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ABSTRACT: Thermotropic side-chain liquid crystalline
polymer (SLCP) and corresponding side-chain liquid crys-
talline ionomer (SLCI) containing sulfonate acid were used
in the blends of polypropylene (PP) and polybutylene ter-
ephthalate (PBT) by melt-mixing respectively, and thermal
behavior, morphological, and mechanical properties of two
series of blends were investigated by differential scanning
calorimetry, Fourier transforms infrared spectroscopy (FTIR),
scanning electron microscopy, and tensile measurement.
Compared with the immiscible phase behavior of PP/PBT/
SLCP blends, SLCI containing sulfonate acid groups act as a

physical compatibilizer along the interface and compatibilize
PP/PBT blends. FTIR analyses identify specific intermole-
cular interaction between sulfonate acid groups and PBT,
and then result in stronger interfacial adhesion between these
phases and much finer dispersion of minor PBT phase in PP
matrix. The mechanical property of the blend containing
4.0 wt % SLCI was better than that of the other blends. � 2006
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INTRODUCTION

Polymer blending is a useful and attractive approach
to produce new polymer materials because of their
simplicity and comparatively low cost. Among these
polymer blends, the blends of thermotropic liquid
crystalline polymer (LCP) with other thermoplastic
polymers have been a popular research topic. LCP
with high strength and stiffness, high chemical resist-
ance, good dimensional stability, and low linear ther-
mal expansion coefficient are attractive engineering
materials with high performance.1–4 LCP consist of
repeating stiff mesogenic (liquid crystalline) monomer
units that are incorporated either into the main-chain
or into the side chain of a polymer backbone, and now
the literature on the blends of the main-chain LCP and
other thermoplastic polymers are quite extensive.5

However, because of poor compatibility between dis-
persed LCP phase and thermoplastic matrix, the
expected mechanical properties based on the rule of
mixtures is difficult and impossible (in most cases) to

obtain.6,7 To increase the compatibility between them,
graft polymers or copolymers have been used to
improve the interfacial adhesion between the LCP and
matrix phases. One approach is to introduce a third
component containing the ionic groups that should
promote the interchain interactions as a compatibilizer.
The lightly sulfonated polystyrene ionomers contain-
ing sulfonate acid or metal salt were used as compa-
tibilizer, for example, zinc salts of lightly sulfonated
polystyrene (Zn-SPS) was reported to compatibilize
blends of a LCP with nylon 66 (PA66) and bisphenol
polycarbonate (PC) as a result of intramolecular inter-
actions between the molecules.8 Other block and graft
copolymers have also been used to promote compati-
bility between LCP and various thermoplastic poly-
mers;6,9–15 O’Donnell9 and Datta et al.6 used a small
amount of maleic anhydride-grafted polypropylene
(PP-MA) as a compatibilizer to improve the adhesion
of LCP and polypropylene (PP). More recently, Weiss
and coworkers reported that the sodium salt of a poly
(ethylene-co-acrylic acid) ionomer (EAA-Na) could be
used to compatibilize the Vectra A-950/polyethylene
(PE) blends.16,17

Thermotropic liquid crystalline ionomer (LCI) is the
LCPs containing ionic groups; they would offer the
possibility for promoting intermolecular interaction
through ion–dipole association and improvement of
the interfacial adhesion between the phases in blends.
As a novel compatibilizer it has attracted more and
more attention during recent years owing to their
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special excellent mechanical rheological processing
and adhesive properties in blends.18,19 Meanwhile,
PP/polybutylene terephthalate (PBT) blends is one of
the attractive engineering polymer blends for commer-
cial application. In this particular blend, PP provides
hydrophobicity, while PBT is the hydrophilic compo-
nent; therefore PP and PBT are immiscible. In the pre-
vious articles, we have reported the compatibilization
of main-chain thermotropic LCIs containing sulfonate
groups in PP and PBT blends.20,21 In this article, we
prepared PP/PBT/SLCP blends based on PP/PBT
with a thermotropic side-chain LCP (SLCP) and PP/
PBT/SLCI blends based on PP/PBT with a side-chain
LCI (SLCI) containing sulfonate acid groups. Their
structure, thermal behavior, morphological, and me-
chanical properties were investigated. Moreover, we
tried to evaluate the compatibilization of the SLCI as a
compatibilizer in PP and PBT blends, compared with
the blends of PP/PBT/SLCP.

EXPERIMENTAL

Materials

PBT is obtained from PBT Engineering Plastic Plants of
YIZHENGChemical Fiber Group. Its intrinsic viscosity
is 0.75 6 0.02 dL/g and MFI is 90–120 g/10 min. PP
(F401, 97%) is supplied by Liaoning Huijin Chemical
Group (China) and its MFI is 1.7–3.1 g/10 min. Poly
(methyl hydrosiloxane) (PMHS) (weight-average mo-
lecular weight ¼ 700–800) is provided by Jilin Chemi-
cal Industry (Jilin City, Jilin Province, China). The ther-
motropic SLCP and ionomer were synthesized by the
procedure described by Hu and Zhang,22 the meso-
genic monomer M1 is 4-allyoxybenzoyloxy-40-methyl-
oxy-benzoyloxy-p-biphenyl and the ionic monomer
M2 is 4-undercyl-enicoxy-40-phenylazobenzene sul-
fonic acid. The SLCI was synthesized by copolymeriza-
tion of M1 and M2 with PMHS. The PMHS/M1/M2

molar ratio was 1 : 6 : 1. M1 and M2 were dissolved in
freshly distilled chloroform. The mixture was heated
to 658C under nitrogen and anhydrous conditions, and

then 2 mL THF solution of hexachloroplatinate (IV)
catalyst (5 mg/mL) was injected with a syringe. The
progress of the reaction was monitored by IR spec-
tra until the Si��H absorption peak of PMHS at
2160 cm�1 disappeared. The crude polymer was
purified by precipitation with ethanol and dried under
vacuum. The yield of the SLCP and SLCI were 92 and
76%, respectively. The synthetic routes are outlined in
Schemes 1 and 2.

Preparation of the blends

Blends of PP/PBT/SLCP and PP/PBT/SLCI were pre-
pared by melt-mixing. Before blending, all materials
were dried at 1208C under vacuum for at least 12 h,
and then were mixed in an XSS-30 Torque Rheogoni-
meter with a mixing chamber of 60 cm2 at 2308C at a
rotor speed of 32 rpm for 10 min. All the blends had a
fixed ratio of PP/PBT 1 : 4 by weight, with different
amounts of SLCP and SLCI added. Compositions of all
the blends were listed in Table I.

Materials characterization

The crystallization behaviors and miscibility of the
blends were measured with a Netzsch DSC 204
(Netzsch, Germany) equipped with a liquid nitrogen
cooling system. Operated at nitrogen flow, specimens
were first heated to 2008C at 208C/min heating rate to
eliminate heating history, then cooled to 208C at 108C/
min cooling rate; The second heating rate was the same
as the first. The glass-transition temperature (Tg) was
defined at the midpoint of the change in the special
heat and melting transition temperature (Tm) was
determined as the maximum of the crystallization
peak. The miscibility of a blend was inferred from the
observation of a single Tg (or Tm); multiple Tgs (or Tms)
indicated phase separation.

Fourier transform infrared spectroscopy (FTIR) of
the blends in solid state was obtained by the diffuse
reflection method performed on a Nicolet 510P spec-
trophotometer.

Scheme 1 Synthetic route of the SLCP.

Scheme 2 Synthetic route of the SLCI.
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The blend morphology was characterized with a
model 505 scanning electron microscopy (SEM) from
Philips. The samples were freeze-fractured in liquid
nitrogen, and the fracture surface was observed.

Tensile strengths and modulus of the blends were
measuredwith amodel 1000N Tensile Tester. The sam-
ples were injection-molded with a QLB-D350 Molder.
Tensile tests at an elongation rate of 5 mm/min were
performed by GB1040-92 on dumbbell samples with
an overall length of 11.5 mm and a narrow-section di-
ameter of 6.5 mm.

RESULTS AND DISCUSSION

Thermal properties

Detecting phase transition temperature of the compo-
nents is one of the most effective methods to character-
ize the miscibility of blends when the components of
the blends have a temperature difference larger than
208C. DSC thermograms of PP/PBT/SLCP blends are
given in Figures 1 and 2. Because of a small amount of
the SLCP, we failed to detect its Tg. The melting tem-
perature (Tm) and crystallization temperature (Tc) of
PP and PBT phases, which are determined as the maxi-
mum of melting and crystallization peak from second
heating and cooling DSC thermograms respectively,

are summarized in Table I. PP and PBT are known as
crystalline polymers, and they exhibit two distinct
melting temperatures (Tm) at second heating DSC ther-
mogram. One Tm is seen at 166.08C, which is identical
to that of PP phase, and the other Tm corresponding to
PBT phase is also visible at about 224.58C. This means
that PP and PBT are immiscible and phase separated in
PP/PBT blend (B0) because PP is nonpolar and PBT is
polar. The Tms of other PP/PBT/SLCP blends (B1, B2,
and B3) show no significant shift compared with that of
PP/PBT blend. Meanwhile, the crystallization temper-
ature tends to shift to a lower temperature region at
cooling course because of the supercooling, and the
Tc of PBT decreased slightly compared with that of
PP/PBT blend, while the Tc of PP show no significant
shift. This means that the addition of SLCP have no
visible influence on the phase behavior of PP and PBT
in the blends.

DSC thermograms of PP/PBT/SLCI blends at sec-
ond heating course are given in Figure 3. The melting
temperatures determined from DSC thermogram are
summarized in Table I. Because of a small amount of
the SLCI chain, we failed to detect its Tg. However, we
note that the Tm of PBT in ternary blends varies with
the composition, compared with the binary blend.
When the SLCI was added for about 2.0 wt %, the Tm of
PBT was depressed by 0.38C, and the Tm of PP had no

TABLE I
Phase Transition of the Blends

Sample
SLCP
(wt %)

SLCI
(wt %)

Tm (8C)/heating Tc (8C)/cooling

PP PBT PP PBT

B0 0.0 0.0 166.0 224.5 122.6 197.6
B1 4.0 0.0 166.2 224.5 122.0 197.3
B2 8.0 0.0 165.2 223.4 121.8 196.5
B3 12.0 0.0 165.5 223.0 121.6 195.4
B4 0.0 2.0 166.2 224.2 122.7 197.5
B5 0.0 4.0 165.1 225.4 122.0 196.7
B6 0.0 6.0 165.4 223.0 121.8 195.4
B7 0.0 8.0 166.2 222.0 122.3 193.9
B8 0.0 12.0 165.7 221.2 120.6 187.5

Figure 1 DSC thermograms at second heating of PP/
PBT/SLCP blends.

Figure 2 DSC thermograms at second cooling of PP/
PBT/SLCP blends.
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significant shifts. With increasing SLCI concentration
in the blends, the Tm of PBT decreased much more;
shifts in 4.0 wt % SLCI and 12.0 wt % SLCI were 1.2 and
3.28C, respectively. In other words, the transition tem-
perature of PP had no significant shifts, but the transi-
tion temperature of PBT decreased, indicating the pres-
ence of the interactions between PBT and SLCI.

Moreover, Figure 4 shows the cooling DSC thermo-
gram of the PP/PBT and PP/PBT/SLCI blends, and
the data are summarized in Table I. It is interesting to
note that the crystallization temperatures of PP and
PBT phases both decreased with increasing SLCI con-
centration in the blends, and the Tc of PBT obviously
decreased 3.78C when the SLCI concentration in the
blends increased to 8.0 wt %. When the SLCI content
increased to 12.0 wt %, the Tc of PBT was depressed by
10.18C. These Tc shifts suggest that the compatibiliza-
tion in PP/PBT blends is accomplished by the addition
of the SLCI containing sulfonate acid, which promotes
mixing through intermolecular interactions between
SLCI and PP/PBT phases.23 Moreover, SEM also ob-
serves this result.

Morphology

SEM micrographs of fractured PP/PBT/SLCP blend
surfaces are shown in Figure 5. Because all the samples
were obtained in amixer, the lack of field effect made it
difficult to generate LCP fibrillar in these blends. For
the PP/PBT binary blend [Fig. 5(a)], this sample has a
distinct two-phase morphology, i.e., a continuous PP
phase with a dispersed PBT phase. The PBT particles
in the form of spheres have diameters in the range of 5–
15 mm. All the spheres and holes have smooth surfaces,
indicating poor interfacial adhesion between the PP
and PBT phases, that is to say, PP and PBT phases in
the blends are immiscible. Such a phenomenon is cor-
respondedwith the results in the literature.

With the addition of the SLCP, phase separation
appeared more apparently, the big spheres became
much more, compared with that of PBT in PP/PBT

blend [Fig. 5(b,c)]. It is suggested that PP is nonpolar
component, while PBT is polar component. The polar-
ity of SLCP is similar to that of PBT because they both
contain aromatic ring and ester groups, so the diameter
of the dispersed phase became large because partially
SLCP joined into the PBT phase. This meant that the
addition of SLCP have no improvement on the immis-
cible structure of PP and PBT components.

Figure 6 shows SEMmicrographs of fractured surfa-
ces of the PP/PBT/SLCI blends. With the addition of
the ionomer, the morphology of fractured surfaces
changed dramatically. With 4.0 wt % SLCI in the ter-
nary blend, the domain size of the PBT phase decreased
significantly, and the diameter of the largest particle
was smaller than 10 mm [Fig. 6(a)]. With 8.0 wt % SLCI
in the blend, The PBT particles became smaller and
had uniform diameters below 5 mm [Fig. 6(b)]. When
the content of SLCI was 12.0 wt %, the interface
between PP and PBT phase became more blurred, and
the domain size of the PBT phase hardly disappeared
and the PBT phase was well dispersed in the continu-
ous PP phase [Fig. 6(c)]. From these phenomena, it is
evident that the interfacial adhesion between two
phases was improved because of specific interactions
between the phases and the compatibilization of the
blends was achieved. The SLCI containing sulfonate
acid groups acted as physical crosslinking agent along
the interface and compatibilized polymer blends to a
finer dispersion.

In previous studies we used a main-chain LCIs
(MLCIs) containing sulfonate acid groups for the com-
patibilization of PP blends with PBT. MLCI was a
copolyester of 4,40-dihydroxy-a,a0-dimethyl benzala-
zine, 4-hydro-phenylazobenzene sulfonic acid, and
sebacoyl dichlorides, 20 although their molecules pos-
sess liquid crystal behavior and the properties of ion-
omer, but the rigidity of the main chains was strong
and sulfonate groups located on the terminal unit of
the main chain. As a result, the compatibilization of
ionic groups was limited. However, mesogenic seg-
ments and ionic groups of the SLCI all located on the

Figure 3 DSC thermograms at second heating of PP/
PBT/SLCI blends.

Figure 4 DSC thermograms at second cooling of PP/
PBT/SLCI blends.
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side-chain with a flexible polymethylhydrosiloxane
main-chain, especially sulfonate groups on the termi-
nal of the long and flexible spacer. So the compatibili-
zation of SLCI was obviously superior to that of the
MLCI.

FTIR investigation of the blends

Figure 7 shows the FTIR spectral region for the car-
bonyl group in PP/PBT/SLCP blends. Because the
structure of SLCP and PBT both contain the ester
group, there are two characteristic absorbencies of the
stretching vibration of the C¼¼O band for SLCP and
PP/PBT components, one is located at 1710, 1263 cm�1

corresponding to the C¼¼O band of PBT and the other
is located at 1731 and 1259 cm�1 corresponding to the
C¼¼O band of SLCP. For the PP/PBT/SLCP blends, the
addition of SLCP had no influence on the position
and shape of the C¼¼O stretching vibration of PBT at
1710 cm�1. Moreover, when the content of SLCP
increased to 8.0 wt %, the C¼¼O absorbencies peak of
SLCP at 1731 cm�1 appeared and its intensity was
strengthenedwith the increase of SLCP content.

It is interesting to note the change of the characteris-
tic absorbencies of the stretching vibration of the C¼¼O
band at 1280–1250 cm�1. When the SLCP was added to
the PP/PBT blend, two peaks appeared that corre-

sponded to 1274 and 1252 cm�1, and their positions
have no change with the increase of SLCP content, but
the intensity at 1274 cm�1decreased obviously. When
the content of SLCP was 12 wt %, the intensity of the
peak at 1274 cm�1was similarly equal to that of the
peak at 1252 cm�1. These results indicate that no spe-
cific intermolecular interaction exists between the
SLCP and PP/PBT.

Evidence for specific interaction between SLCI and
PP, as well as PBT phases, was also confirmed by
the Fourier transform infrared (FTIR) spectra. Figure 8
shows the IR spectra of B0, B5, B7, and B8. It was dif-
ficult to distinguish the SO3 H absorption peak of
SLCI molecule, which was weak due to quite a small
amount of SLCI added. Figure 8 provides direct
evidence that the interaction occurred between PBT
and SLCI components in PP/PBT/SLCI blends.

The characteristic absorbencies of PBT were the
stretching vibration of C¼¼O band at 1710 and
1245 cm�1, the absorption peak of C¼¼O from 1710 cm�1

in PP/PBT slightly shifted to higher wave numbers
in PP/PBT/SLCI blends, and the absorption peak at
1263 cm�1 in PP/PBT shifted to lowerwave numbers in
PP/PBT/SLCI blends, i.e., 1263 cm�1 in B0, 1261 cm�1

in B5, 1258 cm�1 in B7, and 1258 cm�1 in B8. This IR
result confirms an intermolecular interaction between
PBT and SLCI, and the interaction comes from the

Figure 5 SEM micrographs of blends: (a) PP/PBT, (b) PP/PBT/4% SLCP, (c) PP/PBT/8% SLCP.
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ion–dipole interaction between the ionic groups of
SLCI and the polar groups in PBT, meanwhile, the
strength increases with the increase of SLCI compo-
nent. According to the literature, if polymers are misci-
ble, molecular chains of one component polymer can
be mixed closely enough to the other component
chains so that the intermolecular interaction will be
strong enough to change their molecular environment,
which results in IR peak shifts and broadening.23 From
these phenomena, it is evident that the interfacial adhe-

sion between PP and PBT phases is improved and the
compatibility of the blends is achieved when the SLCI
was present.

Mechanical properties

Mechanical properties of PP/PBT/SLCP and PP/
PBT/SLCI blends were measured with a model 1000N
Tensile Tester. The effect of the addition of SLCP or
SLCI on the tensile properties of the corresponding

Figure 6 SEM micrographs of blends: (a) PP/PBT/4% SLCI, (b) PP/PBT/8% SLCI, (c) PP/PBT/12% SLCI.

Figure 7 FTIR spectra of B0, B1, B2, and B3 in PP/PBT/SLCP blends.
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blends is shown in Table II. Compared with the tensile
behavior of PP/PBT blend, the SLCP had obvious
effect on the tensile strength and ultimate elongation.
The tensile strength of the blend B1 increased from
5.428 to 8.831 MPa with addition of 4.0 wt % SLCP,
however, when the content of SLCP was 8.0 wt %,
the tensile strength began to decrease from 8.831 to
8.320 MPa and kept on decreasing to 5.704 MPa with
the content of 12.0 wt % SLCP (B3). It indicated that a
small amount of SLCP being added to the blends
improved the mechanical strength of PP/PBT blend
because of the orientation order of SLCP in liquid crys-
talline phase, but the addition of more than 4.0 wt %
SLCP resulted the property of the blend to depress
because of the incompatibility with PP and PBT.

It was interesting to note that the ultimate elongation
of all PP/PBT/SLCP blends increased with the in-
crease of SLCP content. It can be explained that the
flexibility of polymethylhydrosiloxane main-chain
made the ultimate elongation of the blends increase.

Compared with the tensile behavior of PP/PBT
blend, the addition of SLCI to PP/PBT blends also
increased the tensile strength of blends dramatically.
When the content of SLCI increased to 4.0 wt %, the

tensile strength of the blend (B6) exhibited a maximum
and it was 7.336 MPa, and then the tensile strength
decreased slightly as the content of SLCI is more than
4.0 wt %. Meanwhile, we noticed that the tensile
strength of PP/PBT/SLCI blends was slightly inferior
to that of the corresponding PP/PBT/SLCP blends for
the same content SLCP or SLCI blends. For example,
the tensile strength of the blends B3 and B5 were 8.831
and 7.336MPa, respectively. It is implied that enhance-
ment function of SLCI in PP/PBT/SLCI blends were
slightly decreased by the interaction between the sul-
fonic acid groups and PP or PBT phase but the compa-
tibilization of the SLCI obviously increased, compared
with PP/PBT/SLCP blends.

Moreover, the ultimate elongation of PP/PBT/SLCI
blends also increased with the addition of SLCI to PP/
PBT blends less than 4.0 wt %. When the content of
SLCI was more than 4.0 wt %, the ultimate elongation
of the blends began to decrease, and the result of the
ultimate elongation of the blends corresponded with
that of the tensile strength. The change of the ultimate
elongation can be concluded from the structural differ-
ence between SLCI and SLCP molecules, when the
content of SLCI was lower, the ultimate elongation
increased because of a flexible polymethylhydrosilox-
ane main-chain and a long and flexible spacer between
the main-chain and the sulfonate groups, but when the
content of SLCI was higher, the ionic groups in SLCI
molecule made the interaction between the compo-
nents increase and resulted the flexibility of the blends
to decrease, then the ultimate elongation decreased
equally.

CONCLUSIONS

Thermotropic SLCI containing sulfonate acid acts as a
physical compatibilizer and compatibilized PP/PBT
blends, compared with the corresponding LCP. FTIR

Figure 8 FTIR spectra of B0, B5, B7, and B8 in PP/PBT/SLCI blends

TABLE II
Mechanical Properities of the Blends

Sample
SLCP
(wt %)

SLCI
(wt %)

Strength
(MPa)

Ultimate
elongation (%)

B0 0.0 0.0 5.428 0.22
B1 4.0 0.0 8.831 0.24
B2 8.0 0.0 8.320 0.26
B3 12.0 0.0 5.704 0.32
B4 0.0 2.0 6.687 0.25
B5 0.0 4.0 7.336 0.30
B6 0.0 6.0 7.304 0.29
B7 0.0 8.0 7.278 0.27
B8 0.0 12.0 7.175 0.26
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and SEM analyses identified the intermolecular inter-
action between sulfonate acid groups and PBT phase,
and the interaction resulted in a stronger interfacial
adhesion between these phases and a much finer
dispersion of the minor PBT phase in PP matrix.
The mechanical properties of the blends containing
4.0 wt % SLCI contents were better than that of the
other blends.

References

1. He, J. S.; Liu, J. Polymer 1999, 40, 959.
2. Son, Y.; Weiss, R. A. J Appl Polym Sci 2003, 87, 564.
3. Weiss, R. A.; Ghebremeskela, Y. Polymer 2000, 41, 3471.
4. Mucha, M. Prog Polym Sci 2003, 28, 837.
5. Tjong, S. C. Mater Sci Eng 2003, R41, 1.
6. Datta, A.; Chen, H. H.; Baird, D. G. Polymer 1993, 34, 759.
7. Breytas, R. E. S.; Baird, D. G. Polymer 1992, 33, 5233.
8. Datta, A.; Weiss, R. A.; He, J. S. Polymer 1996, 37, 429.

9. O’Donnell, H. J.; Chen, H. H. Proc Annu Tech Conf Soc Plast
Eng 1993, 17, 11.

10. Long, Y.; George, S.; Shanks, R.; Rosella, N. J Appl Polym Sci
2000, 77, 2229.

11. Zhang, H.; Weiss, R. A.; Kuder, J. E.; Cangiano, D. Polymer
2000, 41, 3069.

12. Yang, H.; Wu, X.; Shijiu, L. Polym Eng Sci 1996, 60, 2503.
13. Miller, M. M.; Cowie, J. M. G.; Brydon, D. L. Polymer 1997, 38,

1565.
14. Haussler, L.; Pospiech, D.; Eckstein, K. J Appl Polym Sci 1997,

66, 2293.
15. Sek, D.; Kaczmarczyk, B. Polymer 1998, 39, 3327.
16. Son, Y.; Weiss, R. A. Polym Eng Sci 2000, 41, 3069.
17. Son, Y.; Weiss, R. A. Polym Eng Sci 2002, 42, 1322.
18. Wiesemann, A.; Zentel, R. Liq Cryst 1993, 14, 1925.
19. Wiesemann, A.; Zentel, R. Liq Cryst 1994, 16, 349.
20. Zhang, A. L.; Zhang, B. Y.; Feng, Z. L. J Appl Polym Sci 2002,

85, 1110.
21. Li, Y. M.; Zhang, B. Y.; Feng, Z. L. J Appl Polym Sci 2002, 83,

2749.
22. Hu, J. S.; Zhang, B. Y. J Appl Polym Sci 2001, 80, 2335.
23. He, J. S.; Liu, J. J Appl Polym Sci 1998, 67, 2141.

CHARACTERISTICS OF PP/PBT BLENDS 4719


