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Abstract: Coconut shell activated carbon treated by nitric acid oxidation is used as raw material to load with
manganese nitrate , ferric nitrate , cerium nitrate and other active substances,then calcined at low-medium-temperature to
obtain Ce-modified Mn-Fe carbon-based low-temperature anti-sulfur denitrification catalyst. Its low-temperature
denitrification performance and anti-sulfur activity are studied by using a fixed-bed denitrification evaluation experimental
device and combining with the characterization methods, such as BET, SEM-Mapping, XPS. Results show that the
prepared Ce-modified Mn-Fe carbon-based catalyst has a high specific surface area and a uniform distribution of Mn on
its surface.The higher Mn**, Ce®* and surface adsorbed oxygen (0,) contents enhance its denitrification and anti-sulfur
performances.The denitrification efficiency of the catalyst exceeds 99% at 130-220°C.The denitrification performance of
the catalyst cannot be inhibited at low SO, concentration, and the denitrification efficiency remains still 88. 78% for 8 h of
continuous reaction.

Key words : low-temperature denitrification; carbon-based catalyst; SO, caused deactivation; Ce

ALY (NO, ) BRI R Y 2l 2
— i E B AR I 2 S EIR N | BRI A

2NH, + NO + NO, — 2N, + 3H,0
4NH, + 3NO, — 3.5N, + 6H,0

(2)
(3)

AR A5 ) R, 7™ H 45 N I fdt B R Bl A ) A=
K H AT, 8 A L8 R (Selective Catalytic
Reduction, SCR) 7 A PRI L 28 55 28 1 0 17 B A o
b NO, HERCRY 2205 15 . SCR H AR 83 Kb
i SCR SN PR3 SCR B FiI 1% 34 SCR 2R 3 il
BRA RN HR N A AN

4NH, + 4NO + 0, —> 4N, + 6H,0 (1)

SCR 25 B3 7 v T A 770 F1 e FLBR 2R 98 2 11,
DL ST AR, (HJE, b T iR SO, M
SR AE K NH, —SCR 4k 751 19 fff i 75 4, SCR %%
BT T UG AR AN R R A b TR R D4R
AR T N, BEEEPE . RAE AR R K AR T
SO, sZMR (HARSA SR & A — s it SO, , BT LA it
TERIR (<300°C) " A S B8 Bk At Ak 1k B Fn it

%5 B #A.2024-07-15; 1€ E H #:2024-09-11

EETB . N i ER (B IR) STEA R 52 I RREFIT B 428 w9 B B (R RHBE(2023)81 %)
EE R 2R (1982) , 5B B+, Bl S g UARI , FREEWF5E 5 ) o B ) SRR B 8 1 T/, 461096378 @ qq.com; K ¥ (1987) , B, i+, #4%, &

SR 5 ) R s e a8 R R A tsong@ njnu.edu.cn.,



- 160 - FAX AL L

W O TG R () NH, —SCR AL /& & & SCR AR
()R

UTAER , B LA RE (s v R ) B A SRR
27 WREBR LRSS &S FRALTEBURS e (R
RS ERAERR S SR A BN R E KR
5 7 FH RIS 04 T s Ak 390 s p AL R 3R AR L B
IR T A A Sk AR R0 1 SCR A RICR IR (2
40% ) (HZASIR AL AN 2 S AE AL ORI 1 5 T 7
B METCE AT DA R A AR

PRI, ) FH e 20500 A O 28 N 45 4 28 AR AR Ak 3
B¢, il e ELAT R SR TG PR OB S e M R B 3 R
F AR SCR AL AR R I 58 A 2 — | i)
S 4 R A AL A B AR IR SCR AL &% 52
K, Mn—Fe—0, F:AE AL FLE 100 ~ 300°C 1 5 it
FE R R E A SCR PERE A B e BR 1k,
W Mn—Fe' "™ Mn—Fe/Ti0,"”" Fl V,0,—Mn—Fe
T A A AR RO S AR R B I T 250°C B
J B E R AR

Mn—Fe -0, f# Ak 7] =i B A5 2008 B HAE NH, -
SCR 41T NO Ak K A B NO,' ™, 1iif NO,
5 NH, B9 &0 Fe NO B & 4%, Zhang 2 JIF B
FeMnO _/TiO, 2 W 0K NO Ak A NO, B0 K
R Ak LA AR A, Fang 51 W58 KB, B
Mn-Fe-0, 1555 % B 1Y fiA% A 7E NO E b F it
HESMEZMEH, R, 5T Mn-Fe-0, Mk
T30 R LA T 0 FOR B i I A R R
AL BLRE S, FEA MG EIC R Y, 4l (Ce) IFE
Mn-Fe-0, SAEALFIAIARIE SCR R I = L £
bt A A BRI A 32 56 L R, VR hy vk
oA s IEL A R o R e WO 3 A AR P 5 SR L A D g
Xt NO AL, NO, F1 NO, W e il V. fil PR £5 wk il iR
AR,

25 LUE R EAL 5 BB ST T 1 ol A4 i
il Sy TR AA T 5 AOPE Min—Fe Bl FEAEALTR . SR I
FE R BEAH PE Y 5256 B BF 58RI (100~ 220°C) S5 F T
TR IS PR A SO, M 3 X WA 1k BE 14 52 mi F A %
FREEPUBR TG 1, JF 455 BET SEM —~Mapping ,XPS %5
AL, BRI FURE i A B AL RR I | DA 7R L 4h
-1 TR AR

1 XBWEFE

1.1 s
RS IGPE R W 2 b A PR |, H

F445511 5

MK 515.1 m*/g, FHFLFAE N 1.051 nm, K4
Fi 580N 15% . iR (HNO, ) , 431 2l ; 50% i 12
B[ Mn(NO,), ] W, 7 Hrali; iH Rk [ Fe (NO, ) , «
9H,0 ], /T4l ; iR %l [ Ce (NO, ), |, 43Hr 4l ; SE56
HIK R LB FK,

1.2 EXFISE

DA S 12 o AT A B4 28 fr AL ) T 5 A

R 1R RS IS PR R B 28 K T OKTE TR
3~4 G, BT (105+5) CHEFE T 24 h, T &
25~40 H 25 AC,

BR 2 KD IR 1 AR BIRESD AC H 40% HNO,
FEWET 80°C TH R AU B IR Tt , IRl J 4, 1.5 b,
RGN B FKBEBRZE PP, % T (105+5) C 4t
FETHE 24 h 15BN IR E AR TEPE SRR 5D HAC

IR 3. FREL3. 46 ¢ 50% Mn(NO,), % 0. 15 g
Fe(NO,),-9H,0 ¥AF 0. 11 g Ce(NO,), #A,
NG RB K B AR 1.5 h BCH & A
Mn/Fe/Ce B SRIARTR G4 ;

BR 4 MK A R BRI L, OB R 2 il &
10.98 g HAC 2 A3 3 A 9K 14 I8 WL, 1 71 Bd +F
20 h J5 T (105+5) C HE46 T4 24 h, 15 3] 11 48
Mn  Fe Ce [ PEBAHE S MAC;

BR 5 KL IR 4 BT ARl MAC A K-8 2
$N L 7E 200 mL/min N, S5 .5°C/min FHE R
T, HEIRTH 2 400°C , FFARFFAE 400°C TR 4 h;

IR 6 A5 IR )RR 2 200°C BB
YI A 200 mL/min 25 55, PREFTE 200°C T 4k 4L
JBele 2 h IR NAE HARS AT =R, B E 12 ¢
TP AL P A L B 3 SCR M i i b )RR L iE h
TMn0. 5Fe0. 5Ce/HAC,

1.3 LHRBS5HR

I FHARR 1 5 DR O 5% 3 2 8 XA A AR ot 7
PRAHRCRE BTG S s B A 1 PR,

\ ot

N, 0, NH,NO CO, SO,
B1 #HABRZKEHEELREE

2 F LU E R R G AR S
M RGBT RGN, 3z E R



2024 F 11 B

IO g RAAR A A7 B4 (N AR 25 mm, A% 30 mm, K
500 mm) , SEEFLAR (FLAE 200 H ) 7 T HE B T i i
1200 mm &b, J B i F A 6 T e ( TPV -
1200-30-200 Y, “Z BB RS A PR w4 ) )
PRl IR, A i IR 1200°C , S50 B il 4% 20 2 A
A BRI R R R FE £0. 01%
S. P&, G SR L T U % E J B K R S
TSRS ( Ecom]2KN ) FFEE I |

SEEGTFURET, B0 K 12 o L FIE T A
() S PEFLAR L, IR A 4l N, W DL 25 BRas 54
M2, SRJE, LA 5°C/min B T3 8 8 A2 = o
BB E I IR E (100 ~220°C ) . 3k 3 H bR iR JE
Ji , SR B, PR SRH 0,.C0, .
SO, NO \NH, FIl N, &R G IR G W EHA
AVEE B, N JE SR AL SR TS 2 5
TESE TR, Hor fRBRES 3 (GHSY) 2 10 000 h',
M 2 L/min, NH,/NO FE/R HLHEZ R 1, 4 HF
FEHUPERERT , SO, (K40 0~ 150 pL/L, &4
SRR AN ER 1 R

1 ELESSASERSE

WA R EL e EIBEN 2T e
©(0,)/% 6 @(NH;)/(pL-L™") 400
©(CO,)/% 12 ©(S0,)/(pL-L™") 0~150
©(NO)/(pL-L™") 400 ©(Ny) /% TS

1.4 HIELEERAETEM

K H NO JBEBRSCRE (ny, , % ) 1E R A AR T B AE 2L
BTN AR, Ha A Ay .

Mo = {[@(NO),, = @(NO),, J/9(NO), | x 100% (4)
K. o (NO), F B0 #f i H NO IR TS 40, %
@(NO) A RaHHAH NO TR, % o

A A 3l b 2w AR KL B BE 23 A A ( BET,
NOVA2200e %Y, 5 [&] B3 A= 7 ) 0 7 Ak 700 B o 1Y)
bR AR S ALBREE I 2450 FIH X P40t 1 Reis
I (XPS, 3E EFEER K, EscaLab 250X1) #ill {4k
FIFEAH C 15,0 1s,Ce 3d Fe 2p Mn 2p TTEM L
I A 344 F - 308 (SEM, Sigma 500 %Y, 1
[ m] A7 ) W0 32X T 500 AR o ) 2R TR AROUE I 35 5 )
H X B2 BETE{Y ( EDS/Mapping , EDS Quantax % {2
[ A v AR 7 ) I fre AR A i R T I T 2R 43

2 XBHRSITIE

2.1 MR EXHEL TR R A0
TETG SO, BRI AT, S il BE (100 ~

ZVENTF : Ce DUE Mn-Fe BREBELTNRRBE TSNS I - 161 -

220°C ) % 7Mn0. 5Fe0. 5Ce/HAC ik 5 it fils 550 % 1)
N 2 B, M 2 Al LA, 76 F v I
J 100°C i, 7Mn0. 5Fe0. 5Ce/HAC A Ak 71 1 i il 2%
FE IR 91.65% 5 24 I i FE i 130°C B, B iE A%
R E P F] 98. 99% L I,

%2 REREXEATIBRR R R

SR/ °C 100 130 160 190 220

Nno/ % 91. 65 98.99 99. 99 100 100

TMn0. 5Fe0. 5Ce/HAC 4k 7 75 55 5 A9 A% & T
VEMRBE TN S0 T 5719 SCR 6. —Jr i, fi%
Ui SCR &2 % 176 Eley—Rideal HLEE (K2 NO 50 f
() NH,, S Az B3 A i 3 45 3740 % 4 H,0 1 N,,)
F1 Langmuir— Hinshelwood #LEE (W A9 NO 5 414K
V75 R B A NH, R R AR B HL,O AT N, ) F
R AL P B 2 3 T HAC 3R &% EUE BE
T BREEHE | X B0 5 SR RE AT 2 NH, W B4 1k 571
FUT NG A, BRI R T SCR A% 5 —
J5 T, Mn A Ak 500 o 2% ) 3 2 57 5 R0 A B 00 R 55
R S5 A A B E A S Mn—Fe—Ce—-0, 115
9B 1Y) AR SE7E NO EAb e R R e,
E— 4 SEUEAL IR RS IS TR IR,
Ce VE A BAE R BHEA B A A AR S RE 1, o] W B}
FfFENE 16 A, X NO S AL A NO, A NO, Tz
B A R R o A R £k A e b A
2.2 SO, TR E 3T 48 1k 3 B A 2 2R B $ M

BRI TR B R S R AP A A
iSO, A SO, MIAFAEHRE X AL () AL TG
PEP=H AR, B AR IR AR L5 2 6 PR ™
A TG IR, B R R R A7 PR 6 4 ol 2 (44 Ak 751 o
BEMEFE R 5 ) i Ak R AR U SCR R by, HL## 1k
SO, My 51 A Ja A nl ik &2 JE Sk R S 0
7Mn0. 5Fe0. 5Ce/HAC i £k 7 7 5 W I8 FBE S~ 180°C
i, AR IS A AN [FAR TR 5388 SO, BEADLIH =Bt 1y ot i
R IE 2 iR,

90} ¥ 1 1
80| 30ML/LSO,on N
70k 90 HL/LSO,0n ) !
R 60t 150 uL/L SO, on
e sof 150 PL/L SO, off
& a0t
30l T=180C;NO:NH,=1:1
201 —=—7Mn0.5Fe0.5Ce/HAC
101
00 60 120 180 240 300

J L[] /min
B2 SO, AR o B4 b 7 B a2 00 & o



- 162 - A AL T

H L2 AT, SO, (RSN 30 wl/L 3 fin )
150 pL/L B B MR BN PR 1 h, 45
B BB RCR IR AR T 99% L) _E 5 24 SO, 2= 11 Hin
NG AL FIAT L 99. 5% 1 15 1t il 4% 38 4k 8 F 1
FHEE T W4 & AL P AL ), Mn—Fe—Ce 415 1L
FIEAWAEDT SO, BE ATV AT . X RN
7Mn0. 5Fe0. 5Ce/HAC AL EA F 5 1R PE A AT
G AP (Mo Ce™ A Fe™*) UL M B I 1) S8 Ak iR
JERES s Fe MMAEHE T Mn F1 Ce FEHEfL TR
THI 530, B ARBRIR ER 1 A 1, [RI  484% Fe T A 850
il SO, 5 NO, FEHEALFINE ML & 158 4 B, AT
WA 4R AR s
2.3 EAFINFEERMPFEESE

JZ VT R 180°C SO, AN 0 w/L I
90 pL/L &1 F ,7Mn0. 5Fe0. 5Ce/HAC fEAb 7 3745
SV 10 h AR AR A 3 B

100 o—a—a—s—s—e—s-a s oo gz uanuus
90} -l
80 2.
70 °

s 60}

~ 50

& 10| 7Mn0.5Fe0.5Ce/HAC
30} T=1807;NO:NH,=1:1

0 1 2 3 4 5 6 7 8 910
SCREE ]/ h

1—0 nL/L SO, ;2—90 pnL/L SO,

E 3 A SO, 8 b 7] # 5 R B LA
BEWH W

i &l 3 A1, 76 JG SO, B}, 7Mn0. 5Fe0. 5Ce/
HAC AT B S TG PE SR M 5 M 7E 90 pl/L
SO, AR, AT 5 h RILE ST, Z 5 FFUR T RE, 25 8 h
2E R A IR R R AT B ik 88, 78% , LB R N[ =
5510 h (1Y 66.58% , X & TRl KV R 21T,
FEHEALRIPER T SO, 5 NH, [N AR i e A g%/
TREREL RN B 55 T A0 700 2 11 6 P8 A, 2F T 5 )
T A AR 25 T %) R B R, e AR R
BR T NH,-SCR it TR, 1Loh, S0, il fEs
HIEM TGOS A4 e R R A, S 208
PEHUOALEI/D , H 4 R AR SRS AT, Ik
FEAE G AL PEAT SR XE LA &
2.4 fEWFIRIES R

T R ST TMn0. 5Fe0. 5Ce/HAC AL
V8 00 A 5 P RO B, 488 7% B I Tl B L SO, AR 43
BORRESE SN0 A0 77 2 T 2540 LA B 1 rp oo
(R RE I, XoF 52 07 i Je R A A 770 439l 14T BET \SEM -

F445511 5

Mapping XPS 7347, B AR TC SO, AU
1 h J5,180°C T SO, 4 T [ 10 h J5 ,180°C 30~
150 pl/L SO, JJJ5 . 180°C 90 pl/L SO, JZJi 10 h
JE I S FEES Bl R 17 2% 3% 4% 5%,
2.4.1 BET % #7

S B R A R RIAS [] 000 SO s A AR 1) bR T
AL LRSS 20N R 3 s,

R3 FEHEEFMAEIRKRG#LT BET

SER
e BET LR MRV LEBY LR
" (m*-g™) (em®-g™!) nm
1* 443.9 0.191 1.418
2* 420. 1 0.187 1.395
3* 422.2 0.177 1.384
4* 411.7 0.165 1.424
5t 377.9 0. 139 1. 057

M3 AT LA 1 B SE AR HNO, E AL i 72
Hh E TR ol v FL 285 R TN & ok A R P A
G H 1. 418 nm, 78 55 T J5 G5 MR 52 B¢ 1Y
1. 051 nm, 5B HNO, A AL )5 H F) T 5 200 2 196
PEL 53 (Fe/Mn/ Ce ) FIEE 5 T 1 ¢ W B PEBE . 170
7% Mn 0. 5% Fe 0.5% Ce WAL HA B4 1)
FLBRZEA | L ALK 443.9 m* /g, TEA & SO,
SR T BE A S 7 e R e JHL AL Bt 45 4 B AR TE 5
M), 3t 6 B A E ELOE S B AR 0K . S48
S5A SO, B, KN TR EE R 180°C (SO, B4l
30~ 150 wl/L, BEEYBEAREE 1 h, SRR Y SO, R
S AL 1 b 2 T BRI SF 24 FLAR S i 45 /N | axX 2
F S0, By A S R T AR R T A A5 Y B
TS RAEANT i, AT B R 55 4 J5 BH ZE 4 1771
FLER, SR 180°C SO, IRFM 4R 90 wl/L +F
SRRV 10 h 5 H R m A SRR LR
HIRRRAIR , 1R T AR ) B TR 6 0 T 7 25 e i Ak
FNF, S ZEMAL RN TEPEAL T, BURH B B RL
RAHA R
2.4.2 SEM-Mapping % #7

HE— 25 3 W AR A SN 11 IOUR 235 48 N 2 1T T
B ATAE N, B A AR RS [R) 00 52 R S A Ak 5
1Y) SEM~Mapping 73 #7 #8 F- 4 &l 4 s, Hird 55 1
JZ20 SEM BE R, %5 2 J28 € .0 Mn Fe Ce fil S JTH
i) Mapping F& 7,55 3 28 Mn JTER, 5 4 Z N S
L&,



2024 FE 11 B

- 163 -

B4 e v o0 Ao R B TR RL JE 4 6 7 89 SEM—Mapping 2 7

ZRA R 4 FFE 3 AIAL 148 Mn Fe  Ce 153
PEA R e 1 308, LR LR UL 32 SOWFLBR
it 2] T W s . ML R I Mapping FR
R DA B R m iy 0 SeR B R H A
¥5), ATLARER B4 A B ) Mn DT R 5] 404
I AL GFL N, 3 B T4 AR R 9 Mn* 3%
PEOT 5B, DT 5 Ak GG TR B A e e . AH EL T
1" JG SO, A4 2 Fl 37K, 7E SO, AU R
() 4" F 5TRE S AR R T S STTRII B 2 B
S m AR R, AR ISR 10 h /Y 57
RSB R K, S TR BB E L, 24512
NH,HSO, 5 (NH,),S0, ViFEAL i, [F A2 S
Py I AR T A AR R % DAL 1 2 ZE TR Min
Fe Ce 1% 2H 20 R M 007 A5 A0 A 35 | DTG K R A1
AR IR AR RE
2.4.3 XPS 547

SRS T A AR R B R P R XPS X
NEHTE S FR AR RE 5 2% T ZAR S AT XPS 4
Mr, S5 AN 5 FI 4 i,

SR /a.u.

660 655 650 645 640 635
Giffk/ev ZiahhleV

(a)Mn 2p (b)Fe 2p

R /au.
SREE/a.u.

920 910 900 890 880 870 540 538 536 534 532 5|30 528 526
iy Ziaterev

(c¢)Ce 3d (d)0 1s
1—1%;2—2%;3—3%;4—4" ,5—5%
W5 A& XPS 35 E
F4 BEULFERF Mn Fe,Ce 1 O TEMTH
HXRESH
HEALFIRE & 1* 2t 3* 4* 5"
w( Mn?* )/ % 32.07 33.32 31.92 34,21 39. 89

w(Mn*)/%  31.68  29.09 32.06 30.94  27.81
w(Mn*)/%  36.25  37.59  36.02  34.85  32.31
w(Fe)/%  45.39  47.44  48.02  50.68  51.94
w(Fe*)/%  54.61  52.56  51.97  49.32  48.06
w(Ce¥*)/%  40.26  41.93  39.87  37.49  30.57
w(Ce*)/%  59.74  58.07  60.13  62.51  69.43
w(0y)/ % 45.84  45.22 47.13  43.04  41.32
w(0g)/ % 17.13  15.45  13.11  15.60  16.46
w(0,)/% 37.03  39.33  39.76  41.36  42.22

ME 5 (a) H AT LIE H 7E 639. 6~645.3 eV Fl
651.4~656.4 eV AbAF 2 4~ EE 3 5JE T Mn 2p,,



- 164 - LA AL T

H1 Mn 2p,,"*?"  Mn 2p,, 67 640.8 641.9 eV Al
642.9 eV A HUA N 3 ANFRAEIE, 23 BT R F Mn™* |
Mn3+$ﬂ Mn4+[21} .

1"~ 4" Mn TEEEM AT 2K, HLL Mn*
RN T, WE P RS 5TAY Mo™ & & 0 BT,
Mn® & & THE DRSS R, S MR Mn™ SR 4T
e MRS TG A SR AT AR HF NH, R O, 7EAE
AT R TH LR A AR SR TR S R R RS
TN R 40, o0 3 A ) L 2 T AL, I 338 P67 1
Ginil 8

ME S (b) AT LLFE H,705.9 ~ 714. 8 eV Fl
721.7~727.3 eV 4b i 2 A EIESHIHJE T Fe 2p,,
Ml Fe 2p,,"*" o Fe 2py, Wl & 0L 2 4> W, Fe™
(711.8 eV) I Fe** (710.5 eV) , H 5 Fke & Fe’
HI Fe® X Fr i B AR — 80, Fe'™ T LA H 75 /5 I
R, BRI ASTE Fe™ I Fe™* 22 [AIAH B 5% b A5 ]
T b A, [Al B Fe™ BEE NO % fk > NO* Al
NO* A A A 550 P AU TR i 33 42

M S(e) FRTLLE H, Ce 3d 7 515 AT g4l
10 4~ XPS 50§, 45 G g MR SRR FRIE N v,
(880.8 V) v(882.0eV) v/(884.5€eV) v'(888.0eV) .
u,(896.6 eV) v"(898.3 eV) u(901.2 eV) . u’
(903.4 V) u"(907.7 eV) .u"”(917.2 eV ) #8200
H v, v o, ' EIHJE T Ce™, HAAEEIH)E T
Ce™,Ce" BREEHFHEIES, —BINN Ce™ X T
SCR e HA 2 5 S, A HLRR AR i 2 TP 4R
g R A B 2t S0, TR, Ce™
YRhZ5 T SCR N S BOM X 2 & & Wi /b, i
Ce™ FHXT 55 S 70 T HG N, 3201777 2% A 05 P A A1

M S(d) Rl LIE H, 0 1s & EA N 3 AN
iR, 73530 @ T R 480 0,(532.0 eV) | fiifs % O,
(530.5 eV) FZENL 0,(533.5 V) "8 (HISHE
(2, R4 O, R T~ 0 B i 19 1% 2 1 7 SRk i i
BRI L O, T @& M, N2 NO Ak
1 NO, BRI R BEPE AR R BA T RO
PITIRTE AR, 3 0, ST,

3 it

(1) Ce Bt Mn—Fe fifi 34 £k 751 7E AR (130 ~
220°C ) FHL T S I AL 6 1 (A 50% > 99% )
£ 0~150 wL/L SO, KB40 B A st be,
£ 180°C 90 wI/L SO, AU RFEE K 8 h Af)
145 88. 78% = A M RE

F445511 5

(2) AR T Mn 50 70 A, &5 A e Mn™
R TR R4 (O, ) B 3, A ) Tt SR A AL 70 A
A B TR RE . (ELER T35 S TBURLAE A A 77 2 i 4 3
BUESE , AR TARIELBE A TE 1E

(3) Ce 2Pk Mn—Fe BRFEAE AL 2 — R P14
LU T AR TEE AL AR 45 1, BRI B2 1Y Ce™
A1 Mn* (gt T 2 T Y S AL ORI TR RS T
7 T2 BRI BT s A BE SCR B

S 3k

[1] 5325, R WiyHi. NH, —SCR A f A6 550 470 B 1 B (9 0F 50 0F Jg
(1753 FHEfE,2023,37(4) :405-418.

[2] Bkeuk, FhLa, F8 I Et, 5. NH, - SCR A fil #1677 BF 7% 30 2
[J]. 8R4 E,2021,41(5) :40-44.

[3] Mohan S, Dinesha P, Kumar S.NO, reduction behaviour in copper
zeolite catalysts for ammonia SCR systems; A review [ J ].Chemical
Engineering Journal,2020,384:123253.

[4] Luo N,Gao F,Liu H,et al.Hierarchical structured Ti-doped CeO,
stabilized CoMn,0, for enhancing the low-temperature NH;-SCR
performance within highly H,0 and SO, resistance[ J ]. Applied Ca-
talysis B :Environmental ,2024 ,343,123442.

[5] skt MUY, PhAE 55 BRI RS i Ak 0 B gE it R [ ],
WAL T ,2022,42(8) :70-74.

(6] Bhak, 1w, $BA, A5, J5 k05 14 A 3 0 ok 1 X i = 97 3 Y
CeO,/AC Il I AF 1 B OS2 000 [ 1] 3R 05 TR 44, 2018, 12
(7) :1959-1967.

[7] Lépez-Herndndez 1,Mengual J, Palomares A E.The influence of the
support on the activity of Mn-Fe catalysts used for the selective cat-
alytic reduction of NO, with ammonial[ J ].Catalysts,2020,10(1) :
63.

[8] Zhang K,Yu F,Zhu M, et al.Enhanced low temperature NO reduc-
tion performance via MnO,-Fe,0;/vermiculite  monolithic
honeycomb catalysts[ J ].Catalysts,2018,8(3) :100.

[9] Huang T, Zhang Y, Zhuang K, et al.Preparation of honeycombed
holmium-modified Fe-Mn/TiO, catalyst and its performance in the
low temperature selective catalytic reduction of NO, [J].Journal of
Fuel Chemistry and Technology,2018,46(3) :319-327.

[10] Zhou X ,Huang X, Xie A, et al.V,05-decorated Mn-Fe/attapulgite
catalyst with high SO, tolerance for SCR of NO, with NH; at low
temperature[ J ]. Chemical Engineering Journal,, 2017, 326; 1074~
1085.

[11] Zhang M,Li C,Qu L,et al.Catalytic ox idation of NO with O, over
FeMnO,/TiO, : Effect of iron and manganese oxides loading se-
quences and the catalytic mechanism study [ J]. Applied Surface
Science,2014,300:58-65.

[12] Fang N, Guo J, Shu S, et al. Enhancement of low-temperature
activity and sulfur resistance of Fe0.3Mn0.57Zr0.2 catalyst for NO
removal by NH;-SCR [ J ]. Chemical Engineering Journal, 2017,
325.114-123.

(F#% 169 1)



2024 F 11 B

Ji2E . HIE, P RAHB 24T BivO, SGFH & A Al
FHAE BT R Ao B, I SE B = 2L PEC
K, XFSEEL BiVO, FEGBHR ML PEC 43K
PEUL T ARSI AT AT JE A BT %

(1]

(2]

(3]

[4

—

(5]

(6]

(7]

(8]

[9]

[13]

[14]

[15]

[16]

S 3k

Arto I, Capellan-Perez I, Lago R, et al.The energy requirements of a
developed world [ J]. Energy for Sustainable Development, 2016,
33:1-13.

Karapekmez A, Dincer I.Development of a new solar, gasification
and fuel cell based integrated plant[ J].International Journal of Hy-
drogen Energy,2022,47(6) :4196-4210.

Opeyemi B M.Path to sustainable energy consumption: The possi-
bility of substituting renewable energy for non-renewable energy
[J].Energy,2021,8:228.

Cabanillas A R, Valdesueiro D, Fernandez-lbaez P, et al. Hydrogen
by photocatalytic and photoelectrochemical
treatment[ J | .Journal of Physics Energy,2020,3( 1) ;012006.

Xu X,Zhou Q,Yu D.The future of hydrogen energy : Bio-hydrogen

from wastewater

production technology [ J ]. International Journal of Hydrogen
Energy,2022,47(79) :33677-33698.

Wang S, Chen P, Yun J H, et al. An electrochemically treated
BiVO, photoanode for efficient photoelectrochemical water splitting
[J].Angewandte Chemie,2017,56(29) :8500—-8504.

Wang L,Shi X, Jia Y, et al.Recent advances in bismuth vanadate-
based photocatalysts for photoelectrochemical water splitting[ J].H
] A2 e 3 SCR, 2021,32(6) £ 18691878,

Mao G,Wu H,Qiu T,et al. WO;@ Fe, 05 Core-shell heterojunction
photoanodes for efficient photoelectrochemical water splitting[ J].
Chinese Journal of Structural Chemistry,2022, (8) :25-30.

Kim J H,Lee J S.Elaborately modified BiVO, photoanodes for solar
water splitting[ J ]. Advanced Materials,2019,31(20) ; 1806931 -

(L% 164 )

Cao L,Chen L, Wu X, et al. TRA and DRIFTS studies of the fast
SCR reaction over Ce0,/TiO, catalyst at low temperatures[ J].Ap-
plied Catalysis A :General ,2018,557:46—54.

Meng D,Zhan W, Guo Y, et al.A highly effective catalyst of Sm-
MnO, for the NH;-SCR of NO, at low temperature ; promotional role
of Sm and its catalytic performance [ J].ACS Catalysis, 2015, 5
(10) :5973-5983.

Ji J, Gao N, Song W, et al. Understanding the temperature-
dependent H,O promotion effect on SO, resistance of MnO,-CeO,
catalyst for SCR denitration [ J ]. Applied Catalysis B:
Environmental ,2023,324,122263.

Qian L,Liu H,Chen T, et al.Characterization and SCR performance
of nano-structured iron-manganese oxides:; Effect of annealing tem-
perature[ J ]. Aerosol and Air Quality Research, 2017, 17 (9):
2328-2337.

Huo Y,Liu Kuo, Liu J, et al.Effects of SO, on standard and fast
SCR over CeWO, : A quantitative study of the reaction pathway and
active sites [ J ]. Applied Catalysis B: Environmental, 2022,
301:120784.

EFREF BRFFSNERWICIRS BB F D IKEVAR

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

- 169 -

1806938.
Saxena S,Verma A, Asha K, et al.Nanostructured Ni:BiVO, pho-

toanode in photoelectrochemical water splitting for hydrogen genera-

ScienceDirect [ J ]. International Journal of Hydrogen
Energy,2020,45(51) ;26746-26757.
Xiong X,Wong N H, Ernawati L, et al.Revealing the enhanced pho-

tion

toelectrochemical water oxidation activity of Fe-based metal-organic
polymer-modified BiVO, photoanode[ J].Journal of Colloid and In-
terface Science,2023,644:533-545.

Cai J,Tang X,Xu L, et al.Accelerated oxygen evolution kinetics on
hematite by Zn** for boosting the photoelectrochemical water oxida-
tion[ J]. Journal of Alloys and Compounds; An Interdisciplinary
Journal of Materials Science and Solid-state Chemistry and Physics,
2022,919:165853.

Lotfi S, Ouardi M E, Ahsaine H A, et al. Recent progress on the
synthesis , morphology and photocatalytic dye degradation of BiVO,
photocatalysts ; A review[ J ].Catalysis Reviews,2024,66( 1) ;214-
258.

Li J, Yuan H,Zhang W et al.Construction of BiVO,/BiOCl@ C Z-
scheme heterojunction for enhanced photoelectrochemical perform-
ance [ J ]. International Journal of Minerals, Metallurgy and
Materials,2022,29(11) :1971-1980.

Pan R,Liu J,Li Y,et al.Electronic doping-enabled transition from
n-to p-type conductivity over Au@ CdS core-shell nanocrystals to-
ward unassisted photoelectrochemical water splitting[ J ].Journal of
Materials Chemistry A,2019,7(40) :23038-23045.
Velazquez-Rizo M, Iida D, Ohkawa K. Photoelectrochemical and
crystalline properties of a GaN photoelectrode loaded with a-Fe, 0,
as cocatalyst[ J].Scientific Reports,2020,10( 1) :12586.

Yang C,Yan J, Wu J, et al.Photocatalytic splitting of water on g-
C5N,-based single-atom Pt catalysts with stable “sandwich” struc-
ture: A combined first principles and semi-empirical investigation

[J].Canadian Journal of Chemistry,2023,102(1) :27-33.H

Liu X, Wang P,Shen Y, et al.Boosting SO, -resistant NO, reduction
by modulating electronic interaction of short-range Fe—O coordina-
tion over Fe,05/Ti0, catalysts[ J].Environmental Science & Tech-
nology ,2022,56(16) :11646-11656.

Zhang 1.,Zou W, Ma K, et al.Sulfated temperature effects on the
catalytic activity of CeO, in NH;-selective catalytic reduction con-
ditions[ J].The Journal of Physical Chemistry C,2015,119(2):
1155-1163.

Wang B, Wang M,HN L, et al.Improved activity and SO, resistance
by Sm-modulated redox of MnCeSmTiO, mesoporous amorphous ox-
ides for low-temperature NH;-SCR of NO[ J].ACS Catal 2020, 10
(16) :9034-9045.

Gordienko Y A, Lomonosov V I, Ponomareva E A, et al.Chemical
and phase transformation in W-Mn-containing catalysts for oxidative
coupling of methane [ J].Russian Journal of Physical Chemistry,
2019,93(3) :421-430.

SRFERH  RIE AR SR E R, 45 BRI NH, —SCR BEAr #1677
WA [ )] . ARHTR , 2021 ,35(13) 1 13085-13099.

WA, 5T RS 55 M/ Fe B B A 1k 70 R GG i e
[J]. P E LT RE24R 2021 ,41(24) :8510-8519. 1



