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Kinetics and mechanism in catalytic degradation of phenol-containing
industrial wastewater by Fe( II ) /CDs/CN composite
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Abstract:Fe ( Il )/CDs/CN catalyst that is synthesized via hot polymerization-impregnation method is used to
catalyze the degradation of phenol-containing wastewater.The catalyst is characterized by means of XRD,BET and XPS,
and the optimum conditions for phenol degradation are studied. Results show that Fe ( Il )/CDs/CN catalyst has good
catalytic degradation performance for phenol solution, also can catalyze the degradation of phenol in actual industrial
wastewater. This catalyst has a certain application prospect in the treatment of industrial phenol-containing wastewater.

Key words : phenol ; catalyst; degradation; industrial wastewater

FE43BFE 10 H
2023 F 10 B

P2 by Tl o s (57 FH A9 A T D T g
JERZ Tl A P= R =t i HR ) 275 Ye g ia
ESSPNYSEIES /N NI IE T U G
S TEMZRAL A R R UL AR SR A
A ] BT HLRERASE PR Iy B K VA Pt H.
J& T IR TR R A5 A e JBE K AR 2 X K PR3 i
A PG ] e A g Tl R K iy
AR 15 Y IR — S R A A e Y R

W Tl B K Ak PR 2B ATy Bk Al
TERUAE Y R S B B AR KRS TR T
AWy Ak PRVE TR U R AR R S AN 28 Tl R
KU AT X 2 PR HEHE AR | fhAE AR A B K
R N HVEE)T, 1894 4F Henry). HFenton KL T
SRR TR SRR A TR S Ak 3K R K A 4K
Jridio MR ALE T R BRIE K b A SRR ] 4=
YIRS IR SRR b A L e
(e [ el B EAT AL BT (R R B #B

JEAZ pH FTBR , 75 00 2577 A KB I5 e, o BR 1 K
IG5y, TRIFZ¥EEDH Fe B T F %
R E SR AAS AR M iR, A AR (CN) 44
B AR R R E I SE R, A 20 B RGEH,
HAFEFREERES ) YK G (CDs) S —Fhal
KBTS nm) , BAT RIFR A A TE KR
PRV IR HBEA ST AL H,0, PEAE R A 3k,
i H 4 R B T8 2 A S AL AR/ BR 40 K S R
A REFFTRR I HLAE A PLTS YK b B A
RAFRYRER

2021 4F Yang F1 Bai %" 9T (105 2% 42 Jm B
T4 SR A AL 7 SR A LR R AN K 5 R A
BHEE A MLTS YLy e it 1) ot i b SR B A S A i sk
K, CN Ml CDs 1Mtk 2 5 A i &2 AR R R B
EEEALIEE, Lin ZYHFSEIEW T CN Al CDs JE
BRI E A MORHE A YE I B R X 1,0, 43 A -
OH 7=A: A7 — & MAE F  Fang 5 42 T 48 2% W0

%5 B #A.2022-12-15; & B H #1:2023-07-30
E£WmA . HKARPEEEHETH (21707108)

TEE RN NS (1996-) 8 W55 A=, FEEWF5E 5 0] K75 /KA B, sunjianfang@ whut.edu.cn ; 474k (1984-) , B -1 BIHEZ , W58 7 ) A TS5

AALFR 3B THEE R N , yangmiao@ whut.edu.cn



2023 F 10 B

BRESTHY CN/CDs 5 M0k W T R AETE IR E &
OB T B H,0, 73 BN, K WP Y Haber —
Weiss SR [ a(1) 52X (2) 1™, B3 T - OH
(A I, B T A HLTE e i R BRaeR Y A
REW T w1 M m A WB 4 CN/CDs &
AR LR A ROR
Fe** + H,0,Fe’ + OH -+ OH" (1)
Fe** + H,0,Fe’* + HO, -+ H* (2)
WL E S W Fe (11)/CDs/CN ##
BH IR T RAL AT, 5 T AL I R
IK A A 4 o R R A6 pH I 4R RUAA K e
JEXS AR AR AR, I HARTE 7RI
IVANIENEEE: S ik oo vg Il Rl T DE (R SOl

1 KF 5

1.1 k7

JRZE  — KGR LKA R 2RW , 4
Mrati, B 2548 Ak R0 A B2 m) AR 77 S E Ak h
30%it EAL A BRR 4 -F I bR BREIL BT =
K BRERR BRI AR FhER | FHEE XA
1.2 {%:8

L 3f s 3 A S o A S L AR X O
LATHHAL; X Lo F RIS ; BET B2 i i
ASC s T I T ARG 3 58 4 LR S KT AR AR 5 2B R
s pH B S AN-1] WA EE T

2 XWHE

2.1 EEFINTHSE

KAWL A % Fe ( 11)/CDs/CN #BH™ 3
SELIFTAGE IR I IR 25 A il 1 LA B AH SR A i 1Y) k)
FHIAR A W07 1A U K s/ A1 SR A R AR s SR 5
il IR Wk B 1 1 28 7F CDs/CN 1" 1551
TR ER A5 B B O, 3 5 F B B B BRR RCR, 45 3
Fe( 11 )/CDs/CN ¥ ¥},
2.2 LWHE
2.2.1 EByEREME

IR WA FE ] 4 — 28 225 LU MR 6O FE vk
AT . FHIROY BE 5 2 1 3 v B A M i &
IR R KT 0.99, Tl /K 1R 2K B FH v S0
AHETEACHEF TR AR AR V) sV (OK) =
55:45, MAE A 0.5 mL/min, K% K 4 270 nm,
el e T FRL 55 2 T V5 R W B ASOb v D 4k, A DG R K
R* KT 0.99, I FH PR I8 ff 43 6 % B v% (HI/T
399—2007 ) Kl fb 27 7 4

IRFEF:Fe( 1)/CDs/CN EEMMENRRESH TR KN NZ SNERR - 127 -

2.2.2 Fe( Il)/CDs/CN 5 & #+ 4 3+ 3 By 16 % 04

100 mL AR B (200 mg/L) , FHWK i
0. 1 mmol/L [ H,SO, ¥ A1 NaOH ¥ R 15 7%
W) pH, ARG IMA —E &1 Fe( 11 )/CDs/CN & &
PR, FRETFHERE 5 min (AL 51508, B e,
PIUAUEEIK TR SO 3 PE BT FR ] o BORE >k
R e N S PR VR AR | e A e e
AT,

X F 2R A TN R K o i S 3 1 S TRE AR
Py Jo v B R 150 mg/ L B, 15 pH oA 5, H,0,
W RESN 50 mmol/L, bR Bk EHN 0.5 ¢/L, T
b B 7K 3 BRI R W v B R Ab 3T S P K
COD 1,
2.3 BIEKI

KT VAL PR, 7E 25°C .200 mL L
e, 0.5 o/L AL FIAE L 200 mg/L 2R B Y %
i, SN 40 min J5, [ ¥V HHOIMA v R R R 19 i
IFHANFEBEEUK A4 2R 1 JoT 5 TR B2 115 2 200 mg/L,
T IRERAE 3 Uk, AR A o) SR I R R 3
2.4 EEYBRIA

R T WG B AR T, X R G A T H
P A B ST, VAR T ek P Y R 2R R
B EEAE R - OH AL, X RER HAE O, - Ik #5
TR BR300 A [R) A8 Y8R K500 A % L 24 T 1 o fi
BRI R R BTEEY R

3 GRS

3.1 #EBRLE

Wit XPS WF5E T Fe( 11 )/CDs/CN & &+ RHAY
2z o Ak 2R 25 SR A 1 R, AL 1(e)
hrl L E L, 8 5 XPSPEAK4D 3 14 #1485 1
Fe2p3/2 Fll Fe2p3/2 i&EI 44 2 4k, UG 45
X RTF Fe( 1) A1 Fe (D) Y45 A REWE AR, 2 WK
Iy Fe( ) BB T Fe( ), %455 5 XRD 1
IATE R 2, W 1(b) TR, N JTR L 3 A
ERAETE, 0 W JE C=N # N—(C)3 #LL & C—
N—C 8, HE 1(d) P IE M, C WA
N JTTEEZHE, 2008 C—C 8 C—H # . C—0
i C=0 B COOR "> F B L (CDs) A
4R AE Fe( 11 )/CDs/CN & &k K |, X F1 TEM
B AT 45 A X N . 284 XRD,BET ,TEM %5 3R 1E
S5 BT R B



- 128 - A AL T

Nls

AR 3R EE
AR R EE

1200 1000 800 600 400 200 O 404 402 400 398 396 394 392
8 R8/eV 4RV

(a) &EE (b)N1s &K

AR BREE

AR SREE

297 290 288 286 284 282 280
gEhtereV

(d)Cls %A

740 730 720 710 700
rnnﬁE/eV

(¢)Fe2p 1A

K1 Fe(Il)/CDs/CN # ¥ th XPS A

3.2 HIMEBSBHER
3.2.1 MEH R IREG YR

AR ST St e B T R B A A A S e A [T 2 ()
Fiims o Kl 2(a) BRI T B 1 AU G 4
mE 2(b) s, H45 W AF G — G v 8l J) 545
A PSRN 1 R,

1.0f
0.8+
-0.6F
Q
© 0.4F
0.2+
0.0
0 10 20 30 40 50
5 /8] /min
(a) B2
ot
1}
Eo -2r
Q-3
=
4}
5t
0 10 20 30 40 50
5 8] /min
(b) Befrah 15

1—0. 05 g/L;2—0. 1 g/L;3—0. 15 g/L;4—0.2 g/L;5—0.3 ¢/L
B2 A& BT & R X K B AR
#:c(H,0,)= 15 mmol/L,Cy=200 mg/L,pH=5,
i1 2 FI3R 1 el LU Y Bl HE AR R0 A o
P JEE ARSI, A 5 A6 e 23 A0 B 3R R 358 ¥
R, D PR S 0 AR 98 el 5 s 7 A R v ) 3

FE 4355 10 8

F1 EUFRERENEBERENNNZSHNRM

AR R RBRERR, kY

2
W (L) (el % omin
0. 05 0.2 75.9 0.0287 0.9966
0.10 0.2 86.3 0.0387 0.9986
0.15 0.2 97.4 0.0557 0.9899
0.20 0.2 99. 4 0.0730 0.9344
0. 30 0.2 99.9 0.3737 0.6909

RLASIGAN, SN R ARG bR (E R e Ak 700 9 B
WEER 0.3 o/ L W, FEAf R B ARARZLIE N, (H2 %
JE B A S5 25 07 TR B Y AR R BT R R R
0. 15 g/L B AR B i 22 L 22 HE AR 5] 100%
3.2.2 RRERERERENGHA

ARy J5T e YR T KT A Ty I ik 140 52 ) 0 18] 3 () i
o M 3 (a) Ha] LU, SR By Y o i vk B Oy
200 mg/T. B AT} A A 86. 3% , 7 I3 I ik ki ik />
(/T 200 mg/L) B 248 B [ i A2 3K 5] 100% , 3% 2 A
SRR A TR TT fE v B ) AR R i AR B
FH 2 70 I RE R MR T 2R ), R e rh = i
WAHETEEI AN 3 (b) s, ME 3(b) o] LA
L RV min B A i) 5 49 A U 1T AR S R 20 min
I 2ER 22 R 20 min B} HS B0 T 580 09 i HL2E

1.0r
0.8F
_0.6F
18
S 041 4
3
0.2+ 5
0.0r
0 10 20 30 40 50
B 18] /min
1—50 mg/L;2—100 mg/L;3—150 mg/L;4—200 mg/L
(a) FEfRR
100000
80000} IR ES
60000+
2
40000+
20000+ 2
1
0 N N L N n ; N
0 2 4 6 8 10 12 14 16
5} 8] /min
1—5 W 5 min 32— i 20 min

() WO €
B3 KRB R AT KB AR

He(H,0,)= 15 mmol/L fEALFFEWKE=0.1 ¢/L,pH=5,



2023 F 10 B

g3 P AR 08 R AR T 2 33 2 2 Tl A ik 7= £ ) v ) =
P PR AR St 7= A 0 v D) 7 ) S B T T S
5 min 2 J5 [N SR B AR, 33X A2 R SRy ORI R fi = A
F8y T[] 7= 4 55 2R B B AT Il e T 3
3.2.3 RF pH 4%

pH AT L5 il 48 Ak 550 36 1 | 480 A 700 R 4 9
MBS LT SR A R R Y
W, 8T IR IR pH X A AR R B i S, An 5] 4
fimm, ME 4 BRI LB 1, Bl pH Y38 in 8 w1
R it 26 B b [ AR, X2t T pH R HL0, 1947
i R A LA S Ak L BRI DA B A AR 2 05 T
WA AAL LA, T3 - OH 138 I, 76 7 40 B
pH N 7 B, ZE W AE L B 50 min P 58 4 B iR
Fe( 11)/CDs/CN #EAL I 7E 4 pH 38 BB PN 19 95 14
T ARSI A R 0 R I, A e R
PEMY pH Y P, TET5 LA B pH RIAT 5230 24
Ak,

1.0F = - ,
0.8 4 5
- 0.6
Q 1
2
O 04
3
0.2 2
0.0
0 10 20 30 40 50
B} ) / min

1—pH=3;2—pH=5;3—pH=7;4—pH=9;5—pH=11
K4 TP pH At KB AR %0
H:c(H,0,) = 15 mmol/L, C, =200 mg/L, k5 i ik
B=0.2 g/L,

3.2.4 H,0, REMFHH

H,0, ¥R BEXT AR B B A 52 e A ) 5 s, A
K5 R U Y, H,0, WBELE 5 mmol/L B 22y (1)
RN 65. 85% , H,0, WIEHINF] 15 mmol/L I
M A R R A 2] 100% , 3X /& T H, 0, MRS s

1.0+

0.8
0.6

¢
S 04
0.2} 341 2

0.0

0 10 20 30 40 50
i 6]/ min

1—5 mmol/L;2—10 mmol/L;3—15 mmol/L;4—20 mmol/L

W5 REAKKE KB MR

1 :Cy =200 mg/L AL REWKE=0.2 ¢/L,pH=5,

IRFEF:Fe( 1)/CDs/CN EEMMENRRESH TR KN NZ SNERR -+ 129 -

AR FRAE A B RN E] 20 mmol/L A
R 1 PR e S R W G N, 75 50 min I 3 3R JE — A
H, R, A H,0, #REESA 15 mmol/L,
3.2.5 EEMA IR F

KR AR 25 RO RIS PE A A 6 Fir
o TRV PP S IIAS ) e B 0 P BSE, AR B AR e v
FERFERE E R N 6 (a) TR LLE 2R
P53 ) e A P B A T 52 B ], 2 BRI 7T LA
RS [ AR VE AT oA, JF B A B
T OL T AR M SEASE I R . RIS ARRAE ) &
BTG BR AU R B KR AL S X R R B
SEHEATIERR Y . N 6 (b) FT LA A | 7E 7] 45 ik
JETT AR A4 i ROREE L s R A X T
X R AR 25 B AR 1 ph 0 [ It 2 0k ) i
FEHEATIERR o PR, R A B h 2 5 R
T VEY R 2R A A R AR AR A 2

1.0 %= —

0.8}
_0.6F
S 04} 3
Sl 2

0.2

0.0

0 10 20 30 40 50
B} 8]/ min
(a) F AR M BRI

010 % 30 40 50
(b)) X AR AR R v B3 )
1—5%F % ;2—50 mmol/L;3—100 mmol/L;4—200 mmol/L
K6 &g AR R LR K
€y =200 mg/L,c(H,0,)= 15 mmol/L, fift fb 5 JFi £ ¥ J&f =
0.1 g/L,pH=5,

3.2.6 EALH eI R B

FEREAS AR R T bR T LR R 1H R A i
Wk R — o W AE M, =M 1 min B
0.22 wm AR 38 Sk 8 R 8, FEAR R 254 T Bz,
VR R A YR A W I e o s T 194 2 Ak 1 10 4 %1
7 Fis . BT Hn] DL Y R XA I 2R % i R
RFDEWN, R FEIE A i FEAE YA s v = A
PRI, P DA DB 938 A ol o £ A AL 2 T 40 1 7 T



- 130 - FAX AL L

H Y Haber—Weiss K0, 3 (5 4 F S E R
ELAERf A 2 10 S N R R

1.01

0.8}
_ 06}

S

S 04f
02} 1
0.0 2

0 10 20 30 40 50

I 18] /min

1—3E ;2—0. 15 /L
B 7 R B IR R S 5

. Cy =200 mg/L,c(H,0,)= 15 mmol/L,pH=5,
3.2.7 PR EE

AR e A ) A SRR 25 R AN 8 B s, DAL 8
AT LUE th, 20t 5 D REMEER | B MG IR S R
T3 ) 5 28 B Fi R 43 591 R 100% . 99. 80% ., 99. 73%
98. 7%H11 98. 5%, Fe( I )/CDs/CN 0] Ll i 52 [
TELEA S AR R ) | X AT B4 2 R A 9T 1 AL
FIEE PR PERE — 3, I JE Fe-C MBS
Fe( I1) 19 Fe( 1) #G30 , ARFLe50f% H,0, , I HAFEE
PR A HEN RN EARENRE M, 2
HRR  Fe( 1 )/CDs/CN HA B 5m F AL BE 71, ]
DI 35O Fa e Mo A B R B K

1.0r

0.8
_0.6f
O 0.4F 5
0.2 143,
0.0

0 10 20 30 40 50
i E] /min
1—55 12— 2 IK;3—50 3 IR4—5 4 IR;5—5 5 IR
B8 KB M 0y 18 I 52 I
. Cy =200 mg/L,c(H,0,)= 15 mmol/L, f# {k 7| 57 & #&
#=0.5g/L,pH=5,

3.2.8 T BEKFREBEMGATR

R Tlb R K FEAEALR A VR FH T B R sk SR dn
Kl 9(a) fiion, MIE 9(a) ] LLE Y, )W 70 min
Je AR B FEA A 50 4%, (85 4l % ) 3% it 110 o i o %
AL, Tl K B W AH i T 9 (b) i, M
B 9(b) Haf LIEH, Tolk B KR T A ARl M
K HAB 5T, 3 L6 ) JoT 5 24 13 114 5% Ak S 1 7 A
HRFHR, COD EHFRN 69.8%, Tl KKK COD
WhEEBRSE A, XA T Tl R K i — 24 i G

FE 4355 10 8

AR A e e | (R0 DG 30 1 2 48 19 114 e
FRRCRARYF
160

T 1400

b 120

= 100}

8ot
60t
40t
20t
0

HREM IR A / (m,

6 1|0 Zb 3‘0 4|0 50 6‘0 70
Fi 8] /min
1—TP K s 2—4liR By

(a) T B K o T ) R A %

TE: oMk B 7K 8 W 5T b e BE = 150 mg/L, ¢ (H,0,)
50 mmol/L , fALF T W B = 0. 5 o/L, pH =5 ; Al K iy - 2K} ot
WHEE = 150 mg/L, ¢ (H,0,) = 15 mmol/L, f# b 5] it & ¥ i
0.1 g/L,pH=35,

noEm o

30000f
25000}
20000}

> 15000}
& 10000}
5000}

ol

-5000

0 5 10 15 20 25 30
i)/ min

(b) Tl K B AR 3
B9 Tk AKKEEE

3.3 BEREBRYIEMR

Fe( 11 )/CDs/CN 4k 751 [ fiff 25 By (%) #1122 4 4]
10 7R, 7E Fe( 1) /CDs/CN #4655 A By v 1R 1Y
TRARZR A, 2R T DUAEAS 1A 3R b oA 5o e A AL R
fiff, I FLAE T8I 35 T 0 0 ) 5 S 3 i A Hh A A
AEFUAFAE I 6 P 4 ot 2 BRI A i SE R AL
P [ ply 35 2R ) I I IR A TR R
X ] 7 B HE— 2P AL, B OB B R AR

%D 7J( [35]
®CDs H,0,
®@° (wuzn  COnHO
Fe-C 0247‘,‘ oH

Hzoz OIOH °®
cbs M R
-OH A
Fei I “an
- A
~ %%

Fe( I )/CDs/CN HEAbF RE S A 80 5% A R 1 | 3



2023 F 10 B NESE

WE—R N ) 12, I HAE FLIE ) Tl 2 7K B i 4%
P-4 A AL, TE R B B A b Wi pH ol 5 9 5%
F, 24 Fe ( 11 )/CDs/CN i 1k 5 5 & W & N
0.2 g/L H,0, ¥ Jy 15 mmol/L 4 M i) 5t 2 vik
200 mg/L B, 50 min N 5¢ 4 B i, X 0 T
Fe( I1)/CDs/CN fifb 57 Fe i b 55 BT 114 28 25 i Sz
N, TEBRFIAIE R, R0k A B 3L R BOR M
fif () B A AR, FEPRIASCE T Fe( 11)/CDs/CN
AT 225 3 AMIE I 5 AR I A B A et B 100%
A BTV K Hh 2R 1y A AR U b B A R0, LR
COD W ZFER N 69. 8% , {H AL AL FIME Ky 2=
B 2K h A ML & R TR B AR

S 30k

(1] ok, mia , 22 0t 45 & MR K 2806 BT HOR S OHAP 5
PEREL)] KA BEHE AR ,2013,39(4) :5-8,19.

[2] Zhang G,Zhang X ,Meng Y ,et al.Layered double hydroxides-based
photocatalysts and visible-light-driven photodegradation of organic
pollutants; A review [ J ]. Chemical Engineering Journal, 2019,
392.123684.

[3] Ssc A,Ch B,Chlc D,et al.De Novo synthesis of platinum-nanopar-
ticle-encapsulated UiO-66-NH, for photocatalytic thin film fabrica-
tion with enhanced performance of phenol degradation-
ScienceDirect [ J ]. Journal of Hazardous Materials, 2020,
397.122431.

[4] Gma B,Hha B,Xi L C,et al.A bibliometric analysis of industrial
wastewater treatments from 1998 to 2019 [ J |. Environmental
Pollution ( Barking,Essex) ,1987,275.115785.

[5] 2=k, sk, M. & R Kb B R R Sk ¢/
M?ﬁ%ﬁﬂ%?%’?ﬁ\“ﬁé.L THER R 2012

[6] Hendrie J] D,Blumer M C,Fenton H H,et al.Two fatty liver condi-
tions masquerading as autoimmune hepatitis [ J ]. Case Reports in
Hepatology,2021,2021(11) ;1-5.

[7] Baiju A, Gandhimathi R, Ramesh S T, et al. Combined
heterogeneous Electro-Fenton and  biological process for the
treatment of stabilized landfill leachate [ J ]. Journal of
Environmental Management,2018,210( 15) :328-337.

[8] Saravanan A,Kumar P S, Srinivasan S, et al.Insights on synthesis
and applications of graphene-based materials in wastewater treat-
ment: A review[ J].Chemosphere,2022:298.134284.

[9] Yang J, Song H, Zhang Y, et al. Preparation of functionalization
graphite carbonitride photocatalytic membrane and its application in
degradation of organic pollutants[ J].Surfaces and Interfaces,2021,
24.101092.

[10] Kang, Shifei, Cai,et al.Facile synthesis of Y-doped graphitic carbon
nitride with enhanced photocatalytic performance [ J ]. Catalysis
Communications ,2016,8 :22.

[11] Yue W A, X1 A,WI B, et al.Novel carbon quantum dot modified g-
C;N, nanotubes on carbon cloth for efficient degradation of cipro-
floxacin[ J ] . Applied Surface Science,2021,559;149967.

[12] Liu Z,Shen Q,Zhou C,et al.Kinetic and mechanistic study on cata-

Iytic decomposition of hydrogen peroxide on carbon-nanodots/ gra-

Fe( I1)/CDs/CN SEMRHELE

BSHTVEXODNF SNERR - 131 -
phitic carbon nitride composite [ J ]. Catalysts,2018,8(10) : 168—
172.

[13] Yang M, Inna,et al.Hydroxyl radical production in aerobic aqueous
solution  containing  metallic  tungsten [ J ]. Catalysis
Communications,2015,71:93-96.

[14] Fang L, Liu Z,Zhou C,et al.Degradation mechanism of methylene
blue by H, 0, and synthesized carbon nanodots/ graphitic carbon ni-
tride/Fe( I ) composite[ J].The Journal of Physical Chemistry C,
2019,123(44) :26921-26931.

[15] Zhu B,Xia P,Ho W et al.lsoelectric point and adsorption activity
of porous g-C;N, [ J]. Applied Surface Science,2015,344(30) .
188-195.

[16] Yang J,Chen W,Liu X, et al.Hydrothermal synthesis and photolu-
minescent mechanistic investigation of highly fluorescent nitrogen
doped carbon dots from amino acids [ J |. Materials Research
Bulletin An International Journal Reporting Research on Crystal
Growth & Materials Preparation & Characterization, 2017 ,89.26—
32.

[17] NI A,Fang L. A,Dx A, et al.One-step synthesis of N, P Co-doped
orange carbon quantum dots with novel optical properties for bio-
imaging-ScienceDirect[ J].Optical Materials,2020,111.:110618.

[ 18] Zheng Q,Durkin D P, Elenewski J E, et al.Visible-light-responsive
graphitic carbon nitride ; Rational design and photocatalytic applica-
tions for water treatment[ J ].Environmental Science & Technology,
2016,50(23) :12938.

[19] Nickelsen M G, Cooper W J,Lin K, et al.High energy electron beam
generation of oxidants for the treatment of benzene and toluene in
the presence of radical scavengers[ J].Water Research, 1994, 28
(5) :1227-1237.

[20] Tonda S, Kumar S, Kandula S, et al.Fe-doped and -mediated gra-
phitic carbon nitride nanosheets for enhanced photocatalytic per-
formance under natural sunlight[ J].Journal of Materials Chemistry
A,2014,2(19) :6772-6780.

[21] Qing,Han,Bing,et al.A Graphitic-C;N, “seaweed” architecture for
enhanced hydrogen evolution [ J ]. Angewandte Chemie, 2015, 127
(39) :11595-11599.

[22] Hu S,Jin R,Lu G,et al.The properties and photocatalytic perform-
ance comparison of Fe**-doped g-C;N, and Fe,0;/g-C3N, com-
posite catalysts[ J].RSC Advances,2014,4(47) ;24863.

[23] Wang M, Cui S, Yang X, et al.Synthesis of g-C;N,/Fe;0, nano-
composites and application as a new sorbent for solid phase extrac-
tion of polycyclic aromatic hydrocarbons in water samples[ J ].Ta-
lanta,2015,132.922-928.

[24] Xiang Q,Li F,Zhang D, et al.Plasma-based surface modification of
2-C3N, nanosheets for highly efficient photocatalytic hydrogen evo-
lution[ J].Applied Surface Science,2019,495.:26-32.

[25] Zhang H,Li W, Yan Y, et al.Synthesis of highly porous g-C;N,
nanotubes  for  efficient  photocatalytic ~ degradation  of
sulfamethoxazole [ J ]. Materials Today Communications, 2021,
27.102288.

[26] Wang Z L.,Zhang Z T,0h W C.Photocatalytic degradation of rhoda-
mine B using carbon-doped carbon nitride under visible light[ J].

Korean Journal of Materials Research,2020,30(6) ;279-284.
(T#% 138 1)



- 138 -

[13]

[14]

[16]

[17]

[18]

[20]

[21

[

[28]

[29]

[30]

[31]

Zhang Y, Zhao L, Kang M, et al.Insights into high CO-SCR per-
formance of CuCoAlO catalysts derived from LDH/MOFs
composites and study of H,0/S0, and alkali metal resistance[J].
Chemical Engineering Journal ,2021,426;131873.

Hendon C H, Tiana D, Fontecave M, et al.Engineering the optical
response of the titanium-MIL-125 metal-organic framework through
ligand functionalization [ J ].J Am Chem Soc, 2013, 135 (30) :
10942-10945.

Esania Z, Younesi H, Nowrouzi M, et al. Characterization and as-
sessment of the photocatalytic activity of ZnO-Fe;0,/TiO, nano-
composite based on MIL-125(Ti) synthesized by mixed solvo-hy-
drothermal and sol-gel methods[ J].Journal of Water Process Engi-
neering,2022,47:102750.

Yoong L. S, Chong F K, Dutta B K. Development of copper-doped
TiO, photocatalyst for hydrogen production under visible light[ J].
Energy,2009,34(10) :1652-1661.

Wang H, Yuan X, Wu Y et al.In situ synthesis of In,S; @ MIL-125
(Ti) core-shell microparticle for the removal of tetracycline from
wastewater by integrated adsorption and visible-light-driven photo-
catalysis[ J ]. Applied Catalysis B: Environmental , 2016, 186 19—
29.

Chen J,Zhang X,Bi F,et al. A facile synthesis for uniform tablet-
like Ti0,/C derived from Materials of Institut Lavoisier-125 ( Ti)
(MIL-125(Ti) ) and their enhanced visible light-driven photodeg-
radation of tetracycline[ J ].J Colloid Interface Sci,2020,571;275-
284.

Zhang Y ,Hu W, Wang D, et al.Electron shuttle in the MOF derived
Ti0,/CuO heterojunction boosts light driven hydrogen evolution
[J].Journal of Materials Chemistry A,2021,9(10) :6180-6187.
Wen N, Su Y, Deng W, et al. Synergy of CuNiFe-LDH based
catalysts for enhancing low-temperature SCR-C;H, performance;
Surface properties and reaction mechanism [ J ]. Chemical
Engineering Journal ,2022,438;135570.

Ghodselahi T, Vesaghi M A, Shafiekhani A, et al.XPS study of the
Cu@ Cu, O core-shell nanoparticles[ J]. Applied Surface Science,

LA AL T

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[30]

FE 4355 10 8

2008,255(5) :2730-2734.

Liu H,Ma Y, Chen J,et al.Highly efficient visible-light-driven pho-
tocatalytic degradation of VOCs by CO,-assisted synthesized meso-
porous carbon confined mixed-phase TiO, nanocomposites derived
from MOFs [ J]. Applied Catalysis B; Environmental, 2019, 250
337-346.

Liu F,He H,Ding Y,et al.Effect of manganese substitution on the
structure and activity of iron titanate catalyst for the selective cata-
Iytic reduction of NO with NH; [ J]. Applied Catalysis B: Environ-
mental ,2009,93(1-2) :194-204.

Chi G, Shen B, Yu R, et al.Simultaneous removal of NO and Hg
(0) over Ce-Cu modified V,05/TiO, based commercial SCR cata-
lysts[ J].J Hazard Mater,2017,330.83-92.

Chen Y, Liao Y, Chen L, et al. Performance of transition metal
(Cu,Fe and Co) modified SCR catalysts for simultaneous removal
of NO and volatile organic compounds ( VOCs) from coal-fired
power plant flue gas[ J].Fuel ,2021,289:119849.

Sierra-pereira C A, Urquieta-gonzdlez E A.Reduction of NO with
CO on CuO or Fe, 05 catalysts supported on TiO, in the presence of
0,,50, and water steam[ J].Fuel,2014,118.137-147.

Liu J,Li X,Zhao Q,et al.Effect of zirconium on the structure and
activity of Cu/Ti;_ Zr O, catalysts for selective catalytic reduction
of NO with CyHg [ J]. Catalysis Science & Technology, 2012, 2
(8):1711-1718.

Kalong M, Hongmanorom P, Ratchahat S, et al. Hydrogen-free hy-
drogenation of furfural to furfuryl alcohol and 2-methylfuran over Ni
and Co-promoted Cu/y-Al,0; catalysts[ J].Fuel Processing Tech-
nology,2021,214.106721.

Valverde J L, De Lucas A, Sédnchez P, et al.Cation exchanged and
impregnated Ti-pillared clays for selective catalytic reduction of
NO, by propylene[ J]. Applied Catalysis B: Environmental , 2003,
43(1) .43-56.

Rada Z H,Abid H R, Shang J, et al.Effects of amino functionality
on uptake of CO,, CH, and selectivity of CO,/CH, on titanium

based MOFs[ J].Fuel ,2015,160:318-327.1

(L#% 131 )

Prabakaran E, Velempini T, Molefe M, et al. Comparative study of
KF,KCl and KBr doped with graphitic carbon nitride for superior
photocatalytic degradation of methylene blue under visible light-Sci-
enceDirect [ J ]. Journal of Materials Research and Technology,
2021,15:6340-6355.

ke, T, 06, 5. Fe( V1) /Fey 0, AbBRATH 244 2 7K 14 Al
G ] 2 SR T, 2020, (4) :1671-1556.

Ma L, Wiame F, Maurice V,et al.New insight on early oxidation
stages of austenitic stainless steel from in situ XPS analysis on sin-
gle-crystalline Fe-18Cr-13Ni [ J ]. Corrosion Science, 2018, 140
205-216.

Katsoyiannis I A, Ruettimann T, Hug S J.Response to comment on
‘pH dependence of fenton reagent generation and As ( Il )
oxidation and removal by corrosion of zero calent iron in aerated
water’[ ] |. Environmental Science & Technology, 2009,43 ( 10) .
3980-3981.

Su R,Sun J,Sun Y, et al.Oxidative degradation of dye pollutants o-

[32]

[33]

[34]

[35]

ver a broad pH range using hydrogen peroxide catalyzed by FePz
(dinCl,),[J].Chemosphere,2009,77(8) :1146-1151.
Hermosilla D, Cortijo M, Huang C P.Optimizing the treatment of
landfill leachate by conventional fenton and photo-fenton processes
[J].Science of The Total Environment, 2009,407 (11) ;3473-
3481.

EM Rodriguez, G Mérquez, Tena M, et al. Determination of main
species involved in the first steps of TiO, photocatalytic degradation
of organics with the use of scavengers: The case of ofloxacin[ J].
Applied Catalysis B Environmental ,2015,178 :44-53.

Watts R J, Teel A L. Hydroxyl radical and non-hydroxyl radical
pathways for trichloroethylene and perchloroethylene degradation in
catalyzed H, 0, propagation systems[ J].Water Research,2019,159
(1) :46-54.

Bremner D H,Burgess A E, Houllemare D, et al.Phenol degradation
using hydroxyl radicals generated from zero-valent iron and
hydrogen peroxide [ J]. Applied Catalysis B: Environmental , 2006,
63(1-2):15-19.1



