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Surface Characteristics of Alkali Modified Activated Carbon and the Adsorption

Capacity of Methane

ZHANG Meng-zhu' , LI Lin' ,LIU Jun-xin', SUN Yong-jun®, LI Guo-bin’

(1. Department of Water Pollution Control Technology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China; 2. School of Chemical & Environmental Engineering, China University of Mining & Technology
(Beijing) , Beijing 100083, China)

Abstract: Coconut shell based activated carbon was modified by alkali with different concentrations. The surface structures of tested
carbons were observed and analyzed by SEM and BET methods. Boehm’s titration and SEM/EDS methods were applied to assay the
functional groups and elements on the carbon surface. The adsorption of methane on tested carbons was investigated and adsorption
behavior was described by the adsorption isotherms. Results showed that surface area and pore volume of modified carbon increased and
surface oxygen groups decreased as the concentration of the alkali used increased, with no obvious change in pore size. When
concentration of alkali was higher than 3.3 mol-L™", the specific surface area and pore volume of modified carbon was larger than that
of original carbon. Methane adsorption capacity of alkali modified carbon increased 24% . Enlargement of surface area and pore
volume, reduction of surface oxygen groups will benefit to enhance the methane adsorption ability on activated carbon. Adsorption
behavior of methane followed the Langmuir isotherm and the adsorption coefficient was 163.7 m®+mg~".
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Fig. 1 SEM photographs of original and alkali-treated activated carbon

BET s34 R (£ 1) , Zad KA AL el b
Ja PR I FLAR FEA A AR Ak 5 A O Y 7 1
B (OA) I, M A E AL AN IR T 3.3 mol-L™!
i, PR I 0 3 PR i 1) B R TRV LA/ S

FALSNI M I 3.3 mol - LI, W MR 1 L 1
FEURIFL A B S SR AL Al B2 A B N T 20 3 K5 24
AR R 10. 0 mol - L IF ) e M 0 4 % 1 1L 26
AL, FLA AR T 17% F1 6% .



14 SRASTAE ;BRSO T P R TRTREAE B G B R e i F 5 41

2.1.2 MR ERTE A EPE

T M e i 21 B oT 2R R R ORE T R, KBS C
90% ~95% , % 0 2% ~5% . IR LIAKZEAE 5
BEmErRPETEEEAEY 1% ~2% .
SEM/EDS JCR AT R B (£ 1) , AR5 H
PR IGPE e OA R & A C(96% ) M 0(3% )
PRI IR, D Mg, Al FIl C1 JC Z W fiE 0% 46 I
. gt J A EAL S, Mg AL AT CLIGER
HR, B IN T Na g6 &, I H 5 5 UG 16 4 = AH
L, 0 JCE 1 L0 s A REATR , I Lo v JB8 88 vy, 2
PEJG MR R Na JCE & &, 2EAT ek
AbEREE 1R MR R A Mg, Al CLZ LR LS
AN & A R, A R B PR Sy

Y1 R VT K, 78 A B R AT I R 3 T B
[, Na 8575 0T L5 30 1 ok % T JE A1 245 &, A
T RS T 3 1 e 3% 1T T R 1A K.

Boehm I 22 7 120 2 14D 1 e 4 T 1Y) 5 S B BB
Al §6 36 (—OH ) . k¥t (C = 0) F1 R 3t
(—COOH). £ 1 45K BN, BRIV R OA
AL A A 0.18 mmol-g ' B & A I A, B LIS
72% WFEIEATN 28% (R ILAE. oot , I 1 e 1)
TEAFER R TR 17% , BRI % Ik & B 42
BT 200% . P E LA I e 25 R R A AN
P 5 1 kT SR M & i R . SEM/EDS 1Y
I 5 B Ot SR T PR AR R T Y O JT & il
B A UERA 13X — .

R1 AT EEREERSEIREREERORE SN

Table 1  Alkaline concentrations for modification and the surface characteristics of corresponding activated carbon
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B E/mol - L ! 0 2.5 3.5 5.0 6.7 10.0
HRHEA/m? g~ 722 703 723 747 757 846
L% /mL-g ! 0.168 0.156 0.173 0.163 0.174 0.178
L7/ nm 4.5 4.6 4.3 4.5 4.4 4.4
C 96. 49 96.35 96.71 96. 61 96.20 96.73
0 3.43 3.29 2.76 2.57 3.18 2.66
Mg 0.03 — — — — —
. Al 0.03 — — — — —
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/% cl 0.02 - - - - —
Na — 0.37 0.53 0.82 0.62 0.61
S J— — J— — — —
P N J— N J— J— J—
—OH 0.13 — — — — 0
/\/:‘l—‘—'L\bZt_
PR HRER c=0 0.05 — — — — 0.15
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—COOH — — — — — 0
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Fig. 2 Methane adsorption capacity on modified activated carbon
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and methane adsorption
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Fig. 5 Adsorption capacity of methane on SH-5

under different methane concentrations
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Fig. 6 Adsorption of methane on the activated
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carbons fitted by Langmuir equation
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Table 2 Equilibrium isotherm constants of methane adsorption on modified carbon

Langmuir 8% [f A A

Freundlich W% #5274

24 1

qu/mg g” a/m’ -mg ! ky n R?
HE 7.7 163.7 0.993 6.3 0.6 0. 960
RIBIREARBER [ T]. B Jia BB R 5 %, 2005, 6
3 &g

AN TR e S S A B B 8 BB e 8 1 e 3R T A
DA B e A 9 A e I PR e O 5 48 2R 7 el A
PRI 50 A03 1 3 R A Y 3R T 4 AR R B 9 P R 1Y
P2 T FRRIT-FL 5 it i 1 3 2 1 T T 498 R 44 i 14
B >3.3 mol - L™ "B, AU S5 937 1 A 1) LE 2R TR AR
TORVMERIEE S ; IF HLIE MR R 1 5 A FE M W35
Wb SORBOE TG PSR LG, TR B TE TR e Y
I B 2 1 249 . I T R 118 2 TR RE M 5 R 06 98 R o
2 (A 2 AR DG B4 LR AR ALyl
I Y 5 R A AT e R MR . R GE A8 I B A
FAFG Langmuir W2 45 2.
SE
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