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1 .

This invention relates to the synthesis of hy-
.drocarbons by the reduction of carbon oxides with
hydrogen. .. More partmularly it relates to the
synthesis of hydrocarbons by  the . reaction of
carbon monoxide and hydrogen in the presence
of a catalyst under suitable conditions of tem-
perature and pressure.

The reaction for the. synthesis of. hydrocar-
bons, and particularly gasoline range and higher
boiling hydrocarbons, is carried out by contact-
ing a suitable catalyst for the conversion with a
gas mixfure consisting of or largely comprising
carbon monoxide and hydrogen in desired pro-
portions, and under certain specific temperature
and pressure conditions: In general, using cobalt
catalysts or those ¢containing substantial portions
thereof, reaction temperatures in the range of
175-225° C. may be used with the optimum tem-
perature being in' the neighborhood of 185°-
190° C. ‘Ordinary iron catalysts operate best in
a narrow range close to 240°. C. while sintered
iron catalysts require temperatures in the neigh-
borheod of 320° C

The synthesis reactlon is usually carrled out at
atmospheric or medium pressures, depending on
the composition of product.desired-and the cata-
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1yst used. A preferred range of pressures:suit- .

able for general use is from 5 to 15 atmospheres;,
_.but solid’ and liquid hydrocarbons may. be.pro-
duced in good yields at pressures of atmospheric
to 150 atmospheres or higher.
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Plow rates are variable, depending also on-

- catalyst, cooling means used “and products -de-
sired. Inecreasing contact time results in a lower
catalyst operating temperature and higher yields
per pass with less formation of methane. In order
to obtain a satisfactory rate of produection, suit-
ably rapid flow rates must be provided. - With
cobalt catalysts, for example, space velocities of
about 95-115 cubic feet of synthesis gas per hour
per cubic foot of catalyst are usually preferred
A space velocity of 113 cubic feet gives a conver-
"sion of about 70 per cent per pass at 185° C. With
sintered iron’ catalysts, much higher space. ve-
locities may be- used, .and velocities . of -10,000-
30,000 cubic feet of synthesis gas per.hour per

‘%0 experimentally, that the .yield of ‘valuable hy-
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cubic foot of catalyst have glven satisfactory re-

sults.
- Since the reaction is highly: exothermici:cool1n_g
means must ordinarily be:provided.- Such.means
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include cooling :tubes  through - which water or .

-other. cooling: fluid is c1rcu1ated such tubes bemg
positioned :in-or- surroundmg the ca,talyst zone.

- (CL 260—449.6)
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In addition to the catalysts referred to herein,

other - desirable “catalysts' include nickel-man-

ganese-aluming on kieselguhr, nickel-thoria - on

-kieselguhr; and cobalt- thona-copper on kiesel-

guhr. .

-An object of this invention is to provide a proc-
ess for the hydrogenation of carbon- monoxide
wherein the yield per hour per volume of catalyst
in the second stage of a two-stage catalytic proc-
ess is improved so-that it is substantially equal to
that obtained in the first stage of operation.

-~ Another object of this invention-is to improve
yields of liquid hydrocarbons per hour per volume

-of .catalyst in a single stage operation in which

the original feed gases contain substantial quan-
tities of inerts such as methane and carbon diox-
ide and less.than the optimum percentage of car-
hon ‘monoxide.

~In the process of converting mixtures of hydro-
gen-and carbon monoxide ‘into liquid and solid

,hydrocaibon products, .it is often feasible to run
the process in two stages in order to obtain the

maximum conversion of .the initial ‘gas mxxture
of liquid and solid products.  When operatmer two
conversion stages, it is desirable to: operate in
the nelghborhood of 70 per cent conversion ‘per
stage, thus making an overall’ conversion, . of
roughly 91 per cent based on the carbon monoxide
entering the first stage. The resuiual gas from
the first stage of opera,tlon i. e., the effiluent after
removal of Ci’s and heavier becomes the feed for
the second stage of operat1on The composmon of

this first.stage residite. gas or second stage feed
‘gas will vary somewhat depending upon the tem-
- perature lével of operation in the first stage: Due

to the unavoidable formation of .a certain guan-

“tity of inerts such as methane, ethane and carbon

dioxide, however, the percentage of ‘carbon mon-
oxide in this gas will most frequently be less than
in“the initial synthesis gas. "It has been observed

drocarbons per unit volume of catalyst per hour
under such conditions is lower: for the second
‘stage of operation than for the' first under the
same operating conditions for both stages.” Since
the yield per unit volume of catalyst is lnversely

‘proportmnal to the size¢f the plant requ1red fora

given . production; it is very important that ‘this
yield he mamtamed at a maximum for both stages

It has further been obseryved experlme.ntally, that

the percentave decrease in yvield per’ unit volume :

: ,of catalyst cbtained in: the second stage is d1rect1y

The use of direct-heat exchange ‘with non-reac-

‘tive liquids dxrectly 1ntreduced mto the react1 n
‘zone has also bheen suggested fard o
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fsecond stage over that to the first stage..

By

'addmg carbon monox1de to the second stage feed
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gases until the percentage is equal to that in the
first stage feed gases, it has been found that sec-
ond stage yields per unit volume of catalyst are
improved so that they are equal to first stage
yields. In spite of the fact, that upon addition of
carbon. monoxide from some external source to
the second stage feed gases the ratio of hydrogen
to carbon monoxide is less than in the initial syn-
thesis gas, this fact apparently has no substantial
influence on the improvement of yields by the
method of this invention as long as the conver-
sion of carbon monoxide is maintained at. sub-

stantially no greater than 70 per cent. Substan-

tially higher conversions, it has been found, re-
quire a greater initial amount of hydrogen. The
fact that increasing the carbon monoxide content
of second stage feed gas to equal that-initially
in first stage feed gas improves yields cannot be
predicted from prior art. From prior art, it is
‘evident thatthe effect of dilution on yields is de-
pendent on the particular diluent or combination
of diluents as well as on the quantity of diluent.
In the present invention it has been shown that
diluents from first stage reaction, such as meth-
ane, ethane and carbon dioxide, have no dele~
‘terious effect on yields per unit volume of catalyst
as long as the carbon monoxide content is main-
tained at the initial level.

The initial optimum concentration of carbon
‘monoxide in synthesis gas for this process, when
no inerts are present, varies with the nature of
the catalyst. For cobalt type catalysts, it is ap-
‘propriate to use an ‘initial feed containing two
parts of hydrogen to one part of carbon mon-
oxide by volume, In gengral the composition of
the synthesis gas may vary from 1 to 3 parts of
hydrogen for each part of CO depending on the
.catalyst used and other factors.

“Carbon monoxide for injection into the second

_stage feed gas may be obtained by high tempera-
‘ture -interaction of carbon dioxide with carbon
‘or carbonaceous material; it may be absorbed in
Tecoverable form from CO-containing gases by
‘absorbents known to the art, siich as cuprous am-
monium formate or cuprous ammonium lactate
solutions; or CO-rich gases may be. blended di-
rectly with first stage residue gas.

_ The present invention may also be used in con~
nection with one stage of operation. For in-
stance, in most industrial preparations of syn-
thesis gas a certain quantity of inert gases, such
as nitrogen, methane, ethane and carbon dioxide,

will be present. If the carbon monoxide content -

is increased so that the feed gas contains the
percentage that would be present on an inert-
free basis, yields per unit volume of catalyst will
then be equal to those obtained with inert-free
‘gas, containing the:same concentration of carbon
monogxide, providing the conversion of carbon
_,monox1de is .substantially no greater than 70
per cent.

. In the" accompanymg drawing, a flow diagram
'ﬂlustrates the process of this invention when two
stages of conversion are employed. The synthesis
gas feed is produced by introducing methdne,
steam and COz via lines I, 2 .and 3, respectively,
into ‘gas producing zone 4, where partial com-
bustion of methane takes place with formation
of 'H2 and CO in the desired proportions. The
‘synthesis gas is introduced via line § into a first
conversion ‘stage 6, containing the desired syn-
_thes1s catalyst, and. conditions are so régulated
that not more. than about 70 per cent conversion

of CO takes place. 'From the conversign unit the ¢

total effluent -flows “through line 7-to a cooler 8,
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where a water spray is utilized to condense heavy
hydrocarbons and waxes. These, and condensed
water, are removed via line 10, and flow to water
separation and fractionation means not shown.
The uncondensed effluent passes through line 9
to absorber 11, where Cs and heavier hydrocar-
bons are abscrbed in mineral seal-oil or other
absorbent. Unabsorbed gases which include

- methane, ethane and unreacted synthesis gas,

are removed overhead via line 12 and flow to
the second stage conversion zone 7. The mineral

. seal oil solution flows to stripper 15 via line 14
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‘is carried out under the desired conditions.

where dissolved hydrocarbons are stripped over-
head by heating or by decreasing pressure, the
stripped absorbent being returned to the absorber
via line 13. The stripped hydrocarbons flow to
the fractionation means through line 6. Fresh
CO to bring the CO concentration up to the de-
sired level, or to that existing in the feed to the
first conversion stage, is introduced through line
12¢ and the residual gas plus added CO flows to
the second synthesis stage {7 where conversion
The
products flow to cooling unit 19 where heavier
hydrocarbons and waxes are condensed by means
of a water spray, and water arid hydrocarbons
etc. ‘are removed through line 19¢. "The uncon-
densed product goes to absorber 21 via line 20,
where mineral sedl oi] or other suitable absorbent
dissolves C3 and higher hydrocarbons the residue
and unreacted gas going overhead through line
22 as tail gas. The solution flows into stripper
24 via line 23, and the light hydrocarbons are
stripped out by heating or pressure reduction.
These go ‘to fractionation through line 25, while
the stripped absorbent is returned to absorber 21.

) Example I
Normal two-stage ‘operation was carried out

under the following conditions:
Ist Btage | 2nd-Stage | -Overall

Catalyst. it miiavnnan 4 Co: ThO2 | Co: ThO2 j.ce auia.
‘Temperature, °C__ ... 220 | 220 foooeooooo.
Space velocity (v./v. cat./hr.)__. 153 153 118
Pressure, p.s.1g_ 100 100 fooiiiiaoas
Percent Contraction ! 51 85.8
Peroent Conver%xon 76 65 91.6

The .yield of hydrocarbons (C3--) in the first
stage was 17.0 gms. per liter of catalyst per hour,
and in the second stage was 14.7 gms. per liter of
catalyst per hours. The composition of the feed
gas for the second stage (tail gas from. 1st stage)
was: .

Per cent

CO - - S —— 28.9
H2 i i e i e e i s e e e 48,2
CH4 it i N i 185
CO2 e o 2 e e 3.8
99.4

The first stage ‘feed gas contained 33 3 per cent
CO and 66 6 per cent Ha.

Emmple II

" ‘When'' exactly the 'same ‘conditions as above
in Example I were used, extept that the CO con-
tent of thé: second stage feed- gas was‘ihcreased to
33.3 per: nt correspondmg ‘to ‘the percentage
in the 1n1t1a1 féed gag to the: first stage, a yiéld'of
17 smis: per liter of- catalyst per hour of hydro-

‘carbons (Caid) was ‘obtained from ‘the second

stage, - This yield is’ “equiivalent to ‘that obtained



2,610,200

in the first stage. 'The composition of the second
stage feed gas was:

Percent

CO o e 33.3
H oo 45.2
CHY ool i 1.3
CO2 o L T

99.5

The foregoing results clearly demonstrate that
when the CO concentration of the feed gag to
the second stage is increased to the same concen-
tration as that in the first'stage, the yield is sub-
stantially increased, even though by so doing the
hydrogen-CO ratio in.the second stage reaction
is decreased.

I claim:

1. A process for the synthesas of hydrocarbons
which comprises contacting a ‘gas mixture con-
sisting essentially of carbon monoxide and hy-
drogen as the reactive materials with a cobalt-
containing catalyst in g first conversion stage un-
der conversion conditions of temperature, pres-
sure and flow rate, said carbon monoxide and hy-
drogen being in the proportion of from 1 to 3 vol-
umes of hydrogen per volume of carbon monox-
ide and effecting not more than 70 per cent con-

_ version of carbon monoxide, separating Cs4-..

products of reaction from the effluent, recovering
a residual gas containing unreacted carbon
monoxide and hydrogen together with gases inert
in the synthesis reaction wherein the volume per
cent_carbon monoxide and the hydrogen to -car-
bon monoxide: ratio are less than the carbon
monoxide concentration and the hydrogen to car-
bon monoxide ratio in the feed gas to the first
conversion stage, adding additional carbon
monoxide to said residual gas to raise the volume
per cent of carbon monoxide to that value which
is present in the feed gas to the first conversion
stage and without increasing the hydrogen con-
centration in said residual gas, and introduc-
ing the resulting gas mixture into a second stags
conversion zone under the same conditions as the
first stage conversion zone whereby additional
hydrocarbons in yields equal to those obtained
from the first stage are synthesized.

2. A process for the synthesis of hydrocarbons
which comprises contacting a gas mixture con-
sisting essentially of carbon monoxide and hy-
drogen as the reactive materials with a cobalt
catalyst for the reaction in a first conversion
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stage under conversion conditions of temperature,
pressure, and flow rate, said carbon monoxide and
hydrogen being in the proportion of 2 volumes of
hydrogen’ per volume. of carbon monoxide and
effecting not more than 70 per cent conversion of
said carbon monoxide, separating C:4 products
of reaction from the effluent, recovering a residual
gas containing unreacted carbon monoxide and
hydrogen together with normally gaseous hydro-
carbons inert in the synthesis reaction wherein
the volume per cent carbon monoxide and the
hydrogen to carbon monoxide ratio are less than
that in the feed gas to the first conversion stage,
adding additional carbon monoxide to $aid resid-

Jual gas to raise the volume per cent of carbon

monoxide to that value which is present in the
feed gas to the first conversion stage and with-

-out increasing - the hydrogen concentration in

said residual gas, and introducing the resulting
gas mixture into a second stage conversion zone
under the same conditions as the first stage con-
version zone whereby ' additional - hydrocarbons
in yields equal to those obtained from the first
stage are synthesized.

3. A process according to claim 2 Wherem the
reaction temperature in each conversion stage is
within the range of 175 to 225° C.

4. A process according to claim 2 wherein the
reaction pressure in each conversion stage is
within the range of 5 t0.150 atmospheres.. .
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