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Preparation of MnFe,O4-CR and its activation performance on
per oxymonosulfate for tetracycline hydrochloride degradation
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Abstract: Supported composite catalyst MnFe,O4-CR was prepared from loading MnFe,O, onto biomass
gasification carbon residue (CR) by hydrothermal method, characterized by SEM, XRD, XPS, BET and
VSM, and then utilized to activate peroxymonosulfate (PMS) for tetracycline hydrochloride (TC)
degradation. The effects of different reaction systems, mass ratio of MnFe,O,to CR, PMS dosage, catalyst
dosage, temperature, pH, anions (HCO;, H,POy, Cl', NO;) and humic acid (HA) on degradation of TC in
MnFe,0,-CR/PMS system were investigated. The stability and recyclability of MnFe,04,-CR as well as the
TC degradation mechanism were further analyzed. The MnFe,0,-CR prepared with a mass ratio of
MnFe,0,4 to CR of 1 : 2 exhibited good catalysis performance, with a degradation rate of TC in 100 mL TC
solution with natural pH and with a mass concentration of 50 mg/L reaching 91.32% under the conditions of
temperature 30 °C, 30 mg MnFe,04-CR, 40 mg PMS and 90 min. The MnFe,04-CR could be recovered by
its magnetic properties. After 5 cycles, the TC degradation rate in MnFe,O4,-CR/PMS system could still
reach 82.90%, demonstrating the good stability and reusability of MnFe,O,4-CR. It was also found that SOye,
*OH, singlet oxygen('O,) and O+ were the main reactive oxygen species for TC degradation in
MnFe,04-CR/PMS system, and the corresponding catalytic degradation mechanism was discussed.
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Fig. 5 Magnetization curves of MnFe,04-CR and MnFe,O,
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Fig. 6 Effect of different reaction systems on degradation
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Fig. 7 Effect of different compound ratios on degradation

of TC in MnFe,0,4-CR/PMS system
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Fig. 8 Effect of PMS dosage on degradation of TC by
MnFe,04-CR/PMS system
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Fig. 9 Effect of MnFe,0,4-CR dosage on degradation of TC
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Fig. 10 Effect of initial pH on degradation of TC by

MnFe,0,-CR/PMS system (a) and pHpzc of
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TC 7EARFM pH TAARFMEIR T Y
pH<3.3 BF, L FEX (TCHy ) H##; 4
pH=3.3~7.7 B, AT (TCHY) 7E7E; 4
pH>7.7 if, EUBIE FERX (TC) FEP, Hit,
VS pH X TC 1Y AR e B AT R 2 e, 5 58
pH 2354 3. 5. 7. 9 Fl 11 i %} MnFe,04-CR/PMS
1R Z MR TC RO AR, 4558 LA 10a, 1K 10b 18
i3S MnFe,0,4-CR ) pHpze N 6.51, FHAf#
k37 4 22 1T LR AE pH <6.51 M IE, 7E pH>6.51 i
. M 10a ATLUE Y, FEN 90 min B W] 46
pH 23504 3. 5. 7. 9 F1 11 B, TC AYREA#ZR 5
F91.04%. 90.10%. 89.32%. 88.44%F 77.67%.
Hir, 78 pH=3~9 B}, TC MIFEfRFMERN K, K&
M TC fEWWH EZ L HIEUF A, W T TC
Fl MnFe,04-CR Z [A] 1Y L HE /% . MnFe,04-CR 77 1E
B, AT LESE TC 7 MnFe,0,- CR & A AL R 1H (1)



57

WRINEE, 2F: MnFe,O,4-CR (] 5 S i A ek — i R 5 A 2 2 U 37 3% 1 g

* 1577 ¢

W R A A% 2%, 7E pH=11 B, SOZ+ F1<OH 435 OH™
FN TR EAE, ME T TC MMM, BAoh, TESRH
PEMEE R, MnFe,0,-CR L fidtE, H TC I#E
I TC P, Fhrr HEwR/E At & LG TC 7
MnFe,0,-CR L W[, il MnFe,0,4-CR/PMS
W R&H TC WKMo DL g R R
MnFe,0,-CR/PMS fEfLIE R A K TEM pH (3~9)
G, FEfE TC BT 1EY pH.
234 MEFAHA

SRR RS2 P F M HA, nlfE
SRR TC WAL E LR AR A2 . A T B8 T0HL
B2 FF1 HA % MnFe,0,-CR/PMS & & &% TC 1
oM, YEEE LR R WL EHLEA B+ (C1. H,PO;.
HCO; 1 NO3 ) il HA #EfTfL A LR, 453
K 11 fis.

100 2
80
X
S 60
¥
§ 40 —= 5 mmol/L H,PO;
—e— 5 mmol/L HCO3;
20 - —— 5 mmol/L CI”
—v— 5 mmol/L NO;
ol —+— 5mg/LHA
0 20 40 60 80 100
Fisf 6] /min
100+ b
80 |
X
@_ 60
x 4
& 40 —=— 10 mmol/L H;PO;
—e— 10 mmol/L HCO3;
20r —— 10 mmol/L CI”
—v— 10 mmol/L NOj3
or —— 10 mg/L HA
0 20 40 60 80 100
fist [] /min

JW 464 : MnFe,04-CR JHH 30 mg, PMS & 40 mg. TC i
W 50 mg/L. A 100 mL, REE 30 °C
K11 JCHLBA B FF1 HA X MnFe,0,-CR/PMS {4 7 [ fift
TC 5
Effect of inorganic anions and humic acids on
degradation of TC by MnFe,04-CR/PMS system

Fig. 11

B 11 AT, YA A S mmol/L
H,PO;. HCO;, C1 . NO; Al 5 mg/L HA, 5 90 min
X A TC B AR 25308 73.33% . 91.25% .
84.84% . 90.29%F1 82.85%, #FW| H,PO;. Cl1 HI
HA £ TC WK% . % HoPO, Fil C1H Bt iy
— 58, R R B 5R . HLPOL 2 B
MnFe,0,-CR/PMS fEfLIR R TC 1A ALREAR, 1T HE

() J5L A & Ho,PO; 43 % MnFe,0,-CR/PMS L 44 2
f) SO« FI-OH F=H P KAEFT, FE TC Kt F b
B 5346, HPOL AT LIKEfEAb 57 3 1 1) R e A
BRI R T 1 2R B T, TR ERERIE 4 A o
Cl X R A0 0 BHLAR 2 PR R B 7E SOge F1-OH 14
AR T A4 T A A AR Cle ((Eg=
241V) FICIOH » ( E/=1.48 V) P2,
234 BE

MEEXSBEfE TC Mszmani&l 12 s, mE 12
L%, 7E 30, 40 F1 50 °CF, TC AR E K
D I BE B i G AN . WREE TR, B T AR AL SO
FI-OH MG MLRE, JFH4E™ T AMIS TC A%
RO AR B SRR H R (k) 251 0.022.,
0.029 #10.036 min~' (&l 12 b ), fdi/{] Arrhenius 771t
BTC IV TG ILEE (E, ). B 12 a f ST Ink
BUT A TERERLE, THEA £, 20.08 kI/mol,
BAKH) E, W] MnFe,04-CR HA M R AL TERE .
E, KT 86 SO Y E,(10~13 kI/mol ), W] TC
£ MnFe,0,-CR/PMS {4 7 1 [ 2 7 3 R e F b 2%
S B

1002 A X .
80
33 f
° y=4.155-2.415x
%_ 60 | 34T R=0.995
bt 35+
g 40 - E 36
a7t
20 sl
739 510315 320 325 330
0 ——50°C 00 Tk
0 20 40 60 80 100
Fif &) /min
b
04F
0.0 0.036
0.03 + 0.029
g 0.022
= 0.02F
0.01 -
0 1 1 1
30 40 50

1R EE/C
J R A . MnFe,0,-CR JHI & 30 mg, PMS fH# 40 mg, TC i
W EE N 50 mg/L, #AFH 100 mL
El 12 RBEEXTEM TC W52

Fig. 12 Effect of temperature on degradation of tetracycline
hydrochloride
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