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The Development of Cobalt-Based Catalysts for Fischer-Tropsch Synthesis
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Abstract:  Fischer-Tropsch (F-T) synthesis is an important route to utilize fossil resources such as coal and natural gas. The key point is the
control of catalyst selectivity, that is how to suppress methane formation and to improve distillate selectivity. In the past decade, Co-based
F-T synthesis catalysts and related scale-up were investigated in our laboratory, including the relationship between cobalt dispersion, reduci-
bility, and methane formation along with the hydrophobic modification and the core-shell structure. It was found that CH,4 selectivity is cor-
related with the reducibility of cobalt, which depends on its particle size. Based on these, Co-based catalysts have been developed for the
scale-up with the feature of low CH, and high heavy hydrocarbon selectivity. Catalyst | is now subjected to the demo-plant of over 5 000 t/a,
and Catalyst Il (with much low CHj, selectivity) has operated for more than 8 000 h.
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Table 1 Physical properties and kinetic parameters of Co/SiO, catalysts

BET Average Co30, - Reaction 1 Reaction 2
. Reducibility (%)
Catalyst surface pore crystallite (CO + H; — CH, + H,0) (CO + H, — Cy, + H0)
area diameter size Oxygen TPR Pre-exponential Activation energy ~ Pre-exponential Activation energy
(m/g) (nm) (nm) titration factor (kJ/mol) factor (kJ/mol)
Si(1) 710.5 22 10 69.7 55.5 1.4x10’ 88.4 1.5x10™ 151.1
Si(2) 649.9 2.4 11 78.2 72.4
Si(3) 622.1 3.0 12 83.1 62.4 2.9x107 89.8 1.4x10" 148.9
Si(4) 523.8 5.1 15 93.9 70.2 1.8x10° 106.6 3.0x10" 131.2
Si(5) 366.5 8.7 16 101.0 84.6 1.3x10° 96.4 4,9x10" 143.8
Si(6) 298.7 11.8 20 101.0 88.5 3.4x108 101.0 5.0x10% 1435
Si(7) 268.2 15.1 22 103.0 92.6 3.3x10% 119.6 8.2x10% 144.8
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Fig. 1. The correlation of CH, and C,. hydrocarbon productivity with
catalyst reducibility at 230 °C.
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Table. 2 The Fischer-Tropsch (F-T) synthesis performance over
Col/SiO, catalyst samples with various degree of hydrophobility

X(Co)/ Product selectivity (%)
(%) Ci Cos GCsi Csu Cipis Cios
ColSio, 214 365 135 500 348 113 3.9
Co/0.5(CH3);-Si0,  27.1 30.2 12.7 571 315 150 10.6
Co/2(CHj3)3-SiO, 309 276 122 60.2 320 18.0 10.2
Co/5(CHj3)3-SiO, 343 198 120 682 295 302 85
Conditions: 240 °C, 2.0 MPa, n(H3)/n(CO) = 2, GHSV = 1000 h .
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Scheme 1. Effect of different organic groups on the hydrophobicity
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Fig. 2. TEM image of core-shell Co@MCM-41 catalyst.
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Table 3 F-T reaction performance over core-shell Co@MCM-41 catalyst

orC X(CO)/% Product distribution (%) Ciso (%)
1 C2—4 CS—ll C12—18 C5+ C18+ C5—11 ClZ—lB C18+
220 28.1 20.6 16.8 39.9 17.8 62.6 4.9 7.9 5.3 0.1
230 47.2 11.8 9.0 40.5 25.6 79.2 131 10.3 6.6 1.6
240 65.2 145 10.6 50.0 14.0 74.9 10.9 15.2 4.4 0.6
250 76.5 16.0 8.5 54.3 14.4 75.6 6.9 16.5 4.5 0.5
260 86.7 17.0 7.6 62.6 11.2 75.4 1.6 23.0 4.1 0.3
Reaction conditions: 2 MPa, n(H2)/n(CO) = 2, GHSV = 1000 h™.
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Table 4 Catalytic performance of I-type Co-based catalyst for F-T
synthesis

Product distribution

GHSV STY(Css)
6rc o X(CO)% (%)
(h™) (g/(ml-h))
CH; C»C, GCs.
209 1000 61.7 64 06 930 0.1
209 2000 355 65 16 919 0.1

Reaction conditions: 2.0 MPa, n(H,)/n(CO) = 2.
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Fig. 3.  Stability test of I-type Co-based catalyst in lab-scale appa-
ratus. (1) CO conversion; (2) CH, selectivity.
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Table 5 F-T synthesis performance over |l-type catalyst

orC GH781V X(CO)% Product distribution (%) STY(Cs.)
(h™) CH, CrC, GCs. (g/(mlh))
180 1000 69.8 15 4.3 94.2 0.1
200 2000 67.5 3.2 4.4 92.4 0.3
201 3000 45.2 3.9 5.6 90.5 0.3
200 4000 23.3 4.3 3.5 92.2 0.2

Reaction conditions: 2.0 MPa, n(H)/n(CO) = 2.
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Fig. 4. Stability test of 1l-type catalyst in lab-scale apparatus. (1) CO
conversion; (2) CH, selectivity. Reaction conditions: 180-185 °C, 2.0
MPa, GHSV = 1000 h™, n(H2)/n(CO) = 2.

4 Tl f 2 4 40 370 BY [z A B AR R

O RHSE L PE AR BT ST T B A A 7 5 ] 5 PR
o RS IR N E IO VL BCAT . 45 R W, SR 1€
PR S5 I8 245 T /N RS FROR 40 A 2 o 1 27, T 2
PR S5 I8 45 38 A KRR PR 2 ot 0 2B S & SE
AR ORI EREBOA R) 8L, TF e 1 X 8 10 2 Y % it 1
W5

Bl R AR T 113 T 5 — A 400 °C, X AE L
b 2 A A LRSI DR, ST T R R A
I8 I AL BE, DLAA OR AE Tk e N4 SR VR 454 1
SEIAEAL TR AL,

PATA BRI Wi e o AE A R Tl A A
RPN, AT AL N AR A R B ke 3L CH,
4 N FFT 5 ARG A A SR DL R T A R iR
P AR B e 7 A 0. Al i Al )L A e
S0 4 ST, 0 s R AN T 1 O R
i RO ) R AR R PR B B
30 T ARG, € S0 HhE AR B 1 B B i O X

@

Sl S

]

T
-0——0

Conversion or selectivity (%)
—O—LOI_O_Iéol T

SO TR AE AR FLIE T YT R R 5 70 1 R
PR, SRR S N R R, UK [R] BAS W 4 S
A& SN IAA, AEO AL 7R FLE P9 IR DL 32 21 1 5%
W AR /DN, 400 ke A5 SLIE B AL T WO 2 1F I, 37
AU R 22 i, 57 B IR T S 4, VRBE f 3 4 A3 ) 42
L PR BB T AR R IR ke
125 T RORE 1) 1o T2 32 32 FELAG I, 0K Py 38 158 vt T J0RE
L1 R o Wi e =i 5 S B 4 S U P D
T, KBk 2 5 A G OOOL BT DL, Y A T
UGB B e 50 oy ety B I g, HG 0 R P ) i i B
PR

FE Y RERE Al B A A 70 08 D 3 D AR L
I AT W Rl I 5 2 2 R, G v fE BT R R (0 &5
RS A A, Dy, A8 3 1 F2 rp R UL i 1k
70 45 R 1R A2 A LA AR AL 7Rk e, 28 1 Bl L A AL
MRFEEAEELE N, EAEETRERE. <
SRR SR R < e i A8 A DAL 3OS A R < it
FR 5 R0, ORI Je it FEE 0T B R AT B S L Ut
b, JEORF TN HEAL I A dr A7 S S 1, AR RN
RGN FE, AR AR R R R Uk
AU HL/CO B ey, il A 77 2R 0t B, 2545

FE S 5 B v AR A LAtk B, TR T R
SEARAGT 0 TN ZOBOR T 2 B PERE VPO A6 T
RPN TAE. 2R 6 MG % 1 Y Al A0 7 4l
FEVEA G5 . AT LU, b T8R4 6 A 774K
SRARFF TARITBE (5% e A7), i Co B 5 VE %5 51
[l I, i P TR 4L 0 ) o 7 52 Pt i, CO B A AR
FRAE 40% Jody. fEREHEAE L, 1 B Bh IR 4 £ ) S8 it

F6 MEREHE | BUEEAE LRI AN E R

Table 6 Performance of ton-scale prepared catalyst in lab-scale test

Batch X(CO)/% Selectivity (%) Cs. yield

CH, Cs: (g/(ml-h))
1 33.1 5.3 89.2 0.1
2 41.0 5.1 89.7 0.2
3 44.4 47 90.9 0.2
4 47.4 4.0 91.1 0.2
5 39.2 4.7 90.0 0.1
6 35.9 4.8 89.4 0.1
7 37.4 5.6 89.5 0.1
8 40.4 5.2 90.2 0.2
9 41.0 5.3 90.0 0.2
10 40.3 55 89.7 0.2

Reduction conditions: 400 °C, 2 MPa, GHSV = 1000 h™%, n(H,)/n(CO)
=2
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