ERIE TR SRR CAE A N Vol.31 No.2
20254 2 A Clean Coal Technology Feb. 2025

SR ELFELRKEREBEARLER

fro BV ERR R OB RFELKEALEER .2 R BREE, D F
(LA EH L K2 ) (2 538 TR2EBE, dbat 100083; 2.9 B 27 FULITHb 05 FU AT 6 R 0 S0 06 28— 4 S L 28 ) % o o S 2 0 i
TR FEAE 4540005 3,100 PR B S T AR IR & O A TR D, LS KB 030000)

B BT RN AER, TR AT, KEHFABI XA PINRT ARAUETEF LSRN
R, BB A 2 R AT 6 R AR AT Tk R B AR E X TR, BALKROB R A — AR A AT iR 6 TR e
Tk, A T IR B EALE AL . B R, SR B i T R R E S MR
BAREG B A VA BARACE RE 69 TT R 32 M S5 S WOIRAB AL MR B ATIR 2 BIM K 0 22, 45T 1AL A
A FRARGRE e 8y Tk 5 B o, B BRI AR ARFe A W A 55 LA, [BAF T 454K 8 BAL MR AL T bR B
AN —F EE ., NBTHRFTIEAF G TR NI oIy ik, AN T 4R F EALF L6 P Ik
IR EALIL , 47 T B B TGRS L EH R, T 5K T 4545 1AL H) 37 1AL B M A B AT
RO AR 0 IRty ik . AT AL R R S S HATAF S L R ER A M SRS
B0y 0 R, TTARAS AR 6 R B B AL S S BUR AR 9 R R A, B AR 4 AR AL R |
AR, B AR SHIBE N UG AT IR AL RV EAL B R b R ok m AT T R
SREIE: TR RARRIR 454K AT 2 RUEC AT 1B AL E I BAbdh ;s AL

FES RS TQ426; 064336  LEAIRER: A  XEZHS:1006-6772(2025)02-0063-17

Research progress in methane combustion catalyzed by perovskite catalysts
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Abstract: Coal mine ventilation air methane is the associated gas of coal mine, and the main component is methane. A large amount of
coal mine ventilation air methane released into the atmosphere has caused ecological problems such as global warming. Therefore, the
emission reduction of the ventilation air methane is crucial to achieving the “Double Carbon” target. Catalytic combustion is a
promising method for emission reduction of methane, the key lies in the development of low cost and high catalytic activity catalysts. In
recent years, perovskite oxides have attracted great attention in the field of methane catalytic combustion due to the advantages of flexible
composition, special structure, low cost and regulation of catalytic performance. In the industrial application of perovskite catalyst for low
concentration methane, there are problems such as low catalytic performance and sulfur poisoning, which hinder the further development
of perovskite oxide catalytic methane combustion system. The regulative structure and synthesis method of perovskite catalyst were
introduced, the mechanism of methane catalytic combustion on perovskite catalyst was summarized, the reason of perovskite inactivation
caused by the presence of sulfur was analyzed, and the design method of perovskite catalyst to improve catalytic activity and sulfur
resistance was emphasized. It was found that by optimizing preparation conditions, element doping, acid solution treatment, and
constructing porous new perovskite, the number of surface active sites and oxygen vacancies of perovskite can be increased, meanwhile,
the dispersion degree of active components on the catalyst surface can be increased, thus improving the catalytic activity. Finally, the future

design direction of methane combustion catalyzed by perovskite catalyst is prospected.

75 B H#1:2024-10-17; 5K X 4R 48: CTOEHE; RAERIE: 8/DiF  DOI: 10.13226/j.issn.1006-6772.YS24101701

BETE: 5 S 07 R & R % 4 ¥ BT B (YDZJSX20231A069); i B 45 FLHTH IR 15 BC A I N 9000 8 —— 4 k3t
Sl ] T S B T R T B < B ) T H (WS2022B10)

fEER: 4 % (1979—), 5B, LUEBSIHIA, 2%, i 450, 1, E-mail: bamboozt@cumtb.edu.cn

SIS AT, £EIF, 201, A5 E0 ALk A (R B Y BE SR P AT FE HE e (7). AR, 2025, 31(2): 63-79.
ZHU Tao, WANG Meidan, YUAN Bo, et al. Research progress in methane combustion catalyzed by perovskite
catalysts[J].Clean Coal Technology, 2025, 31(2): 63-79.



https://doi.org/10.13226/j.issn.1006-6772.YS24101701
https://doi.org/10.13226/j.issn.1006-6772.YS24101701
https://doi.org/10.13226/j.issn.1006-6772.YS24101701
mailto:bamboozt@cumtb.edu.cn

2025 457 2

ik 4 A H K 55 31 4

Key words: methane catalytic combustion; perovskite; coal mine exhaust gas; catalytic activity; oxide; sulfide

P

0 35l

REVR LN 2 H AT R A Tr b K Akt Sk R i £
BRU N Z—, MESER TR, AJEX)
F SRR FE TR FNHAE, S ECOhER A S I5E
IR . A BRBHIREE | R4 R AR A Tl
Healk i B Be (CH,) & — ™ 5 B A 5% [n) @
P AR R I Rk B v i R B A R AR 408K
(0.10% ~ 0.75% [1] ) WIS = KL B, HoE
Bt CH, 2 TR ER AR AR 1955 — K
BESM, 78202 REEVEEPY, HHEORERRE A
e (CO,) Y 84 4%, AHN ™A= BT 2= 2500 A& 55
CO, 1 21 ~ 28 4%, X2 &40 iy sk R 3
ok, E PRS0 ER H GEHE AY O R B B
G, — S [E KA E PR 21 B 4 H A8 LR R
HEAT3h . HEVE N EERE RN E R EZK, R
N AEERIAMABIL, $EH MR HERT , Bk IS IR
AT DRI, HGERCHEXT i i A BR AR B, N4
BRAAE AR PR B B R AN

Rt Fe A RN WA, = KU R A AR
IETEFS B ER 72 N H o AR Re T 2 H AT i
A CH, Ffb iR 2 —, B Rede e A FHRCR
DU Kt G AR I A BE m) R, WA 24 S AR
il B R A R B 1 R TR R IR B T
CH, 5 &%t~ CO, Fil H,O, F H 7B 7853 #) H
CH, AR . AT MR . Wllik . 15580 KGR
BAERARTFE, Ok R&NER . Fak, T2
WIS UG AR E B . OB BEIR
FEAG, 1SHHE D, BRI SRR, A
R E AT, QML AEAE L 1T DL g 4
b, 3 PR N AR R A R o A 3 AL BE DR [ AR
B AL TR s bR, RENS S B ik
95% LA LI AR s @ B R & A ks
e, e P AR CH ATz —. H
J& CHy BAT IR R FoE Flim BEXTRR I Z5 4, Xk
FIAEARIER T i1k CH, AL T E Rk . M fbBRSE
1) AR IR 2 —TE T ARACNAS | = A 1 i A
155

B4 JE AR AR Bt 4 JE AR — B H
TS, EATX CH, AL R B AR i 1A fb 1%
T, Sta)E ik pd. Pt. Rh %, EBRIEE
%, WtEE, HAESR TS bed, HREARR,
Ag S B AT B AR R | N R A 4
&b, B R R R RE R . A RE T
64

R AEREMEAF . AR SRR AL AR B A A
s, SR TR (ABO;) PRIHRFIRAYZEHY
FERE, BUMAEEEBE CH, MBI Z —. 1ER
B Z AR, BSERE PRI IR P, S5HAR
SE, TR AR, TEMEL P LA SUR A
IR R AR AR A AR AR T A
BEMLIE . PRIV, R Bl i PR,
HARSEERN R AR RER 22 . 0 1 e B i A Bk
WAL P XPURPERE , BIFFE N BIFSE 1 4% Al
PR AL B Tk, R s Ok | 2t
FOCEB AR A, DA I 2 45 BB A 511 1) 3% v
i, BJEMS . WA SRR, B4
B A TR E . PR A R A AR RERY
ER BN o

TSR BT R A5 AR A R B AR 8 G T 5 B
AR, EH B ICXERE A . A LA R B
AT b e AR bE 0 S S LA T IS A AR B, i
Ja MBS ERE AT PR RE DL AL it i e, ARk
Wk HATURBA . RIZALHL, M2 LAs
FAJ A R i HR S R B PR B M 45 T L PR GA TOE
ARG ERAT AR BB R TE R

1 SSRTHEHSEM

1.1 ST RIS

BEERT B B — 2R S5/ LT CaTio, HIfk
Y, ATLUHEERE ABO, s, ML ABO, Y
BEARH S A ) AR 25 F SR B 1 ST S Y BT,
Hor A — RN A BREFERNITE,
+ o+ 4 8 (La, Pr. Sr%5 ) ™7, Fe. Mn.
Co FTCREELER 1) B v 40 28 I 3 5 A fhe Ak 3%
PENOM G, ARk S A AL TR M R B A
HEFUvEr, BEREfmmsEaZr, iFES
TEPEERUIAOC, WM AR ML AL A s rh
Lo SR, E5ERH S AL Y P TR 2 1T 8 204 TC I 1
(A D BHES T i dl, PRI SAAR TG PR R HAR 58K
W ahkgh AL B A7 Y BH R A AL RE A
ERO . TR B ) SRR T R A A, )
BRI RE T 22 B ipaE . M, A A IR
TESH, S A B (75 EAYCE R e fH
FHURAT DU S5 A v A S B TR R, O
AL R a6 BSERET PR AL B FHES T
PRI, AT A AB,_BO; 1)
BARALA, IXT DSOS f i B I S AR,
M S 208 A W B A FE A A R, e R A



1 VAR B BRAT HE LR M AL 2 Y ek et o it

2025 455 2 1

KPR R R TR AT A EBUCE 7, X
PN T B ERET S5 ) R T

EEERA LR ) S A A IR A R T R DL
BT, Al TR AR RTHER L RS
BT A S R R AR AL . BTG
), LARTEBIES T (A/B) {7 s F B B 07 s 5 40
KAEBAFIRIGES), RILTERE I FI RS S O AT
VBRI .
12 S5ERHHIA M

ABO; AT B 48 1 W) T FLAGSE 1Y A AR 45
Hy . RAFRKIMEENE . AR EGEE . i Al
PEVEMIBREE TR SFIE AL, e LU 4 AR

W Z 2] T2 . PRl , BEERmAL B
BIRIENE . A TR AR (B, 5 3ER
Mn* HIH Mn™ ) AR R S A7 S5 DR 2 3 ek
TERA O 4R A e R e . BR T
AT A VRN, AT AR iRl ansRim
AN S 2 iR | S RN TTIP PFI VA E R HESN
EE SR, PRI E T SR AL A T
BRI, AR ) 507 1% T LS B0 R 25
PERT, WORLRE . rECRRNE . R AL AL Ahi
ERMAE . BREATATE TR R 1 AR E AT
UL ES BRET AL 145 U S Tk AT TR, A
45 T RRANITIE A U R AR A

®1 BRT MBI ARES &AL

Table1 Comparison of different preparation methods of perovskite materials
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Fig. 1 Schematic diagram of preparation method of perovskite catalyst
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Table 2 Summary of the catalytic activity of perovskite catalysts in methane-catalyzed combustion

AL WA AR 23 /% A SRR 5% ZEH/(mL b g ) Too/ C. Scik
LaMny ,Fey 05 1 99%2%3 K, 50 000 550 [32]
Lay g5Cey.15C003 1 20%0,,79%N, 30000 520 [33]
(HNO3)Lag g5Ceg 15C00; 1 20%0,,79%N, 30000 486 [33]
(3DOM)La 51 4MnO; 5 30%0,,65%N, 50 000 508 [34]
3AuPd/3DOM La Sty 4MnO; 5 30%0,,65%N,, 50 000 336 [34]
La,,Ce, 5FeO, 0.5 3%0,,96.5%N,, 12 000 510 [35]
LaAlyoPd,,0; 1 20%0,,79%N,, 15 000 460 [36]
(HNO3)LaAlyoPd, ;05 1 20%0,,79%N,, 15 000 368 [36]
MnO,/LaMnO; 2.5 20%0,,77.5 %N,, 30 000 546 [37]
(R-P)La;Mn,0, 1 20%0,,79%N, 30 000 507 [38]
(3DOM)Lay ¢Sty ,MnO; 5 309%0,,65%N,, 50 000 438 [39]
(3DOM)LaMnAl,, 0 2.5 20%0,,77.5%N,, 20 000 625 [40]
0.97wt%Pd/(3DOM) LaMnAl,;0,4 2.5 20%0,,77.5%N,, 20 000 394 [40]
(HNO;)LaFeO, 1 10 %0,,89%N, 12 000 593 [41]
LaCoO5-7Fe 1 99%%5 K, 6 000 457 [42]
LaCoO;@MgO0-0.1 1 99%7%5 <, 6000 532 [43]
(3DOM)LaFeOQ, 2 98% %5 K, 30000 652 [44]
Vo-A-Lag¢Sr,,C005 1 20%0,,79%N, 44000 591 [45]
LaMnO;-P 2.5 20%0,,77.5%N, 30000 475 [46]
LaCeMnO;-P 25 20%0,,77.5%N, 30 000 440 [46]
Lag §Sr0,MnO; 1 99%%5 K, 6000 485 [47]
(1R ) Lag §Sro ,MnO; 1 9% R, 6000 417 [47]
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Fig.7 Comparison of the CH, catalytic activity of

Lag gSry,MnO; catalyst before and after oxalic acid treatment'"”!
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Table 3 Shows the BET specific surface area, surface element composition, activation energy, and methane catalytic activity of

1AuPd/1DDN LSMO, 1AuPd/3DOM LSMO, and 3AuPd/3DOM LSMO catalysts

[34]

. BETH??@E??R/ FIETCHR A ?ﬁﬂﬁﬁgEal/ H eI 1/ C
(m” - g) Mn*'/Mn* /K L 0,45/ Ora /R LE (kJ - mol™) T oo Toos,
1AuPd/1DDN LSMO 4.32 1.26 0.44 72.4 322 370 400
1AuPd/3DOM LSMO 33.6 1.15 0.31 56.4 304 350 382
3AuPd/3DOM LSMO 33.8 0.89 0.42 46.3 265 314 336
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Fig.8 Poisoning mechanism of SO, on ABO; perovskite'*”
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