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Gil_iA CHERKODYNALIGS OF THg FISCHER-TROPSCH SYHTHISIS

SUAARY

The theorctically obtainable yields at equilibzrium for Hhe
synthogis of butane and octane from carbon monoxide and hydrogen were
computed by standerd thermcdynamic methods. The effect of vardations
»f temparature, pressure, and egynthesis pas composition on the theoritical.
yield were investigsted.

IHTRODUCTION

1% is inhsrant to the nalure of chepicel thermodynanics that
no Inforzation is obtained concerning the time elerent involved in o
reaction progess; Its chief value is to provids inforretion regarding the
state which can exlist in a system, under given conditions of contenira~
tion, pressure, and temperaturs, end particularly the sizs of the
maximure yield that may be capvcted from the reaction under those given
conditions, To this end, the laws of chemicel equilibrivs, formulatsd
mathematically by Waage and Guddherg in the law of rees action (1857)
my be useld with satisfactory socuracy.

How the theory of chomieal equilibyrium may be applisd to tho
Fischer-~Tropsch pasoline synthesis under nonmmel pressurs is indieated
by Imcken (Chemie-Ingenieur IIX/1, p. 170). In his calewlation of the
eauilibrium conditions obtained in the reduction of carbon monoxide o
butane at 265°C. log Kp = ~16.84 and at 349°C. log K = -7.73; in the
determination of ¢he composition of the equilibrium mizture, ab
hmospherdic pressure, fren ths g values he obtaincd.
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A 265°%C, L9°C.

Ry wsegant 5 10.0
Yip A 13,25 22,5
G B 16,75 13,5
Het " L8700 [Re

Total  10¢.00 100.0

From thase Figures Zucken determined "the maxirum yield baged
on carbeon rmoncedds” Lo be 77.0% and 57.5%, respectively; in this
connecolon, bucken defined "the saxiimum yield baged on carbon monowide”
as the fraction of hydrocarbon vapor in 100 volurss of hydrocarbon vapor
rlus unreacted cardbon menaxide. In the course of this development Durbher
references o Duchenty daba will bo found.




In the present paper, thermmodynemic relations for the
. -reiropach synthesie are examined from the mathematical point

o: viaw. -Althourh the mthematicel appreach appearas cusbersoze ab
first, the actual caleulations offer ne difficulties to the experienced
muhematician. Nevertheless, the sisnificance of individual caleula~
tions should be congidered not only for nuerical value, but elso for
an indicstion of tronds, by comparisen with other calculations.
fzndled in this way the mothod rapidly attains its objective. Caleule-
tion may easily be checked for accuracy in each case by substituting
the nuserleal valuss of the equilibrium constants.

The investigation has been gubdivided zs follows:
(I) Eguilibriuvn Constants
(11) Synthesis of Butane
(1IZ) Synthesis of Octane
(Iv) Discussion of Resulta

(V) Conclusion

EQUILIBRIUYN. CONSTANTS

The equilibriwm constants for the Fischar-~Tropach synthesia
of individual. hydrecarbems may be compubted without difficulty, uwsing
the values that have already becn determined for the reaction between
carbon and hydrogen, and for the water gas resction.
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_ -Tho equilibriw: for the water-gas reaction is ebtained, as
ta know, frow the equations for the cosbwstion of hydrogen and of carbom
rorioxide in oxygen. {Tables 6, 7, &.)
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’ Table 6

aquilibrium Constants for the Hydrocarbon Symthesis

Equilibrium Constant (log K3) =

Temp .

&f ] ;
100 6,37 #3220 ~0,85 ~0,35 +0,55 +0,88
200 -3 ,97 -2, 58 +0.50 . +0.82 21,58 - +1.86
3':‘0 "2-.39 '2‘0..159 '}'1038 —1'11,58 ”}2026 +2'50
400 w), . 29 +L.24 2,00 +2 a3 +2.75 +e 0 Gl

B T AT LT AT N T P S L BT R VL A g P, A I D6

Table 7

Fouilibriun Consbanis fur the Water-cas Reaction
°G w200 300 100

108 Kz "’1-1 032 “"'? 535 "'!-[-176 "l"- e 9!6-
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Table &

Egullibriws Conatanve for the Plscher-Tropseh Synihesis

Equdddbriue Constent (log K3~ Jog K.+ log Kgi =

terpps . S o e — s
° i i CH C : S48 2]
¢ C ‘h 02}16 G 3}1 @ b&hm 6H113. | afhg

100 ~17.69 13.56 1217 11,67 ~10.77 - «lO.A4d
200 =A1.32 ~7.93 5,85 ~5.53 5.7 =5 49
300 =7.15 ~f 27 ~3.38 =318 ~2a 50 wg ¢ 20
400 ~f4s23 ~1.70 03,94 .83 0,19 0.
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Theae vzlugs make 1t possible %o establish the composition
af eoullibriva for & given bemperature, and hente to caleuvlate the gas
vield of the synthesig, and to debermine the effect of changes in
compozitlon of the synthesis gos.

The equilibriun constant for temporatures intermediznte to
thoge given in the tables is obtained by linear interpolation in a
oegarithoie hyporbolie coordtinate system whepo the relation of
sguilibrivn constant to tenperature is represented by the sbraight line:

Por inetance, in calculating the equilibrium constant for
oetang at 320°C, the values for 100°C. and 200°C. are taken from
fahle 3. as follows:

100°C, Ty ® 373°K. Tog ¥y = 10,44
200°G. Tg = B3%K. Jog K? w o wh L9
Subatituting in the equation for log KP_.,. vie huavs
T,log K, «Tylog Ey
e = 12,97
2 7L
L = 8732
log E{p e mgz;'% + 12,97
)

tor 180°C, (corresponding to T = 453°K.) we hava

Loz Kp o 5,31 (180°C.) for cobane.

In the oome way, using the valuso

B = 3.2;65}
A = G057

va §ind bhab for butano

1og Kp e Ea;ﬁ» L4 123615,

L L T at-Ts! ) RN, I DU ¥ S N R o R TP S
whier o 1EYE. (corrue;:t_p.-m.u_c% Lo % ow AZ3%, s pdvas

log K = <375 (380°5,) £ butons.
Y




The sigebraie average of tne valuee far 100°C. and #0070,
leady to errosows valuss (-m.,? for octans, 7,55 for butansj,

SEIRLITS OF BUTANE UY g8 PIsdhiif~T00rsCl REACTIOR

in uimyin;; the provessss thal accompany the conversion of
corbor wonexdde. 1t has boeen fornd desivable teo establish a scheme
of the reancticn that sy ba applied to all cares. 8Since we prondes
to evasdne o oories of bwdrocarbons (iamediate consideration being
givon eldy to the ™ crafiing in Table &) 1), reactlons are baged vpon

enw gram abom of x.D or o volume of 00, For example,

{f«'r) £n '2‘ iy = % Cj} 10 + L)v
with '
2
pCQ"pH L
(S) Kp p=) -rmrn-vu—-.;-»ina-m
L
Py P
Ha0 " Cp by )
ine course of the synthesis is, therefore, presented as
follouns:
Reaction Schems 1
Gas X * i G ENH
Parts by volurs Tntreduced  Heacted Finai compogition
Co 1 R oz,
138 g 9 2y
‘2' [ LYR: 5 . an
N A ${1ex)
4 - 1. 1.
c Z.CI].O _ T j:..’-ﬁ
HEO - T X
S 23 X X2 - §-\Q
L Lo 4

:LB




Fron the value of x we obtoin directly the yield of hydrocartoa
sag2d an carbon monexide, i.e., ths amcunt of carbon monoxide converted
iato hydrocarbon in the course of the symthesis, divided by the amount
of corbon menoxide originally Antroduced. Thisz definitlon of the yield
zay be uscd a3 an evperimantal standard.

1% nox boccoes nec@asary o exvress the pardial pressures in
vhz forrads for ecullibplum consiants {5} 3n teras of parbs by volume.

6) 1 (co). P iy ». (Criho)  p (50
Y L TH., 1 measy & -u-'-"uénn-' % i - _.u..m.).

Yalues for e peris by voium
ganere and gavetituted in equetion 5.
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(73 B = ey o
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daorived frop the reaciticn
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(8) x

A Yoperithoie ccuabion con ke obtulned from viilen x may ba
deberminad by appraxisate methoda.

(10} 4 oz K, =~ 9tog 9 =12 log (et} ~ 6 Jop = - 8 log {13-0x)
Iy
Lot us epply ecuation 10 Lo cue of the erocples cited by
Eusken (ssc page 2). Tho valus for ths equilibrium constont given
by fucken an ~7.73 for e tempercoture of 349°C. (6:22°F.) ecrreapsrdls
o oour value ef 4 Jog Hp » maklng the pusorical wielus of the laft-hand -
ey of equatlon 10




In the right~hand merber of equation 10 we now set
x @ Q0,505 0.863 0.€23 C.84

and in this way the calculated value for the left-hand mesber approaches
clagser and closar to tho known velue of tle right-hand member; an accurats
dotermination is cbbeined by linear interpolation between the two best
valueg.

. 23632 > A3 %05 (Lex) o5 Yopx 8 log (3~Bx)

for = = 0,90 0.000013 40,2290 «£.1072 = ~13.68
t s 0.86 li8990“l3 4063270 '60291{.0 "'1.700?
ox o= 0,432 3.2190-13 +0.431 ~5,84,7 ~15,72
Tox e 0.84 2,653 -13 +0.378 6. 384

i ¢ A 1

~16,35

Forr = = 0L.E4 the apreecent; botweon the caleulated value
(~18.35} and tho esticshed Figure (+16.32) i3 almost coumplets.

By linear interpolation batween the waluss 2 = 0.8 end
% = 0,82 wz obtain the emacht value

&2, 539
The realt of the reaction ig fouwnd in veacbion schems 23
Beaction Sehome 2

Gan i <> Ix £ X
Parks by volvms = Introduced ~ Beacted Finsl compositicn

co i 0,839 0. 16
H;) 2*25 “".‘l.o&?g O»}é;‘.’
o8 - o+ .2 8 .",.'f‘
C,Hq 0.21C 0.210
H,0 - «0. B3 ~.239
8 FedB 3,678 L.574




Jas composition

caleudated according to Fucken
{parcent )
M4 10,24 10
I, 23.05 2.5
3! 3
clg,BlO 13#,.—1, 1,§v5
H,0 53.37 54.0
5 100,00 1C0.00

yield: 100 x = 83.%

i
3{,5)3‘ 1 2 )ﬂ. o 57 5;.‘,5 according to Hocken.

The yield, based on carbon wonomide; (i.o., the smount of
carbon monoxide in parts by volume franaforred into hydrocarbons, which
is equal %0 100 x percent) may, as shown above, be read directly from
the reaction schema. Bucken gives aa “yia]d » based on carbon monoxide,”
the parts by volume of bulané vaepor present in 100 parts of carbon
monoride + hubsne vapor after the reaction. This delinitlon of the
yield iz odsleading ard is of no valve to the euperimentalish.

Since the preceding example, taken Trom Eveken, has given a
sufficient dllustration of the methematical procsssg, the equilibrium
of butane with carbon memoxide and hydrogen will rov be ghudied fop
thoge ft=mperctures at which it {akes ploce in acbtual pracbicu, l.2.,
for 180 « 200°C.

A% 20000,

log K o =5,55  (Tabie 8)

puetion 10, therefora, tekes the followlng foxnm:

. fOZ‘ "= OU(}?O«n 0.000U‘{"‘.(.) "‘an)zl ‘5@6&}‘7 ing 31..625
0.995.. 9.087 -39 -0, 013 ~5.618 ~ 35.521
0.9%h.0  LOLT «39 =0, G w5 62y e 3049

By Minzar Interpolabion betiwzop 0,00 aad 0,995 we oatain

x 0,590
100x = 69,457




In othey words the reaction s almosh complete, tha
quilibrium being digplaced towards the formetion of the hydrocesbon
rom carbon moncide and hydrogen. The ¢omposltion of the reactien
'prm‘xuct is detzrmined from renction scheme 3.

Reactlon Scheme 3

Gasg 1 + 11 o BENS
Parts_by voluo Introduced Reacted Finai Cormosmition _ Fercenl

HY i ~0.9942 0.0058 Ol
H.?. 225 202370 0.0130 .43
cl‘?ilo - 'I‘OIP)' ‘.6 Ou?ﬂ!{% ;—9 '?3..
0 - +0,9942 0.8%4L2 FE .50

- 4 mar . I LA S

\(). 3 o 25 ""':i.: o 988&, 3; s 2636 1,(}0 -z O\’-\

Becawse of the shift in scuildbrivn: e¢hanges in the compoziticn
of the syathesls gas - with reference to the equilibrium - have only a
oinor :ffect on the yleld, A decresse in the equilibrium temperature o
180°C, oseaslens an ncrezse Lo only 99.09% as againet 99.425% for 200°C.

Bffer; of Introducing an Inext Gas

The presence of 2 parks by woluw of Ky in 13 parits by
vo 2 of synthesgis gas gives riss to the follewing reaction schems:

Reaction Scheme 4

Gas X il & 13X
farts by voluns  Introduced  Reacted Final Comoosition
GO 1 4 Tet
Hy 2,25 - 025X 25 ex)
G ig.HlO w w25 0,252
B0 3 %
EEE, O,, 5 we () . 5
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Bquaticn (3.0) now assumes the following form:

L log Ky = 9 log 9 " 13 log (L=x) ~ 5 oz x ~ 8 dog (15~8z)
at 160°C. - 38,11 = 13 log (1=x) ~ 5 loz x ~ & log (L5~8x)
From this eqiation x = 0,.9961, as apainst 0,9959 for the

nitrogen-free gos.

Bffoct of Introducing Vialer Vapow

1he offect on bhie yicld of two end four parts by voluma of
varer vapor, respzctively, in 13 parts by wolume of syathesis gan ave
nEct evaninod,

heaction Scheme 5

Gas I * I7 w 11
Parts by volums. Introdused Reacted Pinal couposition

CO 1 - KESN
H, 2,25 w225 2;25(1‘-:&)
C;H0 - +0.R5x 0.25x

B,0 | 0.5 e (0. Gorr)
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Equation (10) now becomes

4 log Kp -9 log 9 =13 tog (L-x) = log = = A log (0.5+x) - & log 15-8x)

Av 18C°C.
=38.11 = 13 log (Q=x) = dog x « k Yoz {0,5wx) - 8 log (15-8x)

from which

x © 0.9956
100x = 99.568

Doubl:mg the quantity of weter vapor (4 p.b.v. water vapor)
i.n (’ﬁ p.baV. CD + 9 p-bov- H2)

gives
~ 38.11 = 13 log (l-x) ~ log x - & log (lsx) - 8 log (17-8x)

x @ 009‘914{1-
100k = 99ilN%

Sumarizing for the asynthesis of bubane by the Fischer-Tropach
reaction we find that at equilibrium:

At 200°C., using purc synthesis rag vield 99.42¢4
1t 1800(;‘” n [£] 1! HH n 99‘\@:}-«’3

't 180°8.,

o

uging synthesis gas + 1 p.b.v.{part by
volure) Ny per 2 p.buv. €O 99,819

#180°C., using synthesis pgas « 1 p.b.v. H,0 per
2 pab.v. CO ‘ © 69,560

" 380°¢. , using syntheaia gas » 1 p.b.v. HaO per
1 p.o.wv. GO W GO L

Owing to the notable ehifty of oquilibiium in the divection o

the synthssis, differences in yield arc smell. Huvertheless, the

acvion of addivicns {ﬁp, 120} 1z cvidont. Yorzover, 34 ghowdd bo pheseersd
Wt 4 pabave €O ¢ G pbLve Hy v & pabuv. Hof, remely, 1 pabov. Hg{/.‘?.. Dby,

€0, corresponds to a waler vapor saburedlon of the aynthesiz goa ad €400,

o

it ooell, we will now exawiae bthe effaed of wxmesse hydropen (5,45} on the
squllibrive shift for butans af 1800, '

Although for o yield of 99.09%. the possible renge of affect

19




LLeet of Bxeoss of flvdrogen (5.5 3]

Tl

Reaction Scheme 6

Cas I & i = 11z
Parts by volume fntroduced Reacted Final composition

adn e B e

<0 i -3 1=
w5012

"\.
At
3
F2%)
-3
ol

(Ba} X
(0. 253:) (3»;1)""-)‘1)

90) K 9 (1_;{) Q.03 )
x (i Galye 43}{)

(102) &4 log K, ~ 9 dog 9 = ~3L.7L =

4 dog (L=52)  +9 Log {1.0556-x)

- 0,987 1.9080-12 <0, 9118
x = 0,999 0.00C0-12 +G, TT54-28

®
L

5
#

z » 0.9999 0, 000016 2, TA26-13
= 0.99995 2.7959-20 26709218

: ,99996  2.4082-20 b, FOBEALE

R
#
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iilustys ,ed in th,l.a inatance,
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Thua, ealculabions of the eguilibriun for butane at 180°C,
demonstrote the efffect of various changes in composition of the syathesis
gan. The actual effecis remaln 2pall, since for all casss considered the
equilibrium at 180°C. lies almost completely to the right. Conditions,
which by their very nature, throw into sharper relief the effect on the
yield of octane changes in cosposition of the synthesis gas will bz
gbudied in the fellowing eection.

- STNTHESIS OF OCTANL BY W& FPISCHEIS~TROPSTH REAGTION

The equilibrium for octane will now be examinsd according to
tho method already used for the butans equllibrium.

(4b) €O+ (2§ 1L, = & Callyg + Hy0

Reactlon Scheme 7

Gas I & 11 © 1T
Farts by volue Introduced Reacted Plradl composition
co i 3L L=
B 17 17, |
2 - sl Il
K B L1
Calt - sl 1
8418 & 5
Hao 2 +3€ L
S 25 widne 25,
g E’ w g
37
(co)(n,) *
(1) g.'C_D = o
) 8

&7
' (10 Bl
(#) K, » g )
{%‘;.‘:)8:: %{3 5ﬂ“'\"fJ 2
B




4 200°C. Jog K =-50L9

Equation (10b) therefore %takes thne following form:

8 log K

- 17 log 17 = ~564.838

P
64,838 = 25 logx (1-x) -9 logx ~16 Jog (25-16x)
for x = 0,990 0, 0000-50 +0.0396  -15.3904 =  -65,351
“ x= 0,985 1,.2900-50 +0,0594  -15.450¢ = 61,002
" x = 0,988 1.9800-50 +0.0468  -15.4144 = -63.383

100x = 98.95%
At 180°C. log K, ° ~6.31

Fquation {10b) thevefore takes the following form:

8 log Kp - 17 log 17 =

~'71.368
16 log {25-16x)

~71.,398 = 5 log (lex) ~9 loz x
for x = 0.995 14.975-75 +0.0196 15,3206 = 75,934
" ox o 0,993 21127558 +0.0279 15,3062 = <£9,190

300% = 99,303

Comparing with butane

[
<‘.7

200°C, 99 % 98 5
180°C. 99.695 99,370

In order o 1ilusirate

of the eynthesis gas move ei twojve].y than

f‘ns-a "-‘{ 1—1;11“ {‘h;'\ “(x Kot ete) l"‘l“.‘

'a-r\vv—-w h_waI« fn
mhiﬂh log LD = L1 .00 harz heen epleovlated

8 log i‘)’,.‘.} - 17 dog

29,3978 =

AT AT T T AR AR A

2B et ()

for % v 0.80 7525828
i 3: ¥z O-.?O ,_.:i_;;?a? -""'2!:
tox o= 0,68 12 6R290~25

#7 Uncer inberpolailion

100 o 683

AT

17 @ .

.anm‘vr

the eifect of changes in coumpogition

4 .;‘,
L h

can be ctom Hhat vhe yiﬂ.f
brivm ab 8227, (349°C.) fov

’,(? Jgrsp

k6 dop, (25-10%)

=9.368 %

+0,350,  L17.3824 = 33,987
S350 16,2380+ 20,0
5075 -16.3973 © ~29.261




Rpaction Scheme 8 (Octane £22°K.)

Gasg

1 @

Parts by volupe  Introduced

1

i
Heacted

11

- Minal composition

Paercecnt

00,6830

0.3170

1{3002

H, 2.125 SLASI0 0.6740 38,31
RO - +0.6820 0.6830 33,82

3.125

«1.3656

17594

Effect of Introducing Inert Gas (Octens G22°K. )

)l p.b.v. B

100.C0

in 2 p.b.v. CO., corresponding to 4 p.l.v, i“

in 25 p.b.v, s;gn’t,hes g8 £aB.
Bquation (L0b) assumes the following form:

20,3978 » ~10 Yos {29-160c)

25 log (l-x)

=9 dom %

for x = 0,866  13.2275-25 +1.6839 =20,2522 = w50 282
ok e 0,63 14.205025 +1.805¢ 204307 = ~23 . 420

00 2 62,65

I
&2 Y
CRREZEAY

Reaction Sghene 9 {Qctang

in 2 p.bev. £0)

NP I T R

{1 pebove i,
L

Gom i “ Kl = Ll
Parvs by wolume Inbroduced Hencted Final comoositing

GO 1 ~5.629 U574 L5.67
Hy 2,125 ~1..3365 0,764 ERNAS
! 0. 0786 0, Q785 B
A = e ‘7 LIRS Filtel e
g0

1.0 - 70629 0,629 25,51
H,, 0. 50 0,50 2115

b

CE
e
e




Bffect of Introducing Vister Vapor (Octane 622°K.)

X p.bov. K20 in 2 p.b.v. CO corresponding to I parts oy
volune wuter vapor in 25 parts by volume synthesis gas.

~29.398 = 25 1o (1wx) -log x -8 log (0.5+x) ~16 loz (20-ifec)

PRSI

forx= 0,63 14.2050-25  +0.2007 0. 4246 =20, 4307 = ~-3L.450
" x= 0,58 15.5813-25 +0.2366  -0.2674 ~20.7186 = ~30.405
" x=  0.55 16.3303-25  +0.2596 -0,1695 ~20.8856 = 29,555
"ox = 0.5 16.5700-25  +0,2676 -0.1362 20,9505 = =29.239%

By linear interpolation
100x = 54,768
Reaction Scheme 10 {Octans 622°K,)

Q. p.b.v. 1,0 40 2 p.b.ov. GO)

Gas i 4 II e Ixz
Parte by volume  Inbtroduced Eeacted Firel composition  Fercemy

0L B AL

fudd
0

7.50

Co L 0547 Q.453

H 2,128 -2 1628 0,947 A5, 03
GBHJLS - +0, 0681 0.00831 040

10 (.5 0,587 1.047

w O LRI At

3 3.625 =1.. 094, 2,551 GC.O0

L3

Eey e BELLT) 3 R Y L e TR A T

Dovbilng the guanbtiiy of wabter vapow {1 p.b.v. .0 dn 3 puh.v.

GO corresponding 1o 8 perts by wolwse wvoter vapor in 25 navby by wolnos
synthesis gas) gives

29,398 = 25 log (Aen) log x -8 log (1.0#x)o16 Yoo (334405

e

for x = 0.50 Y7 L5325 40,3030 -1, 4087

© Oukh I8.3X00-25  +0.3372 =L.31L8
= O,k 19.0858-25 40,3767  -1.2203
s Ualyl 19271328 0,072 21,0934
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Reaction Scheme 11 (Octans 622°K.)

(L pobev. HoO in 1 p.bov. CO)

Cas 1 o+ I @ IIX
Parts by volume Introduced Aeacted Final comvosition  Yercent

Cco A Do b1 0,584 7.7
H, 2.125 0,884 1.241 37,463

- ' ' 165
GF.%HIB +0,052 0,052 1.5

1120 1.0 40,416 1416 53,00

PIERES LT e T BB IO TP G T KA, AR T TR A LT O O VNG LA T RIS DI 2

S 4.125 {3,832 3297 100,00

Iiffect of Ixcesa Hydrogen

(00125 quo‘ra H2 in 2 pnbch GD)

Reaction Seheme 12

Gas i 2 Ii e 1y
Parbs by voluoe | Introduced  Reacted — Final composition

cO i =iy Joans

i, 2.32540.123 2. 325% LT

'

Colly 2 +0. 1250 20,335

Ha o 5

r
TR T N L T T SIS TR R T TR AT e L 8 RN R T T ¢ AR S ST LAY TR TR N O AT L iR T T T L b RIS L e e L

& 3.25 w2 G ey

fpplying the lawv of mass sobion:
&l XL
» . , P
Le0) (H, ) (e (202502 4255)
i

;\' 7 o ) " G Naeimei S omaTe LT T S e e Fam el
st

hp 1 ,
2 , g

(Celiygi (Fp0)is) {0,125%) w(3.25-2x}




8., 17 I
ooy 1.8 - 8 )
-‘\p L o] T

1
X (26-16z)

. 1737 (1-x) (Irf —3)
x (26—16&)

(10¢) 8 log Hp - 17 log 17 = “29,392 =

8 log (1-~x) 17 1log (1.0588-x) -9 los x

~16 log (2616w}

forx = 0.70 -4.1830 ~7.5676 +1.3941
e x = 0072 "'1}01!227 “709910 "1&28!}0
i oxm 0,70 -4,3008 ~7.7758 +1.3387
Reaction Schems 13 (Octane 622°F.)
(0,125 p.b.v. H, ~ exsess Ja b p.hov. C0)
Gag T % X @ iiX

Paxts by velume  Intreduced — Reached

Finel compogition

A=t

-’*18 ° 72[52 B ey 9 SO
~18.5723 »  -29,7Q3
"18 2 61’:3._% kT ‘"" } o _Jc:) f

o i ~0.710 0,290 15,85
Ha 2.12540,125  -1.5088 QT2 40,50
CaMyg - 20, 0388 0,0808 4o
Hy0 - +0L 710 0,710 34,80
S 3.25 ST L.5300 100,00

Bffect of Exeess GO dn ths Syathesis Cas

{Hy300 = 3,703 Octane &22°K.)




Gas 1 + II = 131
farts by volume Introduced Reacted Fina) compogition

co 1 - Lz
H2 1.70 w2, 125% 1.70-2.125x

Caly g « +0,125% 0.125%

H0 - ox x
3 2.70 23 2,702
3;7,, AL
(QJJ \H ) -~ -y 8
(?d-) p bl ““""-""‘mmm.xnam e L%:%.) (1270“’491#‘-’-,').3)
i

(Cetig)8(ma0)2 (01,1250)82(2 700517

(9a) & = ? 0 f’ﬁmg"*— il

® (.«’1__ LBl b)Y

£101) 8 1oz K 17 log A7 = «29.398 =

5

e 8200 () £27 JoR (0:8-3) =9 Tom x_ =16 log (21,6-100)
fora o 0,60 -3,1832 ~13. 7805 +1.9962 W7,26%8 -
.

3]

= 0.57 -2 :.“o ~10.8511, 22,0956 17,
w058 «3.00%% ~1L. 1792 22,1490 174

ae L
I

By Linesr interpolation

wos 0,877
100x = 57.%%

Yield Based on Mydregen: 72.19

(JM . The apoun of hy’i,u Pen, dn 100 paris by voluse of hydrogen pressab
in the synihesis pos, Lrensforned by the resction, )




Reaction Scherme 15 (Octans 622°K,)

{12:00 = 1.70)

Cag 1 ¥ 11 i 111
Farts by volume _Introduced Reactsd Final composition  Percent
Go 1.00 -0,577 0.423 27,36
0) 1.70 “1.226 047k 30.66
CgHya - {072 0.072 4,66
R0 e +Q.577 0.577 37.30
s 2,70 ~1.154 1.5L6 100,00

DISCUSSICN OF AJSULTS

1%t was proposed to determine mathemstically the thermodynamic
properties of the Fischer~Tropsch hydrocarbon synthssis; in other words,
Lo siudy the chemical equilibrium and especially to indicate how the
state and composition of the synthesis gas affect the composition of
the end product and influence the wield. Caleulations, the general
principle of which has been thoroughly discussed, were carried out for
butane at 180°C. and for octane at 349°C. (622°K.). The quelitative
results sre the same in both cases. From a guantitative point of view,
owing to the position of the equilibrium at highsr temperatures, the
results for octane are more striking.

Results for calculations on octane 6<2°K, are swwmarized in
Table 9, which shows the effect of composition of the synthesia gas,
The squilibrium was calculated fox 6 cases:

(1) Pwre syntheeis gas with stoichiometric amounts:
l Pob-Vc Co - ;?;Z pobn.v'q H2o

{2) Synthesis gas with addition of nitrogen:
0.5 Np pubuve in 1 p.b.v. CO, corresponding to 13.8% Np

in 100 p.b.v. synthesis gas,
(3) Synthesis gas with addition of water vapor:
Ce§ pobuv, H20 in 1 p.b.v. CO, correzponding to a water
vapor gaburation of the synthesls gas at £9°C,
(&) Synthesis gas with addition of water vapor:
Double quantity, 1 p.b.v. Hp0 in 1 p.b.v. GO,
corresponding to & water vapor gaturation of the
synthesis gas at 64,0°C.
(5) Synthesis pas with exeess hydrogen:
1 part in 17 parts Hp, correspording to a 5,9% excess.
(6) Synthesis gas with excesa carbon meonoxide:
H2:C0 = 1.70, corresponding to 0.8 cgulvelent weight of Hp
per 1 equivalent CO.
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Teble 2 Octane 622°K,

Cerpoaitlon of Gas

Stoichiomstric 13.80 Wz Hg0 Vapor MpO Vapor 5.5% Hy H2:CO =

Equivalent Included Saturation Satusration Excess 1,70
at 59°C. at 64°C.  Included
Included Included

Synthesig
Gag -

Co

1 1 1]
Ho 2,125

2.25 1.70{2.125x0.8;

3 TS T T

dsacted
Cas

g0 0.683 0.629 0.416
H, 1451 1.337 0,881

Flnal
Cog;ggs ition

0,710 0.5%7
1.5088 1,226

AT I BT T LIRS AN LT

0.317
0.674
0.0854;
Vo HoO  0.683

0.37%
0.788
0.0785
0.629

!,2'

[

0

L]

H{DOO

53
63
L0684, 0.052

-3

0. 584,
1,241

1,216

0.290 Qo2
0.741 0,074
{.0888 L0
0,710 0.5%7

«¥lo V. N&J_ bl O a 50() b e - - L
S 1.759 2.376 2,531 3.293 1,830 L.5k5

Parcent
Compogition

&0 38,0 15.7 17.¢9 17.7 i5.8 274

Ha 38.3 3302 38.0 37.7 405 50.6

(’8 &09 303 ‘20? 106 iJ.'-49 J327

H20 ;8« g 26,0 XY 43.0 53,8 €

Ny 21,1 - - - - |

3 10,0 102.0 100,0 1050 100.0 1000
tiedd
Fergent £8.3 62,9 5h.7 L6 1.0 519 4 /
T——— ey e
———r— JE— i S L £ 9, L

“].’f Based o1 E'i')a




Toa

{1) Pure synthesis gas, containing stoichimetric amounts of CO and Ky,
ab the high temperature of. 622°K. (349°C.) gives a yield of ¢8.3%.

(2) Tho presence of inert gases in the synbheeis ges (13.8% N2} causes
2. decreese in yield, as ovidenced by & drop from €8.3% to 62.9%.

(3) The water vapor content of the synthesie gas has a speeific effect.
For a water vapor. saturation of the 8ynthseis gas at 59°C.,
corresponding to a water vapor content in the synthesis gas of
13.8 parts in 100 parbs, z diminished yield of 54.7% is cbserved,
as agalnat 62.95 for the same nitrogen content and 68,35 for the
pure synthesis gaas.

{4) Vihsn the water vapor contant doubles (64°0. water vapor gaburation
polnt), the yield falls to 41.6%, almost a third of what it ls
in the pure synthesis gas.

{5} &Even for only a slight excess of hyavogen an increass in yield is
chgerved: T1.0% as againgt 68.37% for equivalent amounts.

{4} For an excegs of carbon monoxide in the synthesis pss corresponding
to an Hz:C0 = L.70 ratio, i.e., %o a ratlo of

Rl

equivalent CD to 0.8 squivalent By

w: find, as was to be cxpeched, that the yield based on carbon
monsewide dscreases. lowever, the yield based on hydrogen rises
o T2.1% as compared with 68.3% for equivalent amowts of €€
and Hy In the synthesils gas. Nevertheless, the improvement in
yield for on excegs of G0 1s less significant than for an erg2es
of hydrogen, wilch is effective even dn gmnll cuantitiza,

The espential matherniical cvidence hos thus bsen presentad,

CONCGLUSICH

(1) LEoullibrium constonby for produchs of the Fissher-Tropech synihszsis
(p&.z’ai‘ﬁn trdrcearbons ) ave piven and thely depondzncs on
tenperature shovin.

% 3

(#) A plmpie methematical prozedurs Lor the caleulatlien of equilibris
- and the evaluation of effects produred by chenges in comnosition

¢, based on ths uss of rezeticn

~

o

"
w
.

[

of the synthesis gas iz devalops
gohemes and logavithmie ecguetion




(3) Equilibrium of tho butsns synthesie is studied et different
temperatures and the effect of changes in cosposition of the
synthesis gas ab 180°C. is calculated (inert gases, vater
vapor content, excess hydrogen, and carbon ronoxids).

(1) Eguilibrium of the octane synthesie is studied al varlous
tomperatures and effect of changes in compogition of the
synthesis gas at 349°C. (622°K.) is caleulated (inert gasea,
water vepor content, excess hydrogen, and carbon monazide) .

diperinental resulls are sunmerized and disc¢ugsed.

fgsen, Psb. 19, 1944,
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