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(Thermodynamics of Fischer-Tropsch Reactions)
UAfiZuIn s¥oiAasznssuufa iras-Tnst TunnandeantsAuuaszTo taflu @wse

\Wsuunuaandunis Fvaeludl (ss,75)

= C + e aaesi B
w5 Hu nCo + (2n + 1)H2 CnH2n+2 nHzo £€3.1)

2nCO0 + ( n + l)H2 CnH R ¢ (05 9 - (3.2)

2n+2 2

+ + — " s e .
(3n +1)CO + ( n 1)H20 CnH2n+2 < (2n+1)C02 (3.3)
T 1aflu nco + 2n H = CH + nH_0 s vl )
2 n 2n 2
+ n = cO IR (.
2nCo er CnH2n + n 5 {(3.9)
+ 0 = H - a3 6
3nCo nH2 Cn on nCO2 ( )

L) a P E v, O -

uhaz iunSafamusni (i (primary product) navaInuuuesnWHASeN
- - - L4 P - -~ . . .
AunIrATNSUBLYaU DN Lba Tnﬂﬂgﬁ1u11ataa1—nﬁﬁﬂﬂn (water-gas shift reaction)
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CO_ + H_ wraig wre (Bl
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CO + E_ O
2
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unnawnﬁnﬁ1ﬂgunnw1nqmuqﬂgua:Lﬁnﬁﬂ1uﬂuaa1:ﬂuﬂ1a aulfifiSeinnse

(Boudouard reaction) AVdUNIS

UFAZua9a 2C0 = C+0C0 swws [308)
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ATSIIN 3.1 UEAYAIARNSBURINUDNSen (heat of reaction) aen3hu
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AFUNIS
- A = e 0o BEl1og. k0 .o (3.9)
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Taon R = A AgRuD 9N Y
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fA3uRaLres-Tnsy (75)

AH, kcal/g mole AF®, keal/g mole* loguo k

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

250°C 350°C 250°C 350°C 250°C | 350°C | 250°C 350°C | 250°C [350°C| 250°C | 350°C

® Methane. .. ...... ... ... —51.47) —=52.7 | —60.93| —61.45| —22.3 | —15.8| —26.2| —18.6 9.3 5.5 10.95 6.5
n-Hexane...... .. ... .. .. —236.8 | —239.35/ —293.7 | —294.7 | —55.6 | —19.1 —83.3 | —40.5|23.2 6.7 | 34.8| 14.2
1-Hexene.......... .. .. .. —206.0 | —208.35' —262.75 —263.55 —41.9 |' —9.4 | —69.7 | —31.1 | 17.5 3.3 29.1 1 10.9
n-Llicosane (CyxHa). ... .. —762.0 | —769.8 | —951.6 | —954.1 | —154.5 | —31.7 | —254.0 | —106.1 | 64.5 | 11.2 106.0 | 37.2
1-Eicosene (CyoHu) ... ... —731.5 | —739.0 | —920.8 | —923.0 | —142.6 | —20.0 | —236.0 | —86.5 | 59.5 7.0 | 98.5]|30.3

* AF° is standard-state free energy.

82
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vl ladnsuaznasauuailuTsvvusuuyy uazTavomalny awrsounlse tanla
#ofl

n. AN1533U78AsaUAIsuan (External zcoling)

1.) uupiusfle  (Fixed bed)

1.1) vlmAwWsn (plate type)
1.2) nlanadaviiu (double tubde)

1.3) wileamavualug (large tabular reactors)
¥. nasszuavAwseunisly (Internal cooling)

Ll e L] - '
1.)  louhdu uJufanaenisinAaqussu (0il as heat transfer

medium)

1.1)  uvuiuaile, sruv™dulvaiSeu (oil-circulation
process)

1.2)  uwuluaiganau (Agitated-bed), szuuttdulna 3oy

1.3) uuuisanaslina (Pluid bed), STV LRDSS (slurry

process)

2.) ldngidudinaqvans ina3anuspu (Gas as heat transfer
medium) , <szuunisluaiBsunnssu (hot-gas recycle

process)

UM 3.1(5)  udAvn MDY LAWENT0 LATA 19 ue 3 L uun 19 RE La - Tnat!
- o - v - ¥ rX * s -, o
swaz idua thefu i insaialinsuaieg inatll laiinas<us213Tan anay
(Storch) (84) ,  upulmai¥u (Anderson) (5) uaz rTlsiAas (Schroeder) (75)
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- - . £ . > . L]
uinsaiafiuuaivg TugunasduyszBndnisons inA2w5au wasAAIWLANANVEDY
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andd 1adus v 19f L3RG Audnatvuan LWasuAluspunIafiauan tWasualw



Frash ond recycle gos

Te preducl recovery
ond recycle

Double tube fised- bad recclor

—

tachanger

Ho! gas recycle process

To product recovery
ond recycle

Steam

Fresh and recycle gas

Slurry process

= L - L] J -~ - -
R 3.1 tAwfnsniabusuaivn lalun1sd cAsnznuuuRa toes - ny

T product recovery
ond recycle

Sham

boyonals

Fresh and recycle gos

Fluidized flied-bad reoclor

To light product receovery
and recycle

Heavy product
remaval

Qil zirculation process

4] Fined- bed cotatyst

Cotalys! suspanded in gos

| Catolyst suspended In oll
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ATIIUN 3.2  RNBUZ LANIZVDVAISOIY LNAIYSBUYDY LAY nsa LAl (75)

Hourly | Gas recycle ratio , Estimated over-all Calculated
: oy Tvpe of heat heat transfer avg catalyst
Type of reactor space recycle gas:fresh Erirsler coefficient, temperature
velocity gas Btu/(hr)(sq [t)(°F) | gradient, °F
Fixed bed, catalyst in 0. 5-in.-diam. tube. .. .. 100 1:1 Indirect, conduction
through bed to cool-
ing suriace 6 13.5
Modern fixed bed, catalyst in larger tube. . .. . 300 3:1 Direct by convection
and indircct us above 30 27
Direct oil-cooled, either oil circulation or
slurry . ..o 600 1-2:1 Direet, convection
through oil film 40 1.7
Hot-gas recycle.......................... 1,000 40-100:1 Direct, convection
through gas film 50 4.8
Fluidizedbed. ........ ... ... ... o L. 1,000 2:1 Mainly indirect, trans-
fer through bed to
cooling surface 100 106t

* Heat load based on' 90 per cent conversion in all cases.
1 Based on use of 6.02 sq ft of cooling surface per cubic foot of catalyst; this is the ratio of wull surface to volume in an 8-in.-diameter pipe

with no internal coolers. Adequate temperature control is accomplished in a fluidized-bed pilot plant with this size of reactor.

LE
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60,61,67)
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Aa13790 3.3 Usuramevwdafiuni lasn tanufnsaiaiiusunien (e1)

Entrained

Bed,
kg/h
Cl 20,000
C2—C4 57,200
Gasoline
(C5_11} 45,300
Diesel
(C12_25] 14,900
Heavy
(C26+) 5,500
Alcohols 12,700
Acids 2,000
Total 157,600

ol . ® d - dg ¥ - st - :
A9 3.4 ﬂﬂﬂﬁﬂuﬁﬂﬂﬁﬁ?l1ﬂﬂaﬂ%ﬂﬂﬂ1ﬁ1ﬂlﬂﬂﬂaﬂﬂnlﬁUuUUﬂﬁﬁ1 (5)

Tube-

Wall, Slurry,
kg/h kg/h
19,300 3,500
37,000 49,400
61,700 88,100
23,700 11,400
4,700 1,000
6,000 2,600
2,400 -
154,800 156,000

33

Type of Reactor

Desirable Characteristics of Catalysts

e Mecaniéal Mech?nical ang . ?ressure Drop
Strength [Chemical Stability|in Catalyst Bed
Externally cooled High Moderate Hich Low
Fixed-bed Moderate| High Hich Unimportant
Fluidized-bed
Internally cooled,oil
phase
Fixed-bed High Moderate High Low to mod-
Agitated-bed High High Hich erate
Slurry High Unimportant Unimportant Unimportant
Internally cooled,gas
phase
Hot gas recycle Moderate| High Hich Low
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A9 3.5 A lree 1wl 1svUifiSunuee LAufnsaiAliuuuAeg (61)

En- Ebul-
trained Tube- lating
Reactor Egﬁ_ Wall Slurry Bed
Catalyst
Inventory,
Mg(mz) 800 (410,000) an 2,700
Catalyst
Usage,
Mg/yr
(mz/yr) 7,600 (820,000) 860 16,400
Catalyst
Cost,
108 /yr 6,720 14,200 3,420 14,400

o - o ik - ' 3
A5 00 3.6 WSy Liisy Luavuravialinsoiaduoueieg (61)

Entrained Tube= Ebullating
Bed wall Slarry Bed

No.of 2 52 1€ 20
Reactors

Reactors

and

Receivers 34 189 3= 28
Other

Vessels 30 = <1 =
Heat

Exchang-

ers 32 1.5 10 21
Pumps 4 _4 2 16

Total 100 208 45 65
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WasugUah warauauldifenuda wdsuwavsly (as,67)
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A3 3.7 voyadnruzey tAinsaiAiuuuai1vg AlnTunsde LAs1ZnULY

faires-Tnsy (14)

Phases Gas/solid Gas/solid/liquid
Characteristic| Reactor Fixed Entrained Floidized Bubble
data type bed fluid bed bed reactor
Heat transfer velocity or | Slow Medwum up High High
heat removal through to bhigh
transflerring surfaces
Actual heat conductivity Poor Good Good Good
within the system
Max. reactor diameter as | Approx. No limitation
limited by hest removal to Becm** _
Pressure drop at high gas | Small Medium High Medium up to high
velocity
Residence time distribu- | Narrow Narrow Broad Narrow up to med-
tion of the gaseous phase jum
Axial mixing of the gas Small Small Large Small up to med-
ium

Axis] mixing of the solid | None Small Large Large
catalyst
Catalyst concentration as | 0.55-0.7 0.01-0.1 0.3-0.6 Up to max. 0.6
volume portion of solid
1—e)*
Particle size range of the 15 0.01-0.5 0.03-1 0.01-1
solids, mm
Mechanical stress of the | None Great Great Small
solid by shock or friction
Catalyst losses None 249, perday | Not recover-

due to abra- | abledischarge | Small

sion due to abra-

sion
Regenerability or ex- | Inter- Without imterruption of synthesis
changesbility o the cat- | ruption of by continuous purge and feed
alyst during synthesis synthesis
DECEssary

*« = Relative, solid free particle interspace
“* A small increase seems to be possible if the heat transfer can be increased by higher

gas velocities
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Tuil A.A. 1932 sofiulasiras Salmuy (Kaiser Willhelm Institute)
(73,85) unvUse indLynsiiy Tnﬁnuﬂnﬂatﬁunwﬂ?n?astquunﬁﬁﬁﬁﬁ1uauuauan1ﬁé

- ~ ¥ £
Tutafnsawiuvua tass3iutiundousn
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: i - - -
Gewershaft Viktor) (a4) dszinmAiwesiiu  lanamaun13d9 LAS 1 Enunufd 11a - Tnst

A . 4 'l w~r
Tasnsuvauans ¥ tseuinsenTausan  Tunhiiu

Tugavil A.A. 1935 Bv 1944  UsinALpaai Tafinnsmaasvnisuyluass
o A £ -4 & e . -4 .’
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sion) wavwATvAIIvau wauanlya lulnahnan es%  aslnsanianes Cc 138 niy/av.u.
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NBINTHY LASIEN

739 A.A. 1945-1948 Tlaatua (Kolbel) Tlawemnszuudians3nlsunspn-
truAaly 9n3vwvuluil 1o4s nﬁ1nﬂaau1§Ln1ﬂ§n1én1ﬁn1:vnn ﬂuﬁﬁxihdwquﬁnaﬂo
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ﬁuuunﬂnnﬁsnﬂancﬁﬁiﬂ# 3.2 (19,38) wan19UfiAvuiduiaan 143 Yu Fousavlu
A0 3.8 ﬁﬁvﬂuﬁu 10 USSEINA H2:CO = (.64 5n1ﬁnﬁ1?uaﬂaﬂﬁﬁﬂ 15 Aau.,u./
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A19790 3.8 wan1sUFTEvuTuaan 143 Funevelsveruauuudpniad tansin

Tsunson tiu (84)

Product Distribution
Liters of -
; Synthesis|Synthesis
T Tempera- |Gas per Ol g per
days Pes Wl version, Weight [0lefins,
ture, ¢ |10 g Fe ; cu m of
- percent Fraction CO+H Per Per
PEE & Cent Cent
Reacted
1 271 10 a5 Cl 6 3.4
110 251 10 90 C3+C4 33 18.8 56
120 253 | 11 93 35°2200% | 91 52.0 45
130 254 | 15 95 200°-320°%C | 35 20.0 28
143 251 17 90 Above 320°C| 9 5.2 -
1 L
Water supply  Steam 30 bar Pressure titer  Fresh catalys!
Syngas
el

Feal gas
10 gt nycio-
CarhOn TeCOvery

e Separaied
ol reacion DAy product

_l - - T - - L4 - '-'-I-l -
Un 3.2 wnunmnadotAszvuuuRdlres- Insdale tandnsa AL UE Laa s LSu-

vwsou LU (38)
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0. g9 6 WA Trunu o dianquiduinssaonqg finnsIna t3vud aas3aanne
L L L L4 - " o - - . -
ATUYIIURMBUNTD Ly MIvAUATYBE Y LAUFnST tadnunsuniuannyavdi tsalf-
- o - - 35 »” b oo
it A1579R 3.9 wanvHaNISUR TR IuYEY LA nsng TasTn# 1soUFAse L su10
o 5 . + 4. vw
445 nsumApdAsyeuily wlafomuaov Cy AN tAs zANTUs sy 170
! - > T . - ar i
NSUAD AU .U. w8V H2 + CO nuwmwifiZvrannqsmeasy it Toan 750 a3y in
f- -! -~ ar . J'
aranlud1anss v ifvnandnly UALRADASIHIUYDY H2 : CO nlray waznqsify

nsalulfu (fatty acid, ClO—CIS) avly 5 §as ez (RudAsEIunDY H2 : CO #

> on ¥ ¥ ] - - - - X
Tﬁﬂﬁ 1.8 uﬂﬁ:ﬂﬂaﬁaﬂﬂﬁ11ﬁl11t“ﬂaU5:H1m 1.1 WAZUNI1Y Ny LHuYwd sy a¥

ol - > ar » o - -
A.A. 1340 Aledr vy lanaaavlus=duTsevumuuny Tg e fnsamuna
L4 . - Ld ot L4 L s
250 8RS (AUNIAUBNEIY 20 TU. Fu 380 Tu. T3z TuwansuTasToue trosmyuly
- & ¥ P - hod o !
Waludas1153 900 spuABUT FAsinsauBaen 1991191 100 ay.y. A9 BU. VDY
- - ' F - Lo - (-1 a¥

Hy + CO =1 nmivawatvluuuafy n1snwIzN In iindeen g iang nszanena
#1ae33 nnnRannua Ganuatiuan Tunsanaulusia waziinas inirsauduay

ks - s . - . - - - &
#2159UHAS e infleszAud 1ans s nInd 1swUFASen i devuasiingd inunnily

19 ALA. 1942-1943 @s. Fuv3adira (Dr. W. Michael)unsladnn-
» - o - I'- i E - -
twu lanaany trwinsaAiuuud taas3vuis 1.5 ap.u. Truwu trsdangu idudnss -
nunsunulufinnou 1682 1390FA%6n indnarsueiia (iron carbonyl) nrrdeiaaqzy
- . . - J L] - - - -
1dRs1§7U H, + CO 3219 0.8-0.75 Tnwidenluifiu 1-2 e igus dnslna
- - 0 - -
Iounuyevnisnieen gumgdaly 250-275%7  A2wEu 20 wsIBANA HaNTST LAS TN
*a - v ¥ - L4 - M
vl udavluaisioi 3.10 ulnfiomn 1A n tafnsa LAl woa 1ans5 fgangl 275-
U '... bich - J - J - 0 ".M -
290 1 xImduntnTodun inunzAusasunuaziigumgd 240-260"7% v Imihiud (e
PR : > - - - O
ANUATINA uﬂﬂhﬁuLunu1nﬁn§u%:1nn1ﬁ1ﬁaunqmﬂqn 200 7 YADBN INU (octane number)
' Mo wr e ol - . 0 -~
Tunv es uazulun Lyaniiye (famluniv 200-300 7 s:iiAd@inu (Cetane number) 60

- . 0
nqﬁuﬁuﬁa (pour point) -10 1o
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Naﬂ"l‘ﬂlﬂllﬂ\!"m I.W"I!J{]ﬂ‘iﬂl.ﬂnl.l.l.luﬂ lﬂa‘i1g n3 LAY (34)

Stage L Sz Total
Time of operation, hr 813 3
Tempernture, °C 250 257
Presaure, atm 13 (&)
Clas rate. cu o per he 3.1 133
Reerculation ratio 2 1
Residual gus analyses, per cent
COy T | LE B |
CaHa 1.8 | &
co 7.8 o8
Iy RN Iz a
CH, % | i8
Ny 1.7 T
Contraction. per cent .2 s 47.3
Coaversion ul co 1" CO + Hy co Hy CO &Iy co ity CO + Ity
Volunia per cent 64.0 fg.3 B9 4 3.0 =2 740 91.0 .8 1.2
CO convertal ta Co, Clty Ci+ COy Cily Ca+ COy i Cit
Per cent of CO reseted 5.0 3.3 LT 3.3 63 ¥ 7.8 41 L
Use ratio, 11,:CO 1.38 08 B+
Yieldof i+, g pee cu mood 1Ty + CO reacted 124 03 170
Baoding mnce. *C Te 200 200-320 320460 Abave 460 | To 200 200-320 Above J20 | To 200 200320 12060 Above 460
Voliume per cent of C, 4 8.4 11.2 .8 32,1 30.3 3.1 18.1 4.9 .8 1.8 3.8
Runling cange, "C Ta 20 200=-320 To 2m 200-12 To 00 A0-320
Qlefin + arywvnated ruompuuods
Volume per rent of (mction a Fi) i 3 5 a3 7

- - T - bt B TP | - =~ -
AN 3.10  HANIFILASIIMKBRTAmUaTUR leTrn o URTRvufigamgd

250 ¥ AWAY 20 USsENTA war Ho:CO = o.s

. g e, P
( wuae @ wWesiguauimiin )

(84)

Roiling Per Per Cent of Fraction

Range, Cent of

°C, of Total 3
Fraction 0il Aleohnls Mefins I'nrafMing I,thr':lt and

Acids
To 50 4 0 RH 12 3
50-100 20 5 83 7 5
100-150 10 15 a7 11 7
150-200 10 12 62 20 A
200-250 12 12 n3 17 R
250-300 10 10 hd 25 I
300-350 8 5 45 38 12
Above 350 20
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- - A ) ¥ o A ¥
Uiz inAanSgo winn laSuNaursspudians3tululd aA.a. 1946 TavsvAnas
- ) - . e | - o .
infiavusypvandse lwdnn (US. Bureau of Mines) laniinvs¥apuaud@ntoRdnanvn
e o e & Jd o - . o . -
1unaﬁuﬁﬂﬁnﬁ1lﬂﬂﬂﬂﬁﬁﬂﬂa11mﬁﬂ1wuL11nﬂ1tﬂu1unﬁ11nuﬂﬁdﬁutﬂnﬂUﬁnﬁﬂ111ﬁﬂg-
- > ﬁ . -t > L -3 >~ L4 . -«
i3u1Inavi Aouniin1ses v TsvvuAuuwusuIa 1dn Trve Lauknguonatvue 3 fia qv
- J - " - - >
10 WA AugUin 3.3 (73,74) Trnuwugngu (porous plate) udanszanenig o da
o & - b3 o as
139ufifiSun ivananaznau fiavAlsznay 100 Fe:5Cu:0.5 K_0  unsuass Tunhiud o
o - 0 v o ar L —— Vo - ag - o -
MIYA LABA 300-350 ¥ AW LVUBUBBVAI LIVUFASHN 36.6% uniln UiTRvungamal
0 - o & -1
240-275 7 AUAU 250 taumrprISsIWUN H2 : CO =1 a399152 Fed s 300 1u.
- ] - ‘ﬁ. - .
LU LRI H2 + CO  mAptSunsdiansinntaluy U3ulompentrea (Gasol,c3+C4}

L™ . - L i s Wy W
wazunhduniln 100-125 NSUARDAL.U. VBVAMUA LY HARATIM A9 1Ty Cl—c4 = 13%,

+ - », e -
C5 = 37%;, CO2 = 45% uar WARRaMNaTa oL 5% uimtin

L4 »” . L] -
A.A. 1951 M1aBvi905uarlIluvIu (Sclesinger et.al.) (73) uuvevn
. - - v, s e # 0N - &
N3 infisvusvavandse winn laveunlonaldng tauniguonateanslu o.12 f 1u
- - . > L] g a & ]
AINSTTIWAITUNUURUINGY 1o# 150U FAS e indnanaznousuae LAANa1 61 luAsau
v Yoo - : o -~ )
AU LyuBY 257 uwmiln n3a 300 NAUADAAS nanTInAsDONEMQll 242-275 ¥ A3
- * X -1
AU 100-250 Yaurrar1sIvla LAY AL LS LBva LT 120-300 7. HANISNAADY
L o ) - = 4 " | - -
a2 e tfugemgdazlalalasatsuau wn fivduuaznas wAsuguuaen ol tAs oy
o X v ' ] _i L L] -
YA nns fvA iy ffaae i3 Bedraen lufinarentsulalalasatdusu
¥ ¥ - b A T X ’
L uRaz tiuns wWasugneeniode tasazn wlaifami laddvll loTasansueu C +C, 5%,

lolasarsuouniin 43y (ss% eglumaeniglefu), nrvar-veulmeenlas 42y uaz 8n

ol wy ot 1
10% (duadrswanoendd wanazas lunhuazuadu

o« L] > > . -
A.A. 1954 viaBvivesuazgsiuvu (74)  laRnsiaudi iswfifiselu
o - - o - . & a o . . 1k
n3zuunsd @33 Tas wSsu sy soUfiSen indnnasuuas indnanaznauinalney
o - . . I i
lugy imanlulasa TavnsuunirusuTu fisnoun93@a1 (Reduce) wansUfiiRenu
a ~ 1 L, - N3 .
AoudAv luA1I379n 3.11 2 LsvUfAZen inanlulasanvsdos Iz uns tineandin-
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Fulafisznanensneasy azInaswaneandd luernnna1&) LseUfA3en indnsssuan uas
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2 gn13lgeueiufie 4.5 1Asu imunz@mduntskladanhazansuazansfivau Loy

danpmea (Jusu



42

Liquid level sigh” gloss—
| R
Oitterentiol Surge fonk 1
Synthesis monomeler \ ;
gos Entroinment
frap
Chorcoal Gos meter
scrubber ;
} Ee
Capiliary Filter
Reoctor
Flow
recorger Reoctor
Gos Gos meler Gl
scmple Bock Pre-
pressure heoter
requlafor ;
Toil gos = D— & Q
€0, Entroinment Entroinment Light- Wox
onolyzer trap trap oil trap
Tecever
:a'ﬂ"ﬁ 3.3  WHUDIWNSZUIUANSHU LA EMULLAE a5 - Insy Tawly AU nsw
(AT UULE L0550 9AN S indavusavauigaiudna (73)
Rt - - - ' -
A1SI9R 3.11 danTznsUfiRvnuaznisns T Haaiomuavil Lsalnsen
wmanlulasalunszuaunisatanss (74)
fused catalyst age, h precipitated calalyst age, h
761-905 1457-1553 248-368 392-824 848-920
temperature, °C 250 250 250 250 250
space velocity, h™! 200 300 300 200 200
H, + CO conversion® % 62.0 46.6 38.4 43.7 47.0
product distribution, wt %
C, +C, 26.4 2.3 17.3 21.3 24.3
C,-C, hydrocarbons 27.2 35.1 10.0 12.4 141
oil hydrocarbons® 11.9 12.7 23.6 21.9 18.0
H,0 11.0 17.1 18.7 11.1 5.1
oxygenates in H,O 14.6 16.7 5.3 4.8 12.8
oxygenates in oil 8.8 16.1 25.1 28.4 25.7

Pressure = 300 psig. ® Exclusive of oxygenates,
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A.A. 1952 poawm, npaa waralay (Hall,Gall and smith) (35) laAnm®
Wiy fsun15&9 1A ZMuLLAR t1as - Tnsy Tutadfinsauny woefle, Wgdladiua uaz
d1a933 Tavaufnsaiafuuua 1ae550 (durnguonateainTu s wu. ge 120 wu. 1x
&2 150UfAZe indnnasui 1nlun s& tasnznusn Tuiisdiaau iyt 200-500 n3uAe
83 "I 500-1500 av.gu. HanInAasvuanvlurls ol 3.12 aqulasn LAUF-
n1étﬂﬂuuuataa€%ﬁﬁmﬂnﬁﬁLﬁann§n1ﬁguqa fivSuedl i findulesiige waziinlnuie-

> . j
nyu lunsufideuuniga

A o Yo s - A
w¥vand A.A. 1953 ilalinsyanuuniudlas (dsuniisnagn nasnaday
. > g \nd ] - - <
TuTsvvwpuralnofaponyaly waidvavinia5¥ums luluszAuTsvvuauununuia Lén
- L - . el .
nquuﬁﬁuLnnTuTaunﬁuﬂﬁﬁqﬂuﬂwﬂLuain (Pittsburgh Erergy Technology Center)

(7)  Taviuuniinaiunisieuad isoUfiiSonaznisaenuuy tafinsn el

UszinAdungy Asnaaavni1sd tAsITnuuuia . gas- Insd Tanlyieufinsa
- ] - X Ao d - .
tafiupud taass (Suiulul A.A. 1953 Anawneasvnie .suwYSe  (Warren Spring
Laboratory) warau1luil A.A, 1959 Asznsaomdveu (Ministry of Power)
w, . A = -4 s L) -
voudenge ladAnwiawidulylanasnszuaunisi 1Ssy (RovfvstauniudTas tdsy
[ ' e X o
aquaInnyalasenisTull a.a. 1961 unlas A WATussgoliuunAne AusIuv VDY
-l‘ - » i) o W
Wi3puaz sy (Farley and Ray) (1964)(31) lauaasnisesnuuuiadinsaln
finh¥9udA 70-100 unaasuma¥u dwasanuAIwAUle 21 usspanIALAznugangd la
0 o W LAL Uy x vo ” “
300 7 tAWUfnsedivuna LduRIAUENaTY 9.75 U2 g9 30 WA Lo svlfiAiSeivan
-1
ANAZNBU H2 : CO = 0.7 uazAlwi321ed s 200 T HANIINARDIAIUEAY
] - erm o o .
Tumisaon 3.13  (Hunsufddnsnguugd 260-280 1 warmwALUsZYIW 10 USI-
#INTA WUITTADINIS I 1A LD LruAns LWRBugY 40-50%  IzApviRugamgdiann
™ 0 - . L o -
260 lUaudy 280 v Beduwanhinifivlalasarsuousin 15.1 1u 3s.1 n¥u/au.u.vav
- .- o 2 - ‘e d
(kb ila RS la] nqﬁiﬂﬂﬁﬂ“qﬁﬂW:ﬂﬂﬂﬂﬁazaﬂaﬁ LHSIZANS LHUADNUAUAY B VA LAaDSS Luay

- - - &
MNTHIAISUDUDAS Y LRty

P ] - - ¥ ' as-
uanantilufl A.A. 1963 Mo 13uaUSe Foiinsdnsaud (seUFAseqlu

Lnﬁuﬁn1ﬁtﬂﬁuuuataa§% neasuaznaafy (Gall and Torling) (32) leanadauua
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- - - L4 - L J L d « v L4
Wisu sy tauinsaialiuvuatvn lo lunsdv tAs i snuuuAatges-Tnsy Tavsgaas (35)

Fluid

Llquid

Liquid 'Fixed Liquld
Reactlon syatem Fixed bed plinse Vod phiase bed Fixed bed phoso Fluld bed
Experiment number 12/54 12/64 12/68 17/10 12/54 17/10A 19/17 12/67 12/63 12/68 17/13 18/34 19‘417 o
Catalyst . . AS, A.8. A 8. A 8. A.B. A.S. A.8. A.8. A.8. A.B. A.S. A.S. .8.
(26-36) | (73-170) (26-36) | (72-170)

Operating pressure, p.s.l.g. 300 300 300 300 300 300 300 600 600 600 G600 800 600
Operating  temperature, '

°o0 . . . . 2685 265 205 2065 300 300 308 306 306 305 306 306 308
8pace velocity, litres sgn-

thesis gas/litre reaction

spacefhr . . . 427 1238 1776 110 1087 196 2200 2110 7100 9700 6160 1400 4400
CO conversion, per cent . 94-3 03-6 956 94-2 06-3 04-1 06-3 94-0 96-3 08-7 96-2 00-5 25
CO + U, converslon, per

cent . . . . 89-2 88-0 06-3 84-1 89-2 84-2 830 88-0 90-1 06-2 036 06-7 03
Activity, litres CO 4 H,

convertod/100 g cata-

Iyst/hr . . . 17-3 50-4 70-8 19-0 447 70-0 102:0 86-2 288-0 421 110-0 210-0 384
Space-time yleld, litres

CO + H,conrverted/100

ml renction spaco/hr 368-6 1047 1027 90 030 16-6 103-0 1784 5080 nos 416 128-2 884
Belactlvity . . . 18-7 18-1 10-2 8-8 174 109 16-1 13-4 13-90 10:6 11-8 147 10

Methane formation, per

cent of OO converted

¢ Onloulated from results obtalned at 800 p.s.l.g.

vy
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Tasr3ouaziso (a1)

Period . . . 1 2 l 4 ‘ b ] 6 , 7 8 l s l 10 ] 11 12 l 13 ‘ 14
Duration ot period, hr 5 16 [ 16 16 16 16 16 l 263
Total time on stream, hr . 34 58 218 330 378 402 ‘ 431
Temperature, ° 0 280 260 275 275 280 280 280
Preasnre, atm g 10-15 10-2 10-2 102 102 10 25 10:23
Rate, l/hr (NTP) . | 86.014 | 65,646 65,193 85,334 65419 | 65.532 | 66.212
8 volume, 1 . 335 331-3 316-6 309-3 320-2 | 3142 309-3
Space velocity, litres (N'I'P) of inlet gu/lltms
of expanded slurry per hr 197 198 206 211 204 209 214
Linear velocity, ft/sec . . 0-236 | 0-234 0-239 0-239 0242 | 0-241 | 0-244
Slurry level, ft-in . 24-3 240 230 22-6 23-3 22-10| 22-6
Catalyst, loading, llms of inlet (OO + K,)/g
Fe . 5-242 | 5-478 5-670 5715 | 57 5-780 | 5-785 | 5-802
Gas oonh'u:tlon. % . 39-6 38-6 332 29-8 30-6 321 27-5 21-6
CO conversion, % 831 60-9 57-5 52-3 557 557 47-3 37-3
(00 + Hy) oonverslon, % 59-4 56-1 52-7 471 49-3 51-8 45-1 35-4
Rate constant 6-91 6-32 5-98 5-21 5-29 577 4-84 361
Usage ratio, ,IOO 0-565 | 0-559 0-528 0-556 | 0-530 | 0-575 | 0-846 | 0-616
Space-time conversion, converted litres of
(OO + H,)/g Fe hr . 3115 | 3-072 2-987 2-693 | 2-857 | 2-993 | 32-608 | 2-034
Synthesis yields of hydrocarbom
Calculated -
CH,, g/m? inlet gas . 44 37 59 7-8 10-2 8-8 8-8 81 86 93 93 7
Cy—C,, g/m? inlet gas . 10-9 11-4 16-1 22-6 29-6 168 20-2 22-3 25-8 29-0 20-7 304
Oy, glm’ inlet gas . 112 95 75 85 82 86 73 68 72 68 52 29
CH,, % total hvdrocarbons 35 3-4 61 6-8 84 79 88 8-2 81 8-9 11-3 11-5
GCy—C,, % total hydrocarbous 86 10-4 16-6 19-6 24-3 15-0 19-8 22-7 24-2 27-2 25-2 453
Cst, % total hydmearhons 87-9 86-2 773 736 67-3 771 716 601 677 €390 635 432
Ob.m'oe
, g/m" fulel gas 109 97 R4 R9 R3 87 83 2 9 76 65 51
“fm.r g/m? inlet gas 8-2 82 4 85 48 42 51 44 66 54 53 2.4

Sv
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- . . . ] hd - » -

vovlusluimes (promoter) uwazuafiu (impurities) A9 AR LSS

3 - - - L . - - L8
tnananaznau Tanlyiaufnsamuia tduniguonaie 1.5 €2 go a3 WA URZ AR LADT
UWUVAURZHSIUYIY (Calderbank et.al.) (16) Tafnsdasins tinufASonaed

. a - - — * L -
sudfifiSerim@nanaznou Tuteuinsaalivwud tanss TUTA LEUNAAUBNETY 10 T2 gy

- . - L] - -

60 WA UAT DUIALAUKNIAUINATY 2 fia gu 15 v@a wan1sIvAapwnuln UANsvauddas:

= A . - . »~ b LY P
thayuuan eiinas tiugumal nhlnAwasvlanesda iseufidenanay

n¥van ifindnganisavifulan Tud a.a. 1973  naRns A3 Ton 15T LA =N
L ¥ - 8w o £ d - ar T .
wufidigas-Tnsy lanFuufiunpinadadnadonily Tas tan1zn1avmunE LSS uas

nsAnsInIs¥ tAs1in Ty tanufnsa Al uyud 1an+3

. : - - - o - Ton  om
n11ﬂﬂsﬂnﬂuﬁjLﬁuﬂﬁﬁﬁnﬂﬁnnﬁ1nnaau1uLnﬂﬂgnﬁmtﬁnuuuataa11 figoil
v1lnuazgufi (sakai and Kunugi)(63), Tmaivauass-iam (Kolbel and Ralek)
(49,50), Tudviwa (Morammed) (se,57), tﬂﬂtdaéuazﬁiduuﬂu(aa), WA LADS

fIuardLAuLves (Satterfield and Stenger) (70,71)

uanINLTVIin15ANE IR TUIAUN AATAS (Kinetics) , n11dﬂﬂtﬂu7a, na-
ANdASYDY lua (Hydrodynamics) , nW1ﬂ1:aﬁun§mﬁw€, 193 LAsTNNARTam uaz
Tuiaa (Model) @199 vaviawUfinse iafiwwud aas3 Feraluil LAALIDIURTHSIY
v (20-24), uﬁatﬂaéﬂdua:é;1noﬂu (64-72), #MMuszusALADAR (Huff and
Satterfield) (a39,40,41,42), a;aa%uua:ééﬁuuﬂu (Stern et.al) (s2),
yinas (Bukur) (13), Animasuazivaa (Dictor and Fell) (26), davaaauazy

s2uvu (Albal et. al.) (2) uaz TuwrAuazuniau (hNovak and Maden) (s8)

Hav eI Tun1sd asznuuuid Lres- Inad Tutaufnsaiaiuuud anss
L J - - - J
swswlaluensnofl 3.14 (20,21) war wreiresda lasausau13lur 197t 3. 15

(ea)
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L4 L4 P L4 - 'd
$7Us2wn1sANEINISAv LAS UL LTes-Tnsd Tuteufnsaialiuvud 1ans3

Authors Reactor | Height | Range of Temgerature Pressure Catalyst
Diameter| L(cm) |gas flow T( C) P (bar)
dR(cm) (cm/s)
Schlesinger et.al(1951) (73) 7.5 300 2.7-5.5 220-280 8-21 ppt.Fe promoted with Cu and K2O
Hall and co-worker (1952) (35) 5 120 0.78-1.59 250-305 21.4-41.8|fused Fe used for Ammonia Synthesis
Schlesinger et.al. (1954) (74) 7.5 300 3.6-5.5 220-258 20.4 fused and ppt. Fe promoted with Cu
and K20
Kolbel and Ackermann(1956) 5 300 3.5 266 11 ppt. Fe
(47) - promoted with Cu and K2O
Kolbel and Ralek(1977) (49) 150 600 9% 268 12 ppt. Fe”
Mitra and Roy (1263) (55) 5 120-300| 0.9-2.2 240-260 6.8-10.2|ppt Fe(Fe/Cu/MgO(CaO)/K2O/kieselguhr)
100/10/4/3,5/50)
Calderbank et.al. (1963) (16) 5 450 0.6-4.5 265 10 ppt.Fe promoted with Cu(l%)and K2O
(1.25%) not S free
Farley and Ray(1lYo4d) (31) 24.8 900 7.L=7.3 260-280 11 ppt.Fe promoted with Cu(l%)and R20(1.255)
Kunugi et.al. (1968) (52) 5 550 4.0 260 10.3 ppt.Fe
Mohammed (1977) (56) 3.8 100 0.3-0,7 270-292 10 Red mud
3.8 100 0.3-3.0 249-356 5-20 ppt.Mn/Fe (activated in fixed bed)
Deckwer et.al (1982) (23) 3.8 70-90 0.3-1.1 282-303 12 ppt.Mn/Fe (activated in slurry)

LY
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AN5I9 3.15  A1S9ERANEINISAY LA snuuuRdLTes- Insy TanTaiaunsaiafuuaiass3 s7usulaousninasia(e4)

Investigators Temgetature Pressure Space Velocity, Cata}yst H%/CO Reactor
(7 C) MPa vol.gas (S.T.P,)/|loading, eed volume, ¢
(vol.slurry) (hr) |g cat./
2 slurry
Farley and Ray(1964) 200-285 0.15-1.1 200-230 40-60 0.7 150-375
Calderbank and co-workers(1963) 265 17, =D 75-300 10-30 0.7 3-9
Hall and co-workers (1952) 260-300 2l 100-550 150-940 1.8-3.2 0.5-1.5
Sakai and Kunugi (1974) 200-290 1.1-1.4 ? ? 0.7 1
Schlesinger and co-workers 220-280 0.8-2.1 130-500 100-450 |1.0 13.5
(1951 & 1954)
Mitra and Roy (1963) 240-265 0.8-1.1 80-220 100-150 |1.4 4-6
Kolbel and co-workers (1947, 200-320 0.8-3.0 130-700 50-200,/0.6-2.0 6 & 10,000
1949, 1951, 1955, 1956)

8sv
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3.5 dnfwanevdudsaani1sdv tasiznlu e ufnsaiaiiunod ianss

3.5.1  gomad

. > ] 3 - L) - -
g1a8v1995(73)  laneasvifivgamgd wauzn ni1s¥9tAs1sn oo e iy
& - - - 2 oA - - -
qumail N3 WlsugUnevnwAsuau wauanloa ez vty waziilalasA suau 1ol iy
& . A - . L - - - L a
1 Fuflvgruaa tfinainnisuaninnavlalasasvauluianalne paaa, naaauazaiian
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Reaclor Fixed Lied Slhurey
Catalyst meeh sjze 7-14 <200
Temperature, *C 264 | a0 265 ann
Space velocity, hr! 427 1087 - -
Liter per gram per hi 0.21 153 | 0.64 0.849
Synthesis gas consnmed per cent 802 81).2 66.6 84.2
Usage ratio, 1./CO 1.86 1.81 1.40 1.72
Yield, g/m? (weight 9% of total)
CII, 330 37.5 11.5 22 .6
C:-Cy 18.1 56.9 18.6 G3.3
Cyt 80.3 75.0 71.0 78.8
Aqueous aleohol 3.2 2.1 8.0 0.5
Aqueous acids 1.3 1.0 1.6 1.6
Distillation of Cy+ | wt-%
<200°C 65,8 73.2 44.0 78.7
200°-300°C 20.4 14.0 211 16.8
>300°C 13.8 12.R 34.3 4.5
Analyeis of 80-150°C fraction
Olefins, weight per cent 51.2 6S.4 5.0 61.5
O number, mg K01l /g 42.0 52 .8 122.5 52.2
Acid number, mg KOIl/g 4.1 7.6 8.4 5.3
Iister number, mg KOH /g 4.3 11.5 1.8 3.8

4 L o 1 - TR
AN39M 3.17  BnonavavAwANABN IS LAson Ty LA Uinsa AT uwy

-l 7 e
tualvuazuuud 1asss (35)

Reartor Fixed Hed Shorry

Pressure, atm. 2] .4 41.8 21.4% | 31.6 41 8
Temperature, °C 25() 250 205 205 265
Space veloeity, hit 427 821 — - —
Liter/g/hr 0.20 0.39 078 1.15 1.59
Reeyele ratio 2.3 2.3 6.0 5.2 5.5
Svnthesis gas consumed, % R2.1 4.8 75.9 74.7 60 6
Usage ratio, 11,/C0O 1.70 1.88 1.434 1.57 1.48
Yield, g/m?

(& 29.0 24.5 18.2 140 12.7

Ca-Cy 460 52.0 48.5 36.0 37.0

Cyt Y. H a3.6 6.0 0.0 RB60

Aqueous aleohol -— — 10.5 0.7 T3

Aqueouns acids — - 2.1 2 4.4
Distillation of Gyt wi-%

<200°0 615 52.7 r 49.6 46 4

200-300°C 1.7 251 15.0 15.5 15.6G

= 300° 18 8 22.2 18 REM] 37.5
Analysis of 80-150°C fraction

Olefin content 447 42.1 2.0 (2.8 5006

Hydroxy!l number, myg KOH /g 1.0 18 0 0.0 05,4 1440

Acid number, mg KO /g 3.0 3.9 7.7 14.1 230

Fster number, mg KOH /g 6.5 1.1 H.R 209 37 .3
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AT3TUN 3.18  HAPBVAI I LIINIMURTA W Luuruna el L3RS o R Tiron 159 LAT SN

Tuinwinsaiaiuundiaas3 (sa)

Fresh Gas Rate, per hour
Volume of Grams of Liters per Liters per | Per Cent
Catalyst | | Catalyst per Liter of 10 g of Conversion
liters Liter of 0il Slurry Iron of CO
10 200 18 1.8 73-75
10 200 27 2l 62-64
10 200 36 3.6 48-52
20 445 36 1.6 73-75
20 445 | 51 2.3 62-64
20 445 72 3 s 2 48-53
30 750 51 1.4 70-75

J a . - " -
A9 3.19  HANOVDASIFIUNDNY H2 : CO Tunﬁﬂﬁetﬂﬁﬂ:ﬂnanﬂﬁﬁﬁLﬂﬁﬂ:nTutnﬁ

- 24 - o
Ufinsuiafiuwwudiaass (s4)

Co- Water Gas HZ_
Rich T Rich
Gas a | b Gas
H2:CO ratio in fresh gas 0.64 ik 52 142 1,95
Use ratio, H2:c0 0.60 0.8¢9 1../08 1.43
Temperature, _C 252 238 230 226
Number of stages 1 2 1 1
End-gas to fresh-gas recycle 0 n 255 1.5
ratio
Hourly space velocity 4 150 105 245 240
Per cent CO conversicn 94 a3 a5:5 95
Yield,g per cu m of CO + H,
a. Above C1 172 157 168 163
b. Methane 6 0 0 0

L
a4 = Probably refers to total

feed gas
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3.6 #2139UfA5u1imdn (Iron Catalysts)
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#2150 o lunad tasiznuufRa ires-Tnsy laun RIS R
TAuaan, nén, fifia uargiifivy (Ruthenium) (s.28,59,62,74,83)A 5190

- L =Y . > - e . - L4
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! g " - * e . PRy v e
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#1595 tnan niiguauiflunis 1dud 1s9UiiSsezraeiinvasznan

énuin@tﬁu wuniulan (Magnetite) (Fe 04)(74) ﬁ?L;ﬁﬂﬁﬁ%ﬂ1Lﬂanﬁadhaﬁu

3
nla (5,74,84) Taun

1) ﬁ?k%uﬂﬁﬁ%uﬂtﬂﬁnana:nau (Precipitated iron catalysts)
ta3uulAannsAnaznauna A TAZAI InEN VuFFmasR (supporter)# funane
wanfigags (kieselguhr) w3a Talalun  (dolomite) umauhwABy iwsny
(Impregnated) aauTusTuiaas (promoters) A19 LTu A1203, cao0, K, Co,
(uay ﬁdaﬁﬁuﬁdt%ﬁuﬁﬁ%Uﬁanﬂ:naulﬁuﬁ Fe—kieselquhr-KZCOB, Fe—Cu—A1203—
5102-K2C0 1uay #2 130uFAs e el glunAnmanrontenane (fevanisE

3

- J ' 4 - - - o 8
n11insﬂunuﬂuua:a1u11ﬂtuﬁuuﬂﬁn1u11utna1n1au1u1mnaﬁ1ﬂ11ntna11nﬂﬁv

- a

2) #159fiSunindnnasy (Fused iron catalyst) tASBUIINNS
. L4 . . > - L4
nasunauNANIINI nanuun wwlanfuTusTu tresaen wmasfuluiamasy i 1u
. - A o ¥ - .
nRAdMNIsUAD LSl Serliatas o nTunts¥e tassnuen T iy wazgw souiun

»>, L4 - - -
Tolanadfunis8y tAs 1 znuuufa tnas-Tnsy

3) ﬁ?téﬁﬂﬁﬁiuﬁlﬂaﬂaulﬂa; (Sintered ireon catalysts) taSsuann
n13lnAd usauun tndnuunulan  Adwgamglige utiinna332uAu iy L (coherent
granule) Tasluldarsnasnisinzia (bonding agent)

a)  #113908A307 indnd loum (Cemented iron catalysts) ta3vula
3NN5 Buans inziia unmdnuun wulan Tavanasziinas Ivaarusounialy Tnaty

saunle
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Table II. Products of Reaction Between Carbon Monoxide and Hydrogen (35)

Catalysts Promoters Temp, °C Pressure, atm Product
A. Methane synthesis Ru 250-500 1 Chiefly methane
Ni ThO,, MgO 250-500 1 Chiefly methane
B. Fischer—Tropsch Fe, Co, Ni ThO,, MgO, 150-350 1-30 Parafinic and olefinic hydro-
synthesis AlLO,, K,O0 carbons up to waxes, plus
small to large quantities of
oxygenated products
Ru 150-—-250 100-1000 High molecular weight para-
finic hydrocarbons
C. Methanol synthesis ZnO, Cu, 200—400 100-1000 Methanol '
Cr,0,, MnO
D. Higher alcohol Same as in C Alkali 300—450 100—-400 Methanol and higher alcohols
synthesis .
E. Isosynthesis ThO,, ZnO + K,O 400-500 100-1000 Saturated branched hydro-
AlLO, carbons
F. Ozosynthesisa CO, Fe 100-200 100-200 Oxygenated organic com-

aThis reaction involves hydrogen , carbon monoxide, and olefins.

pounds

SS



5) &2 15oUfA%u mdndy insny (Impregned iron catalysts) LASYY
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6) lsusuuniulan (Magnetite ore) (Juda (seufasen
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Ln5nn51ﬁ9nﬂﬁutﬁuuﬁuUﬁq1 (steel lathe turning)

8) TrwavinfafivanTsvvnugadmnssy (Residue industrial)  iiudh
(39UfA%e1 1oy &lluin@n (mill scale) aanTsveuindn dedrulnausznavslsuun-

wlan @wrselsdud iseinsealas
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Catalyat 50% Hydrogen-50% Carbon Monoxide
Composition Fe10»-Cu0-K:CO, Fei04-KisCOs Fe;s0i-MgO-K;30
Type Precipitated® Sintered®
Number P-3003.24 A-2101 A-2106.05 D-3001
Test number X101 X149 X204 X160 X228 X152 X200 X215 X225
Pretreatment
as 1H: + 1CO 1H: 4+ 1CO 1H, 4+ 1CO H, H, ‘H, H, NH,¢ NH,e
Space velocityd 135 98 135 1000 600 2700 56800
ours 24 23 24 43 24 43 40 4 6
Temperature, ® C. 230 230 230 400 400 450 450 385 350
Testing data
Pressure, p.s.i.g. 100 100 300 100 300 100 300 100 300
Temperature, ° C. 232 221 241 221 226 263 257 226 238
Average activity, A’ 148 131 337 89.7 254 18.4 62.1 67.8 120. 4
Usage ratio, Hi/CO 0.59 0.57 0.68 0.61 0.74 0.73 0.72 0.74 0.79
Product composition
Hydrocarbons/, weight % as:
Ci 4.7 4.2 5.0 4.8 6.7 13.2 11.3 16.0 16.4
Ca 5.3 2.6 4.4 4.7 6.2 8.8 8.3 10.6 8.3
Ci + C 8.5 8.9 9.1 11.6 13.9 20.6 12.2 22.5 17.9
Ci1-Ca . 18.5 15.7 18.5 21.1 26.8 42.6 31.8 49.1 42.6
Liquids plus solids 81.56 84.3 81.5 78.9 73.1 57.4 68.1 50.9 57.4
Acid number? . . . 1.3 2.1 6.2 10.4 0.8 7.7 0.3 3.0
Distillation of liquids-solids, weight %:
<185° C. 2.6 5.4 14.0 11.8 32.1 36.5 36.8 61.9 87.3
185-352° C. 19.6 18.8 27.0 25.9 33.8 36.5 29.8 34.5 25.0
352—464° C. 17.5 15.2 14.0 10.5 11.1 15.3 13.2 2.9 5.2
°C. 60.3 60.6 45.0 49.5 23.0 11.7 20.2 0.7 2.5
lnfr:redonnnlyais. weight % of functional group -
<1 . . )
CO + COOH 1.6 3.0 2.8 3.7 4.0 0.6 1.7 1.5 1.4
cO0 0.5 0.7 0.5 1.3 1.3 0.1 g.5 0.2 0.3
OH 3.1 8.1 7.9 4.5 7.5 0.2 .4 13.5 11.7
a—olefins (C==C) 2.8 o4 4.1 5.7 6.2 4.0 7.0 1.6 1.7
Otbher olefins (C=C) 1.0 0.0 0.3 0 0 5.1 0.9 0 0
Bromine num 25 36 29 38 41 66 53 10 12
185-352° C.
CO 4 COO 1.0 0.6 1.0 1.5 1.7 0.3 0.8 0.8 1.3
[e{0]6] 0.0 0.6 1.2 2.0 2.8 0.1 0.9 0.6 1.0
OH 0.7 1.7 1.9 0.9 2.2 0 0.7 2.0 2.7
a-olefins (C=C) 1.9 3.4 1.8 3.8 4.2 1.1 10 0.4 0.6
Other olefins (C=C) 1.4 0.9 0.6 0.4 0.5 3.9 1.3 0.9 0.5
22 28 16 28 28 33 35 9 8

Bromihe number

& 6- to 14-mesh granules.
b 6- to 8-mesh granules.

¢ Reduced in hydrogen at space velocity of 2500 and at 550° C. for 20 hours, and converted to e-phase nitride by the ammonia treatment.

4 Volumes of

at standard temperature and pressure per volume of catalyst space per hour.

¢ Avera
/ Total

e aotivity of weeks 1 to 5.
T\ydro

carbons and liquids-solids include oxygenated compounds dissolved in hydrocarbon phases.

¢ Acid number of liquids-solids.
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507 Hydrogen-50% Carbon Monoxide at 100 Pounds per Square Inch Gage

Test number, X 201 118 121 105 152 212
Mesh size 4060 14-18 14-18 6-8 68 46
Testing data®
Average temperature, ®° C. 226 238 238 253 260 255
Space velocity#® 99 90 97 100 97 98
Average activity, Ar.c 61.8 38.5 30.7 20.6 16.9 19.3
Average usage ratio, Hy/CO 0.78 0.79 0.71 0.78 0.72 0.76

Product composition
Hydrocarbonad, weight %

Ci 5.0 10.2 10.2 11.2 13.2 14.6
Cy 4.5 7.4 7.7 8.0 8.8 9.7
Cs + Cy 13.6 15.3 17.1 19.4 20.6 15.9
Ci—Cq 23.1 33.0 35.0 38.6 42.6 40.2
Liquids€-solids 76.9 67.0 65.0 61.4 57.4 59.8
Acid number* 0 | 3 | 0.8 0.4
Distillation of liquids-solids, weight 9
<185° C. 6.5 26.6 36.5 48.3
185-352° C. 25.3 35.5 36.5 34.4
352—464° C. 16.6 17.2 15.3 10.4
>464° C. 41.6 20.7 11.7 6.9
Infralrse: tél-ll)'lﬂ. weight % of functional group
< * i
C0O + COOH 1.1 0.7 0.6 0.5
cO0 0.2 0.2 0.1 0.1
H 2.1 0.5 0.2 0.2
a-olefins (Ce=C}) 7.4 5.4 4.9 4.2
Other olefins (C==C) 1.6 3.5 5.1 56
Bromine number 80 58 66 65
185-352° C.,
CU + coua 0.4 0.3 0.3 0.3
CO0 0.3 0.1 0.1 0.1
0.7 0 1] a
a-olefins (C=C) 3.4 0.21 1 ¥ 1.1
Other olefins (C=C) 1.9 3.4 i.e 3.7
Bromioe number 35 24 33 32

* Catalysta reduced in hydrogen at space velocity of 2500 and at 450° C. for 40 hours.

b Volumes of synthesis gas at standard temperature and pressure per volume of catalyst space per
hour.

¢ Average activity of the first 5 weeks. . .

4 Total ‘hydrocubom aod liquids-solids include oxygenated compounds dissolved in hydrocarbon
plinses

* Acid number of liquids-solids.

60



o oo 61

3.7 n1snsTauufaiinn

3.7.1 nalans iAadfinsun

Wuvvyavnalanis ifinufAZenas ¥ tAssnuuuRa imas-Tnay §4 taua 19nane
nay laun nénuﬁnﬁuﬂsgﬁuiﬁjﬂuunn11LﬁngnTﬁnﬁnﬁmﬁ a2 1inlauufASsnasndudivu
Aruavdnavlfififun (surface condensation reaction of an intermediate)
Taun #anatvufAsuman CH20—Tan: néuﬂaaﬂﬁuﬁngﬂu{ﬁ1UuUUﬂaon11Lﬁﬂqniﬁuﬁm-
Kom 3z (finsnnisunsndanTaunse (direct insertion) Tawi3usuasifinlansls-
lasa (metal hydride) nau aﬂnﬁuﬁﬂﬁﬂﬁévauuauanlﬁﬁ a:un1nLJqTUad1:niﬁu
wuszuavlanz-lalas1au (metal-H bond) wlefiomlolasasvauniinaz ifiatiu law
n1rAIsuau uauanloa unsndanan fuin lyluivszatsuau-Tans f11.,41) nguhany
t#39&u (Herington) (11,37,67) Tatauna n1sdetAssnuuuidaLras-Inst 9z
\Auavaviunis tRunuisasusuLasa iluaynsugnTy (sequential addition of sin
gle carbon units) unutnaéﬁuua:§%1u01u (3,67) wauSumivfinveviddvdu uaz
TanynwadudaiieanluTas aBununsifialalowes (isomers) 3aiiEnBwavaanniiviv-
§a (methyl-branching effect) 17u38-T93n uwaxr Ta3W (Henrici-Olive and
Olive) (36,67)  lauanvlwiiui wlafamiaines-1nsy 2z duluarungnisnszane
#2Tasfialvyavns iinIndlwes 13 irfuvevyad (Schulz's general polymerization
distribution)  Tapiawizfusiuruaisvsudivuraniiuly TasInnefn tiuainianle-
TasAnsuau C, waz C, luaaaraasiunisnsEanunovyad (Hovannis (AnufASeqdu
figny (secondary reactions) uazifinnsaanunsn lugnTauSafamana3enile (rein
sertion intc growing chain) uaz WA LARIRIUATIN (67,68) lalwaAauinu
iy LAy uBaveean3s (Flory) (33)  w3a A21wAR 1ABaAUATI9AST I wYa YL NN
TuanaduTnylunszurunsIndweslsoifu awrsauhuraduisnisnszane&ivaeat-
uauﬂﬁéuauﬁnhnnﬁLﬁﬁaﬂnﬁjt%oﬂﬁﬁ?uﬂtn5n1gaﬁﬂugnﬁao Tansrundniiom C, waz C,

- | - il L] By v L . - T
fiundafiomwanaan®dwua duarulngluaula trdulslasadusu nasnszawuoeranss

> . " i - - v XN
ﬂ"lll"l1ﬂll.ﬁﬂ\‘]1‘l‘l l‘ill'i]!l"l\‘.l\‘!"lf.lﬂ"lﬂ%'!Jﬂ1 zyaun 15 LAT I EnuDLRA L1 - Insl Ladoil



62

L] o > L4 J . =
Lﬁaﬂaﬁ1m1ﬂ1ﬁ111ouﬁﬁ1ﬂ1 13uAuATSauRaesla (active carbon) wiin
* . hf - N .
Cy azgngadu (adsorbed) yuRa J3hwau No Avsupundiniezfuge (termi-

nate) uaznatwunlafomwand inun3a s uea n3eiinsInannine (propagation)
*

*
- - ' ] - & a - - . -
(i C Bnnllodn nanw iy C, waaffamhiinvsuaugeliunazidnuuznas ifia tou o)

fu wazdwseldsugduuunis iiauiAson ladeil

Cn Cn+l Che2
* G * {] * C
Cp > Coppey— AL 5 —>  etc

. L4 B L4
n dustuiusrasunavaisuaulugnlouSaiom

nnTsauyAvaodasde (33)  awidulylavesns iAingn Towdafom (proba-

» * -
bility of chain growth) (@) n3aaw dulylanae (s wiinlafinunaz iy

*
4 P - = - o . . e
ﬁﬂﬁﬂﬂ“ﬂ?aﬂl?ﬂﬂﬁ?“ﬂﬂﬂaﬁﬂlﬁu Cn+i CUATNAINAIDATIIVAITASSINEITUIUAISUDUY

£ - o N
ﬂﬂﬂﬂﬂuﬂ:lﬂﬂﬂtﬂﬂﬂﬂﬂﬁﬁTﬁﬂﬁu

& e X
- o — W ..... ...(3.10)
r + r
( - t)
r Wudastt32Tun s ifiaTnsn ina
¥ udasn 152wavn198uga
2hunuTu tanavay c ity 9z iy
= N S o 2 3411
N1 h(l ) {5 )
s - . . -l F 3
nuav LRgfuluUNDIAISUAY C2 fifianu 2z 1y
= N - N 1 - o
N2 ( - l}( )

Roafl=ad 0 sena (3.12)
(8]



63

- .
warduin sy iduguniana lulaan

N o= Na™1 (1 - a e (3.13)
n [e]

-l 4 % J - L)
(afia 1dudasarulua (mole fractlon){mn: Fun1slacidnvuzAany
- - - - o » .
fudun1syeadanin (33) anmurEMIunssulun s Ing o+ ls tofuifvisu (linear

polymerization process)

= - w8 - -l
dunish 3,14 @wsaidisuineylugdneavasni3fiu ieslwazaanlunis

UHAAYHANISNARDY

1n(mn) = nlnoe+ 1ln 1 - « savias o al3E15)
(s 2

(o 1isuns sz In(m) = fushuduatasveu (n)  srlamlnudunus
L . L " - »
tluiduase A dulylanaenqsiiagnTdudafom (0) sznalasnArqufu (1no)
- " . - - rE - .
n3aAfiaunu (intercept) uaziUSyufivuAmedav tRaMIAITY LLLBLIINNITNA-
- al " - "
aov naMziifnvuzdvgUn 3.6 o 1unantmnassrnouna LApIRI WA S I (e8) 0
> 1 . = & o ! = ]
Tavnnsloda 1soufiiSenindnnasy A udu 790 Alaviaaia, gamgd 269 1
-1 =1 ¥ : e * - -l &
wazAWLSIBed ey 209 My, AFmsaduluan lavzsundaiomdunIon tintiuny
L - - > BRT > A ¥ >
nua laun dalAu, Fafu, Fanessea (DuAu o =dAN 0.7 ﬂauanlﬁtﬂunaqaaﬁn
v . d - e o - 2
ndafaminane (lulesenatn trwinsaiall arsAnEafamni v uluA1suaugy (n> 17)
l. . > - - N s -
AN LEUNS N onge] Wuinst: wlafummaniliaatvaunsalunisnane uiulevss

uazazazausivayludinaltveevinar luteufnsaiaiivrd iaass

- . U. - _ 3 L] P
Tavund (s inazauladasdruntiniin (weight fraction) UINNIBDAS
. . L) P . L] - J » J v, - g
dulua auqﬁqﬂuwuunTuLaqaﬂaquna:uu1Uﬁﬁsuaun;ﬁu;ﬂ11ﬂnoﬂ UIMTANINUAT DN

Tutanafingaannisgaiy (W) wstnw laioil



64

et = 070 =

MOLE FRACTION, M ,
p
o

Q30—

Qaoo | 1 I
1 3T T NN MR
CARBOM NUMBER, n

- | Lt - . ¥ - .
sUi 3.6 nslonsnaratsedaiiomusvgasivrayansd tAsITnuRdALTDS-

ol -
Tnst savurrirasAIUREIN (68)

= ® Esperimentol Doto of Sottertiaeld =
and Hulft (= « 70 from Fig, 2 )

FRACTION, w

aH\VT T %2 -4

s 05
-—e 0.7

WEIGHT
Lt
T
1

13 5 7 9 M 13 15 17 19 21 23 25
CARBON NUMBER, n

of L - .
suUn 3.7 Asnsanudafannaen1sde 1A ENLUURE LTes - Tnsy Tugu

wovdrsiauumin (67)



65

p w . am
I'\t ;=1 n n
= N (1-a) Z .na" 3.16)
i o L_,na R (1
n
&
Aotiu
wn - nNn
Ve
gt ceeeeee. (3.17)
g n
R
n o
aynsy X na #1159 wavudu
n n
I na = a vaowwaie v (3.18)
n=1 2
(1~ 1)
Fasaunmidnay (i
-1 =
W = na" (1 —o) o v wewass (3419)

n

-l AN X - ¥ - >
dunish 3,19 UAmdulasvasSe luidl A.A. 1935 uaridnwazaAaufudunis

- * . -
nyadAnlunoull A.A. 1935 Aa N &> 0.5

Wn = (lnza]nup s swwes (S5 20)

o £ @& o - A i Ll -
AVLUIY LSenA1snssuRTAfiam ina a0 ﬂ11ﬂ1zaﬁﬂﬂﬂﬁﬂaﬂ"ﬂaﬂﬁu

(Schultz-Flory Distribution)

-

- - - J
nsaszIealafomrovuiiZoanisdv iAasznuuuRa tres-Tnst faluiduly
L4 . - . J P J J
Tavavnisifiagnldaisueu (o) mieq anfinwdalavsuntsfn 3.9 waaeluguil 3.7
d . 4 ot SR V) 5 - - - X ¥ *
(67) ifieAn a  fivtu wminlyiana taluyavndaiiamdun3nas tRuliuale uanaubav
'M L . L4 - L4 .
wiafiamivAuniivay vayanismaasvuevurataasfauaziv (es) lauhwnavlunsd

- - - a * -l - e = . o
o= 0.7 azfinsilp9 LUL LANUDBN LADATIUAURAN luaﬁQﬂﬂﬂﬁ1ﬁ7”1m1ﬂﬂ1ﬂﬂuﬂ11



66

- L] vy o [ > |

n 3.17 luswv wmiinnavarsmaneend3iuaivrluale Tes tanen C? uaz C3 da-
- - - - L s - P 4 «

negaauasdan loussiivssunn 37 uas 26 1Uo< LTURRLRYEY uaz (e LavAITUaUgY

A& =l 8- i 4 v, “r FJ .

munis ey ipusziiauanas insizaseandd wuavzusnav ileumin Ty tanagetiu du

Tnogrseen3T iumazil lanAsusudavuazdy Aodvaszua 70 a4 trus luanay C2

. - = - ) o
(4 C3 s2ufiu dundaiiom C1 zRAnoRNUAIWALNLSNUFAY (NS C1 iy

L L ] . ‘U. -
twnuaafusenin 3 1wes isuaumiin (e (ReuXud inu
. . J -~ - .." .
vapu (Madon) (54,67) natq21 lalonsnssauniafiomusenasssy A0
- . L - J - . “l J
aasduu ImiInguganev lalasArsuaun LauASUBUAIYY (wq, max) zialAen d@1-
- - | >
vrsaifsududunasi n 3.2 Taweil
n-1
W ,max = Anf-= ) T S0 ceesnase (3.21)
+1
(n+ )"

= - L] ] >, - > " e >
WaRnmIvdRsduu mMiTnnavadafiom ualuhu tfivunswfualau wulylavey
L] - » d J' . ] L4 -
n1sifinanlonsueu ladvsui 3.8 1lanawni1sniATgugaYasrlvkdaiomlolasas-
' o - ' o | ' Lo L4 - e e o'
voulunaonfafomdug azfianaen 1ru aIAavnIIIUIUIagagAtawunduA LTanA o =
Yo e A9 ¥ - ' - v, - d o X A A
0.87 uAluA tTan laaziinn 40 LUas iTuAu MRy wREASTavmonuan LArlunA o 1 uas
® » L] LI vvtv L] -, o L]
dwsaurunlomael o NDINJUUDYRININATINARDY A DIFdAIIEIUU IMTNVDVUARE HEARA-
P « o a b ABD - 4
fommSanquulaiiom DVATNBVAIIVAAIA LARBUITIUBYNUUSUan s Lindsaandiiua 1lav

L] > L
U lusquarseondd wuminalinae

TAalyauazsi1an (Xolbel and Ralek) (50) Ta 3oy tisudnwaznsnse
- L4 . v, ar . - - - - - . > e o J
uwdaffomluguuav wes truanmiinnav&a 1soUinZonTauean AU L5eUfA3un indnd
- & - = - T - 'L -
taSoudu TasnadouTuinwinsaialuuuaians3 AogUfl 3.3 wuamegumgiinazAay
- L u - - b - - - -
Aulilnd (Apody &2 15vuFASunTavsanszulan el inu Tud3safigenan (e isuAulsTas-
- Ld . . ey - - -
AsuBuAIT (C, = C,) @aud tsvfiiSen ind@nazudantvlsTasaqsuau (Cy=Cy) Tuvi-
> - 4 - - - I. Ll . Py -
unaman fu ua:a:1ntﬂa1LﬁunﬂnunﬂﬁTﬂaunwndwﬁdLﬁﬂﬁgqsn11ﬁuaan

# " i
3.7.2 asAnnsnszanundafiomuaenasdetAas i snunufld tras- Insulu e

H§n1étﬂﬁuuuataa§%

ura taasiauazin (67)  lasaysiunisdAnsinisnazatnnSafiamnavn1sd tAS1=n

- - ™ o ¥, o . 0 P
wwuRa tras-TnsyTuteufnsniaiiuvndiansilaTuaisnen 3.23 A7 o vavKaiseUiAsen



zuﬁ 3.8

Hydrocarbon, wi%

jﬂﬂ 3.9

- - - s . - - ¥ s as ks
WSy (Rgunisnssnerdaiiamnaviatsvliisunlavaaniivéiaise

UFAsun imanluiansuiafinunaiansd novlA lpauazsIian (so)

1.0 T T T T T 71 1
o8 \_ CH. _
| =
2
i = (LPG) [::”AXJ 1
21
O o6 SC?'CAW —
5 | (DIESEL) | |
é < Co-Czo)
L Q4 (GASOLINE) —
- — EC.:; =
o
o C2r —
z | h
0 ) /42 L
o] 02 0.4 06 (0]

10

PROBABILITY OF CHAIN GROWTH, a

67

- . o L 4 J » - o«
nrsfAnraeRiaiiunlalasAaisvaun leanasdv tAsITnuuuiea (Ta5-

Tnsy (s4)
T T T I i T
Fe
(220 °C 10 atm)
10+
0 I ! 1 ] 1 1
T T T T T T
Co
(200 *C, 7 aim)
10—
0 1 ! ! 1 1 |

6

Carbon number

3]

1c



68

] -t & . -
Lvan ﬂﬂnﬁ11ﬂﬂ# 3.23 a:unﬂtuﬁuuuuaﬁnuun 0.55 69 0.94

La L -~ L] - L
11839 1993uazg3uvu (73)  lanmasvifivAr udusin 200 #9 250 Yaun
. 6 | 0 LA > o L) -
BR300 NS figamgd 255 1 nnsnszetwnlafiamasunvavi Aneslanaen it loSunas
S - P > e g
TR LEa sufudszuia 41 v 4aay  leAvAwdulan 250 Usuararisneia tnauan
. : ol > i > o = 4 4 _ o
Aayq LHuqanglivufiazusy 1n311nnﬁ1Luﬁﬂujﬂﬂauﬁﬁ1uauuauanlﬂn AN (8 LHugu-

> - - - ’ X . - - L] L4 -
ngfazlan@afiomniguazi toa uundu @auu3vrameenrleSursunvng

- - . . A » »>
HAaNISNARBVNBIY LTV LIDIUATHIWI (74)  Us1aga1An o 7 lmasuas
Ly o o et . - a o . - -
na1iIn5¥uAudun (999015338 Tr#a 150381 indnnasufintnanInia (pretreated)
» - - > -3 2 - N - o - .
aonguaylu il welniinmanlulasn  inafiaflasnnInlandafiom twrehuauuanlas
o - 0 . L ol &
Lanzd@IwINeandi lue Innsneasoiiqgangd 250 ¥ A1 o a1y WRAsuRuAIY L5
™ | ' - F - o - 0 P
(Tod LUginARDY WAIZAAAVIIN 0.66 B9 0.55 \wailinsitiugaumgiiann 220 1 @iy

o]
250 1

. > . . 0 a4 2
FOAAUATHIWIW (35)  wandsmensvigumgll 265 ¢ (e tRuAluduann
- ' v ﬁ & & ™
2.2 19 4.2 wnzU1d@AIA WU2IAT o ITLRLUBULAAUBYNIIN 0.67 1Du 0.71 law

w [ o A P £ -
Uﬁﬂﬁﬁﬁﬂl11lgﬁﬂlﬂﬂ1ﬂﬂﬂn UAZWUITIAT a  ATAAIY LUBUNTS IHYQUAnL

. p s ¥ - ar L
Taatvauazysauew (46)  lauuzunan #21svdiAsen indnanuisoiau1n

- ol J- 'I g - bl
fanau® (JonwdalaTasarsveunivmiinTutanagele Tavnas wasulSuradanlan lu

: - ' Jd_ ‘e . <o )
#usvuffSuninan AN o faylurae o0.84-0.85 3 Tnndnfiomd traunnga

TAatluauazsnian (s1) 37093 LA I Tu LA UfnsnLATuud LA 53
1 . ol ol - - a -
21 aunﬂ1:nauvaun§nﬁwna:LUﬁuulUtna;Uﬁuuqmnnﬁ. TiauazyIurumaeda Ll -
- z Fl - ’ = - = . a
Zunman 11nnﬂtunLuﬁuuu1uﬂmﬁanﬂ1au1uﬁ1L1uﬂgn1u11uan #IUAWAY, IR
= - - - - "
qufAa (contact time) LRzavAlSEABUYaINITAV LASIEY AzTHaARDANSNSSINUNEA-

Namuasun

- ' o ] . s
utfAiaasRIuazdd (es8) w9 IuITLle LWABU LR TUAE uaravAlsTRavDaY
- - L . -« L] — a o L} s
nrd LAs 1Nz ludinaransnszasalafomuovdl (S9UAA3N indnimaany uAALAUNUS
L . -« J . .
smmvdalau, dafdu uardseanidwwaluumas tanAsusuas 1wanuldestewn A7 o

J - & = 0 . v
nAn®19z 1WAYUIIN 0.67 By 0.71 \Joanqamgiian 263 fiv 234’7  miwahFuuazla



o
A1SI19N 3.23

4 L4 4 - - - ™ -
A1sAnBINIInsZ G afamuavn s ¥ LAs1EnuLLRF 1ras-Inst Tuteuinsaialiuoudiass3 siuslulavutriresia(67)

investigator

probability of
chain growth, a

basis for « estimation

reaction conditions®

catalyst

Kolbel et al. (1966)
Hall et al. (1952)
Farley and Ray (1964)

Schlesinger et al. (1961)

Schlesinger et al. (1954)

Satterfield and Huff (1982b)

Kolbel and Ralek (1982)

2 The aqueous phase was reported to contain 256 wt % oxygenates.

0.84-0.86
0.64-0.71

0.71-0.74

0.76°
0.66-0.66°¢
0.63-0.68°¢
0.67-0.71

0.64

0.88

0.94

C, + C,

C, +C,
C, +C,
C, +C,

total mol % organic slate,
plotted as per eq 12

C, + C,

¢ The aqueous phase was assumed to contain 40 wt % ethanol.

266-268 °C,1.1-1.2 MPa
and 220-270 v/v/h

265-320 °C, 2.2-4.2 MPa
and 100-620 v/v/h

276 °C, 1.1 MPa and
210 v/v/h

260 °C, 1.8 MPa.and
300'v/v/h

220-258 °C, 2.2 MPa and
250-500 v/v/h

260-259 °C, 2.2 MPa and:
200-300 v/v/h

234-269 °C,.0.79 MPa and
60-420 v/v/h

for low molecular weight
products: 260-280 °C
and 1.1 MPa

for intermediate molecular
weight products: about
260 °C and 1.1 MPa

for high molecular weight
products: 240-260 °C
and 1.1 MPa

unsupported, precipitated iron promoted with an
unspecified amount of K,0 and Cu .

fused iron (normally used for NH, synthesis)
promoted with 3% MgO and 0.7% K,O

unsupported, precipitated iron promoted with 1%
K,0,1% Cu and <0.6% each of MnO, TiO,,
CaO, and MgO,; 0.1% SO, also present

unsupported, precipitated iron promoted with 6%
Cu and 0.6% K,0

nitrided, fused iron promoted with 6% MgO,
0.6% SiO,, 0.8% Cr,0, and 0.6% K,0

nitrided, precipitated iron promoted with 6%
Cuand 0.4% K,0

fused iron (normally used for NH, synthesis)
promoted.with 2-3% Al,0,, 0.6-0.8% K,0, 0.7-
1.2% Ca0O, and: <0.4% SiO,

iron catalyst promoted with alkali-high content
for high molecular weight products and low
content for low molecular weight products

We have taken ethanol to represent this. ? Volume of sy‘nthesis gas (STP)/h per volume of carrier liquid.
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| satrated hysrocarbons ]-—l
Increase of pressure ]

Increase ol conversion rate

Increase of the coniend ol inerts

 Increase ol lemperature

Increase of calalysi concentration

Increase of CO content
Increase of the gas velocity

i
;4 Unsaturated hydrocarbons }-—4

Infiuence of the process paramelers on the product disiribution.

Low bolling components
High bolling producls
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