Available online at BCREC website: https://bcrec.id

BCREC

Bulletin of Chemical Reaction Engineering & Catalysis, 16 (2) 2021, 320-330

Research Article

Cellulose and TiO2-ZrOz: Nanocomposite as a Catalyst for
Glucose Conversion to 5-EMF

F.W. Dini, H. Helmiyati®, Y.K. Krisnandi

Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Indonesia,
Depok 16424, West Java, Indonesia.

Received: 8 February 2021; Revised: 15" April 2021; Accepted: 16t April 2021 M)
Available online: 18" April 2020; Published regularly: June 2021 Check for
updates
Abstract

This work demonstrated the use of green material catalysts, produced from Sengon sawdust waste, to obtain nano-
cellulose biopolymers. The green material catalysts were utilized as catalysts support of TiO2—ZrO2 binary oxide in
the form of nanocomposite materials with superior synergistic properties. The isolation of nanocellulose was
achieved using a hydrolysis method with a yield of 63.40%. The TiOz and ZrOz nanoparticles have average particle
sizes of around 25 and 15 nm, respectively, and the binary oxides of TiO2—ZrO: pretained an average particle size
of 30 nm were used. Furthermore, the nanocellulose combined with the TiO2—ZrO2 binary oxide had formed a cel-
lulose/Ti0O2~ZrO2 nanocomposite with an average particle size of 30 nm. This indicates that the supporting nano-
cellulose can stabilize the nanoparticles and avoid aggregation. Moreover, the nanocomposites can be used as a
catalyst for the conversion of glucose to 5-ethoxymethylfurfural (5-EMF). The catalytic activity increased with the
nanoparticle effect obtained ZrO2, TiO2, TiO2-ZrOs, and cellulose and TiO2-ZrO2 nanocomposite, in 15.50%, 20.20%,
35.20%, and 45.50% yields, respectively. The best yield of 5-EMF was 45.50%, with reaction conditions of 1:1
Ti02-ZrO2 ratio, 4 h reaction time, and 160 °C reaction temperature. The use of nanocellulose biopolymer gener-
ated from Sengon sawdust waste in Indonesia provides a promising catalyst support material as an alternative
green catalyst. In addition, the glucose carbohydrates can be converted to biofuel feedstocks in the development of
a renewable alternative energy.

Copyright © 2021 by Authors, Published by BCREC Group. This is an open access article under the CC BY-SA
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1. Introduction cessing produces roughly 180 million m3 of lig-
nocellulose residues, such as sawdust, and other
wood wastes [1]. Sawdust accounts for 75 mil-
lion m3 of wood waste globally. It is mainly com-
posed of 61.2% cellulose, 25.6% lignin, 9.3% ex-
tractive, and 3.9% ashes [2]. The sawdust is of-
ten disposed of into rivers or directly burned de-
spite the serious environmental pollution
caused by the process [3]. Therefore, the utiliza-

The development of nanotechnology and na-
nomaterials contribute to the research and op-
portunities in various industrial sectors. The ap-
plication of nanotechnology makes it possible to
use forests as a potential platform for bio-
products. The industrial activity of forest pro-
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Cellulose is a biodegradable, biocompatible,
nontoxic, porous material and is an abundant
biopolymer in nature [4]. It can be converted to
nanocellulose and combined with inorganic na-
noparticles to produce a nanocomposite with a
synergistic character [5]. A nanocomposite of
metal oxides supported by biopolymers can po-
tentially facilitate the development of heteroge-
neous catalysts [6]. In processes requiring high
yield and purity, heterogeneous catalysts can
replace homogeneous ones owing to their abil-
ity to easily separate from the product [7]. The
heterogeneous catalysts that were convention-
ally used include inorganic substances, such as:
Fe304, Ca0, Al2Os, TiO2, ZrO2, and MgO [5,8],
in which the TiO2 and ZrOz have excellent acid-
base site properties and were good choices as
catalysts [9]. The nanocomposite combination
of TiO2 and ZrO:z can increase the catalytic ac-
tivity due to their strong interaction, which in-
duces the formation of a new catalytic site [10].

Multiple researchers have extracted cellu-
lose from natural biomass wastes, such as: rice
husks [11], rice straws [12,13], grasses [14],
pineapple crowns [15], and corncobs [16]. Other
research on the application of biocatalysts in-
cludes the application of nanocomposite cata-
lysts, such as: cellulose-TiO:z used for the rapid
adsorption of Pb2+ [17], CMC—ZrO:z applied in
the fields of ceramics and catalysis [18], cellu-
lose—Fe304 used for the synthesis of pyranopy-
rimidine derivatives [19], sodium alginate—TiO2
utilized for the synthesis of 5-
hydroxymethylfurfural (5-HMF) from fructose
[20], and calcium alginate—-TiO2—SiO2 used for
the conversion of glucose to 5-HMF [21].

With the depletion of crude oil resources,
there is an increasing urgency to convert natu-
ral resources to renewable fuels [22]. The 5-
EMF compound is one of the derivative com-
pounds of HMF [23]. 5-EMF is believed to be a
promising fuel candidate as it has a high ener-
gy density of 8.7 kWh/L, which is close to the
energy density of gasoline (8.8 kWh/L) and die-
sel (9.7 kWh/L) and higher than that of ethanol
(6.1 kWh/L) [24].

Although many researchers have focused on
the synthesis of inorganic nanoparticle-based
catalysts for various applications. However,
there are limited study focused on the use of
nanocellulose from Sengon wood saw waste
which is widely available in Indonesia as a cat-
alyst support and evaluating the effect of bi-
metal TiO2-ZrO2 on the synthesis of 5-EMF.
Nowadays, the production of 5-EMF with a
high yield can be achieved through the etherifi-
cation of 5-HMF. However, the direct use of

HMF as a raw material is problematic owing to
its high cost [25].

To bridge this gap, this study investigated
the effect of the bimetallic TiO2—ZrO: active
site on nanocellulose during the synthesis of 5-
EMF from glucose, which is renewable and
available naturally. Therefore, this research
aimed to use glucose as a precursor to produce
5-EMF by incorporating cellulose from Sengon
sawdust waste into TiO2—ZrOz binary oxide to
increase catalytic activity.

2. Materials and Methods
2.1 Materials

Sengon sawdust from Bengkulu, Indonesia,
was used as a source of cellulose biopolymer,
97% titanium isopropoxide (TIP) (Merck and
Co.) as a nanoparticle synthesis precursor of
TiO2, zirconium(IV) oxychloride octahydrate
(ZrOCI2.8H20) (Merck and Co.) as a nanoparti-
cle synthesis precursor of ZrOgz, sodium hydrox-
ide (NaOH) (Merck and Co.) as a delignifica-
tion agent for the removal of hemicellulose, hy-
drogen peroxide (H202) (Merck and Co.) as a
bleaching agent, sulfuric acid (H2S04) (Merck
and Co.) as a hydrolyzer agent, distilled water,
ethanol, and dimethyl sulfoxide (DMSO)
(Merck and Co.) as solvents, ammonia
(NH4OH) (Merck and Co.) as a base source, and
glucose (Merck and Co.) as a precursor of 5-
ethoxymethylfurfural synthesis.

2.2 Cellulose Isolation from Sengon Sawdust

Cellulose was isolated using a previously re-
ported chemical hydrolysis method with a
slight modification [2,16]. The sawdust was
washed, dried, and mashed via a ball milling
process. The first stage involves the delignifica-
tion process and hemicellulose deletion using
2% NaOH. Then, the sawdust mixture was
soaked for 4 h with constant stirring at 80 °C.
The second stage involves the bleaching pro-
cess in which 16% H202 and 5% NaOH was
mixed for 90 min at 55 °C and then filtering
and washing of the precipitation with Aqua
Dest. The last stage involves the conversion of
the precipitate to nanocellulose for a 2-h ultra-
sound-assisted acid hydrolysis in 45 wt%
H2SO4 at 45 °C. The obtained nanocellulose
precipitate was washed with water to a neutral
pH, separated, and then dried.

2.3 Synthesis of Titanium Dioxide (TiO2)

TiO2 nanoparticle synthesis was conducted
via a previously reported sol-gel method with a

Copyright © 2021, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 16 (2), 2021, 322

slight modification [26]. About 15 mL of TIP
was added to 60 mL of ethanol, and the solu-
tion was mixed using a magnetic stirrer for 30
min. Distilled water (10 mL) was slowly added
to the mixture to achieve the hydrolysis reac-

tion: a white gel was obtained, which was dried
at 100 °C and calcined at 450 °C for 2 h.

2.4 Synthesis of Zirconium Dioxide (ZrO2)

ZrO2 nanoparticle synthesis was conducted
using a previously reported co-precipitation
method with a slight modification [27].
ZrOClI:.8H20 was dissolved in distilled water,
to which a 2 M NaOH solution was added to
reach a pH of 10; the solution was slowly
stirred for 1 h. The precipitation was filtered
and washed with distilled water to neutral pH.
Subsequently, it was dried at 60 °C for 24 h
and calcined at 700 °C for 1 h.

2.5 Synthesis of TiO2—ZrO2

TiO2—ZrO:z synthesis was conducted using a
previously reported solid-state dispersion
method with a slight modification [28]. TiO:
and ZrO:z (1:3, 1:1, 3:1) were mixed using etha-
nol in mortar, and the solvent was removed via
evaporation. Then, the solution was dried at
110 °C and calcined at 450 °C for 6 h to obtain
Ti02—ZrOz binary oxide catalysts.

2.6 Synthesis of Cellulose—TiO2—ZrO2 Nano-
composite

Cellulose—Ti02—ZrO2 nanocomposite synthe-
sis was conducted using a previously reported
impregnation method with a slight modifica-
tion [29]. First, 2% cellulose was stirred over-
night at 80 °C. Then, 75 mL of 2% cellulose was
added to 25 mL of TiO2—ZrO2 catalyst at room
temperature under constant stirring; 25%
NH+OH ammonia was also added to reach a pH
of 10. The solution was kept overnight in an ov-
en at 60 °C and washed with distilled water;
then, it was centrifuged at 8000 rpm for 10 min
and oven-dried at 80 °C for 8 h to obtain cellu-
lose—TiO2—ZrO2 nanocomposite.

2.7 Catalysts Characterizations

Fourier transform infrared (FTIR) spectra
were analyzed using a Shimadzu IRPrestige-21
instrument in the wavenumber range of 4000—
500 cml. X-ray diffraction (XRD) was meas-
ured using a PANanalytical X-ray diffractome-
ter with a Cu—Koa radiation source at 40 kV
and 30 mA and at 20 from an angle of 0-80°.
The morphological analysis was conducted

using a JEOL JSM6100 scanning electron mi-
croscope (SEM). Transmission electron micros-
copy (TEM) was measured using a Tecnai 200
kV D2360 SuperTwin instrument.

2.8 Catalytic Activity Evaluation

The catalytic activity of glucose conversion
to 5-EMF was evaluated with reference to a
previous study with a slight modification [30].
Glucose precursor (100 mg) and nanocellulose—
TiO2—ZrO2 (20 mg) were added to 5 mL of
DMSO solution under stirring at various tem-
peratures (140°C, 160°C, and 180 °C) and reac-
tion times (2, 4, and 6 h). Afterwards, the reac-
tion was stopped using an ice bath. The 5-EMF
was determined via high-performance liquid
chromatography (HPLC) using a UV detector
at a wavelength of 285 nm and the C18 column
(specific surface area, 330 m?/g; pore size, 120
A; carbon content, 16%) at 30 °C with metha-
nol-water (80:20) as a mobile phase and a flow
rate of 1 mL per minute. The 5-EMF yield was
calculated as follows [31]:

moles of EMF

EMF Yield (%) = ——
moles of glucose

1

3. Results and Discussion
3.1 Nanocellulose from Sengon Sawdust

Hydrolysis of Sengon sawdust cellulose was
performed using a strong acid (H2SO4) for the
formation of nanocellulose to increase the ac-
tive group, surface area, and catalytic activity.
The nanocellulose obtained was white, similar
to pure nanocellulose with a yield of around
63.40%. The cellulose yield was obtained using
the source of cellulose biomass and the synthe-
sis method [32,33]. Figure 1 presents the FTIR
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Figure 1. FTIR spectra of (a) Sengon sawdust,
(b) nanocellulose, and (c) pure nanocellulose.
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spectrum of the Sengon sawdust, nanocellulose,
and pure nanocellulose; there are several of the
same absorption bands on the wavenumbers
3200-3400 cm-! (O-H stretching vibration
from hydroxyl groups), 2860 cm-! (C—H stretch-
ing vibration), and 1659 cm~! (O—H bending vi-
bration). Figure la presents the spectrum of
the Sengon sawdust demonstrating a C=0
stretch at 1730 cm~t. Carbonyl is the specific
functional group for the lignin due to the wood
or the lignocellulosic biomass being primarily
composed of cellulose, hemicellulose, and lig-
nin, in which cellulose is covered by lignin and
hemicellulose [34].

The lignin peak was not observed in the
spectrum of nanocellulose (Figure 1b) and pure
nanocellulose (Figure 1c). The spectrum of
nanocellulose in Figure 1b shows a specific cel-
lulose absorption band representing the B gly-
cosidic bond C1—0—-C4 at 800 cm~! and C-0O—-C
stretch at 1082 cm~!. Nanocellulose hydrolysis
was conducted using sulfuric acid. A peak was
observed at 1035 cm™!, which represents a SOs-
symmetric vibration; moreover, at 1170 cm™1, a
symmetric vibration of an O=S=0 unit in the
SOsH group was observed. At 1350 cm™1, there
was an asymmetric vibration of SO2-, which is
a sulfonate group which becomes the acidic site
of the catalyst when is used as a catalyst sup-
port.

Figure 2a presents the surface morphology
of the Sengon sawdust via SEM. It can be ob-
served that the surface of the Sengon sawdust
is thick and has rough lumps as it still contains
lignin, hemicellulose, and other impurities. Fig-
ure 2b presents the surface morphology of the
nanocellulose. From the figure, it can be ob-
served that the nanocellulose has a fiber-like
shape and a smooth surface, almost similar to
that of pure cellulose (Figure 2c), which has a
small fiber size. The results of the SEM support

the successful isolation of cellulose from the
Sengon sawdust.

The XRD pattern of the Sengon sawdust
(Figure 3a) shows a peak at 20 = 17.14° and
22.74°. This indicates that the Sengon sawdust
cellulose is covered by lignin and hemicellu-
lose. The diffraction pattern of nanocellulose
(Figure 3b) shows peaks at 20 = 15.11°(101),
the amorphous intensity; 22.49° (002), the
maximum intensity; and 34.47° (400). The dif-
fraction pattern of pure cellulose shows peaks
at 20 =15.61°, 22.49°, which was the maximum
intensity, and 34.72°. This result is similar to
that of a previous study [2]. The XRD pattern
shows the crystallinity index based on the
maximum intensity and amorphous intensity
values. The crystallinity index obtained 1is
51.16%, which demonstrates a semicrystalline
structure.
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Figure 3. XRD pattern of (a) Sengon sawdust,
(b) nanocellulose, and (c) pure nanocellulose.

pure nanocellulose.

Figure 2. SEM micrographs with x10.000 magnification. (a) Sengon sawdust, (b) nanocellulose, and (c)
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3.2 Cellulose-TiO2—ZrO2 Nanocomposite

Nanocellulose from Sengon sawdust is com-
posed of binary oxide TiO2—ZrO:2 that forms
nanocomposites used as catalysts. Figure 4 pre-
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Figure 4. FTIR spectra of (a) nanocellulose, (b)

Ti02—ZrO2, and (c¢) cellulose—TiO2—ZrO2 nano-

composite.
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Figure 5. SEM micrograph with X100.000 magnification. (a) TiOzs, (b) ZrOs, (c) TiO2—ZrOz, and (d) cellu-

lose—Ti0O2—ZrO2 nanocomposite.

sents the FTIR spectra of nanocellulose,
Ti02—ZrO2, and cellulose—Ti0O2—Zr0O2 nanocom-
posite.

Figure 4b presents the TiO2—ZrO2 spectrum
that demonstrates the presence of a weak ab-
sorption band at 600 cm™!, which represents
the vibration of the Ti—O-Ti bond of the octa-
hedral TiOs, and the absorption band at 500
cm~l, which represents the vibration of the
Zr—0 bond. Figure 4c presents the FTIR spec-
trum of cellulose-TiO2—ZrO2 nanocomposites at
3200-3400 cm™!, showing the O—H stretch vi-
brations of the hydroxyl group, which can be
observed due to a decrease in the vibration in-
tensity of the hydroxyl group compared with
nanocellulose (Figure 4a). This is due to the
strong hydrogen bond between the bimetal and
hydroxyl groups in nanocellulose [28]. A C—H
stretch i1s observed at 2860 cm~1, an O—H bend
at 1659 cm™1, a B glycosidic bond (C1—0-C,) at
800 cm™!, and a C—O—C stretch at 1082 cm™1.
Moreover, a Ti—O-Ti bend is observed at 600
cm-! and a Zr—0O bend at 500 cm™! at a peak
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shift in a nanocomposite. This supports the suc-
cessful synthesis of the cellulose-TiO2>—ZrO:
nanocomposite.

The SEM micrograph in Figure 5a presents
the surface morphology of a small spherical
TiO2 surface with a uniform particle size. These
results are in accordance with those of a previ-
ous study [26]. Figure 5b presents the morphol-
ogy of ZrOg, clearly indicating that the form of
the granules is not uniform. Figure 5¢ demon-
strates that the surface morphology of
TiO2—ZrO: is exhibiting diffused particles of
larger sizes. This is due to TiO2—ZrO2 combin-
ing with a composite form. Figure 5d shows
that the cellulose-TiO2—ZrO2 nanocomposite
can be observed as irregularly shaped
TiO2—ZrO:z particles embedded in the surface
and pores and evenly distributed in the nano-
cellulose. This shows that the nanocellulose
acting as a supporting material has pores
(Figure 2b), enabling the active site of
TiO2—ZrO2 to attach to the surface of the cellu-
lose.

SEM-EDS analysis was conducted to deter-
mine the mass percent of each element in the
synthesized compound, as presented in Figure
6. The compositions of C, O, Ti, and Zr are 47.2,
39.6, 6.7, and 6.5 wt%, respectively, indicating
that the nanocomposite was successfully modi-
fied by the bimetal consisting of TiOz and ZrOg,
which spread evenly on the surface of the cellu-
lose. This is supported by the results of the sur-
face morphology of obtained via SEM in Figure
5.

Figure 7 presents the XRD pattern of
TiO2~ZrOz at 20 = 25.379° 30.309°; 35.139°;
50.513°% 60.172°, 62.879° are TiO2 anatase (in
accordance with the JCPDS No. 021-1272) and
ZrO2 tetragonal (in accordance with the JCPDS
080-0965). The XRD pattern of the cellulose—
Ti02—ZrO2 nanocomposite can be observed at
20 = 15.101° and 22.748°, which are two specif-
ic peaks of nanocellulose and peaks of TiO2 and

/71 7 e

10pm

Figure 6. SEM-EDS of the cellulose—TiO2—ZrO2 nanocomposite.

ZrO2 occurred the peak shift. This indicates
that TiO2—ZrO:z has been successfully combined
with a nanocellulose support material.

The XRD pattern can also provide infor-
mation on the crystal size calculated using the
Scherrer equation in Equation (2) [13]:

092 9
Py, cos 6 @

where D denotes the crystal size; A, the wave-
length (1.406 A); 6, the diffraction angle; and fue,
the full width at half maximum (FWHM). The
crystal size of TiO2—ZrOz was 11.86 nm, and
the cellulose-TiO2—ZrO2 nanocomposite was
obtained at 30.42 nm.

A TEM micrograph presents the TiOz2 and
ZrOz nanoparticles with average particle sizes
of around 25 and 15 nm, respectively (Figure
8a and 8b). When these two particles are com-
posited, obtained average particle size were ob-
tained around 30 nm with uniform shape
(Figure 8c). The binary oxide is composited
with the support material of nanocellulose to
form the cellulose-TiO2—ZrO2 nanocomposite.
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Figure 7. XRD pattern of (a) TiO2—ZrOz and (b)
the cellulose—TiO2—ZrO2 nanocomposite.
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Figure 8. TEM micrographs of (a) TiOz, (b) ZrOz, (c) TiO2—ZrO:z at a scale of 50 nm, and (d) cellu-
lose—TiO2~ZrO2 nanocomposite at a scale of 10 nm.
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Figure 9. Proposed mechanism of interaction between the nanocellulose and TiO2—ZrOes.
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The obtained TiO2—ZrOz average particle size
was around 30 nm (Figure 8d). This result was
supported by the crystal size represented by
the XRD pattern.

The proposed mechanism of interaction be-
tween cellulose and TiO2—ZrO: is presented in
Figure 9. At the first stage (I), TiO2—ZrO2 parti-
cles with nanocellulose attract each other due
to an electrostatic force. In the second stage
(II), is formed of hydrogen bonds which can
cause a powerful adhesion between the parti-
cles. The formation of hybrid particles occurs as
long as the surface of the cellulose is filled with
sufficient particle layers of TiO2—ZrO: (stage
III). If there are no longer free particles of
Ti02—ZrOs, the surface of the cellulose will be
closed partially [35].

3.3 Catalytic Activity of Cellulose—TiO2—ZrOz

This work investigated various criteria,
namely, the TiO2—ZrO2 ratio, reaction time, re-
action temperature, and catalyst type. Figure
10a presents the highest percentage of yield
product (~43.1%) with the TiO2—ZrOs ratio (1:1)
in the catalyst. This yield is obtained due to the
synergistic effect of binary oxide that provides
an active site to increase the catalytic activity.
By using a TiO2—ZrOz ratio of 1:1, the optimum
reaction time was 4 h (Figure 10b), with a 5-
EMF yield of 45.50%. In addition, when the re-

action time increased to 6 h, no significant dif-
ference in the yield was observed. By using the
optimum conditions of TiO2—ZrO2 ratio and re-
action time of 4 h, the optimum reaction tem-
perature was 160 °C, with a 5-EMF yield of
45.50% (Figure 10c). When the reaction tem-
perature was increased to 180 °C, the product
yield percentage decreased. This is due to the
possibility formed insoluble humin by-products
[32]. Next, we investigated the effect of the
catalyst type on the 5-EMF yield using a
TiO2—ZrO2 ratio of 1:1 as well as reaction time
and reaction temperature of 4 h and 160 °C, re-
spectively. The catalyst type of ZrOaz, TiOs,

/ﬁ@ Isomerlzsmon HO' 0”
Le\us acid

OH H
Clucuse Fructose
lBronsted acid
0" ° OH
C/U\()/\ Etherification U\
5-EMF HMF

Figure 11. Proposed reaction mechanism of glu-
cose conversions to 5-EMF with a cellu-
lose—Ti02—ZrO2 catalyst.
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Figure 10. A variety of glucose conversions to 5-ethoxymethylfurfural: (a) ratio of TiO2—ZrO: in a cata-
lyst, (b) reaction time, (c) reaction temperature, and (d) type of catalyst.
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Ti02—ZrO2, and cellulose-TiO2—ZrO2 achieved
yields of 15.50%, 20.20%, 35.20%, and 45.50%,
respectively (Figure 10d). The highest yield
was observed for cellulose—TiO2—ZrO2, which
was attributed to the synergetic effects of the
hybridization of the biopolymer with inorganic
nanoparticles [36].

We proposed a reaction mechanism for the
catalytic activity of the cellulose—TiO2—ZrOz
catalyst in the reaction of glucose into 5-EMF
(Figure 11). The first stage was isomerized into
fructose compounds by Lewis acidic of
TiO2—ZrO: with the DMSO solvent and then
the next stage by Bronsted acid derived from
the sulfonate group of nanocelluloses into
HMF. Furthermore, etherification of HMF into
5-EMF was synergistically catalyzed with a
mixed binary oxide and nanocellulose catalyst.

4. Conclusion

In summary, we report a nanocomposite de-
rived from sawdust cellulose combined with
TiO2—ZrO2 binary oxide to form a cellulose—
TiO2—ZrO2 nanocomposite, which can be uti-
lized as a heterogeneous green catalyst for 5-
EMF synthesis. This catalyst was shown to
comprise porous and irregularly shaped TiOs—
ZrO2 particles that are evenly distributed in
the nanocellulose support. The presence of
nanocellulose was important to increase the
catalytic activity that induces the production of
5-EMF. Catalytic activity increased with the
cellulose effect obtained ZrQOs, TiO2, TiO2—ZrO2
and cellulose and TiO2—ZrO2 nanocomposite,
with 15.50%, 20.20%, 35.20%, and 45.50%
yields, respectively. The optimal yield of 5-EMF
was 45.50%, with reaction conditions of 1:1
Ti02—ZrO: ratio, 4 h reaction time, and 160 °C
reaction temperature. The results suggested
potential for using nanocellulose biopolymer
from extracted from Sengon sawdust as a cata-
lyst support material, which also increases the
potential of renewable materials such as glu-
cose to produce biofuel.
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