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Figure 1. - Change in (a) CO conversion, (b) (H2+CO) conversion, and (¢) Hy/CO usage ratio

with time on stream in run SA-0946 with the 100 Fe/3 Cu/4 K/16 SiO catalyst.
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Figure 2. Change in (a) methane seleétivity, (b) C1+C, selectivity and (¢) Cz—C4 selectivity

with time on stream in run SA-0946 with the 100 Fe/3 Cu/4 K/16 SiO7 catalyst.
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Figure 5. Change in (a) CO conversion; (b) (Hy+CO) conversion, and (c) Ho/CO usage ratio

with time on stream in run SA-1626 with the 100 Fe/3 Cu/4 K/16 SiO?) catalyst.




7.0

6.0

5.0

4.0

3.0

CH, Selectivity, mol%

2.0

1.0

o.0L
12.0 1

10.0

8.0

6.0

C1 + Cz, moi%

4.0

2.0

0.0
20.0

15.0

10.0

C2 - C4, mol%

5.0

0.0

E @
2 e WM@%&%WW ]
] Catalyst: 100 Fe/3 Cu/4 K/16 SiO, (batch 4), Run SA-1626 ]
0 10 200 800 400 500
i o ]
s Od%%b@%? %D[&hﬁlp%ﬁﬂ 3
- Other process conditions : E
- T = 260°C ]
= H2/C0=0.67 .
0 ‘ 100 — 200 ) 300 — 400 . 500
l@ (©
” 0% ule
R R, i BT ]
A ]
O P=1.48 MPa, SV=2.3 Nl/g-cat’h
N A P=1.48MPa, SV=1.8 Nl/g-cat’h i
A 0O P=2.15MPa, SV=2.6 NVg-cath
Q 100 — ' 200 PR 300 — 400 ‘ 500

Time on Stream, h

Figure 6. Change in (a) methane selectivity, (b) C1+C2 selectivity and (c) C2-C4 selectivity

with time on stream in run SA-3155 with the 100 Fe/3 Cu/4 K/16 SiO catalyst.




"SUOTIIPUOD JUISJJIP 18 TH Yiim juowneanald 1oije 15A1eed TOLIS 91/ $/1D £/°4 001

oYl YNM 9L£0-V'S PUR STHE-AS ‘SYIT-ES UM YSLS Fuowe uorsieauod (OD+TH) Jo uostedwo) '/ m3ig

Y ‘WesS uo swiy

0S Oov 01 0¢ Ot 0
T T T T T T T T T T T T T T T T T T T 09

(92£0-VS) ‘48 ‘D082 ‘2H O
- (Gepe-gS) U v ‘0052 TH Vv i
- (G¥Le-gS) 'y e ‘Do0vz ‘2H O .

B 1 SUOIIPUOY UoloNpeY vW 0. =
- N ZM.U
[ v v v v v vy v v © o
| v \vg 4 Q)
O e Q0 9
" o © ? 6 o 09 o ] :
i = B oonoo00800h - E
i R
190 = 09/ H
i yneo-6/IN v'g-v'L = AS B
= BAN BY'L =d ~

0,092 = L

- o6
OIS 91/ #/nD /64 001 ishie)

WS N SN NN N NSNS SO SN S AN U NN SUON NN AU SO SO AU NN AU A N M

: SUOI}IPUOD $5800.d




d-spacing

CPS 2,976 2.562 2.282 2.013 1.828 1,668 1.544 1.434 Py
S0 omrit i £ ? g ¢ T _ ‘ol
o .
262, 0 o Catalyst: 100 Fe/3 Cu/4 K/16 SiO, - 80
224, 0+ - 80
5]
196, 0~ e -~ 70
H,, 280°C, 8h °
188, 0 ~ 60
140,0" - 50
142,04 - 40
H,, 250°C, 4h
84,0~ ~ 30
S
56, 0™ o - 20
=
H,, 240°C, 2h
28,0+ - 40
0.0 T ™17 T T T T T T m ™T T T T T T | B I 0
30 38 40 45 - B8O . BB 80 =1
20

Figure 8. XRD patterns of the 100 Fe/3 Cu/4 K/16 SiO catalyst after pretreatment with Hy at different conditions.
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Figure 12. XRD patterns of the 100 Fe/3 Cu/4 K/16 SiO; catalyst after different pretreatments.
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Figure 15. Change in (a) CO conversion, (b) (H2+CO) conversion, and (c) H2/CO usage ratio
with time on stream in run SB-1276 with the 100 Fe/5 Cu/6 K/24 SiO; catalyst

calcined at 7000°C.




7.0 —— ——r—— ;
6ok @
. e, W G 8000 ]
< AvARVY o © ]
2 505V P &y s =
- - S AN ]
g o} o g g B 8
s - ]
k: 30F E
@ - ]
T 20F ]
5 ; 5
10F Catalyst: 100 Fe/5 Cu/6 K/24 SiO, (batch 3), Run SB-1276 -
0.0 P " N " i s " . . 1 — i " " — 3
0 100 200 300 400
15.0 v T . . T - . . .
i ® ]
1 ° ]
3 X ?W 0 %o 1
®*  100fV _ @0 @y o .
(o] - J
o - ]
+ 5 ]
o 5.00 |- Other process conditions : Vv P=1.48, SV=22 .
3 O P=1.48, SV=18 1
- T =260°C O P=2.17, SV=18 4
i H2/CO =0.67 A P=2.17, 8V=1.2 ]
0'00 Fa— 1 e i 4 i L S i - e " A
0 100 200 300 400
25.0 fp— . - T . . : . ——r . v —
-%7 E
i Wéyvvdp ©p © () ]
20.0 ¥ oW o ° 5 ]
o i o 00 8o P
PN i W ]
g - CODD 4o o
- D ‘ﬂ D 4
& 15of oS mq:l}fctg:pzzﬁm&ﬁsé 2]
. i A ]
o - V P=1.48 MPa, SV=2.2 NI/g-cat’h -
10.0 B O P=1.48 MPa, SV=1.8 Nl/g-cat/h ]
R O P=2.17 MPa, SV=1.8 Nl/g-cat’h -
i A P=2.17 MPa, SV=1.2 Nlfg-cat/h 1
5.00 | P PR 1 " " n 1 -t i S " . n ]
0 : 100 - 200 300 400

Time on Stream, h

Figure 16. Change in (a) methane selectivity, (b) C1+C3 selectivity and (c) C2-Cg4 selectivity
with time on stream in run SB-1276 with the 100 Fe/5 Cu/6 K/24 SiO, catalyst
calcined at 700°C.




90 ———————— N— .

L Ak s (@) ;
80 |- - - .
_ a ete ]
X - “ o tee ®eee Coe o,
5 70f :
w - E
;6 i O ]
c [ OOOOOO Lol o o
8 60 R 06) < o © <o o O 000 <o %0 |
l-A B
8 :AAAAAAAAA Abm ;
50 | ~
3 Catalyst: 100 Fe/5 Cu/6 K/24 SiO, (batch 3) .
40 i n n i i 1 n e " 1 " i " i L i i " i
0 50 100 150 200
90 ——— — —_— —_——
i (b) X
& 80 3 A S ua E
= - A
2 ! * 4,000 ;
s 7of ‘o e, t%444 ece .
Z I i
o - 3
O 60 - 4
& - 000 a00 00 O s
% i © 09 %00 o Cs0 o o0o° ]
g 50 ._% P N - TN _:
Other process conditions : T=260°C, H,/CO=0.67
40 [ i i i i e i d i i s L i ’
0 50 100 150 200
0.7 M T T N T 4 T T T T T v ye——
s ’ ‘ {c) ]
CAAA . ADA, DAL o o ]
o 0.6 |n "2 4 000 00C0 0 @900 000 QO &0 1
= S & 4
& L a4 Aas 4 A% ceed*t o Feseete L. :
> [ i
«D‘% 05} ]
g [ SB-1276 (calc. 700°C) SB-1295 (calc. 300°C) .
= : & 1.48 MPa, 2.2 Nifg-cat’h A 1.48 MPa, 2.2 Ni/g-cat’h 4
041 o 1.48MPa, 1.8 Nig-cath o 148MPa, 1.8NlVg-cath ]
0.3 P | " i 3 i L i re s i 1 i i i i §
0 50 100 150 200

Time on Stream, h

Figure 17. Effect of calcination conditions on (a) CO conversion, (b) (H2+CO) conversion, and

(c) Ho/CO usage ratio in STSR tests with the 100 Fe/5 Cu/6 K/24 SiO catalyst.
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Figure 18. Effect of calcination conditions on (a) methane selectivity, (b) C1+C1 selectivity and

(¢) C2-C4 selectivity in STSR tests with the 100 Fe/5 Cu/6 K/24 SiO- catalyst.
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Figure 20. XRD patterns of catalyst samples withdrawn from slurry reactor test SA-1626 with catalyst C reduced at 280°C
in syngas for 8 h: (A) TOS = 0 h; (B) TOS =139 h; (C) TOS =258 h; (D) TOS =403 h.
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Figure 22.

Reproducibility of three TPR experiments conducted with 100 Fe/0.3 Cu catalyst.
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Temperature programmed reduction profiles of catalyst C (100 Fe/3 Cu/4 K/16 8i02) from different batches:
(A) S3416-2; (B) S3416-2+K(2); (C) S3416-3+K(2); (D) S3416-4.
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Figure 26. Effect of silica content on the reduction behavior of 100 Fe/5 Cu/4.2 K/ x Si02 catalysts: (A) x =8; (B) x = 16:
(C) x =25; (D) x =40; and (E) x = 100.
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Figure 28. Effect of sample size on reduction of 100 Fe/ Cu & 100 Fe/5 Cu catalysts. Reduction conditions: Room
temperature to 280°C at 5°C/min, then maintained at 280°C for 8 h; flow rate = 40 ml/min.
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Figure 30. Isothermal reduction of catalyst C from different batches in TGA unit. Reduction conditions: Pure hydrogen;
sample wt ~ 20 mg; flow rate = 40 ml/min; room temperature to 280°C at 5°C/min, then maintained at 280°C
for 8 h.
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Figure 32,
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Isothermal reduction of catalyst B from different batches in TGA unit. Reduction conditions: Pure hydrogen;
flow rate = 40 ml/min; sample wt ~ 20 mg and room temperature to 280°C at 5°C/min, then maintained at
280°C for 8 h.
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