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Studies on the Fischer-Tropsch Synthesis under
Pressure with Precipitated Iron Catalysts

I. Preliminary Experiments

Hiroshi Outsuka
Kenji Iro

Nobu Tomrra
Yoshitaka NisHIvama

Abstract

This paper presents the preliminary tests of the Fischer-Tropsch synthesis under
pressure with precipitated iron catalysts promoted with various amounts of ALO,; and
K,O. The aim of this research is to find the best reaction conditions for obtaining the
synthetic oil in good yield which contains large amounts of olefins and higher alcohols.

The tests were conducted under the following common reaction conditions:

React. temp.: 230°C React. press.: 20 atm gauge

Space vel. (mean): 170 Duration of each run: 48 hr.

Synthesis gas composition: CO : H,=1 : 0.7—0.8, CO+H,=85%

Catalyst amount used for each run: 40cc (45—50 gr)

Catalyst composition: 100 Fe : 25Cu : # ALO; : m KO
(n=0—5, m=0~205)

The reaction tube is a vertical steel pipe of 10 mm i.d. and 1000 mm long surrounded
with cast-aluminium cylinder. Three reaction tubes were used in parallel.

Material balance for each run was calculated and discussed and general tendency of
the promotor actions of ALQO; and K,O was observed. AlLO.-addition favored methane
formation and K.O-addition favored carbon dioxide formation. The addition of a large
amount of AlL,O; (5% and over) seemed to retard the formation of alcohols and solid
paraffins.

The composition of the synthetic oils containing solid paraffin obtained in this series
of experiments varied in the following range:
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Paraffins 20—40% Olefins 25—40% Acids 0.4—49,
Alcohols 10359, Aldehydes 5-—13% Esters 1—7%

(Feb. 15, 1958 : Chemical Engineering Laboratory, Hokkaido University)
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Fig. 1. Schematic Diagram of the Fischer-Tropsch Synthesis.
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A 2156 3445, 1964 175 | 3620 243 109 | 36 606] | 410 2060 857.1

, Co Ll Lo depkimna ik s BEOcoe, RENTEIRIGE LTy vaERRIEE
BALR RERO RGBT L T D L0 2L Th b,
A7 VRO ISR ED

CO+ 3H,— CH,+ H.O

OBRTIIND L0 L {FETIUE, A% v 1lmol o Rici LT, ks 1 mol, &
3mol DY &K 1 mol Uk BT Th 5,
PP o FC R Ui —BLRTE, AR MR, KOoBEErD, A5 vAEmcfRL
e G EIET Ao b © %, Pr0~P~5 %1, Ps-0~Ps5 O EEIC DOWTHRT L6 H ML S
UL Lo OFCHRREBIHEREERCHEFE LT RBIEI L ChR v, —BLHR LK
ORISR EDRREER L TWE D, EoTo el ans—mbEHerkois, oo

FUBTHEE T B REBER TR AORDEDON THLL 0 HHET S b HEREHEECH 5,
CO+H.0—> CO,+H,

FNT, C R RN EEY R ConBo R AR L Th, Tnbb, it
e UTKOBAL EREBAAOBRPANC TS, Wi C, Bl © Hpilpik g A
A QARSI 2ENCE MU LIS E LT, o KO 22 A B 7 Wil o ik (P-0,
PO o) sy 2 A A C U Lo ERYEHoBEAELLboTH D, ZORMEA A
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B6E Ay UERCHEEs NI CO, Heof, HOERES
#3500 72 CO, Ha o #E R O HeO A2l dit

il 6t 7 X p o HE R CO 7y %4k Ho g | O Bk

(2) | (©) () ‘ (zr)
Py-0 7.0 193.0 : 90.0 ‘ 45.4
Pp-1 47 244.8 100.9 20.1
P3 20.1 3802 | 1217 25.1
Prd 114 283.6 1128 227
Po-5 188 305.0 70.6 149
P50 57.0 129.0 ‘ 174 26.6
Ps-1 34.0 231.0 57.0 18.0
P2 37.5 2635 465 8.0
Py4 34.4 226.6 75.8 —3.3
Pi5 452 202.2 56.4 —62

gl G Ml koo Rkl 50 b HE L, ZoERFCIE KOoAD
et X 5% i) D IR A 2R E AR O BREIET 5 b © & —BRALHGRZE KO B
EFETBZL020858THT, WHERKO OAD TR WEED RIS Ak s, Gl
LolmEoB ks 2 i B

O XD RECH W T, P-0~P5 7], Pye0~Ps5 3D ERIC>WT, BE2EOIN
WEDTHEBETH REAACRY TR TIGEIH L, s k2> T—BLRFEE R L
Fe—MRALR T, KOWER, KFEOEEEEZHHLLLONETHETLS,

BTk  —BRERBEERCERL B RE, KO O KGR A R

Gy~ | | e Qo I .

i it gm@w\ CO. A dik gofﬁﬂlé!: | birﬁa U | CO wa: | Ha ZEpR4 | /RIS #

[ CO’ JA \
(zr) w | w e W @ (g1)

" Py-0 73.3 41.5 41.5 0 0 0 0
Po-1 86.2 105.0 48.8 56.2 56.2 56.2 45.2
P2 114.9 1778 65.0 112.8 112.8 112.8 90.7
P-4 83.1 1885 49.9 83.6 83.6 83.6 67.1
Po-5 109.2 140.0 61.9 78.1 8.1 78.1 62.8
P:-0 46.4 45.3 45.3 0 0 0 0
Ps-1 112.2 104.4 109.8 0 0 0 0
P2 71.9 126.7 70.2 56.5 56.5 56.5 45.4
P-4 708 106.4 69.2 37.2 37.2 37.2 29.9
P;-5 94.9 141.0 92.7 48.8 48.3 483 33.8

HLRoZoo#E X oC, FIEES, RISEmIcH -+ 38R eo s ErEr+s 2,
Co Ml B EmHc il e —Ebpi e, Ko, WO BRI 7 2 Lotk © Bl B a3 5
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SH b ChoT, WOHSZmo CO, H, CO, HO 0% E L-CR Licdrroltyc
o5,

SISO BHECH LTIkt 4 DB S B 4%, — KD 2 SIS A R b EBC T 5 b @
ERELT, oS ERE L TH%,

2 CO+2x H,—>a (—CH,—)+2 H,O

2yCO-+y Hy—y (—CH,—)+y CO,
@+2 ) CO+2 z+y) Hy—>la+y) (—CH.—)+2 H,O+y CO,

%, H,O, CO, oA 42 UC, itk xmol, ymol I35 &-4uE, it
W95 CO W it (@42 y) mol, ZKHEudh B (w+2 ) mol, FEEnki 14 (w+y) gr 285 HH
D, CNEOFELESECRLTHL S,

B8k MEMRICOWHENE

|Gt CO 75 Zehe H, 10500 FLO WAETE | COMIELE  gyrea
N({Q z 1

e | EE|E 6] a2y w2y | % kg2 ly2v OB |82 Ik oy 13:5(‘(4”]_{:/)
527

| (gr) (2) | (mol) | (8 (@) 1tmol) | (1) gr) | (mol | @) |(mol) | (gn
Py0 | 7331530 622 1491 | 900 | 689 | 154 & 454 | 252 | 415| 185 6Ll
Pa-1 86.2 | 1886 &899 | 2015 | 1581 944 @ 218 65.3 | 363 488 | 218 8Lb
P3| 1149 | 2674 | 1222 | 2740 | 2345 1574 | 852 1157 | 642 | 650 290 1305
P-4 88.1 | 2050 | 898 | 201.0 | 196.4 | 1127 | 258 815 | 452 499 223 94.5
Po-5 109.2 | 226.9 9.83 | 220.0 | 148.7 | 11.38 | 255 9 4.31 61.9 | 276 99.0

P~0 | 4641290 552 1270 1174 ; 498 1il5 | 266 148 | 453 202 49.0
Pe-1 1122 2310 | 10.84 | 2420 | 57.0| 6.95 156 183 | 102 | 100.8 | 4561 83.0
P52 719 | 207.0 | 924 | 207.0 | 1163 | 9.09 204 B35 | 298, 702, 813 6 85

Ps-4 708 | 1894 | 766 1715 | 1130 6.05 | 1355 z&a@ 148 | 692! 309 640
1740 1 326 | 181, 927 | 414 831

Pos | 949 2489 | 1009 | 2260 i 1047 | 776 | |

B8 RoMME, WMEL OBt okloTthh, X, HFEBRLAEYOE
RIS LT ninni b, —EB{UIR 3, & OGS R E n

MEnb20RBRThHD, TN H LT~

RO R

o T b, A EPPS LN TWD 2 RSBRICHITX&EHThH S,

Pl oW i pEie 3+ 5 254

FERUS 7 %

ZEOEGHRE ¢ O TR TN TSR L O Bukd DA R b S L O 2 E U
T3,

(2) miEiERORE
FHOERER IS WO, MOREREHFY—Fr LT, MR A EZZE L TH 505,
R oM, RO BRI o BB e BTk v, Lo L, MR D #

B BB 2 c e o0, SHIMEMBCRT~E L0 Thah b, SEILE2

g 4R
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BOK  WORERY - BRE R O %

WES | sa o | sl | a-w | ZuX | m | =aza | BBER

(%) (%) (%) (28) | (%) (2 | AT
Py-0 36.7 326 10.9 10.6 0.4 28 163.9
Py 22.1 373 22.6 12.3 2.3 3.4 1705
Py3 24.1 340 22.8 10.6 2.0 65 1413
Py-d 205 414 22.9 8.0 28 44 156.1
Po-5 33.1 29.4 212 7.4 18 7.1 1847
PO 413 22.0 256 33 05 13 138.9
Ps-1 25.5 32.9 30.2 6.3 14 37 140.1
Py2 275 315 226 5.1 37 36 1218
Py-4 407 272 19.0 6.8 0.6 5.7 1335
Py 369 22,6 254 8.7 07 5.7 123.3
Pyl 22.1 873 22.6 12.3 23 3.4 1705
Pi-1 30.6 35.3 915 58 2.8 45 116.9
Pi-1 39.6 326 17.8 42 0.9 49 126.4
Ps-1 %5 329 30.2 6.3 14 3.7 140.1
Pr-1 224 | 336 348 6.3 0.9 2.0 140.3
Pio-1 4.1 35.7 9.0 88 0.8 13 1449
P8 24.1 340 228 10.6 2.0 65 1413
P-3 348 275 237 7.2 2.3 41 139.2
Pu-3 39.7 27.1 19.7 6.7 2.3 45 1284

ORI AT T s ERE LI,

#, BOK, KOPEIROEREELL, 7037 28t V OUIEO B2 RTIC LD 5,

(1) 7w ORNEERT LAY VRRBABCR S,

(i) Bt ) ORIk B 7 A R A 8,

(iil) 7N I FOPEMERZ L, BE AT 74 v, Pua— oLk 4 5 @i
Kb,

(iv) SEHOESROWMECrVM F LBES Y OFMESHECETLCL, ¥k, FEik
RO MRS KR E LR, BLUTF NI FB5% B s e () k< s g
bb,

R  2RE B R e i L 2 T2 DT H 5 )



