RERE: (L

2026 & FE 56 & P 2 Hi: 458 ~ 474

ChERE ) Atk

SCIENTIA SINICA Chimica
W i

chemcn.scichina.com SCIENCE CHINA PRESS

CrossMark

& click for updates

CuBHi A7 T COst AR JENO B 58

el 3

AT, P&, ZH, BT, T FE, E08, gk

TERHITTE R 22 2240 T 22 e, REVRS A REALAT FEPT, TLFH 110034

*HINE#, E-mail: pwang@synu.edu.cn; yincy@synu.edu.cn, ycy2006cc@126.com

WekE H 9: 2025-10-15; $25% H #1: 2025-12-29; W48 iR &% % H #: 2026-01-21

H X HRBIA S GRS 22572131), T TA S RGEARTE A (95 LI212410166048) M1 BH T BHE 1T RI(4i 5 23-407-3-14) % Bhwi B

WE NORERAXZHEFEEM. FPHARAGRBRENEZRXR, AINLEREHRNWERTENZ —. 4
FINH;-SCRE A B s & AR % b EUA FHFREFE A, E, FARESEEILICON L EAHCO-SCRIT
2. CO-SCRZ Hul#h B & B &b oy — F i sl AR, # AL FLCOFNO, 1Y B BfvH i, L B|“DU 6 R M B /e, BT
MBS AR R, B % T Zkm R AR, EEAAAEF BEH AT &RE S, & E N5 2CO-SCRIE Kz
e, GReBEMAANENR, TESBCuEBMAELRENRAR. Z2THNNARRIFHEMERTER ) ZH
T AXERT ABESEAEAK LB EA pCut B . WA Cub B 7 LLK IR 73 A KA 2 Cuk 8 (L7 72
CO-SCRIEZFW A, NBTEAANNENERE. REMXFHR. TRL2BASREHEELIERHEANT
ue]. [F] B A, A CO-SCRIT AZ 57 Cu sk A8 44 70| 48 X Wy 48 A6 R R AL ER BE4T T BRI, 4 AR ok 3 B8 R B9 & fn A B4R

BRREF R T,
KHE1E

1 515

TAbJRCnAKIR] R RS AT
PEAHLEIZE . MEADHERU A A (NO,) & i 1 2
IS5 Yz —. FEHE20234F 4 A PR B H A4, 4 [
NO HE U ik 957.8 /i, NO,MIHE S S8— &
FIFREE A, W et W5 . RAEZE T,
S N AR AR et AT B e = e TV HEROE A9k
AL FINO FHEBOG g P AR SRR ST ML T, 3
20504F 4 BRFLAN 77 Bl iA 2242 il 22 2442 i, X b 2>

Cuk, BUHA, —AMREFMECLTR, RANHBIE, #ELEE

FEINO HE =B — DN, ANk et 2 NO HE
B H150~500 mg m™, B THRBHIAR R /%58, CO
HECE: B356000~10000 mg m ™. JHS HH COMRFE o 25
AT, COEA—MA#BAM, 25 NI a2
|AL G FEEER R, RO N AR g e,
Fr ARG E T BRI A A, Ry R R 1 fE
Rltk, NOMCOS 25 S i, &l H m
S A BRER ]

P EX S5 G IS i T R, Rt
VY iRl H i R B S BN 22 ¥ G b [R) 4 ), DASE B 2

2026, 56: 458-474, doi: 10.1360/SSC-2025-0268

S| DuY.YeV, Wang Y, Li Z, Jia Z, Wang P, Yin C. Research progress of Cu-based catalysts for selective catalytic reduction of NO, with CO. Sci Sin Chim,

©2026 (HEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSC-2025-0268
www.scichina.com
chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2025-0268&amp;domain=pdf&amp;date_stamp=2026-01-16

REFRE: b 2026 0 56 E 2 M

AHBREG R E, BEEERLE IR, &
AR FTHEBURNO A K A HLA (volatile  organic
compounds, VOCs) P FlJkHF, #EAMBE iR, &
PEMEIEALIE JF B R (selective catalytic reduction, SCR)
BOA A B A R R R JENO g2 B B R o, DA
NH,; Ay3de J5 71 (4 326 48 14 7 A0 38 i 7 72 (NH5-SCR) R 3
BRSNS ERAE I AR T M
FH, 72 H A SR B RI BEHE AR 22—, (EA [R5 2
NH % . A7 A = AL R 5 b 3 K3 45 )
6]

PLAREE Tl A, 00 A be el i 2 A =28 I COFEIR
AL FENO HE 4065, LAV A JE 3T
T oM, NOHEEA~890 (107°s), TCOMIHEE N
3.10 x 10° (107° ). KEAICOLERENO, 7 HERUE 14
NCO-SCRECASRL T & s, FIAHILAERICOR
L JE A AT EAR KRR B bk (], 1% RN

RS AR5, COLERNO L FMEIE JFUAN, I
R, B S8 EA NCO,, ATSHLCORNO, P fh 7 5E
YOI (R TR B, R« DABRva i H i 2) B
COMENIBJFFNAEFZ BAME . XH& &4k D, Hil% T
AR 51 NS AR AT B 23 i B ik 8% 7] 8; (3) CO-SCR
FERMEFEHNCO + NO — CO, + 12N, AH,og ¢ =
—373.2 kI mol ™ )& — MG AR, TN R R AR SR A
PR RS I CONE R B T BN O L 5
7, BEBE AR AR A SR 1A FH A, SORTSEITE 2
SRR B AR, I RESZIL L V5 Y i R It .
I, CO-SCR#EINAJE 1] & A4 GiNH,-SCRIF) — P it
MR, =23 T AN T, BA TR
Al 5.

{E2 S BRI 37 S BE N2 4, a0 TP HERBUm
SHPEASEEERTEHERRIPEA SR, 718
H,O. SOZ R KB LML I RS 2L > 72
JERT RIS h, SR B (e Rul
RO PSR A R 8 J 1 R CO-SCRIE T 1Y
AT, R v AR B T 3L Y. R, i
BEaEdcu™, Mn*, Fe®. zn® SN T B
B4 )@ AT PECO-SCRUEL . TEARZ 1 I 4 )
CuS LA G M fe i s & B A7), HROARMR
ik w . ARG o HAUAR IR B R 77 DRGSR AR
JRRE JTRR, N AU 5 4R A7) ) i e

EWTHEIEE PREEEZE. BEETOE. GhEa%s
M, FREFE— DL

AILLRIR T CO-SCREGA H i WL 1) 540 7 £ 3 Y
Cud AT I 58 35 2 1 3 B Cu i fi 4h 751 LA
FAEFERBMEAL T, FHET BT T AT R R 1
WM 2 A EAE A . Cudd 4L 7] _FCO-SCRHY
SN, o, W8 T CO-SCREATEAE I Hk kAl A&
KR RAT R, NCO-SCRAEALTIM BT T B
B

2 B s CukfifbF

FHELT B — I CuO MEA T, 57 202 B 2H 4y Cudffe
TR PR 7 o BROFE B B v, LA SR PO AL TS 2. 2K
RHIRRS, G5, SiEPEAL S 2 18] A AR SR &
2 R AT VS M, 0 AR AR T B AR B i
TEMEG, SRR R R AR . R, B AT
N B3 OB B A R RS SR AN [F AR B
AR T CuZE CO-SCRAUEAL T B4 3= EALHE 4 & A
. ZFEEL. MOFsZ. R14H TR EMM
BRI S CulEEALFITENO + COJ N H (b 1

28~34
A

2.1 &EEMEAR

& B A RRAAR R ) £ 7 v T B HL M R AR
5, VBB GER 14 @ Uk e 28, XAk 77103
AR KN, PatelZ" il i 1] % Cuti #AEANFL
ALO; F AT, B FT T oA SR AN [F] Pl Ak 20
JCufh BN COMEALIE ENO FE T M, K BB
I8 E H900°C Y Cu/m-AL05-9001# L. 7 FE B 1 fefE:
WEPE, IXR TR R fCuTT DR IR AR T 22 B
TEfEALTR A, AR RN T, —J7H, AR
Cuf i E ML E R, AR E O & s,
REpsrCu® &GS PR Cu0, H#Cu0s
i H B FLAMNE BRI CuO, #0H) s M HE4T. R, itk
TEVE S E PR 4 R R YIAR G, HukD 4% T fk
EAR R B EAR L KICuO/y-AL0; F1ICuO/CeO, fiE 1L,
A, T TSI F KA Cu0/CeO, >
CuO/y-ALO; > CuO. LuZs™ | % T Cu0,/Ce0,F1Cu0,/
y-Fe, O AL, AHE T S fICuO,, 3 NEAAK S, TR
A FEAFIFTE A TR NS, HCuoy/

459



FEITEE: CudEAEAL I T COIEFFMEMEALIE JRNO, I 7Tt fi&

F 1 R CuFBEAFFINO+CO SR 5 A FITE fE

Table 1 NO + CO reaction conditions and performance of mono-metallic Cu-based catalysts

4L ML SRS A NO¥AL# (%) NEFEME(%) NOKE  RECC) 3k
350 ppm NO, 10 ppm CO, N,/E i/, B B
Cu0,/Ce0, GHSV = 45000 b 90 100 300 [28]
- 1 vol% NO, 1 vol% CO, Arff 4",
EREN CuO/Ce0,-P GHSV = 36000 mL g~ h™' 100 100 - 250 [29]
500 ppm NO, 1000 ppm CO, HefE i
10Cu/Ce0, . GHSV - 60000 mL g~ h" 100 90 - 225 [30]
800 ppm NO, 1600 ppm CO, N,FFf _
. Cu-BEA . GHSV = 10000 ™" 100 100 - 350 [31]
FILMH 500 NO, 1000 CO, HefE-F1f
ppm NO, ppm CO, HefEF14
CuO/SBA-15 <, GHSV = 48000 h™' 9.7 - - 500 [32]
500 ppm NO, 1000 ppm CO, 0~10%
0, . ~ —
o 8.0%Cu0,@ZIF-67 0, NyE T, GHSV = 26000 h" 100 100 300 [33]
S
0,
Cu/C 500 ppm NO, 1000 ppm CO, 1 vol% 100 ~100 B 350 34]

0,, NLAESFEA<, GHSV = 30000 h™'

CeO, AL TG ML 4T, WM i I sE 52, [Rh, 2448
FA AT I8 S5 S A ——CeO M NS, AT LA
BRI Cul o H, AT DI e AL SR, 5
T T 2EL 23 M S () SR A I TR B IR, AT 2 v i Ak
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SCR, CeO,HJ(111)fm R 255, AF T Culti /8L, #2
i AR B SR A (B e, d), FHd, 10Cw
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Figure 1 (Color online) (a, b) STEM images of CeO, polyhedra [29];
(c, d) TEM images of 10Cu/CeO, catalyst [30].
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M B B NI R 1. MR TAE SEMOFs, 4234
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AR R A7 T W 2 1) 26 AN i e ] [P 2 K
A VA 2 4 2 B R,

3 WA Cubfi b5

BAH A Cu ARG TEA S, BRIBE S N5 —
Fhd B AL MR, BAe R T RDR
W SOET B, WA SO THE L R B RS RS, B
LW, FECulEMAF B Zce™ . co™. Fe™,
Mn" "% & B T 25, B R 4 ] i RAE T, i
TR IEVEAS LA SR, XS B 74 8 55 T 5 Cu s T
BMRIVE i, A RS s e AL 0 i A e 1, 3B T BB
FIFURRA B, SO H AR A2 LA Ak $7 20 A A7)
AP E | = RN R rIE Pty AR E R Y Al R RV S
TN IR BEVE (45 2T B, B2 RR T i A et 2 2
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Temperature (°C)

B2 (MZFEE) CuO/C. Cu-CuO,/CHICW/CHEALFIIICO-SCRIEALIEME. (a) NOFEALZ; (b) CORALE; (c) N,OWEE; (d) N,

e

Figure 2 (Color online) Catalytic activities of CuO/C, Cu-CuO,/C, and Cu/C catalysts for the CO-SCR reaction. (a) NO conversion; (b) CO

conversion; (¢) N,O concentration; (d) N, selectivity [34].
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F 2 IR S Cu AL TIINO + COS B 44 At A
Table 2 NO + CO reaction conditions and performance of supported bimetallic Cu-based catalysts
K5y AL SRL AT NOHLE (%) Nik#lk®%) NOWKE |RE(CC) Tk
500 ppm NO, 1000 ppm CO, N,/EF-#i<,, B
Cu-Ce/VMT GHSV = 102000 b~" 100 100 - 300 [57]
. 250 ppm NO, 5000 ppm CO, 2% and 5% B B
CuCe Cul:Ce3/Al,0, vol Oy, Heff 718 420 [58]
5000 ppm NO, 10000 ppm CO, ArfE-F1 N _
CuCe0,/Cu0 . GHSV - 60L g~ ! 100 100 130 [59]
1000 ppm CO, 1000 ppm NO, 0.1% O,, B B
CuCo/HNT N/EF47, GHSV = 80000 h™' 9% 343 [60]
5 vol% NO, 10 vol% CO, Hef P,
CuCo Coy.75-Cu0,/C GHSV = 84000 mL. g_l B! 100 ~100 - 225 [61]
500 ppm NO, 1000 ppm CO, N,7EF#i<,,
CuCo/C GHSY = 20000 1! 100 60 - 300 [62]
560 ppm NO, 5600 ppm CO, 0~280 ppm
Feg6,Cup 33/ RHA S0,, 6.1% O,, N,/E ¥4 <, GHSV 100 - - 150 [63]
=11220h7"
iy, 200 ppm NO, 0~3200 ppm CO, 0~10% O, B
CuFe  Fe,Cu,/TETESIO, N, T, GHSY — 15915 h™" 100 100 100 [64]
500 ppm NH;, 500 ppm NO, 1000 ppm
Cu-7Fe/TiO, CO, 5 vol% O, NLfEF{ii<, GHSV 86 - - 300 [65]
= 45000 h™'
5 vol% NO, 10 vol% CO, HefEF#i<,
CuO-Mn,04/y-AlL 04 GHSV = 24000 b~ ~70 ~85 - 300 [66]
Cubn 4
CuMnOyssm 1000 ppm NO, 2000 ppm CO, Ar ! 100 100 - 310 [67]

5, GHSV = 13000 h™"

WA > Cuk HEALFIFENO + CO SR H B HEAL 1%

e [57~67
B,

3.1 SEREDW A AL

3.1.1 CuCefifL7l

AL N R, S BFIIN A R
T2 P R 3V 4 i 22 18] 5 5 3 R () A ELA'E R 40 2 R v
IR YE. M T CeO, M CuO B — 2 7 fiE Ak 771,
CuCe WA AL FITEARIR 0 R IO EAL G s s, 5
ANCei, MALFIATHIHICORL B EAL NCO,, MM
{RCORE A 2 FH 138 JFNO.

Liug "R R BUEH% T — R¥ICu. Créad I
EIEB AN Ce/VMTHEALT. HH, Cu-Ce/VMTHEALIE
PRI AL, 7E300°C FNOFEALFIE100%, HN,IEFEMLG
KARFFLER0% LA _E(K3a), AN B A KT KIPtH,0f!
SO, MEfE. ZEMIRIMEIESE, Cu5Ce. BAKAVMTIALE R
FZHEAER, Cuffisrfi\CeO, s I i Cu-O-Ce #t
ifi, #ECuy™ + Ce’" — Cu” + Ce'" @Mk RIGHF, 1

AN SF S =, [N, VMT 482k n]
DLBH S (R4 A 2R, PRI A% T R0

GholamiZs ™ B 98 7 76t B EAEAE T A R Bk (1
YK . AC. TiO,. y-ALO;. BRALEE) N Cul:Ce3 /i
HICOIL JENOIEE FI52 M. Horr, Cul:Ce3/ALO, AL
FIR I AR ETE, #£420°CL 5% O, %M T
NOHEAL T AIE71.8%; 0, F 2% £ 5%I, NO
AL RIE A RTE, 1K 42 RN TE 2O, fE AL FFIZR TH R B,
SR Z W A0, X Ee0 5 W B 1 CO S B A %,
CO,, [FIBTHINORIWL P fift B ER AL T B8 258 250, M
BB I N AT

LiZ Vi i i BE [CugCey(OH) 4] CO5 - nH,O 2R AL
S E ALY (LDH) A 9K 4 i1l £ T 4 F {4k F CuCeO,/
CuO, ZEAL ] /NI CuCeO FELL Y, X EEFELECuOH;
W b B R E AR LE, R A& R IR
U S B R R, X2 B O SRR IR B T
PUEHECu /Cu’FICet /Ce™ 2 Al fb I8 JEAB 3. Ak,
H T CuCeO, 7ECuOH M I 151 & 4 L mT LLEE i H,0 5
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Figure 3 (Color online) NO conversion of catalysts with different metal components. (a) Cu-Ce/VMT [57]; (b) CuCo/HNT [60];

(¢) CuCo/C [62]; (d) CuFe/TiO, [65].
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Figure 4 (Color online) The XPS spectra of (a) Cu 2p, (b) Co 2p, (c) O 1s of several catalysts and (d) schematic diagram of NO + CO [61].
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Figure 5 (Color online) The effect of SO, concentration on NO conversion. (a) Fe,gCu,,/RHA; (b) Fe, ¢, Cug33/RHA; () FeysCuys/RHA [63].
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Table 3 NO + CO reaction conditions and performance of non-supported bimetallic Cu-based catalysts

JE SR 5y HEALT R

NOHALR(%)  NHEFME)  NOWRE  EE(C) Xk

1000 ppm NO, 1000 ppm CO, 5 vol%

CeCu-BTC O, HelEF 91 - - 250 [70]
0 0 s S =
CuCeO, Cu,Ce, 3 vol% g}ﬁg’vlg ;SLS’OCH?L’ :S{ ;T . 100 ~100 - 250 [71]
) ) S M =
CuCeO, I vol% ggsé fllé’OCLoé_’?gij@I L 90 ~80 - 200 [72]
0, ) A=
qoco, PTG e
CuCoO; 0.05 vol% NO, 0.1 vol% CO, N, 11
.05 vol% NO, 0.1 vol% CO, N,/E1 i - _
CuCo,0, =, GHSV = 50000 i 100 100 300 [74]
0, ) S i A=
3DOM CuFe,0, > ¥OI%° EE(S){,IE ;?)i)g)ocn?ﬁ I;?ﬂif . 95 ~100 - 350 [75]
CufeO; 200 NO, 0~2000 CO, N,fEF
m , U~ m 5
CuFe,0, pp@ﬁ GHSV :plpsgl Sl 100 100 - 300 [76]
1000 ppm, 2000 ppm CO, Hel/EF4i /<,
CugssMn,,s0,-NH  GHSV = 30000 h™'/50000 h™"/ 90 80 - 200 [77]
70000 h™'
CuMnO, CuMn,0, - 100 95.7 - 200 [78]
CuMn, O, 1000 ppm NO, 2000 ppm CO, N,/EF 100 60 B 200 [79]

<., GHSV = 30000 h™"
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Figure 6 (Color online) (a) Schematic diagram of NO + CO + O, over

Ce-Cu-BTC catalyst [70]; (b) schematic diagram of NO + CO over
Cu,Ce, catalysts [71].
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Figure 8 (Color online) (a—c) TEM images and (d) schematic diagram

of the formation of the peanut-shaped Cu,;sMn,,s0, nano-hollow
catalyst [77].
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Abstract: Nitrogen oxides (NO,) are an important factor that causes ecological environmental problems and affects
human health, representing simultaneously one of the most recalcitrant air pollutants to eliminate. The conventional
ammonia selective catalytic reduction (NH;-SCR) confronts many challenges, such as ammonia slip and irreversible
poisoning deactivation of the catalysts. Consequently, research emphasis has shifted toward the carbon monoxide
selective catalytic reduction (CO-SCR), in which CO serves as the reductant. CO-SCR is currently regarded as a
promising denitration technology that enables the simultaneous abatement of CO and NO,, thereby fulfilling the concept
of “treating waste with waste”. It also eliminates the need for additional reducing agents, avoiding the risk of secondary
pollution, and thus exhibits irreplaceable advantages in flue gas treatment. An efficient catalyst is the core of the CO-
SCR, compared with noble metal catalysts, transition metal Cu-based catalysts have been extensively studied due to
their low cost, variable valence states and excellent catalytic performance. This paper reviews the applications of a
variety of supported mono-metallic catalysts, supported bimetallic Cu-based catalysts, and non-supported bimetallic Cu-
based catalysts in the CO-SCR process. Introduces the catalytic performance of the catalysts, as well as the influences of
carrier types and morphologies, different metal components and their interactions. Meanwhile, it also provides an
overview of the reaction mechanisms about Cu-based catalysts in the CO-SCR process. This study provides theoretical
basis and research directions for the development and application of novel catalysts in the future.
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