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CQATPLETE SPECIFICATION

Improvements in or relating to Methed of Synthesizing Gasclime
Hydrocarbons

I, Artavr Harorp Stevens, of 8—8,
Quality Court, Chancery Lane, London,
W.C.2, Chartered Poalent Agent, a
British Subject, do hereby declare the

§ nature of this invention (communpication
from Texaco Development Corporafion, a
Corporation organized under the laws of
the Sfaie of Delaware, United Siales of
America, of 136, East 42nd Street, New

18 York, 17, New York, United States of
Ameriea) and in what manner the same
iy to he performed, to be parienlarly
deseribad and ascertained in and by the
following statement:-~ :

1§ This invention relales to a method of
synlhesis gas conversion sad wmoxo
particularly to a method of catalytically
converting synthesis gas in the presence
of added aliphatic oxygen-comtaining

20 organic compounds so thet o greater por-
tion uf the product comprises liguid
hydrocarbons in the gasoline boiling
range.

Tn accordance with the present Inven-

8 tinm there is provided a process for cata-
Igtic eonversion of carbon monoxide and
hydrogen to produce liquid hydrocarbons,
which eomprises catalytically reacting
carbon monoxzide and hydrogen in a con-

80 version gone to form a produet mixzture
comprising maindy hydrocarbons, oxygen-
containing compounds awl water, separat-
ing oxygen-containing compounds from
said produef mixture and recycling a’por-

85 tion of said cxygen-containing eompounds
ta said evnversion zome so ag to inecrease
the yield of liguid hydroearbons,

In o preferred modification of the inven-
tion, synthesis gas comprising carbon

40 mounoxide and hydragen is catalytically
converted in & reaction zome 0 s produet
mixture comprising hydrocarboms, oxy-
gen-containing compounds and -water,
which mixture 1z separaied into a gas

45 phase, 2 liquid hydrocarbon phese and a
water phase, which latter fwo phases
contain dissolved thereln substantial
gusntities of sxygen-containing com-
pounds. The gas phase containing norm-

ally gaseous products of conversion and 50
unreacted carhon monoxide and hydrogen
is recyelad at least in ﬁﬂrt to said veaciiun
zone. The aquecus phase containing dis-
solved therein mainly low moleéular .
weight oxygen-coniaining eompnunds is 55
subjeeted ai elevatad {emperature and
pressure o extraction with o hydroearbon
solvent so ag to form o hydroearbon-rich
extrael phase containing most of the non-
acidie oxygen-coninining componnds and 60
s, wolerrich phase conbaining low mole-
cular welght organie acids. The hydro-
carbun-rick exiract phase i3 eombined
with the lgquid hydroearbon phase which
is initially separated from the products of 05
conversion and which, in general, con-
tains oxygen-containing cumpounds of
higher moleeular weight than the agueous
phase, Thereafter the combined phases
are fractionated into two components, ¥0
pamely a low hoiling fraction distilling
below 245 F. and a high boiling fruc-
tion distilling above the specified tem-
}Jera,turg..' A substantial portion of the
ow boiling fraction is recycled to tha ¥8
reaction zone so as to effect comversion of
ihe low beiling oxygen-containing com-
pounds contained, fhersin to liguid Lydeo-
carbons in the gasoline range,

The portion of the low boiling fraction 80
which is not recyeled to the synthesis wnit
iy enmbined with the high boiling frae-
tion and the composite is subjected to
exlraction with a hydracarhon-immiscible
golvent so 28 to extract oxygen-contaiming 85
compornds from the hydrocarbon solu-
tion. As a resull of the sxlzraction, thers
are formed o hydprocarbon raffinate which
is substantially free from oxygen-rontain-
ing compounds and a solvent-tich extract 99
phage containing extracted oxygen-con-
taining compounds. The hydroearbon
raffinate is then subjected to such furiher
treatment ag will improve ifs qualily in
ity intended wse. Oxygen - cuniaining 95
cr];mpounds aTa separated From the extract
phase.

Even when the catalyiic conversion of
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earbon monoxide and hydrogen is directed
mainly fowards the productivs of liguid
hydrocarbans in the gascline range, the
conversion is accompanied by the forma-
tion of considerable guantities of vxyyen-
eonfaining organie compounds. These
oxygen-containing orgapic enmpounds

comprise aloohols, aldebydes, ketones,

ssters and organic arids with the alechols
forming by far the greatest portion of the
oxygen-containing organiec by-producis,
In o typicel synthesis operation directed
towards the production of gasoline hydro-
carhons, the ozygen-conteining organio
compounds produced may amount lo as
much as 20 weight per cent. of the tolal
organie compounds prodnced. The lower
boiling oxygen-vontaining organic com-
pounds such as ethyl, propyl and botyl
alcahols, together wilh Tow boiling alde-
hydes such as ethanol, propansl und
butanal, ordinarily comprise a largs pro-
portion of the fotal oxymen-centnining
compounds produced. This invention pro-
vides @ mecthed of converting such low
hoiling oxygen-containing ecompounds,
which are not as valuable economically n=
the higher beiling ozygen-containing
compounds, inte liguid hydrocarbons boil-
ing in the gasolina range or higher
boiling oxygen-containing componnds,

When the produact of synthesis gas coa-

version is separnted into a gos phase, a
liguwid hydrocarbons phesc and an ague-
ous phase at atwospheric conditions, most
of the low boiling oxygen-containing
compounds, that is, compounds contain-
ing 4 or less carhon atoms, are present in
the agueons phese. This mvention pro-
vides a method of transferring these low
boiling oxygen-containing compounds to
the hydzoearbon fha.se whenee they may
be recycled, together with a low hoiling
hydrocarhon fractivn, to the synthesis
unit,

The resycling of a part of the hydro-
corbon frection of the praducts distilling
below 245° F. and containing substonti-
ally all of the non-acidic Jow boiling oxy-
gen-confaining compounds produced in
the conversion, has a {two-fold henefieial
affect in jncreasing the yield of gnsoline
hydroearbons produced by the synihesis
resetion: first, the low boiling vxyyen-
containing compounds which comprise
the alcohols produced in the nonversion np
to and inclugin buiyl alcohol; sldehydes
up tn and including pentanal and ketones
up to and including meihyl propyl ketone
are converted into pasoline bydrocarbons;
further, low boiling clefins such as propy-
lenes, butylenes and amylenes whirh ave
present befh in lbe recyele gas phase
soparated from the products and in the
racycle portion of the low boiling Lydro-

" solvent.

carhon fraction, are comverted inmto com-
pounds of higher molecular weight in the
synthesis zone se that a higher nltimate
yield of produet hoiling in the gascline
range iz obtained. A farther ndvantage
resides in the fact that fhe presenee of
Lguid hydrocurbouns boiling up to aboub
245° F. abzorbs a considerable portion of
the libarated sxothermic heat of reac-
tion, thereby minimizing the problem of
temperature condral in {he catalyiic con-
version of earhon munoxide and Lydro-
gen. The method of the invention has an
additional advantagre when a Hinid dense
phase type of catalytie conversion is
employed; the presenee of u substantial
guanizty of recyele hydrocarbens can he
nsed tn offset at least to snme exient the
vohime decrease secompanying the com-
version of carbon monsxide and hylrogen
irto liquid hydroearbons and the like,
In eontinuous operation, the produci of
synthesis ges conversion is initially separ-

‘ated inle a gas phase, an agueous phase

and a liguid hydroearbon phase nt elevated
temperature and pressure, The sepgration
of the product into these phases at elevated
iemperature and pressure reduces the heat
regquirements of the process since i is not
necessary to reheat the agueous phase
prior to extraction with a hydrosarhon
] Moreover, initial separation of
the produst af & temperature of about 200
to 00” T, and at a pressare of aboet 150
to 200 pounds pler square ineh displaces a
portion of the lower boiling exygen-con-
faining compounds from the ayueoas
phase to the hydrocarbon phuse, {hus
minimizing The burden in the solvent
extraction of {he aquecus phase so
that smaller solvent dosages and =2
smaller extraction tower may bhe
employed,

In order that the invention muy be
more adequately deseribed, reference will
10w he made to {he aecompanying figure
in which u preferred modification of the
proeess nf the invemtion is presented in

‘detail.

..Carbon monoxide and hydrogen in a
molacular ratio which is usuplly shoul 2
mols of hydrogen to 1 mol of carhon
monoexide are obtained from a source not
shown and introduced into a synthesis
unit 2 through a pipe 1. Tn the synthesis
unit 2, the reactants may be subjected to
enntact with a synthesis cululyst in the
form of a fluidized mass of solid particles
or pewder, A eatalyst having irom as its
main conslibuent is advantagecusly used
to effect this conversion althouwgh otler
gynthesis eafalysts containing cobalt or
nickel may be employed. The synthesis
eatalyst may also ecomprise alkali metnl
comnpounds und the oxides of metals such
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ag  thorium, magnesiom,
uraniym and vanadinm,

A ontalyst heving a composition of
about 93—08 per cend. irom, about 2—7

§ per cent. alumina aid aboul 0.1 to 3 per
eént, olkali expressed ae potassium oxide
bas been found to be partienlarly affective
for the conversion. The synthesis reac-
tion with such o eatalyst is wenally carried

10 out at a temperature of about 500 to
700" P. and under a pressure of about 150
o 800 pounds per square inch in order to
yield lquid hydrocarbons boiling in the
gagoline range a8 the primary product of
1§ conversion.

Amn effluent stream comprising the pro-
duneis of synthesis reaction snd unreacted
¢arbon monoxide and hydrogen leaves the
synthesis unit 8 throngh a pipe 8 and is

20 coovled o a temperature of about 175 to
300° B, ond preferably to ahounf 200 to
225° B. in an exchanger 4. As bas been
indicated previously, the efluent may be
cooled to zBout afmospheric temperaturs

- 28 at this point but this not only places an
added burden on the extraction of the
aqucous phase, but also naecessitates the
rgheaﬁng of the agueous phass prior to
its extraction with » liguid hydrocarthon

30 fraction.

The total product is inbroduced through
a pipe & info a separafor 8§ wherein the
agneons phase is separated from both the
normelly liquid hydrocarbon phase and

#& the normally gaseous produets of conver-
sion. 'The separator 6 is mnintained, for
example, at a Temperafure of pbout
200° . and at a préssure of about 160 o
300 pounds per sguara inch. The agueous

40 phase is withdraxn from the separator 8

through a conduit 7, Both the gas phase
and ‘gua liguid hydrosarbon phase are
removed fromn the upper portion of the
separatar 6 ihrough 8 pipe ¥ and are

46 cooled to approximately atmespheric con-
ditions in the exchanger 10 prior to intro-
dootion inte o secondary separator 11
which ig maintained ai abeuni atmospheric
cenditions of temperature end pressure.

50 In the separator 11, the liguid hydroear-
bon phiasa is separated frum the gas phase,
The liquid kydrocarbon phase is with-
drawn irom the separator 11 through a
pipe 12 and ils furiﬁle.r troatment will be

5§ described morve in defeil later, The gas
phase, containing unreactod synthesis gas
and pormally gaseous products of conver-
sion, stch as ethane, methane, carbon
diogide, ste., leave the separalor 11l

g8 through a pipe 14, Some additional
aqueons phoese separates in a secondary
atmospheric separstor 11 and is with-
drawn $herefrom, through a pipe 13.

The gas phase withdrown from the

6 separator 11 is recycled at least in part to

aluminum,

the synthesis unit 2. The portion of the
a3 phase which iz to be rec{eled pro-
caeds zlong the pipe 14 and combines wilh
the fresh feed to the synthesis unit 2 in
the pipe 1. There may be employed 70
recyele Tatios of {1.25 fo 4 wherein recycle
radlo iz expressed as mols of recycle gas
per mols of fresh feed. A vent 15 serves

as 2 means of withdrawing the non-
recycled portion of the gas phase which 73
portion may be treafed so as to recover
valuable constitvents such as bufanes
therefrom.

The addifional waler pHase which
separates in the sepurator 1T flows through B9
the pipe 18 info the condnif ¥ wherein i
combines with the aqueous phase initially
geparated from the products of conversion.
Combined agueous phases are then intro-
duced inte a primary extraction tower 20 &8
which iz maintained af a temperatmure of
about 200° 7. and a% a pressuxe of abodt
200 to 250 pounds per square inch.

Yo the exbraction fower 20, combined
aqueons phases are subjecfedl to counter- 98
current axtraction with a hydrocarbon
solvent smeh as maphtha which is intro-
duced therein.through e pipe 22. Under
the speeificd . conditions of temperature
and pressure ' prevailing within +the B3
extraction {fower, the bulk of the non-
acidie oxymen-containing organic com-
pounds are substantislly sxtracted from
the waler phase. As a result of the
countercurrent extraction in the towar 20,
there are formed a Yydrocarhom-rich
ex{ract phase containing non-acidic oxy-
gen-containing organic compounds and @
water-rich phase econtaining low molecnlar
weight organic acids,

The water-rich phase confaining law
molecular weight organie aecids is wifh-
drawn from the extraction tower 20
through a pipe 23 and the residual low
boiling non-acidic oxygen - conlaining 110
compnnnds which ate preduminantly etliyl
aloohol may be removed as aqueous aseo-
lropes by flashing in a flash tower 24. The
aqueous azeotropes comprising mainly
athy! aleohol-water azeotrope which has a 115
eompogition of abeut 85.5% oF aleohn! and
4 .69%" of waleris recyeled through a pipe
26 to the synfhesis unit for ennversion 4o
bydrocdrbons in the pasoline range.

Thereafter, the water-rich phase can be
introduced through o pipe 26 iuio a
fractionafing tower, nol shuwn, T which
the water may be distilled from the
organic acids by ageotropic distillation
with a hydro¢arbon fraction. The organic 125
aclds mey then be separated into-indi-
vidual components by fraetionation.

The hydrocarhon-rich extract phase
containing extracted non-acidic oxygen-
containing organic compounds leaves the 136
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extraction tower 20 through a pipe 27.
This extract phase proceeds olong the
pipe 27 and cembines in the pipe 12 with
+he hydroearbon phase intially separated
3 from the products of conversion. The
combined mixture confaining substanti-
ully all of the non-acidie oxygen~coutuin-

ing compounds produced in the conver- -
sjion which includes eldehydes, ketones, -

10 aleohols and esters is introduced into a
fractionating tower 28, .

Ta the fraetonating fower 28. the mix-
tura of hydrocarbons and axygen-contain-
ing compounds is divided into two frac-

15 tions: a low bailing fraction distiliing
below a temperature of 2457 F. iz taken
off overhead throngh a pipe 29; the resi-
Jual fraction, containing all the producis
of conversion distilling abave the chosen

20 tempernture of division, is witlidrawn
from the lower portion of the fractionat-
ing tower 28 through a pipe 30, 1If
215° . is chosen as the temperature of
whirh ke mixlure Is split inte f_mctmns,

28 1he overhead fraction will contain hydro-
eorbons containing wp to and including
about 8 carhon atoms per molecule,
alecohols up to and including huiyl
aleohol, sldchydes np to and jncluding

80 pentanal and kefones up to and including
methy! propyl ketone, .

The low hoiling fraction which leaves
fle froctinnating tower 28 through the
pipe 29 is divided into fwo portions. The

35 majur porticon is passed ulong the pipe 31
through which it is recycled {o the syn-
thesis mnit 3. This major purtion of the

low hoiling fraction of the products of

conversion, Hows through the pipe 31 into

40 the pipe 14 through whish gaseous pro-
ducts of conversion aye recycled to the
cynthesis unif 2. 1n the method of the
invention, therefare, the total feed to the
synthesis voit 2 comprises fresh eynthesis

4h gas, normally gaseons producis of com-
versjon  comprising earhon  dioxids,
methane, ethane, ciz., and the major por-
tion of the hydrocarbons and axygen-~-con~
tuining hydrocarbons distilling below

sa 245° K.

As has been indiealed, the paramownt
heneficial effeet accompanying the reeyele
of hydrocarbens and oxygen-contsining
products  distilling below 245° F. is

53 roalized in the ixéﬂglroved yield of liquld
hvdrocarbons distilling within the gaso-
line range thereby oltulned. This inven-
tion provides a simple expedient of con-
verting such ozygen-conlaining eom-

&0 pounds to high-grade fuel. The vield of
gasaline h."ﬂgrocnrhons may be increased
aa much as 10 per cent, when low-Doiling
hydroearhons and oxygen - containing
compounds are recycled fo the synthesis

63 unit as described in this invention; such

“drawn from  the

an improvement is significant in =
comuuerical unit making abeut 5000
harrels per doy of wasoline Liydrocarhons.
Tha minor portion of the low boiling
Tiydeocarhon and oxygen-containing pro- 79
duets of esnversion is divertdd from {he
pipe 29 through a pipe 34 and combines
with the high boiling residual hydroear-
kon and oxygen - coutaining preduects
which were wilhdrawn from the fraction- T8
ating tower 28 through a pipe 30 and
thereafter cocled in the exchanger 35.
The combined hydrocerhan phases are
iptrodneed through a pipe 36 into a
secondary extraction fower 87 which is 80
advrantaceonsly packed with contaet
maferinl. Therein the combined hydro-
earbon phases containing = miner poriion
of the oxvgen-contuining products of con-
version distilling below 245° F. and sub- B®
stantially all of tke osygen-conlaining
~nmpounds distilling ahove 245° F. are
subjected to extrastion with a salveni for
the oxygen-confeining compounds which
is immiscible with bhydrocerbons uwnder 890
operating couditivpns whiclh are uwsually
afmospheric. A solvenf such as ethylene
glycol iz intreduced inta the eviraetion
tower 37 through a pipe 38 and therein is
dontacted  countereurrently with the 86

- Dhydroearbon solution of oxygom-coniain-

ing componnds flowing upwardly there-
threngh. As & resylt of fthe secondary
extraclion, there sre Tormed a Livdzocur-
hon-rich rafinote whieh iz substantizlly 100
free from aleohols, aldehydes and Ytefones
and a selvent-rich exfract phase confain-

ing most of the unrervelad alechals, alde-~

hvdes end keiones produeed in the pro-
cess. Together with some of the esier 10§
produets.

FTthylene clyeol has proven to bean
exeellent solvent for efecting the extrac-
tien of aldebydes, ketones and aleahols
from the hydrocarbon solution. However, 110
it is contemplated thot other hydroeaz~
lmn-immiscibge golvents sueh as polv-
olefin glyeols, aldehydes sach as furfural,
ketones sueh as acetane and nitro hydro-
carbons such as nitromethane may be 118
employed for the snlvent exiraction of
aleohols, aldehydes and kelones Iromm the
bydravarbon solution. To fuether deserip-
tion of the invention, 1} will he assumed
that ethylens glycol has heen wsed ta 120
effect the axtraetion of the oxygen-enn-
taining compnunds from the hydreearhon
phase,

The hydrocarbon-riek raflinafe iz with-

. upper ]lmrtion of the 125
extraction tower 37 through « pipe 40 and
iz thereafter waler-waxhed 1 a wash
tower 41 for the remaval of any residual
glyeols dissolved therein. To this end,
wiler iz infroduced into the wash fower 41

139
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throagh a pipe 42 in the ratio of about
one volume of waber to 10 volumes of
bydrocarbon, The washed hydrocarbons
are withdrawn from the upper portion of
§ the wash tower 41 through a pipe 43.
poriion of this hydrocarheon fraction,
whick i3 subs’sa,ntmj' Iy free from oxygen-
contalning compounds, can be used to
effect the extraction of non-scidic oxygen-
10 containing compounds from the wader
phage in the primary exiraction tower 20,
Accordingly "5 portion of the washed
hydrocarbon solution is diverted from the
pipe 43 through a pipe 44 which latter
15 pipe communicaies with pump 45 and
exchunger 40 wherein the hydrocarbon
fraction is reised to o pressure of about
200 pounds per syuare inch and a fewn-
perature of about 200° F. The pipe 44
20 communicatey with the pipe 22 and freom
there flows imfo fhe primary exiraction
tower 20.
The remainder of the washed hydro-
carbons obtained from the wash {ower 41
#b pass through a pipe 47 fo a fractionating
tower 48 whersin it iz separated inio a
'gaao]ine froction and & diesel fraction.
The gasoline fractiom is taken off over-
head from the fractionating tower 48
g¢ through a pipe 49 and thereailer moy be
subiected te irestment with a maberial
such as bauxile fur the improvement of its
ovtane rating. The diessl Iraction js
obtained from the fractionsting tower 48
g5 through = pipe 50 and may nndergo treat-
menj stueh as contacting with silica el
which will remove any residual high
melecular weight oxygen-gontaining com-
" pounde still present therein. The diesel
g fraction may also be catalytically or
thermally eracked to yield more gasoline
hydrocarbons. The high boiling resi-
duem is withdrawn from the fractionst-
ing tower 48 through a pipe &l.
Solvent-rich extract phase confaining
dissolved therein mainty aleohols, alde-
bhydes and ketones is withdrawn from the
lowor seetion of the secomdary exéraction
tower 87 through a yipe 56 and is intro-
duced into a - fracticnailpg tower 8G.
Therein alcohols up to and meluding G,
aloohols, aldehydes and ketones distilling
below the boiling poing of ethylene %15001,
namely ahoui 388° ¥., are separafed by
ge [vactional distillation from. the solvent
.and from the higher boiling o?gen-cun-
taining vompounds. It should be moted
that the provess of fhe invenfion produces
only a small quantity of suoh lower hoil-
g0 ing aloohols, aldehydes and ketones
because the major portion of the vxygen-
containing products distilling below 246
I". are converted into hydrooarhons in the
gaspline rangs by recycling them to the
65 synthesia unit. The low boiling oxygen-

confeining compounds are removed as a
distillate from the fractionating tower 58
throughk & pipe 57.

The glycol solubion of high boili
oxygen-containing compounds is remaved T
from. the bottom porfion of fhe fractionat-
ing {ower 5§ through a pipe 58 and iniro-
duced info a distiliing fower 59, The
water from the wash tower 41 which con-
taing ethylene glycol and oxygen-contain- 7§
ing componnds which were washed from
the hydrocarhon raffinate is also intro-
duced into the distilling tower 59 through
pipes 60 and 58. In the distilling fower
o8, high boiling aleohols, aldehydes and 86
ketones are steam distilled from the
elhylene glycol solvenl as waler ageo-
tropes which leave fhe tower 59 through a
pipe 62 and flow into a settler 65 after
condengation in an exchanger 63. [

Glyeol from whieh higher boiling
oxygen-containing compounds heve been
steam-distilled is withdrawn Irom the dis-
tilling {ower 09 through a pipe 64 and is
therethrough recycled to the secondary
extraction towsr 87. The pipe 64 com-
municates with the pipe 38 which serves
as the eniry pips for the hydroearbon-
immiseible solvent.

Sinec the high boiling oxygen-contain- gy
ing compounds ave only sparingly soluble
in water, they are reatﬁl}r separated {rom,
the conien:aate copsisting of waler and
high hoiling oxygen-containing com-
pounds, Water is withdrawn from the 10¢
lower portion of the settler 65 through a
pipe 66. The higher boiling vxygen-von-
tazwug compounds are withdrawn from
the settler 85 through a pipe B8. The com-
bined alechols, a,'L%rleh des snd ketones ygp
may be subjected to mild catalytic hydro-
genation in order to comvery aldehydes
and ketones info ajochols, Since the oxy-
gheu-euntamm -compounds are mainly in
the form of alcobols as a result of thisyyg
treatinent, they are readily geparated inte
individual compounds by close fractiona-
tion. Imdividual alcohols may be rcoxi-

90

“dized to aldehydes and kelomes if such

compounds are desired.

T the description of the invention, the
product of synthesis pas ecomversion is
separated inte & liguid hydroearbon phase
and an agueous p%ase al elevated tem-
perature und pressure which agzeoms ygq
phase is then exfracted with a hydrocar-
bon solvent at elevated femperature and
pressure. It is contemplated that the
initial saparation: of the products of con-
vergion into an rqueous phase and a hydro. 195
carbon phase at elevates femperature and
pressure mey effeéct such a displacement
of low boiling .cxygen-containing eom-
puunds from the: aqueous phase o the
liquid hydrocarbon phase that the subse- 180
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quent ste]lal of separately extracting the
gqueons phase with o hydrocarion solvent
may not be necessary. Conseyuenily, ihe
syathesis produet may be separaied al
elavated temperature and pressure into un
a%ueous phase and a liguid hydracerbon
phase which iz directly introduced into
a fractionaiing tower for separation into
2 high-hoiling fraciion and o low-boiling
fraction, & portion of which is recyeled %o
the synthesis unit, The exiraction of the
agueous phase with a hydrocarbon sol-
venf is eliminated in (hiz instance.

It is contemplated that oxygen-contain-

ing ecompounds may e pcoycled to the
synthesie resction in the form of their
aquentts azestropes. In the deiuiled des-
eription of the invention, there is shown

the reeyole of ethyl aleohol to the syn-

thesis unit in the form of ifs aqueous azen-
trope. There 1g included within the seope
of the inveniivn ike introduciion of other

low-beiling  oxygen-containing  com-
pounds in the form of the agueous nzeo-

iropes, in which form they are readily
separated from the aqueons phase by dis-
iitlation.

T is furber contemplatced that low boil-
ing uxygen-containing compounds can be
recycled to the syuthesis unit without
employing a hydrocerbon carvier. This
econ he aceompiished hy exirvacting the
axygen-containing compounds from the
hydrovarhon phase of the synthesis pro-
duct, tlien separating the oxygen-coniain-
ing compounds from the exiraet phase
and reeyeling a low boliing fraction of
the oxygen~coneaining compounds fo the
synthasis unit. )

Hon-acidic oxygen-containing com-
pounds distilling below 245° ¥. constitiute
by isr the greater portion of the oxypen-

containing organic compounds produced

during the cuiaytic eonversion of syn-
thesis gas whichk 1s directed maimiy
towards the produciden of Liguid bydro-
carbons.  Aloreover, the most pravtical
sourte of oxyren-concaining organie com-
poungds {y se introduced into the convel-
8I0LL Z0NDe a5 paYy of the reactor feed is the
synthesis reaction product itsclf. Thus,
the addiiion oi vxygen-coniainiag com-
ponnds isolated in ine synshesis product
and distilling below 245" &', o the reac-
tiun feed wixture is the most feasible and
praciieahie methed of increasing the yield
of liguid hydrocarhons and decreasing the
yield of oxygen-containing compounds
during cataiyile conversion.

Huwsever, it is conbemplated that oxy-
gen-containing compounds devived from
gynthesis products which diséil above
245° ¥. be added to the reastion feed miz-
fure in order to decrease the yicld of oxy-

65 gen-containing componnds und inerease

the yield of liggid hydrocarbons produced

during vonversion of syuthesis gas.

Ii 13 alse contempiated fhai one par-
ticular type of aliphatic axygen-contain.
wog organic cugpound derived from syn~ 70
thesis pruducts li.Jt.‘ incorporated in the
teacilon feed mixiure. Since aleohols con-
stitute the major component of the oxy-
gen-containing organic compounds [ro-
duced during the eatalytic conversion of gy
synihesis gas, it is within the renlm of

-thiz inveniion that the alcchols aloue or

even nne particular alcohol, for exampie,
ethyl aleahol, be incorporated in the reac-
tion feed mixture. ‘The produciion of g9
oxygen-containing organio ecompounds is
substuntinlly deercased and the yield of
liyuid hydroeorbons is commensuarately
increased during conversioh, eveu by the
incorporation of one particular type ol &8
aliphatic oxygen-containing eompound in
the reaetion feed mixture.

aving now partienlarly described and
aseertained the nature of my said inven-

“tion a5 communiented to me by my g

foreign correspendenis, and in  what
mannar the same is to ha performed, I
declare that what 1 claim is:—

1. A proeess for catalytic conversion of
earbon menoxide and hydrogen (o pra- gy
duce liguid hydpocarbens, which ™ eom-
Prises catalytically reacting curbon wmos-
oxide aid bydrogen in 2 conversion zone
to form @ product misture compris-
ing mainly hydrocarbons, oxygen-con~ spy
tainiiy componncd: and waver, aapar-
ating oxygen-coniaining compounds from
said product mixture and recycling

. u poirtton of said oxygen~containing cown-

pounds to said coaversion zome so as o jps
mgredss the yield of liguid hydre-
carbons.

% A process according fo elaim 1,
wherein sald oxygen-centaining com-
pounds comprise wleohols, aldehydes, ;4
ketones and esters, at least one of said
ozygen-confuining  components heing
recyeled in at least substandal amouny to
gaid conversion zome,

3. A process for eatalyite conversion of 35
carbon meonoxide sud hydrugen for ile
production of Liquid hyarocarbons in The
gasoline vanpe, whicll comprises eatalyei-
cally reacting carbon monoxide and
hydrogen in a conversion zone to form a jyg
ﬁ;ﬂoduct mixture comprising mainly

ydrocarbons, oxypgen-containing ecom-
pounds and water, separating sald pro-
dust mixture into a gas phasc comprising
normally gaseous products of conversion 39z
and unreacied curbon monoxide and
bydrogen, a liquid hydrocarhon phase and
an aguneons phase and reeyeling o portiun

of said liguid hydrverarbon phuse distil-
ling below 245° F. 10 said conversion zone 130
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50 53 to inerease the yield of liguid hydro-
curbous in the geasoline renge.
4. A process according to clalm 3,
wherein oxygen-containing compounds
b distiiling below 245° F. are separated
from seid hydrecarbon phase and said
agqueous phase and at least a portion of
said separated oxygen cuntaining com-
pounds are recyeled to said conversion
anna,

5. A process according to claim 3 ar 4,
wherein said gas phase compriges norm-
ally gaseous products of conversion and
unreseted carbon monoxide and hydro-
15 gen, ot least a portion of said gas phase

being recyeled 1o said conversion zone.

6. A process according fo any one af
elaims i to 5, whereln a major portion of
said liquid hydrocarben phase distiliing

20 below 245° . is reoycled to said conver-
glon zone,

7. A process according o sny cne of
claims 8 fo 8, wherein said product mix-
ture is separated at elevated temperature

ap and elevated pressure into said gas phase,
liguid phase and egueocus phass, said

Liguid hydrocarbon phese being irac-

tioned ut afmospherlc pressure info a

low hoiling fraction distilling below 246°
gp F. and a high heiling fraction distilling

ahove 245° F.

8. A process according to any ome of
claims 3 to 7, in which tne product mix-
ture is separated into seid gas phase,

gg ligunid hydrocurbor phase amd agueous
phase at a temperature between 175 and

300° 1*, and at a pressure of 160 o 800

pounds per square inch. )

9. A process for the calalytic conver-

40 sion of carbon monoxide and hydrogen for
the production of liquid aydrosarbons in
the gasoline range, which compyises eata-
lytically reaciing varbon menoxide and

bydrogen in a conversiom sone to form a
&5 product mixture comprising mainly

bydrecarbons, oxygen-comtaining com-

10

pounds and water, separafing said pro-

dnet mixture inte & gaz phuse comprising
normally gaseous products of conversion
po and unreacted ocarbon. momnoxide and
bydrogen, » liguid hydrocarben phase

and an agueous phage, fractionating said
liquid hydrocarbon pliase info a fraction
distilling below 246" If. and a fraction
distilling above 245 V. and recycling a
portion of said low boiling fraction to seid
COnVErsion 200e o s lo inerease the yield
of liguid hydrocarbons in the gasoline
range.

10, A proeess according to claim 9,
wherein said agueous phass is subjected
to exfraction with a hydreoarbon soivent
at elevated temperanbure and pressure so
as to form a hydrocarbon-rich exfract
‘phags containing non-acidic oxygen-con- gy
tnining bydrocarbong and a water-rich
phuse containing orgunic neids, and said
extract phose is combined with said Lquid
bydrovarbon phase which was initially
separated frow said product aaixture, said
combined phases being fractionated at
atmospheric pregsure mlo said low hoil=
ing traction distilling below 245° 1. and
a high boliing fraction distilling above
2456° F.

11. A process according to any ome of
claims 3 to 1, wherein said aguecus
paase is subjected fo extraction with an
adiphafie hydrocarbon solvent at elevated
temperatere and pressure so as to form o
hydrocarbon-rich cxfracy phese conigin-
ing non-aoidic uxygen-containing hyduvo-
carbuas and a waterrich phuse contain-
ing organic acids.

12, A proosss according to either of gj
cloims 10 or 11, 1n which the separation
of the produet mixture and the extraction
of the aqueous phase are effected at sub-
slantially egoivalent coudilivns, namely
about 17o to 300° ¥. and at about 150 to
300 pounds per square inch.

13, Yhe process for the oatalytie con-
version of carbon monoxide and bydrogen
substantially ss hereinbelore deseribed.

Daded this 208k day of January, 1948,

For AREHUR HAROLD SYEVIENS:
Stevens, langner, Parry and Holiinson,
Chartéred Patent Agents,

5—9, Quality Court, Chaucery Lane,

londen, W.C.2, and at

120, Kast 41st Street, New Yorlk, 17,

New York, U.8.A.
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