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Carbon nanotube has been explored as a nanofiller in high performance polymeric membrane for gas separation. In this regard,
nanocomposite membrane of polycarbonate (PC), poly(vinylidene fluoride-co-hexafluoropropylene) (PVFHFP), and multiwalled
carbon nanotube (MWCNT) was fabricated via phase inversion technique. Poly(ethylene glycol) (PEG) was employed for the
compatibilization of the blend system. Two series of PC/PVFHFP/PEG were developed using purified P-MWCNT and acid
functional A-MWCNT nanofiller. Scanning and transmission electron micrographs have shown fine nanotube dispersion and
wetting by matrix, compared with the purified system. Tensile strength and Young’s modulus of PC/PVFHFP/PEG/MWCNT-A
1–5 were found to be in the range of 63.6–72.5MPa and 110.6–122.1MPa, respectively. The nanocomposite revealed 51% increase in
Young’smodulus and 28% increase in tensile stress relative to the pristine blend.TheA-MWCNTwas also effective in enhancing the
permselectivity 𝛼CO

2
/N
2
(31.2–39.9) of nanocomposite membrane relative to the blend membrane (21.6). The permeability 𝑃CO2

of blend was 125.6 barrer; however, the functional series had enhanced 𝑃CO2 values ranging from 142.8 to 186.6 barrer. Moreover,
A-MWCNT loading improved the gas diffusivity of PC/PVFHFP/PEG/MWCNT-A 1–5; however, filler content did not significantly
influence the CO

2
and N

2
solubility.

1. Introduction

Among carbon nanostructured materials, carbon nanotube
(CNT) is one of the nanomaterials having remarkable phys-
ical and mechanical properties [1, 2]. Carbon nanotube
is a hexagonal network/sheet of carbon atoms, which are
rolled up into a hollow cylinder. Each end of a nanotube is
capped with half of a fullerene molecule. Carbon nanotube
is similar in chemical composition to graphite. Generally,
two main types of nanotube are considered, that is, single-
walled carbon nanotube (SWCNT) and multiwalled carbon
nanotube (MWCNT). In multiwalled nanotube, there is a
collection of several concentric graphene cylinders bound
together by weak forces to form a Russian doll-like structure.
In polymeric nanocomposite, carbon nanotube has been
used as a nanofiller to form ultralight structural materials
with enhanced thermal, mechanical, electrical, and opti-
cal characteristics [3–5]. Initially, nanotube production and

employment in polymeric materials were not cost-effective
due to expensive production procedures. However, advances
in CNT synthesis have rendered improved quantity and
quality of nanotube at low cost. With the mass production
of carbon nanotube, advanced polymer/CNT nanocomposite
with multifunctional features has gained attention in both
academia and industry [6, 7]. Several potential applications of
these nanocomposites have been developed such as structural
materials for gas separationmembrane [8–10]. Gas separation
polymeric membrane is a dynamic research area due to
increasing interest in carbon dioxide capture to alleviate
global warming [11]. The light weight, ease of processability,
and efficiency of polymeric membrane render it attractive for
carbon dioxide capture relative to conventional membranes.
Thesemembranes have the ability to selectively pass one com-
ponent in a gas mixture, despite rejecting others [12]. In this
regard, recently, polymeric nanocomposite membranes with
incorporated nanofiller have been explored. The polymeric
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nanocomposite membranes have shown enhanced gas selec-
tivity and high gas permeability comparedwith the neat poly-
meric membrane [13, 14]. Incidentally, an important class of
thermoplastic polymers is polycarbonate (PC) [15]. Polycar-
bonate is usually considered between the commodity plastics
and engineering plastics. The name polycarbonate suggests
that its chemical structure consists of carbonate group. It is an
easily workable, moldable, strong, and tough thermoformed
material. PC also possesses fine impact and shock resistance,
optical properties, and thermal resistance [16, 17]. The glass
transition temperature of polycarbonate is recorded as ∼
150∘C. Accordingly, polycarbonate and multiwalled carbon
nanotube form an important class of nanocomposites [18–
20]. The superlative mechanical and other physical prop-
erties of SWCNT and MWCNT have made them an ideal
filler material for polycarbonate reinforcement. In PC/CNT
nanocomposite, enhancement in Young’s modulus, strength,
and toughness has been considered [6, 21, 22]. In this attempt,
multiwalled carbon nanotube- (MWCNT-) based nanocom-
posite membranes have been developed for CO

2
/N
2
sepa-

ration. A blend of polycarbonate (PC) and poly(vinylidene
fluoride-co-hexafluoropropylene) (PVFHFP) was designed
in this regard. Poly(ethylene glycol) (PEG) was used as
compatibilizer in the blend system. The MWCNT reinforced
PC/PVFHFP/PEG membranes possess fine CO

2
/N
2
gas sep-

aration performance and mechanical properties relative to
neat blend membrane.

2. Experimental

2.1. Materials. Polycarbonate (PC,𝑀
𝑤
∼ 50, 000), poly(vin-

ylidene fluoride-co-hexafluoropropylene) (PVFHFP, 𝑀
𝑤
∼

400, 000, average𝑀
𝑛
∼ 130, 000), poly(ethylene glycol) (PEG,

average 𝑀
𝑛
∼ 400), multiwalled carbon nanotube (>98%

carbon basis, OD × L6–13 nm × 2.5–20𝜇m), and dimethyl-
formamide (DMF, 99%) were obtained from Aldrich.

2.2. Measurement. Fourier transform infrared (FTIR) spec-
tra were recorded in the range of 400–4000 cm−1 using
a PerkinElmer FTIR spectrometer. Field emission scan-
ning electron microscopy (FE-SEM) was performed using
JSM5910, JEOL, Japan, to examine freeze-fractured samples.
Tensile tests of all the samples were performed using Shen-
zhen Sans Universal Testing Machine (UTM), at ambient
conditions with cross head speed of 2mm/min and 0.5 kN
load. Gas permeation tests were performed at 27∘C and
upstreampressure of 10 psi [23].The value of gas permeability
(𝑃) was measured from

𝑃 =
𝑉𝐿

𝐴𝑅𝑇Δ𝑃

𝑑𝑃

𝑑𝑡
, (1)

where𝑉 is the downstreamvolume,𝐿 ismembrane thickness,
𝐴 is membrane area, 𝑅 is the universal gas constant, 𝑇 is
absolute temperature, Δ𝑃 = 𝑝

2
− 𝑝
1
is transmembrane

pressure difference, 𝑝
2
and 𝑝

1
are upstream and downstream

pressures, and 𝑑𝑝/𝑑𝑡 is the steady rate at which pressure
increases on the downstream side.

The permselectivity (𝛼) was calculated using

𝛼 =
𝑃
𝐴

𝑃
𝐵

, (2)

where 𝑃
𝐴
and 𝑃

𝐵
are permeabilities of two gases.

The diffusivity (𝐷) was estimated from

𝐷 =
𝐿2

𝜃
, (3)

where 𝜃 is the time lag when a steady 𝑑𝑝/𝑑𝑡 rate is obtained
on the downstream side and 𝐿 is the membrane thickness.

The solubility (𝑆) was determined from

𝑆 =
𝑃

𝐷
, (4)

where𝐷 is diffusivity and 𝑃 is permeability.

2.3. Purification and Functionalization of Multiwalled Carbon
Nanotube (P-MWCNT and A-MWCNT). 1 g multiwalled
carbon nanotube was refluxed in 300mL HCl for 3 h (70∘C).
Then, the mixture was cooled to room temperature and
poured in 300mL of deionized water. The mixture was
filtered and washed with deionized water until pH ∼ 6.5.
The purified nanofiller was dried at 80∘C for 6 h [24]. The
purified MWCNT were refluxed and sonicated at 70∘C (6 h)
in a mixture of 8M sulfuric and 5M nitric acid (3 : 1, resp.).
Later, 300mL of deionized water was added to the above
mixture. The mixture was filtered using cellular membrane
filter paper and washed several times with deionized water to
obtain pH ∼ 6.5 [25].

2.4. Polycarbonate/poly(vinylidene fluoride-co-hexafluoropro-
pylene)/poly(ethylene glycol) (PC/PVFHFP/PEG) Membrane
Formation via Phase Inversion. 0.5 g PCwas dissolved in 1mL
DMF via 3 h sonication. Dispersion of 0.3 g PVFHFPwas also
prepared in 0.5mLDMFwith sonication of 2 h.The PVFHFP
solution was then added to the PC solution.The mixture was
refluxed for 1 h at 80∘C. To the reaction flask, 0.1 g of PEG
was added as compatibilizer. The mixture was again refluxed
for 2 h at 80∘C. The solution was cast on a glass plate using a
knife.The glass plate was then immersed in aqueous solution
for 0.5 h. The resulting membranes were dried at 80∘C for 2 h
[26].

2.5. Polycarbonate/poly(vinylidene fluoride-co-hexafluoropro-
pylene)/poly(ethylene glycol) and Multiwalled Carbon Nan-
otube (PC/PVFHFP/PEG/MWCNT) Membrane Formation.
The phase inversion route was also used for the formation
of composite membranes. 0.5 g PC and 0.3 g PVFHFP were
dissolved in DMF. 0.1 g of PEG was also added as a compat-
ibilizer to the reaction mixture. The desired contents (1, 3, 5,
and 7wt.%) of nanofiller (P-MWCNT and A-MWCNT) were
added and the mixture was refluxed for 3 h at 80∘C (Figure 1).
The composition of the prepared membrane samples is given
in Table 1.
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Figure 1: Formation of nanocomposite membrane.

3. Results and Discussion

3.1. Structural Analysis. FTIR spectra of purified and func-
tional multiwalled carbon nanotube are given in Figure 2.
Acid functionalization of nanotube was confirmed by the
appearance of a broad peak for carboxylic acid group at
3392 cm−1 and carbonyl at 1609 cm−1. A broad and intense
peak for C–Oalso appeared at 1021 cm−1 depicting the surface
modification of nanotube. FTIR spectra of PC/PVFHFP/PEG
and PC/PVFHFP/PEG/A-MWCNT 1 are given in Figure 3.
In the blend spectrum, characteristic peaks of aliphatic and
aromatic C–H stretching vibration appeared at 2913 and

3009 cm−1 (Figure 3(a)). The C–O stretching vibration was
found at 1244 cm−1, while the carbonate C=O was located
at 1670 cm−1 due to polycarbonate backbone. The hydroxyl
group due to PEG compatibilizer appeared at 3371 cm−1. The
peak at 1533 cm−1 was due to C=C stretching vibration of
the aromatic rings in matrix backbone. The C–F stretch-
ing vibration was identified as strong band at 1090 cm−1.
Moreover, the hydroxyl stretching vibration was observed
at 3360 cm−1 in the case of PC/PVFHFP/PEG/A-MWCNT
1 nanocomposite membrane (Figure 3(b)). The lowering
and broadening of O–H stretching vibration were due to
the development of intense hydrogen bonding interaction
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Table 1: Sample codes and composition used.

Sample Composition PC PVFHFP PEG MWCNT

PC/PVFHFP/PEG blend
Polycarbonate/poly(vinylidene fluoride-
co-hexafluoropropylene)/poly(ethylene
glycol)

0.5 0.3 0.1 0

PC/PVFHFP/PEG/P-MWCNT 1

Polycarbonate/poly(vinylidene fluoride-
co-hexafluoropropylene)/poly(ethylene
glycol)/purified multiwalled carbon
nanotube 1

0.5 0.3 0.1 1

PC/PVFHFP/PEG/P-MWCNT 3

Polycarbonate/poly(vinylidene fluoride-
co-hexafluoropropylene)/poly(ethylene
glycol)/purified multiwalled carbon
nanotube 3

0.5 0.3 0.1 3

PC/PVFHFP/PEG/P-MWCNT 5

Polycarbonate/poly(vinylidene fluoride-
co-hexafluoropropylene)/poly(ethylene
glycol)/purified multiwalled carbon
nanotube 5

0.5 0.3 0.1 5

PC/PVFHFP/PEG/P-MWCNT 7

Polycarbonate/poly(vinylidene fluoride-
co-hexafluoropropylene)/poly(ethylene
glycol)/purified multiwalled carbon
nanotube 5

0.5 0.3 0.1 7

PC/PVFHFP/PEG/A-MWCNT 1

Polycarbonate/poly(vinylidene fluoride-
co-hexafluoropropylene)/poly(ethylene
glycol)/acid functional multiwalled
carbon nanotube 1

0.5 0.3 0.1 1

PC/PVFHFP/PEG/A-MWCNT 3

Polycarbonate/poly(vinylidene fluoride-
co-hexafluoropropylene)/poly(ethylene
glycol)/acid functional multiwalled
carbon nanotube 3

0.5 0.3 0.1 3

PC/PVFHFP/PEG/A-MWCNT 5

Polycarbonate/poly(vinylidene fluoride-
co-hexafluoropropylene)/poly(ethylene
glycol)/acid functional multiwalled
carbon nanotube 5

0.5 0.3 0.1 5

PC/PVFHFP/PEG/A-MWCNT 7

Polycarbonate/poly(vinylidene fluoride-
co-hexafluoropropylene)/poly(ethylene
glycol)/acid functional multiwalled
carbon nanotube 5

0.5 0.3 0.1 7
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Figure 2: FTIR spectra of carbon nanotube.

between acid functional nanofiller and the blend structure.
Similarly, the C=O stretching vibration was lowered to
1660 cm−1 owing to hydrogen bonding in matrix-nanofiller
configuration. The peak at 1230 cm−1 indicated C–O stretch-
ing vibration. The shift of characteristic absorbance peaks of
C=O carbonyl and C–O to lower wavenumber in nanocom-
posite membrane qualitatively indicated interaction between
nanotube structure and the blend matrix. The aliphatic
and aromatic C–H stretching vibrations appeared at 2890
and 3003 cm−1, respectively. The peak at 1074 cm−1 was the
characteristic of C–F functional group [27]. Here again, the
lowering in frequency indicates the formation of hydrogen
bonding with the electronegative fluorine functionality.

3.2. Mechanical Property Study. Table 2 reveals the tensile
stress at break, Young’s modulus, and elongation at break
of PC/PVFHFP/PEG blend, PC/PVFHFP/PEG/P-MWCNT,
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Table 2: Tensile strength, strain, and Young’s modulus of PC/PVFHFP/PEG/MWCNT-based membrane.

Sample Tensile stress at
break (MPa)

Elongation at
break (%)

Young’s
modulus (MPa)

PC/PVFHFP/PEG blend 51.9 (1.1)∗ 34.3 (1.1) 60.2 (1.2)
PC/PVFHFP/PEG/P-MWCNT 1 54.3 (1.2) 33.6 (1.1) 70.2 (1.1)
PC/PVFHFP/PEG/P-MWCNT 3 56.6 (1.1) 30.5 (1.2) 75.3 (1.2)
PC/PVFHFP/PEG/P-MWCNT 5 62.1 (1.3) 29.7 (1.1) 101.2 (1.3)
PC/PVFHFP/PEG/P-MWCNT 7 45.3 (1.1) 28.9 (1.2) 68.1 (1.1)
PC/PVFHFP/PEG/A-MWCNT 1 63.6 (1.2) 27.2 (1.1) 110.6 (1.1)
PC/PVFHFP/PEG/A-MWCNT 3 65.7 (1.1) 24.4 (1.1) 116.6 (1.2)
PC/PVFHFP/PEG/A-MWCNT 5 72.5 (1.2) 22.3 (1.2) 122.1 (1.1)
PC/PVFHFP/PEG/A-MWCNT 7 54.8 (1.1) 20.8 (1.1) 112.3 (1.1)
∗The values in brackets show standard deviation.

(a)
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Figure 3: FTIR spectra of (a) PC/PVFHFP/PEG blend and (b)
PC/PVFHFP/PEG/A-MWCNT 1 nanocomposite membrane.

and PC/PVFHFP/PEG/A-MWCNT nanocomposite mem-
brane. In the nanocomposite membrane series, tensile
strength and Young’s modulus were found to increase
with nanofiller loading; however, the elongation at break
was found to decrease [28, 29]. Tensile strength for
neat PC/PVFHFP/PEG blend membrane was found to be
51.9MPa. The strength of PC/PVFHFP/PEG/P-MWCNT 1
membrane was observed as 54.3MPa. The property was
found to increase to 56.6MPa with 3wt.% nanofiller loading.
Inclusion of 5 wt.% purified nanotube further improved the
mechanical strength to 62.1MPa, which was the highest
value obtained for purified series. However, inclusion of
7 wt.% nanofiller decreased the tensile strength to 45.3MPa.
The effect of acid functional MWCNT addition was also
studied. The tensile stress of PC/PVFHFP/PEG/A-MWCNT
1 nanocomposite was 63.6MPa. The property was increased
for PC/PVFHFP/PEG/A-MWCNT 3 (65.7MPa). The inclu-
sion of 5 wt.% functional filler further enhanced the ten-
sile stress to 72.5MPa. In this way, the tensile stress of
PC/PVFHFP/PEG/A-MWCNT 5 was 28% higher than the
pristine blend, while it was 14% higher than the 5wt.%
purified nanofiller sample. Here again, the addition of

7 wt.% nanofiller decreased the tensile strength to 54.8MPa.
Addition of the reinforcement up to 5wt.% increased the
mechanical properties, also reported in the literature [30].
The positive effect on tensile strength was most likely
due to stiffness of nanotube layers in immobilized poly-
mer phase and also because of nanoscale dispersion of
nanofiller layer in the polymer matrix [31]. Consequently,
macromolecular and carbon nanotube layer orientation con-
tributed to the observed reinforcement effect. Nevertheless,
beyond 5wt.% nanofiller concentration, the tensile prop-
erties were found to decrease. At higher loading level,
nanofillers tend to bundle together owing to intrinsic van
der Waals attraction between individual nanotubes. More-
over, high aspect ratio and surface area of nanotube lead
to agglomeration of nanotube in polymer matrix. Young’s
modulus of PC/PVFHFP/PEG/P-MWCNT 1–5 sample was
increased in the range of 70.2–101.2MPa, relative to the blend
sample (60.2MPa). The addition of functional nanofiller
resulted in further improved Young’s modulus in the range
of 110.6–122.1MPa for PC/PVFHFP/PEG/A-MWCNT 1–5
series.The PC/PVFHFP/PEG/A-MWCNT 5 sample revealed
51% increase in Young’s modulus relative to the blend and
17% increase relative to 5wt.% loaded purified sample. The
stress-strain curves of neat blend and PC/PVFHFP/PEG/P-
MWCNT and PC/PVFHFP/PEG/A-MWCNT membrane
series are given in Figure 4. The tensile results showed
that the functional nanotube acted as strong reinforcing
agent for polycarbonate blend. Moreover, the mechanical
property trendmay be attributed to fine nanofiller orientation
and interaction with the blend matrix, which significantly
augmented the properties of resulting nanocomposite mem-
branes. Another observation was the decreasing elonga-
tion at break of PC/PVFHFP/PEG/P-MWCNT 1–5 (33.6–
29.7%) and PC/PVFHFP/PEG/A-MWCNT 1–5 series (27.2–
22.3). However, the pristine PC/PVFHFP/PEG blend had
higher elongation at break value of 34.3%. Consequently, the
mechanical profile revealed essentially improved membrane
performance and application in technical fields.

3.3. Morphology Investigation. The surface morphology of
PC/PVFHFP/PEG blend and nanocomposite membranes at
nanometer length scale is given in Figure 5. Assessment
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Figure 4: Stress-strain curves of (a) PC/PVFHFP/PEG/P-MWCNT and (b) PC/PVFHFP/PEG/A-MWCNT series.

of the fractured surface of pristine blend revealed two-
phase morphology (Figure 5(a)). It seems that the poly-
carbonate formed continuous phase (the matrix), while
poly(vinylidene fluoride-co-hexafluoropropylene) was dis-
persed using poly(ethylene glycol) compatibilizer. Micro-
graphs obtained from the fracture surfaces of composite
films with purified MWCNT show that the nanofiller was
agglomerated in large bundles and does not disperse evenly
throughout the matrix (Figures 5(b) and 5(c)). Nevertheless,
the micrographs also revealed wetting of purified nanotubes
by the matrix, besides their tendency to agglomerate. Fig-
ure 5(d) shows FESEM micrograph of the fracture sur-
face of PC/PVFHFP/PEG containing 1 wt.% functionalized
A-MWCNT. After functionalization, MWCNT dispersed
well through the matrix and exhibited excellent wetting
by polymers. The micrographs of functionalized MWCNT
nanocomposite membranes with 3 and 5wt.% nanofiller pre-
sented good dispersion as well as wetting by matrix (Figures
5(e) and 5(f)). The polymer coated functional nanotube was
also observable protruding out from the fractured surface.
However, the individual nanotube was not clearly visible in
SEM.

3.4. Gas Separation Performance of Multiwalled Carbon Na-
notube Reinforced Blend Membrane. According to the liter-
ature, gas permeability is usually influenced by nanofiller
type, distribution, and matrix/nanofiller alignment [32, 33].
The permeability and permselectivity of PC/PVFHFP/PEG-
based nanocomposite membrane, as a function of filler
concentration, are given in Table 3. The PC/PVFHFP/PEG
blend has permeability 𝑃CO

2

of 125.6 barrer and perms-
electivity 𝛼CO

2
/N
2
of 21.6. The membrane with 1 wt.%

purified filler revealed permeability 𝑃CO
2

of 133.3 barrer and
permselectivity 𝛼CO

2
/N
2
of 22.5. The CO

2
permselectiv-

ity of PC/PVFHFP/PEG-based nanocomposite membrane
was increased with increasing the filler concentration. The
𝛼CO
2
/N
2
of PC/PVFHFP/PEG/P-MWCNT 3 membrane

increased to 24.2, while the permeability 𝑃CO
2

attained the
value of 134.5 barrer at 3 wt.% filler content. 𝛼CO

2
/N
2

and 𝑃CO
2

of PC/PVFHFP/PEG/P-MWCNT 5 were further
enhanced to 27.7 and 143.3 barrer, respectively; that is, the
permselectivity was 22% increased, while permeability was
12% increased with respect to the blend sample. For the func-
tional nanotube reinforced PC/PVFHFP/PEG/MWCNT-A
system, 𝑃CO

2

was found in the range of 142.8–186.6 barrer,
while the permselectivity was in the range of 31.2–39.9. There
was 32.6% increase in permeability and 45% increase in
permselectivity of functional series relative to neat blend
system. In this way, the properties of functional nanocompos-
ite membrane were severalfold increased with the nanofiller
addition. It seems that the acid functional nanotube was
found to be more effective than the purified nanofiller
in enhancing the permselectivity and decreasing the CO

2

permeability (Figure 6). Further inspection suggested that
the CO

2
and N

2
diffusivity was also increased with the

nanofiller loading in the membranes. Figure 7 shows that the
N
2
and CO

2
diffusivity of 5 wt.% functional nanocomposite

membrane was found to be higher than the blend mem-
brane. Moreover, the nanofiller content did not significantly
influence the CO

2
and N

2
solubility in the nanocomposite

membranes [34]. The overall results recommended that the
functional MWCNT addition up to 5wt.% improved the
gas separation properties rather than deteriorating them.
In order to understand the transport mechanism through
composite membrane, consideration must be given to (i)
gas component being preferentially transported through the
membrane; (ii) dispersed phase; and (iii) continuous phases.
In membrane-based gas separation process, components
are separated from their mixture by differential permeation
through membranes. Inorganic fillers with molecular sieving
characteristics are reinforced in polymer matrix, which allow
the smaller component to pass through themembrane. Selec-
tive transport of condensable molecules with smaller size
may occur through membranes via differential permeation
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(c) (d)

(e) (f)

Figure 5: FESEM images of (a) PC/PVFHFP/PEG blend; (b) PC/PVFHFP/PEG/P-MWCNT 1; (c) PC/PVFHFP/PEG/P-MWCNT 5; (d)
PC/PVFHFP/PEG/A-MWCNT 1; (e) PC/PVFHFP/PEG/A-MWCNT 3; and (f) PC/PVFHFP/PEG/A-MWCNT 5.

and sieving mechanism [35, 36]. In this way, the membrane
enables the selective adsorption or surface diffusion of
smaller and more condensable component, while excluding
the less condensable component.

4. Conclusions

The functional nanotubemembranes impregnated with poly-
carbonate/poly(vinylidene fluoride-co-hexafluoropropylene)
and PEG compatibilizer possess fine morphology due to
better compatibility and interaction of A-MWCNT with
the polymer blend. Nanofiller content was varied between
1 and 5wt.%, for a selected blend composition. The ten-
sile strength and modulus of functional nanocomposite
membranes were also enhanced relative to neat blend and
purified membranes. On the other hand, the elongation

Table 3: Gas separation performance of PC/PVFHFP/PEG/
MWCNT-based membrane.

Sample 𝑃CO2 (barrer) 𝛼CO
2
/N
2

PC/PVFHFP/PEG 125.6 21.6
PC/PVFHFP/PEG/P-MWCNT 1 133.3 22.5
PC/PVFHFP/PEG/P-MWCNT 3 134.5 24.2
PC/PVFHFP/PEG/P-MWCNT 5 143.3 27.7
PC/PVFHFP/PEG/A-MWCNT 1 142.8 31.2
PC/PVFHFP/PEG/A-MWCNT 3 149.1 32.9
PC/PVFHFP/PEG/A-MWCNT 5 186.6 39.9

at break was found to decrease. The CO
2
permeability of

PC/PVFHFP/PEG/MWCNT-A nanocomposite membrane
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Figure 7: CO
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2
separation performance in terms of diffusivity

and solubility for (a) PC/PVFHFP/PEG/P-MWCNT and (b) PC/
PVFHFP/PEG/A-MWCNT nanocomposite membranes as a func-
tion of filler content.

was increased considerably from 142.8 to 186.6 barrer. High
functional nanofiller concentration (5wt.%) enhanced the
selectivity 𝛼CO

2
/N
2
to 39.9. Moreover, the gas diffusivity of

the membrane was found to be higher than that of blend
membrane. Conclusively, better mechanical properties of
polycarbonate blend membranes can be achieved with A-
MWCNT addition without deteriorating the gas separation
performance.
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