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Abstract: Peroxymonosulfate (PMS) is a strong oxidant that can be used in removing methyl mercaptan (CH;SH) in a wet scrubber. The influences of
pH (2~13) on CH;SH absorption and degradation were different between H, 0, and PMS. Under weakly alkaline conditions (pH=8~10), CH;SH
removal by H,0, wet oxidation was poor. It was interesting that PMS can remove more than 50 percent of CH;SH in weakly alkaline liquid (pH=8~10)
which was lower than the pK, of CH;SH (10.3). The possible reason is that PMS or active species can quickly oxidize CH;SH molecules at gas-liquid
interface.
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et al., 2006; Liu, 2010) & H P HA R ol fErH:
R 2Z—. i EACINE R IS A AR £ 52 75
bk , 72 B 1 AE Ak 24 Wk b B, Couvert 5§
(2006) I H] H,0,E A 5i S 551 2801 25 B3 i vk W A
FCH,SH, & L H, 0, T LR I i i CH, SH R i, 7]
A RO CH, SHI WS 4 — B iR &L £k (PMS) |
it TERERER (PS) & H,0, Ml A 1) AR G AR
T OB E T (pH=12.12.5 13) H,0, .PMS \PS 3
Fp AL 75 X CH,SH R A R BRACR, & BLA X T
H,0, 1 PS,PMS K T 07 B9 FEM:  CH,SH £ B
FN[IRF] 95% DL b (M 4, 2013;2014) . 4K,
KA CO, MMk BETE 400 ppm 2247, Tt 2100 4F%¢
23355 1000 ppm ( Ezraty et al.,2011) , 7Tt & T /5
BLAD PR CH, SHE SRR FE e s E 2 1R T, Wt
WA KT CH, SHAS AR 58 A4 W A S, i HL 23 W i
K CO,AM, 34 NaOH 7 #E ( Couvert et al. ,
2006).

PRI, ASBF5E LA H, O, 7E R % Fe R DR RR T | v
PE BE SR (pH=2~13) PMS 1 5 W i A AL 1A
FXTCH, SHE SRR L BRASCR | I %) e ik L3
IR, LI SR —Fh e JE s it 25 140 vl DA
AR F B CH, SHER MW BRI 7 k.

2 MBS 7% (Materials and methods )

2.1 ERAH

AR S LA ( CHL,SH, 3000 ppm ) T T K %
KFF AR A Al o — iR AW (PMS,
KHSO,-K,S0,- KHSO, ,42%KHSO, ) 14 T~ - 1k 2738
F s Al o A A (H, 0,, 30%) 5 Ellman i 7
(C,,HgN,0,S,,99.0% ) W F 3& [ Amrecso 23 A ; B
fRBLAR 44 ( Na,S,0,,99.0%) . HL{b 4 (KI,99.0%) |
iR (H,B0,,99.5%) |2 %A 1L 54 ( NaOH, 98.0% ) . #¢
WilR (H,S0,,98% ) W T i Ak 2= 10 24 ).
22 EHEEFE

T 1 SRy CH, SHIWE WA RI 56 i 6 B R B IR ke
Syt 2k SR O B3, CHL,SHAUA S N, 7R IR
GREETIRA, BSOS I 2k A P Ak
Y R VAT TOU0S 1540 EFY 7 A 300 28 ARG 0. W% AL 948 o S
E ARG, W5 5 A T 2 W B0, B
T Wb, WSOV 7E 35 N 5 SR i S i, e 44 o0
e BN 2 B T AE BURE 1 BRORE I S VT
CH,S™ ¥R B A 52 30 4 28 vl Wi WSOV 10 A . AR S 4
Hoh RS S €O, 0, T REXT SR 4E RA THL

DA MRS NP 2R

FR ARG 25

E1 XBEETEE
Fig.1 Experimental setup of a wet scrubbing system for

CH;SH removal

2.3 Lk

2.3.1 CH,SH%Z ¥ EE 4 15T pH X CH,SHIK
WCHCR RS20, 23 O] pH =2 6 BRI pH
=8.9 .10 Y 55 B0 I T ( LA RR- L B AL A A g 2%
M) pH=11.,12 13 ASRELE W % 500 mL, Jin A #
SN TR 2 2 v, ) G B 2R 2 AR S R O
2 Tl IR MAC TR T 96K S Ry 125 mL - min L 2RO R
1.5 Lemin™", 38 52 Jo o 90 1142 i CH, SH Y 2E A ik
B ZRBE5E H CH, SHIE SR BE IR 244 60 ppm. 7E N
WIR A 26 B P HORE I v W rh CHL ST Bk B2 SCrh
Cons R R Y CHy S™ MV (g-L7'),
Co( ) 778 CH;SHIE SIS B MR BE (ppm ), C ) 7R
CH,SHH I B BE (ppm) , BL(Coppry = C iy )/
Co o) 2/NCH  SHIMRICR 7,y 3875 CH, SHAY IR L
MR (g-L " min™").

2.3.2 PMS H,0,& b EACH,SHEZ % HlHlARH
pH BIWZ i, 43 514 1.78 %107 mol 4 PMS \H,0, il
A AR EWSORPI LG pH, EHFE
500 mL, T AF S W R A 24 b AR S G Ak
W W5 S 55 A ).

2.3.3 R IE L PMS H,0, %% HIEST PMS,
H,0,7EARR pH Z A4 /6 AL AR I, 43 500 B i A [
pH ZF T B PMS (H, 0, W Wi 500 mL ( FC i 75 2
5 PMS H, 0, B fif CH,SHEZ K AH [R] ), in A4 T
ARG R A%, 3835 R R 120 remin™', 7E R
SE (A E] P9 BOCRE DN . SCH Cos B C o 43 50 7R
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34 %

PMS Fl H, O, ZEE W W FE (g L71) ;5 C s o
Copyo, 0P HIFTR PMS F1 H, 0, W IGVRE (- L"),
PA( CPMS,O ~Crys )/CPMS,O il ( CH202,0 _CH202 >/CH202,0 o
WFER PMS 1 H,0, 5 1L,
2.4 M7

CH,SH H} Uk B2y P 2 A6 U &% ( WD 103-
Q2000, JEat s I TR AT BRA A ) BLHAR I 7%
WH ) CH, SNa ¥ & >R Ellman 3 5 ¥ ( Riener
et al., 2002) BEATKEIN ; PMS  H, O, ¥ J8 5% Fi Ak 4
(K1) 7% 2 B % ( Wahba et al., 1959; Wu et al.,
2012) ;pH M7 R H B #E pHSJ-4A L5 HTAL.

3 R 5138 (Results and discussion)

3.1 pH *CH,SHF U th %

pH AL 2EM I i F Z R N % 2 —.CH,SH
RV R SR, 24 pH KT CH;SHAY pK, (10.3,
Muthuraman et al., 2011) B, SR H B9 CHL,S™ AN
B CAARSE pH MR 2= W 4R Ak CH, SHAK & 1952
Wi, B SCHEAT T pH A CH, SHI M A 5 0 512 56

A S AE N 8 S S N e B P EA T A5 R 2
fiin.H & 2a b AI A AE pH=2~10 I, %5258 A
CH, SHAUMR A v BV I, [RIRE , AE PR S
LS A5 I R ) CH, S™. 1 e /] 0, 78 pH /N T
CH,SHIY pK, i}, CH, SHJ LT AN 9 IR I A, AR
IE 2% A pH KT CH,SHIY pK B}, % pH 1
I, CHSH b, i CH, S™ S AN s .
&l 2c 24 pH KT CH,SHIY pK, B, B pH (14
i B W S CHL, SHR) S8 S8 0 AN W 4 in 7 S i 1 2%
T (pH=13) , CH,SH W R0 5 B 4, 25 o3 % 56 |
70% A7 SR 11T, Couvert 25 (2006) WF5E T NaOH Wi
CH,SH H,S B CO, WX NaOH JHFE 1520, 25 R
T 76 pH R 9.7~ 12 i, IR CO,THFERY NaOH i
NaOH AL HFEE Y 71% ~95% ,pH #A, BT i Lo 9] &
f . H O AT 0, pH K, CHL SH A IR AT 385 R iy | {H
BRI ML CO, SR 1 ot B A, DT 4 3 A€ [
i, CHySH U i SAHE B B IR IR B B
FBRASCR . Rt BB W SO T AN i A CH, SH 2%
Rk
3.2 pH *f PMS & b ¢ ## CH,SH# %

J T HRE pH X PMS 2B CH, SHE LSR5
Wi, LA H,O0,/E A%t e, 47 T AR pH (2~ 13) 2544
N PMS 48 1k F% fi# CH,SH < 1A Y 52 56 BIF 58 He b,
H,0, PMS B3 FEH4 R 3.56x 107 mol - L' | SLBG &%

0.8
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Fig.2 Effect of pH on CH;SH removal by absorption liquid
JRAUNE 3 4 R,

1l 3 AT, WO T A7 E H, 0, B 78 R M 1
SSHRE S5 R (pH=2~10) , CH,SH M} <3 J3 TH 8 44
W RS A MR A CH, ST R, 7E pH /N T
CH,SHY pK i, H,0,%f CH,SHJLT- Jo 2= BRACH , ml
R PR Ry W i 7 7 B BR 1. 7€ pH o4 12 B, H,0,
S AL 22 R CH, SH I SSCR B (2 i A B W i st 1)
EBRBOR , KRR AT LI ETE 66% 2247 Al REZH T
H,0,%4L T W iy CH,S™, f2 3 T CH,SHS AR
LB,

HEI4T] 50, FE IR M 45 T, PMS 2 5k CH,SH
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Fig.3 Effect of pH on CH;SH removal by H,0, wet oxidation
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ENN; Piico
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Fig.4 Effect of pH on CH;SH removal by PMS wet oxidation

SRR A TES I PE S F N (pH=8.9.10),
5 3 M L, PMS 2% [k CH,SH ) 5% 2 i i 4 T
H,0,,PMS X CH,SH [ 23 B #AT LIk F] 50% L) |,
MH,0, JL-F- % CH,SHIC # AL/ FH. PMS 7£ pH /N T
CH,SHIY pK, i, AT LA %0 2 R CH,SH, 7] fig &
4 PMS FES B S5 F T AT RERE BTG 1k, 7k B
A A YRR, AT DL R AL CH, SH T
TE pH 4 9,10 B, B 4G BB PMS % fL.CH,SHITY
ROROLT pH Sy 8 B, Bl 25 B s 0] 9 A4 28 A 2
AR 2 AT BB T pH K I b 3 Y CH, SH &
K, PMS BT FE B £, PMS e B2 a2 BT 3% 7E pH =
11,1213 AR5 T, PMS 2258 CH, SHAY AR
EF b, LBRFE AT LA H] 95% L L #E 130 min Z
J5i ,PMS P fift CH, SH ) R0 A8 22 | A R it Ko
W CHL, S 10N, PMS FER.
3.3 MLEHF
CH,SHTE 2 bR 3 i v, 78 <0 WRORH S T & A
I (1).CH,SHF pK, >} 10.3, 4 pH KT CH,SHHK)
pK, B, SN (2) A e 45 #E AT, P2 AR BT 2 CH,S™. A
I, ZESRAPE 5 F N (pH=1112.13) ,H,0, .PMS H]
IS CH,S™ Kby A= i H i 2 ( CH, SO, H) ( Couvert
et al., 2006; W4 2014) , B4R i (3) .
(4) B [ e il S E (1) (2) AW 47 24T, 38
P14 S L FRCH, SHIBUR.
CH,SH,,,«<—CH,SH,,,, (1)
CH,SH,,,, «—CH,S +H" (2)
CH,S +3H,0, —CH,S0;+3H,0 (3)
CH,S™+30H +3HSO; —
CH,S0;+3H,0+3S07" (4)
FERRPE(pH=2.6) B 55 B 4514 (pH=8.9,
10) ,CH,SHIEAR L TR NAF TR, B R g 5 H
FH B (T — 2 S5 o s 80 A O I, RATER
WS G PMS BOE MY R S CH,SHA PR
e B AL B R B SOV (1) AWl 45 3647, A BESE
PLCH, SHAY W A AL Lu %5(2012) £ pH /NFCH,SH
() pK, fIBRYESAF R (pH=3.4) , F B4 4L Tio, 25
BRCH,SHAA, &Sk B4 20 ppm B, CH,SHIY
EBRFAT B 100%. Muthuraman 25 (2011) BF9E & FH,
CH,SH /KT 7% 6.0 mol - L' HNO,(pH=0.3) ¥
Ag(I) (E°=1.98 V) I 100% A Ak,
M 2.3 .4 AT, FES 0 451 (pH=18.9,
10) ,PMS AR FH,0,, A LA & % Bk CH,SH 41 1.
SR, AHIE] pH 2515, Bt ie i %t CH, SHIG 25 B
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SR AR ME S E R IIA PMS, A Ak L BRCH, SHERL
SAASEA 5. H AT B A5 R T LATE AR PMS, &
B CH, SHA{A.

R T IRUERRIR T PMS AOTEALAE T, A SOl AT T
ANIE) pH W ORI AL PMS  H,0, OS2 56 4l 5 f
7R, 4E 300 min P, AS[A] pH RS L PMS (75
ANFELBRTESIE R (pH=2.6) ,PMS JE# FaiE , A
KRYETEAL ; 550 2 T (pH =8) , PMS FF IR 943G
fb.7E pH 2} 10 B, PMS M9E LR R, 152 80.8%
pH 2y 11,12 B By 3% fL R A8 /N, 4350 2 70.2% |
43. 3% (ERAR A R (pH=13) ,PMS 554 5%, 16 1L
RAR A — L0902, 2 pH 7E PMS % pK, (9.4,
Guan et al., 2011) fHE (pH=10) I, PMS 1k 5 5
AR, 7E 300 min P, H, 0, A K 4 35 1k, 7T i &
R PMS 2 SO, BUCH, 0, 19— H i, B
BHARXFREER, T SO, W B T4, i PMS
) 0—O0 Hrh s 72 ] SO, — M iy 4805 I #% , ff H
— {8 S 4 L HL AR, B 3% B S A2 AR 11 1
o e A WG M ) B ( Betterton et al., 1990; Yang
et al.,2010).

1.0 —
—&—PMS
08 TOTH0,
0.6
% -
E 041
021
oF
| 1 | 1 | 1 | 1 | 1 | 1 |
2 4 6 8 10 12 14

pH

B 5 AE pH WK PMS . H,0,MiEFHER
Fig.5 Activation of PMS or H,0, at different pH values

PMS AT LAk U 4 J& | 20 A0 R S AR T

b, ATREF= £ SO, | - OH,0; % H H 3 (R (5))

(Furman et al., 2010; Guan et al., 2011; tH% 7,

2012) . FH L AT HED , PMS 78 55 880 25 148 T 9l i 4k mT

B2 SO, | - OH .0, SEiHPEY A, PMS B0 14

FIATRES 70 RS Y CH,SH ) 750 5 ] B 4%
KA AJH BT RN, AT CH, SHAS DA i

PMS+0OH —— -OH/S0; /05’ (5)

L ARSI AT, ORI pH JEFE R, PMS

P A 2 R S e 8 5 T RS 1A CHL, SHAEAE 5 AN [+

¥ % R 345
R, B anE 6 Fis.
AR S .
' ! i
CH3SH(g) — — —p! ! 0:CH,SH 4+F
; PMS |
PH=2,6 ] oo >, (LB AT ) P: 74
: : R AR
; PMS 5 R- <—PMS
pH:8\9\10: === (EEERM)
P :
: : PMS % R-
pH=11.12. 13§ -- —PCH;SH(H#'CWS(EE%&M")
: i P
A LE = SRR SRR 1 SR 7k S

6 7[E pH &4 T PMS XK CH,SHTREE
Fig.6  Schematic diagram of CH;SH removal by PMS at different

pH values

4 58 (Conclusions)

D) ZERRYE SR (pH=2.6) , PMS W it [ fift
CH,SHARC AR AN W 5k 5 7E s e Pk 25/ T (pH = 11,
12.13) ,PMS 25 [ CH, SH [ 8% S 3R 4 4, 25 iRl
PIREN 95% L) | FE 55 B8 55 T (pH=8.9.10) ,
PMS KAl FH,0,, AT LA %% B fi# CH,SH. 7€ pH = 8
i, PMS FIA 8K B 50% LA L A9 CH,SHA A, K 1IE,
16 pH /N T CH,SH 1Y pK, i) 55 B Pk 2 7F F 25 B
CH, SHAUAZ AT AT Y.

2) A S5 FF (pH =8.9,10) PMS [ fi#
CH,SHEY AT RERIALIE Jy . PMS 835 P 9y Fh 1 42 A 4k
SR A9 CH,SH > . [ 3L, 55 880 PE 457 T PMS
PR AR TR b I 5 CHL SH Y S W ML 5%,
& PMS P 3 Ak 2 W ST 5 AR I 3 % S AR 1Y) —
ANFFETT 1]

REEEBN A EN(1977—), F 8l 3, KN F AL
5 A AN AR K. E-mail : ysy@ ouc.edu.cn.
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