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1.1 XWEH

NIKA SR 4l (Ce(NO,),6H,0) ., JLK A R EL (Fe(NO,),-9H,0). JTo/KFFEERR ((CyH,0,). &K
(NH;H,0). & /K H B (CH,0). #i B% (CHN,S). # # II(C,H,N,NaO,S). WU /K & % MR %
((NH,)Mo0,0,,-4H,0) . i — i iz & A (KHSO,-0.5KHSO0,-0.5K,S80,). # T W (¢,H,,0). Z i (CH,0).
AR AN (NaClo,) . XA (CH,0,). Bk (H,S0,). Z AL (NaOH) 24 oy al, S2u FH Kk b
4liK
1.2 ERFIFI&EEE

HE, RE—E 1Y Ce(NO,), 6H,0 il Fe(NO,),-9H,0 i T 90-mL ## 4li /K v, FE A A 7.685 g
CHO,, FFHE MG FEEH$E 2 h 7 H NH, - H,O AT AW pH £ 9; RJ5, # LR IRAREFEHE ZRH
T 28 IEAE 180°C FARTE 20 h, FFI NI 2R EIG , KRB AR P24 Fl 25 B F /K RAJC K 20843 50 e vk
Bk, IFAE 60°C NUHET, KM T EARDTES ok R, B oK & T b DL — 2 B BB 6 h 15 2]
WP ST R AR (CF); e, AR K BOE G L Zmi A B A sl BRUT e in A CF il A5 3t Ak BH -1 1 4 2%
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» 2 h ¥ pH=9 1l e
KA

. CF L
= =) -
Fe(NO,), - 9H,0 | -
Ce(NO,), - TH,0 ) ' o

(NH,)Mo,0,, - 4H,0 - _r_';_ :
CH,N,S = J

-

1 MCF &l &Ri2E
Fig. 1 Flow chart of MCF preparation

1.3 RIEFHZE

F AT 7 B % (SEM, JSM-7800, H 7 JEOL 4\ wl) H13f 5 Hi 7 1244 8% (TEM, JEM-2100F,
H 7 JEOLZN 7)) A Medt BHTE S . fh A . SR X B A7 51X (XRD, D8 ADVANCE, 7% [® Bruker
WD) EVE TR T2 . R Zeta H {37 {Y (Zetasizer Nano ZS & %1, JZ [E Malvern 2\ &)
E MCFEAR] pH T Zeta FA{E . il HIRSIFE S #4581 (VSM, EZ7, & MicroSense 28 F]) X 4
BFRREME TR 59 EAT A R T o SN I TR T R B T R S v B SR B A R TR TR
P65 (ICP-OES, 5800, 3£ [E Agilent 24 w]) #E A7 E o SR I HL I A% L 4 % 1% {1 (EPR, A-300,
7 [ Bruker 2> 7 ) X N a5 B 7 A ) 06 R RREEAT U0 . SR O T RB IS AX (XPS, ESCALAB
250Xi, [ Thermo /A R]) M N AT )5 & E D& &= A8 4k
14 IBESHFE

R i 52 56 A 1E TR K W 3R 1 2% T R AT o FF 50 mL BB B R 25 mg L7 Y AOT7 IA R AN — E B 1
MCF B F IfiL 1 i 4% 5 W B 30 min FRHORE, B 5 A PMS Ji s &AL R, 57 S0 A0 5 0 AR [a] s
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ORI B2 1H 1Y -OH 5 S0, 3 G e SRR Al B ) S g AR [ pR Y R LI R R R A
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SIEHG R FHE — G ) g Bl g 2R (X (1) RN sl 2 (5K (2)) XS TRl Ak 7R B8 i A
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—In(C/Cy) = konst (1)
1/C—=1/Cy = kot (2)
K. CHy e W2 BT I B BEN BT e 2, mg' L', C, MBI MPIG B EWkE, mg L' ¢ Ak
REARINT TR, ming gy, A HE—ZO N R R, min''; ko N EPR L, min,
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Fig. 2 SEM images of CF and MCF, EDS-mapping of MCF
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AILLVE Y, CFEM IR 290K/ Nk S8R SRR B P B . B &l 2(b) FTLUE Y, MoS, J&H
JEFE A 10 nm 2245 AR B 40 K 7 28501 B A AR R 1 pm 22 A5 I AT R AEER Y MCF () EDS JG % il
FEMZ (E 3(c)~ 3(h)) .78 MCF H1 &% Fe. Ce. Mo. S. O5FInE, Uil CF 0150 7 Bkt
FETE T MoS, LRI R M ALERR . Bk, SEM K25 EDS It % Wit B 4] 25 3 B koK #4355 1)
BT Ak AR -RE R A R R

2) TEM 43 #r . |8l 3 25 CF F1 MCF (%) TEM K& . H &l 3(a) ATLAA 1, CF B4R T S i ¢
L) X557 B R IR, HE 4 e AR A URE A ELAR R 5~10 nm, X 5 SEM IR 25—, K] 3(b) A&l
3(c) H, 0.31 nm B & 4% SCa] 0] LA 5 37 07 6 A7 45 A B CeO, B (111) /1t S 5 R 4 Hin DG g Ul 5]
3(b) 1 0.19 nm [ & 4% 5 S HE VT 8 T 27 di R 4518 1Y CeFeO, /Y (221) A5 51 3(c) 1 0.27 nm Al
0.25 nm A9 fh % ] BE AT LL5 7S 7 A 45 40 1) Fe,05 1Y (104) F1 (110) 2 A TXT I U719, 8] 3(d) by s 5 i
KAE BT 19 MoS, 1 %, 1 & 3(d) 7T L 48 st i 510 Y 0.62 nm & A% TRJ B L X 07 B9 2 N O M
MosS, 19 (002) /i M. Hi &l 3(e) FTLAE i, CF Ml & T MoS, F il . LA E45 R — L Ui, MCF &
A MBI 4 IF H MoS, R AEER 45 H 8 2 T 43 # CF gk ok 4E T, AS(E AR R AL H A R
B, [RIEHEKT CF ik 5 PMS 2 fili i 2

=20 nm
1

() JH K600 0001 HICF TEME% (b) JiiK 1 000 000£#(¥CF TEMPE (% (¢) JAk1 000 0005CF TEME 4
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(d) MoS, [ TEMAIf& ' (e) M&ﬁ@TEM@%

E 3 CF. MoS, 1 MCF §J TEM E1&

Fig.3 TEM images of CF. MoS, and MCF
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il JER VT 588 J3E 43 500 R 6.7x107° T A1 6.3x107° T, MCF 1 f K 8% 7 ot 38 1K o 3 32 B2 02 th T2 A
MCF 33 8 7 28 T WA WM MoS,, B 07 Bt it 1) MCF & MR PEY) i 23 1 CF iy, ki
T2 MCF # P F Fé o {2 MCF 475 A8 38 o SN2 3 DA W e PRt 43 15, 330 ARk 9 1m0 s 1) T B A
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Fig.4 Hysteresis loop of CF and MCF
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i, ¥l PMS, CF/PMS Hl MoS,/PMS /% & X/ s

AOT MR A EBRR A 1%, 22% F130%, 06} !

ifii MCF/PMS {4 & X AO7 i) fix & 25 [ % ] 1k 5 S ol o pMS

100%, 16 W1 W 50k i PMS AL % f AO7 ! e PMSICE

HfE J1fR 59, CF I MoS, B % PMS HH — % 02 E —e— PMS/MCF

PTG AR, AH TR AL RCR G2 41 MCF ol |

23 AFIEME R TR T
MCF 8 Jin 2 %F AO7 [ fiff 550 S 1 5% ) J2 3 J i ) /min

NHEWEEERIE 6, £ 1K 2, HEl6@) ] B 5 FRERRNEERT AOT RSN

Fit, X MCF B8k 01 g L iz 2g L Fig. 5 Influence of different oxidation systems on AQ7

i, MCF X AO7 1) W Bt B8 7 F R fif 3 2R A vk

degradation efficiency

HE . X U T AR RS 0 R B T i A5 MCF A W B A0 36 22, B0 AOT A W B 2 B 2 4
s SR BRI AR A S i R N O R Y MCF £ $2 8t 7 S 2RI, BES ML PMS 7
IR A B AR, BRI T AOT BYREMREY, T MCF BUiN4 o 2 g L7 i, [ fiff B RO R A
1.2 gL' A B R 42 5, BB MCF 2R I PMS BTG PR S AL HEE T, MR R AR, &
BORBREREIEA K . dE6(b), K o(c) MK 1, K2 HHysh 12~ W& Bl g R ol Jn, HE—

TR T
Lo x 02g-L~ A 08g-L"
1.0 "~ IAPMS I%lzgg . ]I:" 7/ @ 04g-L" o 12g-1L"! 120 (g
e 04g-L"! 6l %0
0.8} -e-0.6g-L" 100 (@0,
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Oor ST Ng .
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Fig. 6 Influence of different catalyst dosage on AO7 degradation efficiency and fitting results of reaction kinetics
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*1 FTEIMCFEMETE—RREMHNFESH x2 AEIMCFERMET-RREHNFELH
Table 1 Pseudo-first order kinetic parameters at Table 2 Second-order kinetic parameters at
different dosages of MCF different dosages of MCF
MCF £/ WE— SR B 2% — — YR REN 1
(gL WA ks R (gL WA ky R
0.1 —In(C/C,)=0.031¢+0.176 0.031 0.918 0.1 1/C-1/C,=0.023¢+0.059 0.023  0.981
0.2 —In(C/C,;)=0.115¢+0.1040 0.115  0.996 0.2 1/C-1/C,=0.414¢-1.380 0414  0.846
0.4 —In(C/C,)=0.189¢+0.555 0.189  0.958 0.4 1/C-1/C=3.585t=13.411 3.585  0.808
0.6 —In(C/Cy)=0.3761+0.456 0376  0.948 0.6 1/C-1/C=17.042t—13.743 7.042  0.814
0.8 —In(C/C,)=0.567¢t+0.585 0.567  0.935 0.8 1/C-1/Cy=11.4007-14.663 11.400 0.843
1.2 —In(C/C,)=1.8341+0.311 1.834  0.958 1.2 1/C=1/C=8.315¢-1.685 8315 0.940
B 912 34 5 o 0 T SRR T 1 o e 015 mmol L
U411 MCF/PMS B AO7 1320 75 5 44 45 i — 4% L ' o O in
B R, D
24 FEUFIRERS NG X or =4 mmol - L7
i 187 /I, 2 S AR TR PMS 1 kR IR T S oaf
2 mmol-L™"' i}, FfiZE PMS ¥ JEH# K, AO7 A% gl
U S R B NI > P o < I S =R A )
PMS H{ i1 T MCF 15 40 ) 2 I8 (1) 1% 1y {8 % o Teee——
AR T A A R A, R e REAR B -0 0 5 1015 20 25 30
R, 24 PMS ¥y 4 mmol- LB, Wi i
SR AN . G PMS YT BE X 7 RAEIFEAFIRES AOT FEEHY M

Fig. 7 Influence of different oxidation concentration

UL W 7 35 e 9 19 i 7 A S R 596 2 on AO7 degradation

MCF 36 4k 55 067 0T 75 19 PMS & i fs , 1R &R
i Z 1) PMS 21 2 T FEHE 73 SO-F1-OH, A= AL RE i 55 ol AN oA EALRE i, S 380U
HOR R R ad FEIL L (3)~aX(6).

‘OH +HSO; — SO; - +H,0 3)
-OH+S0? — SO; - +OH" 4)
SO; - +HSO;- — SO; - +HSO; 5)
SO; - +S0;- — S,0F +0, (6)

2.5 BV pH I

t 141 8(a) F1IEl 8(b) W K1, MCF Xt AO7 4 W Fff 68 71 i %5 pH R3S i FE(% . ZE pH A 3. 5. 7.
9 Ml 11 &R, AT MCF (1) Zeta U I T(E, H B FAEE pH (934 55, MCF ARE3R 4 A 1Y)
ol T L, TN T B & Uk AO7 5 MCF ] iy s 1, 11T 5 3 MCF % [ g
B 55 P9, 1K 8(a) AT, 1E pH M 3~9 Bf, MCE/PMS 1A 2 X} AO7 1 i 4 £ B3 Z4 0] 314 3] 100%;
M4 'pH 24 11 B, MCF/PMS 1K R X} AO7 i) e & K BR AR 65%. X /&= T 4% WA pH i = B,
ALK & KB 1 SO; B Ak -OH(E (7)), 1H-OH By %A AL AE J1 L 55 T SO;-, MM 8k & [ i 15
YLy 1 RE Bk 55 .

SO; - +OH™ — SO +-OH (7
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Lo r |~ JIAPMS -10r
08 1 —&— pH=3 -15p m
—k— pH=5
0.6+ —— pH=7 E
! —e—pH=9 £ =20+
<) ! —v—gHzll & .\l
= 1
S oal . - pH=5.56(Jil) S~
| 5 25 |
| N
02} : \
| -30 b -
ol |
. e -35t . . . . |
-30 0 5 10 15 20 25 30 2 4 6 8 10 12
J2 Jo7 B[] /min pH
(a) N ERI IR pHXT AOTRES (145 1 (b) MCEZEA [FpH T iy Zetars, fi{H

El 8 T E#4E pH X AOT F& % #9721
Fig. 8 Influence of different initial pH on’AO7 degradation

2.6 EAFIREMTEN

SE st 6 YR S H) FH S0 RN BN B S MBI XRDZRAE, 400 T Ak R p A& e PERE . B & 9(a)
FIAL, BEE R PR BN AR I N, MCF/PMS AR Z26F AO7 1Y 25 R R 2 8 AR, (HI2 285 6 IRTA 3R
FIRJG, AOT B2 BRFAB A E] 95%, I H MCF A7 0l 38 i w4k W 5 | /) F B N P oy B ok o it
ZERUEI, MCF HAG By 6 45 6 R ok AT [mDlSORPHT 7%

FH &l 9(b) T, Wi J5 9 XRD 3% B IR 5 R0 Ar A — 30, JF R I BUB AT S . 78 20 4
14.38°40 I BLAY T J& T MoS, BY (002) {41 (JCPDS 37-1492)125 iy HEA1F 177 55 s 358 J3 W A A, 3% ml i 2
i T A4 Rk B FE Y MoS, /D i ST 8 s FE 20 DM 28.55°, 33.08°, 47.48°, 56.33°. 59.09°F1 69.40°
b R ) CeO,(JCPDS 34-0394, =5 [l Fm-3m)>% 5 20 o 27.33%40 tH 1Y Ce,0,(JCPDS 23-1048)P")
FRIEAT ST MK SR B &, 20 °4 33.15°Fi1 35.61°4k IH )& F Fe,04(JCPDS 33-0664) [R5 ik 17 5 6 P51 475 5K 17
TE, 20K 50.98°4k [ Fe,0,(JCPDS 28-0491) H5 fiF AT i 0 P th 3% A5 Wk 55 o PR UL Z Ak, 204 25.40°,
47.67°F1 77.03°4k CeFeO,(JCPDS 22-0166) Y F5F 4IE 477 i w4 B0 1% 58 B e A7 & A= W i A2 fk, 3R W] MCF $2
Bt B wE ) BT B WD o [RIEE 78 R ICP-OES %o 8 &2 A FH 25 B Jo 5 7 1 9 v %) 2k AR s 8 7 ke
JEEHEAT I 5 B B, VTP R R O AR IR R I B, A S P e R R R R
6.92mg-'L™', DI BZ5 AL, MCF 76 3% 1k PMS &M AO7 19 S IG5 4y T 45 My A A B 25 4k, R
A B RR E T

10+ & > > . v
é‘euﬂ s sk | e s k. ; MoS, ¥ Ce0, =+ Ce0,
03l ‘ ‘ ! #Fe,0; 4 FeO, ¢ CeFeO,
0.6 | 344
3 j 1 i i S o
S 04F | ; i
| R G
02 ! ! ; ;
| L ey L
N W %
0 40 80 120 160 200 240 10 20 30 40 50 60 70 80
23 B[] /min 20/(°)
(a) MCFIy TS A IS5 (b) MCF 2 )i ij /5 i) XRD &1 %

B9 f#{5 MCF R E TN
Fig. 9 Stability evaluation of MCF
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27 RNHIIBHIL S

1) W6 AP K S5 . K] 10 2 MCF Al MoS, 1 46 PMS B9 {4 2 H AS [6] ) B8 1 14 4 ol 410 i) 5510 X6
AO7 B A (1) 52 A1 MCF/PMS & 2 w19 16 PE Py Fpk i EPR 35 KT . 4anl&l 10(a) B, 6 AN TSI AT 1)
FIFN BT, AO7 X LB F AT LUK H] 99% LI b 1 [ 4 28 w43 50 A % BE A 2 mol- L™ % H
Bt ORCT BERIRER B, AO7 MY B 2 BR324 M B BRI 2 90% . 66% Fl 28%., X 6B e i p= 2B T
SO, -F1-OH, H 1 il 7 X K& fift AO7 B4 il 2 HE 73 o 2R Wy >0 Tl >H i, X5 Hifh 4 8 5 7% 1
PMS [ fif 15 4L W) A5 3 0 25 R — BCY. BT BE AT B0 S U T A -OHL, R T RHT B AT A R SO
F-OH (I, E 2R B A 30 i s5OR i, 3 32 202 PR ok P B AR T R 2 X HS 05 5 i Ak 37 & i
F10 42 ik 75 S BEL RS T B 22 0 S8 5 VA MR T A AE (9 SO R -OH. & A 2 o {EL5 YL Wy 2047 A5 W] B 7E 42 3
MCF 2 187 B ¢ ) PR 480 A0 02, T 28 1 D) e % () Ao 0 ) b ek 2 1 B2 Bkl ) A Pl 6= A, IR, 2R
S B R A 0 o AR

AN A R0 A RN AR R AR B, A LA SR X R R R R SR N 1 S AR R T AOT 1 i
BEGRIHHN 12%. 59% 1 100%. X 156 W L-2H 22 B2 F00 % 28 1 0 591 o 2 1 A AS [) 8 B A 490 ) 4
M, RO, Moyt /E I E WG Y S5 8] T A AL e, T R SRR BN A T A 1 ) R A aod
B2, KX AO7 Ay 25 bR EURA SR UEME T, BE e AR S0 W O AN e H A A Al A AR 356 S HL
il o HRAE P 10(b) PTAT, 5 b IRAR LA ] FE AT LIYE MoS,/PMS R & R E F, FRK UL Mos, th B
A —E W71k PMS 7= A 35 W Rl fE T .

1.0
0.8
JMAPMS
0.6 -
< L <
S 04 F-w L4108 S
- M) '
=R
0.2 |~ U THE !
—A- HIE !
- Jean i | - %
0 | = PSR | 0 - v iR mRRN,
1 | 1 1 1 1 1 J 1 1 1 1 1 1 1 J
-30 0 5 10 15 20 25 30 -30 0 5 10 15 20 25 30
S [ /min SR [E/min
(@) RIFTE PR IGR X MCE/PMS A R 4B AOT [0 (b) REEEY R X MoS /PMS {4 R [ AOT 95k
¢ DMPO-OH * DMPO-SO,
0mi 4 TEMP-'0,
min

WN’WWWW\/WMWW - - N TEMP

\} / TEMP/PMS

L 4

TEMP/PMS/MCF
3460 3480 3500 3520 3540 3560 3460 3480 3500 3520 3540 3560
fik 7 )% /mT T8 B /m T
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Peroxymonosulfate activation by MoS, supported magnetic Ce-Fe oxide for

removal of AO7 from wastewater
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Abstract In this study, flower-like MoS, supported magnetic Ce-Fe oxide composite catalyst (MCF) was
prepared through a secondary hydrothermal method. The catalytic activity and reaction mechanism of MCF
activated peroxymonosulfate (PMS) for AO7 removal were evaluated through batch experiments and
instrumental characterization methods. The results of scanning electron microscopy(SEM), transmission electron
microscopy(TEM) and vibration sample magnetic strength(VSM) demonstrated that CF was successfully loaded
on MoS, and MCF was a type of magnetic composite material. Compared with bare CF and MoS,, MCF showed
enhanced catalytic’ activity for AO7degradation. Nearly 100% of AO7 could be removed by the MCF/PMS
system under the conditions of 1.2 g-L™' MCF, 2 mmol-L™' PMS and pH 3~9. The kinetic process could be fitted
by the pseudo-first order kinetic pattern. The results of recycling experiments, X-ray diffraction (XRD) and
inductively coupled plasma-optical emission spectrometer (ICP-OES) showed that MCF had a good stability.
UV-vis 'spectra indicated that the intermediate products containing naphthalene and benzene rings were
produced during the degradation of AO7. '0,, SO;- and -‘OH were identified as the main reactive species
according to the results of quenching experiments, electron paramagnetic resonance (EPR) and X-ray
photoelectron spectroscopy (XPS). The above results paves a way for the practical application of the new PMS
activators in advanced wastewater treatment.

Keywords magnetic cerium iron oxide; MoS,; peroxymonosulphate; orange II; advanced oxidation
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