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Abstract : In recent years, cobalt-based catalytic materials have emerged as prominent catalysts due to their multivalence,
high coordination number, and unsaturated d orbitals. These unique characteristics have attracted widespread attention in CO
catalytic oxidation technologies. The development of highly efficient catalysts for long-term stable low-temperature CO cataly-
sis has remained a focal point to promote the practical application of cobalt-based catalytic materials. This is particularly cru-
cial in various applications such as automotive exhaust and industrial flue gas treatment for CO removal to prevent catalyst de-
activation, as well as in methanol-steam reforming for hydrogen fuel cell feedstock purification through effective preferential
oxidation of CO. In this review, we comprehensively summarize multiple strategies employed for enhancing the activity of co-
balt-based catalyst. By regulating these modifications, the activity, stability, and tolerance of the catalysts are significantly
improved. Additionally, this review briefly elaborates the reaction mechanisms of CO oxidation over cobalt-based catalysts,
and the research hot topics are also summarized. Overall, this review provides valuable insights into advancing research
efforts and commercialization prospects concerning cobalt-based catalytic materials.
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Fig. 1 Issues of research advances in cobalt-based catalysts
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Table 1

Improvement strategy of cobalt-based catalyst

Test results of catalytic

performance of CO

Synthetic Modification Sample A
Catalyst Ref.
method strategy pretreatment WHSV/
-1 oy N/ C
(mLh™ cg, )
Co;0, {110} L 3 20vol% 0,/He, 450 C,
Coprecipitation method Abundant active Co’* ) o 15 000 =77 [25]
nanorod-shaped 30 min gas dried in cold trap
Co;0, {110 Highl d {110}
20,1110} Grinding method ighly exposed [ 110} — 30 000 80 [45]
nanorod-shaped crystal facets
Co;0,{100} Solvothermal synthesis Inert {100} lo.w. crystal 20vol% 0,/He, 200 C, 15 000 25 461
nanocube-shaped method plane activity 60 min ( treated)
2D Co;0 3+
3T Hydrothermal method I112} crystal plane Co — 15 000 2 [47]
nanoflower-shaped active site
Co;0,/MCF-17 Risoc =
3T Sol-gel method Abundant active Co>" — 4 o — (48]
5.2 nm 1.3 wmolgg "8 s
25wi% o Structural defects, 20v0l% 0,/N,, 350 C,
Coprecipitation method changes in electronic . T 15 000 -105 [49]
In; 03-Co; 0, 40 min gas dried in cold trap
structure
Co0304-In, 04 Formwork-calcination method  Distorted lattice structure — 240 000 85 [50]
20wt% 2+ 5 es Jturs 20vol% 0,/N,, 350 C,
. .\ ’ Coprecipitation method co -mduces slruclura.l ) e o 15 000 -79 [51]
Bi;0;-Co;0, defects in oxygen vacancies 40 min gas dried in cold trap
5Sn-Co; 0 Exposure of catalyticall
304 Coprecipitation method P ) 3+y Y — 15 000 72 [52]
nanorod-shaped active Co
Mn causes spinel structural
. disorde tes th 20vol% 0,/He, 200 °C,
10wt% Mn-Co, 0, Grinding method 1sorders, promotes the e 49 500 -53 [53]

oxygen species

formation of reactive

30 min ( treated)
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Test results of catalytic
Synthetic Modification Sample performance of CO
Catalyst Ref.
method strategy pretreatment WHSV/
-1 oy N/ C
(mL-h™ - Beat )
Co0;0,-Cu,
. Hydrothermal method Co’*-0-Cu?* — 33 480 130 [26]
nanowire-shaped
Co30,/A1,04 Reversed micelle method Sper= 162 m? -g™! — 60 000 175 [54]
) o Abundant SiO, and 20vol% 0,/N, or N, ,
C040,-Si0, Impreg“a“‘)tnh'cjlc‘“a“““ Co(11) on the surface, 3ppm H,0, 360 C, 60 000 <-50  [33]
metho: -
Sper =200 m? ‘g ! 60 min gas dried in cold trap
. 3+
Co-SBA-15 Two-step solvent method 8¢ Proportion of CO — 36 000 150 [55]
aclive sites
I d the stabl 1 .
Co50,-HNTs Maceration method mproved e sable anc N,, 10 min ( treated) 2 000 000 350 [56]
sintering resistance of carrier
10wt% Co50,/ Structural defect N,, 450 C,
) 3 Deposition-precipitation ructural defects, 2 6000 -43 [57]
TiO,(A) oxygen adsorption capacity 30 min ( treated)
0.05wt% Au,/
Co.0 Coprecipitation method Monodisperse Au active site — 40 000 <20 [58]
03Y4
Single-atom Au, activate
0.067wt% Au,/ ) 20vol% 0,/N, 350 C,
Maceration method site, MvK mechanism co-exists . L 15 000 -84 [32]
Co;0, . . 40 min gas dried in cold trap
with the L-H mechanism
. . . g R... =
1. 2wt% Au/Co;0,  Deposition-precipitation Au provides the.sne Dried by silica gel ot oo [21]
for CO adsorption column at =77 C 3 mmol( *g., s
0.95wt% Ag/ . . Surface oxygen species
Coy0,-350 Template-impregnation method migration efficiency — 30 000 120 [59]
Active lattice oxygen atoms, N,, 300 C,
PtCo/Co;0,-Si0, Hydrothermal method e 2 60 000 115 [30]

Sper=294 m* +g”!

60 min ( treated)

Notes: WHSV ; weight hourly space velocity, Sgpr: synchronous backward error tracking, R: rection rates at a certain temperature, MvK: Mars-van

Krevelen, L-H: Langmuir-Hinshelwood, Ty : temperature at 100% conversion
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42 BRUESBLE

AW IR TE R XY Co (L AIPE RE RO 5 T 1,
A AL OB LA O A 4 R R RO e
H1. CO MM SR CEII. FAC A ST
BOAF R, T B, sa Y M

Cu'™ I La' ™ 44824 Co,0, HYSAR T, $2TF Co JEATRE
[ CO fEfb ALk BE

Lou % & B 25% (I #4340 ) In,0, 8 24 0] LUA#
Co,0, KM | TEK Co—0 MK, HI5 Co—0
AR, WA FT 0, BYIGIE, #4h In B4 Co
LR d WO TR, B T X CO AW EEE, B T
RIERIR W FIFLR . Ma 25 R L L Co,0,-In,0,
RARPEKE FAEH In™ ffi Co,0, 44K FhHE 2514
L, AT A A B, X EE T Lou %% 1Y
WFIEE5E, In BI4IG Co JEMRHEA T4 B 6 M FES 2
PE, HeAh, Bit', Sl A Mn Y B 2k AL ) 10 B4 S
PEER THRIHER, X R TSR cRBaMnT
SOk, FIRHIEE T R MG AR, XA —
PR F M T RREE B B M AL, 5 Lou %' Fl Ma
UV AE R In MPEFIZEL, Zhou 450 & BH Cu™ L
R Co,0, fiA& I Co™ XFHEALTI MY CO WL FFH1: RE 15 A 52
Wi, fH Co™-0-Cu® i S AH HE Co® -0-Co™ i 5 A4 48 25 i 2k
BCRETEAR, kXt CO YA AT, Wang %5 R H
VIR USR] (9 La/Co B B LA 0 T — & 51
La-Co-O ZAMEILHR], La #8445 M ME AL T 25 5) B A
WA E A, XIFHE T La,0, 5 Co,0, #AHH
YEF 2 B LaCoO,, #Ef T Co,0, WKLY M E, JF H
Co, 0, Fl LaCoO, W] HpFEEfL CO %Ak,

[f)#, Aunbamrung LEISTEESY T Cu HZk % Cu0/CeO-
Co, 0, 7€ CO M B A ML AE fb 1 B J7 THT (5 ), 25 2R 3R
B, 3% 5% (7040 Cu IR (5Cu0) A R AP
CuO 43P, 76 150 CHRYRBIREETT, REfeid B A AT
TEF5E4kBR Co, H CO st s, A5 85%, Xt
T CuO Y R A5 BB BB T 45 5 e [t co, It 5
0, i & A2 N, AR E B Co EAb® B A 2t T
CuO B A b2 1 BRRN R R AL AR

BEAN, RIS A B S TG ), — o O I 2 Uk
AL EXT H,0 B RI# 2, Bae %5144 La 8
245 Co,0, H, SESRAEIL TG0 [ 585 T K 7% ik
R R EEAEH, La-Co,0, #E4k CO AL Ty, MTHHS
ZUETFI 110 C ETHE 3% (R R0 50 KR A& T Y
135 °C, M4l Co,0, fiEfk CO EALM T, N TS EKMT
[ 145 °C LT3 3% (R RS0 KR SFAE T 190 C A4,
XIHHE T La BB 2RI R A 1/ 1 3 (—OH)
YR E R, MR T H,0 haEE B4, 4l % 2
PRIFIRTHIE RN, La B4+ ARG H,0 H R 2
AR TIE, R BUKE TP E 13 Fis; 2
Hbi, Zhang LTV IR PR La®t 1524 ) Co, sAl-Ns LYK F
TS T T AKAR R AN, Li 25 R H,0 BIMZRT A



290 Hh AR

5 44 %

fir B ILICAE Fe L LEAT, MM 7 KIRT CO ik
{EAERLRL Co™ MYRE T A o 08 FH i /A 1 A R o B — o
JEE LA R 22 /K I B Co, 0, fiEfE CO RIFHA,

K13 Co,0, 2% La JGiMHIZR T —OH ¥ AR 21 o0
Fig. 13 Schematic diagram of inhibition of surface —OH formation over

La-Co30, surface!®)

T34, KA AR )N (CO+H,0 =C0,+H,) ,
il H,0 A1 CO B4 ny, thj&—FrimlfEfb s H,0 g
FIAT AT M, Hou 25 il 45 T Ce0,/Co,0, fEALF], %
PEALFITE 0. 6% (EFPE0) H,0, 110 °C 444Kl LL4E 4%
Kmp e, M2k Co,0, BH VMR &1 Ce0,-Co,0,
FESh, 76 ERME &R, 150 min 2 )5 B H B BH 2%
W, TR RN ORI R T H, AR, L,
Ce0,/Co,0, AT LALLM A9 H,0 5 CO K217, M i 41 {fil
Co,0, LI H,0 T,
4.3 HEEERE

TR Bt 4 SR AL E B A A
pyl30 3 6170 pqlet - RE A A BE Ay b 1 3 T B A
K Ee R TE R HLRE & AR AR IR N 1) 4 TR R b sk R
&R AR T, R T IHAE Co JEAT R
R T HE N, BB AT RO A AL X CO I B
ARG

T BAR UL — 5, Haruta 25720 49% (B &4y
B0 Au 9K IR =5 BE 0 HUEE T TiO, . a-Fe, 0, il Co, 0, %%
R b, Horf Au/Co,0, JEBEH /NI R TG AL BE, Au 24
KRR AL CO MRZBR AN AT, B4 T Au 1 Co,0, F1E AL
YR A RO, CO AL N RE IV R AT, HE—
HE, Qiao 257 Al Lou 251 BB SRR R 115 Co,0, 43
B Au BHERRPE . A0 Lou 251 I Au S3HLAE Co,0,
F, B REREITE R Co A1 O, LAKR A I Bk b i i
T, MmO

AR 5 4 R T3R5 A Co0, KR SUHAA
TSR AR TR R A PEBE . 0 Li 5 DL Ag-
NO, =15t Co & ZIF-67 (A PRIEFR 4L A ) , &4
il T 2L 2 459 0. 95% (B 43 %0) Ag/ Co,0, Z 1
TRMEIETR, fREk Ag 40K UKL AT 45 ) 28 1f 42076 1 &S 3

PE, fEHET Co BRI b CO Ak B 13#EAT (& 14) .
Wu 25006 Co,0,-Si0, 40K & A M RHMERFEF HEF 7% )
ThEATRIAN IR, B8 T NaBH, G BIE 51 48 Pt 44
KIRL, FEAL Pt/ Co,0,-Si0, BTIRIA, IZFTERIAZE 400 C |
5% H, SAHFFTHRILE 1 h 5, BAFR5H PtCo &
L4k BURL 71 24 PtCo/ Co, 0,-Si0, & &L, PtCo &
S A B AR ] A B AR ELAE T, R3] TG Ak S A A 1
A, HUEfest T co AL B A PEFT, T Huang % £
T TERAE Co,0, LAY Pd G ORI FXF CO AL IS 1
FIREIR A ELE/IN P R (2. 5 nm) A F T CO i
O, fitEs, FIH T HEEHR CO LT, Song 45 N
ML FEERS B AR B 2, KB CO I EALIE 132 Pr 94
ARG 4 E ALY B JE AR ], Co™ - Co™ fIEHE T HL
T Pt ] Co 5645, R-TFT CeO, FARME AL FERE,
AT T CO Wi 3 FLis Ak T 2

______________

| \ " e
* 1 ' -
! | Ry
V | AW
Imwelnallon: : : @
1

3/Co;0,!

o Lzre PAFST Ao,

% ] Calcination 100 + s

210 ___i-~_- 8.8 1005

8811 : 80 §

2 e QY 60 §

]

S 411 coo, | 0 2

et | S o

® 21 1416 20

g oL nnill o S
Co;0, 3/C030,

Bl 14 HiZs85H Ag/Coy 0, BRI

Fig. 14 Hollow structure Ag/Co;0, nano-catalyst[s():

4.4 BZBERE

4 T A AR LA B AR, R —
SeRF R R, RS RN AANT, AJE A Li, Na fl
K 1 DU TE Co, 0, HEALFIAITERE ™ X FHETHE T — &
IIE MBI ABE T EAER, WIEBETEE ., (s
WP | MR E B2 LA R A 2 A A 4G

Gopalsamy %5 ™ SR L UTIE 1 46 T Co,0, FIHK 4
J&BAI Co,0, RihaM B, HFRRHMAE (Li, Na
M K) X} Co,0, M RMEALTE M BA BAF ISR, 78 Li
B2 Co 0, HEALFI H, BB LIy A0 33 3R 7= A 4| 25 o,
[FRF Li 444 BT Co,0, fEfLFIF 1 M H 0, W1k,
MITTA iAo kit i,

Wang 257 WI3E 5 45 K (9B 25 48 5 T Co,0, 3%
AL AR RE T ELAR SR SR U T K 8 44
A K AR, A DA Bl K (K/Co 45 1Y)
WA 1.56x10%) BUR T Co A REFAT 42 i i 16 7k,
SEHIEIRTE T4 K #EA Co,0, ST SEBUL Co™



53

WRER S . R R AALIBERR CO Tt 291

I, (ERFE RS 2 A S LR R T Co B HL T80 (9 15) ,
MTTFEAR T CO Fy MR B, [ 0E T C—H BRI
e, JFHBRFEER TR M aE

000 100 200 300 400 500 600 700 800

BI1S 5 K G5 A R T vk S5 25 1 L e i 1) 6 o 074
Fig. 15 The Bader charges of the surface lattice oxygen anions which
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bond with K significantly became less negative
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