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Abstract

Three types of poly(vinyl alcohol) (PVA) composite films containing graphene oxide
(GO), reduced graphene oxide (RGO) and a novel sulfonated graphene oxide (SRGO)
as filler were successfully prepared by a simple solution casting. The structure and
properties of graphene-based PVA composites films were investigated. Results
showed that the properties of polymer composites films were sensitive to the structure
of graphene. GO acted as the best reinforcing filler to enhance the mechanical
property of PVA because it abounded with oxygen functional groups which could
enhance the interfacial interactions through the formation of hydrogen bonds with
PVA chains. The tensile strength and modulus of the resulting PVA/GO composites
could reach 280 MPa and 13.5 GPa, respectively. RGO could improve the dielectric
properties of PVA and the electrical conductivities were increased by ~10'" orders of
magnitude in the composites with 50 wt % of filler loadings as compared to that of
neat PVA. SRGO could enhance the mechanical and dielectric properties of PVA
simultaneously. The mechanical properties of PVA could be efficiently improved due
to the strong interaction between the —SO3;H groups on the SRGO sheets and PVA
chains. The tensile strength and modulus of the resulting PVA/SRGO composites
could reach 252 MPa and 8.5 GPa, respectively. Although the conductivity values of
PVA/SRGO composites was less than that of that of PVA/RGO composites, it was
still increased by~ 10' orders of magnitude in the composites with 50 wt % of filler
loadings as compared to that of neat PVA. These results demonstrated that PVA films
with enhancement in mechanical and electronic properties can be fabricated with
proper modified graphene.
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Highlight

. Three types of functionalized graphene, graphene oxide (GO), reduced graphene
oxide (RGO) and a novel sulfonated graphene (SRGO) were prepared.

. The poly(vinyl alcohol) (PVA) composites containing three types of functionalized
graphene were successfully prepared by a simple solution casting.

. The PVA/SRGO composite shows dramatic enhancements of both mechanical and
dielectric properties of PVA.
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1 Introduction

Graphene, a two-dimensional material consisting of a single layer of carbon atoms
arranged in a honeycomb network, has attracted tremendous interest due to its high
specific area and super-mechanical, electrical and thermal properties '™. Owing to
these outstanding properties, graphene and its derivatives (graphene oxide
(GO)/reduced graphene oxide (RGO), functionalized graphene, etc.) have been widely
studied in various fields including energy devices 59 conductive materials ', drug
delivery '> * and polymer composites '* . In recent years, polymer/graphene
composites have attracted a tremendous amount of attention to obtain
high-performance light-weight materials. To achieve maximal properties enhancement,
the manufacturing of such composites requires that the graphene is dispersed
homogeneously in the matrix and the external load is efficiently transferred via a
strong interaction at the interface between the graphene and the matrix. However, the
homogeneous dispersion of graphene in the polymer matrix remains challenging due
to the scarcity of a soluble/dispersible graphene in a common solvent with the
polymer. So far GO is mostly used to make the polymer composites, which can
undergo exfoliation completely in water, dimethyl-sulfoxide (DMSO) and
dimethylformamide (DMF). It is possible to achieve a truly molecular-level
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dispersion of graphene oxide in the polymer matrix if the solvent could dissolve the
polymer matrix. On the other hand, graphene oxide (GO) contains many oxygen
functional groups, such as hydroxyls, epoxides, carboxyls and carbonyls, which can
improve the dispersion and form strong hydrogen bonds with polymer molecules. But
the intrinsic conductive and mechanical properties of GO are much lower than those
of graphene/reduced graphene oxide (RGO) '®'®. It has been demonstrated that the
high performance of polymer composites not only depends on optimizing the
dispersion and interface load transfer, but also depends on the intrinsic properties of
the filler " ?°. In fact, many effects have already tried improving the intrinsic
properties of the filler by in situ chemical reduction of GO mixed with polymer
matrices 2" *>. However, the electrical properties of the RGO /polymer composites can
be improved with the loss of mechanical properties. After reduction of GO to RGO,
the structure of graphene is partly restored, which inevitably results in a significant
decrease in the oxygen functional groups of RGO and then poor interfacial
interactions between RGO sheets and polymer matrices. Reduced interfacial
interactions would weaken the reinforcing effect of increased intrinsic mechanical
strength of RGO 2.

To solve these problems, we proposed to use the —SO;H group functionalized RGO
(SRGO) to make the polymer composites. The SRGO may form stable dispersion in
polar solvents and exhibited good electrical conductivity **. Thus, functionalized
graphene/polymer composites with increased both the conductivity and mechanical
properties maybe yield. We selected poly(vinyl alcohol) (PVA), a hydroxyl-rich,
water-soluble polymer, as a model polymer matrix, which forms hydrogen bonds
with—SO3H group anchored on SRGO easily. Therefore, it is anticipated that the
chemically functionalized graphene sheets interact well with the PVA matrices,
resulting in percolation of mechanical and electrical properties of the composites. We
fabricated three different types of poly(vinyl alcohol) (PVA) composite films
containing GO, RGO and SRGO as nanofiller by a simple solution casting. The
properties and structures of PVA/ graphene nanocomposites were extensively
investigated, which enable us to better understand the structure—property relationships
in polymer composites.

2 Experimental

2.1 Materials.

Chemicals and materials

Graphite powder was purchased from Baichuan Graphite Ltd. (Qingdao, China).
Concentrated H,SO4 (98 %), HC1 (36%), KMnO4, H,0, (30%) solution, sodium
borohydride, sulfanilic acid and sodium nitrate were purchased from Sinopharm
Chemical Reagent Co., Ltd. (Shanghai, China). Borofluoride was purchased from SSS
Reagent Co., Ltd. (Shanghai, China). PVA was purchased from Sigma-Aldrich.
Unless otherwise specified, all reagents were used without further purification.

2.2 Synthesis

2.2.1 Preparation of GO, RGO and SRGO
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GO was prepared from natural flaked graphite according to a modified pressurized
oxidation *°. Briefly, a solution of 5.0 g of graphite and 200 mL H,SO, (98%) was
stirred in ice bath for 30 min, 18.0 g K,;MnO, was slowly added with stirring for 30
min. The solution was heated to 35 °C for 2 h, then added slowly into 1600 mL of
deionizer water. After cooling down, 10 mL H,O, (30%) was added to give an orange
yellow solution. The precipitate was centrifuged and then washed successively with 1
M HCI solution and deionized water. Finally, powdered GO was obtained by
lyophilizing at -48 °C, 18 Pa.

RGO was obtained by the following process: 1g of GO is dispersed in 500 ml water
and sonicated for 30 mins. Then 1.5g sodium borohydride was added into GO
dispersion and kept at 80 °C under constant stirring. After 30mins, another 3.3g
sodium borohydride was added and kept stirring for 1 h. The product was centrifuged
and washed with water thoroughly. Finally, RGO was obtained by lyophilizing at
-48 °C, 18 Pa.

SRGO was prepared by the sulfonation of RGO with diazonium salt of sulfanilic acid
24 For this purpose, the aryl diazonium salt of sulfanilic acid was prepared first. 35.2g
sulfanilic acid was dissolved in 100 ml water in the ice bath and 86ml HBF4 was
added slowly under constant stirring for 30mins. Then 15.2g sodium nitrate was
added and kept stirring for 1h. The product, diazonium salt of sulfanilic acid, was
filtered and washed with ethanol thoroughly. For diazonium coupling, 1g RGO was
dispersed in 500ml water, then the resulting diazonium salt of sulfanilic acid was
added at 0°C and was kept for 2h with stirring. The mixture was centrifuged, washed
with water thoroughly, and lyophilized to give SRGO.

2.2.2 Composite preparation

PVA/SRGO composites with different amounts of SRGO loadings varying from 10 to
50 wt % were synthesized by a simple solution casting. 0.2 g of PVA was dissolved in
50 ml hot distilled water then the desired amount of SRGO dispersion (10, 20, 30, 40
and 50 wt % with respect to the PVA/SRGO composite) was slowly added into the
PVA solution. The resulting mixture was stirred for 30mins to form a homogeneous
solution. Subsequently, the obtained homogeneous solution was slowly casted onto a
plate and dried at 60°C to form a flat film. Finally, the film was peeled off. In order to
compare the improvement in physical properties of PVA/SRGO composites, a series
of PVA/GO and PVA/RGO films with different amounts of GO and RGO loadings
were fabricated in similar way, respectively.

2.3 Characterizations

X-ray photoelectron spectroscopy (XPS) analysis was conducted on a PHI 5000
VersaProbe analyzer (UIVAC-PHI Ltd. ) using focused monochromatized Al Ka
radiation (1486.6Ev) generated at 15 kV .Fourier transform infrared spectrometer
(FTIR) of the samples were recorded with an IR Prestige-21 FT-IR spectrometer.
X-ray diffraction (XRD) were performed with an X’Pert Pro (PANalytical)
diffractometer using monochromatic Cu Kal radiation (A =1.5406 A) at 40 kV. The
morphology of as-prepared samples was characterized by a scanning electron
microscope (SEM, Hitachi S-4800 field emission). The samples were fractured in
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liquid nitrogen and coated with a thin layer of gold prior to observations.
Transmission electron microscopy (TEM) was conducted using HITACHI HT7700
with an accelerating voltage of 100 KV. Thin films of PVA/GO, PVA/RGO and
PVA/SRGO composite solution were subjected to ultrasonication treatment and then
casted onto the carbon-coated copper grid, which was dried at room temperature
before TEM analysis.

The tensile experiments were carried out on a universal testing machine (Zhuhai
SUST Electrical Equipment Co., Ltd., China, model CMT4304) at a strain rate of
Smm/min. The reported values were calculated as averages over 5 specimens for each
group of specimens.

The electrical conductivity was measured with a ST2258A high resistance meter
(Suzhou Jingge Electronic Co., Ltd, China). Five parallel runs were done in the case
of each sample and the average was reported.

3. Results and discussion

3.1 characterization of samples

The elemental compositions of GO, RGO, and SRGO were investigated via XPS
analysis. Fig. 1A shows XPS surveys of GO, RGO, and SRGO. The obvious S 2p
peak appeared at 167 eV in SRGO, indicating the successful sulfonation of graphene
sheets. The Cls signals contributed by the C=0O C-O and C-OH groups are
significantly decreased in RGO and SRGO suggesting that most of the oxygen
functionalities were removed from the surfaces of RGO and SRGO compared to GO.
(Fig. 1B, C and D) All of these observations suggest that the grafting of —SO;H group
on the graphene sheets and its existence does not affect the reduction of GO on the
surface of graphene sheet.

Lo —— GO
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Figure 1. (A) XPS survey of GO, RGO and SRGO; Cls XPS data of (B) GO, (C)
RGO, and (D) SRGO.
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The digital images of the GO, RGO and SRGO dispersed in water are shown in Fig.

2A. GO sheets can be dispersed well in water due to their oxygen-containing
functional groups. After reducing, the color of GO suspension changes from
brownish-yellow to black, indicating the efficient reduction of GO. However, the
RGO sheets form irreversible hydrophobic agglomerates and lose its water
dispersibility due to the removal of the oxygen- containing groups. For SRGO, the
presence of hydrophilic functional groups of —SO;H attached to the surface of
graphene facilitated to form stable water dispersion. The PVA/GO composite film was
brownish-yellow (Fig. 2B-1), while the PVA/RGO and PVA/SRGO composite films
were black, as shown in Fig. 2B-2 and Fig. 2B-3. The dispersion qualities of GO,
RGO and SRGO in PVA matrix were further analyzed with TEM. The PVA/GO,
PVA/RGO and PVA/SRGO exhibited different morphological behavior, as shown in
Fig. C-E. Many linear wrinkles across the surface of GO were observed in PVA/GO
composites, which is a common feature of GO attributed to the defects caused by
oxidation . GO disperse quite well in the PVA matrix, and no obvious agglomerate
was observed. On the other hand, RGO and SRGO displayed relatively smooth
surface in the PVA matrix, suggesting that most of the oxygen functionalities were
removed from their surfaces. The sizes of SRGO sheets were smaller than that of
RGO sheets, which is caused by sulfonating treatment. The agglomeration of RGO or
SRGO sheets can be observed in the PVA matrix. ,

A Go RGO SRGO ﬂ B

1 2 3

Figure 2. A: Digital images of aqueous suspensions of GO, RGO and SRGO. B:
Digital images of PVA composite films filled with 30 wt % of: (1) GO, (2) RGO and
(3)SRGO. TEM images of PVA composite films filled with 30 wt% of: (C) GO, (D)
RGO and (E)SRGO

SEM micrographs were taken to examine the fracture surface morphologies of
PVA composites films. The fracture surface morphologies of pure PVA and graphene
film materials were also studied to compare with PVA composites. Graphene film
materials were fabricated by vacuum-assisted filtration of the aqueous dispersions of
RO, ROG and SRGO. The neat PVA fracture surface exhibits a relatively smooth
surface, as shown in Fig. 3A and Fig. 3B. SEM images of the fracture surfaces of the
GO and RGO material (Fig. 3C and Fig. 3E) show typical laminated morphology of
graphene papers, consisted of GO or RGO flakes well-aligned in the plane of the
paper. The RGO flakes are more compacted compared with GO flakes due to the
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strong m-m interaction between RGO sheets. The fracture surfaces of the SRGO
material also appears to be stratified, but the flakes are much less well defined and the
stack is much loose. The fracture surfaces of PVA composites are remarkably
different from that of neat PVA and graphene materials. They are rougher than that of
PVA, but smoother than that of graphene materials. This is exactly what it would be
expected if graphene materials were covered with a PVA polymer coating. The
fracture surface of the PVA/GO composite (Fig. 3C and Fig. 3D) and that of
PVA/SRGO composite (Fig. 3E and Fig. 3F) are both layer structured, although they
are not well-ordered. The fracture surfaces of PVA/RGO (Fig. 3G and Fig. 3H), on
the other hand, show a well-ordered layered structure. In the meantime, the roughness
of the fracture surface significantly increases compared with that of PVA/GO and
PVA/SRGO and the surface of RGO sheets could be clearly exposed during the
process of freeze fracture. These results provide the evidence that both GO and SRGO
have stronger interfacial interaction with PVA matrix than RGO does.

Figure 3 SEM images of the fracture of PVA (A,B), and PVA composite films filled
with 30 wt% of: (C,D) GO, (E,F) RGO and (G,H)SRGO

XRD patterns of GO, RGO, SRGO, PVA and their composites are shown in Fig. 4. An
intense peak centered at 20 =10.56 can be observed in the XRD pattern of GO, which
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is corresponding to an average interlayer spacing of 0.84 nm. At the same time, and
the basal reflection (002) peak at 26= 26.5 (d spacing = 0.34 nm) of pristine graphite
disappears in GO *’. The interlayer spacing of GO is increased from 0.34 to 0.84 nm
due to the intercalation of oxygen-containing functional groups and water molecules
in-between the graphite layers **. For RGO, the peak at 20 =10.56 shifts to 26.0,
suggesting the removal of interlayer oxygen functional groups and the formation of a
multilayer stack of graphene due to the m—m interaction. Similarly, SRGO exhibits a
very broad hump centered at 20 =26 due to the formation of a few layer
functionalized graphene. This broad hump also indicates the poor ordering of the
sheets along the stacking direction. Pure PVA shows a diffraction peak at 26 =19.4,
consistent with the literature ****°. The PVA/GO composites, as shown in Fig. 4B,
only exhibit peaks close to that of neat PVA with no characteristic peak of GO. This
result implies that GO sheets were fully exfoliated and dispersed homogeneously in
the PVA matrix, >' which is in line with the TEM results.

However, in the case of PVA/RGO and PVA/SRGO composites (Fig. 4C and Fig.
4D), they all show two board diffraction, which can be attributed to PVA and
RGO/SRGO layers respectively. Unlike GO which can be easily dispersed well in
aqueous media due to its abundance surface oxygen groups, RGO/SRGO may
agglomerate in water because of the strong n-m interaction between sheets. Thus, a
multiple layers of RGO /SRGO formed in the PVA matrix. We also noted that the
intensity of the diffraction peaks belong to PVA in all of composites is weaker than
that of neat PVA, showing a decrease in crystallinity and indicating that some
interactions between the polymer chains and filler may take place ***%.
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Figure 4. XRD patterns of (A) GO, RGO, SRGO, PVA and (B, C, D) PVA composites
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with various types and amounts of filler.

The FT-IR spectra swere recorded to characterize GO, RGO, SRGO, PVA,
PVA/SRGO, PVA/RGO, and PVA/GO composites are shown in Fig. 5. The spectrum
of GO illustrates the presence of C-O (vC-O at 1065cm™), C-O-C (vC-O-C at 1240
cm™), C-OH (vC-OH at 1390 cm™), and C-O in carboxylic acid and carbonyl moieties
(vC-O at 173Ocm'1). The peak at 1620 cm’ may be from skeletal vibrations of
unoxidized graphitic domains. In the spectrum of RGO and SRGO, the intensities of
the bands associated with the oxygen functional groups decrease significantly or even
disappear, indicating the deoxygenation of GO upon reduction. In comparison to GO
and RGO, the distinguished features of SRGO is the presence of some new
absorptions as a result of successful SOsH groups modification The peaks at 1175
em™, 1126 cm™, and 1040 cm™ (two vS-O and one vs-phenyl) confirm the presence of
a sulfonic acid group, and the peaks at 1007 cm™ (vC-H in-plane bending) and 830
cm”  (out-of-plane hydrogen wagging) are characteristic vibrations of a
p-disubstituted phenyl group ** .In the spectrum of PVA, the appearance of a broad
peak at 3300 cm™ is attributed to the symmetrical stretching vibration of hydroxyl
groups, and the band at 1080 cm™ corresponds to the stretching vibration of the
epoxide groups in PVA 2 The hydroxyl peaks in the PVA/SRGO, PVA/RGO, and
PVA/GO composites are shifted to smaller wavenumbers compared with pure PVA
due to the formation of & hydrogen bonds between the hydroxyl groups of PVA and
functionalized graphene > 2.

Transmittance(%)

—— PVARGO

—— PVA/SRGO

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)

Figure 5. FITR for GO, RGO, SRGO, PVA and PVA composite films filled with 30
wt % of GO, RGO and SRGO

3.2 Mechanical properties

Fig. 6A-C shows the representative stress—strain curves of PVA composites with
various amounts of GO, RGO and SRGO loading. Table 1 summarizes the mechanical
properties of different PVA composites. In all cases of PVA composites, tensile
strength and modulus improve significantly compared to the neat PVA. Both GO/PVA
and SRGO/PVA are mechanically robust, and the tensile strength and modulus values
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varie widely with the changes in the GO or SRGO content. Specifically, the GO/PVA
composites containing 10 wt.% of GO have the average tensile strength of 195+15
MPa , and it continuously increased up to 280+18 MPa with 30 wt.% of GO loading.
At the same time, the tensile modulus improved from 5.3+0.9 to 13.5+£1.2 GPa.
However, further increase of the content of GO will decrease the mechanical
properties. For the GO/PVA composites containing 50 wt % of GO, the tensile
strength and modulus value is 213+14 MPa and 11.4+0.7, respectively. This trend is
also observed in the SRGO/PVA composites. For SRGO/PVA composites, the best
tensile strength value is 252425 MPa with modulus value as 8.5+1.8 belongs to the
composites with 40 wt % of SRGO. The tensile strength values of the RGO/PVA
composites are much lower than those of GO/PVA and SRGO/PVA composite, and
slightly affected by the changes in filler content. The tensile strength of the RGO/PVA
composite continuously decreased from 83.2 MPa to 51.3 MPa, with the content of
RGO increased from 10wt% to 50wt%.

There are probably two factors to influence the mechanical properties of PVA
composites: Hydrogen bonds between the fillers and PVA matrix and mechanical
strength of fillers 2 For GO/PVA composite, the improved mechanical properties
with the amount of the filler increasing may be explained as it significantly reinforced
the hydrogen bonding network of PVA-based composites and increased mechanical
strength from GO sheets. However, further increase of the content of GO will
decrease the mechanical properties due to the agglomeration of GO, which will
reduce the amount of oxygen-containing functional groups on the surface of GO
sheets and weak the hydrogen bonding network with PVA. Our TEM results show
that unlike GO dispersed well in PVA matrix, RGO and SRGO tent to agglomerate in
PVA matrix because of the strong m-m interaction between sheets. Since interfacial
interaction is dependent on the surface area, a decrease in interfacial interaction is
expected in aggregated state. However, our SRGO/PVA composites show equivalent
mechanical properties as GO/PVA composites. This may be attributed to the —SO;H
groups on the SRGO sheets, which will interact much stronger with PVA than the
—~COOH groups on GO and better mechanical strength of SRGO sheets *. In the case
of RGO, given the much less presence of oxygen-containing functional groups on the
surface of RGO sheets, the interaction between PVA and RGO via hydrogen bonding
should be much weaker. The improved mechanical properties in the PVA/RGO
composite compared with neat PVA mainly come from the mechanical strength of
RGO layers. The elongation at breaks for all three types of composite decreased in
composites with filler loadings, suggesting increased stiffness with graphene loadings
compared to the neat polymer. This is attributed to the interfacial adhesion between
the filler and PVA matrix by the formation of hydrogen bonds with the hydroxyl
functionalities. This kind of bond formation restricts the mobility of the PVA chain
segment and consequently decreases the strain of the composites **.
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Figure 6. Stress—strain curves of (A) PVA/GO, (B) PVA/RGO and (C) PVA/SRGO
composites with various amounts of filler loading
Table 1

Tensile properties of pure PVA and its composites with GO, RGO and SRGO.

Sample Tensile strength Tensile modulus Elongation at
(MPa) (GPa) break (%)

PVA 50+1.4 2.3+0.1 73.2+1.3
PVA/GO-10 wt.% 195+15 5.3+0.9 13.74£2.3
PVA/GO-20 wt.% 233420 8.7+1.0 11.5+1.8
PVA/GO-30 wt.% 280+18 13.5+1.2 7.742.3
PVA/GO-40 wt.% 243413 12.5+1.5 5.8+1.9
PVA/GO-50 wt.% 213+14 11.4+0.7 42+1.2
PVA/RGO-10 wt.% 83.242.1 2.8+0.5 13.242.1
PVA/RGO-20 wt.% 75.2+2.7 3.0+0.3 10.1+1.9
PVA/RGO-30 wt.% 65.7+3.2 3.24£0.6 7.6£2.0
PVA/RGO-40 wt.% 58.7+5.1 4.5£1.0 43+1.5
PVA/RGO-50 wt.% 51.3+2.4 4.8+0.7 2.3+1.1
PVA/SRGO-10 wt.% 193+18 3.7+1.2 28.7+5.7
PVA/SRGO-20 wt.% 210+15 4.7+1.1 20.3£3.8
PVA/SRGO-30 wt.% 235420 6.5+1.2 13.842.5
PVA/SRGO-40 wt.% 252425 8.5+1.8 10.4+3.6
PVA/SRGO-50 wt.% 215418 9.8+1.7 5.442.5

3.3 Electrical conductivity

Graphene is a good conductor of electricity and PVA is an insulator (¢ = 5.3x10™
S/cm). The PVA/graphene composites were expected to exhibit good electrical
conductivity due to the exceptionally high conductivity of graphene. Thus the
electrical conductivity of PVA nanocomposites is investigated. The volume electrical
conductivities of nanocomposite membranes were measured and plotted in Fig. 7. For
PVA/RGO and PVA/SRGO composites, the log of the electrical conductivity
increased as the filler contents increased, indicating the improvement of electrical
conductivity. The PVA/SRGO composites show lower electrical conductivity
compared to PVA/RGO composites, indicating that the RGO sheets could more
efficiently improve the electrical conductivity of nanocomposites than SRGO sheets.
This is due to the adsorption of insulating —SO3H on the surface of SRGO sheets * In
the case of GO, the charge conducting structure is destructed due to the disrupted
conjugation and lattice defects caused by oxygenation, so PVA/GO nanocomposites
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have much poorer electrical conductivity. All these findings suggest that the high
electrical conductivity of RGO and SRGO is useful in the fabrication of conductive
polymer composites for different applications.

log(o)

—=— PVA/GO
4] —e— PVA/RGO
—+— PVA/SRGO

T T T T
0 10 20 30 40 50
Content(wt%)

Figure 7 Electrical conductivity (o) of PVA/GO, PVA/RGO, and PVA/SRGO with
different filler loading.

4 Conclusions

Three types of functionalized graphene, graphene oxide (GO), reduced graphene
oxide (RGO) and a novel sulfonated graphene oxide (SRGO) were synthesized using
graphite as starting material. They were then successfully incorporated into the PVA
matrix as evidenced by XPS, SEM, XRD and FT-IR analysis. The properties of the
resulting PVA composite films are sensitive to the structures of fillers. The PVA/GO
composite films exhibited a remarkable enhancement in mechanical properties due to
GO can form strong hydrogen bonds with the PVA matrix and achieved good
dispersion in the PVA matrix. When GO is reduced, the oxygen functional groups of
RGO significantly decrease, and the electrical conductivity was increased by 5 orders
in PVA/RGO composite films. However, the poor interfacial interactions between
RGO sheets and PVA chains lead to a limited improvement of mechanical properties
of PVA/RGO nanocomposite films. SRGO was obtained by anchoring —SOs;H group
on the RGO surface, and PVA/SRGO obtained remarkable enhancements in both
mechanical properties and electrical conductivity. The stronger H-bonding between
the —SOs;H group in SRGO and the —OH group of PVA, as well as the larger
mechanical strength of SRGO sheets compared with GO are reasons for the increased
mechanical properties. The conductivity values of PVA/SRGO did not differ
significantly from that of PVA/RGO due to the formation of a conducting network in
the PVA matrix. These findings suggest that polymer films with enhancement
properties can be fabricated by choosing proper functionalized graphene as filler.
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