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Abstract Advanced electrocatalytic oxidation technology generally uses plate electrodes, because the hindered mass trans-
fer has disadvantages of incomplete degradation, which limits the application of electrocatalytic degradation of pollutants. As
a new type of electrode, porous carbon nanomembranes can effectively improve the mass transfer efficiency, thereby over-
coming the shortcomings of traditional technology, it have been widely used in recent years. In this paper, the methods for
preparing carbon films are reviewed, including electrospinning technology (EST), chemical vapor deposition (CVD) and
template method, the principles and operating methods of the different techniques are introduced separately, and examples of
the practical application of each method are given. Among them, electrospinning technology has the advantages of facilitating
the modification of carbon films and the preparation of oriented carbon membranes. Secondly, the research on the electrocat-
alytic degradation of wastewater containing antibiotics, dye molecules and other organic compounds by carbon membrane is
summarized, the universality of electrocatalysis is illustrated from the effective degradation results of carbon membranes for
different organic compounds, the high efficiency, cleanliness and reproducibility of carbon membranes as electrodes for elec-
trocatalytic degradation of wastewater are further demonstrated by different studies. These studies have further improved the
performance of carbon membrane as electrodes by adding metals, metal oxides and metal-organic frameworks to the carbon
membranes. Finally, the mechanism of electrochemical advanced oxidation, effect of electrode and main detection methods of
free radicals are described, the mechanism of electrochemical advanced oxidation is introduced in terms of direct and indirect
oxidation, and specific demonstration is made through equations, the possible electrode effects and their influence on elec-
trocatalytic degradation of wastewater are cited as example. The methods of detecting free radicals are mainly introduced as
quenching method and probe method, the principles and controversies are explained, and the development of carbon film
electrocatalytic degradation of wastewater is prospected.
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Figure 1 Develpmpent history of carbon nanomembranes
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Figure 4  Schematic diagram of electrospinning device®”!
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Figure 7 Schematic diagram of the template method!*!
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T AR EHEAA Ti R 7 IIAEAE, Ti J5 -1 S
RIS PEHS BAT AL AL S, TiO, 7157 B T I R I 1k
H &I, Tio, MBRIEMSE AT T H L5, Ti
BI85 o A T B T B FE 5 -TiO, 45, ek 7 M T4,
75 25 T R AR A S A R 20 25 ) B ) 0.

FHE AT I, BRASE A v S B PR A K FLAR ZE H R Ak B
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F i, BUESF R R T B 28 2540159, JR&|EAE SEFh %k
BRI R A RS, TR AT DU Ak O i R B
BCEEA R R A, X e R AT DL AR 2R
P SRR A ST, R0 N S = A 5
Vb 7 B AT R A .

Qu FFEDBOE H Bk 48 oK 5 5 2 i/ B VU 9 & M
(CNTs-C/PTFE) S /AY B ARG TCS BEAT IR, E5id
BT, 60 min AELAT PLZFR 98%[H] TCS, FHEL T1%
4 1 L 2L AT R B B . (HER-EO) E 60 min X TCS
1925 B H AR B 80%. B FLAH FWRAH (0% 25 & v o0
SRR A VU AF & AT I 18] 5 3% (LC-Q-TOF-MS) % B i v
(A PRIEAT IR, FHedid /iy H %5 B (FED) Pl TCS 1)
B 15), YIEDHRH T BN, YO ZE PRI
fift & R A -OH X} T Bk BEFI R IR B, OH AL 2
H A A, Kumar Z557R HBF R AVEHI& T8
U 3 5L 48 Ak A 280 H AR (Cu-rGO-PC) I F 2 Fi5 /K
WA BR(DCF), 7£—0.5.0.0 10.5 V M5 ~, DCF
76 1 h W IERRZ) 73%.85%H11 92%, 7£ 1.0 V IRE HE T,
DCF JUF5e 4 (4, 78 1.0 V i B S T ARk 47 %
AN, NS EA 1 h, PC rGO-PC 1 Cu-PC HL
W% 1) DCF F& AR 53 120N 38% 72%H1 87%, Cu-rGO-PC
AT CASEI 58 4 PR S SAE A 6 M A Cu-rGO-PC 41
DCF, 6 {XJ& HilidtE T AT 6%, Cu-rGO-PC i
BAMGLR) T HIE MM DCF () Hbr, B8 B 5 s
FIEK.

B 15 TCS IFefR 5 () S g A2 ()P
Figure 15 Degradation mode (a) and path (b) of TCS*

Alajmi 58 I 5 L 5 22 ) &% T 5 228 (N AR
(Mn) IR K A 4E R T IR R84k, RS 1 gNi [
ZHFE(E 16a)F, BRIGHEA LA 520 mV, JREK
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£ 54 3 mol/L B HE it % iR 22 32 mA/em?. 713 Mn &
AN E AR EAE 1 mol/L JREIRFE N WITEIA R 22 M £ dn
16b A7, Mn (0N B SRR &1 1 HLIAL 2 B R AR T ke
WEEAL, BRI EAE Mo, Ni FIGUKEF4EnT DLE N
AL IR 2R A B RUBE B L. 25 B ik, B AT LA
XK A A NI 2B, FF Had i R 5
F 4 v DASI AN 5 i 1 2B R LA A M BRI AL

gi LRI, BRAEAE A A BRSOk R B T2 BN
FHAN B O, it 36 2 W DLEH B HAS [R) IR B A
9 LR B AT HLARE A VS e 1) £ R R K ZAE 90%
2 b, FEEWT DA B 58 4 2B, A A AR 25 B
1 E BRI S ASAR R, AE2 AR EAT 25 b 3 RN ) 4
B 0], s RS FEL A A 2R A 2 7K 7 T LA 1 - P T e
PEVEAE AU .

[—Activ] 0% @1000% (a )
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Currer
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B 16 1000 C RFBLESH 0% MnAc AR LEAERFRKIRE T
QR EHAE Mn S 2K ET4EAE 1 mol/L JRE IEH (b) IPEIAR
S

Figure 16 Cyclic voltammetry of nanofibers containing 0% MnAc at
different urea concentrations (a) and nanofibers containing different Mn
content in 1 mol/L urea solution (b) at 1000 C[*!

£2 AFEBEAERRT

Table 2 Performance comparison of different electrodes

HLAR LIk WIRAHSE  BRARACR SCHR

Fe/Co-CNFs TC 30mg/L 12 h HBEER (1]
100.0%

ACFs TC/OTC  40mg/L  2hERRES0% [45]

rGO@Ti/SnO,-  NOR 100mg/L 1.5 h EERZE [12]

Sb 96.3%

G/Sn0,/CFs SMX 15mgL  8hEMEES% [46]

e-CNT/ACF MO 25mg/L 1 hEBREI0% [48]

BTO NFs RhB 75mg/L 75 min EFEE  [49]
99%

TiO,/CM MB 200mg/L 12 h EFEER (1]
99.9%

CNTs-C/PTFE TCS 50mg/L  1hxEEEHEIR%  [56]

Cu-rGO-PC DCF 20mg/L 1 h FHBE [57]

100%

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

TC AVUIE, OTC ALFE R, SMX Al FEEm:,
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501 A4 A4 A

PR B A 1 7K — e 20 Dy LA SR A A ] 12 48 AL (&
17). ELHEA R T I r A b B R A A S SRR R R
WAL DL A Dy Te L B At /N 737 e,
U ) HoO B OH S5 2 7E AR i-OH, F2dk H
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1% R AL A AR B A IR OO, TRl SR A L f
PRAE FELAG 2 A AR b ™ A i A TR YR S5 Dy o )
&, W«OH. '02v 05+ O3+ Cl&%, HIRMAFIAHLY)
S SRS LS. ForpeOH R m IR AL, BE
5K 2 B R AT I SE, BT eOH AT DA IE A
Hy0,, FT LATAL R S8 A0 S5 L (14 26 A B AN T FE AR AN 7%
TBURH B A Ak PO AW T ) 52 S A

M+H,0
1120, H++1/20,+e-
>{ -OH)

Bl 17 S s n SR (E A A, MEAl: B
@)[61-62]

Figure 17 Schematic diagram of electrochemical oxidation mechanism
(Direct oxidation: blue, indirect oxidation: yellow)®!-6?!

Shi ZE3IER T HE SnO,-Sb/ACFs Ji5 I A i la) 2

H*+ OH+e-

CO,+H,0

FALIEAREEE, b SnOL [ BHAR I HIG A A5, R A
HHLY, RO NAHLEAY,
Sn02[]+H20u45—> SnO:[*OHgs+H 4 (1)
R+SnO;[*OHJags—SnO:[][+RO+H +e [ (2)
SnO[*OH]ags— Sn02[]+0.50,+H " +e 3)

RHER(D)~@)TLLE H, SnO, AR H HIER
VIERL B SRAEE VAL T, HAS EEASTE, TR
B AR R A RER. PR BB

— o B A B AT AT SR AL, 3R kA 0 % W R
KL FE R (TiSO-ME) AT S FE AL 2.5 V(bR S HLAL
M), FZ&FETHEEBEMREBMLN 15V, A
TiSO-ME Ff 22 fRK A 9 B LA [F), #iBH TiSO-ME
Ffr s —FEEA RIFH) S HE, TiSO-ME i &bt H AL
AR S R HR A B TOH M4k, P& AR5 K FR At
TR BRI AT Y5 AL B TS K R R WL
— LIRS A A 2, Shi ZEUST sk I SRR CV 2k
R bR U RE B0, B SRR R P
AL, BTG K R A 2 AR T TR 42 AR A o AR P A 1Y)
OH.

512 wHEE

1E B A A I R, RO HE S A B AR R T
SPEAE B I E AR RN, WA EE AR TH) RN . WL JZ
(EDL)ZG N 25, 31X 4 oy T He 0 3ak F AR JIT s R A BB
SNV TR P S AR AR R 2 6 ) E A 1 AR e
FREZIR, AT S0 EL Ak 2 A8 A R S R A 5 R
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IJH R AEOH AT IR S Hh mT LASSCAR 3 S
AR TR, A ITH RO T R AR B 3 A0 A v
VRUFRY i B2 5 me) R DAGE S 21 A AR OCRD B LA, SIS SR
WSS, phy 3K A8 A 7 9 A5 4 P AW PR AT R A B iR
FER T v, HORARR P iy TR AR L (& 18), H
TeOH = BAFAE T RUARCRIA L 1] AR 88 4 5 F i L,
JIT LA HLiA A IR B AT LAGRAE 1UH 28 A AR I, b xt
*OH A5 G S S A= . ITH 80 5 B F AR B
MR T e «OH 7T LAY BRI B BH A SE Sz 37, 48
TIRMRIERE, 5G] 5 o0H KA R X 33
K I BAR LRI T v tho 2 3 305 Qe R g 0 D — U
AR, XA S TTH BN T A PR TS 4 )
H R ) 1 T 52 60,

60.0 (°C)

TiSO anode i i i 45.0

B 18  HLARIH M 120 min AT(a)s J5(b)RI AR B 120 min
Hi(c)s Ja (d) I FR A% s

Figure 18 Thermal imaging image of electrode surface before (a) and
after 120 min (b) of electrolysis and thermal imaging image of the bulk
solution before (c) and after 120 min (d) of electrolysis!®]

FH AR i Fe O R 2 7R B AR B 7= A2 EDL, 7RI
) AL SR AL P — R B L AL(DC), BT EDL f
AEAE, DC (8] Wr i i 20 5 [ v I CH LB 5 5
i, JEH Ty st FEBR I, EDL P4 19 S M
YN FBE D, AF T Fefg; TR Bk ek i (PC)—J7
T AT DAYE S8 HU A E) 5 «OH 3E47 %78, SURT DASE % 1 1 )
TR S SLPE R) BE AR, AR RO T
75 T 7E 388 H ) 5 B) BB T O A AR K, TTRE S (e it
«OH AR, FIRBFER, KM PC 3T HASA
Ak, L B AR R B A s AL T B LA 2R S A
5.2 HEKERERBEHERNGE

636 17 2 S AL R P 3 B FH 1 1 PR 2 Qe OH
Os. 10, %5, B IR KIFAREN L, Kk EE
TN R B B H 3 S SO AR AT BRI, AT 0 7
S SR R 2 A A — Rk B (ER T
KIERZ TEARE BN AE F 1 8 2R3 KR e Xt
R —HRE, AN, BASH AL E
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521 #FRik

VERF AT RN AR N S B R R A, R H
PRiEtEIM G, tEERRE TR L, LR E 237
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AN [) 9 A, IR A R KRR H b B H 2
JOEL090, 30 5 3 3 Ko A e 87 R T P AR o N R K 7 RN A
BRSNS A ML 22 B 2 A7 XS b, 08 H bR B B
(RITTHR, — BT C/Co-t 2R I DL B
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FE BRI NAUT BE(TBA) I /EOH ¥ K7, Z 1R
(BQ)FI 1O, ¥ K5, i TBA J& Sb-SnO»/CM [ IY34
REBRRBEILT 24.7%, TN BQ UIEFFEK T 3%,
FH UM TT DL B P2 3 [ B AR S A i A ke B B B E
FERH IE-OH ARG, TIRA o U =B B, RIK
AT EEAMN, FIN TC MR IR R T B AR
[ AL AL AR . iR 19 iR, 7 FeOOH/CF A,
%, 1) B 23 T A A A e 1% 1 (SMR) R 8 Fh In N TBA. &
i+ HEFR D HIAENOH. Oy "0, VK5, F&lhn A
HEKFER SMR Z:BR, 8 AA I K R R
HATXT L, HiE-OH H MmN EETTHRA HE, 0, fF
BRBRTTER, N AL R J5 AT A 0 I ) B 2 L AR D,
RN A 1O, X T FEf# SMR TG o k7Y.
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B 19 i fenton FRZEH ) HEEHE R

Figure 19 Free radical scavenging test in electric fenton system [’!)
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In([Po}/[P])=kr J[Ri]dt+k,[[Ra]dt+ky[[Rs]dt+ ket (4)

[PINAE WKL, [Pl AENIWIMEIRIE, ke, WA
MUPIANEE i F ) E 22 1) B e B I R 8, Ry R i F
P, koo MR BT SR 20, ¢ IS IAL, [[R/1de g ¢ B ] P4 565
i Tl R R B

FH TR 8] ¢ P 28 B ) E S PR P X LI 7S, BT BA
T AR IMNAS R R ET 27, WE IR ¢ VAR
HHERER T IR S, B 2 AN RR UL T AN 1 E 2
FHBEEMTINE,

) EH 2 R R R 50 N T R B e B
NiZE TR

Gao 252 FH B 45 1 4 (ATZ) . MK (PMD){E A
PREE, A 15 min NI E AR 2R (PMS). ATZ. PMD
FEFR IR E (B 20a), @B A (GS) . (6)RE
PMS. *OH. SO, 1% #& &= (/& 20b).

—In[ATZ)/[ATZ]o=kems arz][PMS]ds+

kso,~.arzl[SO4" ]t + keon arzl [*OH]d¢ (%)
— In[PMD]/[PMD]o= kpums pmpl[PMS]d¢+

Jeso, mpJ[SO4™1d¢+kom pwpl[*OH]d (6)
= @[

PMS concentration (uM)

aisR e el S IRE

—=
O AT:
- Pm
-0 PM ——

s 8 10
Time (min) S e i

B 20 PMS.ATZ.PMD 7E & BIA R H F7H FE(a) S PMS.«OH 1 SO,~

{10 58 85 5 ()
Figure 20 Consumption of PMS, ATZ, PMD in synthetic solution (a)
and PMS, *OH, SO, exposure (b)!"*
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