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AH, keal/g mole AF*, keal/g mole*® ' Jogu k

H,0 formed CO, formed H,0 formpd CO, formed H.O formed | CO; formed

250°C | 350°C | 250°C _350'0 250°C | 360°C | 250°C 350°C | 250°C|350°C| 250°C | 350°C

Methans. ..occccansossns _s1.47] —52.7| —60.93| —61.45 —22.3|-15.8| —26.2| —18.8 9.3| 5.5| 10.95 6.5
n-Hexan€..ccoceecoecens —236.8 | —239.35| —293.7 —204.7 | —55.6 | —19.1 -83.3 | —40.5|23.2| 6.7 34.86{ 14.2
1-Hexene......ooeccencas . —206.0 | —208.35! —262.75 —283.55| —41.9 | —9.4| —69.7 =31.1]17.5] 33| 29.1 10.9
n-Eicosane (CuHa)....-- ~762.0 | —769.8 | —951.6 —g54.1 | —154.5 | —31.7 | —254.0 —106.1 | 64.5 | 11.2 | 106.0 37.2
1-Eicosene (CxoHa. .o x-- - —731.5 | —739.0 | —920.8 | —923.0 | —142.6 | —20.0 | —236.0 —86.5 | 59.5| 7.0| 98.5]30.3

*AP®in aumiud-ohlz free energy.

oz






22

P = A |
7 3.1 usnImUnTBILNLpNINLAL
L

Tell gas

te)
ATMOSPHERIC PRESSURE
FXED BED

Teil gas
i

Cooling Steom

(C}]
nOT GAS RECYCLE

Toil 988 Mecycle gos
o comprrisor

LURGI= RUHRCHEMIE

MODERN FIXED BED

Tail gas
Codling
ol g// Woler tonk
Catoirsy /
Steam
7
Food gos f-ﬂpr;ﬂnl'd'

", -
0L CIRCULATION

Toil gas
Whers
weater Sreem
cooling
bes Cotalyst
Ferd gon

tn
FIXED FLUIDIZED
BED


















il L “
A - "o v & ®
nram 3.2 UdNIANHUS LONISTDINAT AUUMIUTDUTB m‘nlun b Y
i Estimated over-all | Calculated
Hourly | Gas recycle ratio,
Type of reactor | epacs [ recycle gaaifresh Tm' °‘r::"' h;:ﬁuc‘i:i" ::;p"::'h’n':
' PG s Btu/(hr){sq f£)CF) | gradient, °F
Fixed bed, catalystin 0, 5-in.-diam. tube.....| - 100 1:1 Indirect, conduction
? ' through bed to cool-
o, gl ing surface s 8 13.5
Modern fixed bed, catalyst in larger tube...... 300 3:1 Direct by convection
and indirect as above 30 b1
Direct oil-cooled, either oil circulationor - ; : : :
STy . ceeenncnnansanns A S T ) ' 600 1-2:1 Direct, convection
" through oil film 40 1.7
Hot-gas recycle...coceeeneacsornansoccces 1,000 . 40-100:1 Direct, convection »
- :  through gas film 50 4.8
Fluidized bed .« ccreneocecnracsccancesion 1,000 2:1 Mainly indirect, trans-
. . . fer through bed to
cooling surface 100 105¢

* Heat load based on 90 per cent convernion in all cases.

tBuedonuseo{&OZaq{tofeooﬁngnnfmpercubicfootolm
with no internal coolera. Adequate temperature control is accomp

hlyct;thisiathemﬁnofwnﬂmufmbwlnminms-h.-dimaterpipe
lished in a fAuidized-bed pilot plant with this size of reactor.

32






30

4 g o ' aaa
I 3.3 uanquamamuuﬂuuezuuumam:Lni'uuml.mnamm

v - P L4
Trwpav (1607 /nilgndlnuean/su, )

Composition Temp, Cet,
cO TI';\O, Kg Precipitant *'C em?/m?
100 18. 100 (NH,),CO, = 200 121
100 18 100  Na,CO, 210 61.5
100 18 100 ° X,CO, 195 142
100 — 100  X,CO, 210 47.5

nl ‘N% 3.4

v - o - -am o
ugneaEe YT 1eent funina L 1 RTuY Invean-
- ¢ o (4
ftoans , nweav fuzens 100 100

) .

- -~ ol
1 @n7289 2E,+1C0 /. [nilsoslmman
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Thoria per C;*.
100CO by wt Temp,*C cm® /m?
0 210 i 47.5
12 185 ~ 10258
18 185 135.6
24 185 17

48 185 0
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TOTAL HYDROCARBON PRODUCT,
WEIGHT PER CENT
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Yiclds, g per cu m of synthesis gas (2H; + 1CO)
Pressure. | otal Solid | 5 | Ol | Gasoline | Gaseous
and Liquid P Boiling | Boiling Hydro-
‘Hydro- “:nx above below carbony,
carbons * laoc | 200°c | -G
1.0 117 10 a8 69 as
2.5 131. 15 43 73 50
6.0 150 60 51 3 33
16.0 145 70 ;m. |- -3 0
51.0 138 M 37 47 21
151.0 104 27 . 34 43 31
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35-200°T | 200-320°% | >320°%;
1.2H,:1C0 30.4 22.6 47.0
2.5H,:1C0 51,0 37.0 12.0

} &1 - «! - e (3! V
M1k 3.7 uanedaunee seuvniien i 3Lz azvnouinom In
»

. e GO N i g ot
% vwinlaTnsrasoufingliaiguunil

SUWN
v 35-200 "3 200~320 B > 3200
185-191 0 46.4 35.6 18.0
170 "1 29.5 33,2 37.3

40












A Yo ' aaa « «
M1 3.8 .uﬂnqunnwznnaaqﬁ1mn1t:qﬂgn:uqinUﬂanuuluuTn1un

L4 (4
Tutnunra niunmiad trmiun

A B C D E b 4 a H I J X L

Hours on condition n 12 18 2 2% bl 36 18 L] (] 12 &
‘Tota) operating hours s 150 M6 U 348 I 463 4868 880 812 842 830
Operating conditions:

Catslyst tomperature, avorags, * Fooeeoooaooo.| 400 402 ast 410 412 am 4H 420 08 412 414 U

Feed gas tempersture, ® Foceeeemcecenccacaa. 7 217 368 402 408 308 30t 30 88 97 3N 402

Renctor outlet pressure, P. 8. L €eccenccecneaea| 24.3 4“4.0 2 “ 43 “ 43 49 45 4 “ 45
Fluld bed condlitions:

. Bed bheight 0.4 86 7.4 1.2 (8] 7.0 a9 7.0 .7 7.5 30 ae
LD, catalyst in reactor. 8.6 B0 6.7 67 67 67 AT 67 33 8.3 81 1.9
Catalyst density, Jb/eu. fl..ceeaccceccncccnane 43 a6| 453 486| 40.1| 48.4| 48.2| 47.5| B3| 4.5 3520 ms
Cu. ft. of catalyst 0.190|0.173| .148 | .144 | .137| .140| .139 | .140 | 0. 155 | 0.151 | 0.161 | 0.138
Inlet velocity, ft/sec 0.04 | 0.62| 0 .60 | 0.53 5| 0.55 .50 | 0.47 | 0.45| 0.38 a0l
Cn. ft. Inlet gas/hr./cu. ft. catalyst.. 478 | ess| 1 87| W7T| ™ TR sl B 613 | 491 4“4
Liters of Inlet gayhr./gm. cobalt........ o4 254 1.05) 271 | 231 238 2 4| 233 99| L9 | L7 L
Contact time, secs. 1 17 13 15 18 15 13 18 18 2 2 b7

Oas throughputs:
Oas entering catalyst bed, S. C. F./hr...c.....| 90.8 | 118.5 | 40.0 1263 | 107.7 | 1.0 [ 100.0 | 108.7 | 920 | 925 .1 6Ll
Ons leaving catslyst bed, 8. C, F/br..... J 28| 47| 38 50.2| 40.3 4.0 51.0 53.9 R0 368 | 49.7 361
Blowbsock gas to filter, 5. C. F/RC. ceeceaceees| 124 | 13.8 88| 10| 182 1.3 17.1| 192}, 187 84| 7 .6
Oas enterioy fiuid bed (air-free): 1
COy—dry basls, percent 3.2 %1 85 4.4 46| 39 0.6 0.8 0.2 03 03
CO—dry bnsis, percent 2s8| 20.7| ano| 279 | 288| 287 | 328 323 18.2 17.1 17.4
Br—dry basis, percent ea2| 655]| 50.0| 06.3| &4.8| 63.2] 6Ll 6.3 | .3 L8| ‘328
CHe—dry basis, p t 48 L7 4.9 L0 20 3.7 23 20 o7 L3 L1
Ny—dry basis vrun‘ 0.6 0.4 0.6 0.2| . 08| 461 40.5 4.0
Molecular we‘: t—drY EAS.ceeeeeasoccesacncns| 10.7 10.7 | 129} 113 1.8 1.7| 1.2 | 1L2| 189 10.8 10.4
HyCO ratlo. 26| .22 21| 24:1 | 231|221 =1 2:1 | Le:d Lo:1 ]| Le:l
Results:
Ylelds—
Voluroe percent contractinN..ceeceecseaess| 09, 7| 0.4 31.0| 61.8| 60| 528| 84.8] 820} 7L 5| 6.5 754 2.7
cc. of/hr./em, cobAlL. cencecceconsacaacasss] 0. 368 | 0.421 | 0.088 | 0.301 | n.350 | 0.233 | 0. 203 | 0.200 | 0.181 | 0.242 | ©. 145 0.0%
Percont CO disapy ne 04.7| e8| 37| 781 | ™1 | s0.1| 66.8 | 855 ®.7| 03| 7.1 w4
Percent CO=C Oy (basis Inlet grs).cceeaee| 19 0.4 L8| —-3$ 3.8 LS L2 9.0 9.1 7.5 25
Percent COheaYY Oll.ceecencccocceconesa| L0 | 3.8 41| 25| 4| 24| 189 187} 27.0| Z.4 10.8 2.3
Percent CO-Cs. 324| 21| 184 2| =me| 10.1| 24| 24| BL| 74| R2 152
Percent CO-3CH, 29 1| =28 6| 10.2 87| 13.0| 149 | 187 | 26.7 L2 257
Percent CO-» verted 53] 384 763 | 24.9| 21.9 | 49.9| 43.2| 448 03| 07| 29 2.6
“"Perceat CO uin ted Tor. 48] —-L8 I 28] 03] &9| -3.¢6| LO| -3.7|-10.1] 63 84 87
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