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l'ransactiorca and Communications 

A critical assessment of the 
precision of measurement 
associated with the use of the I.C.I. 
pneumatic micro-indentor 
By R. L. J. Morris 

Chemical Inspectorate, Headquarters Building, Royal Arsenal East, S.E.18 

The results obtained by five laboratories using a described mcthod of test and the ICI niicro- 
indentor are presented and discussed. The use of  a "3 pm temperature" is suggested as one 
means of characterising a paint film. The standard dcviation in the measurement of micro- 
indentation is shown to bc 0.2 micromctrcs and in the estimation of the "3 pm teniperature" 
to be 1.8"C. 

Key words 
Procc~.sses arl:l methotls prinmrily 
ossociatetl wvth service or 111ility 

ageing 

Properties characteristics and 
corr(lition.s primarily associated 
with dried or cr~rerl f i~is  

durability 

Proccssc.~ arlrl rl1~thod.r pri~ltarily orsociaterl 
with analysir, r~leasurerrlent arid lesrir~g 

indentation test 

Une apprbciation critique de la prgcision de mesure Iide A 
I'utilisation de I'appareil de micro-indentation r6alis6 par I'I.C.1. 

Rh\~rrr~L: 
On prCsentc ct discute les r6sultats obtcnus par cinq laboratoircs au nioyens soit d'lme rnethode 
di-critc ensuite, soit du micro-indentateur de 1'I.C.I. L'emploi d'une "3irni tempkrature" est 
propose conime unc possibilite pour caractcriscr le fcuil de peinture. On dkmontrc que I'kcart- 
type du niesurc de micro-indentation est de 0.2 microm&tres et la valeur prkvue pour le "31~m 
tempCraturc" cst de 1.8 C. 

Eine Kritische Bewertung der Genauigkeit von mit Hilfe des I.C.I. 
Pneumatischen Mikroindentors Vorgenommenen Messungen 

Die von fiinf Laboratorien erzielten Resultate, welche alle dicselbe vorgcschriebene 
Priifinethode und den I.C.I. Micro-lndentor benutzten, werden vorgclegt und besprochcn. 
Die Anwendung ciner ''31~nl Tempcratur" wird als Mittel vorgcschlagen, um den Charaktcr 
eines ~nstrichfilms zu kcnnzciclmen. Es wird aufgczeigt, dass die Standardabweichung hei 
Messungen mittcls Micro-Indentation 0,2 Mikrometer und bei der " 3 ~ m  Temperatur" 
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Introduction 
Considerable effort is being givcn to the problems associated with the measure- 
ment of durability of paint systems and the means by which tlie ageing of 
paints may best bc accelerated in ordcr that a reliablc and rel:~tively quick 
prediction can be made concerning the life of the paint. In order to follow the 
ageing process of p i n t  films, repeatable methods are rcquircd to follow the 
changes i n  characteristics of'tlic films. Lawson and Wright1 examined the change 
in mechanical properties of dctoclicd films. and they related changes in Young's 
Modulus, tensile strength, and extension at brcak to chcclcing and cracking 
of the paint film. These methods were further uscdqto compare three forms of 
accelerated weathering cyclcs. Elcy and Peill" however, criticised tlic use of 
tensile strength of' n film to follow tlic ageing process, on the grounds of 
variability of results owing to adventitious irnpcrfections in the film, such as 
dust and variation in film thickness. Somc doubt was expressed regarding the 
validity of relating tlic ageing behaviour and mcchunical properties of detached 
films to those of painted subsrrntcs. They used n dynamic method of testing 
that measured the dissipation factor of paint filnis at increasing temperature 
at a frequency of 2,000 H7, ilnd reported thc change in glass transition 
temperature of fivc p i n t  systc~ns under various exposure conditions. Monk 
and Wright4 described a pneumatic micro-indentation apparatus and indicated 
the types of indentation curves that could be obtained from different paint 
films at different temperatures. 

The Prediction of Performance Sub-committee of tlie Joint Standing Com- 
mittee on Paints and Varnishes is concerned with the collection of physical 
and chemical data of a series of paints and their media, and also with collating 
changes in the characteristics of these paints under differing weathering condi- 
tions. It had been decided to use the micro-indentation technique as one means 
of characterising the pliysic:~l state of a paint film, and the ICI pneumatic 
micro-indentor was chosen as a possibly suitable apparatus. 

Before the main programme of testing and exposure could commence, it was 
considered desirable to examine the data which could be obtained from the 
instrument. Because of the size of the programme. it was necessary for the work 
to be done in several laboratories, and consideration had to be given to the 
possibility of bias existing between instruments and operators. Moreover, 
since the main programme of investigation was scheduled to last for two to 
three years, the possibility of changes in operators lind to be considered. 



This report describes the work which was conducted to correlate different 
instruments at dilyerent laboratories, to provide a statistical analysis of the 
results in order to quantify thc reliability of the data, and also to devise a 
method of test i~sing the micro-indentor. 

Consideration of the experimental variables 
The niicro-indentor, which has been fully described elsewhere4, holds the 

specimen on a variable tcnipcraturc stage and measures pneumatically the 
indentation up to 6 pm undcr a given load and with a given shaped indentor 
in the temperature range of 20'C to ! 9OC. Tlie indentor will also follow 
the recovery of thc paint film i~fter the load has been removed. The variables, 
therefore. that exist in tlic usc of the instrument are: 

load applicd, 
size and shapc of tlie indcntor, 
length of time for which the load is applied, 
temperatiire of the test, and 
length of time over which thc recovery of thc filni is measured. 

The variables associated with the paint film arc: 
thc pre-conditioning of thc film, and 
thc film thickncss. 

Certain of thcse variablcs arc interrclated. and n suitable comproniisc must 
be sought. It was decided that the fill11 thickness should be 0.0015in and, in 
order to ensure evenness of application and minimum variation in the film 
thickness measurcmenl, all the application of paint to the panels should be 
done by one laboratory. The thinner the film, the greater is the effect of the 
substrate upon the indentation result for a given indentation with a given tool. 
If, however, the fil~ii thickness is too large, then the drying of the paint is likely 
to be both adversely affected and atypical. For a given film thickness and 
indentation depth, the effect of the substrate on the indenting tool is dependent 
upon the shape of the tool. The greater the width of the contact area between 
the film and the indentor, the greater is tlie effect of the substrate5. It was 
decided to use a spherical tool so that the results, if suitable, could be treated 
mathematically. A suitable tool :~vailable with the micro-indentation instrument 
was an 0.OOXin radius sapphirc tip, and this was used for all the indentation 
work. 

Owing to the size of the main programme, which called for over 800 micro- 
indentation samples. and the limited time available, it was decided not to 
measure the recovery characteristics of the paint films. It was realised that this 
would result in the loss of information. but such measurements would not have 
been feasible on a programlnc of this size. 

The greater tlie length of time under a given load, the less is the gradient of 
the indentation'time curve (Fig. I) and hence the less the error in the determina- 
tion of the indentation. An indentation time of 120 seconds was chosen as a 
compromise between the error in the determination of the indentation under 
load and the time required to conduct a test. Tlie choice of the load for the 
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testing of a particular paint was now determined by the range in measurement 
of the instrument, which was 0-6 pm. 

Y 
Oo 

- 
1 2 3 

TIME IN MINUTES 

Fig. 1. Indentation/time curve 

In order to accommodate as much information as possible within the measur- 
ing range of the micro-indentor, it was decided to choose that load for a given 
paint which would give a one micrometre indentation in two minutes at a 
temperature of -20°C. With this criterion, it was considered possible to accom- 
lnodate both the increase in indentation of the paint when examined at higher 
temperatures and the hardening of the paint which would occur on ageing. 

The pre-conditioning of the films before testing was governed by the fact 
that the paints were to be exposed at outdoor weathering sites. It was expected 
that these paints, on exposure, would develop a surface layer of dirt together 
with chalk from the degradation of the pigmented paints. Since the indentation 
characteristics of such specimens would be adversely affected with regard to 
repeatability and interpretation, a preliminary washing of the specimens was 
considered essential. Although such treatment may be considered artificial in 
that some low molecular weight polymer could be removed in the washing, i t  
was found that washing produced no change in the infra-red spectra of the 
specimens using the technique of attenuated total reflectance. This fact, and 
the added advantage of a relatively clean surface on which to make measure- 
ments, was considered sufficient reason for washing prior to making measure- 
ments. 



Elleman and May6 had examined the creep modulus of a detached alkyd 
film after irradiation of the film by ultra-violet light. They showed that the film 
required at least 100 hours after radiation for the creep modulus to reach an 
eqi~ilibriiln~ value. It was therefore considered necessary for the paint samples 
that had been exposed in the weatherometer to be left for seven days before 
testing, in order that the n~eta-stable products formed during the forcing condi- 
tions of an artificial weathering cycle could reach equilibrium. 

Since it was envisaged that some testing of the paints would be conducted at 
-20°C, it was necessary to use the indentation apparatus in dry conditions to 
prevent the formation of ice on the specimen. This was achieved by the use of 
phosphorous pentoxide in the glove box containing the micro-indentation 
apparatus. Drying of the paint samples after washing was required in order that 
the water in the paint film. which could have a plasticising affect, should not be 
progressively released during testing in the dry conditions prevailing in the glove 
box. Therefore, each specimen was placed in a desiccator containing phosphorus 
pentoxide for 24 hours and then placed in the glove-box overnight. This latter 
requirement meant that, after a day's use of the instrument, the samples for the 
next day's work would be placed in the glove box and any moisture entering the 
glove box during the transfer of the samples would be absorbed overnight by 
the phosphorus pentoxide in the box. 

Although the paints are being examined in an unnaturally dry state, this 
procedure has the advantage of bringing the paints to a common standard 
condition prior to testing. 

Characterisation of the paint films from the experimental data 
Since each of the 800 specimens was to be examined at a series of temperatures. 
condensation of the data to be obtained was essential for the eventual correlation 
with other physical and chemical parameters which were simultaneoi~sly to be 
determined. It had previously been establishedi that the indentation,'temperatilre 
curve was usually shifted to higher temperatures by weathering of the paint. 
An example of this for a white oleo-resinous paint is shown in Fig. 2. 

The effect of the ageing of the film could be considered to be related to the 
progressive shift in the indentationitemperature curve. This progressive shift 
could then be defined in terms of the temperature at which, under the method 
of test, a given indentation is achieved. From the curves in Fig. 2 it can be seen 
that. at the 3 pm level, the curves approximate to straight lines and have steep 
gradients. Thus an error in the determination of the indentation at the 3 pm 
level will not affect the 3 pm temperature to the same extent. It was, therefore, 
decided to use the criterion of a "3 pm temperature" as a parameter defining 
the indentation characteristics of a paint. 

Experimental 
Six air-drying media, namely, an alkyd, an oleoresin, an acrylic, a two-pack 
polyurethane, a chlorinated rubber. a pva emulsion, and a sloving epoxide 
were each applied to I8 SWG hard aluminium panels to a dry film thickness 
of 37 pm (0.0015in). The stoving medium was heated at 176°C for 3Omin and 
then conditioned with the other panels under labori~tory conditions of 65 i 5 
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WEEKS WEATHERING TO b S  i ' iC.0 k'T r 3 1966 

I 
0 2 4 1 2  

0 -  . 
0 2b 40 

DEGREES CENTIGRADE 

Fig. 2. Shift of indentation/temperature curve on weathcring 

per cent R H ,  18 -k3"C for 14 days before testing or placing in the weatherometer 
to BS3900 Pt. F3. A second similar set of panels, 7 days after application, was 
force dried at 40°C for 3 days, and conditioned for 3 days at 65 i 5 per cent RH.  
IX*3"C. This second set of panels was to be used to examine the effect of 
removal of most of the solvent from the panels and also to see if such treatment 
changed the subsequent behaviour of the films in the weatherometer. 

The films were to be examined before exposure in the weatherometer and 
after two and six weeks accelerated weathering using the method of test shown 
in the Appendix. One-inch diameter discs were cut from the panels, the backs 
of the discs abraded with "400 wet and dry" paper to ensure flatness of the 
specimen and the discs distributed to each of the five participating laboratories. 
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Results 
The results reported by four of the participating laboratories for the unexposed 
and two weeks exposed paints are shown in Table I ,  together with the loads 
chosen for the test by the laboratories, using the criterion defined in Appendix I .  

It was evident that variation i n  the reported results could be attributed 
chiefly to the variation of loads chosen for the testing by the different 

7hr.i.c riiicr.oriic~tr.c~ /erirper~rrt~rr.c.s of'iriitinl crtrtl two-n~cok r~gc,tlfilrrrs irr "C (rrt the shorc~ri Ion(lir~g i r ~  
frcoirrirc.~) 

1 

Paint I Pretrcatmcnt 1 Hefore exposure 1 After two weeks' exposure 

I 

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

Air-dry - 5 

Al kgtl 
Forcc-dry 

I 

2 7 "  27' 

- - 

1 (4g) (4g) 
- - - - - - - - - - - 

I Air-tlry ' 38'  27 34 37 ' 41 37 C 44 
1 1 (is) (8s) (88) (4s) 1 (PI (8g) j (4g) 

Acrylic 1 - - . - - - - - - - - - - _ - _-_ - 
1 Force-dry 1 38'  39 42 '  

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

i Air-dry 
I 

. - - .  -~ 

48" 38' 1 43 1 46 '  ' 52 ' ' 44,' 1 47 
(41) 1 (86) (81) (Xg) (41) 1 (5) j (8g) 

Cpoxide . - - - - .. - - 

1 Fare -d ry  

_ - - -  

Chlorinated rubber 

- - -  -~ 

Olco-resin 
Force-dry 1 1 ' '  I I I '  38 '  34 '  36 

- -  - 

(4g) (4g) (2,) (4g) (4g) 
~ 

74'  94 

-- -- . - -- 
(16g) (8g) 

Polyurelhane 
Force-dry 92 82 1 88 , 

! - ~  78 
I (5g) ( (::p) 1 (IT@ (51) (16g) 

- - - . .- - - - - -- .~ .- - . . - - --- - - .- -- 

I Air-dry 20 21 
(8g) 

P\ga Elllulsion - ' - -- - - -- - -- - - 

---~- 

86-  
(ISg) 

26 
(4g) 
-- 

F~J~CC-dry  23 17 23 i 2 0 '  
l4gl (:k l8gl I (8g) 1 (4g) 

I 
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laboratories. Therefore, for the paints aged for six weeks, the participating 
laboratories were asked to conduct the test using particular loads. The results 
reported are shown in Table 2. 

Ttrhli~ 2 

Paint ' 
I 

Prctrntmcnt / I L;ib 2 Lab. 3 1 Lab. 4 ' Lab. 5 
- - - - - -- -- 

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

1 Air-ciry 1 5 ~ 1 -  52.. 1 48 1 46 
Epoxidc . - - - - . -  

Force-dry 52 

I 5 0  45 
. - - - -~ - - - -  ' Air-dry 

4g 
Oleoresin -- ~ . - -  -- - - -  - 

Force-dry 

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

Air-dry I 8g 
1 46 

Acrylic - - -. .. -~ . .- - - 

i Forcc-dry 
1 

1 40 

' 1 OO* 
88 

- -  - - -  - 

*These results were extrapolated, since the thrce micrometre tclnpcrature lay outside the 
working range of the apparatus. 

Treatment of results 
The results for the alkyd and epoxide tilnls aged for six weeks were examined 
for variation and bias, since these were the media most extensively tested under 
specified conditions of loading. 

There are three methods available for the comparison of results. First. an 
analysis of variance of the declared 3 pni temperatures, which results in the 
value for the standard deviation of the 3 pm temperature determination of 
1.8"C. However, the variation in 3 pm temperature will result from bias and 
random error in the measurement of both indentation and temperature. In 
order to examine the effect of the variation of these two measurements, one 
must examine the data used to achieve the 3 pm temperature result. Each 
laboratory has plotted the mean indentations achieved at particular temperatures 
and constructed a temperaturelindentation curve from which the 3 pm tempera- 
ture result has been derived. For a given paint and loading. each laboratory 
will have chosen different temperati~res for the indentation testing, so that the 
indentation temperature curves produced by each laboratory must be examined 
for variation. This has been conducted in two ways, by examining the relative 
displacement with respect to temperature and indentation of the experimentally 
derived curves, and also by the fitting of empirical curves. 



Fitting of the experimental curves 
For a given paint and pre-conditioning, the data from each laboratory was 
plotted to the same scale. The curves of four of the five laboratories were 
superimposed on to the curves of the fifth, laboratory 3, and the displacement 
of the curves with respect to indentation and temperature relative to those of 
laboratory 3 noted. An example is given in Fig. 3 where the solid and dashed 
lines represent the curves produced by the reference and another laboratory 
respectively. This presupposes that the indentation temperature profile for 
each paint is independent of the laboratory and will only vary because of 
bias and random error. The results obtained are shown in Table 3. 

-- -- . -. .. 

- .. - - TEMPERATURE T 
8 T  

Fig. 3 Comparison of results from laboratory 3 with another laboratory 

Td~lc, 3 
Cot~rpuri.sotr of rc~srr1t.s fiotrr rii/ji,rcvrt Irrhoratoric~.~ 

Print Conditioning 
- ~ 

1 Air-dried 

Lab. 2 1 Lab. 3 
-ppppp- 

0 . 2  0 
- 1.0 I 0 

Variable Lsb. l 

6 1 '  0 3 2  
6 T  1 3.2 

Lab. 4 Lab. 5 

-0.1 0.15 
1.25 4.25 

Alkyd - - I Forcc-dried 0.12 0.2 0 

- .  

Air-dried 1 6 1 ~  

I S T  Eposidc - - - - - - - - - - 

Force-dried 1 8:' 
I 6 T 

:::2 1 ::A8 
- - 

-0.05 1 0.12 
1.2 / 1.5 

. . -. . - - - - - - 

0 . 1 8  0.25 
3.8 1 6.0 0 ) 0 . 1 2  0.2 

0 2 . 0  1 - 5.5 
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The mean deviation in indentation and temperature for cach paint and pre- 
conditioning was then calculated, and the deviation of each laboratory relative 
to the calculated mean deviation was plotted with respect to indentation and 
temperature, see Fig. 4. I t  was considered thnt thc area enclosed by the graph 
of the results of laboratory would be a measure ol' the deviat~on of res~~lts  by 
that laboratory and that the rclat~ve location of thc area woi~ld bc a measure 
of the bias with respect to temperature and indentation measurement. 

2 - LABORATORY 1 

W 
0 
Q - 

4 
Id 

,' 
n 

z 
LABORATORY 

Lo 
-2 

3 

- o ALKYD AiRDRlED 
o ALKYD FORCE DRIED I 

x EPOXIDE AIRDRIED 1 2 + EPOXIDE FORCE DRIED 

-4 - 

I 

I 
I 

-0.2 0 0.2 
Sp IN MICROMETRES 

Fig. 4. Deviation of laboratories relative to the calc~~lated mean deviation 

Fitting of empirical curves 
In order to analyse the dilrercnces bctwccn the results produccd by the laboru- 
tories, it was considered desirable to attempt to l i t  the experin~cntnl data to 
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a family of curves and to derive an arbitrary equation which gave the best fit 
over the experimental range of results. The deviation of data from the curve 
could then be calculated together with the deviation in 3 ym temperatures 
interpolated from the derived curves. 

It was decided to fit the data to the family of curves defined by the equ:ition, 
/ - A ' Bo' ' 

Where I indentation 
T = temperature 

A,  R. C - constants. 

The con~puter racility at R.A.E. Farnboroupli was used to dctcrinine the 
~ a l u e s  of the constants :1. 13, and C which gave the best fit to the data from each 
laboratory for cach paint and pre-conditioning. Using these constants the 
temperature for 1 pm. 2 pm, 3 pm and 4 [ r t n  indentations were calculated. 
Deviations of the experimental data from the fittcd curves had a standard devia- 
tion of 0.20 pm overall and varied from 0.12 p n ~  for laboratory 4 to 0.26 pm for 
laboratory 5. The calculated 3 pm temperatures agreed within 1°C with the 
alkyd and epoxide values shown in Table 2, with two exceptions The difference 
between tlie calculated and plotted values in these two cases was not greater 
than 2 C. It was found necessary to exclude the data from laboratory 5 for 
the air-dried alkyd film owing to large and significant deviations from the 
predicted curve. 

By superimposing the fitted curves for the various laboratories, it was evident 
that above 30 C, laboratory 2 rccordcd consistently higher values for indenta- 
tion. Such bchaviour can be explained by a small positive bias in indentation 
n~easurement and a large negative bias in temperature measurement, as suggested 
by the graphical trcatmcnt above. 

Ignoring the resi~lts from laboratory 2, the scatter of indentation values 
predicted by the curves at 40°C was found to be 0.23 pm. From the inherent 
scatter of 0.20 rim and the fact that at least four points were used to construct the 
indentation temperature curve. one would have expected the scatter to be smaller 
by a factor of 2. I t  is, therefore, clear that there are real curve-to-curve differences 
for the same paint, and that these can be attributed either to experimental 
variations or to real differences between nominally similar panels. Apart from 
laboratory 2, this implies n standard deviation in 3 pm values of 1.5"C. which 
is in general agreement with tlie residual standard deviation obtained by an 
analysis of variance of tlie resulting 3 pm values, 1.8"C. 

Conclusions 
It has been shown that the micro-indentation technique as described can be used 
to follow changes in physical properties of weathering paint films as characterised 
by a 3 pm temperature. The comparison of results provided by five laboratories 
has shown that a bias in results does exist in the case of laboratory 2 and, 
therefore, such results should be corrected. It is proposed that, for the main 
programme of indentation testing. samples of the force-dried epoxide film be 
tested by all participating laboratories at regular intervals throughout the 
programme. This would ensure that any change in bias of results could be 
followed and allowed for. 
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Fitting curves of the form I = A I -  Bc)''7 to the experimental data is shown 
not to produce significant differences from experimentally drawn curves for 
the determination of the 3 pm temperature. Hence its use has nothing to offer 
over and above the simpler method for routine use. The ilncertainty of the results 
is 3.6"C at the 95 per cent level. 
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Appendix I 
Sample preparation 
Specimens shall be checked to ensure that the back surfi~cc is flat, and shall be 
abraded as necessary. 

Preliminary cleaning 
Control samples shall not be cleaned. Samples taken after exposure to natural 
weathering or the weatherometer shall be cleaned by total immersion in a 
9.5 per cent solution of Lissapol N in water and lightly brushed with a camel 
hair brush, drained, and the procedure repeated with distilled water. 

The immersion time of the samples sh:~ll be Icep! to a mininiuni. 

Sample conditioning 
Control samples and samples from llie riatural weotl~ering sitcs sl:all be condl- 
tioned and tested as soon as possible after receipt. Samples from the weathero- 
meter shall be left for seven days before coridilioning and testing, and shall hc 
examined with the miliiniuni of delay. All samples shall be left in n drsicc:i!or 
wit11 phosphoric oxide for 18-24 hours and then be transferred to the ,glove box 
of the apparatus, which shall contain phosphoric oxide, to be left overni~l~t  
before testing. 



Test conditions 
All measurements shall be conducted with a 0.008in radius needle. For e:~cli 
paint, select by trial the weight that will give a 2 minute indentation value in 
the range 1-2 micron for the control paint in the glassy state. The following 
Inads and temperatures are given as a guide in making this assessment. 

Mc~tliwm Lom:l (g) T~'mprraturc> (OC) 
Oleo-resin . . . . . . 8 -20 
Cl~lorini~ted rubber . . . . 8 -20 
Pva emulsion . . . . 8 -20 
Alkyd . . . . . . 8 -20 
Epoxide . . . . . . 8 0 
Acrylic . . . . . . 8 0 
Polyurethane . .  . . . . 16 20 

Procedure 
Start at the temperature indicated above and measure 2 minute indentation 
values at temperature intervals of about 10°C until a temperature is reached at 
which the indentation exceeds 6 pm. 

The exact temperatures at which measurements are made are not important 
provided that the temperature is steady and recorded accurately. It is essential 
that the specimen be allowed to reach equilibrium for seven to ten minutes 
after the temperature has been increased. 

Make two separate determinations at each temperature unless the variation 
between them is more than 5 per cent, in which case make a third determination. 
If in the latter case one of the determinations differs from the mean of the other 
two by more than 20 per cent, make a further determination. 

Select a fresh point on the sample for each determination. Record the mean 
of the determinations at each temperature and all individual results. 

Plot the mean values of indentation in terms of temperature as the determina- 
tions proceed. Investigate immediately the reason for any irregularity in the 
results, but do  not remeasure at lower temperatures after the sample has been 
tnken above the glassy state. 

From the graphs obtained, record the temperatures at which the samples 
show an indentation value of 3 micrometres. 
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Behaviour of polymeric coatings 
on steel during deep-drawing 
By A. J. Duke* and A. Gaget 

Central Research Laboratories, Richard Thomas & Baldwins Ltd., Whitchurch, 
Aylesbury, Bucks. 

Sr~rriniur.j- 
Traditional testc of coating fabricabillty, such as the linear extension and Erichscn indentation 
tests, fail to predict tlie beliaviour of prefinisli coatings on sheet metals during drawing opera- 
tions. It is shown that a large proportion of any damage to coatings that occurs on drawing 
is due t o  the conipressivc ("hoop") stre5ses. and not to friction against the punch or die. 
Bend tests with the coating on the inside cause analogous failures, and can thus be used as a 
sinlple check on coating "drawability." 
Coating failures during Swift-cupping of typical cross-linked and thermoplastic resins, in 
the forln of one-and two-coat systems on steel, have been related to the coating mechanical 
properties and shear adhesions to steel, and to tlie strain distribution induccd in tlie coatings. 
To  avoid cracking of a fabricated coating in regions of pure extension, the prime requirement 
appears to be Iiigh elongation at  break, coupled with adequate initial adhesion. To  prevent 
detachment of coatings in regions of con~prcssive strain, substantial abscncc of cross-linking 
seems paramount, while initial adhesion is also of great importance. 
In duplex coatings, a topcoat of high elongation at  break can eliminate cracking on strctching 
of a primer of low elongation at break, whether the topcoat be thermoplastic or cross-linked. 
Furthermore, a thermoplastic primcr can rcduce loss of adhesion of a cross-linked topcoat in 
compressively straining regions. 

Key words 
T ~ p e s  (rrrel cl(r~.s('.s O~'SIII$ICN(.C 

steel 
shcet metal 

Properties, chcrr~rrcteri.s/ics rrrrrl 
cot~tiitic~rrs prinrurilj~ (rssocirrtc,tl ndtlr 
dried or crtredfr1nr.s 

formability 

T ~ p c s  urrtl cltr.ssc~.s (~J'c.oorit~.c 
thermoplastic coating 
ther~iinsetting coating 

bending test 
cupping test 

Le comportement, pendant I'Qtirage profond, des revgtements 
po~ym5res appIiqu6s 2 I'acier 

Rksrrn~P 
Les essais classiques ayant pour but I'apprdciation de I'aptitude d'un revttement B 
Ctre manipulk, tels que les essais de I'elongation lineaire et de I'indentation Ericl~son, n e  
peuvent pas predire le coniportement des revetements pour la finition dc t61c m@tallique avant 
des operations d'etirage. On deniontre que u11 taux importants des dkgits qui arrivent aux 
revttements lors de I'etirage est en raison des eftbrts de conipression ("de frettage"), et non 
a cause de la friction en provenance des bords du poinqon ou de la matrice. Lcs essais dc 
pliage, effectub dans le cas oC1 le reveternen1 se trouve sur le chtc interne dc I'eprouvctte. 
dkmontrent des dkfauts analogues, et ils pcuvcnt donc etre utiliscs conin~c un contr6le facile 
de "l'aptitude a &tirage" d'un revetenlent. 
- - --- - . .. . .- 

*Present address: Geigy (U.K.) Limited, Simonsway, Manclicstcr 22. 
?Present address: Central Electricity Generating Board, London. 



1970 (9) I ' O L . Y M I ; K I C '  C O A T I N G S  O N  S T I I ~ : L  775 
Lcs avortcnicnts dc rcvi.tcments au cours dc I'Cprcuvc "Swift cupping" sur des resines reticulecs 
ou thcrmoplastiqucs sous fornic dcs systemcs B ilnc 011 dcux couches sur acicr, ont ete lies: aux 
caractCristiqucs n~cc~niq i~cs :  aux adliC.rcnccs i I'acicr devant les efforts dc cisaillement, ct 
i la repartition de la dcforrnation cntraincc dans Ics rcvetcmcnts. 
Afin d'evitcr, clans lcs regions dc prolongcmcnt simple, Ic fcndillcment d'un rcvCtemcnt, le 
hcsoin principal scn~blc cl'i.trc ilnc dongation :I rupture Clcvee. ainsi qu'un nivcau d'adherencc 
convenablc ail debut. Afin d'cnipi.cIicr I'cnlcven~cnt dc revi.tcmcnts aux regions dc defor~nation 
due a la comprcssion, i l  parait d'unc iniportancc cardinalc dc supprimcr aucun risque de 
reticulation. D'aillcurs, Ic niveau d'adhCrcnce cst Cgalcn~ent d'une grandc importance. 
Dans dcs syst&n~cs dc rcvetcments duplex, unc couche supericure ayant unc Clongation a 
rupture elcvce peut Clinlincr le fcndillcmcnt d'unc primaire dc faible elongation i rupture, 
lors de son prolongcn~cnt, dans Ic ens oil I:I couche supCricurc soit thcrmoplastiqi~c 
soit reticuli.e. De plus. ilnc primaire thcrmc~plast ique pcut tliminucr la pcrte d'adhi.rcnce 
d'une couclic supi-rieurc rcticulCc aux rigions dc dkformation duc i la comprcssion. 

Verhalten Polymerer Beschichtungsmittel beim Tiefziehen 
Z ~ i s a ~ ) l r ~ r o , f t r ~ . ~ ~ ~ t i ~  
Die ublichcn Prufmctlioticn auf Formbarkcit von Lacken wic z.R. lincarc Dchnungs ilnd 
Erichson Ticfungsprohcn vcrsagcn, wcnn das Vcrhaltcn vorlackicrtcr Eisenblcchc bcim 
Zichen vorausgesagt wcidcn soll. 1:s wird gczcigt, class cin grosser Tcil dcr hcinl Ziclicn 
auftretcnden Schiidcn auf crliebliclic ("Ring") I3cansprucliungcn und niclit auf das Kciben 
gcgen Stanzc odcr Pliigcstempcl z~~riickzufiilircn sind. t3icgcproben an dcr lnncnscite 
vcrursachcn analoge Fchlcr und kiinncn dahcr als cinfachc Kontrollpriifungcn auf Ziehbarkcit 
von Anstrichcn angcwandt wcrdcn. 
Reschiidigungcn von Fillilcn bcim Swift-Ticfzichcn typischcr vcrnetztcr ilnd thermoplastick 
Harzc a i ~ f  Eiscnblcch in Ein- und Zwciscl~icl~tc~isystcn~c~~ wurdcn mil dcn niechanischen 
Eigenschaftcn, dcr Scherhaftung a i ~ f  Eiscn, sowic der in tier Bcschicliti~ng liervorgcrufcncn 
Spamungsvcrtcilung in Bczichung gchracht. 
Die wiclitigstc Erfordcrnis um Rcisscn dcr hc:~rbeitctcn Lackicrung in Rcgionen purer 
Ausdchnung zu vcrnlcidcn, diirflc liohc Dchnbarkeit am Hrcchpunkt bci glcichzeitig 
ausrcicl~cndcr anfiingliclicr Haftung sein. U111 Abliis~~ng von Hcschichtungen in Druckspan- 
nungsrcgioncn zu vcrl~indcrn. schcint viilligc Abwcsenhcit von Vcrnctz~lng ilnbcdingt 
erfordcrlich zu scin: gute Anfangsl~altung ist abcr cbcnfalls von grosser Wichtigkcit. 
Im Zweischichtcnsystc~n kann ein ijberzugslack von Iiohcr Dclinbarkcit an1 Brechpunkt 
das Reisscn beim Auszichen cincs P~.in~crs von nicdrigcr Dchnbarkcit am Breclipunkt 
ausschaltcn, unabliiingig davon ob tlcr Ubcrzugclack wiir~ncformbar ode[. -vernctzt ist. 
Wcitcrhin kann ein wiirmcformbarcr Primer Haft~~ngsvcrlust cines vernctztcn Uberzugslackes 
in Druckspannungsregioncn rcduzicrcn. 

Pe3to.+tc 
TpaflMuMoH~ble MCnblTaklMn npOM3BOncTBa I ~ O K P ~ I T M ~ ~ ,  KaK tlanPHMCp J l ~ l l e f i ~ ~ C  paCTnXt2HWe 
M HCnblTaHMR Ha BflaBJlMBaHMe ~ P M K C O H B ,  He MOrYT npCDCKa3aTb nOBefleHMe IlpCnBapMTenbHblX 
n o ~ p b l ~ ~ f i  Ha TOHKMX JlMCTOBblX MCTannaX B BblTIIXHblX OllCpaUMnX. no~a3aHo YTO 6onbluan 
npOnopUMR no~pemneti~fi  n o ~ p b l ~ ~ f i  B0311MKaK)ILIMX npM BblTRXKC, nPOMCXORMT ?a CYeT 
CXMMaIOIIIMX (((nCpU(t)cp~tjHbl~))) yccln~ii, a IlC 6naronapn TpeHMKJ UITaMna MnW MaTpMUbI. 
M C ~ ~ I T ~ H M R  Ha 1 4 3 ~ ~ 6  C nOKpblTMCM Ha B H Y T ~ C H H C ~ ~  CTOPOHC, Bbl3blBalOT aHanOrMqHblC 
nOBpCXDCliM5l M MOrYT TaKMM 06r)a'lO~ CJlYXMTb I I ~ O B C ~ K O W  C ~ O C O ~ H O C T M  n o ~ p b l ~ ~ f i  K 
BblTIlXKC. 

n0~pCXnCtlM!4 ~ O K P ~ I T M U  npU nollofi DblTRXKC TMnWYHblX IlOnepCYHblX U TCpMOnnacTMYCcKMX 
CMOn, B BMDC O~MHOYtlOrO M D B O U H O ~ O  IlOKPLlTClR Ha CT;IJlM, OTHeCeHbl K MeXaHMYCCKMM 
C B O ~ ~ C T B ~ M  lll>KPblTMR M CflBMry clICllJlCtlMn 133 CTaJlll I1 TaKXc K pacnpCnCnC1lMKJ H ~ ~ ~ R X C H M U  
Bbl3BaHHblX B IlOKPblTMRX. 

M ~ ~ C X ~ ~ ~ M S I  TpCllIMH B (t)a6p~~llblx IlOKPblTMflX B YYaCTKaX 'IMCTOrO PaCTflXCHMII, nCpBblM 
T ~ C ~ O W ~ H U C M  nOBl4LIMMOMy RBnRCTCn BblcOKOC pa3pblBHOC YflnUttCtIMC B COYCTaHWM C 
COOTBCTCTBYIOUIMM ~~PBOH~Y~lnbllblM CUCnJlCIIMCM. Ann ~pCnOTBp~lU~llM~ OTCnOCtlMR 
n o ~ p b l ~ ~ f i  B YVacTKaX CXMMBIOUIMX YCtlnMfi, flOJIXll0 npc06Jlana~b OCTYTCTBMC 06pa30WdH~~ 
noncpertlblx c~n?eA, B 7 0  B ~ C M R  K;IK I I ~ ~ B O ~ I ~ I ~ I ~ J I ~ I I O C  cllcllnct1Me TPKXC o q e ~ b  Baxtio. 
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B U B O ~ ~ H ~ I X  ~ O K ~ ~ I T M R X  ~ a p y x ~ b l i 3  c n o i 3  c B ~ I C O K M M  y n n n t i e w i e M  n p M  p a 3 p b 1 e c  M O X C T  
n p e n 0 T B p a T M T b  PaCTpeCKHBaHMe n p M  BblTf lXKC rPYHTOBKM C HM?KHM YllnMHeHMeM n p M  p a 3 p b l B e .  
KaK C TepMOnnaCTMYeCKMM T a K  M C I l O n e p C Y H b l M  BePXHMM CJIOCM. K T O M y  X C  T e p M O n n a C T M -  
'IeCKafl r p Y H T O B K a  M O X C T  YMeHbIUMTb YTCPK) CUCllnCHMA B IlOllCpC'ItlOM BCpXHeM nOKpblTMM 
B YSaCTKaX CXMMatOLUMX H a l l p A X e H ~ ~ .  

Introduction 
Sheet metal is increasingly being "prefinished," or coated while still flat with 
organic stoving coatings, for uses which involve subsequent shaping. The 
requisite forming operations include folding, roll-forming, stretch forming and 
drawing. In all of them the metal undergoes major plastic deformation in 
reaching its final configuration: only slight elastic recovery occurs on release 
from the forming tools. Drawing differs from stretching of metal. in that in the 
former the metal around the area being shaped by the impressed tool is not 
firmly restrained, but is permitted to contract inwards to supply more material 
around the tool. As a result, thinning is minimised, and more severe deformations 
can be achieved without causing metal rupture. 

During cold-forming, a sheet of metal or precoated metal is subjected in 
varying degrees to tensile, compressive and,'or shear stresses. Organic paint 
or plastic prefinish coatings are so thin, and of such low yield strength when 
compared with the substrate metals, that they scarcely affect the plastic flow of 
the metal during fabrication. Thus, providing that the adhesion of the coating 
is adequate to cause it to deform with the metal. a strain is induced in the coating 
by fabrication operations1. The strain at corresponding points in equivalent 
fabricated components will be independent of the coating nature, provided 
only that any lubricating action of the coating does not unduly affect the plastic 
flow of the substrate metal. 

Since thermoplastic coatings can exhibit a viscoelastic response similar to 
that of a plastically straining metal, they can relieve their resulting internal 
stresses by themselves deforming plastically. Hence, all current prefinished metal 
marketed for use in drastic forming operations bears a thermoplastic coatingz. 
However, although cross-linked stoving paint coatings generally show flaking, 
wrinkling or cracking Failures when severely formed, they are able to withstand 
simple bending and roll- or stretch-forming operations without overt failure. 
Since such cross-linked systems offer many advantages when used as decorative 
or functional coatings for sheet metals, this study defines the factors causing 
their failure during severe forming (deep-drawing or inside bending). and 
assesses the relative behaviour of multi-laminar coating systems built up (as in 
practical cases) of strata of differing degrees of cross-linking and/or elastic 
moduli. The latter factor is of interest, since, owing to the lack of dependence 
of coating strain upon coating nature, coating initial stress after fabrication 
will be proportional to coating modulus (at the given strain). If this stress 
exceeds the ultimate extensive or compressive stress of this substance, cohesive 
coating failure must occur. 

Experimental 
Role o f  in-plane compressive strain, rarher tlrun shear, in tlurna~in.~ cr cross-linkecl 
coating 

An alkyd paint, which was known to exhibit poor drawing characteristics, 
was line reverse-roll coated on to Bonderite 901 phosphated 24 gauge cold- 



rolled mild steel slicct. Tlie coating was not surfilcc lubricated on line. Its stoved 
film tliickncss was 0.00065in. 

Round nosed cups were dccp-drawn o n  :I Swift cupping prcss", starting from 
various circi~lar bl:~nks of thc coi~tcd steel of  LIP to 4.5in dinmetcr (that causing 
metal fi~ilure). The cups showed equally severc paint failure by cracking and 
flaking on tlie sidc w:~lls ("skirts") wlicthcr thc drawing was doric in the presence 
or absence of a (readily sliei~rcd) 0.0025in thick polyethylene film between the 
die and tlie outsidc (painted) lilcc of tlie sample. Furthermore, 2in long samples 
of the painted stccl wcre pillled out from between smooth mild steel plates 
clamped together undcr ctr .  500 I bf.in ":I Sorcc morc than ten times that operat- 
ing on thc blanklioldcr in the Swift press), and then showed no flaking of the 
paint (cvcn when cx;~mincd undcr 10x tn:~gnitication). This was still true even 
if the painted mctal had been sub.jected to 15 per cent linear extension before 
the shearing opcrnlion. Taken togetlicr. tlicse two rcsults indicate that surface 
shear on tlie coating illone, in rhc abscncc 01' tlie compressive ("hoop") strains 
induced during drawing, cannot alone cause the drariiatic li~ilures observed 
on deep-drawing of steel contctl with the cross-linkcd pailit. 

Any potential contribution of slicar to tlie obscrved dnniage was further 
reduced in specially conducted Swift cupping trials. 

A 4.5in dianietcr blank was drawn. slightly olT-ccntre and using 1.4in rise. 
At this stage the outside diamctcr had hccn rcduccd to 3.5in, and flaking of 
the paint had begun. both o n  the walls and on tlic rcm;~ining flange areas (see 
Fig. I ). Tlic asynimctry of draw rcsultetl in approximately 0.1 in further rcduc- 
tion of radius at thc riglit of Fis. I than :it tlie front left. Tlie dilrerence in shear 
encoi~ntercd by tlic two regions was insignificant. while tlic difrerence in the 
circumferentiaI contri~ctions was i~bottt 30 per cent. Paint damage can be seen 
to be more advanced in the morc comprcssivcly strnincd region. 

Fig. 1 .  Partly drawn alkyd-coated steel cup, showing coating failure 
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A second CLIP W;IS drawn, eniploying n centering ring of thickness greater 
than that of the coated metal, to a rise of I.Oin. In the absence of initial blank 
holding pressure, severe buckling occurred around the outside of the blank 
(Fig. 2). An exaggerated form of flaking damage was produced on the inside of 
the folds which developed on the flange areas, at the regions of maximum 
curvature (Fig. 2). A smootli transition occurred from the daniage in these 
zones to the similar and i~sunl damage of the paint on the unbuckled cup walls. 

Fig. 2. Paint hilure on hnckling Hanges of a partly drawn costetl steel cup, drawn without 
hlankholding pressure 

Pure conipression was also applied to ik coating, by bending u thick steel bar 
coated with the paint used above. A mild steel suniple, Xin . 0.5in . 0.X75in. 
was cleaned with trichlorethylene. phospliated, and painted. After stoving and 
conditioning for 24 hours, the bean1 was bent to a 130 ' i~ngle under 3-point 
loading on a 4in span, applied by rollers of 1.15in diameter, with 0.0025in 
polyethylene film between the centre roller and the painted compressed face. 
See Figs. 3 and 4. The strain distribution in such :I hen1 beam was determined 
from ;In ~~np i~ in t ed  reference s:implc, see T:tble I. 



Fig. 3. I';lint hlilure on a hrnt heanl; trnsilr face 

Fig. 4. I'i~int f;~ilurc. on a Iwnt I~cani: conlpressive h c e  
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Another new ~roduct 



The drawing behiiviour of one- iind two-coat unpigmcnted systems was 
examined. Thermoplastic polynmide and thermosetting epoxy/polyamide 
coating materials werc selected to give as wide ii riillgc of mechanical properties 
as possible. wliilc ~iiiiintaining chemical similarity and conipnrablc adhesion to 
mild steel. 

Mechanical propcrtics were determined for each system on 0.01 in free films, 
prepared by coating o n  to tinplate and nmalga~iiatio~i'~. Standard tensile speci- 
nlens were cut. and load-extension curves to f:iilurc werc determined on a 
Hounsfield Tensometer. Initial moduli were determined from the linear early 
portions of the load-extension curves. Results iirc given in  Table 2, together 
with coating system shear i i d h ~ ~ i o 1 1 ~  to mild steel dctcrmincd by the A W R E  
torque wrench methodi. 

The systems shown in Tables 3 lo 5 were coated directly o n  to 6in 6in 
squares of EDD mild steel. The steel was not pliosph:~ted. despite the fact that 
such treatment is used in production of high-quality prefinished sheet, since the 
intrusion of the relatively rigid phosphiit~ filni between metal and polymeric 
coating would have complicated interpretation of results. Tlic Versalon polya- 
lnides were applied by spinning from 30 per cent solutions; the cpoxy/polyamides 
were bar coated, with 24 hour intervals between coots. Discs 4.5in in diameter 
were cut from the centre of the specimens and drawn into 50mm diameter 
Swift Cups at 8 ft'min. The results of the drawing tests arc described in Tables 
3 to 5. and typical fi~ilurcs arc illustrated in I:igures 5 to 7. 

SIH 1 0.25 : 0.6 1 0.6 

I Top Coat 
- - . - - . - - - - . . . 

lhsc coat Nil I I'H : 1'1 PI. 
- - -- 

PH Modcratc Scverc I Nil Nil 
-- - -- 

PL I Nil 1 Micro ) 

The coating on the skirt rcgion was in cvcry case unda~nagcd 
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Thermoplastic 
basccoat 

'Phermosct l o p  coal 

S211 SZI. 

I ~ r o w n  1 l-.:~rs o f  skirt Crown k! n ls . . o f  Skirt 
- ~ 

I Cracking and loss Ci l -cr~nikrcnr ia l  Hrcak-LIP and loss 
P H 1 o f  adhesion ( 90 ° , , )  cracking (3OU,,). N o  cflcct o f  adhesion (30", ,)  

1 I l i t t le c i e ~ : ~ c ~ l n ~ c ~ ~ ~  1 
I - -~ - I 

13rea k-up and  loss Circumferential 
P L , N o  cll'cct 1 o f ;~dhesion (301',,) ' N o  elrccl 1 cracking (30a1,,). 

l i t t le dctncliment 

The coating on the upper skirt. remote f rom the c:trs, was in  cvcry case undamaged. 

Fig. 5. Representative failure on drawing of epoxy/polyamidc coated steel: S I H  primer, S IL  
taproilt 

Torque adhesion values7 were determined in tripliciite on the olTcuts iiround 
the edge of each specimen. 111 all cases the intcrcoi~t ;~dhesion was greater than 
the adhesion of the basecoot to the nieti~l. 

No intercon1 rupture or relativc movcmcnl ol' striltil at cup edges could be 
detected in the drawn samples having duplcu tlierniosct -thcrmopl~istic coatings, 
even with the coats dyed difrerent colours. 



The strain distribution induced in the coatings was determined from cups 
drawn from uncoated steel blanks, scribed with a polar grid of concentric 
circles $in apart and ri~dii at 15' intervals. Final compressive hoop strain 
contours arc plotted, as o n  lo the ~lndrnwn blank. in Fig. 8: the radial tensile 
strains are plotted in Fig. 9. A Cartesian grid was not convenient for strain 
measurenients. 

Fig. 6. Detail of crow11 failr~rcs of tliermoplastic coatings on steel when drawn: (a) PH primer 
and topcoat; (I)) I'k1 primer, PI topcoat; (c) PL primer. PH topcoat 



Fig. 7. Failures of thermoset: thermoplast two-coat systems when drawn (a) PH primer, S2H 
topcoat; (h) PH primer, S2L topcuat; (c) PL primer, S21-I topcoat; (d) PL primer, S2L topcoat 



Lightfast, 
flexible and 
chemicaliy resistant 
pdywreth-me paints 
thmugh 

Our~sophoroncd~rsocyartatc grcal chernlcal roslslance. 
(IPDI) and trimethylhexarne- 
thylene diisocyanale (TMDI) Would you like lo know 
are well tried components more about this particular 
for polyurethane palnts. We progress in paint technol- 
have now developed new ogy? Then ask us for further 
adducts from both. They llterati~rc and techn~cal ad- 
offer improved paint prcper- vice. 
ties. These VEBA products 
are suitable for trad~lional 
two-pack systerns or for 
lno~sture curlng one-pack 
systems. They are very lighl- 
fast, h~ghly flex~ble and have 

VEBA-CHEMIE AG 
Dept. DIP 97, D 466 Gelsenkirchen-Buer. F. R. Germany. Phone (02322) 
38613916. Telex 824881 . U. K. Representative: lndustrla (Chemical Services) 
Ltd.. Dept. DIP 97 . 20 Orange Street, London W.C. 2. Phone 01-930 361617. 
Telex 28 405. 
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Fig. F. Distribution of circumferential compressive strain in Swift cups drawn from steel used 
herein 

I 

L. - I I 1 J 
OO 90 180 270 360 

CIRCUMFERENTIAL DEGREES 

Fig. 9. Distribution of radial extensive strain in Swift cups drawn from steel used herein 
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Discussion 
The rc~lutive inf/~~c.t~c.r.s of shecrr unrl cbot?~prc~.ssivc~ struin it1 rlru\t*in,g. 
It has been thought that shear of the coating, imposed during passage of the 
coated steel under the blankholder and between die and punch, caused milch 
of the damage done to coatings when drawing pretinished sheet metnl. Un- 
questionably, shearing due to poor lubric:ition or to rough tool surfaces can 
scar or buff coating surfi~ces. However, the severe flaking which occurs on 
drawing of sheet coated with some cross-linked paints could rather be due to 
the relative inability of such :i paint (as contrasted with thermoplastic coatings) 
to contract circuniferentially with the metnl as the latter is pulled in under 
the hoop stresses. Failure of such a lilm of a cross-linked polymer on in-plane 
compression would occur by bulk shear or by buckling (Fig. lo), and, in either 
case, elrectively infinite stresses would thereby be induced at the interface. 
resulting in loss of adhesion. The various experiments described above uniformly 
support the latter explanation of the fililures. Minimisation of shear in  a cupping 
operation did not iilTect the extent or character of coating flaking failure. 
Contrariwise, shear alone did not induce comparable failure in the absence of 
compressive strain, even when the shear stresses were substantially greater 
than those imposucd during a drawing operation which did cause flaking failure. 
Flaking only occurred on those regions of the drawn cups which had been 
subjected to the compressive "hoop" strains (the "skirt" regions). The 

- . -  
UNSTRESSED 

AFTER EXTENSION: GOOD ADHESION 

AFTER EXTENSION: POOR ADHESION 

Fig. 10a 



AFTER COMPRESSION :COATING COHESION7ADHESION 

AFTER COMPRESSION: COATING COHESION-=ADHESION 
Fig. lob 

Fig. 10. Schematic illustrations of failures of thermoset and thermoplastic coatings, extended or 
compressed on a plastic substrate 

incompletely drawn cupping trials showed that flaking damage develops at a 
fairly sharply critical degree of compressive strain, before the regions of flexure 
of metal at the die (Fig. I), and that completely :tnalogo~~s fililures occur even 
in the total absence of shear, on inside buckled folds (Fig. 2). The damage 
typically involves detachment of the paint from the metal as folds lying at right 
angles to the direction of metal contraction, with tearing, generally circuni- 
ferential, across these folds, and at right angles to the tensile strain. Finally, 
in the beam bending experiment, the infl~lences of pure compressive and tensile 
strains were assessed separately. The paint fitiled on the tensile face of the 
coated bent beam by forming short cracks norlnal to the extension. These 
combined into a tear across the full width of the beam at the point of greatest 
tensile strain. The extension in this region was much greater than the extension 
at break of the C.R. steel substrate of the precoated sheet samples, and in the 
regions of the beam where the surface extension fell within the range tolerated 
by the sheet metal samples (ca. 15 per cent) paint damage was restricted to hair 
cracking without flaking, as occurs on simple uninxi:rl tensile testing of specimens 
of the painted steel; compare Table I witti Fig. 3. Failure of paint on 
the compressive face was by wrinkling detachment of paint along lines normal 
to the strain, and tearing of the film occurred only near the edges. where some 
additional tensile strain at right angles to the beam length was introduced by 
lateral bulging of the specimen (10 per cent expansion). 
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Micro-mechanics oj' coating juilur~ it1 c~otnp~-e~.s.sioti 
The observed types of coating f~tilures during forming of precoated sheet metal 
follow rationally from the rheology of the dilplex metal/coating system. 

In deep-drawing operations, such as Swift cupping, the metal is deformed 
under a biaxial tension-compression stress field.:' This resillts in radial elongation 
of elements of the metal surface with concurrent circumferential contraction-', as 
mapped in Figs. 8 and 9. The presence of the compressive "hoop" stress 
distinguishes deep-drawing from pure stretch-forming. The hoop contraction 
is des~rable from the standpoint of the metal, since it tends to maintain constant 
the area of elements of the sheet, ~ I I L I S  reducing the thinning which would 
otherwise occur under the tensile stress component. Such thinning does occur 
in pure uniaxial or biaxial stretching, as in tensile testing or Erichsen cupping, 
and limits metal fabricability under such stress modes. The metal thus behaves 
somewhat like a viscous fluld with a yield stress, showing only a small elastic 
memory at the end of the deformative process. Thermopli~stic coatings, such as 
pvc homo- or co-polymer types or polyvinyl fluorides, show it silbstiintially 
similar response. However, a cross-linked paint is unable to respond to stress 
by such viscous flow. In tension, distributed localised rupture ("hair-cracking") 
relieves the stress in such paints; many small breaks form, rather than one 
single crack, because of the anchoring of each microscopic element of paint to 
the metal surface by the adhesive forces. The mode of failure of it bonded cross- 
linked paint matrix, in this and other cases. is represcnted schemntically in Fig. 
10. Even if adhesion is poor, loss of contact between paint and substrate 1s 
limited in extent, since it is not a prereqilisite for rilptilre of bonds in the polymer 
at extensions (due to metal flow) greater than those tolerated by the cross-linked 
network. In contrast, in compression. polymcr or polymer-metal bond rupture 
occurs at low strains. In the former case, shearing rupture develops at cSu. 45 
to the direction ofstress. Owing to atomic incompressibility, and since movement 
of atoms nornial to the plane of the sheet is restrained by the network structure 
and ultimately by the adhesive anchoring of polymer to metal, polymer rupture 
can only occur with concurrent widespread loss of adhesion, since the interface is 
the line of flow discontini~ity (Fig. 10). The consequent massive flaking failures 
appear only when a significant compressive strain, 10 per cent. has developed 
in the metal, as evidenced by the interrupted Swift cupping and beam bending 
tests. Wrinkles of detached paint film are broken into flakes by the concurrent 
radial extensions in cupping tests. 

With less densely cross-linked paint coatings, or those of superior inherent 
adhesion, the failure may be less evident, being then mainly of the second rather 
than the first compression type of Fig. 10. However, damage may still be as 
widespread. Microscopic examination of a cup drawn (without flaking) from 
a steel coated with an alkyd paint showed hair-cracking, which was, in fact. 
even denser over the entire walls of the cup than over its biaxiillly stretched 
round nose. Such a condition must lead to reduced corrosion resistance and 
inferior appearance. 

From the above, tests of the fabricability of precoated metal which impose only 
tensile strains, such as uniaxial extension of Erichsen cuppingva stretch-forming 
test), will not serve to predict the behaviour of a coating in it drawing operation. 
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Nor will auch tests serve if tlie coated steel surface is to be otherwise compres- 
s~vely strained, as on tight inside bending. However, a simple bend test on the 
coated metal, with coating inside and to a non-zero inside diameter which is of 
the order of the metal thickness, will impose compressive strains of the same 
order (ca. 50 per cent) as those arising in tlie cupping tests used. Use of simple 
magnifiers with oblique illumination, and manual probes, can permit detection 
of any coating rupture and,or loss of adhesion in such simple test pieces, which 
must not. of course, be unbent before assessment. Such a test has the advantage 
of being independent of any specific drawn configuration. 

A thermoplastic coating can flow into folds or "waves" on compression. 
and such waves can be seen on stereomicroscopic examination of the extremities 
of Swift cups drawn from vinyl-coated steels. However, if adhesion is poor, 
come wrinkling lifting of the coating, as is typical for cross-linked coatings. 
may be observed. Damage to the thermoplastic coating of pvcisteel laminates 
is worst between the ears of Swift cups, at which points compression is at a 
maxiniuni. Such differences of behaviour show LIP also in the simple "inside 
bend" test suggested above. 

Tllc hrhnl'iow- of ~1uplc.x c.orrfitig sjalems 
More strict model studies were conducted using unpig~uented coating systems 
of controlled mechanical properties, in the absence of phosphate or etch primer 
pretrentments of the steel, which could only complicate further an already 
trilaminar system. As expected, the behaviour of all-thermoset and all-thermo- 
plastic systems was in direct contrast. 

The thermosets failed by detaclinient from the compressively strained skirts 
of the cups (Fig. 5). The regions of coating detachment followed the compressive 
\train contours. In the S2 series, presence of tlie lower modulus coat resulted 
In  a uorse performance, whether it was the primer or the topcoat (Table 3). 
Tlie modulus of the primer coat appeared lo affect the performance more than 
did that of the topcoat, but this may have been because the coating of lower 
~nodulus had a slightly lower adhesion to nietal (Table 2). The S1 series of 
thcr~iioset systems, which exhibited significantly higher adhesions before 
drawing, performed better at comparable moduli. (Table 3). Thick coatings 
from double applications generally showed greater loss of adhesion than did 
tlie (thinner) single coatings of the same system. probably because they generate 
,I greater reactive shear thrust at a similar interface. This effect was more marked 
w~th tlic S1 system. with its longer chain length between cross-linkable functions 
(Table 3). 

Tlie tlicrmoplasts, in contrast, showed no damage on the skirt, even when 
of modulus and initial adhesion similar to those of the thermosets (compare 
5ystems PH and SI H, Table 2). However. the high modulus thermoplast system, 
\\hich has the lowest extension at break in this series. developed cracks on 
rlic crown, perpendicular to the radial extension (Table 4 and Fig. 6). Thicker 
coatings again performed worse than did thinner coatings of the same system. 

Cracking occurred on the crown in regions where the radial extension (Fig. 9) 
was less than that needed to cause rupture in a 0.Olin free film (Table 2). On 
the skirt, however, no cracking was observed in regions of much higher linear 
cxtension. Such cracking in regions of low pure extension may occur because 
the elongation at break of these materials depends on the sample thickness; thin 
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samples have a higher surface to bulk ratio, and thus a greater statistical chance 
of failure after crack initiation at low stresses. A 0.001 in coating of thermoplast 
PH on steel did crack at a low uniaxial extension; thicker free samples of 
polyamide have been reported as showing considerably greater extensions at 
break." The cracking was less severe if a low modulus primer was used under 
the high modulus top coat, and a lower modulus top coat completely prevented 
cracking of a high nioduli~s primer (Fig. 6 and Table 4). In this test series, the 
low niodulus coating had a milch higher elongation at break (Table I ) ,  suggest- 
ing that, as a top coat over a high modulus primer, it may have reduced the 
statistical chance of crack propagation through or from the stretching primer by 
filling in incipient surface cracks in the latter. Thermoplastic coatings may have 
been undamaged in skirt regions because the simultaneous circumferential 
compression here limited crack propagation or. alterni~tivcly. because friction 
with the die wall raised the temperature of the coating and thus its elongation 
at break. A 1 per cent change in temperature produces an 8 per cent change 
in the elongrition at break of system pHH. This resin showed less cracking on 
cups drawn at 20'C than on cups drawn at a lower temperature, 7'C. as in the 
main test series. When a cup was drawn very slowly (0.5 ft.min I )  in an attempt 
to minimise frictional hcating. cracking was still not observed on the skirt. 
However, cracking on the crown was appreciably less iit the slower rate, 
presumably because the coating has a longer time during which to distribute 
the induced strain, so this experiment fiiil~d to discriminate between the two 
above explanations for the Inck of cracking on thc slcirts. 

Attempts to combine the desirable fabrication properties of the polyotnide 
and epoxy systems, by using the former :is ii primer for the latter, were infornia- 
live but did not yield a fully fiibricable two-coat system. The thermoplastic 
primers much reduced the detachment of the epoxies over the skirt region. 
confining it to the regions of highest compressive strain (Table 5. Figs. 7 and 8). 
This effect was niost marked when the moduli of the two laycrs were similar 
(compare the two diagonals of Fig. 7 with its orthogonals). On the crown region. 
the polyamide, which cracked wIie11 uscd alone, induced cracking in the hlgh 
modulus epoxy (which had n very low elongation at break), but coating break-up 
was prevented by the use of n topcoat showing higher elongation at break 
(Table 5, Fig. 7). Conipare thc comments made above on purely thermoplastic 
two-coat systems. 

Summary and conclusions 
The flaking of cross-linked coatings from coated steels during drawing is not 
due to shearing of the paint from the metal. but to the inability of the paint to 
follow the in-plane compression of the metal. Improvement in the initial shear 
adhesion of the coating can reduce flaking or detachment, but the compressive 
stresses within the paint film are then relieved by extensive hair cracking. 
Increase of coating thickness raises the interfacial stresses and tlii~s can reduce 
fabricability of coatings. other than those having very high extensibilities. 
Thermoplastic coatings which show a low elongation at break as thin films 
fail by cracking in extended regions on fabrication. the tendency to such cracking 
having been observed to decrease with increasing elongation at break, or with 
decreasing straining rate. 

Completely independent variation of the varioils mechanical properties of 
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the polynieric strata of one- and two-layer coatings is naturally not possible, 
both chemical and physical modifications inducing changes in several major 
properties (Table 2). An overall pattern nevertheless emerges from the authors' 
data. A coating which is to be subjected to extension, as in outside bending or 
stretch forming. should possess n high elongation at break together with adequate 
initial adhesion to the metal, if cracking and consequent detachment of the 
coating is to be avoided. I f  the coating is to be compressed, as in the skirt 
of a Swift cup or in other deep-drawn parts, then the prime requirement to 
prevent wrinkling, flaking or total detachment of the coating is substantial 
absence of cross-tin king: dilrerences of degree of cross-linking Iiad little influence 
~bithin the ranges studied. Initial adhesion is also of great importance. The 
authors have not been able to denionstrate any clear correlations between 
coating nioduli or strength properties, and fabricability in either extension or 
compression. 

The nvnilable evidence suggests that multilaminar coatings. including suitably 
selected strata of both thermoplastic and thermoset natures, may be able to 
combine the fabrication and orher advantages of both coating types. Thus, a 
top coat of high clo~igatio~i i l t  break can eliminate cracking on extension of 
a prinier of low breaking clong:~tion. whether the top coat be thermoplastic 
or cross-linked. A thermopli~stic primer can reduce the loss of adhesion of a 
co~npressively strained cross-linked top coat. Other sucli beneficial interactions 
may remain to bc de~iionstrated. 

I n  such combinetl thcrmoplast'thermosel coating systenis. there is some 
indication that mntching of moduli of adjacent strata may be desirable for 
optinii~ni fitbricabilily. 

111 conclusion. it should bc noted that the behaviour patterns lierein observed 
for coatings on plastically defor~iiing metal must also operate in other adhesively- 
linked tiii~lti-laminar systetiis stressed beyond yield of one stratum. The concepts 
t~sed licrcin to account for coating behnviour could tlierefore aid interpretation 
of chipping belioviour of tiiulti-la~iiinar coatings!'. They cou!d also be usefullv 
applied to analysis or the behnviour of bonded structures exposed to high-level 
shearing stresses. particularly when the latter are of a cyclic nature. Such 
:~nalyscs could also supplement recent studies of the etrect of metal plasticity 
in  bonded joints subjected to cleaving strcssesl"~", and might lead to design of 
:rdlicsivc primers to enhance joint limit strengths or durabilities. 
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Formulation of fungus resistant 
paints. VII: Addition of metal 

By E. Hoffmann and A. Saracz 

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

The hydroxyquinolatcs of copper, aluminium, barium, calcium, cadmiuni, strontium, and 
zinc have bcen assessed as fungicides in gloss and flat cnamcl paints. Panels coated with these 
paints were exposed at Lac, New Guinea, and tlic niould growth in tach case was compared 
with that on a paint free of fungicide. The loss of the Ilydroxyquinolatc from tlie coatings was 
also determined. 

Of the compounds investigated only copper 8-hydroxyquinolate (Cu H) imparted fungus 
rcsistancc to  the paint, and then only on the upper side of the panel. The stability of (Cu H )  
in tlie paint film is very high. 

Key words 
Biologicirlly active agents 

fungicide 
metal 8-hydroxyquinol:~tc 

La mise au point des formules de peintures rhsistante 2 
v6g6tation mychlienne 

Lcc Iiydroxyqui~iolatcs de C L I ~ V I ~ ,  alumium, haryum, calcium, strontium, cadmium ct zinc 
ont Cte apprfciks cn tant quc fongicidcs en pcinturcs-kmaux brillantc ou niatc. Eprouvettc\ 
rcvctucs dc ces peintures ont CtC cxposfcs A Lac, Nouvcllc Guintc, ct I'on a en fait comparer 
la croissance de moisissure auprks de cclle d'unc peinturc cxcmpte dc fongicide. La pcrte de 
I'liydroxyquinolate ii partir dcs rcvetc~nents a fti. dosee Cgalcmcnt. 

Parmi Ics coniposts examines, seulenicnt le 8-hydroxyquinolate dc cuivre (CuH) a reniporti. 
unc rfsistancc B vCgCtation myci.liennc quclconquc it la pcinturc, ct quand ~ni.tnc sur la facc 
supfricurc sculcnient. La stabilite du (Cukl) sc dimontrc trc's 6levCc. 

Rezeptur fiir Pilzanwuchsbestandige Anstrichfarben : 
Zusatz von 8-Hydroxyquinolatverbindungen 

Die Hydroxyquinolatverbind~~tigen von Kupfcr, Aluniinium. Barium, Kalzium, Kad~iiium. 
Strontium und Zink wurden a ~ ~ f  ihre Eignung als Fungizitlc 1'01- Cilanz und Mattlacke gcpriifr 
Mit solchcn Farben gcstrichcnc Tafeln wurden in Lac in NCLI Guinca cxponiert, und der 
Pilzbewuchs mit jc eincr kein Fungizid cntlialtendcn cntsprcchcnden Fnrbe vcrglichcn. Ebcnfalli 
wurdc dcr Verlust an Hydroxyquinolat v o ~ n  Film bcstinimt. 
Von den untersuchten Verbindungcn verlich lediglicli Kupfer-8-Hydroxyquinolat (CuH) 
Widerstandsfiiliigkeit gcgegn Pilzbewuchs und auch nur nuf dcr Ohcrseitc dcr Tafeln. I)ic 
Stabilitiit dcs (CuH) in1 Anstrichfilm ist sclir gross. 



Introduction 
The addition of copper 8-liydroxyquinolate (Cu H)  has been proposed as a 
fungicidal additive to paints, but nothing appears to be known as to its effect 
on mould resistance in the tropics. For this reason, the compound was included 
in the current study on fungicides which is being carried out in the Division 
of Building Research. It was of inlerest to establish whether other metal X- 
hydroxyquinolates showed fungicidal activity, and, therefore, the aluminium, 
barium, calcium, strontiuni, cadmium, and zinc compounds have also been 
tested. 

It has been pointed out1 that, for a rational interpretation of the observations. 
it  is necessary to establish the stability of a fungicide in a paint film. The present 
paper deals with the loss of the various hydroxyquinolates from the coatings 
and their fungicidal activity at Lae, New Guinea. 

Experimental 
Analytical ,t7or1i 
The paints containing the fungicides wcre brushed out on sheets (12in -.: 6in) 
of a polyethylene terephthalate polyester film, attached to asbestos cement 
panels, and exposed under the following conditions. 

1 .  Outdoors, Lae, New Guinea (upper side). 
2. Outdoors, Lae, New Guinea (under side). 
3. Outdoors, Highett, Victoria. 
4. Fog room. 
5. Constant te~iiperalure room at 20°C (6g°F), 65 per cent RH. 
6. Hot room at 38°C (lOOnF), 25 per cent RH. 

At  intervals of approximately six months, a portion of each film was renioved 
and analysed for hydroxyquinolate to determine the loss of the fungicide. 
(The method of analysis has been described elsewherez.) The panels at Highett 
were mounted on racks at an angle of 45" facing north, those at Lae had the 
painted film attached to bolh sides and were mounted at 45" fdcing 31 ' east 
of true north. 

Esposure at Lac, Nclv Guitlca 
A separate set of hardboard panels painted with gloss and flat enamel paints, 
and the corresponding blanks, were exposed at Lae, New Guinea. The intensity 
and extent of mould growth was assessed at intervals of about three months, 
and the results are summarised in Tables 1 and 2. 
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Paint Replicate 

G C u  / 1 , 2 , 3  

4 months 

I I c  -- 
I loo 
-- 

0 1 100 
--. -- . - 

3 100 
2 ( 1 0 0  

I 
8 month5 ) 10 montlis - 1  14 months 17 months I 

- - - - -- -- 

I I c c I I c I I C 
- - -- - - - -- 

2 7 0  3 0 0  I '  Tr 2 1 0 0  
- - - . .- - - - 

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

9 30 

I I I I I I I I I I I 

G ,  Gloss enamel paint without copper 8-hydroxyquinolatc; G Cu, gloss cnaniel paint mith 
flat enamel paint with copper 8-hydroxyquinolate. 

C = Percentage area covered by colour intensity I 
I = Intensity of colour according to scale 9 (black) : . 0 (white) 

I = 0 and C - 100 means that the panel is free of mould 
Tr  = Trace 

Tli ble 

Paint Replicate I - .- . . .  - - - - - - 
4 months-( 8 months 10 ~nol i th r  14 months 17 months 

G,  Gloss enamel paint without copper 8-Iiydro.cyqi~inolatc; G CLI, gloss cnaniel ]lain( uith 
flat enamel paint with copper 8-Iiydroxyqirinol;~~e. 

,-I- 
l , 2 ,  3 

- 

F C u  1 I . 2 , 3  

C - Percentage area covered by colour intensity I 
I = Intensity of colour according to scale 9 (black) - 0 (white) 

I - 0 and C - 100 means that the panel is frcc of mould 
Tr = trace 

Preparation of hydroxyquinolates 
8-hydroxyquinoline was dissolved in ethyl alcohol and the equivalent amount 
of the metal nitrate or chloride in water was added. The pH of the slurry was 
adjusted to 7, and the hydroxyquinolate was filtered off, dried, and ground. 

5- 

2 

- - - - - - - 

l o o !  4 I 0 0  5  I00 3 - 5  100 3 9  101, 
- - -- -- 

I O O I  8 1  S O  4 5  I00 9 100 -3-5 100 
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1 
films exposed at Lac-upper side of panels 

copper 8-hydroxyquinolate; F, flat enamel paint without copper 8-hydroxyquinolate; F Cu, 

Exposure 

21 months 1 24 
--- 

I I C ( I  I C I 

I 

! 

copper 8-hydroxyquinolate; F, flat enamel paint without copper 8-hydroxyquinolate; F Cu, 

Exposure 

Pai~lls 
A gloss enamel paint containing 1.8 per cent, and a flat enamel paint contaitiing 
2.5 per cent, of the copper 8-hydroxyquinolate were used. The aluminium, 
barium, calcium, cadmium, strontium, and zinc hydroxyquinolates were tested 

p----p l l l l !  
0 1 I00 I 1-2 I 100 1 1-2 

i 

- - - - -- - - 

-- 
21 months 24 niunths 27:onths 1 30 months jiGlllr 36 inontht 

-rl!C 

I 

I I 
- -- - - 

3-5 100 I 4-6 loo 

-- -- - 

1 C I C 
-- -- -- 

I I - -- 
- - - 

2-3 100 , 2-1 I 0  2-4 

-- - 

4-6 I loo 1 z 6  / loo 2-6 im 2-6 i m  

- - 

I C / I  
- - 

I I -. - - 

-- 
2-11 I M  2-4 100 

-- 

---- 
100 

.- pp 

- 

-. 

-- 
' 

100 2-4 
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in a flat enamel at about 2 per cent 8-hydroxyquinolate in the form of the metal 
salt. 

Discussion 
As can be seen from Figs. I and 2, (Cu H )  is very stable i n  both gloss and I lat 
enamel paint films. Only 24 per cent was lost from the upper side of the gloss 
film in 32 months at Lae (Fig. I, curve I )  and nothing on the under side (Fig. 1 .  
curve 2). On the upper side, the surface stayed free of mould (Table 1 )  for 27 
months, but appreciable mould growth occurred after 36 months. I t  is possible 
that the appearance of fungus after this time was due to its adaptation to the 
conditions on the surface. A wash with hypochlorite solution, by killing off all 
the spore population, may have restored the original fungus resistance of the 
surface. Alternatively, the diffusibility of (Cu H) from the body of the film to 
the surface may be so slow that its concentration becomes too low to be effective. 
Only further experiments could decide between these possibilities. 

Fig. 1. Loss of copper 8-hydroxyquinolate from gloss alkyd enamel paint 
1 .  Outdoors at Lae, New Guinea; upper side of panels 
2. Outdoors at Lae, New Guinea; under side of panels 
3. Outdoors at Highett, Victoria 
4. Fog room 20°C (68°F) 
5. Constant temperature room at 20°C (68 'F), 65 per cent RH 
6. Hot roo111 at 38°C (I0O0F), 25 per cent RH 

In spite of the great stability of (Cu H)  on the under side, therc was no 
fi~ngicidal effect at all. A similar observation has been made with paints 
formulated with zinc oxide". Certain types of zinc oxide render the paint fungus- 
resistant on the upper side but not on the under side. 

The reason for this difference in behaviour is a matter of speculation. Possibly 
the metabolism of the mould is somewhat different on surfaces exposed to 
strong light, compared with surfaces which receive only comparatively weak 
light. 

The loss of (Cu H) from flat enamel paint film was somewhat greater than 
from gloss paint films, amounting to 38 per cent in 32 months on both upper 



and lower sides, (Fig. 2, curves I and 2). There was no improvement in fungus 
resistance on the under side (Tables I and 2). 

Fig. 2. Loss of copper 8-hydroxyquinolate from flat enamel paint 

I .  Outdoors at Lac, New Guinea: upper side of panels 

2. Outdoors at Lae, Ncw Guinea; under side of panels 

3. Outdoors at Highctt, Victoria 
4. Fog room 20°C (68 F) 
5. Constant temperature room at 20'C (68 F), 65 per cent R H  

6. Hot room at 38 'C (100 F), 25 pcr ccnt RH 

Hydroxyquinolates of aluminium, barium, calcium, cadmium, stronti~~n,, 
and zinc and their mixtures showed no fungicidal activity on the upper or under 
sides (Table 3). 

It is interesting to note that, in contrast with (C11 H), all these compounds 
were quickly lost from the paint film. On the upper side, the loss in 9 months 
varied from 68 to 90 per cent, and on the under side it was as high as 67 per cent 
for the calcium hydroxyquinolate (Table 4). 

The fungicidal activity of the various compounds was also tested by tile 
Vicklund-Manowitz procedure4, and only (Cu H) was found to have any 
activity (Fig. 3). Two points should be noted: first, the absence of any zone of 
inhibition; secondly, according to this test the material is active, but in fact, it 
has been shown to be so under special conditions, that is, at sites in sunlight. This 
behaviour certainly could not have been derived from the laboratory test. 
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A.s.se.ssrrlent of  rrro~rlrl growth on prrirlt J111r.s c~sposetl nt Loe-rrppcr sirlc. of parrc,l.s 

1 Exposure 
Paint Replicate i - -- --, - - - -- . - ~  

I 4 nior~ths 8 months I 1 1 nionths 15 nionths 1 18 nionths 

F .. 
- 

F A1 .. 1.2.3 

F R a  .. 
-- 

F C a  .. 
F Cd .. 1.2.3 

F Cu .. 1.2.3 

F S r  .. . 1.2.3 1-2 100 2 1 100 4 5 I(U, 4 1 10 2 - 9  100 
- - - -- - 

-- 

- - - - - -- - -- 

F Z n  .. 
F A l ,  Ha, Sr .. I, 2, 3 

F Al,  Ra, Cd , 1, 2, 3 

F, flat enamel paint without quinolate: I; Al, ctc., flat enamel paint with the indicated quinolate 
added; F Al, Ba, Sr and F Al, Ba, Cd mixture of quinolatc added 
C = pzrcentage area covered by colour intensity 1 
1 - Intensity of colour according to scale 9 (black) =. 0 (white) 

I = 0 and C = 100 tileans that the pmel is free ol' mould 

T(rhlc* 4 

Loss ofsorr~c. r,rc~tcrl N - l r ~ ~ t l r o . ~ ~ c l ~ ~ i ~ ~ o l ( ~ t ( ~ . s  jro~rr o / / ( I /  c~rrc~rrrc~l ~~crirrt fi1111 i~s/>o.si~:l/i~r. 9 ~~rorrthr (11 LLIC 

Cd 1 
. I 

2.36 1 63 2 1  

: in the form of i quinolate 
- -. . - - - - - 

Loss in Y nionth., "A 
-- ~ - - ~' - 

- - 

Upper sidc ; Under sidc 

- -- - 

Al . 1 2.15 8 5  1 37 



Fig. 3. Vicklund-Manowitz test 
"A" gloss enamel paint without fungicide 
"R" gloss enamel paint with copper 8-hydroxyquinolate added 

Conclusions 
Of the metal X-liydroxyq~~inolates investigated, only the copper 8- 
hydroxyquinolate increased the fungi~s resistance of paint in the humid tropics, 
and then only on the upper side of the test panels. 
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Instrumental measurement of 
colour 
By J. Beresford 

Geigy (U.K.) Limited, Pigments Division, Roundthorn Estate, Wythenshawe, 
Manchester. M23 9ND. 

Colorimetry and spectropl~otometry arc briefly introduced with particular reference to the 
newer ClE data. A few of  the problems encountered in colour measurement are highlighted. 
Tlie assessment of colour strength is of major i~iiportance and two methods of doing this arc 
investigated. 
(a) Tlie Kubelka-Munk equation and 
(b) The International Standard Depths ~iicthod. 

S~iiall patterns present nieasurement problems, and methods of getting round this arc gi\cn 
for use with G. E. Hardy and Large Sphere Color Eye Spcctroplioto~~ictcrs. 
Colour match prediction is mentioned only briefly. 
The effect of si~rfacc characteristics on colori~iictric rcsults is dcmonstratcd. 

Key words 
P~*occ~s.s arrtl rilethorl.~ prirricrri/y Propc~r.ticj.s, choracro.istic~.s t r r r t ~  
tr,s.socir~tecl with rrrirr/y.si.s, ~rrerrsrirr~~i~er~t tc,s/irrg conc/i/iorrs pririrtrrily cr.ssociarc~t1 

colorimetry tivit/r tiroteric11.s it? g~~r~c~ro l  
spectrophotometry colour 

~olorimhtrie Instrumentale 
Rc;.srriilc; 
On presente brievement la colorimktrie et la spectroplioto~littric, ail point dc vue de rkcentc, 
donnkcs de la C.I.E. On souligne certains proble~ncs qile I'on rcncontrc sur le plan dc 
colorimCtrie. L'apprkciation du pouvoir colorant cst d'tlnc grandc importance, et I'on euamlne 
deux nikthodcs pour I'effectuer:- 

(a) L'@quation de Kubelka-Munk. 
(b) L.a nietliodc "International Standard Depths." 

Les cchantillons-types de petite taille prCsentc~it des proble~iies en cc qui conccrnc I W I -  
colorimktrie et I'on donne certaines mkthodes pour les Cviter en utilisant soit le spcctrophoto- 
metre G. E.-Hardy, soit celui appel6 "Large Sphere Color Eye." 
On ne mentionnc que britve~nent la prediction du contretypage de couleur. 
On dimontrc I'effect qu'excrccnt dcs caractCristiques dc surfacc sur les resultats colorimi.triq~~c\. 

Farbmessung mit Instrumenten 
Zusa~?~menfas.s~rtrg 
Kolorinietrie und Spektrophotonletrie werdcn eingangs kurz crwahnt, insbesondcrc LIIIICI. 
Bezugnahme auf die neueren CIA Merkmale. Auf einige wenige beim Farbmessen bcge~iete  
Probleme wird hingewiesen. Die Rewcrtung dcr Farbkraft ist von besondercr Wiclitigkeit. 
Diesbeziiglich wurden zwei Methoden gcpriift 

(a) die Kubelka-Munk Gleichung und 
(b) die International Standard Depths Methodc. 
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Das Messen kleiner Muster bictet Problcmc, untl Mcthodcn, dicsc zu uberwindcn, wcrden 
fiir die Anwcndung mit dem G.  E. Hardy und dem Large Sphere Colour Eyc Spectroplioto- 
mctcr angcfiihrt. Voraussagcn fiir dic Farbcinstellung werden nur kurz erwiihnt. 
Der Finflu+ \on Oberfliicliencliaraltrcrictika auf kolorimctrisclic Ergebnissc wird dargelcgt. 

.T;I~TCII KjXI I KOL' BBCLICHMC B KOJIOPMMCl PMIO I I  C I I C K T ~ O ( ~ ) O T O M ~ T P M H ) .  CCblnaRCb 0 ~ 0 6 0  H i l  

110~L'iilllie J l ~ l l t i b l ~  C.1.E. Yncnello O C O ~ O C  BliMMaHMe HeKOTOpbIM n p o 6 n e ~ a ~  BO3HMKatOLUklhl 
Ilpll H~IM~p~llllll UBCT;1. AI I ;~J IM~~UPYCTCR OUCHKB nPOqFlOCTt4 LlBeTa KBK BOIlpOCa I l e p ~ ~ I h  
B:IH(HOCTII 11 n;leTcR m a  MeTona ocy[l[ecTsnctlun ~ a ~ o h  OUCHKM. 

introduction 
Colour mei~surcments fill1 into two fairly distinct groups; colorimetry and 
spectrophotometry. Colorimetry is a direct method of attempting to simulate 
instrument;~lly the mechanism of the eye. One lias an illuminating light source, 
tlie piittern and a detector systeni (usually three filters: red, green, and blue; and 
a photocell). The detector system is really meant to represent the eye, and 
instrunients will vary in the closeness with which they approximate to the eye. 
but which eye? This was one question raised by the introduction of colorimetry; 
i~~iother \v:ts. which illuniinniit? In 1931. tlie International Committee on 
I lluminants. the CIE', attempted to answer these questions by setting standards 
for the artificial representation of nati~rally occurring lighting and by describing 
a standard observer representing observers with normal colour vision. Since 
then. most calorimeters have tried to fit these standards and all methods of' 
converting spectropliotometric information to colorimetric have used the 
mathematics. This statement is not completely true, as in 1963 the CIE published 
the "10' observer" data' and recently committee E-I, 3. I:] recommended an 
addit ionill illuminant. Dhzoo 

To explain the "10" observer" data, it is necessary to consider briefly tlic 
niechnnisni of colour vision. In the retina of the human eye there are two types 
of light sensitive cell, called tlie rods and tlie cones. The rods are sensitive t o  
intensity only and have an upper intensity threshold above which they will 
not function. The cones sub-divide into red. green and blue sensitive cells. 
and have :I lower threshold below which they are not activated. Hence, at low 
levels of illumination man possesses no colour vision. Another importanr 
factor is the distribution of the cells across the retina. The cones have their 
highest population density at the fovea. the centre of the retina, and fall of '  
in  density towards the periphery. There are no rods in the foveal area, which is 
;\pproxirnately 0.5nim across and subtends an angle of about 2" at the eye lens. 
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Beyond the fovea the rod population relative to the cone increases. Consequently, 
detailed colour vision is restricted to the centre of the field of view whereas 
motion, without colour sensitivity, can be observed right out on  the periphery. 

When Wright%and G u i l d m a d e  their measurements of the sensitivity of 
the eye to mixtures of three stimuli. they chosc viewing conditions that meant 
the patterns viewed only activated this foveal region (that is. an area subtending 
an angle of 2"). For some rime, people had agreed that such viewing conditions 
did not represent normrtl industrial practice for inspection of coloured patterns. 
Stilesqand Speranskaya7 made similar experiments to those of Wright and 
Guild except that their viewing conditions created a I0 ' subtention on the retina. 
The important difference between the two sets of data is that in the first set 
only cone vision is involved whereas in the later work both cone and rod vision 
are used. The differences between the distribution coeflicients .\-, T. Z. can be 
seen in Fig. I. In 1963. the CIE recommended the adoption of this additional 
set of colour n~ntching functions whcncver more accurate correlation with 
visual colour matching of fields of I i ~ r g ~  angular subtense W ~ I S  required. 

[FIELD 
-- 10" FIELD 

Fig. I .  CIE distribution coefficients 
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The 1931 CIE committee also made recommendations of the light sources 
to be used in colorimetry by specifying illuminants A. B, C, of correlated colour 
temperatures 2854' K ,  4870 K and 6740°K respectively. as approximations to an 
incandescent lamp, mean noon sunlight and average north sky light. The defini- 
tive curves are given in Fig. 2. in which one can see that A is predominantly 

1 I 1 
400 500 600 700 

WAVELENGTH (nrn) 

Fig. 2. 1931 standard illuminants 

orange, B is nearly neutral. and C is mainly blue. These have been used as 
standards for many years. with reasonable success in the visible range but with 
only poor correlation to natural radiation in thc ultra-violet. Historically, 
there are good reasons for not considering the U V  in the original specification. 
At the time, lamp mnnufacturcrs were restricted to incandescent lamps whose 
U V  content was very low; the use of fluorescent colours and optical brightening 
agents was not of commercial magnitude, if they were being used at all; and, 
finally, the importance of the role played by ultrn-violet radiation in photo- 
chemical degradation processes was not fi~lly appreciated. 

These factors are better appreciated now, and are the reasons for the re- 
commendation mentioncd earlier (Fig. 3). Dh5n0 hiis been defined between 300 
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and 830nm, and is a representation of daylight. The committee ~ilso gives 
methods for calculating relative spectral energy distributions for any correlated 
colour temperature between 4,000"K and 25,000°K. Its recommendation was: 
"in the interests of standardisation Dssoo be used whenever possible; when 
D6500 cannot be used it is recommended that one of the two relative spectral 
energy distributions having correlated colour temperatures of 5,500°K and 
7,500°K be used, whenever possible." This recommendation has been adopted 
by the BSJ. 

Fig. 3. D6500 standard illurninant 

Colorimetry 
Colorimetry is a method of describing any colour in terms of relative ;lmoLlnt, 
of three primary stimuli. Any three additive primaries will suffice in theory. 
although it has become conventional to take red, green and blue. It cannot 
be stressed too often that the primaries are red, grrcv? and blue. These must 
be the primaries of any colour description system because the eye is stimulated 
by light, without any reference to the way in which that light was produced. 
be it by light sources, filters, paints or dyes, and the additive laws of coloilr 
mixing govern the visual effect, interpreted by the brain, from the stimul a t' lon 
of the receptors. The principle of additivity was tested by Kiinig at the end of 
the last century and has been checked recently by Stiles for the 10' field. Stile5 
\ilggests that additivity does not hold completely under these circumstances and 
that occasionally some disagreement between visual and instrumental results 
might arise. 

The derivation of the laws and equations of colorimetry is well established. 
; ~ n d  the reader is referred to the several textbooks on the sub.ject, in particular 
ro Wright "The measurement of colo~~r"*. 

The CIE chose its three primaries such that X, Z lie on the alychne, and as 
a consequence the Y stimi~lus was related to the photopic curve. i.e. the light 
adapted visual sensitivity curve. 

Spectrophotometry 
A particularly important application of the colour mixt~~re  relations is to the 
derivation of the specification of a colo~ir when its spectral composition ib 

known (E,). Before this can be done, the amounts of X, Y,  Z that would be 
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rcquired to match each wnvclcngtli in turn in tlic equal energy spectruni must 
be known. These were obtnined by the colour matching experiments of Wright 
and Guild referrcd to above. They have been given the symbols 2, y, and 5, and 
arc known as the distribution cocllicients. Therefore a colour made up of two 
wavelengths A, and A, is given by 

X (E,\ 4- (E\ .q2 
Y . ( E  ) - ( ) .................................................... (1) 
z (L,\ -1- (E\ :)2 

which, wlicn cxtcridcd to all wavclcngths of tlic cqunl energy spectrum, gives 
X - X E, .t 
Y - =  XE,,F ....................................................... (2) 
Z - x E h :  

So far, this only applies to n light source. Extending this to a reflecting surface 
sucli as a paint or a piccc of cloth, one must include the effect of this surface on 
tlic equal energy spectrum. that is its reflection curve giving: 

X X EA .v R 
Y := X E \ j  R ............................................................... (3) 
Z Y X E A E R  

Bcca~~se of tlic specification of tlic Y stimulus, it is usual to rationalise these 
values, so that tlie Y for magnesiuni oxide - 100.00 where MgO is the accepted 
primary standard for 100 per cent rcllectance at all visible wavelengths. 
The full specification of tlie tristimulus values is given by equation 4 

X - 2: L:.? H / X  I?!; 
Y = x E?; Ri'X E?  ............................................ (4) 
Z -7 XI?? R1XE.r; 

Whilst thinking of these equations as (the light source) x (the pattern) 
., (the cye), it must be realised that .T, y, :, only represent the eye, they are 

in no way a description of the physiological behaviour of the individual receptors. 
(The light source) ... (the pattern) ,.: (the eye): cliitnge any one of these three and 
the stimulus to the brain is cliangcd, although by examination of the last set of 
equations it is obvious that R can be changed to give other combinations with 
the same E and .t. etc. sucli that X, Y, Z are equal. TIILIS, two different patterns 
appear tlic sanic under one light sourcc, but they will not combine with a different 
set of E values to equate. This is the well known phenomenon of metamerism. 
I f  two patterns have the snnic R valucs a t  all wavelengths, they will always 
matcli independcnt of light source and eye so long as the same ones are used 
to view both patterns. This is known as a spectral match. 

The major differences betwccn colorinictry and spectrophotometry are thus 
liiglilightcd. With spectrophotometry, one can mathematically employ any 
il1umin:int. including tlie standards specified by tlie CIE, in colorimetry one is 
restricted to the light sources available in any particular instrument and to the 
accuracy with which they match. or otlierwisc, the CTE specification. With 
spectropliotometry, metamerism is immediately obvious, with colorimetry, 
at least two sets of measurements must be used to detect it. 
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Strength assessment 
One of the more important demands upon colourists is the assessment of the 
relative strengths of two colourants. If a relationship between reflectance 
and colourant concentration exists, then spectrophotometry provides a method. 
In 1931, Kubelka and Munkvresented an approximate solution for this 
relationship for reflecting films of known thickness. DuncanLo simplified this 
for optically infinite films in 1940 to give the well established Kubelka-Munk 
relationship K - (I-R)2 - - - 

S 2 R  
K concentration .......... ( 5 )  

where K = the coefficient of absorption 
S = the coefficient-of scatter 
R = the reflectance measured against standard - 1.0 

Certain very important assumptions were made in the derivation of this 
equation: 

the colourant absorbs without scattering, 
the base white scatters without absorbing, 
the scattering material is embedded in a medium of the same refractive index 
as that in which the measuring radiation is incident. 
These conditions are most closely met in dyed nrrturul fibres. One must 

specify natural fibres because the opacity, i.e. the scattering of many synthetic 
fibres, is created by the inclusion of titanium dioxide within the fibre, in which 
case the third assumption is no longer valid. In many respects this assumption 
is the least worry, as corrections have been made to overcome the effects of 
an extra optical boundary by Saunderson,ll D~lncan'\and others1:'. If the 
function KIS is plotted against dyestuff concentration, where the reflectance 
used is that of minimum deviation the relation should be linear. Such practical 
plots for a dye and a pigment are shown in Fig. 4. In neither case are they linear 
over the full range of concentrations shown. The non-linearity is only slight 
until relatively high concentrations are reached and it can be ignored in strength 
assessment of medium depths. This non-linearity will be discussed later. 

Thus, an almost linear relation exists between a function of reflectance and 
concentration in an analogous way to the Lambert-Beer law for solution 
concentration. This gives a method of assessing the relative strengths of two 
patterns, especially as tables of R against ( I  - R)72R are available for both the 
original function and the surface reflectance corrected function. How reliable 
is this method? The following are some results obtained in attempting to answer 
this question. 

Three paints, a yellow, a red, and a blue were made up as standards, using 
single pigments. From each standard paint, twelve fi~rllier paints were made 
as one repeat standard, five small increments in the amount of the original 
pigment, four small introductions of pigments of slightly different shade, and 
two very small additions of carbon black. In this way variations in strength 
alone and brightness alone were created; the attempts to produce simple shade 
differences unfortunately also affected the other parameters. Each of the twelve 
patterns, as 6in x 4in panels, was compared against the standard by twenty 
observers, under a colour matching lamp. The observers were allowed to adjust 
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Fig. 4. Effect of sl~acling on  yellow 

viewing angle, distance and position at will. but wcre asked to compare each 
panel only against the standard and to stipulate a numerical strength diflerence. 
The panels were measured spectrophoto~netricnIly and strcngth assessments 
relative to tlie standard mndc using four nietliods. 

- a concentration 
(2) ( I  ;,xp 
(3) Mctliod ( I )  with the surface reflection correction 
(4) Method (2) with tlie surfacc reflection correction 

The results obtained are summarised in Tables 1 ,  2, and 3. After averaging, 
any visual result difycrcnt from the visual mean by twice the standard deviation 
was ignored and n new niean was established. Scveral observations can be 
made. If only strength differcnccs arc prcscnt, the instrumental methods do not 
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differ between tliemselves or from tlic visual observation, i.e. good agreement 
is obtained all round, up to about 5 per ccnt strength dityerences. Above this, 
there is slight overestiniation instrumentally and underestimation visually. 
When shade differences are present, nietliods I and 3 agree and 2 and 4 agree. 
but there is only poor visual correlation for yellow, although the red and 
blue are not too far away. Brightness dilTerences had poor correlation. In 
Table 4 the results are si~mmariscd by showing for each observer how many 
times the opinion was less than 5 per ccnt dilrcrent from thc instrumental results 
(methods I and 3). Tlie ilgreernent was best for red, next blue and linally yellow 
at only 50 per cent within 5 per cent. Tlie overall performance is about 2 3 
agreement, with the yellow creating greatest dilliculty, as one would expect 
from experience. These results arc encouraging, especinlly when one considers 
that in the region of greatest visual confusion, ycllow. there is the minimum of 
instrumental confusion. Whether differences between two patterns are strength, 
shade or brightness can often be detected very easily spectrophotometricaIly. 
For example, in Fig. 5 are shown the standard and one of the shaded yellows. 
Tlie difference is obviously in sliadc and strength, but could be confused visually. 

Recently Gall and Ricdcll4 published an article describing a range of colours 
at "international standard depths." With this range, i t  was their intention. 
with the aid of colorimetry, to providc a relatively siniple method of obtaining 
patterns which, :~lthougli different in hue, werc thc same visual depth as each 
other and an international standard. These equal depth patterns would provide 
useful comparisons of hue, brightness. light fi~stness and many application 

TtrDk~ 4 
,Strc,rr'tlr cu.vassrirarrt tec.t,v- ~ .vr1~1rr111rr~~~ of r(,.~rr/t,v 

Fr.cqrtc,rrc.y of " ~c9illrirr 3 pcnr c.c,rrtw 

0bsc1.vc1.s 1 Yellow 
. .- - 

-~ - 

19 
I 
8 
4 
I5 
20 

Total 
Maximitm 
Pcrccn t age 



Sczprc~nz ber xvi i 



Carbon Black in High Fashion . . . 
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Carbon Black in High Fashion 
Black is once again in fashion. Teen- 

agers like to wear black tights or stock- 
1ngs.The"little black dress-for a party 
- a mini, 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 
blacks remain fast to light and the 

action of modern detergents? Carbon 
black! Carbon black as the pigment in 
black fabrics and prints. 

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

tation with carbon black is often an 
absolute necessity in the case of 
paints, printing inks or carbon paper. 

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

also in bead form " supplied also in bead form, as Printex U "' bead form: Coraxm 300 
Our agents in the Republic of Ireland: Messrs. Chemical Services Ltd.. 54a. Rainsford Street. Dublin 8 

DEGUSSA Colour Blacks For Palnts And Prlntlng Inks 

We would like It all In black and whlte! 

R6gent Super 
F W 2 V '  
FW 200 ' 

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

Special Black 4A 

Carbon Black LT 
Carbon Black LTD 
Printex" V " 

Printex" 140 V '  

Printex" 4M) 
Printex" 30 
Printex" 300'" 
Printex@ A' 
Printex" G' 

Lamp Black 100 
Lamp Black 101 ' 

Please send me a sample of carbon black grade 
together with detailed information. 

Compan 

Name 

Address 

DEGUSSA, P~gments Dlvls~on, 6 FrankfurtIMa~n 1, 
Postfach 3993. Telefon (0611) 21 81 S 

4b DEGUSSA 

Colour 

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

175. Tottenham Court Road, London. W. 1 

011 Ab- 
sorption. 
gi100 g 

840 
700 
650 

650 
430 
250 
300 

230 

360 
360 
400 

380 

330 
400 
360 
300 
250 

400 
280 

58 
63 
63 

71 
75 
84 
80 

80 

81 
81 
83 

84 

84 
90 
90 
94 
98 

93 
102 

Strength 

0.75 
0.78 
0.73 

0.98 
0.83 
0,96 
0.86 

0.86 

0.68 
0.66 
0.95 

0.91 

1,Ol 
0.91 
1.00 
0.73 
0.64 

0.66 
0.21 

Particle 
Size.arith. 
mean mp 

10 
13 
13 

17 
20 
25 
25 

25 

35 
35 
25 

29 

25 
27 
27 
41 
51 

51 
95 

BET 
Surface 

Area. m2/g 

710 
460 
460 

200 
240 
100 
180 

180 

80 
80 

110 

96 

95 
78 
78 
46 
31 

48 
21 

for hlghest quality jet black finishes 
for all types of high quality deep black finishes 
for all types of high quality deep black coatings, particularly 
acrylic stoving finishes 
for all types of black f~nishes 
for all types of black finishes 
for highest quality offset and letterpress inks 
in finishes applied by dipping or electrophoresis,high-grade 
flexo and special gravure inks and duplicating inks 
for high-grade printing inks, carbon paper and typewriter 
ribbons 
for paints, medium-pr~ced prtnting inks, carbon paper and 
typewriter ribbons 
for industrial and decorative paints, gravure, flexo and 
rotary news inks 
for decorative paints, carbon paper, gravure, flexo and 
rotary new inks 
for letterpress and offset inks of good colour 
for rotary news inks 
for gravure and inexpensive letterpress and offset inks 
for gravure inks 
for t~nting paints, and in gravure inks and one-time carbon 
papers 
for ttntlng palnts and in matt printing inks 
for t~nting paints, with high resistance to flotation and 
pigment separation 



\ '4, 
I..., 

Complete sclcctlon of Tltanluln Dloxtde plgrnents 
lo meet highest requlremcnts In all pnlnt 
nppltcattons 

FINNTITAN RR, RD, RDI, RDE2 
FINNTITAN RR2') .  R D 2 ' )  
' )  Specifically developed for hlgh-speed 
dlsperslon and sand-grlndlng. 

Latest addlllons 
FINNTITAN RR 3 n 
Truly kln~vcrsal premlum typc wlth 
finest comblnation of deslrablc 
properties 

FINNTITAN RDE 3 
Superlor opllcal strength In latex and 
flat alkyd paints without loss of film 
Integrity. U 

VUORI KEM l A  OY Helsinki - Finlanrl 

Agent I n  the U.K.: CORNELIUS CHEMICAL CO, Minories, London. E.C.3. 



CONCENTRATION (PERCENT) 

Fig. 5. Kubclka-Munk plots 

properties of pigmented systems, as, for example, it has long been argued that 
the light fastness of pigmented systems is only of interest at equal depth, not 
at equal pigment content. Alternatively, if from this method one obtains the 
concentrations of two pigments necessary to create the same international depth, 
their relative tinting strengths are immediately available. 

The authors defined two equations for two international standard depths, 
which they called 113 and 1/25. The equations are 

For 113 

B = S N (Af)  + loo - 1 0 \ / Y =  52 f 0.2 
1.-4-+ 0.8 s2' 

and for 1/25 . . . . . . . . . . . . . . . . . . . . . . . , . . . , . , . . , . , 
lo0 - l O d Y  ,, 

f? - SO' (Af) -1 
1.6 -1- 2 S 

where B - the depth of tone 

S - the linear distance of thc colour from the white point on the 
chromaticity diagram. 

a ( A f )  = an empirical factor dependent on tone. 
Y :: the luminance. 
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t.'rom these equations :inrl tlic " intern~~tiond s t and~~rd  depth" patterns which 
are nv:iilable, i t  is possible to cnlculalc values {'or rr (i.,.) and plot its relationship 
with dominant wavelength, say. to describe hue. Knowing u ( i . / . )  for any 
domin;~nt wnvclcngth i t  is possible. by measuring patterns of the colour under 
exa~ununi~i;~tio~i ;it  know11 eo~~centr;~tions. to calculnte their 13 vnli~es and from 
a plot of B versus concentr;ition to estimate the pigment concentration necessary 
to give R 59 or B 97. 

The work nirricd nut o n  this system indicates Ihc s;~mc problcln :is in tlic 
previoi~s method. that is. so long as shi~de dilTcrcnccs are very small tlic method 
is good, if somc\vh;it longwindcd, hut lijr Inrgc shade dilkrences the method 
breaks down. 

Colonr match prediction 
I f strengths of individu;~l dyes a n  bc :isscsscd instri~mentally, why not 

assess each dye in :I misturc dyeing? Well one can, and such an ;innlysis forms the 
basis of one merliod of colour m:itcIi prediction. The Pretema computer solves 
four simultnncous equations at ~ O L I S  wnvclcngths to determine the amounts 
of four dyes prcscnt. 

( I  this filnction for tlic undyed subslr:itc. 

C, C', ctc. are tlic conccnlrations of the foilr dycs present. ( I , , .  rr,,. ctc. arc the 
vali~cs of F(R) I'or unit concentration ol' the individu;~l dycs ;I[ each wavelength. 

Tlunc Pretema i~scs tlicsc r o ~ ~ g l l  co~icc~itr;itio~is to C ; I I C L I I I I ~ C  the reflectance 
curve of :I mixture and licncc .\'. 1'. 1. This is compared with the measured 
X. Y. Z. of the pattern to he matched and m;~ni~al  :~lter;itinns made to the dye 
concentrat ion until rcason;~hlc ngrccmcnt belwccn .\' YZ's is obtained. 

There arc other methods of match prcdiclion; the I1;ividson and Hcmcndingcr 
coniputcr COMIC and digital computer methods such as published by 
Atherton'" D~uncon'" :~nd  scvcn~l others. The majority of prediction methods 
;issLlnunc 

Hocvever, Fig. 3 sliowcd that h"S versus co11ccnlr;irion was no1 linear. The 
:~ssumptions 11i;ldc to derive this equation adccluately cover the dyed fabric 
situation at all concentralions. but the practical dyer knows there is a limit to 



liow much dyesti~fTcnn be ptlr on to :I given wcigiit ol'libre. There is a saturation 
limit. Tliis limit means that bcyond a certain concentration tlie concentration 
axis is in error, as the amoi~nt ofdye in the bath docs not represent the amount of 
dye on the fibre. 

The non-linearity is a function of tlic dyeing technology, not the optics. 
With pigmentation one knows exactly liow milch pig~ilent is in the paint or 
fibre, so that tlie concentration axis cannot be wrong. Since all pigments scatter 
light at low pigmentation levels, tlic assumption tliat they do not do so signi- 
ficantly compared to the high scatter of the white is reasonable, but at high 
pigmentation tliis docs not hold. The non-linearity is a fi~nction of the optics, 
not the tccli~ioli~gy. 

How important is this non-linearity'! In practice it is important, as Orcl~ard '~  
has indicated in ;I recent article, but i t  tlocs not limit the applicability of predic- 
tion methods, as each method has its own way of getting round the problem. The 
COMIC has its correction dials, tlie Prctcma its mani1a1 adjustment, and digital 
compilters use tlic con-ection matrix. 

Small patterns 
No matter how good the prediction system, and most seein very successful, 
at some stage a pattern must be niensurcd. All instri~~iients, spectropliotometers 
and colorimetcrs, have a physical limit to the smallness of pattern tliat can be 
measured, simply owing to the sizc of tlic aperture and beam in the instrument. 
This varies from instrument to instrument. Unfortunately, there are occasions 
when the only pattern size available is too smnll and one must consider methods 
of getting round it. In 1963. Gra1inm1" suggcslcd n method at the Lucerne 
Tnternational C O I O L I ~  Co~iferencc. Hc devclopcd ;In cqi~;~tion t1i;lt gave the 
reflectance for a sninll pattern of one colour o n  a background of different 
colour. Tliis equation was 

.4 I! / I 1 {  (1 
I(,s - I<* IZ,. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I1 (I 

where R.% reflectance of tlic srnall pattern o n  the background 
I rellcctnnce of tlic b;~ckgroi~nd alone 
RI, reflectance of tlie small pattern alone. that is, as i f  i t  were a large 

pattern 
A w  tlie arca of the incident beam 
( I  the area of the small p;~ttcrn 

Tliis equation con be rcnrrangcd as 

where R(  tlie calcul;~tcd vnluc for R.$, which was compared with RS 
as an indication of the ctl'ectivcncss of tlic method. Small squares of accurately 
known areas were cut horn four paper coatlngs whose RIA values were known. 
These were mounted over emulsion paint panels on coated card. The paper 
coatings werc yellow, red, green, anti blue. tlic paints werc ycllow. red, green, 
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blue, white. and grey, the small pattern sizes were approximately :in, +in, ;in 
squares, giving a total of 4 x 6 ?: 3 72 patterns. These were measured at 
16 wavelengths using the standard beam of the G. E. Hardy spectrophotometer. 
The analys~s of variance (Table 5) was obtained, showing that pattern colour 
and background c o l o ~ ~ r  were significantly atrecting the results, whereas pattern 
size had no significant efTec1. Another experiment was carried out in which 
deep, medium, and light ycllow patterns, +in square, were measured on three 
grey backgrounds and black and white, as it was felt that the brightness of 
the background should be matched to that of the pattern for best results. The 
analysis of variance of Rc,/Rs shown in Table 6 gave a significant effect of the 
background deptli, but no significance of the pattern depth. In Table 7 the mean 
values of Rc/Rs are given. As can be seen, Rc/Rs approaches one, its theoretical 
value, at higher background brightness for increasing pattern brightness. 

13 - background deptli 

Significance Source of Sums of ) Degrees 01. / Mean S.S.  Variance 

Background 

variation 1 squares ' 
1 

(SS) frccdom : -. 

I d r 

Dark 
Yellow 
Medium 
Yellow 
Light 
Yellow 

(F factor) 

One other efTect was considered, that of gloss. Should the gloss of pattern 
and backgro~~nd be niatched? Patterns were measured such that pattern/ 
background pairs gave gloss/gloss, gloss/matt and matt/gloss combinations. 
The mean values of R(-/Rs shown in Table 8 indicate that the surface structures 
should be similar. 
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I.;//lz(v r~[~~lo.\..s /rrc8(r,r rtrlrror of' lZc/ K.\ 

Standard 
Con~hin;~tion Rc./ R s  dcvi;~tion I 

g lo<s /g l i )~~  1 - 7 0 0 6 5  , 0.0()9 
gloss/mott 1 .0295 0.01 4 
ni:~ttigloss i 1.0284 0.0 I 3 

Froni the nbovc cxpcrimcnts i t  can be co~icludcd that this method should 
work if tliree conditions arc satislicd. 

The s;~mplc must be small cnougli to bc covcrcd casily by the spcctro- 
photometer beam. 

The surf:lcc statc of tlic background sliould be similar to that of the pattern. 

The bright~iess of' thc bnckground must bc simil:~r to that of the pattern. 

Thesc results justilied using tlic method to attcnipt a prcdiction of a small 
pattern. A light grcy, a dark green, nnd :I mcciium lilac on 4 ounce nylon were 
chosen. These partici~lar pattcrns had :~lrcitdy been matchcd and were available 
as large patterns. The actual conccntr:~tions used wcrc compared against onc 
prcdiction using the largc pattcrns ;\lid onc using s~iiall p;lttcrns. Tlic conccntrii- 
tions arc given in Tnblcs 9 and 10. 

- - - .- - ~~. - 

c l : l  I I;lrgT / s111;iIl 
1 -- - - 

Rubinc 1 :;::;;4 1 0.0 10 1 0.000 
Violet 0.065 i 0.107 
13rown 1 0.013 0.01 7 i 0.034 

I 
G rccn 

, - - - 

snlall 
pattern 
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At first sight, some of these correlations do not appear very good, but 
in fact all these recipes corrected within two corrections or less. It must be 
realised that the dyes used in the original patterns have been used in the predic- 
tions. 

Another technique was developed for measuring small patterns on the 
Large Sphere Color-Eye. It was found that Graham's method could not be 
used with this instrument because a reliable estimate of beam size was not 
available. Consequently, black masks were placed over both the standard and 
sample apertures so that circular holes of known equal areas were central in 
each aperture. Measurements were made of reflectances at 16 wavelengths of 
large patterns, both with and without the masks present. RL, the reflectance 
without the mask, was plotted against Rs, the reflectance with the mask, and 
the results for lin, Zin and $in diameter apertures are shown in Fig. 6. The 
regression coefficients of all these lines were better than 0.999. By knowing the 
equations of these straight lines, conversion tables could be produced very 
easily on a computer. These results were used to make predictions of the same 
three patterns used for the small patterns exercise on the GE instrument. 
The results of these predictions are given in Table 1 1 .  

- 
RS= REFLECTANCE WITH MASK 

Fig. 6. Small pattern regression lines (CE) 

Gloss 
Whilst discussing small patterns, mention was made of the effect of the nature 
of the surface. Gloss, or lustre, does not usually cause problems in textile systems 
but can be very important in certain circumstances, such as weathering of paints 



Pattern i!t.scsip!ic>~is 

- 

DARK G R E E N :  
Erionyl l i i~hinc E-3CiS 
Erionyl HILIC E-FC I, 
lirionyl B1.own E-SCiL 
LIGtlT CillEY: 
Erionyl l l ~ ~ h i n c  E-3GS 
Erionyl Hluc E-FGI- 
Erionyl Hrowri 1'-5G L 
LI L.AC: 
Erionyl Rubinc E - 2 R F L  
Erio Fast Violet R L 
Crionyl Brown E-SCiL 

actual 
concsr ~lralion\ 

- 

0.05 
0..75 
2.0 

0.02 
0.09 
0.30 

0.0 14 
0.00 
0.0 14 

Color-Eyc j>rcdiciions 
- ,~ - -  -- - - - - 

I in. 1 I' in. i in. 

1 C.I. PIGMENT BLUE 15 

500 600 
WAVELENGTH (nrn) 

Fig. 7. Anomalous weathering effect 
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or plastics. Normally. calorimeters and spectrophotometers are set to exclude 
s ~ ~ r f l ~ c e  rellected light from niensurements, as this is unatrected by the pattern. 
If n film surf;~ce is roughened. the s~lrfrrcc I-eflectance still occurs but is no longer 
directional and, therefor-e, cannot be excluded from the measurements. At the 
worst possible changc, from pcrfccr gloss to perfect matt on weathering of an 
alkyd paint film, about 3;  per cent retlectance can be added at each wavelength. 
If one is following the etTect of weathering on the organic pigment present, 
this change means a11 apparent large fading of the pigment. (Fig. 7). This,fulsr. 
result can bc avoided by including the surface reflected light in both the initial 
and final nicnsurements when the change in colour is recorded, but not when 
the change in appeitrance is noted. These comments are in no way meant to 
suggest the spectropliotometcr can be used as a glossmeter. It cannot, but this 
is a n  example of aslting the instrunlent the wrong question and therefore getting 
the wrong answer. In any study of CxposLIre, or weathering, both the colour 
change and the appearance change should be measured where high gloss 
sa~iiples are involved. 

Fluorescence 
Another problem which besets the c o l o ~ ~ r  physicist is fluorescence. There 

are two aspects of the problem. I t  is necessary to arrange that the light is mono- 
chro11i;tted after striking the pattern, otherwise energy which should be recorded 
at the fluoresced wavelengths is recorded at the excitation wavelengths; the 
colour recorded is not in error, it is totally wrong. The other problem arises if 
fluorescent colours are ~ ~ s e d  in coloi~r match prediction. Dyed textile systems 
are applications of subtractive colour mixing. Fluorescent dyes create their 
elrects by a combination of additive and subtractive colour mixing. The existing 
prediction mathematics are i~nlikely to work. For example, 

assume R - 1.4 i.e. fluorescence 

This solution is the one a computer would give for such a value of KIS. Tn 
other words, the starting value of 1.4 cannot be obtained, which must lead to 
ambiguity in the mathematics. 

Conclusion 
The intention was to highlight a few of the problems associated with colour 
measurement and attempts to get round them. The author ended with a problem 
without offering any solution to it. This was intentional, because as each difficulty 
is overcome, another arises to challenge us. 
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Next month's issue 
The Honorary Editor has accepted the following papers for publication and they are 
expected to appear in the October issue: 

"Colour difference measurement," by J. S.  M~~tltl arlcl M .  Woocls. 

"Sand grinding versus ball milling in relation to pigment particle size," hy W .  Car-r. 

"The measurement of resin viscosity during manufacture: a high temperature cone and 
plate viscometer," by P. S .  Por~t l  and C. J. H .  M o ~ l i .  

"Formulation of fungus resistant paints: Part Vlll  Addition of n-trichloromethyl- 
thiophthalimide," hv E. Hojn lann  awtl A.  Suracz. 



Correspondence 
The surface area and porosity of titanium dioxide pigments 
SIR,-We note the letter from Professor Hamann (JOCCA 1969, 52, 1170) 
and would add the following observations. 

Rechmann (Furhe ~rttcl Lack 1969, 75, 5 I )  discussed changes in the surface 
area of titanium dioxide pigments which arise from variations in processing 
operations, and concluded that the BET area was of little value in predicting 
pigmentary properties. Variations of this type have been known to pigment 
manufacturers for many years-we have made similar observations. However, 
recent work at the BTP research laboratories has also shown that both the BET 
surface area and certain technological properties of treated pigments are directly 
affected by processing conditions: the BET area call therefore be used to indicate 
relative changes in pigmentary performance. 

For instance, whilst Rechmann and ourselves both agree that, within limits. 
there is a linear relationship between the surface area and the coating level for 
a particular type of treatment, we also find tliat the pH to which the coating 
process is taken directly controls the surface area, with associated effects on 
pigmentary properties, e.g. adsorption of driers on to the pigment surface 
causes depletion in the bulk of the film and consequent increase in drying times. 
We have found that a series of pigments coated with varying amounts of hydrated 
silica and alumina adsorb driers as a linear function of surface area. The paint 
drying times for these pigments were found to be directly proportional to the 
drier adsorptions, so that, for a constant amount of drier, drying times increased 
with surface area. 

Similar relationsliips (not necessarily linear) also exist between surface area 
and properties such as durability characteristics, hiding power, tint reduction 
and oleoreactivity for a given coating type. It must be emphasised tliat we do 
not consider the surface area to be the independent variable in these relation- 
ships: processing conditions whicli cause property changes also cause the related 
changes in surf. dce area. 

Further investigations of these pl~enomena are being pursucd in  our 
laboratories and will be communicated in due course. 

Yours faithfully, 
D. Urwin 
T. J. Wiseman 

British Tila11 Pro~1uc.t.s Cotlipanj) Linlitcrl, 
Central Laboratories, Stocli ton, 
Teessi(le TS18 2NQ. 



Review 

BY: 01tv11 .1 .r i  I - .  CIIAPMAN (Editor). New York: Marcel Dekhcr Inc. 1969. 
Pp. xi I 230. Price: £6 I l s Od. 

Many specialised branches of chemistry arc adva~lcing at si~cli a rate that 
even the specialist has difficulty in keeping abreast of developments. Organic 
photc~cheniistry is prominent aliiong them, and this series is intended to provide 
critical sumniaries of various areas with the ob-ject of systematising thc vnst 
t~ccumulation of factual knowledge, su~iiniarising prc~grcss. and clarifying 
problems. Judging by this volume that ob.ject is admirably achieved by the 
series. 

This volume contains four substantial rcviews. The first, by Turro, Ilnlton 
& Weiss, of Columbia University, comprises 62 pages devoted to pliotosensitisn- 
tion by energy transfer. Theoretical considerations are followed by descriptive 
matter on some nine classes of org;~nic conipounds, ranging from various types 
of hydrocarbons through carboxyl and s i~ lph i~ r  c ~ ~ i i p o i ~ n d s  to ~iitrogenoi~s 
chroniophores. 

There follow 54 pages by D. J. Trecker of Union Carbide Corp. on photo- 
dimerisations, where the point is made that the plienomen:~l upswing of interest 
since the 1950's was largely due to the discovery that many photochemical 
reactions can be brought about by the use of additives which absorb light and 
efficiently transfer energy to  an appropriate level o f  the reacting substrate. 
This is an important aspect of industrial photochemistry but neither here nor 
elsewhere in the book are industrial applications mentioned. The treatment 
throughout is essentially mechanistic. 

Photochemistry of heteroarolnatic nitrogen compounds is treated in 51 
pages by Beak and Messer of the University of Illinois. These authors, too, 
teach a useful lesson in warning against attempting correlations too early. In 
this field, superficial similarities are often misleading and tempt one into over- 
simplification. Nevertheless, the use of formal analogy. though often of fleeting 
validity, does at least stimulate further experimental enquiry. This chapter 
is logically divided into sections which deal with the formation of bonds to 
nitrogen, the cleavage of bonds to nitrogen and the varioils types of reaction 
involving ring carbon atoms. 

The final review, of photochemical additions to ~iiultiple bonds, occupies 
45 pages and is written by Dov Elad of the Weizman Institute of Science. 
Just about every possible class of adding species is discussed, fro111 the simple 
halogens to alkyl polyhalides, thiols, amines, silanes and peptides. 

The emphasis throughout the book is on reaction mechanism and, whilst 
many rationalisations are speculative, they are always frankly so. 

References are numerous and production is first class, but the index adds 
little to what is provided by the table of contents. If you want to read about 
a particular compound you will have to scan most of the book to find it. 

A. R .  11. TAWN 



Cou rses 1970-71 
Information o n  C O L I ~ S C S  rcIcv;111t to sti~dcnts in  thc paint. printing ink and 
;tllied industries has bccn received I'rom two collegcs and this is given below 
1.or the information of Sti~dcnt Members. 

Manchester Polytechnic, John Dalton Faculty of Technology 
I t  is expected that tlic following courses will be available. 

Thc City and Guilds Paint Tcclinicians Ccrtificatc Parts I and II. 

The Hig11c1- National Ccrtilicate Endorsement Sub.iect. (for LRlC purposes) 
"Chcmicnl tcchnology with spccinl rel'crence to polymers and surface coatings." 

The Associateship of the Society of Dyers and Colourists, (including Branch 5 
relevant to paints, lacqucrs and printing inks). 

Enrolment for the abo\e courses will t i~hc place at the College on 14. 15 and 
16 Septenlber, during the periods 10.00 a.m.- 12.00 p.m., 2 . 0 0 4 . 0 0  p.m. 
and (7.00-8.00 p.m. I t  is also intended that a short course will be held in the 
dep:lrtnient during Easter 1971. I t  is envisaged that this course will be ofageneral 
nature most suited to representatives or older members of the industry. 

Any person requiring further information on any of the above courses should 
contact the Head of Department, Dr V. G. Bashford, at John Dalton Faculty 
of Technology. hlanchester Polytechnic, Department of Polymer Technology, 
Chester Street, Munchester MI 5GD or discuss the matter with members of 
staff during enrolment week. 

London College of Printing 
Five courses leading to formal qualifications are to be organised: 

Printing ink technology (Advanced)-leading to the City & Guilds Printing 
Ink Technicians Advanced Certificate. 

City & Guilds Printing Ink Ordinary Certificate. 

City & Guilds Printing Ink Technicians Certificate. 

Ordinary National Certificate in printing. 

Higher National Certificate in printing. 

Several other short courses are offered, mainly for scientists and technologists 
in the printing and printing ink industries. Titles of 11iost interest to ink Inen are: 

Modern aspects of ink tecl~nology. 

Rheology in printing. 

Appreciation of printing techniques and materials. 

Full details of these courses may be obtained from Mr B. W. Hodder, Science 
Department, London College of Printing, Elephant & Castle, London SE1. 
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West Riding Section 
Works visit 
Members of the Student Group of the West Riding Section visited Joseph 
Croslield & Sons Ltd., of Warrington, on Thursday 25 June 1970. 

Tlie visit commenced in the training centre, where Mr R.  R. Bowman, aided 
by Mr S. Maskery and Mr K. Elliot, gave an introductory talk outlining the 
history and development of the company from its formation in 1814 as a small 
family concern, producing soap and candles in a factory covering one third 
of an acre. to the complex it is today, covering well over 30 acres and producing 
a very wide range of raw materials for the paint, ink, plastics and other industries 
and being the largest manufacturer of silicates in the United Kingdom. This 
was followed by lunch in the recently opened senior stalT dining room. After 
an excellent lunch, the students were shown the continuous production of 
sodium and potassium silicate glasses by the high temperature fusion of sand 
and sodium or potassium carbonate, and the subsequent preparation of their 
aqueous solutions. They were also able to walk into and inspect the inside of 
a fusion furnace which was sliut down for maintenance. 

Tlie precipitated silicates plant was then toured. St~~deri ts  were able to see 
the production of Microcal ET from the initial precipitation, washing and drying 
through to grinding, classilication and packing. As there was not enough time 
to cover the wliole of the factory, the final part of the afternoon was spent in 
the technical centre, where the students were taken through the quality control 
department and were shown the various techniques used for particle size 
measurement and quantitative analysis. In the technical service department. 
the application of Crosfield's products in the paint, rubber and allied industries 
was demonstrated. 

At the end of the visit till agreed that they had had a very interesting and 
en.joyable day- even the weather was kind ! 



Information Received 
(In case of dificulry re~arding addresses. rnrrnbers a ~ d  subscribers lo  flre J O U R N A L  should apply for clerails 10 

the Director & Secrefary r f l h e  Associarior~ or rhe address shown on fhe frmt  cover.) 

English China Clays Limited has rccently announced that Golden Valley Colours 
Limited, the company which was takcn over by ECCS towards the end of 1968, is 
to cease trading in the near future. I t  is stated that the Golden Valley Colours factory 
is "intrinsically uneconomic and, even if a very large price increase were to be imposed, 
a considerable loss would b: shown." 

In order to assist customers in changing to an alternative source of supply, limited 
production is to continue at Golden Valley's Wick factory until the end of August. 
and orders can be accepted provided they can be completed by this date. 

It has recently been announced that, as a result of a licence agreement between 
Dufay Plastics Ltd., and Societe lndustrielle de Voisons, of Paris, Po/y~/rlrox epoxy 
powder coatings will be available in the U K through the former company. 

The agreement allows for initial marketing of the product, followed after one year 
by UK production. Fast, standard, and low bake powders are available in a full range 
of colours, including black, white, and metallics, in both gloss and matt finishes. 

Atlas Copco (Great Britain) Ltd. has recently issued a 43-page handbook entitled 
"Paints and their sprayability." The handbook gives brief details of paint types, their 
spraying characteristics, and testing, manufacture, and safety. 

I t  has rccently been announced that Titania A/S, the Norwegian associate of Kronos 
Titanium Pigments Ltd., is to extend the mining plant at Tellnes, Norway, to an annual 
capacity of a million tons of ilmenite concentrate. By-products will include 55,000 
tons of magnetite, and 15,000 tons of nickel and zinc concentrates. It is estimated that, 
at this rate of production, the Tellnes deposit will not bc exhausted for 100 years. 

C'assella Farbwerke Mainkur AG has introduced a new acrylic resin systcnl capable 
of cross-linking with polyisocyanates. The system, based on Macrynal 5408 and 
Mrrcrj~rwl 5481, is said to offer all the properties of a stoving enamel finish, while 
air-drying rapidly. Long pot life and good adhesion to old paint are also claimed. 

Cassella has also introduced Ccrssopol 5439, a non-modified non-yellowing urea/ 
formaldehyde resin. claimed to be superior to most ettierified u/f resins in curing 
properties and ageing resistance, and t~ have :I relatively high white spirit tolerance and 
relatively low viscosity. 

A U K  sales organisation has rccently been formed by Sachtleben AG. Based in 
Edenbridge, Kent, the new organisation is aimed at improving the service to British 
customers by importing in bulk, and delivering from a central storage centre in 
Isleworth, M iddlesex. 

Two new products from Harmon Colours Inc. have been announced by Allied 
Chemical SA, the company's European associate. 

Gold Paste EF-9/31 is a flushed iron oxide type gold paste for use in thermosetting 
acrylic systems. A high degree of transparency is claimed for cured films over bare 
metal or polished aluminium, together with good intercoat adhesion and humidity 
resistance. Use with aluminium pigment for "metal flake" finishes is recommended. 



Inrlc?fir.r/ Orcrtrgcj LO-8024, and the lake form, I n t / ~ j i ~ . s ~  Orertr,cc, LrrXo EOL-8778, 
are new halogenated anthanthrone pigments to Pigment Red 168. Use for transparent 
or "metal-flake" finishcs is recommended. 

It has recently becn announc:d that thc four cornpanics in thc Unilever gl.0~117 that 
handle synthetic resins, namely <'has. Lowe & C'ompany (Manchester) Limited, 
Beck Kollcr Limited, James Beadel & C'ompany Limited, and Styrene C'o-polymers 
Limited, have been merged. The new company, which commenced operations on 
1 July, is called Synthetic Resins I,imited, and will combine the marketing. rescarch 
and development experience ol' the li>ur component units. I t  will be based at Speke. 
with two main divisions. surface coating resin!;, based at Clieadle Hulme in the former 
premises of Styrene Co-polymers, and industrial rcsins, based at Spekc. 

It is stated that the new conipany will he able t o  o1li.r a more con~prehensivc senice 
in product dcvclopment and technical scrvicc to C L I S ~ O I ~ ~ C ~ S  of the four former 
companies, and will be thc largest company in England nlan~lf;~cturing surface coating 
rcsins, polyesters, and other industrial thcrl-riosctting resins. 

A new pre-determining counter control unit has becn developed by Berk Limited. 
The unit, which operates using pneumatic signals only, is intcntlcd primarily for use 
with the Grace Atljrnlu-StroXc Mrtcrinh. Sj~.s/ct)i, but has been designed for easy 
integration into any pneumatic control systcm. By using the unit in place of electrically 
operated counter control i~nits, all controls can now be mounted in areas where 
electrical equipment is prohibited because of fire risks. 

Cinquusia Rlirc CF BT 4650 is a new green shade phthalocyanine blue pigment 
introduced by E. I. du Pont de Nemours & Co. Inc., and available in the U K  from 
Hardman & Holden Ltd. Improved flocculation resistance, easier dispersion, greater 
transparency, b-tter humidity resistance, and higher st rcngt 11 are claimed for the 
pigment. 

Anwill Instrument Company has developed a new moisture meter for the building 
and construction industries. The instrument, the AIC' W(~1e.1lcc.k Moistr~rr Mpler,  is 
approximately four inches by two inches by one inch deep, and has scales to  give 
direct readings of moisture in tin~ber, plaster and concrete. Needle probes and an  
extension lead are supplied, and the retail price is 10 guineas. 

In order to increase even further thc steady progress it has made in direct exports, 
Ault & Wiborg is to increase the size of its export company. The first step in this 
direction has been to rename the export company Ault & Wiborg international Ltd., 
which will be a wholly owned subsidiary of Ault & Wiborg Ltd. 

Badische Anilin-& Soda-Fabrik AG has added two pigments to the Hcliogen range. 
Hr.liogcw Bliic~ 70810 and Hc~1iog.c.n Rlrre 7082TD are 13-form copper phthalocyanines. 
and are surface treated for easy dispersion. 70810 is recommended for lithographic 
varnishes and toluene gravure inks, and, it is claimed, gives excellent dispersion in 
high-grade industrial paints. 7082TD is recommended mainly for nitrocellulose gravure 
inks for packaging. 

"Protecting steel with zinc dust paints" is the latest publication from the Zinc 
Development Association. The book, which contains papers from t hc ZDA symposium 
last year, is available free of charge from the ZDA'S London officc. 





Notes nrud Nerus 

Association Honorary Treasurer 
Mr F. Cooper, who succeeded Mr A. W. 
Blenkinsop as Hon. Treasurer at the 
AGM in June, was born in Widnes, 
Lancashire, and educated at  Wade 
Deacon Grammar School. His athletic 
prowess, as captain of both rugby and 
cricket, was evidently equalled by his 
academic achievement, as he became 
school captain. At Liverpool University, 
however, he claims to  have been better 
known as producer of Chemical Society 
christmas concerts and treasurer of the 
Guild of Undergraduates than as a 
budding chemist; nevertheless, he emerged 
with a BSc (Hons) in chemistry. 

He joined the Orr's Zinc White works 
of Imperial Smelting in 1931 and is now 
in his 40th year with the same company, 

Jordan Award 
This award was instituted by the late 
Mrs M. R. Jordan in memory of her 
husband Dr  L. A. Jordan, who was 
Prcsident of the Association 1947- 1949 
and who died in December 1964. 

The Committee invites applications 
for the second award of El00 which it is 
hoped to present at  the Torquay Con- 
fercnce 4-8 May 1971. 

The rules of the Award are appended 
bclow. 

1. The Award will be made for the best 
contribution to the scicnce or  technology 
of surface coating by a member of any 
nationality working in either the academic 
or industrial field who is under the agc 
of 35 at the date of application. 

which is, of course, now part of the 
RTZ organisation. Hc is currently 
Sales Manager (Surfacc Coatings) of 
Imperial Smclting Corporation (Alloys) 
Ltd. 

Since joining thc Association in 1950. 
Mr Cooper has been a Committee 
Member, Hon. Treasurer and Vice- 
Chairnlan of the Midlands Section. and 
was Chairnian 1958-60. Hc ha? alsoserbcd 
on Council, as a Vice-president 1961 -63 
and Elcctivc Member 1967-69. 

When asked about hobbies, Mr Coopcr 
says regretfully that he has had to 
abandon activc participation in his old 
loves of rugby and cricket for the role ol' 
spectator. His main hobbies arc now hi\ 
family, thc thcatrc. and golf. 

tion's Hon. Rescarch and Developrncnt 
officer. 

4. There will be two methods 01' 
application. First, by the submission 
of a paper describing original work b> 
the candidate which is ofl'ered for publ'ica- 
tion in the Jou~*nrrl or  has been so puh- 
lished during the two years prior to tlic 
closing date for application. The alter- 
native method will be by recommendation 
by a superior for work which for reasons 
of commercial secrecy cannot be pub- 
lished; in this case the candidate will bc 
expected to submit a dissertation on a 
topic relating to his work and dernon- 
strating his superior knowledge of thc 
principles thereof. The Award is for 
itrrliri(l~rol merit and clear evidence of the 

2. The final date for submission of candidate's own contribution will be 
;ipplications will on this occasion bc required if a paper is offered under 
1 January 197 1 .  joint authorship. 

3. The selection of the recipient of the 5. Applications should be addressed 
Award will be made by a Conlmittec to the Director & Secretary at thc 
under the Chairmanship of the Associa- Association's offices. 
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Foundation Lecture 
Human relationships and communications Chairmen's and Past Chairmen's badges, 
in industry where applicable, are worn. 
As previously announced in the Journal, The inclusive charge for dinner, 
the 1970 Foundation Lecture is to take together with wines with the meal and 
place on Thursday 8 October at the drinks at the reception, is £3 15s Od 
Painter-Stainers Hall, Little Trinity Lane, per head; details of the menu are set out 
London, EC4, at 7.00 p.m. The speaker below. Application forms are included in 
will be Sir Paul Chambers, KBE, CB, this issue, and application should be 
CIE (Chairman of ICI Ltd. 1960-68, made as soon as possible, and in any 
Past President of the Institute of case not later than 18 September, to the 
Directors, President of the Advertising Director & Secretary, at the Associa- 
Association and Chairman of the Royal tion's offices. 
Insurance Co. Ltd.). The title of his ~ ~ ~ l i ~ ~ t i ~ ~  for the inclusive tickets 
lecture is to be "Human relationships and ( ~ ~ ~ t ~ ~ ~ ,  Reception and Dinner) is 
communications in industry." restricted to Members. Members wishing 

Admittance to the Lecture will be by to attend the Lecture only, should write to 
ticket only. It will be followed by a short the Director & Secretary, who will 
Informal Reception, and Dinner will be inform them after 18 September if 
taken in the Dining Hall of the Painter- accommodation is still available. This 
Stainers Company at 8.00 p.m. Informal will naturally depend upon the demand 
dress will be worn, but it is particularly for the inclusive tickets for the Lecture, 
requested that Past Presidents', Section Reception and Dinner. 

Menu 
Alsatian Sylvaner 1966 Consomme Madrilene 

River Trout Amandine 
Bordeaux: Chateau Latour Roast Saddle of English Lamb 

Caniblanes 1964 Brussels Sprouts, Parisienne Potatoes 
Port: Quinta do Noval LBV Fruit Melba 
Brandy: Hine VSOP Coffee 

Technical 
Exhibition 
21-25 June 1971 

As announced in the August issue of the Many companies, both from the UK 
Jorrrnal, the Twenty-third Technical Exhi- and overseas, have already applied for 
bition will be held in the Empire Hall, space, thus emphasising the success of 
Olympia, from 21 -25 June 1971. the exhibition at Olympia last year. Any 



company, therefore, wishing to exhibit is 
urged to apply to the Director Rr Secre- 
iary immediately at the address shown on 
t hc front cover. 

Olyn~pia is easily accessible from hotcls 
in the West End. The special extension 
underground service from Earls C o ~ ~ r t  to 
Olympia will be operating at 10-1 5 minute 
intervals througho~lt thc period of the 
Exhibition. The hours when tlie Exliibi- 
tion will be open are given below: 

Monday 21 June 15.30 18.30 
Tuesday 22June 09.30-18.30 
Wednesday 23 Junc 09.30- 18.30 
Thursday 24 June 09.30-18.30 
Friday 25 June 09.30- 16.00 

As usual, information leaflets in six 
languages are available free of charge 

Association 
4-8 May 1971 

and these will be distributed to paint 
companies overseas well before the 
Exhibition. Any company or individual 
requiring copies to scnd to colleagues 
overseas slio~~ld apply to the Association's 
oflice. 

Interpreters for French, German, 
Italian and Spanish visitors will be in 
attendance t l i ro~~gl io~~t  the period of 
the Exhibition, and all overseas visitors 
are asked to sign the Visitors' Hoolc at 
the Information C'entre. 

The Associntio~~ has made arrange- 
nlcnts with se\ era hotel ~ I - O L I I ~  for hotel 
accommodatioli for visitors to the Euhi- 
bition. Full information will bc given in 
the Oj]iic.;(il (illitk. being sent overseas in 
tlie New Year, but any person wishing to 
take advantage of this service should 
write to the Association's ofTices. 

Conference. 

Surface properties and appearance 
As previously ~~nnounced, the Associa- 
tion's Conference in 1971 will be held 
at the Palace Hotel, Torquay, from 
4-8 May. Four technical sessions are 
planned, on the three mornings of the 
Conference and one afternoon, having 
the  t i t le  "Surface propert ies  and  
appearance." Also, in response to increas- 
ing interest in the industry to the applica- 
tion of management sciences, a session 
of papers on the theme "The management 
of innovation" will be held, running 
parallel with the afternoon technical 
session. Three workshop sessions will 
be held, and the final afternoon of the 
Conference will be taken up with the 
Association's Annual General Meeting. 

So far ten papers have provisionally 
been arranged, and these are: "Relation- 
ship between measured gloss and dis- 
persion in acrylic paint films," by Dr 
J .  Dunderdale, of Laporte Industries 
Limited, "Effect of pigment dispersion 
on the appearance and properties of 
paint films" by Dr W. Carr. of Ceigy 
U K  Ltd., "Influence of surface reflec- 
tances on the capacity of roller coatings" 
by Mr D. G .  Dowling and Mr D. R. 

Tunstall of Hritisli Titan I'rociucts Co. 
Ltd.. "Colour specification by visual 
means," by Mr K. McLal.cn. of ICI 
Ltd., Dyestuffs Division. "Gas chromato- 
graphic investigation of interaction force., 
between binder and solvent in paint 
films" by Dr K .  H. Reichert, of the 
Forschungsinstitut fiir Pigmente und 
Lacke, "Film appearance and its 
dependence on solvent formulation" by 
Mr L. A. Tysall, of Shell Research Ltd., 
"Appearance and performance factors in 
coatings for buildings" by Mr P. Whiteley. 
of the Building Research Station, and 
papers for which the titles have not been 
decided, by Mr J. R. Taylor, of BP 
Chemicals (UK) Ltd., and Mr Bates, of 
National Lead Company, together with 
the Keynote Address. 

Further offers of papers are in hand, 
and a full list will be published in due 
course. 

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



OCCA Australia 

We are indebted to  hlr L. A. Hill (Editor the Dresent chairman of the Victorian 
of Proceedings RL News of the Oil & Section of OCCA Australia (left), in 
Colour Chemists' Association Australia) conversation with the Duke of Edinburgh 
who recently visited the Association's 
offices, for the interesting photograph on his recent visit to the Clunies Ross 
reproduced above showing Mr M. Pack, House in Melbourne. 

OCCA West Riding Golf Trophy 
The OCCA Wcst Riding Golf Trophy 
competition is to be held on Friday I I 
September at Sandnioor Golf Club, 
Alwoodley. Leeds, when Members fronl 
all Sections will take part in a Stableford 
competition. Members ol'the West Riding 
Section entering this competition will also 
be competing for the West Riding Chair- 

man's Trophy. 

Buffet lunch will be available at Sand- 
moor Golf Club at 12.30 pni, and play 
will commence at 2.00 pm. High tea will 
be served in the clubhouse at 6.30 pm. 

Entries for this event close on 5 Sep- 
tembcr; all members received entry forms 
with the August issue of the Journal. 
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Irish Section 
Annual Golf Outing and Treasure Hunt The Annual Treasure Hunt was held 
Two s~ccessful functions were held by the 0" Saturday 27 June. The route this Year 
Irish Section during June. covered 28 miles through pleasant coun- ., 

tryside to the south of Dublin, and ended On Tuesday 16,  the Annual  "If at the Shangri La Hotel, Dalkey, where a 
Outing was held at the Edmonstown Golf bufit was Forty-one 
Club. Twenty-seven members and friends n,en,bers and friends took part in this took part in the competition, and the 
John Kershaw Trophy was won for the event, and the prizes were distributed by 
second year running by Mr D. Godden. the Vice-Chairman, Mr D. Sharpe. This 
Mr M. O'Hanlon was runner up. The event was ably organised by Mr J. 
Visitor's Prize was won by Mr G. Day, Corrigan, and the winner was Mr D. 
and Mr P. Holmes was runner up. Walsh. 

Newcastle Section 

The joint winners with the British 'l'itan Cup; Mr H. 1,amb (left) and 
Mr .I. G. I3ell 

The British Titan Cup Messrs J. G. Bell and R. Lamb-seven up. 
The ninth annual tournament for the During the afternoon, which was un- 
British Titan Cup was played for over the fortunately marred by a thunder storm, a 
Hexham golf course on Saturday 27 June Stapleford competition was held and was 
1970. The competition, a four ball, better won by Mr D. Ansbro who scored 36 
ball, against bogey, was won jointly by points. 
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News of Members 
Follo\ving the formation of Synthetic 
Resins Ltd., the new Unilevcr company, 
details of which arc given in this issue. 
three Members have received board 
appointments. 

Mr T. Gerard, an  Associatc Member 
attached to tlie Manchester Scction, has 
been appointed niarketing dircctor. Mr 
Gerard \vas previously managing director 
of Janies Beadel Rr Co. Limited. 

Dr G. Swann, an Ordinary Me~iiber 
attached to the Manchester Scction, has 
been appointed technical dcvelopnient 
director. A nieniber of tlie council of the 
Paint Research Station, Dr Swann was 
previo~~sly a director of Beck Koller 
Limited. 

Rlr R. S. Robinson, an Ordinary 
Meniber attacheti to tlie Mancliester 
Section, has been appointed co-ordinating 
director, Cheadle tiulme. Mr Robinson 
\\as previously managing director of 
Styrene Co-polymers Limited. 

Mr G. W. Fowkes, an  Ordinary 
Member attached to tlie Midlands Sec- 
tion, has recently been appointed area 
representative for RASF United Kingdom 
Limited, based on the company's new 
Bristol ofice, and responsible for products 
for the paint, printing ink, adhesives and 
nietal finishing industries. and colours for 
the plastics industry. 

Mr 1. K. D. Cameron, an Ordinary 
Member attached to tlie London Section. 
is transferring to the technical staff of 
I3ASF United Kingdom Limited, and 
will be responsible for technical service 
for products for the paint, printing ink 
and plastics industries. 

h.lr A. M. Crouch. an Ordinary 
Meniber attached to the London Section, 
will take Mr Cameron's place as repre- 
sentative in London and the Honie 
Counties for products for the paint and 
printing ink industries, and colours for 
the plastics industrv. 

Joint Conference 
T h e  t h i r d  o f  t h e  c o n f e r e n c e s  o n  
"Advances in polymer science and tech- 
nology"-organised by the five Societies 
with polymer interests, namely the 
Institution of the Rubber Tndustry, The 
Plastics Institute, the Plastics and Polymer 
Group of tlie Society of Chemical 
Industry, supported by the Society of 
Dyers and Colourists and this Associa- 
tion, takes place on 29 September- 
I October. A programme has been 
organised around the essential chemistry 
of new polynleric materials and will open 
and close with invited plenary lectures by 
Professor C. E. H. Bawn, and Dr W. 
Cooper, respectively. Dr Cooper's lecture, 
as well as bcing the closing lecture of the 
conference, has been declared an open 
Iccturc to all members of the participating 
societies, whether they have joined the 
conference or  not. Bona fide students 
studying polymer science at recognised 
ccntres arc also welcome. I t  will take place 
at 3.35 pni on Thursday I October. 

The conference will be noteworthy for 
introducing into the chemistry of poly- 
niers, papers on their interaction with 
dyestuff and other smaller molecules. 

A Conference Dinner has been arranged 
with Sir Harry Melville, FRS, as a 
principal speaker. 

The Conference will be held at the 
University of London (William Beveridge 
Hall), London WCI, and all inquiries 
should be made to R. H. Craven, 
Institution of the Rubber Industry, 
4 Kensington Palace Gardens, London 
WX. 

Urethanes group of the IR1 
As a result of the rapid expansion that 

is taking place in the British urethane 
industry, a new urethanes group has been 
lornied by the Institution of the Rubber 
Industry. The group will operate on a 
national basis, working in close collabora- 
tion with existing sectional comniittees of 
the IRI. 
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German Chemical Society Conference 
The 36th Conference of the Working 

Party on Paints and Pigments of the 
German Chemical Society is to be held at 
the Kurhaus, or Spa Hotel, at Bad 
Nauheim, a health resort north of Frank- 
furt, from 29 September to 2 October 
1970. A full technical and social pro- 
gramme has been organised, as well as a 
special programme for the wives of 
delegates. Full details and application 
forms are available from Dr H. Rech- 
mann, Titangesellschaft mbH, 509 Lever- 
kusen, Postfach 80190, W. Germany. 

"Plastics technology for scientists" course 
at Brunel University 

A five day course for science graduates 
wishing to orientate or reorientate them- 
selves to manufacturing and processing 
techniques in the plastics industry is being 
organised by Brunel University. The 
course, which will run from 21 to 25 
September, will include lectures, demon- 
strations, practicals and sen~inars; Brunel 
has available most polymer manufactur- 
ing and processing apparatus, and almost 
all commercial operations can be demon- 
strated and practised. 

Full details are available from Pro- 
fessor W. A. Holmes-Walker, at Brunel. 

FSPT Semiannual Index 
The Federation of Societies for Paint 

Technology has recently published the 
third "Semiannual Index to Coatings 
Literature." These indexes contain refer- 
ences to articles in more than 100 
periodicals, including this JottrnctI, and 
the key wording system used permits 
rapid scanning for articles on specific 
topics. The third edition is a compilation 
of the Monthly Indexes published in the 
Journal of Paint Technology from July to 
December 1969, and can be obtained 
from the FSPT at 825.00 per copy. 

FSPT Annual Meeting and Paint Show 
Arrangements for the 48th Annual 

Meeting and 35th Paint Industries' Show, 
to be held in Boston, Mass., from 28-31 
October 1970, are now well in hand. A 
special "Afternoon of colour" has been 
arranged for the meeting, the theme of 
which is "Coatings technology produc- 
tion '70." Also, Mr A. G .  North, an 
Ordinary Member attached to the London 
Section, will give a paper, during which 
he will convey the greetings of the 
Association to the meeting. 

During the meeting, the FSPT elections 
will be confirmed: Mr J .  P. Teas has been 
nominated as President-Elect, and Mr A. 
G .  Rook as Treasurer. 

Interest in  the Paint Industries' Show 
has been great, and about 125 companies 
are expected to show. 

Section programmes for 1970-71 
session 
London Section 
All meetings will be held in the new extension building of the Borough Polytechnic, 
Borough Road, London SEI, at 7.00 p.m., unless othcrwise stated. 

1970 J. L. Prosscr, of the Paint Research 
Wednesday 14 October Station. 

European Liaison Lecture: "Rheology 
and processibility of printing inks" 
by Mr C. 0. Rosted, of Sadolin and Wednesday 25 November 
Holmblad A/S, Copenhagen. Joint symposiun? with the Colloid 

and Surface Chemistry Group, Society 
Wednesday 11 November of Chemical Industry: "Characterisa- 

"The significance of glass transition tion of pigment surfaces." To bc held 
temperatures of paint films" by Mr at Brunel University, at 10.00 a.m. 
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Thursday 10 December 
"Addition copolymers of thc vinyl 
ester of branched chain fatty acids 
for use in electrodeposition paints" 
by Dr W. J. van Wcstrenen of 
Koninklijke Shell Plastics Laboratories, 
Delft, and Mr W. H. M. Nieuwenliuis 
of Koninklijke Shell Laboratories, 
Amsterdam, to be held at East Ham 
Technical College, High Street South, 
London E6, at 7.00 p.m. 

Friday 20 November 
"Ladies' Night," to be hcld at the 
Criterion-in-Piccadilly, London WI, 
at 7.30 p.m. 

1971 
January 

Joint half-day Symposium: "Surface 
coatings: their use and abuse." 

Wednesday 17 February 
"Techniques of electrographic re- 
production" by Mr D. P. Maple, of 
Ozalid Ltd. 

Wednesday 17 March 
"Applications of the scanning electron 
microscope to the examination of 
paint systems," by Mr H. Wells. 

April 
Annual General Meeting. (Details to 
be arranged). 

West Riding Section 
All lectures will be held at the Griffin Hotel, Boar Lane, Leeds, at 7.30 p.m. 
iinless otherwise stated. 

1970 Joint meeting with the Institute of 
Thursday 3 and Friday 4 September Printing. 

Seminar-"Futurc trends in surface 
coatings." to bc held at Bodington 
Hall, University of Lccds. 

Tuesday 12 January 
Friday 1 1  September "Two-pack epoxy coatings," by Mr A. 

OCCA and Wcst Riding Golf Match, McKay, of CIBA-ARL Limited. 
to bc hcld at Sand Moor Golf Club. 

Tuesday 9 February 
Tuesday 6 October 

"Conipositional changes of solvent 
"Manufacture of wallpaper," by Mr A. ,llixturcs during the film formation 
0 .  Sutherland, of ICI Wallpapers process," by Mr L. A. Tysall and Dr  
Limitcd. D. H. Shearer. of Shell Research 
Joint meeting with the Socicty of Dyers Limited. 
and Colourists. 

Tuesday 10 November 
"Zinc rich paints," by Mr H. Jones, of 
Amalgamated Oxides Lirnitcd. 

Friday 27 November 
Annual Dinner and Dancc, to be held 
at thc Crown Hotel, Harrogate. 

Tuesday 8 December 
"Milling-a variable in ink perform- 
ance." by Mr J. Groonl, of Sandoz 
Products Limited. 

Tuesday 9 March 
"Carbon black in coating applications: 
dispersion a n d  formulation tech- 
niques," by a speaker from Columbian 
International Limited. 

Tuesday 6 April 
AGM, and Buffet Supper. 

May 
Luncheon Lecture. 
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Addendum 

We regret that, in the paper by A. G .  North froni JOC'CA May. thc ligul-e referred to 
as being in the Appendix was omitted. This figure has now been obtained and is 
reproduced below. 

CHANGE IN RESISTANCE AND pH WITH SOLIDS 
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RESIN SOLIDS CONCENTRATIONS RESIN SOLIDS CONCENTRATIONS 

Errata 

We regret thal two crrors occurred in the Association programme for 1970171, pub- 
lished in the A~rglrst issue. 

The date of the Foundation Lecture, 10 October 1970, is a Thursday, and not a 
Tuesday, as printed. 

The Association AGM is to be held on Friday 7 May 1971, and not on Thursday 
6 May. 



I070 (9 )  N O I  I:S AN11 N1:WS 837 

Register of Members 
The following eleclions to membership have been approved by Council. The Section 
to which the new members arc ntt:~clicd are given in Italics. 

Ordinary Members 
CI~ESWORTI-I, AI.AN GI:OI.I.RCY. BSc, I'hD. Reliance Univc~.sal of Canada Ltd., PO Box 

100. Davcluyville. Quebec. Canada. ( 0 ~~cr.sc.rrs ) 

GAKI)NI:R, JOSII'H, 61 Eastfield Crescent, Oulton, Nr. Lccds, Yorks. ( I,l/c.st Ri(lit~<g) 
H ~ W K E R ,  RAYMONI) DAVII).  244 Sheringh:~ni Aveni~e. Manor Park. laondon, E12. 

( Lotltlotr) 
MAI)HAVAN, KKISHNAMIJR.I~II ,  BSc, "l-;llit M;~Iial," C-2/13, Safdarjung Development 

Area, New Delhi. 16. India. ( 0 ~~c~r,scu.s) 

.Associate Members 
CI~I..I..I.H,IM. RICI IAICI )  ANI)RI.W. I I I Dockfield Road, Shipley, Yorks. 

( West Riclitr~r ) 
C o ~ . c ; ~ s .  WII . I . IA~I  HARVFY, R. W. Grccff & Co. L.td.. 65 West Regent Street, Glasgow. 

C2, Scot land. ( S(.o//i.s/r) 
S.IIICI.IN~;, GI-ORC;~: DOIJ~;I..AS. 33 WeIIsli~t Drive, Cambuslang, Glasgow. Scotland. 

(Scotti.slr) 

Forthcoming Events 

Thursday and Friday 3 and 4 September 
West  Riclitrg Sc,c.tiorr: S e m i n a r  
"Future trends in surface coatings," to 
be held at Bodington Hall. University 
of Leeds. 

Friday 1 1  September 
M.i..st Ri(1itrg Scctio~r: OCCA and West 
Riding Golf Match. to be held at Sand 
Moor Golf Club. 

Wednesday 16 September 
Mertrclrc.sto Sc~ctiott-Strrclc7rrl Crorrp: 
" Modern machinery for the nianu- 
facture of paint and printing inks" by 
Mr D. P. Sullivan of D.H. Industries 
Limited, to be hcld at the Manchester 
Literary and Philosophical Society at 
4.30 p.m. 

Thursday 24 September 
Tlrrntrr~.s Vtrlliy~ S(lction: "Managenlent 
principles, and can a snlall firm silr- 
vive" by Mr J. R. Webster of Business 
Operations Research Services Limited, 
to be hcld at "The Beech Tree," 
Maxwell Road, Beaconsfield, at 7 p.m. 

Friday 25 September 
Rristnl Sc.ctiotr: "Colour measurenlent" 
by Mr R. P. Best of Instrumental 
Colour Systems Limited, to be held at 
7.15 p.m. at the Royal Hotel, Bristol. 
Mirll~rn~ls Sclc.tiotr: "Wood protect ion" 
by Mr G. L. Holbrow of the Paint 
Research Station, to be held at  the 
Chamber of Commerce House, 76 
Harbourne Road, Birmingham 15, 
at 6.30 p.m. 

Friday 18 September 
Irislr S~~l i011:  "Solvents" by Mr L. A. Tuesday 29 September 
Tysall of Shell Research Limited, to be A~rcklrrtrrl Scctiotr: A lecture by Mr J. 
held at the International Hotel, Belfast Smallfield of Flexible Abrasives Limi- 
-preceded by a Works Visit if i t  can ted, to be held at the "C.T. Club" at 
be arranged. 12.15 p.m. 
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Thursday 1 October 
Midlands Section-Trent Vulley Bruncli: 
"Metrication and paint packaging in 
the future" by Mr R. B. Beazley of the 
Metal Box Co. Limited, to be held at 
British Rail School of Transport at 
7 p.m. 
Newcastle Section: "Painting of timber" 
by Mr R. Hill of TRADA, to be held 
at the Royal Turks Head Hotel, Grey 
Street, Newcastle, at 6.30 p.m. 

lndustries Limited, to be held at the 
Manchester Literary and Philosophical 
Society at 4.30 p.m. 

Thursday 15 October 
Scottish S~'ctiorr: "Some aspects of coil 
coating" by Mr J. Hortensius of Synres 
International NV, and Mr L. Tasker 
of Laporte-Synres Limited, to be held 
at the St. Enoch Hotel, Glasgow, at 
6 p.m. 

Monday 5 October Friday 16 October 
Hu/! Section: A panel discussion ],.ish section: "The role of chlorinated 
evening. Three short lectures will be rubber in modern anticorrosive systems, 
followed by questions and a discus- including its use in printing inks" by 
sion; to be held at the Queen's Hotel, Mr p. A. Herbert of ICI Limited, to be 
George Street, Hull, at 7 p.m. held at the Clarence Hotel, Wellington 

Quay, Dublin at 8 p.m. 
Tuesday 6 October Midlands Section: "Polymer develop- 

West Riding Section: "Manufacture of ments-the seventies and beyondv by 
wallpaper'' by Mr A- 0. Sutherland of Mr A. R. H. Tawn of Gray Valley 
ICI Wallpapers Limited. Joint meeting products ~ i ~ i ~ ~ d ,  to be held at the 
with the Society of Dyers and C O ~ O U ~ -  Chamber of Commerce House, 75 
ists, to be held at the Griffin Hotel, h rbourne  ~ ~ ~ d ,  ~ i ~ ~ i ~ ~ h ~ ~  15, at 
Boar Lane, Leeds, at 7.30 p.m. 6.30 p.m. 

Wednesday 7 October 
Newcastle Section-Student Group: 
Works visit to Dufay Paints, Shildon, 
Co. Durham. 

Friday 9 October 
Hull Section: Annual Dinner Dance at 
the Hotel Eden, Willerby. 
Manchester Sect ion:  "Industrial 
espionage" by Major R. B. Matthews 
of Management Investigations Limited, 
to be held at the Manchester Literary 
and Philosophical Society at 6.30 p.m. 

Tuesday 13 October 
London Section-Southern Branch: 
"Driers" by Mr J. Turner of Hardman 
and Holden Limited, to be held at the 
Pendragon Hotel, Clarence Parade, 
Southsea, at 7 p.m. 

Wednesday 14 October 
Manchestcr Section-Student Group: 
"Some aspects of paint formulation" 
by Mr T. W. Wilkinson of Laporte 

Wednesday 21 October 
Scottish Sectiort-Eastern Branch: 
"Analysis of materials for paint and 
ink," by a speaker from ICI Limited, 
to be held at the Carlton Hotel, North 
Bridge, Edinburgh, at 7.30 p.m. 

Thursday 22 October 
Thames Vl~llcy Section: "Corrosion" by 
Dr T. P. Hoar of the University of 
Cambridge, to be held at "The Beech 
Tree," Maxwell Road, Beaconsfield, at 
7 p.m. 

Friday 23 October 
Ml~ticlrester Section: Annual Dinner 
Dance, to be held at the Piccadilly 
Hotel, Piccadilly Plaza, Manchester 1. 

Tuesday 27 October 
Alrcklnnd Section: "High speed disper- 
sion techniques" by Mr W. Blane of 
Morrison Pim Limited, to be held at 
"Shell House" at 7.30 p.m. 



NOTES A N D  NEWS 

Friday 30 October Monday 23 November 
Bristol Scv-tion: "Powder coatings" by A~rcklrrrrr! Scctiorr: "Ladies Night," to 
Mr G. T. Bassett of Berger J & N Paints be held at the Crystal Room Com- 
Limited. Joint meeting with Birming- mercial Travellers Club, Remuera. 
ham Paint, Varnish and Lacquer Club, 
to be held at the Hawthorne Hotel, 
Bristol, at 6.30 p.m. 



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

The Oil and Colour Chemists' Association was formed in 1918, to cover paint, 
printing inks, pigments, varnishes, drying and essential oils, resins, lacquers, soaps, 
linoleum and treated fabrics, and the plant, apparatus and raw materials useful in their 
manufacture. In 1924 i t  absorbed the Paint and Varnish Society. The stated purpose 
of the Association is to promote by discussion and scientific investigation the 
technology of the industries concerned with the above-mentioned products, and to 
afford members opportunity for the interchange of ideas. This is achieved by the regular 
holding of ordinary meetings at which papers are presented, and the organisation 
of annual technical exhibitions, biennial conferences, educational activities and practical 
co-operative experimental work. Details of these activities are given in the Jo~rrnol 
of the Oil and Cololrr Clrenrists' Associrrtio~r, which is published monthly, and whose 
pages are open to receive comniunications and other pronouncements on scientific 
and technical matters affecting the members of the Association and the industries 
concerned. The Association's meetings also afford opportunities for members to 
meet informally and socially. 

There are Sections of OCCA in Auckland, Bristol, Hull, Ireland, London, Manchestcr, 
the Midlands (with a Trent Valley Branch), Newcastle up011 Tyne, Scotland (with an 
Eastern Branch), South Africa (with Branches in the Cape, Transvaal and Natal), 
Thames Valley, Wellington, and the West Riding, and these are responsible for thc 
conduct of their own local affairs. Thcre is also a General Ovcrscas Scction. Tlierc is 
also a close alliance between the Association, the Federation of Societies for Paint 
Technology in the United States, and the Fedkration d'Associations des Tecliniciens 
de I'Industrie des Peintures, Vernis, Emaux et Encres d'lmprimcrie de I'Europe 
Continentale (FATIPEC). The Association also maintains cordial relations with thc 
Scandinavian Federation of Paint and Varnish Technicians (SLF). 

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

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

PUBLICA~ION~ 
Journal of  the Oil and Colorrr Clrenlists' Association. Published nionthly. Subscription rate 

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

trated, with index, El  (including postage). 
Paint Teclmology Manrrals 

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

Director & Secretary : R. H. Hamblin, M.A., r:.c.l.s., Wax Chandlers' Hall, Gresham 
Street, London, EC2V 7AB. 



Gentlemen, have you 
noticed there's been a 

of the credit. In the ABS, 
paint and polyester hosincss, 

t1i ing~:lrc looking up as prices for Alpha M e t l l v l ~ t ~ r e n c  d . 
have gonc do\vii. Vcrv collsider;il,ly! Good nelvs- 
follo\ving o n  the good nc\vs that \\-c are selling AMS 
oorselvcs. Right no\\.! So \\lien you've taken stock of 
your position, f i l l  out tliis coupon \vitliout delay and 
u-c'll f i l l  vou in o n  tlic dct:iils. 
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Alpha Methylstyrene 



introduction 
to 
paint 
technology 

second edition 
with additional chapter 

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

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

new chapter 
The new chapter is subdivided to three sections 

resins and media 

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

application techniques 

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

instrumental fesfing and control methods 

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

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



September xxiii 

TheUhilever~Emery 
dimer acid story. 

'I'llo cxlr:l Icngtll of 1 lnilcvcr-1'rnc:l.y dimcr acid 
molcculcs is tllc Ir(ki~1'1 of tlre story. 

A story of a C'nci essentially alil)llatic:, tlicarl)oxylic 
acid, that irnl):~rls grcatcr flcxil~ility (and toughness) 
lo  you I- protirrc:ls. 

1'1.otlrlcts likc ~)olyamitlc ~ ~ c s i ~ l s ,  su~afacc coating 
resins, polyurctlrancs and lul~ricants. 

r 3 1 Ilc IT-1S dirncr :~cid story gets longcr and longcr ... 
:i range of din1c.r acids constantly cx[~iunding to meet 
specific ncctls from our customers .... likc you. 

I3ut nnlikc most storic!~, the IT-1S dimcr story is true. 
1Sven with its Ilappy cnding. 
To  receive tllc hap1 
Arid live I~appily cvcr  alter. 

llNlljl*;V151t-KMKltY N.1'. - l',O. l3OX 2 - (iOllDA - 1 ~ O I ~ I . A N I )  
Sales ofrice for Ilnitetl Kingtlom1lrol:tntl: U-I.: Chemicals (U.K.) I.ttl. - Hillgate House, Old Italley - I,ondol~ C.C.4. 

Sales office for W.-(;cr~n:my/,\~:stri;F/S~ilz~rlitntl: 11-15 (:hcnric~~I~ Gmt)lI - 4 I)iisscI~Iorf - lmlrlcrmannstrassc I:!. 
Sales icgrnts in :ill ~)rincipal cotlntries of lllc wol.ltl. 



HEAVY DUTY 
GEARED MIKER 

?GD list, No. lOO/HG. 
1-5 h.p. Several 

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

I 
*Write now for brochure 

J :w=' 

showing full range of Greaves 
mixers to Depf. (JOCCA). 
JOSHUA GREAVES & SONS LTD. 

RAMSBOTTOM, BURY, LANCS. 
Telephone: RAMSBOTTOM 3159 

Oil & Colour Chemists' 
Associat io11 

PAINT 
TECH NOLOGY 
MANUALS 
The second editions of 

1 Non-convertible Coatings 

2 Solvents, Oils, Resins 
and Driers 

are now available 

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

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

Still available in 1st edition are: 

3 Convertible Coatings 

4 Application and Testing 
of Surface Coatings 

5 The Testing of Paints 

6 Pigments, Dyestuffs and 
Lakes 

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

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



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. 
Crescent House, Newcastle-upon-Tyne, NE99 IGE i 

Lead Works Lane, Chester CHI 3BS u' 



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 
en~bossed in red and gold on a blue 
ground, the wl~ole being covered in 
transparent polypropylene, wit11 a thick 
chrome surround. Bar and grille fittings 
are available. 

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 the following : i 
i OCCA tie 2616 [ I Name. 
i OCCA blazer badge id 751- 

Section!No. i OCCA wall plaque (10 441- 
i OCCA car badge (11' 441- 

Address (state bar or grflle) 1 -  I 1  
(A l l  prices include postage 

and packing) I--1 
i If tie is required a~rniai l  add 

6s. 6d. 
Total Remitted 1 

;...... ................................................................................................................ 
The ties will be supplied from stock; all other items are made to order. Only the tie can 

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

Founded in 1925 
P111)li.slrrrl uttrler tlte patronage of the French National Federatiort of Paint, Vrrrrrislt and 

Printing Inks n~anujbrt~rrers. 

This journal is of a scientific, technical, economic and professional charactcr and 
contains, apart from the editorial, colunins on Technology, Rheology, Technical 
Information, Industrial Research News, Documentation, Economy, Information, 
Apparatus., New Products and Proccsscs. 
It is, therefore, intended not only for scientists and technicians in rcscarch laboratories 
and enterprises in thc field, but also for suppliers of raw materials and manufacturers 
of materials. 

Cost of n yearly subsrriptiotl: 
France: 60 Francs. Abroad: 72 Francs 

Specimen copies available on request directly from the Editor: 
SOPRODOC: Commercial Department, 

80, Route de St-Cloud, 92-RUEIL-MALMAISON (France) Tel: 967-77-95 

Exclusive Representatives for Great Britain: 
BRITISH OVERSEAS MEDlA BUREAU REPRESENTATIONS LTD., 

16-17 Bride Lane, Fleet Street, London EC4. Tel: 583-0581 

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 )  



C L A S S I F I E D  A D V E R T I S E M E N T S  

Classified Advertisements are charged at  the rate of 10s per line. Atlvertisenients for 
Situations Wanted are charged at  2s 6d per line. A box number is charged a t  Is Od. 
'l'hey should be sent to  the Director & Secretary, Oil & Colour Chemists' Associatioil, 

Wax Chandlers' Hall. Gresham Street. London EC'2V 7AB.  'Telephone: 01-606 1439. 

SITUATIONS VACANI' 

M5L Management Consultants 
in Human Resources 
17  Stratton Street London W1 

Chief Chemist Flexible Packaging 
. . I his international company manufactures a wide range of f exible packaging material and is a 
leader in its field. The  Chief Chcmist will be a key member of the Technical Department 
and will be responsible to the Technical Manager for managing the Laboratory, standardking 
quality control testing procedures, maintaining contact with raw material suppliers and 
carrying out development work on new products and new formulat~ons for lacquers, inks and 
;!dliesives. Great emphasis is placed by the company on the technics1 developmefi: of existing 
and new products as a basis of improving profits. The  successful app!icant will preferably 
have experience of controlling a laboratory and supervisina development work. He will have 
an ARIC or degree in chemistry with cxperienre in converting foil, films and papers for the 
packaging industry. Starting salary around £2,250 with excellent prospects. Re-location 
expenses provided. R. A. Sackett reference GP.1639. 

The MSL Consultant has analysed this appointment 
Further lnformatton w ~ l l  be sent ~f you prov~de your name arid 
address by teleptlon~ng 01 -629 1844 or wrltlng to the consultant 
quotlng the reference Your enqulry will he In conf~dence 

BRITISH LEATHER MANUFACTURERS' 
RESEARCH ASSOCIATION 

require 

COLOUR CHEMIST 

A graduate colour chemist, preferably with 
industrial and research experience, is rcquircd to 
undertake research into the dyeing of Icathcr. A 
sound knowledge of dyestuffs and auxiliary 
chcniicals is essential. 

The successful applicant will initially under- 
take research into factors afrecting the fastness 
and levelness of colour and illcreasing the opacity 
of surface dyeing. Ability to give practical advice 
to the Association's members on the selection of 
dyestuffs will also be expected. 

Salary will be not less than £2,400 and could 
he appreciably higher for the right nian (or 
woman). FSSU superannuation. 

The appointee will hcad a new team whose 
expansion will hc governed by success. Close 
collaboration with industry and universities is 
cnvisaged. 

Write giving details of qualifications. experi- 
cncc and relevant interests to: Director, British 
Leather Man~~facturers' Rcxarch Association, 
Milton Park, Egham, Surrey. 

Technical Exhibition 

OCCA 23 
21-25 J U N E  1971 

EMPIRE HALL, OLYMPIA, 
L O N D O N  



ESTER 8NLVEUV8 AN C.S.R. A U S T R A L I A N  CHEMICALS COMPANY I 
O d o r  - it ca l l  n>.>ke cltllle a d~fference to a lacquer. I f  it's unpleasant, i t  Svrl f l* '~ 424241 Melbourne 45.1225 

could be loslnq you a.!les. Adr,la~de 21.1466 Brirbme 56-0601 
Lacquers made front t ster Solvelrts !,elp overcorn,, this ~ rob le rn .  They have : I  2. Aoenlr Uii;:ey &Young Lld, Auihlaod. 24 531 

the odour th.lt o.lrntrrs pre f r r  - II)II(I sllxl IIOII-IOXIC. Spray easily, too, giving 
better f low.ou~.  f r e p [ l o ~ ~ l  I lon l  I) lublt~n(l  .IIIII lust ~IIP ti(lht evaporation prop- 
erties t o  ;gas~zt l ~ I t ~ ~ - l o r ~ ~ ~ ~ r ~ ~ .  

Wh;at m o w  can w~ ;lrld? Only tI,.nt you sl,ot~l~ln' t  overlook odour - perhaps 
I h r  answer to 1ncre.lse11 I.lcquer sales. Phone. Our man will cal l  with details 
on Ester Solvents. L S H C ,  52011 



for 

PAINTS 

PRINTING INKS 

CELLULOSE FINISHES 

LINOLEUM, LEATHERCLOTH 

I 

ETC. 

We invrre your enquiries 

L A K E  & P I G M E N T  

HORACE CORY 
& CO. LTD. 

NATHAN WAY 

WOOLWICH INDUSTRIAL ESTATE 

LONDON, S.E.18 
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