[ Downloaded from arcpe.modares.ac.ir on 2024-11-21]

Activated Carbon
Black Liquor
Lignin
Adsorbent

Specific Surface Area

Investigation of effect of lignin-based activated carbon
synthesis parameters on its structural properties

Sara Ghane Gardeh?, Elham S. Moosavi?’, Ramin Karimzadeh"

1 Faculty of Chemical Engineering, Tarbiat Modares University, P.0.Box, 14115-
114, Tehran, Iran
2 Chemical and Materials Engineering Department, Buein Zahra Higher Edu-
cation Centre of Engineering and Technology, Imam Khomeini International
University, Qazvin, Iran

Research subject: Activated carbon is a porous absorbent with reason-
able specific surface area, pore volume, and pore size distribution for
many applications such as adsorption. This material is obtained from
various natural sources of carbon. Due to increasing demand for activat-
ed carbon, the economical precursors have been highly noticed. In the
meanwhile, black liquor, industrial residue from Lignin Kraft process
in paper factories, has high amount of carbon which can be used as an
appropriate and cheap precursor for activated carbon production, and
make high value added.

Research approach: In this study, at first, lignin was extracted from
black liquor, prepared from Iran wood & paper industries-Chouka fac-
tory, under defined conditions and investigation of pH effect, and then,
powdered carbon was synthesized from extracted lignin using chemi-
cal activation method by phosphoric acid chemical agent. To consider
the effects of activation temperature parameter on activated carbon
structure, including specific surface area, pore volume, and pore size
distribution, three activation temperature of 400, 500 and 600 OCinim-
pregnation ratio of 2 were investigated. To study the physical and mor-
phological properties of sensitized absorbents, they were analyzed by
BET, SEM, and FTIR methods.

Main results: The results confirmed that the highest amount of lignin
with a similar structure to the degraded lignin was recovered at pH = 2.
Investigation of the effect of activation temperature parameter suggest-
ed that the activation temperature of 500 °C can be a reasonable tem-
perature for the synthesis of high specific surface area activated carbon
and increasing the temperature above 500 °C is not effective. Among
these sensitized adsorbents, the activated carbon sensitized in activa-
tion temperature of 500 °C showed the highest specific surface area and
the pore volume of 1573.31 m?/g and 0.89 cm?/g respectively, which ex-
hibits the high potential of this precursor as activated carbon adsorbent.
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Figure 1. Lignin precipitation of black liquor
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Table 1. Marking of synthesized activated carbon samples

Name Activation Ratio (°C)Activation Temp
AC-2-400 2 400
AC-2-500 2 500
AC-2-600 2 600
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Figure 6. Nitrogen adsorption-desorption isotherm of synthesized activated carbons
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Table 2. Results of BET analysis

Sample Name SBET Smicro Smeso Vtot Vmicro Vmeso Dp
(m?*/g) | (m?/g) | (m?/g) |(cm’/g) | (cm’/g) | (cm?/g) (nm)
AC-2-400 474.6 90.1 384.5 0.277 0.035 0.242 2.3
AC-2-500 1573.3 | 268.1 1305.1 0.891 0.103 0.787 2.2
AC-2-600 812.6 209.9 602.7 0.442 0.086 0.355 2.1
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Figure 7. Pore size distribution of synthesized activated carbons
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Figure 8. FESEM image of the extracted lignin raw material (a, c) - FESEM image of AC-2-500 (b, d)
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