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Abstract— The Fischer-Tropsch syntheses over silica-supported iron catalysts were carried out in an atmospheric

reactor at 270°C. The catalytic activity extended to steady-state value after 10-20 hour reaction. The longer reduction
period and the higher reduction temperature made the catalytic activity more stable, and even unreduced catalyst
showed similiar activity. K-promoted catalysts showed higher olefin selectivity and increased CO; production rate with
little decrease of activity. The maximum olefin selectivity of 53.5% was obtained at space velocity of 9600 h-!,

Hy/CO=2.

1. M £
Fischer-Tropsch 42 1923\ Fischer &} Tro-
psch7t AZ=|E o]&sle] FA7lA2EEH “Syn
thol™& #AdaH1] ol Artezie Fz rlEalo]
v AR} 2L dAds s As vl e sk
2 A A=A siei2], dasiriae] fA3hikgel o]
FT (Fischer-Tropsch) #49 4452 el 722
A iS4z SE g olzrizkx| W #HHe
TEE 7 4, ddlElols 2ejn AE 5o A
= 2L ofoluyn} I3, 4], A dolz2

489

7} F3k5¢] SASOL I, 11, lllute] Abdsisl gxo g
7FEE L Qe

1973d Afraigoll 218 oz $17] o] 3 FT ¢4F
A& MTG(Methanol to Gasoline) &A[5]7 %
o] A2g oA AU stehgsie] dEdez A
chak A Ropgich, v Aol ohAE sl
7L AAd g ¥rhe FobbA 7L 22 Aggegle A
9 =Y 4 St S0 Aol F3F 52 ot
(6-8]. ze2vt 4] FT P4Zole] A% 2 AA4E
£ Schulz-Flory 2%[9,10]5 =24 sl=z ow
AAAgate] At gl A7 YA Heb F A4

=



490 FEEL-

£ 5 C-C, ®ialrae 742, Ao 56wty Hxe
grapulol] o8 4 gich, welbd e]2dk Schulz-Flory
Fxo FAE 57 sk ojeirkx] ko] A
2 e,

FT g§4ukgoll= Fe, Co, Ni 22| Rust 22 8
£ FEEo) ol A oA e, 2 F A
E FEEol vlg) 7bHo] A Aol For Y
Sleo] uhezANN HAEE chokstn 53 9 A
e} 943 o oA gioh, AZald] 93 FT
A uRoll A gAY 3 AAE A s F3E =]H]
T 2424 2&0, b, 42, AHY =4, &
stz ol Feix irH11-14],

2 dFelde Aol B4R, Az =2A
o ZEH7lo] wE FT PAuke-o 34 o A4S A
g5 of wslol F3jo] odF-3ladch,

2. 4 ¥

2-1, Zoje| M= 9 EMHEYN

Fe(NO,);-9H,0(Sigma Chem.)& F54-l 5o
A & Az% 40/80mesh 9] SiO, (Davison 57)o] =
7154 (Incipient wetness impregnation method)
oz gsdrt, A ghAlle] 7 gRae] sl o
o] gz glL Fabylof Felstel A Hzol Aztel
F A7 Eoigle A4 A35E7] Holl 0.5cc/hr
o] 52 Hojmddd YA 452 £7)F A4
ZAct, w3 2F2 ZES Avlsle Aol KNO,
S AAAA A ZRaoll wo] Az #A &
Zo) % oF 80C, AF3lollA 2047k AzAA, Zo
o] 1z 7AE doprr] ffste] AjAtdE4]7] (Rigaku
PTC-10A)& ALgsled 447]Fs5ll 2o 9= &
A4e gy 2 A Fig 1ol Jehigich, Zo)
£ ok 40mg S 2512 10C /min 9] 452 450C
A sl ch, FA7tL] @& DTA F49] peak
7} 70CoAA = §4, 120C9F 240CollAE ddo] 9
& Aoz vepgtch, 120ColAE AHalde £,
240Col M= 3HYubgo] LA Zloz gz}, Feol
o] gxleke 3RIE FolE dalo s ol F 3]4dlo]
A7 Zeid 3 fF=AgFel=ebaal (Shimadzu
ICPQ-1000)& ol&3t] AAsIAct, F4o 33hg3t
A¥E Amelse 5[15]9) wi-& A5, & 3
T 47 REIA 30T WbEe 5ot 4 E F
2HA1A o & 50C/min g $52 523 27|
Holch, ubZ|AlE Arclw ®AE 44+ TCDO

slslRst M2TH M4z 1989 8

=

A - o 5

TG
» “1 “
4" "‘ ................... . ‘n‘ DTG
120
A
i\ 240
\. A
‘\.\. 7 \
-~ - ~— DTA
\\ . / TN — ——
. /
70
\ ] 1 1 1
100 200 300 400

Temperature (°C)

Fig. 1. Thermal behavior of 5wt%Fe/SiO, un-
der hydrogen atmosphere.
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2. oxy-trap with indicator 13. furnace

3. deoxo unit 9. water-trap 14. reactor

4. water trap with indicator 15. sampling valve

5 low P 10. filter 16. heating zone
regulator  11. 3-way valve  17. GC

€. rotameter @ on-off valves 18. T controller

7. needle valve

Fig. 2. Schematic diagram of experimental
apparatus.
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Fig. 3. Transmission electron micrographs of (a)
5wt% Fe/Si0, (b) 10wt% Fe/Si0, re-
duced in hydrogen at 450°C for 20 hrs.
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Table 1. Characterization of catalysts

- o] 843

i ion © Crystallite diameter (nm
Catalyst wt % Fe? K/FeP® H uﬁtaki D]SP:SIOH Y (om)
(umol/geat) (%) Chemisorption XRD TEM
5Fe-300-10° 4.2 - 92.27 24.54 4.70 - -
5Fe-450-10 4.2 - 97.36 25.89 4.45 - -
5Fe-450-20 4.2 - 58.77 11.98 7.38 - 7.3
10Fe-450-20 7.2 - 52.54 8.20 14.08 14.13 13.2
0.40K*® 5.78 0.1 57.73 11.30 10.23 5.78 -
0.77K 5.92 0.18 73.46 13.86 8.33 6.20 -
0.87K 6.46 0.19 79.37 13.72 8.41 10.80 -
1.68K 8.84 0.27 73.32 9.26 12.45 7.79 -
a. measured by ICP.
b. mole ratio.
¢. based on 100% reduction.
d. 5wt%Fe/Si02 reduced at 300°C for 10 hr
e. Twt%Fe/0.4wt%K/SiO, reduced at 450°C for 20 hr.
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Fig. 4. Effect of space velocity on activity.
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Fig. 6. Effec of reduction temperature on activity.

catalyst: 5wt% Fe/SiO,

H,/CO=1

reduction time: 10 hr
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Table 2. Effect of H,/CO ratio on product dis-
tribution
catalyst: 5wt% Fe/Si0,

GHSV =11300 hr-!

Hy/CO 1 2 2.6
(g_mr;:;io;cat) 0.175 1.151 1.974

C1 27.1 30.5 29.3

C2-= 15.2 7.2 3.4

c2 0.7 10.5 125

C3-= 22.1 26.2 20.8

C3 0.0 3.8 6.8

Ci= 6.3 3.8 2.4

C4 0.0 71 9.2

C2=+ C3= + C4= 43.6 37.2 26.6
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Fig. 7. Hy/CO effect on selectivity.
catalyst: bwt%Fe/SiO,
GHSV=11300 hr-?
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Fig. 8. H,/CO effect on olefin content in lower

hydrocarbon.

catalyst: 5wt%Fe/SiO,

GHSV=11300 hr!
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Table 3. Effect of K addition on product distri-

bution
H,/CO=2
GHSV=9460 hr!
K/Fe 0.10 0.18 0.19 0.27
Rate 003512 0.02787 0.03080 0.02919
(g-mol CO/sec/g Fe)
Turnover number  0.0174  0.01123 0.01253 0.0176
(molecule/sec/atom)
C1 25.4 29.6 20.3 19.4
C2= 5.3 9.3 10.5 11.1
Cc2 10.9 8.1 3.6 4.0
C3-= 26.6 29.3 29.4 30.0
C3 4.9 1.7 1.1 0.8
C4= 4.1 5.3 12.3 12,5
C4 10.6 7.2 8.2 8.4
C2=+C3=+Cd= 36.0 43.9 52.2 53.6
H.C./(H.C.+COy) 83.5 75.8 7.7 64.0

siatme 2T M43 19897 8

A

S

2 A

e

%A FrVetdm ek A
29 A7} FolEo
ZF7kshe

sigich, =@ Rskea
AT F olashaiie) ool

e o -T— Ark, 2 aSEE 7

cko]l Fridelz Estn wWE AR esker
Turnover number = =}372I At} ©]+ Table 1ol
Al vehd Za el Z4FS ool AR Akt 4

aFaeg 9 Fase sQlshe Aoz Az,
Rankin # Bartholomew([24]ll 2)3pd 200°CollA] £
Agt Aggtekz] FEuls K9 3ee] Frbsbd 84
o] F7% "olA& ubd 100CoHA Hxd 7l K
A7l whe FAel w#shyb glictn Ry, ol
& 2EoA 4£AsHs AE Ky Ao] &gt A%3}
o 338 A5l FLFHEA ] W] wFelzh
o Alekslgdeh, e A4z kel AFE AT}
A#Ys]ojo} & Ao g Aztsch

i

4% ngieh,

2. C-C, &999 A"x = H4dd H,/COvu|, Z
FH7), BzAel ool A 53.6% & 2% + 3ol
=,

7 Al
2 TS b ATUIE AU T4 2 5

o A=,

REFERENCES

1. Fischer, F. and Tropsch, H.: Brennst. Chem., 4,
276 (1923).

2. Storch, H.H., Golumbic, N., and Anderson, R.B.:
“The Fischer-Tropsch and Related Syntheses”,
Wiley, New York (1951).

3. Henrici-Olivé, G. and Olivé, S.: “The Chemistry
of the Catalyzed Hydrogenation of Carbon Mon-
oxide”, Springer-Verlag, Berlin (1984).

4. Anderson, RB.: “The Fischer-Tropsch Synthesis”,
AP, New York (1984).

5. Chang, C.D., Kuo, JCW., Lang, W.H., Jacob,
S.M., Wise, J.J., and Silvestri, AJ.: I&EC Prod.
Res. Dev., 17, 255 (1978).

6. Rao, V.U.S. and Gormley, RJ.: Hydrocarbon Pro-



10.

1.

12.

13.

14.

15.

Fe/SiQ, %] Aol 4 Fischer-Tropsch 3443

cessing, Nov., 139 (1980).

Murchison, C.B. and Murdick, D.A.: ibid,, Jan.,
159 (1981).

Murchison, C.B., Weiss, R.L., and Stowe, RA.: J.
Chem. Edu., 63(3), 215 (1986).

Henrici-Olivé, G. and Olivé, S.: Angew. Chem.
Int. Ed. Engl, 15(3), 136 (1976).

Anderson, R.B.: J. Catal, 55, 114 (1978).

Dry, M.E.: “Catalysis, Science and Technology”
(J.R. Anderson and M. Boudart Eds.), Vol. 1, p.
160, Springer-Verlag, Berlin (1981).

Reuel, R.C. and Bartholomew, C.H.: J. Catal, 85,
78 (1984).

Raupp, G.B. and Delgass, W.N.: J. Catal, 58, 337
(1979).

Mcdonald, M.A,, Storm, D.A., and Boudart, M.: J.
Catal, 102, 386 (1986).

Amelse, J.A., Schwartz, L.H., and Butt, J.B.: J
Catal, 72, 95 (1981).

16.

20.

21.

22.

24.

495

Anderson, J.R. and Pratt, K.C.: “Introduction to
Characterization and Testing of Catalysts”, p. 67,
AP, New York (1985).

. Rankin, J.L. and Bartholomew, C.H.: J. Catal,

100, 533 (1986).

. Amelse, J.A., Butt, J.B., and Schwartz, L.H.: J.

Phys. Chem., 82, 558 (1978).

. Bianchi, D., Borcar, S., Teule-Gay, F., and Ben-

nett, C.O0.: J. Catal, 82, 442 (1983).
Niemantsverdriet, J.W. and van der Kraan, A.M.:
J. Catal, 72, 385 (1981).

Kock, AJ.H.M., Fortuin, H.M., and Geus, J.W.: J.
Catal., 96, 261 (1985).

Dictor, R.A. and Bell, AT.. J. Catal, 97, 121
(1986).

. McClory, M.M. and Gonzalez, R.D.: J. Catal, 89,

392 (1984).
Rankin, J.L. and Bartholomew, C.H.: J Catal,
100, 526 (1986).

HWAHAK KONGHAK Vol. 27, No. 4, August 1989



