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Abstract: The reduction of nitrogen oxides (NO,) in industrial flue gas is crucial for achieving
coordinated control of fine particulate matter (PM, ;) and ozone (O;) in China’s atmosphere. The most
common NO, removal method for stationary sources is selective catalytic reduction (SCR) technology
using NH; as a reducing agent, referred to as NH;-SCR. However, the negative effects associated with
NH; introduction, such as secondary pollution caused by NHj slip and higher carbon emissions, have
gradually attracted widespread attention in recent years. This article provides a review and outlook on
the research status and application prospects of selective catalytic reduction technology using carbon
monoxide (CO) as a reducing agent (CO-SCR). Research has shown that developing high-performance
catalysts is the key challenge for CO-SCR technology. CO-SCR catalysts can be broadly categorized

into two types: transition metal oxides and supported noble metal materials. Typical catalysts, including
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Cu-, Co-, Mn-, and Ir-based catalysts, are reviewed in this article. The microscopic reaction process of
CO-SCR involves three main steps: (1) the adsorption of reactant molecules, (2) the conversion of
intermediate molecules, and (3) desorption and diffusion of product molecules. Among these steps, the
preferential adsorption of NO molecules on the active site, followed by dissociation, is the rate-
determining step. The interaction between NO and the substrate strongly depends on the surface state
and tends to occur at oxygen vacancies on transition metal oxides, while it occurs at unsaturated
coordination cation centers on supported noble metal materials. In addition, the impact of CO/NO,
oxygen (O,), sulfur dioxide (SO,), and water vapor (H,0) on CO-SCR performance has also been
discussed in detail. For example, on the surface of Ir-based catalysts, I’ (serving as the main active site)
is unlikely to remain unchanged throughout the entire reaction process. It is anticipated that I’ will be
converted to oxidized I’ after donating electrons to the antibonding n* orbital of the NO molecule. If
new electrons are not replenished promptly, the catalytic activity will gradually decrease as oxidized I
becomes the predominant species, which is the primary reason for the poor stability of the catalyst in the
presence of O,. Interestingly, SO, stabilizes the catalyst and facilitates the generation of Ir” sites under
O,-containing conditions. Therefore, future research should prioritize the development of catalysts
tailored to specific applications, and refine the CO-SCR reaction model under diverse conditions, with a
focus on synergistic technologies such as the selective circulation coupling of CO-SCR in steel sintering
flue gas. Furthermore, the high cost of catalysts remains a crucial obstacle hindering the widespread
adoption of CO-SCR technology.
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Table1 CO-SCR performance of Cu-based catalysts
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CuFe-N/C Ar 0.84 0.100 0.20 0 Ar 30000h" 100 100 225 [18]
CuO/Ce0,-Fe,0; N, 0.40 0.080 0.16 0 N, 30000h" 100 40 175 [19]
Cu/y-Al0; HyHe  5.00 0.100 0.10 0 H, 30000 mL-g "“h' 100 — 400 [20]
Fe,Cu,/RHA — 20.00 0.020 0.20 10 N, 15915h" 100 100 200 [21]
CuO,@ZIF-67 — 8.00 0.050 0.10 2 N, 26000 h" 95 100 300 [22]
Cu/Ce0,-Fe,0;  Ar 3.55 0.080 0.16 0 Ar 30000h" > 95 90 200 [23]
CuCe — 5.00 0.050 0.10 5 N, 90000 h" 100 100 350 [24]
CuCoAlO, — — 0.050 0.10 0 N, 15300h" 100 100 250 [25]
Cu,:Cey/CNT He 0.90 0.025 0.50 0 He 12600h " #5100 — 220 [26]
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Table 2 CO-SCR performance of Co-based catalysts
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C0,0,-0.05 He — 0.100 0.2 0 He 35000h" 100 95 275 [28]
CoO,., — — 5.000 15.0 0 Ar — 98 100 450 [32]
y-xCoFe,05 N, 5.00 5.000 10.0 0 He 31000mL-g"h' 100 100 350 [33]
CogptCoOW/CZO N, — 0.100 0.2 5.0 He 20000 100 100 250 [31]
La-Co-O Ar 0.50 0.800 0.8 — Ar 20000 100 — 400 [34]
C0,,4Cuy,04 N, — 5.000 5.0 25 N, 50000 h™ 75 — 200 [35]
Co-Fe/ASC — — 0.100 0.5 0.1 N, 20000h" 100 100 300 [36]
Co/BEA — 4.00 0.085 0.5 3.0 He  75000mL-g’h’ 12 — 300 [37]
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Table 3 CO-SCR performance of Mn-based catalysts
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Mn/TiO, He 10.00 0.040 0.04 2 He 50000 95 — 200 [38]
CuMnO, Ar — 0.100 0.20 — Ar 13000 h 100 90 300 [39]
Cu-Mn/ALO, N, 3.00 0.055 0.90 16 Ar 10000 h™" 78 — 180 [40]
MnCuFe,0, He — 0.500 1.00 — He  150000mL-g-h" 100 — 250 [41]
10%MnO,/TiO,  He — 0.040 0.04 2 He 50000h™" 95 — 200 [42]
CuO/MnO,-CeO,  He 12.00 0.500 1.00 — He 240000 mL-g "h' 100 100 250  [43]
Mng;Co,,0, CON, 656 0.100 0.20 5 N, 20000 h™ 100 100 200 [14]
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Table 4 CO-SCR performance of Ir-based catalysts

PO EEER [ R AE NO N BF
U BB gNOY% p(CON 9O EHLTE VensiVs  HELHI% R Sk

1t/Si0, HyHe  1.00 0.050 0.30 10 2x10°S0,, 1% H,0, He 75000 b 24740.0 — 250 [48]
/WO, H/He 500 0050  2.00 5 2x10°S0, 1% H,0,He 60000mL-g h"  65.0 250 300 [58]
IRWALO,  HyN,  — 0.005  0.70 5 N, 120000 mL-g “h™" 87.0 — 200 [49]
IIRWZSM-5  He — 0.005  0.60 5 He 100000k 100.0 — 2990 [50]
Ir/WO,/Si0, He 0.50 0.050 0.30 5 2x10 °SO, 1% H,0, He 75000h" 79.0 — 280 [51]
I/'WO,-Si0, N, 200 0050 050 15 N, 32000h" 49.0 — 225 [52]
IrRb, ;@SBA-15 — 1.00 0040 030 5 2x10° SO, 40000 h' 80.3 — 250 [53]
IrSn, s/ MFI — .00 0.060 030 5 2x10°° SO, 40000 h™* 83.5 — 280  [54]
I'W-WO,KIT-6  Ar .00 0.100  0.40 1 N, 50000h" 100.0 — 250 [55]
Nb,04/It/SiO,  He — 0.050  0.03 5 He 75000 h' 80.0 — 280 [56]
Ir/ZSM-5 N, 036  0.040  0.80 5 N, 16000 h™' 76.0 — 250 [57]
Ir/HNTSs N, 050  0.060 030 5 N, 40000 h™' 78.0 — 250 [59]

B2k AR AN, Bl %o 4 Ak 70 B9 36 Tt A 3 K
., YOU %" %f It I/ALO, 5 IrRw/ALO, 2 Fi i
FEFIXF CO M JFAR Ik BE NO,(5%10° NO) Bkt
A, #8781 Ir 1 Ru = [A]H[REIVEH .

55 4 @ 4 AL A EE, Ir-Ru/ALO; 7£ ik NO
W 21 N R B SR A CO R IEE . DFT 1
BRW, Ir-Ru & 2 H Fl T NO i & Fl CO*-0*
LR FEAT, X B A Ry LA 5 NO, 38 JE T 14 1)

J1 A5 SR FTERR H, UAGR IR 7 1%, 1h
SYES Te HUF 5 W OIE 4 8 18] 94 K B0k, IF fi
BT A F AL KIT-6, 761G PEEAN L5, Irw-
WO,/KIT-6 #1651 (%) 5% A6 47 % (TOF ) {E B i /& T
HAfEER] . 1 250 °C. 1% O, F, iZ AL S B
NO Hy5E4 Bk, IF A8 SEE % 11 (250~400 °C) .
24 h f{) 3% 2203 2 B, eW-WO,/KIT-6 fi# 1k 7] B
A RIFMRENE. Horp SR e A B T 58
NO (125, 1 Ir-W 42 & (8] 40 K b7+ 7] i CO
XF N,O il NO, &5 Hhr [l R iy if Ll 72 . 25 LTk,
AR NI P Bh ) SRR Tr SEAEIR R I RE Y
1.2.2 Pt EAEALHA

Pt 3 i Ak 77 R R G A9 R 35 1 BCA CO-
SCR WFFE B 4B 5 o T SR8 T —Fh o Y Pt J
CO-SCR AL, HoMg A7 £ i L Pk A Hl

CoAlO #K F 3z #i) CuO J7 W, IT & B
5 25 MG Pt-CuO/CoAlO #E AL 7] . 1% i £k 31 1Y
Pt 171 2 ALK, {2 K 0.02%, {H7E 200 °C. 3% O,
MR, Z AL FIXT NO #4632 R 91%, N, i
} 80%. Pt-CuO/CoAlO £ 0.02% SO, WIFFAEAANF
T, 215 h DK, AR TE R LT B R, R
SR M . DFT TF3 45 0, 45 f e faf 1)
Pt Fb 7 IE L fof 19 Pt LA T 50 A9 NO WK Fff g
Cu fEN CO RYMZ B A5, 14 58 H X 2 W ) CO 1Y
Wz B RE T, A R T SO AT o Pt-CuO/CoAlO X
SO, By W Fft fig /N T X5 NO Fi1 CO F4 W% [ RE , i 15
CO F1 NO H 5 T~ i it A5 ZR A0, AT AT RCkE S
T SO, XA 2

LI 2% 458 7 — ol 28I 44 K 4 1) Pt BL A
TR, IZ A 3 Pt g BR i A2 NaOH 2t P Y
A1 (Pt-Cu@M-Y) H1 . Pt & AU K 0.04% I}, iZ A
A5 B 1 5519 CO-SCR AL PEBE, Pt-Cu@M-
Y £ 250 °C BRI fifi NO 58 %54k, & 4T Bt 5%
T, WY KGR P JE A HUE H 220 5 nm
() Cu g K R 22 1D, -3940 2k T M-Y 24k
(NaOH 2t 1) Y s £ ) . Pt-Cu@M-Y B
SAEALPERE EEIF AT Pt A Cu BB REMEAL . T
KGRI PR BTG 5E NO AW B BE 77, T
Cu YK ok; 5 R Y WL CuO, W) 5t =22 [A] i) 3 A
T DU S R HE T NO 9 5 LA KA 25 5 SRR T 1Y)
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i # . CHEN %1% HI M AL 2 38 SRk AR T
M/Pt/Ce0,/Al,05( M: Mn, Cu) {1k 5 #1 Pt/CeO,/
ALO; fEALH, FK5 HFH F CO-SCR J v, it %
Tl FEAEF AR AL 7 O 25 4 . BRAR R R . R DR
BEITT RGNS SEREW, B
LB G, PLEALTIAY LR AL CO B RE 1 4
ik JE Pk e 2 o 2 R T . RRIE Cu i Es N, fift
ML e 1T 7 A KRB SRS PR, Ce™ R i
SR, Ccu’/cu’, cetce’ i Pet/PE 2 ] i B
[ AE FH A5 A 00 2 1A K R A o7 o XN 4
{5 CO-SCR PEREAE 2 CHME A . 20t Cu BB
Pt/Ce0,/ALO; 4L 7 7 80~240 °C F L H 1L 5+ Y
CO-SCR AL TE 1, 15 160 °C I, ZAEAL X NO,
EeAL IR E] 100%.
123 Ag AIEAFA

I 21 58 3 7 A A FL WO, (m-WO,) | 4
EAg R T AT Ag/m-WO, L] . 18 14
W Ag ATIRAR M gL, 15 8] T HA AN F R
(HP Ag-O Fefi &0 mufiedb sl . fFoRRI, 78 250 °C
1 O,/CO WL A 2.5 = 1.0 ST, AEU Ag-O
1 0.3 Ag/m-WO, fi: b5 (0.3% Ag) v 5L B 73%
[ NO AL Z A 100% iy N, ek, o fb v fig
LT i Ag-O 1Y 5Ag/m-WO, 1L (5%
Ag) . WAk, 0.3Ag/m-WO, L FI7E 15 h (I FE
PRIt R B0 P S it A M. DFT 1345 5%
W, 0.3Ag/m-WO, fiEfb 71 Ag MR AT LA 2544
fit Ag 1Y d BB o0 1) BEOK RE R HE I, nsR T
Ag X SEEE AR R NLO*HT CO* R I .

gi L iR, EOR B4 JE AL R X NO [ fiEfL
SAALTERER I A S i T, (R A R =, A
T A RORUR A, AR AR B b PR T L .
IAb, 1738 5t 4 78 58 AE AL S5 1 R A PR 2K )
R AfR  RE, FF AR . s PRI
TE PR B AR T T I B BRAR
1.2.4  FHATE E AR

WEN 26 5% 91 A L i 76 5 9 4 s Ak
FHB 2% 0% 4 J LI - 50 A s (S0 A R, AT A
5 CO AR I NO 36 M A = e £k (18] 2) .
5 Cu,0(110) 41, Pd,/Cu,0(110) |5 Pd JFiT45
G 1 25 5y B B, JE B Pd,-Ov/Cu,0 4514 .
1E Ov/Cu,O( 110) F2 11, NO il [i] T3 12 N3 0 e
TE Ov b, SR 5 M BT UM BN A 1 N, i —20
i1t Eley-Rideal #1154 NO i HEIE B N,O.
£ Pd,/Cu,0(110) I, NO W] fii ] F W f} £ Pd-Cu

BRfiaS b, 55— AN lad O ydH 5 T Ov (i si i
NO JE . & ONNO, sl Ji~#i a3, —
FAK ONNO JE i N, B3 12 LU IE i N,O 354 A,
7E 300~1 000 K A9 i & [l 4, Pd,/Cu,0(110) X
N, IEEENER 100%,

Pd,/Cu,0(110)
N, RME—r=4)

Cu,0(110)
T<550 K, N,0 j&FZE ")

& 2 Cu,0(110)#1 Pd,/Cu,0(110) R T
CO & & NO #l12"™
Fig.2 Mechanism of NO reduction by CO on Cu,O (110)
and Pd,/Cu,O (110) surfaces'™

YANG %V i 58 T 48 7F TiO, 49K A |- i
Ji-F Rh, FIATHE Rh, BPRREIZON, If42 H CO 1E4¢
P W B 7E BB 5T Rhy A 05, T NO W B AE A 7%
Rh, {7 5 [ o NO B 5] Amos 1 Rh, £z s W2 B
% CO ) Fa e 1, 10 Rh, fi7 55 /) NO*i B 5 2
N*IYIE B, I 5 5 — 4> NO*&%5 & 7= A= 16 % Rh-
N,O, 540 h Ny,o WANG 287 3 7 R X B
A 25 Vi E Rh/CeCuO, i fb 57 v i B AR, 75
H, WAL BE/E AT, Rh/CeCuO, 1467 2 M i) CuO
F1 Rh,O5 # A RGE I, 7= A A X FRE S AL, N T
NO Y A 25, AR TE BUHE DL o3 i S IR £k o

2 |53 CO-SCR BitHELFIIERERIRNT

2.1 CO/NO EtBIEy 82

CO JERRFEMRRIAS 58 42 S A= WL =), Hoifk
JEZ T s m i K. Ik CONO Hfil & 5
M) CO-SCR WAt REM B T 2382 —. Wik
CO-SCR i (3 (1)) Ak 114 L A A1, CO/NO
FeGl ok 1 BsF, NO BIa] 58 42 2 1, SR 1 76 5 B Tolk.
HHAH, CONO el % KT 10,

2NO +2CO — N, +2CO, (1)

PAN 25 % Bl Fe,0,/Si0, HALFI F L3R CO-
SCR 7 1 2x Fifi & CO/NO Fb 1 %) 38 finifiy . 2% $2
o 1E CO/NO N 7. N 150 °C B, NO, i fb%
AT LA R 90%, i —E 58 T O, W R 6.1% 11
2R, CONO H. % Co-Fe,04/Si0, #iE L5 CO-
SCR HERE BT 0, & B CO/NO i1 6~12 I,
CO I NO, ARG 90%. KM, 24 CO/NO
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FLBIRT 6 BF, NO, % b2 Il 2 B AIK, 3% Al g2tk
7] 2 T 4R A5 AN 2 3 Y . 24 CO/NO L il
it 12 BF, CO k3 i ZFEAR, (AR FFTE 86.5%
Phbo f R R T CO T NO, 2 JE] 1Y 35 4 1
BF, J 7 Pt e ) CO 2 ff 4 A 70 9 T 1 L 26 .
2.2 O, B

Tk KR AT 6%~18% 1Y 1= W O,
X — ML RURAAF 75 CO-SCR AN A 22 I I & 24 1
SN 3E AL . A EEF CO M NO By B 4%
O, 24 5l T & KA Ak mI R v (30(2) (3)) .
He cowt 0, HEE LR CO, i 72 W 3% TH
FEIR B, I 3 CONO 2=t ki, 24
9(0,)/p(CO)=0.5 i, CO AR KX CO-SCR
NP HEANTT AR R R

2C0O +0, - 2CO, (2)
2NO + 0, — 2NO, (3)

ZHOU %57 5 7 WA O, e J8 X4 1k 70 355 1k
BIEEIR, BF9E T 5% 10% F 15% O, WEXT Ir/WO,-
SiO, i Ak 77 I fiF 15 PR S . BT R R, Bl
O, MBI, NO, F Ak B Wi AI%, 11 CO F% 4k
I, RA X ST ST (XRD) A X JH40t
T-BEIE (XPS) RAEJ 1L 434 T O, X I 52,
RIL O, A LUK Ir ALK 1rO,, ATl NO, iy it
J5 . L1255 i3t BF 5 PUSAPO-34 Fl Re/USY fi
37 A B 4R CO-SCR WA &, Al AETIE 5K
T 0,72 CO B J5L NO i 5] . 24 O, LT
0.1% i, CO-NO Jz B A 25 K A= o 5845 i,
0,/CO ¥ B L X NO ¥ AL R A I m . O, A
& WU O(s) 7 B CO(s) & Wikl 2, M4 ] 1
NO (%% 4k, INOMATA %A T /WO, A
[ O, Fr ik &1 F, X CO-SCR Fz 1w M fE Ay 52 i)
I LI, & O, M A SR T NO [ N, %
b, BEIE T NO [1] N,O i #64k . 4 O, & & ik 5|
3% ~ 5% Bt , ARG PE AL 20K 25 1 Ak, iR TS
PEW] B AR . WANG %7 /R T I/WO,-Si0, 78
TRl BB 25 4FF O, X CO-SCR JZ iy Y 5 i AL
P, WS R I, 2R NIRRT 250 °C, O, WA
fI%F 5% B, O, REMEAE HE NO 7 £k 77 % It 19
B, AT B 22 19 NO W b, X 263 1 v
) {5 CO KAz il N, Fll CO,, #2557 CO-SCR
B RE . BE & RN TR E TR (=250 C),
O, T A4 771 2 T 10 W B 384 558, NO 1) 1z B B =2 8]
. BLE, O, 5 CO Z[al w4 Ak s by i 35 S b
{3, M T CO Xt NO BIif 5. PAN 257 1) 4%

Wi R i, R AL DL E R TH T 0, + CO +
NO & £ ) CuCoAlO,@C fEFLF . 24 & W {4 Z&
A 5% O, i, CuCoAlO,@C fi#: 1L 7 1Y NO 1k,
RALFEAE 85% LA b, T3 1L 5 B9 B Ak P fE .
TZARGE K R, AR PR L AR B B TT LK O, TE Ak
S O*, #E T CO 5 0, H % N4 il CO,, 1E—
EFRE EAR S T A A A AR NO + CO J b,
W5 T %A R P A RE . GHOLAMI 457 1
0, &M T, At X — £ 51 La-Fe/AC b5 i
TR PERE 78 K BR, I i P A O, 8 I oF 38 28
h s b, B C(O) EAaW. CO) SHEMAEE
A5 (*O) SN AR B CO, 00 42 8 7 a5 (%), Bl
Je B NO B 5 A N,O 55 N, M O, AT LA
i C(O) E AW A it S b 4 R A A (%) 1
YEH .. T ERmAEESYMIEIEER-, 0, % NO
3 Ji A B2 96/ . HANEDA 457 % 1r/Si0,
AR O, i AEAE T AL PEREEAT T LUAL, #E
5% O, 21T, AL T A9 NO #5 4b R B 1 T /%, 2
CO AL FA PR & . %I A B, 7£ CO-SCR L
A R A O, X NO I8 JF ELA il 7, i fie
T CO %k,

LAk, NO 7 O, fEH N HEZEE A& FHN, iE
BEVERE T LIU ™ % BUM H T 0 A1,
WhNT 5% 0, 2353 100 °C F Mn,Co, O, fifk 5
) N, BEFEPE M 100% T F& 5 50%, b K N i 5
iE—25 TR, N, M T RS 25%.

2.3 SO, BRI

SO, XF AS[R] CO-SCR A4 751 Ji A 7 RE 119 52 il
Z SR, WY, SO, 5 NO, 761 4 8 A
b0 2% A7 A6 58 4 W B, 30 Ao A TR 3 U 4 T 4
A 3% 1T R AR RN A2 PH S 1, 3] NO, IR i A
AR,

SIERRA %"V G5 T TiO, f # iy CuO 4L
FIFE O,. SO, fF7E F CO )5 NO HiEtE. 7E 500 °C
T, mRBRA T EA 0,. SO, AIKZESHIRA
Y5 &3, CuO/TiO, fi fL 71 ) NO F1 CO Y # ik
AR TR, SO, FFETE 5 3 CuO/TiO, f: 1k 7
e YA e N b [ AR E TP NN R L e Y TR
Wr SO, Ji , i k551 Ay 1 P oK R K &2 21970 1 /K - o
PAN 2" ¥R 58 T SO, T4 4 Mn-Ce-Fe-Co/TiO,
PEAL TG PE R B2 . 7E 200 °C I, 2438 A 0.005%
SO, B, fi 1k I NO #% 4k = 1L 3 % Ik & 20%.
GUO %" 3t th 3 5 (19 Ce-La/MgALO, , fit 4k 51 i
177 RAE, KRG AL FIE L T AL(SO,);.
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MgSO, Hil Ce(SO,), SFHTHI it . X LLBR IR ER AL B
A5 A 700 7 2 T RO MR B8, 99 1k A5 B B
TR N

H iR 2 8 5848 i, a0 i) SO, X F it
R Ir B4 4k 5 19 CO-SCR % 1A 11 HE1E H .
HANEDA % " 3 3 75 |2 W A4 v A 2D B 10
SO,, & BRUAKHE FE (1) SO, 1T 4= ey 4 Ak 751 6 i i
fE. ZHOU 4% 2227 SO, ik i %} I/WO,-SiO,
PEALFIPERERISE . 24 SO, WRETE 0.005%~0.050%
0 B N B, SO, Fil O, i L4721 4 & T I/WOs-
SiO, LI CO-SCR MAHTE M. 24 SO, M ik
£ 0.070% H, CO-SCR Mifi i P B i T R . %
FEUESE SO, e FEXT Ir ALY CO-SCR I A7
TEG FHE . 4k BE AR T I A I, B T Co-
SCR S, {H e 3 et 3 i (A B, s niz 52 2040
#l . BAIZPMEOR T 78 O, £ 76 T IrRb@SBA-
15 k57 I SO, X CO M MEMEALIA R NO, B
Wi, A5 TR 1T 52 (TPSR) 25 S 6 1, 24 A
SR AETE SO, B, N i E T 255 C A,
CO. NO I NO, W JETF U F R Bbsh, 0=
PR AA 5 CO. X UEIH SO, A1 RE % 41 il
CO W%k, i B 7E i F A 21 CO H T ik
J5LNO, M4 5 T NO, 1E & iR N 1y Ak R
L1 25 PV B 52 [ RE R BT, 76 O, 17 7E T SO, 4
Ir/SiO, f#fk 5] CO-SCR A % i E e dE/EH . JifL
X SR SRS AN 25 F41% (XAFS ) Fl XPS 43 Afr 1,
SO, X} Ir Btk 2= T JL-T- % A %W . DRIFTS 43
Mr#e, SO, il LM CO + O, F I, Wi fdi 85 £
[ CO AT T b JEm P I 37 45 1 #Y NO,..

WANG 2" [ B T 76 & 8 4 F F SO, %t CO
W NO e sEHLHE . #F58 & B, 8 A SO, )5,
Ir FEHEAL A B By B8 | Ak 2 1 T A R A 7
k.. in situ DRIFTs #il DFT Z5 32601, 78 O, 1 SO,
] B A7 AE S, SO, T 2B Ir 18 8 %A1kl SO, B
Je ALY SO; i Si0, #R A I, IF7E Sio, F
PRI LA R R ER D Fh . AR Y THE LT (TPD) 25
HE— 25 0, AR T 0 B IR R A B B T
R F i O, B AR IR W B, i dp ] T Co Bk O,
Ak, iR 20 CO 5 NO b, fEi# T NO 1y
2.4 H,0 I

1E CO-SCR [ Wi B, H,O 5 W B 7e i Ak 5] I,
H H,0 5 CO. NO f£7E3% 4 W, DA R AR A Ak
FRIMBERS TS . 5 SO, A, 3 5 H,O X ik 7

Y B Wi S AT 5 A o HE 2501 7 AR &R oA
5% 1] H,0 J5 , H-CuCo-CeO, fi#: 1k 7 &9 3% T M
100% F& 2.2 90%. 4 YIWr H,0 J&5, NO % k4 X
B E . AEREE 2 S50T, H,0 X fiEfk
FI P A 8RB . ZHOU 2552 £ b Ba 2t 11 < 8 7k
I R L BESE TR A H,0 % B X I/WO;-
SiO, fEALFITE 225 C B AL IERE R SE A . BF9E &
P, 24 KBS E A 3% H,0 Ji, NO, 1L R %
& T 2 20%, HE—A4 7 H,0 & E 12% )&, NO,
B A R A S A WA A8 Ak . CHEN 25 (g I 5%
K IR CuCoO,/TiO, ML G PE BB 7E SO, B¢ H,0
FEAE T, AT LT WA Z 85 . 24 SO, M
H,0 [A] I AE7ERE, BT H,0 F1 SO, By AH H.A/E {2
HEGR R 78 S RIE B, FE Y BB R &k, (A AL 750 2%
i . HANEDA 455" #F 58 %% 31 H,0 X} I/WO,/Si0,
PR TG A R SR, B T K g i
BEf A (WGS, CO(g) + HyO(g) = CO,(g) + Ha(g))-
AR R H, TR B R I 3 A A £
F, T A IS P . YOO 25 #F 5% T WS,
M H,0 7 1E R, RWALO, | CO & J5i NO ) Jz
B4 . ARA NO Fil CO 43K T 1 Rh/ALO, f#
2148 % (FTIR) 25 5 % B, N* 5 CO il NO £
FESE P U, NO/CO W B g i T B i H NH;.
N,O Fl N, i A= i 3 2% . NO/CO [t {H # /N B,
N*ft 565 CO [ AE i NCO*, B J5 18 ALO, K ifi
it — 257K i 2 B NHa; 24 NO/CO FUAE R KT, A
NO H & i #Y N* 5 NO (8 NO*) Fl N*J jv7, 1
JE1E Rh T JE B N,O Fl N, WANG 2559 #5257
TRZENEFEALAE LN Pd/CeO, IR NO B
M, 5T & B, S AR H,0 B, Ov BEAE
BT H,O YW B, Bifi 5 5 Pd — A #F—NCO Fl
—CN [ R K A, A B NH;. L4, CO A1 H,0
() WGS 7=/ 1 H, 3% H i REfS i i Pd W Fh
F1 Ov i S v [l AR Py F i J5 4 NH .

3 #HtSRE

ARSCHEEET TS CO i fkif i NO, R
WS IE R, A48 DL It 5 4 Sk . gk ot
4> )@ CO-SCR EALF, DL KA [F M0 554 % CO-
SCR JEAHPEREAYSEIR . CO-SCR 2Vl 75 b ¢ £
RS B AR, B W 7). 36T 3A it
FEIE R, A fe I H s, 5 R A [R) g FH 4k 1 i Ak )

(1) 4K 8k %8 45 40 <8 #5418 25 88 & Co-
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SCR JBi i« 4W 4k B8 45 M0 < b 2 4 20 300 mg/m’ 14
NO Fl 0.8x10"~2.0x10" mg/m’ 1 CO, %< Ik B —
B HIAE 130~170 C, #HEBEA O, SO,. H,0, —
WESL AR, SR, S W IR ASRE . &R 5
YW v B 25 A K . MR (I R Mk 1 B R 4
AR RS 5 200 (2024 4ERR) ) 898k A7l 45 B
Rl B AR HE TR, A4 e 448 0 A B P A0 R H AR T
DL XU B ABR 2R 5 R B4 & 25 R A5 3R
FI . PRI, YEHEETE B CONO H ] | A48 XU 4
TENIFFE CO-SCR JBAr AL, FTLASZEE CO F1NO,
(1% e S B R A

(2) B8k e o BRI KR AR« 44 = AL
WS A 20~100 mg/m® (1) NO Fl 100~5 000
mg/m’ [ CO, M JE — f 5 1 £ 100~300 °C.
892 = b A XU R A O, B BEAIK, CO-
SCR #4300 75 M 25 5 PR R T 58 3 I /K OF- o BRI,
I H 3 56 CO-SCR AL FAFE P IGIE . %8 CO/NO
FE A Rl B AR e 1 o

() & if 4 T 2B : NH, & —Fh i B =
A R, t R PEREIL R A3 2L BB R,
NH; B AR AL Ge A R I S B K A Rk Uk Ik 11 i
BEVERAR, IR B R TTR T B E B
TAEEUE . NH; 2l A MBI &Y, HiE
BRG] e S EURE NO, . Ik, BEE “ IR
FRMIE AR 4 B AR i Pk % e, NO, I HE L 7 &
SUIP PN UE? S

HAT, KA I S & A T B BE
FI (85 5 AR AT FR il CO-SCR # A
KHBER FHA EERE . B, FF & @ sk AR
ARt P4 R AR A mERE Y, T
B A AF 5 0 SR, 30 1 (7 R AR S 376 5 A v I A
— R R AR O Ty ik o SRS SR S T 5t
T 482 o7 28 0 R4 2 o7 R 8 1 IR I 5, DA e —
SR IEFITERE . 1Ak, 2R 5% Co-
SCR J52 7 AL 3B )52 Wil v A 2 4 WA S, R R IO Jn
VA AN 0 TR, 58 38 o ) 7= 40 R 7 0 1 A
TR . [FIHR A LSS R FAE s,
SR AL B A S 1] R 4 L 1R S ) B AR Ak
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