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The present invention relates to the catalytice
reactlion between carbon monoxide and hydrogen to form
valuable liquild hydrocarbons. More particularly, the
present invention is concerned with improvements in the
reactlon based on an improved composition of catalyst
employed in the reaction.

The synthetilc vroduction of iiquid hydrocarbons
from gaé mixtures containing various proportlons of carbon
monoxide and hydrogen 1s a matter of record and various
operating conditions, and numerous catalysta, usually
containing a metal of the ilron group, have been proposed
to promote the desired reactions, For example, to produce

substantially saturated hydrocarbons 1t haa been proposed

“to use catalysts comprising cobalt on an inert carrier at -

‘relatively low pressures of about 1 to 5 atmospheres and

at températures from 300° to #25°F, whereas in order to
produce products containing high proportions of unsaturated

and/or branched chain hydrocarbons i1t has been found

fnecessary to use iron catalysts at higher temperatures

‘between 450°-750°F, at higher pressures of 15 to Hoﬁﬁtmo- 7

spheres.'

In both cases, the reaction is strongly exothermic
and the utility of the catalyst declines steadily in the
oourse of the reaction chiefly due to deposition of non-
volatile conversion products such as paraffin wax, carbon,
and the llke on the catalyst.

The extremely exothermlie character and high

temperature sensitivity of the synthesis reaction and the

- relatively rapld catalyst deactivation have led, in recent

years, to the applieation of the fluld solids Fechnique
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wherein the synthesis gas 1s contacted with a turbulent bed
of finely divided catalyst rluldized by the gaseous
reactants and products. This technique permits continuous

catalyst replacement and greatly improves heat dissipation

- and temperature control,

Most processes for the synthesis of hydrocarbon
involve the step of producing the synthesis gas mixture of
carbon monoxide and hydrogen by partial combuatlion of coal
or natural gas with an oxidizing gas such as air opr oxygen,
whigh synthesis gas 1s then converted to the hydrocarbons
in a second step, In the usual processes in order to
produce a highly unsaturated hydrocarbon product 1t is
generally thought desirable as mentioned above to operate
this synthesis reaction at high pressure of about 400 1bs,
per'squ in. uaing an iron catalyst. 'This necessitates the
feeding of the synthesis gas to the reactor under high
pressure and usually requires the production of the
synthesis gas under high pressure, which in turn Involves
the feeding of the oxidizing gas to the synthesis gas
produced under high pfessure. This usually necessitates
the use of expensive pure oxygen at high pressure as the
oiidizing gas as 1t would be uneconomical to atilizé air
under ﬁigh pressure because the recycle reguirements
assocliated with an iron catalyst would result in the
undesirable fggirculation of a gas contalning an ever-
inereasing amount of nltrogen.

For the abvove reasons, 1t would be highly desirable
o be able to produce vgluable clefinle motor fuel products
by a hydrocarbon synthesis process by the fluid s0lids
technique wherein the synthesls gas could be prepared with

e e e
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1 alr at low pressures instead of with oxygen at high pressures,
and wherein the synthesils ltself could be carried out at
moderate Instead of at high pressure.

Many attempts have already been made in this
direction using fixed bed processes, Thus it héé been
attempted to prepare high octane motor fuel using a thoria
promoted cobalt on silica gel catalyst. However, it wae
found that when the varilahbles were adjusted in an effort
to improve the liquid yleld and quality of product, the

10 yleld of liquid producte increases somewhat with pressure
when the temperature 1s held constant, but the yield of
wax Increases also, This 13 qulte undesirable because wax

formation rendere it extremely difficult to maintain a

fluidized bed in the reactor. On the other haend, if the :

pressure 1s held constant 1n the relatively low pressure

¥

areas where cobalt catalyst functions well, that 1s, 1in

the reglon of 15 to about 75 psig., the olefin content of

AR %
Erea -

the product 18 low, and attempts to increase the e

?f ‘ olefinicity by increasing the temperature caused a decrease

)

20 in ligquid product yleld and an increase in gas formation. 0
On the other hand, experlence has indicated that
operabioﬁ with iron catalyst at the lower pressures is

ugually accompanied by severe carbonizatlon of the catalyst

as well as formatlon of wax, both making.the maintenance of
g fluld catalyat bed a matter of very greét difficulity. .

It is now found that hydrocarbon synthesis products
containing high proportions of valuable unsaturated

hydrocarbons can be obtained by contacting a synthesis gas ' i.;

mixture of carbon monoxlde and hydrogen contailning consider- ! f“ 
30 able quantitles of nitrogen, for example, when prepared by

oxldatlon of coal or natural gas with alr at low pressure L,
!
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by contacting the sald gas mixture at relatively low

pressures and at elevated temperatures with a finely

divided fluidized solid catalyst comprising a mixture of

iron and cobalt caerried on a silica gel carrier and

promocted with thoria or an iron carrled on an active carbon
support and promoted with an alkal!l metal compound, for

example, potassium carbonate. The invention accordingly

comprlases a process for the production of hydroecarbon

products containing a high proportion of unsaturated

hydrocarbons by contacting a synthesis gas mixture of

carbon monoxide and hydrogen contalning appreeclable

quantities of nitrogen at a relatively low pressure and at

an elevated temperature with a finely divided fluldized

solid catalyst comprising a mixture of iron and cobalt

cafried on a silica gel support and activated with a

thorium compound or iron carried on an active carbon support

and activated with an alkall metal compound. In general

the synthesis reaction 1is carried out at a pressure between

50 and 100 1bs. per sq. in. guage and preferably between 55

and 75 1bs. per sq. in. guage, and at temperatures between

450 and 650°F., and preferably between 475° and 525°F. in

the case of the iron cobalt silieca gel catalyst and 550 to

650°F. 1n the case of the iron active carbon catalyst and

wlth a through.put of from 2 to 20 volumes of synthesis 3
ga88 per voluﬁe of catalyst per hour at az linear veloéity of
0.1 to 3 Teet per second and preferably between 0.4 and 1.5 .
feet per second. PFurthermore, it 1s found that the T
operating range whereln these beneficlal effects are

realized 18 a relatively narrow one, and relatively small

varlations in reaction conditionz decrease elther the yield



el T

B

j 10

20

30

;?:V. I 60337

-6-

or the olefinicity, or increase wax :ormation.

[Tt 1s found that by operating in the manner
described above, it is possible to operate a fluld solids
reactor at a moderately low pressure and obtain good
ylelds of olefinic hydrocarbons without serlious wax
formatlion from synthesis gas prepared by a process in-
volving oxidation by alr instead of by oxygen.

-In the éyntheais of hydrocarbona from carbon
monoxide and hydrogen, as described above wherein the:
synthesls gas contalns large quantities of nitrogen, it
i1s obvious that a once-through operation is most desirable,
because otherwise large quantities of inert material would

be recycled, markedly décreaa;ng-the capaclity of the plant

+. and the operation. 8uch nitrogen 1s present when the

synthesls gas is.prepared by partial combustlion of natural
gas wilth alr at moderate pressures, which is of marked
economlc advantage over preparing the same by combustion
with pure oxygen under pressure. Furthermore, in phe
synbheqis of hydrocarbons from CO and Hy employing a ondék
through operation, 1t 1s apparent that the optimum
consumption ratlio of the reactants should be the same as
thelr ratio in the.synthesie feed gas.

In the production of synthesis gas by parfial

oxidation with air of methane and natural gas, hyd}ogen and

CO are produced at a afi ratic. When such a gss 1B used as

a feed to the synthesis reactor, the elimination of oxygen

‘in the form of water rather than carbon dioxide 1s essential

for an approximately 2/1 H2/CO consumption ratio, in accord-
ance with the reaction,

+1C0 —3> (CHp)y + n HyO.

X 7(1) 2n H,
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This'1is essentlally the course of the reastion when

cobalt is employed as a synthesis catalyst, and 1s thus
1deally suited for a once-through operation. However, as
indicated above and as 1s well known, cobalt catalyst 1is
not conducive to formation of olefinie hydrocarbons
valuable as motor fuel. On the other hand in some cases,
when an iron catalyst 1s- employed the over-all reaction
can ‘be more nearly represented by

(2) 3nH; #3000 — 2(CHp), + n Hy0 + n CO,.
The COp that occurs along with the products of the synthesis
reaction, as in {2) above, may be a result of the feversible
water gas shift reaction

(3) €O+ Hp0 &= COp + Hp.

Thus in the synthesis reaction according to (1)
above, the consumption ratio of hydrogen to carbon' monoxide
1; 2/1. However, since some of the water formed in (1)
may react with some unconverted CO in accordance with (3),
hydrogen 1is formed and CO 1s consumed which in effect
lowers thelné/bo consumption ratio. Carried to its limit,
the ultimate effect of this reaction would be for all of
the Hp0 formed to react rapldly and irreveraibly with CO in
which the net synthesis reaction could be written as

(#) nHp+2nCO — (CHy), + n CO,.

i

glving an He/co consumption ratio of 0.5/1. From the above
1t may be seen that, starting with a 2/1 Ho/CO feed gas, the
Ha/bo consumption ratio may vary from about 2/1 to*almost
0. 5/1 depending upon the degree to ‘which the water zan
shift reactlon takes place.

‘ During the normal synthesis with an iron catalyst,

and iron is considered to be an excellent shift catalyst,
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the water gas constants,
¢ = (€0y) (By)
(c0) (,0)
calculated from the concentrations of the water gés
components in the effluent from the reéﬁtor are 60-95% of
the known water-gas equllibrium constants at tegperatures
in the rénge of 550°-650°F. The known values féf K at
550°F. and at 650°F. are about 50 and 23 respectively. The
low caleulated values indicaté that the amounts of CO, and
Ha presént are inadequate to satisfy the water gas shift
egqullibrium and that the react;on of CO and H20 13 slower
than the synthesls reaction. ‘
In such a once-through hydrocarbon synthesis
operation at low pressures in thg range of abogt 50 to 1OQ

PRl

ibe. per sq. in. guage with fluidized catalyst to prepare

" high yields of olefinic motor fuel, i1t las, therefore,

highly desirable that the Hn/CO consumption ratio approach

88 nearly ae possible to the ratio in which these two

constltuenta are prgsent in the feed.

When employing a cobalt synthesis catalyst in ﬁhe
normal processes the ratlo of Ho to CO consumed 1s greater
than the H, to CO ratio in the feed, up to ratios of about
On the other hand, all previously known modifications
of 1ren synthesls catalysts give H2 to CO consumption ratios

lese than the ratlo of these constituents in the feed. Now,

~ however, the surprising discovery has been made that

catalyé%s of the composltions deflned above gilve H2/00 con-
sumption ratios greater than the ratio of these constltuents
in the feed, thus making the process sgiﬁgbléifor a once-

through operatlon with synthesis gas fromspartial oxidation

o T
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of natural gas, wherein the HQ/CO'ratio 1ls about 2/1.

The invention will best be understood by referring

to the accompanying dlagrammatic representation of one of

the methodsof_carrying the 1invention into affect where
sultable equipment and flow of material ére shown.

Referring now in detall to the drawing, natural

gas from any convenient gource preheated in preheate% 4 18

pasged'to synthesls gas producer veasel 6, whieh comprises

a catalytic oxldation zone, Simultaneously, air is rassged
through line 18 into compressor 20, wherein 1t 1s moderately
compressed to about 50-100 psig. and the compressed
materlal 1s passed through line 22 and preheater 16, whgrein
1t 1a preheated to about 1200°F., and introduced into

synthesis generator plant 6. In generator 6 partial

oxidation mainly to G0 and Hy, takes place. The temperature

in. the oxidatlon zone may be of the order of 2000-2500°F.

The lower portion 8 of generator 6 may comprise a catalytice

- reformer bed, éontaining a reforming catalysﬁ such as

nickel or copper on magnesla, and any COp and Hy0 formed i

as & result pf combustion in the upper part of the
generator will reform unreacted methane to produce further
quantities of Hy and CO.

The hof gynthesls gases leaving generator 6, which
are at a temperature of about 1600°-1800°F. are passed
through line io and are preferably employed to preheat the

incoming natural gas and air in preheaters 4 and 16,’

respeetively, the'synthésis gas gtream belng divided for

this purpose to pass through lines 12 and 1%, and through
lines 25:and 26. The reunited synthesis gas stream in
line 27, which has been cooled as indicated to about 450°-

/ i
/s

.
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600°F,, and may be further cooled if desired, is passed to

the bottom of hydrocarbon synthesis reactor 28, The latter

18 preferably in the form of a vertlcal cylinder with a
conlcal base and an upper expanded section, and has a grid
{or screen) 30 located iﬁ the lower section to effect good
gas distribution.:

- Wilthin reactor 28, a mass of catalyst 1s maintained
1ﬁ the form Qf a finely dlvided powder having a particle
size'distfibution frﬁm ébqut 100-400 mesh, preferably about
150 to 200 mgsh supplied to the reactor 28 from hopper 3%
tié line 36; ; ‘

The synthesls gas ﬁixture, hav;ng a molar ratlo
of Hp/CO of about 2 to 1, flows upwardly through grid 30.
The superfiéial‘linear veloc;ﬁy of the gas within the reactor
1s_keﬁt within the approximate range of 0.1-3 feet per
second, preferably about 0.4-1.5 feet per second so as to
maintain the catalyst in the form of a dense, highly turbu-
lent fluldized mass having a well defined upper 1eve1_38
and an apparent denslty of from ahout 30 to 125 1bs. per
cublc foot, depending upon the fluldization condltions.

. In accordance with the Invention, the pressure
within reactor 28 1s kept within the approximate limits of
50 to 100 psig., preferably about 55-7T5 psig. and the
temperature 1s malntalned constant wlthin the limlts of
about 475° to 526°F, Surplus heat from the exothermic
reaction may be withdrawn by any conventiohal means, éuch
as external‘cooling coll 32. L

Cnly a small portlon of the powdeqed catalyst 1is
carried 1nto‘the diséngaging section of the reactor above

level 38, and these catalyst particles are separapﬁd from
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1 the reaction products 1n a conventional gas-solids
separator, Such ag cyclone 40 and returned to the dense bed
via dip pipe 4¥2. The rate of gas throughput in terms of
volume of gas (Hp+CO) per welght of catalyst per hour, or

V/Hr./W, 1s in the range of 2 to 20, and 18 so adjusted as
te give the desired conversion without need for any recycle
of tail gas. '

Product vapor and gases are withdrawn overhead
: from reactor 28 and are passed through line 44 and condenser
5 10 46 to 1iquid products separator 48, wherein 11quid products
| are geparated from gases. The 1liquid produets, containing
high yields of olefins with little opr no oxygenated hydro-
carbons may be withdrawn through line 52 for further

processing, such as fractionation, cracking of the gas oll

0. A

fraction, iscmerization, polymerization, hydroforming, ete.,

all in a manner known per 3e.

The uncondensed gasea, comprising lower molecular
welght hydrosarbons as well as unreacted syntheais gas and
nitrogen are preferably passed through line 50 to a

20 fluidized éolids, actlive carbon adsorption plant, wherein
light hydroecarbons may be removed, and recovered by
desorption’ at the lower pressures of the presegt
operation. This represents a conslderably more economica;
process than the conventional oiil abaorption of tall gas.

Instead of producing synthesls gas from partial
combustion of natural gas or methane by alr at low
bregsures, synthesis gas may also be Brepared by the waéer

gas reaction from coal., In such case, depending on how

heat is furnished to the proces 3 ‘8kther by direet combustion —

30 of coke or ccal wlthin the water'gaa generator with air or
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1 by recyceling of hot combustion solids from a burner

. vessel, the syntheals gas may or may not contain

appreclable gquantlties of nitrogen. However, the ratio
of HQ/CO in synthesis gas prepared from coal 1s about 1/1,
and such a synthesls gas may be passed through a shift
converter to increase the feed gas ratio from about 1/1 to
about 2/1. In such a system, also, a desulfurizing astep
would be introduced, such as the passing of ths aynthesis
gases through spent synthesls catalyst to remove sulfur.
10 In accordance with the invention the catalyst
supplied to the reactor 28 from the hopper 34 1s either
the cobalt-1iron sillea gel catalyst or‘the ircn actilve
carbon catalyat above referred to.
o The cobalt-iron catalyst which may be used
according to the invention preferably contains a total of
104 to 35% by welght of iron and cobalt based on the total
e welght of the catalyst carrled on a sllica gel support
and preferably contains from 3 to 25% by weight of iron
and from 5 to 30% by welght of cobalt in the ratiocs of
20 . from 10 parts of cobalt to 1 part of iron to 1 part of
cobalt to 6{parts of iron. The catalyst also contains

from 1 to 5% by welght of thoria.*?;

One sultable cobalﬁ“

e

ron Sgtalyat may be prepared

jn the following manner: Twéﬁty-one wt. percent cobalt,
o™

.!. .
£
t

i,

7 wt. % dron and 4.4 wt. thorium {all as thelr hydrated
nitrate salts) were milled in a Simpson mixer with -67.6%
silica (as silica hydrogel containing about 18% solids)
and the wet mlxture was then passed through a collold mill,
The above composite was drled at about 25QfE. and then

- { i
30 further heated for 48 hours at 420°F. and for an additional: .

3, o
R
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1 5 to 6. hours at 550°F. to complete the decomposition of

the nitrates, The rédulting dried material was then ground
to a suitable size and reduced with hydrogen at 700°F. and

e atmospheric pressure.
The 1ron catalysts whieh may be used according to
the invention preferably comprise from 10 to 20% by weight

of the total catalyst of reduced iron ‘carried on an active

carbon carrier and promoted with not less than 0. % by
welght and not more than 1% by weight and pr@ferably
10 between 0.4% and 0, 6% by weight of potassium carbonate.

The iron is distributed uniformly over the carrier and

: ' may be applied by any desired process such ag Iimpregnation,
i - thermal deeomposition of 1roﬁ penta carbonylrpr the like.
EXAMPLE I '

The following example shows the effeqt of

- temperature on the activity, selectivity, - and unsaturation

SRSy

of the product using the mixed cobalt iron cétalyst. kar

5. o

a comparative basis, data obtaihed'under similar rezction

- eonditions for a cobalt catalyst promoted with an alkali

e e

20‘. promoter but containing‘no iron are included. 1In all cases .

P ‘ the pregsure was 75 psig., the gas rate 200-%00 V/VVHr. and

i the H,/CO ratio 1/1. fﬁ*
; Temperature °F. 430 450 500 525 550
‘

Catalyst A

T -f7$m% : S

' CO Conversilon, % Output 11 4h R
30 Ho Conversion, OQutput 82. . 82 83 -
! 04+ -¥ield, cc/m> H,+CO Cons. 228 221 189
e Bromine No. of Colfected 011 45 48 -
4 ' ' : Product Appearance Clear Clear Clear. -- Qlear

g
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Catalyst B
o]

1% 'I‘hO2

3%

66% 810,

2% Na*

{*An NapCOg3 Based on Co) .
CO Conversion, % Output 18 30 54 57 34
Hn Convergion, % Output 39 53 B85 87 9
Cy+, cc/m3 Ho+CO Cons. 216 226 187 148 113
Brogine No. 6f Collected 34 33 56 54 - 62

11

Product Appearance Waxy Waxy Slightly Clear Clear

Waxy
The above data show for the iron-cobalt catalyst

a steady increase in Hp and in CO conversion with temperature.

‘Selectlivity to valuable Cpt+ liquid products was found to

decrease with increasing reactlon temperature at about the
same rate with each of the catalysts. However, the
unsaturation of the oll product, as indicated by the bromine
number, was appréciably higher in all cases for the iron-
cobalt catalyst than for the cobﬁlt ecatalyst promoted with
alkali.' The unsatyration was found to improve far more

raﬁidly as the tempersture was increased with the former

" than with the latter catalyst. Thus at about 500°F. operat-
fing temperature, when the yields to liguid product were
~ about equivalent in both cases, 180-187 cc Cyt/m3 of Ho+CO

converted, the cobalt-iron catalyst of the invention
produced a total oil product having a bromine number of 85,
corresponding to a‘liquid product unsaturation of 59, the
gasoline fraction (Initial to 430°F.) of which had an
estimated unsaturation of about 66%. Under the same
conditions the alkall promoted cobalt catalyst without iron
produced a total o0ll product which had a bromine number of
only 56, corresponding to an unsaturation value of 42%.*J

Increasing the operating temperature up to 550°F. with

R
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‘i each of these catalysts inereased the product bromine

— numbers in each case, though to'a far higher value for the

2 iron-cobalt {97) than for the alkall promoted cobalt (62).

' ‘Furthgrmore, the o1l prdduct from the iron-cobalt product

"was clear and much less waxy than that produced at the same
tempefature wlth the alkali prombted cobalt catalyst.
EXAMPLE IT

To ahow the effect of variation on the reaction of
. the cobalt-iron ratiS in the coba1t¥1ron catalyst used
'10; -#écording to the invention, the followhg data were obtained
I'employing a fixed bed operation. The temperature of 500°F.
i i . Was chbaen as a result of the previous example, _In .each

case the catalyst contalned 4.4% thorium and 67. 6% 8105,

% Cobalt in Catal yat 25.2 21,0  14.0 7.0
Iron. in Catalyst 2.8 7.0 1,0 21.0
Prespure, Psig., =  —ccmucoooo_ . Y o DT P,
. . Temperature, °F. L emmememmea—- 500 m e e
§ . . Feed, H,/CO Ratioc = = = ccoeemo_. 1,15
1 ; Feed Rafe s V/V/He., e ————— 320~ mmemml
- 20. (O Converaion © 64 59 45 L]
i H2 Conversion 95 92 73 T2
: . Ha/CO COngumption Ratio 1.72  1.79 1.89 1,89
B . Ch+, cc/m H,+CO Consumed 172 170 205 197
! Olefins in Exit Gas
% In Co lg 7 6 9
L ‘ % In C3 6 51 46 57
o 4 In Cy 75 72 82 -

. Weathered Product :
P T Initial-500°F., Vol. % 71 8 76 77

? 30 Unset. of Init.-430°F.% & 64 64 58
Oy Product o _

: Unsat., & T6 76 72 -—

L Butene-2/Butene-1 . 3.2 4.0 0 -

e Water Gas Constant, % of .

Equilibrium ----Less than 0.1%-—-vun-
£

From the above data, the following roints are

noteworthy:

1. The use according to the invention of the cobalt- )

iron catalyst gives a uniformly high Hg/CO consumption
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ratio despite the variation in iron content and despite

use of' a low HB/CO ratio gas, This 1s consistent with

fhe fact that the calculated water gas constant 1s
apparently less than 0.1% of the equilibrium value, although
the amounts of 1iron present are relatively high., In the
case of a promoted iron eatalyat under asimilar reaction
conditlons, the approach to equilibrium would be in the
neighborhood of 50 to 90%.

2. The pefcent unsaturation of the product 1a

I L o T ST
S B I N . SO AR R T LTk

10 high and 1s relatively independent of the cobalt-iron

ratic when this ratio 1s 1/1 or higher.

T R R L)

3. Cobalt-iron ratios of 1/1 or less appear to

favor higher Cy+ selectivities.

ff‘ _ 4, The butene-2/butene-1 ratio is high, which is
£ in marked contrast to the' low ratios obtained with iron
catalysts. Thils means that since alpha olefins are low,
further treating of the product for octane improvement,
such as by ilsomerization, 1s aimplified. This 1s also true
in respect to treatment to convert oxygenated hydrocarbons
20 to olefins; such compounds are found only in negligiblé
quantities 1ln the product from the iron-cobalt catalyst as :
W againast an iron catalyst, in the product from which they + i
may be present in amounts equivalent to 2-4% oxygen.

EXAMPLE III

The followlng example shows the effeet when using
;_ N the iron/active carbon catalyst according to the Invention
3“- . -EV and the effect of varying the promoter content of the
;e catalyst upon the variables of product quality, Cy+ _
“ selectivity, catalyst actlvity, and olefin formation. In 3
20 all cases, the catalyst contailned 14.9% iron supported on P
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1 an active carbon carrier and the reaction was carried out
as a once- ~-through operation at a pressure of 75 pailg., a
temperature of 600°F. and a feed rate of 200 volumes of

syntheslb gas per volume of catalyst per hour,

i e

K2CO3, % ) 0 0.5 2,0 4.0
CO Conversion, % 73 83 77 66
Feed Gas Ratio, H,/CO . .15  1.15 1,15 1.15
g HQ/CO Consumption Ratio 0.78 0.62 0.55 0.5%
waLt;er' Gas "K", % of Equil. 33 63 8 9
{ 10 Yield Cy+, ce m3_H2+CO Cons. 217 215 - 206 199
‘ & Unsats. 1n C5 in Exit gas K3 8 87 83
b Collected 011 Product, Appearanca Clear Sl%gitly --Very Waxy--
y
011 Produet, Init. - 430°F.,Wt. % 90 T2 66 58

Est. Unsat. of Init. to 430°F., # Less 7 76 - 75
. : Ehan
0

. - The above data indleate ‘that the catalyst promoted
with 0,5% K2003, although giving a somewhat lower HQ/CO

consumption ratlo than the catalyst containing no bromoter,

5 ¥gave a product whose unsaturate content was far greater
'than that of the unpromoted catalyst. Thus, whereas an
‘unpromoﬂed catalyst prepared as above gave a product whose
unsaturation was less than Lo% (nof satisfactory for a
motor fuel), the 0.5% K2003 promotéd catalyst showed a
product unsaturation of T7%. Furthermore, the last-named
eatalyst had high selectivity for C4+ product, good

. activity for converting CO, and low wax production.

Catalysts contailning higher quantltiez of promoter 350wed

.f considerably highér wax-forming fendencies, lower

j'"select1V1ties’ and lower relative percentages of gascline

1n;the product, as well as substantially lower H2/00

congumption ratios.
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EXAMPLE IV

Under the same opérating conditiong as 1in Exampie
III catalysts contailning 0.1 and 0.3% K2003 were tesfed
employing as feed a synthesls gas. -eontaining Hz/bo in the
‘ratio of 2. 04 to 1 rather than 1.15 to 1.
K005, % 0.1 0.3 0.5
co Converaion, % Output o4 9% 93
H,/CO Consumption Ratlo, Output 1.03 0.85 0.67
Yield, cc. Cy+/m3 Hy+CO Consumed 142 205 214
Unsats. in Bxit Gas, %

Co 7T 5 77
c3 31 75 8
olleocted 011 Product i
Esf. Unsat, of Init. to 11 k6 70
430°F L) %

Here again it mﬁy be seen that even at a Qlightly
710war promoter content the unsaturation of the gaéoline
product is very low, indicating agﬁin ﬁhe criticality of
the promoter content.

Other promqters may be used, sucﬁ as potassium
hydroxide, potassium acetate and potaﬁsium*fluoride. The
important consideratién is thatrbinoe the promoter

H"éoncentration s’ probably aséoci&ted with the iron surface,
the ratio of promotef content to iron surface 1s critical.

‘Thua similar catalysts, of different particle size, and =

... therefore of different iron surfaae area wlll have a

.%;different critical prometer -content, depending upcn the
'extent of ircon surface are;.

" 'Thus in accordance with the invention hydrocarbon
_-syntl;esis opera.tions may be -carried out 'at low pressures to

h fg;véfhigh Yieldé of unsaturated compounds and minimum -
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quantities of wax, By dispensing with the oxygen unit and
operating the syntheais gas generator with air investment
coats are substantially decreased from the level where a
high presaure type of operation requiring an oxygen unit
i1s employed.

While the foregoing description and examples
serve to illustrate specific applications and results of

the invention other modifications obvicus to those skilled

lin the art are also within its scope,
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The embodiments of the invention in which an

exclusive prgperty or privilege is claimed are defined
As follows:

| 1. An improvéd process for converting €O and
Hz to normally liquid hydrocarbons of high olefin content
which ¢omprises contacting CO and H, in synthesis proportions
under synthesis conditions comprising pressures of from about
50 to about” 100 p. 8. 1.°g. with a dense turbulent fluid-
ized mass of finely divided synthesis catalyst, said
catalyst comprising an activated carboa suppert carrying
as active component iron prgmoted with not less than O

and not more than 1.0% by weight of the total catalyst, of

‘an alkali metal promoter.

2. The process of claim 1 wherein said iron comprises
from 10-20% of the total weight of said éataljst.
3. The process of claim 1 wherein said synthesis

. conditions include temperatures of from about 550°-650°F,

and feed rates of about 2-20 v./hr./w.

L. An improved low-pressure oncefthrough process
for preparing high yields of valuable olefinic hydrocarhoens
from synthesis gas containing appreciable quantities of
nitrogen which comprises passing a gas mixture containing R,
and CO in synthesis proportions diluted with nitrogen into
a hydrocarbon synthesis reaction zone, contacting said gaseous -
mixture with a dense turbulent mass of finely divided
ajhthesis catalyst consisting of an activated carbon support,
sald suppert carrying as active component from 1-20% by
weight of the total catalyst, of iron promoted with
0.4-1.0% of a potassium compound promoter, maintaining a
pressure of about 50-100 p. s. i. g. and a temperature of about
550°-650°F. within said zone, and withdrawing a product
containing high yields of liquid olefinic¢ hydrocarbon preduct.
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5+ The process of clainm 4 wherein said catalyat

is promoted with 0.5 weight percent potassium carbonate

based on the total weight of catalyst, said catalyst contains
14.9% iron, and reaction conditions within said zone comprise
a pressure of about 75 p. 8. 1. g. and a temperature of about
600°F.

6. The process of converting natural gas to

‘valuable liquid olefinic hydrocarbons in a low pressure

bnce-threugh operation which comprises oxidizing natural

gas with air in an oxidation zone to form synthesis gas
containing H, and €O in a ratic of about 2/1, and which gas
is diluted with nitrogen, passing said gas to a hydrocarben
synthesis zone, contacting said gas with a fluidized catalyst
comprising an activated carbon support carrying 'an iron
catalyst promoted with about 0.5 weight percent K260y based
on the total weight of said catalyst, said iron comprising

about 15% by weight of the total catalyst, maintaining a

pressure of about 75 p. 8. i. g. and a temperature of about
600°F. within said zone, and withdrawing a product containing
high yields of liquid olefinic hydrocarbons.
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