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Abstract: Catalytic reforming of natural gas is a commercial process to produce syngas, which is the main source for the production of am-
monia, methanol, hydrogen, and many other important products. This method produces also large amounts of CO, as by-product. Chemi-
cal-looping reforming (CLR) is a novel technology that can be used for syngas production by partial oxidation and steam reforming of hy-
drocarbon fuels. One key issue with the CLR concept that is being widely studied is the oxidation and reduction behavior of potential oxy-
gen-carrier materials. Four perovskite-based nano-composite oxides were prepared by the sol-gel method and characterized by X-ray diffrac-
tion, N, adsorption-desorption, scanning electron microscopy (SEM), and CH, temperature-programmed surface reaction. The catalytic per-
formance of the prepared samples for CLR of CH4 to syngas was investigated. The results showed that the LaMOs (B = Cr, Mn, Fe, and Co)
oxides possess perovskite-type nano-composite structure. The oxidizing ability of these four perovskite oxides follows the order of LaCoO;>
LaMnO;> LaFeOs;> LaCrO;. Among them, LaFeO; oxide has higher activity for CLR of CH4 to syngas. The CH4 conversion and CO selec-
tivity are 89.6% and 98.9%, respectively. Especially, the sequential redox reaction revealed that the LaFeOs oxide exhibits high stability with
CHj4 conversion of 60%~70% and CO selectivity of ~98% after 10 redox cycles. The SEM analysis revealed that the structure of the LaFeOs
oxide was not dramatically changed before and after 10 cyclic reactions.
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Fig. 1. XRD patterns of the LaMO; samples with different B-site
cations. (1) LaCrOs; (2) LaMnOs; (3) LaFeOs; (4) LaCoO;.
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Table1 Lattice parameters, particle size, and BET surface area of the LaMOj; oxides

Lattice parameters (nm)

Oxide Phase symmetry b Vinm® Djyy/nm A/m%/g)
a c

LaCrO; orthorhombic (Pbnm 62) 0.5476 0.5512 0.7758 0.2342 49.5 7.86

LaMnO; orthorhombic (Pbnm 62) 0.5521 0.5467 0.7769 0.2346 79.2 5.87

LaFeO; orthorhombic (Pnma 62) 0.5553 0.7843 0.5540 0.2413 60.1 6.08

LaCoO; rhombohedral (R-3C 167) 0.5445 0.5445 0.5445 0.1614 36.6 4.83

Fig. 2.
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A

B2 LaMO;$54KH"

SEM images of the LaMO; oxides with different B-site cations.
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Fig. 3. CH4-TPSR curves of the LaMOj; oxides with different B-site cations.
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Fig. 4. XRD patterns of the LaMO; samples after CH4-TPSR. (1)
LaCrOs;; (2) LaMnO;; (3) LaFeOs; (4) LaCoOs.
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Fig. 5. CLR by continuous flow reaction over the LaMOj; oxides with different B-site cations at 1173 K. CLR—chemical-looping reforming.

0 50 100

"ELY L=

150 200 250 300 350
Time (s)

ERE CLR Rl AN



1416 etk

E S

Chin. J. Catal., 2011, 32: 1411-1417

A SR T K 1 45 B B T). 1 LaCo O S8 AL M E 354
I N By B35 A K R C Oy, Bl N (AT, AT K
H H, flZb i CO A2, [ VY. 250 Ji, CO 51 5% FF4f T
B, T Ho JE AR FFA AR, R BT IF 468 0% A La-
CoO; S AW b [ N4y 11388 A% v LU H, 71 CHy R
H3E J5 I Co 47 AT CH, fif B9 2E i L, X 5 B3
CH,-TPSR 4 F A — 5. % Lk LaMO; 45 5k B AL 45,
BRI L2 8l CLR J N A f5 7= 40 1) 45 7% ik i mf
DU th, 76 RN AT AR B BEAE COp A2 1, 2R 5 IF U A
CO Fl Hy A= . H T~ e WY HIF 4 8 44 Ak T 28040 U
H ST K B PR IR PR 4R L A 8 ) I B A A P
BE A SN R EAT, 2 THT R B 4808 W T FE SR S, COL 1)
e 8328 T U /D> I IS AR AT A% R T 3 1T A% TR I
F M AR SR CH A 32 240K, 5 CHo-TPSR
— K, CO F CO, 142 U P TR A T R
CH, IS4 . LR M 75, LaFeOs 48 2 1A 1) 7R AH 44
Y RPE % 18R 5 CH, 35 AL R 10 VT FL 4 4F, 2B 1)
B (Hy/CO) EL I 2 4 2.06, 432305 #AR (K] CH, 3% £
AR

FR 4 5, CH, e 5 R CO 3k 8 8 1) v 4 45 21
R 2. a[LLE Y, £F 1173 K, 23 ml/min, 11% CH,-
89% Ar 2 1F N ] . 5 min i, LaFeO; fil LaCoO; %8, 2%
b CH, #5ALF W] . 75T LaCrO; Fl LaM O3, 3 W] H:
AT B A BRI A PERE. 2R, LaFeOs 48 2k
P () 58 ) Bl 5 A B IR R AR A P R (HL/CO =
2.06); 1l LaCoOs 48 45 A4 ¥ 480 40 b F A 6% it 1 ¢ 82
FAAE T (Hy/CO = 2.79), CO % #51 #] A% T La-
FeOs S 84k, Rk, 75 L& BA08 H AR =91 1) CLR
1, LaFeOs 85 SR f5 A 044

®2 LaMO; E5E UM EELERS CLR R CH, 81k
I CO ®FM

Table 2 CH, conversion and CO selectivity by continuous flow reac-
tion over the LaMO; oxides with different B-site cations at 1173 K

LaMO; oxide CH, conversion (%)  CO selectivity (%)
LaCrO; 10.1 94.2
LaMnO; 27.3 81.2
LaFeO; 89.6 98.9
LaCoOs 95.8 40.6

Xt LaFeOs S AR BEAT T 10 A3 22 )i /i Redox
KN, SRR T 6. nf LA W 65— MG IR I
W, CO BEFEIE N 95.1%, 4R 5 AR F7 E 98% LL _L; CH,
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60L o—°

40 |-

Conversion and selectivity (%)

O L 1 L 1 L 1 L 1 L 1
0 2 4 6 8 10
Cyclic number
B 6 LaFeO; & YIELLITF Redox CLR R CH, 341k
I CO ®FM
Fig. 6. CH, conversion (1) and CO selectivity (2) by sequential
redox CLR over LaFeOs; oxide at 1173 K.
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Fig. 7. The comparison of XRD patterns of LaFeOj; oxides before (1)
and after 10 cyclic reactions (2).
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