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Surface Modification of Activated Carbon with Hydrogen Peroxide and Its Adsorption
Performance for Sulfur Dioxide

YANG Sen, ZHAO Yao-hui, XU Shu-quan, YANG Huan

(Southwest Institute of Technology and Engineering, Chongqing 400039, China)

ABSTRACT: The work aims to prepare single component sulfur dioxide adsorbent for storage microenvironment of
weapons and equipment. Hydrogen peroxide was used to modify the surface of activated carbon. The porous structure
and the change of surface chemical property of modified activated carbon were investigated and the adsorption perfor-
mance for sulfur dioxide was also studied. Activated carbon had micropores and mesopores. After surface modification,
the specific surface area increased and the average pore diameter decreased. Hydrogen peroxide reacted with activated
carbon, resulting in etching, which generated nano-scale pore structure on the surface of activated carbon and reduced
the order degree of carbon microcrystalline on the surface of activated carbon. At the same time, hydrogen peroxide
reacted with activated carbon to play an oxidation role, which improved the content of oxygen elements and oxy-
gen-containing functional groups on the surface of activated carbon. The activated carbon modified by 20% hydrogen
peroxide possessed optimal adsorption capacity (up to 154.15 mg/g), about 5 times as much as that of unmodified acti-
vated carbon. The activated carbon with surface modified by hydrogen peroxide generates nano-scale pores and im-
proves the oxygen-containing functional groups. Under the synergistic effect of nano-scale pores and oxygen-containing
functional groups, the adsorption performance of activated carbon for SO, is significantly improved, which has good
application prospects in equipment.

KEY WORDS: coconut shell activated carbon; hydrogen peroxide; adsorption; sulfur dioxide; surface modification

i HEA: 2022-09-08
EHEEAN: B4 (1991—), ¥, Mt



a4k £1H

S RCRER L AOHE 2GS AR s B YA A
Koo M HREUD R R, WAPIR IS H A I e 2 A 1Y
BN, IR, S (SO,) SFMtk
SRFIR RS20 7 il AN T 396 14 3 b P IR 2
FURIT , 85 e SO AR A A Y A R B T A
A AR B . T E R o B A R, (R
FEXRIC AR T ) SO, SRR 1l U4 B4 e R0
W/ BB AR RIE R o I SO, B WAL/ M B A T
WAL PEGURE 22z N, JF R Tk . ik,
P TR B 55 BAB AR, T BT A A R
TGRS | WEPEIRETYE | > TR S AR, s
PER BATRIR) . AR, RIE IR REAF S DT
W12 T RAL R, 2 gk S T

T T 1 ¢ WA B A ARG, A RS A, L
TR A 0T 2 BRI ROA XS SO, S5 MR 1 R
APEH 20K, el 2 TS . HAT, EA BT
AT AR EE . AR . B R A B Jm Rl A T 6K
REME SR, 2T T HXT SO, MBS, X
23 ) 42 B 8 50 0 TR 5 AR A i S B0
P2 T b S5 U AR IR Sy 1 i o 2 A R I R 85
J1 SO B AA ), A SCR XK (H,0,) XTHRTE TR
VeoR BEAT SR, A S O B e A B A R,
PR RO T P A 3 T RO 45 A A 2 1 o 1 B
FEXF SO, W B A2 A 50 o

1

¥

S

1.1 KEEHEME

FEURL MRS TE PR AR, A R FE AR LA PR
RB R 30% AR K, AR 9, TR ARIE T.(4E
A1) HIRAF .

FEANSS . BB, TP-020 Y, BRI
TR A BR AN A 5 4 [ Bl b2 R R LB B 4y
Hri¥ ( BET ), ASAP2460 %15, SE[E % f kIt vof
FRAT; X FHERATHHMY (XRD ), SmartLab %I, HA
RN s HAHE B AB-AEI% Y ( SEM-EDS ),
Quanta 400 FEG %!, 5[E FEI A #); i B2 21 4h
JEHEAY (FTIR ), Nicolet iS5 %, 25 E 88 K/ ] ; X
SR H T BEIE{Y (XPS), Escalab 250Xi %!, [
FEIR KA S

1.2 HEEEKREE

AR 0 PR 25 1 K T Ve ad 8 IS LR
TE 95 °C R itk 10 h, FEANIC N AC, Bl AR 43505
WM 5%, 10%. 15%. 20%. 25%H H,0, VAW, ¥
25 g I PEAANAE] 100 mL (1 HyO, I8 TR H 347 52 2l
PE, RNRHER (BN 40 kHz) %B) 30 min, 2
WV 20 h J5 U8 SV o B ekoME S T i AR
£ 95 °C Ak 10 h, AREEF 5L Ho0, il £ 19 e

AR, S5 TEMESR IR K 3 ot K B A B RE B ST 47
W PE R e N AC-5% . AC-10% . AC-15% .

AC-20%. AC-25%.
1.3 HmRERIE

K 4 A Bl L3 TR K FL B RE 43 AT AUk R i AL
BRESFg AT RAE, MR AR RA X HZAT
SO R S HEF T RAE, K 1=0.154 06 nm, & HL
JEN 40 KV, 55 HH N 30 mA, HFH#E % K 10( ° )/min,
SR A H - S D — BB A SO i 1 e R4 RO 35
MELFICE Sk, s d A 20 kv, SR
AR R LT ANEIEAURT X B OE T RE IS SO i
T A2 PR B A T RAE

1.4 WRBHERE AN

SO, AW FFE: fEm i 1 1 7 B9 R S kA7,
SO, 5K &M 2 L/min, ¥R 1000x10°°,

0 O Q= wiit ~ B
X X X .
0, |[N,| |so,
Y

K1 SEsis
Fig.1 Experimental device

W R oE 2 AR (1) R
&g (GO-CO)M 10’
q‘;L[ m-22.4 1t M
K. g WREWHE, mg/g; C R4S
MR O WKW &, Liming M WA A X
FRE . m oW RS A, gs ¢ AR

2 HRE5HMH

2.1 H,O, X i 1 2% FL R 45 4 B =2 i

AP T I T3 A 5 R0 A5 it R B — I st £
fLAR A a2 fros, fLES8nE 1 s, MIA
2a WA LAFE 3 A R A AR M DX IR R R
I F T PR AMAL A 08 BE T 4 RE AR LB i T 2 B
HIRTIGR, WRHRR I T2, 24 PIPoRT 0.4
Ja, W BUEH S Y I 2, Dd B TR 2 AL BR A AN
51, BRELZ AN, R AL AIE 2b 7T LR
e, BUHERT S S AR FE A AAE 0~ 3 nm, £
H,0, UM A 16 MR el ™ A TR ALY Y, S 8Or3Y
fLARRRAR, HeRm AR .




<48 - fu %% T R 2023 4E 4 A
0.4
500
e = ——AC
400 | I s oas0RBs st 03 f ——AC-5%
y, ——AC-20%
Sl f %
'"g { mg 0.2
@ 200 - {z‘;
N
= ——AC (ads) ——AC (des) 01}
100 - ——AC-5% (ads) ——AC-5% (des)
—+—AC-20% (ads) —~—AC-20% (des)
oL ol M
0 02 04 06 08 10 1 ) 3 4 5
AR ] (PIPy) flLEmm
a RS (ads) JBMF (des) SFIEZ b LR IR
P2 SRS I ok FLBR 45 44
Fig.2 Pore structures of AC and modified AC
k1 MEFIELEERMEHILE K 4 Ryt ﬂu}ﬁfﬁ‘@ﬁﬂ’ﬁﬁm%%ﬁﬁﬁﬁo\}}\
Tab.1 Specific surface area and average K4 el DUE W, I PR R T 2 9 k8 1 LB 45
pore diameter of AC and modified AC K, o PR TS PR R 2R T AR O G . 5 o MR
FEfh FLFE AR/ (m*g ™) 1 LR /m L, SR ECN 5% Hy0, B 5 16 P e %
AC 1403 5 088 T 7R A LR, 5 IR RUEE A M 25 4 5 i 2244
. ' TR B0 20% 19 Ho O B M J5 196 4 3¢ 35 1 722 6 B i
AC% Has 2004 T . MNP A shn] 7 b R I S T
AC-20% 1471 1.971 YK R R LS, X & T Hy0, 5Tk PR 3R

B 3 Rl S T 5 XRD B3, M 3
AL, FE 24°F0 43°MHEA 2 MR AY TR, X 2
AN S R A (002) Fi (101) ShERAE 4,
UPAMR ST M i e E A R, & H,0,
PCPE S TR PE AR TE 24°F0 43°RM 3T (0777 56 U iR 38 18 385 I
fit, WERyFmEm vk, XU Hy0, 515 P53 mik
JE AN, R TR TS 25 A8 2 BRI R
FEREA

R

g
pIE
F

AC-5%

mem e
Mot

AC-20%

10 20 30 40 50 60 70 80 90
20/(°)

P13 BRSSPk XRD 3% 5]
Fig.3 XRD patterns of AC and modified AC

TR S22 R AR A RN, A T 2 ot B
FORRJZ BRI S5 40 52 BIRIR AT 3 B0 1R ¢ L
2 1 B

2.2 HO, MEXMEERREHFERN
A

B S gy T etk wn e i P e EDS a4 N S
Ko RS s LI Y, oo i yis i e 3 e AR 48
JLENE, HmITRTESECH 95.52%, ForHR
JEEDECH 4.04%, HAK Si SARI0HE . 4 H0,
MR, REIARMTER, Koo RZ ' T, &
JUE F i W E YN, X UL H,0, 5GP R R IZ R
Ja . BUE T IR AL, m R S A
AEM &t

MRS WG HER B FTIR EEWE 6 fin, K6
H12 900 cm ' A1 2 860 cm ™' it A C—H M 45 4R 5)
1 570 cm ™' B C=C B4PR3h . MRl AOFE M
761720 cm ' F1 1 740 cm™' ¥R B C=0 i 45 IR sh g ,
B IS B TS PE R AE 1 380 em ' I T O=C—0 ¥
gE PRz 78 1 100 em I C—O—C A
AiPR BN . X UL Ho0, 59 P 2% 1 ROV s e 28 T
TEAERRAIRI S, AR TR . MR . R E S A
BRER .



Faak HTH Rk, S (PR 0O K SR P B e b — S AL P RE AT 52 - 49 -

= %

f AC-20% (160000x )

d AC-5% (80000x ) e AC-20% (5000x )

P 4 B S 15 A B ROULE 3
Fig.4 SEM images of AC and modified AC

9%
X [ ]
ﬁ I—1
S 95+
i
HE(
ik 941
IR
B’ w
93 1 1 1
AC  AC-5% AC-20%
a AC (BT&) b AC-5% (BTGER ) c AC20% (BRIEE ) d BOLREEAET L
< 7
K6l A
S
B4l a— "
4

w

AC AC-5% AC-20%
e AC (Ht®) f AC-5% (%#ICK) g AC-20% (%JtHR) h SHICR BRI L
K5 PERTE 6 PR EDS AR
Fig.5 EDS characterization of AC and modified AC

cH COc¢ Pl 7 S oM T PR Y XPS k. AL 7
L AC _\M T, 7E 285 eVl 533 eV BT I HE R 9 Cls Al
i AC-% \\, ~go¢ Ols i, iR KM UBCEMATENE, 4
e AC-10% \ ENS H,Op M MEE TG ME R R TR S & %, AR
g bt AC-15% i 4.13%3E T E 5.57%, b5 EDS F£IF4E
Bt AC20% N %,

s AC-25% 4 R wHL AT U E e AR AL T 8 2P

. . . - TR Ols Al Cls sl &I IAl . Cls 1Y C—C,

3000 2500 2000 1500 1000 500 C—0. C=0. COOH Fl n—n* %54 BE 7 M7 284.8 .
Peg/em? 286.0.287.0,288.0 1 290.0 eV [ffiT, Ols W) O=C .

K6 MOHERS TR I LT A e O—H. O—C fil O=C—0 W4iGHE/HITE 530.8.

Fig.6 FTIR spectra of AC and modified AC 532.1. 533.4 F1534.9 eV [, M Cls E3E AT %0,



+ 50 -

1 % T f&

2023 4E 4 A

2 H,0, A fbfs, TETEMERE 5] A T COOH %M1,
H C=0 &M EmAIRT. M Ols BT, %4
H,0, A Ab)5, TEPER L ) O—H el &t i EFHIK,
WALy C=0 Fll 0O=C—0 55,

Cls
01
C (95.12%) O (413%) .-
Si (0.60%) Na (0.15%) |, J AC
i
bl
C (93.91%) O (5.27%)
Si (0.62%) Na (0.20%) J AC-5%
C (93.50%) O (5.57%)
Si (0.63%) Na (0.30%) iyi | AC_20%
1 1 1 — 1 "'_I;‘
1200 1000 800 600 400 200 0
Si4rBE/eV

B 7 BCPERT IS I PR A XPS il ]
Fig.7 XPS spectra of AC and modified AC

2.3 HO0, B iiE M 3t SO, W Bt 14 BE R HLIE

P 9 g e S 378 1k 3 Xt SO 4R FR W B 25735
LRI L 2R B A . MR 2R B i v LA, 72
BRI, Rl RT R AT R AE ALY SO, R E
1%, 32 R T P e EAT BRI e BRI 3 AL
BRebty, X SO, HAT —E MW IRE J1 . 2 20 min J5,
PO RIS B Y SO, YR E i T, TG
SKEE IR EE 1000107, SKFIME IR BIRA, 4
H,0, Bl J5 196 1 25 A I R 252 325 1 2 45 ke i % e o
MR 225, — 5, SO e 6 o W b 20 1%
2 AR, H 117 B SO, W FE 7 W B Ao 2 o B —
SE RN, 3 18 I Bl J5 3 1 e X SO, 1 g B 1o 7 2
AT RRAS , DR IR B R AR — I8 5
— 7T, AR SO, 2GS IE ik R, H
S ) AR T, O R T T e e W e S 0 %
SO, MRARELA — 2 BUWL BFFRE F7, 5k 2 W Ok I 308 1k o
RO 235 ) R 25 1 Pl 2 R JR B AR AL R IR T SO, 1 W

wht.

c—C
(80.0%)
c—0
C=0 (9.6%) }
(4.8%)

REE

n—m*
(5.6%)

288 286
ZE4RE/eV
a ACHICIsi%H

292 290 282

c—C
(69.9%)

Cc—O

n-n* COOH C=0O (11.9%
(9.8%) (3.5%) (49%) o

REE

i

288 286 284
ZE4 BBV
¢ AC-5%IHIC1siEA

292 290 282

c—C
(67.2%)

c—O
T—* coog €=O (11.4%)
(9.4%) (6.0%) (6.0%)

TREE

288 286 284
A RE eV
e AC-20%FC1si /&l

292 290

PREE

0=C-0
(6.4%)

o

534 532

538
A REeV
b ACIHO1siEA
0—C o !
(40.5%) & % O-H
g %, (37.7%)
X 0=C—0 . 0=C
% (109%) ¢ % (10.9%)

536 534 532

538
A REeV
d AC-5%M01si% R
...............
0-C %, O-—H
- (49.7%) %, (29.4%)
# | 0=C-0 ; %
(6.5%)
538 536 534 532 530
L REV

f AC-20%H)01si%

B8 et E i k5 Cls A1 O1s 1 &
Fig.8 Cls and Ols spectra of AC and modifed AC



Fa4t HTH Wk, -

T 1 7 ) XS4 K 3 T il 2 2 LW o — 4 A M RE T Y 51 -

M 9b HI%1, 2 H,0, Bt SE G A SO,
FR B 25 25 e W 5 AR T, O A b S HL0, 14
TR BRGNS N . 24 H.O, KR 40h 25%0,
WY R 2R A TR, X AT RBE B TR HL0, 762
O B S A TR FL 5 AR AP i 87 b i e e
SO, MWLt 28 B 25 B R 30.37 mglg, ZEF/rEcH
20%1) HyO, MrPE % P J5 Xt SO, Y WK i 2 35 75 ik
F] 154.15 mg/g, 290 5 15

TP SO, SRR LR E A S il o),
W B R AN T

SO,(gas)+C—S0,(ad) (2)
H,0(gas)+C—H,0(ad) 3)
SO,(ad) +O,(gas)—>S0O;(ad) 4
SOs(ad)+ H,0(ad)—H,SOy4(ad) (%)
H,S04(ad)+ H,O(lig)—H,SO04(liq) (6)
Kb (gas)FRAE; (ad)EBARWME; (liq#
1000
800
S 600 -
5
s —=— AC
@ 400 —o— AC—5%
—A— AC-10%
——AC-15%
200 —o0— AC-20%
—— AC-25%
0 50 100 150 200 250 300
Hf ] /min
a Wt ardE L

IR

FEA EAUKZE ST BUR , 106 ¢ B A W Bt 57 5L
AL, (1 SO, 78 T 1 e e FL 3% 10 & 2B A Ak S| AL I
Bo 3 (2) H SO, F AR W BFF 25 0 S5 7 F 55
PR, 308 SR P A T P e 3 T Al S5 Ay O =R
FHHST SO, iYW B REN

H,O0, F MM 16 M Xt SO, Y FHHLEE 4N 10
fis o — 7T HyO, 5906 P s SOy & B 20 AR, 7=
AT ORI R FLBRZEF , Eb 3R R K, W R 7
Hom, T SO, MKt 55—, BT H0, K
PR GG PE AR R I T K i & R REA, S Bk
Han, fRUETRE SO, BEAR NS . IR, B EE
202205 S B R AT C=0 Il O=C—O0 %5 A1 F1 i 4]
REf W 3 A2 3 SO, F 4kl SO;, SO ¥ T /K5 Bk
W B A0, NI4T SO, I RE . PIL, 48 HL0,
FETAT AR B MR SR K SO, W FFFE fiE B R T

200

XXXY
— XX TSI
£ R RRXR
(RR
KR 0K
: KX RXRKY
&0 XXX KSR
RoRXA (R io%e%s
g 120 | RN B RS
g |
o R KXY KKK
ﬂ]lﬂﬂ KRS KK o262
XK %% 10305050/
R ’RYE R
258 (K] e KX
& R KRR IRX KXY
(X (R R K&K
R R [RXXY] XRKY
80 L e %% IXXXX K2 %050
¥ R KR KK XX
IR (R KK KXY
XXX KXRXJ RXXA R
7% %% 6% %% KX XX BRYRK
oodete, RIS (R RRKY
(R (R RIKKY]
RO R (RR XXX
(RS (R R KR
[Rodee% %0262 ede%es! RS
R R K&K XXX
e %% IXXXX Oe% %% IXXXX
R RIS XX
KR KK RIKKY] RXXX
40 | KXXXS KRRXY IXXXK] KK
(RR (R 2ee%! KRS
R R (RRK]
[Qedoded (XY Pode¥ede! KRR
KXY ORI XX ootel KX
XX KRS RS (YR
RXXKS KX KXY KRR
(K]
R LR RX (R
KO KRR (RRX]
0 LR RS KRR KRR
AC AC-5% AC-10% AC-15% AC-20% AC-25%
Pz
2=}
g

PO e T 35 1 ) O R
Fig.9 Adsorption performance of AC and modified AC

RIS

95°C/10h

‘4\*

SO,
0,
H,0
80, H,S0,
C©O)
CO [
-C (O) 2
~C(O)
so,” S0.

P10 o33 P TR B — SR Y kA
Fig.10 Adsorption path of modified AC for SO,



- 52 - 1 %% T %

2023 4E 4 A

ASCLABRFE NG PR R A, SR T B K G  P
AT RN, A T —Fh AR A A IR BT
SO, W Fft A1k, 58T

1) Hy0, 5if MR R w2 KA R, A8 T %
PR IORFLBREE 4, WA K 5 396 1 e s o ke 381 2 i/
WA TR MR GLUS A PR, AR MR R T A4
TR R Y R FL 5 FA FDAR B AL, A ITTRRAER T 3511
7, BT HRmEA.

2) Hy0, 56 se & A B AR R N, SR T 1%
PEak AL AT, & T Al o W B AR, el
JE i PEREICE M COOH, C=0 & A B R & &
B

3 ) T PR IS M R AR AR B FLBR AN U e A
MEVERTT, SO, WM PERE W 54271, TRt s A &
G HoO, MARF 4308 fin 52 B A 1 e ms SR A 1)
P RBATECR 20% 1) HyO, e 1 1 i 1) W B 1 1
Ak, W B A EIAT] 154.15 me/g, 29 hePERT
M5 5.

S E 3k

(1] 2P, TURRE. & T @7 ZEM AL e R H AR Br b 1 114

BRI, A% TRE, 1993, 14(4): 165-169.
AN Zhen-tao, GONG Yong-xiao. An Approach to the
Setting up of the Standard of the Tactical Technique In-
dex for Ordnance Packaging[J]. Packaging Engineering,
1993, 14(4): 165-169.

(2] ERESC, BOUH], SN, 5. AT s A SOl R AE L

s oIk B AR B SE[T]. SCR A 5 5 R
2, 2013, 25(4): 14-18.
WANG Zhen-wen, XIU Guang-li, HU Bo-xian, et al.
Research of Bamboo Carbon on Purifying the Low
Concentration SO, in Cultural Relics Conservation En-
vironment[J]. Sciences of Conservation and Archaeolo-
gy, 2013, 25(4): 14-18.

(3] ZEa. Fah MR e B[], A TR, 2008,
29(6): 185-187.

CAI Jian. Fine Design of Military Packaging[J]. Pack-
aging Engineering, 2008, 29(6): 185-187.

[4] YASMINE B, JEAN L T, GUY D W, et al. In-situ
Copper Impregnation by Chemical Activation with
CuCl, and its Application to SO, and H,S Capture by
Activated Carbons[J]. Chemical Engineering Journal,
2019, 372: 631-637.

[5] JIANG X, XIA HY, ZHANG L B, et al. Ultrasound and
Microwave-assisted Synthesis of Copper-activated

Carbon and Application to Organic Dyes Removal[J].

Powder Technology, 2018, 338: 857-868.

[6] ZHANG J, XIE Q, LIU J, et al. Role of Ni(NOs), in the
Preparation of a Magnetic Coal-based Activated Carbon
[J]. Mining Science and Technology (China), 2011, 21:
599-603.

(71 OIS, MEEMS, ELER, S M R A IAE i

PR e Xof TS HE AR 3 (J]. v L BRAER27, 2020, 40(11):
4779-4785.
SUN Peng, LIU Jia-peng, WANG Wei-da, et al. Active
Carbon Enhanced Thermal Activation of Persulfate for
Degradation of P-Nitrophenol[J]. China Environmental
Science, 2020, 40(11): 4779-4785.

[8] 75T, WEaiss. RIS e W R b T A AR R
PRSCBRBITFE]. 245 FREE T A, 2008, 15(2): 95-98.
SU Qing-qing, YANG Jia-mo. Experimental Study on
Removing Dioxide Sulfur from Flue Gas by Using
Modified Activated Carbon[J]. Safety and Environmen-
tal Engineering, 2008, 15(2): 95-98.

(9] #KYL, sKim. BCPEIE TR SO, BIRERMTFE[I]. 5t

B2 BE 2 41 SRBH050), 2008, 3(1): 35-38.
FU Jiang, ZHANG Yuan. An Experimental Study on
Adsorption of SO, by Modified Active Carbons[J].
Journal of Guiyang College (Natural Sciences), 2008,
3(1): 35-38.

[10] Eifgii, MR s, SRR, KOH Bk i o i B i
Wi S 1A TR RE R B T (0], BLARAE T, 2019, 39(1):
128-132
WANG Hai-pei, CHEN Shao-yun, ZHANG Yong-chun.
Study on Adsorption of Carbonyl Sulfide by KOH Mod-
ified Activated Carbon and Regeneration Perfor-
mance[J]. Modern Chemical Industry, 2019, 39(1):
128-132

[11] ke, SKSL5R, i, 5. IEVERLBR S R m
PR X W B4 AL NO BYSZIR (D], s 4k, 2011,
36(11): 1906-1910
LI Bing, ZHANG Li-qiang, JIANG Hai-tao, et al. Effect
of Pore Structure and Surface Chemical Properties of
Activated Carbon on the Adsorption and Oxidation of
NO[J]. Journal of China Coal Society, 2011, 36(11):
1906-1910

[12] XIZETE, i, XI22Me, 5. 64 y-Fe,05 BRIk
AR ] #5 5 RAE[T]. REHA, 2019, 38(6):
49-53.
LIU Wei-sai, HUANG Bang-fu, LIU Lan-peng, et al.
Preparation and Characterization of Supportedy-Fe,O;
Coconut Shell Activated Carbon Catalyst[J]. Carbon
Techniques, 2019, 38(6): 49-53.

[13] YU J W, MENG Z Y, YAN S H, et al. Precise Control of



a4k £1H

Wk, -

T 1 7 ) XS4 K 3 T il 2 2 LW o — 4 A M RE T Y 53 -

[14]

[16]

Ultramicropore Structure of Activated Carbon Fiber for the
Application of Cu(Il) Adsorption/Electro-Adsorption[J].
Journal of Environmental Chemical Engineering, 2021, 9:
105312.

0B, B, TR, L BUEK SO R R
K T B M R S HLER B ST [T, R, 2019, 25(2):
1-7.

LI Xin-yue, WANG Zheng, L1 Zi-mu, et al. Study on the
Performance and Mechanism of Removing Antimony in
Water by Hydrogen Peroxide Modified Activated Car-
bon[J]. Environmental Protection and Technology, 2019,
25(2): 1-7.

SHAN Xue, TU Bi-yang, LI Zu-hao, et al. Enhanced Ad-
sorption of Rhodamine B over Zoysia Sinica Hance-based
Carbon Activated by Amminium Chloride and Sodium
Hydroxide Treatments[J]. Colloids and Surfaces A: Physi-
cochemical and Engineering Aspects, 2021, 616: 126489.
HAO Na, CAO Jun-nan, YE Jian-she, et al. Content and
Morphology of Lead Remediated by Activated Carbon
and Biochar: A Spectral Induced Polarization Study[J].
Journal of Hazardous Materials, 2021, 411: 124605.
RS, AR, SRk, AF. b AN M o =
O B2 SR W M 13D, BB K 22254k, 2013, 34(2):
159-165.

[18]

[19]

[21]

[22]

HAN Peng, REN Ai-ling, GUO Bin, et al. Hydrogen
Peroxide Modified Activated Carbon for Adsorption of
Trimethylamine Exhaust[J]. Journal of Hebei University
of Science and Technology, 2013, 34(2): 159-165.
ZHANG P, WANKO H, ULRICH J. Adsorption of SO,
on Activated Carbon for Low Gas Concentrations[J].
Chemical Engineering & Technology, 2007, 30(5):
635-641.

BAGREEV A, BASHKOVA S, BANDOSZ J T. Ad-
sorption of SO, on Activated Carbons: the Effect of Ni-
trogen Functionality and Pore Sizes[J]. Langmuir, 2002,
18(4):1257-1264.

NILGUN K, ILKUN O, REHA Y, et al. Sulfur Dioxide
Adsorption by Activated Carbons Having Different
Textural and Chemical Properties[J]. Fuel, 2008, 87:
3207-3215.

GUO Yang-yang, LI Yu-ran, ZHU Ting-yu, et al. Ad-
sorption of SO, and Chlorobenzene on Activated Car-
bon[J]. Adsorption, 2013, 19: 1109-1116.

ZHANG Xiang-lan, ZHANG Yan, WANG Shuang-
sheng, et al. Effect of Activation Agents on the Surface
Chemical Properties and Desulphurization Performance
of Activated Carbon[J]. Science China (Technological
Sciences), 2010, 53(9): 2515-2520.

SRS B



