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Defective MoS,/Fe-doped g-C;N, heterojunction composites for

enhancing advanced oxidation processes
GE Lv-jie, MAO Hui-hui”
(School of Petrochemical Engineering, Changzhou University, Changzhou 213164, China)

Abstract: To address the challenges of iron leaching and poor recyclability in traditional Fenton systems,a ternary
heterojunction catalyst ( Flaws-MoS,/Fe/g-C;N, ) was constructed via Fe doping and defective MoS, coupling on a
g-C;N, substrate. The interfacial regulation mechanism and piezoelectric-catalytic synergy were systematically
investigated. Results demonstrated that Fe doping significantly increased the specific surface area of g-C;N,(from 15 to
80.95 m”-g™") and stabilized Fe sites through Fe-N_ bonding, effectively suppressing iron leaching.The edge S defects in
MoS, induced an acidic microenvironment , enhancing Fe**/Fe’* cycling and H,0, activation.The optimized catalyst (3%
Fe) achieved a RhB removal rate of 99.91% (k,, =0.244 9 min™') within 20 min under ultrasound-assisted H,0,
conditions , outperforming pristine Fe-g-C;N, by 5-fold. Quenching experiments confirmed -OH as the dominant reactive
species ,while EPR analysis revealed synergistic contributions from - O, and - OH. Notably, the piezoelectric-catalytic
efficiency ( Visible light with H,0,:99.41%) rivaled photo-Fenton performance, and the catalyst retained 87.57%
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activity after 5 cycles.
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FT FRSE, A SCRTE T — R B = o
ZER R (Flaws—MoS,/Fe/g—-C,N, ) , B TEiE & LA T i
RARTHEACIERE : (1) FIH g-C,N, A EK Fe i 5l
#2D/3D FLEEs Ry, 0 A AR TR I
ARV RE 5 (2) 38 i BB TR % MoS, 1% S i
R E R M OA B DUR E Fe™ /Fe™ IF 30, 10 il 2k
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1.1 I s:

OTL-1200 & 20, W T B 50 B KA PR A
15100 mL 5% U360 BEOR G540 K #4107 28, ) AR
TR AL 1 35 A R 7 s DHG -9035A AL KT
PRAE T LA s A PR A R ;85-1B Y
oAb N AL, W F 47 MR 3B AR A R A
H] ; DH7000D HLAk 24 T ARG, TR AE T a8 A
FRAHE]

1.2 SEISRF
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CH,N,S
FeCl,- 6H,0

BE5% :Flaws-MoS,/Fe-g-C,N, RRENRERER R EEENEELILRERR - 167 -

=&ALk (FeCl, - 6H,0)  WUF N (C,H,N, ) B Ik
(CH,N,S) Gt = (H,0,) G 8 SR IRE: (PMS,
K.H,S,0,) &+ B(RhB, C, H,, CIN,0,) A F
(BQ,C¢H,0,) L& (L-HIS, C,HyN,0,) R T
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(K,Cr,0,) MIFREL (AO) ¥y B [ 24 42 B Ak 271k
FIABRAF (), B SCRe A 22k, B
AR B R — 2 lifk

1.3 XBITE

1.3.1 #afl&

(1) il & Flaws—MoS, : K HIZK #4325 £H 325 1714
W, W 2R MoS, Y BRI K 2 mmol
VUK BHEREL AN 70 mmol [ABRIRIS T 75 mL 19 55
Tk BTSRRI P S B R EE R A 105, DA
PRI BB 251, BE S, 4 17 SRR W AE 220C
AT KRN 18 b, SN 58 BUG R A 2 I F
FBTFKRITCK L BEXS 7= Wy kAT e, B i 7 FL %S
ST T 60°C T4 12 h, 45 3 i 2B (o kE S bRid i
Flaws—MoS, ,

(2) 4 Fe—g—C,N,: R4 Bk Al g-
C,N, ., HIKEAE IS KE = EBRiGm oA
5.0 g WU M 25 mL IR, HiJ5 7F 60°C 4%
PFTFHHE 30 min, HEKPEREK, HEETE 80C
M AT 12 h I EA TR AL EE, TR A
AL RS 2 E AL AR R Y, DL 59C/min (9 THEHR
Sz 550°C , JF7E A B b 4Bbe 2 b,
I LARAFIR B O RE S, R R AT BB S A5
FeCl,-6H,0 MY Nt 43 %14 0. 136.,0. 408 0. 680 g,
AHRLHL , TR Fe—g—CN, AL 43 HARIC N 1%
Fe-g-C,;N, 3% Fe-g-C,N, 5% Fe-g-C,N,, HH,
x% A% Fe FEMEAL A i H 43 LG (DL g—C3N, 11
i ST |

(3) A Flaws—MoS,/Fe—g—C,N, : >k F /K #3%
A ¥, Flaws—MoS,/Fe—g-C,N, & & #ELF (E1) .
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HAREEAE N ETIFREL 1 g Fe—g-C,N, B3 K, 5
0.386 3 g PUZKA #HEREL A1 0. 800 9 ¢ fRRIR A, I
fi%T 40 mL LB Fokd, TEIR TP EZE 2%
fif% o BERS B PITAHIR G4 2 100 mL RIVUH
I A B4 R R 48 TR, 7 200°C 4544 R iE4T 20 h
(ZKIN N S SE R , 75 O 28 A SRR AN, 43 B
WM UTEY) , IEAE 60°C R UEAT 12 h i THAb B
1.3.2 H&k4E

AT IR 2 B X S8 R AT S (XRD)
AYMTRE R ) f RS54, 1 B 2T A6 (FT-1IR)
FAFEREA], a5 (SEM) FIB 5 HL A (TEM) Wi
FE O TE 30, BE it B 6 35 42 ( EDS Mapping)
SIHTRES IO R AL S A2 4 A Bl L3R i AL
B BE AT A ( BET) KB ff i) Lo R TR, X SRk
L FRE T 20 T A (XPS) 5 F i A 28 B R T 2R
&, B TIEE RO CIE A (EPR ) A I 52 17 7 A= 16
7/l
1.3.3 fEfesi

6] 100 mL ¥ N 10 mg/L (% P10 B %+
T 20 mg A FAEHEATHERE 30 min DAHERR W B 1
FHXHEAC B A 2, 426 I — € 7 1Y H,0,/
PMS AT 25 A 1 A S I, 5 iy — B i ] JBOA:
TSGR S 2 FHIH BV TR e B A s v il 2 4k 2
BRI FITIR A a5 2R . 5 SRl AR S i e A
FEPEREE AT AE 300 W AT (M KA B 2 A A
RN TED) T BT e W0 R DFA 5 % R L AR R0
TE ARG RS (US) &4 T AT,

2 FHR5ITE

2.1 Flaws—MoS,/Fe-g—-C,N, EG W RIHNER K
ML RAE

Kl 2(a) A F] LG 48 22 A AL 1 XRD &
%, 2(b) M Flaws—MoS, \Fe—g—C N, (2% =3%) &
HE G MR XRD B3k, R 2(a)F1,20=13.7°
1 27. 8° kb ML 2= 31| W 4 k2 0 A7 S 0, 4 3 b 1, T
g—C,N, B =R TTI (100) fh1A , HoR 5 = 1%
I FE AT HE S AH 5C 5 LA By —Fh S TR0 (1% )22 (] 3 & AL
POy TR R 19 (002) &b I, HOoR B 5 3R AR5 )
JZIAHERROG , X SRR S5hRME ¢—C,N, XRD %4
(JCPDS 87-1526) W) &, k5L T il 28 ) 44 £k 57
Ff A A AR, FER 2 (b) H, 14.3°,32.6° Fl
58. 3° AT S e 43 51 X W MoS, 4 (002) | (100) Al
(110) f1H (JCPDS 37—1492) . 5 MoS, MLt , E&
FHRHEE 14. 3040 By LR (002 ) 77 565 06 1] /)8 £ JBE 5 1i7)
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ARG, ARG 1 B SR AR S S NI I T 4k
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(002) W 5% JE W 55 , & th TR A AEH 33 ¢-
C, N, JZARZEF AR 8, T o) B B AR ik R A
ISR FEAEHE T MoS, 5 Fe—g—C,N, JZIRAH K}
A

SRAE/a.u.
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1—5% Fe—g—C3N, ;2—3% Fe—g—-C;N,;3—1% Fe—g—C;N,;
4—Fe-g-C3N,
(a)x% Fe—g—CyN, ) XRD

SRE/a.u
f
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20/(°)
1—3% Fe-g—C;N, ;2—Flaws—MoS,/Fe—g-C;N, ;3—Flaws—MoS,

(b)3% Fe—g—C;N, .Flaws—MoS, K& &k XRD &

1
.A g=2.003
B \f
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W BEIG
1—Flaws—MoS, ;2—MoS,

R /a.u.

(¢) Flaws—MoS, Zill MoS, ) EPR ¥

ELHE/ %
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/em™!

1—3% Fe—g—C;N, ;2—Flaws—MoS, ;3—Flaws—MoS,/Fe—-g-C;N,
(d)3% Fe—g—C;N, Flaws—MoS, & HE AFHEHAYLLHME

/2 XRD.EPR #2 FT-IR k1 A
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R TN A R AT S BREE, X Flaws -
MoS, #f i ifEAT T HLF I REHAR (EPR) W, 76 5] 2
(c) RIA — M5 T, g TN 2.003, FHFE S
HA S Beba, 5 FR XRD RAF 45 BAH B ALAE

B 2(d) Bn T RFEIM B LM GIE R it
ST R, AT LAER E 608 em ™ AL IR B , 1%
W Y A7 AESIE 52 T Mo—S B 1 1F 76, 7E 821 ~
985 cm™ (UATBE , S—S B HIRRIE IR ShIAAS DL BB,
Jﬂﬁﬁl\,?’f 1120 cm_lﬂ‘,Flaws—MoSz/Fe—g—C3N4 =
AMEHA PR S=0 15 LIS B 7E 1 250 ~
1700 em™ BISRBEN , g—C N, Z5H4 i = R 30 ) 45
PREFFAEMEEIMT T UL, 76 3 200~3 400 cm ™ FIAREL P,
RIEFEIE ARSI S, Hi7E 3 000~3 500 cm ™ )
B, ) J&—OH FI—NH 45 R shig i B, &=
G g-CN, 25 55T YRS Flaws—MoS,
Z BT 14 S e S AT F 5 30T AH I iR B e
JE IS

K SEM .EDS Mapping L J TEM XFEE i B 13
WIS RN Ak 2 20 B iE AT T VR4 R AE (1B 3) . &)
Flaws—MoS,/Fe—-g—C,N, & & MRk O 25 44 #5147
T SEM 7347, 41K 3(a) , Flaws—MoS, HARZ AR
DU EL¥57 5 43 E800R 200 DK 4G BRCR JBURL A B, 3 46 550k e
U AR BAC TS, A5 BT NE P 2 0 2 5%
M B T e B A AR fE . B 3(b) . (e) R T
Flaws—MoS, 7E Fe—g—C,N, J&JK FA KN, 2R
R Fe—g—C N, 5 MoS, 25 MM H.AZLY, LR T4
TR S B Es 454 AR TE T Z 2T 0 3D 45 I TE AR,
DCFPZE L) A A P Bl 2 0 A T G A H P A AL B sk
K, E3(e) (), B 3(h) (i) B/R T Flaws—MoS,/
Fe—g—C,N, & H FH TEM 14, 3% Wi b 58
Fe BAHEATIE S = T B 5w, B T 2 4L
S5, R T AR R R R, LB S5 T
WA REIH T Fe 4824 5 3000 A IR 7E =5 1R 19 43
fife, T2 A2 T KRB, MoS, I A XA Y
TESREME N R SRR 1 ZFLIEZE . B 3 (i)
o 4> HE S8 TEM ( HRTEM) B4 rp g D) B G i ¢

~) 4 R
SN L )

500 nm [JS S Al ‘ £
(b) Flaws—MoS,/ Fe—g—C;N, ¥
SEM [&]

(a) Flaws—MoS, ) SEM &

BE/E% :Flaws-MoS,/Fe-g-C, N, BRENFRERRREESBHEELMERR - 169 -

(¢) Flaws—MoS,/Fe—g—C;N, 1Y
SEM [

i ’
(f) Flaws—MoS,/Fe-g—-C3N, [

(e) Flaws—MoS,/Fe—-g-C;N, I
TEM [&] TEM [

10 nm FE=

(h) Flaws—MoS,/Fe-g—C, N, Y
TEM

(g) Flaws—MoS, 1 TEM [

(i) Flaws—MoS,/Fe—g—C;N, # TEM [
K 3  Flaws—MoS, 7 Flaws—MoS,/Fe—g—-C,N,
SEM ¥ TEM F

FSNTT i F& Flaws—MoS,(002) f4 T 1 0. 62 nm fh#g
] 25 A R e ffa 2544 5 XRD LA B2 EPR R AE45 AR H.
EIE
9 T WFERE AR A K A AR R T A AL
PERERIRZI - 4T T BET R mAUR, %14} g-
C;N, .Fe—g—C,N, Fl Flaws—MoS,/Fe—g—C,N, 3 Fi#f
£1 FRBUAMWLEER ILSEMILE

Sppr/ (m?+g™) Vp/(em®-g™') Ry/nm

a-C5N, 15. 26 0.03 18.38
Fe-g-C;N, 80. 95 0. 09 12.81
Flaws—MoS,/Fe—g—C; N, 67.17 0.02 7.49




- 170 - AR AL T

R L 1w AL FLAR AL R 4T L5, Fe HU4B
Z= Ml g—C N, LR BN 15 m’/g K38 i =
80.95 m*/g, Flaws—MoS, & A, ffi Fe—g-C,N, /)
R/ NE] 67,17 m/ g,

FHEFT Flaws—MoS,/Fe—g—-C,N, B & #EH T
EMAGZEA N, ARFFEXT Flaws—MoS, M Flaws—
MoS,/Fe—g—C,N, #4T T XPS 447, 45 L WKl 4,
K5 Fis .

(1) Mo 3d IERYfFEHT . K 4(a) ', Flaws—MoS, Hi
AU A A5 231. 60 eV XTI Mo  7EE 5(a) &
B AR R IR BT R, 26 B —ai Ak 4R 4R 19
FEMEN 4N EBFEENR, S5 Mo g
KD AL 231.3 eV F1232.49 eV 2 M XK
B Fe (5| A T30 Mo I HL F = 2 FE 9, b L 52
T KT Fe 19871 AL T Mo,ﬁl@'ﬂ?rﬁ] Mo 1
. Fe 5 Mo JE LAY Mo—O—Fe Fil Mo—S—Fe 4
BE—HAESE T MoS, 5 g—C,N, FHAbICE Z [H 1K)
A, B 5(a) PEAME Flaws—MoS,/Fe—g—C,N,
) Mo 3d 7E 235 eV K 8 T — 8¢, 18 T
Mo® , M5 o¢-C,N, BWE SEH T & Hh Mo™ By
B Mo®™ FUZE G EM 235.28 eV B4 & 235.56 eV,
F#0.28 eV M T 5 g-C,N, ZIA] i FIiE R
FH 3808 7O 200 B B aeE

(2)S 2p MBS Bl 4(c) H1 162.57 eV
F1161. 40 eV AMUESTHIXTRE S 2p,,, FI1 S 2py,0 5
Kl 4(c) " A Flaws—MoS, A LL, I 5(c) h & & H 8
Flaws—MoS,/Fe—g—C,N, B S 2p #¥ T — "0 F
163. 18 eV 1106, 3 J& A 58 4 e A 1) S (1) B Al Ay
it , R AL B IR B T B 24k S, X
TGP 5 BEE IR R L, AT R I S B 852

TR /a.u.

240 238 236 234 232 230 228 226 224 222
gafeleV

(a)Mo 3d

531.13 eV

535.52 eV

B /a.u.

544 542 540 538 536 534 532 530 528 526
Zafe/ev

(b)O 1s

162.57 eV 1614 &V

168.38 eV

SR /a.u.

174 172 170 168 166 164 162 160 158
Zi4RbleV
()S2p

4 Flaws—MoS, # Mo 3d.0 1s.S 2p & XPS i A

228.02 eV

231.30 eV
232.49 eV

235.56 eV
225.46 eV

R /a.u.

240 238 236 234 232 230 228 226 224 222
ZiAfklev

(a)Mo 3d

536.52 eV

RBF /a.u.

544 542 540 538 536 534 532 530 528 526
Zi4RkleV
(b)O 1s

162.02 eV 160.96 eV

169.00 eV
163.18 eV

WRAE /a.u.

174 172 170 168 166 164 162 160 158
LA HEleV
(¢)S2p

706.76 eV

719.35 eV 708.98 eV

SRAE /a.u.

surface Fe?*/Fe*=1.352

740 735 730 725 720 715 710 705 700
24 b/eV

(d)Fe 2p
K5 Flaws—MoS,/Fe—g—C;N, 7 Mo 3d .0 1s,
S 2p #1 Fe 2p By XPS i A

2.2 Flaws—MoS,/Fe-g—-C,N, L MRS
FIRAIRGE IS G R 0615 T v A 3 8
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RO TR AR LA A I F e B R B, AR WF AT
TOGHL TR BRI R S ELS 43T, B 6(a) HR,
FHELT Flaws—MoS, I Fe-g—C,N, , & & b BHE I H
SR AG R R R R, RPDLA #OR T E S d R
T REMS M, B 6(b) s iy EIS 45 R 3
B, 5 Flaws—MoS, Fll Fe—g—C,N, b, Flaws—MoS,/
Fe—g~C;N, RIBHLT IR IR A2 de /), 3 15d I ) 2 1
RS OUAL T FL ik B R R A A RS A, AT AR B T
JCAEAL R SN L TR S O S B 5 DGR
VRS R A —2L,

HL 3% BE /(mA - cm™?)

0 20 40 60 80 100 120 140 160 180
i) /s

(a)Fe—g—C;N, Flaws—MoS, KM HE &K 1-1 K

-Z"IQ

0 500 1000 1500 2000
710

(b) Fe-g-C;N, Flaws—MoS, K HAZ & kR EIS K
1—Flaws—MoS,/Fe—g—C;N, ;2—Flaws—MoS, ;3—Fe—-g—C;N,
B 6 Flaws—MoS, Fe-g—C,;N, #1 Flaws—MoS,/

Fe-g-C,N, 8 -t % EIS A

2.3 f{EEE
2.3.1 AR

WK 7.3% 2 BoR, 26 B MoS,/Fe-g-C;N,
A AL A RRB 7 1,20 min 25 B % ik
81.89% (k,,=0.063 6 min"") s FE ML A Pk}
Flaws=MoS,/Fe—g~C,N, EBRHEN 99.41% (k,, =
0.255 2 min™") , W LR Flaws—MoS, %k %

0.0 adsorption | visible light /US
0.2
£o4
S
< 0.6 x
0.8 [
1 46 ~o/7
1.0 1 —
. -20 0 20
B 1) /min
(a)MoS,/Fe-g-C;N, K Flaws—MoS,/Fe-g-C;N, [
SIS fik th 2k

BEES Flans-MoS,/Fe-g-C, N, SRENRERRR LEB NI ELHR 171 -

In(c,/c,)

15 20

05

10
i8] /min
(b)MoS,/Fe-g-C;N, & Flaws—MoS,/Fe—g—C;N, K

S oy A i 2k

1—MoS,/Fe-g—C;N, (light+H, 0, ) ;
2—Flaws—MoS,/Fe-g—C5;N,(x=1) (light+H,0, ) ;
3—Flaws—MoS,/Fe-g-C5;N,(x=3) (light+H,0,) ;
4—TFlaws—MoS,/Fe—-g—C;N,(x=5) (light+H,0,) ;
5—Flaws—MoS,/Fe-g—C;N,( US) ;6—Flaws—MoS,/
Fe-g-C;N,(US+H,0, ) ;7—Flaws—MoS,/Fe-g-C;N,( US+PMS)

W7 FE G 25 A & A
W — R BT R R &

R2 AELLHIHFRAIPBEREMBP—RE N EREL

e wne
% min”!

MoS,/Fe—g-C;N, Visible light+ 81.89 0.0636 0.9970
H,0,

Flaws—MoS,/Fe-g-C;N, Visible light+ 94.88 0.1494 0.9718
(x=1) H,0,

Flaws—MoS,/Fe-g-C;N, Visible light+ 99.41  0.2552 0.9821
(x=3) H,0,

Flaws—MoS,/Fe-g—-C;N, Visible light+ 98.29 0.2024 0.9958
(x=5) H,0,

Flaws—MoS,/Fe-g-C;N, Us 82.14 0.0285 0.9334

Flaws—MoS,/Fe-g-C;N, US+H,O0, 99.91 0.2449 0. 8555
Flaws—=MoS,/Fe-g-C;N,  US+PMS 99.68 0.2375 0.9963

AEW BT Hrh FEARE GRS Flaws—
MoS,/Fe-g—C N, (x =3 ) HEALIF M P RE B 1, DG o5t
THEAL RS RhB HS2El 99. 419% 19 EBRR (k,,, =0.255 2
min~") .

X} A B Flaws—MoS,/Fe—g—C,N,(x=3) i
1R R AR, 76 B L I R R 2 (US) %
TR IZAMEARIBAT %5 O 5 W B ffAE T ,20 min J3BR
R IK B 82. 14% , A FOGIF W [A) 45 2% 144 1
H,0,/PMS, I 75 +H,0, 523 99. 91% 1y £ %
(k,,,=0.244 9 min™") ; HFH+PMS SZH 99. 68% 1 %
B (k. =0.237 5 min™") ; JEHLAEAL S 1F T ARt
R — G S I o 8 LT RO SR 4% 4+
-, R RAF Y TR R A AL R RE

FHIA S 24514, 43 BIXT Fe—g—C N, Fl Flaws—
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