M P0e P K™ BT A AL R0 5
ﬁé%’%%ﬁ,ﬁﬁ%,%%g*

(PLhXF FIRERKRFR, I &K %E 519082)
WE., AR RGP AR RO RE2ERK TR T A RGHK, @ IERAR
A EL AT EEAC A BB T A R VR ERE , R, B AT ATIREBAL A R SR 5 2 X
SENHRAERE R E R, MZRR TS LB RAC R BRI B 48 T 38 AR E
R BACARAL T 6 BF R, IR T Rk % A8 R A BB BAL AL A 0y i3 B, TR
C—H 4B BEH RATEACERACR S 0 kiR B B & 8 M09 30 & B AR AL A Fo A AR M 4T 09 3F
FA B BACHARACH] A F R R A BACEAL A, A Tt B, E e ey kA L 5
WS C—H FHEE L TR TUATRBRBARLHLH A2 EBG >R E, T3
T B BACHEALR] | TR A BARAL A G M R B e A kA L R AR REIRRE
SPHEE VT AT B EARALT 69 SR BE AT RO BALAR AL R B F T B AR 5T 64 W K e i AR
MeAk, BT MO E LRI B M, T AT R R il S e g A A R A
Wl F M SRR ETER LT AR SGEAR G FRE T, WA EEEHTATIES R
LB TE VRS B B i R A 4 R ] T AR SRR IR A B L A, R T 89 3R TR AL A wERAS T b

o ek —
KR WA R BALAAL; C—H AL, AR M, WA
hESES . X51; X701 X ERFRIRAD: A

Recent progress on catalysts for low—concentration coal mine gas oxidation

WU Jinwei, ZHANG Mingkang, YE Chengyin, RUI Zebao "

(School of Chemical Engineering and Technology, Sun Yat—sen University, Zhuhai 519082, China)
Abstract: During the coal extraction process, the emission of low—concentration coal mine gas signifi-
cantly contributes to greenhouse gas emissions. Catalytic oxidation is an effective strategy for converting
the coal mine gas to carbon dioxide, thereby alleviating the greenhouse effect. However, the activity
and stability of most reported catalysts remain inadequate for widespread application. The reaction
mechanisms of coal mine gas oxidation are summarized, and the recent progress and future perspectives
for catalyst design are presented. C—H activation is the rate—determining step in coal mine gas oxida-
tion reactions. Noble—metal catalysts with high activity for C—H activation and metal oxide catalysts
with high thermal stability are widely used for coal mine gas oxidation. Regarding the noble—metal cata-
lysts, the type of active metals significantly influences C—H activation. Modification of the supports
and the addition of additives can adjust the distribution of active metals. For metal oxide catalysts,
modification of catalyst structure and composition can regulate the surface areas, oxygen vacancy con-
centrations, and chemical bonds, thereby improving catalytic activity. In addition, the water resistance
and sulfur resistance of catalysts are vital for the stable oxidation of coal mine gas. The construction of
an encapsulated structure and a specific active metal structure are conducive to water desorption. Fur-

thermore, the addition of dopants can adjust electronic structure of active metals, thus enhancing the
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water resistance of catalysts. With regard to sulfur resistance, the construction of an encapsulated struc-

ture to weaken sulfur adsorption and the addition of a sacrificial component to delay sulfur deactivation

are two commonly—used strategies.

Keywords: Coal mine gas; Catalytic oxidation; C—H activation; Water resistance; Sulfur resistance

0 35

B SERZ T 0 & R, BRI 75 oK & H 254
KU A BETR (B RIRA A AE) LB
FE AfE KA me RE R L
TR BRI A 7 LY % [ ¢ e TR B VR 45 4
HAT i 2 SRR AR A REAE A R
Wb, AT AR Ak TR AR B B n A Ak T
m L ETRECEZ A B IEEIRY A
SR WAL T T DA XS S2E 11 3 7 44
AR TRE R RRI 2 4, SR, TR R IR 1Y
AR BB REER XU, i 25 16 B
KA = SR HER . B BT A A
CH,.CO, \H,S SO, %" gl 1 Firos , % i e i
(1) L3738 5 R IR R & v 1) AT R AL
R PR B 8 FU T (<19 ) DUIXEE D) B B MR B A
FAUT A T e AR 1 HE 2 i A 2 T
CO, 2 23 FERITR RN MG TR B« B ™ K
W& ,7E 2030 4 S P« ik 67 2060 455 B ik rh
A R E R R F R R
JE R BL I AT DA K R R ARCR v p il i SR Y
FHETE 3, 326 [ 58 WUk 1) s H b,

T

AR

1%~8%

B1 ARERERETEHFOLEFXTER
Fig. 1 Schematic diagram of treatments of coal mine

gas with different concentrations

VRN IR B 40 it 2 2500 A 3 2 BTk, FH e
4 A C—H BB A A, DX 2R B0 B e
C—HEEIELAE (430 kJ « mol ™) , MELIBETE AL,
FHEE T35 229 1 100 °C il 09 Bk be , A bE
AT DL A R b C—H B TE AL RE , BT 77 S BE
IR EE AR T 500 °C, o A AT B IR v B 1 e i 1k 7

2

U AESEPRG RN AR R AR B TE P 5 AR
FE PSR BT SR AR A b 3R A 7 A DG i R F
bro TEWEPETT I, BT AAE AR AT LAy o B
T 0 % M 0 5 4 R A Ak R R AR R P
B[ e /R | R I~ 11 0 N % e a6
TR (H,S F1 S0, ) DL FLHr kb 7= v i 7K
27 A0 A 0 ) s R O A, BH R e 1 S
AT TR A T A TR K T A T R X
PR AL B OGS,

1652 R 1k B T A 35 76 S IR B 9 B
o S TR T 190 05 1 5 T T K RS P T TR T
KEHFFE | Z T TAEt i AR IR w5 35 v Pd
FL0Y e AL S A B K
REAR TS > RAF B E KRBT, H ik
JEE IR FU AT S A A 700 10 308 5 R AT o LA G
JESEBRI TR . ASCOEF e FIE M S
P 7 TR MR B2 R BL T A AR A 1 ) ) & e R
RIEAT T RGE G, , XK B I BT IR e At
RN T R AT T R

1 RMNHE

HHTAT 3 A2 DA R0 F e i A 280 Al B iy A3
Eley—Rideal ( E—R) #LP! | Langmuir — Hinshelwood
(L-H) HLIEFI Mars—van Krevelen( MvK) #LF2*
1E E-R L, S CH, W B 78 35 2 47 15 A4 Bl
CH, * , 554 0, B R MW A W CH, 0 * , F1i& 5
i & AR CO il €O, 7E L-H Hlifil o, <7 CH,
W BFFPE TS PR AT AR R CH, R3S O, W BfHE fb A
J§ 0 ,CH, * 5 0 * R IFFZ A AL CO Hl
CO,, 7E MvK MLl , CH, 1 SerEdm M s i A4
I CH, = I, 5 A U SIE U CH, O = Al
CH,0, = TEIHPEAL A LB A, & A CO Al
CO,, Wit FErh, BRI A% S AETT 2k
AL S OV ) O, 7 A 1 R THT R S
FOR AN (A R A, A TR R TP A
e S TR B ML BN [, 552 B 194 B g v AT R T8 A
—ME ML, Horp S A AR A
B LR b B I 3 3 AE MyvK ALEE T TG
I FRHLIR  C—H FER I A 2 o TR e fi A A58 B



(1 e AL RO DRI R RO 30T S P 3R] Y 1
fabr A C—H G fbiE

2 fEEFEE

St JE AL AR Dt 4w S AL P HE A R 2
PRI PSS LI AL HEAL ), i T2 A ), i 1
BLSWAATIZER Dt Jm AR R 7 A
HEALTH , B THT 1) 5% 40 J by L P67 0 T I 5t
5 i SE A AL TR — 2 A A B A T L
MBERN, MR AT B 4w AL ) R
I s AR T A

x1 BABRSEEUAFMERSEEUD
LTI R S AL I RERT L
Table 1 Performance comparison of typical noble—metal

catalysts and metal—oxides catalysts for CH, oxidation reactions
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NiO@ Pd0/AL, 0, 30 000 1% CH,+%5%, 368 [20]
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Pd,/Ce0,TS 36 000 1% CH,+%5, #5380 [29]
Pd/NiAl,0;GD 31 000 1% CH,+% S, 381 [30]
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It/ TiO,~HO 30 000 1% CH,+%55, 2267 [22]
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Fig. 2 (a—c) Pd 3d XPS spectra and (a’—c’) structure models of Pd/CeO, catalysts with various morphologies
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