.&;Drﬁ %iﬁl*&%%‘—;ﬁ £ 16% FE 3B 202438

Eco-Environmental Chinese Journal of Vol. 16, No.3 Mar. 2022
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

' DOI 10.12030/j.cjee.202111092  HhE[432%  X703.1  CHAPRIAES A

AHeEE, W, W IHE, . A TR R A s B M S AL B AL B RS LB, IRBE TREF3R, 2022, 16(3): 857-866. [YU Youzhang,
YANG Wei, PAN Honghui, et al. Efficiency and mechanism of sulfide selective oxidation by manganese oxides supported polyaniline[J].
Chinese Journal of Environmental Engineering, 2022, 16(3): 857-866.]

Bl S AL 9 B R AR s B AR AL i AR ) Y R E
PLEE

RARHE, MR, & AR, 4, RIE RS
R KR IR B S TR B, BRI 430074

 F HHTCT &6 KA B AR (B 58 OIS A R0 R, R DA AE 2 R 1 B T G 0 1 ) e S B % U114 [l
WA T . St 38 A 23R i A5 T R A AL B 2R AR (Mn,O,-PANT) fi 4L 7]. XRD. FTIR. XPS Fil SEM %
fESE L], MnO, C NI 3 T PANL &K . LA O A A, R 5E 1T IR AR X & 3% 7K (KA Na,S ALl {5
Je) R AL ERE . 45 R3] Mn,O -PANI HEMFRIL L 19 Na,S RSP MR 021",
Na,S ¥] It J5t 5t ¥ BE 5 100 mg- L' [, 240 min P S* Al 8% 5¢ 42 & AL 0 34 BT AR (So)o Mn,O,-PANI JZ )i 5 i) XPS,
XRD. Raman F#IEZEHGEH , S, MR RS (EAE . 1o, Z R T HAFBINE . Na,S WK E . IR
JE W) b pH AN ] B SRR A U NaS 9 52 0 o 41 4 52 98 25 R 3 W], Min,O,-PANT ELA B0 iR e . B
Jo, R T BB A AR AT RE R L HLER S AR K B34 AT [E R S

KHEIR ALY BORM; vEERbERIk PR

A TR 77 B Mg o) 3 A5 A SR ATl A 77 R K R T S B AR ) (ST B R EEE L D R R R
AP NS B 3 A T, FATST R 1Y L BR T iR AR BRI S | b aE SR B AL A AR
Horbr, BRALTOSOIE B & 5 TR i HLARAE A2 9% s A op SRR 25 30 A iy HL s - it ok el
BASESEMAELEL . SRR RERMN ., SR RAAAE . Hd DU ER i1
ALz TRAE AR Bk, HAEA SRR ERRRm SO0 A (B ARRR $5 78 b 2125 A P /K 1) ot
FErp o A KEUUTE, H S8 KR S 18l =I5 .

AR, ARZFE BT IF KR A 4 Jm A 55 38 AR A A0 0 ] 7 2 i 5 K 1 b BRI, 58
g AU SR H A R R BT S MnO, 7138 y-ALO, #EALATRE, IZAT B W) 4R BT EE S 1000 mg L
(AR HUL I 7 19 Na,S K BR # AT 35 98% ., NHI A8 il 45 T Mn-Co-Cr-% £ # , F T S AW i
JoT BV E R 1 000 mg-L™! 9 Na,S B 7K, 7E 60 °C T, 3 h P Na,S R H 1] ik 90%., L) b i i
A O PSR 1 & B R K AL BEASR, ELXE LSBT (S,) AU R IO . H R, R A M
L T B A ) 18 1 A AL Y BIF 9 A & BUASA A%dk e U422, SUN S5 1) 3 o 7R i rh 42 2% i VR B 1Y
R, W TR MR (NMC), 1% NMC 7E IR T X H,S 9 480 Ak Ji@ 390 1 4 v 110 44 Ak 37 M Fn sk
PRV 0 R Y], E RS X H,S Ak B A S AR B T OCHE T . YANG 45U i i
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B A B R RO (PAND) AR5 T & &k, H T 7EAX B IREE (180 C) T i £ vE#E 1 Atk
H,S, W SZPL 99% (AL 54 AL 3R 95% My 8tk . H SCRR AT, H Al A 056 T5 45 Atk W 1 3%
B AR R TH EUR L T K A e L R A R

BT, AWFIELLPANI MEA, DI SRRRET (KMnO,) A RTIRMAR , 8t 1k 2417 Bk hiAs T 46 A
526 RN B (Mn,O,-PAND), JfRLZs SO EALH], 7EH IR . W R A BN H T SRy i
&b . PR TR SIS B SUIL R AR, JF IR T IONAR & h T RE Y 2 M ATLBE, DA Ky
R K ) A B R A SR AR IS %

1 MB5RF*®
1.1 LRI R SR

D) SE AR . FARRR A (KMnO,). M (PAND)., i b8l (NayS), B (L), JEH (CH 005 )0
Mt fb A (KT, B AR A (KIO,). A AR A% B2 80 (Na,S,0,). h R (HCI, 99%). % 1jj (CHCL). <& i
(C,H,OH), W (CH,0). W24 (Na,S0;). Fffi2 (CH,COOH), ®Efir — A A (KH,PO,). Wila = —
B (K,HPO,) . B2 (Na,CO,) ¥ F [ 2 4 e 45 P Ak 24 33 43 BRAA 7

2) LAY AS . gli/KAL (PCDX, I SR AL EF Al ), HEH (DZG-6020, RFEAFEILLR AR
A)), fH R TP FE K W B (ZNCL-S, BHR AL ER R & AR A R, 4540 40 O Ok B i (UV-2600,
Shimadzu, Japan), BF i (Dionex, ICS-1100), HJgHE A5 K% §1H6% (ICP-OES, Optima 8300,
PerkinElmer, U.S.),

1.2 Mn,O,-PANI # L 57B ) &

KA AR, L KMnO, M ETER(A ., T[] 1000 mL ¥ 4 2 mmol-L™' # KMnO, 1 ¥k 2% 18 1%
1.0 g RORKE, B R BERE 24 hE LT RN o B RO S VS R R A R, N T AR AR AT R U
BT 60 C AN TR 24 h, RIS BRI E & RN B Mn, O -PANI,

1.3 Mn,O,-PANI 4 (L B R AE

T N, Py B B {CGRAE A R L2 AR R AL 5 Al A S, i 218053 1A (FTIR) SRAE A4 B} 3R 18
SHWERER ; 3% & S T S (FE-SEM) X A1 RHHEATIE S 200 s (8 X S48 6 Ffig
HEAX (XPS) X 44 46} 3R I 4 W) FP 094k A 0 A5 2R AT 50 8 5 (8 X SR ATT B0 R (XRD) R AE 44 KL 9 9 4H
YN
1.4 Na,S EMREWR A E

43 S 5 R MR EE A 500 100, 150, 200 mg-L' i Na,S I, 18 i NaOH ¥ & 8 15 14 W pH N
10.4, o) Horpuin A — s A, RN T e IR BRI R AT o 7 — R R] )RR Y, HR
10 mL 2 BT, 2620 pum 98 Sk 1 38 5 2817 20 B il 5E o

& FHE AR HI/T60-2 000 I 5 fe s vl v S* s ik i, #%=X (1) 5 ST LR, Mt B 16
T 7€ BN S R S,02 . SOy . SOy Bt ik . B F kI A . RBEWE A 4.5 mmol L' Bk iR
BT 0.8 mmol-L™" Ak R Z(4M , WM 1.0 mL-min™', HEFEE R 20 uL. S, B 2 7 vk . 8 & A A
B, IPei 2 kR Rm &, AR E AU AR R o= A i B, BERe 25 & L bR &5 5 n
AN CBE, FiBeJa MR . A pH=7.6 BB IREh 22 wh A . 0.01 mol-L™" V.4 il 4 %
. 0.5mol-L" FIEEAM . 15mol-L! BERRIATR, KIO,-KI JRAHMIEANE (1.67%x10 *mol-L'KIO;, 0.6mol-L™
KI, 0.5gL 'Na,CO,). TGV W B BTa 38 o 28 40 2 SO BE T H AT I 5, A6l i 14 350 nm.,

C,-C
7=
0

b n 8 STHRERR, %; G AEHBEAKT SRR EKSE, megL™; C AEHIEAKF N ¢ i

L % 100% 1))
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Z| STHY BT R E , mgL,
2 #HR5iTiE
2.1 Mn,O,-PANI 4L 57 B RAE

[ 1(a) 2 PANI Al Mn,O,-PANI ) XRD [&] . #£ 15.1°, 20.0°, 25.2°4b B REAiF 06 43 511 %) 13 PANI (1)
(010). (100). (O11) V- fiT 4f o 3k &L 08 W LIS PR 3R 28 e 1) 3R 6 W 6% A7 B30 B9 il 0, 4%
1M, Mn,O,-PANI &3 H1 -5t BAR SEA0 W ) R AEATT 369 08 o 3k — 25 SR WA (B 9= Min, 0, -PANT 4 4L £k
Yy B AR G5 B R 8 TR A5 A P, AR I 20 A0 S Q& 1(b) R . 1575, 1460, 1290, 815 cm’
Ab B R AE 0 43 3 6 B PANT ) C=C i 4i R sl 0 . C—N P 4i P 06 . C—H 25 il = 3l 0 LA K%
C—H 7£ V- 1t P9 41 1 3% 35 1 P4, 1fii 8 Min,O -PANI £1 41 [ 3% o1, 709 em™ Al 517 em™ &b i B %
MnO, H Mn-O BY4FAEIE, 644 co™' 420 H 30X W Mn, 0, FF Mn—O f4F ARG X e B, A i 1Y 4%
S ALY A MnO, Al Mn,O,. & 1(c) ML 19 XPS 3% . PANLEEH H I #L T Cls, Nis, Ols i
455 REUE 5 T Mn,O,-PANI F [ 3% b 1 B T W1 2 f9 Min2p 45 45 RE W o 1 141 1(d) B 7", X Min,O,-
PANI f#) Mn2p,, W A7 /0 W4l . 7E 646.6 eV Fl 642.9 eV Ab AU VT B F Mn(IV), 641.4 eV /b i1 1
J& F Mn(IDP", X 5204 % AE 45 B — 5. XRD., FTIR, XPS E k&5 R ILFEIE , 4% & kLW LU
MnO, 1 Mn,O, 1 A L) 1 28 T PANI 44K |-,

H1 [ 2(a). 18] 2(b) Hhal WE% 2 PANT M FR AT S SR, Wil&] 2(c). & 2(d) * Mn,O,-PANI 1 £
TET 45 1 5 R LR o 3K 10 I A AL W) 0 B AE PANI R T . HY 5] 2(e) PT LA i, PANI Al Mn,O,-PANI I

Mn—O

Mn O -PANI

10 20 30 40 50 60 70 2000 1500 1000 500 0

20/(°) W E/em™!
(a) fiEfL I XRDA (b) fiEfLFIFTIR A
Cls
Ols  Mn2p
Mn O -PANI Nls
’,\j\—-hﬁ—w—..._..
Cls
646.6 eV
Ols -
Nls
PANI LMW_&
0 200 400 600 800 650 645 640 635
W TH AV LT A A eV
(c) fEFLFIXPS[E] (d) fEfLHIMn2p, , XPS[A]

1 PANI#A Mn,O,-PANI B9 XRD. FTIR #1 XPS
Fig. 1 XRD pattern, FTIR and XPS spectra of PANI and Mn,O,-PANI
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(¢) Mn, O, -PANI{JSEMA] (d) Mn O -PANIFySEMA]
80T 0.006 -
60 b ~
=~ —e—PANI E 0004 —e— PANI
e —e—MnXOy—PANI o —.— MnXOy-PANI
B -
% 3
§ § 0.002 |
]
L
0 1 1
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AHXS 3 /(PIP,) fLAE/Mmm
(&) FALT W B S5 2 P (f) LIl ST I

[E 2 PANI 1 Mn,O,-PANI £ SEM F0 N, #7132 B fit Bf4 %]

Fig. 2 SEM images, N, adsorption-desorption characterization results of PANI and Mn,O -PANI
A8 R 25l il 2 S i 7 T AR 2k . R H A ALAERE, X — &5 2R T DLl H L AR 0 A P (151 2(6)) 2
=P UESE o FE A L SR T AU SL AR B IR 1 TR o Mn, O -PANT Y [ 3R AR (22 m*g ) ik KT
PANI(8 m™g ). 3 AT U DY 7 SR e AR I iy L B 3 S A6 4 B I 7. Min O -PANIL FE 3% T B A 494

R RE Ay W By A A A i (L B 22 B 9 P # 1 PANI#1 Mn,O,-PANI fitt REHFILE

2.2 Mn,O,-PANI &1L 7 £ B& Na,S Table 1 ~ Surface area and pore size of PANI and Mn,O -PANI
ﬁn Piz] 3 F)]"ZT_\‘ 5 E‘Rﬁ%%ﬂﬁ?&ﬁ'f&’f‘tﬁu E/‘J BES, Hﬁﬁ%ﬁfﬂ/(mz'gfl) E\}Lg/(cms'g%) fLA2/nm

%‘%#F—F ’ NaﬁJL?‘]ﬁﬁ%ﬁf% o j][]/\i— PANI 7 0.023 210 23.5819

PANIJ& , 7E 240 min A Na,S #) 5 BR K4 40%.  Mn0,-PANI 2 0.093 676 19.805 1
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A Mn, O -PANI iy i AL 57, DL =3 <0 S AL )
BF, Na,S (9 2 Bl 56 W 2 52 7+, 7€ 240 min 4
Na,S A # 56 4 2 FR . X £ W] Mn,O,-PANI B
BT Bl A A RE
23 AERMFZHST Na,S KRR

WNE 4(a) s, SAEATIEON S 0.05 gL
i, Na,S B E AL £ BRFALN 23%; B R
0.1 gL FO0.15 gL' B, NaS A EHKFRE
FETF 2 50% 1 78%; ARSEyE RF M2 0.2 gL
B, Na,S Al gk 58 4 Ak o 33X 32 9 PR £k 7
WEPEAL SIS 22 o F— 2D Rl # & =
0.4 gL "I, Na,S iy ZBRBN 4T AKX, W
I, JEELSmEL B SR A 0.2 gL' Na,S

o
O -5,
0.4 —e— PANI
—4—Mn O -PANI
02+
O 1 1 4
0 60 120 180 240

I} ) /min
T AEARIBONIR0.2 g L'y Na, SFHEH 100 mg - L5 pH=10.4

[ 3 Mn,O,-PANI % Na,S B &K B
Fig. 37 Removal efficiency of Na,S by Mn O, -PANI

1 46 5 5 VA J3E KT Na,S 25 58 55 119 52 Wil 40 ] 4(b) 7 o Bl W0 UG VR JBE A 3 N, Na,S 1 25 3 23R 3% T
Ko 33X AT REJE i T A AR R b A R 0 T PR SR o (LRI Na,S Ji7 & V€ B 5 75 200 mg-L™', Mn,O,-
PANI PR 55 B 47 i fE Ak S AL M BB, [N 240 min P9 1] £ [5R 80% Na,S. 447 I i & ¥k & >/ 100 mg-L™
BF, 2R 240 min P Na,S 085 58 42 258k, BRI, 5 229056 (1) Na,S #1406 B R %4 100 mg L',

1.0 —=005g-L" —4—020g-L"
——0.10g-L"' ——040g-L"'
—v—0.15g-L"!
0.8
0.6
o
O
04
02
0 4
0 60 120 180 240
5] /min
(a) AT

cr,

0 60 120 180 240
fi5f ) /min
(¢) R EE

1.0
—A—50mg- L!

—s— 100 mg - L!
08 —a— 150 mg - L'
——200mg - L'

0.6

cre,

[+ [&]/min
(b) Na,SHIA T ks

In(C/C,)

-4 1 1 I
0 60 120 180

[ [a]/min
(d) WE—I S 8 Jy 2

o HAEFRNR0.2 g - L' Na, SFiAtH %100 mg - L'; pH=10.4,
4 EAFIIME. Na,SHIHEKRE. REIEE ST Na,S KRERF

Fig. 4 Influence of catalyst dosage, Na,S initial concentration and reaction temperature on Na,S removal
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AN TR 0 i BE X Na,S 5B 38 10 52 ) S — 9 8l 1 F 3 4 JOR A1 4(c). B 4(d) s . Y
URBE K 25, 45 F165 °C B, KU HR4 54 0.0190, 0.0316, 0.036 7 min ', 44kZE T} 5l % 85 C
F, RN R AN R . XRM, BRSO C AR, IR AN TR AR SR ) iz 0 R R
R, J52es2ie M 7E %I 25 °C FHEfT . 7E25 °C, Na,S ¥ H4 B e R 100 mg-L™, Ak 300 45
H02gL I, LT IR pH XF Mn,O,-PANI i fL A AL PERE A 20 o |1 €] 5(a) ATOL, BAG pH By TH
i, SN 240 min N Na,S ¥ # 58 4> KB . X R B Mn,O -PANI H A R4 A3E JH M. 78R VAR A
S8 pH(10.4) FHRFE T A[A N SR X Na,S KBRISZm . Wi &l 5(b) 1 5() PR, 78 S SR &
T, Na,S A L%k 3.87 min™', 25 HY 91 1% (0.042 1 min™"), X A AR AR R rh 17 3 5
B AR R A R A HEBR AR, 240 min P Na,S 25 BRRR T 10%., X —2%5
HE— 2 UE S A AR E A SR .

1007 5 1.0
80¢ 0.8}

;i; 60| 5 0.6}
£ 40p © 04t
20} 0.2

0 0

0 60 120 180 240 0 60 120 180

[ [] /min [+ [&]/min
(b) AR () W—ZJhi 8l J12%

T AFIBOMRR0.2 g - L' Na, St /E100 mg - L5 pH=10.4 ,

B S5 pHAMKRSHFIT Na,S KREMNFIG
Fig. 5 Influence of pH and reaction atmosphere on Na,S removal

2.4 Mn,O,-PANI fE3FFI A 4

W B JE WAL RN TE 60.°C F PR S EZF A, L% %8 Mn, O -PANT RYIEER A I . &l 6
ATLLE Y, AR g T A 5 RS, W 240 min PN Na,S B 25 B R A5 7T ik 85%. X 3 W] iZ ik
I EA R ARG ERE T . Mn,O,-PANI i 1k %8 1k Na,S Sz i i #% v it ) 95t A2 AR 5T 6(a) BT s o
240 min B TR B T S R 0.82me L, Rt (V5KEEA HERBPRME ) (GB 8978—1996) H1 ki 4f
e RVFHEROR SR 1.0 mg L' BRIk, FIIA A RN S XK AR 3 i ks o >R FH W) A5 4 5 1 1
PR i 7 AF ) 25 14 1 Ak 4k Na,S, 25 SR AN 6(b) Fr7x . KW 240 min P Na,S B EBR RN 18%, £
B B PR XS Na,S 255 BT ik A K .
2.5 Mn,O,-PANI ELFIBIEFE M E K

85 SR AR B, i R K Ak PR R AT BR Y T B IS B AR (SOT) . AR R AR (SO3).
BRACHR IR IR (S,037) LA BLBTHR (S)o H AN ALH AL (2)~2K (6) iz o

28% +20,+H,0 — $,0¥ +20H" Q)
$,02 +0,+0H™ — SO¥ + SO +H,0 3)
S* +0, — SOT 4)

SO +0, - SO*" (5)

28 + 0, +2H,0 — 28, +40H" (6)

Xt RN AT BEAFAE B 25 S SR A b AT TN RE , SR 7(a) o o O A R O R AG I 5
S,077. SOT" ., SOy, i S ¥ BERf I ] i) A4 AN T [, S, & B W £, H N 240 min P S*JL
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1.0 1.0
7,08 0.8
5 50
= 0.6 | - 0.6
ii: E’ % _._an+
% I 04 0.4 —-— -
= = Mn O -PANI
i L
i@ 0.2 0.2
0 . . . . 0
0 60 120 180 240 0 60 120 180 240
1R EL i 18] /min I 8] /min
(a) TG LL (b) HiEHE (c) ¥ BN Na, S 2 KR (115

TE: AN E02 g L AR H0.82 mg - LY Na,SFEIKIEE100 mg-L': pH=10.4,

6 Mn,O-PANI 3f Na,S EFRIEIASILE . B8 H 2 E A HEN Na,S KR

Fig. 6 Reusability of Mn,O,-PANI on Na,S removal and influence of manganese leaching on Na,S removal

100 3 1
3
80
¥
N
@ 60 L [ ] SZO;:2
k) 3 [} S032_
& A SO
& 40 J= b 2-
) v Afbrys
* S, Mn.0 -PANISZ Ji i
l WWWWMMWWWWWM
0 Py - - - a L 1 1 1 J
0 60 120 180 240 175 170 165 160 155
[ [E] /min g afkleV
(a) STRE{LE (b) Mn,0 -PANIfjS2pijXPS[]

T BRI 0.2 g L'; Na SFi# 100 mg - L' pH=10.4,
B 7 S*8%LZFEFK K AT Mn,0,-PANI # S2p $iEH) XPS [E
Fig./7. Transformation rate of S*” and XPS spectra of Mn O,-PANI
T8 25 AL N Spo K] 7(b) S Mn,O,-PANI [ N Hif & S2p 1Y XPS 138 o S i w4k 7] 15133 rh ok i BT
Al & R b A5 S 06, T B I A AL 7 S TP e 164.0 eV AR H BB B X 1 S, B9 {5 5™, HIF R
PR I H At 5 SR AR B A S X UE I ST R A B SE R E AL N Soo A B AY S, AT i S A B S
AR o3, B AT e TR 72 & e AT AR 3 S0
2.6 K KFFEHE
AL FRY S T m e T A A TESEBR TP E B 75 7T, A Y S Mn,0,-
PANI XJ S Iy W B GE T 3G 3% o SO ) S* 8 W B AE 38 PR 28 B, AR E A% Mn®* R0 B 9 480 <0
AL S, Mn*tHeAl g M, i Ak R 2 T A 4 A AL SO M EL T 44K O Mn*t, BT 52 B Min O -
PANIHFLEHE L A 1k Na,S, HAA s 2 = (7~ (9) i7" . Mn,0,-PANI JZ I i J§ Mn2p,, (1) XPS [l i
WA 8 7R, TE 646.6 eV F1 642.9 eV A1 IEIH G T Mn(IV), 641.4 eV £ AYIE T JE T Mn(ll). S if
Mn(IV) F1 Mn(1) & & 5351k 75% 1 25%, I Ja Mn(IV) A M) & 253 51k 52% 1 48%, X 3
W7 Mn* 5446 M,
Mn* + 0% — Mn** + V, +1/20,(g) (7

S + 0,4 + Mn* > Mn** +V, + S, + H,0 )

Mn** +V; +0,(g) = Mn* + 07 — Mn*" + O,y + O™ 9)
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TEX AP, AL Mn,O,-PANI | A 6429 QY 12w
By & O, HFEEAEHRAELT
2ATJ7 . 1) anE 9(a). Kl 9(b) Fran, PANIAY
N s i XPS &3 H1 7 399.6 eV Fl 401.6 eV 4k 43
) BT R P I EURT PO A R A S e i
4b, Mn,O,-PANI 3% Bl 7E 398.2 eV AL I B T e 7
XoF IO b W 280 1) £ 5 TS0 A0 1 A A ) . . . . A i
AL o 2 55 A 7 2 1 I 8 I 0 NN o
L 5% B B9 S0 B4% Mn,O, PANT ALY E 8 Mn,0,-PANI )i’rﬁﬁﬁfé 9 Mn2p,, # XPS [&
%‘ éj\ T W Bﬁ ﬁlé jj i il ’ U\ 1fi 1§ 1% ’fJC éﬁ‘ /pc SZ?E‘ Fig. 8 XPS spectra of fresh and used MnXO},-PANI
NG Rt o 2) AFAREEY SR, FERRAE R R Y
LT, STEALAE B S, =2 1] 2338 b A B FH AR B ARSUE (Y BlE IR Bl AR 45 4 A7 7 1) R B AL (o
Sg 73 1) TEWPERSRIEOL T, ST ALY Sy i B2 L, Wt — b S Al U e 0 A Y A
G FERMESAMT, ST H,S /01, 0 MERILEE O, sk HAh AL A AL 2 S, 5 = AR
FWALE Y . Mn,O-PANI AL & Ak S5 1w 78 30 5 BRI W BEA T, HEAGSR] B A & B A1 i1
S5 NE 3 VAL R B SR B B M E — 25 . BRI, #E Min,O,-PANI i fb S8 Ak S s 4™ Wy LA S, 1T 2X
e TELE THEAL R A AL b o 181 9(c) S Mn O, -PANT 1k 571 51 A5 J5 19 XRD P38 o A A6 550 2
J& B9 XRD E 38 BT R 0-S, FIAFAEAT 5T 06 (JCPDS: 83-2284), X XMW G4 M T a-S, 70 Y,
Mn,O,-PANI S i {if J B 7 2 3% A0 151 9(d) iz o S B B35 P 7E 411 em™! #1516 em 4b HY B
I S, M5 S S R AEALT [ S, MFEAE . XRD, Raman FAFL5 R ILFEH . Mn,O-PANI L

641.4eV

MnrOJ,-PANIIiJT\Z}E

399.6 eV !
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L FEs AREeV g ARV
(a) PANIf{YNIsfyXPS[ (b) Mn O -PANIF{N1sf)XPS[&|
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I
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*
Mn,0 -PANIJZ i fif
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*
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(c) fEfLFIXRDE] (d) #EfbFfIRaman[]

9 PANI #1 Mn,O,-PANI J XPS [, Mn,0,-PANI & R B /5#) XRD. Raman
Fig. 9 XPS spectra of PANI and Mn,O,-PANI, XRD patterns and Raman spectra of fresh and used Mn O,-PANI
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AL ST HIRLT Y S, EAE AL LRaE 7R AE
3 4Eig

1) DL e (PAND) S #8044, LA w4 R B0 0 BT BKAK , 58 o Ak % B A il 45 T Min,O,-PANI fi L
#; XRD. FTIR. XPS fil SEM EAELE LR, &AW C i) 177 403 PANI R,

DFEHR . WIET, LN EHR], MO -PANIEMLFIF NN 0.2 gL' B, fidk & by
U 0T i MR B R 100 mg- L' B9 Na,S BIHL P 7K , #F SO 240 min N, Na,S 19 KBk % ik 2] 100%. [FHF,
IZMEAL T B R A GRS E T, LG PR S UG, Na,S KBRBEA W T

3) Mn,O,-PANI XJ Na,S (1 % 1k & 30 Hh ¢ = 09 i AL 1% 1 R0 % M o XA 48 T M1 R B iy
Mn*'/Mn* 48 Ak 1 J7 X A 2% T 038 AT . 1 R0 2% T 9 5 a0 35 P — O D R 08 G 6 4R A 1% TR I g
71, PME Mn* AR STy o — T TR T3 R R I M SR A AR L AR A Ak ST A e DLk i —
BRI RFIY), fIE S, WIEXBEFETRE .

2 Z X W

(1] 5, ik, wstiel, 46 RRAYIIERBR KRB R EEEE  [13]  EXRE. HIN5 KAy ik ph ek e [0, 406 THF5T, 2017, 5(1):
PI(VOSCs) = A HLIBFFE[I]. FREERIE, 2012, 33(9): 3152-3159. 58-59,

(2] TAE, T, 20K, 5. ST SRR A i S K 44k, 3682 [14] SUN F, LIU J, CHEN H, et al. Nitrogen-rich mesoporous carbons:

TRE2AH, 2015, 9(11): 5408-5414. Highly efficient, regenerable metal-free catalysts for low-temperature
(3] ot ey, FEe S0, 5. M vk & B K 19 fh 2 S A Ak 2 oxidation of H,S[J]. ACS Catalysis, 2013, 3(5): 862-870.

[J]. PREE TRE2E4E, 2014, 8(11): 4757-4761. [15] YANG C, YE H F, BYUN 1, et al. N-rich carbon catalysts with
(4] ZBCHT. RS Tl B K b B B0 B R SR [0). T4 B T 2012, economic feasibility for the selective oxidation of hydrogen sulfide to

39(2): 136-141. sulfur[J]. Environmental Science & Technology, 2020, 54(19): 12621-
(5] Btk I35 K b AOB X FRBE TS Y KA I ) Th 12630.

#,2003, 32(1): 3-5. [16] LIS Y, GU Q Q, CAO N, et al. Defect enriched N-doped carbon
[6] DINH V N, DINH B N, THI M T, et al. The oxidation of sulfur- nanoflakes as robust carbocatalysts for H,S selective oxidation[J].

containing compounds using heterogeneous catalysts of transition metal Journal of Materials Chemistry A, 2020, 8(18): 8892-8902.

oxides deposited on the polymeric matrix[J]. Journal of Electronic [17] XIONG W, WANG Z N, HE S L, et al. Nitrogen-doped carbon

Materials, 2015, 45(5): 2316-2321. nanotubes as a highly active metal-free catalyst for nitrobenzene
(7] 5agg, TR, BNEE, 5. AAL5 AT A WA R 2588 K i hydrogenation[J]. Applied Catalysis B:Environmental, 2020, 260:
AR, v 25, 2013, 42(23): 24-28. 118105.
[8]  Akar, BERRES, BTN, & BB KA B AR MBTFERE R[], Tl HEREE [18] CHEN Q J, WANG Z, LONG D H, et al. Role of pore structure of
1471, 2020, 30(5): 27-30. activated carbon fibers in the catalytic oxidation of H,S[J]. Industrial &
(9] Wee, 28, iR S0, 45 OKARET SE ALK I VEBR A3 A B LS i 9 22 Engincering Chemistry Research, 2010, 49(7): 3152-3159.
[3]. FEERLE, 2016, 37(4): 1539-1545. [19] LIU Y F, DUONG-VIET C, LUO J J, et al. One-pot synthesis of a
[10] 2p—s, dEaEis, R, 45, MnO,/y-AlL O, il £ K f Ak 2 <A fb b nitrogen-doped carbon composite by electrospinning as a metal-free
SRR [T]. PR, 2019, 48(2): 36-42. catalyst for oxidation of H,S to sulfur[J]. Chemcatchem, 2015, 7(18):
[11] NHI B'D, MARATOVICH A R, GARIPOVN A A, et al. Investigation 2957-2964.

of factors influencing sodium sulfide oxidation in the presence of [20] ZANG Z X, WANG J T, LI W C, et al. Millimeter-sized mesoporous
polymeric heterogeneous catalysts of transition metal oxides[J]. Journal carbon spheres for highly efficient catalytic oxidation of hydrogen
of Sulfur Chemistry, 2013, 35(1): 74-85. sulfide at room temperature[J]. Carbon, 2016, 96: 608-615.

[12] LIAO X, HU Z, MA L, et al. Cu location onto spherical SiO,@Mn make [21] BA H, LIU Y F, LAI T P, et al. A highly N-doped carbon phase
a profound difference for catalytic oxidative removal Na,S in waste "dressing" of macroscopic supports for catalytic applications[J].
water with air as an oxidant at ambient conditions[J]. Chemical Chemical Communications, 2015, 51(76): 14393-14396.

Engineering Journal, 2018, 351: 280-294. [22] DUONG-VIET C, BA H, EL-BERRICHI Z, et al. Silicon carbide foam


http://dx.doi.org/10.12030/j.cjee.20151144
http://dx.doi.org/10.12030/j.cjee.20151144
http://dx.doi.org/10.3969/j.issn.1007-1865.2012.02.072
http://dx.doi.org/10.3969/j.issn.1001-6813.2003.01.002
http://dx.doi.org/10.3969/j.issn.1001-6813.2003.01.002
http://dx.doi.org/10.3969/j.issn.1005-3158.2020.05.007
http://dx.doi.org/10.3969/j.issn.1005-3158.2020.05.007
http://dx.doi.org/10.1016/j.cej.2018.06.079
http://dx.doi.org/10.1016/j.cej.2018.06.079
http://dx.doi.org/10.3969/j.issn.1672-8114.2017.01.031
http://dx.doi.org/10.1021/cs300791j
http://dx.doi.org/10.1039/D0TA00212G
http://dx.doi.org/10.1016/j.apcatb.2019.118105
http://dx.doi.org/10.1002/cctc.201500353
http://dx.doi.org/10.1016/j.carbon.2015.10.001
http://dx.doi.org/10.1039/C5CC05259A
http://dx.doi.org/10.12030/j.cjee.20151144
http://dx.doi.org/10.12030/j.cjee.20151144
http://dx.doi.org/10.3969/j.issn.1007-1865.2012.02.072
http://dx.doi.org/10.3969/j.issn.1001-6813.2003.01.002
http://dx.doi.org/10.3969/j.issn.1001-6813.2003.01.002
http://dx.doi.org/10.3969/j.issn.1005-3158.2020.05.007
http://dx.doi.org/10.3969/j.issn.1005-3158.2020.05.007
http://dx.doi.org/10.1016/j.cej.2018.06.079
http://dx.doi.org/10.1016/j.cej.2018.06.079
http://dx.doi.org/10.3969/j.issn.1672-8114.2017.01.031
http://dx.doi.org/10.1021/cs300791j
http://dx.doi.org/10.1039/D0TA00212G
http://dx.doi.org/10.1016/j.apcatb.2019.118105
http://dx.doi.org/10.1002/cctc.201500353
http://dx.doi.org/10.1016/j.carbon.2015.10.001
http://dx.doi.org/10.1039/C5CC05259A

866 ok L B ¥ W Fl6 &

as a porous support platform for catalytic applications[J]. New Journal mechanisms of redox transformation and adsorption[J]. Water Research,
of Chemistry, 2016, 40(5): 4285-4299. 2021, 188: 116495.

[23] WANG S M, SHANG J Y, WANG Q G, et al Enhanced  [28] ZHENG X, LY, ZHNG Y, et al. Highly efficient porous Fe.Ce, O, ,

electrochemical performance by strongly anchoring highly crystalline with three-dimensional hierarchical nanoflower morphology for H,S-

polyaniline on multiwalled carbon nanotubes[J]. ACS Applied Materials Selective oxidation[J]. ACS Catalysis, 2020,10(7): 3968-3983.

& Interfaces, 2017, 9(50): 43939-43949. [29] NHIB D, MARATOVICH A R, GARIPOVNA A A, etal. Investigation

24] LIUJN,JIA QH, LONG J L, etal. A h NiO as co-catalyst ft . . . S .
[24] Q et @l Amorphous L as co-catalyst for of factors influencing sodium sulfide oxidation in the presence of

enhanced visible-light-driven hydrogen generation over g-C,N, . \ .
polymeric heterogeneous catalysts of transition metal oxides[J]. Journal

photocatalyst[J]. Applied Catalysis B:Environmental, 2018, 222: 35-43.
of Sulfur Chemistry, 2014, 35(1): 74-85.
(301 Zesohk, XUk, TSV RE I AL RO RS, Moll T4,

2021, 6: 1-12.

[25] FENG L, YUAN G, XIAO L, et al. Biochar Modified by nano-
manganese dioxide as adsorbent and oxidant for oxytetracycline[J].

Bulletin of Environmental Contamination and Toxicology, 2021, 107(2):

269275 [31] GAOT, SHIY, LIU F, etal. Oxidation process of dissolvable sulfide by

[26] WANG J W, YUAN Y F, ZHNG D, et al. Constructing metal-organic synthesized todorokite in aqueous systems[J]. Journal of Hazardous

framework-derived Mn,0O, multishelled hollow nanospheres for high- Matefials, 2015, 290 100861

performance cathode of aqueous zinc-ion batteries[J]. Nanotechnology, [32] LI'M Y/FU K, WANG Z X, et al. Enhanced adsorption of polysulfides

2021, 32(43): 435401. on carbon nanotubes/boron nitride fibers for high-performance lithium-
[27] DINH V C, PO-CHANG W, LO-I C, CHIA-HUNG H, et al. Active sulfur batteries[J]. Chemistry:A European Journal, 2020, 26(72): 17567-
MnO,/biochar composite for efficient As(IIl) removal: Insight into the 17573.

(FTAE % 452 )

Efficiency and mechanism of sulfide selective oxidation by manganese oxides
supported polyaniline

YU Youzhang, YANG Wei, PAN Honghui, WANG Bo, ZHANG Yanrong”

School of Environmental Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China

*Corresponding author, E-mail: yanrong zhang@hust.edu.com

Abstract An effective progress has been made for sulfide wastewater treatment technology development, but
the recovery of sulfur resources is hard to be achieved while alleviating environmental pollution. Here a
manganese oxides supported polyaniline material(Mn,O -PANI) was prepared by a chemical impregnation
method. XRD, FTIR, XPS and SEM results indicated that manganese oxides were successfully loaded on the
polyaniline substrate.. When air was taken as the oxidant, effect of catalyst on sulfide wastewater (Na,S as
simulated contaminant) selective oxidation was investigated. The results demonstrated that Mn,O -PANI catalyst
had an excellent catalytic activity and selectivity on Na,S oxidation. When the catalyst dosage was 0.2 g-L"' and
the initial Na,S concentration was 100 mg-L™', S*” could be completely oxidized to element sulfur(S,) within 240
minutes. .S, existence on catalyst was confirmed by XPS, XRD and Raman detection of used Mn,O,-PANL
Besides, the influences of catalyst dosage, reaction temperature, initial Na,S concentration, initial pH and
different reaction atmospheres on the catalytic oxidation of Na,S were studied. Cycling experiments suggested
that Mn,O -PANI had a superior stability. Finally, the possible mechanism of selective oxidation was proposed,
providing a new insight into the treatment and recovery technology of sulfide wastewater.

Keywords manganese oxides; polyaniline; selective oxidation; elemental sulfur
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