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Abstract: In this study, a series of catalysts with different Fe;O4 to iron carbide ratios were obtained by carburizing
the a-Fe,O; precursor prepared by co-precipitation method, under various carburization conditions. XRD,
Mossbauer spectroscopy, XPS, and Raman spectroscopy were used to characterize the bulk and surface phase
compositions of the Fe-based catalysts. The results show that increasing the carburization temperature and
prolonging the carburization time lead to higher iron carbide concentration. To explore the active phase of CO,
formation, the catalysts were tested under different reaction conditions by tuning either CO conversion or H,O
partial pressure. It turns out that the catalytic performance of the Fe-based catalyst in the FTS and water-gas shift
(WGS) reactions is influenced by both the content of iron carbide and the degree of carbon deposition. Under typical
Fischer-Tropsch reaction condition, the CO, selectivity is determined by the CO conversion rather than the Fe;O4
content in the catalyst, meaning that the WGS reaction is here limited by the kinetic factors. On the contrary, adding
H,O to the reaction gas results in the trend that higher CO, selectivity is promoted by higher content of Fe;O4 in the
Fe-based catalyst. It seems that Fe;O, is the main active phase for the WGS reaction in the iron-based catalyst for
FTS. These results provide a new insight into the active phase of CO, generation on the Fe-based catalysts, which
could be the theoretical basis for the design of new industrial FTS catalysts with low CO, selectivity.
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Table 1 Conditions for the carburization of the Fe-based

catalysts
Catalyst Carburization temp. #/°C Time t/h
Fe-270a-1b 270 1
Fe-270-4 270 4
Fe-290-4 290 4
Fe-310-4 310 4

o Wb NP
* carburization temperature (°C); : carburization time (h)
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Figure 1 XRD pattern of the Fe-based catalysts pretreated

under different carburization conditions
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Figure 2 Mdssbauer spectra of the Fe-based catalysts
pretreated under different carburization conditions
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Table 2  Iron phase composition and content of Fe-based
catalysts pretreated under different carburization conditions

Phase composition /%

Fe.C
Catalyst FeiO, 2
X—FC5C2 S-Fezc
Fe-270-1 87.79 9.55 2.66
Fe-270-4 68.51 6.75 24.73
Fe-290-4 39.76 25.27 34.97
Fe-310-4 6.28 37.03 56.69
Fe2p Fe2pi, Fe2p,, Felps,
Fe;O, FeC  Fe;0, Fe2p,,
| Fe270-1 7240, 7200 7104 FeC
2 [Fe2704 L L\ 7070
E N
‘2 | Fe-290-4
]
£
Fe-310-4
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Binding energy /eV
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Figure 3 Fe 2p XPS spectra of Fe-based catalysts pretreated
under different carburization conditions
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Figure 6 XRD patterns of various spent catalysts after the FTS

reaction test
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Figure 7 Mossbauer spectra of various spent catalysts after the
FTS reaction test

SN JE AR ) XPS JEE WE 8 i, HiE 8
ALK, 55 RN AT A5 AR A9 XPS g5 I, BT 1
AR50 19 2% 1T R [R] B 22 B0 Fes04(710.4 eV) FlR 1k
B (707.0 eV) BYHRIE Fe 2p 0, U B B2 W 5 B4k
¥ Z2 1 [F] B A7 7E FesOy FBRALERPIAH . LA, AT LA
RIS HEAL T I JE TR AR Y Fe 2p W 5% 3 IR



FO%

n,
S

160 P/ S S 27

2

e

(h 3 30) 551 4

¥ 24 : Fe-270-1 < Fe-270-4 < Fe-290-4 < Fe-310-4, &
W IV S A A 7R 2 T B Ak AR 1 B ks B 5 R
AT — 250, Kk B 0 A X i A 3R 1) 2% T 485 4 3
BEMUAS . —BIAR, RIEE BT A
H,O 23 % 77 2% 19T A Al Ak 2 3 1 Ak, AT T
BB Y B DB A 8K R A% L FesO4 52 )2 (1 core-
shell 2544 i 7E AT 55 b, T4 A AR 700 5 1o )
1) 2% T AR AR 3 TR AL R 5 K, Tt R Fe-290-4 Al
Fe-310-4 {4k 7], e mm b2 & A= B 2 i A Ak Bt
5, X 0] Re 5 AR5 BTR FH A RN A A A R,
T () 2 R 4 /N T HLO 7 335 A B A 2k 2 1o 1)
tE IR, — B REE T bk AL . D
G, ABFIE TR ARG CO, R R, T
H:J& Fe-290-4 F Fe-310-4 i 4L 5, CO, 1 £ 11 £
i 35%, Ut B WGS J b 47 72 BE R, 2R A6 A it
AR HLO B WGS SN T #E, Xt T H,0
Xof B A0 Bk 18 S AR A

R3 REBEEFHDRERRESE
Table 3 Iron phase composition of various spent catalysts after
the FTS reaction test

Phase composition /%

Fe,C
Catalyst FeiO, 2
X-FC5C2 E-FCQC
Fe-270-1 75.84 9.50 14.67
Fe-270-4 65.10 25.80 9.08
Fe-290-4 28.19 32.03 39.78
Fe-310-4 11.95 43.67 44.38
Fe2p Fe2p,, pe 2P Fe 2p,,
Fe;0,  FecC Fe,0, Fe2p
x 3/2)
= Fe-270-1 7240, 7200 7§10.4 Fo.c
£ |Fe-270-4 L : :
z
£ | Fe-290-4
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