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VEGETABLE OILS. Refined, bolted, 
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BANNERS AROMATIC ALIPHATIC 

SOLVENTS. 
DEGREASANTS & DETERGENTS, 
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The facts your Conipany needs about all 
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bulk o r  drums 8s made by o u r  o w n  fleet 
o f  tankers and l o r r ~ e s  from o u r  bases at  
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Prevent it. With Nopco 
When  you use Nooco's quick-acting defoaming 
agents, you're getting down t o  the roots o f  your 
problem. You're eliminating foam before it 
becomes a nuisance. 
Nopco defoamers are wide in  the i r  applications. 
From the range you can choose one that's ideal 
for  any process and any stage o f  production. 
We'd  lilte t o  te l l  you about just a few: 

FOAMASTER '!' N e w  stable, uni form anti- 
foaming agent. In paints, recommended for  use 
i n  standard latex systems ax we l l  as newer 
coating systems based on  PVA/Acrylic, ethylene 
vinyl acetate, and water soluble alkyds. Also 
used in  manufacturing and compounding 
synthetic latex systems. 
FOAMASTER * B 1001',, active defoamer. 
showing greater dispersibility than Foamaster. 
Effectively defoams emulsions and suspension 
polymerizations and is specifically aoplicable t o  
stripping PVC as well as latex polymers i n  
addition t o  controll ing foam dur ing compound- 
ing. 
FOAMASTER :' MS Liauid non-silicone de- 

of foam during manufacture and compounding 
of synthetic latex system:. 

FOAMASTER :: S A more raoidly dispersible 
version o f  Foamaster R. Uses are brond in  scope 
w i t h  semi-gloss systems a major apqlication. 
Product can be added t o  storage tanlts t o  
eliminate foarri in  subsequent handling oper;- 
tions. Can also be used during product ion and 
compounding o f  synthetic latex. 
FOAMASTER :': W A liquid defoamer f ~ r  u ie  
w i t h  all the  major latex paint systems, also used 
as a defoamer fo r  acrylic and nolyethylene f loor 
polishes. 

FOAMASTER ! T Excellent defoanier fo r  t i n t  
base paints w i t hou t  giving c o l o i ~ r  loss, should be 
added t o  the  gr ind stage before colour ~ d d i r i o n .  

You'd like to meet Nopco's other defoomers? 
Or find the one that best answers your particular 
problem? We'll be glad to send detoiled literature. 
And remember-the Advisory section of the 
Nopco Foom Renroval Service is olwoys at  your 
disposal. 

- - - -~ ~~ 

foamer fo r  latex systems, suitable to r  latex 
paints, including butadiene-styrene, acrylic and 
PVA types. Also suitable fo r  latex adhesives. 
FOAMASTER ! P U n ~ q u e  product fo r  defoam- Department No. BB 3 
Ing d u r ~ n g  po lyv~ny l  alcohol p roduct~on,  added 
after the synthes~s step. Ava~lable also In 

141 K~rkstall Road, Leeds 

concentrate fo rm for hlgh temperature Telephone: Leeds 38837 
defoamlng. Cables. NOPCO LEEDS 
FOAMASTER ' R Excellent defoamer for  R ~ ~ , ~ ~ ~ ~ ~ ~  r r o d c  ~ ~ ~ k *  
semi-gloss systems without colour s;lcrifice. 
long last~ng foam control. Suitable for  contl-ol 
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KRONOS HNCX 
ensures that paints stay 

brighter longer 
KRONOS RNCX has many and wide applica- conditions. Our extensive laboratories and ex- 
tions in paints, varnishes and printing inks. It perienced technical staff have worked contin- 
disperses readily and its high opacity helps to uously to improve this outstanding pigment. 
extend the covering capacity of coatings and We will gladly send you our latest publications 
inks. In addition it possesses excellent resist- on KRONOS RNCX or give you advice on any 
ance to adverse weather and atmospheric specific technical problem. 

KRONOS TITANIUM PIGMENTS LTD., 
St. Ann's House. Parsonage Green.Wllmrlow.CheshIre SK B lhrr 
Telephone Wllmslow 29 511 

TITANGESELLSCHAFT MBH KRONOS EXPORT DIVISION 
509 Leverkusen 1 ,  PeschslraRe 5. West Germany 

KRONOS" 
TITANIUM DIOXIDE 



latex gloss 

TlOXlDE R-HD2 is a multipurpose 
pigment having a very wide range of paint 
applications. With oil absorption 18 and 
a high tint-reducing power, it is easily 
dispersed in all types of media to give 
paints having outstanding opacity and 
brightness. It makes excellent pastel tints. 
TlOXl D E R- H D2 is strongly recommended 

in airdrying gloss paints (including super- 
whites), matt alkyd paints, marine paints, 
glossy latex paints, roller coatings, and 
industrial paints generally. In domestic 
appliance finishes, NC lacquers, paste 
paints, primers and undercoats, oil- bound 
waterpaints, and aqueous leather finishes 
TlOXlDE R-H D2 gives excellent service. 

LIMITED . 10 STRATTON STREET LONDON WIX 685 . ENGLAND 
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'Shell keem the 
two-domponent spraying 

This fast, highly efficient one-coat spray 
system allows economic coating over large 
areas. Without overspray. And accurate 
temperature and viscosity control allows 
improved consistency and quality in any 
climate. 

Durable ca&$pktgdcmzJ$pikote 
resins are available for thcwidht range of 
marine applications. Above and below the 
waterline. Inside and out. 

We're still developing and pioneering on 
a world-wide basis. And we'll continue to 
provide users and formulators of Epikote 
systems with the results of our research and 
development programme. That's something 
we don't want to keep bottled up. 

For further information about Epikote 
epoxy resin coatings, contact your Shell 
company. In the UK, your Shell Chemicals 
sales office in London, Manchester, 
Birmingham, Glasgow or Belfast; in the 
Republic of Irelsnd, Shell Chenlicals 
Ireland Li~nir-i!, Dcb!in. 

I Shell Chemicals 
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Introduction 
111 it prcvious papcrl, tlie walcr transport tliroi~gli I'OLII- tyr)ic;~I binders commonly 
~tsed in paint ~ii:rni~fitcture was invcstigi~lcd. I t  wi~s found tliat dilkrcnt per- 
mention cl~:~racteristics exist: tlie dilrusion and solubility coellicicnts cither 
increased, dccreascd or wcrc constant with incrcasc of thc water concentration, 
depending on the :~liinity of tlie miltcrial for water. 

This bcliaviour h:ts already bccn reported in tllc litcratu~.c o n  water transport 
processes tliro~tgli polymer tilms. 1-or most hydropliilic m:~terinls (such as 
wool, cellulose, polyvinyl ;~lcoIiol, nylon) the dilfusion cocllicient. I>. increases 
witli the water concct?t~ttiori. whilst for less hytlropliilic materials (such as 
polyetliylcne" ri~bbcr liydrocliloride:'+ I .  ctIiylccllulosc\ ppoly~~tl1ylnlctlii~- 
crylate". polyurethane elnstonicrs7) 1) dccrcases with tlie water concentration. 
For li~.dropliobic materinls (such ;IS polyolclii~cs) I) is independent ol' the 
WiIlCr ~onc~l l t r~ l t io l l .  

The clustering theory dcvclopcd by Zimm" I'rom statistical mcchanics in 
1953. and npplicd by Zimm and Lundbcrg!' in 1050 to "sorption of vapours 
by high polymers", was subscqi~cntly uscd to cxplain tlie v:~rious aspects of the 
water transport mechanisni tlirougli polynicr lilrns:'. 7. "'. 

In the liglit of this theory, the water tr;~nsport process tIir0~1gI1 ;III air drying 
medium oil length alkyd, a n  epoxy resin, i~nd  :I clilorin;~tcd rubbcr witli and 
without pli~stici~er will be cxplaincd. 

Materials and experimental 
The niatcrinls investigated, their preparation. ;tnd tlic technique of wntcr 
sorption mcnsuremcnts wcrc dcscrihcd i n  a n  earlier papcrl. 

Theoretical 
Zini~n arriveti at tlie clustering function by dclining n " mol~cul i~r  pair dis- 
tribution function". F'?(i. , j )  in  sucli a wily t l in t  ( 1  V"F,(i.,j) d ( i )  d(,j) is the 
probability tliat molecules i and , j  are ench at tlic position specified by tlie 
co-ordinates (i, j )  in the range d(i)  and d(i) .  V represents tlic total volume of 
the system. Then the "clustcr intcgr:~l" GI, is defined as: 

i l l  ' J { F (i. i )  I ) d(i) d(,j): V ' 

wlicre i and , j  represent the molcculcs of coniponcnt I of a binary mixture. 



Further, using Maycr and McMillan's power scries, Zimm found a 
relation between thc penetrant activity ( ( I , ) ,  the volume fraction (0,)  and G,,: 

In Zimm's terms. V, rcprese~!ts thc p:~rti:~l molecular volumc of the penetrant. 
GI,  Vl the tendency of tllc penctrant molcculcs to clustcr, and 0 , G ' , , , V 1  the 
excess of thc penetrant molcculcs ovcr the mean concentration foi~nd in the 
close vicinity of a given penctrunt molecule. 

The advnnt:tgc of Zimm and Lundbcrg's theory ovcr that of Flory-Huggins- 
Gu_rgenIieini lics i n  tlic fact that it can also be applied to systems where 
penetrant polynier internction takes place, bccausc the "clustering function" 
ccntail~s no terms which arc dependent on i t .  However. the theory is limited 
to systems of negligible compressibility, and does not show in what state 
water is present in the cluster if i t  is present in one or morc pl~ases:~. 

I t  also assumes additivity of volumes in calculating volunie fractions, which 
niay C;ILISC errors in the clustering function calculation. 

Tlrc~ flrrc~cl lir~1i1ilrg c~trscJ.s (?/'/Ire1 c~lrr.v/e~ri~!:~./i~nc~/io~r 
A detailed analysis of the clustering function shows that the magnitude of 
the function (;,, V, (sec equation I )  can be: 

( a )  When tlic activity cocllicicnt .; t r ,  0, does not vary with the i~ctivity 
((1,). tlie function (;,, V, I .  which is the ideal casc. This ~iieans that n 
penetrant niolccule can be replaced by nnotlier without disturbing their 
distribution. 

(b)  At high conccntrntions (high @,), ( I ,  @, decreases with increasc of thc 
concentration. the tangcnt ;((I, 0,) i r r  has negative values. and GI, V, 
bcconies larger than I and very soon reaches positive values. This shows 
that tlie penctr:tlit concentrntion in the close vicinity of a given penetrant 
molecule is liighcr than expected. in other words "cluster forniation" takes 
place. 

(c) At low penetrant concentrations, Langniuir type sorption is presumed to 
occur. The increasing negative values of GI1 ' V, with the wnter concentration 
indicate that an interaction pcnctrnnt-polymer exists. 

TIIP ~ ~ o r r ~ ~ , s p o r r ( I ( ~ ~ ~ ~ ~ o  I ~ ~ ~ I I I ~ ~ ~ ~  11 111~ ~ ~ l i ~ . s f ~ ~ r i t r ~ ~ ~ f i r ~ ~ c f i o n  UIM/ 1110 (/ifu.sit7i/jv 
The tlircc cl~ses dcscribcd above. which have still to bcjustificd. must correspond 
to three cases for the variation of diffusion coefficient with wnter concentration. 

(a)  For the niatcrials for wliicli (ill V, is constant and equal to - I throughout 
the range of the concentration, the diffi~sion coefficient must nlso bc independent 
of thc concentration. 
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(b) High positive values for G,,  I', indicate strong cluster formation. Cluster 
formation may occur if the water water interaction is stronger than the water 
polymer interaction, and/or sufficient centres for initiating clustcr formation or 
some form of capillary condensation are present in the material. As it consc- 
quence of the interaction of water molecules rcsi~lting in cluster formation. 
the amount of mobile single water moleci~les decreases when the total concentra- 
tion increases, and D milst decrease. 

(c) Negative values for G, , I  V ,  show that clusters are not formed in the film. 
This is the case for hydrophilic materials, where tlie interaction between water 
and polar groups is stronger than that of the water water interaction. Therefore. 
no cluster formation will occur. In this case D increitses with the increase of 
the water concentrat ion. 

In addition to these clearly delincd cases. more cornplex ones may exist. 
when competitivc processes of clustering and spccilic interitctions occur. Then. 
D is the resultant of contrary processes, and unpredictable rcsults are obtained. 
Another difficulty in the interpretation of the relation between the clustering 
function and the diffusivity may be caused by the enlargement of interstitial 
spaces. if swelling processes occur in the polymer network. The possibility 
might also exist that some type of cluster, such as it dimer or trimer, may contri- 
bute to the transport process. The clustering function does not give any informa- 
tion about the state of the water in a cluster. 

Results and conclusions 
The diffusion coefficients of the four hinders. :IS dctcrmincd i n  thc earlier 
paper from the permeation r~~easi~rements,~ showed ditTcrcnt dependencies - I 

Fig. 1. Mean diffusion coefficient (5) as a function of mean water concentration (c) 

s 

% l Z O .  
u 
v 

"0 100 
r 

X 
In 

8 0 ,  

6 0 .  

LO 

o alkyd resin 

).ll 
A epoxy resin 
r chi rubber 
x chl rubber wi th plasticiser 

.\ 

20,\, 
+ -=- - -A.p-- 

10 20 3 0  LO 



1971 ( 5 )  WATIiI< l ' I<ANSf 'ORT T H R O U G H  P A I N T  FILMS 399 

on the water concentration (Fig. I ) .  An attempt has been made to explain the 
diffusion behaviour oil the basis of Zimm's theory. The clustering function 
(G,,  V,) and the mean cluster size ( I  i @,G,,I V,)  were calculated from equation 
I ,  using the data from water sorption measurements (Fig. 2). 
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Fig. 2. Concentration (c) vs. activity (a) 

Cliloritiutetl ruhht~r 

The results obtained for G,,IV, are shown in Fig. 3. I t  can be seen that GIl'Vl 
is -1 for almost the whole range of @, (which in this case is very small). The 
fact that 3 is independent of the concentration (Fig. 1 ) is in accordance with 
the interpretation given above. The system chlorinated rubber!water behaves 
as an ideal system. 

Cl~lorit iutc~d r u h h ~ r  it'itlr c.hlorinnterl t l i p h n ~ l  us pkc~.stici.scr 

As the water concentration increases, the appearance of the film changes from 
clear to milky. This may be attributed to formation of clusters in the material. 
The effect can be seen visually, as well as with n phase contrast microscope. 
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col;tlnuous Ilne = CHL R U B B E R  w l th  CHI Dl-PHENYL 

dlscontrnsous l tne  = C l I I  R U B B E R  

Fig. 3. Clustering function (G,,/\',) vs. volunie fracficj~~ ((I),) 

The liigli positive vali~es found for G,, 'V, (Fig. 3) and tlic dccrcuse of 5 with 
the concentration (Fig. I ) agree well with cluster formation in the film. 

Although the exact reason for cluster lijl-ni:~tion in the tilm is not yet known. 
their existence cannot be doubted. 

The hydropliilic epoxy resin represents an example o f  a niatcrial to which 
the clustering theory can be applied when interaction between water and polar 
groups in tlie film takes place. Tlie clustering function (G,,  V , )  has negative 
valucs reaching - I only at n liigli water concentration (Fig. 4). Tlie strong 
interaction betucen water and the ~iiaterinl prevents cluster formation, and 
explains tlic increase of I )  with concentration (Fig. I). 

The alkyd resin i~scd is cliaracterised by its dual bcliaviour, since both the 
interaction between the material and water and the watcr watcr interaction 
may occilr. The first interaction takes place at n low water concentration. and 
the latter at higher concentrations. The two efrects influence both the diffusion 
coefficient (Fig. I) and the clusteri~ig function (Fig. 4). Tlie strong increase 
of B with concentration, clinracteristic of liydrophilic polymers, is counteracted 
by cluster formation. The values of the clustering function and the mean 
clustering size prove the presence of tlie clusters in tlie film (Table I). This 
is confirmed by a microscopic examination of tlie alkyd film after soaking 
in water, a light turbidity being visible. 

The importance of a complete series of mensurenients, including botli sorption 
and permeation mensuremelits must again be stressed. 



Fig. 4. Clustering function (G,,/V,) vs. volume fraction ((I),)  o Alkyd resin. 0 epoxy resin 
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From the permeation measurements, only the amoLlnl of water which actively 
participates in the transport process is dctcrmincd, whereas in the sol-plion 
measurements, all the water molecules taken up by tllc lilm. indcpenclent of 
their mobility. are measured. 

The recognition of the fact that the ilnmobilily of water is causecl by specific 
interaction with the polar g r o ~ ~ p s  at low retelitions, or by cli~ster formation 
at high retentions, gives :I morc comprehensive pictill-e of the process of w~rter 
transport. 

[I\'oc~c*i~~:~c/ 24 ,I ( I ~ / I S I  1970 
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The silicone treatment of titania 
By B. V. Ashmead, M. Bowrey, P. M. Burrill, T. C. Kendrick and 
M. J. Owen 

Midland Silicones Ltd, Barry, Glamorgan 

The adsorption of various silicone polymers from solution on titania as substrate has been 
investigated. The adsorption of polydimethylsiloxanes increases with increasing molecular 
weight. The presence of functional groups, e.g. hydroxyl and amine groups, in the siloxane 
chain increases the adsorption, although there appears to be little difference between the 
adsorption of phenyl methyl fluids compared with similar molecular weight dimethyl fluids. 
The adsorption of palmitic acid and a typical paint rcsin on a treated pigment is less than 
that on the untreated pigment. The desorption of  the dimethyl fluids is only possible with a 
solvent mixture of methyl cyanide and benzene, although this mixture will not desorb the 
hydroxy end-blocked fluid. Silicone treated pigments have been shown to disperse better in 
paint and plastic media than untreated pigments. 

Keywords 
Prinie pipnetits and dyes 

titanium dioxide 
Binrlers, resins, etc. 

silicone resin 

Properties, characteristics and co~iditions Proce~ses and tnethocls pri~iiurily crssociated 
pri~narily associated with raw materials with annlysis mea.srrrclrnent or testing 
f i~r  contitrgs adsorption 

surface treatment 

Le traitement de I'oxyde de titane par silicones 

RPsrrtnd 
On a Ctudie l'adsorption sur I'oxyde de titnne de divers polymkres de silico~es a partir de 
lcur solutions. L'adsorption dcs polymethylsrlicones s'augmente en accord avec I'augmen- 
tation du poids moleculaire. La presence des groupements Sonctionnels, par exemple, des 
groupements hydroxylCs oil aminks, dans 13 chaine du siloxane augmente I'adsorption, bien 
qu'il paraisse a i'tre une mincc difrkrence entrc I'adsorption des fluides phCnylmethyliques et 
cclle dcs fluides dimethyliques de poids molCculaires semblablcs. L'adsorption de l'acide 
palmitique et cgalcmcnt d'urie rksinc classique pour peir~turc cst plus faible dans !e cas d'un 
pigment qui a Ctc trait6 que d'un pigment exempt de (el traitement. On pcult effcctucr le 
dksorl~tion des fluides dimCthyliqucs sculc~ncnt B l'aide d'un n~klange du cyanide de niethyle 
ct du benzene, pourtant ee melange ne peut pas cnlevcr un fluidc dont la chaine se termine 
par un groupcment hydroxyle. On a dCmontrC que lcs pigments trait& avec du silicone ont 
une SacilitC de drspersion superieure dans lcs ~nilieux pour peintures et pour plastiques que 
les pigtncnts exempt du traitement. 

Die Siliconebehandlung von Titania 

Z~rsa~?lnicrifasa~tig 
Die Adsorption verschicdcner Siliconcopolymerer durch Titaniacubstrate aus Losung wurde 
untersucht. Mit steigendcrn Molekulargewicht crhoht sich die Adsorption vori Polydimethy!- 
siloxan. Die Anwesenheit funktionellcr, z.R. Hydroxyl- und Aminogruppen in der Silox- 
ankettc erl16ht die Adsorption, obwol?l nur gcringe Unterschiede zwischen der Adsorption 
von Phenylmethylfluids im Vergleich mit der dcs-gleiches Molekulargewicht besitzenden- 
Dimethylfluids bestehen. Die Adsorption von Palmitinsiiurc und cine5 typischen Lackharzes 
auf einem vorbchandelten ist geringcr, als dic auf einem unbehandcltcn Pigment. Die 
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Desorption der Triniethylfluide is nur mit einer 1-iisungsn~itteln~ischung von hlethylzyanid 
und Benzol moglich, obwohl dieses Gal~isch das durch Hydroxylgruppen endblockierte 
Fluid nicht desorbiert. Es erwies sich, dass mit Silicone behandelte Pigmcnte bcsser in 
Anstrichbindemitteln und plastischen Massen dispergicrbar sind, als unbehandel~c. 

kisyqanacb ancop6uun pa3nMVllblX ~OJlMCMJlOKCallOB M 3  PaCTBOpd Ha ABYOKMCM TMTaHa 
B Ka'ieCTBe C Y ~ C T ~ ~ T ~ .  A A C O ~ ~ U M R  llOJlMMCTM~OBblX CMnOKCaHOB YBCnMVMBaeTCR C 
noebllueHueM MoneKynnptioro seca. H a n ~ q ~ e  @ Y H K U M O H ~ ~ ~ H L I X  rpynrl T. e. rMflpOKCMnb- 
HblX M aMMHOBblX rpynn B C M ~ O K C ~ H O B O ~ ~  UenM IlOBblluaeT aacop6u~10, XOTR nOBMAMMOMy 
M He ~ a 6 n m n a e ~ c n  6onbluou pa3HMUbl MCXAY ancop6u~eCi @CHMJIO MeTMnOBblX X M ~ K O C T C ~ ~  
no CpaBHeHMtO C nMMeTMnOBblMM XMAKOCTRMM OAMHaKOBOrO MOJl~KYJlRpHOrO Beca. 
A ~ c o p 6 u ~ n  ~ ~ J ~ ~ M M T M H O B O ~ ~  KMCnOTbl M T M ~ M Y H O ~ ~  K ~ ~ C O Y H O ~ ~  CMOJlbl Ha O ~ ~ ~ ~ O T ~ H H O M  

nwrMetlTc MeHblUC a n c o p 6 u ~ ~  Ha H ~ O ~ ~ ~ ~ O T ~ H H O M  nMrMeHTe. Aecop611~n nMMeTMnoeblx 
X M A K O C T ~ ~ ~  BO3MOXHa TOJlbKO C P ~ C T B O P H O ~  CMeCbKJ IlMaHMCTOrO MeTMJla M 6c1i?ona, XOTR 
3Td CMeCb He necop6wpye~ XMnKOCTb C MOnCKyJIaMM ~ ~ O K M ~ O B ; ~ H H ~ I M M  Ha KOHUaX 
rMnpOKCMnbHblMM rpYnnaMM. n o ~ a 3 3 ~ 0  'iT0 nMrMeHTbl 06pa60~at l~ble CHJlMKOHaMM 
p2lCCeMBatOTCR B KPaCKBX M IlJIaClMVCCKMX CPCAaX nYVluC VCM 11~06pa6OTki~11ble IIMrMCHTbI. 

Introduction 
The study of the adsorption of various compo~lnds on pigment s~~rfaces has 
assumed increasing importance, and a large number of papers have appeared 
in the literature. Several reviews summarise the adsorption of polymers on a 
variety of hydroxylated substrates', and the adsorption of polymers and 
surfactants with titania as substrate has also received considerable attention2. 

The surface of a titania pigment, the principal commercial white pigment, 
needs to be modified for two reasons: to improve the durability of the media 
pigmented with the titania, and to improve the dispersibility of the titania 
pigments in paints and plastics. The durability and, to a certain extent, the 
dispersibility of both rutile and anatase pigments can be greatly improved by 
coating the pigment surfaces with various insoluble, polyvalent, hydrated metal 
oxides, the most common being oxides of zinc, aluminium, and silicon. Many 
of the commercially available pigments are coated with mixtures of these 
oxides to confer extra stability and durability. The current trend of the paint 
industry towards the use of low shear mixing equipment, e.g. the high speed 
dissolver, and the growing use of titania in plastics, with its associated mixing 
problems, has led to a real need for readily dispersible pigments. The dis- 
persibility of titania pigments can be improved by treatment with silicones, 
and this technique is already increasingly used for plnstics grade titanias, where 
maximum ease of dispersion of the pigment is the prime requirement. The fact 
that the silicone coating is inert and heat stable further recommends its use 
in thermoplastics. In paints, silicone treated titanias show improved ease and 
degree of dispersion, lower oil absorption, and higher initial gloss than con- 
ventional paint grade titanias. The siloxane coating can be chemically bound 
to the pigment surface, rendering it stable to desorption, and the future for 
these pigments in the paint industry is promising. 

In this paper, the adsorption of several silicone polymers on two commercial 
grades of titania has been studied, together with a preliminary evaluation of 
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some silicone treated pigments. The adsorption work has examined the effect 
of molecular weight and functional group on the adsorption isotherm. The 
effect of solvent has not been closely examined, since a full discussion of 
solvent effects on a typical hydroxylated surface has been given elsewhere3. 
The adsorption of a fatty acid and a typical paint resin on silicone treated 
pigments was investigated, as was the dispersion of these materials in paint 
media and PVC sheet. 

Experimental 
Titaniu 
Two commercially available grades of titanium dioxide were used throughout 
the investigation; these were both pigmentary rutile grades which had been 
prepared by the sulphate process. The first, titania A, was an uncoated grade 
which is mainly used in floor coverings; the second, titania B, was a general 
purpose grade and has a surface modified with silica and alumina. These two 
grades were chosen as being representative, since it was desired to study the 
adsorption of various silicones on both an unmodified and a modified titania 
surface. A summary of the main properties of these two grades is given in 
Table I .  

Trrhli~ I 

Grorics of  tilnniu 

Titania A 18 1 4: 98:: 1 Uncoated 

Gradc 
- -  

Titania B . . 4.0 1 22 I -t 93% 1 A,, Si 

Silicone polvmcrs 
A summary of the silicone polymers used, with their molecular weights and 
composition, is given in Table 2. The dimethyl fluids, by the nature of their 
preparation, must contain some hydroxyl groups. These were removed in the 
case of 97-026 by refluxing the polymer with hexamethyldisilazane for about 
24 hours, distilling off the excess hexamethyldisilazane, and re-precipitating 
the polymer with methanol from benzene solution. The polymer was dried 
before use, initially in a vacuum oven; subsequently, small samples were heated 
at  110°C under vacuum for over 24 hours. 

Gel permeation chromatography (GPC) was used in most cases to determine 
the molecular weights. 

Spccific 
gravity 

- - . . 

Orlzer materiu1.s 
A long oil linseed alkyd (Paralac IOW-ICI Ltd.) was chosen to study the 
adsorption of a typical alkyd resin on titania. This was supplied as a 70 per cent 
solution in white spirit, a figure which was confirmed by a solids determination. 
To investigate the dispersion of the treated titanias in paint media, two different 

TiO, 
content 

Oil absorption, 
g/ 100g pig~ncnt 

Surface 
treatment 
- 
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Silicone pnl~~tiiecr 

Pol y nier 

97-024 . . . . 
97-025 . . . . 
97-026 . . . . 
97-027 . . . . 
97-028 . . . . 
Trimethyl- 

silylated 
97-026 . . 

Chain 
length 

Structure 

I probably containing some hydroxvl groups J 

Trimethylsilylated 97-026 

CoHe 
),CH,,Si [0 CH, Si ] m - [0 gH3] OSi(CH3, 

CH3 n 

a, UJ hydroxy end-blocked dimethyl siloxane 

H 
(CH,),Si [0 Si ] 0 Si(CH,), 

CH, n 
Dimethyl siloxane containing five aniine 

functional side chain groups 
Methyl silicone resin-35.1 :4 solids 

resins were used. The first was an air drying, linseedjglycerol. alkyd resin 
(BP Chemicals-Epok A1010/46), whilst the second was a thermosetting 
acrylic resin (BP Chemicals-Epok Dl 150). 

The dispersion in plastics was investigated either by dispersing the titania 
in dioctylphthalate (Albright and Wilson) to study the characteristics in a 
liquid plasticiser or by dispersing the titania in pvc sheet formed by gelling 
a mixture of pvc powder (BP Chemicals-Breon S125,'IO) and dioctylphthalate. 

AnalaR grade solvents were used for the adsorption experiments. They were 
allowed to stand over a molecular sieve (type 4A) for at least two weeks before 
use, and were only handled over argon in a1 dry-box. 

Procedure 
Adsorption c~xprrim~nts 
The titania powder was dried in a force-draught oven for a period of 18 hours, 
generally at 200°C, some exceptions being noted in the text A 4g sample of 
the titania powder was weighed into a screw-cap bottle and lOml of a solution 
of the polymer of known concentration pipetted on to the powder in a dry-box 
in an argon atmosphere. The bottle was shaken for at least 14 hours at room 
temperature (20°C) and the supernatant liquid analysed by an infra-red tech- 
nique, the peak at 1,261cm-I being used to determine the polymer concen- 
tration remaining in solution. Sodium chloride cells of Imm path length were 
used with a Perkin Elmer 237 infra-red spectrophotometer. Beer's Law plots 
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of the polymers in the particular solvent were used in determining the polymer 
concentration after adsorption. The amount of polymer adsorbed, T, was 
determined from: 

where V volume of polymer solution. 
M = mass of titania powder. 
Ci - initial polymer solution concentration. . ~ 

Cr = equilibrium polymer solution concentration. 

The specific adsorption value. To, is the amount of polymer adsorbed 
corresponding to saturation, i.e. the amount adsorbed on the plateau of the 
isotherm. 

Di.~pcv-.sion stutlic~ 
The dispersion of the various titanias in both the alkyd and in the acrylic 
resin was investigated, using a porcelain ball mill and a high speed dissolver 
(Kotthoff mixer-Model MSI CAA). Both gave essentially the same results 
and only the studies conducted in the ball mill will be considered in detail. 
The constant charge used is given in Table 3, and 80 ceramic balls 18mm in 
diameter were used as the grinding media. The dispersion characteristics of 
the various titanias were measured by allowing the milling to proceed for various 
time intervals, when a sample of the mill base was withdrawn and the state of 
the dispersion assessed with the aid of a fineness of grind gauge (0.005in deep 
groove. 0- 10 scale). 

T n h l ~ ~  3 
Di.c.pc.rsiotr it? cllkyd mrcl ncr:vlic rrsita 

The dispersion in a liquid plasticiser was measured using the formulation 
in Table 4. This was dispersed with the high speed dissolver operating at 
2.GCOrpm. using an X3nim diameter toothed impeller. The material to be 
dispersed was contained in a l6cm diameter beaker and the impeller was 

T n h l ~ ~  4 
Di.sprr:c.iotr it? liqrticl plnstici.sc,r 

I 

Pigmcnt . . . . . . . . 
Resin . . . . . . . . 
Xylenc .. . . . . . . 

Fpoxidc plasticiser . . 6.0g 

300g 

3% 

95g 

Caprylic acid . . .. 1.5g 
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centrally positioned 2cm above the bottom of the beaker. The state of dis- 
persion was again measured by withdrawing samples after various time 
intervals and assessing them on the fineness of grind gauge. The epoxide 
plasticiser and the caprylic acid were added to achieve approximately eqiral 
viscosities for all the mixtures studied. 

Samples of pvc sheet were prepared by gelling the mixture shown in 
Table 5 on a heated double-roll mill at 150°C. The resulting sheet was pig- 
mented with 1 per cent by weight of titania and passed through the rolls for a 
further two minutes. A sheet 15cm x 15cm x 0.15cm was prepared by 
pressing the above sheet in a mould at 150°C under a pressure of 1,000psi. 

Tuble 5 
Dispersion in pvc sheet 

I 
Pvc powder . . . 

Dioctylphthalate .. 

Results 
Surface areu 
The method used to estimate the surface area of the adsorbents employed thc 
adsorption of straight chain fatty acids from non-aqueous solution, and is 
based on studies with insoluble monolayers. Properly compressed films of 
these fatty acids on a water surface are monomolecular and occupy the same 
interfacial area per molecule, regardless of the number of carbon atoms in  the 
molecule. Further, the molecules are orientated perpendicular to the interface. 
so that the area of the carboxylic acid group determines the interfacial area 
per molecule. In this study, the adsorption of palinitic acid from carbon 
tetrachloride solution was used. Fatty acid adsorption is probably a better 
choice than gas adsorption when investigating polymer adsorption because, 
by virtue of its size, the external surface accessible to the fatty acid molecule 
is roughly the same as that available to the polymer molecule. 

The experiments were conducted in a similar nianner to the polymer 
adsorption experiments in that an adsorption isotherm was constructed and 
the surface area estimated from the sati~ration value, assuming the cross- 
sectional area of one fatty acid molecule4 to be 2~).5A! The values obtained 
are shown in Table 6. 

Table 6 
Slrrf~ce areas of rrrlsnrbcnts 

I I 

Sample 
- 

Surfacc arca (Tatty :icid) 
m2g-I 

-- -- -- 

Surface area (N, adsorption) 

- - - -- - 
mYg- '  
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Effect of surfice /ij*(/roxyl concc~~trution on ~(Isorption 
Other work has clearly shown that the itdsorption of polydimethylsiloxanes is 
very sensitive to traces of water5. It seemed relevant to investigate the 
adsorption of a silicone fluid from ri-hexane on titania as a fi~nction of the 
pretreatment. Samples of the pigment were heated for 18 hours at the stated 
temperatures before addition of the siloxane solution. Isotherms were con- 
structed and the specific adsorption value, I-,, determined. The results are 
recorded in Table 7, together with the weight losses on heating. 

Table 7 

Effect of heat treafrtient on adsorption 

Powdcr: B Poly nicr: 97-027 Solvent: n-hexane 

Tempcraturc 
-- - - - 

200°C . . . . . . . . 
120°C . . . .  . . . . 
86°C . . . . . . . . 

As receivcd . . . . . . 

1 Weight loss mg g-I 

Powdcr: A Polyn~er: 97-027 Solvent: N-hexane 

Tcmpcraturc 
. 

200°C . . . . . . . . 
120°C . . . . . . . . 
86°C . . . . . . . . 

As received . . . . . . 

Wcight loss Ing g-' 

There are definite differences between the weight losses for the two pigment 
samples, more reproducible values being obtained for B than for A. For B, 
a linear plot is achieved from a graph of amount adsorbed against weight loss, 
but the large spread in the weight loss values for A does not allow such an 
accurate plot to be constructed for this adsorbent. Since the weight loss is 
due to the removal of wotzr, it follows that the amount of siloxane adsorbed 
is proportional to the surfiice hydroxyl concentr ;I t' lon. 

/l(ko,ption oft/itncthyl an(/phetij*/ ~~rct / iy/ , f l~!i( / .~ 
The adsorption of five dimethyl fluids from n-hexane and benzene on pigments 
A and B was measured. Typical isotherms on both powders are included in 
Figs. 1 and 2. The results were expressed in the form: 

r,, - KMu 

where r, -- specific adsorption in mg m-2. 

M - molecular weight of the polymer. 

The values of constants K and ( I  are shown in Table 8. 
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I (.-I 9 7 . 0 2 6  from n-hexane 

(9 sil. 9 7 .026  from n-hexone 

!d 97.019 from n-hexane 

6) 9 7  - 0 3 2  from n-hexone 

t?)97 .~)16  from n-hexone 

9 7  . 0 1 6  from brnzene 

I 
0 
L - ,  1 

10 2.0 3.0 4!0 5 .0  

EQUILIBRIUM CONCENTRATIONlmg ml-!I -- 

Fig. 1. Adsorption of siloxanes from n-hesane on titania A 

Table 8 

Aclsorption of cli~netlzvlri/s as a jirnction of~~ro/cc.rrlar. wriglrt 

Powder Solvent 

11-hexane 

1 benzene 

1 benzene 
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97 , 0 2 6  from n-hexane 

($ sil. 97.026  from n-hexane 

(1) 97.019 from n-hexane 

Q 9 7 . 0 3 2  from n-hexane 

C )  9 7 , 0 1 6  from n-hexane 

0 9 7 . 0 1 6  from benzene 

I 
0' 

A 1 I 
1.0 2.0 3.0 4 .0  5.0 

EQUILIBRIUM CONCLNTRATION !rngdZ) 

Fig. 2. Adsorption of siloxanes from n-hexane on titania B 

It was not possible to measure the adsorption of two low molecular weight 
fluids from benzene on pigment A; the amounts adsorbed are very small or 
nothing. The amounts adsorbed from benzene are less than those from 
n-hexane, the values for the constants K and a being more dependent on the 
solvent than on the pigment. 

The specific adsorption of the phenyl methyl fluids from benzene and 
11-hexane on pigments A and B is shown in Table 9, a more direct comparison 
between these fluids and the dimethyl fluids adsorbed from n-hexane being 
shown in Table 10. Figs. 3 and 4 show graphs of log (amount adsorbed in 
moles m-7 against log (chain length) for both adsorbents. Tn this context, 
the chain length refers to the number of Si-0 units. 

Little difference is apparent in the adsorption behaviour of the two classes 
of fluid. 
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Fig. 3. The adsorption of dimethyl and phenpl methyl fluids from n-hexane on titania A 

LOG. (Chain Len~th )  

Fig. 4. The adsorption of dimethyl and phenyl methyl fluids from n-hexane on titanir B 
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Aniount adsorbed, nig ni-" ('%,) 
A Fluid 

- - -- 

97-029. . . .  

97-030.. . . 
9 7 4 3 1 . .  . .  

Too low / t o  nieasure I 1.39 1 0.12 

% Ph 

-. - - 

4.1 

43 

75 

Effclrt o f .  futirtionul <qrozrps 

Efli~ct c!fhj~/ro.\-1-1 ,qroups: Previous work with glass as substrate" had indicated 
that hydroxyl groups in the polymer markedly influence the adsorption. This 
effect was also demonstrated with titania as substrate, using 97-026 which had 
been cxliaustively trimetliylsilylated, and the hydroxy end-blocked 97-019 
(Figs. I and 2). The amount of the trimethylsilylated polymer adsorbed was 
reduced considerably compared to the original fluid. Polymer 97-019 is adsorbed 
in considerably larger amounts than the dimethylsiloxane polymers. 

A~lsorp/ioti c f l  clitrri,/kyl arid plri~ri~~l tric~tli!~l ,f!rriils fiorrr tr-lrexf~t~e 

Fluid M. wt. 

- ~~ 

% Ph 

~ 

Amt. Ads., 
moles ni ' 

>: 

Amt. Ads., 
mg m-2 

- ~ ~ 

Chain 
length 
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Adsorption of methyl 1~yrlrogen.flz~id.s: The adsorption of the methyl hydrogen 
fluid, 97-032, should be interesting in that a comparison between the 
adsorption of Si-H and Si-CH, groups to  the surface hydroxyl groups may be 
made. The adsorption isotherms for 97-032 from n-hexane were determined 
and the amounts adsorbed compared with those for the dimethyl fluids 
(Table 11). Polymer 97-032 is adsorbed in greater amounts than a dimethyl 
fluid of comparable chain length. 

Table I I 
Adsorption of 97-032 fro171 rr-hexanc 

ArJsorption of silicone resins: The adsorption of a methyl silicone resin was 
investigated. The resin, 97-033, was received as a solution in white spirit. All 
solution concentrations were calculated from the solids content, the initial 
solution being diluted with n-hexane. The results are shown in Table 12, where 
a comparison with some of the dimethyl fluids is made. 

Fluid 

-- 

Fluid 

-- 

A n i o ~ ~ n t  adsorbed, rng 111 ' 
-- 

A I3 
-- - -- 

Adsorption of amine~functionalmatc~rials: A strong interaction would be expected 
between an amine grouping in the siloxane side-chain and a surface hydroxyl 
group. Isotherms for the adsorption of the fluid 97-016 were determined from 
both benzene and n-hexane (Figs. I and 2). The amount of material adsorbed 

Powder A 
97-025 . . . . 6,100 
97-024 . . . . : : 1 2.800 
97-032 . . . . . . 2,100 

Powder B 
97-025 . . . . 6,100 
97-024 . . . . 2,800 
97-032 . . . . . . 2,100 

Molecular 
weight 

-- -- 

Amt. Ads., 
mg m 

Amt. Ads., 
moles m 

x lo-' 
Chain 
length 

- 

82.4 
37.8 
3 5 

82.4 
37.8 
35 

1.035 
0.845 
1.29 

1.23 1 
1.163 
1 . 1  1 

1.70 
3.02 
6.15 

2.02 
4.15 
5.29 



1971 (5) T I I E  S I L I C O N E  T R E A T M E N T  O F  T I T A N I A  415 

is considerably greater than that of any other polymer investigated. Although 
benzene is adsorbed on a hydroxylated surface, the amine group is more 
strongly adsorbed, hence the expected non-dependence on solvent. 

E r  

i I TITANIA 8 DRIED AT 1 5 0 " ~  

5 )  TlTANlA B DRIED AT 2 3 5 ' ~  

h 
LT 

?I ' I  
( 1  

I r 
( 1  

CE 
0 ' 2  o 4 0'6 d a 1.0 1 2  2 

qg 9 7 . 0  2 6 [By We~ght) 

Fig. 5. 'The "apparent" surface area of silicone treated pigments 

The adsorption isotherms for both palmitic acid and an alkyd resin on a silicone 
treatcd titania were determined. The latter adsorbent was chosen because it 
represented a typical paint medium. Various samples of pigment B containing 
0-0.6 per cent by weight of 97-026 were prepared. The pigment B was first 
dried at 1 50°C for 18 hours, the desired quantity of 97-026 applied as a solution 
in n-hexane and the titania subsequently washed with n-hexane prior to drying 
at 150' C. 

Desorpt ion 
A number of cxperimcnts was conducted to investigate the stability of the 
silox;lne coating on titania and to mcasure its resistance to various solvents. 
The method used was similar to that cmployed for the adsorption experiments; 
an adsorption isotherm for 97-026 pretreated at 150°C was constructed, and 
the resultant titania samplcs were washed with n-hexanc, dried and then shaken 
with IOml portions of various solvcnts to determine whether any of the 
adsorbed silicone coating had bcen extracted. A variety of solvents-benzene, 
toluene. xylene and white spirit-was used and, with all of these, it was found 
that no silicone could be dcsorbed. In order to aeterniine the percentage of the 
coating desorbed iuider thc most drastic conditions, experiments were carried 
out using a 10 per cent mixture of methyl cyanide in benzene as solvent. This 
mixture was chosen becausc of its polar natilre and also because it has pre- 
viously been shown to be a particularly effective solvent for extracting a silicone 
coating from a powder? The adsorption and desorption isotherms for 97-026 
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on B are shown in Fig. 7. For desorption, the isotherm represents the amount 
of siloxane remaining on the surface and is determined from the difference 
between the initial amount adsorbed and the siloxane concentration in the 
desorbing solvent. In a further series of experiments, conducted using the 
hydroxyl end-blocked polymer 97-019 in place of 97-026, no desorption 
could be measured. 

0 TlTANlA B (DRIED AT 150°C) 

0 TlTANlA B + 0.5% 9 7 - 0 2  6 
(DRIED AT 150'C) 

CONCENTRATION (ma. mlrl) 

Fig. 6. The adsorption of Paralnc 10W on treated and untreated titania pigments 
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in Toluene) 

0 I 2 3 4 
CONCENTRATION (mq. ml.-1) 

Fig. 7. Adsorption and desorption of n dimethyl fluid on titaniaiB 

Dispersion 
The dispersion curves for various untreated and silicone treated titanias in the 
paint resins are shown in Fig. 8. The treated pigments were prepared by 
applying the silicone from 11-hexane, although various other methods of treat- 
ment d o  exist. The effect of applying the treatment under different conditions 
was also investigated. The dispersion curves for pigment B that has been ball- 
milled with a solution of 97-026 in n-hexane, and for B treated with 97-026 
and subsequently micronised, are also shown. The micronised pigment was 
prepared using a fluid energy mill (Apex Construction-Model 260). 
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B+ 0.5% 9 7 . 0 2  6 (Fluid Energy Milled) 

f) B+ 0.5% 9 7  . 0 2 6  (Ball-Milled) 

Fig. 8. Dispersion of treated and untreated titanins in paint resins 

lo -  

These results show that, in order lo  achieve optimum dispersibility in these 
resins, the pigment must be subjected to high shear either during or  after 
treatment. 

Q B+ 0.5% 9 7 . 0 2 6  

Q B  

0 A 

The dispersion of these pigments in the plasticiser paste is shown in Fig. 9, 
from which the superior dispersibility of the silicone t~ea ted  pigments is 
obvious. 

Although no  quantitative n~easurements were made in the case of the pvc 
sheets, a visual assessment showed that a much better state of dispersion was 
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the amount of polymer adsorbed as a function of the heat treatment of the 
powder. Heating the powder reduces the total number of hydroxyl groups 
which are present on the surface. In the case of silicas, physisorbed water can 
be removed from the surface by heating in air at 120°C G, whereas ignition at 
temperatures about 200°C results in the loss of the geminal surface hydroxyl 
groups7. The surface of titania B, the modified rutile, contains a large pro- 
portion of silica, so that little modification of the surface, except for the loss 
of physisorbed water, should have occurred when heating the pigment to 
200°C before adsorption. Outgassing of anatase TiO, at 150°C reduces the 
surface hydroxyl concentration to 4.9 per 100A2 from an estimated 12-14 per 
100A2 on a fully hydroxylated surfacex. It is clear from the results obtained 
that the amount adsorbed is a function of the pretreatment temperature. The 
amount of siloxane adsorbed therefore depends on the surface hydroxyl con- 
centration and, for this reason, all transfers in the adsorption experiments 
were carried out under an argon atmosphere in a "dry-box". 

No attempt was made to investigate the effect of solvent on adsorption, as 
a full discussion of this effect on siloxane adsorption on a hydroxylated surface 
has been given elsewhere:$. Benzene has been shown to adsorb on a hydroxylated 
surface, whereas n-hexane interacts only very slightly, so that the amounts 
adsorbed from n-hexane give truer values for monolayer coverage. Both of 
these solvents are good solvents for polydimethylsiloxanes, so the adsorbed 
polymer must exist in an extended state rather than as random coils. Measure- 
ments under 0 conditions in a solvent that does not interact with a hydroxylated 
surface would have been preferable, but all the so-called 0 solvents for 
polydimethylsiloxanes at 20°C (methyl cthyl ketone, ethyl acetate, 2-butanone) 
interact with hydroxylated surfaces. 

It is interesting to calculate how milch polymer would be adsorbed in a 
monolayer spread flat on the pigment surface, and to compare this figure with 
the specific adsorption values. If i t  is assumed that the siloxane is adsorbed 
flat on the surface, with each (CH,,), SiO unit occupying 22.7A" :as would be the 
case on a water surface". then the amount adsorbed on both pigments B and A 
would be 0.54mg m-,. In every case studied, the specific adsorption figure is 
greater than this value. Many different pictures to explain this discrepancy 
could be presented for the adsorbed polymer molecule. T o  give a flat con- 
figuration, all the polymer segments would have to lie in the plane of the 
surface, and the entropy change resulting from a coiled polymer molecule in 
solution going to an adsorbed molecule lying flat on the surface must be 
excessively high. 

The fact that the a-factor in the expression relating the amount adsorbed 
to the molecular weight is not zero further s~~ggests that the polyn~er molecule 
is not adsorbed flat on the surface. Perkel and UllmanVescribe the expected 
configurations of the adsorbed molecule with changing cr-factor. When a = 0. 
the polymer is adsorbed flat on the surface, whilst when u - 1, the polymer 
is adsorbed at one point of attachment only. For intermediate values of a, it 
seems likely that the polymer n~olecule is adsorbed as a coil on the surface, 
although this coil is more compressed than the corresponding polymer coil 
that exists in bulk solution. 



The adsorption of the phenyl methyl fluids is remarkably similar to the 
adsorption of the dimethyl fluids (Figs. 3 and 4). Comparing two polymers of 
similar chain length, it can be seen that slightly more 97-029 fluid is adsorbed 
than 97-024. Although benzene is strongly adsorbed on hydroxylated surfaces, 
the phenyl group attached to tlie siloxane chain is unlikely to behave similarly 
because of a delocalisation of tlie x electrons of the aromatic system into the 
(1-orbitals of the silicon. It would appear that the phenyl methyl fluids are 
adsorbed in a slmilar manner to tlie dimethyl fluids. 

The increased adsorption produced by the presence of hydroxyl groups in 
the polymer has been demonstrated in two ways. Trimethylsilation of 97-026 
fluid reduces the amounts adsorbed on pigments A and R by 25 per cent and 
15 per cent respectively, as compared witli the adsorption of normal 97-026. 
The values obtained are, however, still well above the flat monolayer coverage 
figures, indicating that some surface coiling of the trimethylsilylated polymer 
is still occurring. 

The adsorbed polymer filni in the case of the trimethylsilylated fluid is thinner 
than the film resulting from the corresponding untreated fluid. More interesting 
are tlie results obtained with the hydroxyl end-blocked fluid, 97-019. A possible 
configuration for tlie adsorption of this molecule is a loose "hairpin" structure 
with both ends of the chain on the surface. Assuming that the area occupied 
by this molecule is determined by the cross-sectional area of the siloxane 
chain (32A2)? a simple calculation shows that the amount adsorbed would 
be 2.46mg m-" This value is in good agreement with the values of 2.40mg m-2 
and 2.20mg m-Qbtained for B and A respectively. 

The adsorption of the ~iietliyl hydrogen fluid 97-032 should be similar to 
that of a diniethyl fluid. Although the Si-H group can be made to react 
chemically with the surface hydroxyl groups in the presence of a catalyst, the 
formation of a hydrogen bond between the = Si-H group in the polymer chain 
and tlie 1iydroxyl:lted surfitce is unlikely. Table 7 shows that more of the methyl 
hydrogen fluid, 97-032, is adsorbed than a similar chain length dimetliyl fluid. 
A material like 97-032 is readily hydrolysed by traces of moisture to give 
= Si-OH groups which, as was noted earlier, markedly increase the aniount 
adsorbed. 

The aniount of the amine functional material 97--016 adsorhed is consider- 
ably greater than that of any of tlie other polymers studied. Benzene is 
adsorbed on a liydroxylated surface, but the aniine group is more strongly 
adsorbed, which accounts for the fact that the adsorption of this polymer is 
independent of tlie solvent used. 

By making a nioleculnr niodel of the polymer moleci~le and estimating the 
possible areas which woi~ld be involved in bonding, it can be shown that only 
the five amine functional side chain groupings are involved in bonding with 
the surface. TIie value of 5.32mg m 'L which can be calculated agrees well 
with the experimentally determined value of 5.1Xmg mP.  The majority of 
polymer adsorption isotherms reach the saturation value at very low solution 
concentrations. concentrations that generally cannot be accurately measured, 
and certainly not by infra-red spectroscopy. In the case of the amine functional 
fluid, however, the plateau is reached at a niucli higher concentration. This 
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would indicate that, at low concentrations, the polymer is ndsorbed in a 
relatively flat configuration. although still with all tlie amine functional groups 
being involved in the bonding. However. as the bulk solution concentration 
increases, the adsorbed state becomes more favoured and the adsorbed mole- 
cules are pushed tighter together until the above configuration is attained, with 
the amine groups just touching on the surface. Such i~ configuration would 
lead to a thick film being adsorbed. 

The surface area determined by the adsorption of nitrogen gas at ---196'C 
(using the classical BET method) always gives surf:~ce areas which are greater 
than those measured by the fatty acid adsorption method. Urwin'" has shown 
that a proper analysis of a BET nitrogen surf;lce ilrea by the de Boer t-plot 
method can divide the surface area into two components-internal and 
external surface areas. The former part is caused by the samples being of a 
somewhat porous nature. His paper further shows that the area determined 
by fatty acid adsorption, assuming that the adsorbed acid molecule is 
orientated perpendicular to the si~rf;lce, is eqi~nl to tlie external surface area 
component. It is very unlikely that tlie large siloxnne molecule is able to diffuse 
into any of the porous parts of the substrate. and hence the external surface 
area would appear to be tlie better value to use in  any interpretation of siloxane 
adsorption. 

The surface areas of the saniples of titonia treated with 97-026 as measured 
by tlie adsorption of palmitic acid can be regarded as a measure of the untreated 
portion of the surface. The possibility of :I difl'crent adsorption mechanism 
for palmitic acid on a silicone treated surface can be dismissed, since any 
interaction between the alkyl chain of the acid and the ~iiethyl groups in the 
fluid would result in the acid lying flat 011 the S L I ~ ~ I C C .  In this conlig~~ration. 
tlie pnlmitic acid molecule woi~ld occupy1" an ilrea of 114A" which w o ~ ~ l d  
predict a surface area for pigment R some five and a half times the measured 
value. The fact tliat a small amount of' palniitic acid is adsorbed even on a 
sample of titania which has been coated with tlic maximum quantity of siliconc 
(corresponding to the maximum of the previously determined ;~dsorption 
isotherm) implies either that t1:c poli~r palmitic acid is displacing some of tlie 
phvsicnlly adsorbed siloxanc or. more probably, that n small number of iln- 

reacted hydroxyl groups are still present on tlic surli~cc. 

Two different niodes of adsorption. depending on the functionnl groups 
attached to the siloxane chain. are possible. In the case of the dimethyl or tlie 
phenyl methyl fluids, the interaction bctwccn the surfilcc liydroxyls and the 
alkyl or aryl groups 011 tlie siloxnne can result in :I weak adsorption, whilst the 
presence on the siloxune of various runctional groups, such as nmine or hydroxyl. 
can result in a much stronger adsorption. In this latter case, tlie forniation of 
a chemical bond between tlic surf'iicc and the siloxanc arises. a filctor that is 
fivoi~red either by tlie npplicntion of heat or by tlie use of' certain catalysts. 
The difyerence in the nature o f  these two forms of adsorption is shown by the 
desorption experiments, si~ice in the case of the wcnk adsorption tlic coating 
can be extracted, whilst this is not possible with the strongly adsorbed coating. 
The fact that the weakly adsorbed coi~ting formed by the adsorption of 97-026 
is only removed by a highly polnr solvent implies that this coating is held much 
more strongly than a considerntion of the forces involved woi~ld suggest. For 
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desorption to occur. however. it is necessary for all portions of the molecule 
in contact with the surface to be removed. I t  is possible that fewer contacts 
exist after the desorption experiments, but that a sufficient number per molecule 
remain to keep tlie chain adsorbed. 

The results obtained from the study of the dispersion of the treated titanias 
in the paint resins clearly demonstrate the superior dispersibility of the silicone 
treated samples, and also indicate that a certain amount of energy must be 
supplied to the system, either during or after treatment, to obtain maximum 
dispersibility. Energy is presumably necessary to break down any aggregates 
in the titania that have formed on standing. The amount of 97-026 adsorbed 
after simply shaking with a solution of the siloxane in liexane was compared 
with tlie amount adsorbed by milling the titania with the same siloxane solution. 
For pigment B dried at 120' C, T,, -- 1.19mg m-" whilst milling increases this 
fjgure to 1.75mg m 2. This would imply that the aggregates are being broken 
down and fresh surf:~ces made available for siloxane adsorption. 

The dispersioii of a powder in a liquid medium consists essentially of three 
consecutive stages; the wetting of tlie primary and secondary powder particles 
by tlie liquid and the removal of any moisti~re and gas adsorbed on their surface, 
tlie breaking down of the aggregates prcscnt and the wetting of the fresh surfaces 
exposed and, finally, the stabil~sntion of the dispersion. The high energy of the 
hydroxylated surfr~ce of titania gives rise to interparticulate associative forces 
wh~cli cause agglomeration to occur. The efTect of silicone treatment is to reduce 
these forces, and therefore tlie particles separate more readily, more surface 
becoming available for wetting by the liquid phase. This mechanism appears 
to function when tlie trcated titanias are dispersed in tlie plasticiser, since 
in this medium the i~ntnilled treated pigments performed considerably better 
than they did in the paint resins. 

The silicone treatment of titania will also reduce the aggregation that occurs 
on standing, by rendering tlie surface hydrophobic and preventing the adsorp- 
tion of moisturc, and also by lowering the initla1 high surface energy of the 
powder, since. in general, the adsorption of moisture and a high surface energy 
are the two factors promoting aggregation. The samples of titania used for 
this investigation already contain 11 large number of aggregates; the effect of 
silicone treatment alone, although facilitating the breakdown of these, was not 
suficient to give a marked improvement in the dispersibility of the titania. 
For this reason milling was necessary to break down these initial aggregates. 
If. however, the silicone treatment were applied to an unaggregated sample 
(possibly during a stage in the manufacture). the need for this milling step 
might be removed. 

Although silicone treated titania has been shown to disperse more readily 
in both paints and plastics than the untreated pigment, the durability of various 
media pigmented with the treated titania obviously needs further investigation 
before the full potential of this treatment can be assessed. In this investigation, 
a limited number of silicones has been evaluated and their adsorption 
characteristics measured. Various other functional silicones remain to be 
investigated but, of these, one class in particular is worthy of mention. A 
sample of B treated with N-(3 amino ethyl-y-amino propyl trimethoxy silane 
was found to disperse well both in paints and plastics. An interesting possibility 
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arises with this and related compounds, since this molecule is potentially able t o  
bond chemically both to the pigment and to the organic medium. 

Conclusions 
To produce an effective silicone treatment for titania from non-aqueous solution, 
the pigment must initially be dried and the solvent used must be one that has 
the minimum interaction with the hydroxylated surface (11-hexane). The adsorp- 
tion is governed by the molecular weight of the silicone, the amount adsorbed 
increasing with increasing d~methyl siloxane chain length. The presence of 
hydroxyl and amine functional groups on the siloxane side chain tends to 
increase the amount adsorbed, whilst the adsorption of the phenyl methyl 
fluids is essentially similar to the adsorption of the dimethyl fluids. 

The effect of the silicone treatment of titania is greatly to improve its dis- 
persion in both paints and plastics. A consideration of various methods of 
treatment has shown that the titania should be subjected to high shear either 
during or after treatment, in order to produce a pigment with optimum dis- 
persing properties. 

[Received 9 December 1970 
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The determination of sulphate and 
ammonium ions on rusted steel 
panels 
By J. E. Davies 

Quality Assurance Directorate (Materials), Ministry of Defence, Headquarters Building, 
Royal Arsenal East, London SE18 

Srirr~tlrury 
Methods for the dctermination of sulphate and aninioniuni ions at 0-100 ppm on rusted 
steel panels have bcen developed. The sulphate, aftcr solution, is adsorbed on a column of 
alumina to remove iron, desorbed with animonia and determined spectrophotometrically 
using barium chloranilate. The ammonia is distilled aftcr reacting the steel with sodii~m 
hydroxide, and determined spcctrophotometrically using sodium plicnoxide/liypochlorite 
reagent . 

Keywords 

Types of srrrfi~ce Proces.sc~s ancl r?lethocls pritrrarily associated with 
steel nnu~ysi.~, Irrecr.suret~~etrt, and testing 

ammonia determination 
colorimetry 
si~lphate dctermination 

Le dosage des ions sulfatbs et des ions d'ammoniaque partir des 
hprouvettes en acier rouill6 

On a niis au point dcs mi.tliodcs dc dosage des ions si~lfi~tds et des ions d'animoniaque aux 
concentrations dc 0 11 IOOppm, B partir des 6prouvettes cn acicr rouillc. Apres sa dissolution, 
le sulfate cst adsorb6 sur unc colonne d'aluminc, a f n  d'enlevcr le fer, ct ensuite dcsorbi- par 
I'aninioniaque et dosd spectrophotomCtriqucnicnt au moycns du chloroanilate de baryum. 
L'ammoniaquc est retiree par distillation, aprks le traitement de I'acicr par l'hydroxyde de 
soude, ct dose spcctropl~otomCtriqi~ement ail moyens du reactif phenate/hypochlorite de 
soude. 

Die Bestimmung von Sulfat- und Ammoniumionen auf Verrosteten 
Stahltafeln 

Methoden zur Hcstinimung von Sulfat- und Ammoniumionen auf verrosteteni Eisen im 
Bereich cines Gelialtes von 0-100 Teilen pro Mio. wurdcn ausgearbeitct. Das Sulfat wird 
zur Entfcrnung des Eisens nach I,6sung in eincr niit Aluminiunihydroxid gcfiillten Kolonne 
adsorbicrt, liiit Animoniak desorbicrt und untcr Benut7ung von cliloranilsaurem Barium 
spektrophotometrisch hestimmt. Nachdeni die Reaktion zwischen Stahl und Natrium- 
liydroxid hcendet ist, wird dcr Amnioniak a bdcstilliert i ~ n d  unter Senutzung des Reagens 
Natriumplienolat-Hypocllbrid spcktropliotomctrisch bestimmt. 
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@ O T O M ~ T P M Y ~ C K M  IlPMMeHRR p C a r C t 1 T  M'3 r M f l O X n O p M T a  @ ~ H O J I R T ~  HaTpM5l .  

Introduction 
As part of a programme designed to establish a correlation between the 
corrosion of painted steel panels exposed to natural weathering and to 
sim~~lated conditions in tlie laboratory, it became necessary to determine the 
concentration of chloride, sulphate and amnionium ions on rusted steel panels 
before painting. The chloride determination has already been described1. 

I t  is well known that small quantities of chloride. sulphate2 and ammonium 
ions" markedly increase the rate of corrosion of stecl surfi~ces and adversely 
affect the performance of applied paint systems. Althougl~ the concentrations 
of these ions necessary to uccelcrate corrosion arc small, penetration into the 
metal, particularly if the surface is irregular, may be deep. Removal of an 
appreciable depth of metal is therefore often necessary to ensure conlplete 
recovery of the corroding ions. The problem. therefore, resolves itself into 
one of determining small quantities of specific ions in the presence of a large 
excess of iron. 

Experimental 
Dctcrrninntio~ of sulphcrtc 
In early attempts to determine sulphate, the surface layers of the steel plate 
were dissolved in dilute hydrochloric acid and the solution passed through a 
column of Dowex SOW-XX cation exchange resin to remove iron. The sulphate 
in the effluent was then titrated with barium perchlorate using Si~lphanazo 111 
as indicator. Complete removal of the iron present was necessary to avoid 
interference with the titration, and to achieve this a high capacity column of 
100-200 mesh resin was required, which needed regeneration after each deter- 
mination. This procedure, involving a large sample volume, was too time 
consuming for a routine method. 

The alternative route of adsorbing the sulphate ion on an anion exchange 
resin was unsatisfactory because the sensitivity of the titration with barium 
perchlorate was much reduced by the presence of eluting agents (ammonium 
chloride or hydroxide), whether the solution was butrered or not. The possi- 
bility of using a second column of cation exchange resin to remove ammonia 
was considered but dismissed in view of the time factor involved. 

F. Nydah14 has shown that an alumina column is particularly effective for 
adsorbing sulphate ion, which can subsequently be desorbed by hydroxide 
ions. This technique was used, the titration procedure being replaced by a 
method which was insensitive to the presence of ammonium ions and at the 
same time capable of covering the range of sulphate concentrations likely to 
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Carbon Black in High Fashion 
Black 1s once again i n  fashion. Teen- 

agers like to wear black tights or  stock- 
lngs The " l ~ t t l e  black dress" for  a party 
- a m i n ~ ,  of course, nowadays - is as 
popular as ever. For the theatre or a 
ball, black evening dress is the height 
of elegance. 

And what guarantees that spun-dyed 
blzlcks remain fast t o  l ight and the 

act lon of modern detergents? Carbon 
black1 Carbon black as the pigment in 
black fabrics and prints. 

The particles of carbon black, around 
10-30 mill ionths of a mill imetre in size. 
are particularly well suited to the in- 
tense spin-dyeing of the finest fibres. 
High fashion i n  fabrics, black pigmen- 

t a t ~ o n  with carbon black is  often an  
absolute necessity i n  the case o f  
paints, printing inks or  carbon paper. 

DEGUSSA colour blacks are of high 
quality, tried and tested to stand your 
products i n  good stead. DEGUSSA of- 
fers a wide selection of special grades 
of carbon black t o  give you tip-top per- 
formance under all conditions. 

also ~n bead form " suppl~ed also ~n bead form, as Pr~ntex U "' bead form CoraxQ 300 

Our agents In the Republlc of Ireland Messrs Chemlcal Servlces Ltd 54a Ralnsford Street. Dublln 8 

DEGUSSA Colour Blacks For  Paints And Printing Inks 

We would like It all in black and whlte! 

Please send me a sample of carbon black grade 
together wlth deta~led ~nformat~on 

Company 

Name 

Regent Super 
F W 2 V '  
FW 200 ' 

S 170 
Speclal Black 5 '  
Speclal Black 15 
Special Black 4 '  

Special Black 4 A  

Carbon Black LT 
Carbon Black LTD 
Pr~ntex"' V "  

Pr~ntex' 140 V '  

Prlntexs 400 
Pr~ntex' 30 '  
Prlntex* 300'" 
Prtntex' A' 
Pr~ntex" G ' 

Lamp Black 100 
Lamp Black 101 ' 

- 

Address 

DEGUSSA. Pigments D iv is~on.  6 Frankfurt 'Main 1. 
Postfach 3993, Telefon (06 11 1 21 81 Z 

Colour 

58 
63 
63 

71 
75 
84 
80 

80 

81 
81 
83 

84 

84 
90 
90 
94 
98 

93 
102 

Sales concessionaire In the U K.: 
Bush Beach 8 Segner Bayley Ltd.. 

175. Tottenham Court Road, London. W. 1 

Tinting 
Strength 

0.75 
0.78 
0.73 

0.98 
0.83 
0.96 
0.86 

0.86 

0.66 
0.66 
0.95 

0.91 

1.01 
0.91 
1.00 
0.73 
0.64 

0.66 
0.21 

011 Ab- 
sor,pIgn, 
g g 

840 
700 
650 

650 
430 
250 
300 

230 

360 
360 
400 

360 

330 
400 
360 
300 
250 

400 
280 

Partlcle 
S~ze.ar~th. 
mean m/l 

10 
13 
13 

17 
20 
25 
25 

25 

35 
35 
25 

29 

25 
27 
27 
41 
51 

51 
95 

BET 
Surface 

Area.ml/g 

710 
460 
460 

200 
240 
100 
180 

180 

80 
80 

110 

96 

95 
78 
78 
46 
31 

48 
21 

lor hlghest quality let black finishes 
for all types of high qual~ty deep black finishes 
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be met in practice. The gravimetric procedure will not meet this last condition 
as it is unsatisfactory at low levels of s~~lphate  concentration. I t  was, however, 
used to check the reliability of a colorimetric procedure at the higher levels. 

The colorimetric method selectedJ involves the react~on of solid barium 
chloranilate with sulphate ion in 50 per cent ethyl alcoliol solution, liberating 
the coloured chloranilate ion, which absorbs at 530nm. The ethyl alcohol 
decreases the solubility of barium sulphate and barium chloranilate and so 
increases the sensitivity of the method: 

The amount of acid chlor:~nilate liberated is proportional to the sulphate ion 
concentration. 

Prc)pumtion of c.l~r~otnmto~r-rrp11ic column: A quantity of chromatographic grade 
alumina was digested in approximately nor~iial hydrochloric acid at  room 
temperature for about one hoi~r, wi~slled free from fincs by decantation until 
the supernatant liquid was :111iiost clear after standing for one minute, then 
dried in an oven at  110 C. The dried material was then sieved and that portion 
which passed a 200 BS sieve rejected. 

Details of the column used arc shown in Fig. 1 .  The column was filled with 
an aqueous slurry o f  alumina to a height of approximately 150mm. Normal 
hydrochloric acid (501nl) and water (30ml) were passed through the column 
before each determination. 

Reqycrtts: All solutions used were made up from AR grade reagents except 
where otherwise specified: 

approximately N hydrochloric acid. 
approximately 0. I N hydrochloric acid, 
approximately 0.1 N ammonium hydroxide, 
approximately N ammonium hydroxide, 
approximately 5N hydrochloric acid, 
saturated solution of picric acid, 
10 per cent (w,v) solution of barium chloride, 
barium chloranilate, 
potassium sulphate (previously dried at 105OC), 
0.05M potassium hydrogen phthalate, 
industrial methylated spirit. 

E.vpc~*imrnl.s witli potassium sulphatc~ solution: To confirm that quantitative 
recovery of sulphate ion from the alumina column was possible, preliminary 
experiments were conducted using a gravimetric procedure for the determination 
of sulphate adsorbed from potassium sulphate solutions. 



Alumina 

G2  Sintered disc pressed 
into recess 

Rubber 0 rings 

SO 24 Screw cap Joint 

Tef Ion 

Tapered teflon stopper 

Fig. 1. Chromatographic column 

A solution of potassium sulphate was prepared by dissolving 0.25308 of 
potassium sulphate in water and making the solution up to IOOml in a 
graduated flask. Normal hydrocliloric acid (10.0mI) together with lOml of this 
potassium sulphate solution were then passed through the column. The 
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absence of sulphate in the column effluent was confirmed by tests with barium 
chloride solution. 

The sulphate was desorbed by passing lOml of normal NH40H followed by 
30ml of 0.1N NH,OH through the column, the effluent being collected in a 
250ml beaker containing 3ml of 5N HCl. A saturated solution of picric acid 
(1.5ml) was added to the beaker, the solution boiled and the sulphate pre- 
cipitated by adding 2ml of barium chloride solution to the boiling solution: 
the liquid was kept simmering for 5 minutes and then allowed to stand for 
2 hours at room temperature. The precipitate of BaSO, was filtered on a G4 
sintered glass crucible, dried and weighed. 

Table I 
Results of experitnents ~rsitig potassium sulphate solution 

SO,- - Added (g) S O ,  - Found (g) % Recovery Mean 
% Recovery 

Experiments using stc>el plate: Sulphate determinations were carried out on 
metal plate (6in x 4in) treated as shown below. 

(a) Original metal plate supplied to BS 1449 Part 1B, CR3lFF.18 BG. 
(b) Metal plate as in (a), which had been subsequently grit blasted according 

to DEF 1053 Method No. 2. 
(c) Metal plate prepared as in (b) and then dipped three times daily, at 

10.00, 13.00, and 16.00 hrs for 5 days in the corrosive solution referred 
to below. Between dips, the panels were allowed to stand over distilled 
water in an enclosed atmosphere at 20°C. 

Corrosive solution 
Ammoniunl sulphate . . . . . . . . . .  1.86g 
Sodiuni chloride . . . . . . . . .. 0.14g 
Solution of sulphur dioxide (6g/100mI) (prepared as 

inBS1391,clause15) .. . . . . . . 17ml 

Because of drainage of the corrosive solution, the top and bottom edges 
of the panel differed markedly in degree of corrosion. For this reason, lin 
wide strips at the ends of the panel were not used for analytical purposes. 
To confirm that the alumina column gave reproducible results under working 
conditions a series of determinations was carried out using rusted steel panels. 

Three lin x lin squares cut from an artificially rusted steel panel were 
refluxed with IOOml of 5N hydrochloric acid for 3 hours; after cooling, the 
solution was filtered through a glass-fibre paper and the filtrate halved. 
Sulphate was added to one half before passing it through the column but not 
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to the other. The total sulphate concentration was then determined gravi- 
metrically. 

Table 2 
Results of ecx-perinierrts u.$itig .rtoel plate 

SO, - added (g) 

Having established that an alumina column was capable of giving quanti- 
tative results for sulphatc in the prescncc of a very large excess of iron, it war 
then necessary to determine the depth of penctratlon of sulphate into the steel 
plate, As the concentration of sulphntc might vary from saniplc to sample. 
several acid extractions were carried out on t l~c  samc sample and the sulphatc 
determined on each. This was donc by varying thc strength of the hydro- 
chloric acid (2N,  5N and 7 N )  used for refluxing. Thc 7N acid war found to 
dissolve the steel plate completely. The use of the strongest acid was con- 
sidered undesirable, since reduction of sulphate might occur with too vigorous 
a reaction. 

- 

It was found that, when IOOml of 2N HCI was used, tlic thickness of the 
original panel decreased by the order of0.015in. and si~lpliate, which was not 
present in the original HCI, was detectable in a second extract. With 5N HCI 
(IOOml), some 0.030in of metal was dissolved and no sulphate was detectable 
in the second extract. It was therefore decided to use l001nl of 5N HCI in all 
subsequent determinations. 

SO,- - found (g) 
- - -- . - -- - - 

I'ancl alone Total 
- 

To prove that no reduction of sulphate occurred during dissolution of the 
metal, a sample of rusted steel was treated with 5N HCI (100ml) to remove 
sulphate and the remaining steel was washed several times with water to 
remove traces of sulphate. A further 1001nl of 5N HCI, togethcr with a known 
amount of potassium sulphate, was then added to thc metal. After refluxing 
for 3 hours thc sulphate in solution was determined. 

Resu1t.s 
Sulphate added . . . . . . . . . . 0.018328 
Sulphate found . . . . . . . . . . 0.018248 
Percentage recovery . . . . . . . . 99.55 

E,rpcriment.s usincq harirrm chlorrmilatc-Pr~~pur(ltiotz qf ('ulihratiol~ CLIYVC: 
A calibration curve was constructed using 0.10-0.90ml aliquots, in 0. IOml 
steps, of a potassium sulphate solution containing O.Olg/ml SO,- -. Successivc 
aliquots of the sulphate solution were added to 30ml of water in a 250ml 
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flask. Potassium hydrogen phthalate solution (IOml), industrial methylated 
spirit (50ml). and barium chloranilate (0.3g), were then added and the flasks 
shaken for 15 minutes. After filtering, the solution was transferred to a 
volumetric flask and made up to IOOml with water. 

The rtbsorbence of the solutions was determined at 530nm. A blank 
determination was carricd out simultaneously, and this was used to adjust the 
instrument to zero absorbence before any sample readings were taken. The 
calibration curve is shown in Fig. 2. Beer's law is obeyed over the concen- 
tration range studied. 

!:ONCL N I l l A l  ION ( 1 )  bllLl'IiAT1 Il,ptl8l 

Fig. 2. Calibration curve for calorimetric determination of sulphatc 

Direct addition 

Mls of K,SO, 
solution 

-- -- -- 

- -. - - . -- - - 

A bsorbence 
.. - - - -- 

After refluxing and passing 
through column 

.- - 

1 
-- - 

Mls of K,SO,, 
solution A bsorbence 

. . - -. - 

0.10 

. - - -..- 

0.0655 
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The procedure was repeated at the 10, 50, and 90ppm levels after refluxing 
the sulphate solutions with 5N HCI (100ml) and then passing the solution 
through the alumina column. Recoveries of 95, 93 and 94 per cent respectively 
were obtained using the calibration curve. 
Comparison of gravimcfric und colorimetric moth or/.^: Three l in Y l in pieces 
of steel were digested with 5N HCI (100ml) for 3 hours, or until evolution of 
hydrogen ceased. The solution was cooled and the condenser washed down 
with lOml of water. The solution was filtered and the remains of the steel 
plate washed with water (10ml). The filtrate was halved, and each half passed 
through the column, thc sulphate then being determined gravimetrically and 
colorimetrically. 

TuhIc~ 4 
Cotnpnrisoti of ,qrcrri~~ic~iric lrtltI cok)t.i~llctric t7triltodc. 

The two methods agree to within 5 per cent, which is adequate for the level 
of sulphate involved. 

Colori~iietric 

Two separate determinations were carried out on three lin \: lin pieces 
of virgin and grit blasted steel panel using the colorimetric method. In each 
case the whole cf the 5N HCI extract (1001nI) was used. With virgin metal 
both determinations gave a figure of 0.01 7g'sq ft of steel. The corresponding 
result for grit blasted metal was 0.024g sq ft on both determinations. These 
results illustrate the importance of using blanks of original grit blasted steel 
in precise determinations. 

Gravinletric 

The determination of umrnonia 
In early attempts to determine the ammonia present in rusted steel panels, the 
surface layers of the steel panels were dissolved in hydrochloric acid (2N); the 
resulting solution was transferred to a distillation assembly, made alkaline 
with sodium hydroxide (5N), and distilled in iln attempt to separate the 
ammonia. The large excess of iron hydroxide madc dTective control of the 
distillation extremely difficult. 

Panel - - - - .- - - - - 

nun1 her SO, found SO,- /sq ft SO, - found S O ,  -/sq ft 
(&) steel ( g )  (g) steel (g) 

-- - - - - - -- - - - - -- 

An alternative method was therefore sought. The direct action of sodium 
hydroxide (5N) on the steel was investigated and found to be satisfactory. 

The ammonia was collected in dilute s ~ ~ l p h i ~ r i c  acid (0.1N) and the deter- 
mination was completed using Riley's methodQs improved by Crowther and 
Large7, which utilises the blue indophenol c o l o ~ ~ r  produced by sodium 
phenoxide!sodium hypochlorite with ammonia. 
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Preparation of rca,qmts: All solutions used were made by using AR grade 
reagents. Nessler's reagent-potassium iodide (log) was dissolved in IOml of 
water and a saturated solution of mercuric chloride (60g I-l) was added drop- 
wise, with shaking, until a slight permanent precipitate formed. To this, 80ml 
of 9M potassium hydroxide was added and the solution diluted to 200ml. 
After standing overnight the clear solution was decanted and stored in a dark 
bottle. 

Ammonia-free sodium hydroxide solution-A lOOg portion of sodium 
hydroxide, together with 1.5g of potassium permanganate, was dissolved in 
500ml of water and the solution was distilled until the distillate gave no  
reaction with Nessler's reagent. 

Ammonia-free water-To u litre of water, 20g of sodium hydroxide was 
added and the solution distilled. The distillate was rejected until tests with 
Nessler's reagent showed that it was free of ammonia. The distillation was 
then continued until 500ml of distillate had been collected. 

Sodium phenoxide solution-A solution of 62.58 of phenol in industrial 
methylated spirit was prepared, 18.5ml of acetone added and the solution 
diluted to IOOml with industrial methylated spirit and stored in a brown bottle. 
A 27g quantity of sodium hydroxide was dissolved in ammonia-free water, 
and the solution diluted to lOOml and stored in a polythene bottle. Both 
solutions were kept in a refrigerator at 0°C. 

The solution of sodium phenoxide was prepared immediately before use by 
mixing 20ml portions of the two solutions and diluting to 50ml with ammonia- 
free water. 

Sodium hypochlorite solution-A solution of sodium hypochlorite (10-14 
per cent w/v) was diluted to give a solution containing 1.00 f 0.05 per cent 
available chlorine when determ~ned iodomctrically. The solution was stored in 
a brown bottle in a refrigerator at 0°C and the available clilorine checked at 
frequent intervals. 
Preparation o f  calibration c-urvc: A solution of ammonium chloride was pre- 
pared by dissolving 0.29658 of A R  ammonium chloride, previously dried over 
phosphorous pentoxide, in :lmmonia-free water and diluting to IOOml in a 
standard volumetric flask. Portions of 0.10 to 0.90ml, in steps of 0.20m1, were 
then transferred to distillation flasks containing lOml of water. Each flask 
was connected to a splash head and a condenser fitted with a collecting tube 
which dipped into an absorbing solution consisting of 15ml of 0.01N sulphuric 
acid. Ammonia-free sodium hydroxide (150ml) was added to the flask and 
70mI of distillate collected. The solution was then quantitatively transferred 
to a IOOml volumetric flask and the volume made up to the mark with water. 

A 10.0ml portion of the distillate was transferred to a 25ml volumetric 
flask and 4.0mI of s o d i ~ ~ m  phenoxide added. After mixing, 3.0ml of sodium 
hypochlorite solution were added and the solution was diluted to 25ml with 
ammonia-free water and allowed to stand for 10 minutes before measuring 
the absorbence at 625nm. A blank determination was carried out simul- 
taneously, and this was used to adjust the instrument to zero absorbence 
before any sample readings were taken. The calibration curve (Fig. 3) was 
found to obey Beer's law. 
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Fig. 3. Calibration curve for colorimetric determination of ammonia 

Ammoniu ckrerminutions 011 .ste~l plate: Using the above procedure, ammonia 
determinations were carried out on virgin, grit blasted, and artificially corroded 
samples of steel plate. The corroded panels were prepared as described in the 
sulphate method. 

In view of the small amount of ammonium ion expected, twelve lin ./ lin 
pieces of panel were taken, as opposed to three l in :.: l in for chloride1 and 
sulphate. The results, shown in Table 5 ,  are in all cases derived from difrerent 
6in 4: 4in panels of steel plate. 

T ( ~ h / c  5 
RP.s*I//,s of ~ ~ t t ~ t i r o t r ; ~ ~  ( /~~t i~r t t r i t~o/ io~rs  

Sample 
- - 

Virgin ~nctal ( I )  . . . . . . . . 
Virgin nietal (2) . . . . . . . . 
Grit blasted panel ( I )  . . . . . . 
Grit blasted pancl (2) . . . . . . 

Grit blasted panels alicl- corrosive 
treatment: 

Panel 2 . . . . . . . . . . 
Panel 3 . . . . . . . . . . 
Panel 4 . . . . . . . . . . 

A bsorbcncc 
-- - 
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These results are of the order expected, and show that the reproducibility 
of the niethod is adequate. 

Discussion 
The results obtained above show that the methods developed for the deter- 
mination of sulphate and ammonia in virgin and shot blasted steel panels 
have satisfactory accuracy and precision. The sulphate method is designed to 
measure the concentration in the corrosion products, but because metal has 
to be dissolved the results will include any sulphate in the original steel. If it 
is necessary to distinguish between these two sources of sulphate, corrections 
for the sulphate present in the virgin steel must be applied. 

Similar corrections are required in the determination of ammonia, even 
though in this case there is no dissolution of the metal. 

[Received 20 December 1970 
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On the adhesion of alkyd resin 
films to substrates other than glass 
By P. M. Heertjes and J. de Jong 

Laboratory of Chemical Engineering, University of Technology, Delft, Netherlands 

S~~rnmary 
It  is shown that the theory developed for the peeling-off of a film from a substrate, expressed 
in four parameters for the viscoelastic properties of the resin tilm and two for the boundary 
layer between the resin and the substrate, can be used for other substrates as well as glass. 
The substrates used arc polyniethylmethacrylatc, aluminium, stainless steel and brass. 

Keywords 
Types arrrl classes t$s~irfuce 

aluminium 
brass 
polymethylniethacrylate 
stainless steel 

7:vpc<s atlrl c1tr.ssc.s o f  cotr/itig 
alkyd coating 

proper tie.^, charac/eri.stic:s ant1 contlitiotr.~ prirnaril.~ 
nssociaterl wi!h dried or clirerf fil,?u 

adhesion 

Sur l'adhirence des feuils de r6sines alkydes aux supports sauf de 
verre 
Rislirni 
On dimontre que la thkorie mise au point pour la vitesse d'Cpluchement du feuil B partir 
du support, exprin~ke sous termes de quatre paranietres i I'Cgard des caracteristiques 
viscoelastiques du feuil de resine, et egalement de deux autres pour la zone interfaciale de 
la resine et du support, peut Etre appliquee aux autres supports sauf ceux de verre. Les 
supports utilises ce sont polyn~ethylmethacrylate, alun~iniun~, acier inoxydable et laiton. 

~ b e r  die Haftung von Alkydharzfilmen auf Substraten ausser 
auf Glas 
Z~rsammei fussling 
Es wird gezeigt, dass die fur die Abschiilgeschwindigkeit cines Filmes vom Untergrund 
entwickelte Theorie, ausgedruckt in 4 Parametern fur die viskoelastischen Eigenschaften des 
Harzfilms und in zwei Parametern fur die Grenzschicht zwischen Harz und Substrat, auf 
andere Untergrunde als Glas angewandt werden kann. Die benutzten Substrate sind 
Polymethylmethakrylat, Aluminium, nichtrostender Stahl und Messing. 

n 0 ~ a 3 a ~ 0  YTO TeOpMIl pa3pa60Ta~~af l  A.rl5i CKOPOCTW LUC~YLUCHM5l nneHKM OT C Y ~ C T ~ B T ; ~ ,  
BbrpaxeHHan B YeTblpex napaMerpax nnn BI13KOynpyrMX CBOUCTB c ~ o n b ~ o i i  nneHKu M B 

~ B Y X  napaMeTpax Ann norpaHusHoro cnon Mexny c ~ o n o i i  M C Y ~ C T ~ ~ T O M ,  M O X T  
IIpWMeHRThCR nnfl ApyrMX cy6c-rpa~oa KpOMe CTeKna. B KaVeCTBe C Y ~ C T ~ ~ T O B  nPMMeHHK)TCH 
nonuMe-rHnMeTaKpunaT, a n w ~ u ~ k i i i ,  HepxaBemuan cTanb M n a ~ y ~ b .  
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Introduction 
In a previous paper1 a theory has been developed relating the peeling-off 
behaviour of an unpigmented alkyd resin film to the viscoelastic properties 
of the film, described with a four parameter model, and the adhesion of the 
film to a substrate, expressed in two boundary layer parameters. These 
parameters A and .q3 are considered to be characteristic of the binding of the 
film to the substrate. The viscoelastic properties of the film have been studied 
by performing creep experiments with free films and describing the measured 
deformation versus the time with the aid of the four parameter model. This 
model is shown in Fig. 1. 

Fig. 1. The four element model for the description of the viscoelasticity of the resin films 

The creep equation, resulting from this model is: 

ri(El 1 E,) rit ri 
Et - E? - 

E, - exp - - t . . . . . . . . . . . .  
4 E 2  I - <  E2 "i 2 

in which c t  = deformation at time t. 
a = load in g ~ m - ~ .  
r = time in seconds. 

The values of E are then in g cmp%nd the values of -q in g sec cm-2 
(g = gram force). The changes in the width and the thickness of the film are 
negligibly small when the value of E, is smaller than 0.05-0.1; in these cases 
the correction on E, due to the decrease in the film thickness and width 
is negligible. 

Using this creep equation for the description of the deformation of the film 
when it peels off, and including the process in the boundary layer between the 
resin and the substrate in which the bond between film and substrate is 
broken, a relation between the peeling-off load o and the time t, needed for 
the peeling-off of a unit film length is obtained: 

-- 
I, I I E , - t E z + _  - -  - - E.7 exp - t ,  . . . . . . .  

cr AEIE2 1 I 3 Yi 2 . (2) 

In both equations (I) and (2) the exponential term approaches zero at high 
values of t or t ,  and a semi-linear relationship between I/o and t(t,) should be 
observed under such conditions. 
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This theory has been verified1 for a glass substrate, giving satisfactory 
results. In the present paper the applicability of the theory for substrates other 
than glass will be investigated. 

Substrates other than glass 
With glass as a reference substrate, the peeling-off behaviour of alkyd resin 
films (a long oil, pentaerythritol esterified, linseed oil modified alkyd resin, 
with a composition of about 25 per cent phthalic anhydride and about 62 per 
cent linseed oil) on various substrates has been studied. To eliminate the 
influence of ageing, all the experiments were carried out with films of nearly 
the same age (77-79 days). 

The following substrates were used : polymethylmethacrylate ( Perspex). 
aluminium, stainless steel and brass. The conditions chosen were: temperature 
25"C, relative humidity 35.5 _t 0.5 and 70.5 0.5 per cent. The cleaning of 
the surface of the panels of the various materials was carried out as shown 
below. 

Polymethylmethacrylate (Perspex) was wiped with a piece of cloth wetted 
successively with alcohol, acetone and again with alcohol, was rinsed in 
distilled water, and finally dried in a desiccator at room temperature with an 
air stream of about 55 per cent relative humidity. 

The metals were degreased either in the manner as described above for poly- 
methylmethacrylate or etched for 15 minutes in a mixture of 10 per cent (by 
weight) concentrated hydrochloric acid and 10 per cent concentrated sulphuric 
acid in water. After this treatment, the panels were rinsed in running tap water 
and finally in distilled water. They were dried in an oven at 80°C and stored 
at room temperature at about 55 per cent RH under dust free conditions. 

Glass was degreased and cleaned by leaving the panels overnight in a 
chromic acid solution. Finally, they were rinsed in running tap water, then in 
distilled water and dried at 80°C. The plates were stored at room temperature 
at  about 55 per cent RH under dust free conditions. 

A layer of the alkyd resin solution was applied to the cleaned panels with 
the aid of a doctor blade. The covered panels were then dried. The dry films 
had a thickness of approximately 50 microns. 

Results 
Peeling ofJ' 
Glass: Because the results of the experiments are very sensitive to variables 
such as surface composition, surface cleaning, resin composition and the 
conditions during the application and drying of the resin, it is important to 
use a reference substrate for a given series of experiments. Glass has been 
chosen because of experience obtained with this substrate. 

The following experiments have been carried out: 
I .  peeling off at  35.5 per cent relative humidity, 
2. peeling off at 35.5 per cent relative humidity, but after extraction of the 

film substrate system for 3 hours with distilled water at 40"C, followed 
by a reconditioning for 14 hours at the experimental conditions, 

3. as I, but at 70.5 per cent relative humidity, 
4. as 2, but at 70.5 per cent relative humidity. 
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The loads used in the experiment were chosen in such a way that the semi- 
linear relationship between I o and t,. holds. The results obtained for glass 
are given in Fig. 2, showing the values of r,. versus ],lo. In Table 1, the values 
of (E ,  ! E2)~E,E,  and A(.<, ! -I,,). as calculated from thesc lines, with those 
of the other substrates, are listed. - 

cn . 
70 -71 '1. 

not ex t rac ted  

o extracted 

- t c  ( sec )  

Fig. 2. The relation of tc and l / o  for the peeling off of an alkyd resin from glass 

As can be secn from these results. there is a tendency towards a slower 
peeling off of the film when the substrate film system has been extracted. 
Peeling off bccomcs more difficult when (E, 1 E2)IAE,E2 and l/A(q, 4- q,) 
decrease. This tendency is in agreement with the observations of Walker2 and 
Bullett" who, using a pull-off techniquc, both noticed a better adhesion of 
alkyd resin paints to stainless steel after leaching out the system with water. 
An explanation for this, in all probability, lies in changes in the boundary 
layer properties, because, in general. no changes have been found in the visco- 
elastic properties of an alkyd resin film after a short cxtraction with water 
(see below). 
Polj~netlij~lt~1~71/ia~*1~~~latc. (Pcrspc.\.): The same peeling-off experiments as  
used for glass were carried o ~ ~ t  with poly~nethylmethacrvlate, and the results 
are shown in Fig. 3 and thc I - C S L ~ ~ ~ S  of thc calculations in Tuble 1 .  

not ex t rac ted  
o extracted 

35-36% 

- glass 

Fig. 3. The relation of tc and l / o  for the peeling off of an alkyd resin film from 
polymethylmethacrylate 
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Tt appears that with a low relative humidity the adhesion to Perspex is 
slightly less than the adhesion to glass, whilst at a high relative humidity the 
adhesion to Perspex is better than to glass. Probably the polarity of the 
substrate surface is of importance. 

Alumitlizrm. The metal panels were degreased either with an organic solvent 
or by etching with acid. The influence of the extraction with water has been 
investigated only on the etched metal surfaces. As can be seen from Fig. 4. 
a linear relation between I/c and t,. was again found, so equation (2) could 
be used. The increase in adhesion is remarkable with the etched substrate. 
Extraction of the film results in a sharp decrease in adhesion. Corresponding 
results have been reported by Tooke and Montalvo" who studied the adhesion 
of alkyd resin paints to aluminium. Probably a considerable hydrolysis of the 
resin occurs when the film is extracted with water. Rullett and Prosser5 stress 
the fact that weak boundary layers may be formed on metal surfaces as a 
result of hydrolysis of the alkyd resin used. especially when the metal sub- 
strates contain zinc or magnesium. Aluminium alloys containing magnesium 
appear to have a surface rich in magnesiuni. 

ted 

Fig. 4. 'Tile relation of tc and l / o  for the peeling off of an alkyd resin lilm from 
aluminium 

Staii~less steel and brass. The results of the peeling-off experiments with 
these substrates are shown in Figs. 5 and 6. The calculated values of 
(El  + E,)/AE,E, and A(ql + 3,) are again given in Table I .  As can be seen 
from Figs. 5 and 6 ,  the adhesion to the degreased substrates is less than the 
adhesion to glass, whilst etching promotes adhesion. Extraction of the film,sub- 
strate system for a few hours, followed by drying of the system to the 
experimental low humidity conditions, results in a better adhesion. Cor- 
responding results have been published by BullettY for the pull-off adhesion 
of alkyd resin paints. From the results obtained, it follows that normal 
degreasing techniques can be insufficient to give good adhesion. On metal 
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substrates, the adhesion of an alkyd resin is improved by etching the substrate 
surface. Extracting the filnilsubstrate system for a short time with water 
followed by drying of the system improves adhesion, unless hydrolysis of the 
binder by alkaline metal soaps can occur, as with aluminium substrates. 

t x d e g r e a s e d  

8 e t c h e d  
o etched,  e x t r a c t e d  

0 4 8 12 16 2 0  2 4 x 1 0 ~  -- t c  ( s e c )  

Fig. 5. The relation of t ( .  and l l n  for the peeling off of art alkyd resin film from stainless steel 

I x degreased 
8 ~ 1 6 ~  o etched 

- o e tched,  e x t r a c t e d  

Fig. 6. The relation of t,, and 1/17 for the peeling off of an alkyd resin film:from brass 

E.~tructioii of t11c .fi/in 
Low molecular weight, highly polar fractions of the resin accumulate in the 
boundary layer between substrate and films, as has been shown by Crow16, 
Dintenfass7, Doorgeest* and Sjollema and RadielovicD. 

When the alkyd resin film!substrate system is immersed in water, the film 
and the boundary layer will swell strongly, and their low molecular weight 
compounds will tend to dissolve. The dissolved resin fraction will tend to 
leave the boundary layer by diffusion and become distributed throughout 
the entire film matrix. Because of the short time of extraction used, the chance 
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T(11:lc 1 

Tlre rearlts of' tlrc culcrrlrtiotr c$ the constotrts (El I I:?) AE,E,  a t r d  A(?, -! v:,) 
of ull~ jrtl rcsirr filtlls o r r  I>NI.~O~IS SII~S / I . (~~CS 

Glass . . 

Perspcx . . 

Cllromic acid i I 
Alcohol/ 

acctone 

Aluminium . . 

Brass . . 

Alcohol/ 
acetone 
ctclied 

Stainless stecl 

Alcohol/ 
acctonc 
etched 

Alcohol/ 
acctonc 
elchcd 

that very much of tlie dissolved fraction will leave tlie film is small and there- 
fore no large influence on the viscoelastic properties of tlie films is to be 
expected. Extraction sliould Iiave an influence. however, on the properties of 
the boundary layer, because tlie migration of the low molecular weight com- 
ponents to the bulk of the film enables a better orientation of the remaining 
bigger resin molecules towards the substrate, becnuse there is less competition 
from smaller. more polar, molecules. 

The result is a greater stifrness of tlie boundary layer. In other words, the 
components acting as a plasticiser in the boundary layer have been removed 
by extraction. When the film is dried after extraction. the transport of the 
dissolved components from the boundary layer to the bulk of the film is 
promoted by the filct that water can only leave the system at the film'air 
interface. 

As a result of the extraction it may be expected that more bonds between 
film and substrate will be formed, so that h will be lower. When a metal 
substrate is used, a reaction of acid groups in tlie resin with the substrate is 
possible. 

For low molecular weight components. this results in the formation of metal 
soaps that are more soluble than the acid itself. In addition. these soaps can. 
if they are alkaline enough. hydrolyse the binder. Because of the better 
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solubility of the metal soaps. the effect of extraction of the film'substrate 
system will be more pronounced on the metal si~bstrates than on glass or 
polymetliylmethacrylnle. If the acid group is a part of a large polymer 
molecule. the reaction with the substrate results in the formation of a strong 
bond between the polynier and its substratelo. Etching gives a good adsorption 
of the resin and hence an iniproved :ldliesion, on all metal substrates. because 
of the forniation of a fresh c l c ~ ~ n  surf:lce. However, the increased roughness 
may also play a part in the better adhesion. The following effects of an 
extraction with water can thus be expected: 

because of the short extraction period used, no measurable influence on 
the viscoelastic propertics of the free resin films after extraction is to be 
expected ; 
tlie influence on the boundary layer between the film and the substrate 
is S L I C I ~  that peeling ofT becomes more difficult after extraction; on metal 
substrates this cfrect is more pronounced than on substrates sucli as glass 
and polymetliylmethacrylate: 
when hydrolysis of tlie alkyd resin by alkaline metal soups can occur, 
peeling off will be strongly promoted by a breakdown of the boundary 
layer and tlie resin filni by alkaline soaps; 
at high relative humidity conditions the filni and boundary layer will 
contain so mi~cli water that the effect of extraction and reconditioning 
will be very small: also, tlie difTerences in beliaviour between the alkyd 
resin films on tlie various substrates will become small while, under these 
conditions, all substrr~tes will be covered with a (multi)layer of water 
between tlie resin layer and the substrate. 

It has been stated above that, during tlie extraction period. metal ions from 
metal substrates might difTi~sc into the film matrix. To verify this, the authors 
extracted films applied to stainless steel and aluminii~m (300cm2 film si~bstrate 
area li:ls been treated with 1501nl distilled water at 40'C for 3 hours) and the 
extraction liquid was analysed for metal ions by means of an emission spectro- 
graph for the films and with atomic absorption for the liquid. The results 
obtained for the films are given in Table 2. Alkyd resin films formed on a glass 
substrate have been used as a reference. 

Glass 
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It appears that, in addition to tlie metals Ca, Co and Pb, which are added 
as drying catalysts, ions from the substrates are also present. The high amount 
of magnesium in the film formed on the aluminii~m substrate after extraction 
with water is remarkable. Only in the extraction liquid for the system alkyd 
resin/stainless steel, were metal ions found: 1 ppm Fe, 0.1 ppm Ni and 
I ppm Cr. 

crcc>p 
It was noticed that the alkyd resin films on stainless stccl and brass dried faster 
than the films on tlie other substrates. This is apparently the result of metal 
ions dissolving from the substrate into the film and acting as an additional 
drying catalyst. 

It may be expected that the viscoelastic properties of the films formed on 
these substrates will differ from those of films formed on glass. 

To verify this, the creep of the alkyd resin films formed on glass and 
stainless steel, prepared as described previously1 and after storage during a 
night under the experimental conditions, was measured. The calculated values 
of (El + E,)/E,E, and 7 ,  (equation I) are given in Table 3. All films are of 
the same thickness (50p) and of the same age (78 days). 

From these results it follows that, for films on glass or stainless steel, the 
cxtraction as carried out has no significant influence on viscoelastic properties. 
On the metal substrate, the surface treatment also has no measurable influence 
on the rlieological properties of the film. The conclusion from this is that the 
differences in peeling off behaviour on the same substrate may be regarded as 
resulting from different boundary layer properties. 

Surface RH 
Substratc trcattncnt 

Glass . . Cl~romic acid 35.5 i 0.40 , 2.32 

Only with aluminium as a substrate are the rheological properties of the 
resin film changed following extraction of the film. The deformation under a 
given load is much greater than before the extraction. Hydrolysis of the resin 
by alkaline metal soaps in this case does not seem to be confined to the 

S[airilcss stccl Alcohol/ 
acctonc 
etched 

35.5 
70.5 
70.5 
35.5 
35.5 
35.5 
70.5 
70.5 

I i 0.42 1 2.32 
1.28 I 1.64 

! 1.26 ! 1.66 
I 0.33 4.58 ! 0.33 4.59 

I 0.3 1 4.58 
1.08 1 1.60 

I 

I I 
I 
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boundary layer alone, the film itself is also affected. For films that have not 
been extracted with water, the viscoelastic properties are equal to those of 
films dried on glass and independent of the surface treatment. The creep of 
extracted films measured at high relative humidity does not differ very much 
from that of non-extracted films under these conditions. Apparently the effect 
of hydrolysis is obscilred by that of the high water adsorption in the resin 
film (Table 4.) 

TN/>/(J 4 

The period of water immersion involved in  the preparation of free films is 
just a few minutes. In this period the hydrolysis of the film does not seem to 
bc important, beca~~se no diflerence in the creep behaviour of alkyd resin films 
dried on glass and on aluminium is found. In order to obtain a stable system. 
the necessity of applying a layer that prevents the formation of the alkaline 
soaps on an :ilurninii~m surface, or of using unsaponifiable binders, is evident. 

As has been indicated, the viscoelastic properties of alkyd resin films formed 
on glass or alumini~~m seem to be the same, with the exception of the films on 
:~luminium after extraction with water. This is clearly demonstrated by con- 
sidering the change of the strain-the relative elongation-divided by the 
load ci. with time. From equation (3) follows: 

711 . 10 'I 

Surface 
creatmcnt 

, z- 
L. - - - -  - 

E, : E, : 1 
. . .  

I 
, - -- 

E2 exp. - - - -  I . . . . . . . . . . . . . . . .  
ri I:, E2 ' .<, E2 .q2 

El I L i ,  
Extracted ( , ,, 1 .El& 

- - 2  
5 5 

Graphs of' - versus tin~e, I .  for films with the same viscoelastic properties 
0 

in the experiments carried out under the same experimental conditions should 
coincide. Such graphs for films dried on the various substrates are represented 
in Figs. 6 and 7 ( R H  35.5 and 70.5). 

These figures prove that, within the limits of experimental error, the creep 
properties of films dried on polymethylmethacrylate and aluminium (with the 
exception of the extracted film on this substrate) are identical with the creep 
properties of the films dried on glass. 

The creep behaviour of the films formed on stainless steel and brass is the 
same. These films are less easily deformed than the films on glass. As yet, no 
explanation has been found for the fact that, although the polymerisation of 
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the films is accelerated by a dissolution of metal ions from the substrate. this 
effect for both films containing different ions is the same. As for the experi- 
ments with glass as a substrate, the reproducibility of the experimental results 
with the other substrates is good. 

Calculation of A and 7, 
I t  follows from the results of the creep experiments that the substrates can be 
divided into two groups. Within each group the viscoel;tstic properties of the 
films are the same and only dependent on the relative humidity. One group 
contains the substrates glass, polymethylmethacrylate and aluminiuni, the 
second group contains stainless steel and brass. 

From the data given in Tables 1, 3 and 4, the values of A and 7;, can be 
calculated. Table 5 gives their values for the first group of substrates. 

Tahlc 5 
Crrlcrrlatc~r/ v ~ l ~ i e . ~  of 11rc ho~itrclr~ry lajrrr pr1ratrlPter.s A ~trrl q, 

Subst rate 

Glass . . 

Polymethyl- 
met hacrylate 

Aluminium . . 

Surface 
trcatnient 

Chromic acid 

Extracted 
-- -- 

The influence of the extraction and reconditioning, as such, of alkyd resin 
films on glass or polymethylmethacrylate as a substrate is very small. The 
variations in the values of A and -q, are not significant. The etching of the 
aluminium surface has a strong influence, the value of A increases. Now A is 
the relative elongation, the strain, between the binding groups-distance I,-- 
necessary for peeling off the films. When more bonds are formed with the 
substrate and the displacement of a binding point nccessary to lose adhesion 
(8) remains constant (the type of binding to the substrate does not change). 
increase in A means a decrease in I,, because S remains constant. Therefore, 
with the etched aluminium surface more bonds are formed. This increase 
of A is accompanied by a decrease of 7,, caused by hydrolysis starting in the 
boundary layer. Extraction promotes the hydrolysis of the film and the 
boundary layer, whilst soluble products are transported from the boi~ndary 
layer into the bulk of the film. The number of bonds with the substrate will 
then decrease and so will A, whilst the viscosity of the boundary layer will 
not change much or  increase only slightly, because products which may act 
as a plasticiser are transported to  the bulk of the film. 
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The resi~lts calculated for the second group of substrates are given in  
Table 6. It appears that ctching and extraction results in the formation of 
increasingly stronger boundary layers. The effect is more pronounced under 
conditions of low than at high relative humidity. The influence of etching 
again causes an increase of A. No hydrolysis of the boundary layer, as was the 
case with aluminium, is to be expected in these cases. 

Extraction results in a further increase of h and also in an increase of -I;:,. 
The removal of the low moleci~lar weight soluble fraction of the resin from 
the boundary layer causes an improved adsorption of the larger polymer 
n~oleculcs, by which hand the stiffness of the boundarylayer-q, are both increased. 

Ti~hlil 6 
Ci~lcrrlrr~c~rl volrn,s of  tha horrtitktr:~ IO?TI. pn~.~rrii~te):s A ( I I I ~  VJ 

Substrate 
. - - 

Stainless steel 

Surface 
treatment 

- - - 

Alcohol/ 
acetone 

RH 
Extracted 1 y*; 

- .- -- -- .- - ' 35.5 
- 1 35.5 

i ctchcd 

Conclusions 
The model developed to describe the pecling off behaviour of alkyd resin films 
from a substrate is valid for substrates other than glass, for instance poly- 
methylmethacrylate, aluminium, stainless steel and brass. The nature of the 
substrate used can influence the creep properties of the film, and surface treat- 
ment has a strong influence on the boundary layer properties. Variations in 
peeling-off behaviour can be explained in  terms of these influences. Extraction 
of a film/substrate system results in the transport of a low molecular water 
soluble resin fraction from the boundary layer to the bulk of the film. For the 
extraction period used this has no detectable influence on the mechanical 
properties of the film itself. However, the properties of the boundary layer 
are changed in an appreciable manner-a stiffer layer with more bonds to the 
si~bstrate is formed. This improves the adhesion of the films to the substrate. 
This result can be counteracted by hydrolysis of the boundary layer by 
alkaline metal soaps formed. [Rccc~iveti 16 Novcmher 1970 
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Weathering of paint films 
Ill. Influence of wavelength of 
radiation and terneeratuve on the 
chalking of latex paints 
By E. Hoffmann and A. Saracz 

Division of Building Research, Commonwealth Scientific and Industrial Research 
Organization, Melbourne, Australia 

Summary 
Chalking induced in paint films by radiation of diffcrcnt wavelengths was studied in a xenon arc 
weatherometer. The experin~ents were carried 0111 at two ten1pcraturcs and at various 
humidities. Paints formi~lated with seven types of resin, zinc oxide, and anatase titanium 
dioxide were used in the experiments. 
The rate of chalking of paint films was rcduced to one fifth in somc cascs by lowering the 
temperature from 55°C to 37°C. The wavelength of radiation causing maximum chalking was 
found to lie in the range from 385nm to 415nm for paints formulated with zinc oxide, and 
from 355nm to 415nn1 for paints containing anatasc titanium dioxide. Changes also took 
place in paint films that had not been irradiated, leading to a loss in wcight without chalking, 
and this has been interprcted as cross-linking of the polynler molecules. 
A possible reaction mechanism which could explain the observed phenomena is discussed. 

Keywords 
Tvpes and classc.~ of conting Eyuiptnenf prit7imrily as.sociater/ with 

latex coating atia/.vsi.s, rtreaarrc~r~rrrrt (?tic/ lesting 
wcathcro~ncter 

Properties, characteri.stics, and cotirlitions prittiari/y 
associated with dried or r.rrrecifiltns 

chalking 

Vieiilissement des feuils de peintures 
l l ieme.  Partie: L'influence de la longueur d'onde de la radiation et 
6galement de la temp6rature sur le farinage des peintures- 
6mulsions 

RCsirrnP 
On a etudik Ie farinage provoque en feuils de peintures par la radiation de diffcrentes 
longueurs d'onde au moyens d'un weatherometre a arc dc xcnor~. Les experiences ont etC 
effectuees 5 deux temperatures et a diverses humiditks. On n utilise des peintures a base de 
7 types de resine, de I'oxyde de zinc, et du dioxyde de titane du type anatase. . . 

En certains cas lc taux dc farinage a 6tC reduit h une cinquieme par I'abaissement de la 
temperature de 55°C a 37' C. On a trouve quc la longueur d'onde de la radiation qui provoque 
le farinage maximal Ctait dans la region de 385nm h 415nm pour les peinturcs A base de 
I'oxyde de zinc, et entre 355111-11 et 41511111 ou i l  s'agit deq pcintures contenant du dioxyde de 
titane du type anatase. D'ailleurs, i l  y a eu des changements dans les feuils de peintures aui 
n'avaient pas ete exposes A la radiation, de sorte qil'il y avait une pcrte de poids sans aucun 
farinage. On l'attribuke a la reticulation dcs molecules de polymerc. 
On discute un mecanisme de reaction qui pourrait expliquer les phenomenes observes. 
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flocculation resistance, high 
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Bewitterung von Anstrichfilmen 
Ill. Einfluss van Bestrahlungswellenlange und Temperatur auf 
Abkreiden von Latexfarben 

~ l l . ~ ~ l l l l l ? l ~ t , f i r . ~ . ~ ~ l ~ l ~  

Das durcli Bestralilung mi t  vcrschicdencn Wellcnliingcn in  Anstrichfilmen licrvorgerufene 
Abkrcidcn wurdc in  cincm Xenon-Bogenlanipen Wcathcr-(>-Meter studicrt. D ie Vcrsuche 
wurdcn bei zwei Tcmpcratutcn und hei vcrschicdcner? Luftbeuchtigkciten vorgenoliin1en. I n  
diesen wurden Anstriclimittcl, dcrcn l icxpturcn siebcncrlci Harzc, Zinkoxid und Anatas 
Titandioxid entliicltcn, verwandt. 

I n  einizcn Fiillcn wurde das Mass cfcs Krcidcns durch Hcrabsctzung dcr Tempcratur von 
55 C auf his 7.11 37 C auf cin Fiinftcl rcduzicrt. Es wurdc beobaclitct, dass die maximales 
Abkrcidcn verursnclicnde Strnlilungswcllcnliingc f i i r  ni i t  Zinkoxid rezepticrtc Farben 
za~isclicn 38511111 und 415nm und f i i r  solclic. die Anatas Dioxid cntli;llten, zwisclicn 355111-11 
ilnd 41511111 liegt. Aucli in  An~tricli l i lmen, welclie nicht hcstrahlt wordcn waren, stcllten sich 
Vcriindcrurlgcn cin, die zu <;cwicli!svcrlust oline Abkrciden fiihrtcn; dies wurde als 
Vcrnetzung des Polymcrmolekiils intcrprcticrt. 

Ein miigliclier, die bcobaclitctcn Pliiinomcnc crkliircnder Reaktionsmeclianisnii~s, wird 
hesprochcn. 

M 3 y ~ l a ~ l O ~ b  M IBcCl KOlIatIMt2 8 KpaCO'ltll,lX IlJlcHKax Bbl Il,ll3~cMOe M 3Jly'ICllMeM pa3~114r~oi i  
:IJIMIII>I ROJIH~I-11a RC I~IWMC'I pc KCCIIOIIOI~O~~ IIYI M. On~,li 1.1 II~OBOLIMJIII~~ npH noyx TeMne- 
parypax II ~ ~ ~ ~ M ~ I I I I , I Y  ImarnlloC1~x. 

CKOI>OCTI. MC~OB;IIIIIR K~;ICO~IIII,IX II~CIIOK 61.1~1l1 IIOHIIH(CII;L II HC'KOIO~I.IX cnyqanx no o a ~ o i i  
nnrou racrcl n y i - c ~  IIOIIM>KCIIIIII ~.CMIICP;ITY~I,I OT 55 C 110 37'C. H a i i a e ~ o  I IT~ nnutm 
BOJ1111,I I I ' IJ IYYCHII I I  I i I~I'II~IB~IIOll[~n MaKCMM~IJI1,IIOe MC'J1OB;IIIMC' JIC'XIIT B f l l lalla3~llc OT 3x5 
HaHOllClpOt3 I 1 0  415 IliltlOhlclpOl% JUlR KIXICOK ~ ~ I ~ ~ M Y J I M ~ ~ o B ~ ~ I H ~ ~ x  OKIICblO 1IMtIK;I M OT 355 
I lal lOl lc l~OB 110 415 II;IIIOMCII>OI% JlJlR K1l;lCOK COI~C'~H(; I I I I I IY ;III;IT;l'I I[BYOKMCI4 TLITdHa. 
I-la6:ll0lla;lllCb laKXC I 4 ~ I M C I I C I I I I ~ I  1% KI7;lCO'IIII~IY 1IJICIIK;IX KOTOIlhlC I I C  06ny~la~111~b. YTO 

RC,lO K IlOTepC I3CC;l 6c.1 M713CCIk.OlI;ll lIlR, H ')I.(> O~~IICIIAJIOC~ 06p;l'IOB;lllMe~ I IO I IC~ lCYHb lX  
CB~3cfi I IOJ I I IMC~I I I , IY  MOJIL'I<YJI. 

Introduction 
One of the most important tasks in paint tccli~~ology is to develop reliable 
accclcrntcd tcsting methods, amongst which a pl.occdurc for detcrniining the 
weatlicrnbility of paint liln~s w o u l d  probably rank as thc nlost important. 
Progrcss in paint technology virtu:~lly stands or fitlls with thc availability of 
SLICII ;I nicthod. 

At present, thc consensus of opinion on accelerated testing for wcatlicrability 
appears to be that i t  is a rotlicr unrclinble guidc for estimating the life of a 
paint on a givcn substrate and at a givcn location. 
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After trying many weatherometers and cycles, Novackil came to the 
conclusion that, with sufficient experience and background information, one 
type of coating might be assessed as suitable or otherwise merely by selecting 
the appropriate condition for accelerated weathering. The reason for this very 
unsatisfactory state of affairs is that not enough is known about the mechanism 
of the changes, or at least the degree to which the variables making up the 
weather influence the process of deterioration in an exposed paint film. 

One of the present authors2 has emphasised the need for an advanced under- 
standing of the reaction mechanism, or for a good grasp of the quantitative 
influence of the significant variables that play a role in the changes being studied. 

The main reasons why nothing more reliable has been evolved appear to be 
as shown below. 

The influence of factors responsible for the breakdown of a paint film on 
weathering has rarely been separated and quantitatively investigated. The 
most important variables that should be examined are the relative humidity. 
air temperature, and the intensity and wavelength of the incident radiation. 

Too little attention has been given to the need for direct and quantitative 
measurements of changes in properties. The measurements that should be 
carried out are shown below. 

Chalking should be determined by loss of weight of the paint film. The great 
majority of workers determine the tendency to chalk indirectly by measuring 
the loss of gloss, but this can give very misleading results3. 

Mechanical properties of the paint film should be determined by stress 
strain measurements. The advantages of these are only now beginning to be 
more widely appreciated (for example, see Shur c.t a14). 

Gloss measurements are usually made but, as has been pointed out, they 
do not provide a good basis for conclusions regarding the decomposition of 
resins leading to chalking. 

Fading can be caused by chalking and also by changes in any dyestuff or 
pigment used. This is probably best determined by reflectometry. 

The testing of finished paints is not considered by the authors to be the most 
important purpose of accelerated testing, which should preferably be used to 
study the way in which the various components of a paint influence its properties. 
For instance, anatase titanium dioxide is a pigment that causes strong chalking, 
but what happens if a part of this pigment is replaced by one which causes 
less chalking, such as rutile titanium dioxide or stainless steel? Questions of 
this kind need to be examined5p6. 

When sufficient data on the behaviour of the components of a paint under 
various conditions are available, it should be possible to formulate paints that 
are suitable for a given climate. 

The project on the weathering of paint films carried out at the Division of 
Building Research has these two purposes in mind: the development of useful 
accelerated weathering tests for any climate, and determination of the interaction 
of the components of the paints on their properties. 

This paper deals with the influence of the wavelength of radiation and of the 
ambient temperature on the chalking of latex paints. 



W E A T t 1 E R I N G  O F  P A I N T  F I L M S  

Experimental 
Materials 
Pigments: Anatase titanium dioxide and zinc oxides A and C. The latter are 
made by the indirect process, A by oxidation of zinc metal waste, and C from 
pure ingot zinc. Both types were included because they exhibit differences in 
their mould-inhibiting properties. The zinc oxide pigments have a surface area 
(by nitrogen adsorption) of 4.6 m2g-l, a lead content of 0.05 per cent, and the 
largest particles present are about I pm but most are smaller. 

Resins 
I .  Tetrapolymer of styrene, 2-ethylhexylacrylate, methylmethacrylate, and 

acrylonitrile. 
2. Vinyl chloride/acrylate copolymer (60 per cent vinyl chloride). 
3. Vinyl acetatelfumarate copolymer (1 8 per cent fumarate). 
4. Vinyl acetatelacrylate copolymer (I 5 per cent acrylate) plus 5 per cent silicone 

resin. 
5. Vinyl acetateiacrylate copolymer (I 5 per cent acrylate). 
6. Pure acrylate copolymer. 
7. Vinyl acetate polymer plasticised with dibutyl phthalate. 

Filters: A set of Corning optical glass filters was used. The amount of radiation 
transmitted by these filters has been determined for ten wavelength bands 
and this information is given in Table 1'. 

Table I 
Reluti:v cnrrgy rli.~tribution of rudiuriotr frorn n xenorz-arc transmitted by filters for ten wnvcler~gth 

bands7 

Dctermitlution qfchalki~ig 
The procedure used in this investigation was as follows. Weighed stainless steel 
panels 62.5 x 75mm (2.5 x 3in) were painted and dried to constant weight 
at 38°C. After exposure, the panels were kept at 38OC for 24h and then reweighed 
before and after removing the chalk with a dry cloth. 

- - - 

Total 

- - 
1100.4 
1011.9 
991.7 
868.3 
905.2 
833.8 
800.2 
799.7 
755.1 
660.7 

Filter 
used 

- 

None 
A 
R 
C 
D 
E 
F 
G 
t I  
I 

Total energy at the snmple position was approximately 270 Btu f r 2  h-I (3.07 MJ rn-= h-') 

Wavelength band (nm) 
- 

281 
to 

310 
-- 

3.2 
0.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

-- 

310 
to 

355 
- - 

17.7 
14.8 
2.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

-- . - - 

630 
to 

1900 

762.1 
722.9 
719.5 
630.8 
675.3 
641.8 
641.6 
694.3 
699.3 
660.1 

355 
to 

385 
- - 

17.9 
16.1 
14.1 
3.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

- 

385 
to 

415 

25.8 
23.3 
23.0 
16.6 
6.2 
0.0 
0.0 
0.0 
0.0 
0.0 

- - 

415 
to 

445 
--- 

29.1 
26.5 
26.4 
22.6 
24.2 
0.6 
0.0 
0 0  
0.0 
0.0 

-. - - 
445 
to 

480 

50.7 
46.5 
46.5 
42.0 
44.7 
36.9 
9.2 
0.0 
0.0 
0.0 

- - - 
570 
to 

630 

64.3 
59.8 
59.1 
56.9 
57.2 
57.2 
57.2 
57.2 
53.0 
0.5 

- - 

480 
to 

520 

49.8 
45.8 
45.8 
43.0 
44.3 
43.9 
39.2 

1.5 
0.0 
0.0 

- 

520 
to 

570 
-- 
60.0 
55.7 
55.2 
53.0 
53.4 
53.4 
53.1 
46.6 
2.8 
0.0 



Experiments were carried out in the xenon arc wcatlicrornc~cr a t  30. 60, 
and 95 per cent relative humidity, air temperature 55 C, black body temperature 
72'C. and at 60 per cent relativc liuniidity. air te~npcrnrurc 37 C. and black 
body temperature 53'C. Whitc paint film surfilcc temperaruses were 62 C 
and 41 'C respectively. 

Fig. 1. Filter in position over stainles'i steel panel 
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The filters were positioned 50mm over the stainless steel panels, as shown in 
Fig. I. They were open at the top and side to ensure that the air behind the 
filter had the same relative humidity as that over the panels without a filter. 
The temperature of a paint film behind a filter is so~newliat lower than that 
of a film wliicli has no lilter over it, but the temperature direrence is too small 
to influence tlie rcsults to any significant extent. Note, for example, that the 
difference between tlie radiation intensity at a paint film behind filter D and 
at one without n filter is only about 20 per cent. with a consequent temperature 
differencc probably not greater than 2'C. The difference in temperature would 
be correspondingly less for a pair of filters nearer together. 

The results of these experiments are summarised in Figs. 2-7, and Tables 
4 and 5. 

Results and discussion 

Gencrul 
Cheniic:~l reactions arc induced i n  a paint film when i t  is exposed to radiation, 
and these eventually Icnd to cli:lll<ing and to changes in tlie elasticity of the 
coating. For chalking to occur, it is necessary for the binder to be decomposed 
to the extent that it rupti~res and sets the pigment free. Changes in elasticity 
are probably brought about by cross-linking, further polymerisation, or both. 

In the course of the expcrimcnts described in this paper, the paint films were 
also exposed behind a stainless stcel shield so that no direct radiation fell on 
them. Under these conditions no chalking occurred. but a considerable loss 
of weight was observed. One feasible interpretation of this is that cross-linking 
of polynier molecules occurs by partial oxidation with the loss of some volatile 
products and recombination of thc residue into the polymer network. 

If a weight loss takes place in a coating shielded from radiation, a similar loss 
is also likely to occur in a paint film exposed to light, where it will simply be 

a Ion. superimposed on the changes due to the radi t' 

In an attenipt to check the correctness of this view, the weight loss of the 
panels before removing the chalk, W, and the fi~rther weight loss, W?, after 
removing tlie chalk, wcrc determined. This can be achieved only if the conditions 
in the weatherometer are such that thc chalk is not removed niechanically, 
as would be the case if thc panels were sprayed, or if they were exposed outdoors. 
From the forniulation of tlic paint, the amount of rcsin W, which was combined 
with the amount W., of pigment can be calculated, and the difference (W,- W?) 
ascertained. Tlie following is an actual example. A paint pigmented with zinc 
oxide showed a weight loss of 159mg before removing the chalk, and of 61 5mg 
afterwards. The amount of chalk formed was therefore 456mg. Tlie composition 
of the paint film was 24 per cent rcsin and 76 per cent pigment, or 31.6 per cent 
resin based on pigment weight. The amount of resin totally decomposed* is 
therefore 144mg, and there is an additional loss of 15mg resin which does not 
lead to the setting free of pigment but indicates that some change has taken 
place in the resin. 

- -- -- 

"This cxpression means decomposition to volatile products. 
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In these calculations it has been assumed that the resin that originally held 
the pigment together was totally decomposed and that the chalk therefore 
consisted of pigment only, and that none has fallen off the vertically mounted 
panels. That the first assumption is reasonable has been shown by analysing 
for carbon in the chalk. The two samples analysed contained 0.24 and 0.38 
per cent carbon respectively. The paint film contained 24 per cent by weight of a 
vinyl acetate/acrylate copolymer containing approximately 55 per cent carbon. 
This means that approximately 2-3 per cent of the resin previously combined 
with the pigment was still in the chalk. 

The reasonableness of the second assumption can be seen from the results 
obtained with panels inclined to the horizontal. Under these conditions, too, 
the same phenomenon was observed, that is, the amount of resin W, which 
was originally connected with the pigment was smaller than the weight loss W, 
before taking off the chalk, as can be seen from Table 2. 

Table 2 
Weight losses of a paint f i f ~ ? i  inclined ut 19' to thc horizontal 

Paint for~nulation: Vinyl acetatelacrylate copolymer pigmented with anatase titanium dioxide 
at 40 per cent PVC 

Exposure in xenon arc weatherometer at 40°C, 60 per cent RH, no filter 

Exposure period 
(each 

approxin~ately 
133h) 

Total loss of resin. 
i.e. weight loss 

before removal of 
chalk 
(mg) 

- -- - - - 

35 
3 5 
17 
18 

Total decomposition of 
resin calci!lated from 

weight of chalk 

Loss of resin ascribed 
for the time being to 
partial oxidation and 

cross-linking 
(mg) 

- - - - - - -- 

34.5 
24.2 
10.7 
10.8 

The loss W,- W, could have many causes. As the resin consists of polymers 
of different molecular weight and structure, various reactions could take place. 
Likely ones would appear to be the partial oxidation and consequent cross- 
linking of polymer molecules. These new compounds, which are probably of 
a higher molecular weight than the one they originated from, are likely to be 
less attacked by oxygen. From the experimental results it is, of course, impossible 
to deduce in detail what happens, but the reactions described would probably 
lead to a change in the mechanical properties of the paint film. 

The following picture (one which certainly will need further modifications 
as work progresses) of what happens during the weathering of a paint film 
may be provisionally put forward. Part of the resin is totally decomposed and 
the pigment is set free, and part of the resin is changed in the manner described 
above, and very probably exhibits changes in its mechanical properties. 

In this paper, therefore, a distinction will be made between the weight losses 
caused by the total decomposition of the resin, and those caused by the reactions 
described above. The latter loss will be called "weight loss caused by cross- 
linking," but this is only a convenient description of the result of the various 
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changes occuring in the film and not a statement that this is actually happening. 
It is felt, however, that this is very probable. 

A phenomenon similar to the one described here, namely, a weight loss in 
the absence of radiation, appears to have been observed for alkyd filmsH. 
The authors thought it likely that this loss was due to cross-linking between 
polymer molecules by oxidation reactions. 

Inflr~cnce qf kvu vclcn,cth 
It is recognised that only radiation between 300 and 400nm causes the total 
decomposition of the binder that eventually leads to chalkingg, but for a better 
understanding of the mechanism of the reaction, and in order to decide on the 
best source of radiation to be used in accelerated weathering experiments, it 
is desirable to specify the wavelength band responsible for this reaction some- 
what more closely. 

Nevillelo used optical filters mounted in front of the panels in an attempt to 
measure the ~nfluence of the wavelength of radiation on chalking. However, 
no safe conclusions on the wavelength responsible for the decomposition of 
the resin can be drawn from his results for the reasons shown below. 

The panels and filters were mounted in such a way that only the average loss 
between the top part of the panel, which was exposed to unfiltered light, and 
that of the lower part of the panel behind a filter could be determined. 
The filters were mounted only :in from the panels. This space is very small 
and almost certainly resulted in the relative humidity and temperature behind 
the panel being considerably different from the corresponding values for the 
part exposed directly. 
No attempt was made to differentiate between the weight changes caused 
by radiation and those which occur in its absence. Similar objections have been 
raised in the discussion following the presentation of the paper by Bullettn. 

*Derived from Table I 

Vinyl ace~ate/acrylatc copolymer (resin 5):  The results at 60 per cent relative 
humidity with this resin using zinc oxides A and C and anatase titanium dioxide 
respectively as pigments are given in Fig. 2. To facilitate the discussion, the 
amount of radiation cut off by each filter, compared with the filter preceding it, 
has been tabulated in Table 3. 

Table 3 
Redrictio~r ill radiution trcrrivniittcd by each filter cotnpared with that trort.anittcd by the preccditlg 

filter * 

Filter 
Wavelength hand (nm) 

- 

281 
to  

310 
- 

-- - 

310 
to 

355 
-. 

- -- 

355 
to  

385 
- - 

-- - 

385 
to  
415 
- - 

415 
to 

445 
-- - - 
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Fig. 2. Weight loss after exposure to radiation in a xenon arc weatherometer at 55"C and 60 
per cent relative humidity 

Paint for~iiulation--~rc:jiti 5, PVC 40 per cent 
Pigments- 1, la, xinc oxidc C 

2, 2a, zinc oxide A 
3, 33, anatasc lilanii~m dioxide 

Full lines-totally-deconil~osed resin 
Broken lines-weight loss caused by cross-linking 

Zinc oxide C: Introduction of filter A reduced the decomposition of the resin 
in a paint formulated with zinc oxide C by 10 per cent, and this may havc been 
due to the reduction in energy of any of the wavelenglh bands given in Table 3. 
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Filter B did not reduce the decomposition of the resin, but there was a large 
reduction in energy in the range 310 to 355nm. indicating that this wavelength 
band is ineffective in causing decomposition. There was also a small reduction 
in the range 355 to 385nm, indicating that this band is probably also ineffective. 

Behind filter C the decomposition decreased by 17 per cent compared with 
the deconiposition behind filter B. This could be due to the reduction in radiation 
in any of the wavelength bands above 355nm. 

Filter D caused a decrease of 63 per cent in the decomposition compared 
with that behind filter C, and this could be c a ~ ~ s e d  by reduction in radiation 
of tlie wavelength bands above 385nm. The assumption that radiation responsi- 
ble for decomposition lies mainly in the range 355 to 385nm leads to  the conclu- 
sion th;lt, in the previous case, a reduction of 10.6 units caused a 17 per cent 
decrease in decomposition of the resin, but a further reduction by only 3.5 
units led to a 53 per cent decrease. If, however, it is assumed that the wavelength 
band from 385 to 41 5nm is the one causing the changes in the paint film, the 
conclusion is that reductions in radiation of 6.4 and 10.6 units cause decreases 
of 17 and 53 per cent in deco~nposition rcspcctively, which appears much more 
likely. 

Behind filter E, radiation in tlie wavelength band 385 to 415nm is reduced 
by 6.2 units, and the decomposition of the resin fr~lls to 50 per cent of that 
behind filter D. 

A small alnoilnt of chalking still persists behind filter F and even behind the 
stainless steel shicld. where no direct radiation reaches the paint film. This 
could be due to some reflected radiation reaching the film, but whatever the 
reason for the loss it does not alter the conclusion arrived at previously. 

Zittc ositle A :  The results for zinc oxide A (Fig. 2) are basically the same as 
for zinc oxide C. and the conclusions are similar. There is a slight increase in 
chalking from filter A to R, the causes of which are not clear, but this does not 
upset the previous inferences. 

For  the paints pigmented with either of the two zinc oxide pigments it is 
therefore the radiation from 3x5 to 415nm which causes the bulk of the 
decomposition. 

Ancrtusc. titnt~irrtn tlio.\-itlo: As can bc seen from Fig. 2 without detailed discussion, 
the two wavelength bands 355 to 3X5nm, and 385 to 415nin, cause about the 
same amount of decomposition of the resin. 

Loss of weight which docs not lead to  chalking of a paint film has been 
interpreted as being due to partial oxidation and cross-linking. Curves la ,  2a, 
and 3a show that the losses bcliind the filters and the stainless steel shield were 
quite considerable. Based on the values behind the shield they an~oun t  to 
21, 24, and 43 per cent of the 10s:; resulting from the total decomposition of 
tlie resin without filter. 

For  the zinc oxide pigments the decrense appeared to be smaller when 
radiation that could cause total decomposition of the resin was present. This 
is understandable, because this radiation probably also causes decomposition 
of cross-lin ked molecules. 
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Fig. 3. Weight loss by total decomposition of resin after exposure in a xenon arc weatherometer 
at 55°C and 60 per cent relative humidity 

Paint formulation-resin 7, PVC 40 per cent 
Pigments-l , zinc oxide C 

2, zinc oxide A 
3, anatase titanium dioxide 
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The main conclusions are clear, that apart from the total decomposition of 
the binder which leads to chalking, other reactions also take place in the resin, 
and these can be measured by determining the loss of weight of a paint film 
before the chalk is removed. 

Vinyl acetate polymer plasticised ivith rlihcrtyl phthalate (resin 7): In this case, 
interpretation of the experimental data is complicated by the presence of the 
volatile plasticiser, and it is impossible to say how much resin is totally, and 
how much is only partially, decomposed. 

The amount of plasticiser present is 17 per cent based on the resin in the paint, 
and assuming that the quantity of dibutyl phthalate lost is about the same in 
each case, an estimate of the amount of resin totally decomposed can still be 
made, but this is not possible for the cross-linked portion. Curves I and 2 
of Fig. 3 show that, in the presence of zinc oxide, radiation from 385 to 415nm 
(see Table 1, filter D) causes most of the damage, and that, with anatase titanium 
dioxide, radiation from 355 to 415nm (filters C and D) causes chalking, as was 
the case with the paint based on the vinyl acetatejacrylate copolymer. 

It is worthwhile pointing out that, whilst anatase titanium dioxide causes 
less degradation of the vinyl acetatelacrylate copolymer binder than the zinc 
oxides, the position is reversed with the vinyl acetate polymer binder. That is, 
it cannot be concluded that, if a pigment causes more or less chalking than 
another in a given binder, the same relationship will be found for other film 
formers. 

Vinyl ckloride/acrylatc copolymer (resin 2): In this case, only anatase titanium 
dioxide caused total decomposition of the resin, the rate of decomposition 
being only about 10 per cent of that with vinyl acetate binder and 20 per cent 
of that with the vinyl acetatelacrylate copolymer (Fig. 4). The radiation respon- 
sible for the decomposition lies mainly in the range 355 to 385nm. The loss 
of resin by partial oxidation was in all cases only a fraction of that occurring 
in the vinyl acetate/acrylate copolymer binder. 

E~periments at 30 and 95 pc.r cent relative humidity 
These experiments showed that the wavelength of the radiation that caused 
decomposition did not change with the relative humidity, but the rate of 
decomposition, both total and partial, increased sharply with the rising moisture 
content of the atmosphere. Fig. 5, 6, and 7 give the experimental results. 

Vinyl acetatej'ucrylute copolymer: The increase in total decomposition of resin 
leading to chalking of paints pigmented with anatase titanium dioxide and the 
two zinc oxides is shown in Fig. 5. In all cases there was a sharp increase as 
the humidity rose, as has already been recordedR for anatase titanium dioxide. 
There was also an acceleration of the cross-linking reaction as the humidity 
rose. The values for this reaction are those found behind the shield. 
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Fig. 4. Weight loss after exposure to radiation in a xenon arc wcatheronieter at 55'C and 60 
per cent relative humidity 

Paint formulation-resin 2, PVC 40 per cent, 
Pigments-1, la, zinc oxide C 

2, Za, zinc oxidc A 
3, 3a, anatase titanium dioxide 

Full lines-totally decomposed resin 
Broken lines-weight loss caused by cross-linking 
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5. Weight loss by total decornpoqition of resin after exposure to radiation 
weatherometer at 55 C and varions relative humidities 

I'aint formulatioli ~'ehin 5. PVC 40 per cent 
Pigmcnts - I, la ,  7iiic oxitle C 

2. 23, zinc oxidc A 
3. 3n, anatnse titoniurii tlioxidc 

Full lines-totally decomposed rcsin 

in :I xenon arc 

Broken lines-wciglit 10.5.; c;!uscd by cross-linking 
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Vinyl acetate polymer plasticisen with dihutyl phthalutr.: Curves 1 ,  2, and 3 
of Fig. 6 show the increase in total decomposition of the resin with humidity. 

Vinyl ckloride/acrylate copolymer: The zinc oxide pigments did not cause total 
decomposition of the resin, even at 95 per cent relative humidity. but the 
decomposition caused by anatase titanium dioxide and the cross-linking 
reaction caused by these pigments again increased with rising humidity (Fig. 7). 

I I I 
30 60 95 

RELATIVE HUMIDITY. % 

Fig. 6. Weight loss by total decomposition of resin after exposure to radiation in a xenon arc 
weatherometer at 55°C and various relative humidities 

Paint formulation-resin 7, PVC 40 per cent 
Pigments-I, zinc oxide C 

2, zinc oxide A 
3, anatase titanium dioxide 
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Fiy. 7. Weight loss by total decomposition of resin after expowre to radiation in a xenon arc 
weatherometer at 55 C and various relative humidities 
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It!fiuc~nce o f  air tcmpcraturc on chalkhl: 
All the experiments described so far were carried out at an air temperature 
of 55"C, although this temperature is rarely reached at any exposure site. Even 
a t  Lae, New Guinea, for example, the temperature rarely exceeds 30°C. It 
was therefore of importance to establish the influence of air temperature on 
decomposition of the resin. 
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T o  clarify this point, a set of experiments was carricd out at an air temperature 
of 37°C (the lowest that could be obtained with the available equipment) and 
60 per cent relative humidity. The r c s ~ ~ l t s  are given in Table 4. As can be seen. 
the chalking at 37°C is very much less than that at 55°C. The reduction is by 
no means constant, varying from 21 per cent (resin 6) to 54 per cent (resin 2). 

The partial water vapour pressure at 37°C and 60 per cent relative humidity 
is 28mm Hz. and at 55°C at the same relative humidity it is 71mm Hg. In 
view of the great influence the partial water vapour pressure has on the rate 
of chalking it is thought that the observed difTerence at these two temperatures 
at the same relative humidity is to a large extent due to the difrerent water 
vapour pressures under these conditions. This is borne out by the figi~res in 
Table 5. 

In column C of Table 5 there is a combination of the effects of temperature 
arid vapour pressure differences. If neither had any effect, the ratios shown 
should not differ from 1. In fact, the mean ratio is significantly lower than I. 

In column D there is only n temperature effect (vopour pressure constant) 
and the mean ratio cannot be shown to ditTer from 1 ,  that is, there is therefore 
no  significant temperature effect. in the range studied, at constant vapour 
pressure. 

As the change in the rate of decomposition with temperature is not the same 
for all paint forniulations, the ratings given to two resins will depend on the 
temperature at which the test is carried out. Ratings ol'the dimerent formulations 
in the weatherometer at 37'C and at 55 C are compared (Table 4) with those 
found on outdoor exposure at Highett, Victoria. M'itli the exception of resin 1. 
the ratings us found from the wentllero~ncter cxperimcnts at 37°C are nearcr 
to those at H ighctt than those found at 55 C. 

More reliable conclusions could be drawn from accelerated weathering 
experiments if they were carried out at 30 'C instcad of at 55°C. This red~~ction 
in ten1per:tture would decrease the rate of i~cccl~rntion. but this coi~ld probably 
be corrected by increasing the intensity of radiation bctwecn 355 and 415nm. 
the range which hits becn shown to be responsible for total dccomposition of 
the resin. However, i t  cannot be taken for granted that such an increase in 
intensity would not distort the rel:rtive rating of thc various fc)r~~iulations. It is 
therefore most important to direct further work to\\i:~rds esti~blishing the 
connection between the intensity of I-adintion and cliall<ing. 

Rrrrciio~? rnrchcn~i.rn~ 
The following reaction mcchanisn~ is suggcstcd by two observations. First. 
the fact that chalking occurs at all means thnt, for the decomposition of the 
binder to occur, contact between the polymer molecule and the pigment is not 
necessary. If such contact were indispensable the reaction woi~ld stop after 
a layer of molecules si~fficicntly close to the surface of the pigment had reacted. 
but this is clearly not the case. Secondly. the decomposition reaction is highly 
dependent on the partial water vapour concentration in the atmosphere. This 
makes it likely that water plavs some direct role in the reaction, rather than 
an indirect role such as fucilitnting the diffusion of oxygcn to the reaction site. 
The reaction 2t-I,O 1 0, ! 49.846 cal 3H,O:! is one rl~at might occur on 



The tie is blue terylene, wit11 the 
Association's insignia woven in red and 
gold silk. 

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

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

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

Council has authorised the production of 
a tie, blazer badge, wall plaque and car 
badge bearing the Association's insignia. 
These items are available only from :- Lancaster Place, Strand, 

London, W.C.2. 
........................................................................................................................ 
i To : Thresher & Glenny Ltd., Lancaster Place, Strand, London, W.C.2. i 
i A s  a member of the Association, -- please - accept my order for thefollowing: i 
i OCCA tie £ 1.33 
i OCCA blazer badge £3.75 
i OCCA wall plaque £2.20 
i OCCA car badge £2.20 

(state bar or g r~ l le )  

i (A l l  prices include postage 
and packing) 

i If tie is required airmail add 
33 P 

I Name 

Section/No. 

Address 

I Total Remitted 1 
...................................................................................................................... 

The ties wi l l  be supplied from stock; al l other items are made t o  order. Only the t ie can 
be supplied by airmail at an extra cost of 33p. 



aldite epoxy resins are tailored for coating application: 
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the surface of the pigtilent, the energy necessary for this being supplied by the 
radiation. The upper limit of the wavelength of light whicli cxuses decomposition 
is 41 50 A, and N quanta ( N  Avogadro's number) of this radiation is equivalent 
to 67,600 calories, whicli is sufticient for the reaction to proceed. With the above 
equation, i t  might be expected that the rate of decomposition would rise with 
increase in water vapour pressure, and tliis is what is observed. 

It has been claimed that evidence of decomposition of the binder at a certain 
distance from the pigment parliclcs has been seen in electron microscope pholo- 
graphs of weathered paint filmsH, and this has been ascribed to an unknown, 
fast moving, molecular species. 

The cross-linking reaction also increases as the watcr vapour concentration 
rises, and a similar mechanisni could operate here. However, in this case, the 
process also occurs in the dark, and the necessary energy for the formation of 
hydrogen peroxide could not arise from radiation. In postulating the following 
mechanism, it is stressed that it is a specillation whicli is, nevertheless, worthy of 
consideration. 

A thermally excited binder molecule can react with oxygen, and the reaction 
proceeds with evolution of heat. Dlrcct attack by oxygen on the polymer 
molecule may occur in only a comparatively few cases when a special excitation 
exists. If water molecules are also present. part of the heat of reaction could 
be used for si~pplying the energy to the reaction 2H,O t 0, 2H,O,. The 
hydrogen peroxide would then be able to react witli a greater range of binder 
molecules than would oxygen. 

Conclusions 
The wnvelengtli band 01' radiation causing total deconiposition leading to 
chalking in a paint film depends on the pigment used. With zinc oxide the 
band responsible is between 385 and 415nm. and witli anatase titanium dioxide 
the band is between 355 and 415nm. 

The three types of resin used as binders in this investigation did not have 
any infli~ence on the wavelengths of radiation causing decomposition. 

Paint films lose weiglit if they arc sliiclded from radiation, and this has been 
interpreted as partial oxidation leading to cross-linking. If this view is correct, 
the loss of weight may correlate with decrease in elasticity, and strainistress 
measurements could be replaced, under appropriate circumstances, by a simple 
determination of weight loss. 

Total decomposition and cross-linking of the resin both increase sliarply 
with humidity. 

The rate of chalking of' paint films in the weatherometer at 60 per cent relative 
humidity is much lower at 37°C than at 55°C. 

A reaction niechanism in which formation of hydrogen peroxide plays an 
important role has been postulated to explain the observed phenomena. 



470 E .  H O F F M A N N  i i ~  A I . .  JOCCA 

References 
I .  Novacki, L. J., O//:  Dig., 1905, 37, 1371. 
2. HofTmann. E., Mare~irr1.s Rc.socrr~c~lr rrrrel S/~~r~rlrrrcl.v 1070, 10, ( 12). 2 1 .  
3. Lancucki, C. J., and Hoffinann, E., .IOC'C7A. 1070. 53, 218. 
4. Shur, G. G.. I iay, K .  T., and van 1200. hl . .  . I .  1'1. Tcc.11. Ic)Oh, 3%. 501. 
5.  Hotfmann, E., and Sarau. A,. JOC('A. 1969. 52. 1 13. 
6. HotTmann. F.. and Saracz, A., JOC'C'A, 1969, 52,  1 1  30. 
7. Martin. K. G., and Tillcy, R. I., 131-. I'olvr~!c~r. J. ( I n  press). 
8 .  Evans, W. D., and Mur-Icy, R. D., Fatipec Kongr-esshuch 1969. 17. 125. 
9. Elni. A. C.. 011. Dib~., 1962, 34. 647. 

10. Neville. G. H. J., JOCCA, 1963. 46. 7 5 3 .  
l I .  Bullet. T. R.. JOCCA, 1!)03, 46, 778 

Next month's issue 
The Honorary Editor has accepted the following papers for publication, and these 
are expected t o  appear in the  June issue : 

"On the adhesion of laminated films to substrates" 1111 P. bI. Hcc,~~tjc~.s trrr(1 J .  tic Jolly. 

"The adsorption of alkyd resins by titanium dioxide pigments and its relation to the 
hiding power of alkyd systems" 11.11 K. ( ;olr l .vh~~o~~,~~lr  ei~rtl J .  Pe~trc.oc.l\. 

"Water transport through paint films. Part Ill Correlation of data obtained by differ- 
ences in water vapour pressure and osmotic pressure" h.17 I>. Y. Pc,r.oi.tr ccrrtl 
P.  M .  Hcer.tj(~.s. 

"Rheology and printing properties" Iq- ('. 0. IZos/(~d. 



Reviews 
Vts('ori~.~s.rt(' PKOPERI-IES OF POLYMERS 

By J .  D. I-'I:I<I<Y. New York: .lo1111 Wiley & Sons, Inc. 2nd Edition, 1970. 
pp. xxi  I 671. Price €14.05 

Tlie lirst edition of this book became a standard work nearly ten years ago. 
With tlie developments that liavc taken place since then and Professor Ferry's 
deep ~lnderstanding and fr~cilc presentation of them, the second edition can 
hardly fail to succeed it worthily. 

Chapters have been added on dilute solutions and on cross-linked polymers, 
botli topics which, as the author says, are now mucli tiiore susceptible to 
treatment in terms of moleculnr theories. The general approach is still mathe- 
matical ratlicr than descriptive but. whilst the profusion of eqilations and bald 
presentations i n  the shorthand of niathematical physics Inay strike terror in 
tlie hearts of mere chemists. a careful reading indicates that little is needed 
for understanding beyond n good working knowledge of calculus and some 
familiarity witli matrix  iotat ti on. If cliemists and technologists allow their 
appreciation of such matters to be delicient, Heaven help tlietii these days, 
for modern science will not wait upon their idleness or their inertia. 

Chapters 1 and 2 deal adequately with tlie general features of viscoelastic 
properties, and tlie next two treat the phenomenological theory of linear 
behaviour in botli the exact and approximate (or practical) sense. Useful 
approximations, witli examples ofthe relevant calculntio~is, appear in Chapter 4, 
whilst Cliapters 5-8 deal witli tlie experimental methods applicable to the 
direrent classes of matcrinls. 

Chapters 9 and 10, on dilute and conccntratcd solutions. with particular 
referencc to molecular tlicorics, arc models of excellence, having regard to the 
deficiencies of knowlcdgc in the present state of the art. 

There follow discussions of the etrect of tenlperature and pressure on visco- 
elastic properties, the rubberlglass transitioti. the beliaviour of cross-linked 
and lilled polymers, thc glassy state, crystalline polyniers, concentrated solu- 
tions, plasticised polytners and gels. Finally tlie author presents an appreciation 
of bulk deformation and an outline of the applications of tlie whole theory 
of viscoelastic behaviour l o  practical problems. For our readers, unfortunately. 
this contains littlc of direct rclcvance, but he will bc short-sighted who cannot 
extrapolate the conclusions to tlic coatings industry. 

As an indication o f  the complexity of the subject, i t  may be noted that, in 
terms of sliecr symbolism alonc, o lias six meanings, 11 lias nine, G has 10, 
M has I I .  and .r, has 12. Such is one of the problems facing those determined 
to follow tlie march o f  scientilic progress. 

Tlie index had eithcr to be short, as it is at 4i  pages, or to occupy some 
40 pages. We would not presume to contest the author's choice. 

Altogctlicr an admirable volumc and a "must" for the bookshelves of all 
concerned with the practical behaviour of polymer systeliis despite its ruinously 
high price. 

A. R. 11. T A W  
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CHEMISTRY AN11 PHYSICS OF CARBON, V O I ~ U M I  5 
Edited by P. L. WALKER, JR. New York: Marcel Dekker, Inc.. 1969. pages 

xii 1 388. Price f 10.80 

This book is the fifth in a series concerned with recent advances in carbon 
research and development, and contains four comprehensive reviews by leading 
workers in the field. The first is on pyrolytic carbon, while the reniainder are 
concerned with graphite. 

J. C. Bokros (Gulf General Atoniic lnc.. San Diego) in his chapter entitled 
"Deposition, structure and properties of pyrolytic carbon" (1 18 pages) gives 
a balanced and well illustrated account of the structure and properties of carbon 
coatings for nuclear fuel particles, and includes, for reference purposes, results 
for carbons deposited on large formers and dispersed carbons. The enipliasis 
is placed on the relation between the structure and the process conditions. and 
between structure and properties (mechanical, thermal, irradiation induced and 
impurity diffusion) of pyrolytic carbon. This is not a compreliensive review 
of all facets of these widely used carbons. 

Tn the second chapter, R. T. Kelly (UKAEA. Culcheth) reviews the "Thermal 
conductivity of graphite" (96 pages). and considers the highly oriented 
graphites including natural graphites, pyrolytic graphites, arid whiskers or 
filaments, and measurements on commercial polycrystalline materials. An 
excellent account is given of the theory of the conductivity of a perfect graphite 
crystal and the effects of crystal bound:~ry scattering, isotope scattering. 
phonon-phonon scattering and electron-phonon scattering. The imperfect 
graphite crystal is discuqsed, and detailed coniparisons between theory and 
experiment are presented. It seems that the theory of thermal conductivity of 
graphite is well established although there still remains much work to be done. 

The third chapter, on the "Study of defects in graphite by transmission 
electron microscopy" (98 pages), is by P. A. Thrower, of UKAEA Harwell. 
and demonstrates the potential of the electron niicroscope in the study of 
defects in solids. An enormous amount of such work has been done, and the 
recent studies of two point defects--vacancy and interstitial-in graphite and 
their interaction, is reviewed. The emphasis is on defects caused by neutron 
damage, and also by intercalation with halogens, by the introduction of boron 
and by quenching from high temperatures. The chapter is adequately illustrated 
with electron micrographs. 

In the final chapter, J. C. Hooley (University of British Columbia) discusses 
the "Tntercalation isotherms on natural and pyrcllytic graphite" (49 pages). 
Many substances readily penetrate interstitially between the basal planes of 
graphite, and this property may be used as a measure of crystallinity. Data 
for the halogens (bromine in particular), chrotnyl and other nietal chlorides. 
various metals, and nitric acid. are discussed, together with some thoughts on 
the theoretical aspects. 

The high standard set in the previous volunies in this series is maintained 
in the present book, and it is a worthwhile addition to the literature on carbon. 



Hull Section 
Some aspects of paint formulatio~i 
A students' evening was held at tlie Queens Hotel, Hull on 21 January with 
Mr F. D. Robinson in the chair. Mr B. J .  Howells, who was to have given a 
talk o n  the above subiect, was indisposed and his place was taken by 
his colleague. Mr T.  W. Wilkinson of Laporte Industries Limited. 

In the first part of his lecture Mr Wilkinson sum~iiarised early formulations 
in wliich pignient loadings were described in 07 or  Ib per gallon of paint, 
developing to pigment/binder by weight descriptions. Tlie value of formulation 
description by pig~iicnt volume concentration was illustrated by means of 
slides depicting the variation of lilm properties, e.g. hiding power, gloss, blister- 
ing. permeability, with PVC. iind tlie concept of critical volume concentration 
was introduced. 

In tlie second part of his Iccture, Mr Wilkinson illustrated the systematic 
approacli to  paint foniiulation, taking as his example an exercise in the selection 
of extender for an emulsion paint. Slides recording the influence of various 
synthetic and naturally occurring extenders on signilicant properties, e.g. cost, 
colour and opacity. were shown. 

A short discussion period followed. after which Mr Robinson thanked the 
speaker for his interesting and informative talk. 

This lecture had been given previously to another sectio~i and a fuller account 
of it is given in an earlier issue of this .lo~rrr~al (1970, 54, 106). 

J.A.H. 

Choosing colot~red pigments 
The second student evening of tlie present session was held a t  the Queens 
Hotel, Hull on 18 March and took the for111 of a talk entitled "Choosing 
coloured pigments." This was given by Mr P. Ada~iison of Reckitts Colours, 
who described test methods used in his own laboratory for the evaluation of 
pigment properties. relating these to  tlie requirements of the paint or  plastic 
in which the pigment would be used. 

Mr Adamson stressed that light f:istness was very dependent on the depth 
of shade and indicated that it was important to assess this property a t  a number 
of colour strengths. for example. mass tone and 1 /3rd. 1/25tli, and 11200th 
standard depth. Standard cloths were exposed simultaneously with the test 
specimens t o  daylight or  to ultra-violet liglit in a fadeonieter. These cloths 
faded at rates in tlie ratio 1:2:4 . . . etc and the test was discontinued when 
the colour change on cloth no. 7 corresponded to  four on the grey scale; the 
latter comprised a series of grey cllips whose upper and lower halves defined 
a standard direrence in luminous or reflectance value. The light fastness of the 
test specimen was then described in terms of tlie appropriate nuriibered cloth. 

In the evaluation of the weather resistance of coloured pignients in paint 
films, the internal cloth reference scale was not employed. Colour differences 
were reported on tlie grey saile after exposure for-(,, 12 and 24 months. 



The heat resistance of pigments was assessed from tlie beliaviour of paint 
liltiis under a variety of stoving conditions ranging from 45 nii~iittes at 80 C 
to ten ti~inutes at IXO'C. A non-yellowing alkyd aniino binder was cot~ininnly 
employed and differences in sliadc between panels stoved at 80 C and at other 
temperatures were referred to tlie grey scale. 

Test n~etliods for the measurement of resistance to blced on overspraying. 
and to solvents, plasticisers and reagents were also brielly described. and Mr 
Adamson concluded his talk with an account o f  the preparation and properties 
of ultramarine blue. 

A discussion followed in which niany of the students took part and a vote 
of thanks to  the speaker was proposed by Mr F. 13. Robinson. 

J.A.11. 

Manchester Section 
The use of carbon black in paints, plastics and printing inks 
The third nieeting for student n~embers ofthe section was held in the Manchester 
Literary and Philosophical Society's roonis on Wednesday I.?  Sanitary 1971. The 
meeting was attended by 40 students and guests. witli Mr F. Redman (who 
deputised for Mr Mitchell) in the chair. Mr B. tl. Thom:is of Columbian 
International spoke o n  "Thc use of carbon black in paints, plastics and printing 
inks." 

Mr  Thomas began by saying tliat the main ilse of carbon black was in thc 
rubber industry, but that this talk would be mainly about its use as a colour. He 
pointed out tliat about 260 din'erent shades of black could be observed, starting 
witli high intensity blacks. goiny tliroi~gli ~i icdi i~m to the course blue grade blacks 
rnainly used for tinting. 

Carrying o n  from here he said tliat the oldest reference to carbon black wiis 
believed to have been foitnd in China, and tlie lirst modern impingement or 
channel black was produced in the United States of America. n patent being 
granted for the production of cnrbon black by tlie Rhoda process in 1878. The 
1920s saw the lirst furnace blacks and in the 1940s tlic lirst oil blacks werc 
produced by the furnace process. 

Starting with tlie channel process. Mr Thomas outlined tlie various methods 
of producing cnrbon blacks. and indicated how tlie cliaructeristic properties of 
the various blacks could be related to their method of manufacture. 

He explained. for instance, tliat in tlie chiinnel process on electrostatic charge 
was produced on tlie particles of carbon fornied insidc the flame, and therefore 
these particles repelled each other. Tl~its the carbon black produced hild a high 
surface area with chemically absorbed oxygen on its surface. This gave easy 
wetting properties to tlie black, but tlie high surfiice are:\ limited the possible 
pignientation levels. 

Passing on to tlie lamp black process, hc described how thc particles were 
formed outside the ilanie. These particles werc coarse with very little cheniicnlly 
absorbed oxygen and no charge. Blacks produced by the furnace process had 
been itiiprovc by ~iic>dernisation of the process. thus, by controlling temperature. 
electrical charge, oxygen. a n d  using ntomised oil spriiys and Iioriznntal or 
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Tintometer Sales 1,imited has recently announced that i t  has been appointed sole 
distributor of the products of Munsell Color Company Inc. As well as the "Munsell 
book of color," Tintometer is handiing the other iZllrtr.sc~N products, including colour 
charts and sample clips. and has available a catalogue ant1 price list. 

It has recently been announced that Cabot Carbon Limited has moved its sales 
oflice froni Croydon to the plant facilities at Stanlow, Cheshire. The object of this 
move is stated to be to achieve the closest possible integration of all functions of the 
conlpany. 

A new company, Russell pH Limited, has recently been formed to manufacture 
pH electrodes designed to operate with all the well known pH meters of British, 
Continental or American design. On receipt of the make, design, and niodel number 
of pH meter, Russell pH will supply electrodes with the appropriate E point and 
terminations, thus eliminating the need for major adjustments to the meter or special 
adaptors. A catalogue, showing the wide range of applications catered for, and price 
list are available froni Russell pH. 

An agreement has been reached between British Oxygen Chemicals Limited and 
Vinyl Products Limited by which Vinyl Products will manufacture and market BOC's 
Vutr(/iI,c. and V(~n~vc~lrl  polymer emulsions. Marketing of the enlulsions by Vinyl 
Products commenced from 1 March, and the manufacture will be transferred by the 
end of 1971. BOC says that the discontinuation of the Vtrrrtlil~c~ and V(rr~~vclrl range 
is in order that more eflhrt can be devoted to the highly specialised range of VLIIIIUC 
pressure-sensitive emulsions, polyvinyl pyrolidone and other high pressure acetylene 
chemicals, melamine, dicyandiamide, and tall oil products. 

The Organics and Pigments Division of Laporte Industries Limited has recently 
appointed Aceto Chemical Co. Inc., of New York, as exclusive distributors in the 
eastern US for the marketing of Laportc chloride process titanium dioxide pigments. 

A new range of lead-free masonry finishes has been launched by Goodlass Wall. 
It is claimed that G W trrcr.sonr:~~ c.o(clitr~r is the best on the market by virtue of its high 
dirt resistance and low dirt retentions, its colour fastness, alkali resistance, and niould 
retardence. Based on Shell Voo Vtl resin, GW ~irtr.vorir) c.orrtitr,<r iq  available in I I colours. 

Molteni Off Mech., the Milan-based machinery nianufacturcr, has recently announc- 
ed the availability of a 150hp disperser with hydraulic drive. Designed for nianufac- 
turers faced with the necessity of larger production units, these machines are installed 
on overhead concrete platforms, and operate simultaneously on two vessels of up 
to 2,000 litre total capacity, mounted at 120 to each other. The vessels are mounted 
on wheeled tracks so that they can rotate, and the rotary motion is imparted by a 
hydraulic drive on one of the supporting wheels. The machine head is fitted with 
shafts with two inipellels, one at the container bottom and one midway up, and with 
a nylon-bladed scraper for the vcsscl walls, and is raised hydraulically by means of 
a gear pump with a 51hp niotor. The hydraulic  noto or on the machine head is driven 
by a power pack, with n pump of suitable capacity; overall control is accomplished 
with a central console. 



Full details are available from Molteni's U K ,  Commonwealth and Eire agents. 
G .  J .  Erlich Limited. 

A new product from Harmon Colours Inc., ltrtloftrst B~.illirrtrt Scrrrlc't R-6.135, a 
perylenc red to Pigment Red 123, is now available from Allied Chemical International. 

Adcola Products Ltd. has recently introduced a new portable pyrometer for measur- 
ing the temperatitre of liquids. Measuring 7.5in in length and weighing 6.502, models 
are available with ranges from 100-500 C or 100-800'C. 

A booklet s~lpplying abstracts of over 60 patents dealing with electron beam curing 
has been published by R. H. Chandler Ltd. Copies can be supplied by the publishers 
at a price o f f  1.00 post free. 

Thiokol Chemicals Limited 11~1s recently issued a "Technical Service Report" on 
the use of chlorinated paraffins as plasticisers in polysulphide sealants. From a preli- 
niinary investigation using t he conipatibility of the plasticisers with polysulphide 
liquid polymers and volatility characteristics as criteria, the majority of commercial 
chlorinated paraffins were found suitable for further evaluation. The lower chlorine 
content plasticisers were found to have limited compatibility, and hence were 
unsuitable. The others were fully evaluated in a typical sealant compound, and several 
grades were found to impart properties which can be valuable for good sealant per- 
forniance. Copies of the report are available froni Thiokol. 

The availability of Nortk.1 hydrocarbon rubber in the U K  has been announced by 
the Du Pont Company (UK) Ltd. A tcrpolynier of ethylene, propylene and a non- 
conjugated diene, Nortlel'.~ processing characteristics can be varied widely by varying 
the ratios of monomers. Seven types are currently available, and details can be obtained 
from Du Pont. 

"Bakelite resins for surface coatings: types and uses" is the title of a leaflet issued 
by Bakelite Xylonitc Limited giving suggested form~~lations for various types of 
coating. Copies of the leaflet arc available from BXL.  

A new publication on St~o~c~c.trl whiting, a naturally produced ground calcium 
carbonate lillcr and extender, is now available froni the Cement Marketing Company 
Ltd. The booklet is entitled the "Blue Circle Stro~~ctrl whiting manual." 

Berger, .lenson and Nicholson Limited has recently announced the formation of 
British Paints and Chemicals, :I sister division of Rerger-Hall Paints, the division formed 
earlier this year. 

The new division will be the headquarters of the marine, special coatings and 
elastomers business of the company, and of thc Resinous Chemicals division. 

A new range of Utri~,c~r.scrl Sttrirro..s has been introduced by Hadfields (Merton) IAd. 
Sold in transparent plastic tubes, the stainers can be mixed with most decorative paints 
to produce a lasting efTect in many shades. 

Of the 12 colours available, seven are prefixed "permanent," and can be used to 
obtain clear pastel shades free froni any muddy tone. Thc remaining five shades can 
be used to mute subtly the cleaner shades. or  to produce neutral shades. 
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The Tin Research Institute has iss~rcd a new booklet entitled "In evrry sphere." 
A 36-page booklet in full COIOLII., the publication givca f~111 dctails of the Institute and 
its activities. 

A range of resins for integral skin polyuretliene h a m s  h;rs bccn introduceti by 
Cray Valley Products 1,imited. A series of  polyester polyols. the new systems produce 
in one operation polyur-ethene foams with a sandwicli-like s t ruct~~rc .  having a hard, 
smooth, skin and a rigid foam interior. Initially. two systems arc b ~ i n g  marketed. 
based on Svrrolrrc .?OO and Sv~coltrc, .V)Ol with S,~~roc.li~.c, .?000. 

CVP has also issued the "CVP resin tinder for 1971," giving 1'1111 details of all its 
resins. 
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Dr Apel spoke first on the subject o f  the nature o f  the s~~rfaces o f  phthalocyanine 
pigments. He discussed the relevance o f  various physical meas~~renients used to 
characterise the nature and area o f  pigment surfaces and considered that adsorptive 
power was the most singularly useful. To  test the practical situation, the relevant 
resin/solvent system was used, but gas adsorption provided basic data. Specific 
adsorptions were measured for each pigment with respect to gaseous nitrogen, water. 
methanol, acetone and pentane. I t  was noted that the non-flocculating types o f  
phthalocyanine blues tended to be distinguished by giving similar results with both 
nitrogen and water. The property o f  non-flocculation was thus related to a polar, 
hydrophilic surface. 

It was postulated that polar pigments selectively adsorbed polar or low molecular 
weight fractions o f  the binder. Non-polar species tended to adsorb high nlolecular 
weight polymer in relatively high quantities, leading to viscous, immobile areas in 
the matrix. 

Photographic evidence on this sub.iect was provided by Dr Jettmar. Optical micro- 
scopes detected flocculation but magnification was too low to study individual 
particles. Electron n~icroscopes were only useful on solid samples, and dried paints 
and inks had undergone compaction and did not reveal the processes leading to final 
structure. 

D r  Jettmar and his colleagues had developed a systeni whereby the dried filnls 
were swollen in a mixture o f  butyl and methyl methacrylates, the swollen sample 
was ultramicrotomed to below I,OOOA thickness and the sections were examined 
under the electron n~icroscope. The optical niicroscope indicated that such sections 
were representative o f  the wet films from which the dry films were obtained. The 
methacrylates depolymerised in the electron beam, lcaving light areas where swelling 
was greatest, believed to indicate areas of  low molecular weight polar polynler. 

I t  was observed that titanium dioxide particles were well dispersed and surrounded 
by heavily swollen areas. Alpha copper phthalocyanine appeared in lightly swollen 
diffuse areas, indicating combination with part o f  the binder to form flocculates o f  
high viscosity; this process ininiobilised q ~ ~ i t e  high proportions o f  binder. The more 
polar beta copper phthalocyanine tended to locate in or at the periphery o f  the more 
swollen areas, which were believed to be the paths o f  escaping solvent. 

Excellent photographs and a magnificent short cine film o f  Benard cells were 
shown. I t  was indicated that polar pigments tended to follow the flow paths emerging 
from cell centres and flowing across the surface. Non-polar pigment in viscous 
pigment-binder flocculates located in the calm non-mobile zones and eventually 
disappeared from the surface altogether. Daniel's method o f  preventing this 
separation by co-flocculation was referred to. 

A summary o f  the desirable factors was stated to be narrow binder niolecular 
weight distribution, high pigmentlbinder interactions, sufficient energy input and 
time for maximum wetting and design for co-flocculation. A longer and well- 
illustrated account o f  the microscopic exaniination was pi~blished in J. Pt. T~cl:.. 
October 1969, pp. 559-566. 

A lively discussion took place and the meeting closed with a vote o f  thanks pro- 
posed by M r  H. J. Clarke who referred to a least o f  information but admitted to an 
attack o f  technical indigestion. a problem shared by many o f  the audience. 

R . J . K .  

Developments in automobile finishing 
A meeting o f  the Midlands Section was held at the Birniingham Chamber o f  Commerce 
on Friday 19 February 1971 with M r  F. Cooper, the Association HOII. Treasurer, in 
the chair and in the presence o f  37 members and guests. M r  H. L. Quick o f  Chrysler 



(UK)  gave a talk entitled "Developments in automobile finishing." His lecture was 
basically the same as delivered to the Manchester Section earlicr in February which is 
reported elsewhere in this Jotn.trc11. 

K . J . K .  

Trent Valley Branch 

The future of water-thinnable coatings 
A meeting of the Trent Valley Branch was held on Thursday 21 January, at  the 
British Rail School of Transport, Derby, with 35 members and guests present. Mr 
P. D. Hare, in the chair, introduced Mr A. J. Becalick of Lennig Cheniicals Ltd., 
who gave a talk on the above-mentioned topic. 

Mr Becalick indicated that quite a considerable amount of time had already been 
spent on experimenting with the use of water as a reducing solvent, and it  was apparent 
that the use of water based finishes was very much on the increase. The nuin reasons 
could be sumnrariscd quite briefly as: no toxicity and no fire hazards. 

On the other hand, due to somewhat complicated chemistry, the production cost 
was relatively high (resin costs, for instance, would be increased). The end user must, 
therefore, be prepared to pay more for a water-based paint, but in return would 
obtain very marked advantages such as case of application, quick drying, good 
storage properties (no skinning, etc.). In the UK,  however, it  had been found that 
on occasions the drying time had been impaired because of water vapour present in 
the atmosphere. 

Mr Becalick then referred to the development work in the field of water thinnables 
that had taken place in the USA. For instance, a coarse particle size acrylic emulsion 
had been developed for exterior use. This gave good adhesion on previously painted 
surfaces. Propylene glycol was preferred to ethylene glycol as the coalescing agent. 

The present market for water-based emulsions in the States was approximately 
25,000 tons per annum. This covered both interior and exterior use, and it was 
obvious that alkyds were being replaced by emulsion finishes. 

Similar types to those mentioned above had been available in the U K  for the past 
three years, but so  far had not proved very popular. The main reasons for this were 
probably that a very high gloss and quick drying finish were detuanded in this country 
and the humidity level was generally higher than in the USA. I t  was mentioned that 
the Anlerican product incorporated a wet edge retention aid, therefore poorer drying 
characteristics could be expected. 

The future of water-based paints in the decorative field appeared to be very good, 
and it was expected that 30-40 per cent more ofthis type than the conventional alkyd 
paint would be nianufactured in the future. 

One particular property of a water-based linish was of outstanding importance, 
namely: that of ease of application over conventional paints. The higher cost of the 
finish was adequately compensated for by quick application. There was also a lack 
of "paint" odour. Cienerally speaking, i t  was expected that this type wo~tld give a 
better performance than a normal alkyd. 

Mr Becalick went on to mention briefly the use of water-based paints in industrial 
finishes, where such factors as air pollution ant1 fire hazard were more important. 

There seenied to be little doubt that industry would ultinlately settle for this type 
of finish for such uses as coil coating paints, wood coatings (primers for window 
frames, etc.), metal coating, etc. The acrylic emulsion primers, for instance, gave 
good weathering properties, and would thus be particularly suitable for outside 
work, whilst thermoplastic acrylic emulsions, already very popular in the USA, were 
eminently suitable for coil coating, etc. 



M r  Becalick was firmly convinced that there was a very dctinite future for water- 
thinnable coatings in this country, but i t  was now up to tlie marketing organisntions 
to sell the idea to both tlie pi~bl ic and industry. 

The lecture was illustrated by a series o f  slides nnri ;I very lively discussion period 
wound up the evening. 

A vote o f  thanks was proposed by M r  .I. I3urns l i~ i t  vcry interesting and 
inforniative talk. 

l).I..Ci. 

Newcastle 
Flooring compositions 
The fifth nieeting o f  the Newcastle Section in the current Sessiori was held in the 
Royal Turks Head Hotel, Newcastle upon Tynr, on Thursday 4 February 1971. when 
M r  A. Jolly and M r  Rooncy of Synthetic Resins Ltd. presented a paper entitled 
"Flooring compositions." 

M r  Jolly began by discussing the use o f  polyester systems in seamless tlooring. 
Polyesters were easy to apply, possessed excellent wear resistance, had good acid 
resistance, low viscosity, good workability anti coultl be internally flcxibilised. The 
disadvantages were tlie odour o f  styrene and their poor performance under damp 
conditions, particularly risiny damp. These systems were ideally suited for appli- 
cations where a rapid turn-round was requireii and where there was no rising damp. 

He then turned to polyurethane systenis I'or flooring. One-pack moistilre cured 
polyurethanes were i~sually eniploycd. They had tlic advantages o f  good hardness, 
flexibility and chemical resistance and could be i~sed ovcr a wide range of application 
temperatures. They also had the advantage ovcr polyesters in that they adhered well 
to slightly damp substrates. They had tlie disadvantage of poor O~OLI I -  anti bubbling 
due to the evolution o f  the CO, during the moisture cure reaction. 

Mr Rooney then discussed tlie prcprlration and use o f  epoxy resin based systenis. 
He discussed tlic various epoxy flooring compositions, including floor paints, self- 
levelling compositions, trowelling compositions and tcr-ri17ro Ilooring, outlining the 
epoxy and curing ilgent systems i~seii for tlie varying compositions together with their 
properties and performance. 

M r  Jolly then concluded by summarising tlie various products avail:tble and their 
comparative perfc>rmance, pointing out that no one system was suitable for all 
requirenie~its and that the correct product needed to be selected for the particular 
performance required. 

The Section Chairman openccl the discussion and tlie lecturers ably answered 
questions put to them by Messrs Rlenkinsop, Gilkcs. Du Ricu, Alcxandcl- and Tate. 
M r  Tate ended tlie ~iieeting by th;inking the lecturers for a vcry intcrest~ng lecture. 

A . L .  

Scottish 
Eastern Branch 
The application of computational methods to pigment technology 
The first ordinary nieeting o f  tlie session was held in tlic C'arlton Hotel, Edinburgh, 
on Wednesday 21 October 1970, with M r  P. A. Cio~\ler in the chair. D r  D. A. Plant 
o f  IC I  Ltd. spoke on "The application o f  computational n~etliods to pigment 
technology." 

In  his talk D r  Plant disc~~ssed the application of computational ~iiethods to f o i ~ r  
diHerent prohlems encountered in the surliice coating industry. 
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Mill h(r,sr ,fOrn~rilrrtiori r~silm. tr R ~ c l  Dcvil slrtrk er 
The object was to determine the optimum conditions for efficient dispersion using a 
Red Devil shaker. 

The computer was first fed with the fixed data; for example, the optimum single 
mill base formulation (the ideal formulation for dispersing a single pigment). Then 
the input data for the dispersion to be considered was fed in, for example, the ball 
volume and the charge to voids ratio. The computer then calculated the optimum 
forniulat ion. 

The paint to be examined was laid down at a set of fixed film thicknesses over a white 
and black background. Rellectance measilrements were taken and the contrast ratio 
for each film thickness calculated by the computer, which could also compound the 
contrast ratios for any film thickness. 

Spectrophotometric ~neasurements of the specimen to be matched were taken a t  
16 different wavelengths covering the visible band of the spectrum, and the data 
fed into the computer. In the calculations the scattering of light was assumed to be 
trivial against the background. 

A first estimate colour match was made. The computer then compared the data 
from the specimens to be matched with that of the first colour match. The differences 
could be shown by an oscilloscope. The ratios of the different pigments in the first 
colour match were then adjusted until a straight line was obtained on the oscilloscope. 
An experienced operator can usually obtain a satisfactory colour match in three 
attempts. 

A "Laray" visco~neter was used to measure the rheology of the printing ink under 
examination. The time of fall of the rod was noted under a series of weights from 
0 to 1,000g. The results were fed into the computer which calculated the viscosity 
and apparent yield value of the ink. It was claimed that the use of a computer was 
more accurate than the normal graphical method, as it overcame the problem of 
where to draw the tangent to the curve. 

J.H.S.  

Metrication 
The second ordinary meeting of the session was held in the Carlton Hotel, Edinburgh, 
on Wednesday 4 November, when Mr F. Munday of PlRA and Mr S. Grant of 
Wiggins Teape Ltd. spoke on "Metrication." This was a joint meeting with the 
BPBMA. 

Mr Munday dealt with the theoretical aspects; discussing the advantages and 
disadvantages of metrication and tracing the history of the subject from the CGS 
system of 1872 to the full System International of 1960. 

The advantages of metrication would mainly be in the field of education, though 
there would be savings in the time taken for calculations and it would help in 
standardisation; for example, "A" paper sizes. Disadvantages would include the 
large amount of re-education and the recalibratior~ of instruments. Unanimity of units 
would be another problem; for example, the gas industry was changing to the joule as 
the unit of power whilst the Electricity Board were continuing with the kilowatt-hour. 

Mr Grant gave the second part of the lecture and dealt with the practical imple- 
mentation of metrication. T o  allow for a smooth transition, it was important for a 
company to nominate one person as that company's metric co-ordinator. Mr Grant 



484 S E C T I O N  P R O C E E D I N G S  JOCC A 

went on to say that as far as Wiggins Teape was concerned, it was decided that only 
necessary changes to allow the company to trade as a metric concern would be 
considered. A list of all instruments and gauges was therefore prepared and these 
were classified as follows: essential ones to be metricated; desirable ones to be 
metricated; the rest. 

The cost of changes one and two was calculated and, owing to the high cost, only 
instruments and gauges in the first classification were metricated. 

A programme of training was also undertaken, in which one person from each 
department underwent a training course and everyone in the firm received a training 
manual. Mr Grant felt it was very important for a smooth transition that everyone 
should feel involved. 

J.H.S. 

Thames Valley 
Special problems of paints and mastics in building techniques 
Mr E. L. French of Taylor Woodrow Construction Ltd. was introduced as the guest 
speaker by the Section Chairman, Mr B. Jacob, at the fourth meeting of the 1970-71 
session, held on Thursday 21 January at the Beech Tree, Beaconsfield. Under the 
title, "Special problems of paints and mastics in building techniques," Mr French 
said he wished to dwell largely on some problems that had faced him personally 
as a coatings user. He added that in his remarks his aim was to stimulate the coatings 
industry into better solutions to some current problen~s. 

He quoted the latest figures for usage of building and decorative paints as 70 million 
gallons, divided up into 30 per cent oil based, 30 per cent emulsion and 30-40 per cent 
varnish, bitumen, and a host of miscellaneous products. A recent survey on methods 
of use showed that 50 per cent by volume was accounted for by brush, 10 per cent 
by roller, 10 per cent by airless spray and 10 per cent by normal spray. He felt that 
paint manufacturers should harmonise more with equipment manufacturers to devise 
new, and to improve existing, methods of application. A case for improved durability 
could also be made out on the basis of reduced maintenance. Coatings of exceptional 
longevity were already available, such as silicone/alkyds, polyester/isocyanates, and 
it was up to the coatings industry to persuade potential users of the benefits to be 
derived from these more expensive products. 

An insight into the manufacture and painting of precoated building components 
was gained from a series of colour slides, during which the efictiveness of moisture 
vapour barriers in sandwich construction was discussed without any firm solution 
being put forward. Another challenging problem not yet f~rlly resolved was how to 
give fast dryinglstacking performance and yet maintain good flexibility for the 
protection of wood. 

The role of preservatives in timber construction was touched on, the need being 
for maximum repellence and fungus resistance without the necessity for aesthetic 
appeal. Pentachlorophenol had given trouble by upsetting the adhesion of the following 
paint coatings. The need for different sorts of wooden joints requiring different types 
of protection was often overlooked. Some slides showed the inadvisability of applying 
surface coatings, rather than absorbent protectives, to cedar cladding. 

Aluminium was among the front rank of the "newer" materials now coming to 
the fore. Very little was protected by anodising and strippable coatings were employed 
extensively. Often they were not satisfactory as they refused to peel uniformly at the 
appropriate time. 
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Next he turned to concrete surfaces; notable among problenls were excessive dirt 
retention and a variation in absorbency which gave unsightly patchwork exteriors. 
At present there seemed no solution. Absorbency was affected by quality of the mix, 
the source of the aggregates and again by the nature of the environment and it was 
impossible to control these to a sufficient extent. A new line of thought from polymer 
chemists was required to solve these problems. 

Mastics, it was said, presented few real problems provided that the joint design 
was sound in thc first place. However, it would be of considerable benefit if the mastic 
would accept wet surfaces without fear of bond failure. 

Mr French ended by showing a colour movie that gave an insight into the manu- 
facture and on-site erection of prefabricated building products. Question time 
reflected the kccn interest in the subject generally among the 28 members and 
10 visitors present. 

Mr Bishop, in giving the closing vote of thanks, made a plea for much more prior 
consultation and discussion between the contractors, architects and the paint suppliers 
before building commenced. 

R.E.G. 



Technical 
Exhibition 
21-25 June 1971 

The Exhibition ('ommittce iu  pleased 
to announce that i t  has accepted the 
late applications o f  two co~npanies at 
OCCA 23. These are Crystal Tack 
Cloth Co. Ltd-Stand 62a. and Dycing 
Services Ltd.-Sta1.d 71d. 

An  anicndment has to be matlc to 
the list o f  exhibitors published in the 
January issue o f  thc Jol~rr~trl, since we 
have been notified that Synres Inter- 
national N V  previously exhibited in 

1965 under ;I ditlkrcnt company name. 
Consequently the number o f  conipanics 
who have not pre\liourly shown at an 
OC'C'A Exhibition is 17 and 32, did riot 
show at OCCA 7-2. 

The 0ffic.itrl G~~irlc, has now been 
pttblished and is availahlc, without 
charge, from the address on the front 
cover o f  this Jo~n.~wl ,  or by Iclephon ing 
01-600 1439 Ext. 3 or telex 88371 1.  

Report of Meeting of Council 
A Meeting of Co~uncil was held on Jorrr/rrrl (which woillrl be despatched as 
Thursday 25 February at Wax Chandlers' soon as the strike ended) stating that 
Hall, I-ondon. There were 16 members applications received after I March (the 
present, undcr the chairmanship o f  the original closing date) would still be con- 
President, M r  A. S. Fraser. sidcred. I t  was hoped that preprints and 

I t  was reported that M r  A. B. Lock 
had accepted Council's invitation to 
represent the Associat ion on BSI Com- 
mittee PVC/I4-"Colours for paints." 
and that M r  J. H. Sparrow would represent 
the Association on Conimittec PVC/24 - 
"Water thinned priming paints," to 
replace the late Mr .I. E. Poolcy. 

the other informaiion wo i~ ld  he sent in 
the first half o f  Apri l  to those who had 
registered, but, i f  the postal strike were to 
continue, their despatch might be delayed 
until later in that month. 

The postal strike had also impeded the 
collection of editorial and advertising 
matter Ibr the Qffiitrl Grlitlc. to the 
Exhibition (21-25 June) with the result 

The Council was informed that, despite that the final date o f  despatch might be 
the postal strike, many avplications for delayed on this occasion. I t  was planned 
the Association's Conference, to be held to send these to members about two 
at Torquay from 4-8 May, had either months before the exhibition. Howcver. 
been delivered or telephoned to the Council was told that all other arrange- 
ofice. A notice had been prepared Ibr mcnts for the Exhibition were well in 
inclusion in the Fcbruary issue o f  the hand. 



Copies o f  tlie provisional accounts [or 
1970, together wi th 11otes anci estimates 
for 1971, liad been circulnted alter 
approval by t hc Finance C'o~iimittee. 
Tliev were adopted (sub.iect to final 
audit) I b r  presentation to  the members in  
the Annual Report which would be 
circulated ( i f  postal conditions allowed) 
well before tlie Annual General Meeting 
on 7 May, a notice Ib r  which was sent to  
menibcrs in  December. 

The Finance Committee at its meeting 
on 10 February hat1 also disc~rssetl tlic 
position arising from tlie 825 Rolls-Royce 
f l shares held by tlic Association but i t  
had been decided that i t  was not con- 
sidered advisable to  sell then1 at tlic time 
o f  the niccting and the market valiic liad 
been assessed Ih r  the 1970 Balance 
Sheet at 40p each. 

Council decided that, in  view o f  the 
delay in  forwarding niembersliip sub- 
scriptions caused by tlic postal strike, the 
period o f  grace allowed to  riiemhers for 
the payment o f  their 1971 nie~iibersliip 
si~bscriptions shoultl be extcndcd f rom 
March to  Apri l .  Consequently, any 
nieniber whose subscription is four 
months in  arrears wi l l  not receive any 
issues o f  the Jorwtrtrl after 1 May unti l  
payment o f  a l l  subscriptions due. but wil l  
receive three issues (February, March and 
Apr i l )  as well as that Ih r  January. which 
liad already been circulated. 

Hull Section 
Ladies Icvening: Home made wines 
A meeting was helti at the Queens Hotel, 
Hull ,  on I March, and attentled by 
25 niembers and guests. M r  G .  D. 
McWil l iam. o f  tlic Hu l l  and District 
Wineniakcrs Club. gave a short talk 
during which he discussed tlic principles 
o f  wine making, tlie choice o f  ingredients 

News of Members 
D r  R. .I. C'cresa, an Ordinary Member 
attached to  the I,ondon Section, has 
been appointed as director o f  divisional 
research o f  the European division of 
W. R. Grace & Company. D r  Ccresa 

I t  was reported that the .lordan Award 
Coniniittec liad met on  28 January and 
t l i i ~ t  the award o f  f 100 would be pre- 
sented to M r  .I. R. Groom for liis paper 
entitled "Milling-:I print ing ink vari- 
able," wliich appeared in  the March issue 
o f  the Jorntrtrl. M r  Groom is an Ordinary 
Member attached to the West Riding 
Section and he prerentcd the paper t o  
that Section in Deccnibcr 1970. 

Council agreed upon the list o f  names 
o f  those membcrs, in addition to  the 
President and tlie President Designate (or  
immedia(c Past President) who wi l l  be 
c.v officio members, to  be approached to  
serve on tlic Professional Grade Com- 
mittee. I t  was further agreed that the 
President Designate ( M r  A.  W. Blenkin- 
sop) would be the first chairman and that 
tl ic Professional Grade Committee should 
report to  Council on  3 June wi th fu l l  
details o f  the schenie for an optional 
I'rol'essicmal Grade for  Ordinary Mem- 
bers. I f  this document is accepted by 
C o ~ ~ n c i l ,  i t  wi l l  then be published i n  the 
Jo~~rn t r l  belhre the next session. 

As  this was the last meeting o f  Council 
that M r  I--raser would chair as President, 
lie took leave to  thank the nienibers for 
their support during liis term o f  office, 
and felt sure that they would continue 
to  give their support to  M r  Blenkinsop 
during liis term o f  oflice. which wil l  start 
at tlie Annual General Meeting on ? May. 

and methods o f  preparation. Several 
especially favoured recipes were given, 
and on this occasior~ the customary 
discussion period was replaced by a wine 
tasting and coll'ee and biscuits. A vote o f  
thanks for :in cn.joyablc and successful 
evening was proposed by M r  F. D. 
Robinson. J . ~ . H .  

wil l  be hnscd at Grace's St. Ncots 
technical centre. 

M r  H. .lone., an Ordinary Member 
attached to  tlic Mancliester Section, has 
recently relinquished liis directorship o f  
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Geigy (UK) Limited and his special 
responsibilities for corporate planning. 
Mr Jones, who joined Geigy in 1932, 
has been a Member of the Association 
since 1955. 

Following the formation of CIBA- 
GEIGY (UK) Limited, as already re- 
ported in this Journnl, details of the 
marketingv department have been 
announced, and several members are 
involved. 

Mr D. G. Addenbrooke, an Ordinary 
Member attached to the Manchester 
Section, is sales manager, paint industry 
group. 

Mr C. A. Carey, an Associate Member 
attached to the London Section, is 
representative for the paint industry 
group, South of England. 

Mr K. C .  D. Bruce, an Ordinary 
Member attached to the London Section, 
is sales manager, ink industry group. 

Mr R. Turnbull, an Ordinary Member 
attached to the London Section, is 
representative for the ink industry group, 
South of England. 

Mr C. Musgrave, an Ordinary Member 
attached to the Manchester Section, 
is sales manager, plastics industry group. 

Mr M. B. Jarvis, an Ordinary Member 
attached to the Manchester Section, 
is representative for the plastics industry 
group, North of England. 

Mr R. C. Sykes, an Ordinary Member 
attached to the Midlands Section, is a 
representative for the synthetic fibres 
group. 

In the regional section of the marketing 
department, which will service all 
industries: 

Mr D. M. Varley, an Ordinary Member 
attached to the Manchester Section, is 
sales manager; 

Mr W. H. Bradburn, an Ordinary 
Member attached to the Manchester 
Section, and Mr J. N. McKean, an 
Ordinary Member attached to the West 
Riding Section and that Section's Vice- 

Mr E. H. Hall, an Associate Men~ber 
attached to the Bristol Section, and 
Mr E. J. Hurst, an Associate Member 
attached to the Bristol Section, will 
act as representatives in the South West 
and Wales; 

Mr D. D. Kinlber, an Ordinary 
Member attached to the Midlands 
Section, will act as representative in the 
Midlands; 

Mr A. Morris, an Ordinary Member 
attached to the London Section, will 
act as representative in the South East; 

Mr F. D. H. Sharp, an Associate 
Member attached to the Irish Section, 
and Chairman of that Section, will act 
as representative in Ireland. 

Mr T. J. Rickerton. an Ordinary 
Member attached to the London Section, 
is joint head of the division's marketing 
services section, and Mr D. F. Grimmer, 
an Associate Member attached to the 
Midlands Section. will carry out customer 
liaison in the Midlands. 

Mr K. A. Leach, an Ordinary Member 
attached to the London Section, has 
been appointed technical sales manager 
of Columbian International (GB) 
Limited, following reorganisation of the 
company's sales structure. 

Dr W. Funke, an Ordinary Member 
attached to the General Overseas Section, 
is to be managing editor of "Progress 
in Organic Coatings," the new review 
journal launched by the Swiss publisher 
Elsevier Sequoia SA. 

Mr A. R. H. Tawn, an Ordinary 
Member attached to the London Section, 
and the Association's Hon. Research 
and Development Officer. and Mr P. 
Fink-Jensen. an Ordinary Member 
attached to the General Overseas Section, 
are to be consulting editors of "Progress 
in Organic Coatings." 

Following the formation of British 
Paints and Chemicals Division of Berger, 
Jensen and Nicholson Ltd: 

  ha irk an, will act as representative in Mr V. C .  Thompson, an Ordinary 
the North and Scotland; Member attached to the Bristol Section, 
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has been appointed managing director, 
having been managing director of John 
Hrrll & Sons (Bristol and London) 
Limited; 

Mr R. Wilson, an Ordinary Member 
attached to the Newcastle Section, has 
been appointed technical director, and 
director of Resinous Chemicals, Mr 
A. A. Duell, an Ordinary Member 
attached to the Newcastlc Section and 
Section Vice-chairman, is director of the 
elastomers operat ions; 

Mr J. N. Bailey, an Ordinary Member 
attached to the Newcastle Section is 
appointed general manager, protection 
special coatings division. 

XI  FATIPEC Congress 
The theme of the XI FATIPEC Congress, 
to be held in the Palazzo dei Congressi, 
Florence, from 11-16 June 1972, will be 
"Developments and evolution in the 
production, evaluation and application 
of paints and printing inks." 

The Congress is t o  bc organised by 
AITIVA, the Italian association, under 
the chairmanship of Mr A. Levi. As well 
as the usual plenary sessions and shorter, 
more specialised papers, a feature of this 
Congress is to be a science symposium, 
running concurrently with other sessions, 
entitled "Pigment/vehicle interaction in 
the fluid state." This will comprise a 
limited number of papers invited by 
AITIVA. 

Papers for the congress are now 
required, the official congress languages 
being English, French, and German. 
Authors wishing to present a paper 
should send their script to: 

Segreteria del Congresso FATI PEC, 
Via S. Giovanni di Dio 7, 
201 23 Milano, Italy. 

The closing date for receipt of papers 
is 3 1 October 1971. 

Resfilm '71 
The annual research filni conference 
organised by the British industrial and 
Scientific Film Association will take 

place at Keele University on 7-9 Septem- 
ber 1971. Entitled Resfilm '71, it will 
cover research filni on the natural 
sciences. 

This will be the first time that the 
conference has moved from its traditional 
venue at the National Physical Labora- 
tory, and it will be a residential 
conference, with delegates accommodated 
at the University. 

Professor Moore Memorial Lecture 
The second Professor Moore Memorial 
Lecture is to be held on Thursday 21 
October 1971. when Sir Harry Melville 
will speak on "Elastomers." Full details 
are available from the Registrar, Univer- 
sity of Bradford, Bradford, Yorkshire 
BD7 IDP. 

PMA report on polyurethene hazards 
The Paint Industry Technical Committee 
of the Paintmakers Association of Great 
Britain Limited, together with its Health 
and Safety sub-committee, has produced 
a report entitled "The hazards arising 
from the manufacture and use of polyure- 
thene paints and varnishes: precautions 
to be adopted." Copies are available on 
request to the PMA. 

New international review journal 
A new journal entitled "Progress in 
organic coatings" is to be published by 
Elsevier Sequoia SA, a member of 
Associated Scientific Publishers. 

The editorial policy of the new journal 
is stated to be to summarise and analyse 
the progress and current state of 
knowledge in the field of organic coatings 
and related subjects. The reviews will 
concentrate on subjects which have 
undergone significant development in 
recent years, and will be compiled by 
specialists having an intimate knowledge 
of the literature in their field. 

The aim of this policy is to provide a 
critical assessment of the published 
literature and at the same time a definition 
of the state of the art, thus easing the 
burden for scientists and technologists 
by providing them with concise informa- 
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tion without the need to study either the is planned. The s~lbscription price is 
original literature or  the abstract journals. 131.75 Swiss Francs for the first volume; 

The journal is t o  be published at further details and sample copies are 
irregular intervals initially, but an available from the publisher, PO Rox 
eventual frequency of four issues a year 851, 1001-Lausanne. Switzerland. 

Register of Members 
The following elections to membership have been approved by Council. The Section 
to which new members are attached is given in italics. 

Ordinary Members 
ATKINSON, RICHARD CLYDE, 29 Bantam Drive. Blairgowrie, Randburg, South Africa. 

(Sorrtll Africn) 
BAILEY, JOHN NOEL. C/O British Paints Ltd., Portland Road, Newcastle upon Tyne. 

(Nc~z.cnstl~) 
BRUCE, DAVID BRECKINRIDGE, 204 Queens Drive, Liverpool L15 6XX. (Mt~~rcl i r . s t~r)  
BUCHERT, GERHARD HANS, Plascori Paints PO Box 10, Luipaardsvlei, Transvaal, 

South Africa. (Sorrtlr Afiicrr ) 
COCKETT, MICHAEL A., RSc, MSc, PO BOX 1057. Cape Town. South Africa. 

(Soritlr A/iictr) 
COETZEE, THOMAS ANDRIES, Plascon Paints &Chemical Ind., PO Box 10. Luipaardsvlei, 

Transvaal, South Africa. (Soutlr A./iicrr) 
EVANS, DAVID WILFRED SHAWYER, BSc, PhD, FRIC, SAPRl University of Natal, 

PO Box 16, Congella, Durban. Natal. (Sor~tli Ajiictr) 
FOLKARD, EDME FRANCOIS, 3 Height Street, Doornfontein. .lohannesburg. 

(Sorrtlr A fi-ica) 
FOSTER, GEOFFREY LAMBSIN, BSc, PhD, FRIC, "Bryher," Ncwlands Drive, Maiden- 

head, Berks. ( TIILIIIICS V(rII(:v) 
GEEVE, H. PO BOX 2203, Bloemfontein, South Africa. (Sorrtlr Afiicc~) 
HATTON, THOMAS FREDERICK, HND, LRIC, 17 Berkeley Close, Olkrton. Stockport, 

Cheshire. ( M(rt~cIic~.~tt~r) 
HORSFIELD, KENNETH WILLIAM, LRIC, AM1Corr.T.. 22 Brecks Lane, Kippax, Leeds. 

( Wost Riclitlg) 
HULATT, MICHAEL JOHN, BSC, PhD, DLI~LIX Ltd., PO Box 2099, Port Elizabeth, Cape 

Province. (Sontlr A,ji.ico) 
K U B E T Z K ~ ,  HEINZ, Plascon Paint Ltd., PO Box 10, Luipaardsvlei, Transvaal, South 

Africa. (Sorrtlr A f i i c ~ )  
LEE, JOHN TREVOR, I I Main Street, Skidby, Cottinghani, East Yorks Hu16 5TZ. 

( HriII) 
MILLS, THOMAS NELSON, LIRI, "Chessington," 41 Russell Street, Durban, Natal. 

(.SOiltll /lfiictr) 
NORBURY-LEA, ANTHONY, 7 Waverley Drive. Cheadlc Huln~e, Cheshire. 

( M~rtrcl~c~sti~t~ ) 

PERRINS, LESLIE, 148 Whalley Road, Wilpshire, Nr. Blackburn, Lancs BBI 9LJ. 
( M~~trclrcstcr.) 

RILEY, DENIS VINE, 146 De Wet Street, Krubersdorp North, Krugersdorp, Transvaal. 
(Soirtlr Afbictr) 



K o l ' l h ~ .  A. E I ? ~ I A I < I ) ,  Piascon Pain1 & Chemicals, PO Box 10, Luipaar-dsvlci, 
Transvaal. ( Sol1 tlr Afiit-(1) 

R U K I N ,  M.ICHAFL, PO BOX 663, Durban, Natal, South Africa. (Sonth Af>icrr) 
STEPHENS, BENJAMIN JOHN, PO BOX 10, Luipaardsvlei, Transvaal, South Africa. 

(Sorrtlr A, f i icrr) 
WEREII, FRITZ. Plascon Paint, Box 10, Luipaarsdsvlei, Transvaal. (South Afi icu) 
W I L K I N S ~ N ,  ROY ROWI.EY, 32 Malmesbury Road, Cheadle Hulnie, Cheadle, Cheshire. 

( Mnttclrc.strr ) 

Associate Members 
BLFCHSCHMIITI., EIINST, 6373 Weisskirclien, Taiiniisblick I I ,  Germany. ( 0v r r . r t ~ l s )  
FOYN, JOHN NF.VII.LI., Piascon Pailits Rr Chcniical Industry, PO Box 10. Luipaardsvlei, 

Transvaal. (Sorltlr A./iic(r) 
LIEBE, H U H E R . ~  S ~ F G I ~ U ~ E I ) ,  Hoechst SA Pty. IJd., Box 8692, 3 C'axton Street, Industria- 

West, Johannesburg. (Sorrtlr Afiic(1) 

Student Members 
C U R R I N ,  JOHN BARRY, 2 Lorraine Avenue, Umbilo. Durban. (Sotrtlr A,f i . ic~) 
EDWARDS, P H I L I P  WII.LIAM, 41 Chaucer Avenue, Hayes, Middx. (Tlrrmrcs Vttl1c.y) 
HILTON, G E O F ~ R E Y ,  3 Devon Drive, Silksworth, Sunderland, Co. Durham. 

( Nc~~rcr .st / i~)  
SOCITHAI.L, G A K ~ I E L I )  J ~ I : I . I ~ I ~ I : Y ,  41 Pickcring Road, Hull, HU5 6TA. (Hull)  
YATFS, ALAN FKEIIERICK JAMI'S, 10 Austwick HOUSC, Heysham Drive, Holnie Wood, 

Bradlhrd BD4 04R Yorks. ( Wcst Ritlirm,<~) 

Forthcoming Events 
Di'iai1.s crrc gi~'rr i  of r?icc,tiirgs ill tlrr Uiritcvl h'iirgrloiir 1/17 to ilrc owl of tlre irrotrfli ,f i lk)~t~iirg plrhlictt- 
tion. r111t1 i1r So~ith A/i,icn (iirtl thc ~ ' o i i t ~ r r o t i ~ ~ c ~ ~ ~ I t I ~  / I / )  to i/r(# C I I ~  (~ f ' i l i ( ,  SCCOIIII iiioitth. 

Friday 4 May 
M't~st R I  Sc~c.tiorr: Lr~ncheon 
Lecture, " High-risk insurance" by 
MI- A .  Tiley. to be hcld at tlie Astoria 
Restaurant, Roundhay, Leeds. at 1 .OO 
p.m. 

'Tuesday 4 to Sat~rrday 8 May 
O i l  rnrcl Colorlr ('lrrrrri.s!,s' A.s.soc.itrtiotr 
Torr/rlco> Cot!fi~rctrcc,: To be held at 
the Palace Hotel, Torquny. 

Friday 7 May 
O!/ (ttr(1 Colorr~. C1rivrri.st.s' A,ssocitrtiomr 

At~~rrlcrl Gctrcrtrl M r c t i t r ~ :  To be held nt 
tlie Palace Hotel, Torquay. at 2.15 p.m. 

Friday I I ,June 

Iri.\lr Si~ctiotr: Golf nut ing. 

Monday 21 to Friday 25 June 
O i l  t r i r r l  Colorrr CI1~17ri.st.s' A.s.socitrtiotr 
23r-(1 Ti~clrrricrrl E.r l~i l~it iotr,  OCCA 23 
To be held at  tlie Empire Hall, 
Olympia. 



Oil and Colour Chemists' Association 
President: A. S. FRASER 

Tlic Oil and Colour Chemists' Association was formed in 1918, to cover paint, printing 
inks, pigments, varnishes, drying and essential oils, resins, lacquers, soaps, linoleum and 
treated fabrics, and tlie plant, apparatus and raw materials ~~sefu l  in their manufacture. In 
1924 it absorbed tlie Paint and Varnish Society. Tlie stated purposc of tlic Association is to 
promote by disci~ssion and scicntific investigation tlie technology of the industries concerned 
with tlie above-mentioned products, and to atrord niembcrs opport~lnity for the interchange 
of ideas. This is achieved by the regular holding of ordinary meetings at which papers arc 
presented, and the organisation of annual technical exhibitions, biennial conferences, educa- 
tional activities and practical co-operative expcrimental work. Dctails of these activities are 
given in the Jorrr~icil of tlrc, Oi l  N I I ~ /  CoIoltr C/rrtrii.st.s' As~oci~itiotr, which is published niontlily, 
and whose pages are open to rcccivc coniniunications and other pronouncenicnts on scientific 
and technical matters atrecting the menibcrs of the Association and the industries concerned. 
The Association's meetings also afrord opporti~nities for mcmbcrs to meet infornially and 
socially. 

Tlicrc are Scctions of OCCA in Auckland, Bristol. Hull. Ireland, London (with a Southern 
Branch), Manchester, the Midlands (with a Trent Valley Branch), Newcastle up011 Tyne, 
Scotland (wit11 an Eastern Brancli), South Africa (with Branclics in tlie Cape, Transvaal and 
Natal), Tllames Valley, Wellington, and the West Riding, and tlicsc arc 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 tlie United States, and tlie FCdCration d'Associations des Tecliniciens de I'lndustrie des 
Pcinturcs, Vcrnis, Emaux et Encres d'lmprimcric de I'Europc Continentale (FATIPEC). 
Tlie Association also maintains cordial relation.; witli tlic Scandinavian Fcdcration of Paint 
and Varnish Tccllnicians (SLF). 

The five Sections previously maintained by the Association in Australia formed ( 1  . I  .68) 
the Oil and Colour Chemists' Association 4ustralia, having tlie same aims and activities as, 
and working in close liaison witli, the parent body. 

Ordinary Menibcrsliip is granted to scientifically trained persons, and Associate Membership 
to others interested in the industries covered. Student Menibersliip, which is intended primarily 
for students, is open without restriction to persons under the age of 21 and to those up to 
25 wlio are following a course of technical study. Tlic ann11:iI silbscription in each case is 
25.25, except for Student Members whose subscription is f 1.05. An entrancc fee of 50p is 
payable by all niembcrs. Applications for menibersliip arc invited fro111 si~itably qualified 
persons wlio arc engaged or  otherwise interested in tlic industries notcd above. Applications. 
which should be s~~ppor ted  by two members of the Association (one of whom must be an 
Ordinary Member). sl~ould bc forwarded to the Dircctor & Secretary at tlic address given 
below. Application fornis and fill1 details of ~ilcnibership may be obtained from tlie offices 
of tlie Association. 

PUI!I~ICATIONS 
.Iorrrn(cl of t / ~ c  O i l  trtrd Ci,lorrr C1rc~1iri.st.s' Associciliotr. Publislicd monthly. Subscription rate 

to non-members in 1IK and abroad; £10.00 p.a. post frcc; payable in advance. 
,411 Introclrtctioti to Puitit Trchno10g.v (Second Edition with additional cliaptcr). Pp. 187, illus- 

tratcd, witli index, £1.00 (including postage). 

Paitit Tcclr~rolo~g,~ MNI I I IN I .~  
Part I :  "Non-convcrtihlc Coatings," Sccond Edition, Pp. 343, f1.80. 
Part 2: "Solvents, Oils, Rcsins and Drizrs." Second Edition, Pp. 268, El .XO. 
Part 3: "Convertihlc Coatings," Pp. 318, £1.75. 
Part 4: "Thc Application of Surfxc Coatings," 1'13. 345, f 1.75. 
Part 5: "The Testing of Paints," Pp. 196, £ 1.75. 
Part 6: "Pig~iicnts, Dyestuffs and Lakcs." Pp. 340, El .75. 

Director Sc Secretary: R.  H. I-lamblin, M.A., F.c.c.s., Wax Chandlers' Ilall, <;resham Strcct, 
London EC2V 7AR. 
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DEDICATED 
WORKERS 

Tlic,se mili~ltc, Inrv:tcs of thct lac iiisclct will 
drvotr  thc*ir six-lnonlli lifc cycle, to 
 laying th r i r  l~ni-t ill t l ir  ~)rocIt~ction of 
lac-tlie vital n n t l ~ r a l  bnsr material for 
SWAMLAC BLEACHED LACS f trails- 
I):trcsnt, waxy or niodific'tl l SHELLACS 
LAC ESTERS & HYDROLYSED LAC 

You will tint1 11s cc l~~a l lg  dcxlic;~tctl t o  t h r  
task of rnc,c3tillg yorlr lac rc~cl~~irc~nic~nts.  
likrwisca those for n:l.t?lr:l.l V A R N I S H  
RESINS. W A X E S  & WATER G U M S  

Agents for E s t a l ~ l ~ ~ i l c t l   nor, 

ANGEL0 BROTHERS SHELLACS 

Oil & Golour Ghemists' 
Association 

PAINT 
TECHNOLOGY 
MANUALS 
The second editions of 

1 Non-convertible Coatings 

2 Solvents, Oils, Resins 
and Driers 

are now available 

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

The price of the 2nd edition is £1.80 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 £1.75 and 
orders should be sent to : 

CHAPMAN & HALL LTD. 
11 New Fetter Lane, 
London, E.C.4 
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Have you considered sub-tropical Florida's Send for free 

severe natural weather testing for creating sub-~ropica~ 
superior products? 

Since 1929 many leaders have utilised 

SUB-TROPICAL TESTING SERVICE 
For economical-dependable-rapid-natural weather tests of * paints * chemical coatings * plastics * textiles * fabrics * related products * 

(List of representative clients given upon request) 

For our customers' 

assurance of 
M 

durability we have 
weathered 

*: 
41 years I 

I(i3 5u,, 
Tropseal 

Maam8 

Sub-Tropical Testing is trusted world wide for aid to technology 
For colourful data, no charge, wrrte at once to 

Mr. C. Hubbard Davis, President Sub-Tropical Testing Service, Inc. 

P.0. BOX 876 Miami, Florida 33156, U.S.A. 305: 235 3111) 
now the data you may Cable: Subtrop~k 

Sub-Tropical Testing giver faatest Natural Weather tests available 

print in practice 
Metchim's have been printers for over 100 years. 

Today, in the heart of Westminster, in the shadow 

of Big Ben, our modern automatic presses pro- 

duce vast quantities of high-class printed matter, 

day and night, in our 12,000 square feet factory. 

M E T C H I M  & S O N  L T D  
G E N E R A L  C O L O U R  A N D  P E R I O D I C A L  P R I N T E R S  

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

T e l e p h o n e :  0 1 - 8 3 9  2 1 2 5  ( 4  l i n e s )  
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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  i ts field, the Council of the Oil and Colour Chemists' Association 
has authorised the addition of an e!eventh chapter to the "lntroduction to  Paint Technology." 
Entitled "Recent Developments," the Chapter incorporates up-to-date information on  the latest 
advances i n  the technology of the paint and allied industries 

This addition will help the "lntroduction to  Paint Technology" t o  maintain i ts position as an 
invaluable aid to  young entrants into the industries a ~ t d  to  marketing and other personnel requiring 
a basic knowledge o f  the principles and techniques of surface coating production and application. 

new chapter 
The new chapter is subdivided into three sections 

resins and media 

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

application techniques 

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

instrumental testing and control methods 

lncludina colour measurement, viscometers, brushability, hardness, fi lm thickness, weathero- 
meters, and use of computers. 

The book contains 204 pages including 11 line diagrams, 8 photographs of common paint 
defects, and comprehensive index. Copies can be obtained from the Oil and Colour Chemists' 
Association, Wax Chandlers' Hall, Gresham Street, London E.C.2, price 21 (post free). 



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 50p per line. Advertisements for 
Situations Wanted are charged at 12:p per line. A box number is charged at 5p. 
They s h o ~ ~ l d  be sent to  the l l i rector & Secretary. O i l  & C'olour Chemists' Association. 

Wax Chandlers' Hall, Greshani Street. I.ondon, E.C.2. Telephone: 01-006 1439. 

SI'TUATIONS VACANT 

TECHNICAL SALES 
REPRESENTATIVE RESINS 

BIP Chemicals Ltd., Oldbury, have a vacancy in  the Midlands for a 
Technical Sales Representative with experience of the paint industry 
and in  particular the field of industrial stoving finishes, t o  promote 
the sale of "Beetle" surface coating resins. A good standard of educa- 
tion is essential and provided that the applicant's background is suitable, 
previous selling experience is not absolutely necessary. Commercial 
and technical trainina will be given. - 
The preferred age is 23-28. 

The Company offers good conditions of employment 
including a contributory Pension and Life Assurance 
Scheme. The salary paid will be in  accordance with the 
Company's Salary Administration Scheme. 

A Company car will be provided. 

Application in  writing should be made to  the 

Personnel Manager, 

BIP Chemicals Ltd 
Popes Lane, Oldbury, P. 0. Box  NO.^., Warley, Worcs. 

SITUA'TIONS VACANT 

We require several responsible Cliemislc/ 
Physicists with experience in  the surface coating 
industry for development work in  our ncwly 
built and equipped laboratory. 
Please apply i n  the strictest o f  confidence to thc 
Managing Director, Shuck Maclean & Co. Ltd. 
(Printing Inks), Albion Close, Petersfield Avenue, 
Slough, Bucks. 

TECHNICAL E X H I B I T I O N  
21 -25 June 1971 

SI?'UA'~IONS WANTED 

PAPEl i  T E C t l N O L O G l S T  with experience o f  
modcrn pr;ictices i n  papcr making, coating 
adhcsivcs, pigments and auxiliaries, seeks 
technical o r  customer liaison position i n  paper 
making, ~ ~ r i n t i n g ,  or allied trades serving the 
papcr and othcr industries. Box No. 331. 

B.Sc., A.IZ.I.C., Over 20 years experience, 
research, development and production, Paints 
and Pig~nenl m a n ~ ~ f i ~ c l ~ ~ r c ,  seeks suitable position 
salarv negotiable. I.ontlon. S.E. area preferred. 
Apply Hox No. 332. 



Muy xxi 

SITUATION VACANT 

AUSTRALIA 

DIVISION OF PROTEIN CHEMISTRY 

G E N E R A L  Applications are invited from polymer chemists for a Postdoctoral Fellowship tenable at this Division 
of the Commonwealth Scientific and Industrial Research Organization, located at Parkville. Melbourne. Victoria. 

The Leather Research Section is an integral part of the Division of Protein Chemistry, and is primarily concerned 
with the structure and properties of hides and skins and with the leather obtained from them. The Division has a 
research staff of some 60 organic and physical chemists, biochemists and biophysicists. Research within the Division 
also includes projects on the structure and chemistry of the wool fibre and its constituent and related proteins and 
on synthetic peptides. 

D U T I E S  A project has been initiated in the Leather Research Section to investigate the incorporation of polymers 
into leather. The long term objective of this work  is t o  improve the uniformity of the properties over the whole 
area of the tanned hide without detracting from the favourable properties of the natural leather. 

The appointee wi l l  be expected t o  develop a research program involving synthesis of polymers and co-polymers 
with different types of backbones and side-chains, and t o  investigate the relation between the properties of these 
polymers and of the leather into which they have been incorporated. 

Q U A L I F I C A T I O N S  Applicants should have a Ph.D degree in chemistry or  equivalent qualifications supported 
by satisfactory evidence of research ability. Some postgraduate research experience in synthetic polymer chemistry 
is desirable and industrial experience relating t o  the synthetic polymer field would be an added advantage. 

S A L A R Y  Depending upon qualifications and experience. the appointment wi l l  be made within the salary range of 
Research Scientist. RA7.484-SA9.494 p.a.. o r  Senior Research Scientist, 3A9.880-RAI 1,517 p.a. Salary rates for 
women are SA428 p.a. less than the corresponding rates for men but equal pay wi l l  be attained in January 1972. 
Promotion within CSIRO to a higher classificat~on is determined by merit. 

C O N D I T I O N S  The Fellowship is offered initially for a period of three years and wi l l  be conditional upon passing 
a medical examination. An initial probationary period of twelve months may be specified. 

Applications. (quoting Appointment No. 4621358). and stating full name, place, date and year of birth. nationality, 
marital status, present employment. details of qualifications and experience, together with the names ~f three or  
four persons acquainted with the applicant's academic and profession31 standing, should reach:- 

T h e  Depu ty  Chie f  Scientific L ia ison Off icer.  

Aust ra l ian  Scient i f ic Liaison Office. 64-78, Kingsway. L O N D O N ,  W C L B  6BD 

by the  15th May, 1971. 

Applications in ,U.S.A. and Canada should be sent t o  Professor H. C. Webster, C.M.G.. Counsellor (Scientific), 
Australian Embassy, 1601 Massachusetts Avenue. N.W.. WASHINGTON. D.C. 20036. U.S.A. 



JOCCA 

SITUATIONS VACANT 

INK TECHNICIANS 

SUN CHEMICAL CORPORATION 

Ink technicians previously recruited in this country are having 
very successful and rewarding careers with the General Printing 
Ink Division of Sun. Why not join them? University graduates 
aged between 28 and 40 with several years experience in the 
ink industry are preferred. A number of positions are available, 
including a senior post, in raw material evaluation, as well as 
situations for those skilled in the manufacture of offset and 
letter press inks and secondly in flexo gravure inks. 

Apply in the first instance to J. G. EVANS, European 
Consultant, Sun Chemical Corporation, Fieldhead, St. John's 
Park, Menston, Ilkley, Yorkshire LS29 6ES. 

INSTITUTE FOR INDUSTRIAL RESEARCH AND STANDARDS 

e PAINT TECHNICIAN 
(Chemistry Department) 

Aoplications arc invited Ibr the above post in the S~~rlircc Coatings Section of [lie 
Cheniistry Department. 

This post is intended for a technician with at least two years' laboratory experience 
in the field of paint technology. 

Appointnlent will be made at Technician Grade I Icvcl: mini~iium academic qi~alifica- 
tions:- 

Science Lahoratory Technicians' Certifica~e of the City and Guilds of London 
Institute, or two approved science sl~bjects at G.C.E. Advanced Level, or an 
approved equivalent. 

SALARY: within the range f 1,167 f 1,690 pcr annilm. 
CONDITIONS: five-day week.; non-contributory Superannuation Scheme, contribu- 
tory Widows' and Children's Pension Sc!ienic. 
Application forms are availalde from THE I'EIISONNEL MANAGER, INSTITUTE 
FOR INDlJSTRlAL RESEARCH AND STANDARDS, HALLYMUN ROAD. 
DUBLIN 9, IRELAND, who should rcccive completed forms nor later than 31 May 
1971. 



New Force on the Marketing Front 
Decorative flame-retardant paints are gaining territory fast. 

This is well known to marketing departments of forward looking paint 
manufacturers. They realise the size of the potential market. 

Their sales figures prove it. Associated Lead want to tell you the 
advantages this paint has for you, and why decorative flame-retardant 

paints are a marketing "must" for the 1970's. Call us. 

ASSOCIATED LEAD MANUFACTURERS LIMITED 

Clements House, 14 Gresham St ,  London E c 2 01 -606 4400 
Crescent House, Newcastle-upon-Tyne, NE 991 GE 063236211 

Lead Works Lane, Chester C H I  3Bs 0244 21022 



O i l  and C o l o u r  Y h e m i s t s '  mssociation 

Technical Exhibition 

Empire Hall - Olympia 
London - 21-25 June 1971 

Copies of the Official Guide have now been sent to all members. 
Further copies are available on application to the Association's Offices 

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

1 g n n  7511 
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