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 Graphene (reduced graphene oxide-rgo) or graphene oxide 
(go)/poly(vinyl alcohol) (pva) nanocomposite membranes were fabricated 
by solution-casting method. The effects of additive content on the per-
vaporation (pv) performance of membranes were investigated. The mem-
brane characterizations were performed by fourier-transform infrared 
spectroscopy, differential scanning calorimetry, x-ray diffraction, and 
transmission electron microscope. The characterized results indicated 
that thermal stability and pv performance of nanocomposite membranes 
were improved compared to the neat pva membrane. In comparison with 
neat pva, rgo/pva membrane showed a high selectivity of 51.2, but low 
permeate flux of 0.056 kg.m-2h-1); and go/pva exhibited an acceptable 
selectivity of 34.9, however equivalent permeate flux of 0.120 kg.m-2h-1 
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1 INTRODUCTION 

Pervaporation (PV) is an important membrane pro-
cess for the separation of azeotropic mixtures, 
close-boiling systems, isomeric or heat-sensitive 
compounds. The popular applications of PV pro-
cess are dehydration of alcohols and other organic 
solvents (Kaminski, 2008; Nguyen and Dang, 
2009). This technique has advantages such as sim-
plicity, no separating agents or chemicals required, 
save energy, and minimal environmental impact. 
Herein, instead of the physicochemical properties 
of components being separated and those of the 
mixture, the separation efficiency in PV is mainly 
based on the membrane properties and process 
conditions. This allows azeotropic mixtures to be 
separated more readily in PV than in the case of 
distillation. Moreover, in PV, the mixture to be 

separated doesn’t need to be boiled and it is, hence, 
possible to utilize low-grade heat. As being distinct 
from distillation, which needs multiple evaporation 
of the entire mixture, PV consumes energy only for 
permeat evaporation.  PV generally also doesn’t 
need any extra reagents as azeotropic and 
extractive distillation, extraction or other methods 
employing extra chemicals… Thus, PV process 
also doesn’t need subsequent recovery of these 
chemicals which complicates the separation of 
technology (Kaminski, 2008; Baker, 2014). 
Accordingly, PV is considered as a suitable 
separation technology for ethanol dehydration. 

The PV membrane performance is expressed in 
terms of permeate flux (J – kg/m2h), selectivity (), 
and pervaporation separation index (PSI - kg/m2h) 
(Tan et al., 2001; Ver de Bruggen and Luis, 2015): 
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where ∆W (kg) is the weight of permeate during 
the experimental time ∆t (h), A (m2) is the effective 
membrane area; and x, y are the mass fraction of 
either water or ethanol in the permeate and the 
feed, respectively. The pervaporation separation 
index is originally defined to measure the 
separation ability of a membrane, the higher PSI 
value the better separation ability. In case of  PSI = 
0, membrane has no selectivity (α = 1) or no 
pemeation (J = 0). 

Poly(viny alcohol ) (PVA) membranes have proved 
to be an ideal polymer for fabricating hydrophilic 
membranes because of their polar, low cost, and 
good membrane-forming properties in dehydration 
of ethanol by PV. However, PVA membranes often 
perform poorly in PV due to the swelling in water 
and the decline of the stability at high temperature, 
results in both an increase in solubility and diffu-
sivity of ethanol, and consequently lowers the 
permselectivity. In this respect, improvement in the 
PV performance has been achieved by adding inor-
ganic particles as nanofillers into the polymer ma-
trix to form composite membranes. Such nano-
composite membranes have both forming proper-
ties of the polymer and physicochemical stability 
of the inorganic particles (Wang et al., 2013).   

 

Fig. 1: Structural model of GO  

Graphene oxide (GO) is product of oxidation and 
exfoliation of graphite (Gi). The structure of GO 
contains functional groups such as: epoxy (–O–), 
hydroxyl (–O–H), cacboxyl (–COOH) and 
cacbonyl (–C=O), as shown in Figure 1 (Compton 
et al., 2010).  

   

Fig. 2: Structural model of rGO 

Graphene (reduced graphene oxide-rGO) is single 
layer of Gi containing sp2-bonded carbon atoms 
arranged in hexagon to form 2D one-atom-thick 
sheet. Structure of rGO is shown in Figure 2 
(Novoselov et al., 2012).  

In comparison with GO, rGO has fascinating prop-
erties such as super-mechanical, electrical and 
thermal properties (Novoselov et al., 2012). 
Meanwhile, GO can be well dispersed at the 
individual-sheet level in aqueous solution because 
of its numerous oxygen-containing functional. 
Moreover, GO and rGO are well-known as promis-
ing fillers in membrane technology. The single 
layer GO or rGO with nano-size can be well dis-
persed in polymer matrix and improve properties of 
nanocomposite membrane. Interestingly, the ap-
pearance of GO or rGO will restrict the movement 
of PVA chains, which leads to increase the me-
chanical properties and reduce swelling. On the 
other hand, 2D-layer structures of GO and rGO 
contribute to prevent the permeation of large mole-
cules throughout the membrane, increasing the 
selectivity (Wang et al., 2011; Baker, 2014).  

Accordingly, in this study, PVA nanocomposite 
membranes with different fillers (GO or rGO) were 
fabricated by solution-casting method (Yang et al., 
2010). The effect of GO or rGO contents on PV 
performance as well as morphology, structure, and 
properties of the nanocomposite membranes were 
investigated. 

2 MATERIALS AND METHODS  

2.1 Materials  

PVA (molecular weight and the degree of saponifi-
cation were 80,000 and > 98 %, respectively), sul-
furic acid (98 wt%), sodium nitrate (99 wt%), hy-
drogen peroxide (30 wt%), hydrazine hydrate (35 
wt%), and MA (99 wt%) were purchased from 
Xilong Chemical, China. Graphite (particle size: < 
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50 µm, density: 20-30 g/100 mL) was purchased 
from Sigma Aldrich, Germany. Potassium perman-
ganate (> 99.5 wt%) and ethanol (96 vol%) were 
purchased from ViNa Chemsol, Vietnam.  

2.2 Nanocomposite membrane preparation 

Graphite oxide (GiO) was synthesized by chemical 
oxidation modified Hummers’ method (Novoselov 
et al., 2012). At first, 0.5 g of GiO was mixed with 
500 mL of deionized water and sonicated for 12 h 
to exfoliate into GO. The obtained GO was centrif-
ugated to remove the aqueous solution. And then, 
wet GO was finally washed with deionized water 
until pH=6, and dried at 60C for 24 h. 

Next, rGO was obtained via chemical reduction 
from GO. Accordingly, 0.1 g of GO was added into 
100 mL of deionized water to obtain GO suspen-
sion. And then, 5 mL of hydrazine solution was 
added to 100 mL GO suspension and stirred for 30 
minutes. The aqueous dispersion was sonicated for 
4 h. Similarly to produce GO above, rGO was ob-
tained after centrifugation, washing with deionized 
water and drying at 60C for 24 h. 

Nanocomposite membranes were prepared as fol-
lows: 0.05 g of GO or rGO was mixed with 500 
mL of deionized water and sonicated for 24 h to 
obtain GO or rGO suspension. The nanocomposite 
membranes were fabricated by solution-casting 
method. Dried PVA (1.0 g) was dissolved in 100 
mL deionized water and heated at 90C to form 
aqueous PVA solution. Then, the PVA solution 
was mixed with certain amounts of GO or rGO 

suspension to be obtained by different GO/PVA or 
rGO/PVA ratios of 0.1, 0.2, 0.3, 0.4, and 0.5 wt% 
with respect to the weight of PVA. The mixture 
was stirred in 1 h and sonicated for 45 minutes. 
The obtained homogeneous solutions were casted 
in petry disk and dried at room temperature for 24 
h to form membranes. After that, membranes con-
tinued to be dried at 100C in 3 h to constant 
weight. A series of GO/PVA and rGO/PVA nano-
composite membranes with various GO or rGO 
contents were similarly prepared and named as 
0.1GO/PVA, 0.2GO/PVA, 0.3GO/PVA, 
0.4GO/PVA, 0.5GO/PVA or 0.1rGO/PVA, 
0.2rGO/PVA, 0.3rGO/PVA, 0.4rGO/PVA, and 
0.5rGO/PVA, respectively.  

2.3 Pervaporation experiments 

The PV system used in this study as illustrated in 
Figure 3. The PV dehydration of ethanol was car-
ried out as follows: 1 L of 80 wt% ethanol feed 
solution was heated up to 50C and circulated 
through the membrane module from the feed tank. 
Membrane was placed on a stainless steel screen 
support in the module with effective membrane 
area of 28.3 cm2. During the experiment, the pres-
sure at the downstream side was kept at -100 KPa 
by a vacuum pump. The permeate vapor was con-
densed in cold trap at -20C. For each experiment, 
the operating time was 2 h to ensure that a steady 
state was reached. The collected permeate in cold 
trap was weighted to calculate the permeate flux 
and measured the concentration by a refractometer 
to determine the selectivity.  

 

Fig. 3: Schematic diagram of PV system 

1. Feed tank   2. Mettering pump  3.Membrane module  4. Membrane  5. Cold trap  6. Vacuum pump 
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2.4 Characterization 

Fourier-transform infrared spectroscopy (FTIR) 
spectra were obtained in the range of wavenumber 
from 4000 to 500 cm−1 during 64 scans on Alpha–
E Brucker (Bruker Optik GmbH, Ettlingen, Ger-
many) spectrometer. Differential scanning calorim-
etry (DSC) was performed with DSC-1 (Mettler 
Tolado, America) differential scanning calorimeter. 
X-ray diffraction (XRD) patterns were obtained by 
Advanced X8, Bruker (German) with λ = 0,154 
nm, step of 4/minute from 10 to 50. Atomic 
force microscopy (AFM) measurements were per-
formed on an AFM Nanotec Electronica by casting 
powder dispersion onto freshly cleaved mica sub-
strates and drying under ambient condition. Trans-
mission electron microscope (TEM) images were 
taken by JEM-1400 machine with an accelerating 
voltage of 100 KV.  

All measurements were carried out under 25C and 
relative humidity of 30%. 

3 RESULTS AND DISCUSSION 

3.1 The dispersion of GO or rGO into PVA 
membrane  

XRD is an effective method to characterize crystal-
line properties of nanocomposite. As shown in the 
Figure 4, the peak of neat PVA appeared at 2θ = 
19.6. However, the XRD patterns of GO/PVA and 
rGO/PVA nanocomposite membranes only showed 
the PVA diffraction peak. XRD results demonstrat-
ed a well-dispersing of the GO or rGO nanosheets 
into the PVA matrix. Hereby, the broad peak in GO 
or rGO disappeared in the composites, suggesting 
the disorder and loss of structure regularity of GO 
and rGO at 2 = 9-11 and 21-26, respectively. 

Moreover, after adding GO into PVA, the intensity 
of the diffraction of PVA decreased strongly in 
comparison to that of rGO. Such effect was as-
cribed to stronger interfacial interactions between 
GO and PVA matrix through the hydrogen bond-
ings. These interactions probably restricted the 
capability of the matrix chains to form large crys-
talline domains and leaded to decline crystallinity 
of the GO/PVA (Zhao et al., 2010; Zhou et al., 
2010; Wang et al., 2011; Kang et al., 2014).  

 

Fig. 4: XRD patterns of PVA, 0.3GO/PVA, and 
0.3rGO/PVA  

AFM image and height profiles for GO and rGO as 
shown in Figures 5 and 6. AFM results confirmed 
that GO and rGO were successfully synthesized 
which the average thickness of the obtained GO 
and rGO layers were found to be 0.913 nm and 
0.921 nm, respectively. 

 

Fig. 5: AFM image and height profile of GO 
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Fig. 6: AFM image and height profile of rGO 

In order to evaluate the dispersion of GO and rGO 
in the PVA matrix, the ultrathin sections of nano-
composite membrane products were observed via 
Figures 7 (a) and 8 (a), which show the TEM im-
ages of 0.3GO/PVA and 0.3rGO/PVA, respective-
ly. Apparently, a homogeneous dispersion and 
alignment of GO or rGO in PVA that obtained dark 

lines with the average thickness of 24-39 nm. Nev-
ertheless, a little bit amounts of GO or rGO tended 
to restack together by Val der Waals forces that 
were observed in Figures 7 (a) and 8 (a). These 
effects mainly caused PVA crystallinity to be dis-
rupted that was evident from XRD pattern above 
(Figure 4). 

     
 (a)                                                             (b) 

Fig. 7: (a) TEM image and (b) photograph of 0.3GO/PVA membrane  
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 (a)                                                            (b) 

Fig. 8: (a) TEM image and (b) photograph of 0.3rGO/PVA membrane  

3.2 Interaction of GO or rGO nanosheets and 
PVA in nanocomposite membranes 

Figure 9 shows FTIR spectra of PVA, 
0.3rGO/PVA, and 0.3GO/PVA. As seen in the 
Figure 9, the absorptions at 3550 cm-1- 3200 cm-1, 
2840 cm-1-3000 cm-1, and 1145 cm-1 are typical to 
the presence of –O–H, –CH2– (symmetric and 
asymmetric) and –C–O groups, respectively, of 
PVA matrix (Mansur et al., 2008; Hossain et al., 
2014; Shuai et al., 2015). Compared to neat PVA 

and GO, the spectrum of GO/PVA exhibited the 
enhancement of the –C=O stretching peak at 1741 
cm-1 and the increase in the –O–H and –C–O 
stretching vibration, which can be identified as the 
presence of hydrogen bonding interactions between 
oxygen-containing functional groups of GO and 
the hydroxyl groups on PVA molecular chains, and 
the forming of free hydroxyl groups (Shuai et al., 
2015). 

 

Fig. 9: FTIR spectra of PVA, 0.3GO/PVA, and 0.3rGO/PVA 
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Meanwhile, as non-interactions between rGO and 
PVA, rGO nanosheets were quite difficult to dis-
perse into PVA matrix. Therefore, they could be 
restacked together and disrupted intermolecular 
hydrogen bonds between –O–H groups in PVA 
chains to form a large amount of free –O–H groups 
then. As a reason, –O–H and –C–O stretching 
peaks enhanced significantly. These results indi-
cated that GO could disperse readily into PVA 
compared with that of rGO. 

3.3 Thermal stability of nanocomposite 
membranes 

DSC results illustrated in Figure 10. As it is  

reflected from Figure 10 and Table 1, when GO or 
rGO nanosheets were presented in the membranes, 
Tg which corresponded with thermal properties of 
the membranes is improved. In addition, GO/PVA 
showed a lower Tg than that of rGO/PVA. This due 
to the presence of GO or rGO, the PVA molecular 
chains were more stable under thermal condition. 
Howerver, GO surface had many of oxygen-
containing groups, which were easy to be decom-
posed by thermal effect. Consequently, destroying 
of PVA crystalline structure occured that caused 
GO/PVA less thermal stability than rGO/PVA. 

 

Fig. 10: DSC curves of PVA, 0.3GO/PVA, and 0.3rGO/PVA 

Table 1: Glass trasition temperature (Tg) of 
membranes 

Samples Tg (C) 
PVA 85 
0,3GO/PVA 90 
0,3rGO/PVA 93 

On the contrary, as a very thermally stable of car-
bon backbone, adding rGO into PVA that im-
proved thermal stability for PVA membrane in 
comparison of GO (Bao et al., 2011; Dhand et al., 
2013). 

3.4 Pervaporation performance of 
nanocomposite membranes 

Effects of different filler loading level on pervapo-
ration performance of ethanol dehydration through 
membrane are depicted in Figures 11 and 12. Gen-
erally, neat PVA membrane showed selectivity ( 
= 21.4) and relative permeate flux (J = 0.10 kg.m-

2h-1) at operating conditions. And after adding the 
filler with contents of 0.1-0.3 wt% of GO or rGO, 
nanocomposite membranes produced higher selec-
tivity but lower permeate flux than that of neat 
PVA. However, the phenomenon showed in con-
trast when the filler contents were over 0.3 wt% of 
GO or rGO. 



Can Tho University Journal of Science  Special issue: Renewable Energy (2016) 36-45 

 43 

 
Fig. 11: Effect of GO loading contents on J, α, and PSI  

 
Fig. 12: Effect of rGO loading contents on J, α, and PSI 

In particular, with adding GO into PVA matrix 
shown in Figure 11, at a low loading level ( 0.3 
wt%), GO nanosheets were well-dispersed into and 
obtained stable structure with PVA chains. It was 
apparent that the selectivity of GO/PVA membrane 
increased and its permeate flux decreased. This can 
be explained due to a role of GO nanosheets were 
considered as molecular sieves that helped to reject 
large particles such as ethanol. Whereas, at GO 
loading level of over 0.3 wt%, GO interacted to 
PVA stronger and caused destroying crystallinity 
regions of PVA. Thus, permeate flux enhanced but 
selectivity dropped (Zhou et al., 2010; Peng et al., 
2011; Kang et al., 2014). The PSI results indicated 
that GO content of 0.3wt% exhibited the highest 
performance of ethanol dehydration with the 
equivalent selectivity of 34.9 and permeate flux of 
0.120 kg.m-2h-1. 

Likewise, rGO-based membranes also produced 
the higher selectivity and the lower permeate flux 
than neat PVA, as shown in Figure 12. This was in 
agreement with initial theoretical prediction of rGO 
nanosheets’s effects after they were dispersed into 
PVA matrix. As a molecular sieve-like role of rGO 
nanosheets, the selectivity improved and the per-
meate flux decreased. When the loading content of 
rGO was over 0.3 wt%, the disruption of PVA 
crystallinity happened in mostly areas. As a result, 
it obtained holes in polymer structure which pro-
duced high permeate flux and low selectivity (Zhou 
et al., 2010; Peng et al., 2011; Wang et al., 2011; 
Kang et al., 2014). It could be assumed that the 
highest PSI value is at 0.3 wt% rGO content, which 
employed a double increasing in selectivity ( = 
51.2) but a double drop in permeate flux (J = 0.056 
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kg.m-2h-1) in comparison with those of neat PVA 
membrane. 

Generally, rGO/PVA membrane showed a high 
selectivity of 51.2, but low permeate flux of 0.056 
kg.m-2h-1. Meanwhile, GO/PVA presented an  
acceptable selectivity of 34.9 and equivalent  

ermeate flux of PVA membrane of 0.120 kg.m-2h-1. 
However, based on PSI – a parameter to evaluate 
performance of pervaporation, GO/PVA showed a 
better result (PSI = 4.12 kg.m-2h-1) than that of 
rGO/PVA (PSI = 2.80 kg.m-2h-1). 

Table 2: Comparison of PV performance of the present membranes with literature for dehydration of 
80 wt% ethanol feed solution 

Membranes J (kg.m-2h-1)  References 
Zeolite clay/PVA 0.0250.035 4550 Ankudey and Zainudeen (2014) 
15 wt% Fullerenol/PVA 0.080.130 3646 Penkova et al. (2014) 
0.3GO/PVA 0.120 34.9 Present work 
0.3rGO/PVA 0.056 51.2 Present work 

Results of present work are compared with pub-
lished data in literature as shown in Table 2. Evi-
dently, the performance of GO/PVA and rGO/PVA 
nanocomposite membranes was improved in the 
selectivity and permeate flux. 

4 CONCLUSIONS 

GO/PVA and rGO/PVA nanocomposite mem-
branes were prepared by solution-casting method. 
The effects of GO or rGO nanosheet contents on 
characteristics and PV performance of membranes 
were investigated with loading of 0.1-0.5 wt%. 
AFM results indicated that the successfully systhe-
sized GO and rGO with the average thickness of 
0.913 nm and 0.921 nm, respectively, were ob-
served. TEM images revealed GO or rGO 
nanosheets dispersed into PVA matrix to the lines 
with the average thickness from 24 to 39 nm. Addi-
tionally, the XRD, FTIR, and DSC analyses also 
presented higher interaction and dispersion of GO 
nanosheets into PVA chains whereas rGO 
nanosheets indicated better stability of nanocompo-
site structure under thermal effects. The fabricated 
GO/PVA and rGO/PVA nanocomposite 
membranes exhibited a significant improvement in 
both of pervaporation of ethanol dehydration and 
thermal stability with 0.3 wt% GO or rGO loading 
compared to the neat PVA membrane. 
Accordingly, GO/PVA generally exhibited a better 
performance (PSI = 4.12 kg.m-2h-1) than that of 
rGO/PVA (PSI = 2.80 kg.m-2h-1).  
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