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Abstract

WO;@Graphene (WO;@GR) nanocomposite has been synthesized by using a simple sonochemical method, and the
phosphotungstic acid was used as the source of the WO3; nanoparticles. The new catalyst was analyzed by means of FT-IR,
XRD, TEM, and SEM-EDX. FT-IR spectrum of the new material reveals that sulfonic acid groups existed on the surface of
graphene nanosheets. In addition, TEM image of WO;@GR indicates that the WO; nano-particles in size of 5-10 nm have an
uniform distribution on the surface of the graphene nanosheets. The as-prepared nanocomposite can be used as a catalyst for
biomass conversion, and the catalytic hydrolysis of fructose was carried out at different experiment conditions, such as
reaction temperature, reaction time and catalyst dosage. HPLC has been used to measure the compounds in product and their
yield. It was found that the major products include HMF, formic acid, lactic acid, acetic acid, and maleic acid, and the
maximum yield is 43.25% when the reaction was carried out at 160 °C with the ratio of fructose to catalyst is 8 in the
presence of 20 ml of water for 2h. The results reveal that the WOs;@GR nanocomposite is a potential catalyst for biomass

conversion. Copyright © 2017 VBRI Press.
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Introduction

Biomass is regarded as the alternative feedstock for non-
renewable fossil resource decreasing sharply in the past
several decades,[1] especially for sustainable production
of fuels and chemicals [2]. Monosccharide, such as
glucose and fructose are as the most abundant
monosaccharides of promising biomass resource, which
can be obtained from cellulose by different reaction
system such as enzymes, dilute acids, and supercritical
water and isomerization. In addition, degradation of them
has attracted much attention because they can be
converted efficiently into wvarious highly valuable
platform chemicals such as 5-hydroxymethylfurfural
(HMF), lactic acid, and formic acid [3]. HMF is a furan
derivative contains hydroxylmethyl group and aldehyde
groups, which can be used for synthesis of a variety of
plastics, and other fine chemicals [4-7]. The key point of
the conversion to value-added platform chemicals is
catalysts, which has been investigated by many
researchers [8].

Carbon supported metal catalysts are well known in
both industrial and laboratory. As a number of carbon
family, graphene has been widely used in many reactions
for preparation of catalyst owing to its advantages such as
large surface area, excellent mechanical properties and
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good conductivity [9]. Various kinds of graphene-based
materials have been synthesized for different reactions
such as degradation of biomass resources, photocatalysis,
and electrochemical catalysis, etc [10]. WOs@graphene
nanocomposites have been also prepared as catalyst for
photocatalysis, such as for degradation of 1-Naphthol [11,
12] [13, 14]. Interesting, WO3 is also an efficient catalyst
for biomass conversion, for example, WO; nanoparticles
supported by Ru/C or MoO; catalysts showed excellent
catalysis activity for degradation of cellulose, glucose or
glycerol [15-17].

Here, WOs;@graphene nanocomposite has been
synthesized and was used for catalytic conversion of
fructose to valuable platform chemicals.

Experimental

Materials

Graphite  powder, phosphotungstic acid, sodium
nitrate (NaNOs), sulfuric acid (98% H,SO,), hydrogen
peroxide (30% H,0,), hydrochloric acid (12M HCI),
ethanol, fructose (C¢H1,04-H,0) were purchased from
Sinopharm Chemical Reagent Co.Ltd., and were used
directly without further purification. Ultrapure water
(18 MQ) was produced by a Millipore System (Millipore
Q, US.A).
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Fig.1. Synthesis of the WO;@GR nanocomposite.
Material synthesis / reactions

Graphite oxide (GO) was prepared from natural graphite
by the well-known modified Hummers method [11].
WO;@graphene (WO;@GR) was synthesized by using
ultrasound method as shown in Fig. 1. In brief, 0.25g GO
powder was added into 20 ml of ultrapure water under
stirring, and then 0.2-1.2g of phosphotungstic acid and
10 ml ethanol was added into the solution slowly, and the
mixture was carried out reaction under strong ultrasound
(500-600 W) for 3h. After reaction, the as-prepared
product was centrifuged and washed by ethanol several
times. Finally, WOs;@GR powder was obtained by
freezing drying.

The reaction of degradation of fructose was carried out
in a high-pressure vessel (50ml, Parr Instrument
Company, USA), and it is equipped with a magnetic
stirrer and a program temperature controller. After
reaction, the reaction solution was filtered and a yellow
solution was obtained, then the solution was diluted with
ultrapure water to 100ml. Next, the as-prepared product
was filtered by the syringe membrane filter, which
included small molecule organic acids and HMF, and then
it can be directly analyzed by using HPLC equipped with
an UV/VIS detector (SPD-20A, Japan).

Characterizations

Fourier transform infrared (FT-IR) spectra of the samples
were analyzed by a FT-IR spectrometer (Tensor 27,
Bruker,  Germany).  Thermogravimetric  Analyzer
(Q5000IR, TA, USA) was used to measure the thermal
stability of as-prepared samples, and all of the
measurements were carried out under nitrogen gas over a
temperature range of 25-800 °C with a ramp rate of 10°C
min™. The surface topography of samples was recorded
by a Scanning Electron Microscope (SEM, Sirion200, FEI,
Netherlands). TEM images of samples were taken by a
High Resolution Transmission Electron Microscope
(TEM, JEOL-2010, Japan).

Results and discussion

Fig. 2 shows the FT-IR spectra of GO and the as-prepared
nanocomposite. For rGO, the characteristic peaks appear
for C=O (1735 cm™), aromatic C=C (1622 cm™),
carboxy C-O (1414 cm™), epoxy C-O (1228 cm™), and
C-O (1116 cm™), indicating an efficient reduction of GO
during the reaction. For the composite, several new peaks
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appeared at 986.07 cm™, 889.96 cm™, and 811.65 cm?,
which are the characteristic signal of symmetric stretching
vibration modes of W-O-W bonds, and the original peaks
at 1042 cm™ shifts to 1080.29 cm™, corresponds to the
stretching vibration modes of C-O-W bond. The FT-IR
results reveal the formation of a composite of WO, and
reduced graphene oxide.
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Fig. 2. FT-IR spectra of GO and WO;@GR.
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Fig. 3. XRD patterns of GO and WO,@GO.

The crystal phase structure of the as-prepared
composite was characterized by X-ray diffractometer.
Fig. 3 shows the typical XRD patterns of GO and the
composite prepared by loading 20 wt% of WO;,
respectively. For, GO powder, there appears a wide peak
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at around 10.4° revealing that the interlayer spacing of
GO nanosheets was about 0.8nm. However, after growth
of WO; nanoparticles on the surface of the GO
nanosheets, the broad peak disappeared, indicating the
expanded of the stacking of GO nanosheets during
reaction. In the curve, a series of diffraction peaks
appeared which can be indexed as WQOj3; nanocrystalline.
The size of the WO; nanoparticles calculated by means of
XRD patterns are about 5.8nm, indicating the success
synthesis of the nanocomposite.
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Fig. 5. (2)SEM image and (b) EDX curve of the as-prepared WO;@GR
nanocomposite.

TEM was used to directly measure the size of the WO3
nanoparticles on the surface of reduced graphene oxide,
as shown in Fig. 4, there forms plenty of WO,
nanoparticles on reduced GO nanosheets when the
loading of WO; is about 5%, and the size of the
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nanoparticles is about 5-10nm, which is consistent with
the result of XRD measurement, also indicating the
formation of the nanocomposite of WO;@GR.

The structure of the as-formed product with high WO;
loading (20 wt%) was also measured by means of SEM-
EDX, as shown in Fig. 5. Clearly, some nanoparticles can
be found on the surface of reduced GO nanosheets with
an homogeneous dispersion, and the EDX analysis
showed that the main chemical elements of the sample are
C and W. The results reveal that WO; in the complex is in
the form of nanoparticles which anchored homogeneously
onto the surface of reduced GO nanosheets.

Table 1. Effect of reaction temperature on yields of products.

T FA LA AA MA HMF  Total
CC)  (Wt%)  (Wt%)  (Wi%)  (Wi%)  (Wit%) yield

(wt%%o)
140 1448 714 8.74 0.05 452 3493
160 1393 132 9.7 0.056 636 4325
180 1262 1211 878 0.064 408 3765
200  8.48 14.1 5.93 0.2 284 3101

Table 2. Effect of reaction time on yields of products.

Time FA LA AA MA HMF  Total
(hy  (wt%) (wt%) (wWt%) (Wt%) (wt%) yield
(Wt%b)

12.29 7.84 6.75 0.076 7.00 33.96
13.93 13.2 9.7 0.056 6.36 43.25
1193 1314 1146  0.096 4.06 40.69
11.07 1235 1059  0.095 3.36 37.47

W

Table 3. Effect of catalyst dosage on yields of products from fructose.

Cat. FA LA AA MA HMF ( Total yield
(mg)  (wt%) (Wt%6) (Wt%) (Wt%) wt%) (Wt%)
5.4 11.89 10.98 8.2 0.061 6.87 38.0
8.0 13.0 10.64 8.76 0.065 6.22 38.69
10.3 13.93 13.2 9.7 0.056 6.36 43.25
15.6 11.46 12.93 8.5 0.11 7.76 40.76

Fructose: 0.085g

The above studies reveal the successful preparation of
WO;@GR nanocomposite, and it has been used as
catalyst for the degradation of monosaccharide such as
fructose to small organic acids in aqueous phase. All these
substrates can be converted completely by hydrothermal
reaction in the presence of catalyst, and the results of the
effect of temperature were listed in Table 1. Clearly, the
major products of the reaction include formic acid (FA),
lactic acid (LA), acetic acid (AA), maleic acid (MA), and
5-hydroxymethylfurfural (HMF). Reaction temperature is
a key factor, and the optimal temperature should be
160 °C with total yield of the above compounds 43.25%,
and the major compounds are formic acid and lactic acid.

Table 2 lists the results of the conversion of fructose
over WO;@GR (10%wt) catalyst for different reaction
time, and the yield of lactic acid increased from 1h to 2h,
and then changed little. For acetic acid, the maximum
yield appeared at 3h, while for HMF the shorter reaction
time should be better. The total yield reaches the
maximum at 2h. The effect of catalyst dosage on the
reaction was also studied and the results were list in
Table 3.
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Conclusion

Reduced GO nanosheets has been used as the support for
WO; nanoparticle, and the as-prepared catalyst was used
to degrade fructose to organic compounds, such as lactic
acid, formic acid, acetic acid, etc. The yields of the main
products reach up 43%. The as-prepared new catalyst has
potential application in scale production of small
molecular acids from biomass.
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