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Abstract. In this study, Bambusa vulgaris was used as raw material of activated carbon. The
activated carbon was generated using NaOH as an activating agent. The activated carbon
produced with the weight ratio of carbon to NaOH 1:1, 1:2, 1:3 and pyrolysis temperature 600,
700 and 800 °C. The experimental result showed that the best characteristic of activated carbon
was obtained at weight ratio of carbon to NaOH 1:3 and pyrolysis temperature 800 °C.

1. Introduction

Activated carbon is an adsorbent produced from materials containing carbon [1]. Activated carbon as
charcoal was processed using CO,, water vapor and chemical materials at high temperatures. It can be
used as an absorbent [2]. Activated carbon is a porous substance with a high surface area that can
absorb and remove pollutants such as heavy metals, dyes, gases and pesticides [3].

In industry, activated carbon is used in purification units, catalysis, recuperation of solvents and
hydrocarbon, natural gas and hydrogen storage and energy storage [4]. Furthermore, activated carbon
is used in deodorization processes, filtration, discoloration, modification of liquid, gas concentration,
petroleum, pharmaceutical, and food and beverage. This absorption capability is caused by its large
number of micro pores, which results in capillary symptoms that can absorb pollutants.

Many materials have been used to produce a good quality activated carbon. The effect of chemical
substance addition in the preparation of activated carbon was also studied. Chemical substances used
in the activation process give many advantages, including single low activation temperatures,
activation time, step activation and better porous structure [5]. Activated carbon consists of 87-97%
carbon and the rest of the components are oxygen, hydrogen, sulfur, nitrogen, and other compounds
formed in the process of producing activated carbon.

Meanwhile, a recent study reported the potency of Bambusa vulgaris as ab activated carbon source.
The activated carbon from yellow bamboo was activated by H,SO4 to absorb heavy metals of Cd, Hg
and Zn [6]. Yellow bamboo has particularly spread and flourished in tropical Asian regions. The
chemical compositions of yellow bamboo were 42.4-53.6% of cellulose, 19.8-26.6% of lignin, 17.5-
21.5% of pentose and 1.24-3.77% of ash. Adsorption is the process of transferring adsorbate mass
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from the moving phase into the absorbent surface, which is influenced by the attractive force between
adsorbate molecules with active pores on the absorbent surface [2].

In this study, the Bambusa vulgaris was used as a source of activated carbon. The activated carbon
was chemically activated using NaOH. The characteristics of activated carbon produced will be
investigated.

2. Materials and Methods

Bambusa vulgaris was obtained from local farmers in Aceh Besar District, Aceh, Indonesia. It is
locally known as Treng Gadeng by Acehnese society. The chemicals used were HgCl,, HNO3, NaOH,
HCI, Aquadest, N2, KMnQO., K;S;0s, NaCl and SnCl.. All chemicals were provided by Merck and
used as received.

The carbonization process of Bambusa vulgaris was performed with a furnace at temperature of
500 °C and nitrogen gas flows of 200 mL/min for 2 hours. Then the charcoal was cooled and crushed
by milling and sieving until -60 +120 mesh of size. After that, Bambusa vulgaris charcoal was mixed
with NaOH as an activating agent. The weight ratios of carbon to NaOH used were 1:1, 1:2 and 1:3.
Then pyrolysis was conducted at temperatures of 600, 700 and 800 °C. Table 1 shows the
experimental design. Thereafter, the activated carbon was washed using HCI and stirred for 30
minutes at 85 °C. Finally, residual acid was removed from the product by washing with aquadest.

Table 1. Experimental design.

Sample code Weight ratio of carbon to NaOH [g/g]  Pyrolysis temperature [°C]
Bambusa vulgaris - -
AC-1 without activation 500 °C

AC-2 11 600 °C
AC-3 1:2 600 °C
AC-4 1:3 600 °C
AC-5 11 700 °C
AC-6 1:2 700 °C
AC-7 1:3 700 °C
AC-8 11 800 °C
AC-9 1:2 800 °C
AC-10 1:3 800 °C

The characteristics of the activated carbon include surface area, total pore volume, average pore
diameter as determined by the Brunauer, Emmett and Teller (BET) method. It was obtained using
Surface Area Analyzer Nova Win Version 11.0 (Quantachrome). The morphology structure of
activated carbon was analyzed by means of a Scanning Electron Microscope (TM 3000 Hitachi). All
measurements were conducted in the laboratory at ambient temperature; the measurements were
collected in duplicate, and the averaged data are reported.

3. Results and Discussion

Figure 1 presents the surface area of activated carbon. The larger the surface area and pore diameter,
the better the quality of the activated carbon produced. Figure 1 shows that Bambusa vulgaris has 53,5
m?/g of surface area. The pyrolysis temperature has a significant effect for increasing of the surface
area of activated carbon. The activated carbon had a surface 308 m?/g when prepared at weight ratio of
carbon to NaOH 1:1 and pyrolysis temperature 700 °C. At a similar weight ratio of carbon to NaOH,
increasing the pyrolysis temperature up to 800 °C caused a much wider surface area, i.e., 560 m?/g. In
addition, the addition of NaOH as the activating agent caused an increase of surface area of activated
carbon. The higher the weight ratio of NaOH activator used, the larger the surface area obtained was.
At pyrolysis temperature 800 °C, the surface areas of activated carbon at weight ratio of carbon to
NaOH 1:1, 1:2 and 1:3 were 560, 635 and 1041,716 m?/g, respectively.
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Figure 1. Surface area of the raw material, char, and activated carbon.

Figure 2 presents the total pore volume of activated carbon. There was a similar trend result. The
pyrolysis temperature and weight ratio of carbon to NaOH influenced the change in surface area. The
total pore volume increased with increasing of pyrolysis temperature and weight ratio of carbon to
NaOH.
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Figure 2. Total pore volume of raw material, char, and activated carbon.

The pyrolysis temperature and weight ratio of carbon to NaOH caused some changes in the
physical properties of activated carbon. The increasing pyrolysis temperature and weight ratio of
carbon to NaOH potentially increased the residual loss of hydrocarbons occupying the pore space [7].
The additional activator oxidized and eroded the carbon wall so that it formed more pores and
increased the surface area of the carbon, and increasing the heat of chemical activity in the activated
carbon also contributed to the production of larger pore diameter [8].

The pore size distribution of activated carbon is a significant characterization in determining the
quality product. The activated carbon from rice bran has pore volume with the range of 0.025 to 0.14
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cm?®/g [9], compared to the total pore volume with the range of 0.15 to 0.622 cm?/g of activated carbon
generated from Bambusa vulgaris obtained in this study.

Figure 3 shows the average pore diameter of activated carbon, which was in the range of 23.2 to
30.5 A. The pyrolysis temperature and weight ratio of carbon to NaOH provided specific pore volume.
The decline in physical properties might be caused by carbon damage owing to the heating processes
during activation. Thus, it can be concluded that the high pyrolysis temperature can influence average
pore diameter. The increasing size of pore diameter occurred in several steps, starting with the opening
of pores that were previously closed, formation of new pores, and enlargement of the formed pores
[3]. The increased pore diameter could also potentially decrease the surface area.
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Figure 3. Average pore diameter of the raw material and char (a), activated carbon (b).

The activated carbon produced in this study was then observed with a Scanning Electron
Microscope (SEM) to identify the morphological structure, which is shown in Figure 4. As can be seen
in Figure 4, Bambusa vulgaris and activated carbon had some pores on their surfaces. The walls of
macropores contained many subpores that connected the macrospores in the interior of the material.

It can also clearly be seen that a formation of pores and sub-pores rose because of the addition of
NaOH as the activating agent. This might be because the activation process with NaOH and the rising
pyrolysis temperature increased the reaction between carbon and the activating agent to produced CO,.
The reaction is shown Equations (1)-(3). The CO; produced will diffuse to corrode the carbon wall to
form new pores and make pores to be more open [2].

4 NaOH + C o 4Na+COy+2H0 oo, (1)
6 NaOH +2 C o 2Na+3Hy+2NaxCOs oo, (2)
4NaOH+2CO, o  2NayCO;+2H,0 oo, (3)

4. Conclusion

The effect of NaOH activation and pyrolysis temperature on characteristics of activated carbon
produced from Bambusa vulgaris was investigated. The experimental result showed that the best
characteristic of activated carbon was obtained at weight ratio of carbon to NaOH 1:3 and pyrolysis
temperature 800 °C. At this condition, the surface area, total pore volume and average pore diameter
obtained were 1042 m¥g, 0.62 cm?/g and 24 A, respectively.
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Figure 4. Morphological structure of the activated carbon: (a) AC-2; (b) AC-4; (c) AC-7; (d) AC-10.

Aknowledgement

The authors are grateful to Serambi Mekkah University and Ministry of Research, Technology and
Higher Education of the Republic of Indonesia for providing financial support (contract No.
617/K.13.2.2/UM/2016)

References

[1] Dolas, H., Sahin, O., Saka, C., Demir, H., 2011. A new method on producing high surface area
activated carbon: The effect of salt on the surface area and the pore size distribution of
activated carbon prepared from pistachio shell, Chemical Engineering Journal 166, 191-197

[2] Alfatah, T, Husin, H., Arahman, N., Marya, E., 2015. NaOH - Preparation and characterization
activated carbon from coconut shell, Environment Technology, 8 1-8.

[3] Cazetta, A.L., Vargas, A.M.M., Nogami, E.M., Kunita, M.H., Guilherme, M.R., Martins, A.C.,
Silva, T.L., Moraes, J.C.G, Almeida, V.C., 2011. NaOH-activated carbon of high surface
area produced from coconut shell:Kinetics and equilibrium studies from the methylene blue
adsorption, Chemical Engineering Journal 174 117-125.

[4] Hadoun, H., Sadaoui, Z., Souami, N., Sahel, D., Toumert, I., 2013. Characterization of
mesoporous carbon prepared from date stems by HzPO4 chemical activation, Applied Surface
Science, 280, 1- 7.



3rd ICChESA 2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 334 (2018) 012051 doi:10.1088/1757-899X/334/1/012051

[5]

(6]

[7]

(8]
(9]
[10]

Yang, K., Peng. J., Srinivasakannan, Zhang. L., Xia, H., Duan, X., 2010. Preparation of high
surface area activated carbon from coconut shells using microwave heating, Bioresource
Technology 101, 6163-6169

Gonzalez, P.G., and Pliego, Y. B., 2015. Adsorption of Cd (lI), Hg (Il) and Zn (Il) from
aqueous solution using mesoporous activated carbon produced from Bambusa vulgaris
schrad, Chemical Engineering Research and Design 92, 2715-2724.

Setyaningsih, T., Hasanah, U., Darjito. 2008. Study of NaOH — Activation Temperature
Influence Toward Character Of Mesoporus Carbon Based on Textile Sludge Waste, Indo. J.
Chem, 8 (3), 348 — 352.

Shofa, 2012. Activated carbon from bagasse with potassium hydroxide activation, Chemical
Engineering, Indonesia University.

Suzuki, R.M., Andrade, A. D., Sousa, J. C., Rollemberg, M. C., 2007. Preparation and
characterization of activated carbon from rice bran, Bioresource Technology 98, 1985-1991.

Prasetyo, Y and Nasrudin, H., 2013. Determination of ZnCl, concentration in the process of
making corn starch activated carbon and decreasing linear alkylbenzene sulphonate (LAS),
UNESA Journal Of Chemistry 2, 3.



