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The non-isothermal crystallization kineties ol glass oil palm reinforced hybrid phenol formaldehyde composites has been
studied at different heating rates by using Dilferential Scanning Calorimetry(DSC). Samples of different weight percentages ol
fibres have been tested and the results are analysed in the light of Ozawa's theory. 1t has been found that all the samples studied
follow the above theory very well and. therefore, it has beer »mployed to determine the Avrami exponent for these composites

under non-isothermal conditions.

Introduction

A fibre hybrid composite consists of two or more
fibres contained in a simiple matrix'. Using the combi-
nation of two different hibers, a composite having de-
sired properties can be fabricated. Thermo-setting resins
are the preferred matrices for the composite fabrication.
One ol the most important thermo-setting polymer is
phenolic resin. This resin is used as an industrial mate-
rial because of its good heat resistance, electrical insu-
lation.dimensional stability,and chemical resistance™.
However. it is inherently brittle due to its higher cross-
Inking density. The properties of these resins can be
modified by reinforcing it with different type of materi-
als such as ceramics. elastomers. and fibres™”. The usual
reinforcing fibre used with thermo-setting resins for the
manufacture of hyvbrid composites is the E-glass fibre.
In this study resole type phenol formaldehyde(PF) resin
matrix is reinforced with different weight percentages
of two type of fibres (E-glass fibre and oil palm fibre),
resulting in the hybrid composites. Method of prepara-
tion of these composites is already known™ ", Non-iso-
thermal crystallization behaviour of polymers and
composites is ol great importance because most of the
processing techniques occur under non-isothermal con-
dinons. An attempt has been made to study crystal-
lization Kinetics ol polymers, blends and composites

; i 11 ;
under non-isothermal conditions . Avrami exponent

which renders information on the dimensionality of

crystallization growth, is generally calculated under iso-
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thermal conditions. Here, an effort has been made 1o

determine Avrami’s exponent under non-isothermal
e . oo PR .

conditions using Ozawa's ' equation.

Materials and Methods

Differential Scanning Calorimeter(DSC) scans ol all
the composites were taken using Rigaku-8230 Model
coupled to a Thermal Analysis Station(TAS). The tem-
perature precision of the instrument is 0.1 K with an
average standard error of about 1.0 K in the measured
values. The samples between 10.0 and 20.0 mg were
taken and scanned at the heating rates of 5.10.15 and 20
K/min.

Results and Discussion
The general form of the Ozawa’s' equation is given
by:

In[-In{ I-X(T)}]=X-nIna. (1)

where [ 1-X(7)] 1s the untransformed volume fraction
of the sample and is the heating rate. n is the Avrami
exponent related to the type of nucleation and morphol-
ogy.

The fraction crystallized at time tis calculated by the
relation X = Ay/A, where A is the total area of the
exotherm between the temperatures at which the crys-
tallization begins and is completed. Ay is area between
temperatures 77 and 7",

The value of | 1-X(7) |.the untransformed amorphous
fraction, is calculated as a function of temperature for
different heating rates and are plotted in Figure | for
sample No. . Similar type of behaviour is found for the
other composites. The value of amorphous fraction at a
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Figure | — Amorphous [raction as a function of temperature

aiven temperature is taken from these plots at different
heating rates. Then the double logarithm of amorphous
fraction In[-In{ 1-X(7) } | at constant temperature 1s plot-
ted as a function of the heating rate. The curve of
Inl-In{ I- X(T)}| vs Inis a straight line and follows the
Ozawa’s equation. The slope of the above curve gives
the Avrami exponent and intercept determines the cool-
ing crystallization function £ . It can be observed from
Figure | that the crystallization occurs at higher tem-
perature corresponding to higher heating rate. Also, at
cach heating rate the crystallization takes place at the
temperature below the point of maximum heating rate.
This behaviour of the curves is suggestive of the fact that
transformation is mainly controlled by nucleation proc-
USS,

Figures 2(a) 1o 2(e) represent the plots of Ozawa’s
equation for samples 1,.2.3.4 and 5 which are in good
agreement with the experimental data. Figure 2 is also
utilized for the determination of cooling crystallization
function x . The values of x vary between 0.627 and
2.33 for these composites. The cooling crystallization
function is independent of temperature. Avrami expo-

nent. n, obtained from the slope of these curves for
non-isothermal treatment is then plotted as a function of
temperature in Figure 3. Values of Avrami exponent for
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Figure 2(a) — Plot of In[-In( 1-X)] vs In o at diflerent

temperatures [or composite No, 2
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Figure 2{b) — Plot ol In|-In(1-X)| vs In o at different
temperatures lor composite No. 2

these composites are between 0.809 and 1.54. The
Avrami exponent determined for these composites show
adecreasing trend with the increase of temperature, This
variation of n with temperature is attributed to the
change in the nucleation mechanism. This variation of
n has also been confirmed by optical microscopy for

different polymers' ™',
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Fieure 20¢) — Plot ol Inf-Int 1-X)] vs In o at different tem-
peratures lor composite No. 3
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Figure 2id) Plot ol In]-Int 1-X)] vs In e at different
temperatures for composite No. 4

Conclusions

Application of the theory on the experimental results
shows that Ozawa’s theory can also be applied to poly-
mer composites. This is an efficient theory to analyse
the non-isothermal crystallization data. The equation fits
very well in the experimental data and allows the deter-
mination of the Avrami’s exponent. In general,
Avrami’s exponentas determined by this method. is in
cood agreement with the vidues obtained by means of
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Figure 2(¢c) — Plot ol In[-Int 1-X)] vs In o at different
temperatures for composite No. 5
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Figure 3 — Avrami exponent as a funciion ol temperiture

isothermal technique. Also, Ozawa’s equation allows
one to study the crystallization behaviour in wide tem-
perature range. This indicates that the technique can be
used as the complementary tool for the investigation of

crystallization of polymers, as well as, composites.
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