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This invention relates to an improved method
for effecting the synthesls of hydrocatbons from
carbon moenoxide and hydrogen. Morc par-
ticnlarty, this invertion relates to a process for
suppressing the production of oxygenated
carbon compounds during the catalyric con-
version of carbon momoxide and hydrogen to
hydrocarbons.

Tt iz well known to the zrt to produce
hydrocarbons by the reaction of carbon mon-
oxide and hydrogen in the presence of a suirable
catalyst and uader the well defined conditions
of temperature, pressuie, and comgact time
specifically required for the particular type of
catalyst being employed. The products ob-
mined by the reaction of carbon monozide and
hydrogen also vary in type, configuration, and
molecular weight depending upon the particular
catalyst being employed.  Parafmic and
olefinic hydrocarbops are the usual products
pbtained in o reaction of this type ; by-products
consist chiefly of water, oxygenated compounds,
and carbon diogide. Experience has shown
that the otygenated compounds are predomi-
nantly alcoholic in nature and that small
amounts of ethers, organic acids, and ketones
are usually formed. In some cascs, it has
been observed that the concentrazion of alcohels
in the liquid products obtained by the hydro-
genation of carbon monoxide may be as high
as 20 volume per cemt. The presence of
alcohols inn the liquid prodoct is sometimes
objcctionable, It is known, for example, that
alcohols have Jowsr heat contemis per unit
weight than do the corresponding mono-clefins
produced by dehydration of the alcohols. If
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cult and expensive operatiop.  Separation by
distillation alone cannot be effected econommically
becanse of the progimity of the boiling points
of the alcohols and the hydrocarbons. A
complex mixture of the type obtained by the
reaction of carbon monoxide and hydrogen
does mot lend itsclf easily to extractive or
azeotropic distillaton procedures for separating
the alcohols from the hydrocarbons.  Solvent
extzaction of the afcghols from hydrocarbons
is not easily accomplished in the case of the
high molectlar weight compounds. It would
be desirable, therefore, to effect the produciion
of hydrocarbons essentially free of aleohols by
means other than those discussed above.

Te is the primery object of this invention to
reduce the alcohol content of the product
obtgined :in.the synthesis process in which
carbon monoxide is catalytically hydrogenated.

A further object of this invention is to comvert
alcohols “formed during the reaction of carbon
monoxide and hydrogen to watcr and to mono-
olefins having higher heat contents and higher
octane ratings than the alcohols.

It has previously been proposed to hydro-
genate carbon monoxide using catalysts which
favour the producton of oxygemated hydro-
carbons, the total procucts from rhis reactien
or & segregated fraction thereof being also
subjected to the action of a dehydrating catalyst.
For example a method for the production of
methyl aicohol has been disclosed which
comprises reacting carbon monoxide with
hydrogen-containing gases in the presence of
a catalyst favouring only the formation of
formeldeliyde and causing the formaldehyde
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Tmprovements in- or relating to the Catalytic Synthesis of Hydroearbons.

ARNoLY, a British subject, of
Buildings, Chancery Lane,
do hereby declare the nature
(a" commumication {rom

I, CONEAW
29 Southampion
London, W.C.2,
of this invention

- $TANDARD Qi DEVELOPMENT COMPANY, &

corporation duly organized and existing under
the laws of the State of Delaware, United
States of America, having an office at Linden,
Mew Jetsey, Tinited States of America) and in
what manuer the same is 1o be performed, to
be pacticularly described and ascerrained in and
by the following statement :—

"This fnvention relates fo an improved method
for effecting the synthesis of hydrocarbons from
carbon mopoxide and hydrogen, More par-
ticularly, this invention relazes to 8 process for
suppressing the production of oxypenated
catbon compounds during the catalytic con-
version. of carbon mionoxide and hydrogen to
hydrocarbons.

To is well known to the art % produce
hydrocarbons by the reaction of- carbon mon-
oxide and hydrogen in the presence of @ suitzble
caralyst and undet the defined conditions
of temperature, pressure, end conact time:
specifically required for the particular type of
catalyst being cmployed, The. products ob-
tained by the reaction of carbon monoexide and
hydrogen also vaty in type, configuration, and
molecular weight depending upon the particuiar
camlyst being cmployed Paraffinic and
olefinic hydrocarbons are thé usual products
obeained in a reaction of this {ype ; by-products
consist chiefly of water, oxygenated compounds,
and carbon dioxide. Experience has shown
that the oxygenatsd compounds are predomi-
nantly alcoholic in nature and that small
amounts of ethers, organic acids, and ketones
are nsually formed. In some cases, it has
been observed that the concentratien of alcohols
in the Hquid products obtzined by the hydro-
genation of carbon monexide may be as high
2s 20 volume per cent. The presence of
gicobols in the liquid product is sometimes
objectionable. It 1s known, for example, that
aicuhols have lower heat comtents per unit
weight than do the corresponding maono-olefins
produced by dehydration of the alcohols, . I

[Price 2/-]

Application Date : Aug. 23, 1946,

s F g T -

Complete Specification Accepted : Nav. f, 1949.

s e —— A ——rr—

the products of the synthesis reaction are 10 be
used as fuels, it js_desirable that the material
have as high a heat conent per unit weight s
is possible in ozder to decrease the amount of
fuel required for long operations, Alcohals
also are krown to bave lower A 8. T.M. Research
octanc ratings than the corresponding mono-
olefins from - which the alcohols ere derived
and, consequently, are not desirable com-
ponents of high octzme motor fuels.

"I'he removal of alcohoks from miztures of
hydrocarbons and elcohols is an y diffi-
cult and expensive operation,  Separation by
distillation alone cannot be cffected economically
because of the proximity of the beiling points
of the alcohols and the hydrocarbons, A
complex mixture of the type. obtained by the
reaction of ‘carbon monoxide aud hydrogen
does mot lend itself eesily m extractive or
azeptropic distillation procedures for separating
the alcohals from the hydrocarbons,  Solvent
extraction of the aicobols from hydrocacbons
is mot easily accomplished in the case of the
high molecular weight compounds. It would
be desirable, therefore, to effect the production
of hydrocarbons essentially free of alcohols hy
mesns other than those discussed above.

1t is the primary object of this invention to
reduce the slcohol comtent of the product
obtained in the synthesis process in which
carbon monoxide is catalytically hydrogenated.

A further object of this invention is to convert
alcohols formed doning the reaction of carbon
monoxzide and hydrogen, to water and 1o o0o-
olefins having higher heat contents and higher
octame ratings than the alcohols.

Tt has previously been proposed to bydro-
genate carbon monoxide using catalysts which
favour the production of oxygenated hydro-
carbons, the total products from this reaction
ar o segrepated fraction thereof being elso
subjected to the action of & debydraring catalyst.
For examplé a method for the production of
methyl alcohol hns heen disclosed which
comprises reacting carbon menaxide with
hydrogen-containing gases in the presence of
a camlyst fayouring only the formation of

formalkiehyde and causing the formaldelyde.
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so produced, withour separation from the gas
strearn, to react with hydrogen in the presence
of mild reduction catalysts and oxidation cata-
lysts, the reduction catalysts being im such
excess as to favour only the production of
methyl alcohol. The gases issniog from the
methyl alevhol converter 'with or without the
recovery of methyl alcohol, may then be
further reduced to methane in the presence of
strong rectzction catelysis such as won, nickel
or cobelt, together with a dehydratng catabyst.
In the synthesis of olefing from gas mizturss
containing carbon monoxide and hydrogen, it
hias also been proposcd.to separate a Cp-Chp
hydrocarbon product conesining abour 20%
of alcohols and to subject this frection to the
action of a dehydrating catalyst, whercby the
alcohols therein are converred inte olefing and
water,

The present invention is directed to a
process for the catalytic synthesis of hydro-
carbons from carbon monoxide and hydrogen
and is distinguished from the above prior art
propusals in that, on the one hand the praduc-
zion of ozygenared carkon compounds such as
methyl alcohol and higher alcohols is deliber-
ately suppressed by the use of hydrogenation

. catalyste which favour the formation of =

30

predominantly hydrocarbon product, asd on
the other hand the totel products from this
synthesis are passed withoui condensation or
separation over a delrydrating catalyst to ensure
that the final products ape substentially free
from ozygenated hydrocarbums. 'The step of

§ passing the total rcaction products over a de-

hydrating catalyst has been found to give nn-
expectedly beneficial results in that the nor-

- mally undesirable by-products, such ay weter

au

5]

and COy, do mot serve merely as dileenrs in
the reaction but serve also 1o suppress un-
desirable cracking and catalytic reactions which
tend to change the hydrovarbonr products of

. the synthesis process to less desirshle com-

pounds. .

In essence, it is proposed to synibesize
hydrocerbons essentially free of alcobols by
passing carbon monozide and hydrogen over
a Fisher-Tropsch synthkesis caialyst and under
well defined conditions of tomperature, pressure,
and centact time and, simdtaneovsly or
immediately following said synthesis reaction,
contacting the total reacton products with 2
dehydrating catalyst under such conditions that
the alcohols formed during the synthesis re-
action are converted to the comresponding
olefinic hydrocarbons and water. It is pro-
posed to employ 2 dehydrarng catalyst either
it 3 sepagate reaction zome or admized with
the synthesis catelyst in such u mspner that
alcobols formed during the synthesis reaction
are converted to hydrocarbons and water and
the Hauid resction product thus obteined con-
sists chielly of paraffinic, olefinic =nd other
types of bhydrocarbons. TThe dehydraring
catalyst employed is one that will, under snit-
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able 1cmperamare and pressure conditions,

convert the alcohols admuzed with the hydro-
cerbons to the currcsponding dlefinic-type
hydrocarbans without at the same time altering
the structure of the origmal hydrocurbens
produced in the synthesis opcration.

This invention may ke more readily under-
stbod by referring to the single fisure of the
accompanying drawing which is a fow diagram
showing a method o%‘ practicing the present
invention. Carbon monoxide and hydrogen

repared by means well koown to the art pass
through line 11, at the pressurc desired in the
subsctucnot synthesis reaction, into reactor 12
contabning catalyst mass 13 whegein the carbon
monozide axl hydzogen are converted to
hydrocarhons, oxygenated compounds consist-
ing chiefly of alcohols, water, and rinor portons
of carbon diozide. Since the reaction of
carbon monoxide and hydrogen is eznthermic,
it is necessary that reactor 12 be so constyacied
that the tremendous amounis of heat cvolved
during the reaciion may be removed from the
catalyst bed 13, The removal of heat from
catalyst bed 13 must be carefully contrelicd so
that the tenaperature in the cetalyst bed emn
be maintained within the narrow limits required
for the catalyst to reach its mavimum activity.
Reactor 12 msy be comstructed according to
any. of those designs well known to the art in
which. the proper Leat coatrol is effevively
maintaired.  In the drawing a space is shown
between the shell of the reactor 12 and catalyst
bed 13, with inlet and ontlet Yires @ and 10,
respeciively, for supplying and withdrewisg a
suitable fluid to the space for cputeelliay the
tesaperabure of the catalyst bed.

‘The efloent from cemlbyst bed 13 contaizing
unreacted carbon monoxide and Diydrogez,
hydrocarbons, vxygenated compounds consist-
ing chiefly of slcobols, curbon diozide, amd
water, passes through line 14, cooling or heat-
ingmeans 15, and lne 16 1o reactor 17 conltaining
e suitable debydeatiug catalyst.  The temwpera-
ture to which the cffivenr from teacror 12 is
heated or cooled in means 15 may vary
depending on the type of cetalyst contained in
reacior 17, This effuent passes through
catalyst contained in reactor 17 under such
conditions of temperature, pressure, and contact
time, hat the zlcohol acd cther constituenis
contained therein are converted te water and
mond:olefins. The effuest from reactor 17
passes through lice 18 to cooling means 19
wherein the major portion of hydroczrbons and
water are liquefied. The liguefied bydro-
carbons, and wster pass throngh line 20 to
settling roeans 21 wherein the toial mixture is
scparaied inio a hydrocarkon phase and a water
phase.  Water is withdrawn continuously from
settler 21 through line 22, and the hydroczrbon
layer is withdrawn contimeously ffom serder
21 ‘throngh lise 23. Non-condersible mra-
terials contsined in the effuent from vesctor 17
may be withdrawn from the top of seitling
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‘means 21 through line 24. These gases are
vonducted to & separation means, not shown,
n order t recover unreacied carbon menozide
aud hydrogen for recyeling to reactor 12,
The liquid hydrocarben layer passing through
line 23 is conducted by pump 25, and line.26 to
distilling - means 27. The hydracarbons are
separated into 2 plurality of fractions in distilling
thedng 27, hear being supplied during the
distillation by: means of heating ceils 28.
Hydrocarbon fractjens withdrawn from distii-
ing meads 27 end suitable- for use as moror
fucls, diesel fuels gr components of Iubricating
oils are withdrawn through lines 30, 31, 32 and
33. A heavy bottoms fraction withdrawa from
distifling means 27 through line 34 may be
employed as a lubricating ail or as a fisel oil.
If desirable, the frections withdrawn from
distilling means 27 and boiling in the tcmpera~
ture range of motor fisels may be hydeogenated
to improve their octane and stability character-
istics. Other treating processes such as
alkylation, isomerization, or aromatization may
be employed to impart improved ociane
characteristics to the gasolive hydrocarbon
fractions withdrawn from distilling means 27.
The ratio of hydrogen to carbon monoxide
employed as charge 1o reactor 12 will vary
depending on the type of catalyst cmployed in
the reactor ; however, it is usiglly desirable to
employ hvdrogen to carbon monoxide rarios
varymgfmmltulmZtol The catalyst

ceu:g{)ns from carbon monoxide and hydrogen
may be any of the types well known to the art
such as the ozides of the metuls occurring in
group 8 of the Periodic Table. 'These inclnde
iron oxide, cobalt oxide, and nfckel oxide
prepared in various ways and supported, in
some ¢ases, on carriers. These catalysts are
frequently promoted by oxmides of the alkali
metals such as potassium oxide, The condi-
tions to be employed in reactor 12 depend
upon the type of catalyst used and the ratio of
hydrogen to carbon menoxide passed over the
catatyst. Prossures of from atmospheric to
500 pounds per square inch gage may be used.
The temperatures maintained in the caralyst
bed may vary from 300° to 700° F.'; however,
the operating temperature for a given catalyst
must be maintained within a very narrow range
in crder to obiain the highest possible yield of
hydrocarbons from 2 given amount of carbon
monpexide and hydrogen. Thc gascous mix-
tore of carbon monoxide and bydrogen may be
passed over the catalyst at flow rates varying

from 100 to 1,500 volumes of gas per volume

of catalyst per bour.

The dekydrating catalyst employed in reactor
17 may be any of those well known to the art
effactive for converting zlcohols and ethers and
other oxygenated organic compounds ro mono-
olefing and water.  As specific examples, the
oxides of thorium, aluminum, tuagsten, or
chrominm may be mentioned.  Im some cases,

in teactor 12 for synthesizing hydro- .

it may be preferable to :mpreg:naxe ah::mma
with one or more of the other afore-mentioped
oxides and to cmploy this material as the
dehydrating catalyst,
poried on a smiteble carrier slso may be
cmployed. . erafurcs maintzined in
reactor 17 for the dehydration of alcohols and
ethers to mono-olefins may vary from 300° F,
to-temperatures as high as 800°F.  Pressures

cmployed in dchydrating meaus-17 may vary
from atmospheric to 500 pounds per square

~nch gage, althnrugh low presmres are wsually

preferred,

- In another modmcanon of the mvennon the
dehydrating catalyst may be placed in reactor
12 m a bed . immediztely below the synthcm
catalyst employed to effect the resction of
carbon monoxide and hydrogen.  This medi-
fication may be especially destrable in cases
where the syathesis reaction conditions arc
approximately the same as those comditions
required in the dehydratmg reaction. Anothex
modification of this inveation may be that in
which the synthesis catalyst and dehydrating
ca are inimately mixed so that, glcohals
and ethers formed by the reaction of carbon
menoxide and hydmgcn are dehydrated to
mono-clefins and water in the same catalyst
bed It is alse possible to impregnate a
suitable synibesis catalyst with 2 debydsating
catalyst of the'type previously mentioned and
to employ this nilzed catalyst for carrying out
both the synthesxs of hydrecerbon-conteining
products from ‘catbon monezide and hydrogen
and the dehydition of alcohols and ethers
formed in the synthesis reacton to water and
olcfinic hydrocarbons.

Having now particularly described and
ascertained the nature of the said invention,
and in what manner the same is to be performed,
as communicatéd to me by my forelgn correy-
pondents, I declare that what I claim is :—

1. In a process for producing hydrpcarbons
from 2 gaseous mixhre of carbon moepoxide
and hydrogen by passing the mixture over a
Fischer syathesis catalyst maintained at elevated
temperatuze and pressure to form 2 product
comprising predominantly hydrocarbons with
a small amount of oxygenated hydrocarbons,
water and carbon dioxide, the steps of passing
the total preduct without condensetion throvgh
a bed of a dehydrating caralyst maintzined n
a debydeation zone under dehydrating condi-
tions wherein debydratable oxygenated hydro-
carbons are suhstantially dehydrated to water
and unsaturated hydrocarbons without altering
subsrantialty the stucture of said prochiced
hydrocerbons, cooling the product from said
dehydration zone 1o cause su stantiel condensa-
ton of water and npormally lquid hydro-
carbong containeéd therein, separating water
and nom-condensible gasiform matetials from
said cooled praduct, and recovering a product
comprising normally liquid hydrocarbons sub-
stantially free of dehydratable oxygenared
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hydrocarbons,
2, Aprocessaccordmgto(]lmml wherein
the synthesis process iz carried out at a
temperzature in the range from 300° to 700° E,
5 and at a pressure in the range from atmospheric
10 500 pounds per square inch gauge,
3. A process according o Claim 1 or 2,

1—3, wherein the dehydration reaction is
carried out t & femperature in the range from
300° to 850° F. and at a pressure in the ranpe
from ammospheric w 500 pounds per square 15

inch gauge.

‘Dated ﬂus 231d day ofAugust, 1946,
TOUNG &
29, Southampton Bmldmgs Chance.ry Lane,
Londen, W.C.2.
Agents for the Applicant,

wherein the Fischer synthesis catalyst comprises

an oxide of a metal of Group VHI of the
10 Periodic Table,

: 4. A process according 1o any one of Claims
Frinted for HM.
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{This Drawing is a reproduction. of the Original on a reduced scole]
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