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The glass transition temperature (T}) is one
of the important parameters for the characteri-
zation of a polymer, and is affected by the ad-
dition of filler.

Many workers'™® have suggested that T, is
affected by the polymer—filler interaction, i.e.,
the adsorption of polymer on the filler at the
interface brings about a considerable decrease in
the mobility or flexibility of the polymer chains.
This decrease causes the shift of T, towards a
higher temperature.

However, Kumins, et al.,* reported the lower-
ing of T, for vinyl chloride—vinyl acetate co-
polymer containing the fine powder of rutile.
They attributed their result to the breaking of
interchain bonding caused by the adsorption of
acetate groups on the filler; the breaking pro-
duced a more flexible back bone.

In this paper, the effect of the pretreatment
of coating of a monomolecular layer of oleate
onto the filler on the T, of the same kind of
polymer is described. No adsorption was ob-
served and T, was significantly raised for the
treated filler, while some adsorption was observed
and T, decreased for the untreated filler,
similar to the result reported by Kumins, ez al.
Our experimental results are discussed in terms
of the polymer—filler interaction.

The polymer used was vinyl chloride—vinyl
acetate copolymer with a composition of 87-%
vinyl chloride and 13-% vinyl acetate. The
number-average molecular weight was determined
to be 24,400 by the osmotic pressure method.

The a-hematite (Fe,O;) powder which was
used as the filler had a specific surface area

of 14.1 m*/g and a particle size in the range of
0.05—0.5 microns in diameter. The pretreatment
of the filler, coating with oleate, was done using
sodium oleate.® The paints were made by mixing
various amounts of the powder with a methyl
ethyl ketone solution of the polymer on a ball
mill; they were coated on glass plates and dried
in vacuo for a week.

The loss modulus was measured at 110 Hz by
a vibron direct reading viscoelastometer (Toyo
Measuring Instrument Co., Tokyo, Japan). T,
was determined as the temperature of the maxi-
mum in the plots of the loss modulus as a
function of temperature.

The maximum amount of polymer adsorption
on the filler from methyl ethyl ketone solu-
tion was obtained by measuring the concentra-
tions of the polymer before and after adsorp-
tion by means of the viscosity method.

Figure 1 shows typical plots of loss modulus
G'' vs. temperature for an unfilled polymer film
and two kinds of filled films whose filler content is
is 20.9 vol%. T, and the adsorption of polymer
for the various systems are listed in Table I.
T, of the film containing 20.9 volg of the treated
filler shifts to a significantly higher temperature
as compared with that of the unfilled film. Ad-
sorption was observed only in the untreated
filler. The increase of T, without adsorption
of polymer is a remarkable point compared to
the previous reports.

It is reported that in this copolymer the ace-
tate groups bring about interchain bonding, and
also play an important role in the process of
the adsorption on the filler.” The concentration
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Figure 1. Temperature dependence of loss modulus
G’ at 110Hz for vinyl chloride—vinyl acetate
copolymer films: (a) Filled with 20.9vol% of
sodium oleate treated a-hematite; (b) filled with the
same amount of untreated a-hematite; (c) unfilled.

of acetate groups would vary at the interface
due to the changes of the surface properties of
the filler. The configuration of polymer chains
is then varied and the segments change to either
a more flexible or an immobile state.

In the case of the treated filler, its surface
acquires a hydrophobic property. The concen-
tration of the acetate groups should decrease in
the surface layer of filler and increase in the
resultant polymer layer outside of the surface
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Table I. Glass transition temperature T and
adsorption for the filled polymers

Fe203

content, Pretreatment T, Adsorption,
vol%; °C g/g film
11.7 Sodium oleate 66 None
20.9 Sodium oleate 80 None
11.7 Untreated 58 0.67x10-3
20.9 Untreated 61 1.00x10-3
0 67 —

layer. Therefore, T, should be shifted to a higher
temperature, because the 7, of the filled film
is determined by the T, of the latter layer which
occupies the larger volume fraction. It is not
clear why the T, of the film containing 11.7
vol% of treated filler is 1°C lower than that of
the unfilled film. In the case of the film with
untreated filler, 7, should be shifted to lower
temperature, because its surface is hydrophilic.
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