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Abstract

A kind of CoMn-MOF@NF magnetic electrode material with high specific surface area was pre-
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pared and carbonized at high temperature to prepare MnxCo,0./C@NF porous skeleton electrode.
The effects of magnetic field on the degradation of methyl orange wastewater using nickel foam,
nickel oxide foam, carbon steel, 304 stainless steel and Mn.Co,0,/C@NF as anode were studied.
The results show that the electrocatalytic degradation efficiency of non-magnetic 304 stainless
steel and weakly magnetic oxidized nickel foams can hardly be promoted by 200 mT constant
external magnetic field. However, the electro-catalytic degradation efficiency of paramagnetic
nickel foam and ferromagnetic carbon steel was improved, and the electro-catalytic efficiency of
MnxCoy0,/C@NF magnetic electrode material was most affected by the applied magnetic field, the
catalytic degradation efficiency was increased by 30.97%.
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B 225 (R SR AN RAR TS KT AW e, FRE 1) T K HES E e S HARY, Bk S8 K
IREEME ™ B IR . FEAZ B TR KA, EIGePR K R — 2R E B Tl R KIS G, HAEHE e 4
Tk K HERUS B KL 7 6%, EEAETGATI R, B RK FIRHHMT 5t 2R E, %
FTE R[] EPGKHA LR © HURE KR R B0 oK 20, COD fEwm, fFE;
@ IKIFEBENTE IR, BEE G AR TGk Gig R FMRME B A R ZL; @ kR
T BRAL, BRAKH R 15 SR RARBE A R A N : @ wfAtEaEs 2 ® Ko kKH
EHTFAFYII, B e REZ K R A S s TR B E T K [2] [3]-

HAT, XFTERGI KRR, RN S b 2 m BRI B %, LR AR TV EE A 143
e, BN FGER Z[4] [5] [6], (HSCZBRAFHEA: JUFE v A DA N7 4 B v A A S A B A B % P
I FEARAE o AT AR P AAE 5 7K R B 7 THD 1 2 P P 9 = 4 w7 B 3 %o A e P D 5 MR 7 DA B T
WX WIS e B RE A 72 7] [8] [9] [10] [11]. %R BNk /K H ML B AV IR AR AR A Fyitt— b 42
EIAR[12] [13] [14], ASCE Se b sl & 1 @ R A CoMn-MOF@NF REPEHEALATRL, FiZphkl s
Rlsh— PR Rm R, 313 Mn,Co,0,/C@NF HAEIEL, B HIARK SNk 1 T B fb 244
RIS RR T, AR R (2 A A WL K B AR I AT AT . AR XS b, s B A RIEME I e
JURPRERE: MR . R LR . BREN DL 2 304 ANARAN -t AE g a4k B AR B % B /K B2 82 FRIBH MR, %
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2. 5 HE
2.1. BRRAREHIE

FRSFN 2em x Lem x 0.1 cm (IVEEESE 60°C FH 3 M HCI i&1k 30 min DABR 2R THAMNE, Bi)E
FHTE/K BN 2 38 77K e 3~5 K5 F AR BT BT /K S Ak 4% 1.8 mmol (356.24 mg), 7~ /K il %S 0.3 mmol
(87.31 mg), Fé)@mih(ahEh. fHEh)AM T 10 mL DMF o, BEJSINA 1 mL /K 2%, 100 mg DHTA ¥ fi#
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T 10 mL DMF , R HIR G5 HA 5 min 5 2R G S B2 25 mL WAL RV O &R R N 5
W, WHEIEE 120°C M 24 h, HIVE I RGER %43 2] —FO0E & 1) MOF-74 #4%L, El: CoMn-MOF@NF
ML K% CoMn-MOF@NF # KHE T3 (b, 428445 F L 2°C/min ik, FHEZ 250°C JG
R 2 h, HIEAE, 35 Mn,Co,O,/C@NF Rt B AR A EL .

WIREE. AN DAK 304 RERANI BTN 2cm x Lem x 0.1 cm R~Fo WIREB A RE/N, BTE
Apr O InBGERIX, R R BT LA 5Comin ! SRR T8 500°C, FE HAEZIEE
NEIR 30 min, ZJERENERMFEEIR, KM EREPABEES S ERAERALER, AEEREE
PLITRAR . WURERTE 60°C R 1 3 M HCI 34k 30 min DA 2R AL S, HAMRH I K 2 B2 8 1K
Mk 3~5 UG HARR T, & H.
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Figure 1. Electrocatalytic oxidation of organic wastewater with external magnetic field

B 1. ShniisashBh e EU SR AR KKE

SNINBEIZ T K r gt B A PRI PR A1 T Ut A7 8 0 7 A AP K e B D A0 LA 7 i
200 mT B3 AMBRETERR BT . RIS RABIFEEARATBR 2 7] £ 77 () TD8620 T A w e rd v i
AT

2.3. BEAG R R KPR s

FREX 50 mg FJERE, 7.1 g (0.05 mol)fiBReN, VT 28K, JFE& N 1L, HIF3HE N 50 mg/L
(RS P LG & SRR K, AE TR I 4% . (0.05 mol BT BR AW 9 FEAR T, DA S BEA0L I /K 1) H 5 )
1 0.5 mol/L FIBRER A 75 1% iAW PH 8N 3.

1 B TAE G (B R el Ak 2 TAESG, 95, CHI660)t, R =MW RS, 2 Bkt ks
BHEBH B (BRI %), R B S L, XF 50 mo/L FRILL F LR 2 £ PR 7K 200 ml #EAT A
ML, W RS HOE R 50 mA, BRI 5 min BU—KKEE, DU BIAN R B 1R] J5 AN )
TR 1 F S REARADL D YL PR AKOKAE,  [RIIN SR FH SR AN e B T2, IR /K RE v () H R TR B2, SRS 4 DA
TARHILPE AR

R=(1-C,/C,)x100% (1)

Herp COMAL RIS 18] N (Y FH BRI S Co Dy YA AT A6 VR EE R 50 mg/L, AR AR L FEAR 16 E A5 21 A s AN
TN I P R R4 P2 5 g I ) 1050 L pH 2
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Figure 2. XRD spectra of CoMn-MOF@NF
[& 2. CoMn-MOF@NF ##}#] XRD FKAEE

PA_EXU<E & MOF 1R 45 543 2 Mn,Co,O,/C@NF fEALFIRIHE Fran (&l 3, wy WREs fmre s k4 T
BrAIRE, PITAE R

(b)
Figure 3. Photos of CoMn-MOF@NF (a) and Mn,Co,O,/C@NF (b)
Bl 3. resmiEHSREA: () CoMn-MOF@NF #4%#1(b) Mn,Co,0,/C@NF ##4

¥ be it Mn,Co,0,/C@NF #4EHEAT SEM IR, O TEST A 4, Xt BT i tE 4 i B EDS B iF I
TCE AT . I SEM JESE, WUIRSS M b2 28 o5 1) LA AR IR (0 HE SR 454 B N AR S RIS B, EDS
£k LR W Mn,Co,O,/C@NF #HH & Ie KAt 2] .
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Figure 4. SEM morphologies (a) and element mapping, (b) of Mn,Co,0,/C@NF
4. Mn,Co,0,/C@NF HIFZ5RE (a) LA K TT 2 T 5375 (b)

3.2. MARIHYREAE ISR
AT & MRHMAAEZ I 200 mT W37 RE A IS (R 1 A W B L6 1

Table 1. Magnetic strength of each material

= 1 SHRBHEMESRRE (FE 200 mT SMEFRLATER T)

e HERZ RS LI 304 AN A Mn,Co,0,/C@NF
Wisn g 0.14 mT 0.06 mT 0.05 mT 0.28 mT 0.21mT

X & A ARHE 200 mT B s T BEAT BEAG S D0 R 1 DR /0N, IR A B P A, I UK R
Mn,Co,O,/C@NF X =F¥) B3 A HENMEOR TR, H AN 1 i 5%, MnCo,O,/C@NF ML 2, WA
RGNS/ SR EALTEIRER . 304 AERA AL LT ] LA 2 o

3.3. RRIAXS& AR B EAG AR EN SR B 7k B AR RE RO 2 N

Kl 5 bl (a)~(e) A AORE B AN, PP R 88 P2 A0 A I e At ) ) R 1), T e A7 )5 i) S Ae
TR LA SN AR A SE A0S R B8 1 B AR R 5 AR N7 A LA BT AT 2 84k, Inidds 5 NF X H
FERS IR AR 94 5 1 21.8%,  BRENBR N FH AR IR P 3 3 i 1 10.45%, T Mn,CoyO,/C@NF LRk
RHBR XS FR B8 1) P A 80 AR AR I 3 I it v i o R 3, M I B A il 1) 30.97% . HI AR 1 ARAN. JBUK
B Mn,CoyO,/C@NF [T R 3 5t P LA SRR (VT o5, ATV W JFC A A e A £ Jon i R sk B 8

Kl 5 ()R TEAMIINRE ARG SR BERT , ASCHTR (AN R U LR SRS 7E 15 min Bfig 5,
MR BRI ZETEAMINBESS (25T 304 AN AR AR KT FR R P ASE 400 B e R /K B A A R B i #M i 200 mT
e E A IR s, LA SRR ) MinCo, O, /C@NF Btk AR N FR B8 F) B AL 836 39 0 1 30.94%, T
T304 ANEEURTRL RIAR A B AR AR s T BCER Be fER) 304 ANEAN A AR RLth T AR B A B R, MIFE
SNt T T IE M I RESE SR BOR . 54t BARBRANAD R B ARt BAT B s i dE ,  (E 3L nwd J5 i
AR T Mn,CoyO/C@NF Rt ARATRE, H 3 BEE I E T AR PUIR Bl H R Az
/INF Mn,CoyO,/C@NF Ttk AR AA AL, 3o FLAHE A B AR TS 17 AR R A4kl 40 1

{8 F MnyCoyO,/C@NF HIARLE HLAR 78 N 200 mT (k37 J5 (1 H i BCR$E 1 7 30.97%. KR &
BLRIFEAMINTE L 50 mA R, ININEESA G H A i 78 mV FRICR 62.4 mV,  BIANESREIA AR AE RS &
T HEMEATRHEEAG BB LA R A AL 2%, RIS T REHRE, TH AT ANBEAEREAR T 20% 2 % .
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Figure 5. Degradation curve of methyl orange: (a) Carbon Steel; (b) NF; (c) NiO FOAM,; (d) Stainless Steel; (¢) Mn,Co,0,/
C@NF; (f) Histogram of Methyl orange degradation rate at 15 min

& 5. FAEEMEMRLZ: (a) B&W; (b) BERR; (©) FWEAR; (d) FHM; (e) Mn,Co,O,/C@NF; (f) 15 min FAE
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X AP (B AR AR - BR AU R 51) IS M B R [19]
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