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Abstract: The Fe-Mn bimetallic composite catalyst MnFe,O, was prepared by co-precipitation method, applied to active
peroxymonosulfate (PMS) to generate strong oxidizing sulfate radicals (SO, -) for oxidative degradation of anionic surfactants (LAS)
in water. The catalysts were characterized by Fourier transform infrared spectroscopy (FTIR), X-ray powder diffractometry (XRD)
and scanning electron microscopy (SEM). It was indicated that the catalyst with MnFe,O,4 spinel structure was successfully
synthesized. Effects of various factors such as catalyst dosage, PMS dosage and initial pH on the degradation efficiency and reaction
kinetics of LAS were investigated. The experimental results showed that the MnFe,O, activates PMS to degrade LAS in accordance
with quasi-first-order kinetics (R*>0.9). The LAS degradation efficiency can reached 94.1% within 60 min when the initial
concentration of LAS was 80mg/L, the catalyst dosage was 2.0g/L, the concentration of PMS was 2.5mmol/L, and the initial pH was
7.0. The degradation rate constant reached 0.192min'. The active species that plays a major role in oxidative degradation in
MnFe,04/PMS system was identified as SO, - by radical quenching experiment. By the X-ray photoelectron spectroscopy (XPS)
analysis of the catalyst before and after the reaction, the synergistic effect between Fe and Mn was confirmed which in order to
improve the activation efficiency of PMS by MnFe,O,.

Key words: MnFe,O4; PMS; LAS; sulfate radical

RIEMERITEANAE ™ TlkfilE . HAHAL A7 2 W v A R (8,057, PS) Bl — 6t

A5 A% 22 AU 1 N AR N T2 R, R P9 A e
A5l FH PR 2R 100 9 P R0 22 O B 2 - 2R3 1 v v 7D, 9 DA
AR IR BN (LAS) A UL T8 LAS JRK
RIS BT 7K R 3 1 ™ Hi g 4. H AT, LAS
A A A A 3 = LR AR A L, T LAS B TR
i o, o] AR AL 5 L R AT X LAS b AE AL
RGBT INHME . ARBEN K.

SRR H (SO, )R g a b AR E—
Toft 0 70 v R (075 e B AR A B AT LR K (1
38 0 B 5602, Ak B 2k SR i, LA AR 4 1 I PR i e,

1% (HSOs ,PMS) ™ A HAT s A AL PR BRI AR 1 el
FE(SO, YA FEfR K A ML) AR T PS,PMS
(1) 531 G AL FAT ARV, B 2 B i A 1T ™ 2 SOy
TMERAEAE T PMS HAT S5 IR e 1k XA WL
A U 2 R OR, B B P Al s
&R B TV IR E B A ST PMS PR
IgFS EHER: 2019-01-22

HEEWR: ff#aREEHIH (2017101010015); )& 171 RS v &1 55 H
(3502720173050,3502720173052,3502220183023); 5 M i Bl ¢ 71 %1 35 H
(2018Z002); HAff K 2EMEFUAE BTG 56 42 Wt B I H (18014087018)

* JHTAER, %, jmhong@hqu.edu.cn




3324 HOE

S S 39 %

PER SO, - A & Jm AR th 2 P s B 4 s 4
AR I A0 2 SR T T 1 B2 A iR 70 P, b 2 i
TR AN [ 14 46 J8 1) A7 A 5 R B ) 4 P PR AN a2
JE R, A o UL IR I, A S R A R A
ok 1% 2 s A A e R i U e A Ay
PER S R b k. BRI T s PMS A BRAE
Wik LTS A ) B PR RL B 2 15 B 2 i
AR 7 B, AN 2 Bl — 0 G, HLAE A7) B AT 1k
P, 77 (5 G ER R T MnFe,0, A8k 5 5 4 AL
FI—Fh, AT R P4 MnFe,0, b FI 2 A
AT G5 A6 Min® R Fe® 22 1) B Wb ) 4 P AT okt
1458 MnFe,0./PMS 14 & 1 HL T4 B R0R, T
AT 2 1R A A I ) FH R 3 S MnFe,00/PMS 14 5
PO L y/io] 5 SAVES

AHFFT T UCHRE R X4 B AL A5 b PMS
A Bef# LAS /K AR il £ 1) MnFe,O4 75 4t PMS
Fefit LAS JRAKARTUS AR R BEAR LAS AR 2
v MR EE . DARORNE) ) 2 R I AL A T
I3 M, by A 3B - 3 T 2 R A K I TR N P 4
5%

1 SRIEERS

1.1 MRS IE

R R A B R e MR AE R A B A
AL R AR R (H2SOy), A A A8 (NaOH), 7 B 2 1 (FR VR
R, — KA R — A8 (NaH,PO,- H,0), 11 1 [H
AR AL AR PR 2 WA S PR R BN (LAS
2400, 75 K A EAG R (FeCls-6H,0), — 7K 2 bk 16 i
(MnSO.-H,0). F i B0 T i, — S0 PR B 3400 1l =k vl
PG Bl RE 27 43 A7 RS 7). L3R 538 Sk 43 B 4k, S 56
KA 2B TK.
1.2 AT & S5 R AE

W EEREE R 2:1 [ FeCls-6H,0 Al MnSO4-H,O
BT 600mL B /KH o Fe Al Mn (iR 2 ORKF
76 0.15mol/L, 2R Jia 4 LN iy B v, OR 4 il 3
80°C  FrEE i FAE oh.Bifi 5 [ 59 iR I 8mol/L 11
NaOH L% pH EORFREAE 11 ZoAq 4k EL [ W
10min J&5 A #1250 T H 2 B 7K E R 2 IRk
FEAE T, A RSO I e e R N
R, B2 T4 12h )5, 8 0] 49 808k 60 2 S Ak
#F)(MnFe,0y).

A5 39 J S 146 FEL ¥ 5 3 8% (FESEM)(Tescan
Mira3Zeiss Merlin Compact) K& fiE MnFe,O, # 4 71]
(RIS RN 4546, 0 4% Oxford X-MAX A4, 15 X 5
G A (EDS). i X 5 2ok K A 5 A (XRD)
(D8advance Bruker) % 1l i 14, 71 1) & 44 45 ¥4, 48 H
Nicolet iS50 Fti{%(Thermo Scientific)iEAT % il 4>
J A {8 L AR 48 21 A0 1% (ATR-FTIR) 43 H7 . % .
A AT ) Few Mn I SRR X 260
HL - BE G (XPS)(Thermo Scientific Escalab 250Xi)iF
1731
1.3 SR TE

B 100mL — 2 R B 1) b BE R het PR A v
T 250mL AR AR JE IO\ — o A LI
MnFe Oy AT —E R PMS, 4T T/ ) i
HEAT BN, FF (RIS R EAT U B AE 3 3 (298K) T,
S — 5 B ) JE HXHE — S R ) V) e A v
LAS (¥ 43 9 SR 0 Y L 0 2 D' e kil sz 7K
FEH) LAS 3R BE IR I 1 5 B Al 2 R4l 108 3 A4
AT RERCT M.

1.4 I3thsis

LAS [l 5 512 A AE 652nm J KR, 48 4h—w]
DL 43916 o D0 W 5, 3 sk A A o 4 3 B Rk
P FFARIE 7 FE Q=(Co—C)/Cox 100% 157 H: [ AR L
HAHQ N LAS FEMF AR, Co I LAS IIHIIHIKR
(mg/L),C, N HFEI 2 B 1) LAS 9% (mg/L).is HI#E
— R I AFI AN LAS R AR 2%,
HE—Z N g)) Sy iR dC/dt=kC o t kW
5 8] (h),C=C(t) A t 5 % LAS 3 (mg/L),k y B ik
HHH(h).

2 HR5WE

2.1  MnFe,0, [HFHAL

Wi 1(a)f(b) 7k, A\ SEM &+, v LLE
MnFe,0, #4677 #0349, B BRSOk, R /b &
KA RILG R4 KN R T, [F @ i EDS
B3tk v DU AL R 3 ZE 0 2 40k Fes M.
O 3 Py, 3 H Fe. Mn Z A LLEI 2K 2.2:1,
FEAR 5 B A — BB 1(e) TR, W XRD K
A UL P AR R AT S 08 ) A RN AR o A A
MnFe,0, b5k K% (JCPDS No.10-0319)4H — L.
Ui RIS T B A AR A S5 1) MnFe, 0, i



8 3] A I

MnFe Oy i tb i — T R 2 B At IR K LAS 3325

3.9 HL7E XRD [ B 3% o A e 03 A 2% 06 (1) 47
5, U8 T 4% (1 MnFe 04 i 4k 51 o I Hg 4% 5%,
ol J3E e v B 1(d) BT R, {2 1630 Fil 3410em ! 4k 43
B 2 AN -OH WIS T 35 % R A4 e 751 W
B 7K 1 25 i PR B0, S5 A 6 I Ak TR IR B K R
—OH 4 #2176 14100m™" Ab 0 45 10 I i e

EHT =10.00 kv
WD = 8.9 mm

Signal A= SE2
Mag= 100KX

(¢) XRD

(311)

222(}400) (5111440)

10 20 30 40 50 60 70 80
20(%)

XF N T4 @ AL -OH A8 TR 4R 3 U 7
480 A1 586em ' ALK 2 AN AT Uk TT 3 S N T
Mn-O Rl Fe-O 1) DU T 44 1) 1 4 4 2, 78
480cm ' Ab i S HE Mn e\ TR A AT A o B A 4
PRB, M AE 586cm ' Ak Fe A DU I 447 & v 14
[ 45 e 45 45 1.

(b) EDS

120
(d) FTIR
100

80

60

B (%)

40

20

3500 3000 2500 2000 1500 1000 500
PeH(em™)

1 MnFe,O, fifb5f/ SEM. EDS. XRD. FTIR [&i¥%
Fig.1 SEM. EDS. XRD and FTIR spectra of the MnFe,O, catalyst
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Fig.2 The degradation efficiency of LAS in different systems
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Fig.3 Effects of different catalyst dosage on degradation
efficiency and degradation kinetics of LAS
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Table 1 The reaction rate constant of LAS degradation at

different catalyst dosage
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Fig.5 Effects of different LAS concentration on degradation
efficiency and degradation kinetics of LAS
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Table 3 The reaction rate constant of LAS degradation at

different LAS concentration

LAS #J¥(mg/L) k(min") R?
40 0.0587 0.956
60 0.0589 0.965
80 0.1920 0.940
100 0.0624 0.951
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Table 4 The reaction rate constant of LAS degradation at

different initial pH value

pH {H k(min) R?
3.0 0.176 0.985
7.0 0.192 0.940
11.0 0.042 0.950
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Fig.7 The COD change curve of LAS degradation process
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