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The non-isotherm.1i cryst.lili zat ion kinetics of glass oil pal m rei nforced hyhrid phenol forll1aldehyde compositcs has heen 

studi ed at di fferent heating rates hy using Dillerential Scanning Calori metry( DSC). Samples of different weight pcn.:entages of 

fih res have neentested and the results arc annl ysed in thr ligh t of Oznwa's theory. It has heen found that allthe samples studied 

fo llow the ahove theory very well and . therefore. it has beer ~ mployed to determi ne the Avram i exponent for these composites 

1IIIder non-isothermal cond iti ons . 

Introduction 
A finre hybrid compos ite consists of two or more 

fihres contained in a simple matri x l . Using the comn i­

nat ion of two different fibers. a composite having de­

~ ired properti es can be fabricated. Thermo-setting res ins 

arc the preferred matrices for the cO ll1pos ite fabri cation . 

One of the most importan t thermo-settin g polymer is 

phenolic resin . This res in is Llsed as an industrial mate­

rial necaLlse of its good heat res istance, electrical insLl ­

lati on,d i l1lensional stabi I it y,and chemical res istance2
. -I. 

However. it is inherentl y br ittl e due to its higher cross­

linking density . The properti es of these res ins can be 

modified by reinforc ing it w ith different type of materi ­
cds stich as ceramics. elastomers. and fib res)·7. The usua l 

reinforcing fibre used wi th thermo-setting res ins for the 

manufacture of hybrid composites is the E-g lass f ibre. 

In this study reso le type phenol fonnaldehyde(PF) resin 

matrix is rein forced with different weight percentages 

of two type of fibres (E-glass fibre and oil palm fibre), 

resulting in the hybrid composi tes. M ethod of prepara­

ti on of these compos ites is already knownx, lO
. Non- iso­

thermal crysta ll izat ion behavi our of polymers an 

compos ites is of great importance because most of rhe 
process ing techniques occur under non-iso thermal con­

ditions. An attempt has been made to study crysta l­
li zation ki neti cs of polymers, blends and composites 
under non-isothermal conditions II . A vrami ex ponent 

.which renders information on the dimensionality of 

crys talli zation growth , is generall y calcu lated under iso-
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thermal conditions . Here, an effort has been made to 
determine Avram i 's ex ponent under non-isothennal 
cond itions using Ozawa's 12 equation. 

Materials and Methods 
Differenti al Scan ning Ca lorimeter(DSC) sc;ms of all 

the compos ites were taken usi ng Ri g<lku-823() M odel 
coupled to a Thermal A nalys is Station(T AS). The tem­

perature prec ision of the instrument is n. 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 S.I O, I S and 2{) 
K/min. 

Results and Discussion 
The general form of the Ozawa 'sl c eCluation is given 

~ ~ 

by: 

Inl -In { I -X(T)} J = X - 1/ In a. ... ( I ) 
where II -X(T) I is the untransformed vo lume fract ion 

of the sample and is the heat ing rate. 11 is the A vrami 
exponent related to the type of nuc leat ion andmorphol­
ogy. 

T he fracti on crysta lli zed at time t is calculated by the 
relatiun X = ArIA, where A is the total area o f the 
exotherm netween the temperatures at which the crys­
talli zati on beg ins and is completed. AI' is area between 
temperatures 1'1 and 1'1 1. 1-1. 

The va lue of II-X(T) l.the untransformed amorpholl s 
fraction , is calculated as a function of temperature for 
different heat ing rates and are plotted in Figure I for 

sample No. 1. Simi lar type of behav iour is found for tht' 
other composites . The va lue of amorphous fraction at a 
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Figurc I - Aillorphous fraction as a function of temperature 

given temperature is taken from these plots at d ifferent 
heating rates. Then the double logarithm of amorphous 
fract ion In I-In ( I -X( T) I J at constant temperature is plot­
ted as a function of the heating rate. The curve of 
Inl- Inl 1- X(T)11 vs In is a stra ight line and foll ows the 
Ozawa's equati on. The slope of the above curve gives 
the A vrami exponent and intercept determines the cool­
ing crysta ll izat ion functi on k . It can be observed from 
Figure I that the crystallizati on occurs at hi gher tem­
perature corresponding to higher heating rate. Also, at 
each heating rate the crysta ll ization takes place at the 
temperature below the point of maxi mum heating rate. 
This behaviour of the curves is suggestive of the fact that 
transformation is mitin ly contro ll ed by nucleation proc­
ess. 

Figures 2(a) to 2(e) represent the plots or Ozawa ' s 
equati on for samples 1,2,3,4 and 5 which are in good 
agreement with the ex perimental data . Figure 2 is also 
uti lized for the determination of coo lin g crystallizat ion 

function K . The va lues of K vary between 0.627 and 
2.33 for these composites. The coo ling crystallization 
function is independent of temperature. A vrami expo­
nent , 11 , obtai ned from the slope of these curves for 
non-isothermal treat ment is thell pl otted as a function of 
temperature in Figure 3. Values of Avrami exponent for 
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Figurc 2(a) - Plot o f 11l1 - ln( I-X) I vs In o. at diffcrcnt 
tClllperatures for cOlllflosite No. :2 
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Figure 2(h) - Plot of 11l1 - ln ( I -X) I vs In fJ. at dilTcrcllt 
teillfler:ltures i"or cO IllPositc o. 2 

these composites are between 0.809 and 1.54. The 

A vrami exponent determined for these composites show 

a decreasing trend with the increase of temperature. Thi s 

variat ion of n with temperature is attributed to the 

change in the nucleation mechanism. This variation of 

11 has also been confirmed by optica l microscopy for 

d ' f'f I I~ 16 I erent po ymers _. . 



I :lX J SCIINO RES VOL 59 FEBRUARY 2000 

r;::::-o 
x , 

r:.:::' 
x 
I 

5 

4 310 
3 _. 0300 

• 290 
-

_5~ ____ ~1 ______ ~1 ______ ~1~ 

1.5 2.0 2.5 3.0 

tn d 

Fi gure 2(c) - PIOI or 11l1 - 11l ( I -X) I vs 111 O. :11 d i ITercll1 tcm­
per:ilures I'or co mposile No, :> 

5 

~ 320 
3 o 310 

• 300 

.s - 1 
.J..., 
c 

- 3 

-5 
1. 5 2. 0 2. 5 3.0 

I n d.. 

Fi gure ::> (ci ) - 1'1111 or IIlI - III( I -X) I I'S 111 ( Z i ii eli ITcrcll1 
Icrnpcrallll 'cs I'm cornposite No. 4 

Conclusions 
Appli cation of the theory on the experimen tal resu lt s 

"hows that Ozaw,t' s theory ca n ;t1 so be app li ed to poly­
mer composi tes . Thi s is an effi c ient theory to anal yse 
the non-isothermal crystal li zati on data.The equation fits 
vcry we ll ill the ex perimenta l data and a llows the deter­
Illin,ttion or th e Avr<l llli ' s ex po nent. In ge ne ra l, 
Avr;tlll i' :-, ex pollcnl.as de termined by thi s meth od, is in 
g()od agree ment wi th the \'a lues obtained by means or 
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Figurc 2(e) - Plot or 11l1 -11l{ I -X) I vs III a at dil lcrellt 
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isothermal technique. Also, Ozawa's eq uati on al lows 

one to stud y the cry sta lli zation behavi our in wide tem­

perature range . This indicates that the technique ca ll be 

used as the complementary too l for the in vesti gati on or 
crysta ll iza ti on of pol ymers, as we ll as, co mpos ites. 
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