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Tensile and impact properties of talc-filled isotactic polypropylene composites are investigated 
at 0 - 6 0 w t %  filler contents. Tensile modulus registered an increase whereas tensile yield 
strength and strain-at-break decreased with increasing filler content. Mechanical restraint 
imposed by the talc particles on the molecular mobility or deformability of polypropylene 
explained the increase in modulus and decrease in strain-at-break while decrease in tensile 
yield strength was attributed to decreased crystallinity and formation of stress concentration 
points around the filler particles. Izod impact strength decreased with increased talc content. 
Surface modification of talc with a titanate coupling agent LICA 38 enhanced the 
filler-polymer interaction, further modifying the composite properties consequent upon 
significant decrease in the stress concentration. Scanning electron microscopic studies 

�9 revealed better dispersion of surface-modified filler particles in the polymer matrix. 

1. I n t r o d u c t i o n  
Various additives are often incorporated into poly- 
meric matrices to modify the physical, mechanical, 
rheological as well as thermal properties in order to 
suit a wide range of applications I-1-6]. The major 
constituents of these additives are inorganic parti- 
culate fillers [4, 7 10] such as talc, limestone, silicates, 
glass beads, ceramics, etc. The bulk properties of these 
two-phase composites are largely governed by the 
interphase [4, 11] between the dispersed phase and 
the continuous phase. The inclusion-polymer inter- 
action can be enhanced to a varying extent by treating 
the filler surface with a suitable coupling agent which, 
in turn, imparts optimum properties I-4, 5, 12]. In 
particular, titanate-based coupling agents have been 
reported [6, 12, 13] to modify the filler surface quanti- 
tatively, rendering the polymer composites easily pro- 

in terms of stress concentration factors. Izod impact 
strength data have been analysed on the basis of 
crystallinity of i-PP. The state of dispersion of talc in 
i-PP has been examined by scanning electron micro- 
scopic (SEM) studies. 

2. Experimental procedure 
2.1. Materials 
The polymer used was isotactic polypropylene (i-PP), 
Koylene M0030 (MFI 10, density 0.89 gcm-3). Com- 
mercial grade talc (magnesium silicate MgSiO3) was 
obtained from the local market. The particle size and 
density of talc was < 0.5 ]am and 2.69 g cm-3, respect- 
ively. Surface treatment of talc was performed by a 
titanate coupling agent neopentyl (diallyl) oxy, 
tri(dioctyl) pyrophosphato titanate (L1CA 38) of the 
following chemical formula [6] 

CH 2 = C H - C H 2 - O - C H  2 O O 
! II rl 

CH3-CH2-C-CHz-O-T i  1'O-P O-P- ( -OC8 H17)2 ] 3 

CH2 =CH_CH2_O_~H 2 I OH 

cessable due to improved filler dispersion in the poly- 
mer through enhanced wettability of the modified 
filler surface by the former. 

Mechanical properties such as tensile modulus, ten- 
sile strength, breaking strain and Izod impact strength 
of isotactic polypropylene (i-PP)/talc composites with 
and without a titanate coupling agent are reported. 
Tensile properties are compared with theoretical pre- 
dictions to assess the degree of discontinuity generated 

2.2. Surface  t reatment  of talc 
Talc was added with vigorous stirring to a moisture- 
free solution of LICA 38 (0.4 wt % on the basis of talc) 
in toluene. The slurry was stirred for 3 h using a 
magnetic stirrer. Toluene was expelled by heating the 
coated filler for 8 h at 393 K followed by vacuum 
drying at 383 K for 2 h. The hydrophobicity acquired 
by the fillers was confirmed by floating test on water. 
This technique of filler surface treatment was reported 
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[14, 15] to give a uniform coating of the coupling 
agent. 

2.3, Mixing and moulding 
Thin sheets of the composites containing 0-34 vol % 
(0 60wt %) talc were prepared by homogenizing 
vacuum-dried i-PP and talc for 10 min on a two-roll 
mill at 433 + 2 K. Several plies of these sheets were 
compression moulded into sheets of thickness 1 and 
3 mm at 513 -I- 2 K and 10.35 MPa pressure for 5 min. 
The mould assembly was cooled under the same pres- 
sure at a cooling rate of 20 K min -1. Dumb-bell 
shaped tensile specimens were machined from 1 mm 
thick sheets while notched bar Izod impact samples 
were machined from sheets 3 mm thick. Unfilled i-PP 
was also passed through identical mixing and mould- 
ing conditions to eliminate any degradation effect of 
prolonged heating of the polyolefin. 

2.4. Measurements  
Tensile properties were measured on an Instron uni- 
versal testing instrument (Model 1121) at an extension 
rate 20% (initial crosshead separation 5 cm and cross- 
head speed 10 mm min-1) following ASTM D638 test 
procedure. An FIE instrument (Model IT-0.42) was 
used to evaluate the Izod impact strength values of the 
notched samples according to ASTM D256 test pro- 
cedure. At each composite composition at least five 
samples were tested and the average results reported. 
All tests were carried out at ambient temperature 
303 _+ 2 K. 

Cryogenically fractured surfaces were scanned by a 
Cambridge Stere�9 (Model $4-10) to study the 
dispersion of talc in i-PP and the effect of surface 
treatment on the morphology of these two-phase com- 
posites. The fracture surfaces were sputter coated with 
gold prior to scanning. 
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Figure 1 Plot of relative tensile modulus, Ee/Ef, of ( �9 ) i-PP/talc 
and ( �9 ) i-PP/talc/LICA 38 composites, as functions of talc volume 
fraction, d/) v. Curves A and B represent the Kerner and Guth- 
Smallwood equations, respectively. 

4606 

3. Results and discussion 
3.1. Tensile properties 
Tensile properties of i-PP/talc composites were evalu- 
ated from the stress-strain curves (not shown) and are 
presented in Figs 1 8 as variations of the ratio of the 
property of the composite (subscript c) to that of the 
unfilled polymer (subscript p) versus volume fraction, 
qbv, of talc. 

The variation of relative tensile modulus Ec/E p of 
the composites against d~v, Fig. 1, shows that the 
modulus increases significantly with ~)F, the value at 
maximum qb F (33.3 vol %) being ~ 2.8 times that of 
unfilled i-PP. Upon treatment of talc with LICA 38 
the modulus increases further. The modulus data are 
compared with some of the predictive models for two- 
phase composites in Fig. 1. Curve A represents the 
Kerner equation [16, 17] (Equation 1), for filled poly- 
mer composites with Poisson ratio, Vp, for i-PP taken 
as 0.35, while Curve B exhibits Guth-Smallwood 
equation [11, 18, 19] (Equation 2) 

Ec/Ep = 1 q-(15(1 ~ V P ) ~ (  qbF ) 
- - 10 vp ] \1 -- -~v (1) 

Ec/E p = 1 -I- 2.5~) F + 14.1r (2) 
For composites with untreated talc, the modulus 
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Figure 2 Variation of relative breaking strain, ~c/%, of (�9 
i-PP/talc and ( � 9  i-PP/talc/LICA 38 composites versus cb F. ( - - - )  
Average of experimental data, ( - - )  predicted behaviour according 
to Equation 3. 
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Figure 3 Variation of ~/ap of (�9 i-PP/talc and ( � 9  i-PP/talc/ 
LICA 38 composites against qb~,/3. 
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Figure 7 Plot of o-c/'o-p of( �9 ) i-PP/talc and ( �9 ) i-PP/talc/LICA 38 
composites against ~v. ( ) Predicted behaviour according to 
Equation 7 with K 2 = 1.21, (- ) the same with K 2 values indi- 
cated. 

1.0~ O'c/O-p=(1-~F) S 

o.+; \ 
t " "o-.... 3"=0.89 

O.Z r 
! 

oL 
0 0.1 0.2 3 

~F 

Figure 5 Relative tensile stress, O'r of ( �9 ) i-PP/ 
talc and ( � 9  i-PP/talc/LICA 38 composites versus ~v. ( --) 
Average of data, ( - - )  predicted behaviour according to Equation 
5 with S values indicated. 
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Figure 6 Variation of O-c/o-p of (�9 i-PP/talc and ( �9 ) i-PP/talc/ 
LICA 38 composites versus ~v. ( - - )  Average of data, ( ) 
Equation 6 with S' values indicated. 

da ta  showed a good  fit with Kerner  model  up to 
,-~ 15 vol % talc; with further  increase in Cv the da ta  
increase more  towards  Curve  B. Fo r  composi tes  with 
surface-treated talc the modulus  da ta  showed a closer 
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Figure 8 Variation of cyc/~y p of (�9 i-PP/talc and ( � 9  i-PP/talc/ 
LICA 38 composites versus #PF. The curves are predicted behaviours 
according to Equation 8 with a values indicated. 

fit with Curve B. Thus  simple predictive equat ions can 
be used to est imate the Young 's  modulus  of talc-filled 
i -PP  systems similar to other  works  [20]. 

The increase in modulus  in talc-filled composi tes  
indicates an increase in rigidity of i -PP  through im- 
posi t ion of restrictions in the mobil i ty  and deform- 
ability of i -PP  molecules by in t roduct ion of a mechan-  
ical restraint  [11] by the filler. I t  has been pointed  out 
that  the degree of this mechanical  restraint  is depend-  
ent on the part iculate  spacing and the propert ies  of the 
particle and the matrix.  Al though chemical- type adhe- 
sive bond  fo rmat ion  between talc  (untreated) and i -PP  
seems a rare possibility, this mechanical  restraint  may  
be a result of  the enhanced surface interact ion between 
the two phases in view of the large surface area of the 
dispersed phase talc ( <  0.5 pm particle size). Other  
works  [21-23]  also repor ted modulus  increase in 
polymers  in the presence of rigid part iculate  fillers 
despite the absence of s trong interact ion with the 
matrix.  Hindrance  in po lymer  diffusion in the presence 
of solid particles was shown by Baumgar te r  and 
M u t h u k u m a r  [24]. 

U p o n  surface t rea tment  of talc the modulus  in- 
creases further above  the values of  i -PP/ ta lc  (un- 
treated) systems, in par t icular  at qb v > 3.6%. This 
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TABLE I Values of per cent crystallinity of i-PP component in 
i-PP/talc and i-PP/talc/LICA 38 composites estimated from DSC 
studies 

Sample composition 
(vol % filler) 

Crystallinity (%) 
DSC method" (AH, Jg-1) 

i-PP/talc i-PP/talc/LICA 38 

0 70.0 70.0 
3.57 62.2 57.3 
7.69 55.0 50.1 

15.21 45.1 43.2 
24.99 36.5 32.6 
33.32 24.3 23.2 

�9 " Heat of crystallization, AH, is proportional to crystaUinity (%) 
[25]. Data were taken from Reference 26. 

TABLE II Values of polymer-filler interaction parameter, K1, 
(Equation 4) in i-PP/talc and i-PP/talc/LICA 38 composites 

Talc K 1 
(vol %) 

i-PP/talc i-PP/talc/LICA 38 

0 - - 

3.57 5.074 4.767 
7.69 3.598 3.228 

15.21 2.785 2.692 
24.99 2.185 2.059 - 
33.32 1.839 1.769 

Mean value" 2.601 2.437 

a Owing to data variation, the mean values were estimated excluding 
the value at ~r = 3.57%. 

implies enhanced interaction of the filler and the 
matrix possibly through chemical bonding [6] in ad- 
dition to the physical interaction. Although crystallin- 
ity of i -PP showed a decrease with increase in qbF, 
Table I, this increase in interaction more than com- 
pensates for the decrease in crystallinity, contrary to 
other reports [27]. 

Strain-at-break (~ffep) showed a decrease with in- 
crease in qbv, Fig. 2, the decreasebeing quite significant 
at low filler levels, e.g. 5%, and slow with further 
increase in qbv. With surface treatment of talc this 
declining trend is maintained, the values are, however, 
marginally higher than the previous composites. 
Nielsen's predictive model [11, 17] (Equation 3) for 
strain assuming perfect adhesion between the filler 
and the matrix 

~o/% = 1 - ~ 1 / 3  (3 )  

exhibit higher values than both types of composite. 
The decrease in breaking elongation of the polymer by 
the addition of talc implies an interference by the latter 
with the mobility/deformability of the former through 
imposition of mechanical restraint by way of physical 
interaction, as stated earlier. In the surface-treated 
talc-filled composites, the coupling agent probably 
functions as a plasticizer/lubricating agent [12, 28] 
also which accounts for the marginally lesser decrease 
of eft%. 

Breaking strain decrease to lower values than the 
Nielsen model (Equation 3) indicates a dependence of 
the parameter on area fraction dO 2/3 of the filler. A plot 
of ec/ep against d~ 2/3 shows that the elongation is quite 
sensitive to filler area fraction, particularly up to 
~bzv/3 = 0.21, the sensitivity is lowered at higher ~ / 3  
values, Fig. 3. Filler surface modification does not 
alter this general trend of sensitivity of the strain. 
Equation 4 was derived following the method intro- 
duced by Mitsuishi et al. [29] to estimate the effect of 
filler-polymer interaction on elongation 

~r = (1 - KI?O~/3) (4) 

where the interaction parameter, K1, is a constant 
value which depends on filler size and the modification 
of fillers. Values of K a obtained from Equation 4 are 
given in Table II. The mean value of K1 determined 
for untreated talc-filled composites was 2.60, which 
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was surprisingly very close to a reported value [29] for 
i -PP/CaCO 3 systems. The interaction parameter de- 
creases marginally for the treated talc-filled com- 
posites revealing a plasticizing/lubricating effect 
[12, 28] of the coupling agent. Therefore, the observed 
effect of filler content and surface-modified filler on 
breaking elongation of i-PP/talc composites can be 
explained similar to other works [27, 29]. 

In particulate-filled polymer composites [11, 17] 
introduction of discontinuity at the filler-polymer in- 
terface is very often a problem which gives rise to poor 
stress transfer creating, in turn, a weak structure. The 
composite structure is further weakened due to break- 
down of filler agglomeration and dewetting of the 
polymer at the interface which create stress concentra- 
tion centres. On the contrary, if continuity in the 
structure is maintained and interracial adhesion is 
promoted, the composite may show enhanced 
physical/mechanical properties. Analysis of weakness, 
if any, in the structure is attempted in the subsequent 
section. 

3.2. Ana lys i s  of  t ens i l e  s t r en g th  da ta  
Weakness in the composite structure introduced by 
the inclusions through creation of a discontinuity of 
stress transfer (i.e. stress concentration points) was 
attempted to be estimated by comparing the tensile 
strength data with some theoretical predictive models 
(Equations 5-8) described elsewhere [13, 30]. In these 
equations, o c and O'p 

oc/Op = (1 - qbF)S (5) 

O ' c / ( Y  p = ( 1  - -  0 2 / 3 ) 3  ' (6) 

(Yc / (Yp  = ( 1  - -  K 2 ~ 2 F / 3 )  ( 7 )  

o~/o'p -- e x p ( -  a4~v) (8) 

represent the tensile strength of the composite and the 
polymer, respectively. Equations 5-7 are power-law 
models based on the relationship of area fraction and 
volume fraction of the dispersed phase [31, 32] and 
the composite structure formed is stated to be no 
adhesion type. The parameter S in the first power-law 
model (Equation 5) describes weakness in the struc- 
ture created through stress concentration at the 



TABLE III Values of stress concentration parameters S (Equation 5), S' (Equation 6), a (Equation 8), a' (Equation 9), and adhesion 
parameter, K z (Equation 7) in i-PP/talc and i-PP/talc/LICA 38 composites 

Talc S S' K 2 a a ~ 
(vol %) 

0 . . . . .  

3.57 0.607 0.656 3.827 15.011 &943 
(0.863) (1.016) (0.866) (2.767) (0.911) 

7.69 0.520 0.587 2.873 9.525 4.054 
(0.826) (1.018) (0.918) (2.294) (0.976) 

15.21 0.454 0.539 2.159 6.272 3.350 
(0.759) (1.049) (0.875) (1.865) (1.006) 

24.99 0.379 0.472 1.802 5.026 3.166 
(0.671) (1.104) (0.841) (1.623) (1.023) 

33.32 0.405 0.520 1.519 3.926 2.723 
(0.597) (1.100) (0.891) (1.672) (1A63) 

Mean value a 0.439 0.529 2.088 6.187 3.323 
(0.895) (1.027) (0.878) (2.048) (l.016) 

a Owing to data scatter, mean values were estimated excluding some data points: for S, S', K2, a and a' at ~F = 3.57%. Values in parentheses 
are for i-PP/talc/LICA 38 composites. Excluded data points for the mean values are: for S' at ~v = 24.99% and 33.32%. 

inclusion-matrix interphase, analogous to S' Nielsen's 
model [33] (Equation 6). Unity in the value of S (or S') 
means a "no stress concentration effect", whereas the 
lower the value the "greater the stress concentration 
effect" (or poorer the adhesion). In Equation 7, the 
adhesion between the polymer and the dispersed 
phase [34] is described by the so called weightage 
factor,  K2,  the value of which is determined by the 
details of the model [20]. A value of K 2 = 1.1 
describes dense hexagonal packing in the plane of 
highest density; K2 = 1.21 represents the extreme case 
of poor adhesion [31] with spherical fillers for the 
minimum cross-section between spherical particles 
[35]; and K 2 = 1 stands for strain consideration [33]. 
In general, the lower the value of K= than 1.21 the 
better the adhesion [36, 37] and K 2 = 0 represents the 
upper limit with the unfilled polymer. The porosity 
model (Equation 8) considers the inclusions to be 
analogous to pores/voids in nonpolymeric materials 
such as metals and ceramics [38] and in polymer 
blends [31] and composites [39]. The pores are as- 
sumed not to have any influence on the mechanical 
properties of the composites due to non-adhesion at 
the interphase boundary. Stress concentration was 
shown to be described [31] by the parameter a; the 
higher the value of a the higher the stress concentra- 
tion. 

A plot of variation of log [(Crp- cyc)/Cyp] versus 
log s is shown in Fig. 4 in order to assess the appli- 
cability of first or two-thirds power-law to i-PP/talc 
system. From the slope of the plot the power-law 
exponent can be estimated using Equation 5 or 6 when 
the value of S (or S') is unity. For both types of 
composite the slope was closer to the two-thirds 
power-law than the first power-law, the values being 
0.77 and 0.65, respectively. Better applicability of first 
power-law than the fractional power-law was shown 
in the analysis of tensile strength [40] and yield stress 
[41, 42] of composites. Other works on filled polymer 
composites [11, 37] showed the applicability of the 
two-thirds power-law. The present analysis, however, 
will be further modified on inclusion of the stress 

concentration and adhesion parameters (Equations 
5-8). 

Table III presents the values of S, S', K 2 and a at 
each individual talc concentration obtained from the 
experimental tensile stress data and the first and frac- 
tional power-law models, the Nicolais and Narkis 
model and the porosity model (Equations 5-8). Stress 
concentration values are seen to be less than unity 
according to the first and two-thirds power-law 
models, and greater than unity according to the 
Nicolais-Narkis model and porosity model, both 
types indicating significant weakness or discontinuity 
in the composite structure. Interestingly the values of 
the above parameters were modified to very close to 
unity upon surface treatment of talc, clearly indicating 
enhanced interaction of the two phases and drastically 
reducing the stress concentrations in the process. 

The tensile stress data were compared with the 
predictive models in Figs 5-8. In the first power-law 
relation (Equation 5) the data with untreated talc up 
to qb v = 7.7% lie within two theoretical lines corres- 
ponding to S = 1 and 0.44 and beyond this qbv, the 
data showed a reasonably good fit with the curve with 
S = 0.44, Fig. 5. The indication is that from the state of 
no stress concentration the composite system quickly 
changes to a state of high degree of stress concentra- 
tion upon addition of talc. Upon surface treatment of 
talc the tensile stress values showed significant en- 
hancement at all filler levels and the data showed very 
good agreement with the curve with S = 0.89 implying 
a low degree of stress concentration. 

The Nielsen model (Equation 6) also exhibited the 
occurrence of significant stress concentration in the 
untreated talc-filled composites, Fig. 6, where the data 
at qb v > 7.7% show a good fit with the curve with 
S' = 0.53. According to this model, stress concentra- 
tion decreased to almost zero in the surface-treated 
talc-filled composites, the value of S' being 1.02. 

The Nicolais and Narkis model (Equation 7) shows 
higher values than the data with untreated filler, 
Fig. 7, indicating the absence of adhesion in these 
composites. The data lie scattered around a curve with 
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the adhesion parameter K 2 = 2.09 which is higher 
than the value Kz = 1.21 for no adhesion, type com- 
posites with spherical fillers [31]. This data deviation 
may be attributed to the difference in shape of the 
plate-like talc particles from spherical, as will be 
shown later (Fig. 11). However, the absence of adhe- 
sion between talc and i-PP is quite possible in view of 
the lack of any chemical interaction between the two 
phases similar to other composite system [27, 43]. 
Surface treatment brought about a better degree of 
adhesion with a K2 value of 0.88, analogous to other 
works [36, 37]. 

According to the porosity model (Equation 8)the 
data in i-PP/talc (untreated) composites did not show 
good agreement with the average a value of 6.18. 
However, the individual data points do exhibit the 
significant extent of stress concentration which is 
reduced appreciably on surface treatment of talc 
(a -= 2.04), Table III, Fig. 8. A better fit of the data for 
both types of composite was noted when filler area 
fraction was used in place of filler volume fraction, 
according to Equation 9 

(Yc/O'p = e x p ( -  a'~/3) (9) 

the average a' values being 3.32 and 1.01, respectively, 
Fig. 9, Table III. Thus, in this model filler area fraction 
explains the data better than the filler volume fraction. 
The general trend of the stress concentration, how- 
ever, does not change. 

The decrease in stress concentration (or increase in 
adhesion) in the i-PP/talc (treated) composites may be 
attributed to increased filler-polymer interaction, pos- 
sibly through chemical bond formation [6]. This ob- 
servation stands at variance with the results in 
i-PP/CaCO3 composites on surface treatment where 
adhesion was reduced due to a predominating lubrica- 
ting/plasticizing role of the coupling agent [27]. 

It may be noted that although i-PP is a polyolefin 
with very low degree of interchain attraction forces, 
the mechanical strength of the polymer is derived from 
its erystallinity E5]. Hindrance to fitting of the chains 
into a crystal structure by the inclusion of interfering 
external agents such as fillers and additives may even- 
tually decrease the strength properties unless it is 

0.8 

dPc/~p = exp( - d~/3) 
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o 0.6 

~0.4 

0.2 
a ' =  3.32 
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Figure 9 Plot of e%/% of(C) ) i -PP/talc and ( �9 ) i -PP/talc/LICA 38 
composites against ~v. The curves are theoretical predictions ac- 
cording to Equation 9 with a' values indicated. 
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compensated for by some other means, e.g. enhanced 
polymer-additive interaction. The role of filler- 
additive interphase thus is very important in these 
composite systems [11]. 

In the i-PP/talc (untreated) composite systems, ten- 
sile strength and strain-at-break decreased and tensile 
modulus increased with increasing filler concentra- 
tions. Although with very fine talc particles (diameter 
< 0.5 gm) some degree of surface interaction was 

possible, the presence of filler particles brought about 
a decrease in crystallinity, Table I. While the former 
effect tends to increase the strength properties, the 
latter would have the opposite effect so that the res- 
ultant of these two opposing factors will determine the 
strength properties in these systems. In the measure- 
ments, enhancement was exhibited by the modulus, a 
property estimated in general at tow solid displace- 
ment which may not be sensitive to micro flaws, if any, 
in the structure. On the contrary, tensile strength is 
determined at relatively high deformations where any 
weakness may be magnified reducing in the process 
the stress transfer. Thus the resultant effect in these 
composites was a decrease in tensile strength despite a 
degree of physical interaction of i-PP and talc. Forma- 
tion of an increased extent of amorphous polymer in 
the presence of talc (Table I) would also function in 
reducing the tensile strength. The decrease in the 
breaking strain of i-PP may be attributed to the 
immobilization of the polymer chains due to the 
mechanical restraint imposed by the filler particles. A 
similar observation in tensile properties has been re- 
ported [27, 44]. 

Enhanced interaction between filler and polymer 
takes place upon surface treatment of the filler with 
LICA 38 so that modulus values increased further. 
This interaction more than compensates for the de- 
crease in crystallinity of i-PP, Table I. This is reflected 
in the tensile strength also, so that although the decli- 
ning trend is maintained the values are much higher 
than in the untreated talc-filled composites. The strain 
values maintained the declining trend; the values are, 
however, marginally higher. Although the lubrica- 
ting/plasticizing [12, 28] effect of the coupling agent 
plays some part, the filler polymer interaction takes 
predominance in these composites, possibly through 
chemical bonding E6], as stated earlier. 

3.3. Impact s trength 
Variation of relative Izod impact strength (Ic/Ip) 
values with qb v is shown in Fig. 10. The strength 
decreases with filler content, the decrease beyond qb v 
= 10% being only marginal so that at the maximum 

qb F studied (33.3%) the value is 0.6 times that of 
unfilled i-PP. The decrease in impact strength may be 
attributed to the immobilization of the matrix by the 
filler so that the latter fails to deform before failure. In 
addition, lack of stress transfer at the filler-polymer 
interphase would also aid the impact failure. This 
observation is contrary to other reports [27,45] 
where an initial increase in the strength was reported. 
The relative impact strength was modified to a great 
extent upon surface treatment of the filler. The 



strength almost remains unaltered up to 7.5% filler, 
then shows only a small decrease up to 15% filler 
content; the value, however, decrease rapidly beyond 
this qb F. This may be explained on the basis of en- 
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i i I 
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Figure 10 Relative Izod impact strength, Io/Ip, of( �9 ) i-PP/talc and 
( � 9  i-PP/talc/LICA 38 composites versus d?v. 

tranced stress transfer consequent to the increased 
extent of interaction between the filler and the poly- 
mer. 

3.4. State of dispersion 
Scanning electron micrographs of the i-PP/talc com- 
posites are shown in Fig. l la-g.  The dispersion of 
untreated talc in i-PP is rather poor, as evidenced by 
the non-uniform fracture surface with uneven voids, 
Fig. l l b -d .  The filler also shows a high degree of 
agglomeration even at low concentrations. Talc is 
known to have active sites on its surface which are 
involved in the formation of a network-like structure 
[46]. The accicular platy shape of talc would be a 
favourable factor in the formation of agglomerates. 
Surface-treated talc exhibits better dispersion with 
somewhat uniform and smoother fracture surfaces 
with a larger extent of polymer residues adherent to 
filler particles in particular at low d~ v (i.e. up to 

7.7 vol % filler), Fig. 1 le, f. This is due probably to 
enhanced interaction of talc with i-PP. With further 
increase in qbv, however, the fracture surface becomes 

Figure 11 Scanning electron micrographs of(a) i-PP, and i-PP/talc composites at varying (~F: (b) 0.03, (d) 0.07, (f) 0.25. The micrographs of 
i-PP/talc/LICA 38 composites at corresponding talc levels are shown in (c), (e) and (g), respectively. 
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Figure 11 Continued 

with unmodified talc. Although stress concentration 
was significantly reduced the tensile strength still 
showed a declining trend due probably to enhanced 
amorphization of i-PP consequent to this enhanced 
interaction. Izod impact strength and breaking strain 
showed a similar trend as in the previous composites; 
the values were, however, higher. 

A degree of better dispersion into i-PP of surface- 
modified talc was revealed by SEM morphology 
studies. 

non-uniform and filler particles become barer devoid 
of adherent polymer, Fig. 1 lg, similar to the  untreated 
talc/i-PP composites. This may be due to dilution of 
the polymer by the use of a larger volume of filler 
particles. 

4. Conclusion 
Addition of talc as a filler into i-PP modifies the 
properties of the latter to a significant extent. Tensile 
strength and breaking strain decreased, whereas ten- 
sile modulus increased with filler content. Izod impact 
strength also decreased, the decrease was quite small 
compared to unfilled i-PP. At the maximum filler 
concentration of 33.3 vol% (60wt %) the impact 
strength was ~ 0.60 times that of unfilled i-PP im- 
plying the potential of talc as an economic diluent to 
i-PP with a possibility of high loading without much 
trade off on other useful mechanical properties. Stress 
concentration is introduced at a critical filler level of 

3.6 vol %. 
Surface treatment of talc with a titanate coupling 

agent LICA 38 modified the composite properties 
further. Interphase interaction increased, which in 
turn increased the tensile modulus over the values 
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