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Abstract: A typical Fe-based catalyst for Fischer-Tropsch synthesis (FTS) was prepared by a combination method of continuous

co-precipitation and spray-drying technology. The study was undertaken to investigate the iron phase transformation under different pre-

treatment conditions and the influence of phase structure on FTS activity of the catalyst in a stirred tank slurry reactor. N, adsorp-

tion-desorption, X-ray diffraction, and Mdssbauer effect spectroscopy were used to characterize the catalyst. It was found that a-Fe,O; in the

fresh catalyst was reduced first to Fe;O4 and then converted to iron carbides (Fe,C) in the syngas atmosphere. Increasing the reduction space

velocity promoted the reduction and carburization of the catalyst. Higher reduction pressure facilitated the reduction of a-Fe,Os to Fe;O4 but

suppressed the carburization of magnetite. During FTS the catalytic activity decreased gradually with increasing magnetite content and de-

creasing iron carbide content.
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Table 1 Reduction conditions for the Fe-based catalyst
Run No. p/MPa 6/°C n(Hy)/n(CO) GHSV (h™")  th

SP1 0.3 265 1.2 2000 24
SP2 0.3 265 1.2 3000 24
SP3 0.3 265 1.2 4000 24
SP4 0.9 265 1.2 2000 24
SP5 0.9 265 1.2 3000 24
SP6 0.9 265 1.2 4000 24
SP7 1.5 265 1.2 2000 24
SP8 1.5 265 1.2 3000 24
SP9 1.5 265 1.2 4000 24

2 HR5R
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HEATULE AN R 64 38 5L (1 23U M i 91 1 3%
2. MR WL, 38 J5UG, BT A AR 7R 1 bR AR,
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FE 77 358 0, A 500 1 L TR 0, T 38 LA
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7] i % AR R T AE H F1/8E CO 1B F R 323 4 i H,0
/8 CO, 1 I B Fe,O5 Ml KL, 3 B Fe;04 & Wi 1
Fe,0; K1 J2 4 . H T WM AH & 2L % 1 11 2 5
Fe;04 WURLIZ W 7E Fe,05 3 11 52 it [FI I, 7538 iR
Ik AR e AR AL SRR R 4, DT 5 SO 1 R I b R
T AR /I, S 2 FL A2 18 TV 3 it 4 3ok R s Ay 1K) 488 o
W7 F T Fe,O3 2 Fe;04 L IR, E7E T Fes04 fi biL
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Table 2 Textural properties of fresh and reduced Fe-based catalyst

Pore volume Average pore

Run No. Aper/(m'/g) (cm’/g) size (nm)
Fresh 166 0.36 8.6
SP1 96 0.25 10.4
SP2 95 0.25 10.7
SP3 91 0.26 11.2
SP4 85 0.25 11.7
SP5 84 0.21 11.8
SP6 81 0.24 11.8
SP7 84 0.25 11.8
SP8 78 0.23 12.0
SP9 73 0.23 12.7

22 EUFIEFRREZFHTEREH Fe¥)tE

AN TR G5 A3 J 5 AR 7 XRD i n T B 1. 37
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Fig. 1. XRD patterns of reduced Fe-based catalyst.
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Fig. 2. Mossbauer spectra of reduced Fe-based catalyst.
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Table 3 Iron phase composition and content of reduced Fe-based

catalyst
Phase composition (%)
Run No. Fe,C 3 2
Fe;O, ————————————— (spm)Fe (spm)Fe
x-FesC,  €'-Fe,,C
SP1 27.5 7.9 6.2 433 15.1
SP2 29.1 49 9.4 41.2 154
SP3 26.2 5.8 13.5 442 10.3
SP4 32.8 1.5 6.5 57.0 2.1
SP5 30.5 5.4 7.1 52.7 43
SP6 323 6.9 53 46.9 8.6
SP7 33.0 5.1 2.6 55.5 3.8
SP8 353 5.1 5.2 483 6.0
SP9 31.2 3.3 6.6 54.7 3.2

spm—superpara magnetism.

I [ I, CO 55 Fe;O4 1F H 2E B Fe, C. 7% 3 1385 K
T H,0 F1CO, MRS H, (R HE T A4 7710 1 3 Jit sk
PR, F D (38K MG n T &5 i, A2 2E T Fes Oy
FTH,0 194 1. HaO AE 2 —Fi 4 A0 A4 0 LAt 2k
YIRSl Fes0,8. Rk, 1 7 19 N 45 A1 T Fe; 0,
1) A= B, T 4 1) Fe C 1A A B
2.3 FTS RS FEd 7 Fe B T1TA

7E FTS [ Wl F v, {4k 75 b Fe M40 2 & 4=
AR AR AL R, A SC R Hy/CO = 1.2, 260 °C, 1.50
MPa, 2 000 h™' 51~ [ N 6 F1 100 h (#3847 7
MES 73 #7. ‘B AT MES #5753, A R ¥ 5 47 45 1
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Fig. 3. Modssbauer spectra of Fe-based catalyst after reaction for 6 h
(a) and 100 h (b).
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Fig. 4. Changes in FTS activity of the catalysts during reaction.
Reaction conditions: n(H,)/n(CO) = 1.2, 260 °C, 1.5 MPa, 2000 h™".
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Table 4 Fe phase composition of Fe-based catalyst during different stages of reaction

Phase composition at 6 h (%)

Phase composition at 100 h (%)

Run No. Fe;04 Fe.C (spm)Fe**  (spm)Fe* Fe;0, Fe.C (spm)Fe’** (spm)Fe**
x-FesC,  €'-Fe,,C x-FesC, ¢'-Fe, ,C
SP1 28.3 8.4 9.1 37.3 17.0 26.9 8.0 13.4 393 12.4
SP2 29.4 10.0 12.1 36.5 12.1 28.9 6.3 153 429 6.5
SP3 25.5 7.8 14.9 50.7 1.0 27.3 5.5 16.0 32.5 18.6
SP4 32.8 6.1 8.0 53.0 — 33.6 4.0 7.1 47.9 7.5
SP5 31.7 4.6 8.8 54.9 — 28.6 10.2 6.5 423 12.3
SP6 31.4 9.7 4.1 48.2 6.6 32.1 8.5 6.0 52.5 0.9
SP7 35.1 1.8 8.0 44.7 10.5 349 6.2 6.2 33.4 19.4
SP8 34.7 7.1 5.9 49.4 3.0 32.6 2.3 9.2 51.8 4.1
SP9 31.4 33 11.1 52.7 1.5 28.6 6.2 9.2 46.3 9.7
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Fig. 5. Relationship between Fe;04 (a) or Fe,C (b) content and cata-
lytic activity of Fe-based catalyst in the steady state.
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