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Abstract

®

CrossMark

Nano-photocatalysis offers an environmentally friendly method, low cost process, and easy
handling operation. In addition, converting cellulose as an abundant waste of agricultural side-
product into glucose and alcohol sugar is interesting and challenging. LaCrO3 nano photocatalyst
was prepared using sol-gel and freeze-drying method. After the gelation and freeze-drying
process, the precursors were subjected directly to the calcination treatment at 600, 700, and
800 °C, respectively. Then, the samples were subsequently characterized using x-ray diffraction
(XRD), diffuse reflectance UV-vis spectroscopy (DRS), Fourrier transform infrared
spectroscopy (FTIR), scanning electron microscopy (SEM) and transmission electron

microscope (TEM). The results proved that LaCrO; crystalline phase is formed and its grain size
is approximately 30 nm. DRS analysis also proved that band gap energy is affected by
temperature calcination, and its value is around 2.9 eV. Its activity test said that the calcination
temperature affected the conversion of cellulose. The cellulose conversion is more than 20%
with the yield of alcohol sugar more than 600 ppm in 45 min exposure of the UV irradiation.

Keywords: nano, cellulose, sol-gel, alcohol sugar, perovskite

1. Introduction

A photocatalyst is a catalyst that can function while it is
subjected to the radiation rays so that electrons are promoted
from the HOMO to the LUMO level due to a reaction hap-
pened. Compound that can be used as a photocatalyst is a
material that has a band-gap energy in the range of the
radiation light applied [1-3]. In general, materials that can be
used as photocatalysts have semiconductor properties [4-6].
One of them is perovskite materials.

Perovskite compounds are widely used in the field of
catalysts [7-9], sensors [10-12], optics [13, 14], and elec-
tronics [15, 16]. The widespread use of the material is due to
its unique properties, such as electric conductivity [17, 18],
high-temperature resistors [19, 20], refractive indexes
[21, 22], and semiconducting properties [23, 24]. In the field
of catalysis, particularly photocatalysis, perovskite com-
pounds are also used to decompose dye pollutants in water
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[25, 26]. In cellulose conversion, TiO, photocatalyst has been
used to decompose cellulose into mixtures of hydrogen, car-
bon dioxides, glucose, and formic acid under UV irradiation
by 93.4% of C-balance [27]. On the other hand, LaTiO,N
perovskite was used to oxidize water into oxygen with the
yield of 99% [28], whereas LaFey gCug,03 composite films
abled to decompose methyl orange dye under the visible light
by 67% [29]. Given the unique characteristics and excellent
ability to decompose dye pollutants, the perovskite material is
certainly an opportunity to be applied on the breakdown of
cellulose into alcohol sugar compounds.

Cellulose is a material that is very abundant in nature and
can be used as a source of raw materials for energy and the
production of more useful chemical compounds. In Indonesia,
waste of the cellulose is very abundant which come from
agricultural industrial waste such as cassava, sugar cane,
pineapple, palm, and banana. One of the cellulose sources
whose utilization has not optimal yet is banana peel which
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reaches 6 x 10° tons yearly [30, 31] and the utilization of
cellulose waste in Indonesia have begun to emerge [32-36].
So in this study the conversion of nano-cellulose into alcohol
sugar with the LaCrO; catalyst under UV irradiation was
reported. The preparation and characterization of LaCrO;
have been reported on the previous articles [37, 38].

2. Materials and methods

2.1. Materials

Materials used in this work were pectin powder, banana peel
(waste from a domestic market), hydrated lanthanum nitrate
(La(NO5);.6H,0), and hydrated chromium nitrate
(Cr(NO3)3.9H,0), and ammonia. All salt material is a com-
mercial product of Merck.

2.2. Methods

2.2.1. Preparation of nano-cellulose material. The banana
peel was washed and then heated in an oven at 60 °C until the
weight of banana peel was constant. Furthermore, the dry
banana peel was mashed using a blender and sieved with a
size of 125 meshes. Then, banana peel powder taken as much
as 50 g, put into a round flask. Into the flask was added a
solution of NaOH 4% until all parts of the powder were in
solution. Then, the solution was carried out reflux at a
temperature of 100 °C-120°C for 2h. The results of the
reflux were filtered and washed with distilled water to remove
lignin and hemicellulose. The washing fiber was then dried
before the bleaching process. The bleaching process was
carried out by mixing of 50 grams of cellulose fiber, 400 ml of
1.7% NaClO, solution, acetic acid and distilled water then
refluxed at a temperature of 110°C-130°C for 4 h. After
refluxing, the mixture was cooled to room temperature and
then centrifuged and washed simultaneously until a white
cellulose solid was obtained.

2.2.2. Preparation of nano LaCrOs; Solid LaCrO; was
prepared by dissolving specified mass of La(NOs5);.9H,0,
and Cr(NO3)3.6H,0, respectively in 100 ml pectin solution
4%. The mixture was stirred until homogeneous solution was
obtained, and then freeze-dried. Dry samples were calcined to
600, 700, and 800 °C using the temperature program with
temperature increase of 2°C min~'. While the final
temperature has been reached, the calcination temperature is
attained for 2 h.

2.2.3. Characterization of LaCrOs; nanomaterial. The material
characterization determined by x-ray diffractometer (XRD)
for structural and crystalline phase identification, scanning
electron microscope (SEM) for analyzing surface
morphology, transmission electron microscopy (TEM) for
structural dan grain size identification, and UV-diffuse
reflectance spectroscopy UV-vis for measuring bandgap
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Figure 1. Diffractogram of LaCrOj; calcined at (a) 600 °C, (b)
700 °C, and (c) 800 °C.

energy and Fourrier transform infrared spectroscopy (FTIR)
for functional groups identification.

3. Results and discussion

3.1. X-ray diffraction analysis of LaCrO3

Based on the diffractogram as shown in figure 1, it is clear
that the crystalline phase formed is perovskite LaCrO;
although the structure is different. The LaCrO; calcined at
600 °C gave a cube shape of LaCrO3, while LaCrOj; calcined
at 700 and 800 °C were orthorhombic with cell parameters
slightly different, as explained by Situmeang et al in his
previous article [37, 38].

3.2. Diffuse reflectance spectroscopy UV-vis analysis of
LaCrOgs

Figure 2 shows that the LaCrOj; calcined at 600, 700 and
800 °C gave a positive response to both visible and UV light
treatments. Figure 2(a) shows the UV absorption occurs in the
region 200-400 nm with a maximum absorption at a wave-
length greater than 350 nm. Then, the absorption of visible
light at a wavelength of about 650 nm is seen although rela-
tively small. Light absorption shown by the LaCrO; indicates
that the material can work in visible and UV light areas.
Furthermore figure 2(b) states that reflection of UV light
occurs starting at wavelengths above 350 nm and continues to
increase, especially for the LaCrO; prepared at 800 °C.
Whereas, the LaCrO; prepared both 600 and 700 °C, show
the optimum reflection at a wavelength of about 500 nm. It is
clear that the higher the calcination temperature for the for-
mation of LaCrO; the greater the band gap energy.

3.3. TEM and SEm analysis of LaCrO3;

The crystallite appearance of LaCrO; calcined at 600, 700,
and 800 °C in figure 3 showed that the granules formed were
generally agglomerated. It could be still seen in the certain
location, especially in figures 3(a) and (c), the small granules
with nano size existed. The size of the LaCrO; grains can be
determined by comparing the shape of the crystalline phase
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Figure 2. Absorption (a) and reflectance (b) features of LaCrOj3 calcined at (1) 600 °C, (2) 700 °C, and (3) 800 °C.
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Figure 3. TEM micrographs of LaCrOs calcined at (a) 600 °C, (b) 700 °C, and (c) 800 °C.

and the size of the scale of 100 nm in figure 3. Therefore, the SEM as shown in figure 4. In figure 4(a) LaCrO; is formed
size of LaCrOj3 is around 50 nm. homogeneously and forms a hollow network. The shape of

The surface morphology of LaCrO; material calcined at the cube appears to dominate the surface area but the sphe-
temperatures of 600, 700 and 800 °C was analyzed using rical shape and cube extends on one side, although it is minor.
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Figure 4. SEM images of LaCrO; calcined at (a) 600 °C, (b) 700 °C, and (c) 800 °C.

Furthermore, in figure 4(b) there are various crystalline such
as hexagonal, orthorhombic, irregular and spherical phases. In
general, it can be said that the form of orthorhombic is
dominant. Meanwhile, in figure 4(c) it appears that the
rhombhohedral, spherical, and other crystalline phases are
fused to form irregular shapes. In figure 4(c), there is still a
cavity between the crystalline phase formed but in figure 4(b)
it appears more tightly and crystallized.

3.4. FTIR analysis of LaCrOs

FTIR analysis was carried out to determine the interactions
that occur between the molecular bonds of LaCrO; and
molecular bonds of cellulose through vibrations produced
between interactions that occur after the photocatalytic pro-
cess as shown in figure 5 below.

Figures 5(a)-(c) showed spectra of a fresh LaCrO; pre-
pared at 600, 700 and 800 °C, respectively. Typical LaCrO;
peaks in the finger print area for Cr—O and O—Cr-O stretching
vibrations occur at wave number of 842.4, 834.9 and
864.7 cm™ ! for LaCrO; prepared at 600, 700, and 800 °C,
respectively. While the bending vibrations of La—O-La and
La—O-Cr only appear clearly in LaCrO; prepared 700 °C at
wave number of 772 cm~'. Absorption in the wave number

area of 3400-3100 cm™" states the water vapor adsorbed on
the surface of the catalyst existed. Weak bending vibrations
from water appear at wave numbers from 1700-1600 cm .
The stretching vibration that appears at wave numbers of
15001400 cm ™" is probably derived from ions formed from
water absorbed with the surface of La—O-Cr and Cr—O—Cr or
La—O-La. Whereas the vibrations that appear at wave num-
bers of 1200-900cm ' are probably derived from CO,
adsorbed on the surface of LaCrOs.

In figures 5(d) and (e) the catalyst spectra obtained after
the photocatalytic reaction for LaCrOj calcined at 600 and
800 °C showed that there is an interaction between water and
cellulose with the surface of the catalyst. Cellulose itself
provided a stretching vibration at 3600-3100cm™' for
hydrogen bonds (—OH), 2900 cm " for stretching vibrations —
CH, 1430 cm~! for symmetrical bending vibrations —CH,,
and 898 cm ™! for vibrations of C—~O-C stretching from bonds
6-(1,4)-glycosidic linkage [39, 40]. In the FTIR spectra of the
LaCrO; sample obtained after the photocatalytic reaction
process, it appears that the —OH stretching absorption at
3339.7cm ' show that the —OH cellulose and water groups
interact with the catalyst surface. Stretching vibration of the
(-(1,4)-glycosidic bond appeared at wave number
1028.7 cm™' which also showed that there was interaction
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Figure 5. FTIR spectra of LaCrOs: (a)—(c) dried samples at 600 °C, 700 °C and 800 °C, respectively; and (d), (e) samples after photocatalysis

of both LaCrO; calcined at 600 and 800 °C, respectively.

with the surface of the LaCrOj catalyst. The interaction of 3-
(1,4)-glycosidic and LaCrOz bonds appeared relatively
stronger with the catalyst being prepared at 800 °C, where
transmittance for catalyst calcined at 600 °C calcined was
73% and 69.9% for LaCrO5 calcined at 800 °C. Furthermore,
the bending vibration peak that appears in the wave number
area of 1500-995 cm ! states that glucose, sorbitol, mannitol
and other carbohydrates are existed [41, 42]. This implies that
there is a cellulose bond breakdown during the photocatalytic
reaction.

3.5. Photocatalysis of nano cellulose

Before carrying out chromatography analysis, samples from
photocatalysis reactions were analyzed using the 3,5-dinitro
salicylic acid (DNS) reagent by spectrophotometry method
both qualitatively and quantitatively. Qualitatively, it was
observed from the color changes shown in the process of
converting cellulose to glucose in figure 6(a). Quantitatively,
the concentration of reducing sugar in the solution of the

conversion results was analyzed using UV-vis spectro-
photometer. Measurement of concentration begins with
making a curve glucose standard, where the standard glucose
solution used is from 20-200 ppm and measured at a wave-
length of 540nm. Based on the calculation using linear
regression equations resulting from the glucose standard
curve as shown in figure 6(b), we obtained the glucose con-
centration of the solution for the conversion results.

Furthermore, glucose results from photocatalytic cellu-
lose conversion are shown in figure 7 below.

In figure 7 it is clear that the catalyst calcined at 600, 700,
and 800 °C is active to convert nano-cellulose under UV light
irradiation. Cellulose conversion gave glucose yields over a
range of 600 ppm for each exposure time applied. In detail,
there is a slightly different tendency among catalysts’ activity
when increasing the exposure time of UV irradiation as
shown in figures 7(a) and (c). However, in figure 7(b), there is
an increasing yield of glucose as the exposure time increase.
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Figure 6. (a) The glucose resulted analyzed qualitatively by DNS, and (b) the standard glucose curve from the measurement results with the

UV-vis spectrophotometer.
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Figure 7. The glucose resulted by photocatalytical cellulose conversion under the UV ray irradiation of LaCrOj; at (a) 600 °C, (b) 700 °C, and

(c) 800 °C.

The increase in the amount of glucose as a result of the
reaction when the increase in exposure time of UV irradiation
happened, in general, is still relatively small compared to the
amount of converted cellulose which reaches 20%—-24%. So,
it can be explained that the LaCrO; photocatalyst was not
only acting to break the 8-(1,4)-glucoside linkage of cellulose

but also converting the glucose into other compounds which
were not analyzed.

To determine the formation of sorbitol, mannitol, and
xylitol after the photocatalytic process, the liquid sample is
then analyzed using high-performance liquid chromatography
(HPLC), as shown in figure 8.
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Figure 8. Analysis of alcohol sugar using HPLC.

Table 1. Distribution of alcohol sugar products as a result of the photocatalytic cellulose conversion.

LaCrOj catalyst calcined at  Exposure time (min)

Total alcohol sugar (ppm)

Xilitol (ppm)  Sorbitol (ppm) Mannitol (ppm)

600 °C 15 113
30 127
45 130
60 172
700 °C 15 271
30 375
45 620
60 490
800 °C 15 200
30 272
45 396
60 262

45 68 —
— 87 40
— 54 76
— 106 66
75 90 106
130 160 85
260 210 150
190 180 120
55 96 49
69 115 88
187 147 62
101 84 77

By transforming the surface area of the peak using cali-
bration curves of related alcohol sugar to the concentration,
the distribution of sugar alcohol concentration as a result of
cellulose conversion can be seen in table 1.

In table 1, it is clear that the length of the irradiation time
will increase the production of alcohol sugar even though the
LaCrO; photocatalyst calcined at 700 and 800 °C show a
decrease in the alcohol sugar yield, especially at 60 min of
irradiation time. This is possible because those catalysts have
more capability in decomposing and binding the products.

4. Conclusions

Crystalline phase formation of LaCrO; perovskite was
affected by the calcination temperature applied. The samples
as seen by TEM is to characterize the existence of particles
with varied sizes and shapes. The smallest size is less than
50 nm. In addition, SEM analysis proved that a homogeneous
and hollow network were formed. The band gap energy
obtained is also affected by the temperature of calcination. Its
value was 2.62, 2.89, and 2.98 eV, respectively. The catalyst

of LaCrO; calcined at 700 °C is active to convert cellulose
with more than 620 ppm of glucose, 260 ppm of xylitol,
150 ppm of mannitol, and 210 ppm of sorbitol with the
exposure time of 45 min.
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