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Effect of Shaping Method of Iron-Based Catalyst on Its Performance
for Slurry Fischer-Tropsch Synthesis
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Abstract An amorphous Fe-Cu-K-SiO, catalyst was prepared by continuous coprecipitation and three microspheric Fe-Cu-K-SiO,
catalyst samples with different particle size were prepared by the combination method of continuous coprecipitation with spray drying.
The textural and structural properties of the catalyst samples were characterized by scanning electron microscopy Méssbauer effect
spectroscopy particle size distribution and N, physisorption. The amorphous sample has not regular figuration and uniform particle
size. However the microspheric samples exhibit smooth surface fine sphericity and uniform particle size. The Fischer-Tropsch syn-
thesis FTS reaction performance over the catalyst samples was evaluated in a stirred tank slurry reactor under the industrial relevant
reaction conditions. The initial and the highest FTS activity of the amorphous sample was higher than that of the microspheric sam-
ples but the on-line separation between the wax product and the catalyst was much more difficult. The activity of the microspheric
samples for FTS reaction decreased with the increase of the average catalyst particle size and the same trend was observed for the cat-
alyst deactivation. The hydrocarbon selectivity shifted toward the light molecule product with the increase of the average catalyst par-
ticle size. Meanwhile the on-line separation between the wax product and the catalyst can be performed easily and the run stability
was improved.
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1 Fe-Cu-K-SiO, SEM
1 Fe-Cu-K-SiO, SEM
Fig 1 SEM images of different Fe-Cu-K-SiO, catalyst samples
a Sample A — Prepared by CCP amorphous b Sample B — Prepared by CCP-SDT laboratory scale
¢ Sample C — Prepared by CCP-SDT  batch scale d Sample D — Prepared by CCP-SDT industrial scale
CCP — continuous co-precipitation SDT — spray-drying technology.
1 Fe-Cu-K-SiO, A
A
D B C D
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A D
1 Fe-Cu-K-SiO, C
Table 1  Textural properties of different Fe-Cu-K-SiO,
catalyst samples
y p _ _ D
Sample A m>g Vp eom®g $p nm dppm D cm® g )
A 2053 0.25 5.59 287 1.20 2 Fe-Cu-K-Si0,
B 157.9 0.32 7.58 13.12 0.97 . A
C 94.3 0.33 14.14 22.39 0.74 2
pm
D 45.0 0.23 20.73 72.15 1.08
A

A — Surface area Vp — Pore volume ¢, — Pore size dp —

Particle size D — Apparent density.
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Fig 2 Particle size distribution of different Fe-Cu-K-SiO, catalyst samples
a Sample A b Sample B ¢ Sample C d Sample D
2.2 a-Fe,05 1S Qs 0.32~0.36
3 Fe-Cu-K-SiO, MES mms 0.69~0.74 mm s
2 MES 13.5 nm spm  Fe'' 18
MES 2 Fe-Cu-K-SiO, MES
. Table 2 MES parameters and iron contents of different
IS Hhf 0.37 — 0.40 Fe-Cu-K-SiO, catalyst samples
MES parameter Content
~ Sampl Phase
mm S 482~ 502 kOe ample IS mm s QS mm s Hhf kOe ase %
A 0.37 -0.21 482 a-Fe, 03 59.1
102 0.33 0.74 — Fe** spm 40.9
100 £ B 0.37 -0.16 483 a-Fe,0; 52.9
o8 b 0.34 0.74 — Fe* ' spm 47.1
" C 0.40 -0.16 492 a-Fe, 05 32.9
96 1 0.36 0.69 —  Fey spm  67.1
94 D 0.37 -0.22 502 a-Fe, 04 60.4
100 [ 0.32 0.74 —  FS' spm 39.6
b IS — Isomer shift QS — Quadrupole splitting Hhf — Hy-
95 [ perfine field spm — superparamagnetic.
;\3 b 1 Oe=79.577 A m.
> 9
2
s : 2 Hhf
E ¥r 19
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Fig 3  Maossbauer effect spectra  MES  of different 5102
Fe-Cu-K-SiO, catalyst samples
Fe'* Fe,O
a Sample A b Sample B ¢ Sample C d Sample D € spm a-re;Us
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. o - o . . Table 3 Induction time deactivation rate and pressure
Fig 4 Reactivity and stability of FTS reaction over different ) . .
. . difference for wax removal over different Fe-
Fe-Cu-K-SiO; catalyst samples . N
Cu-K-SiO; catalyst samples
Reaction conditions V H, V CO =0.67
. H M 0,
SV=2.0L gh p=1.5Mpa. Sample IrAlductlon Deactivation rate % d Ap MPa
time h 250 C 255 C 260 C
D A 70 0.18 — — 0.6-1.0
B 85 0.30 — — 0.5
515 h C 111 0.28 — — 0.2-0.3
D 107 0.14 0.16 0.18 0.1-0.2
4 Ap — Pressure difference between the slurry reactor and wax
product tank.
D
2.3.2
250 C 255 C CO 5 Fe-Cu-K-SiO, FTS
46.8% 52.3% 255 C
260 C CO 49.0% FTS

53.8%



974

29

7 -

X
=
O
&
xX
01.
&

10 I 1 I I 1 I
xX
Q)‘t'
&

74:11IIIIIllILII\Il\\ll\ll\‘ll\ll\\ll

0 200 400 600 800 1000 1200 1400
t/h
5 Fe-Cu-K-SiO,
FTS
Fig 5 Hydrocarbon selectivity of FTS reaction over different
Fe-Cu-K-SiO, catalyst samples
The reaction conditions are the same as in Fig 4.
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