanical damage, or through the joints. 
It  was, therefore, considered necessary to use a preservative treatment on the wood. 
This must not have an adverse effect on the paint, e.g., softening or staining. 

A joint committee made up of representatives of the Foundation for Paint Applica- 
tion and the Centre for Wood Research had been set up some years ago, and was 
proceeding with an extensive programme of work. The main conclusion of this 



committee was that the uptake of preservative by a series of test panels could vary 
considerably, depending on the amount of sapwood. Redwood showed the highest 
absorption and hence the greatest number of paint failures, while Swedish spruce 
was best. The nioisture content of the wood was not of importance. Where there was 
extessive absorption, all pentachlorophenol based preservatives caused trouble. The 
use of tributyl tin oxide showed to advantage, provided that it contained no water- 
repellent material. As far as painting was concerned, zinc naphthenate caused less 
trouble than pentachlorophenol, but more than T.B.T.O. The main cause of failure 
with copper naphthenate was bleeding. If this was limited to  the primer, then the system 
was satisfactory. With water soluble preservatives, there was swelling of the wood 
and the development of irregularities on the surface, which meant that filling opera- 
tions had to  be done more carefully. 

The conclusion was that, of the three main factors involved, the wood, the preserva- 
tive and the paint, the wood was the most important variable. 

The paper was foliowed by an extensive discussion, after which a vote of thanks 
to the speaker was proposed by Mr G .  L. Holbrow. 

V.T.C. 

Manchester 
Particle size reduction in hall milling and sand grinding 
A section meeting was held on Friday 14 November 1969 at the White Swan Hotel, 
Bolton, under the chairmanship of Mr W. F. McDonnell. The lecturer, Dr W. Carr, 
of Geigy ( U K )  Ltd., presented a lecture entitled "Particle size reduction in ball 
milling and sand grinding" to an audience of 136, another record attendance for a 
lecture in Bolton. 

Dr Carr commenced by outlining the conditions and procedure for obtaining 
particle size distribution curves for pigments dispersed in a paint vehicle. Use was 
made of the ICI-Joyce Loebl disc centrifuge, taking a sample of pigment dispersion 
diluted t o  0.4 per cent pigment with a solvent selected for freedom from attack on 
the "Perspex" rotor. The buffered line start technique was used to  prevent streaming, 
and the amount of the various size fractions was determined by optical density 
measurements tailored to  the type of pigment: this itself was selected to be non- 
bleeding in the solvents present in the paint system and during centrifugation. 

The lecturer then presented a large number of size distribution curves for these 
pigments, demonstrating how the parameter varied as a function of duration of 
dispersion in ball milling and in sand grinding. He showed that for the mill base 
conditions chosen, sand grinding produced the finer size distribution, that both 
methods reached limiting values with longer dispersion times, but that neither disper- 
sion method, with any pigment tested. produced ultimate dispersion. The latter 
conclusion was reached by converting the size distribution of the final dispersion into 
a pigment surface area and comparing this with the nitrogen surface area measured 
on the pigment powder. Dr Carr suggested that, since tinting strength increased as 
the proportion of finer particles was increased, much increased dispersion times 
might be an economic proposition with expensive pigments. 

After a lively discussion pkriod. the vote of thanks was propo5ed by Mr S. Duckworth. 

D. A.P .  

Midlands 
Symposium-Management and training in the surface coatings industry 
The above one-day Symposium was held by the Midlands Section on Thursday 
23 October, with the Chairman, Mr D. J. Morris, presiding. 

The morning session, on principles and techniques of management, contained 
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papers by Mr R. E. B. Perrigo, Director of the Small Business Centre at the University 
of Aston, entitled "The problems of management in the smaller business"; Mr P. 
K. Digby, General Manager, Management Economics Division, Production Engineering 
Research Association, on the "Application of advanced management techniques,." 
and Dr G. Dew. Anderson, Director of the Paint Research Association on "Managing 
the research and development function." 

The afternoon session was devoted to  training in the surface coating and allied 
industries and papers were presented by Mr D. J.  Worthy, Executive Officer. Chemical 
Industries Association Ltd., on "The development of training in the chemical industry," 
and by Mr C. G. Lebeter, Group Training Manager, Carrs Paints Ltd., on "The 
application of the Industrial Training Act to the surface coating and allied industries". 

Mr Perrigo's paper stressed the importance of the small business to  the economy 
as a whole and pointed out that such companies formed a large proportion of the sub- 
contractors to  our big national industries, which, without the small business, would 
grind t o  a halt in a very short time. The advantage of the small companies lay in their 
capacity for flexibility and good internal communication, providing a climate in 
which initiative could thrive at all levels. The small businesses were particularly 
suited to  the provisions of specialist products for which there was relatively small 
overall market, and in this field they were well able to compete favourably for quality. 
price and delivery with much larger companies. 

The main problem encountered by the sniall company, however, was in the day to 
day pressure of top management, which often found itself unable to  delegate sufficiently 
the day to day decision making to  allow time for adequate long term planning. Such 
companies too often suffered from an imbalance in their resources between sales and 
production, or finance, from lack of control information and the lack of specialist 
support staff, such as cost accountants and production planners. Product ion knowledge 
was, unfortunately. often the only criterion in the engagement of staff for the smaller 
company. Training, together with the use of detailed job descriptions of the type 
encouraged by the Chemical Industry Training Board, could do  much to  correct 
these deficiencies, but for the smaller company, short courses were most suitable, 
as no one man could be spared for more than a short period at a time. 

Mr Digby dealt in his paper with general management techniques and pointed out 
that these techniques must be chosen with due regard to  the policy of the company 
and the external constraints prevailing in its business operations; for example, company 
policy in the larger company was formed by a team of managers, and this team should 
not be top heavy in technical experience. Delegated decision-making should be practised 
within the organisational structure as far below the policy making level as possible. 
and should be within carefully defined limits. Training in delegation, together with 
an appreciation of problems of others engaged in different departments, was necessary 
in order to  create better understanding and co-operation. Management based on 
observation in the smaller company must give way to  management based on recorded 
facts in the larger company. 

D r  Anderson, in his paper on management of the research and development function. 
gave interesting examples of the application of modern management techniques in 
operation at the Paint Research Station, and it is hopedc.hat this, and some of the 
other papers, will be published in the Jorrrnal in due course. 

In the afternoon session on training, Mr Worthy traced the development of company 
training from the early materialistic or  altruistic viewpoint to  the modern aim of 
improving productivity and profitability. The purpose of the company training officer 
was to guide management in training opportunities and it was the responsibility of 
the management in each section to  decide what training should be undertaken. 

Management training and development was the most important of all forms of 
training, and it was necessary for managers to  ensure the thorough training of their 
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subordinates and successors. It was essential to know and understand the company 
development and objectives and to identify job requirements. The primary function 
of the Industry Training Board was to  act as an adviser on training rather than a 
digpenser of money. 

Mr Lebeter, in his paper, described the methods of company training used within 
the Carr's Paints Group. He recommended the appointment of a training officer, 
preferably from outside the company, who could analyse the company's needs and 
assets as well as its training priorities. 

In the laboratory, internal training courses were run taking advantage of the 
assistance of raw material suppliers lecturing in their own specialist fields. For junior 
assistants, a six month internal training course was run, weeding out the unsuitable 
entrants in various stages. For management training, external courses were more 
suitable, and management games were often used to good effect for sales staff. On the 
production side, equipment had been carefi~lly designed to reduce menial routine 
tasks to a minimum. 

A.E.C. 

Statistical techniques in the optimisation of paint formulation-by computer 
The first meeting of the current session was held in the Swallow Hotel, Newcastle, 
on Thursday 2 October 1969. Mr D. W. Brooker, of Shell Research Limited, presented 
a paper entitled "Statistical techniques in the optimisation of paint formulation- 
by computer." 

Mr Brooker discussed two techniques for the investigation of the variables influencing 
the performance of an epoxylpolyamide based paint which had been used in the Shell 
laboratories. The Simplex technique, which is a simple non-mathematical approach 
to optimisation of paint forn~ulation, was discussed first. Mr Brooker went on to say 
that the Simplex technique did have particular limitations in that it was a slow method 
for tests which took a long time to  carry out, such as salt spray, and was more suited 
to work involving the assessment of only one index of performance. 

A more sophisticated method was also employed in this work, namely, a Rotatable 
Central Composite design (RCC). This provided a considerable volume of information 
together with an estimation of experimental error, and the results obtained were 
suitable for analysis by computer. 

Mr Brooker concluded by saying that the RCC design technique was successful 
in predicting an optimum area of formulation. With the formulations tested, for 
example, the level of polyamide and the PVC were significantly different t o  those 
values which had previously been accepted as approaching the optimum. The testing 
of the predicted formulation did, however, confirm the high level of performance. 

After question time, in which Messrs. James, Tate, Dowling, Farrow and Davison 
took part, the meeting was closed with a vote of thanks to  Mr Brooker by the Chairman, 
Mr Tate. 

A.L. 



Notes and News - 

Lord Sherfield to open Exhibition 
The Exhibition Luncheon will be 

held at 12.45hr on Monday 27 April 
1970, at the Savoy Hotel, London 
WC2. 

Lord Sherfield, GCB, GCMG, 
President of the Parliamentary and 
Scientific Committee, has accepted the 
Exhibition Committee's invitation to  be 
the Guest of Honour at the Luncheon 
and to  reply t o  the Address of Welcome 
given by the President, Mr A. S. Fraser. 
Lord Sherfield, a former Ambassador 
t o  the United States and Chairman of 
the United Kingdom Atomic Energy 
Authority from 1960 to  1964, is also 
Chairman of the Industrial and Com- 
mercial Finance Corporation and Chair- 
man of the governing body of Imperial 
College for Science and Technology. 

Principal officers of other scientific 
bodies, industrial research associations 
and organisat ions representing the 
interests of suppliers and consumers 
have been invited by the Committee to 

Technical 

Exhibition 

1,ord Sherfield, GCB, CCMG 

attend. is to  be amendcd as follows: 
At 5'00hr On the same day9 the DI,p,<, Joyce Loebl and Co. Ltd. Opening Ceremony will be performed 

bv Lord Sherfield in the E m ~ i r e  Hall at ALI~I and  Coales Ltd- 
Olympia. The number of companies which have 

A further application has been never shown at previous OCCA Exhibi- 
accepted by the Exhibition Committee tions has now increased t o  I I, whiist 
for the Ext~ibition. The list of exhibitors 23 did not show at the 1969 Exhibition. 
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There will be 107 stands, including 
exhibitors from 1 1  overseas countries- 
Belgium, Denmark, Finland, France, 
Germany, Holland, Italy, Norway, 

) S.\Pl;olh, Switzerland and United States of 
America. 

Copies of the "Official Guide," which 
is planned for publication at the 
beginning of February, will be distributed 
free of charge to  chemists and techno- 
logists in Europe and t o  all members 
of the Association, wherever resident. 
Anyone wishing to have a copy should 

apply to  the Association's offices. Copies 
will also be available rree of charge to  
visitors at the entrance to the Exhibition, 
together with a folder for technical 
literature and a personal identification 
badge. 

Information leaflets in six languages 
will be available prior to  the Exhibition, 
and will be sent to  paint manufacturing 
companies in Europe and the United 
Kingdom. Anyone requiring copies to 
send to colleagues overseas should apply 
t o  the Association's offices. 

Scottish Symposium and 
Association AGM 
Dispersion in theory and practice 
The programme for the Symposium 
"Dispersion in theory and practice," 
to be organised by the Scottish Section 
at East Kilbride, near Glasgow. in 
conjunct ion with the Association's 
Annual General Meeting, has now been 
arranged. 

Careful selection of lecturers and 
subjects has been made, so that the 
Symposium committee's stated object. 
that of bringing together research workers 
carrying out fundamental studies and 
technologists and managers concerned 
with dispersion as an industrial operation 
in a commercial context, can best be 
achieved. 

A panel of speakers of recognised 
authority has been assembled to  cover 
the various aspects of the subject. After 
each lecture, about thirty minutes has 
been allocated for discussion, and at 
the close of the Symposium, an overall 
summary will be made, and a longer 
and more general discussion will take 
place. 

The detailed programme )s given below. 
Thursday 21 May 
10.30 Opening address. 
11.00 "Some aspects of pigment dis- 

persion, wit h particular emphasis 
on carbon black," by Mr W. M. 
Hess and M. D. Garret. of 
Columbian Carbon Co. Ltd. 

12.30 Lunch. 
14.00 "Dispersion in aqueous media" 

by Dr  W. Carr, of Geigy (UK) 
Ltd. 

15.30 "The influence of non-aqueous 
media on dispersions," by Mr 
K. Pond, of Lorilleux & Bolton 
Lt d. 

17.30 Annual General Meeting of the 
Association. 

Friday 22 May 

09.30 "Some aspects of dispersion in 
relation to  titanium dioxide," by 
Dr R. Amberg, of Kronos 
Titanium Pigments Ltd. 

1 1.00 "The influence of interfacial 
activity in paint films on their 
properties," by Dr W. Funke, of 
the Forschungsinstitut fur Pig- 
niente und Lacke EV. 

12.30 Lunch. 
14.15 "Dispersion machinery" by D r  

J.  B. Slinger of ICI Ltd. 
15.45 Summing up by D r  S. H. Bell, of 

the Paint Research Association, 
followed by a general discussion. 

All lectures will be held in the Ballerup 
Hall, in the Civic Centre, East Kilbride. 
Lunch will be served to all registrants in 
the Bruce Hotel, East Kilbride. Morning 
and afternoon coffee will also be supplied. 
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Association AGM and Dinner Exhibition 
The Association's Annual General A small exhibition of the latest develop- 
Meeting will be held in the Ballerup Hall ments in industrial dispersion equipment 
at 17.30 on Thursday 21 May, and will will be held in the foyer of the Ballerup 
be followed (19.30 for 20.00) by a dinner Hall during the Symposium. . a. 

at the Bruce Hotel. All registrants, 
whether members of the Association or Programme 
not, will be welcome at the dinner, the A programme of outside activities has 
charge for which will be £2 10s inclusive also been arranged, primarily for the 
of wines. Dress will be informal. benefit of the families of delegates. All- 

day tours, t o  the Loch Lomond area on 

Accommodation 
All bedrooms at the Bruce Hotel have 
been reserved for the Symposium for 
the nights of Wednesday 20 and Thursday 
21 May, and the charge has been agreed 
at 55s per night for bed and breakfast. 
Participants wishing to extend their stay 
over the weekend may d o  so at the same 
rate, if the reservation is made on the 
Symposium reservation form. 

Arrangements have also been made 
to  provide additional accommodation 
in other hotels of comparable standard 
within easy reach of the Ballerup Hall, 
should bookings exceed the capacity of 
the Bruce Hotel. Payment in all cases 
will be direct t o  the hotel in question. 

Transport 
East Kilbride is within easy reach of' 
Glasgow, local trains departing at regular 
intervals from Glasgow Central Station, 
which is close to  the terminus for airport 
coaches in St. Enoch Square, and thus 
convenient for both air and rail travellers. 
If there is sufficient demand, the Bruce 
Hotel will provide transport direct from 
Glasgow Abbotsinch Airport. 

the ~ h u r s d a ~ ,  and to  Edinburgh on the 
Friday, will take place, and a conducted 
tour of the East Kilbride fashion goods 
factory of Lerose is t o  be organised. 
Numbers on some excursions may have 
to  be limited, and applications should be 
made as early as possible to ensure a 
place. 

All delegates and their guests will have 
the use of the excellent local golf course, 
and it will be possible for those interested 
t o  visit the National Engineering 
Laboratory at East Kilbride. 

Fees 
Fees for the Symposium, which will 
include a set of short summaries of all 
the papers to be presented, will be as 
follows: 

Members £5 
Student Members £1 10s 
Non-members £7 10s 

Application forms are being dispatched 
to all UK, Irish and General Overseas 
Members, and any other interested 
person should contact the Symposium 
Secretary, Mr I. R. McCallum, P. W. Hall 
Ltd., Woodilee Industrial Estate, 
Kirkintilloch, Glasgow. 

Association Dinner Dance 1970 
Council has approved the arrangements 
for the Association's Biennial Dinner 
Dance, t o  be held at  the Savoy Hotel, 
London WC2. This will be held on 
Friday 29 May with the reception at 
7.00 p.m. prior t o  dinner at 7.30. 

After dinner there will, on this occasion, 
be three short speeches, so that dancing 
to  the Jerome Orchestra may begin as  
soon as possible, and this will continue 

until 1 a.m. There will be an interval 
at 11.30 p.m, for refreshments, and a 
cabaret has been arranged to take place 
at this time also. 

Applications for tickets (at £4 4s Od 
each) are being circulated to  Members 
early in January, and non-members 
wishing to attend should apply to the 
Director and Secretary, at the Associa- 
tion's offices. 
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Association Conference, 
-4-8 May 1971 
h - d p r o p e r t i e s  and appearance 

Council has decided that the theme of the 
197 1 Association Conference shall be 
"Surface Properties and Appearance." 
It is intended to  hold four technical 
sessions, each of three papers, on the three 
mornings of the Conference and one 
afternoon. The other two afternoons will 
be devoted to  workshop sessions and the 
Annual General Meeting of the Associa- 
tion. It is also intended, on this occasion, 
to hold a session on "The Management 
of Innovation," to run parallel with the 
afternoon technical session. 

Sirbmission of papers for rhe technical 
sessions 
An invitation is now extended to  any 
person, whether or not a member of 
the Association, who feels that a report 
of his work in this field may be suitable 
to be one of the 12 technical papers, to  
submit a synopsis (of approximately 
250-500 words) t o  the Honorary 
Research and Development Officer of the 
Association (Mr A. R. H. Tawn, 34 
Crest View Drive, Petts Wood, Kent) 
not later than Friday 3 April 1970. A 
few authors have already been invited to 
submit papers, but the remainder will be 
chosen from those synopses received. 
Papers selected for presentation at the 
Conference will be required in final draft 

by 1 September 1970. It  will be 
appreciated that, on this occasion, the 
Association's Conference is being held 
earlier than usual, i.e. 4-8 May 1971, 
and it is necessary to  prepare full pre- 
prints t o  be sent t o  all those who have 
registered at least one month before the 
conference. 

It will be recalled that it is the custom 
at the Association's Conferences for 
the authors merely to outline their 
papers, highlighting points of interest, 
and for a general discussion of the paper 
t o  follow. The author will not be expected 
to  deliver the paper in toto, since the 
object of sending out the pre-prints in 
advance is that delegates may read these 
thoroughly before the Conference. 

Venire 
The venue for the Conference will be 
the Palace Hotel, Torquay, which has 
been the venue for three previous Associa- 
tion Conferences, in 1957, 1961, and 
1965. 

Full details concerning the registration 
fees, and a form of application, will be 
sent t o  all Members of the Association 
before the end of this year; non-members 
wishing to  receive these details, when 
available, should apply in writing t o  the 
Director and Secretary at the Associa- 
t ion's offices. 

Manchester Section 
Annual Dinner Dance 
The Section Annual Dinner Dance was 
held on Friday 24 October, in the Peacock 
Suite at the Piccadilly Hotel, Manchester, 
in the presence of the Chairman, Mr 
W. F. McDonnell, and Mrs McDonnell. 
Some 400 members, guests and ladies 
were present but, regrettably, the 
President, Mr A. S. Fraser, and Mrs 
Fraser were unavoidably absent. The 
principal guest was Mr W. J. Green, 
Managing Director of Walpamur 
Limited, with Mrs Green, and the other 

guests were Section Chairmen: Mr D. J. 
Morris (Midlands) and Mrs Morris, 
D r  L. J. Watkinson (West Riding) and 
Mrs Watkinson, Mr K. R. W. Chitty 
(Thames Valley) and Mrs Chitty and 
Mr J. R. Taylor (Bristol) together with 
Mr R. H. Hamblin (Director and 
Secretary). 

After a meal which was a tribute both 
to the Hon. Social Secretary's epicurean 
sensibility and the ability of the hotel's 
catering staff, Mr Green rose to  propose 
the toast t o  the Manchester Section. 
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At the Manchester Dinner Dance (left to right) Mrs McI)onnell, M r  
W. F. McDonnell (Chairman, Manchester), Mrs Green, M r  W. .I. Green 

(Managing Director, Walpamur Limited) 

After stating that he was more used to 
listening to  after dinner speeches than 
delivering them, the speaker continued 
to make a well constructed commentary 
on some aspects of present day social 
and political behaviour. Only in the case 
of one anecdote, concerned with reliable, 
presentable packaging, was it necessary 
t o  refer t o  its origin, a dinner at which 
the speaker had been a guest. 

Mr McDonnell followed in response 
and in proposing the toast to  the guests, a 
duality of role which he claimed to  be 
unique, but which this reporter must 
deny1. During a delivery which was a 
happy blend of the witty and the serious, 
the Chairman referred to  the highly 

Reference 
1. JOCCA 1968 51, 95. 

Midlands Section 
Trent Valley Branch 

successful symposium held in Manchester 
in September and thanked the Com- 
mittee members who were responsible 
for its organisation. He also referred to  
the role of OCCA in a changing world 
and, while regretting a certain lack of 
interest among the younger technical 
men in the industry, pledged his and the 
Section's full co-operation in correcting 
this state of affairs. In thanking the ladies 
for their presence, Mr McDonnell referred 
to  a young lady of Kent who may have 
been a member of the London Section. 

Dancing then commenced, to  a band 
whose output might have been measured 
in megawatts, and who added consi- 
derably to  the pleasure of the evening by 
their methods of awarding spot prizes. 

arranged. The meeting will be held in the - 

The venue for Mr F. K. Daniel's lecture Main Lecture Theatre T I ,  Applied Science 

on "The o~era t ing  and design ~ r i n c i ~ l e s  Building, Nottingham University, on 
of high-speed dispersers," has now tieen 23 April, at 6.30 p.m. 
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City and Guilds of London Institute 
examination results 
Congratulations are extended to  the 

*f I1 w; g Members of the Association w4 poll their success in the recent City and 
Guilds of London examinations. The 
class of membership and the section to  
which the member is attached are shown 
in italics. 

Prrint Tech nicicin's Ccrti'ficrite Pcirt I 
N. Harding (Student- Mrtnchc~.stcr) 
M. Smith (S t  itdent- W ~ s t  Riding 
A. L. Spencer (A.s,sociat~~- Mcmc-Ir~~stcr) 

Prrint Technicicm's Cc~rtific~rtc~ Pnrt I1  
M. Baker (Student- West Riding) 
T. A. Chessman (Stitdent- London) 
R. Cobb (Stu~lc~nt- London) 
M. J .  Conroy (Strrtlc~nt- Midland) 
P. R. Davis (Stit(1ent-T1iarnc.s V~ilkcy) 
A.J.Durdey (Ordinciry-Nc~wcu.st/~~) 
N .  R. Eatough (Ordinury- M~~nclie.ster) 
V. Handfort h (Strident- Munch~stcr ) 
K . Henderson (Ordinary- M~~nclic~sfer) 
E. A. Hobday (As.sociate- Newca.st/e) 
D. Howell (Sturlent- London) 
J. S. Lyne (Student- Midland) 
L. Morpeth (Strident- Mc~nc/ie,st~r) 
W. Postma ( A.s,socinte- Ncwcnsrk.) 
P. M. Proudley (Orclinary-West Riding) 
I. Riddell (Student- Newcci.st/e) 
P. J .  H. Watson ( Ordinary-Newccistle) 
B. D. Yellop (Stud~nt-Lonclon) 

Prihtnic~ker'.~ C'c~rtifific.titr 
A. W. T. McNaughton 

(Stridclnt-S~~o//i.s/r) 
A. Robertson (Stirdent-Scottish) 

News of Members 
Mr D. J. Loader, an ~ssoc ' iate  Member 
attached to the London Section, has 
been appointed as Technical Sales and 
Service Consultant by Blundell- 
Permoglaze Ltd., Decorative Division. 
Mr Loader, who was previously the 
company's technical adviser for the 
South, will now operate on a national 
basis. 

Dr F. H. Kroch, an Ordinary Member 
attached to the Manchester Section, has 
been elected t o  the Council of the 
Chemical Industries Association. 

Mr R. H. Sudekum, an Ordinary 
Member attached to  the London Section, 
has been appointed as Manager of the 
new product group recently introduced 
by the 3M Company Limited to  handle 
its encapsulated products. Mr Sudekum 
will be responsible for both technical and 
sales aspects of the products, which 
involve the capturing of fragrances of 
various substances, e.g. cosmetics, by 
encapsulation, and coating on to  paper. 

1 UPAC Report 
A report on the work 'of the International 
Union of Pure and Applied Chemistry, 
from 1957 to  1967, written by Mr 
W. Klemm, the President of IUPAC 
from 1965 to  1967, has recently been 
published. 

Copies of the 20-page booklet are 
available on request from the Executive 
Secretary of The Royal Society. 

Eighth International Symposium on Gas 
Chromatography 
The eighth International Symposium on 
Gas Chromatography, organised by the 
Gas Chromatography Discussion Group 
of the lnstitute of Petroleum in co- 
operation with the lnstitute of Chemistry 
of Ireland, will be held in Dublin, on the 
premises of the Royal Dublin Society, 
from 28 September to  2 October 1970. An 
exhibition of chromatographic equipment 
will be held in conjunction with the 
symposium. 

The full technical programme will be 
available early in 1970, and a social 
programme will be arranged. 

Attendance at the symposium will be 
limited to 600. Fuller details are available 
from the Executive Society of the 
Organising Committee, at  the Institute 
of Petroleum. 
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Register of Members 
The following elections to membership have been approved by Council. The :ec$ons 
to which the new members are attached are given in Italics. 

Ordinary Members 
ANDREW, JAMES, 5 Blairlogie St., Ruchazie, Glasgow E3, Scotland. (Scottish) 
CHRISTENSEN, KNUD, DrTechn.HC, Sadolin & Holmblad Ltd., Holmbladsgade 70, 

DK-2300 Copenhagen, S. Denmark. (Overseas) 
GRAHAM, GEORGE, 15 Valleyfield St., Glasgow N1, Scotland. (Scottish) 
MEYER, URS THEODOR, 16 The Holdings, Hatfield, Herts. (London) 
MILNE, DAVID GRAEME, PhD, BSc, British Titan Products Co. Ltd., Billingham, 

Teesside. (Newcastle) 
PAN, QUCONII KUN-Yu, Rue General Severiano, 40 Apto. 408, Botafogo, Rio De 

Janeiro, Brazil. (Overseas) 
PANG, CHAN TING, 200 Thomson Road, Singapore 1 1, Rep. of Singapore. (Overseas) 
SCHIERBAUM, HELMUT, Hughs' Tower, 224 The Hides, Harlow, Essex. (London) 
TAI, CHEY-MING, NO. 22 Chung Shan N. Road, Sec. 3 Taipei, Rep. of China. 

(0 verseas) 
WHITE, DAVID JAMES, BScChem., 71 Newbury Lane, Silsoe, Bedford. (London) 

Associate Members 
TRAYNOR, JOSEPH JACKSON, 114 Cuikew Terrace, Penicuik, Midlothian, Scotland. 

(Scottish) 

Student Members 
HILLIS, PETER LEWIS; 231 5 Dumbarton Road, Yoker, Glasgow W4, Scotland. 

(Sco ttisli) 
HILL, HUGH DANIEL, Flat 2013 33 Petershill Drive, Balornock, Glasgow Nl ,  Scotland. 

(Scottish) 
KENNEDY, SAMUEL, 40 Southdeen Avenue, Drumchapel, Glasgow W5, Scotland. 

(Scottish) 
LAIRD, DAVID ALEXANDER, 17 Leyden Gardens, Glasgow NW, Scotland. (Scottish) 
MCGUIRE, DAVID STEWART, 20 Glenpark Avenue, Thornliebank, Glasgow, Scotland. 

(Scottish) 
SMITH, DAVID MARTIN, 3 Arundel Drive, Bishopbriggs, Glasgow, Scotland. (Scottish) 
YOUNG, CRAIG, 28 Melrose Avenue, Rutherglen, Glasgow, Scotland. (Scot tisk) 

C 
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Forthcoming Events 
Details are given of meetin s in the United Kingdom up to the end of the month following 

m i o n ,  and in South Aj ica  and the C'omrnonwealh up to the end of the second month. 
I 

Monday 5 January Wednesday 14 January 
Hull Section. "Paint Production Manchester Section-Student Group. 
Today" by Mr R. Ward of Torrance "Metal Organic Compounds in Surface 
& Sons Ltd., to be held at the Bullock Coatings," by Mr W. K. H. Lakin of 
Lecture Theatre, Hull College of Hardman & Holden Ltd., to be held 
Technology, at 7.00 p.m. at the Manchester Literary and 

Philosophical Society, Manchester 1, 

Wednesday 7 January 
London Section. Joint Meeting with 
The Colour Group (Great Britain) and 
the London Region, Society of Dyers 
and Colourists. "Instrumental shade 
passing" by Mr K. McLaren of ICI 
Ltd., and "Visual and instrumental 
colour tolerances in plastics" by Mr 
R. Best and Miss S. R. Williams of 
BIP Chemicals Ltd., to be held at 
the Physics Building, Imperial College, 
Prince Consort Road, South Kensing- 
ton, London SW7, at 6.00 p.m. 

Thursday 8 January 
Newcastle Section. "The Prevention of 
Bacterial Corrosion of Mild Steel 
with Paint Films" by Mr A. V. 
Robinson of Camrex Ltd., to be held 
at the Royal Turks Head Hotel, Grey 
Street, Newcastle upon Tyne, at 6.30 
p.m. 

Friday 9 January 
Manchester Section. "Management in 
R. & D." by Mr A. W. Pearson of the 
Manchester Business School, to be 
held at the Manchester Literary and 
Philosophical Society, Manchester I ,  
at 6.30 p.m. 

Tuesday 13 January 
West Riding Section. "The Overpainting 
of Preservative Treated Wood" by 
R. W. Watson of Hickson & Welch 
(Holdings) Ltd., to be held at the 
Griffin Hotel, Boar Lane, Leeds 1, 
at 7.30 p.m. 

at 4.30 p.m. 
Thames Valley Section. "Thermosetting 
Acrylic Resins-Recent Applications" 
by Mr J. R. Taylor of BP Chemicals 
(UK) Ltd., to be held at the Manor 
Hotel, Datchet, Bucks, at 7.00 p.m. 

Thursday 15 January' 
Scottish Section. "Management by 
Objectives in Research and Develop- 
ment" by Mr E. W. Huggins, of 
Urwick Technology Management Ltd., 
to be held at the St. Enoch Hotel, 
Glasgow, at 6.00 p.m. 

Friday 16 January 
Midlands Section. Winston Restaurant 
Dinner Lecture. "The Significance of 
Particle Size, Shape and Packing in 
Emulsion Paints" by Dr C. Bondy of 
Revertex Ltd., to be held at the 
Winston Restaurant, Birmingham, at 
6.30 p.m. 
Scottish Section. Annual Dinner Dance, 
to be held in the Kintyre Suite, Central 
Hotel, Glasgow, at 6.30 p.m. 

Saturday 17 January 
Scottish Section-Student Group. "Fire 
Prevention and Factory Safety" by 
a speaker to be arranged, to be held at 
the St. Enoch Hotel, Glasgow, at 
10.00 a.m. 

Thursday 22 January 
Midlands Section-Trent Valley Branch. 
"Oil-Free Alkyds" by Mr A. G. North 
of Cray Valley Products Ltd., to be 
held at the British Rail School of 
Transport, London Road, Derby, at 
6.30 p.m. 
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Friday 23 January 
Irish Section. "lndustrial Effluent" by 
Dr Dickinson of the Institute of 
lndustrial Research and Standards, 
to be held a t  the Clarence Hotel, 
Wellington Quay, Dublin, a t  8.00 p.m. 

Tuesday 27 January 
Irislt Section. Annual Dinner Dance, 
to  be held at the South County Hotel, 
at  8.00 p.m. 

Wednesday 28 January 
Scottish Section-Eastcnr Rratrclr. 
Brains Trust-"Problems of Paint 
Making and Applications" by Mr 
E. A. Bullions, Mr C. G .  Cochrane 
and Mr H. Muirhead, to  be held at 
the Carlton Hotel, North Bridge, 
Edinburgh I, a t  7.30 p.m. 

Friday 30 January 
Bristol Section. "Colloids in Em~llsion 
Paints" by Mr A. Reveley of British 
Celanese Ltd., to  be held at the Royal 
Hotel, Bristol, a t  7.1 5 p.m. 

Monday 2 February 
Hull Section. "Theory of e~ilulsion 
polymerisation" by Mr D.  Kinsler of 
Dunlop Ltd., t o  be held at the Bullock 
Lecture Theatre at Hull College of 
Technology, at 7.00 p.m. 

Thursday 5 February 
Newcastle Section. "Functional coat- 
ings for the packaging industries" by 
J. Howarth-Williams of Swale 
Chemicals Ltd., t o  be held at the 
Royal Turks Head Hotel, Grey Street, 
Newcastle, at 6.30 p.m. 

Friday 6 February 
Tlrames Valley Sectioti. Buffet Dance 
at "Great Fosters," Egham. 

Tuesday 10 February 
London Section-Southorn Brrmclr. 
"Recent developments in polyure- 
thanes" by a speaker from Bayer 
Chemicals Ltd., to  be held at the 
Pendragon Hotel, Clarence Parade, 
Southsea, at 7.00 p.m. 

West Ri(lirtg Soction. Forum on 
"Primers for metal " with three 
speakers: Mr H. F. Clay of Cromford 
Colour Company Ltd. discussi~c ~ i n c  
chromate, Mr H. G. Walker ul 

Associated Lead Ltd. discussing red 
lead and calcium plumbate, a speaker 
from Imperial Smelting Co. Ltd. 
discussing zinc phosphate. T o  be held 
at Griffin Hotel, Boar Lane, Leeds 
I ,  a t  7.30 p.m. 

Wednesday 1 1  February 
Ncwcn.st1~ Section-Stutk~trt Grorip. 
"Zinc pigmented silicate coatings" 
by Mr T. Harbottle of Durham 
Chemicals Ltd., to be held in Lecture 
Theatre A406, Rut herford College of 
Technology, Newcastle, at 3.00 p.m. 

Thursday 12 February 
London Section. "New resin systems 
for use in coil-coating application" 
by L. A. Tysall of Shell Research 
Ltd., t o  be held at the New Engineering 
Block, University College, London 
WCI, at 6.30 p.m. 
Scottish Section. "Any questions." 
Dr D. Atherton-Craig Hubbuck Ltd., 
Mr J. W. Davidson-Federated Paints 
Ltd., Mr E. W. Huggins-Urwick 
Technology Management Ltd., Mr 
C. Stephenson-Thomas Hinshelwood 
& Co. Ltd.. to be held at St. Enoch 
Hotel, Glasgow, at 6.00 p.m. 

Friday 13 February 
Mutrche.stcr Section. "Does the paint 
industry deserve a research associa- 
tion?" by Dr G .  De Winter Anderson 
of the Paint Research Station, to  be 
held at Manchester Literary and 
Philosophical Society, 36 George 
Street, Manchester I ,  at  6.30 p.m. 

Saturday 14 February 
Scot ti.s,.h S(~c.tion-Stri~lc~tr t Grorip. 
Annual General Meeting followed by 
a lecture on the manufacture of golf 
balls, to  be held at the St. Enoch Hotel, 
G lasgow, at 10.00 a.m. 
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rhursday 19 February 
Tlrcinrcs Vcrllc-v Sect iotr. " Pol ishes" by 
Mr E. M. Clough of S. C. Johnson Ltd., 

i w 6 e  held at the Manor Hotel, Datchet, 
Bucks, at 7.00 p.m. 

Friday 20 February 
Iri.sIr Section. "An exaniination of 
aqueous interior semi-gloss paints and 
the development of an aqueous semi- 
gloss vehicle" by Mr R. Ficken of 
Lening Chemicals Ltd., to  be held 
at the Clarence Hotel, Wellington 
Quay. Dublin, at 8.00 p.m. 
Mirlkrrrtl Sc~ctiotr. "Corrosion problems 
in highway research," by Dr R. R. 
Bishop of the Road Research 
Laboratories, to be held at Chamber of 

Con~nierce House, 75 Harbournc 
Road, Birmingham 15, at 6.30 p.m. 
Nc~wccrstkv Scctioir. "Ladies Night," a t  
the County Hotel, Newcastle. 

Wednesday 25 February 
Sc-otti.slr Scctiort-Eustcrtr Brunch. " l n k 
and paper relationship" by a speaker 
from the Printing Ink Research 
Association, to be held in the Carlton 
Hotel, North Bridge, Edinburgh I ,  
at  7.30 p.m. 

Friday 27 February 
Rristol Sot-tion. "Lithographic printing 
inks" by Mr A. Stone of Redcliffe 
Inks Ltd., to  be held at the Royal 
Hotcl, Bristol, at  7.15 p.m. 



Oil and Colour Chemists' Association 
President : S.  R. FINN, B.SC., F.R.I.C. 

The Oil and Colour Chemists' Association was formed in 1918, to cover paint, 
printing inks, pigments, varnishes, drying and essential oils, resins, lacquers, soaps, 
linoleum and treated fabrics, and the plant, apparatus and raw materials useful i~i. "-- 
manufacture. In 1924 it absorbed the Paint and Varnish Society. The stated purpose 
of the Association is to promote by discussion and scientific investigation the 
technology of the industries concerned with the above-mentioned products, and to 
afford members opportunity for the interchange of ideas. This is achieved by the regular 
holding of ordinary meetings at which papers are presented, and the organisation 
of annual technical exhibitions, biennial conferences, educational activities and practical 
co-operative experimental work. Details of these activities are given in the Journal 
of the Oil and Colour Chemists' Association, which is published monthly, and whose 
pages are open to receive communications and other pronouncements on scientific 
and technical matters affecting the members of the Association and the industries 
concerned. The Association's meetings also afford opportunities for members to 
meet informally and socially. 

There are Sections of OCCA in Auckland, Bristol, Hull, Ireland, London, Manchester, 
the Midlands (with a Trent Valley Branch), Newcastle upon Tyne, Scotland (witli an 
Eastern Branch), South Africa (with Branches in the Cape, Transvaal and Natal), 
Thames Valley, Wellington, and the West Riding, and these are responsible for the 
conduct of their own local affairs. There is also a General Overseas Section. There is 
also a close alliance between the Association, the Federation of Societies for Paint 
Technology in the United States, and the FedCration d'Associations des Techniciens 
de 1'Industrie des Peintures, Vernis, Emaux et Encres dlImprimerie de I'Europe 
Continentale (FATIPEC). The Association also maintains cordial relations with the 
Scandinavian Federation of Paint and Varnish Technicians (SLF). 

The five Sections previously maintained by the Association in Australia formed 
(1.1.68) the Oil and Colour Chemists' Association Australia, having the same aims 
and activities as, and working in close liaison witli, the parent body. 

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

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

to non-members in UK and abroad, £7 10s. p.a. post free ; payable in advance. 
An Introduction to Paint Technology (Second Edition with additional chapter). Pp. 187, illus- 

trated, with index, £1 (including postage). c 

Paint Technology Manuals 
Part 1 : " Non-convertible Coatings," Second Edition, Pp. 343, 36s. 
Part 2 : " Solvents, Oils, Resins and Driers," Second Edition, Pp. 268, 36s. 
Part 3 : " Convertible Coatings," Pp. 318, 35s. 
Part 4 : " The Application of Surface Coatings," Pp. 345, 35s. 
Part 5 : " The Testing of Paints," Pp. 196, 35s. 
Part 6 : " Pigments. Dyestuffs and Lakes," Pp. 340, 35s. 

Director & Secretary : R. H. Hamblin, M.A., F.c.I.s., F.c.c.s., Wax Chandlers' Hall, 
Gresham Street, London. E.C.2. 



Enter a new decade 
f 

with the 
new products 

from 

ALGA 

Stand 34-35 
at the OCCA exhibition 



JOCCA 

Federation of 
Societies for Paint Technology 

PAINT INDUSTRIES' SHOW 
The only national exhibit in the USA of raw materials and equipment 
used in the manufacture of paints, varnishes, lacquers, and related 
protective and decorative coatings. More than 130 companies and 
their top technical representatives will participate in the Show which 
will be held in conjunction with the 48th Annual Meeting of the 

Federation. Expected attendance about 5,000. 

WAR MEMORIAL AUDITORIUM 
Boston, Massachusetts 

October 28-31, 1970 
I 

For further informution write: 
ROBERT W. MATLACK, Executive Secretary 

FEDERATION OF SOCIETIES FOR PAINT TECHNOLOGY 
121 South Broad Street, Philadelphia, Pennsylvania 19 107, USA 
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Vinaniul 6840 Copolymer Emulsion has been developed specifically 
for the manufacture of non-ye l lowing gloss paints wh ich  combine 

a very h igh quali ty finish w i th  ease of application and rapid 
drying time. Send the coupon n o w  for a sample 

and the leaflet g iv ing fu l l  technical details. 
VP 144 ------------  

I- To VINYL PRODUCTS LTD.. I :k 95% specular reflect~on 
Carshalton . Surrey . Tel. 01 -669 4422 1 :j: 1 -hour recoatability at 50% relatlvo I rt1.x 266264 

hum~dlty, 2 hours at 90% I Plrnse send samples and ( l r tn~ts 

relatlve humldlty I rrqardlnq V~noniul  6840 
I 
I ................................ N;~nio I 

Superior f low and good wet edge tinic ....................................... I Cornp;inv I 
....................................... =f= Excellent for lustre and eggshell I Acldress 

paints too I 
........................................... 

LO: - --- - - - - - -  -I- J 
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One of the world's largest 
manufacturers of 

*dyes % + pigments resins 
+ chemicals 

\ 1, Sole U.K. Agents: 

BOLTON LEEDS LOUGHBOROUGH LURGAN 
Tel: 3474415 Tel: Bolton 2197114 Tel: Loughborough 347112 (N Ireland) 

Telex: 63 13 1 Tel: Lurgan 2913 
FRANCOLOR 
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& DETERGENTS, 
for decoratrng paint 

59/61 Sandh~ll Lane. L I V E R P O O L  LS 9 X L  
Tel : 05 1-922 787 1 
Newton Road. Stratford. L O N D O N  E15. 

Oil & Colour Chemists' 
Association 

PAINT 
TECH NOLOGY 
MANUALS 
The second editions of 

1 Non-convertible Coatings 

2 Solvents, Oils, Resins 
and Driers 

are now available 

Chapters on the latest 
developments in their field have 
been added to each volume 

The price of the 2nd edition is 36s per 
volume. 

Still available in 1st edition are: 

3 Convertible Coatings 

4 Application and Testing 
of Surface Coatings 

5 The Testing of Paints 

6 Pigments, Dyestuffs and 
Lakes 

The price of each volume is 35s and 
orders should be sent to: 

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



xviii JOCCA 

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 9s. 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 D~rector & Secretary, Oi l  & Colour Chemists' Association, 

Wax Chandlers' Hall, Gresham Street, London, E.C.2. Telephone: Monarch 1439,.. - 

SITUATIONS VACANT 

polymer 
scientist & paint 
technologist 
Vacancies exist in the Product 
Research and Development Divi- 
sion for Polymer Scientists and 
Technologists to  undertake 
development work in the fields of 
surface coating materials and 
polymer based products for the 
building and construction 
industries. 

Applicants should have a good 
honours degree or equivalent 
together with some experience in 
the industrial application and 
uses of polymeric materials. 

Applications to : 

General Manager R. & D., 
Associated Portland Cement 
Manufacturers Limited, 
Research Department, 
Greenhithe, Kent. 

Association 
Dinner Dance 1970 

(See Notes and News p. 86) 

Oil and Colour Chemists' 
Association 

TECHNICAL 
EXHIBITION 

OCGA 22 

, Empire Hall 
Olympia 
London 



HEAVY DUTY 
GEARED MIXER 

from 50-600 r.p.m. 

made in stainless steel. 
Other metals can be 
supplied. Also rubber 
covered. With the uni- 
versal all angle swivel 
clamp, off-centre mixing 
is possible. Push-button 
starters can be integrally es 
mounted to all mixers. 

'Write now for brochure 
.showing ful l  range of Greaves 
mixers t o  Dept. (JOCCA). 
JOSHUA GREAVES & S O N S  LTD. 

R A M S B O T T O M ,  B U R Y ,  L A N C S .  
Tele~hone: R A M S B O T T O M  3159 

DEDICATE 
WORKERS 

Tllese mlnute larvae of the lac insect will 
devote their six-month life cycle to 
playing their part In the production of 
lac-the vital natural base material for 
SWANLAC BLEACHED LACS (trans- 
parent. waxy or modified) SHELLACS 
LAC ESTERS & H Y D R O L Y S E D  LAC 

You will find us equally dedicaeed to the 
task of meeting your lac requirements. 
likewise those for natural VARNISH 
RESINS. W A X E S  & WATER GUMS 

Agents for Fstnl~lt i i ict l  1906 

ANGEL0 BROTHERS SHELLACS 



il and Eolour Ghemists' Bssociation 

Technical Exhibition 

Empire Hall - Olympia 
London 

Advertising space is available in the Exhibition 
issuesof the Journal: Preview-April, Review-June 

x- : *i 
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