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Deactivation of Cobalt-Based Catalysts for Fischer-Tropsch Synthesis
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Abstract: Stability tests of Co/SiO,, Co/Ru/SiO,, and hydrophobically-organically modified Co/Ru/SiO, (Co/Ru/SiO,-S) for Fischer-
Tropsch synthesis were carried out. As the time on stream went on, CO conversion decreased in all the cases. The growth of cobalt crystallite
and the formation of cobalt silicates species were the reasons for Co/SiO, deactivation, while the deactivation of Co/Ru/SiO, and
Co/Ru/Si0O,-S was only attributed to the growth of cobalt crystallite. The stability of the catalysts was in order of Co/Ru/SiO,-S> Co/SiO,>
Co/Ru/Si0,. Compared with Co/SiO,, the faster deactivation rate for Co/Ru/SiO, was ascribed to the agglomeration of smaller metal clus-
ters, which were more unstable than the larger metal clusters and therefore more susceptible to sintering processes. Co/Ru/SiO,-S showed the
best stability because of no formation of cobalt silicates species and the slow growth of cobalt crystallite.
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FREL— & 5 Si0, 8 1A (dper = 182 m/g, V, =
0.90 cm’/g, Pore size = 19.8 nm), % i 1k 7+ Co
JFCER ) R 10% TC A P Bl v R, S5 R B o 2 Ak,
T 120°C T4 )5 T 400 °C &5 ke, B w] il 4% 15 51
Co/SiO, fiE 7.

PRUL— € & Si0, Ak, 4% fi 46 71 Co #1 Ru
R J5E 5 0 B0 03 50k 10% AT 0.4% T ) Al 79 s R A 7R
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Si0, M A RN — T4 R HETE 0, 9 ) 2L A
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AR e B AR FR RO R RS T AR AR R
P&z 2 h, fhik, WAFIE AL, T 50 °C BT
20 h, B 45 L 167K P Co/Ru/Si0,-S fEAL 7).
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K Micromeritics 2000 %Y [ ) 4 28 W B 43 0]
EMEAL A R AL FLAE R AL, X S AT 4
(XRD) Mk 7 H 37 D/max-yA % X 5F 2k 47 5% bk
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JPTHILIE R (H,-TPR) MHARAAE B % & LT, itk
24 25 mg, BN 5% Hy-95% Ny, AR
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WAL N AE AR 10 mm ) [ G2 IR 2 N 3% F
7. HEALFBEE R 1.5 ml. 7F 2.0 MPa. ZF# 4 1 000
h™ R Ho/CO LE2h 2 (41T, ¥ REEIETHR E K
R, SN IA B FRAS (2 12 h) JEEURE 4 #T.



www.chxb.cn

AR A5 Bl R AR FE B -0 s N R v B AT N 1485

A N R ol e e e el T 2 )
160 °C, R i R (i A0 7 HHE I RE oK L 2 B . oA
SCR PR T ik L BR AL R R S () £
R REAT Rl A P A, AR5 BT RS TR P 50
°C A3 12 h; (2) fEEIBK T 400 °C K5kE 4 h. 4
TR, )i R o b BT 65 4 Ak 7).

2 HR5ITR
2.1 AREISHELTIME-FES MR TR

1 AN Rl AR A 770 L 3l - B 2 AP RE i I 1] )
A, AT, B S N PR EAT, = R A R B AT AN
[ R JSE 1R 2R3, (ELRE ™ e B I AR AL AN W] 2, B B

80
70 b

‘ —e— Co/SiO,
60 [ —0— CO/Ru/SiOz

—4— Co/Ru/SiO,-S

CO conversion (%)
a2 @
(=) (=)
e

(9]
(=]
T

[\
(=]
T

~ (o] o]
W (=] W
L e

D (=)
S (%)
T T

—e— Co/SiO,
—o— Co/Ru/SiO,
—— Co/Ru/SiO;,-S

Selectivity for Cs. (%)
~
(=)
T

55
50 F 1 1 1 1 1 n 1 n 1 n 1 n 1

~40F

S0 —e— Co/SiO,

= —o— Co/Ru/SiO,

© 30 —2— Co/Ru/SiO-S

S

E;. L

8 I

@ 10[

i 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1

0 100 200 300 400 500 600 700 800 900
Time (h)

1 FREIHEEUTIE RS B M1t

The performance of different cobalt-based catalysts in

Fig. 1.
Fischer-Tropsch synthesis. Reaction conditions: 230 °C, 2.0 MPa,
GHSV = 1000 h™' for Co/ SiO, and Co/Ru/SiO,; 225 °C, 2.0 MPa,
GHSV = 1000 h™' for Co/Ru/SiO,-S (Hydrophobically-organic modi-
fied).

5 A A 7R D 3 PR A B R P T B T AR
b 25 A 7 AR 8 P = AR T R s Co/Ru/SiO,-S >
Co/Si0, > Co/Ru/SiO,.
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Table1l The physicochemical properties of the catalysts

R Pore Pore Metallic

Catalyst ABST ! volume®  size® cobalt

(m/g) (cm’/g) (nm) size® (nm)
Co/Si0, 160 0.9 24.3 13.5
Co/SiO;,-spent 148 0.9 26.1 15.0
Co/Ru/SiO, 149 0.8 24.0 amorphous
Co/Ru/Si0,-spent 123 0.8 29.0 18.5
Co/Ru/SiO»-S 129 0.8 27.0 amorphous
Co/Ru/Si0,-S-spent 110 0.8 30.2 124

*The calcined catalyst. ® The fresh catalyst was reduced and the spent
catalyst was solvent-extracted; Calculated from XRD using the
Scherrer equation.
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Co MRLAR A T3¢ 1. 0] L H, 0 58 f {44 571,
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XRD patterns of the fresh and spent catalysts.
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Fig. 3. H,-TPR profiles of the fresh and spent catalysts.
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Fig. 4. Co 2p core-level spectra of the fresh and spent catalysts.
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