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synopms 

Structural properties of polypropylene (PP) filled with flameretardant (FR) organoaatimony 
compounds, viz., triphenyietibinedibromide and triphenylantimony (V) derivatives of tribromo-, 
trichloro-, and pemtachlomphe~ols at 5-20 phr additive loading, were inveetigated through 
differential thermal anal- (DTA), and X-ray diffraction (XRD) studies Incorporation of flame 
retardant in PP has dacreased the melting temperature (T,) and heat of fusion (AH,) of PP. 
Crystallization peak and the onaet temperature, cryiblhtior~ rate and crystallite size are ale0 
iduenced by the addition of theae compounda The perceat crystallinity obtained by XRD is in 
good agreement with that obtained by DTA. The t d e  properties of the flame-retardant-filled 
PP are ale0 studied, and attempt has been made to correlate the tensile properties with that of 
structural changea in polypropylena Fracture medunism of flame-retardant-filled PP has been 
investigated with the help of a d g  electron micrawope. 

INTRODUCTION 

The addition of fillers to polypropylene makes it  possible to achieve high 
per€ormance polypropylene plastics for various For example, 
the use of talc considerably increases polypropylene stiffness, improves dimen- 
sional stabilitys and reduces creep at high temperature, though the impact 
strength decreases.g However, the addition of thew fillers also affects the 
structural properties of the filled ~ystem,'~-'~ Beck and Ledbetter" have 
found that the addition of aluminium dibenzoate, potassium benzoate, etc. as 
nucleating agents in polypropylene increases the crystallization peak tempera- 
ture and the crystallization rate, resulting in an increase in the yield stress 
and the initial modulus with a decrease in percent yield strain. Similar 
findings were also reported by Gupta et al.," where the addition of HDPE to 
PP/glaSs-fiber composites increased the tensile strength and the initial mod- 
ulus with an increaae in the crys-tion peak temperature and the crystal- 
linity. StehIing et d 1 2  have attributed the changes in impact strength of 
polypropylene upon blending with poly(ethybm-co-propylene) rubber and 
HDPE to the variations in morphology as observed by scsnning electron 
microscopy. 

Thus, it is of technical importance to study the structural behavior of the 
fUed polypropylene, which wi l l  be helpful in understanding the mechanical 
properties of the system. The present work deals with the effect of halogenated 
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organoantimony compounds, viz., triphenylstibinedibromide and triphenyh- 
timony (V) derivatives of tribromo-, trichloro-, and pentachlorophenak used 
at  5, 10, 15, and 20 phr additive levels in polypropylene, on its stmctupd and 
mechanical properties. 

The effect of halogenated organoantimony compounds based f f m e  retar- 
dants upon the melt flow behavior and on the flammability and thermal 
behavior of polypropylene have been communicated el~ewhere- '~~ '~ 

EXPERIMENTAL 

Materials 

Polypropylene "Koylene M3030" (MFI 3.0) was obtained from IPCL, 
Barda,  India. Triphenylstibinedibromide (Ph,SbBr,) was prepared by a 
reported method.16 The synthesis of .the derivatives of triphenylantimony (V) 
with tribromo-, trichloro-, and pentachlorophenols [compounds namely 
Ph,Sb(tbp),, Ph,Sb(tcp),, and Ph,Sb(pcp),] has been communicated 
elsewhere.'' 

Blending and Injection Molding 

The flame retardants were dry-blended with polypropylene at various 
additive levels ranging between 5 and 20 php (Table I), and then extruded 
through a single screw extruder "Betol BM1820" using the conditions as 
reported previ~usiy.'~ 

The tat samples were prepared by the Windsor injection molding machine 
keeping the machine settings as communicated 

Chcterization 

BTA. DTA measurements were carried out in an inert atmosphere on a 
Stanton Wcroft DTA-671, Merential t h d  analyzer, using alumina as a 
reference material. The samples (in powdered form) were first heated at  the 
rate of lQ°C/min to obtain the melting endotherm, sample was kept at 200'C 
for 5 min so as to eliminate t h ~  effect of previous thermal history. The 
q s t d h a t i o n  exothem was then obtained during the cooling cycle at  a 
cooling rate of looc/min. 
XRD. For XRD measurements, the sample in the powdered form was 

conngpessecS into a d rectangular orifice in a glass holder of rotating stage 
of Phillips Norelco X-ray diffraction equipment with a recorder. Radial scans 
of intensity v. diffraction angle (28) were recorded in the range 8-40" of 26 
using Ni-filtered Cuka radiation. 

Tensile Strength The load-elongation plot was directly obtained by the 
Instron (Model 1121) using dumbbeU-shaped samples (ASTM D-638 type I). 
The gauge length was 60 nun, and the crosshead and the chart speed were 
fixed at 50 and 100 mm/min, respectively. h m  the load-elongation curves, 
stress-strain curves were computed, and the yield stress, yield strain, and the 
initial modulus were cal&ted, 

Impact Strength. The matched izd-impact strength was deterrained as per 
the ASTM-D-256 standard by FPF Impact Testing Machine Model IT-0.42. 
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Heat Distortion Temperature. The heat distortion temperature was de- 
termined as per the ASTM D-6443-72 standard on a heat distortion tempera- 
ture unit manufactured by Toyo Seiki Seisaku-SHO Ltd., Japan, The maxi- 
mum fiber stress applied at the center was 455 kPa. 

$canning Electron Wcroscopy. The fractured ends of the specimens, as 
obtained from the Instron tensile tests, were e d n e d  with the help of the 
Cambridge %-PO Scannipng electron n - i i ~ n > s e o ~ ~  

BESULTS AND DISCUSSION 

Merentid Thermal Analysis 

The blending of organoantimony compounds in polypropylene was found to 
lower the melting temperature of the filled polypropylene compared to that of 
unfilled polypropylene (Table I). The lowering in T, was found to be in- 
fluenced by the type of organs-antimony compound used. Thus, for example, 
Ph,SbBr,-deprd the T, by 6-7OC1 which is independent of additive 
concentration in the range s t d i e d  (5-20 phr), while Ph,Sb(tbp),, Ph,Sb(&cp),, 
and Ph,Sb(pcp), additives showed an insignificant decrease in the T, (by 
]L-3"6 only), 

The depression in Tm of polypropylene may be attributed to the reduction 
in crystalline order, and also due to the diluent effect and plasticization of the 
crystalline regions EIS reported in the literature.'8-" The larger depression in 
T, of the polypropylene filled with Ph,SbBr, might have resulted from its 
diffusion in the polypropylene matrix, as the melting point of Ph,SbBr, 
(214-216'6) k quite close to the processing temperature (210'C). The crystal- 
line regions can, therefore, be pListic%zed resulting in a decrease in Tm as 
reported by Chang et However, the other flameretardant additives 
appear to be of inert filler type, which hardly dect the Tmy but significantly 
decreases the T- (Table I), suggesting that these additives interact only 
with the less ordered or d e r  crystdites. 
The heat of fusion ( AHf calculated after normalizing for the weight of the 

additives) of the filled polypropylene also decreased in the presence of ad- 
ditives compared to the d e d  polypropylene (Table 11), depending upon the 
loading, and the nature of the flameretardant additive. 

The present crystallinity of the polypropylene component in the filled 
system was calculated by the heat of fusion using the following fopmula: 

w, = - x 100 
AH, 

mhere W, is the percent crystallinity and AHf and AHu are the heats of 
fusion of the actual PP sample and the theoretical 100% crystalline ktact ic  
sample, respectively. A value of 35 cal/g for AH, was chosen  fro^ the various 
values given in the l i t e r a t ~ r e , ~ ~ - ~  as this was determined ci: %rically 
using polypropylene without any anti~xidant.,~ 

The percent crystallinity was found to decrease in the presence ot additives, 
and this was dependent on the additive concentration and the type of FR 
additive (Table 11). Thus, a small decrease in the 4% crysealiinity was observed 
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TABLE II 
Crystallinity Contents of Organoantimony Compounds Filled Polypropylene 

Sample 

S m t y  by 

DTA XRD 

Po 26.6 76.0 66.0 
Pl 24.1 68.8 58.0 
p2 22.0 #a 54.0 
p3 20.0 572 50.0 

% 21.4 61.1 55.0 
p7 18.6 53.0 48.0 

p.9 235 67-1 60.0 
S O  218 623 58.0 

p*3 226 643 56.0 
Pl, 20.7 59.1 54.0 
P16 17.8 50.9 50.0 
S S  15.8 45.1 40.0 

p4 19.6 56.0 47.0 
ps 235 672 59.0 

pi3 166 47.1 42.0 

5 1  18.9 54.0 49.0 
PI2 i6.a 48.0 41.0 

in Ph,SbBr,-fiUed polypropylene, which further decreases in the Ph,Sb(tbp),-, 

A decreaee in the crystallinity of filled PP may be accounted for by the fact 
that the crystallization of polypropylene during processing is hindered in the 
presence of FR additives as indicated from the decrease in the onset of 
crystallization temperature. 

ph3sb(m),-9 and ph3sb(~p)2 - f iU~  sy- 

CrystaUization Exotherm 

The crystalhation exotherm is studied in terms of the following quantities 
(Fig. 1) as has been wed by the previous 

(a) The peak tempe.rature Tp occu~s at the intercept of the tangents at  the 
two sides of the exotherm. It is a measure of the temperature where the bulk 
of p o l p e r  has Qyatallized. 

@) The initial temperature qe at which the curve first deviates from the 
baae liney L a measure of the onset of crystallization. 

(c) Constructed temperature T, ia obtained at  the intercept of the tangents 
to the base line and the high temperature side of the exothermic peak. The 
quantity T, - Tp9 i.e., the difference between the constructed temperature and 
the peak temperature, is a measure of the overall rate of crystallization: the 
smaller the difference the greater the rate of crystallization. 

The omet of crystallization T, (138°C) of the unfilled polypropylene shifts 
to lower temperature (1%-136°C) in organo-antimony compounds filled poly- 
propylene with a minimum decrease in the Ph,SbBr,-filled polypropylene. 

The addition of organoantimony compounds also lowers the crystallization 
peak teglperakue Tp to f2Q-127S0C from 12S0C, for unfilled polypropylene. 
The drop in Tp value is least in the Ph,SbBr,-filled polypropylene. An 
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Te rnperatura "C 
Fig. 1. Resolution of DTA exothenn for various crystallization parameters. 

increase in the flame retardants concentration further lowers the Tp in all the 
PP samples (Table I). 

The degree of supercooling (T, - T,) of unfilled polypropylene (39.0'C) was 
also studied which decreases to 33.5-37.O"C in Ph,SbBr,-filled system, 
whereas, in other flame retardants filled polypropylene, it increases by 1-7"C, 
i.e., between 40 and 46'C Here, it may be noted that the increase in Tp with a 
lowering in supercooling was observed by Beck and Ledbetter," in the 
presence of nuchting agents, viz., dumigium &benzoate, potasshun benzo- 
ate, e t ~ ,  in polypropylene. 

The decrease in supercoo~ng along with lowering in crystalhe size in 
Ph ,SbBr,-filled polypropylene is, therefore, suggestive of its nucleation effect, 
while the replacement of two bromine atoms in Ph,SbBr, with substituted 
phenol moieties results in the loss of its nucleating ability. This observation is 
in conformity with Beck's work,3o who observed that the decreasing nueleat- 
ing ability is associated with the increase in the number of phenol moieties in 
the nucleating agents, for polypropylene. 

Thus, the cumulative influence is the faster rate of crystallization in the 
presence of these flame retardants with respect to the unfilled polypropylene, 
as inferred from the deerease in T, - Tp value. The crystallization process 
tends to become slower with the increasing concentration of the flame-retar- 
dmt additives in all the four additives studied. However, in all the systems 
the onset of crystallization is delayed in the presence of these FR additives, 
which is also supported by the decrease in the degree of crystallinity in the 
filled polypropylene. 

Wide Angle X-Ray Diflkactiora Studies 

All the filled polypropylene samples showed four characteristics of diffrac- 
tion peaks at 28, 14.5', E7', 18.5", and 21.5', from 110, 040, 130, and the 
combination of (111, 131, and 041) planes, respectively, as observed by Natta 
auld Cowadir~i~~ for the unfilled polypropylene (Fig. 2) The occurrence of the 
diffraction peaks at the same 28 indicates that mi t  cell dimensions of 
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DIFFRACTION ANGLE ( 2 0 )  DEGREES 
Fig. 2. X-ray difFractograrns of Ph,SbBr2-filled polypropylene (-) Po, unfilled P P  (- - -) PI, 

( -~- )  P2, (----) Par (-.-.- ) P,, PP filled at 5, 10, 15, and 20 phr levels, respectively. 

polypropylene are not disturbed in the presence of 5-20 phr of organoan- 
timony compound fillers though the rate of crystallization is dected, as 
shown by the DTA studies. 

Besides the characteristic diffraction peaks of unfilled polypropylene, some 
additional peaks are also observed in the filled PP samples. The Ph,SbBr,-filled 
polypropylene showed an additional peak at 28, 11.5', which was intensified 
a t  higher additive levels of 20 phr (Fig 2), while the Ph,Sb(tbp),-filled 
polypropylene showed an additional peak in its diffraction pattern at  28,12.5" 
only at high additive levels (at and above 15 phr, Fig 3). The additional peaks 
as observed in Ph,SbBr,- and Ph,Sb(tbp),-filled polypropylene are due to the 
presence of additives as confumed from X-ray diffraction pattern of the neat 
Ph,SbBr, and Ph,Sb(tbp), compounds. 

The p6rcent crystallinity of the filled polypropylene sample was calculated 
by the method reported by Bell and Dumbleton32 after neglecting the peaks 
due to additives. 

The incorporation of these additives has decreased the percent crystallinity, 
which further decreases with the increase in the additive concentration (Table 
11). It can be seen from the data that the trend in % crystallinity obtained by 
XRD agrees well with that obtained by DTA, although the absolute values in 
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Dif f ract ion angle ( 2  0 )  degrees 

Fig. 3. X-ray difiactograms of Ph,Sb(tbp),-fiUled polypropylene (-) Po, unfilled PP; (- - -) Pss 
(-- . -) Ps, (---) P,, (- .- ~ -) Ps. PP filled at 5, 10, 15, and 20 phr levels, respectively. 

the two cases are different. This difference in the crystallinity value may be 
attributed to uncertainties in applying corrections for the background and 
amorphous contributions in the X-ray difiactograms as reported by V O & , ~ ~  
Ke,34 and Chang et al.," who have a h  observed a difference in the percent 
crystallinity values obtained by XRD and DTA. 

MECHANICAL PROPERTIES OF 0RGANOA"IMONY 
COMPOUNDS FILLED POLYPROPYLENE 

Tensile Behavior 

The yield stress of the filled polypropylene decreased over the unfilled 
polypropylene irrespective of the nature of the flame-retardant filler (Fig. 4). 
However, the initial modulus and the yield strain are dependent on the 
chemical structure of the additive, In general, the Ph,SbBr, decreases the 
yield strain and increases the initid modulus, whereas, in other flame retar- 
dants, viz., Ph,Sb(tbp),-, Ph,Sb(tcp),- and Ph,Sb(pcp),-filled polypropylene, 
the trend reverses (Table 111) 

The increase in the additive concentration also effects the mechanical 
properties (Fig. 5) which ccup be summarized as fallows: 

(a) In Ph,SbBr,-fiPled polypropylene, the yield stress and yield stram 
decreases while initial modulus increases with the increase in loading. 
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Fig. 4. Stress-strain curves of organoantimony compounds filled polypropylene (-.-)Po, 
unfilled PP (---) P,, PP filled with 20 phr of Ph3SbBrz; (---)Pa, PP with 20 phr Ph3Sb(tbp),; 
(-)Plz, with 20 phr of Ph,Sb(tcp)z; (-' .-) Pis, With 20 phr Of Ph3Sb(p~p),. 

TABLE I11 
Mechanical Properties of Organoantimony Compounds Filled Polypropylene 

Sample Yield strees, Yield strain Initial modulua Impact strength 
code ( N / d  x lo-') 6) (N/mz X lo-') (kg m/M) 

Po 2.82 9.13 0.99 5.16 
PI 2.71 8.33 1.10 4.81 
PZ 2.60 8.10 1.15 4.78 
p3 2.53 7.35 121 4.60 
p4 2.46 7.06 127 4.43 

p6 2.60 10.79 0.82 5.75 

PS 2.70 10.48 0.86 5.53 
PI0 2.62 1085 0.82 5.92 

'1 3 2.66 10.62 0.83 5.57 

p5 2.71 10.53 0.84 5.51 

p7 2.53 11.28 0.79 626 
pe 2.46 11.30 0.80 6.50 

5 1  2.50 11-05 0.82 624 
PI2 2.41 11.00 0.79 6.65 

PI, 2.55 10.51 0.83 5.81 
'1 5 2.46 10.35 0.87 620 
PIS 2.35 10.10 0.90 621 
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Fig. 5. Mechanical properties of organoantixnony compounds filled polypropylene ns a func- 
tion of additive concentration: ( X )  unfilled, (0.0) Ph,BbBr,-filled PP; (9 m) Ph,Sb(pcp),-filled 
PP. 

(b) In Ph,Sb(tbp),- and Ph,Sb(tcp),-filled systems, the increase in the 
additive concentration d t e d  in low yield stress and initid modulus values 
with increased percent yield strain. The Ph3Sb(~cp),-filled polypropylene 
showed similar behavior to that of Ph,Sb(tcp),-filled polypropylene except 
that the yield strain was slightly decreased a t  higher loading while initial 
modulus was increased (Table 111). 

The increaae in percent yield strain and a decrease in the initial modulus as 
observed in polypropylene filled with Ph,Sb(tbp),, Ph,Sb(tcp),, and 
Ph,Sb(pcp), may be attributed to the plasticizing action of those additives, as 
also evidenced by the decrease in the melt viscosity, r e p o d  earlier." 

A decrease in the yield st res  in all the filled samples, irrespective of the 
flame retadants, may be attributed to low crystallinity values (Fig. 6) of the 
filled PP samples. However9 the yield strain and the initial modulus of 
the filled polypropylene appear to be dependent on the structure of the 
additive. Thus, the Ph,SbBr,-filled polypropylene showed a decrease in 
the yield strain and increase in the initial modulus with an deaease in the 
cx-ystalhity of virgin polypropylene, though the g3rstallinity of the composite 
material (PP + Ph,SbBr,) is high due to the crystalline nature of Ph,SbBr2. 
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Fig. 6. Correlation of cq&alhity (aa obtained by DTA endotherm) with mechanical proper- 
ti- of organoautimoay armpounde filled polypropylene: ( X )  uafilled, (o,.) Ph,SbBr,-filled P P  
(0, m) Ph,Sb(pCp)&d PP. 

In Ph,Sb(tbp),-, Ph,Sb(tcp),-, and Ph,Sb(pcp),-filled polypropylene, a de- 
crease in crystallinity is d a t e d  with an increased yield strain and low 
initial modulus valuts. 

The decrease in yield strength with a decrease in the crystallinity is also 
observed by Robertson and Pada in polyoleh blends. 

Impact and Flexural Strength 
The impact strength of the filled polypropylene samples was found to be 

dependent on the filler concentration, and the chemical structure of the 
organoantimony compounds, Ph,SbBr, decreased the impact strength of 
polypropylene which further dropped with increasing Ph,SbBr, concentra- 
tion. In other flame retardants, viz., Ph,Sb(tbp),-, Ph,Sb(tcp),-, and 
Ph3Sb(pcp),-6Iled polypropylene, the impact strength increased over unfilled 
polypropylene, which further in- by increasing the additive concentra- 
tion. 

The flexural rigidity of thoae filled polypropylene systems was not much 
alkted, as none of the samples like unfilled polypropylene could be broken at 
the rnaximum applied load of 31 kg. 
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(b)  
Scanning electron microphotographs of the tensile fractured surface of organoantimony 

compounds filled polypropylene: (a) unfilled PP, Po; ( b  and c) filled with Ph,SbBr, at  10 and 20 
phr levels, PI and P4; (d and e) filled with 10 and 20 phr of Pd,Sb(tbp),, Ps and Pa, ( f  and g) filled 
with 10 and 20 phr Ph:, S,b(tcp),, Ps and P,2; (h and i) with 10 and 20 phr of Ph,Sb(pcp),, P,, 
and Plti. [Degree of magnification indicated on Fig. 7(a) applies to all microphotographs in t h s  
set.] 

Fig. 7 .  
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Morphology of the Tensile Fractured Surface of 
Injection-Molded Specimens 

The scanning electron microphotographs of the tensile fractured polypro- 
pylene samples filled with organoantimony compounds are shown in Figure 7. 
The addition of Ph,SbBr, changed the fibrillar morphology of polypropylene 
into lobed structures. Here, the fracture is brittle and is due to interspherulitic 
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voids which are clearly seen around the lobe. The increase in $h,SbBr, 
concentration has further weakened the spherulite boundaries; hence larger 
voids are Seen around the lobe, which presumably results in poor yield 
strength and yield strain a t  higher additive loadings. 

The Ph,Sb(tbp),- and Ph,Sb(tcp),-filled polypropylene show fibdl mor- 
phology, indicating ductile failure occurring at  the intersphemlite R s a ~ n d ~ w ~  
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which seems to be responsible for higher yield strain and flexural rigidity of 
these samples. 

In Ph,Sb(pcp),-filled polypropylene samples, although the fibril structure is 
there, the fracture seems to be different from other filled polypropylene 
systems. Here, the fracture initiation appears to be due to the interspherulitic 
voids as well as due to the poor interaction of the flameretardant particles 
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with the polymer matrix, hence under strain the polymer matrix detaches 
itself from the additive particles, thereby dislodging the particle, resulting in a 
network type structure with large number of s m d  voids. This type of 
morphology appears to be responsible for a large drop in yield strength in the 
Bh,Sb(pcp),-filled polypropylene; however, the fibril structure stil l  rnahtab 
its flexural rigidity. 

Heat Distortion Temperature 

Heat distortion temperature of the polypropylene decreases by the addition 
of organoantimony compounds (Table I). An increase in the flame retardants' 
concentration further decreases the heat distortion temperature, irrespective 
of the nature of the additive, which may be attributed to the lowering in melt 
viscosity in the presence of organoantimony compounds as .reported 
el~ewhere.'~ 

SUMMARY AND CONCLUSIONS 
The study clearly shows that Ph,SbBr, additive behaves differently in 

relation to its  phenolic derivatives, in influencing the structural and mechani- 
cal properties of the filled polypropylene. 

-Ph,SbBr, was found to be a nucleating agent to a small extent, while 
other compounds appear to be nonnucleating in nature with respect to the 
crystallization of polypropylene. 

-The blending of Ph,SbBr, in polypropylene resulted in a decrease in the 
crystallinity, crystallization peak temperature, degree of supercooling, and 
crystallite size, which is accompanied by a decrease in the yield stress, yield 
strah, and impact strength, but an increase in the initial modulus wMe other 
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flame-retardant-filled polypropylene samples showed a decrease in the crystd- 
linity and T,, and an increase in the degree of supercooling and cpystallite size 
with a decrease in the yield stress, and initial modulus and increase in the 
yield strain and impact strength. 

Heat distortion temperature of the filled plypropylene was also d e s r d  
in the presence of these additives irrespective of the chemical nature of the 
flame-retardant additiqes 
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