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ALO; WAL FIFE 2.5%H,0 2514 T, 550 C 5 HA 50% 19 CH, f# 1k NO Jf#; {H7F 5%H,0 &4 F,
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Table 1 Catalysts for selective catalytic reduction of NO with methane
FEAEFH) SR T4 NOHALA/%  TBE/C R
Co-ZSM-5 0.2%NO+0.2%CH,+2%0, 50 500 [9]
Co-ZSM-5 0.082%NO+0.07%CH,+2.5%0, 50 400 [10]
Co-ZSM-5 0.5%N0+0.2%CH,+3%0, 70 400 [11]
Co, H-mordenite 0.4%N0+0.4%CH,+2%0, 60 550 [12]
Pd-mordenite 0.1019%N0O+0.33%CH,+4.1%0, 90 600 [13]
InCoFER 0.1%9NO+0.2%CH,+4%0,+0.25%H,0 97.5 450 [14]
Pd-MOR 0.1%N0O+0.1%CH,+7%0, 25 500 [15]
Ce/Pd-MOR 0.1%NO+0.1%CH,+7%0, 35 500 [15]
Ga-H-ZSM-5 0.1619%NO+0.1%CH,+2.5%0, 34 500  [16]
Ga/H-ZSM-5 0.1%NO+0.1%CH,+10%0, 90 500  [17]
Ga,0,/AL,0, 0.19%N0O+0.1%CH,+6.7%0, 70 550 [18]
¥-Ga,0,-ALO,(ST) 0.19%NO+0.1%CH,+6.7%0, 90 550 [19-20]
-Ga,0,-AL,0,(SP) 0.19%NO+0.2%CH,+6.7%0, 70 550 [21]
v-Ga,0,-A1,0,(CP) 0.19%NO+0.1%CH,+6.7%0, 85 550 [22]
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K, B ERAW . RAEAFEEY, [EE Ga s ALY AR He 0l 3:7, SIS AT TE M R
K, A 200mL BT KT, BTN . EERAM FHRE, A UiiE A i h o242 w4
JRERVEW, TEREWMAMT, BIZIBEFE | he WA B0 BIRTIRAR , AR 25 8 T /K fL K 2
B AP 3R, TE TR T 80 °C & F T4 12 h, SRIGTE L3RI 700 °C . 28 SR S 1 R IBURe
2h, HRRHEIEE, 53] xFe/Ga,0,-AL0, L] b x Ky Fe FT (5 & &8 85 4 T (1 BE R ).
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AU NE N S mm, MALFIE A . KreE. 20, %= 24~50 H, ¥ 0.5 g ALFHCE T 5048 8 % R
o SR IR SR EE B S 48 0.1%N0 . 0.2%CH,. 1%0,. 0.02%S0,. 5%H,0, <
PR BRI 200 mLomin', AR N, B, ROV AR 23 GHSV 2 16 000 h's SE TFih 2
B, TSEAE N, 5UF L 300 °C 4544 F XA RIS S 2E 4T 30 min A TIALBH, 2 Bk e £ 7R o 32 1 %
(K ZESMEALSNR; RN A SRR EZRE, JFMH T CH,-SCR KN L5, R K 200~
600 °C, £l BEFE 20 min 5 id SR EHE . RN S HE AN 5 Comin'. KN JE A9 NO. NO,.
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FAESTHT o
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NO # AL B2 T5%., 20 IR EE M 500 °C J5, NO #54LZA I TR, (BARRFRTE 65% 247 . BEE
BREa BN, NO HAL R KIS /N, W 5Fe/Ga,05-AlL0, (1) NO #% 1k % % T 2Fe/Ga,0,-AL0;,
SR Bk pE— NS, 40 10Fe/Ga,0,-ALO,, NO 4k 3R S i AL .
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Ga,0,-ALO; L . xFe/Ga,0,-ALO; AL 1Y N, FE#E1% B B & T Ga,0,-ALO; fEALF], N, BE#EH: R
# Fe M A BSR4, 7F 450 °C LS BEARIE 100% F N, Yedktk . X600 Fe WA ag5I A, (kR
e NO K, FEAME T N,O A NO, (B 8, MR T N, gk,
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& 40t e Ga,0 -ALO, £ 40 = 40l 7 Ga,0-ALO,
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(a) NO¥:AL% (b) CH ffk4% (c) Nt

1 AT NO EHE, CHELE, N EEMH

Fig. 1 NO conversion to N,, CH, conversion, N, selectivity of the catalysts

2.2 H,0 F SO, B0

AT IR BHER G 7= A 1) S B R SAEAE — 58 JE KRR SO, B, 21035 /K 28 S SO, X HC-
SCR F W 52 . 7K 78755 SO, 23 K K FEAK Cu-ZSM-5 43 T (AL 1% M, I B S B 45 My il 3100,
RTEADF IR R B, 4 Jd R/ AR P22 LRk A Ak 750 B0 o foff o S A b 38 i NO ) B AT R B A 40K
B AR, FH A A& I AR 68 A0 R0 2035 T DR A AR SRR AL R 0 BOK B AR HERT, B, X xFe/Ga,0,-
ALO, BIFL K PR FR et 75 B R T IRAS . 7E 500 °C 43 JHEAT /K Z850F0 SO, 4 B T WA ik, seae4b
FANE 2 iR, HIE 2) /A, MRS TEE A 5% K FESE, Ga,0,-ALO; fiEL 7] Y NO #1k
FIMBKIRBE F e, AT T 20%. Ui T /K #5 NO sk CH, 7e A Ak ) 7] — fir 7% 25 5 4 0 I
MNIEIR T NO 38 5 S N TG HEAL A5, AFIT NO AW PR BTE B, tASFI T CH, BYMRBHS 15 461,
M5 K ZE SR, NO AL R IR E 3 Z 51KV, K ZE S SR T R f 2T iig . 4
MR IEAT AL RMEM S, U0 5Fe/Ga,05-ALO,, £ RS Hl A 5% MKZES)IE, NO BHALF(LT
B 10%, VIBRELRFFTE 60% LA L 1) NO #5400 . VIWE H,0 J5, HEALF TG sk &2, i Bl 4k 1 5]
AR T FIPOKERE . B 2(b) KB T 51 A 0.02%S0, B . 7 Ga,05-ALO, 5 5Fe/Ga,0,-AL0; Y i
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Fig. 2 Influences of water vapor and SO, on NO conversion of Ga,0,-Al,0, and 5Fe/Ga,0,-Al,0, at 500 C

R, FTUE 1, Ga,05-ALO, 57 SO, il A Bl , 1] 5Fe/Ga,05-AL0, 32 SO, Y5 M ¢
/N, 7E 500 °C 5l A 0.02%S0,, hHefh+s 70% 247 0% FEVIWE SO, Ji, WRASEUCE 551 A SO, Hi
HH EL A WG T B (<2%) o X UL Fe (051 ARERS$2 &0 T AL B PLAL RE 77 -
2.3 XRD 9 #f

WK 3BT, BT AR G AT 5T I AR AR H A1-Ga0, e Y-ALO,
B, RUIGEGEET, XFEEITLS B R K E VPO A O
AR S5 A E AR I H DURR AR, [A)A 2 2l Y y-

5Fe/Ga,0,-ALO,
Ga,0, % i 1y 3E R4S 1R O 7] i 76 ] XRD NI N N

R 775 1 5 510G 2 0 O 2 TR 09 s WA
f# 4k 77 XRD [ 3% 5 y-ALO, (JCPDS#10-425) Al NGO
teer ; W"‘%\u_

y-Ga,0, (JCPDS#20-426) trfi K Fr AT L #%,

(220)
(220)
@)

| ¢(440)
"

i

Le (400)
o (333,115

B3 T, y-ALO, £ d(400) 54Tl . d(440) & | f EEE % |
1 d(311) & T X N Ff BEEB 1] K M BE R A2 . Ga 10 20 30 ;/?) 50 60 70
"

BB K 0.062 nm, Al B XA 2R N
0.051 nm, >4 Ga®#k A EALSE 1Y fAs Bt
APLE, SRR, F3y-ALO; FIE I
AR AR B, 64k R BT B T 2R & A 25 4 [ A 1-Ga,05-AL0,, i J& CH, fiE L IA I NO 1Y
FEEEEM, MIMA Fe J5, 7£ XRD 1% &t IF A W £ Fe,0, 3 A I =X Y 2k 9 5t FR AR AT 59 0
XU R A RT BE e A, LR E TR AR AR, sUE HEA G MOE E R . 51 & Fe )T,
XRD B 1 y-Ga,0,-ALO, FFAFE W 3 JE T R, 1l fEJE Fe fE LRI R M & A TH R, WMiEW T v-
Ga,0,-ALO, 45, X Al GEE 10Fe/Ga,0,-ALO; i NO AL F By JE A
2.4 N, DR Fft/RR M FRAE

3R 281, Ga,0-ALO, Wy LR M . FLAEMAFLE 5K 221 m>g ', 0.582 cm™g ', 8.2 nm,
I Fe )&, 2Fe/Ga,05-ALO, [ LL R AR IEAR T, FLAHINZE 0.643 cm™g!, fLAZIEH] 9.5 nm,
PE— 3N Ek &R, 5Fe/Ga,0,-ALO, [ HL R M AL . FLAFFLAE 4510 213 m>g™' . 0.580 cm®g ™'
9.4nm. M5 AZEBEIMZE 10%, 10Fe/Ga,0,-ALO, [ L F M A . FLAFFLAR 2 98 217 m>g ',
0.626 cm™ g™, 10.0 nm. U WL GTHETE T A FeX i 4k 751 Lt & T FRSE me /N, (H AT L3S R4 £k 741 79 £L
e, T RFLAEAT F T AR K 28 AL T P B 52

3 fELFAY XRD IEE
Fig. 3 XRD patterns of the catalysts
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& 4(a) S Ak B N, W2 56 158 B 8 Bf <5 3 2 TREEFINE A5
2, IR 2015 4 TUPACE® W 3 /- 2K vl A1, Table 2 Textural properties of different catalysts
xFe/Ga,0,-ALO; LI A IV (a) B, N4 FLZEMK HEAL HETBY(m g ") LA/ (em*g ") FLF/mm
BB, FE—E AT R, WSS Ga,0,-ALO; 221 0.582 8.2
WRBE o3 3 R e S, TE L R LA, B Rk 2Fe/Ga,0,-Al,0, 21 0.643 9.5
RE S B LR A FLH B BRI . R 5Fe/Ga,0,-Al,0, 213 0.580 9.4
A AR XS IR S X, mhigem) By, F5 10Fe/Ga,0,-ALO, 217 0.626 10.0

ST R W RE A, SR R AT, R
[k A B R BEAS A W R S R B0 B A A X gt — 2, R 2l TR AR, Y
plp, HEUT LIy, i £ gk 2z B Jb, AR 2 B H3 B [ ER T X T Ga,05-AL0;, TE plp, #2iE
1S S5 IR B 0 RS Y £ 9 3 I 20 R B £, DRI R L Rk B0 A . ol ] 4(a) aT A, SRUC3E 5 i4
FIABRG A, I BCA R0 B A B FLBTEE

Hi 1 4(b) AT R1, Fe AN AEAFALARIG G, FLAR A 390 5 98 ) DX I A o Sk LB Fe ] DU fiE AL
M LB A AT E AN, IR 7 fLA 5 fLAE . MASUDA P8R 58 L 3L, /DLAZHY Ga,0s-
ALO, AT E SN H B 75 5 52 BOK Z8 IS, 10 R AL AR O AL TR A PR RE 2 K 28 U R B /. 5
ANBWFR R, HEAGTH RS R R 2 R /DN, TRk O T AR B fLAR X AT R A A
B B JELEAT

v d 0.08
7 ——Ga,0,-ALO,
10Fe/Ga,0,-Al,0, o —e— 2Fe/Ga.0.-ALO
0.06 Pt i
©0-00008 .-;’ﬁ""" 2 —a— 5Fe/Ga,0,-ALO,
e
5Fe/Ga,0,-ALO, o P J004f —v— 10Fe/Ga,0,-AL0,
£0-00008 /.:09/” g
2Fe/Ga,0,-ALO, o % o0t
©0-00000 .,O:/OW N '
o o [
Gazo‘iW < or s
©0-00Q° 1 1 1 ) 1 1 1 1 )
0 0.2 0.4 0.6 0.8 1.0 0 10 20 30 40 50
AHXS 1 (0/p,) FL#2/nm
() ZRU/CEE B P 45 T 26 (b) FLAZRSH

4 BEUFIHRSWMERMFREMILESH
Fig. 4 N, adsorption/desorption isotherms and BJH pore size distribution of the catalysts

2.5 XPS RIENHR

Kl 5 J& xFe/Ga,05-ALO; 1) XPS i &l . 14l 5(a) 7 Ga2p M35 1A, #E 1 118 eV Hil 1 145 eV AL i,
S B 2 SRR, WETRIBESh 27 eV, 3 IR T Ga2p3/2 Fil Ga2pl/2 HEHLIE, HF+3 # Ga 71k
W, 7E1118.7eV &b, GaWyFPx i T PUTE AR Ga PyFhl™, AR EEIAL A, H+3 #r Ga FRiElE,
BT i AP DU TR ZE R, Ab T U AR B Gat H A B i Y AR RS P, 5] AR
J& . VHTEARA B Ga¥ Ty i A . (HE A 2805, 10Fe/Ga,05-ALO, 4L Ga2p 115 Bl BAS X Fi
i, VAW Ga FEAE AL ES#, Rtk , FI A RS Ga’ e AP DU TH AL B A A, s e H e
AL IS JEE M, X5 XRD 0 M 45 40— 2. 1l 5(b) S~ Fe2p i 181, i Fe2p,, W Fil Fe2p,, K HAH
I TR RG, A+3 Hr Fe FRARIEHY ) @it 308 4L B] , Fe2p,, Al AT 711.0 eV B AYFe F1 713.0 eV
A W Fey JL[RI B, 1T AT X R B4 Fe™ W, J5 3 X5 I Fe,O5 R, ZHANG %5 W58 &
B, BESMN Fe,O05 AR AEAER I e S 558 28k, 3T CH, E#M L5 NO /Y [ i
W . R S(b) AT, BIASRIE . 2Fe/Ga,0,-ALO, HEAL I H Bl Fel S5 Fel 2 Fh kW AP . R E 51 ARk
WA, SFe/Ga,0,-ALO, AL 7 3 2 LUIT B S Fel fF 76 . AR EE 3 Nk &, 10Fe/Ga,0,-Al,0, 1 1k 5
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Fe2p 10Fe/Ga,0,-A1,0,
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Performance of Fe/Ga,0,-Al,0, catalysts on methane selective catalysis and
NO reduction
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Abstract The selective catalytic denitration with methane reductant (SCR-CH,) is a very promising alternative
method, however, the current reported catalysts showed low catalytic reactivity for SCR-CH,. In order to
improve the catalytic reactivity and the water resistance of the catalysts, Fe was used to modify the Ga,O,
catalysts supported on AlL,O;. The xFe/Ga,05-AlL,O, catalysts were prepared by co-precipitation method, and
their catalytic performance on methane selective catalysis and NO reduction was tested in a fixed bed reactor.
XRD, N, adsorption desorption, XPS, H,-TPR, Py-IR, etc were used to characterize the xFe/Ga,0,-Al,0;
catalysts. The results showed that the catalysts modified by Fe improved the catalytic activity at medium and
high temperature, their N, selectivity, and their tolerance for water presented in the feed gas. At 500 °C and
oxygen-rich conditions, the 5Fe/Ga,0,-Al,O; catalyst could achieve 76% NO conversation and 100% N,
selectivity. Under 5% water vapor conditions, 5Fe/Ga,0;-Al,O; still maintained over 60% NO conversation at
500 °C. The results of N, adsorption and desorption showed that the original specific surface area was
maintained for the Fe-doped catalysts, and their pore size increased significantly, which improved their water-
resistance ability. XPS and UV-vis detection showed that 5Fe/Ga,0,-Al,0, had a high content of free Fe’”,
which contributed to the medium-high temperature activity. The H,-TPR results showed that the introduction of
Fe elevated the redox capacity of the catalysts and enhanced the medium-high temperature reduction activity of
the original Ga,0;-AL,O,. Py-FT-IR results showed that both Lewis acid and Brensted acid existed on the
surface of the catalysts, and the introduction of Fe raised the content of the Lewis acid. Therefore, Fe
modification of Ga,0,-AlL0;, is an effective method to improve the performance of SCR-CH,, of Ga,0;-Al,0;.
Keywords selective catalytic reduction; NO; CH,; Fe/Ga,0,-Al,0, catalyst
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