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Preparation of MoO;—Zn/C@CF cathode materials and their application in
dye decolorization by electro—Fenton oxidation

LU Sumin, TIAN Ruonan, NIU Xiaoxiao, HAO Yue
(School of Chemical Engineering and Technology, Tiangong University, Tianjin 300387, China)

Abstract: In order to realize the efficient removal of dye wastewater by electro—Fenton technology, MoOy/ZIF-8, a do-
decahedral Mo—doped modified MOF material, was prepared by solvent method. Using this material as a tem-
plate, the porous carbon composite MoO;—Zn/C was prepared by adjusting the calcination temperature, and the
electro—Fenton cathode material MoO;-Zn/C@CF was prepared with carbon felt as the substrate. The prepared
materials were characterized by FTIR, XRD, SEM, TEM, XPS, etc, and the electrochemical performance of
the cathode was measured by CV, EIS. The degradation performance and electrocatalytic stability of the pre-
pared electrode for reactive red 195 were investigated. The experimental results show that MoO; doped carbon
materials show more excellent charge transfer ability and dye degradation ability. There are both mesopores and
micropores in the materials, which have more active sites and stronger adsorption capacity for O, and dyes. Us-
ing Mo0O;-Zn/C-600@CF calcined at 600 °C as the cathode to degrade dyes, the decolorization rate and COD
removal rate could reach 99.2% and 71.5% after 60 min, respectively. After 18 runs consecutive, no obvious
deactivation of the electrode was found and the dye removal rate decreased by only 3%. It illustrates that the
cathode has good electrocatalytic stability.
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Fig.1 FTIR spectra of precursors and carbon materials of

MoO;-Zn/C with different calcination temperatures
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Fig.2 XRD patterns of MoO;, precursor MoOyZIF-8, ZIF-8,

and doped/undoped carbon materials after calcination

H I 2 AT, EA B MoOs 4N ST 2 B i

il , L SRR B0 E, AT S B L — 3%, %

] MoO, 45 85 B 7 25.7°F1 38.97°4b AT St st
I, 8 B A ST £ 1 MoOs % 75 114 32 25 2 (040 ) Fl

(060)Haﬁo St FERTER AR MoOyZIF-8 55 ZIF-8 [) XRD
TR, AT LA BT SR B ZIF-8 JLP R —3K,

r 25.7°F1 38.97°4L YL T MoO, AT ST, P HH MoO,




~ 18-

Ko OT b ok ¥ ¥

5545 45

CLBRIEAT BT, H MoO, B4 A AR
ZIF-8 [ A& 4544 o FTRAR MoOyZIF-8 S8 )5 1)
MoO;~Zn/C~600 At ¥} K A 4T MoO; 8241 Zn/C—
600 AT STIEE AL, 2 FPAE S A XRD 77 415
&l U7 5 S IR 5 ZnO (JCPDS No.36-1451) BYA5fE
PDF & W& BE# R s 76 260 = 31.5°.34° . 35.9°F11 56.3°
A B R F I Y T ZnO #9(100).(002) . (101)F
(110) &b T, WERYE R AR, 1 3R BB T A i 1Y 32
BT R ZnO, BT IRAAR R 2 F SRR HILAC A 42 0k
BEBR s MoO; #8245 1) MoO,~Zn/C-600 i #4 £ XRD 4]
o R 257000 BT — NS R MoOs FIATT S0, 156
HBLRE T AR FE A b Mo JUZE BB, XAl 2 g R
Uil
2.1.3 RS

Kl 3 S MoOs. ZIF -8 K i 4K /& MoOyZIF -8 [

(¢) HTIRAR MoOy/ZIF-8
B3 MoO;. ZIF-8 R HjIX{Kk MoOyZIF-8 ] SEM &
Fig.3 SEM images of M0oO;, ZIF-8, and precusor
MoO4/ZIF-8
H Kl 3 AT I, MoO, K SRTEAR A, EHARTE 40~
80 nm Z[H]; ZIF-8 B2+ T HiRE5 1, ki BARZ
9 100~180 nm, FMIEH; £ MoO,; 8445 TR A
MoOyZIF-8 JEAAR B T ZIF-8 35K+ iR IE 5
ek, (HEALERIB A S f IR T HES AR 15 T o %, 1
B MoO, 5 ZIF-8 Z [ Wl S E i 5 B as &
TE—i,
Kl 4 2k MoO;.ZIF-8 B4 BT IR MoOyZIF-8
7 TEM &l fHE 4 FTLAE Y, ZIF-8 XF MoO; 4= T H
WIAERS, TR T RBUR B R I S 41,
A FARFRRI T A AR R, S R R B, 7 ZIF-8
RPN MoO; J5 £ 1E 10 min NHLETTIE, FIHH
FreAE AR BAH EAER .

-

(a) MoOs (b) ZIF-8

(¢) MoOyZIF-8
B4 MoO,. ZIF-8 K &xi7 # ai3K{E MoOyZIF-8 i TEM [E
Fig4 TEM diagrams of MoQO;, ZIF-8, and MoQ,/ZIF-8
Kl 5 A Z1F-8 S RTIRAA MoOyZIF-8 BB i ik
FHEHE) SEM [,

L s
00:1#n > 4 o
Lo é RS~ *

(b) MoOs~Zn/C-600

(a) Zn/C-600

B 5 BREEEERMAB IR SEM &
Fig.5 SEM images of doped and undoped carbon materials

after calcination

5 A g0, Bebe e ZIF-8 K MoOyZIF-8 fi+ —
TR AR 235 4 18 S B 3R, T BT AS RO ) R AR, AR T
HTBRIACKL FEAE /N, 5 AR IB A4 Zn/C-600 HIEL , 28 MoO;
BAE Mo0s-Zn/C—600 R AHXTH A, ZER T A B o
2.1.4 X-HHE&EdFaigotr

6 FE 7 5351 A S AL B AN 48 MoOs—Zn/
C—-600 (1 XPS J& &

i 6 FnPEl 7 nl .

(1) 7E O 1s BYE43 3 XPS 1, MoO, H it 48, 32 %2
JETE 530.48 eV 4L LAY LA Mo-O TR AFTE Y S 48,
T 7E MoO;—Zn/C—-600 1,530.98.531.88 F1 533.28 eV
AT 3 AN A3 T MoOs fi A% 48 | 2% T W FfF
SR ZnO B ARRS SECRPIE UGPSR R SR04 A7 A 2 BH bt
b e SR B B 0, A T 2 AR PR A, TR



FEH, 2 MoOy,—Zn/C@CF BHREAA ) 1l £ Ko JEG o 254 e €6 57

-19-

ifs

526 528 530 532 534 536 538 540
ZEEfEleV

(a) O 1s

Mo® 3ds,

Mo® 3dsn
#
o

e

226 228 230 232 234 236 238 240
25 A REleV

(b) Mo 3d

6 MoO; #J XPS ik
Fig.6 XPS spectra of MoO,

R

526 528 530 532 534 536 538 540
itrfigleV
(a) O 1s

7Zn0 2p;,
2 «~
Y

e

1015 1020 1025 1030 1035 1040 1045 1050
ZEEfEleV

(¢c)Zn2p

Mo* 3ds,

REE

\ Mo®™ 3d5/z Mo® 3 dyz

&,

&

Mo™ 3dy,
1 1 1 1 1 1 1
220 222 224 226 228 230 232 234 236 238 240 242
HieheleV

(b) Mo 3d

1 1 1 1 1 1

280 282 284 286 288 290 292 294
ZEEREleV

(d)Cl1s

E7 MoO;-Zn/C-600 #14#} XPS it
Fig.7 XPS spectra of MoO;—Zn/C-600

IR AT 284k, Mo, (i # AL16 (530.98 eV Ak ) fii &
M ES A RER A TR .

(2) 7£ Mo 3d 9 XPS i &l 1 ,MoO; 7 45 £ B
232.68.235.78 eV Ak HYRFEIE 53 51 Mo ) 3ds, S
3dys P24 T MoOs—Zn/C—600 7 43 i 4 4~ Mo 3d 14
(228.4.231.2.232.2.235.3 V), 43 5%} [ F Mo** 1)
3d5f2\3d3/2 %ﬂ M06+B/‘] 3d5rz\3d3rz[27], HEI jf Mo E’J%LEE&/Z%
JE FEAL, MoO3—Zn/C—600 H1 Mo®* 1Y 3ds, Fl 3dy, I
/NG A RETT M L T — 2 R, 5 Ols H ie#h
TE AR AEABXT I

(3) 1E Zn 2p AEHER) XPS B, 1E4546E
1 021.68 1 1 044.78 eV Ab B U553 51%F B F ZnO 2ps,
1 ZnO 2p,, FIRFIEIER,

(4) 7E C 1s 1Y XPS 3k, 7F 284.25 eV AL IR

T Mo—C WA, T HH Mo -5 1K W -H- 48 [0 A5 45 5 ) A
HAEF 1,30 MoO, #4524 2IRRA R
2.1.5 R @AILIE 0T

MoO;—Zn/C-600 B AR 1) 0BG th £ A £L
A nIE 8 Fizs ot 8 AT, MetEAL Al &S B R
SR 2R 2 U bl T N SR R IS B, S R TV
SEIRERHE, VLA B &G KA LA . RAIBET
P EASH] MoOs—Zn/C-600 B [ R AN 124.6 mYg,
i BH] 84S B A FLAR 5 A L s AR s B
TR 2 nm 247 BIRFLESFI AT 4 nm 2247 B9 A fL
g5, K A FLRIRFLES #8 DL R L R T RS
AT DA i A R U IR BN B T, I8 AT LA SR
IR EEAE TR 22 (6 T S, R LA P Bt 5 T 4
BTG W B RE 1, s ekl o IR A o



P N A N

45 4

~20-
o 60
=
N\g 55 -
= 50
=
E #5r
= 40
=
7 351
B sof —— L
£ 2 —— TR
l.E 20 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
HIRHERR(PIP,)
(a) FUSWIBE R £
0.010

fE 0.008 -
g \
5 0006 \ .
& 0.004 F .
£ \V.
—J
5; 0.002 -
=
0 I 1 (e —]
01 2 3 4 5 6 7 8 9 10
fL#%/mm
(b) FLEE i

B8 MoO,;-Zn/C-600 #H I & SR i &k R FLIZ 536
Fig.8 Nitrogen adsorption—desorption curve and pore size
distribution of MoO;-Zn/C-600 material

22 HELFERE

S5 T A BA AR ARG SR A S G T,
2 EREHEAT T, 18 9 ARy 10 mV/s B
O TS R AN R BB IR ok B W o e ) A7 AR 2
Mk (Cv),

0.006 - — CF

0.005 F — Zn/C-600@CF

0.004 - — MoQs~Zn/C—-400@CF
0.003 - — Mo0;~Zn/C—-600@CF
— Mo0s—Zn/C-800@CF

LT /mA

|
(=}
[l
S
[P (=}
LI I N N B B B B

_0007 1 1 1 1 1 1 1
-20 -15 -1.0 -05 0 05 10 15 20

1 H/V (vs SCE)
B9 HK4RERARREREERNERMAZE
Fig.9 CV diagrams of electrode materials before and after

modification and at different calcination temperatures

m & 9 AT LA H - B (CF) [ H 3 115 5 e
55, R EIL R R 15 % . Zn/C-600@CF FANF]
PRI EE T MoOs B2 it LA 1 CV I B T
B 1Y 484k iF LI 5 Zn/C —~600@CF F1 MoO;—Zn/C —
400@CF 1) 48 Ak i 5t 06 79 06 22 1] 1) H s 25 (B AE, R
330 mV,Mo0,-Zn/C -800@CF ) AE, & 237 mV; I
MoOs~Zn/C-600@CF [¥] AE, WIFHH %A 93.6 mV, Hi%

HL A A B e R I AR AR I, ZRBHZ 600 C
BRI MoO; 1825 B AR IR 5 BE SR I FELAE AL T
PSR RERE ST, MARIET ZIF-8 Fil MoO, 774 T
KPR UMRIVE T, (A5 BAAR A B 3RAS T KA i B il 35
TR 5 114 S L B LA A

S5 RO S H AR LT A S R X e i
Jii B TRMB A R BE oM B A T T 38 T BT (RIS ) 82
5, 25BN 10 FioR.

-200

—180F = CF /
[ —=— Zn/C-600@CF Y
~160 1 s MoO,-Zn/C—400@CF Palle
~140 | —v— MoOs-Zn/C-600@CF s
. -120F —* MoOsZn/C-800@CF / -
& b a4 »
N -100 ¥ /A/",,. ’ A al
-80 S A
60 Bt /:/'. o /{1
—40 T
 ——
0 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90 100
VALY
E 10 BRI R ER SR E B ERA EIS
Fig.10 Electrochemical impedance diagrams of electrode
before and after modification and at different

calcination temperatures

A2 it BELC P A e A4 DX — B A R | 2 5 ) 2 45
MR B 55 R fige S5 22 [ %) e A A 338 BEL T - IR 10
AU, MRS A FAR ) A X [ 2 AR AN K
FEUA A H AR R 5 A YR T 1) E er e B BEL T #3581
L MoO; $82% 600 CABREAH 21 1Y HL A A4 k2 B 2 428 8
AN, ZEAF AR E R 5 YT 2 I ) R BT AR AR
i, i A% 18 T I A 5 AR X Rk R s A% T R, bR
K AL S R A, B R 10 8 AT A A ), MoOs—Zn/
C@CF-600 B BHEA X BA e R AR, Ui
L 7RI F R b A O R e bR i R A e
L
23 Bk REEN
23.1 BLE&Ma

e S B A48} (CF . Zn/C—600@CF \MoOs—Zn/
C-600@CF )X} LRt BEAEPERE AN 11 PR .

H A 11 0] LLBH 2 A 3], MoO, $8 7% J5 oo 4 L A
MoOs~Zn/C~600@CF [ it 45 J COD B0 i &
FHE (CF) M Zn/C-600@CF Hifl , JZ /i 60 min,CF
He, 1 A 5 €55 Ol 78.8% , COD 2= [ & 34.4% ;7Zn/C -
600@CF HL I (5,3 84.9% ,COD 2R3N 51.3%;
1Ml MoOs—Zn/C-600@CF HL K i i (2,32 35 51 99.2% , ikt
o, COD ERRHRMIAE] T 71.5%. Kl 11 [F
IR T MoO; 2% 5 A Ak i B2 (400~800 °C) T~ B



551 FIEH, 55 : MoOs—Zn/C@CF BIRRAA 1 il £ S L i 255t €27 FH -21-
200
100 -, < _ —a— MoO3~Zn/C-600@CF
. o 175F e Zn/c-600@CF
80 ' 2 - L 1s0F = CF
R ¥ x § 100 - A
g ol - + MoOs~Zn/C-800@CF = - e gl
= o v MoOs~Zn/C~600@CF i . -
1B~ —a— Mo0;~Zn/C-400@CF S s0r A e
201/ o Zn/C-600@CF I R
/ eCF ) ,; I T 1 1 1 1 1 1 1 1 1
0 fo ;0 35 46 55 65 %0 5 10 15 20 25 30 35 40 45 50 55 60 65
It H] /min it 6] /min
(a) B3R E 12 HERIERREEXS~E
80 Fig.12 Hydrogen peroxide output of cathode before and after
wf < hb e et : diicas
o eof * MoO—ZnC-400@CF modification
B —e—Zn/C-600@CF 2 a 8
g osop O . . 232 WAL
I 40F : g o g
o ok " . R FE AR A L Y B Mt PR b R BB 1Y)
S b } T Bho AR MoOs—Zn/C—600@CF HIbELHEFTF T 18 ¥k
4 PEFRSZI , AR E] 60 min , FHEXF G LT YRl 195
O 1 1 1 1 1 1 N .
0 10 20 30 40 50 60 F AR AN 13 s o
Hif 7] /min 00T
(b) COD £BrF
80|
B 11 iR EAm R EER COD XB% 2 ol
Fig.11 Decolorization rate and COD removal rate of cathode E
materials before and after modification = 40
N, N AY 20 I
AT A58 ) COD £BR#, Hirr, BBz N

600 CHY A5 PE Al MoOs—Zn/C-600@CF /R T it
FEMIBEL R COD 2B, MBEIR 25 52 i JUT il %
L FLBR A L B 2848, o i SR AR A TAB e st 44 Rk T
AT IR Z LR A5 H , Z1F-8 14+ T AR 56 )35 1%
WA (DL 5) o MBI EE S IR, IR AN TE 3 5
(B B B it B I, ZIF -8 ZTHARSS 2 kLR HHE
FEEALIRM R LA B REIR, T AL IR
HL AL BE AR 22

HRE T 11 i nT A 2 LA AR 1Y 3 T 2
B, CF  Zn/C-600@CF Mo0;~Zn/C -400@CF ,MoO;—
Zn/C-600@CF K MoO;~Zn/C-800@CF Z5 F, 1 if Y
WY R SRAT G — G B B 1R 0G5 380 1 s iy
FEBY 1 0.027 3.0.030 6.,0.038 3.,0.076 9.0.050 6
min™', FIE AT LA, MoOs—~Zn/C—~600@CF Hi B J52 i i3
FETEHR, Ny CF LAY 2.82 1%, 4 Zn/C-600@CF Hi %
1y 2.51 1%

Kl 12 2 3 FiOR[RI AR A BEEE 60 min P9I AL
S5, HE 12 AT, L MoOs—Zn/C@CF-600 14 AR
R ) L S5 A4 2R 1) ast A  a B k ve T EA L A
S 60 min Ji5 it A A S B AT IA B 189.74 mg/L, i
] MoO; #5822 J5 It 15 21 (% e M e B A9 S v 1k R v At
MRS B B 3R

0 12345678 9101112131415161718
{2013
B 13 BREIRREX &R
Fig.13 Effect of electrode cycle numbers on decolorization rate
H1P 13 T LI Y, MoOs—Zn/C-600@CF HiHg 4%
18 Y, AR ATAE 96.2% , UL TERER
FrREF

3 4

AR SCR B FNE R G T Mo B4t MOF #4K}
MoOyZIF-8, i i 1B be b PR £ T MoOs 45 4% vt 14
MOF AT 8E MoOs—Zn/C., DAl E S FEJEEAS 21 1 FEL 25 it
PR B AR MoOs—Zn/C@CF , 5845 S 1 .

(1) ZHBee fe DRI () A FLE 2B i bel, RO
R+ RS R B REIR, T T AN R ) S50k
IR s MoO; B4 5 Mo NTCERE M A Kbk 22 58 kA
T A5 BB BB R I, X O, W AE
AR BRATE MoOs—Zn/C PP [RI B A FE AL AL, HE
FAN] A 124.6 mYg.

(2) 600 CHEEIRE T MoO, 15 22 M itk B #2 b4 K}
MoOs~Zn/C-600@QCF 315 T RIUFHy T . Hfifbih
P B AR A L ff A% 356 BEL F7 , 60 min XSG PELT 195 (9



- 22—

X o# L bk K

45 4

B3R A3k 99.16%, COD KA 1A 71.5%, KAK&ET
JEilh CF MeRAB24% Zn/C-600@CF Hif .

P,

(3) MoOs Atk i B A RLAF 1 B A=A A E

LIS 18 T, LRI TEREPRAF AT

Sk

(1]

3]

(6]

(8]

9]

LIU XY, WANG J L. Decolorization and degradation of vari-
ous dyes and dye—containing wastewater treatment by electron
beam radiation technology : An overview[J]. Chemosphere ,
2024, 351; 141255.

MAO JE, CHENH Y, XU X Y, et al. Assessing greenhouse
gas emissions from the printing and dyeing wastewater treat-
ment and reuse system: Potential pathways towards carbon
neutrality[J]. Science of The Total Environment, 2024, 927.
172301.

JAMIL T. Role of advance oxidation processes (AOPs) in tex-
tile wastewater treatment; A critical review[]J]. Desalination
and Water Treatment, 2024, 318, 100387.

BABU PONNUSAMI A, SINHA S, ASHOKAN H, et al. Ad-
vanced oxidation process (AOP) combined biological process
for wastewater treatment: A review on advancements, feasibil-
ity and practicability of combined techniques[J]. Environmental
Research, 2023, 237, 116944.

FANSY, HOU Y P, LIANG J X, et al. V,05-3H,0/N-doped
graphite felt cathode efficiently produced H,0, and -OH in the
electro—Fenton system for enhanced antibiotics degradation|[J].
Journal of Environmental Chemical Engineering, 2024, 12(2) .
112274.

WANG X X, XUC, ZHU Y, et al. The recent progress of cath-
ode materials for heterogeneous electro —Fenton reactions [J].
Surfaces and Interfaces, 2024, 44. 103820.

LIN L, ZHANG F J, HOU X, et al. Fe@Fe,0y/etched carbon
felt as a cathode for efficient bisphenol a removal in a flow-
through electro—Fenton system: Electron transfer pathway and
underlying mechanism|J]. Separation and Purification Technol-
ogy, 2024, 334, 125982.

KULEYIN A, GOK A, AKBAL F. Treatment of textile indus-
try wastewater by electro—Fenton process using graphite elec-
trodes in batch and continuous mode[J]. Journal of Environ-
mental Chemical Engineering, 2021, 9(1). 104782.
HAIDER M R, JIANG W L, HAN J L, et al. In situ electrode
fabrication from polyaniline derived N—doped carbon nanofibers
for metal—free electro—Fenton degradation of organic contami-
nants[J]. Applied Catalysis B: Environmental, 2019, 256.
117774.

CHU L G, SUNZY, CANG L, et al. A novel sulfite coupling
electro —Fenton reactions with ferrous sulfide cathode for an-

thracene degradation[J]. Chemical Engineering Journal, 2020,

[11]

[12]

[13]

[14]

[15]

[19]

[20]

[21]

[22]

400 125945.

YU F K, WANG L N, MA H R, et al. Zeolitic imidazolate
framework—8 modified active carbon fiber as an efficient cath-
ode in electro—Fenton for tetracycline degradation[]J]. Separa-
tion and Purification Technology, 2020, 237. 116342.

XUE W D, ZHOU Q X, CUI X, et al. Metal —organic frame-
works—derived heteroatom —doped carbon electrocatalysts for
oxygen reduction reaction[J]. Nano Energy, 2021, 86. 106073.
LIZ, SONG M, ZHU W Y, et al. MOF —derived hollow het-
erostructures for advanced electrocatalysis[J]. Coordination
Chemistry Reviews, 2021, 439, 213946.

WU B Q, CHENG S T, SHEN X F, et al. Conversion of
CoNiFe -LDH to CoNiFe -MOF/LDH as catalyst for efficient
heterogeneous electro—Fenton degradation of sulfonamide an-
tibiotics[J]. Journal of Environmental Chemical Engineering,
2024, 12(2): 112426.

LIU X C, ZHOU Y Y, ZHANG J C, et al. Iron containing
metal—organic frameworks: Structure, synthesis, and applica-
tions in environmental remediation[J]. ACS Applied Materials
& Interfaces, 2017, 9(24) . 20255-20275.

ZHONG H X, WANG J, ZHANG Y W, et al. ZIF-8 derived
graphene—based nitrogen—doped porous carbon sheets as high-
ly efficient and durable oxygen reduction electrocatalysts [J].
Angewandte Chemie (International Ed), 2014, 53(51); 14235-
14239.

AHNSM, SUKJ, KIMD Y, et al. Battery electrolytes: High—
performance lithium —oxygen battery electrolyte derived from
optimum combination of solvent and lithium salt[J]. Advanced
Science, 2017, 4(10). 201770048.

MAITI K, KIM N H, LEE J H. Strongly stabilized integrated
bimetallic oxide of Fe,0;—-MoO; nano —crystal entrapped N —
doped graphene as a superior oxygen reduction reaction elec-
trocatalyst[J]. Chemical Engineering Journal, 2021, 410.
128358.

HU Y M, LIU XS, XU S, et al. Improving the thermal expan-
sion and capacitance properties of MoO; by introducing oxygen
vacancies[J]. The Journal of Physical Chemistry C, 2021, 125
(19): 10817-10823.

VAN PHAM D, PATIL R A, YANG C C, et al. Impact of the
crystal phase and 3d —valence conversion on the capacitive
performance of one—dimensional MoO,, MoO;, and magnéli—
phase Mo,0O;, nanorod—based pseudocapacitors[J]. Nano Ener-
gy, 2018, 47, 105-114.

DE CASTRO I A, DATTA R S, OU J Z, et al. Molybdenum
oxides—from fundamentals to functionality[J]. Advanced Mate-
rials, 2017, 29(40): 1701619.

CHEN Y Z, WANG C M, WU Z Y, et al. From bimetallic
metal —organic framework to porous carbon: High surface area

and multicomponent active dopants for excellent electrocataly-



13

FEBRE, 45 MoOs—Zn/C@CF BARAL I} 6 ) £ B He B 25 €4 17 A

-23 -

[24]

[25]

[27

—

sis[J]. Advanced Materials, 2015, 27(34): 5010-5016.

REN W, PENG Q L, HUANG Z A, et al. Effect of pore struc-
ture on the electro—Fenton activity of ACF@QOMC cathodel]].
Industrial & Engineering Chemistry Research, 2015, 54(34).
8492-8499.

HJ/T 399—2007 7K ST fb 2
JEK[S].

HJ/T 399—2007 Water quality—Determination of the chemical

S A PR A 2 Ot

oxygen demand —Fast digestion Spectrophotometric method[S]
(in Chinese) .

HU Y, KAZEMIAN H, ROHANI S, et al. In situ high pres-
sure study of ZIF-8 by FTIR spectroscopy[J]. Chemical Com-
munications, 2011, 47(47): 12694-12696.

FENG Q X, LI X G, WANG J, et al. Reduced graphene oxide
(rGO) encapsulated Co;0, composite nanofibers for highly se-
lective ammonia sensors|J]. Sensors and Actuators B; Chemi-
cal, 2016, 222. 864-870.

WL, B AHLE AR AR AR R ST AR FR AL 2 1)
B R EHEFED]. P : 10 TR%, 2021.

HU J B. Study on metal—organic framework derived materials

[28]

in the treatment of Rhodamine B by electro—Fenton system[D].
Shenyang: Liaoning University, 2021 (in Chinese).

HE Z H, HUANG ], LIU K, et al. Fabrication of nanofibrous
Si0Ox/C/CoO composites with fast reaction kinetic and excellent
structural stability for lithium storage[J]. Journal of Alloys and
Compounds, 2019, 811 151971.

ZHANG Y W, ZHOU Y M, HUANG L, et al. Structure and
catalytic properties of the Zn—-modified ZSM-5 supported plat-
inum catalyst for propane dehydrogenation[J]. Chemical Engi-
neering Journal , 2015, 270, 352-361.

A5 31K

PR, WA AR, % MoO,—Zn/C@CF BB KM
il B G F SR (e 1 ) ] RHE Tk R 2 2 4, 2026,
45(1). 15-23.
LUSM, TIAN RN, NIU X X, et al. Preparation of MoO;-Zn/
C@CF cathode materials and their application in dye decol-
orization by electro—Fenton oxidation[J]. Journal of Tiangong
University, 2026, 45(1): 15-23(in Chinese).

(FTAE% 220 3E)

(L% 14 1)

[19]

[20]

[21]

[22]

arll] KA TR A, 2015, 34(1): 17-21.

SUNJD, MAZH, YAO XX, et al. Glucose biosensor based
on self assembled—in situ polymerized polyaniline/CNTs nano -
composite modified interdigitalelectrode[J]. Journal of Tianjin
Polytechnic University, 2015,34(1):17-21(in Chinese).

XIE Y B. Electrochemical performance of transition metal-co-
ordinated polypyrrole: A mini review[]]. The Chemical Record,
2019,19(12) . 2370-2384.

WANG K, XIAO Y. Chirality in polythiophenes: A review[]].
Chirality,2021,33(8) ; 424-446.

WANG J H, LIU J Y, WANG Z Y, et al. High stretching
tuned GO decorated non-shrinkable polyacrylic acid-based
composite fiber and its excellent performance as a Fenton cata-
lyst[J]. Journal of Macromolecular Science, Part A, 2023, 60
(10): 681-698.

ZHANG J S, YAO T ], GUAN C C, et al. One—pot prepara-

[23]

tion of ternary reduced graphene oxide nanosheets/Fe,O/poly -
pyrrole hydrogels as efficient Fenton catalysts[J]. Journal of
Colloid and Interface Science, 2017, 505 130-138.

WANG Q, TIAN S L, LONG J, et al. Use of Fe (II)Fe (IIT) -
LDHs prepared by co-precipitation method in a heteroge -
neous—Fenton process for degradation of Methylene Blue[J].

Catalysis Today, 2014, 224. 41-48.

AR5 31K

PRI, EIWE, B NIRRT WA D) RELT IR 2 A
B RERE(D]. R Tl R 22440, 2026,45(1):10-14,23.
XU N K, YAN X Y, FENG Y. Coating formation and perfor-
mance of polyacrylic acid Fenton catalytic functional fiber [J].
Journal of Tiangong University, 2026,45(1):10-14,23(in
Chinese).

(FAEm A2 )



