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ABSTRACT widely use and have many applications in different
Carbon materials derived from biomass charcoalsforms. (Flandrois, 2002). Traditional carbon matisri
were prepared by a simple carbonization technicgie a are mostly prepared from non-renewable sources of

follow with a ball milling process and hydrothermal precursors such as coal, coal tar, and asphaletla).,
method. The biomass charcoals were carbonized &rom 2015). Recently, biomass such as agricultural wiaate
wide variety of low cost raw materials (such ashcob, been known as important sources of precursorshier t
coconut shells, cassava tuber, and bamboo stalk) fr production of carbon (Skodras, et al., 2007). For
agricultural wastes, easily available and sustdnab example, Li, et al.(2015) prepared nanoporous carbo
materials in local farmland. An additional ball hmig having superconductor behavior from corn straw sy t
process was introduced after carbonization to obtai KOH activated method. Tao, et al.(2015) reporteel th
charcoal powder for further procedures. Then, dréan preparation of sulfonated carbon catalysts usiognbiss
material was synthesized via a hydrothermal methodwaste from willow catkins and its use for estesfion.
using charcoal powder as a carbon source and gacur Furthermore, Wu, et al. (2015) prepared graphee-li
The morphology and chemical functional groups & th bamboo charcoal through the high-temperature treatm
as-prepared biomass charcoal was determined byof phenolic resin in the bamboo charcoal. Absorbent
scanning electron microscopy (SEM) and fourier activated carbon was prepared from grape industrial
transform infrared spectroscopy (FTIR). The vaoiasi processing waste (Sgiy, et al., 2015).
of biomass raw materials had an influence on Corncob, coconut shell, cassava tuber and bamboo
morphology, microstructure and chemical composition stalk are example of biomass produced from agricailt
of the as-prepared biomass charcoal. In this reBear  activities in Thailand. This research is concerméth
comparison study was drawn based on the types oftthe conversion of agricultural byproduct into value
biomass charcoal using hydrothermal methodology toadded materials. Thus, the present paper investidhe
produce carbon materials. Physical characteristiog preparation method of carbon material from biomass
properties of synthesized carbon were also studiedcharcoal powder by a hydrothermal approach. The
throughout this work such as crystallinity by X-ray as-prepared products were characterized and tbet eff
diffraction (XRD), elemental composition by CHNO-S precursors were also studied.
analyzer, and pore structure by &tisorption analysis.
2. EXPERIMENT

1. INTRODUCTION

As an element, carbon is part of a countless naumbe 2.1 Preparation method
of natural or synthetic organic molecules. As the
materials used in industry, the well-known forms of 2.1.1 Preparation and characterization of biomass
carbon are graphite and diamond. Graphite has beertharcoal
used as a pencil lead while diamond is usually used The agricultural wastes used as materials for the
the production of jewelry. However, carbon materile preparation of biomass charcoal were collected from



local field in Kanchanaburi province, Thailand. The

selected biomass species are corncob, coconut, shel
The collected

cassava tuber and bamboo stalk.
materials were cleaned and dried before carbooizati
using the traditional technique for 2 hours. Anitiddal
ball milling process was introduced after carbotiira

for 1 hour to obtain charcoal powder (CHP) for the

carbon precursor. The  microstructure  of  the
as-prepared charcoal was determined using a fieldfsss
emission scanning electron microscope JEOL &

JSM-6335F FE-SEM) operating at 15 kV. Fourier
transform infrared spectrometer (510 Nicolet FT-IR)
using a KBr pellet technique operated in the raofje

400-4000 cil was used to identify the chemical
functional groups of biomass charcoal.

2.1.2 Preparation and characterization of carbon
materials
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Fig. 1 SEM images of biomass charcoal after
carbonization of (a) corncob (b) coconut shell (c)
cassava tuber and (d) bamboo stalk

Carbon materials were prepared by hydrothermal .

method using charcoal powder produced from corik sta
and cassava tuber as carbon sources and precufsors.

hydrothermal method, 0.500 g corncob CHP was mixed
in 30 ml de-ionized water and then transferred to af

Teflon-lined stainless-steel autoclave (80 ml cépac

The autoclave was tightly closed, heated and makda

at 200°C for 24 hours and naturally cooled to room
temperature. The black precipitates were separayed
filtration, washed
ethanol, and dried at 68C for 6 hours for further
characterization. In order to study the effect afvr
materials on the composition of the as-prepareborgr

cassava tuber CHP was used as a carbon precurs(

instead of corncob CHP.

The phase and cystallinity of products were suidie
by an X-ray diffractometer (Bruker D8 Discover XRD)
using the Cu-k¢ radiation § = 1.5406&) operating
using a step size of 0.B&tep from 8 to 8CF.The

in de-ionized water and absolute

Fig. 2SEM images of ball milled charcoal powder
(a) corncob (b) coconut shell (¢) cassava tuber and
(d) bamboo stalk

as-prepared carbon was then examined by an eleimenta

analyzer to determine the contents of C, H, N.ddin

The fractured surface of corncob charcoal displaye

adsorption was analyzed by a multipoint BET surface the largest holes on the cross section surfaceeas i

area and pore size analyzer (Quantachrome Autdsorb
with outgassing at 150 °C for 6 hours before takimg
measurement. The BET surface arege{f$ total pore
volume (Vtp) and pore size distributions (Dp) were
determined from nitrogen adsorption-desorption dgta
Quantachrome software.

3. RESULTS AND DISCUSSION

3.1 Biomass charcoal (precursor) characterization
After carbonization and without ball milling, the

Fig la, while the cassava tuber and bamboo stalk
charcoal displayed smaller hole structures in Figaad
d, respectively. On the other hand, there was no
apparent hole in the fractured coconut charcodasar
(Fig 1b). The images in Fig. 2 show the morphology
biomass charcoal powder after ball milling for 1uho
The milled charcoal powder showed irregular grasiule
with uniform pore size.

The FT-IR spectrum demonstrated the existence of
functional groups in the ball milled charcoal powde
which corresponded with chemical compounds in the

fractured surfaces of biomass charcoal were obderve biomass that has been reported by various researche
using field emission scanning electron microscopy The peaks at 873-875 cnare related to out of plane

(FESEM). The FESEM images (Fig. 1)
different natural structures of biomass charcoslases

revealed bending vibrations of aromatic C-H group (Isahdkale

2013).The bands at 1577-1591 tare related to C-C

and the products composed of carbon in solid form. stretching vibrations (S&y, et al., 2015). The peaks

These results are in accordance with the FTIR aisaly
presented in Fig. 3.

located at 1690-1701chare ascribed to C=O stretching
which confirms the existence of a carboxylic acidup
in the structure. The peak originated from aliph&iH



asymmetric stretching vibration appears at 2927' cm
(Haafiz, et al., 2015) and the broad peak in cotshall
CHP at 3429 cifwas produced by O-H hydroxyl group.
The band around 1438-1441 ¢rand 1380-1384 citare
due to C-H deformation vibration in GKWang, et. al.,

Additional XRD peaks were detected as the ,SiO
impurity at 26.68with an unidentified peak (¥
indicating the presence of the trace elements withé
raw material(Wang, et. al., 2015).When corncob CHP
was used instead of cassava tuber CHP as a carbon

2015). The bands at lower wave numbers from corncobprecursor, XRD patterns was found to correspondh wit

CHP, including 459, 694, 796, 1083 and 1167'cre
characteristic bands associated with Si-O-Si vibnat
mode (Ning, et al.,, 2004). As a result, the chemica
compositions of as-prepared charcoal powder agatbfi
different depending on the biomass raw materials.
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Fig. 3FT-IR spectrum of ball milled charcoal powder
(a) corncob (b) coconut shell (c) cassava tuber and
(d) bamboo stalk

3.2 XRD of carbon materials

Phase and crystalline structures of the as-syiaiaes
samples were characterized by X-ray powder diffoact
(XRD) as shown in Fig. 4.The XRD pattern of the
sample derived from cassava tuber CHP was ratloadbr
and low intensity peaks were observed at 23Ad
43.09 which could be identified as peaks of carbon
materials for (002) and (100) plane, respectively
(Dobia’s ova’, et al., 1999).

= Si0, JCPDS No. 86-1560

the hexagonal SiOquartz phase of the JCPDS database
No. 86-1560 (Powder Diffract File, 2001). XRD patte

of carbon could not be found in this product. Cameli
with FTIR analysis, it is know that the raw matérias
contaminated with Si; therefore the choice of biema
raw materials had an influence on phase and chémica
composition of the as-prepared carbon materials.

3.3 CHN analysis of carbon material

The effect of raw materials on the chemical
composition of the as-prepared products was also
investigated by elemental analysis. The resultswsho
higher carbon content in the product derived from
cassava tuber CHP precursor, and therefore is thet m
suitable raw material for the preparation of carbon
compared to the corncob CHP as in table 1. Moregover
an elemental analysis could identify the presente o
carbon material in the product prepared from cadbonco
CHP that was not able to detect by XRD technique.

Table 1 Elemental analysis of the as-prepared products
using different precursors

Sample Elemental composition (wt%)

C H N
Corncob CHP 43.37 1.791 0.7233
Cassava tuber CHP 66.0] 3.118 1.818

3.4 N\, adsorption-desorption isotherm

N, adsorption-desorption analysis revealed thgr,S
Vtp and Dp values of the as-prepared products usiag
hydrothermal method. The obtained results are ptede
in Table 2.According to XRD and elemental analytis,
product derived from cassava tuber CHP exhibited a
higher Ser, Vtp and Dp than that derived from corncob
CHP due to adsorption of major carbon materialthen
product.

Table 2 Textural properties of as-prepared products
using different precursors

Intensity (Arbitrary unit)

T T T T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Samples Textural characteristic
Seet VT Dp (nm)
(m’lg) | (cmlg)
Corncob CHP 51.37 0.06005 4.676
Cassava tuber CHP 61.27 0.08904 5.813

Theta (Degree)

Fig. 4 XRD patterns of as-prepared products using t
different precursors: (a) cassava tuber CHP (bhauiy
CHP.

CONCLUSION

In this work, carbon materials were prepared thhoug
the hydrothermal method in de-ionized water without
chemical activation of biomass charcoal. The présiuc
derived from cassava tuber and corncob charcoal
powders (CHP) had a carbon composition of 66.01 %wt



and 43.38 %wt, respectively. The carbon conteminfro
cassava tuber CHP was greater than that from cbrnco
CHP. This implied that the variations of biomassg ra
materials played greater role in the formation afbon
materials. However, the Sjnpurity was detected in all
products due to the trace amount of the elemenaun
materials.
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