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ABSTRACT
In this study, a carbon–based solid acid catalyst was prepared via hydrothermal
carbonization method (HTC) using glucose and pyrolysed waste tyre as carbon precursors and
aqueous solution of H2SO4 as sulfonation agent. Prepared catalysts were characterized by X–ray
diffraction (XRD), scanning electron microscope (SEM), Fourier transform infrared FT–IR and
Brunauer–Emmett–Teller (BET). As the result, catalysts were manufactured with the appropriate
physical and chemical characteristics and high acidity.
Keywords: glucose, cellulose, catalysis, hydrothermal carbonization (HTC).
1. INTRODUCTION
Biomass is one of the most promising renewable and sustainable alternative for energy and
chemical production. As an energy source, biomass can be utilized without depleting the existing
reserves. Current research interest is, therefore, to convert biomass to fuels and chemicals [1]. In
recent years, many researchers have found alternative source material for the production of
biofuel to replace fossil fuels urgently. The use of materials derived from biomass to produce
biofuels and chemicals for plastics as well as pharmaceuticals not only enhances the value of the
agricultural production but also contributes to solving environmental pollution issues and
ensuring ecological balance. From the time being, efficient use of biomass is only 10%
compared with that generated biomass energy. Meanwhile, resource-products are regarded as
one of the potential sources of raw materials for energy production [2, 3].
For the effective consumption of cellulose, the primary and essential step is the hydrolysis
of cellulose into glucose [1, 4]. Many studies have been concentrated on homogeneous acids and
celluloses in a long period of time. With homogeneous acids, although they exhibit reasonable
prices and good catalytic activities but practical applications are difficult due to a lot of problems
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including reactor corrosion, waste treatment and poor recyclability [5–7]. In contrast to
homogeneous acids, celluloses that can be derived from aspergillus niger, trichoderma reesei
are more selective and competitive to hydrolyze cellulose into glucose at lower reaction
temperature [8]. However, enzymatic hydrolyses of cellulose is a slow process, which will spend
a long time to achieve a satisfactory yield of glucose [9]. In addition, prior to enzymatic
hydrolysis of cellulose into glucose, an energy and cost–intensive pretreatment is necessary to
remove the recalcitrance to celluloses. At this moment, celluloses are still very expensive [10].
From the viewpoint of green chemistry and industrialization, solid acid catalysts such as metal
oxides, H–form zeolites, heteropoly acids, functionalized carbonaceous acids and magnetic
functionalized carbon acids, which are separable, recoverable and reusable, should be the
excellent choices for the hydrolysis of cellulose into glucose, because they have tremendous
potentials to overcome the above–mentioned limitation [11]. In other words, solid acids catalysts
case opens up opportunity to explore more efficient, economical, simple and greener processes
for the hydrolysis of cellulose into glucose.
In this study, the solid acid catalysts (CS, CS1, CS2 and CP) were synthesized by
hydrothermal carbonization (HTC) and characterized using analytical techniques such as XRD,
SEM, EDS, FT–IR. Finally, their catalysts were high acidity and used for hydrolysis of cellulose
from rice straw into glucose.
2. MATERIALS AND METHODS
2.1. Materials
Glucose (> 99.5 % – Xilong, China), Ethanol (96 % – Xilong, China), H2SO4 (98 % –
Xilong, China) and carbon from pyrolysed waste tyre. All the chemicals were used without
further purification.
2.2. Synthesis of carbonaceous material from glucose (CS)
The glucose–derived carbonaceous material without in–situ functionalization was prepared
by hydrothermal carbonization of glucose in the absence of any additive. Typically, 20 g of
glucose was dissolved in 60 mL of water, and the mixture was then loaded into a 100 mL
stainless steel autoclave. After that, it was heated up to 180 °C and kept for 10 h at the
autogenous pressure. The resulting solid product was isolated by centrifugation, washed
repeatedly with ethanol and water for several times, and oven–dried at 80 °C for 12 h. The
obtained carbonaceous solid material is denoted as glucose–derived carbonaceous material
2.3. The synthesis of functional groups attached carbon catalyst
To realize in–situ functionalization of the carbonaceous material bearing with –SO3H
groups on surface, H2SO4 solution was used in the sulfonation processes. The as–synthesized 10
g CS was dispersed in a sulfuric acid solution under stirring. The suspension was placed in a 100
mL stainless steel auto clave and maintained at 180 °C for 4 h. The black products were filtered,
washed and then dried following the same procedures in CS preparation. Sulfuric acid solutions
with different concentrations were employed in the sulfonation processes. The sulfonated CS
solid acid catalysts were labeled as CS1, CS2 according to the sulfuric acid and water volumetric
ratios of 1:1 and 2:1, respectively. The sulfonation of CP (carbon from pyrolysed waste tyre)
was prepared following the same procedures in CS2 sulfonation.
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2.44. Physical characteriza
c
tion
In this work, X–ray diffraction
d
(X
XRD) patterrns of C–SO
O3H catalystss were recorrded with
SIE
EMENS–D55000 diffracttometer usinng monochromatic high
h intensity C
CuKα radiattion (λ =
0.115418 nm) at
a the scannin
ng rate of 0.003°/s and in the scanning
g range from
m 20 to 70°. Scanning
Eleectron Microoscope (SEM
M) was conduucted using JSM–6500F,
J
JEOL. Brunnauer–Emmeett–Teller
(BET) specificc surface areea was obtainned by nitrogen adsorptiion–desorptioon isothermss at 77 K
aftter degassingg the samplee at 300 °C for 2 h undeer nitrogen gas,
g using Q
Quantachrom
me NOVA
10000e. Sulfur content of the
t catalyst w
was measureed with EDX
X (Model–90000, Thermo
o Jarrell–
Assh Corp, US
SA), and eleemental anaalysis was carried
c
out using
u
Elemeentar Vario EL cube
(G
Germany). Thhe FTIR speectrum for thhe carbon materials
m
wass obtained byy using a KBr
K pellet
conntaining the prepared bio
omass carbonn powder.
V Nam
Methods of analyses were conduccted at Instittute of Applied Materialls Science, Viet
Accademy of Science
S
and Technology,
T
1 Mac Dinh
h Chi Street, Ben Nghe Ward, Distrrict 1, Ho
Chhi Minh City, Vietnam.
2.55. The proceess of determ
mining the accid sites den
nsities of cattalyst
Acid denssity of solid acid catalystts as well as carbon back
kground are eessential elem
ments for
dettermining thhe catalytic activity. In terrms of sulfonated carbon
n materials, tthere are two
o types of
aciidic sites: onne is the stron
ng acid sites (the introdu
uced –SO3H groups);
g
andd the other is the weak
aciid sites, inclluding –COO
OH and –OH
H from incom
mplete carbo
onization of tthe carbon precursor.
p
In general, thee –SO3H gro
oups are the active sitess. Thereforee, the –SO3H amount off carbon–
based solid aciid prepared in
n this study w
was calculateed by cation exchange annalysis [12].
3. RESU
ULTS AND DISCUSSIO
ON

Figure 1. XRD
X
patterns of catalysts (aa) CS; (b) CS1
1; (c) CP; (d) C
CS2.

Figure 1 illustrates th
he XRD pattterns of thee as–prepared CS, CS1, CP and CS
S2. In all
sam
mples, broadd diffraction
n peaks at loow diffractio
on angles (2θ) of 10–300° are observ
ved [12],
atttributed to suuccessful hy
ydrothernal ccarbonization
n from gluco
ose precusorr and carbon
n derived
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froom tyre pyroolysis. Comp
pared to CS11, the higherr the intensitty of peak off CS2 and CP
C is, the
bettter carbon structure
s
of th
hose is.

Fig
gure 2. FTIR (a) CS, (b) CS
S1, (c) CP and
d (d) CS2.

Figure 3. SEM imagge of (a) CS, (b
b) CS1, (c) CS
S2 and (d) CPP.

Figure 2 is the FTIR
R image off CS, CS1, CP and CS2. The reprresentative bands
b
are
sum
mmarized ass follows. Th
he bands at aaround 3500
0 and 3400 cm–1are attribbuted to phen
nolic OH
grooups. The bands
b
at about 3000 andd 2800 cm–1are assigned
d to –OH off carboxylic –COOH
grooups, while the C=C forr condense aaromatic app
pears at approximately 11650 and 16
600 cm–1;
Thhe bands at 1750 and 170
00 cm–1 are coorresponding
g to C=O gro
oups (acid caarboxylic); ad
dsorption
bannds at 1118 and 1038 cm
m–1 [13] are ascribed to the
t S=O, imp
plicating thee appearance of SO3H
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in all samples (Figure 2). Peaks
P
at 16118 and 1382 cm–1 are ind
dicative of C
C=C group. C=O and
C––O groups arre located att 1707 and 11203 cm–1, reespectively, demonstratinng the existeence of –
CO
OOH group [14].
[
SEM miccrographs off solid produucts are show
wn in Figuree 3, the morpphology of CS,
C CS1,
CS
S2, and CP at
a 180 °C waas separatelyy spherical. The
T morphology and sizze of carbon particles
aree based on caarbon sourcees and the inncrease in aciid concentrattion from 499% to 65%. However,
H
thee size of partticle trend to
o decrease froom 0.67 μm to 68.6 nm when
w
the aciid concentrattion rises,
atttributable to pretty
p
high pyrolysis
p
tem
mperature and
d long pyroly
ysis time (1880 °C, 4 h).
Figure 4 and Table 1 show EDX results of CS,
C CS1, CS2 and CP. C and O elem
ments are
preesent at as–pprepared carb
bon materialls and corressponding sullfonated cataalysts. S peak
ks due to
sullfur in SO3H groups weree observed inn all sulfonatted samples, suggesting tthat all S atoms in the
sullfonated matterial are con
ntained in SO
O3H groups. The
T decreasee in S contennt of CS1 cattalyst was
asssigned to mittigating acid sites of cataalyst, which led
l to low caatalytic activiity.
Ta
able 1. The ED
DX results of CS, CS1, CS2
2 and CP.
Elemeent
C
O
S
Anoth
her
Total

CS
S
96.661
3.339
0
1000

CS
S1
93.8
5.2
1.0
00
0
10
00

CS2
2
86.05
8.27
7
5.68
8
0
100
0

CP
84.233
6.86
4.69
4.22
100

Fig
gure 4. The E
EDX results off CS, CS1, CS2 and CP.
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Table 2. Specific surface area and acid density.
Samples
CS
CS1
CS2
CP

SBET (m2/g)
38.55
43.95
55.37
45.16

Acid density (mmol/g)
0.24
0.42
1.08
0.58

The acid site densities of catalysts were determined by EDX analytic method (Table 2) and
acid–base back–titration. The acid titration experiments demonstrated that much higher acid site
densities than the estimations based on sulfur elemental analysis. The higher estimated acid
densities from titration are due to phenolic –OH and –COOH groups originating from
incomplete carbonization of glucose. The strong sulfonation also may oxidize aliphatic CH3/CH2
groups to carboxylic acid groups, which may further explain the significant increase in total acid
densit after sulfonation. The strength and density of acid sites of carbon–based solid acid is a
vital factor closely related to the catalytic activity. The sulfonated CS have both strong and weak
acid sites on the surfaces. As shown in Table 2, the total acid density on the surface increase
from CS, CS1 and CS2 with increasing the concentration of the sulfuric acid solutions.
The preparation of catalysts includes two stages. Firstly, glucose is thermally treated by
hydrothermal carbonization at 180 °C for 10 h to obtain a solid carbon material. Then, the
obtained carbon material is sulfonated with different concentrations of sulfuric acid to introduce
–SO3H groups at 180 °C for 4 h. Specific surface area of CS2, CS1 and CP are 55.372 m2/g,
43.949 m2/g and 45.162 m2/g, respectively. High acid density of CS1; CS2, CP are 0.417
mmol/g, 1.083 mmol/g, 0.58 mmol/g in turn. This indicated that catalytic activity mainly
depends on total acid density regardless of its specific surface area. The carbon catalyst exhibits
high catalytic performance in the presence of hydrophilic molecules despite its relatively low
specific area, attributable to the incorporation of high densities of hydrophilic molecules into the
carbon bulk binding with the flexible carbon sheets [15].
4. CONCLUSIONS
Rice straw treated with the two–stage process composed of separating hemicellulose with
acid sulfuric and lignin by the aid of sulfomethylation agent for 7 h may be used as raw material
for hydrolysis reaction of cellulose into glucose in support of the catalyst. Successful
synthesized carbon catalyst containing –SO3H functional groups via hydrothermal carbon
chemistry (HTC) method from glucose precursors and pyrolysed tire. Synthesized catalyst has
great activity in the hydrolysis reaction of cellulose from rice straw into glucose.
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