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Effects of Acidic and Basic Modification on Activated Carbon for Adsorption of

Toluene
LIU Han-bing, YANG Bing, XUE Nan-dong "

(State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing
100012, China)

Abstract: Activated carbons ( ACs) were modified by acidic solutions ( H,SO,, HNO,, or H;PO,) and basic solutions ( NaOH or
NH,-H,0), then H,SO, modified ACs were re-modified by basic solutions, respectively, in order to investigate the key factors of
physico-chemical properties that mainly affected the adsorption of ACs. BET surface area, micropore volume, and surface functional
groups were characterized and the adsorption capacity of toluene on the modified ACs was measured. Results showed that BET area,
micropore area and micropore volume decreased and the acidic functional groups increased by the acidic treatment, while the basic
treatment showed the opposite changing trend in the physico-chemical properties of ACs. Such changes might be associated with the
acidity/alkaline and oxidizability/reducibility of experimental solutions. The acidic treatment led to a reduce in toluene adsorption
capacities by 9. 6% -20. 0% , while the capacity increased by 29. 2% -39. 2% using the basic treatment, compared to those in original
ACs. Correlation analysis revealed that there was a positive relationship between toluene adsorption capacities and BET area, as well as
micropore area and micropore volume, and a negative relationship between toluene adsorption capacities and acidic functional groups.
Multiple regression analysis showed that micorpore volume and acidic functional groups were key factors influencing the toluene
adsorption capacity. Furthermore, the adsorption capacity of toluene on re-modified ACs was influenced by the amount of acidic
functional groups (—COOH, C =0, and —OH) , of which —COOH was the most important factor affecting the adsorption capacity.
It is generally suggested that the modification of ACs should focus on an increase in micorpore volume and a decrease in surface
functional groups, especially the amount of —COOH, in order to gain the improvement of toluene adsorption capacities.

Key words :activated carbon; acidic & basic modification; re-modification; adsorption; toluene
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Fig. 1 Schematic diagram of the experimental set-up for investigation of benzene adsorption on activated carbon
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Table 1 BET area, micropore area and micropore volume and amount of surface acidic functional groups of both Bare-AC and acid/alkali-treated ACs

FAEZEH S| Bare-AC AC-SH AC-AH AC-SA AC-NA AC-PA
BET R MAY/m? g ~! 1390 1438 1375 1306 710 1127
VP 2 L4 AL REE/m? g~ 487. 4 546. 1 493.9 471.3 362.8 417.7
) HALAEF em® - g ! 0.218 0. 240 0.221 0.185 0. 164 0.188
SEHFLAE/ nm 2.23 2.22 2.23 2.22 2.14 2.22
—COOH 0.043 0. 009 0. 002 0.259 0.250 0.211
c=0 0. 063 0. 031 0. 107 0.335 0. 408 0.238
N T = -1
& SRR M BB 1/ mmol «
CEVMIOTE T on 0.112 0. 005 0. 003 0.243 0. 289 0.224
Mt 0.218 0. 045 0.112 0. 837 0.947 0. 673

(a) Bare-AC; (b) AC-SH; (c¢) AC-AH; (d) AC-SA; (e) AC-NA; (f) AC-PA
B2 AEER. WO EE xR EE (SEM) 547
Fig. 2 SEM photographs of various acid/alkali-treated ACs
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Fig. 3 FT-IR spectra of Bare-AC and acid/alkali-treated ACs

Boehm {i% 2 1 M 2 3 1 75 480 RE AT BCR 45 2R
F 1 PRT DL M M Rk B R B R R
0.218 mmol-g ™", Hrp i ¥2 5 (—OH) /i 51.4% , &
FH(—COOH) (5 19. 7% , NlEIE(C=0) 1 28.9% ;
SRR FS I M 3R T T AU RE ARG ek D, AC-
SH & 0. 045 mmol-g~' ,AC-AH 4 0. 112 mmol-g ™",
Bk Pk S 3 PR e 3% TH R B (—COOH ) i 52 Kk
(—OH) B JL A%, 5 FT-IR KW & Ltk
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Table 2 BET area, micropore area and micropore volume and amount of surface acidic functional groups of re-modified AC-SA

TR WiH AC-SA-SHIO AC-SA-SH5 AC-SA-SH2.5 AC-SA-SHI AC-SA-SHO.5 AC-SA-AH
BET LR E A/ m? - g~ 1404 1385 1364 1349 1322 1333

T 5 L 2 WALRAEA/m? g ! 521.6 515.1 503.9 496.3 490. 6 488.3
MALAERY em® -g ! 0.204 0.202 0.197 0.193 0. 189 0. 190
FH LR/ nm 2.22 2.22 2.22 2.22 2.22 2.22
—COOH 0.013 0.025 0. 039 0. 063 0. 105 0. 055

A R mmol -5 C=0 0.114 0.159 0. 202 0.295 0.311 0.274
—OH 0.032 0. 051 0.073 0. 097 0. 102 0. 094
it 0.159 0.235 0.314 0. 455 0.518 0.423
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Table 3 Multiple regressions among the surface physico-chemical properties of AC and the adsorption capacity of toluene
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Fig. 7 Relationship between amount of acidic functional groups and toluene adsorption capacity
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