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Abstract

Bagasse ranks among Vietnam's most abundant agricultural residues. The application of
bagasse for energy generation via biomass gasification technology presents an innovative
approach. Nevertheless, prevailing biomass gasification methodologies exhibit relatively
limited efficacy and produce a substantial surplus of char following the gasification
procedure. This investigation, however, focuses on acquiring and evaluating residual char
produced from the gasification of bagasse within a commercial system. Proximate and
ultimate analyses indicate that the char derived from bagasse gasification possesses low ash
content while retaining a significant carbon fraction. SEM-EDS examination reveals that
both bagasse and its chars consist of distinct thin layers with a rough and non-uniform
surface. Additionally, bagasse char displays considerable porosity, as demonstrated by its
specific surface area of 749 m?/g, determined using the nitrogen adsorption technique. This
outcome places it in the same category as particular commercial activated carbons. The
physical and chemical attributes of bagasse char post-gasification affirm its potential as an
economical and eco-friendly adsorbent material.
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1. Introduction

Sugarcane is grown across various regions globally, with notable production in
Brazil and India. Beyond its primary output of sugar, approximately 30% of the total
weight of processed sugarcane constitutes bagasse [1]. On a worldwide scale, the sugar
sector yields a substantial volume of sugarcane bagasse, approximated at 0.6 billion tons
annually [2]. In Vietnam, a considerable quantity of bagasse, around 8 million tons, is
discharged each year. Nationally, just few factories utilize bagasse for internal heat and
electricity generation purposes [3]. Consequently, considering the solid waste it
generates, the sugar processing industry is regarded as one of the most environmentally
detrimental sectors in Vietnam.
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Bagasse contains a significant proportion of sugar, endowing it with a high
heating value [4, 5]. Consequently, harnessing bagasse as a biomass feedstock for
energy generation is particularly pertinent, especially in facilities requiring heat and
electricity. An effective approach to fully capitalize on this residue involves employing
it as a raw material for gasification. Gasification, a thermochemical conversion process,
transforms carbon-rich materials into hydrogen and carbon monoxide-enriched gas
known as syngas [6]. Syngas finds diverse applications, including heat and power
generation or conversion into transportation fuels. Several Asian nations, including
China, India, Myanmar, Cambodia, and Thailand, have witnessed an increasing
inclination towards utilizing rice straw as a feedstock for gasification [7]. Fixed-bed
technology is the prevalent choice for gasifying rice husks, primarily due to its
straightforward design and cost efficiency. Nonetheless, the existing technology
exhibits drawbacks, providing only moderate efficiency and generating significant
waste, as underscored in prior researches [7, 8].

Consequently, a significant quantity of residual material is generated during the
gasification process, which still retains certain carbon content. Previous investigations
have examined the characteristics of these post-gasification residues in search of
suitable applications [9, 10]. In certain instances, the surface area of these residues has
been found to be comparable to that of expensive commercial activated carbons,
indicating their potential to serve as cost-effective replacements. Residues resulting
from the gasification of agricultural materials possess an advantageous combination of
high carbon content and substantial porosity, rendering them well-suited for use as
adsorbents or construction materials [7, 11]. These studies underscore the promising
prospects of repurposing gasification residues as adsorbents. Nevertheless, the use of
residual char after gasification remains somewhat limited.

Therefore, the purpose of this study was to characterize the residual char after
gasification and enhance its application as environmentally friendly and economically
viable adsorbents.

2. Materials and methods
2.1. Bagasse and its residual char collection

Bagasse was sourced from a facility located in Northern Vietnam. The feedstock
was subjected to one week of air-drying to eliminate moisture and was also cleaned to
remove any dust or impurities prior to further characterization. The gasification process
was conducted using a commercial gasifier (PP20 All Power Lab) with the default
configuration. Approximately 50 kg of bagasse was utilized for gasification, carried out
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over a span of 2 hours. Following the gasification process, the resulting residual char
was collected and stored in containers for subsequent experiments.

2.2. Characterization techniques

Proximate analysis, conducted under dry conditions, was utilized to determine the
volatile matter (in accordance with the ASTM D-3175 standard), ash content (following
the ASTM D-3174 standard), and fixed carbon content (calculated by the difference) for
both the bagasse feedstock and its corresponding char.

Ultimate analysis of both bagasse and its resultant char was carried out using a
PerkinElmer 2400 Series Il Elemental Analyzer. The morphology of the bagasse and
char was examined through the scanning electron microscopy (SEM) technique.

Nitrogen adsorption/desorption analysis was performed using the BELSORP mini
Il analyzer to characterize the pore surface area and pore size distribution of the bagasse
char. The specific surface area of the char was determined using the Brunauer-Emmett-
Teller (BET) method, while the pore size distribution and pore volume were assessed
employing the Barrett-Johner-Halenda (BJH) method.

3. Results and discussions
3.1. Proximate analysis

Table 1 offers a concise overview of several characteristics, encompassing volatile
matter, ash content, and fixed-carbon content, derived from the proximate analysis of both
bagasse and its char. Bagasse exhibits a comparatively low bulk density (97 kg/m3), and
its elevated moisture content poses challenges in terms of transportation and utilization as
a feedstock [12]. In contrast, the resulting char displays higher bulk density (210 kg/m3)
and lower moisture content, rendering it suitable for various applications [13, 14].

Table 1. Proximate analysis of bagasse and its char

Biomass type Bagasse Residual char
Moisture (wt%, as received)  12.5 2.8
Bulk density (kg m) 97 210
Proximate analysis (wt%, db.)

A 1.05 5.14
FC 16.40 91.79
\Y 82.55 1.25

A: Ash; FC: Fixed-carbon; V: Volatile
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One significant advantage of bagasse, as well as its resulting char, lies in its
remarkably low ash content. This characteristic helps prevent issues when utilizing it as
an energy source, as excessive inorganic elements can impede the conversion process or
lead to blockages in the system over time [15, 16]. Bagasse's fixed carbon content is
relatively low compared to some other biomass sources, such as macadamia nut shells
or cashew nut shells, resulting in a reduced production of residual char [10, 17].
Furthermore, the low ash content is essential for advanced applications of char. Notably,
the carbon content of the residual char is exceptionally high, estimated at 91.79%,
opening up possibilities for the reutilization of bagasse char following gasification.

3.2. Ultimate analysis

Table 2 presents the results of the ultimate analysis conducted on bagasse and its
residual char. This analysis is crucial for predicting the heating value and the overall
quality of the energy product [18]. Typically, the four key elements: carbon (C),
nitrogen (N), hydrogen (H), and oxygen (O) were determined in the samples.

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

Biomass type Bagasse Residual char

C 46.01 86.15
H 6.38 3.47
N 0.12 0.31
O 47.49 10.07

The data presented in Table 2 clearly show that bagasse has lower carbon (C) and
hydrogen (H) contents compared to woody biomass [19]. The higher oxygen content
(O) in bagasse suggests that it can easily ignite during gasification, and once initiated,
the gasification process can be maintained automatically. Moreover, the bagasse
samples exhibit significantly lower nitrogen (N) content, which is advantageous as it
indicates minimal potential for nitrogen emissions. On the contrary, the residual char
has a high carbon (C) content, accounting for 86.15 wt%, and much lower oxygen (O)
content compared to bagasse. These ultimate analysis results once again emphasize that
the residual char contains a substantial amount of carbon, making it suitable for
various purposes.

3.3. Morphology and surface elements

The SEM technique was employed to analyze the morphology of both bagasse and
its residual char, capturing images from various locations on the sample surfaces (Fig. 1).
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Fig. 1. SEM images of bagasse and its residual char.

The morphological characteristics of bagasse reveal that it consists of distinct thin
layers with a rough and non-uniform surface. This structure indicates significant
porosity and excellent heat transfer capabilities of the material. The char obtained after
gasification maintains a similar layered structure. However, at higher magnifications, it
becomes evident that many structures have been disrupted due to the relatively weak
structure of bagasse, likely induced by the heat during gasification. Some bright spots
on the surface may be attributed to the presence of inorganic materials that become
exposed on the surface following the gasification process.

Based on the comprehensive EDS analysis results, which are presented in Table 3
and visually represented in Fig. 2, several noteworthy findings can be observed.
Notably, the bagasse residual char, when subjected to surface analysis, exhibited
exceptionally high carbon (C) content. Intriguingly, there was also the presence of
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certain alkaline elements, including phosphorous (P), magnesium (Mg), and silicon (Si),
albeit in relatively lower percentages compared to carbon.
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Fig. 2. EDS spectra of residual char.

Further analysis revealed that these alkaline elements predominantly existed in
their respective oxide forms, such as magnesium oxide (MgO), silicon dioxide (SiOy),
and phosphorous pentoxide (P20s), within the ash components of the post-gasification
residue [20]. This observation solidifies the fact that the residual char maintains a
remarkable carbon-rich composition while maintaining low levels of inorganic
constituents. Such a composition is highly advantageous, as it aligns with the
characteristics desirable for a wide range of applications, akin to engineered biochars.

Table 3. EDS results of bagasse residual char

3.4. Porosity

Element | Weight % | Atomic %
C 84.57 88.40
Si 1.02 0.46
) 13.91 10.91
Mg 0.26 0.14
P 0.25 0.10
Total 100.00 100.00

An in-depth analysis of the N. adsorption/desorption isotherms, meticulously
illustrated in Fig. 3, unveils intriguing insights into the porous structure of the residual
char obtained from the gasification of bagasse. The isotherms portray a fascinatingly
continuous distribution of pore sizes, indicative of a versatile and complex pore network
within the material.
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Intriguingly, at lower relative pressures (p/po below 0.05), there is a conspicuous
surge in adsorption, underscoring the presence of small micropores that are adept at
capturing gas molecules. This initial phase highlights the material's capacity for
accommodating minute particles. As the relative pressures p/p, progress beyond this
threshold, a discernable deceleration in the rate of adsorption is witnessed, signifying
the emergence of larger mesopores and macropores. These larger pores provide
additional pathways for gas molecules to penetrate, thereby further expanding the
material's adsorption capabilities.
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Fig. 3. Nitrogen adsorption/desorption (a) and pore size distribution (b).

The isotherms take a notable turn at higher relative pressures (p/po above 0.5),
showcasing the phenomenon of capillary condensation. This intriguing occurrence
results in a conspicuous upturn in the isotherms, underscoring the material's ability to
effectively capture and retain gases under these conditions. Furthermore, the desorption
isotherm assumes a position higher than that of the adsorption isotherm, unveiling the
presence of desorption hysteresis. This intricate phenomenon can be elucidated by
considering the variance between the relative pressure thresholds of agglomeration and
evaporation [21], demonstrating the material's intricate interplay with gases under
different pressure conditions.

Upon comprehensive analysis, it is discerned that the bagasse char boasts an
impressive BET surface area of 749 m?/g. This substantial surface area is further
complemented by the volume of microspores, accounting for approximately 0.27 cm®/g
within the overall volume of 0.46 cm®/g. Remarkably, nearly half of the total volume is
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attributed to these micropores, a significant proportion that contributes to the
remarkable surface area exhibited by the bagasse char. This level of porosity stands out
prominently when compared to a plethora of biochars previously documented in the
scientific literature [9, 15, 22]. Such noteworthy disparities underscore the bagasse
char's distinctiveness in the realm of porosity and surface area. The prevalence of
micropores and mesopores within the material accentuates its inherent adsorption
properties, shedding light on its potential to serve as a cost-effective and highly efficient
adsorbent material.

In summation, the intricate porous architecture of the bagasse char, characterized
by its extensive surface area and abundant micropores, positions it favorably as a
formidable candidate for diverse applications necessitating superior adsorption
capabilities. These findings illuminate the material's potential to serve as an
environmentally friendly and economically viable adsorbent.

4. Conclusion

The investigation encompassed an extensive examination of diverse properties
inherent to the residual char generated subsequent to the gasification of bagasse. The
char, while registering notably high ash content, intriguingly retained a substantial
reservoir of carbon within its matrix. The analysis extended beyond the confines of
elemental composition to encompass a comprehensive exploration of the morphology
and structure of the char. This multifaceted investigation was facilitated through the
utilization of advanced techniques, including scanning electron microscopy (SEM) and
nitrogen adsorption/desorption analyses. These techniques collectively unveiled a
relatively intricate and multifarious structural landscape underlying the char's
constitution. A particularly noteworthy observation emerged concerning the char's
porous architecture. The revelation of a high surface area, coupled with a relatively
substantial volume of micropores, elicited keen interest. These findings collectively
underscored the inherent potential harbored by the residual char stemming from the
gasification of bagasse. This potential-positions the char as a promising contender in the
realm of adsorbent materials.
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XAC PINH PAC TINH CUA THAN THAI
SAU QUA TRINH KHI HOA BA MIA

Nguyén Hong Nam?', Nguyén Trung Diing?

YTrieong Pai hoc Khoa hoc va Céng nghé Ha Noi,

Vien Han ldm Khoa hoc va Cong nghé Viét Nam, Ha Noi, Viét Nam

2Khoa Hoéa - Ly ky thudt, Triwong Pai hoc K3 thudt Lé Quy Dén, Ha Néi, Viét Nam

Tém tit: Ba mia 1a mot trong nhitng phé thai néng nghiép phd bién nhat tai Viét Nam.
Ung dung bd mia dé tao ning luong thong qua cong nghé khi hoa sinh khéi dang 1a mot cach
tiép can bén vimng. Tuy nhién, cdc phuong phap khi hoa sinh khdi hién hanh thuong cé hiéu qua
han ché va tao ra mot lwong 16n tro sau qua trinh khi hoa. Nghién ctru nay tip trung vao viéc thu
thap va danh gia than thira tir qua trinh khi hoa ba mia trong mot hé thong thwong mai. Phan tich
k¥ thuat va nguyén t6 cho thiy than thira ¢6 ham luong tro thip, ddng thoi van giit mot luong
cacbon dang ké. Két qua SEM-EDS cho thay ciu tric than twong d6i phuc tap voi mot sb it
nguyén té vo co ton tai trén bé mat. Ngoai ra, than ba mia con cé tinh rdng xbp dang ké, duoc
ching minh bang dién tich bé mat riéng 749 m%g, xac dinh bang phuong phap hip nha nito.
Két qua nay c6 thé so sanh dugc v6i mot sd san phém than hoat tinh thuong mai. Cac dac diém
vat Iy va hoa hoc cua than bd mia sau qua trinh khi hoa xac nhan kha nang str dung n6 nhu mot
nguyén liéu hip phu c6 gia thanh thip va than thién voi méi trudng.

Tir khéa: BA mia; than thita; khi héa; sinh khoi; chat hcfpphu.

Received: 09/10/2023; Revised: 06/11/2023; Accepted for publication: 01/02/2024
d

17



