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ABSTRACT

In this study, catalytic activation using sulfuric acid lignin (SAL), the condensed solid by-product from saccharification
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process, with potassium hydroxide at 7507C for 1 h in order to investigate its potential to nanoporous carbon In this
study, catalytic activation using sulfuric acid lignin (SAL), the condensed solid by-product from saccharification process,
with potassium hydroxide at 7507C for 1 h in order to investigate its potential to nanoporous carbon material. Comparison
study was also conducted by production of activated carbon from coconut shell (CCNS), Pinus, and Avicel, and each
activated carbon was characterized by chemical composition, Raman spectroscopy, SEM analysis, and BET analysis. The
amount of solid residue after thermogravimetric analysis of biomass samples at the final temperature of 750C was SAL
> CCNS > Pinus > Avicel, which was the same as the order of activated carbon yields after catalytic activation.
Specifically, SAL-derived activated carbon showed the highest value of carbon content (91.0%) and Iyl peak ratio (4.2).
indicating that amorphous large aromatic structure layer was formed with high carbon fixation. In addition, the largest
changes was observed in SAL with the maximum BET specific surface area and pore volume of 2341 m%/g and
1.270 cm’/g, respectively. Furthermore, the adsorption test for three kinds of organic pollutants (phenol,
2,4-Dichlorophenoxyacetic acid, and carbofuran) were conducted, and an excellent adsorption capacity more than 90 mg/g
for all activated carbon was determined using 100 ppm of the standard solution. Therefore, SAL, a condensed structure,
can be used not only as a nanoporous carbon material with high specific surface area but also as a biosorbent applied
to a carbon filter for remediation of organic pollutants in future.

Keywords : sulfuric acid lignin, potassium hydroxide, activated carbon, pollutants adsorption
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Table 1. 3 Different Organic Pollutants for Adsorption Test in This Study
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Table 2. Chemical and Elemental Composition of Biomass Feedstocks

g0 B8 V54 B

(wt.%) SAL CCNS Pinus Avicel
C 53.0 48.8 47.8 42.0
H 5.5 6.0 6.4 6.4
N 0.3 0.1 0.1 0.1
S 0.9 0.1 0.0 0.0
O* 40.3 45.0 45.6 51.5
Extractives 83 £ 0.5 0.1 = 0.1 4.0 + 0.1 -
Holocellulose 46.5 + 1.2 69.3 + 0.5 73.8 £ 0.6 96.7 = 0.1
Lignin 65.5 + 0.6 373 +£ 1.0 31.8 £ 0.0 -
Ash 0.9 + 0.1 0.5 £ 0.0 0.7 £ 0.0 0.1 £ 0.0
* Oxygen = 100 — (C+ H + N + 8S).
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Table 3. Elemental Composition and Yield of Activated Carbons

(Wt.%) SALAC CCNSAC PinusAC Avicel AC
c 91.0 89.7 88.6 81.8
H 0.1 0.1 03 0.7
N 0.8 1.0 1.0 0.9
S 0.1 0.0 0.0 0.1
0* 8.0 92 10.0 165
Yield 20.8 15.7 12.6 6.2
* Oxygen = 100 — (C+ H + N + S).
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Table 4. BET Surface Area and Pore Analysis for Before and After Catalytic Activation of 4 Different Biomass

Swal” (m’/g) Vi’ (em’/g) Vi (cm’/g) Vinesoimaers” (/) D" (nm)

SAL 6 0.01 - 0.01 6.739

CCNS 1 - - - 6.320

Pinus 1 - - - 6.773

Avicel 1 - - - 7.704

SALAC 2341 1.344 1.270 0.074 2.296

CCNSAC 1332 0.732 0.633 0.099 2.199

PinusAC 1397 0.775 0.733 0.042 2.219

AvicelAC 1065 0.595 0.412 0.183 2.236
*Sww = BET specific surface arca.

"V = total pore volume.

“Vimicro = micropore volume.
4V mesomacro = Meso- and macro-pore volume calculated by difference between Viw and Viicro.
“Daye = average pore diameter.
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Fig. 6. SEM analysis for before and after catalytic activation of 4 kinds of biomass (x 3,000, (a) SAL, (b)
CCNS, (c) Pinus, (d) Avicel, (¢) SALAC, (f) CCNSAC, (g) PinusAC, and (h) AvicelAC).
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