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ABSTRACT: This study utilizes different types of bisphenol monomers instead of bis-
phenol-A to synthesize phenol terminated polydimethylsiloxane-polycarbonate block
copolymers. The copolymers were synthesized by interfacial phosgenation of a, v-phe-
nol-organofunctional polydimethylsiloxane oligomer with various aromatic dihydroxyl
monomers. In addition,the thermal properties, flammability, and mechanical proper-
ties of the synthesized copolymers after extrusion and injection molding were investi-
gated. © 2000 John Wiley & Sons, Inc. J Appl Polym Sci 75: 545–552, 2000
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INTRODUCTION

Polycarbonate (PC) is a high-performance amor-
phous engineering thermoplastic resin with an
exceptionally high impact strength, clarity, heat
resistance, and dimensional stability. However,
high viscosity inhibits PC use when melting and
poor thermal stability occurs. When used in injec-
tion molding, the melt viscosity is too high to fill
in the thin wall of a mold, thereby limiting its
applications. Therefore, in this study we at-
tempted to reduce the melt viscosity of PC by a
combination of cooperating flexible chains such as
siloxane groups in the rigid molecules of PC.

Previous studies1-4 have used copolymerization
with polydimethylsiloxane (PDMS) oligomer to
improve the thermal stability, flame resistance,
transparency, low temperature impact resistance,
adhesion ability to metal, and good oxygen to
nitrogen permselectivity. PDMS/PC copolymer is
better than neat PC in melt viscosity and flame
resistance. A related investigation5 in the 1960s
confirmed the feasibility of synthesizing PDMS-
PC block copolymers by reaction of bisphenol A
with a, v-chloro-terminated silicone followed by
condensation with phosgene. More recent meth-
ods6 prepare the PDMSs with hydroxyaryloxy end
groups, followed by phosgenation after adding
other diphenols. In this study,7,8 PDMS oligomer
is reacted with various aromatic dihydroxyl
monomers to prepare the PC/PDMS multiblock
copolymers. Also investigated herein are the ther-
mal and mechanical properties and flammability
of PDMS-PC block copolymers.
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EXPERIMENTAL

Materials

The phosgene used was supplied by Matheson
Gas Production, with a purity of 99%. a, v-phenol-
organofunctional (PT)-PDMS oligomer with a
weight average molecular weight of 3200 g/mL
was supplied by the Shin Etsu Chemical Co., Ltd.,
Tokyo, Japan. The 1,1-bis-4-hydroxy-phenylcyclo-
hexane (BPZ) and tetramethyl-bisphenol-A (TPA)
were supplied by the Tokyo Chemical Industry
Co., Tokyo, Japan. The neat PC (Lexan-121) was
supplied by the G. E. Research & Development
Center. Triethylamine (TEA) and 4-dimethyl-
aminopyridine (4-DMP) were supplied by the Al-
drich Chemical Co. All reactants and reagents
were used as received.

Preparation of Two Types of PDMS-PC Copolymer

According to Figures 1 and 2, the bischlorofor-
mates of various aromatic dihydroxyl monomers
(BPZ and TPA) and PDMS were prepared by in-
terfacial phosgenation reaction. When the pH of
the aqueous phase was less than 10.5, NaOH(aq)
(50 wt %) was added to adjust the pH into the

range of 10.5 to12.0. In addition, TEA was added
as a catalyst when a desirable amount of phos-
gene was added and the pH of the aqueous phase
was adjusted to the range of 11.0 to 11.5. As is
generally known, TPA, a sterically hindered bis-
phenol, produces only low molecular weight poly-
mers using the interfacial phosgenation process.
Herein, the relative catalytic abilities of trialky-
lamine and pyridine derivatives (4-DMP) were
determined in the homogeneous and interfacial
systems to prepare TPA-PDMS. After stirring for
30–60 min, a copolymer of BPZ-PDMS and TPA-
PDMS was formed in the organic phase which
became a semitransparent, viscous fluid. The or-
ganic phase was washed with dilute NaOH(aq) (6
wt %), then with dilute HCl(aq) (6 wt %), and with
distilled water three times. The copolymer of
BPZ-PDMS and TPA-PDMS was coagulated with
an equal volume of acetone and finally dried in an
oven at 80°C for 24 h.

Properties Measurement of Two Types
of PDMS-PC Polymers

The 1H-nuclear magnetic resonance (NMR) spec-
tra of the copolymers were detected by an AM 300

Figure 1 The mechanism of the synthesis method of
BPZ-PDMS copolymer.

Figure 2 The mechanism of the synthesis method of
TPA-PDMS copolymer.
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MHZ NMR Spectrometer, Bruker, Germany. The
glass transition temperature (Tg) was measured
by a DuPont 2100 differential scanning calorim-
etry with nitrogen gas flow. The thermogravimet-
ric analysis was conducted by a Perkin-Elmer
TGS-2 from room temperature to 800°C at a heat-
ing rate of 5°C/min under an air/nitrogen gas
atmosphere. Mechanical properties of tensile
strength and flexural strength were tested by us-
ing an Intron 4468 tester, Instron. The Izod im-
pact tester used was manufactured by the Testing
Machines, Inc., TMI-43-1 Izod type. Flame resis-
tance was measured following the specification of
UL 94 standard.9 Five specimens with the dimen-
sions of 125 6 5 mm long and 13.0 6 0.5 mm wide
were then tested. Methane gas was supplied to
the burner shell, and the burner was adjusted to

produce a blue flame of 20 6 1 mm high. The
flame was applied centrally to the middle point of
the bottom edge of the specimen keeping the top
of the burner 10 mm below the point of the lower
end of the specimen. It was maintained at that
distance for 10 s. If only one specimen from one
set of five specimens did not comply with the
requirements, another set of five specimens was
tested. The specifications of the material classifi-
cations for a flammability test were according to
the standard of UL-94.9

RESULTS AND DISCUSSION
1H-NMR Analysis of the PDMS-PC Copolymers

Figures 3 and 4 display the 1H-NMR spectra of
BPZ-PDMS-PC and TPA-PDMS-PC multiblock

Figure 3 The 1H-NMR spectrum of BPZ-PDMS (10 wt %) copolymer.

Figure 4 The 1H-NMR spectrum of TPA-PDMS (10 wt %) copolymer.
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copolymers. According to these figures, the peak
at d 5 0.06 is the proton absorption of the methyl
group in PDMS for the BPZ-PDMS copolymer.
The peak at d 5 0.07 ; 0.09 is the proton absorp-
tion of the methyl group in PDMS for the TPA-
PDMS copolymer. The peaks around d 5 0.6 ; 1.4
are the proton absorptions of the methylene group
in the dimethylsiloxane segment. Notably, the
1H-NMR spectra do not obviously indicate when
the PDMS content in the copolymer is signifi-
cantly lower. The peaks at d 5 1.5 and d 5 2.2 are
the proton absorption of the methylene group of
the cyclohexane group of the methylene group of
the PC segment in Figure 3. The peak at d 5 1.6
is the proton absorption of the methyl group of the
isopropyl group and the peak at d 5 2.2 is the
proton absorption of the methyl group on benzene
of the PC segment observed in Figure 4. Further-
more, the peaks around d 5 7.1 ; 7.3 are the
absorptions of the benzene ring both in the PC
and PDMS segments observed in Figure 3. More-
over, the peak at d 5 6.9 is the absorption of the
benzene ring both in the PC and PDMS segments
observed in Figure 4.

The integration of proton in the methyl group
on the silicone of PT-PDMS divided by the inte-
gration of proton in the benzene ring of BPZ and
TPA can be used to estimate the mol and weight

ratio of PT-PDMS to BPZ and TPA in copoly-
mers,8 as summarized in Tables I and II. The
1H-NMR spectra indicate that the conversion of
BPZ-PDMS copolymer ranged between 65 ; 75%
and the BPZ-PDMS copolymer was 75 ; 90%,
estimated by the calculated mol ratio over the
designed mol ratio. Our results further indicate
that this synthetic method is appropriate for pre-
paring the desired products when the PT-PDMS
oligomer content in copolymer is designed for
10 wt %.

Thermal and Flame Properties of PDMS-PC
Copolymers

Tg was measured for the PDMS-PC copolymers
prepared from various dihydric phenols. Figure 5
illustrates how the PT-PDMS content influences
the Tg of BPZ-PDMS-PC and TPA-PDMS-PC co-
polymer. Some general inferences can be made
from this figure. The added rigidity of these sub-
stituted, saturated rings and the accompanying
restricted rotation of the aromatic rings tend to
raise the Tg. In the pure PC cases, the amount of
restricted rotation of the aromatic rings (produc-
ing stiffer polymer chains) is likely to be respon-
sible for the observed variations. In addition, the
content of PT-PDMS obviously influences the Tg
of the corresponding PC. Figure 5 also reveals
that the Tg is a linear function of the content of
PT-PDMS linkages per unit chain length. More-
over, the PT-PDMS oligomer content increases
with a decrease of Tg of BPZ-PDMS-PC and TPA-
PDMS-PC copolymers. These phenomena are at-
tributed to the fact that the PT-PDMS oligomer
can provide the BPZ-PDMS-PC and TPA-
PDMS-PC copolymer with the flexibility of the
Si-O linkages.

Figure 5 Effect of PDMS content on Tg of synthesized
BPZ-PDMS (1) and TPA-PDMS (2) copolymer.

Table I The Conversion of BPZ-PDMS
Copolymers Calculated from 1H-NMR Spectrum

Designed
PT-PDMS
Content
(wt %) d 0.06 d 7.1 ; 7.2

Real PT-
PDMS

Content
(wt %) Conversion

3 6.51 54.72 2.12 70.67%
5 7.48 53.75 2.47 49.40%
7 21.23 69.75 5.24 74.86%

10 20.54 52.01 6.70 67.00%

Table II The Conversion of TPA-PDMS
Copolymers Calculated from 1H-NMR Spectrum

Designed
PT-PDMS
Content
(wt %) d 0.07 ; 0.09 d 2.2

Real PT-
PDMS

Content
(wt %) Conversion

3 1.632 35.715 2.31 77.00%
5 3.245 38.433 4.18 83.60%
7 4.387 33.509 6.34 90.57%

10 6.717 38.238 8.33 83.30%
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When the PC copolymer containing PDMS is
subjected to combustion, polysiloxane chain seg-
ments can be achieved forming carbonaceous char
and inhibiting production of more heat, also prov-
ing to be a protective insulating layer at the solid
material surface. Table III shows the effect of
PDMS content on the UL-94 flammability test of
BPZ-PDMS and TPA-PDMS copolymers. When
the PT-PDMS segment content is more than
5.24%, the grade of flame resistance of the copoly-
mer elevates from UL-94 V-1 to V-0 for BPZ-
PDMS copolymer. According to Table III, the
flaming time of the TPA-PDMS copolymer is

shortened with increasing PDMS content and,
moreover, the grade of flame resistance of copol-
ymer was UL 94 V-0.

Although inherent flammability of neat PC
(General Electrical Co, Lexan) is classified as UL
94 V-2, BPZ-PDMS and TPA-PDMS can be di-
vided into V-1 and V-0. As expected,the flame
resistance of BPZ-PDMS/Lexan and TPA-PDMS/
Lexan blends are higher than that of neat PC,
with values of V-1 and V-0. Table IV summarizes
the UL-94 test results of BPZ-PDMS/Lexan and
TPA-PDMS/Lexan blends. According to Table IV,
the copolymers blended with Lexan were UL 94

Table III The Effect of PDMS Content on the UL-94 Flammability Test of BPZ-PDMS and TPA-PDMS
Copolymers

Sample
Name

PDMS
Content t1 t2 t1 1 t2

Flaming
Drops

Cotton
Ignited

UL-94
Standard

Z-00 0.00 8 13.25 21.25 No No 94 V-1
Z-03 2.12 3.5 12.5 16 No No 94 V-1
Z-07 5.24 2 5.5 7.5 No No 94 V-0
Z-10 6.70 0.5 3.5 4 No No 94 V-0

TM-03 2.31 0.3 3.3 3.6 No No 94 V-0
TM-05 4.18 0.7 2.3 3 No No 94 V-0
TM-07 6.34 1 2 3 No No 94 V-0
TM-10 8.33 0.5 2 2.5 No No 94 V-0

Z, BPZ-PDMS; TM, TPA-PDMS.

Table IV The UL-94 Test Result of BPZ-PDMS/Lexan Blend and TPA-PDMS/Lexan Blend

Sample
Name

Lexan
Content t1 t2

t1 1
t2

Flaming
Drops

Cotton
Ignited

UL-94
Standard

Z10-5 47.5 2.3 5.0 7.3 No No 94 V-0
Z10-5 67.9 5.0 8.7 13.7 No No 94 V-1
Z10-1 89.1 3.0 13.5 16.5 No No 94 V-1
Z7-5 27.1 4.0 6.0 10.0 No No 94 V-0
Z7-3 55.4 2.3 6.3 8.6 No No 94 V-0
Z5-3 38.8 2.0 8.5 10.5 No No 94 V-1
Z5-1 79.2 2.3 10.0 12.3 No No 94 V-1
Z3-1 66.0 1.5 7.75 9.25 No No 94 V-0

TM10-5 47.5 1.25 6.0 7.25 No No 94 V-0
TM10-3 67.9 4.3 6.0 10.3 No No 94 V-1
TM10-1 89.1 4.0 8.3 12.3 No No 94 V-1
TM7-5 27.1 1.0 2.3 3.3 No No 94 V-0
TM7-3 55.4 2.5 6.5 9.0 No No 94 V-0
TM5-3 38.8 1.0 7.0 8.0 No No 94 V-0
TM5-1 79.2 5.0 11.5 16.5 No No 94 V-1
TM3-1 66.0 2.3 9.0 11.3 No No 94 V-1

Z10-5: BPZ, 10 wt % PDMS in BPZ-PDMS, 5 wt % PDMS in blend, etc.; TM10-5: TPA, 10 wt % PDMS in TPA-PDMS, 5 wt %
PDMS in blend, etc.
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V-1 and V-0, depending on the Lexan content. In
the BPZ-PDMS/Lexan blend system, even with
neat PC content reaching 89.1%, the grade of
flame resistance of the copolymer still maintained
a V-1 rating. If neat PC content is lower than
60%, then, the grade of flame resistance of copoly-
mer elevates from UL 94 V-1 to V-0. Conse-
quently, BPZ-PDMS and TPA-PDMS copolymers
blended with Lexan can be used to improve the
thermal stability and flame resistance of blends.

Mechanical Properties of PDMS-PC Copolymers

The physical properties of PDMS-PC copolymers
largely depend on the PC/PDMS ratio. Neat PCs
show low elongation but high tensile strength.
Incorporating PDMS units increases their elonga-
tion, but reduces their tensile strength. Figures 6
and 7 illustrate the tensile strength and tensile
elongation for various PT-PDMS oligomer con-
tents of BPZ-PDMS and TPA-PDMS copolymers.
The PDMS provides BPZ-PDMS and TPA-PDMS
copolymers with flexible chain segments. Accord-
ing to Figures 6 and 7, the elongation is raised by
increasing the PT-PDMS oligomer content in the
BPZ-PDMS copolymer. But the elongation is
slightly decreased by increasing the PT-PDMS
oligomer content in the TPA-PDMS copolymer.
Although the tensile strength slightly decreases
with increasing PT-PDMS oligomer content, the
tensile strength is still better than Lexan, the
neat PC. Figures 8 and 9 illustrate the tensile
strength for various contents of BPZ-PDMS and
TPA-PDMS copolymers blended with neat PC.
The BPZ and TPA monomers provide the BPZ/
Lexan and TPA/Lexan blends with rigid chain

segments, respectively. Moreover,the tensile
strength increases with increasing BPZ and TPA
monomer content. Our results further indicate
that the tensile strengths of BPZ-PDMS and TPA-
PDMS copolymers blended with neat PC are still
better than the neat PC, even when adding to 50
; 90% content of Lexan.

Figure 10 shows the effect of PDMS content on
the notched Izod impact ratio of BPZ-PDMS and
TPA-PDMS copolymers to neat PC. Figure 10 in-
dicates that the impact strengths of BPZ-PDMS
and TPA-PDMS were lower than neat PC when
the PT-PDMS oligomer was introduced into the
PT-PDMS-PC copolymers. This behavior can be
attributed to the fact that BPZ-PDMS and TPA-
PDMS copolymers must generally be regarded as

Figure 6 Effect of PDMS content on the tensile
strength and tensile elongation of BPZ-PDMS copoly-
mer (dashed line is Lexan-PC).

Figure 7 Effect of PDMS content on the tensile
strength and tensile elongation of TPA-PDMS copoly-
mer (dashed line is Lexan-PC).

Figure 8 Effect of Lexan content on the tensile
strength of BPZ-PDMS/Lexan blend (dashed line is
Lexan-PC).
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brittle materials. Hence, in this study, the
notched Izod impact strength of copolymers re-
tained 60 ; 80% of the strength of Lexan, the
neat PC. Figure 11 shows the effect of Lexan
content on the notched Izod impact ratio of BPZ-
PDMS/Lexan blend to neat PC. Figure 12 shows
the effect of Lexan content on the notched Izod
impact ratio of TPA-PDMS/Lexan blend to neat
PC. According to our results, the impact strengths
of the blends were significantly greater than
those of the BPZ-PDMS and TPA-PDMS copoly-
mers. Furthermore, when PT-PDMS oligomer
content remains constant, the notched Izod im-
pact strength of blends increased with increasing
Lexan content. This effect on impact strength ap-
pears to be attributed to the inherent toughness
of the neat PC.

CONCLUSIONS

This work describes synthesis of PDMS-PC block
copolymers by interfacial phosgenation using var-
ious aromatic dihydroxy monomers (BPZ, TPA)
and a, v-phenol-organofunctional PDMS oli-
gomer as raw materials. Based on the results
presented herein, we can conclude the following:

1. The 1H-NMR spectra indicate that the con-
version of the BPZ-PDMS copolymer ranges
from 65 ; 75% and the TPA-PDMS copoly-
mer ranges from 75 ; 90%. This finding con-
firms the feasibility of using this synthetic
method to prepare the desired products.

2. Tgs of BPZ-PDMS and TPA-PDMS copoly-
mers decrease with an increase of PT-

Figure 9 Effect of Lexan content on the tensile
strength of TPA-PDMS/Lexan blend (dashed line is
Lexan-PC).

Figure 10 Effect of PDMS content on the notched
Izod impact ratio of BPZ-PDMS (1) and TPA-PDMS (2)
copolymers to neat PC.

Figure 11 Effect of Lexan content on the notched
Izod impact ratio of BPZ-PDMS/Lexan blend (dashed
line is Lexan-PC).

Figure 12 Effect of Lexan content on the notched
Izod impact ratio of TPZ-PDMS/Lexan blend (dashed
line is Lexan-PC).
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PDMS oligomer content. This occurrence is
because the PT-PDMS oligomer can pro-
vide the BPZ-PDMS and TPA-PDMS copol-
ymers with flexibility of the Si-O linkage.

3. When PT-PDMS segment content is more
than 5.24%, the grade of flame resistance
of BPZ-PDMS and TPA-PDMS copolymers
will elevate from UL 94 V-1 to V-0. The
flaming time is shortened with an increase
of PDMS content.

4. The mechanical properties of BPZ-PDMS
and TPA-PDMS copolymers blended with
neat PC slightly decreased with an in-
crease of copolymer content. According to
our results, the mechanical properties are
a linear function of the content of BPZ (or
TPA) monomer per unit chain length.

The authors thank the National Science Council of
the Republic of China for financially supporting this

research under contract number NSC-CS 86-0210-D-
007-002.
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