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COMPLETE SPECIFICATION

Improvements in or releting to Catalytic Synthesis of
Hydrocarbons

We, Xoreers Company, Inc., a corpor-
ation organized under the laws of the
State of Delaware, one of the TUnited
States of Ameriea, of Koppers Building,
City of Pittsburgh. State of Penngyl-
vania, United Siates of America,
Assignees of Aryrmp Bicmsmrp Powsar,
a citizen of the United States of Amerien,
of Koppers Building, City of Piitsburgh,
State of Penmnsylvania, United States of
Americs, do hereby declare the nature of
this invention and in what manner the
same i3 to be performed, te be particularly
described and ascertained in and by the
following statement ; — :

Thiy invention relates to the catalytic
synthesis of hydrocarbons. More parficu-
larly the invention relates to a eatalytic
synthesis of the type carried out by the
Fischer-Tropsch fype of reaction wherein

carbon monoxide is hydrogenated cata-
Jytically by an exothermic reaction,

The Fischer-Tropsch synthesis is now
being extensively used to produce two
general classes of hydrosarbons, When a
cobalt catalyst is used as a synthesis cata-
lyst the hydrocarbons formed are predom-
inantly paraffinie while with an iron cata-
lyst the hydrocarbons formed by the syn-
thesis are predominantly wunsaturated
hydrocarbons. These unsaturated hydro-
carbons produce a good motor fuel be-
cause of the high ociane rating of such
products. .

Each of the above-mentioned catalytic
reactions is highly exothermic and these
facts have required the use of a very com-
Dlicated reaction chamber to remove heat
and to control the temperature of the cata-
Lyst bed for an efficient operation of the
Process.

The primary object of the present in-
vention is to provide a process of catalytic
hydrogenation of carbon’ monoxide by
which the temperature of the vatalyst bed
may be easily and efficiently controlied.

Another objeet of the invention is to

provide a process for the catalybic hydro-
genation of ecarbon monoxide wherein the
exothermic heat of reaction may be
absorbed by the heat of vaporization of
a liguid distributed throughout the eata-
Iyst Dbed.

A further object of the invention‘is to
provide a process for the catalytic hydro-
genation of carbon monoxide by which the
exothermic heat of reaction may be ex-
pended by evaporating a liquid having a
constant hoiling point which is distri-
]guéfed thronghout the catalytic reaction

ed.

A still farther object of the invention
1s to pravide a process of catalytic hydro-
genation of carbon monexide in a catalyst
bed while simultaneously eonirolling the 68
catalyst bed by means of water eirculated
through the bed with the gases being re-
acted, ]

The various-features of the invention
are illustrated in the accompanying draw-
ing which is a flow sheet of an apparatus
in which a preferred form of the inven-
tion may be carried out,

It has been proposed to control the tem-
perature in the reaction zone during the
excthermic reactions in the manufacture
of hydrocarbons from earbon momnoxide
and hydrogen by suspending the catalyst
in a liguid medium which passes through
the reaction zone countercurrent tov the
products of reaciion. The catalvst and
liquid suspended therein are withdrawn
from the reaction zone, separated, cocled
and returned ts the top of the reaction
zone. Alechols. ethers, esters and heavy 85
petrolenm distillates and lubricating oils
are mentioned as suitable heat controlling
liguids, -

In another process the carbon monoxide
and hydrogen are passed throueh a reac- 90
tion zome in concurrent flow with a fuid
catalyst suspended. therein and a wholly
vaporizable fluid is injected into the Aunid
masg in the reaction ehamber and passes
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out of the reaction zone with the reaction

products,  Indirect heat interchange is

used to help comiro] the ‘temperature.
- Water or portions of the liquid product
5 produced by the process are mentioned as
‘suitabla cooling liquids to be injected into
the reaetion zone,

The present invention copsists in a pro-
cess of hydrogenating ecarbon monoxide
which comprises passing a synthesis gas
28 a mixture of carhon monoxide and
hydrogen in the ratio as parts by volume
in the range of 1:1 to 1:2 imic a syn-
thesis catalyst bed, preheating the gas
- 15 mixture enfering the catalyst bed fo a

: synthesis temperature and adding suffi-
clent water to the gpases passing through
the catalyst bed {o absorb ihe exothermie
heating of the synthesis reaction by evap-
oration of the water.

Suitable catalysts for carrying ouf the
Fischer-Tropsch type of reaction for ihe

10

hydrogenation of earbon monoxide eom-

prige cobalt, iron or nickel, fogether with
oxides of vanadium, uraninm, magnesinm 25
or thorium which act as promoters. The
oxides and metals are preferably deposited
upon & carrier such as diatomaceous earh,
siliea gel, or alumina gases. These cata-
Iysts are usually prepared and broken into
granular form for use in the present pro-
cess,

Tt has been determined empirically by
a large number of Iaboratory and pilot
plant runs that the following equation

30

88

" corresponds very closely to the type pro-

ducts made when operating with an iron
catalyst and a pressure of synthesis wgas

. between. 20 and 30 atmospheres with a

svnthesis gas composed of approximately 40
equal portions of carbou-monoxide and
hydrogen and a temperature of approxi-
mately 240° C. in the catalyst bed:—

-

4500 + 48H,, =8C,H,; + O, H, +3CH, + 1500, + 15H,0

45 When using cobalt as a catalyst and
operating 2t a synthesis gas pressure of
approximately 10 to 15 atmospheres at o
temperature of approximately 200° C.

with a synthesis gas composed of approxi-
mately 1% parts of hydrogen te one part of
carhon monoxide, the following preducis
are formed :—

50

4000 + 688, = CsoH,, + CH, + C:H, + 3CH, + 6C0, + 28H.0

, In. the synthesis reaction using ap iron
. BB catalyst it is found that approximately 588
‘ldlogram calories is evolved per cubic
meter of gas. This corresponds to approsi-
mately 62 B.t.u.’s per cubic foot of ges.
 With the cobalt catalyst the exothermic
80 heat of reaction is 635 kilogram calories
per cubic meter or 67 B.t.u.’s per cudie
foot of gas. .
Tt is important in.these reaciions that
the heat of reaction must be dissipated or
65 talken vare of in crder to control the reac-
tion and maintain an efficient temperafure
for the reaction. Tf has been found that
water ig a very excellent medium by which
the exothermic heat of reaction may be
70 dissipated because the water may be intro-
duced into the catalytic synthesis bed and
passed through the bed wiih the synthesis
gases and a3 the exothermie heat of reac-
{ion is evolved thiz heat may be absorbed
76 by evapordtion of the water fo form steam.
The pressure in the synthesis bed is suffi-
cienfly high to hold the water in a liguid
state until the temperature is raised above
the hoiling point of water at the existing
80 pressure. 1t-is impertent that approxi-
mately the right amount of water is used
to absorh all of the exothermic heat of
renction and that o slight excess not over

1% leaves the reaction catalyst bed in .

"85 orter to insure that liguid water is present
throughout the bed. )

Water is an excellent temperature eon-
trolling medium because it does not react
with the hydroearbons which are formred
in the reaction, Tt tends to wash and
keep the cafalyst granules clean and has
a eonstant hoiling point so that she tem-
perature throughout the catalyst bed may
be maintained at the boiling temperature
of water af the pressure existing in the
bed. 'With an iren eatalyst the synfhesis
temperature has been found to be eppro=i-
mately 240° €. at synthesis-gas partial
pressures of from 20 to 30 atmospheres.
With a cobalt catalyst the synthesis tem-~ 1GO
peraturs is approximately 200° C. with a
synthesis-gas partial pressure of from 10
to 15 atmospheres.

The preferred method of controlling the
synthesis reaction for the hydrogenation
of ecarbon monoxide may be carried out in
the apparafus Hustrated in the drawing
substantially as followa:

Irow Cararyst,

A mixture of carbon monoxide and
hydrogen composed of 40 to 509% CO and
60 to 509 H. by volume s introdnced
througll o line 10 into a compressor 12
where the pressure is increased to approxi-
mately 46.3 atmospheres or a pressure be- 115
tween 40 and 50 atmospheres, This com-
pressed gas passes through a line 14 inte
the top of a catalytic synthesis chamber
16 having a bed of catalyst 18 therein.
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As the synthesis gas passes through the
line 14 it is mixed with hot symnthesis re-
action gases introduced through a line 19.
This hot gas preheats the synthesis gas

5 toa temperature of af least R12° (. Water
is introduced intp the line 14 through a
line 20 and is mixed with the preheated
synthesis gag enfering the top of the syn-
thesis chamber, As soon as the gases
1o enter the catalyst bed of the chamber the
temperature quickly rises from approxi-
mately 212° {0 240° C. and is held at this
temperature as it passes downwardly
through the bed. The amount of water
15 being introduced is sufficient to provide
for all exothermic heat of reachon in-
volved in the synthesis of the gas. At the
temperature and pressure conditicns out-
lined above approximately 759 6f the
gp synthesis gases per pass through the cata-
lyst hed will be converted info the pro-
ducts shown in the formuls above and the
remgining 259 of synthesis gas passes
them with the conversion producty out of

a5 the boftom of the conversion chamber

through a line 21. Appraximately 509 of
the hot gases of renction are required for
preheating the synthesis gas and this gas
is faken through a line 22 and forced by
30 means of a blower 24 back to the line 19.
The recyeling of the products of reaction
gives an opportunity for a further hydro-
genation of unconverted synthesis gas in
the recycle gas, but the total comversion
85 of synthesis gas including the recycle is
preferably maintained at about T %.
The remaining half of the products of
conversion which leave the bottom of the
vatalyst chamber flow through fhe line 21
40 and pass in series through heat infer-
changers 26 and 28. These heat infer-
changers are preferably waste heat boilers
with water being introduced at the line
30 and steam being removed through the
45 lines 82. The waste heat boilers act to
condense hydroearbons and water which
are in the produets of reaction, these con-
densed products being removed from the
bottom of the boilers through the lines 84.
50 The carbon dioxide in the reaction gases
is not beneficial in the synthesis reaction
and, since it also ocenpics a certain volume
whick tends to eut down the capacity of
the apparatus, it is preferred to remove
55 the carbon dioxide from. the produets of
reaction, To accomplish this the cooled
gases from the waste heat boiler 28 pass
out through 2 line 36 and enter the botlom.
of a scrubber 38 in which the gases pass
g0 in countercurrent relation to a stream of
potassium carbonate or other absorbent
which is introduced into the top of the
tower through a line 40. The pofassium
carhonate readily absorbs the carbon di-
 gb oxide while allowing the hydrocarbons to

pass through the serubber 38, This potas-
siwm carbonate golution is takén from the
hottom: of the scrubber 88 by imeans -of
pump 42 and forced inte a CO, removing
tower 44, The potassium carbonate solu- 70
tion and CO, therein fows down across
trays in the tower 44 and is heafed in the
bottom of the tower by means of a steam
coil 48. Preferably the pofassium car-
bonafe sclution entering the tower 44 has 75
its pressure reduced through a valve 43.
By the pressure reduction and the heat-
ing the carbon diexide is driven out of the
potassinm carbonate solution and is ex-
hausted through an outlet 50, The revivi- 80
fled potassium carbenate solution is re-
moved from the botiom of the tower 44 by
means of a pump 52 and forced through a
cooler 53 into the line 40 for recireulation
through the fower 38. 85
The reaction. gases which have been
freed of carbon dioxide pass out of tower
38 through a line 54 and enfer the top of
a second ecatalyst reaction chamber 56. As
this gas passes through the line 54 into 90
catalyst chamber it is preheated by means
of hot gas which is introduced into the
line 54 through a line 58. The hot gas
flowing through the line 58 is composed
of hot reaction gases that are formed in D5
the catalyst chamber 58 and flow out of
the bottom of ‘the tower through a line 60
by which they ave circulated by means
of a pump 62 into the line 58. Water is

_infroduced into the line 54 through a line 100

64 to supply the cooling fAuid for control-
ling the synthesis reaction temperature.
Preferably the same pressure is main-
tained in the tower 58 as that pressure
which is maintained in the cafalyst cham- 105
ber 16. Approximately 509% of the pro-
ducts of reaction passing through the
catalyst chamber 56 are recireulated by
the pump 62 back through the line 58 for
preheating the synthesis gases. The re-110 .
maining 50:%  flows through ths lne 60
toe a condenser cooler 86 where the pro-
ducts are condensed and may be with-
drawn through a line 68. An addiiiomnal
18 to 201% of the ecarbon monoxide is 115
bydrogenated in the catalyst chamber 58.

Copare Cararyst.

‘When a cobalt catalyst is used for the
preduction of hydrocarbons substantially -
the same ciroulation of synthesis gas, re- 120
cycle gas and waber is maintained. = Tt
will be noted, however, from the formula
given above that the hydrocarbona formed
with the cobali catalyst are very much
heaviér or higher boiling point producis. 125
Therefore periodically the catalyst cham-
bers 16 and 56 will have to be opened to
remove the waxy products. With the
cobalt catalyst the synthesis pases musi
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“be heated to a minimum temperature of
176° O, and preferably the synihesis tem-
peraiure to be maintained in the eatalyst
bed is about 200° C. The pressure in the

H eatalyst chambers and system are lower
than using a cobalt catalyst so that the
heaf of vaporization of water at 200° C.
and about 24 atmospheres total pressure is
833 B.t.u.’s per 1b. of water. Therefore,

10 the amount of water added to the syn-

thesis gases may be carefully regulated to
put in the minimum amount of water that
1s mecessary in order to take cave of the
exothermie heat of reaction and thus avoid

15 cooling of the catalyst bed.

From the formule representing the
synthetic reactions when using iron and
eohalt catalysts it is shown that the iype
of hydrocarbons formed with an iron cata-

20 lyst pass through the waste heat boilers
and may be separated therefrom, An equal
amount of water and earbon dioxide are
formed in the reaction and wher the CO,
is removed the relative amount of earbon

25 monoxide in the synthesis gas is inereased.
Since approximately 25% of the synthesis
gas is hydrogenated in the catalyst cham-
ber 56 this catalyst chamber may be much
smaller than is the catalyst chamber 16.

30  The tofal partial pressures of the syn-
thesis gases (CO+ H,) by the arrangement
described above is approximately 25
atmospheres in both the catalyst chambers
16 and &6 when operating with an iron

85 catalyst. When operating with a cobalt
catalyst the partial pressures of the syn-
thesis goses in the catalyst chambers is
preferably maintained at 10 to 13 atmo-
spheres,

40 . When operating with either an ivon or
cohalt - eatalyst, the mixture of carben
menoxide and hydrogen may be passed
through a plurality of synthesis enialyst
beds in series to absorb the exothermic

4p heat. The volume of water which is
added to the reaction gas mixture enter-
ing the catalyst beds is based upon the
volome of gases and the temperature of
the specific catalyst bed into which the

B0 water is iniroduced.

ater is a very advantageous liguid for
controlling the synthesis reaction because
this material is formed in the synthesis
reaction and has a constant boiling tem-
Dperature. .

Having now particularly deseribed and
ascertained the nature of cur said inven-
tion and in what manner the same is to be
performed, we declare that what we claim

80 13:—

- 1. A process of hydrogenating carbon
monoxide fo produce hydrocarbons com-
prising : passing a synthesis gas as a mix-
ture of carhon monoxide and hydrogen in

65 the ratic as parts by volume in the range

of 1:11p 1:2 into n synthesis catalyst bed,
preheating the gas mixture entering the
catalyst bed to a synthesis temperature

-and adding sufficient water to the gases

Passing through the catalyst bed to absorb 70
the exothermie heat of the synthesis reac-
tion by evaporation of the water.

2. The process according to claim 1, in
which the amount of water added to the
synthesis gas is such that not more than

ot |
o

.18 of the water will leave the catalyst

bed as liguid water with the produets of
reaction,

3. Tke process according ip claim 1 or
2, in which the gas entering the catalyst 80
bed is prelieated to the synthesis tempera-
ture by recirculating part of the hot gases
of reaction leaving the catalyst bed back
for admixture with the fresh synthesis
gases entering the catalyst bed. 85

4. The process according to any of the
preceding eclaims, in which the synthesis
temperature for the preheated gas mixture
when using an iron eatalyst is 212° C.
with the catalyst bed maintained at 90
approximately 240° €,

9. The process aceording to claim 4, in
which the eatalyst synthesis reaction is
cartied vut at a total pressure of approxi-
mately 40 to 50 atmospheres pressure. 895

8. The process according to claim 4 or
3, in which the eatalyst synthesis reaction
Is carried out with a pariial pressure of
synthesis gas of approximately 25 atmo-
spheres,

7. The process according to any of
¢laims 1 to 3, in which the synthesis tem-
perature for the preheated gas mixfure
when using. a cobalt eatalyst is at least
176° C. with the catalyst bed maintained 105
at approximately 200° C. for the reaction.

8. The process aveording to claim 7, in
whick the catalyst synthesis reaction is
cmiTied out at a total pressure of approxi-
mately 20 {0 30 atmospheres,

8. The process according to claim 7 oz
8, in which the catalyst synthesis reaction
is carried out with a partial pressure of
sytithesis sas of approximately 10—15
atimospheres. 115

10. The process aceording to any of the
preceding claims comprising separating
water and hydrocarbons formed in the
synthesis and passing the residmal gas
through a second synthesis hed, preheat- 129
ing the residual gas to a synthesis {em-
perature and addicg sufficient water to
the gases passing throuch the second bed
o' absorb the exothermic heat of reaction
by the evaporation of water.

11. The process as claimed in any of
the preceding claims. which comprises
passing the mixture of carbon monoxide
and hydrogen through a plurality of syn-
thesis catalyst Leds in series in which te 130
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-

gas mixture entering each bed ig prebeated  Dated the 29th day of July, 1947,
Yo a synihesis temperature and adding to

the gases entering each catalyst bed g HASELTINE, LAKE & CO.,-
sufficlent amount of water 4o absorb the 28, Southampton Buildings,
5 exothermic heat of syathesis reaction hy London, England, an
evaporation of the water, 19, West 44th Sirset, Now York,
12. The process of bydrogenating car- N.Y, US.A,,
L monoxide substantially as described Agents for the Applicants.
1o with reference to the accompanying draw-
ing,

Leamington Spe: Printed for His Majesty’s Stationery Office, by the Courier Press.—1980,
Published &t The Patent Office, 25, Southampton Buildings, London, W.C.2, from whiech
copies, price 2s, 0d. each (inland) 2s. 1d. (abriad) may be obtained.
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