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The efficiency of zinc coating, the best and
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is based on this mechanism:- the zinc acts
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become the cathode of galvanic cell. The
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your steel.”
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To put that more precisely, it's not only essential
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after-flow, but also for there to be just the right
length of after-flow.

That's the reason for ICI’s ‘Aromasol’H ... a Cg
aromatic hydrocarbon solvent with a C1o tail which
gives paint a longer wet edge and allows just the
right amount of after-flow to eliminate brush and
spray marks.

And that’'s far fromall! As you know, the
flash-point at which paint has to carry warning
labels is now higher in the UK. Which brings more
products into the range where extra precautionsin
storage and handling are needed.

Well, paint made with ‘Aromasol’ is far less likely
to need that warning label, because this is the
solvent with its own flash-point well above the line.
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VeoVa and the amazing
glowing colour top coat

Now, VeoVa, the basis for so many of
today’s brightest domestic emulsion paints,
can be used to formulate industrial finishes.

Developed by Shell Chemical research,
VeoVa polymers give top coats of smooth,
glistening evenness and toughness and have
particular attraction for uses demanding a
metallic finish.

VeoVa-based polymers can be
used in addition for electrodeposition,
to give superior white and aluminium

single coat systems.

And all the time VeoVa continues to be
used in ever-growing quantities for all types
of decorative emulsion paints and, more
recently, in the new ‘silk’ finishes.

For further information contact your
Shell company.

@ Shell Chemicals
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Transactions and Communications

The characterisation of the mechanical properties
of paint films by micro-indentation*

By R. L. J. Morris

Materials Quality Assurance Directorate, Ministry of Defence, Royal Arsenal East, London SE186TD

Summary

Use of the micro-indentation technique is reviewed from the
theoretical and phenomenological standpoints. The lack of a
universally constant slope in the logarithmic method of presenting
load-indentation behaviour of paint films is shown to be due to
a deficiency in this form of data presentation. The lack of sensitivity
of this method to film thickness variation can also be attributed
to this deficiency. The IHV method has an inherent uncertainty
associated with the extrapolation of empirically derived curves.

Keywords

Process and methods primarily associated
with analysis, measurement and testing

indentation test

Another method, which relates to the temperature dependency
of indentation depth at a constant load and time under load,
produces curves having a characteristic shape during the early
period of exposure of the artificial weathering for an acrylic and a
tall oil alkyd film but the shape changes during the later periods
of exposure. A stoving melamine-epoxide medium shows a different
behaviour in this respect.

Properties, characteristics and conditions
primarily associated with dried or cured films

mechanical property

La caractérisation des propriétés mécaniques de feuils de peintures au moyen de la technique de

micre-indentation
Résumé

On passe en revue au point de vue théorique et phénoménelogique,
I’emploi de la technique de micro-indentation. On démontre que
la manque d’une pente entiérement constante  partir de la méthode
logarithmique pour présenter le comportement charge-indentation
des feuils de peintures est due A une déficience de la maniére de
présenter les données. A I’égard de cette méthode, la manque de
sensibilite aux variations de I’épaisseur de feuil peut aussi étre
attribuée a cette déficience. La méthode L.H.V. entraine une
incertitude inhérente associée a I’extrapolation des courbes dérivées

Charakteristik der mechanischen Eigenschaften
Zusammenfassung

Die Anwendung der Mikro-Indentationstechnik wird vom theore-
tischen und phanomenologischen Standpunkt aus betrachtet.
Das Fehlen eines konstanten Gefilles, wenn man das Verhalten
von Lackfilmen unter Belastungsindentation auf logarithmische
Weise demonstriert, wird als Folge eines Mangels bei dieser Form
der Datendarstellung aufgezeigt. Dieser Unzuldnglichkeit kann
auch die Unempfindlichkeit besagter Methode gegen Variationen
in der Filmdicke zugeschrieben werden. Der 1.H.V. Methode
wohnt eine Ungewissheit inne, die mit der Extrapolierung empirisch

dans une maniére empirique. Une autre méthode, liée 4 la dépen-
dance thermale de la profondeur d’indentation sous charge cons-
tante pour une durée constante, rend des courbes ayant une forme
caractéristique, dans le cas des feuils acryliques ou alkydes 2
I'huile de tall, pendant la premiére période de I'exposition au
vieillissement accéléré, mais la forme se change pendant les derni-
¢res périodes de I'exposition. A cet égard un milieu & base de
mélamineépoxyde pour séchage au four montre un comportement
différent.

von Lackfilmen durch Mikroindentation

abgeleiteter Kurven in Zusammenhang steht. Eine andere Methode,
welche mit der Temperaturabhingigkeit der Indentationstiefe bei
konstanter Belastung und Zeit in Verbindung steht, ergibt bei
einem Akrylat und einem Tall6lalkydharzfilm Kurven, die wihrend
der frithen Exponierungsperiode eine charakteristische Form
haben, welchletztere sich jedoch wihrend der spiteren Exponier-
ungsperioden verdndert. Ein ofentrocknendes Melamin—Epoxid
Bindemittel weist diesbeziiglich ein anderes Verhalten auf.

Xapam‘epmaunﬂ MeXaHH4YeCKHX CBOHCTB KPacCoO4HbIX IJICHOK MHKPOHHHeﬂTaIﬂleﬁ

Peziome

PaccmaTpuBaeTcsi BONpOC MPUMEHEHMS METOAWKH MMKPO-UHAEH-
TaUMH C TEOPETHYECKOW M (PEHOMEHOJIOTUYECKOW TOYEK 3PEHMS.
OTC)’TCTBMC YHUBEPCAJIBHO NMOCTOAHHOTO HAKJIOHA B JIOTAPUTMHU-
YECKOM METOAC B WUIKOCTPALMM NMOBECACHUS KPACOYHBIX IJIEHOK
MOJ Harpy3koi, OOBACHAETCS HENOCTATKAMM B TAaKOM BOCHPOM3-
BC€OCHUU OAHHBIX. OTCyTCTBHC YYBCTBUTECJIBHOCTH B 3TOM METOAE
K U3MCHEHHIO B TOJIILMHE MJIEHKH MOXET TaKXe ObITH TIPUITUCAHO
3TOMy HemocTaTky. Meron HuuTOXHOM TBepmocth (1.H.V.)
obnanaer npucyle#d eMmy HeONpeaeSNeHHOCTBIO CBA3aHHOM C

Introduction
The physical testing of paints has generally been conducted

by attempting to reproduce, in one standard form, the type
of behaviour that the paint is required to meet in practice.

IKCTPANONALUMEH 3MIMPUYECKM MOJIYYEHHBIX KpuBbIX. Jlpyroii
METOA CBSI3aHHBI C TEMMEPATypHOH 3aBUCHMOCTBIO TIJIyOWHBI
MHIOEHTAUMM TIPH MOCTOSHHOM HArpy3ke U BPEMEHEM Harpy3ku,
[AET KPHMBbIE UMEIOILME XAPAKTEPHYIO (OPMy B NEpBOHAYATLHOM
NMEpUOJEC BLIBETPUBAHUA MU AKPUJIOBOW M TAJUIOBOM ajKMIHOMN
TIJIEHKH, HO d)opma MCHACTCA B MOCACAYIOLIMX NMEpUOOaX MCIbITa-
Husi. Cyxas MeTaMHMHO-3MOKCHUAHAs cpefa OGHapyXUBAET pa3iiu-
4YHOE MOBEJEHHE B 3TOM OTHOLUEHHH.

In recent years a trend has been discernible toward less
subjective methods of testing, to obtain more quantification
of results and a less ambiguous interpretation in terms of
polymer properties. If bznefits can be shown to exist then
this trend will surely develop.

* Presented at the 1973 Eastbourne Conference.
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In the context of mechanical properties, the paint tech-
nologist, as distinct from the pure research worker in this
field, requires answers, among others, to the following
questions.

What are the mechanical properties required of a paint for
a particular purpose?

How can the mechanical properties of selected paints best
be characterised?

How will these properties change on ageing and at what
rate?

One approach to answering these questions is to define
appropriate fundamental mechanical properties of the paint
film and relate these to film behaviour and performance.
Using this approach, it is obviously desirable to relate any
particular definition of mechanical property to current
methods of its assessment in order to maintain continuity of
technical experience. This is likely to be difficult because of
the large number of interrelated mechanical parameters
associated with the more empirical methods of testing, but
that should not be allowed to inhibit the attempt.

Two methods are possible; one relates experimental data
to theoretical studies, and the other takes a phenomenological
approach by characterising mechanical properties on an
empirical basis and relating these to practical events. This
paper reviews the author’s experience of paint film indenta-
tion testing and shows how, in an ideal state, indentation
techniques can lead to an understanding of, and character-
isation of, mechanical properties.

Theoretical aspects of the indentation of
polymers

General consideration of polymer properties in terms of
indentation characteristics

The mechanical properties of a material can be determined
by examining the deformation of a specimen responding to
a defined applied stress. Due to the viscoelastic nature of
polymers, the relationship between stress and strain is time
and temperature dependent, and this dependency must be
taken into account when testing those materials, and when
interpreting the results. The response of an ideally elastic
material, that is one for which the applied stress is accom-
panied by an instantaneous time-independent strain, can be
analysed by determining either the stiffness or the compliance
constants of the material. In the case of an anisotropic
material, this would involve the determination of 21 indepen-
dent material parameters. If the assumption of mechanical
isotropy is made, then the number of independent material
parameters required is reduced to two, and these are
commonly identified as modulus constants.

In order to accommodate the viscoelastic nature of
polymers, the time dependency of the physical constants must
be considered. To a first approximation, this is accomplished
by making the assumption that the material is “linearly
viscoelastic”, which, in physical terms, is equivalent to
stating that if two separate stresses are separately applied to
a material, the subsequent strains are in the same ratio as
the stresses. That is

R. L. J. MORRIS JOCCA

O

& o e (e 3
P = “1 for any given point in time (Fig. 1).
2

Fig. 1. [llustration of linear viscoelasticity for the case
where 0, = 20,

In order to be able to test the assumption of linear visco-
elasticity with respect to the mechanical bzhaviour of paint
films, a technique is required for applying a known stress to
a system and for measuring the strain as a function of time.
A number of workers -7 have studied the tensile stress-strain
creep and dynamic properties of detached paint films.
However, it is possible that the paint film and the substrate
together form a system and that their separation increases
the artificiality of the conditions, and this reduces the validity
of the results obtained.

One technique which has recently attracted attention is that
of indentation, which has the advantage of being able to
examine the mechanical properties of an attached paint
coating. Two constant-temperature methods have been
proposed, one using a Vickers pyramidal indentor® and the
other a spherical indentor®.

The spherical indentor

In the case of a spherical indentor, the relationship bstween
the load applied to the indentor, the radius of the indentor
and the depth of the indentation, in terms of the modulus of
a perfectly elastic material, as derived by Hertz!® is

E 3 mg
Tt 4 ros ps M

where E = Young's modulus of the specimen, v = Poisson’s
ratio, m = load applied, r = radius of the indentor, & =
depth of indentation, and g = gravitational constant.

In the case of those materials whose mode of deformation
is principally shear (that is, whose shear modulus G is very
much less than the bulk modulus), equation (1) reduces to

mg — lg G ro5 prs )

Lee'! extended the Hertz equation to cover linearly visco-
elastic deformation and considered that, for a given step
loading, the creep shear compliance J(¢) of a material which
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deforms principally by shear is related to the time dependence
of the depth of indentation A(r) by

J(1) oc [M(r)]+s 3)

In general, for viscoelastic polymers!2, the effect of tem-
perature on creep shear compliance follows a curve of the

J N
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for any other indentor free from knife edges or points, which
would produce a discontinuous stress distribution. It is
possible to test the validity of the expression by examining
the logarithmic relationship between load and indentation
for a spherical indentor® '* of any given size, since from
equation (1)

TEMPERATURE

Fig. 2. Effect of temperature on the creep shear compliance of a polymer

form shown in Fig. 2. The portion AB of the curve describes
the glassy response of the polymer J, at low temperatures,
when the value of J, is commonly of the order 10-!°%cm?
dyne-!. BC describzs the transition region of the polymer, and
is cross-link density dependent. The region CD, the rubbery
response, is dependent upon molecular weight; the higher
the molecular weight of the polymer the greater is the length
of CD. For linear polymers, an increass in temperature will
ultimately result in flow as shown by DE. Thus the total
creep shear compliance has been described!? as being due to
the sum of three components of shear

I == by, & T +% @

where J, is the glassy component of shear compliance;
Jpq is the viscoelastic compliance, and is time dependent;
n is the viscosity, and t/n is the creep due to the viscous flow
of linear polymers.

This description of the spectrum of mechanical behaviour
of viscoelastic polymers can serve as a basis for the inter-
pretation of results from the micro-indentation technique as
applied to paint coatings; it being necessary to test the
validity of each step before relating theory to practice.

Validity of the Hertz equation

The basis for a quantitative refationship between indentation
results and mechanical parameters of elastic materials rests
at present, and in the case of a spherical indentor, on some
variation of equation (1). This equation can also be applied

E 4 3
log mg = log [l——u"’ £5 r°'5] 4 3 log h (5)

Thus, at a given temperature and for a fixed time under a
loaded spherical indentor, the relationship bztween the
logarithm of the load and the logarithm of the indentation
depth should bz a straight line of the form

y=a+ bx 6)

where a is given by the first term of equation (5) and b should
have the value 1.5.

In an attempt to allow the chlorinated rubbzr films to
bzcome stabilised and free from any solvent effects®, they
were given 14 days’ heating at 40°C followed by seven days’
conditioning at 23 -+ 2°C, 65 -+ 5 per cent relative humidity,
whilst the alkyd and acrylic films were conditioned for a
period of two years at 23 + 2°C, 65 + 5 per cent relative
humidity. Results from the stabilised films are given in
Table 1.

The data to examine this relationship has bzen obtained
using the ICI pneumatic micro-indentor'* with a spherical
indentor, 200um radius at a temperature of 23°C.

It is evident, from the last column in Table 1, that in all
cases there is a good correlation to a straight line relationship
of the form of equation (5). If equation (5) completely
defined the situation, then the slope of the straight line
relationship should bz independent of instrumental and
polymer parameters and, in addition, bz equal to the value
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Table 1
The effect of film thickness and time on the Ln Load|Ln Indentation Relationship (200 wm radius
indentor at 23°C)
Medium Film thickness | Time under load ! Slope | Intercept | Correlation*
pwm seconds ‘ coefficient

3 \ 120 120 | 117 | 098
38 i 120 1.42 0.90 0.99
Chlorinated rubber 46 | 120 1.43 1.03 | 0.99
46 120 1.30 0.87 0.99
51 | 120 1.42 0.61 0.99
! : 10 119 | 1.67 0.99
Glyceryl alkyd | 30 30 1.25 1.47 0.99
‘ 60 1.29 1.32 i 0.99
‘ 10 127 | 145 | 099
52 30 1.38 1.18 | 1.00
‘ 60 1.31 1.04 1.00
i 10 LIL | 1.96 0.99
Solvent based acrylic 30 ] 30 1.05 1.79 0.99
| 60 1.08 1.68 0.99
’ 10 103 | 144 0.99
52 30 1.01 1.26 0.99
60 1.15 1.12 0.99

*Correlation coefficient of the best linear fit.

of 1.5. That this is not so is seen by comparing the results for
the alkyd and acrylic films in Table 1: the slope obtained
from the alkyd film is always greater than that from the
acrylic and both are also different from the value of 1.5 as
is predicted by theory. Since the slope of the line does not
appear to be significantly affected by the time under load or
the film thickness, one might conclude that the slope is a
characteristic of the polymer film studied. Were this so, a
major difference could be expected between cross-linked and
uncross-linked polymer systems, but this does not seem to
be the case, since the data in Table 1 shows the slope of the
cross-linked alkyd film to lie between the values of the
solvent based chlorinated rubber and acrylic films.

Because the initial term in equation (5), which corresponds
to the intercept values quoted in Table 1, contains a
modulus value, the time dependence of the intercept values
is to be expected, since this reflects the modulus-time depen-
dency of polymers. Additionally, in all cases, a marked
dependence of the intercept value on film thickness is
observed, in that, as the film thickness increases, a decrease
in the intercept value occurs indicating a more compliant
response of the paint film. The theoretical effect of film
thickness on the indentation characteristics of elastic materials
has been considered!®:'® and a treatment by Finkin!?
indicates that

E = 2 —',7153 within the limits of
16 r= h
9O mgr
- < 0.
S 16HE el o

where H is the film thickness. Using this limit relation
equation (7), then for a spherical indentor of radius 200pum:

H > 168 ht

Thus, to make full use of the range of the ICI micro-
indentor with a maximum indentation depth of 6um, a
minimum film thickness of 41pm is required. At present,
there is insufficient experimental evidence concerning the
validity of this relationship with respect to paint films, and
work is in hand to study this further.

Effect of ageing on the logarithmic relationship

Panels, coated with either two unpigmented coats of a stoving
melamine/epoxide film or two coats of a solvent based
acrylic film, have been examined after different periods of
exposure to artificial weathering to BS 3900 Part F3. In both
cases it was found that the slopes of the calculated best fit
straight lines showed an unexpected scatter in that, in the
case of the epoxide films, the slope had an overall mean
value of 1.49 with a coefficient of variation of 10 per cent,
and for the acrylic, a mean value of 1.30 with a coefficient of
variation of 17 per cent. In view of this wide variation, at
this time, little reliance could be placed on the interpretation
of the effect of weathering on the indentation data presented
in the logarithmic form.

Determination and calculation of tensile modulus

Since it was found that a variation in slope existed for
different films, this necessarily casts doubt upon the extent
to which the log load/log indentation approach can currently
be theoretically applied, and some ancillary experimzntal
work is desirable in order to test the data arising from the
linear fit method. Initially, an obvious msthod is to use
equation (1) to calculate Young’s modulus from the inden-
tation data, and to compare this value with that obtained
directly from a tensile method. There are obvious difficulties
in using such an approach.

(a) Residual stress in the attached paint film could bz relaxed
by detaching it from its substrate for the tensile test.

(h) The modulus measurements are time and strain rate
dependent.

(¢) An assumption must be made concerning the value of v,
Poisson’s ratio.

In order to make a comparison between the two methods,
films of unpigmented melamine epoxide were cast on to tin
foil and the tin removed by amalgamation. Samples of the
free stoved film were used for tensile testing. In an attempt
to avoid (a), the indentation specimens were prepared by
mounting the free film on to clean glass microscope slides
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using the Eastman Kodak cyanoacrylate adhesive,
EK 910. This adhesive has the advantage that it can be
thinly applied and cures at room temperature. The specimens
were subsequently conditioned at 23°C and 65 per cent
relative humidity. Using, as before, a spherical indentor
radius 200um and a time under load of 120 seconds, the
intercept of the Ln load versus Ln indentation plot was
found to be 1.025. Using this, and the value for the radius
of the indentor r — 200 » 10-%m, gives

E

= 1.4 x 10! dynes cm*

Since the value of v, Poisson’s ratio, can range from 0.3 to
0.5, this indicates a value for E, derived from the indentation
test, of

E = 1.1to 1.3 x 10" dyne cm™* 8)

The data from the tensile test is shown in Table 2. In all
the tests a gauge of length 10cm was used with a sample of
width 2.5cm. The testing was conducted using an Instron
tensile testing machine with a constant crosshead speed of
0.5mm per minute at a temperature of 23°C and 65 per
cent relative humidity.

The mean value obtained from Table 2 is 7.1 » 10? dynes
cm~2, which differs from the indentation value by a factor
of two.

Table 2

Tensile testing data on unpigmented melamine epoxide films (23°C,
65 per cent relative humidity)

Film | Tensile
Sample | thickness Load Extension | modulus dyne
fems x 103| dynes x 10‘°| cms cms™2 X 10-°
A | et | o701 00625 | 12
B | 6.4 1.00 0.093 6.7
C | 6.4 1.00 0.0995 6.3
D 6.1 1.40 0.129 7.0
E | 6l 1.40 0.145 6.2
F 6.1 1.60 0.116 8.9
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It should be emphasised that this comparison is based on
purely elastic considerations whereas it is indicated from the
treatment by Lee'!, equation (3), that the intercept value
for some media should be bztter compared with the creep
shear compliance. Further work is required to make such
comparisons, for example, by using a pendulum oscillatory
method after that of Ladizeski and Ward'®.

Phenomenal aspects of micro-indentation

As indicated earlier, the alternative method of interpretation
of micro-indentation data is to collect data on an empirical
basis and attempt to interpret measured changes of paint
films in the context of measured changes in mechanical
properties. Two methods have bzen used: the infinitesimal
hardness behaviour of paints®; and that of the three micro-
metre temperature characteristic'®. Both methods exemplify
the inherent difficulty of the treatment and the reliance that
must be placed on empirically determined data.

Infinitesimal hardness behaviour (IHV')

The THV method measures the load-indentation behaviour
of a paint film at constant time under load and constant
temperature. The THV of the film is determined by plotting
the ratio of the load to the indentation depth versus the load,
and extrapolating the curve to zero load conditions. This
extrapolated value is claimed to bz directly related to the
elastic modulus of the surface of the paint film. Most of the
work reported® has been conducted using a Vickers pyramidal
indentor.

Two sets of panels were coated by spray application with
either a stoving alkyd or a solvent based acrylic at two film
thicknesses. The results of the IHV method using the Wallace
micro-indentor with the Vickers pyramid are shown in
Figs. 3 and 4. These illustrate the difficulty of the extra-
polation of empirically drawn curves from a limited number
of data points. In addition, the value of the intercept obtained

load 10seconds e
30seconds o
60seconds +

veb  Film thickness 53pm

o 1 1

o 1o 20
LOAD g

Fig. 3. IHV curves of a pigmented stoving alkyd (23°C and 65 % relative humidity Wallace micro-indentor)
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Fig. 4. THV curves of a pigmented solvent acrylic (23°C and 65 % relative humidity Wallace micro-indentor)

by the extrapolation is highly dependent on the least accurate
of the data points which are derived using the conditions
of lowest load.

Using a Vickers pyramidal indentor fitted to a recent
simplified model of the ICI micro-indentor?, a comparison
was attempted between the IHV and linear logarithmic
method on pigmented paint films, Table 3. The IHV curves,
Fig. 5, were determined using loads in excess of 1g in order
to minimise the errors at lower loads, but this necessarily
increases the length of the extrapolated curve.

Comparison of the results from the IHV method and the
linear logarithmic method on pigmented paint films can be
made from Table 3.

Table 3

Extrapolated values of pig d films at 23°C, 65 per cent relative
humidity. Film thickness 53um

Time under load 120 seconds

THV value | Linear logarithmic
Paint Vickers intercept 200um
Pyramid radius indentor
Solvent based air drying acrylic 0.15 0.4
Medium oil stoving melamine
alkyd s 55 i 0.3 0.5
Two part air drying polyamide i
epoxide .. .. .| 04 | 1.8
Two part air drying aliphatic

isocyanate cured polyester .. 0.6 2.3

Although the two methods have been related to modulus
functions®: ® and rank the four paints in the same order, the

lack of an exact correlation between the two is not sur-
prising since the IHV value has been related to the root of
the elasticity modulus®, and the logarithmic intercept to a
logarithmic modulus function®. In addition, there is also the
possibility of different deformation mechanisms associated
with the pyramidal and spherical indentors.

Although, in concept, the IHV method can be used with
any shape of indentor, practical difficulties arise using, for
example, the spherical indentor. The method stipulates that
a *‘zero load” condition be used to locate the surface of the
paint film with the tip of the indentor tool. The use of a
pyramidai indentor ensures that even at a nominally zero
load a much higher stress occurs at the point of the pyramid
when it is touching the paint film than for a spherical indentor
which would spread the contact load to a much greater
extent. Thus, when the spherical indentor is used in this
mode a far greater scatter of results is found.

Three micro-metre temperature characteristics

This approach characterises a paint film in terms of its
indentation-temperature dependency!® and although it might
be expected that a paint film would show progressive harden-
ing on ageing, as realised by a progressive increase in three
micro-metre temperatures, this has not always proved to be
the case. It has been found that an aliphatic isocyanate
polyurethane or a polyvinyl acctate, for example, does not
seem to show a significant variation in three micro-metre
temperature with duration of exposure.

However, additional information can bs gained from a
study of the shape of the indentation-temperature curve of
the particular films. In the case of a solvent based unpig-
mented acrylic medium, three micro-metre temperatures were
recorded (Table 4) from the data plots (Fig. 6).
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Table 4

Three micro-metre temperatures of a solvent based acrylic on ageing

Exposure to BS 3900 Pt. F3 Three micro-metre temperature
°C

weeks
0 34
1 45
2 47
4 | 54
8 62
14 66

There is an increase in the three micro-metre temperature
as the curves shift to higher temperature with duration of
exposure, but in addition there is a quite noticeable change
in the shape of the indentation-temperature curve. This latter
effect is quite clear if the indentation-temperature curves are
superimposed as shown in Fig. 7. There is a marked change
in the temperature dependency of the film after ageing in
excess of four weeks, which might not be detected by con-
sideration of the three micro-metre temperatures alone.
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In the case of the mslamine/epoxide film, the pattern of
change of three micro-metre temperature is less clear
(Table 5).

Table 5
Three micro-metre temperatures of an unpigmented melamine epoxide
on ageing
Exposure to BS 3900 Pt. F3 Three micro-metre temperature
weeks °C
0 59
1 56
4 | 70
8 | 66
12 | 62

The apparent random order of the three micro-metre
temperatures did not seem to bz due to experimental variation
since replicate determinations on different specimens showed
good repeatability, and it would appear therefore that some
other phenomenon is occurring. Fig. 8 shows the data plots
from which the results of Table 5 were taken.
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Fig. 5. IHV curves of pigmented films, ignoring 0.5g data points
(23°C and 659 relative humidity Simplified ICI micro-indentor)
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Again, a marked change in the shape of indentation-
temperature curve is apparent during exposure, except that
the change is markedly different from that of the acrylic. It
would seem that the epoxide system (which had been stoved
at 176°C for 30 minutes and in addition been given a post-
stoving schedule of 40°C for three days and subsequently
conditioned at 65 -+ 5 per cent relative humidity at a tem-

WiErs 1 APOSURE
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Tum INDENTATION
o

Fig. 9. Superposition of the indentation temperature data of a

pigmented tall oil alkyd film exposed to BS 3900 Pt. F3

perature of 20 + 2°C) could be considered to be fully cured.
It is therefore possible that this early change during exposure
is due to the wet period rather than the elevated temperature
of the BS 3900 Part F3 artificial weathering cycle.

In the light of the above, some previously recorded data
were re-examined with respect to the super-position of
indentation-temperature curves and in the case, for example,
of a pigmented tall oil alkyd containing 4 per cent rosin, a
similar effect to that noted for the acrylic medium was
found (Fig. 9).

Discussion

The quantitative interpretation of micro-indentation data is
obviously far from satisfactory and it would seem that the
reasons for the phenomena observed have not yet been
established. That there is a connection between micro-
indentation data and other physical parameters of paint
films is undisputed. Prosser®! has reported a correlation
between the indentation-temperature characteristics of a
number of paints and the temperature at which those paints
show a brittle fracture; Osterle** has related the THV be-
haviour of paint films to wetting and ageing behaviour; and
there is some unpublished evidence that links the tem-
perature dependence of the ASTM28 conical mandrel test
with the indentation-temperature characteristics of paints.

However, it must be considered how this type of physical
measurement of mechanical property of paint films can or is
likely to be developed to the point of increasing our under-
standing of paint film behaviour. It is known from experi-
mental evidence that polymers not only change due to an
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ageing history but also have a memory of previous stress/
strain history, as exemplified by the work of Leaderman on
the principle of Boltzmann's super-position of stressz. It is
not unreasonable to suppose that a paint film subjected to a
natural environment will suffer during its life a large numbar
and variety of stresses due to, for example, temperature and
humidity variations and mechanical strains. The ability of
the film to cope with these strains without mechanical failure
will depend on the mechanism of deformation and stress
relaxation. Consideration of these mechanisms should
provide a link to a likely method of answering the questions
posed in the introduction to this paper. The paint tech-
nologist is largely interested in, and practical mechanical
testing is largely orientated towards, determining the failure
properties of a paint film but the interpretation of these
failure properties should not bz divorced from the con-
sideration of the mechanisms of paint deformation, and it is
towards the linking of the two methods of approach that
mechanical testing of paints must evolve. An example of this
is the recent work of Zorll>® who has interpreted the inter-
action of binder and pigment in terms of the fracture envelope
of detached paint films. Here, there is a direct link bztween
an ultimate property (tear) and a viscoelastic-temperature
relationship. In considering failure properties, the measure-
ment of crack initiation and propagation is another field of
direct interest and, in this context as in others, consideration
should be given to the stress history of the film.

Little is known as yet about the effects of mechanical
inhomogeneity in the paint film (although two effects have
been reported®: 2°) despite the fact that these effects must
profoundly complicate the practical interpretation of data.
The obvious difficulties of such investigations are that any
method of exploring the nature and extent of inhomo-
geneities must themselves first be assessed with regard to
variation in the test method before any experimental variation
can be shown to be due to a significant variation of a
mechanical property. It would appear, therefore, that in this
field of study, analysis of variance would appear to be
essential, and that variability in test data may be of more
interest than repeatability.

Since the major discontinuity for a paint film occurs at the
film-substrate interface, it is possible that methods like the
micro-indentation technique could be modified so as to
examine both the mechanical property of the paint film and
also that of the paint-substrate interface.

Conclusions

This review of the field of micro-indentation testing of paint
films has described and examined the different methods of
data presentation proposed for the technique. All are shown
to be deficient in some respect. The 200pum spherical indentor
depends on the film thickness; for the logarithmic presen-
tation, the slope varies; there is practical difficulty in extra-

R. L. J. MORRIS JOCCA

polating the THV curves; and its empirical nature is a dis-
advantage of the indentation-temperature mzthod.

Nevertheless, some form of data presentation is obviously
essential if some mzaning is to be obtained from this and
allied techniques, which explore the relationship of mszch-
anical properties in terms of experimental parameters.
Whether this will ever be satisfactorily achieved is prob-
lematical, but the prize is a basic understanding of paint
performance and the interpretation of the effects of different
weathering situations.
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Discussion at Eastbourne Conference

DR U. ZORLL said that when considering the relationship
on which the indentation methods—and similar methods for
measuring mechanical film properties—were based, one
might be led to the following qualitative observation. As
the external loading became more localised and, therefore,
the resulting field of stress less homogeneous, the more
the relationship between the quantity actually measured
and Young’s modulus deviated from linearity. Thus, if
the bulk properties of the film were to be measured, then

a system of measurement based on a relation characterised
by the least deviation from linearity might give the most
meaningful results. Dr Zorll suggested that such a principle
could serve as a guide for the paint specialist faced with
the task of selecting one of various devices for the measure-
ment of mechanical film properties. Presumably, this would
apply to instruments developed in the future as well as to
those used at present.

MR R. L. J. MORRIS liked this idea but there was one
basic problem which had to be considered: mechanical
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inhomogeneity existed in paint media. The problem had
been with the paint trade for years, and Dr S. H. Bell had
written a paper on the subject some 20 years ago.

It was correct that mechanical inhomogeneity did affect
the test data, but Mr Morris felt that it was fundamentally
wrong to ignore totally this effect, because not enough was
known about its significance with respect to the chemical
and other properties of paints. From the point of view of the
paint technologist, who would require a reproducible,
repeatable and discriminatory method of test, the approach
proposed by Dr Zorll was correct. For development of the
understanding of paint films, however, it was necessary to use
methods which were going to suffer from the fact that work
would be directed specifically at mechanical inhomogeneity.
Whether this would ultimately prove significant with respect
to the properties of the paint could not be determined at
present; it was necessary firstly to quantify the effects.
Briefly, there were two aspects to this question; depending
on which was being looked at, one could either agree or
disagree with Dr Zorll's proposal.

DR M. ELLINGER asked whether the tests had involved
multicoat systems. She had found that whilst on single coats,
the IHB values reflected the material’'s characteristics (for
example weathering properties), in the case of a two-coat
stoving system, using various primers but an identical top-
coat, the THB was always the same; that is, a characteristic
only of the topcoat.

MR MORRIS replied that all the work which he had
spoken of had been on paint films of a single medium. He
had been looking at the mechanical properties of particular
paint media, and the complication of additional variables
had, therefore, been avoided; although he would acknowledge
that this was, at present, very far removed from technological
practice. He took as a particular example, a red lead primer.
Indentation depth was not going to help since most of the
deformation would occur within the primer; one had to
consider the compliance of each particular phase with the
system. The Directorate was conducting some work on
the effect of film thickness on indentation depth. Until it was
known how far through a paint film the influence of indenta-
tion depth extended, it would not be possible to understand
the mechanical properties of films containing dissimilar
coats.

DR J. E. O. MAYNE said that work in Cambridge indicat-
ed that clear varnish films had a very heterogenous structure,

which could be detected by hardness measurements. He
asked whether the author had found a similar effect in his
measurements.

MR MORRIS remarked that he had had a paper published
by FATIPEC last year which referred to the results quoted
in Dr Mayne's paper. He understood that Dr Mayne had
examined indentation depth for films with linseed tung
phenolic media* and had correlated specific small areas of
micro-indentation inhomogeneity with D and I areas of
ionic conductivity.

He too had observed the discontinuities in mechanical
property of paint media with regard to micro-indentation,
and had modified the ICI micro-indentor to move the speci-
men linearly in a known manner beneath the indentor.
It was then possible to examine the indentation characteristics
of specific areas of the film. He was interested in whether
the observed variation in indentation depth was due to
the test method or a parameter of the film, so the distribution
of hard and soft areas was important. Inhomogeneity was
found in a two-coat unpigmented stoving melamine/epoxide
film. Soft areas were of the order of Imm across which
was in accordance with Dr Mayne’s findings.

Mr Morris was examining this two-coat material, when
he accidentally scratched the surface with his finger nail
and removed the top coat. This lead him to suspect that he
was observing local intercoat adhesion failure. In order to
examine the effect further, he had used a chlorinated-rubber
film which, being a solvent-based material, eliminated the
possibility of intercoat adhesion failure. Variations in mecha-
nical properties were again found, but these were almost
certainly due to the effect of localised solvent retention.
It was not possible to say whether the effect which Dr Mayne
had observed was due to different degrees of cross-linking,
but Mr Morris believed he had found that intercoat adhesion
failure and localised solvent retention might give rise to
the same indentation phenomena and that in the case of the
chlorinated rubber medium, cross-linking could not be a
significant variable.

DR MAYNE thought this was extremely interesting.
He could say that the film he had used had a structure, and
that this had been interpreted in terms of cross-linking,
but if the retention of solvent were localised, it would be
plasticised, and this would agree perfectly with the concept.
His work had not. in fact, included an examination of solvent
retention.

*The films were made from pentacrythritol linseed alkyd, epoxy polyamide and tung oil phenolformaldehyde media—R. L. J. Morris.
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Finish first—fabricate later. The continuing story of

coil-coating”
By D. S. Newton

Head of Organic Coatings Development, British Steel Corporation, Strip Mills Division, Research Centre, Port Talbot,

Glamorganshire

Summary

A survey of the present status of coil coating is given, indicating
differences between thg American and European scenes. Recent
developments in coating systems, such as oil-free polyesters,
fluorocarbons and polyamides are described in some detail.

The progress in pollution reduction with regard to coil coating

Keywords

Process and methods primarily associated with
application of coatings and allied products

coil-coating

developments is outlined with reference to pretreatments, high
solids dispersions, water-based coatings and plastic films. Finally,
looking ahead to the future, the potential of solvent-free coating
systems applied by an extrusion technique gives an indication of
the direction in which the “finish first-fabricate later” industry can
move during the last few decades of the twentieth century.

manufacture or synthesis

pollution conirol

D’abord la finition—la fabrication ensuite. L’histoire en cours de couchage en continu

Résumé

On donne une vue générale de I’état actuel dans le domaine de
couchage en continu, et I'on indique les différences qui existent
a cet égard entre les Etats-Unis et ’'Europe. On décrit en quelque
détail certains développements récents en des systémes de revéte-
ments tels que polyesters exempt d’huile, résines fluorocarbones
et polyimides.

On trace les grandes lignes du progrés vers la diminution de la
pollution & I'égard des développements dans le domaine de

couchage en continu au point de vue des prétraitements, des
dispersions a forte teneur en matiere solide, des revétements a
base d’eau et des films en matieres plastiques. Enfin, pensant
a ’avenir, les possibilités des syst¢émes de revétements exempts de
solvant et capables a étre appliqués par une technique d’extrusion
donnent une indication de la direction vers laquelle I’industrie,
baptisée “D’abord la finition—la fabrication ensuite” par 'auteur,
peut s’incliner pendant les derni¢res décennies du vingtiéme siécle.

Erst Lackieren—Dann Weiterverarbeiten. Fortgang der Geschichte der Bandlackierung

Zusammenfassung

Ein Uberblick iiber den gegenwirtigen Stand der Bandlackierung,
in welchem auf die Unterschiede zwischen der amerikanischen und
europdischen Szene hingewiesen wird. Neuere Entwicklungen von
Anstrichsystemen wie z.B. auf Basis von Polyestern, Fluorkohlen-
wasserstoffen und Polyimiden werden eingehend besprochen.

Dir Fortschritte auf dem Gebiete der Pollutionsreduzierung im
Verlauf der Entwicklung der Bandlackierung werden im Hinblick

auf die Vorbehandlungsmethoden, Dispersionen mit hohem
Festgehalt, wassergetragenen Beschichtungen sowie Kunstoffilme
skizziert. In die Zukunft schauend werden schliesslich die Moglich-
keiten 1osungsmittelfreier, durch Spritzgusstechnik aufgetragener
Beschichtungssysteme als Wegzeichen fiir die Richtung besprochen,
in welcher sich die “Erst Lackieren—Dann Weiterverarbeiten™
Industrie wihrend der allerletzten Dekaden des zwanzigsten
Jahrhunderts bewegen kann.

Cnepsa oT1eaxa —a 3aTeM ¢adpukannsa. I[Ipoao/nkeHne Bonpoca CIMPAJIBHBIX NOKPBLITHIH

Pesiome

Jlaetcs 0630p COBPEMEHHOIO Pa3BUTHS CIMPA/bHBIX MOKPLITHH,
CCBUIASiCH Ha Ppa3fiMyie MEXNY aMEPHKAHCKMM M €BPOHEHCKHUM
nonoxeHusiMu. IlocnenHue MOCTHXEHUS B CUCTEMax MOKPbITHA,
KaK HampuMep mnosu3dupsl cBoGoaHble oT Macna, duyopoyrie-
poabl U MONMHAMHKIBI, TOAPOOHO ONMMCHIBAIOTCS.

OnuChIBaeTCS MPOrPECC B MOHMKEHHH 3T PASHEHHMS 10 OTHOILEHUIO
K Pa3BUTHIO CNUPAJIbHBIX TOKPBITHH, CChUIASACE Ha NpeaABapuTe-

Introduction

Perhaps one of the main reasons why ‘coil-coating” or
“prepainting” is less familiar in Europe than many other
modern developments in paint technology is due to the way
in which the industry has developed. There is a marked
difference when compared with the American development,
prepainting being first established as an industrial process in

NIbHYI0 O0OpaGoOTKy, BLICOKYIO IUCHEPCHOCTb TBEPAbIX 4aCTHLL,
MOKPBITHSA OCHOBAaHHbIE HAa BOJE M IUIACTHYECKHE IICHKHU.

B 3akmoueHue obpawast B3op Ha Oynyluee, MOTEHLMAT CHCTEM
TOKPLITHI ©€3 pacTBOpPHUTENA, MPUIAraeMbIX MPECCOBKOM, yka-
3b1BaeT HaNpap/ieHHe B KOTOPOM MPOMBILUIEHHOCTh MOXET Mpo-
IBUHYTBCS C JIO3YHIOM «criepBa OTAe/Nka—a 3aTteM (habpukauus»,
B TE€YEHHME MOCICAHUX IKX:HTMHCTHFI ABanUaToro BekKa.

the USA some thirty years ago. Beginning in the hands of
small private companies, the first operations were slow and
consisted of single paint coating applications to narrow width
aluminium strip. The end uses of the products made on these
lines were in venetian blind slats, and later simulated shiplap
board for residential siding. As new markets arrived for
coil-coating, coil coaters were able to incorporate these
in their operations, so that the concept was born of the

* Presented at the 1973 Eastbourne Conference.
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custom or “tollcoater” applying organic finishes to meet
the requirement of the fabricator and end-user, and putting
them on the substrate metal of his choice.

The National Coil Coaters’ Association (NCCA) was
formed some twelve years ago with the object of promoting
new markets for coil-coating and standardising the quality
of the product. At this stage, the prime metal producers
began to appreciate the advantages of the process, to see
the possibility of new outlets for their products, and a means
for reducing the inroads being made, by the plastics industry
for example, into their traditional markets. From being
rather passive onlookers as suppliers to the coil-coating
industry, the steel and aluminium strip producers bzgan to
take an active role in the NCCA, to participate jointly with
individual custom coaters, and more recently, in putting
down coil-coating lines of their own with a custom coater in
the background as a consultant. The logical progression of
a growth pattern set up years ago has enabled the supplying
industries (engineering, pretreatments, paints, etc.) to adjust
to it, and sometimes, particularly with the larger paint
companies, to direct its course. The existence of the NCCA,
desirous of promoting the industry and its image throughout
the USA and Canada, and of setting standards, has smoothed
the path. Fabricating industries, geared to handling coil-
coated material, have grown up around it, familiar with
the careful handling techniques required to utilize the product
to greatest advantage, both in the fabrication and in the
subsequent assembly either in the factory or on site.

The European story has been quite different. Ten years
ago, there was a mere handful of lines, each doing different
things, making different products, and doing them in isola-
tion. Some coil-coated products were made by prime pro-
ducers of metal strip, others by private companies. There
was no custom-coating industry at all. Suddenly the picture
has entirely changed. There are now more than 30 coating
lines in Europe and another 15 on the way, mostly wide
high-speed operations owned by the prime metal producers.
This situation is analogous to the problem of the ‘‘late
developer;” because these developments have taken place
with such rapidity, a rationale has not grown up with it.
The European Coil Coaters’ Association is a comparatively
recent innovation, and unlike the NCCA, suffers from the

difficulties attendant on all multi-national and multi-lingual
organisations. The paint industry has been undoubtedly
surprised by this sudden burgeon, and has not been helped
by the predilection in Europe for coating systems which have
not found favour across the Atlantic.

Properties of existing coil-coatings

Several organic coating systems have become established
in coil-coating over the years, and one of the misleading
consequences of this is the association of particular types
of polymer with particular kinds of application. Since
differences in formulation can make the difference between
success and failure, this fact has not always helped the
process in its advancement. For example, it is not easy to
formulate a 250 micron thick pvc coating that will last
in a variety of exterior climatic conditions for 15 years
before it requires maintenance, and 1t is quite easy to arrange
for a pve coating of this thickness to erode away in a little
over twelve months. Thus “pvc plastisols” may bz dubbzd
excellent, bad or indifferent for exterior architectural cladding
in various countries, depending on the major source of
supply and the principal environmental conditions encounter-
ed in the market supplied; for example, agricultural or
industrial buildings, prestige office blocks, schools, hospitals,
or power stations.

However, with this reservation, there are certain generalities
that can be accepted in the classification and grading of
organic coatings, and Tables 1 and 2 show those systems
which have become the backbone of the industry, and their
present applications. The results quoted do not, of course,
form a specification but are merely typical. Alkyds are the
least expensive, but are limited by their lack of heat resistance,
lack of resistance to chemical attack, and except in the case
of a few modified formulations, poor weatherability. Thermo-
setting acrylics, based on acrylamide copolymers have good
resistance to heat, and resist breakdown in a corrosive
environment. Their shortcoming lies in the poor fabricating
performance of the highly cross-linked structure of more
resistant formulations, so that the calibre of coil-coatings
can never duplicate that of similar post-painted finishes.
Epoxy coatings are mostly suitable as thin lacquers that

Table 1
“Typical performance” chart for coil-coating systems

Archltectural

| Appliance Solution ! Pvc Pvc plastisol
Property ‘ Alkyd } acrylic ‘ acrylic vinyl | organosol ‘ or film
Dry film thickness (um) | 12—25 20—25 } 20—25 | 12—25 30—75 | 150300
Gloss (60° reflectance) (%) | 15—80 50—90 | 10—80 10—80 ‘ 10—50 dependent on
emboss
Pencil hardness . 15 ‘ H—2H H—4H F—H H—3H F--HB ‘ indeterminable
Indentation (3in. diameter indent) | |
(inches x 10-5) . 17—20 12—15 ‘ 15—20 | 15—18 25—30 ' 200—300
Scratch resistance (BS 3900 E2) (gm) 2,000 3,500 3,000 3,000 >3,500 > 3,500
Reverse impact (BS 3900 E2) washers
passed 3(a) | 1 (a) 1(b) 3 (a) 5(b) 5(b)
Mandrel bend (B§ 3900 El) (mandrel
diameter in inches) .. & (a) % (a) | 1 (b) + (a) ‘ OT bend (b) OT bend (b)
Drawing properties (with appropnate i |
grade substrate) 3 .. good (a) good (a) good (b) very good (a) | excellent (b) excellent (b)
Salt spray (ASTM-BI17- 57T) (hr) 100 (a) 500 (a) 1,500 (b) | 500 (a) 1,500 (b) ‘ 1,500 (b)
Heat resistance (maximum continuous | | \
working temperature) (°C) . ‘ 70 120 70 70 60 1 50
Stain resistance (household reazems ‘
and grease) .. o good excellent very good good very good good
Nicotine stain resistance & o fair excellent very good fair fair poor
Weatherability .. T G .. fair == | fair/good fair fair excellent

| | | |

|
(a) Results based on 20 BG CR4 steel substrate.

(b) Results based on 20 BG hot-dipped galvanised steel substrate.
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Table 2
Applications for typical coil-coatings

-Application

!

Pvc
organosol

Solution
Acrylic vinyl

Pvc plastisol
or film

Automotive
Underbonnet parts
Trim - o2 b i A % i
Fascia panels .. 5 i o . .. o

[
? Alkyd
B

Appliance
Wraps .. e
Heater cabinets . .
Heat resistant parts
Deep drawn parts b - i i
TV cabinets o 5 ok 58 e - :
Light fittings : o iz - P

Building
Ceiling tiles o 2
Suspended ceiling T-bars
External cladding
Curtain walling sz o b § .
Infill panels s o s s o 2w |
Skirting boards . . i S 2 8
Partitioning " = = ot 5 8 2 8 |
Cable trunking ..
Roofing .. 5 i 5 s i v
Roof decking .. x p- T i T i ®

Caravans
Shelving

Steel furniture

Cold storage rooms - i .. s
Inside skin o5 o e i - xe
Outside cladding s <5 i i

Garage doors !
Primed .. s - e 7 = sgeall [ )
Finished .. a8 s 5 o ;

Venetian blind boxes P e 13 & o

Skirting board heaters

Deep drawn parts (general)

need to have very good fabricating properties and chemical
resistance. The pvc organosol type system has all the flexi-
bility to be expected from a purely thermoplastic finish, but
lacks chemical resistance due to the plasticiser present, and
the combination of the latter with high pigmentation makes
good weathering formulations difficult to achieve. Pvc
plastisols and films have similar properties, but are applied
as much thicker coatings which may be embossed or other-
wise decoratively finished. A lower pigmentation is needed
to hide the substrate metal bzcause the coating is thicker,
and, with careful plasticisation and stabilisation, good
weather resistance may be obtained. The emboss pattern
prevents any scratch marks incurred during site handling
from becoming apparent. Dirt pick-up and retention may
be reduced by the addition of a mar-resistant lacquer over
the top of the pvc. In the case of internal cladding, it may
be appropriate to use an acrylic or polyester lacquer to over-
come nicotine staining, and various other discolouring
influences. For a decorative finish, pvc calendered films
are available in a far greater variety of textures and multi-
colour prints than would be economical with pvc liquid
coatings produced on a strip line. The solution vinyl coating
is useful in those applications where a mar-resistant surface
is required in addition to sufficient flexibility for the more
severe deep-drawing applications. The vinyl coating may be
applied as a “one-coat” finish of 25 microns thickness

requiring no primer at the interface. The use of this coating,
however, is becoming increasingly restricted due to the high
cost and low solids content of the paints. Inordinately large
quantities of solven have to be removed, which is neither-
“cost-effective”” nor totherwise acceptable in this pollution
conscious age.

Developments at present taking place in coil-coating
revolve around three main considerations: reduction in
pollution; use of new polymers and of combinations of these
with existing systems; and use of new application and curing
techniques. Ideally, these developmznts could all bz combined
together but, in practice, they have to bz considered separately

zcause of the complexities involved in changing anything
in such a capital-intensive process as coil-coating.

New developments in polymers
Oil-free saturated polyesters

Oil-free saturated polyesters represecnt a new type of
surface-coating resin designed to satisfy the more stringent
requirements of modern paint finishes. This somewhat ill-
defined group of coatings has emerged over the past five
years. The resins may be considered to bz special kinds of
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alkyds, composed of a wide range of polyfunctional acids
and alcohols, but without the partially hydrolysed natural
oils which the paint industry has used as components of
alkyds for many years. Several of the new polyesters are
believed to be condensates of monofunctional branched acids
denoted by R,R,R; —C —COOH, where the Rs are aliphatic
side-chains giving the molecule between nine and eleven
carbon atoms, triols and dibasic aromatic acids. In practice,
the branched acids (which reduce esterification rates and are
virtually insoluble in the resin materials) are present in the
form of glycidyl ester which allows rapid esterification via
the terminal epoxy group. It is claimed that resins containing
these branched chain acids are characterised by good colour
and gloss, hardness and good flow.

Many other polyesters are thought to have been developed
by using trimellitic anhydride and isophthalic acid as principal
esterifying reactants. Such use of an acid for branching the
polymer has led to resins of high aromatic content, low
excess hydroxyl, and high solubility. By using such combina-
tions, commercial polyesters are now available with excellent
stain resistance and very good flexibility.

Generally, the oil-free polyesters have to be cross-linked
with an amino-resin, or a resin precursor, such as hexame-
thoxymethylmelamine, when satisfactory hardness coupled
with flexibility and good colour-retentive properties may be
achieved. This type of system can be formulated to produce
just those requirements needed for paint coatings for domestic
and industrial appliances (for example, washing machines
and refrigerator wraps and liners) but with the added bonus
of being able to withstand intricate fabricating operations
without cracking under strain and elongation.

An extension of their properties can be made by incorporat-
ing siloxane resins. These have been developed in low mole-
cular weight form to have both maximum solubility and
compatibility with organic resins, and unlike the simple
silicone blends, it is preferable for condensation to take
place between the pre-made polyester and the siloxane resin.
By such modification, copolymers are obtained with consider-
ably improved resistance to heat, oxidation, and weathering.

Silicone-modified polymers have achieved some pre-
eminence in coil-coating in North America because of their
good resistance to weathering, and much of the prefinished
hot-dipped galvanised steel used for fabricating industrial
buildings is coated with paint containing thirty to fifty per
cent copolymerised siloxane resin. The degree of resistance
to oxidative breakdown is proportional to the silicone
content, and it is claimed that at high silicone levels, oil-
free polyesters have attained eight years outdoor exposure
with only slight superficial chalking and fading. A lack of
plasticity is an unfortunate characteristic associated with
high silicone content and is a limiting factor, generally, in
the fabrication of such polymers.

The fluorocarbons

Fluorocarbons, or fluoroplastics as they are termed in
American nomenclature, comprise a group of polymers of
particular interest to coil-coating. The structure of these
consists of long vinyl chains, sometimes branched, in which
part or all of the hydrogen is replaced by fluorine. As a class,
they are characterised by their inertness (which makes for
very good resistance to all kinds of chemical attack), good
dimensional stability, good temperature resistance without
degradation, low coefficient of friction, and good electrical
properties. The polymers include materials such as polyvinyl

fluoride (pvf), polyvinylidene fluoride (pvf,), and polytetra-
fluorethylene (ptfe).

On comparing the properties of these polymers, it is found
that the thermal stability increases in order of increasing
fluorine content (that is, pvf < pvf, < ptfe), with the chemical
inertness following the same order, so that solubility decreases
accordingly. Static coefficient of friction and critical surface
tension increase with increasing fluorine content, and ptfe
is the “non-stick” material par excellence. From the economic
aspect, increased fluorine content leads to higher densities
with resultant lower coverage per pound of polymer, and at
the same time the raw material prices increase with increasing
fluorine substitution. The net result is a dramatic rise in the
cost of the coating as the number of fluorine atoms increases
in the fluoroplastic.

The fluorocarbons have now been tailored to meet the
requirements of reverse-roll application and laminating
processes for metal strip. Because of the low solubility and
the melt flow characteristics of these polymers, it has been
necessary to utilize latent solvents in order to achieve suitable
dispersions for roll-coating. In the cases of pvf and pvf,
there are no known room temperature solvents, but certain
organic solvents become active at elevated temperatures
and exert a solvating effect on the polymers. These “latent”
solvents usually have boiling points above 150°C. The basic
principle used in processing pvf and pvf, is the disruption
of the polymer order and subsequent lowering of the minimum
film-forming temperature to bzlow the melting point of the
polymer. This disruption is effected through latent solvents
and processing at an elevated temperature, so that solvation
causes the fluorocarbon particles to coalesce into a single
phase in the form of a continuous film at a temperature well
below their degradation point. Some typical latent solvents
with their boiling points are: acetophenone 202°C; n,n—
dimethylformamide 215°C; isophorone 215°C; dimethyl
phthalate 282°C; diethyl phthalate 298°C. In practice.
formulations usually contain a mixture of such latent solvents
and lower boiling point ketones, used as diluents and given
off during the curing of the coat. They have a dispersing
effect on the powder at room temperature and a wetting
effect on the surface to be coated, thus helping to control
the viscosity of the dispersion and allowing proper flow and
levelling of an applied coating on a substrate.

The fusion of ptfe takes place at such a high temperature
(327°C) that the concept of latent solvents cannot bz applied,
and ptfe coatings are therefore prepared from true disper-
sions. These may bz obtained in water or in organic solvents.
The use of the latter allows scope for modification with
solution resins, such as epoxides or polyimides, whilst
water-borne ptfe dispersions have a considerable cost advan-
tage. In all cases the requiremznt of ptfe coatings on metal
is the preservation of a low coefficient of friction at the
surface, resulting in “‘non-stick” properties, combined with
reliable adhesion at the interface of metal and organic coating.
The latter effect can bz promoted by oxidative modifications,
usually by the incorporation of other ingredients which
decompose at the fusion temperature of the ptfe with the
liberation of acidic gases. This promotes adhesion by chemi-
cally etching the metal surface and degrading slightly the
ptfe at the interface. Another method of promoting adhesion
is to incorporate with the ptfe a solution confaining resins,
such as epoxides or polyamides. It is believed that in this
type of system a fluorocarbon-rich stratum is formed at the
free surface, which provides the easy-clean, low friction
properties of the coating, and that a resin-rich stratum forms
at the coating/metal interface. Adhesion is thus obtained
without a primer.
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The applications for fluorocarbons in coil-coating fall
into two areas. The first is for very high performance weather
and stain-resistant exterior architectural coatings (pvf and
pvf,) with a probable life of 20 years, at least, to first main-
tenance. The second is for non-stick, easy-clean or low
friction uses (ptfe and ptfce) as shown in Table 3.
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heterocyclic rings should bz the main recurring units in the
structure for promoting heat resistance.

In the case of polyimides these precepts are followed, the
structures developing usually in the course of cure. Thermo-
setting of a soluble resin takes place not by cross-linking

Table 3
Examples of *‘low friction” fluorocarbon dispersions

Recommended applications

Dispersion Type of system
Aqueous T
Fluon MM I one-coat
Fluon GP1 " aw s ‘ one-coat
Fluon SC3 | one-coat
i primer

Fluon SCI w8 s o &
Fluon Clear FI top-coat over Fluon SCI

top-coat over Fluon SCI

Fluon Black Fl 89 3% ’

Organic
Teflon 955-100 I\ one-coat
Teflon 959-203 ‘ one-coat
Teflon 954-101 one-coat

Bakeware, steel razor blades, hypodermic needles

Mainly aluminium cookware

Industrial applications, e.g. chutes, hoppers, domestic irons,
spiral feeds

Industrial applications and cookware, e.g. top-of-the-stove
ware, ovenware, bakeware

Domestic bakeware and cookware
Domestic and industrial bakeware and cookware

Aircraft tooling, kitchen tools, snow shovels

“Fluon” is a registered trade-mark of Imperial Chemical Industries Ltd.

“Teflon” is a registered trade-mark of the Du Pont Corporation.

Polyimides

Polyimides are in a category of thermally stable organic
polymers, which have bzen produced, by imaginative syn-
thesis and a greater understanding of structure-property
relationships, to meet the demands of new technologies,
particularly in relation to the space programmes. From among
such polymers as polyphenylenes, polysulphones, poly-
benzoxazoles, and polythiodiazoles, the polyimides now
seem to occupy the favoured position of being commercially
the most important of the thermally stable organic polymers
in metal-coating applications.

In the synthesis of polymers such as these, an optimum
combination of properties is obtained by exploiting three
main principles. In the quest for high temperature resistance,
the formation of intrinsically rigid polymer chains (“ladder™
or ‘“semi-ladder” structures) proves extremely effective.
Maximum thermal stability is usually achieved when unreac-
tive rings are incorporated in the chain. Aromatic and

to form a network during cure, but by joining up links along
the polymer chain to produce the twice-bonded ladder-like
formation which gives such good heat resistance and insolu-
bility. A typical example of polyimide formation would be
pyromellitic anhydride with 4,4—diaminodiphenyl ether
giving a soluble polyamic acid which condenses to an in-
soluble polyimide. Another possible route to the insoluble
polyimide is where the intermediate product has terminal
ethylenic unsaturation and undergoes addition polymerisation
when heated to a high enough temperature.

The commercially available polymers combine thermal
stability (permitting prolonged use at 250°—300°C), chemical
inertness (being unaffected by organic solvents or strong
acids), hardness and abrasion resistance approaching that of
vitreous enamels, but with the flexibility of a pvc coating.
Their choice as a coil-coating finish for many of the applica-
tions in the lower temperature range, where vitreous finishes
are mandatory at present, seems marked for the future. An
immediate outlet for this type of polymer is as the reverse

Comparative properties of typical ﬁT'ZI:I[;: Jor metal cookware and appliances
Impact strength I Detergent Hardness and wear

Type of coating Heat stability and flexibility | resistance resistance
Acrylic T ‘s - . 5 110°C—125°C fair good | good
Polyester ‘ 120°C—145°C good good good
Epoxy* ! 160~C—180 C good good good
Anodised ‘ 215°C—230°C . very good poor ; fair
Silicone 230°C—260°C | fair good ‘ fair
Polyimide* 285°C—300°C | excellent very good very good

|

* Not available at present in white or pastel shades because of the colour of the resin.
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side coating for domestic and industrial bakeware. This
would be complementary as a reverse coat where ‘“‘non-
stick” fluorocarbons are being applied to the top side of
strip for such applications. For other uses where heat resis-
tance is of paramount importance (for example, ovens,
electric, gas and oil heaters), this coating can be considered
competitive with anodised or porcelain finishes. Table 4
illustrates comparative properties of various finishes for
metal cookware and appliances.

Pollution reduction

Immediate improvements are being effected in the cleaning
and pretreatment processes involved in coil-coating. Instead
of the necessity for effluent treatment prior to disposal, a
regeneration system is available for the cleaner solutions,
which effects oil separation and removal. In the case of the
spray phosphate treatments, which have long been the
standard methods for producing a corrosion-resistant and
adhesion-promoting metal surface in coil-coating as in other
paint coating processes, these are likely to be supplanted by
the metred application of chromate-based treatments which
serve the same purpose. Since most of this is applied to the
surface there is little or no waste problem. Additional benefits
accruing are: the reduction in circulating and heating costs;
simplification in the mechanics of the process as coating
deposition no longer varies with the speed of the line and
the new treatments can be applied regardless to mild steel,
zinc-coated steel, and aluminium; and finally the possibility
of dispensing with the expensive brushing and linishing
section of pretreatment, without which phosphating processes
are irregular and unreliable.

With regard to the organic coatings themselves, reduction
in pollution may be brought about by increasing the solids
content or transferring to water-based systems. The former
involves the use of dispersions, as the viscosities of high
solids solutions are too great to permit roller-coating applica-
tion. The ‘“latent” solvent approach is again employed as
with fluorocarbons, and the systems which exemplify this
principle are pvc organosols and plastisols. Two added
bonuses for the dispersion approach are the possibility of
thicker coatings and the use of high molecular weight poly-
mers. A good example of the latter is the high molecular
weight acrylic type polymer which is suitable in emulsion
form. Few other developments for coil application have
such a useful performance in exterior durability with maxi-
mum flexibility at low applied cost as these particular emul-
sion polymers. Much of the success of these materials is
due to the fact that they are formulated from a combination
of thermosetting and thermoplastic acrylics, and this allows
adequate scope for incorporating sufficient flexibility, coupled
with hardness, into the pigmented film by a moderate degree
of cross-linking. Since these systems are water-based a
significant departure from the solution coatings, which at
present dominate architectural markets for coil-coating, has
taken place.

The molecular weight of some of these polymers exceeds
1,000,000 and thus approaches those of equivalent laminated
films. If oxidative degradation occurs from the effect of
exposure to UV radiation, the degradation products are
likely statistically to be of relatively high molecular weight,
enabling the film to retain coherence and many of its good
physical characteristics. In practice, it has been found that
exposure results for this type of coating are closely related
to the average molecular weight of the film. It has been
reported that it is possible for seven years’ exposure results
to show no chalking greater than ASTMS standard eight

from films put out at 45° facing south, at the usual Florida
testing stations. Another important facet, for keeping film
durability to a maximum, is the careful choice of pigment,
and attention to pigment volume concentration. In developing
acrylic emulsions for coil-coating, it has been found that
best results are obtained by maintaining titanium dioxide
levels, for example, at the minimum needed to give opacity
at the applied film thickness. It then becomes unnecessary
to incorporate UV light stabilizers for protection against
sunlight during long-term exterior exposure. Such absorbers
can have the undesired effects of increasing dirt retention
and decreasing colour stability.

The reverse-roll application of emulsions presents problems
in any case, and the application conditions for water-based
emulsions is particularly critical. The high surface tension
of water makes wetting of the metal surface difficult, and the
viscosity characteristics of emulsions are pseudoplastic.
This means that at low shear, the coating will not flow out,
so that a ribbed pattern tends to be imparted to the coating
after reverse transfer on to the metal strip. Under conditions
of high shear, as in the metering gap bzstween pick-up and
applicator rolls, the viscosity is too low to keep the wet
coating on the rolls. The result is a tendency for the coating
to fall back or be thrown off the roll with resultant “starva-
tion” of the nip. However, the incorporation of suitable
additives improves the wetting characteristics and increases
the viscosity at high rates of shear without adversely affecting
the ability of the coating to flow out and produce an even
smooth film under conditions of low shear. It has been
found that small additions of a non-ionic surfactant in
combination with a wide range of thickening agents, and
in the presence of a secondary or tertiary amine or amino-
alcohol, are particularly effective in this way, enabling a
reasonable measure of linearity to be maintained for the
shear rate/shear stress relationship under a wide range of
conditions.

No discussion of reduction in pollution with existing
technology would be complete without some reference to
preformed films. For a long time, film lamination in coil-
coating has been at something of a discount. The reasons for
this have been the high costs of films, poor colour control,
limited colour range, and a limited range of laminating
adhesives, all of which have required constant careful control
to ensure maximum adhesion at the moment of lamination.
Now that the cost of proprietory films for lamination has
been largely reduced, the colour range of certain high-grade
weather-resistant films has been spectacularly increased,
and adhesives for lamination have become available which
are much less temperature-sensitive for optimum curing
conditions.

In the case of pvc films produced by the callendering
process, there is considerable freedom of formulation, but
this has not been a merit without a suitably rapid test method
for evaluating performance in the field. The use of an ac-
celerated weathering test method (which employs an un-
screened carbon arc and a thermal shock by spraying refri-
gerated water on to the reverse side of panels when the arc
is off) has proved to be a satisfactory and (to date) reliable
means of rating pvc coatings in accordance with their actual
performance in sunny environments, unlike the BS 3900
weatherometer test which has proved useless in this respect.
Formulations can thus be quickly screened, and modifications
made on other than an ad hoc basis. The importance of anti-
oxidants and UV absorbers is being recognised, even for
highly pigmented, opaque, thick pvc coatings, to delay the
onset of the effect which has now come to be known as

“microchecking.”  This phenomenon produces leprous,
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entirely unacceptable appearance to pvc coatings exposed
to ultra-violet radiation for a prolonged period of time, and
would seem to be due to a catalytic decomposition of pvc
at various points on the surface of a coating associated with
loss of plasticiser from these areas. The ““dew cycle” weathero-
meter test faithfully reproduces this type of failure. From
the foregoing, it might be expected that, far from disappearing
from the coil-coating scene, the use of films may well increase,
and the absence of solvents, except in the thin layer of
adhesive, should encourage this change.

New application and curing techniques in
coil-coating

Crystal-gazing has never been a particularly rewarding
occupation, and there can be few enterprises for which
predictions are so likely to go awry as coil-coating because
of the very high capital cost of the integrated equipment and
the interdependence of raw material supplier, coating pro-
ducer, (paint company), coil-coater, and ultimate fabricator
and customer. The coil-coating industry prides itself on the
degree of control exercised in the process in matters like
corrosion resistance, coating performance and coating finish,
and any “advance” which diminishes these is unlikely to
become anything other than an interesting concept. Several
ideas put forward during the last five years have been
technically ingenious rather than realistic, and it would be
discursive to refer to these at length. Nothing can be ac-
complished in this field without extensive (and expensive)
pilot plant equipment, and the problems of scaling up in
mechanical and electrical engineering often seem to be
entirely unappreciated by those wholly absorbed in the
laboratory examination of some intriguing new technique.

Coil-coating has so far progressed by utilising techniques
already in existence and proven in other fields. The prepara-
tion, printing and coating of paper and fabrics is an industry
to which coil-coating owes much, and it is not without
significance that equipment suppliers still refer to the metal
substrate in coil-coating as the “web.” With these thoughts
in mind, it will not be surprising that the author’s attention
is directed towards the process of extrusion as a coating
technique of considerable merit in furthering the interests
of coil-coating. A long list of advantages can be immediately
drawn up for this process:

1. Extrusion-coating is an existing industrial process.

2. A wide range of polymers can be applied in this way and,
if necessary, polymers can be tailor-made for a particular
end-usc and applied by extrusion coating.

3. Solvents are entirely absent, and heating costs are greatly
reduced.
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COOLING SYSTEM
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&

Coatings of “lacquer” thickness can be applied at very
high speed.

W

. If thermosetting systems are not used, application and
cure can be regarded as a single operation, not as at
present, as two separate parts of the coil-coating process.

a

Material fed to the extruder can be in the form of a
powder produced from predispersed ingredients, ground
or chipped compound, or even a liquid “plastisol.”

=

An extruder takes up very little line space, the extension
of the equipment being at right angles to the direction of
strip travel.

o«

. Provided that a little space is left after the main curing
oven, an extruder can be inserted at this point on conven-
tional coil-coating lines at no great cost, the laminating
and embossing equipment normally placed in this area
being utilised for laminating the extrusion coating.

o

Adbhesion is often obtained to metal under these laminating
conditions without the use of a separately applied adhesive,
or with polymers that would be difficult to adhere in any
case, such as polyethylene and polypropylene.

Even with an established process like extrusion coating,
there will be many technical and engineering problems to
be overcome before such a coating method can take its place
along with the universally accepted technique of reverse-roll
application in coil-coating, and for this reason the pilot
plant approach to its evaluation is still mandatory. It is
appropriate to consider briefly some of the characteristics
and variables of the extrusion coating process, as these may
apply to coil-coating.

An extruder continuously converts solid or semi-lhiquid
mix, composed of polymer(s), pigments, plasticisers,
stabilisers, processing aids, and so forth, from a relatively
heterogeneous condition to a homogeneous melt at the re-
quired viscosity and temperature. As shown in Fig. 1, it
consists basically of a flighted screw rotating in a cylindrical
barrel. An alternative design is an extruder with twin inter-
meshing screws. The compound in the hopper is fed into the
barrel and is carried along by the screw. As the material
moves along the barrel it is converted into the molten state
under the combined influences of external heat and shearing
forces. The design of extruder screws is a very specialised
field of engineering, but the screw usually consists of three
“zones.” These are designated, feed, compression, and
metering zones. Because of the varied rheological characteris-
tics of different polymers, there is an optimum screw design
for a particular polymer. However, general purpose screws
for a range of polymers can be used with little loss of efficiency.

Attainment of melt homogeneity is vital for a high quality
coating and so the length to diameter ratio (L/D) of the
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barrel must be high. The exit end of the barrel is connected
via an adaptor to the extrusion coating die which must
produce a homogeneous web of molten coating of uniform
thickness at the required width. The main consideration at
this point is to ensure that there are no “dead” spaces within
the die where material can accumulate, and degrade or
otherwise cause subsequent contamination. Pvc is well-known
to be a serious troublemaker in this respect, with the
dangerous possibility of auto-catalytic degradation proceeding
back through the compound in the extruder barrel.

The conventional method of applying the extrudate is for
the web from the extruder die to be drawn on to the substrate
in the nip between a rubber-covered pressure roll and a
polished stainless steel roll, which is internally water-cooled
(Fig. 2). The chill roll, during its very brief contact time

- EXTRUDER

RUBBER-COVERE.U
PRESSURE ROLL

\_

COLD WATER
INLETS

WATER-COOLED
BACKING ROLL

Fig. 2. The extrusion coating process

with the coated substrate, normally has to provide sufficient
cooling to enable the strip to be recoiled, but, in the case
of a metal backing, there is no reason why the usual water-
cooling methods as at present operating on coil-coating
lines should not be used.

Within the relatively simple process outlined above, there
are a number of interacting variables which influence the
physical properties of the coating and its adhesion to the
substrate. The principal factors are: extrusion temperature
of the polymer; die opening; air-gap distance; nip pressure;
extruder output; line speed; substrate pretreatment; post-
heating of product; chill roll temperature; and presence of an

oxidising or protective atmosphere surrounding the molten
web.

Over the last decade much experience has been gained in
extrusion techniques. Thin polymer coatings (approximate
range 0.0002”"—0.0005") have been applied to paper and board
substrates as a barrier to moisture and grease and to impart
heat stability. Aluminium foil has been similarly treated.
Among polymers already used commercially are high and
low density polyethylene, polypropylene, ionomer, ethyle-
nevinyl acetate copolymers, phenoxy-resin and nylons. As
mentioned above, two of the attractions in considering
extrusion for coil-coating are the vast amount of experience
gained in extrusion coating technology and the knowledge
that grades of polymer have already been specifically develop-
ed for the extrusion process.

There are certain markets which would benefit immediately
from the use of extrusion coating in coil-coating lines. The
first of these is in the high-speed application of lacquers to
tinplate, tin-free steel and aluminium. Present line speeds
are too slow to produce a competitively priced product,
but speeding up with existing technology would involve
ovens of inordinate length, and, in the case of tinplate, the
temperatures required would melt and thus destroy the
carefully prepared tin finish. There has bzen a certain fixation
in the industry for assuming that lacquers must be thermo-
setting, but consideration of some thermoplastic materials
shows that very inert properties are obtainable from such
polymers when they are of sufficiently high molecular weight.
The problem, of course, has bzen to obtain satisfactory
solutions or dispersions of such polymers.

Another interesting market for extrusion coatings is in the
field of vibration-damped laminates such as “‘sound-deadened
steel.” Development of this product has been hindered by
the lack of satisfactory methods of applying resins in produc-
tion.

Extrusion coating would not bs without its problems, and
the difficulties which immediately come to mind are those
of effecting rapid change from one coating system to another,
colour control, and the means for applying coatings to the
reverse side of strip. However, perhaps enough has been
said to encourage equipment suppliers to consider engineering
modifications to existing machinery, which will help to smooth
the path and make extrusion as much a part of the coil-
coating scene in the year 2,000 as roller-coating and ovens
are today.

[Received 1 January 1973

Discussion at Eastbourne Conference

MR F. ARMITAGE asked to be reminded of Mr Newton’s
assessment of the paint used in the USA for coil coating
application.

MR D. S. NEWTON said the figure was 6 million gallons.
This was his own calculation, and he noted that Mr Armitage
had quoted in his paper from an American source.

MR ARMITAGE replied that although he had given in
his paper the figure of 25 million gallons quoted by Kline,
he had subsequently come across another American source
which quoted 10.5 million gallons for a year earlier. These two
estimates could not be reconciled, and one possibility was
that some gallonage applied by spray on to continuous coil
had been overlooked in the lower figure, but it might be

reasonable to suppose that a figure in excess of 15 million
gallons during 1972 would be acceptable, and one could
not, at this stage, dismiss the Kline statistic without further
consideration.

Mr Armitage then spoke of extrusion coating and asked
whether the energy requirements of the extruder were very
much less than the normal heat requirements of a solvent-
based material.

MR NEWTON said that it was necessary, at present, to
heat metal which was passing through a very large oven;
moreover, it was heated, incidentally, in order that the
coating would be heated and cured, and it was also necessary
to remove the solvents and keep the solvent concentration to
less than 25 per cent of the lower explosive limit. The actual
heating costs for the extrusion in comparison with all this
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were really very small. Furthermore, it might be possible
with the extrusion process to omit the separate stage of
applying a primer, which was involved with most of the
coating that was carried out at the moment. This was a
further bonus as far as heating costs were concerned.

MR ARMITAGE thought that if the powder melt were
being extruded on to cold metal (without primer), the
improved adhesion was very unexpected.

MR NEWTON answered that polyethylene and poly-
propylene would be the two materials to consider, because
these were the ones which could be applied to metal at the
moment from hot melt without carrying out some separate
oxidation reaction at the surface. It was presumed, in fact,
that the oxidation occurred as the extrudate emerged; it
was at quite a high temperature in the case of polyethylene.
They were discussing temperatures of nearly 300°C. It would
be very difficult to obtain a bond with, for example, a poly-
ethylene film applied at a very much lower temperature,
unless there was an additional operation to oxidise the surface.
It was Mr Newton’s view that, as one could obtain good
adhesion in these circumstances, there was much less difficulty
with many of the other coatings which would be applied.

MR ARMITAGE asked what other resins could be applied
without primer and give acceptable performance. He sug-
gested pvc.

MR NEWTON said that pvc would not work, unless
something were being incorporated into it. Pvc was a very
awkward compound in this respect, and it was certainly one
of the most difficult materials to extrude, because of the ease
with which it could be catalytically degraded. If one were
going to extrude a pvc either from a compound, powdered
compound or from a pvc plastisol, then some sort of priming
system would still be applied.

MR ARMITAGE remarked that there were implications
that this method was restricted to thermoplastic powders;
he presumed that a thermosetting material would have to be
heat-cured through a normal oven?

MR NEWTON replied that this was not necessarily true,
any more than in the case of the extrusion of rubber, which
was a thermosetting material. This was extruded in the
thermoplastic state and, subsequently, vulcanised. One was
not restricted to the use of thermoplastic materials. It would
depend, obviously, upon the temperature at which the
compound was extruded, and if the lines of the future could
incorporate a further heating stage, then it would be possible
to use thermosetting materials.

It was often possible to obtain the required properties from
something which was primarily thermoplastic, rather than
from a very cross-linked thermosetting structure, and since
one was dealing with a material which was going to be
fabricated after application of coating anyway, this was a
point very much in favour so far as the advancement of the
process was concerned.

MR ARMITAGE then asked about the status of the in-
vacuo electron beam system of curing developed several
years ago by the British Steel Corporation; this system
utilised, perhaps, an extrusion method of application.

MR NEWTON said that electron beam curing was only
“half a process”. There was still the coating to apply, and a
great deal of ingenuity had to be utilised even to do this in
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the way which Ford and others had done in the US, by
curing, not in a vacuum and with a high-energy electron
beam. It was certainly more difficult when applying a vacuum
in order to utilise the low-energy electron beam source.
Extrusion coating was a process already in existence; it was
already a familiar type of coating operation in the paper
industry, where thin coatings were applied at very high speed.

It might be unwise to look at an entirely new process, with
all the difficulties involved in scale-up. The engineering
industry was never going to take up anything which would
involve vast capital expenditure, until it was reasonably
certain that there would be some sort of return on the capital.
Certainly, one could present very attractive technical papers
about electron beam curing, but as far as the practicalities of
the situation were concerned, it did seem that these might
very well prove to be insuperable. Even electron beam
curing in air was now being abandoned by the few lines
using it in USA as part of the pre-painting process or
on a pilot-plant basis.

MR TUUKKANEN asked for some figures relating to the
various binder systems used for coil coating, generally, and
especially for exterior use.

MR NEWTON said that the situation had been different
in different places. In the United States, the industry had
grown up from fairly small beginnings, and along with an
industry which was able to handle coil coating; this was
particularly true of the principal market areas of residential
siding and pre-engineered buildings. It had been possible,
therefore, to utilise thin paint coatings almost from the very
beginning in America, because they were handled in the right
sort of way, and there was very little physical damage sus-
tained either in the fabricating process or in the subsequent
erection of the buildings. The position in Europe, and in the
United Kingdom in particular up to the second half of the
1960s, was that those in the building industry were not adept
at handling pre-coated material, and there was a tendency
towards thick, embossed coatings which could be walked
upon with hobnailed boots if necessary, and would not show
the damage. This latter tendency posed a problem for the
future with regard to coatings which might perform very
much better than the thicker coatings but which, since they
were thin paint coatings, would not be accepted very well
by the people who were doing the fabrication. The best
example of this was with the fluorocarbons, such as poly-
vinylidene fluoride (pvfy), which had very much to commend
it as the basis for coil coating for use on buildings. It is
difficult to see how this material was going to be used to full
advantage, however, until the architects and those who
specified materials appreciated that coatings like this,
although only 25um thick instead of 250, had exceptional
properties, and it was worthwhile taking a great deal of
care with them. He had seen in this country an aluminium
smelting plant where pvf, had been used for cladding, and
the building was in a terrible condition. Bitumen had been
splashed over the coating, but even this could have been
cleaned off, probably, if it had been done soon enough
because pvf, was very inert. In fact, it had been left, and this
was an example of a very high-grade material being completely
misused.

MR J. S. BOROKY asked whether the costs of using pvf,
would be prohibitive, even when set against the lack of
maintenance (labour) costs for a period of, say, 10 years.
Under extreme weather conditions, such as high ultra-violet
radiation in Australia, they had to look for improvements
even among the more costly types of polymer. Pvf, under
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