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(54) IMPROVEMENTS RELATING TO FISCHER TROPSCH
: HYDROCARRON SYNTHESIS

(713 We, SOUTTH AFRICAN COAL,
OIL AND GAS CORPORATION 1.IMJ-
TED, of Klasie Havenga Road, Sasolburg,
O.F.38.,, Republic of South Africy, 2 South
African Corporation, do herehy declare the
invention, for which we pray that a palent
may be granted to us, and the method by
which it i to be performed, to be particulurly
described in and by the following srarcment:—

The presenr invention relares to z method
for controlling, In the catlytic Fischer-
Tropsch synthesis of hydrocarbons from zascs

comprising hydragen, carbon monexide and

O, in the presence of an iron catalyst, the
relative yields of low molecular weight, pre-
dominantly gaseous, aliphatic hydrecarbons to
higher molecular weight hydracarbans which
comprises selecting a catalyst having a basicity
compatible with the amainmenr of a desired
relative yield.

A big advantage of using irom instead of
for example, nickel as a catalyst, is the
relative cheapness of iron

In such synthesis it is desirable to be able
to contrel the selectivity of the synthesis
process in respect of the reladve vields of
law molecular weight (predominantly gasegus}
and higher molecular weight (predominantly
liquid) hydrocarbons, depending on the
desirad end vse of the synthesis product.

It was previously known thar with iron
catalysts such selectivity is  predomipanty
cortrolicd by two factors: the basicity of
the catalyst and the gas composition. The
basicity is controlicd by the promoter content
of the catalyst and depends on the amount
of greup I alkali metal in the form of basic
compounds, e.g. K.0, Na,0 and the like
per unit of effective surface area of the cata-
lyst, the ctfective basicity being also influenced
by other promoters, e.g. silice. Generally
speaking, the lower the basicity, the higher is
the selectivity for high yields of low molecular
weight hydrocarbons, in particular methane.
With regard to gas compusition, it wus previ-
ously belicved that the ratio of H.0:CO
contrals the sclectivity of iron caralysts in

respect of relative yiclds of low molecular
weight 1o higher molecular weight hydro-
carbons. This s true at compasatively low
tomperamires, o particolar at temperapures
up to about 230°C, which is about the upper
limit conventionally used in the past,

However, it was now found desirable to
raise the reactor temperature in order to
increase the conversion rales (a pre-requisite
for the attainmenr, for example of producr
gases of high heat value). It was surprisingly
discovered that at. such higher temperatures
the Influcnce of ¥,Q0/CO ratio ceuses to be
the controlling factor (besides
basicity), and thet from a certain temperatize
onwards {which is easily determinable for a
given catalyst) the dominating facter con-
trolling the selectivity of iron caralysts in
respect of relative yiclds of higher and lower
molecular weight hydrocarbens, is the partal
pressure of GO, (as disdner from the relative
ratio of CO, w the remaining gas com-
ponents).

It is an object of the invearion to ntlise
the above Important discovery sa as to enable
the person skilled in the art to munipulatc
the said selectivity in a desired sense mainly
by uwdjusting in & given system the partial
pressure of C{),.

The present imventivn is based inter alia
on the surprising discovery that at tempera-
tires above 250°C, and ¢ven more so from
280°C onwards, the relative yields of methane
fand other gaseous hydrocarbons) an the one
hund and of liquid hydrocarhons on the other
nand can be controfled sensitively by appro-
priate adjustment of the partial pressure of
CO, provided the basicity of the caralyst
is not In excess of und preferably halow that
of a pure iron caralyst promoted only with
K0 in an amoumt of 0,001 g K,0/m? of
effective surface arca of the catalyst. By
vonventional standards this Is 2 very low
basicity.

Agcordingly there is provided in sccordance
with the present mvention a method for con-
uolling the relative yields of low molecdar

catalyst
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2 1,438,769 Z
weight, predeminantdy  gasecus, aliphatic  #5 adjusted to a low value. (It should be
hydrocarhons and higher molecular weight appreciated thar in practice the partiat
hydrocarbons in the caralytic Fischer-Fropsch pressure of CO. can never be zero because
synthesis of hydrocarbons from feed gases  of the formation of carbon dioxide by reaction

5 comprising hydrogen, carbon monoxide and between carbon monoxide and water). 70
catbon dioxide in the presence of an iron In practice it may nevertheless be desirable
catalyst, said method comprising reacting said 1o control the synthesis in sich a manner
feed gases in a reactor m the presence of  that also a reasonably high yicld of Iiquid

. & camlyst having a basicity equal to thar of hydrocarbons, in particelar naphta s ob.

10 a Fischer-Tropsch caralyst CouSisting essen-  tained, which Ly fractionation of the reaction 75
tially of irom and mot more than 0.001 8  products can be recovered as a further desir.
KO/m® of eéffective surface area of the gple product. The present inventon enables
catalyst, the K0 being evenly distributed  the person skilled in the art 1o exercise
on the surface of the cavdyst and at 4 tem- improved control over the yields of such

15 perature in excess of 250°C, and either products, 8o
{a) adapted to suppress the formavon of Because of the commercial importance of

methane and other gascons hydrocarbons being able 1o produce selectively pases of high
in favour of the production of higher  hear value, thar aspect of the invention will
molecular weight products, in that the be seressed particularly in the forther descrip-

20 catalyst basicity as above defined corres-  tion of the invention, 85

ponds to from 0.005 to 0.00] g K.0/m* In the present context, a high selectivity is
and the partiel pressure of CO, measured particularly one in which the relative yield of
in the reactor near the feed inler exceads hydrocarbons between of from 1 to 4 carhon
4 kgfun? but is maintained below 7 atoms, both inclusive, exceeds 25%, mere

25 kgfcm®; ar partcularly 309, and wherein the refarive 9

(b) adapted to favour the formation of yield of methanc js preferably at least 153,
mncthane and other gaseous hydrocarbons  more particwlarly at least 205,
and ro suppress the formation of kigher A practical upproach would be to first
molecular weight products, in thar the select 4 convenient temperature and catalyst

3¢ catzlyst bayicity as above defined corres. basicity and then decide on the partial pressure 95

ponds to from zew to 0.005 g K,O0/m®  of CO, which s sufficiently Jow for the attain-
and the partial pressure of CO, measired ment of » desired degree of methape selee-
in the reactor near the feed inlet is in tvity, The final adjustment js possible by
excess of zero and up w 3 kg/cmz.. simple experiment,

35 Preferably a synthesis prooess mdluding Ay plermative approach would be to decide 100
the above method iz carried eut at a total oo a4 convenient temperamwe ar which the
TEaCtor pressure above 32 kg/em® and berween partial pressurc of CO. has g greater infiuence
280°C and -450°C, on the selectivity than the FL/CO ratio,

Conventionally fized bed Fischer-Tropsch adjusting the partial prassure of CD, in the

40 reactors are usually operated ar PressuTes  faed g3s 1 4 valte nat exceeding 3 kg/em?, 105
up  abour 27 kgfom® whereas moving preferubly not exceeding 2 ke /cm2, more
fuidized catalyst rcactors are operated  ar preferably [rom 04 to 1 kg/um?, and then
pressures up to about 20 kyfaw’. In the  Garermine by simple expeciment in’ accordance
Prestnt process it is preferred 1o operate from e the principles herein taught the compo-

45 pressures of 32 kg/em® upwards, cven in the sition of the iron catalyst of which the basicity 110
case of a moving Huidized camlyst rescwor, i sufficiently low for the arainment of the
more particularly up v 70 kg/cms, §ay It Hdagfpad selectivity, -
the range of 35 1o 70 kg/em®. Surprisingly Within the preferred meaning of “high
such higher pressures result in 2 Jower rate  gelectivity” s explaincd further above a

30 of carbon build-up. catalyst as aforesaid, composed of iron and 115

These pressures arc pardcularly preferred  copeatning 0.0007 K0 per square
in the context of giding the selectivity 1~ merer o effective snrface arca of the iron,
wards a suppression of the formation of would necessitate maintzining  the partial

o, foethare. Tu that context o practical wpper  presemre of CO: as near as possible ro the

55 limit for the partial pressure of CO, would practical moinimum, 23 well as catrying out 120
be 7 kg/em?, more preferably 6 kg fome, the synthesis at 2 temperanire of about 500°C

However, there now eyists g considerable which s nomally too high a emperatoce
dentand for gas of high heat value, that is  for 4 process of (his type. For operating
o say, gas having 4 comparatively high con- at lower, more convenient temperztures, 3

60 tent of low melecular weight hydrocarbons, correspondingly lower .basicity (in practice 125
and in partcular of methane, and for the equivalent ® not more tham 0.0005 E
selecrive attaimment of such a product an  XK,0/m?) must be employed for armining the
fron-type catalyst having either no alkali same selectivily as will be explained more
content at all, or a comparatively low basicity fully forther below, Geperally speaking, it is

65 - is selected and the partial pressure of CO. preferred to carry ocut the process between 130




1,439,769

10

15

3o

35

40

45

S0

55

280°C: and 450°C, more preferably berween
280 and 400°C, more comveniently still be-
tween 300 and 360°C, the optimnm tempera-
ture range {rom various pracrical points of
view zt present being considered to be herween
305 and 330°C or at an average of about
320°C.

From the ahove and other data herein
disclosed it can be determined thar the pre-
ferred process for attaining a high methane
selectivity is canried out at a temperargre nor
tess fhran tmin ("C)=2504-35 x 10%2, whersjn
2 is the basicity of the catslyst, exprested
as ¢ K.O0/m?® of effective catalyst surface ares,
being the amount of K0 which when well
distributed as the only promoter in a pure
‘iron  catalyst, will produce that particular
basicity.

In onder within the most preferred tem-
perature range to sull be able to attain at
least 2% merhane in the synthesis product
within the practical limits of low partial
pressures of CO,, it is preferred to select a
cataylst of which the basicity dves not exceed

 that of 21 iron catalyst as aforesaid conrain-

ing 0.0001 g K,0 per m* of effective surface
arca, Suck comparatively low basichy can
have (he additienal advantage, particularly
within the preferred temperature range to
facilitate the rpaintenance of a low rate of
carbon  depnsition on the caulyst (other
factors being favourable).

At the preferred temperatuge of aboum
320°C, thc maximum partial pressure of CO»
at which a bigh selectivity for low hydro-
carbons, in particular methune, is atcinablce
by apprapriately lowering the basicity of the
catayst, Is apprximately 2 kg/om?, This maxi-
mum wili increase slighdy ar higher tempera-
tores, although the temperatare dependency of
that maximum is comparatively low.

For the aforessid definitions of basicity, =
substantially pure iron catalyst, promoted only
with the respective amocuants of K.Q, fused
and ground in the norma! manner, was mken
as a standard for comparisen. As will be
readily understood by the person skilled in
the art, the basicity of such catalysts can
be varied in a vagdety of manners to z2chieve
degrees of basicity which are empirically com-
parable with a given conceniration of K.O
in pure jron caialyst (normally obtained from
millsczle). Thus for example, meore Na.Q
must be employed o achicve the same depree
of basicity as a given amount of K.O. Even
high concentradons of Hiiium oxide achicve
a compsratively low increase only in basiciry
for the purposes of the present invention, On
the other hand, the cffccr of small additions
of caesium oxide or rubidium oxide is cum-
paratively greater than that of the same
amount of K,O. Acid components, such as

3iY; or Ti0, result in a lowering of e
basicity,

Structural promoters such as magnesium
oxide, alumininm oxide, calcfom  oxide,
titzninm oxide, chromivm oxide {Cr0,) and
MnO have the effect of increasing the effective
surface arca of the catalyst, and acéordingly
lowering the basicity per wnit of effective
surface area.

In additien the overall activity of “the
catalyst can be adjusted in manners known
per se by the.judicious addition of group
8 (eg. cobalr, nickel, platinum) and group
1B (e.g. copper) elements, '

In principle the present iovention iz not
limited to any particnlar type of synthesis
reactor. However, because the process is
carricd out at comparatively high tempera-
tares, it is preferred to carry our the process
in those typey of rcacters which facilitare
thermal control. More particalarly, it is pre-
ferred to carry out the process with the
catalyst maintamed in an expanded condition
by gas flowing therethrough, either i a dilute
phuse expanded condition, ie a fFas-entra.ined
condition or in a dense phase fluidized con-
dition, ie. either a moving or sationary
fluidized bed. If it is desired to operate undér
fixed catalyst bed conditions, it is preferred
to employ what is known as a diluted fived
bed

Contrary to what would have been czpected
from the lircramre, it was found that within
the temperatare range o which the present
invention relatcs, the rate of carbon deposition
on fron catalysts was not simply dependent
o the ratio Hy/CO or on the partial pressure
of H,O alone, Instead it was found to be
dependent on both the actual partial pressures
of carbon monoxide and of hydrogen, with
bydrogen having the greater influence, morc
particularly to be proportional 1o pee/Pu .

This discovery forms the basis of a copend-
ing application 40928/73 (Serial No.

1439007) of even date, entided “Improve-

ments in Fischer-Tropsch Synthesis”, which
by reference thereto s to be considered as
part of the present disclosure,

In thc context of the prerent invention

this principle is preferably applied in that in
the context of selecting the totul pressure in the
reactor, the basicity of the camalyst and the
partial pressure of CO,, the overall composi-
tion of the reattor gas in the feed gas ennry
region iy set so that (Peo/pr ) » 10° numeri-
cally does not exceed 2

b
— (13— X104,
4

wherein ppy and pg are the partial pressures
el

of carbon mornoxide and hydrogen respecrively
cxpressed In kg/fcm?®, g represents rhe basicity
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of the catalysr, expressed as p K.0Q/m? of
effecrive catalyst surface area, heing the
amount of K,0 which when well distributed
as the oaly premoter in a pure iron catatyst,
will produce thar pacticalar basicity, and b
is the acceptable rate of carbon deposition
expressed a5 a g carbon per 100 g catlyst
per day, the rcactor temperature Leing between
300 and 340°C, on approprizre emperarure
correction being made in the above relation-
ship when operating at temperatures outside
thar range. Preferably, in particnlar in the
case of moving fluidized catalysts, b is Taken
as 4. This is so because it was found that
a raee of carbon buildup of 4 g G/100 g
catalyst/day is readily tolerated.

From the ahove relatonship it is apparent
that the rate of earbon deposition also depends

" (apart from wmperature) on the hasicity of

the catalyst which showvld preferably be less
than (L0003 g E.O/m® of cifective surface
area (as cxplained forther above) more par
ticlarty less than 0.0002, However, it is also
found thar at very low basicitics the mate of
carbon build-up increases again. Accordingly,
in order to achievc a low carbon deposition
rate as well as a high selectivity for low hydro-
carhons, in pardeular for methane, the pre-
ferred basicity is berwean (100005 and 0.0002,
more particularly abour G000 g K.O/m?®
effective surface area of catalyst '

For a given partial pressure of carbon mon-
oxide it Is also possible in accordance with
the presert teachings to decrcase the rate of
carhon deposition by only increasing the par-
tial pressure of hydrogen. Surpnsingly the
partial pressure of carbon dioxide which has
a decided mfluence on the composition of the
synrhesis products has virtnally no influence
on the rate of carbon formation,

It will be readily understood by those skilled
in the arv thar the performance the present
process does not depend entirely on the pas
composition In the feed gug, bur on the
campasition of the gas thronghour its passage
through the reacror, the partigl pressure
of carbon monoxide undergoes a very sub-
stantial change from the feed end to the outlet
end of the reacior, the partial pressures of
hydrogen and of carbon dioxide change less
substantially. Alse, in known types of reactors,
the general pattems of these changes are sub-
stantially siniitar. Accordingly, it is pessible
fromn a practical poiat of view o define
the parameters of the process in accordange
with the invention with rcfeience to the
compusition of the partial pressure of the
componcnis in the entry region of the synthesis
feed gas.

Even though (as far as the gas composition
is concerned} the partial pressure of carbon
dioxide is the dominant factor, it alone dees
not control the selectivity, but to a lesser extent
the partial pressures of the remaining gases
(e.g. H.O, CO, H;) also influence the scloc-

tivity. As the warer gas shift reaction is in
equilibriont over iron catalysts at high tem-
perature, these partial pressures are not inde-
pendent paramerers. Incressing the partial
pressure of carbon  dioxide automatically
results in a decrease in the pardial pressure
of hydregen and in an increase in the purtial
pressures  of cathon monoxide and  water
vapour, In spite of this interdependence it is
possible 1o contro! the selectivite  for low
hydrocarbons by corrrolling the partial pres-
stre of carbon dinxide in the feed gas.

In the following the invention wili be further
described by way of example. The examples
sheuld be read in conjunction with the afore-
gong more geners! description of the inven-
tron.

The accompanying drawing illustrates a
lypical relavionship of methane selectivity
plotted against parrial pressure of Oy, at
differcnt camalyst basicities,

Example 1.
Ore finidized fron reactor.

The effect of the inlet GO, pressure on the
methane selectivity is demenstrated in the
drawing for three jron camlysts at different
levely of basicity. While the reactor temperz-
ture was maintained ar 320° the other resctor
conditions such as feed gus composition,
reactor pressire and fresh-feed 1o recycle-feed
ratios were varied over wide ranges. As can
be seen the lower the basicity of the catalyst
the more pronounced the mfivence of the
carbon dioxide partial pressure. For catalysts
of higher hasicity the CH, selectivity is much
lower and the effecr of CO, becomies pro-
gressively less. From the ahove & is clear
that if maximum methane (and heree ming-
mum oil) selectivity is desived catalysts of Jow
basicity should be used at tow partial pressnres
of CQ;,

In the present example graph (a) was
obtained with a pure iron catalyst abmined
from millseale, containing no basic prooter
at all. Graph (h) was obtained with the
same catalyst bur promoted with seme KL,
correspording to (L0005 g K.Q per m® of
effective surface area (2 medium basicity
catalyst). Graph (c) was obtained with the
same  cafalyst, but comtaining more K,0O,
equivalent to 0.0010 g K,0/m?, ie. a high
basicity catalysr, '

If the CH, selectivities from the above
experimenizl dats aze plotted against the
H./C2 ratio within the reactor a wide scatter
is abtained indicaring that the ratic does not
play an important rolc in the product selec-
Tivity.

From the above studies it was also estab-
lished thar there is 2 definite relation between
the mesthane sefectivity and the other hydre-
carhon gases, .8, as the CH, selectivity in-
creases both the ethane and propane selectivi-
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Bxample 2.
ties first Increase, poss through 2 maximum Using the caumlyst (&) of the previous
and then decrease while the liquid oil selec-  example at 320°C, and constant feed com-
tvity progressively decreases. On a carbon  positions and rtecycle ratios and the zame 19
atom basis, for instance, when the C, selec-  reactor as in Example 1, syntheses were carried
5 tivity is 30%, the G is 12%, the Cy 11%  out at different total pressures, therehy increas-
and the liguid off is 2%. ing the partial pressures of the feed gas
compenents with the following results:
TABLE 1
Reactor Inlet
p P .
Tola! H, | Pco CO: locg/pyy, ! Carbon CH,
Pressure |- kg ke kg © "1 Deposi- | Selectivity
kg/em* | H,/CO - tion %
ratio o’ om? cm’ » 107 ratle*
9.62 4.6 3.94 3.91 1.12 15 17 28
13.14 4.3 5.29 1.1y 55 7.5 g g
18.4 46 7.45 | 162 | Lo 1.9 4 15
AR 5.0 9.35 1.97 211 2.1 2.6 11
*g carbon/100 g Fe per 100 h.
From the zbove tahle it can be seen that The - benefictal effect of higher pressures
in spite of the tendency of the Ho/CO rativ  (Le lower peo/p’r valucs) om the rate of
within the reactor to increase, the CH, seles b, IR
T o 11 depositd 5 Ty .
tiviry acally decresses which correlates with fgwcr mezﬁilg?l;f I:hi;l?j;zmifgaﬁ:’ 10&: 35
20 the increase in CO, partial pressure. the carbon dencsidon. T the above i
Notc that in spite of the increasing CO P n. Yrom the above it thus
(ot Dl < £ eraerges that coalrary to literature expecis-
partial pressure the rate of carbon laydown  Gon’s fow H ta GO ratio gas o P
N b 2 0 gas can be used
decreases which indicates that the pea alone oo excessive carbon laydown if the reac
certainly does not control carbon deposition. 0 1o cazried out at high pressures. A ’dLi- 40
25 The increase i partial pressure of H, tHonal ;dvanra e P - i dact
. o ge of higher pressures is the
clearly more rhan compensates for the in- known fact that the raic of hydropenation of
crease in CO pressure. Furthermore it can earbon mono dde to hvd g ES b n
be seen that the carbun deposilion rate beurs wice o iyaracarbons is higher.
. : e T further illusteate that the hyd -
; ) ydrogen pres
no relation with the H,/CO ratio. sure is important not only the CO pressure 45
30 The ahove experiments were cartied out y 4 :

with a moving finidized catalyst.

in contrelling carbon laydown the data in
table 2 is presented.

TABLE 2
Reucior Inlet
__pCO x 107 Curb Cil
B D Pe ) “urbon :
H, o o, _1-“11 ratio 3 deposition | Selectivity
kg/em® | kefem® | kgdem® | CO i, ratc# 3
612 1.83 1.27 3.3 8.3 7.5 18
7.25 1.76 0.91 4.1 4.6 5.6 19
10.1 1.649 4.7 - 6.0 1.6 20 22

* g carbon/100 g catalyst per 100 k.
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In these ms the CO partial pressures bregsutes were kept virtoally constant while 19
were very similar while the Hy and CO» twe CO, pressurc was varigd, The partial
‘pressures were varied. With increasing hydro~  pressure of CO, had 2 noticeable effect on
gen presswe the carbon deposition clearly  methane selectivity, however, the lowest partial
5 decreascd Lowering peo resulted in improved  pressure of CO, resulting in the highesr per-
methane selectivity. = ® cemtage methane in the taflgas. The dama 15
That the CO, pressure dees not infiucnce illustrate the link of CH, selectivity with
the tate of carbon formation s illustrated  CO. pressure rather than with the H,/CO
in the duta in table 3 where the CO and. H, o,
TABLE 3
P
.._(.:9_ % 10°
I% D e} K Carbon Cif
H, co €a, I, 5 Dapoygition Sblccti:rity
kg'em® | kg/em® | ke/em’ 0 H, rafe® %
7.25 1.67 .91 4.1 1.6 5.8 19
T.45 1.82 1.90 4.6 3.9 4.2 15
7.53 1.582 2.46 4.6 3.3 4.2 10
7.86 1.76 4.35 4.4 3.0 5.1 8
*& carben/100 g catalyst per 100 h,
20 The rasults given i 1ohic 4 show that there CH, sclectivity. The mtio H::CO was kept
18 no real relation berween Lhe Ho/CO ratic  approximately constant in these tests bui hoth
and either the carbon depusition mate or fhe carbon depnsition and methane selecdvity 25
: varied markedly,
TABLE 4
P, Feo PCo, | Pey Carbon CH,
o s % 10t deposifion | Selectliviiy
H/CO | ka‘om® { kg/em® | kg/om? | N tale¥ o
4.5 7.46 1.62 1.90 3.9 4.2 i3
4.2 7.10 L.o9 2.R1 4.7 4.2 9
16 5.56 1.27 1.41 6.7 10 23
1.3 3.94 0.91 1.13 | 51 17 26
* g earbon/100 g catalyst per 100 k.
The results of this example also demonsirate 2 can be applied over a wide range of con-
that the basicity of 0.0005 g K,0/m? of e  ditfons so that the desired products can be
30 camalyst is ebout the upper Lmit for 4itaining  maximisad and the carbon deposition cun be
8 rcasonably high methane selectivity, Such minimised. To maximise higher melcentar
a high basicity is thercfore enly reconimended weight hydreearbon production for instance, 40
is besides mcthane a reasonably high vield catalysts of high basicity should be used and
of higher hydracarbons is alse desired. the moximum gas pressures should be used
35

The knowledge revealed by examples 1 and

1o marimise the CO. partial pressure and 1o
minimise the vulue of the parametcr Pco/Px
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Hydrocarbons heavier than €, are scrubbed
out and termed “heavier hydrocarbons™. The
“heavier hydrocarbons” may be fractionuted
and sold as petrochemicals or petrochemical
precursors; used as fuel ofl (c.g rafsing steam
for the gasifiers); recharged 1o the gasifiers
(1.c. reconverted to synthesis gas); canalytic-
ally steam reformed (o CH,, CO and H, and
e gas either blended into the product gas
or recycled to the reactors; or catalytically
hydrocracked to CH, and recyeled, Similurly
the water produced in the reactors could be
discarded; recycled to the gasifiers; or cata-
Iytically treated o hydrocrack any dissobved
oxygenated hydrocarbons to methane, Alter-
natively the dissolved oxygenated hydrocarbons
conld be extracted and sold.,

WHAT WE CLAIM IS:—

i. A method of controlling the relative
yields of low molecular weight, predominantly
gaseous, aliphatic hydrocarbons and higher
moleenlar weight hydrocarbons i the camlytic
Fischer-Tropsch  synthesis of hydrocarbons
from feed gases comprising hydrogen, carban
monoxide and carbon dievide in the presence
of an irom catalyst, said methed comprising
reacting said feed guses in 3 reactor in the
presence of a catalyst having a basicity equal
to that of a Fischer-Tropsch catalyst consist-
ing csscndally of irop and nor more than
0.001 g BLO/m® of effective surface area
of the camlyst, the K,0 being evenly distri-
huted on the surface of the catalyst and ar a
temperature in excess of 250°C, and eitler
a} adapred to suppress the formation of

methane and other gaseous hydrocarbens
in favour of the production of higher
molecilar weight products in thur the
catalyst basicity as above defined corres-
ponds ro from 0.005 o 0,001 g X,0/m®
and the partial pressure of CO, measnred
In the reactor near the feed inlet exceeds
4 kefom? bur iz maintamed below 7
ke fem?; o

adapted 1o favour the formarion of methane
and other gaseous hydrocarbons and rto
suppress the formation of higher molecular
weight products in that the catalyst basicity
as above defined corresponds to from zero
to 0.0005 g K.0/m? and the partial pres-
sure of CO; measured in the reacror
near the feed inlet fs in excess of zero
and mpy o 3 kg/om=
2. Synthesis process including the method
as claimed in claim 1 carried dnt at a totl
reacior pressure above 32 kg/em® and be-
tiveen 280°C and 430°C.

3. Synthesis process as claimed in claim
2 carried out at a total reuctor pressure
between 35 and 70 kg/cm®.

4. Synthesis process as claimed in any ong
of clainis I to 3 carried out under the condi-
tions of parugraph a) of caim 1,

B)

5. Syathesis process as dlaimed in any one
of claims 1 20 3 carried out under the con
ditions of paragraph b) of claim 1.

6. Process according to claim 5 carried out
At 4 lemperaiure not lesy than 1o (°C) =230
+35 X304, whereln 2 is the basicity of the
catalyst, expressed as g K.O/m® of effective
catalyst surface area, being the smount of
KO which when well distributed as the only
prometer in & pure iron catalyst, will produce
that partfcular basicity.

7. Process according to claim 5 for achiev-
ing o methane selectivity of at least 207
which comprises carrying out the synthesis
at between 280 and 400°C, and with a2
catalyst of which the basieity 1s between zern
and 0.000%, expressed as g K0 /m? of effec-
tve catalyst mwface area, being the amount
of .0 which when well distritaned as the
only promoter in 2 pusc iron catalyst, wiil
produce thar partiolar besicity.

8. Process according to any oane of claims
3 to 7 wheréin the upper partial pressare of
CO; is set w at the most 2 kg/em?® ag the
gar feed end of the reactor.

9. Process according to claim 8, wherein
said partial pressure is from 0.4 to 1 kafem?

10. Process according to any ane of cluims
1 w 7 carried our ar a temperature of from
300 to 360°C.

11. Process according o claim 10 caeried
out at a temperature of frem 305 o 330°C.

12. Process according to any one of clajms
I to 11, carried out with the catelyst main-
tained in an expanded condition by pas flow-
ing therethrough.

13. Process according to claim 12, wherein
the catalyst is. maintained in a gas-entrained
condition.
. 14, Process according to claim 12, wherein
the catalyst iy maintained hy 2z fluidized bed
crmdidon.

15. Process according to claim 14, wherein
the catalpst is maintained in a meving fluid-
ized bed condition.

16. Processs according 1o any one of claims
5 to 15 carried vur in two reactors in series,
of which the down stresm reactor operates
at the higher pressure of the two, additional
CO, being fed with the toil gas of the first
Teaclor inta the second, higher pressure reactor.

17. Process according to any one of chims
1 10 16 whereln in the context of setecting the
total pressurz in the reactor, the basicity of
the camlyst and the partial pressure of COQ,,
the overall composition of the reactor gas in
the feed gas entry region is set sp thar
(pco/p“H_)} 3 10° numerically ducs not exceed

b
—(13—ax10%),
4

wherein peg and py arc the partial pressures
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- of carbon munoxide and hydrogen respectively

expressed In kg/em?, a represenis the basicity
of the catalyst, expressed as g K.O0/m* of
effective caralysr surface area, heing the
amount of F.O which when well distributed
ay the only promuter in a pure iron caralysr,

. will produce thar perticdar basicity, and b

10

is the acceptable ratc of carhon depnsitien
expressed as g carbon per 100 g catalysr per
day, the reacter tempersture being between
300 and 340°C, or an appropriate temperature
cotrection being made in the above rclation-
ship when operating at temperatures outside
that ranpe.

18. Process according to claim 17 wherein
the temperatore of the reactor is berween 300
and 340°C,

19. Process according w claims 17 or 18
wherein b is taken as 4.

20. A method a5 cfaimed in claim 1 substan-
tially as hereinhefore described,

21, A process as claimed in cdaim 3, sub-
stantizlly as hereinbefore described,

22. Fischer-Tropsch synthesis wherein the
wethane selectivity is enhanced substanvially
as described in any one of the aforegeing
examples. _

23, Fischer-lropsch synthesis products
whenever oltained by s method or process
deimed in any one of claims 1 to 22

24. High therms] valuc gas whenever pro.
duced substantially as hereinbefore described,

EDWARD EVANS & CO,
53/64 Chencery Lane,
London WCZA 15D,

Agents for the Applicants.

Drinted for Her Majerty's Stotionery Cffice by the Courier Press, Leamington Spa, 1978,
Published by the Patent Office, 25 Southampton Buildinge, Loadon, WORA 1AY, from
which copies may he obtzined.
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