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ABSTRACT

Rice straw is the most abundant agricultural waste in Vietnam. Utilizing rice
straw for energy purposes through biomass gasification technology is an
advanced solution. However, current biomass gasification technologies have
relatively low efficiency and generate a significant amount of excess char after the
gasification process. In this study, residual char from rice straw gasification in a
commercial system was collected and analyzed to provide a basis for reutilization.
Proximte and ultimate analysis revealed that the char from rice straw gasification
has high ash content, but substantial carbon content remains. SEM-EDX analysis
showed that the char has a relatively complex structure with various inorganic
particles present on the surface. Furthermore, the rice straw char has a high
porous structure, as indicated by its specific surface area (438m?/g), determined
using the nitrogen adsorption method. The physico-chemical properties of the rice
straw char after gasification demonstrate its suitability as an inexpensive and
environmentally friendly adsorbent material.
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TOM TAT

Rom 1 rdc thai ndng nghiép <6 trit lugng nhiéu nhat tai Viét Nam. Viéc st
dung ram cho muc dich nang lugng bang cdng nghé khi héa sinh khai la mét giai
phap tién tién. Tuy nhién cac cdng nghé khi hoa sinh khdi hién tai c6 hiéu suat
tuong doi thap, tao ra nhiéu than thiia sau qua trinh khi hda. Trong nghién c(u
nay, than thifa sau qua trinh khi héa rom trén hé thong thuong mai dugc thu thap
va phan tich nham cung cap co s& dit liéu cho viéc tdi st dung. Phan tich ki thuat
va nguyén to cho thay than rom sau khi hda cd ham lugng tro cao, tuy nhién lam
|uwgng cachon van tuong ddi dang ké. Phén tich SEM-EDX cho thay than rom ¢6 cdu
tric tuong doi phiic tap vdi nhiéu hat vo co hién dién trén bé mat. Ngoai ra than
rom c6 do rbng xGp cao, thé hién qua dién tich bé mét riéng (438m?/g), xac dinh
bang phuong phap hap nha nite. Cac ddc tinh Iy - hda cda than rom sau qua trinh
khi hda cho thay su ph hgp cla than rom sau qua trinh khi hoa nhu mot chat hap
phu ré va than thién moi truong.

Tirkhda: Rom, khi hod, than thira, chdt hdp phu, sinh khi.
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1. INTRODUCTION

Paddy is cultivated in more than 80 countries worldwide.
The production of paddy, estimated at 750 million tons in
2016, generates a corresponding amount of approximately
750 million tons of rice straw due to the 1:1 ratio between
paddy and rice straw [1]. Rice straw has traditionally found
applications in low-value uses like direct combustion for
cooking, construction material, and animal husbandry
practices in various countries [2]. During harvest seasons,
when rice straw accumulates significantly in rice mills, open
burning has been a common disposal method chosen by
farmers [2-4]. Unfortunately, this practice leads to severe
environmental pollution and adverse health effects for local
communities [5]. Nevertheless, rice straw holds potential as
a valuable resource for efficient energy processes, such as
gasification.

Biomass gasification is a thermochemical process that
converts biomass into syngas, primarily composed of carbon
monoxide (CO) and hydrogen (H,), along with smaller
amounts of carbon dioxide (CO,), and methane (CH,) [6].
Syngas can be utilized for heat production, electricity
generation, or as a transportation fuel. In several Asian
countries, such as China, India, Myanmar, Cambodia, and
Thailand, there has been a growing trend in using rice straw
as a feedstock for gasification [7]. Fixed-bed technology is
commonly employed for gasifying rice husks due to its
simple design and cost-effectiveness. However, the current
technology has limitations, offering only moderate
efficiency and resulting in substantial waste generation, as
highlighted in previous studies [7-9].

As a result, a considerable volume of residue is produced
during the gasification, and it still contains a certain amount
of carbon. Previous studies have investigated the properties
of these residues after gasification to identify suitable
applications. The surface area of post-gasification residues in
some cases can be comparable to that of expensive
commercial activated carbons. This suggests that they have
the potential to replace costly activated carbons [10].
Residues resulting from the gasification of agricultural
materials have demonstrated a valuable combination of
high carbon content and significant porosity, making them
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suitable for use as adsorbents [11-13]. Additionally, research
has confirmed the feasibility of utilizing residues from
pinewood gasification as adsorbents for capturing volatile
compounds [14]. These studies emphasize the promising
prospects of repurposing gasification residues as
adsorbents. Despite these encouraging findings, the
utilization of post-gasification residues remains relatively
limited. Therefore, further comprehensive research is
needed to explore and refine the application of post-
gasification residues as cost-effective and environmentally
friendly adsorbents.

Therefore, this study aimed at characterizing the residual
char after gasification of rice straw using a commercial
system, serving for its potential reutilization.

2. MATERIALS AND METHODS
2.1. Biomass feedstock and residual char collection

Rice straw was collected from the Red river Delta in
Vietnam. The feedstock was air-dried for one week and gets
rid of dust for other characterization. The gasification was
done using a commercial gasifier (PP20 All Power Lab) using
the default setup. About 50kg of rice straw was used for
gasification in 2 hours. After gasification, the residual char
was collected and stored in boxes for oher experiments.

2.2. Characterisation of rice straw and residual char

Proximate analysis, conducted on a dry basis, was
employed to determine the volatile matter (following ASTM
D-3175 standard), ash content (following ASTM D-3174
standard), and fixed carbon content (determined by the
difference) of both rice straw feedstock and its
corresponding char. Ultimate analysis of rice straw and its
corresponding char was performed using a PerkinElmer
2400 Series Il Elemental Analyzer. The morphology of rice
straw and char was analyzed using scanning electron
microscopy (SEM) technique.

Nitrogen adsorption/desorption analysis, carried out
with the BELSORP mini Il analyzer, served to characterize the
pore surface area and pore size distribution of rice straw
char. The specific area of the char was calculated using the
Brunauer-Emmett-Teller (BET) method, while the pore size
distribution and pore volume were determined using the
Barrett-Johner-Halenda (BJH) method.

3. RESULTS AND DISCUSSIONS
3.1. Proximate analysis
Table 1. Proximate analysis of rice straw and its char

Biomass type Rice straw Residual char
Moisture (wt%, as received) 12.5 3.1
Bulk density (kg m?) 97 190
Proximate analysis (wt%, db.)

A 14.65 55.38

FC 14.95 44.02

v 70.40 0.60
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Table 1 provides a summary of various properties,
including volatile matter, ash content, and fixed-carbon
content, obtained through proximate analysis of both rice
straw and its char. The rice straw has a relatively low bulk
density (97kgm=3), and high moisture content leads to
difficulties in the transport and usage of this type of
feedstock [15]. Meanwhile, its residual char has higher bulk
density (190kg/m3) and low moisture content, which is
suitable for use of different purposes [16,17].

However, high ash content of rice straw and its residual
char was also detected, suggesting that the biomass usually
contains a large amount of mineral contents. This could
bring some troubles when using it as a source of energy, as
some inorganic elements could inhibit the conversion rate,
or block some part of the system after a certain time of usage
[18,19]. It is noteworthy that the carbon content of residual
char is still high, estimated at 44.02%, offering ideas for
reutilization of rice straw char after gasification.

3.2. Ultimate analysis

Table 2 provides the ultimate analysis outcomes for rice
straw and its residual char. This analysis enables the
prediction of the heating value and the quality of the
resulting energy product [20]. The samples typically
comprise four primary elements: carbon (C), nitrogen (N),
hydrogen (H), and oxygen (O). Even minor variations in the
concentrations of C, H, and O within the biomass can have
an impact on the composition of the energy product.

Table 2. Ultimate analysis of rice straw and its char (wt%, dry-ash-free basis)

Biomass type Rice straw Residual char
C 43.85 85.29
H 475 2.55
N 0.25 0.29
0 51.15 11.87

According to the results mentioned in Table 2, low Cand
H contents compared to woody biomass was detected in the
rice straw. Significantly low content of N was also present in
the collected samples. This is advantageous as the potential
emission of nitrogen could be neglected. The residual car,
on the contrary, has a high C content, and much lower O
compared to that of the rice straw.

3.3. Morphology

The morphology of rice straw and its residual char was
analyzed using the SEM technique, taken at different
locations on the surface of the samples.

The morphological characteristics of various rice straw
exhibited remarkable complexities and high heterogeneity
(Figure 1). The significantly rugged outer surface of the rice
straw was observed. It displays nodes, predominantly
composed of silica coated with a thick cuticle. In terms of the
residual char derived from rice straw, an increased number
of nodes were observed on the surface. This phenomenon is
indicative of higher ash content, resulting in the presence of
inorganic materials exposed on the sample's surface.
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3.4. Porosity

The N, adsorption/desorption isotherms (Figure 2) of the
residual char derived from rice straw exhibited a relatively
continuous distribution of pore sizes. At low relative
pressures (p/po below 0.05), there was a significant increase
in adsorption, indicating the presence of small micropores.
As the relative pressures p/po increased, the rate of
adsorption increase slowed down, signifying the existence
of mesopores and macropores. At higher relative pressures
(p/po above 0.5), capillary condensation became apparent,
resulting in an upturn in the isotherms. Additionally, the
desorption isotherm was positioned higher than the
adsorption isotherm, indicating the occurrence of
desorption hysteresis. This phenomenon can be explained
by the difference between the relative pressure of
agglomeration and that of evaporation [21].

The rice straw char exhibited a BET surface area of
438m?/g, with the volume of microspores accounting for
approximately 0.15cm3/g of the total volume of 0.34cm?/g.
While the volume of micropores was relatively small in
proportion to the total volume, it resulted in a significantly
high surface area in the rice straw char. This level of porosity
is notably higher when compared to other biochars
reported in the literature [11, 13, 18]. These findings
emphasize that the residual char possesses adsorption
properties attributed to its micropores and mesopores,
underscoring its potential as a cost-effective and efficient
adsorbent.

Rice straw

Figure 1. SEM images of rice straw and its residual char
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Figure 2. N, adsorption/desorption of residual char
4. CONCLUSION

Several properties of residual char after the gasification
of rice straw were analyzed. The results of proximate and
ultimate analysis revealed that the char, despite having a
high ash content, still contained a significant amount of
carbon. The morphology and structure of the char were
relatively complex, as evidenced by SEM images and N
adsorption/desorption techniques. Furthermore, the high
surface area with a relatively large volume of micropores
suggests that residual char resulting from the gasification of
rice straw has the potential to serve as a cost-effective and
efficient adsorbent.
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THONG TIN TACGIA

Nguyén Hong Nam', Tran Van Bay?

"Trutng Dai hoc Khoa hoc va Cong nghé Ha Noi, Vién Han lam Khoa hoc va
(6ng nghé Viét Nam

Truong Dai hoc Giao thong van tai

Vol. 59 - No. 6B (Nov 2023) e Journal of SCIENCE & TECHNOLOGY | 99



