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Abstract: Carboxyl-functionalized multiwalled carbon nanotube (c-MWCNT) was used to enhance the properties of

poly(butylene terephthalate)/polycarbonate (PBT/PC) blends by melt blending. The c-MWCNT inhibited transester-

ification reactions between PBT and PC. SEM result showed that most of the c-MWCNT dispersed in the PBT matrix

and partial c-MWCNT lied between the interface of PBT and PC phases. c-MWCNT promoted the crystallization of PBT

due to the decreased transesterification and the heterogeneous nucleating effect, which led to a 20 oC increase of the crys-

tallization temperature. DMA test indicated that the miscibility between PBT and PC decreased with the c-MWCNT load-

ing since the inhibited transesterification. When the c-MWCNT content was 4 wt%, the yield strength of 65.9 MPa and

tensile modulus of 2116 MPa were achieved, which corresponded to 23.9 and 19.5% increase relative to the pure PBT/

PC blend. The conductivity and dielectric properties of PBT/PC were largely enhanced by the c-MWCNT. The σdc values

of PBT/PC improved greatly by several orders of magnitude from 10-18 to 10-7 when the c-MWCNT content was 2 wt%.

The dielectric constant at 100 Hz for the nanocomposites increased from 2.8 to 146 when the c-MWCNT loading varied

from 0.1 to 4 wt%, which improved more than 50 times.
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Introduction

Polymer blending has become an important method to pre-

pare novel materials with much better processability, chemical

resistance, toughness and stiffness, electrical properties, and so

forth.1-7 For the polymer blends, aromatic polyester blends rep-

resent a major kind and have been investigated widely.

poly(butylene terephthalate) (PBT) and polycarbonate (PC)

blends belong to one important polyester pair, which combine

the good balance of chemical and impact resistance, excellent

flow characteristics and dimensional stability. PBT/PC blends

have been used in automotive industry, outdoor power, appli-

ance housings and so on.8-14

 For the PBT/PC blends, most researches have been focused

on the transesterification reactions, thermal properties, mis-

cibility, phase morphology and impact modification.15-19

Recently, nanocomposites based on PBT/PC blends attracted

much attention. For example, Depolo and Baird investigated

the effect of particle size of talc on dimensional stability and

mechanical properties of PBT/PC blends. They found that

using nanotalc instead of micro-size talc reduced the level of

talc reinforcement from 6 to 1 wt% without sacrificing the

coefficient of linear thermal expansion and shrinkage of injec-

tion-molded plaques. Furthermore, 14 and 120% improvement

in the flexural strength and tensile toughness were achieved.

Nanoclay has also been used to modify the PBT/PC blends.

Compared to nano talc, nanoclay particles show much higher

aspect ratio and lower density. It was found that by using only
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1 wt% nanocaly as opposed to nano-talc, the flexural strength

and tensile toughness of the nanocomposites increased by 12

and 27%, respectively, and maintained a flexural modulus of

2.5 GPa.20

Among the nanofillers, carbon nanotube has been widely

used to enhance the properties of polymers due to its unique

and extraordinary thermal, mechanical and electrical proper-

ties.21,22 The blends of carbon nanotube with PBT or PC have

been prepared and investigated by some researchers.23-25 As for

the PBT nanocomposites, carbon nanotube improved the crys-

tallization rate and degree. At the same time, the PBT blends

showed much higher stiffness, thermal stability and conduc-

tivity. Similar with the PBT nanocomposites, carbon nanotube

modified PC blends also showed improved modulus and

strength, enhanced chemical resistance and thermal properties.

Not only the carbon nanotube properties but also the prepa-

ration method can affect the electrical properties of PC. The

PC/c-MWCNT nanocomposites with different percolation

threshold (Pc) have been reported by some researchers.

Though PBT/PC blends have been studied for many years and

used widely in many engineering applications, few reports on

the carbon nanotube modified PBT/PC blends could been

found from the literatures. S. Maiti et al. used PBT to decrease

the percolation threshold of PC/multiwalled carbon nanotubes.

It was found that only 0.35 wt% multiwalled carbon nanotubes

were enough to improve the conductivity of the nanocom-

posites.26 Yu et al. used carbon nanotube to improve the con-

ductivity of PBT/PC blends. They found that the carbon

nanotube distributed in the PBT phase and the conductive

materials were obtained with 1 wt% carbon nanotube addi-

tion.27 Elastomer particles and carbon nanotubes were utilized

by Wang et al. to improve the toughness of PBT/PC blends.

They pointed out that the elastomer particles (SEBS-g-MA)

enhanced the impact strength of PBT/PC blend. Furthermore,

the introduction of carbon nanotube improved the toughening

efficiency of SEBS-g-MA for PBT/PC blends.28 Different with

these researches, carboxyl-functionalized multiwalled carbon

nanotube (c-MWCNT) was used to improve the properties of

PBT/PC blends. The carboxyl groups on the carbon nanotube

increase the polarity which should be beneficial to enhance the

miscibility between carbon nanotube and the polyester matrix.

Furthermore, the inhibition of transesterification in PBT/PC

blends due to the c-MWCNT was firstly reported and the

dielectric properties were studied in detail, which have not

been reported in the above papers. In the present paper, the

effect of carboxyl-functionalized multiwalled carbon nanotube

on the mechanical properties, morphology, crystallization, con-

ductive and dielectric properties of PBT/PC blends was inves-

tigated in detail.

Experimental

Materials. The PBT was purchased from the Engineering

Plastics Plant of Yihua Group Corp., China. The PC used was

a commercial product of Bayer Plastics designated as Mak-

rolon 2805. c-MWCNT was purchased from Chengdu Institute

of Organic Chemistry, Chinese Academy of Science (Chengdu,

P.R. China). The outer and inner diameters of c-MWCNT are

10~20 and 5~10 nm, respectively. The length of a single c-

MWCNT is about 10~30 μm and the -COOH content is 2 wt%.

Preparation of the Nanocomposites. The PBT/PC/c-

MWCNT nanocomposites were prepared by melt blending

method. The PC, PBT and c-MWCNT were dried in a vacuum

oven at 80 oC for 24 h before processing to remove the mois-

ture. The blending was carried out in a Thermo Haake internal

mixer. The temperature was set at 240 oC with a rotation speed

of 55 rpm and the mixing time was 5 min. The composition of

PBT/PC/c-MWCNT nanocomposites was listed in Table 1.

After blending, the samples with different compositions were

obtained by hot press molding for 3 min at 240 oC and cold

press molding for 3min at room temperature.

Morphological Properties. SEM micrographs were obtained

with a JSM6510 scanning electron microscope (JEOL, Japan)

with an operation voltage of 10 kV. Before testing, the samples

were frozen in liquid nitrogen for 3 h and then fractured. The

fracture surface of the samples was coated with a gold layer for

SEM observation.

Differential Scanning Calorimetry (DSC). Perkin-Elmer

DSC-7 was used to study the melting and crystallization

behavior of PBT/PC/c-MWCNT nanocomposites. The sam-

Table 1. The Composition of PBT/PC/c-MWCNT Nano-

composites 

(unit: wt%)

Designation PBT content PC content c-MWCNT content

PBT/PC 50 50 0

Blend-CNT0.1 49.95 49.95 0.1

Blend-CNT0.5 49.75 49.75 0.5

Blend-CNT1 49.5 49.5 1

Blend-CNT2 49 49 2

Blend-CNT3 48.5 48.5 3

Blend-CNT4 48 48 4
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ples were heated from 30 to 240 oC at 10 oC/min and held for

3 min at 240 oC, then cooled from 240 to 30 oC at 10 oC/min.

The tests were under a nitrogen atmosphere.

Dynamic Mechanical Analysis (DMA). The blends were

compression molded at a melting temperature of 240 oC to

obtain plates that were suitable for the DMA test. These plates

were sized 30 × 4 × 1 mm3. The sample was tested on a Perkin

Elmer dynamic mechanical analyzer. The sample was heated

from 30 to 260 oC at a heating rate of 3 oC/min and a frequency

of 1 Hz.

Mechanical Properties. The uniaxial tensile tests were car-

ried out at 23 ± 2 oC on an Instron 3365 tensile tester at a cross-

head speed of 50 mm/min according to the ASTM D638 stan-

dard. The notched Izod impact strength of the blends was mea-

sured by an XJU-22 Izod impact tester at 23 ± 2 oC according

to the ASTM D256 standard. For both mechanical tests, at

least five samples were dried overnight prior to testing until the

measurement was performed.

Electrical Conductivity and Dielectric Properties. Direct-

current electrical conductivity (σdc) measurements were done

on molded specimen (diameter: 80 mm, thickness: 1 mm). The

electrical conductivity of the conducting nanocomposites was

measured with the digital type high resistance calibrator.

Alternating-current electrical conductivity (σac) and dielec-

tric properties of the nanocomposites were obtained with a

computer-controlled precision impedance analyzer (Agilent

E4980A, 16451B). The frequency ranged from 20 to 106 Hz.

The dielectric constant (ε') and dielectric loss tangent (tanδ)

were obtained as a function of frequency. The σac was cal-

culated from the dielectric data with the following equation26:

σac = ωε0ε'tanδ

where ω is the angular frequency which is equal to 2πf (where

f is the frequency), ε0 is the vacuum constant, ε' is the dielectric

constant and tanδ is the dielectric loss tangent.

Results and Discussion

Transesterification Analysis. The transesterification reac-

tions between PBT and PC have been investigated widely. The

previous researches in our group have proved that transes-

terification reactions took place in the present processing con-

dition for the PBT/PC blends.11-14 In this part, the influence of

c-MWCNT on the transesterification reactions was analyzed

by FTIR test. Figure 1(a) shows the FTIR results of pure PBT

and PC. The C=O stretching bands of the carbonyl group in

neat PC and PBT were 1775 and 1710 cm-1, respectively. Fig-

ure 1(b) shows the FTIR results of extracted insoluble PBT/PC

samples with different c-MWCNT content. The absorption

peak at 1775 cm-1 for the PC phase can be found in the FTIR

spectra for the insoluble portion of the extracted PBT/PC

blends. It is believed that this peak is associated with the C=O

stretching of the PC segments in the PBT-b-PC copolymer in

the insoluble portion. FTIR results testify the occurrence of

transesterification reactions between PBT and PC. On the

other hand, the addition of c-MWCNT decreases the C=O

peak intensity of PC phase compared with the extracted PBT/

PC FTIR result. FTIR result shows that c-MWCNT can inhibit

the transesterification, but the transesterification can’t be fully

suppressed with the addition of c-MWCNT.

Morphology. The dispersed morphology of nanofiller in the

polymers is very important for the properties of the nano-

composites. In most blends, the uniform dispersion of the

nanofiller is beneficial to the properties improvement. Figure 2

Figure 1. FTIR of PBT, PC (a); the extracted PBT/PC blends (b).
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shows that partial c-MWCNTs disperse in the PBT/PC matrix

uniformly and local agglomeration also can be found in some

domains.

Figure 3 shows the etched SEM phase morphology and

TEM of PBT/PC and Blend-CNT2 blends. The PC phase was

etched by methylene dichloride. In Figure 3(a), the PBT forms

the continuous phase and the PC disperses in the PBT matrix.

Phase separation takes place obviously for PBT and PC, which

indicates that PBT and PC are immiscible in this research.

When c-MWCNTs are added into the PBT/PC blends, phase

separation also occurs according to the etched morphology of

PC phase (Figure 3(b)). On the other hand, most of the c-

MWCNTs disperse in the PBT phase from the Figures 2 and

3. Furthermore, partial c-MWCNTs lie between the interface

of PBT and PC phases according to Figures 2 and 3(c) (see the

red circles in Figure 3(c)). The SEM and TEM morphology

proves that c-MWCNT shows much higher affinity with PBT

phase and similar result has been reported in other research.27

DSC Analysis. Figure 4 shows the crystallization behavior

of PBT and the PBT/PC/c-MWCNT nanocomposites. It can be

found that the crystallization temperature (Tc) of pure PBT is

about 199.8 oC. The Tc of PBT in the PBT/PC blend decreases

to 191.5 oC. The decease of Tc for PBT phase in the PBT/PC

blends is due to the transesterification reaction between PBT to

PC and similar results have been reported in many researches.29-31

In the PBT/PC/c-MWCNT blends, the Tc of PBT phase

increases obviously compared to the value in the PBT/PC

blend and even 0.1% c-MWCNT induces a 14 oC improve-

ment. When the c-MWCNT content is 4% (Tc=211.8 oC), the

Tc is enhanced more than 20 oC. Two reasons can be used to

explain the crystallization change of PBT in the nanocom-

posites. Firstly, the addition of c-MWCNT inhibits the trans-

esterification reaction between PBT and PC which decreases

the constraint of PC on the PBT crystallization process. Sec-

ondly, the c-MWCNT plays the role of heterogeneous nucle-

ating agent which promotes the crystallization of PBT. The

increase of Tc indicates that the c-MWCNT enhances the crys-

tallization rate of PBT in the PBT/PC/c-MWCNT nanocom-

posites.

Figure 5 shows the melting behavior of PBT and the PBT/

PC/c-MWCNT nanocomposites. It can be found that pure PBT

shows one main melting peak (Tm=230.8 oC) and a small melt-

ing peak (Tm=220.3 oC). The small melting peak attributes to

the partial melting of the less perfect crystals and the main

melting peak attributes to the melting of the original and

recrystallized crystals.31-33 In the PBT/PC/c-MWCNT blends,

the small melting peak disappears and only the main melting

peak exists. Compared to the main melting temperature (Tm) of

Figure 2. Dispersed morphology of c-MWCNT in the PBT/PC blends. (a) Blend-CNT1; (b) Blend-CNT2; (c) Blend-CNT3; (d) Blend-CNT4.
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pure PBT, the Tm of PBT phase moves to lower temperature in

the nanocomposites. The change of c-MWCNT content in the

PBT/PC blends has no obvious influence on the melting

behavior.

DMA Analysis. The pure PBT amorphous phase and PC

show the Tg peaks at 53 and 152 oC, respectively (Figure 6(a)).

As for the PBT/PC blends in Figure 6(b), the Tg of the PBT

phase moves to higher temperature (65 oC) and the Tg of the

PC phase shifts to lower temperature (119 oC) compared with

pure PBT and PC which indicates the partial miscibility

between PBT and PC due to the transesterification reaction.

However, the addition of c-MWCNT changes the Tg of PBT

and PC phases obviously in the nanocomposites. With the

increase of c-MWCNT content in the blends, the Tg of the PBT

phase shifts to lower temperature and the Tg of the PC phase

shifts to higher temperature. Two reasons can be used to

explain the Tg change of PBT and PC in the nanocomposites.

Firstly, the addition of c-MWCNT inhibits the transesterifi-

cation reaction between PBT and PC which decreases the mis-

cibility between PBT and PC and induces the Tg move to the

original Tg of the pure polyesters. Secondly, the high aspect

ratio of c-MWCNT in the matrix leads to strong interfacial

interaction between c-MWCNT and the polyesters. The nano-

metric dimension of the c-MWCNT in the blends contributes

to the process of tether chain entanglement which decreases

polymer chain relaxation and induces higher Tg of the polymers.

Figure 5. Melting behavior of PBT and the PBT/PC/c-MWCNT

nanocomposites.

Figure 3. Influence of c-MWCNT on the phase morphology of PBT and PC: (a) PBT/PC (SEM); (b) Blend-CNT2 (SEM); (c) Blend-CNT2

(TEM).

Figure 4. Crystallization behavior of PBT and the PBT/PC/c-

MWCNT nanocomposites.
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Mechanical Properties. Table 2 shows the mechanical

properties of PBT/PC blends with varied PBT and PC com-

positions. It can be found that PBT displays lower yield

strength and tensile modulus than PC. The yield strength and

tensile modulus increase with the improvement of PC content

in the PBT/PC blends. Since the PBT/PC blend with the 50/50

composition shows good mechanical properties and which

combines the essential properties of pure PBT and PC phases,

the PBT/PC with 50/50 composition is selected as the basic

ratio for the PBT/PC/c-MWCNT blends.

The influence of c-MWCNT on the mechanical properties of

PBT/PC blends was investigated. The yield strength and ten-

sile modulus of PBT/PC blend are 53.2 and 1770 MPa, respec-

tively. In Figure 7, it can be found that the yield strength and

tensile modulus increase obviously with the c-MWCNT con-

tent. When the c-MWCNT content is 4 wt%, the yield strength

of 65.9 MPa and tensile modulus of 2116 MPa are achieved,

which correspond to 23.9 and 19.5% increase relative to the

pure PBT/PC blend. The improvement for the mechanical

properties of PBT/PC blends is due to the reinforcing effect of

c-MWCNT and the improved crystallization properties of

PBT. The addition of c-MWCNT is beneficial to the mechan-

Figure 6. Tan δ and temperature relationship curves of PBT/PC/c-MWCNT.

Figure 7. Influence of c-MWCNT on the mechanical properties of PBT/PC blends.

Table 2. Mechanical Properties of PBT/PC Blends with Varied PBT and PC Compositions (unit: MPa)

PBT/PC (wt/wt) 100/0 90/10 70/30 50/50 30/70 10/90 0/100

Yield strength 51.3±1.1 51.9±0.7 52.6±1.0 53.2±1.2 54.3±0.8 55.8±1.3 57.2±0.9

Tensile modulus 1530±250 1586±170 1675±31.. 1770±130 1832±240 1893±320 1920±290
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ical properties of PBT/PC blends.

Conductivity. In Figure 8, the σdc value of PBT/PC/c-

MWCNT nanocomposite is 4.83×10-18 s/cm with 0.1 wt% c-

MWCNT addition, which is similar with the conductivity of

the insulating PBT/PC matrix. The conductivity of the nano-

composite increases with the c-MWCNT content. The σdc val-

ues of PBT/PC/c-MWCNT nanocomposites improves greatly

by several orders of magnitude from 10-18 to 10-7 when the

nanocomposite is prepared with 2 wt% loading of c-MWCNT.

This obvious jump in the conductivity definitely indicates the

formation of a continuous conductive interconnected network

path of c-MWCNT in the nanocomposites, which has been

well known as a percolation network. According to the sta-

tistical percolation theory, the value of percolation threshold

(pc) is obtained by fitting the variation of electrical conduc-

tivity (σ) with c-MWCNT concentration (p) using the scaling

law: σ=σ0 (p-pc)
t

Figure 8 shows the logσ versus log(p-pc) plot and the values

of the critical exponent t and critical c-MWCNT concentration

pc can be calculated. In the present research, the pc is 1.88 wt%

and t is 1.561. Figure 9 shows the variation of the AC electrical

conductivity with the frequency in the frequency region of

2×101-106 Hz for the PBT/PC/c-MWCNT nanocomposites

measured at room temperature. When the content of c-

MWCNT is below 2 wt%, the conductivity of the nano-

composites shows a linear relationship with the frequency,

which is the typical property for insulators. However, the con-

ductivity displays a sudden jump from 10-12 to 10-7 at 20 Hz

when the c-MWCNT content increases to 2 wt%. Furthermore,

at low frequency, the conductivity of the nanocomposite is

independent on the frequency and begins to increase at higher

frequency. With the increase of the c-MWCNT content, the

transition region moves to higher frequency. Similar phe-

nomena have been found in other percolative composites.34-36

Dielectric Properties. Figure 10 shows the plots of the

dielectric constant as the function of frequency for PBT/PC/c-

MWCNT nanocomposites with various weight ratios of c-

MWCNT. The dielectric constant of the nanocomposites with

small c-MWCNT content is low and which is frequency inde-

pendent. When the content of c-MWCNT is more than 2 wt%,

the dielectric constant rises significantly. The dielectric con-

stant at 100 Hz for the nanocomposites increases from 2.8 to

146 when the c-MWCNT loading varies from 0.1 to 4 wt%,

which improves more than 50 times. On the other hand, the

dielectric constant decreases with the increasing frequency at

high-frequency zone. According to the minicapacitor model,

Figure 9. Dependence of the frequency on the AC conductivity for

the PBT/PC/c-MWCNT nanocomposites.

Figure 10. Dependence of the dielectric constant on frequency for

PBT/PC/c-MWCNTs nanocomposites.

Figure 8. σdc versus c-MWCNT concentration for PBT/PC/c-

MWCNT nanocomposites.
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when the c-MWCNT content is lower than Pc, the c-MWCNTs

are separated by the polymer layers and form some mini-

capacitors, which improve the dielectric constant of the PBT/

PC/c-MWCNT nanocomposites. Furthermore, c-MWCNTs

connect together and form the conductive network when the

content of c-MWCNTs is beyond Pc. So the dielectric constant

of the PBT/PC/c-MWCNT nanocomposites increases signifi-

cantly when c-MWCNT content is higher than Pc.

Figure 11 shows the plots of dielectric loss vs. frequency for

the PBT/PC/c-MWCNT nanocomposites with the different

contents of c-MWCNT. Similar with other conductive filler/

polymer nanocomposites, when the loading of conductive fill-

ers are larger than Pc,
37,38 the dielectric loss of the PBT/PC/c-

MWCNTs nanocomposites mainly consists of the loss of elec-

tric conduction and the loss of interfacial polarization. As the

loss of electric conduction makes more contribution to dielec-

tric loss than that of interfacial polarization at relatively low

frequency, the dielectric loss of nanocomposites decreases with

increase in the frequency.

Conclusions

In this work, poly(butylene terephthalate)/polycarbonate

(PBT/PC) nanocomposites with carboxyl-functionalized mul-

tiwalled carbon nanotube (c-MWCNT) as modifier were pre-

pared by melt blending method. FTIR results testified the

inhibited transesterification between PBT and PC due to the c-

MWCNT loading. The carboxyl groups on the carbon nano-

tube increased the polarity which was beneficial to enhance the

miscibility between carbon nanotube and the polyester matrix.

c-MWCNT enhanced the crystallization temperature of PBT

due to the decreased transesterification and the heterogeneous

nucleating effect but had no obvious influence on the melting

behavior. The increase of c-MWCNT content led the Tg of the

PBT phase shift to lower temperature and the Tg of the PC

phase shift to higher temperature. The reasons lied in the inhib-

ited transesterification and strong interfacial interaction

between c-MWCNT and the polyesters. The addition of c-

MWCNT was beneficial to the mechanical properties of PBT/

PC blends. The yield strength and tensile modulus of the nano-

composites showed 23.9 and 19.5% increase relative to the

pure PBT/PC blend. c-MWCNT improved the conductivity of

PBT/PC blends and the percolation of c-MWCNT in the nano-

composites was 1.88 wt%. The dielectric constant was

enhanced obviously when the c-MWCNT content was larger

than Pc.
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