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Study for Oxidation of Hydrogen Sulfide in Aqueous Solutions
Using Activated Carbon

by Mitsuhiro Sumikura and Masaharu Tasaki
Abstract

Changes in the forms of sulfur and oxygen consumed during the oxidation of hydrogen sulfide ions using activated
carbon have yet to be elucidated fully. Therefore, in this study, an experiment on the oxidation of hydrogen sulfide
ions in aqueous solution was carried out to investigate altered forms of the sulfur and oxygen consumed. The
oxidation of hydrogen sulfide ions was promoted by activated carbon, and the oxidation of sulfur resulted in the
formation of sulfate and thiosulfate ions. Additionally, X-ray photoelectron spectrometry indicated that elementary
substances of sulfur adsorbed onto activated carbon. A material balance with an 84% abundance ratio of sulfur
oxides and 82% oxygen consumption based on stoichiometry was calculated. The oxidized sulfur compound was

confirmed to be safer than hydrogen sulfide ions.
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#1) Z FVNT= TEPERR GL-30 DRt 2 R-1 1R T,
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AP TR L. 1 mol/L #E#l2 T pH =8.0=E
0.1 IZFEE L7,
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=1 EEROYIE
Fe R g/ml 0.44
Wz % 1.1
BIEE (10~32 mesh) % 98.9
il J& % 98
SRENR 5y % 5.9
pH 6.5

STW5, F£7-, EMHROEEL T 57012,
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20 AT O LT,

IINHDONRAL TV E 20°CHEIERE TR & 5 B
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=2 XPS OHIESH:

sweep center  sweep width Step Dwell time cumulated
(eV) (eV) (eV/point) (ms) number
Wide 693 1386 1 300 1
O 1s 532 20 0.1 298 4
C1s 286 22 0.1 298 8
S2p 400 16 0.1 298 32
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DORT/REIND LI 2 BEREICAREET 5,

HsS 2 H*+HS" K;=1.0x10"7 mol/L (1)
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L. {EPERDMFAE L7 & (wlo AC_ORP) Tl &
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e A A v SN OWEIZEL L T D Z & &R
LTW5b, Fo, BBREOWHEREIL, WA 40
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(2 10%FEETHE SNT=D3, ENLIRRIZ & A B2 bR
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% 15JE(101.325 kPa), ~v RAR—ZADRFEA
37TmL, ZEXDER T ALFRFZ T ADEN 411 & L
T~y RAX—RDWEHEIT A DKW LTz
BHEEHE LT, 7B, BRI A, BEET ADUE
FEIXZ2710.016, 33 L TV0.031 Dffz V=149,
FRFR AT A BREUR & e L, RRESTRRAD) O Vi
U723 T ADWYE B a ROTFER, BEENT ADHE
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L35 L 1 IRRISOEERIL, -d0ldt = kt THRS
. ZhaEEST 5L In(Col0) = ktWVESHN D,
ZOIn(C/O% t LT ay b9 5 LHAE
WAHEMRD . ZOEOHE NEEERE 2D,
Z 2T, WUbKFBA A DRV EE ¢ %I
5 In(Col O %A LIEE T vy LTIV T 7%
B-5 2R L7z, B-5 DFRFI% AC_0.05 1%, it
A AL KGR 86 mL 2k L CIEMER % 0.05 g X
72§, AC_0.10 [X[FERICTEMEER 2 0.10 g M1 7o RFD
SOGHE 22 LT 5, AC_0.05, AC_0.10 3LIZJ5
MEBDERENZ ONTZZ b, FiubKkFEA A
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KFEA A OFRALIMEE STV D (B-3, B-4) 2
Lo, TEMERES 2 512705 &, EROMBEE RS
POSHRE R B 2 51272 > TND Z &G, 15
FRITHALIKFEA A > OE (bt & U CTHEE L T
B EHEN ST, F2, BN TIToo&D 98 X
WIES WOIER T, FHRFEMELRRDT-DK
ISR L B2 DA, TEPERIC K 0 b1 A DFg
{EIEFE SAAIFZE & RIRRICIEET 2 2 L s &
T3,

34 BRESNI-RERSOMELE

1.28 L D A 27 BRTTAT - T b S8R % (12 Refi]
B OV T OB IR E 2 &3 (R LT, IR
TPOBEAFIALAKEA A2 BileA A2 HifiliRA A
v FAREEA A ORI, £ Ei 1.3, 13.0,
Fekrt (BHHRA 0.2 mg/L), 34.3 mg-S/L Th -7,

TEMERE 2 XFEE LT A RAXYT ML
WE LR A2R-6 (R Lz, B-6 1%, EbEe
{LFEBRIZ =% (Oxygen), A 27 MO A %
FH A CTEH L 7=EBRIZH W 72% (Nitrogen), X
OB 3281 (Blank) OIEMER 2 22T A KA
A7 MHIE LT REREZ/RL TS, Blank,
Nitrogen OIEMERFRMIICIX, £ 530 eV i
ez 1s BT (0_1s), 285 eV FfiTIZIRFED 1s &
T-(C_1s), 165 eV & 103 eV (Hilfic 7 A 5D 25 &
F(Si_28) & 2p EF (Si2p)DFEETRNLF—%IR
TE—I BNENEIELR TE -, S HIZ Oxygen T
ITINLOE—7 LISMNT, 228 eV & 164 eV 1Tl
Wi D 2s T+ (S_29) & 2p EF (S 2p)DfE/ TRV
XF—a T E— I RSNz, £, LSO
TLHRDPE R — 7 IR CE o Te, ZTNHOD
T A RARY MVOSHTHRERIN G | IEHER IR EIT
MRS IL TN D EllEr L 7=,

Blank, Oxygen, Nitrogen ® C_1s OfiH=x/L
F—fhlr& S 2p OFFHFTRNLF—fhx T r—X
~7 MVEIEL, C_1s DE—7 % 284.8 eV ITHHIE
L7zBD S_2p D v — 27 -7 \TR L=, £ 7.
LAY ORiED 2p B OBREDORE G
X5 R-A (TR LTo, T4 IR LT nRRAE

D S 2p BEADFEFAEZ RN (164.2 eV)FHITIZ,

Blank OIEVER Tl SR o7 B — 2 53,

Oxygen OTEMELR TRt Si7z, F£7-. Nitrogen ®
TEMER T, Oxygen &[FRIUAZEIC7 B— Rige—
B ST, EBIT, ®A IR LAk
YRS N U 7 A BERER T R Y U A F AR T
U T 2)D S_2p B DFEETRNLF—EONE
(168.6, 166.6, 168.6 eVfiTIZIL, B —2 13142
Ehipotz, PboFo—2~r kM VRIER R
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4
= 0.279x
BAC 0.1 y
€.0.10 R? = 0.986 £
3 .
AAC_0.05
S )
S 2 .
E| -~ A

T

R?=0.979
0 2 4 6 8 10 12
BOS Ef (hr)

-5 Wt A A ORI E

T3 BRAVLER O LA OB

concentration

10N species ( mg/L )
g% 1.3
S0, 38.1
SO,” ND
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-6 XPSIZXHIEMHROSHTHRER (wide scan)

B, IEPEREICORE: STV DR DIZREIL,
JLRRAEE Th 5 LW L7z, Ajay K. Dalai 512X
DGR 2 & TRl K A A R E e L R
RG22 TH,. ZHBRFEIC LD IEMR D
SILFRIRMEE MR Sz Z EAHE 10 ZiTn
Do



570

——Oxygen
470 4

370 A

270
570

——Nitrogen
470 1

R (CPS)

370 A

270

—Blank
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370 4

MSAAANANNA AN A A A NS pim AotV |

175 173 171 169 167 165 163 161 159 157

270

#HE TR F— (V)

X7 XPSIZ & AIEMEROSHHES: (narrow scan)

T4 HE LA O 2p E T HEORE A= R F—

Sulphur 2p (eV)
S(s) 164.25
Na,SO, 168.6
Na,SO, 168.9 (2p3/2)
Na,S0; 166.6
Na,S,0; (central S) 168.6
(peripheral S) 162.5
#5 IEERICE ENDhHOEREL
oxygen nitrogen blank
BREEE R (wt%) 3.69 1.02 0.28
Oxygen, Nitrogen, Blank, OJEMRICE T

LB OWT, TEMERICKT T DR DR R
RS IR LT, ZRBIOERE T AFHKA T OE
Bris . FHENDOIEMERITIRFE STV A BB RS
2N, BEEADHRT 3.41%., 0.74%HNL T\ =2
LD, BESENFAET DERMFIZB T L W £ < Dhit
R DEMER ICIRFES LTV D 2 E B LT
7rolz, TAURTEMER OfEHEEEIZ X 0 B kKA
AU IRBOKMEO HARER IS b S = 2 & T, T&PE
RIS NS ozt B2 bND, T, &
FAAFHFR T CHIRERI D SNI=DiX, 1§
PR OIAIFLICE TV ERFRIC L - T EK
NS, B LT ANEM R SNz
LEZLND,

3.5 MEALERDILFER
TEPER & VTSR T, IR orE MR Tt
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H &R LA 5. M. Avraham 5 97235
U 72L& AR e BB AL Z - TV D S HE
& 372, M. Avraham 513 GRS 72 WS T,
I EE DR AR A F o BEEEIC k- Tk
5 RIGREE OO S, LLTFDR(3)
~@) & @|ELTND,

2HS + 302 — 2S0s% + 2H* 6))
28032 + 02 — 25042 4
28032 + 2HS" + 02— 282032 + 20H- 6))
252032 + 0228042 + 28 6)

(3 TA R S B HiRfilEA A 1%, & Tl & LCan
HILTWD X 51T, BESHETITESHIZK ()
K (B DISUEH I, il A A oF A HfileA A4
LS D720, RERTIIRH ISR &
EZ2bND, Fo, K(B)THERIND FAhilEA 4
R BRI T CIEIANLE T bR ORI bk
R INOT VD, REBRO L 1ZT7 A VP
M FCIIHEZE L TR Y . X HITHRVEMES
TETIER(O) D L 5 (& \ZhilRA A 12 & Tk
SINDHEBZ LD 1D,

BOSRIERIN U7t EA A (BB T 5,
AL FEBR B DOFRUE P B ONEME R I ARFF S 7= &k
HIREDEIS % SIREDORTEIF 1 CHAS L7 A5 R
ZR-8ITR Lic, ZORERD B UG DOE sy
DAERERIL, WiliEA 42 & TFAREEA 4 DFi
ZHL13% & 34%AE AT L JusikAiiEE (S0) & LT 36%
DNEHERICERFF S L TER Y | KD 80%I122WV\ T
BHONITBH ENTE,

LI & - TR SN AaiEib & (b k3
A A, ilEA A, TAHEEA A, dEEA 4
NOAEMEEE KT 572912, US EPA ©
ECOTOX Database!® CZILZADF b U o7 AHEIZ
OUWC Daphnia magna ® 24 W88 % D508
IR AT & 2 A it T R Y T A130.6~13.0
mg/L(0.01~0.17 mmol-S/L), HifgF kYU A% 1116
~8600 mg/L(7.86~60.56 mmol-S/L), F A HiiliET

kU 7 2% 1334 mg/L(16.87 mmol-S/L), gk
FF MU T AL 724~ 1489 mg/lL(0.8~1.44

80%

60%

40%
B 52 5 BS0,2- S @ 5,0,2-_S BActivated carbon_S D Unclear_S

B8 b IRE DA REOES

0% 20% 100%



mmol-S/L) T - 7= (HFREE T b U 7 340805t
BOT =272, 24 KRR ZOBIEOMIE T
440 mg/L(3.49 mmol-S/L)), L7=723->7TC, {EMER%
AW LI X, AW (Daphnia magna) #:0E0
I\ A LKA A & B U C L 3239 200~400
FEARWEREE A A OT A WilE A A NS 5 %)
RRbHoHEEBEZBND,

PR L IEBRIC K - TIHE S BERIT T 5, itk
TERERI DT R, 1 K OVKIAIRIZER R L TR E D
FIE 2RI CHRE LR R A9 IR L, 72
B, BALKFEA Ao OBACSOSIZRIH S 7o s &
%, PR OKREEREOENOLRR L, KIAERIC
ViR LT RFRRIE, 3.3 DOIEMER NN CRESE
REEDN D LT s & AR R D R 72, B-9 D
ARG | THE SAVICIEFRIT, MR 27%, F A i
FRIZ 27%. Wisioyr 112 19%FIH S, 7S -
FIX 9% THDZ ENRBENTZ, WifbKFEA A
DR OB CEEII RN, ARIEEBRSMCTOmRL
PO, R C & 7oA i sy & 2 O ESUGHIT#
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