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This invention relates to a method of synshesis
gas conversion &nd more particularly to a method &f catalyt-
ieally converting synthesis gas in the presencs of addad
aliphatic pxygan-containing organic compounds so that a
greater portion of the praduct comprises liquid hydrocarbons
in the gasoline boliling rangs. |

In ageordsnce with 2 preferred modifieaticn af
the invention, synthesls gas comprising carbon monoxide and
bydrogen is catalytically convertsd in a reaction zons to &
produet mixture coemprislng hydrocarbona, oxygen-containing
componnds and water, which mixture is separated into a gas
rhase, a liguid hydrocarbon phase and = water phase, which
latter two phazes contadin dissolved thaf&in substantial
quantities of oxygen-containing compounds. The gas phase
eontalning normally gaseous products of conversion and
unreschad carbon moncoxide and hydrogen is recycléd at least
in part to said resction zana. The aﬁuenus rhase cnntaining'.
dissolvad therein walnly low molecular weight oxygen-contain—
ing compounds ls subjscted at slevated temperature and I
prassure to extraction with s hydrocarbon solvent so &5 Lo
form a hydrocarbon-rich extract phase containing nost of the
nen-acidlc oxygen-containing compounds aod a water-rich rhase
eontaining low molecular weight arganic acids. The
hydroecarbon-rich extract phase is combined with the iiquid
hydrocarbon phass which is initially separated from the
products of conversion and which, in géﬂér&l, contains
oxygen-containing eompounds of highef molecular weight than
the agquecus phase. Thereafter the.cambinad phases nre
i fraetionated inte twe components, namely a low boiling frac—

tion distilling belew about 200 to 245°F. and a high boiling
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fraction distilling above ths specified tewmperature, A sub.
stantial portion of the low boiling fraction is recyeled to
the resction zene 8o as to effect conversion of the low
boiling oxXyEzn-containing cospounds eontzired therein bo
liquid hydrecarbons im the gaspline range,

The portion of the low hoiling fraction which is
not reeyeled to the zynthesis unit is combined with the high
wolling fractlon and the compssite is subjected to extraction
with a hydrocarben-imuiscible solvent mo as to extroet XY EE-
containing cempounds from the hydrecarbon solution. 4s a
reailt of the sxtreaction, thera are formed a hydrovarbon paf-
finate which is subatantizlly free from QIEYECTI-Canta Ladlng
compounda and ﬁ solvent-rich extract'éhase containin: ewbract-
e oxyeen-containlng cumpuunds.1'The bhydrocarbon raifinate i=
then subjected to suach further'treatﬁént ad will impvove its
ruality In its interdsd use, Oxygen-vontaining compounds are
separated from the sxtracs: phasa, _ 1
' Bven when tho catalvtie conversion of énrbon manuxi
!ids &red hydrugeh is direscted walnly towards the productidn of
?iquid hydrocarbong in the zasoline range, the vonverslon is
ncconpanied by the formation of conaiderable quantitles of
pryegen-containing organic compuunds.:_fﬁasa coynen-containing
prganie conpounds comprise alﬂahais, ﬁlﬁehydas, ketunas,

sters and organice acdds with the alﬁahuls forming by far the
reatest portion of the oxygenncnnﬁaining orgamle br-products.
n a typical aynthesis operation directed towards the produc-
tien of gaacline bydrocarbons, she ﬂxﬁganucontaining crganie
compoutuls produced may amsunt to as wush as 20 wsight par
leent of the total organic compounds produced. ‘“ha lower bodl-

ing oxypen-goentaining organic compounds such as athyl, propyl
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ing ocxygen-coutaining compounds, which are not as wvolusble
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and bubyl alechols, topgether with low boiling aldehydes such
& ethapal, propanal and butanal, ordinzrily comprisc a large
proporticn of the total oxygen-containing compounds produced,

?Eiﬂ invention providas g methiod of converting such low boil-

e&nnmmically a5 Lhe higher boiling oxygen-containing compounda
into liguid hydrocarbons bolling in the gasoline rance or
higher boiling oxypen-containing compobnds,

When the product ol syathesis gas corvernion is
separated into a gas phase, a ligaid hydrucarbons phase and
an aguegus phase at stmospheric conditions, most of tha low
boiling oxygen-contalning compounds, that is, compounds com-
taining 4 or less carben atons, are present in the acusous
phase. This inventlon provides é method of transferring thase
low boiling oxygen-sontaining compounds to the hydrocarbon
rhase whence they may be recyoled, together with a low bhoila
ing hydrocarben fraetion, to the syothesis unit. '
The reeyeling ol o partlof tEé kydrocorbon fractiani
of the products which boils bolow about 200 bo ALEQR,. and
which tontaing substantially all of the”non-auidic lbw boil-
ing oxygen-—containing comoounds produced in the cenversion,
has a two-fold beneficial cfioet 1n 1néfeasina twhe wiald of
easoline hydrecarbons produced by the éfhtheais reaction:
first, the low bolling oxyisn-containing compounds wliich
romprigs the alechels praduced in the conversion vy wo and
ineluding butyl alechel, zldshydes up to and includiag pen-
tanal and ketones up to and including methyl propyl kebone
are comverted inte gaseline hydrocarbons; farther, iow bpile
ing vlefins such as propylanes, l}ut-yleﬁ_es and awylenres which

are pressnt both in the rapycle gas phase separated frosm the

dpe




gas conversion is initially soparated into a gas phase, #n

products and in the recycle pertion of the low boiling hydro-
ezrbol fraction, are converted into cbmpounds of nirher
molecular weipght in the syntiesis sene so that & hiher
ultimzbe ywield of prodnct foiling in the gaseciine range is
obteined. &4 further sdventage resides in the fnet that the
prezenes of liquid hydiocarbons heiling up to alout 24597,
absorbs a considerable pertion of the liberated emotheric
heat of reaction, thereby minimizing the problen of Lempera-
$ure gontrol 1n the catalybic conversion of casrbon wonoxide
and hydrogen. The method of the jovention hzs ar additional
advantaga when a fluid dense phase type of cabalytic con-
veraioen is empleoyed; the presence of a substantial juantity
of reeyvele hydrocerbons con he uaed.ﬁé'pffaet at leosk Lo
somla extent the volume decrease acﬁumpénying the conversion
of carbon mpnoxide and hydropen intoﬁiiquid hrdrocarbons

amtd the like.

In contimugus opsration, the preduct of arnthesis :
' {
‘
aguests phasza snd a liquid aydroesrbop phase ot elevated
temperature and pressure. Tle separatien of the pr@ducﬁ

inte these phases at elevated tempersture and vressurs ree
"duces the heat requirements of the process siace it is not
necagssry to raheat the aqueous phase prior ©o exkraciion
with a hrdracerbon solvent. HMoreaver, initinl geperation

af the product at z temperatuirs ﬂf about 200 to 39007, and
a2t a pressure of ahput 150 to 300 pmuﬁﬁs per sousrs inch
dipplaees a portion of the lower bolling oxyisen-coanbaining
conpeunds from the aquecus phase to the hydrocarbon phass,

thus minimizing the burden in the sclvent sxtraction of the
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agueous phase zo that swmaillsr solvent dosages and z smaller

extraction iower may ba smployad.

In erder that the invention may be wors arisiuately
described, referenca will sow be mads to the acoolpsnying
Figurg I in which a preferred modifieation of the nrogess of
the invention is presented in detail,

LCarbon monoxlde and hydrogen in a wmolecular ratio
which 1s usually about 2 nols of hydrogen to L mal of carbon
monoxide are cbtained from g source not shown and iatroduced
into a synthesis unit 2 through a pipe 1. In the synthesis
walt 2, the reactancs may e subjected te contsct with o
synthesiz catalyst in the Form of a Fluidized moss of snlid.
particles or powder. & catalvst haying trom s its wailn

constituent is advantagesusly udad to effect this conversion

althouzh other synthasis uatal}sts containing evbalt or
nicksl may be employed. fThe aynthesis catalyst may also
comprise alkall meval compounds and the oxides of metals 1
such =28 thorium, magqgsium, alumibtm, weanivnm and vauadiuw, {

A uatalyéﬁ%ﬁé%%ng a composition of abont U3-%98 'per
cent iren, about 2-7 paF cent aluming and about G.2 4o 3 par
cent alkall expressed as votassium aiiﬁe has Leen found to
be partieularly effective for the cﬁﬁ;érsiun. The sy;nthesls
reaction with such a catalyst is ﬁaﬁﬁiiy carriel cut at a
tempsratire of about 5G0 to 7OOSF, and under a praszure of
about 150 to 300 pounds ber sguare inch in order to yield
liguig¢ hydroearhons boiling in the géanline ranze as ths
primary preduct of conversion.

An effluent strean cowprising the nroducts of B¥fi-
cheesia reaction and usnreanted carbon monoxide and hyrogen

leavas tha svothesis unit 2 Earswgh a8 pipe 3 anel 5 eoolad




lehase are removad from the uppar particon of the aaparaﬁnr-ﬁ

525458

to a temperature of about 175 te JI00PF. and vreferohly tao

anout 200 to 225PF, in an exchanger 4. A8 has hecn indicated
rreviously, the effluent may be sooled to aboul avmospheric
temperatures at this potnl but this not only placas an added
burden on the extraction of the agueous phase, but also
necessitates the reheating ol the ageeons phiase prier to its
extraction Wwith a liguid hydrecarbon fracbion.

Tae total product is intweduced throuzh a pipe 5
into a sepaprator O whereln the agueous phase is sepurated
from both the normally licuid hydrocarbon phose snd the
normnally gassous products of conversion. The separetor &

le molnteined, for examplz, at a temperature of alioul ICOOOF,
and at a preasure of about 130 to 300 pounds per squore inch,
The aguecus phasse is withdrawn from the separator & through
a conduic Y. Beth the gas phase and she liquid hvydrocazbon

through a pipe 9 and are cogled to appfuximataly mtmospheric;

conditions in the ex;hanga?-;-i-rior to introduction inté &
secondary separator 11 whish is mainﬁained at aboub atirgs-
heric conditions of temmeratupe ard pressure. In the sepa-
retor 11, the liguid bydyvacarbon pha;e is separated from the
Fas phazsg, The liguid hydrocarbon phﬁ;e is withdrawn from
the separator L1 throvgh a pips 12 and its further treaznent
mill he described more in detail laser, The zas ploze, cohe
taining unreantgd synthesis Fes and nermally gasesus products
[k c@n?éﬁéiﬁn, sach aa ethane, methans, crrbon dioxide, ete,,

.

Eﬁ@ge'tﬁa'aepaxmtnr 11 through a pips 14, Scwne =dditiensl

ﬁhﬁdﬁé“phasa geparates i & zecondary abmospharic separataor
I PR

1lﬂgﬁ&vis-withdrawn therofrom threugh a pips 13,
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The gas phase withdrewn from She sepurator 11 is
recycled at least In part bo the synthesiz wnit 2. Fhe
portlon of the gas phase wh:ich is to be recycled procesds
along the pine L& and combkings with the frash fzed to the
synthesis unit 2 in the pipe 1, There may be aupleyed re-
cycle ratics of 0,25 to &4 wherein recycla ratio is exnressed
a5 moles of recyvole gas per moles of fresh feed. & vent 15
sorves as a4 means ol withdrawing the non-reerelazd portion of
the gzs phase which portion mey be treated =0 as to Tocover
yaluable constituents sueh as babares therefiom, =ﬂiﬁ

The additional water phase which separstes in
tha separator 11l flows throuzh the plpe 13 into the conduit, 7
whersln it vombines with the aqusous phase iritially separatgd
From the products of conversion., GCombined aguegus phases are
then introduced into a priwery extraction tower 24 which is

. R

maintained at a temperatwra of about 2009, snd at o pressure b
N ' shieAy

__ﬂ;*

In the extraction bower 20, combined aquaous '”%ﬁ-
. e

phzgas are subjected to countercurtsnt extraction wibh a

of abnﬁt 200 to 250 poonds par 3guars inci.

"

hydraecarbon aolyent such na naptha which is intra@ubed
therein through a pipe 2%, Under the spociflicd condlitions
of temperature and pressurs prevailing within the extraction
tower, the bullt of the non-acldic¢ oxygen-contoindimn srganie
campounds is substantially axtracted Drom bthe water phase.
Ls B result of the countercurrent extraction in the tdﬁ%@.zﬂ,
there sre formed a hydrocarbonerdich extract phose containing
non-acldie oxygen-containing organie compoundz 21x¥l a Wolars
rich phase conbeining low moleﬂular.h;.might oirganic feida,

The water-rich phase D&ntéining 1oy nmolecwlar

weight orgzaic acids is withdraym from the extraction tower 20

8- _ o
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through a pipe 23 and the rezidunl leow bolling non-acidic
oxygen-contalning compounds whizh are predomimantiy ethyl
alesiohiol may be removed as agusous azeotropes by flashing in =z
flash tower Zh., The agquecus aseotropas semprising maialy
gthyl alcohol-water asectrope which kas s compopition of about
5,54 2lcohsl and b5% water is recycled through a pipe 26 to
the synthesis unit for eonversion te hydroparbons in the_gﬂs—
gline range. :

Thereaiter, the wster-rich phase can be intro-
ducad through a pipe 25 into a fractionating tower, not shown,
fin which the water may be distilled from the oreganic acids by
ageotropic distillatlon with a hydrosarbon fraction. The
organlc acids may then be sepafqtaﬂ iﬁﬁo.individual COmMLOn-
enta by fractiomation., o

The hydrucarbun-rich extract rhase containing ex-
tracted aon-acldic oxygen»cantainmng urganic compounds 1eavaa
the extraction tower 20 through 4 pipe 27, This extract phasa
procesds aleng the pipe 27 and combines 1n the pipe 12 with
the hydrocarbon phase initially separated from the ;roducts
of conversion. The combined mixture containing suhabantially
a1l of the non-acidic oxygen-contalning compounds produced in
Itha canversion which includes aldehydes, ketones, alecohols
and esters is introduced into a fractionating towar 28,

i In the fractiomating tower 28, the wixture of hy-
dracarbons and uxygan-cuntainiﬁg'dnmpqﬁnds is divided into
two fraetions: a low bolling fraction distilling helow a
temperature which liss in the range ﬁf about 200 to 245°F.
is taken off overhsad through s pipe ?9; the residual fra&-
tion, contalming a1l the products of conversion distilliné
above the chosan temperaturs ﬂf diviaion, is withdrawn from

the lower portion of the fractionating tower 28 through a
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pipe 30. If 245°F, is chesen as the temperature at which the
nixture ls split inge fractions, tﬁe overhasd fraction will
contain hydpocarbong containing up to and including about 8
garbon atoms per molecule, alechols up to and ineluding butyl
alephol, aldehydes up to and including pertanal and ketoned
up b¢ and lneluding methyl propyl ketone.

The low boiling fraction whieh leaves the fraction=-
ating towar 28 through the pipe 29 1s divided into two por-
tionsa, The major portion is paaﬁﬂd along the pipe 31 through
which it is recycled to the synthasis'pnit 2. This major
pertion of the low boelling fraction of the produchks of con-
verslon flows through the pipe 31 inte the pipo 14 through
which gaseous products of converéiaﬁ are regycled toc the
gyntheais unle 2, In the method of the invantisn, therafore,
the total feed to the synthesis unig 2 comprizes fresh ayn-
thesis gas, normally gaseous products of convsrsion compris=
ing carben dioxide, methane, sthane, etec,, and the major ;'
portion of the hydrocarbons and oxygen~containing hydrnc#rhuﬁa
distilling below about 200 to 245°F, _ '

48 han been indiuated,_fhé.paramount henaficialr&f-
foct accompanying the recvecle of hydrocarbens and nxygan-:
containing produsts distilling below 250 to 245%F. is real-
lzed In the improved yield of liéuiﬂ hydrocarbons distilling
within the zgascline range thersby obtained., This inventiocno
provides a slmple expedient of converting such axygen-cantain-
ing ecompounds to high-grade fuel. The yield of zascoline
hydrecarbons may be increased as much as 10 per cemt Hhan.low
boiling hydravarbons and oxygen~containing compounds are re-
cycled to the synthesis unit as deseribed in thiz invention;

such an improvement is sipnifimant in a ecommerecial unit




525458

making about 5,000 barrels per day'ﬂf gasoline hydrocarbons.
The minor pertion of the low boiling hydrocarbon
ant oxygen-containing products of conversion is diverted from
the pipe 29 throngh & pipe 34 and cowbines with the high
boiling residwal hydroearbon and oxygen-containing products
which were withdrawn from the fractionating tower 28 through
8 plpe 30 and thereafter cooled in the exchanger 35. The
{ecmbined hydrocarbon phases ure introduced through a pipe 36
inte a zacondary extractlon tower 37 which is advantazeously
packed with contact materlal, Therein the combined hydrow
carbon phases containing 2 minor portlon of the oXYZen~non-
taining preducts of conversion digtilling below 200 to 24L59F,
and substantially all of the uxyggp-éuntaining compounds dis-
| tilling above 2459F. are suhjecpad to extraction with a sol~
vent for the sxygen-containing compaunds which 15 Immisclble
with hydrocarbons under operating conditions which are uinaliy
atmospherie, 4 solvent such as ethylene glyeal is introduced j
Eintr:a the extractlon tower 37 thrcuéh a8 plpe 38 and therain;ia 1
contacted countercurrently with the hydrocarbon acluticn of
oxygen-containing compounds flowilng upwardly therathrough.,
iis a result of the secondary extractipn,'thare are formed a
hydrecarbon-rich raffinate whieh is sﬁﬁatantially free from
aleohols, aldehydes and ketomes and a solvent-rich extract
rhass contalning most of the unrecyciéd alcﬁhols, aldehydés

and ketones produced in the process, together with some of the

edker products,
Btkylene glycol has proven tﬁ be an excellent
solvan; for effecting the extraction of aldehyda=z, ketonas

mnd aleohols from the hydrocerbon solution. Howswer, it is=
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feontemplated that other hydrocarbon-immiscibls solvents such
a5 polyolefin glyeols, aldehydes such as furfural, ketones
suth as aecetone and nitre hydrogarbons sush as nitromethane
way be employed for tha solvent extraction of alcohcls, alde-
Lydes and ketones frowm the hvdrocarhon solution. In further
description of the ilovention, it will be assumed that
ethylene glyceol has been used to effect the extraetion of the
exygen~cuntaining compounds from the hydrocarbon phase.

The hydroecarbon-rich raffiﬁate iz withdrawn from
the upper portion of the extractlon towsr 37 through a pipe
) and i1s thereafter water-washed in a wash tower L1 for tha
remaval of any resldual glycola dissolved therein, To thias
gnd, water la introduced Into the wash tower 41 through a
plpe 42 in the ratle of about e volume of water to 10
Jvnlumes of hydrogarbou. The washed hydrocarbons are with=
drays from the upper portion of tha'ﬁash tower Ll thruﬁgh a
pipe 43. A portion of this hydfnna;ﬁbn fraction, which ig }
substantlally freg¢ from Oxrgen-cnntaining compounds, can be
nsed to effect the extraction of nun—acidic oxygen-vcontalining
componnda from the water phase in the primary extrdction tower
20, lBcgordingly a portion of the washed hydrocarbon solution
ia diverted from the pipe {3 through a pipe L4 which latter
pipe commmnicates with pump 45 and exchanger 46 wherein the
hydrocarbon fraetion.is raised to a pressure of sbout 200
pounds per square inch and a bemperaturs of about 200°F, The
pipe 44 communicates with the pipe 22 and from there flnwé
intos the primary sxtracticp tower 20,

The remainder of the washed hydrocarbons obtadined

from the wash tower L1 pass thrnugh a pipﬂ 47 to a fraetion~

ating tower L# wherein i: is separntad inte a gasoline frac-

w)Zm
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tion and a diesel fraction. The gascline fraction is taken
of f overhead from the fractionating tower 48 through a pire
9 and thereafter may be subjectéd pdftreatmant with a
material such ag hauxite for thé imprnvament of its octane
reting, The diesel fraction ia ohtéﬁﬁéd frow the Traction~
ating towsr 48 through = pipe 50 anq may underco treatment
tuch &5 contacting with silica gel whiéh will removre any
residual high moleecular weight oxygen-containipg compounds
still present thereln, The diesel fraction msy also ba
catalytivally or thermally cracked to yield more gasoline
hydroearbons. The high boiling residuum 1z withdrawn from
the fractionating towsr L& through a pipe 51.

dolvant~rich extract phase containing cissclved
therein mainly alechols, aldshydes and ketones is withdrawn
Trom the lower section of tha secondéry.axtractinn tower 37
through a pipe 55 and is introducsd.iﬁﬁb a fractionating
towsr 56. Therein alcchols up to and inclnding G? alcohola, |
aldehydes and ketones distilling baiﬁwhthe boiling point ?f
athylene glyéol, namely about 32889F,, are separated by
fractional distillation from the solvent and fram the higher
boiling oxygen-containing compounds, IE should be noted
that the proceas of the invention produces only a.small .
quaniity of such lower boiling aleohels, aldehydes and ke-
tones bacause the major porticn of the cxygen-containing
products dietilling below 245°F, are cﬁnverbed into hydro-
carbons in the gasoline range by faﬁfuiing ther ta tha
gyntheais unit. The low boiling 6kygéhpcontaining cnmpnuﬁds_
are removed ass a distillace from ﬁhe'}factinnating tower B
Ehrough a pipe 57. h

The glyeol anlution of higﬁ.hnilingﬁuygen-contain~
ing compounds.is rewoved from the bettom portion of the free-

tiomating tower 56 through a pipe 58 and imtroduced into g

~13-
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distiiling tcwer 59. The water from the wash tewer 41 which
containg ethylene glycol apd oxyeen-containing compounds
which wera washed from the hydrogerbon raffinste is also
introduced into the dizatiiling tower -39 through plpes 460 and
58, In the distilling tower 59, high bolling alcchols,
aldshydes and ketones are steam distilled from the gthylene -
glycel solyent az water azectropes which leavwe the towsr £9
through a pipe 62 and flow into a settler £5 after noudensa-
tlon In an exchanger 53, -

Glycel from which higher builiﬁg bxygen-contalning
compounds have been steam-distilled 1s withdrawn from the
digtilling tower 59 through a pipe 64 and is therethrough
recyeled to the secondary extraction tower 37, The pipe 6k
communicates with the pipe 3% which serves as the ertry pipe
for the hydroearbon-immiscible snlven;ﬁ_

Slnce the high boiling oxfgah—cuntaining compounds
are dnly sparingly aoluble in water, ﬁhey ara readlly sepa-
rated from the sondensate cﬂnaistiﬁg uf water and hiph boll-
ing oxygen-containing compounds, Water 1s withdrewn frnm‘
the lower portion of the scttler 65 bﬂrough a pipe 66, The
higher Beiling oxygen-containing compounds are withdrawn firem
the settler &4 through a pipe 68, The comblned alcohols,
aldehydes and ketonss may be subijected ta mila citalytiu
hydrogenation in order to coovert aldehydes and ketones into
aleohols, Since the oxygen-containing compounds ars mainly
in the form of aleohols az 2 result of .this treatment, they
are readily ssparated into individual compounds by close
fractionation, Individual aleohols méy-be reoxidized %o

gidehydes and ketones iT such compounds are desired.

- .




b25458

In the deseription of th‘E.r ‘invention, the produet of
E¥hihesiy gas conversion is separatﬂﬂ into a. liguid hydroear-
bon phase and an aqueocus phase at elevated temperature and
pressure which aguseous phase is then exbracted with a hydro-
carkon sﬁlvsnt at elevated temperatures an& pressure. it 1s
contemplated that ths initlal separation of the products of
sonversion into an aqueous phase and a hydrocarbon phase at
glevated temperaturs and pressure may effeet such z displace~
ment of low bolldpg oxygen-containdng compounds from the
aguapus phase to the liguid hydrocarbon phase that the subse-
gquent step of 2eparstely extracting the aqueous phase with a
hydrocarbon solvent may not be NECRESAYY. Conseyuently, the
synthesis product may be separatéd at elevated temperatura
!iand preasure Intoc an aquecus Eﬁésa éﬁ%.a liguid hydrocarbon
phase which ls directly introduced intoc a fract;unaning Lower
1| for separation into a high-boiling fféctiﬂn and a low boiling

fraction, a portion of which ls reeycled to the synthesis unls

|

The extraction of the aqueuuéﬂghaée with a hydroecarbon sﬁlvaét
'.]is eliminated In this Instance, r

It 15 contemplatsd that oxygen-containing compounds
may be reeyeled to the syntheais meaction 4n the form of thelr
aguecus azeotropes. In the detalled deseription of the in-
vantlon, thera is shown ths recycle cfiethyl aloochol to the
synthesis unit in the form of its aqueous azeotrope. There
la ineinded within the scope of tha.ihfentinn the introdue-
tion of othar low-hoiling uxygen-doﬁﬁéining compownds in the
form of the aqueocus asectropes, iﬁ wﬁiﬁﬁ'form they are peadi-

| 1y separated from the aqueous phase by distillation.
: It s further contenplated what low-boiling oxyzen-

contalning compounds can be recycled to the synthesis unit

=15~
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withowt empleying & hydracarbon carrief. Thie can he ac-
complizhed by axtranting the oxygen-containing compounds from
the hydrocarbon phase of the syothesls product, then sepa-
rating the czygen-containing compounds from the extract phase
and reeveling & low boiling fractisn of the cxygen-containing
compounds £3 the aynthesaiz unilt.

Non-acidic oxypen-containing compounds distilling
helow 243°F. constitute by far the greatesr portion of the
oxygen-containing organic compounds produced during the cata-
1ytic conversion of synthesis gas which is direscted mainly
ftowards the production of liquid hydfﬁcarbuns. Mareover,
the most practieal source of axygan;cnﬁtaining organic come
pounds to be introdased into the ;oﬁfé}sinn zone as part of
| the reactor feed is the syntheais_raﬁutiun product itself.
Thue, the addition of oxygen-containing compounds lsvlated in
the synthesis product and disti)ling below 245°F. to the reace
tion feed mixture 1is the most feasibls and practicable method’
of lnereasing the yleld of liguid hydrucarbans and denreasingi
i the visld of oxygen-—contalining compounds during catalyticr
gonversion, S '

However, it is contemplated that oxXygen-contain-
ing compountds which distill abova EuﬁﬁF; be added tv the reac-
tion fsed mixture in order to decrease bhe vield of oxygen-~
containing compounds and increass thé'fiéld of liguid
hihydrac&rbuna prodaced during conversion of gynthesiz gas,
Fupthermure, the oxygen-contalning crganic conpounds conprig=
ing organie agidz, sldahydes, alcohols, ketones and esters of
wide koiling point range and having up to about 20 carbon
fatoms per molecule may be derived from a0y zource whatsoevar,
The oxygen—containing compounds which are ineorporntod in the
raacticn feed mixture can YLe obtained f&um the catglytie

FECGH?BTEiDn of carbon meonexide and hydrogen which is directed

=18-
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mainiy towards the production of uxygan-cuntaihing compounds
and commonly known as the Jynol process. On a commerclal
geale, economic considerations will dictate the spource from
which should be obtained the oxygen;containing conpounda
which ara to be introduced into tﬁe reaction zone as par$ of
the reacvion feed mixturs snd 43 a consequence wnhe product
mixture itself 1s generally the source of oxygon-contalning
compeunds ipgorporated in the reactiom feed.

It ia alse eontemplated that one particular type of
aliphatic oxygen—-contalning organic compound he incorporatsd
in the reaction feed mixsure. Slnee alechols eonstitute the
major componsnt of the oxygen-contaiming organic compounda
produced during the catalytic conversion of synthesis gas, it
is within the reslm of this invention that alechols alona.or
aven one partigular aleohil, for exﬁmple, ethyl salcohol, be
incorporated in the reaction feed mixturs. The produetion of
oxygen-containing orgenic compounds is substantially decr&as@ﬂ
and the 7ield of I1iguid hydrncarﬁoﬁs iy goomensurately {
Inereased duripg eonveraion, even bf the Incorporation 0} e
particular type of aliphatiec sxygen-containlng compﬁund in
the reaction feed mixture, - |

Ubvioualy many modifications and variations of the
invention, as hereinbefors seot forth, may be made without
departipg from tha spirit and scaps thersof and, thorefore,
enly such limitations should be imposed as are indicated in

the aprended claims.

-17-
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Supnlementary Dgclosures

This invention ralates to 3 method ol synthesis gas
eenvarsion and wore pariicularly to a method For cabplytically
sonvarting synthesis gas so that a greatsr poftinn af thsa

g || product comprises liguid hydoocarbons.

This Supplemsntary Disclosure is part of our co-
pending anplication, Serial Ne. 570,584, filed Jsnuary 1£t
LoL8, wharaih it iz disclosed that the production of oxyEenates
in syntihesis gas conversion is decresased and the yiold of 1i-

10 || auid hydroecorbons is increased by reeyeling liwmid nxygenates
to the reactlon sona. This Supplemenbary Disclosure is partid
cularly diracted ta recyeling an azZectrops fraction, compris-
ing water and oxygenates and obtained by distillstion of the
aqueous phase, to the reactiuﬁ gona. Oxygenabe rroduoticon is

15 || supprassed and tha vield of liquid hydrocarbona is dnersased

by raeyole of an mEeotronic dtstillate fraction Lo vha reachidn
I a0ne, SR . {
In secordance with the pruﬁass of th;s inventien,
.p& an lmprevemsnt is wrought in the confersiun of synphesia gds
20 || te liguid bydroearbons by recyeling to the conversion zone
a fraction comprising an ssootropie mixture olf water and
water-soluble oxygenates nbiained by distillation o she
watar phase separated frow synbhesis product. The fecycling
af an azentropie distillate comprising water and wobar-solubld
253 || oxygenates incresses the yield of llguid hydroczrbons ob-
tainad during conversion and suhatantially suppwesses the
foriwatbion of water-solubla ﬁxygenateg whiech scoowpanies the
converzion of synthesls gas Into ii@uﬁﬂ hydrocarbons,  ‘The

distillate fraction recycled to the reaction wone cowprises

O [|10 to 40 per cent water and &0 to 90 ver cent oXyYEenabas,

/A
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Even when tae catalyticg feOversien of carion oon-
oxide acd hydrogen is directed msinly tewards the production
of liquid hydroearbone in the peargoline range, the conversiom
is accompanied by the foraation of gomsidersible uantities
of cxyzen-containing orgunic cownpounda, These oxyon-
consaining organie compounds couprise alcohols, alushydes,
ketones, ssters and organic acids, with the alcohels forming
by Far the greatest povtion of the oxveen-containin: arganic
by-products.  In a typicel cynthesis eperatizn direrted
towards the pnﬁduction of' gaseline hydrocarbons, the oxyzene
containing organic compounds produced may amount to as hizh
as 20 weignt por cent of the total organie compounds producad)
Ordinarily, oxvgenate production is.aﬁpruxinmtely 5 to 20
waight per.cent of the organiﬁ bompuﬁﬁds produced. The lowsr
bolling oxygen-containing nrganic.cnﬁpounds, sunh an ethyl,
propyl and butyl aleohols, together with low boiling alde- |
hydes, aush as athanal, prupanal'andzbutanal, ﬁrdinﬂrilylcnq;
prige a large proportlon of the total oxyenstas and ara
found in the aqueous phase of synthesls product. This inven-
tion provides a mebthod of suppresslng produchion ﬁf low Goll-
Ing water-scluble oxygen-containing compounds and effects a
corresponding inerease in tha yield of Gj+ bydroaarbons.

The oxygenales produced as a bv-product of the
conversion of synthesis zas ta 1iﬂﬁidihydru:arh0ns g valu-
able chemicals =t the present tiua, .Tﬁe present jovention
anticipates the day when o pluraiiﬁf-uf synthesis plants will
meke by-product oxygenates a rlut ahfthe narket, amt provides
a meana for incregsing the vield ofiliqﬁid hidvooarhons Fop
which thers will always Le & demand as fuel. #Wlfecting the

conversion in accordanca with the process of this iavantion
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resu'ts in éubﬁtanti&]ly souplate suppression of water-solubld
oiygenate uroductlon awd approximately a 10 to 20 pee cent
increase in the yigld of Jiguid hydroearbona.:

The prccasé of this invention is5 particularly appli-
cable to the production of synthetic hydrocarbhons by the
cabtalytic eonversion of a synthesls gas wixture cumﬁrising
approximately 2 parts of hydrogen and 1 part carbon oonosxide
by manbact with an lron catalyst in g fluldlzed system at
a bemperature betwsen 500 and TO0°F. and a pressure of 100
to 500 psi. Under these conditions it has beén Fuuml possi-
ble to produce a high yield of liquid hydrecarbons whilcen
are highly olefinle in nature and which can be convertad
inte high octane gascline by = Qimpla treating operabion,
such as vepar phase hawrite tréating, The preferred catalyss
for synthasis converaion of thia tyﬁé is an alknli;pramnted
iron tatalyst comprising 90 to 99,5 per ¢snt iron and 0.2 o'
2 per cent alkali promotor, such_hs potassium oxide; small !
pareentages of additlves such as alumina or silica way be
ipeorporated in the catslyst. The water phasc of aﬁnthesia
nraduct obbalned by convorsioen under ﬁhe afnre—dsn&ribad
conditions contslns apprnximateiy'zﬁ to 30 grams ot water-
aulgble oxyranates per cubic metar2;£”frash synthacis zas
charged to the reaction zone, Racyéle ol an azeotropic dis-
tillate of water and oxygenates te tha reaction sone sub-
stantlally suppreszesz fomiation of fhésﬂ water-soluble
oxygenates and results in annproximately 2 20 ter cent incireaad
in yleld aof Gy+ hydrocarborn fraction.

L surprising Facvbnr in the use of thisz invention

i5 that the sphstantlal waler contant of Lhe recyele azeotrops
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fraction dogs not have o dzleterious effeet on synthesis ras
conversiona effected with 2 to 1 HE;GG gynthesis mas mixtures]
It nad generally been recognlzad ﬁhat the addition of wdater
to operations employing & to ] HE—GD synthesis gos nixtures
is harmful becauwse it esused loss of CO and production of
garbon dioxide through the water pas shiflb reacstion. Ths
18 to 40 weight per cent watoer content of the. gzectropic
fraction does not have a harwful sffect oo ecuversion with
2 e 1 Hyp-LD synthesis gas.  Indeed the substuntial increase
In tha yield of G3+ Ligonid hydrocarbon fraction is fndicative
of the fact that tﬁa losz of carbon mogexide to carbon dioxidd
ig negligible when an agqueous mzeotrope fraction iz recyoled
to a eonversion smploying 2 to 1 ayathesis LTI

Recyeole of the azeufrﬂpic distillate fracvtion is
also adrantapgecus when operuniﬂg with feed gas of olher
hydrogen 4o carbon wonoxide ratlos and particularly useful

gnd & {

flefan-

in operations employing 1 to 1 Hy to CO synthesis ras
fluidiged c¢etalyst. The water content of the recycla

trope fraction alds in keeping the Fluidired calaivaen free
of carbonacecus and waxy Jdepuslits so that it is pagsibla to

maintain a Fluldlzed catalyst system with 1 to 1 syubhesis gas)

The temperature st which mynthesis produclk is separa

ted has & substantial eflact on the distribuslon of the oxyzen

ates between the oll and water phases. Wnen sepsrution of syn
thesis product is effectzd ak atmnspheric gaditions, most of
the low beiling oxygenales vontaining 4 or less carbon atoms apa
present in the aguecus phuse and higher boiling oxvrenates
vontaining 5 or tore carbon alois are present in the ol

phasze.

Howsver, when separstlen of synthesis procuct ias

effected at ar elpvated temperature of 200 to 300°F,, and

2L
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at a pressufe af 140 to 300 nounds per aquesrs: Inch, o sub-
stantial mumbar of low boiling oxypenates are disnlaced from
the aguesus phace o the il rhase, In the practice of this
invention, i% 45 uasually sdvantefegus o affect saparation
el synthesis products at atmospheric conditions since there-
by a greatar percentage of nygenétes are present in the
aquecus phase fron whiich Lhey can be separated a8 an AEeo-
tropic distillate which is reeyeled to the ennverslun zone.

A.porticn of the sus phase obtained on ssparation
of synthesis product iobto gas, water and oil phases is also
recyeled bo the reaction wone &0 that recyele ratios of 1
to L to0 3 te L regcycle gag mo frash feed erres maintained.
fdvantageously, a recycle ratic’ of approximately 2 to 1 is
emplayed with both 2 to 1 ﬂhd:l to 1 aynthasis zas mixturés.

The oll phﬁse separated frow synthesis produet is
edrantagasusly Fractionatead inte gasoline and zas ot frae-,
tions. Tha cchane rating of'thé‘gasoline fraotion is sub- f
stantially enhanced by vapor phaﬁe hauxits traating At an
elevated temperaturs of &0 to E00°F,

The wuter phase is subjeciéd o frautioﬁ#k distll-
Jation whereby there is obtained a distillats comprising an
azectroplec wixture of water-soluble hxygenatea and water.
The composition of thls mixture 18 determined by Ehe snd
point of the distillatdion. The maximum distillation end point
that should be emploved in forming the recyels awreclropic
distillate 1s anproximataly 205°F. At this saximew zod poinpt
thera 15 produced an asectroplc distillate cowmprising apporoxi-
mataly L0 per cent water snd 60 per cent water-zcluble oxy-
genates. The minimum enl point that should oe suployed in

this dlstillation iIs approximabely 1¥2¢9F,; disvillanicn to

7P
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thia loweyr end point produczs an asectrapic distillate ocone-
3 priging avrroximately 5 to 10 per éent waver and 90 to 95
per cant water-solubls axygenatas;:

It is adrantarecus o dissill the aguecus phasa to

an end point of 195 to 205¢F. because the azcotropic distillate

"

ghtained therehy contains a2 greater percentazge ol owygenates

A TR I X

and resuits in proporticnately greater suppression of oxy-
genate production and incregse in 63+ liquid hydrecarbon

ylald, Accordingly, the azeotropie distillate recyrled to

L L e

1p #the reaction gons advantageoualy contalns apnraxiestely 30
to 40 per cembk waker and 60 to 70 per cent trygenales,

i i In thas preferred modification involwving resycling

;) a distillate of end polmt of about 195 to 205%F. to bthe re-

15 alecohola, 02 throuzh G# aldehydes, QB and Gh ketones and 33

l % U setion mone, the recycled distillate contains Gy throuzh Gh
|~ .

to Gh euters, When the-fra tiFPal #istilWation is swoppad ﬂ
a lower end polnt, for ewqmpTE&L%mﬁd:tEMpﬂratqu oi abouk i
ilhi - iEﬁ“F., tha recyole azeotropic distiilate containg aainly
ethyl aluoﬁul-watar and propancl-water azeotrojpes,
| 20 In the accompanying VFlgure 1T there is (iagrammatie-
| cakly illustrated the procsss of thils invention,

4 synthesis zas nlxtare advantagecusly cowmpriaing
2 parts of hydrogea and | part of ecarbon monowids: is intro-

! duced through a pipz I inwo a synthesis reackor 2 wherein it

25 || 15 ceonverted into a product wizture comprising hvdrocarbons,
water and oxyeenates. Ls has béén ihﬂicatﬂd rreviously, tha
synthesis unit advantsgeously conslsts of a resctor adapted
foer conversion of synthasis pas b?_qdntuct with o irvon
catalyst which is maintrined in a fiuidized anate., Tenmpers-

50 || tures of 00 to FOUEF. mnd pressures.bstwean 100 and ﬁﬁﬂ

pounds per square Lnch e nrdinarily'maintﬂinad in the’

23 X
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synthesis reactor 2, There §s3 withdrawn frow the rejctur

2 through a pipe 5 a product mixturs which is cooled in g

heat, exchanger & and iz thereaftor introduced througzh a pipe
7 imto a separating vessel 8 wherein tha pradunt iz =eparated
inta & gas phase, an 0il rhase and a water phaso, The
separator 4 Is advantageously maintained an sthospheric
temperaturs and pressure.

There iz withdrswn from the upper martion of the
gaparator 8 a gas phase calprising unarsacted synthesis gag,
carbon dioxide, 0y aed 05 hydrocarbons and entraines O XY R -
ates. This gas phase is introdured throveh a pips 1) into
a scrubbing tower 1l wherein it is water-washed to odove
entrained oxygenates. Watar is introduced to the tower 11
through a pips 12, Water»waahéd.gas5%hasa iz withdrawn from

the tower 11 throush a pipe 14 thécugh which a mortion thera-

|of iz recycled to combine with fresh'fead B0 4af5 Lo Mwintain -

LY

a recycle ratio of 2 %o 1. The récy:lé gas iz vaised to . &
operating pressure in a comoressor 16 in the ling 14. Prioe
vislon 1s made in the recyele line 14 For venting ges through
the vent 15. '

The water-wash olisined from washing the gus phase
lg withdrawn from the towar 11 through a pipe 18 and is
comblned with the water phase separated From synthasis pros
duct,

The oil phsse ¢ontaining &issnlved oXyYZenaies is
ithdrawn from the separator & through a pipe 20 snd is in-
roduced inte a scrubbing tower 21 whefain it is scrubbed
#ith water at atmbspherin tﬂmperaturé-;c remove [urther
quanvitles of watar-soluble axygenateﬁ therefrom. WYater is

introdueed into tha tower 21 through a plpe 22. The water-

@shad all phese is withdrawn froa the towsr 21 Ehrough a
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pipa 24 through whieh it is conducted to Purther traating
operations to improve its value as fuel,

Tha water wush oltained from serubuing the oil
phase i3 wishdrawn fromw the tower 2} through a pipe 26 and
al5d combines with the wabter phase separated Crom iynthesis
product.

Thers is withdrawn from the lowaerp portion of tha
separater & through pipe 30 the water phase ol syntheais
product containing disselved low boiling oxyeenabes. This
waber phase is combined with tho water washes obtained from
aerubbing the goe phuse and the dil ?hase and 1z dincroduced
into & fractlonating tower 31 wherein it is subjected ta
fractional distillation. On fractional distiliation of this
water phase there is nht&ined:a diatillate cownrising an
azactrople mixture of water-=maluble oxysenates and water
which is withdrawn From tie upper portion of the frastion- -+
ating towar 31 through & pipe 32'and iz recyclad ther&thrnuéh
to eombine with recyele gos and fresh fesd introducad ifto
Lhe synthesis reactor 2, Provision iz mads For Witlulrawing
portions of this azectropic distillate as desired through
4 draw-off pipa 33. |

There is withdrawn from thé lawer rortion of bhe
fractionating tower 31 throuzh a pipa I a discillation
reégldue which contains apprnximately.unawthird of Lhe ayne
thesized water-soluble GEFEEhALEa] thé ox¥ganates 14 the

istililation residue ave Pradoeminantly acids such as acetie
od propionie acids. The distillation residus is substag-
izlly easier ¢ convert Lo & rejectabls water than is the
yueons phas: obtained on initdal agparabion ol synthasis

rotuct, The fact that the squesons residus abliined on-
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formation of an sgactropic disgtillats iz more readity con-
varted Lo & rejecCable watsr is an advantageous festure of
the process of this invention. Morecver, a particvn of this
sguenus rasidue esn De wused in serubbing the zas phose and
tha oil phase saparated [rom the synthesis producta, -
The advanbtages of the proecess of this invention
In supprassing oxyeenste yield and increesing the yield of
03+ hydrocarvbons are wall illustrated in the foliowing examples,
Example I indlcates norwal operation wherein 2 tn 1 asynthesis
gas iz converted Into liquid hydrocarbons by contach with a
fluidissd diron catalyst; Exasnple IT illustratazs the rosulta
obtained when an oxygensle-water éﬁeotrupic fraeticn ob-
teined by distillation of the éﬁueous phase iz recyeled to
the reaction zone in accordnnﬁe with the mroce:ss of thia
inventicn,
BLAMPLE T :
— A& & 2 to 1 hydrogen-carhon nidl}iéxide: mxture ia cnn-{
tacted with a fiuldized ﬂLkali-pruﬁﬁﬁéd iron cutalyst compris-
ing appruximately.lﬂﬂ parts o iron ﬁnd 0.5 parks of potas-
gium vxide, at a tewparatura of appédiimanaly L50°F, and at
a preasure of appreximately 200 pounde per syuare inch, A
ragycle ratic of reeyele s to fresh feed of approximately
211 ia maintained during the conversion. The Uresh lMeed is
intreduced late the reactor at g graveloelty of approxdimately
LO (standard euble feet of reactants per pound ol catalyst
per hour). On separation of synthesis product at atimospherie
gonditions, 120 g. of E3+ hylrocarkons. containing anpfoxi—
mately 137 per feRt ox¥fendbes and 230 g, of water containlng
gpprodimataly 13 per cant nxyggnates-éré abtainad per cuobic
meter of fresh fesd charssd. The production ol wobpr-soluble

pE¥genates anonots to aparoximetsly 29 . per cubic weter of

YA
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fresh feed,

Froguction of liguid hydrocarbons Lroa synthesis
gas is effected under the conditions ses foruik in Lxample T
witii the excention that an oxygenate-water sszeotrope fraction
obtained oy distillation of the agusous phaze is recyelad to
the reactisn sone. The agusous phase iz subjscted o frap-
ticnal distillation Lo & temperature of 20390, whoreby there
iz praduced an oxyzenate-warer agsotrope [raction anmprising
apprnximately 63 per'cenu onyzenates and 37 per cenl water.
The Lotal aseobrops fraclhion obtained ip this wanner iz re-
gveled to ths reaction sons. Approxiwately Ezlg. ul oryzenato
per cubic meter of fresh uhargé.gas are recycled tu the re=
getion fZona in the ﬂxyganaue-ﬁater azeotrope fraction obtalned
aa desoerlibed abave. The remaining oxygenate cuntent of the
water phase remains in the distillation residus obtalned an
fractionsl distillatlon to produce the cxygenate-walas aEEDi
trope fractlon. After squilibrium is obtaiosd, the yleld of
GS+ bydrooarbons amounts o approxi;ately 40 . we cubig
meter of charged gas, an incragse of approximately 30 E.
Production of water-soclublsa uxygenatéé remaing ol aoproxi-
matel? 29 g. per cublc meter of fresh charge oz lndicating
that recycle of the azectropic fractlon has resulted in
substantially complete suppression of forsation ol water-
aaluble oxygenates, The yield of water on an oxygsnate-
free basls cbtained is approximately 248 g, peé eulic meter
of aynthesis gza charged; this dnereaase i1s slisbkly zraater
than the awount of weter thargad iﬁ tﬁe recyole agsukruple
fraction. It is also signilicant thaﬁ there is po increase

in production of higher wmolacular welght oxyepenstes whiecn

27
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ara soluble in tha oil phase under the canditions of reaction.
The distribution of the oxygenates among alschols, ucids and
esters 18 substantially unchanged'as the hydroxl, saponificas
tion, and neutralization numbers of the oli nhiise oxygenates
refain approximately coastant.

Fhe substanktially complets suppressicn of watar-
soiuhle pxygenate production and the corraszponding increase
in Cq+ hydrocarbons as a result of recycling tha assotropic
Tractian are apparents from the preceding examples. Thesze
affepty of the recyecle of an azeotropic distillate fraction
samprising water and water-soluble oxygenates to the reaction
zona teke this inventlon of parawount importsnce in the
future developmant of synnheaﬁéfgaaqlina plants.

Jpviously mamy modifiéatinna and variations of the
invention, as herelnbafore set forfh, may be owmde without da-
parting frnm.the spirit and scops thersef, and therefore only
such limitations should be imposed s are indicated in the {

sppended claims. /
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The embodiments of the invention in which an ex—
slusive property or privilegs is elaimed ars defined as
follows: )

1, TIn the catalytie conversien of earbon monoxide

and hydrogen for the production of liguid hydreocarbons in

reacting carbon monoxide and hydrogen in & ¢onversion wone
in the vapor phage st a temperature of about 00 te FOOVE,,
to ferm a product mixture comprising mainly hydrncarbnn;,
water and oxygen-contalaing organi¢ compounds compriaing ale
gohols, aldehiydes, ketones, aiters and aclds, separating sald
product mixture into a gas chaze comppising normally gaseous
products of sonveraion and unreécte& carbon monexide and hy-
drogen, a liguld hydrncarbon'phéseiaﬁﬁ an agqueoua phase,
geparating from sald hydrocarbon phasu gnd sald aquecus phass
gald oxjgen-cantaining oreanle cumpuunda diatilling below .
Aoyt EAE“F. and raecycling at 1eaat & portion uf gaid uxyga?
cuntaining compoinds to said cunvergian Zahe 850 as tu 1pcraasr

the yield of liquid hydrocarbons 1n tha gagoling range,

3. Tn the catalybic conversion of carbon monoxide
and hydragen for the preducbion of liquid hydrocarhona 1n the
gasoline range, the method which comprlses catalyilcally
reacting carbon monoxlde and hydrogen in & econversion 20h8
in the vapor phase at a temperatura:of abouw:t 500 to FOO°F, to
form a produst mixture cooprislng maiﬁly hydroecarbons, ;ater
gnd oxvgen-containing organic comppﬁnda comprising alecohola,
aldehydes, ketones, esters and aci&s, separating said produst
wixture into a gas phase somprising pormally gaseous producta
of conversion and unrsacted carbon monoxide and bydrogen, &

ligquid hydroearbon phase and an Aquecus phaze and recycling

- 4 . s
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a porticn of aald llquld hydrocarben phass distllling below
about 2459F. end containing lew beiling oxygen-conbalning
arganie compounds to sald convarsion Zone sp 85 to Increase

the yieid of liguid hydrocarbons In the pasoline range,

3., TIn the catalytic converslon of carbon mponoxids
apd hydrogen for the produckion eof liquid hydrocarbens in tha
gaseline rapge, the method which comprises catalytically
reacting carbon mondxide and hydreogen in a conversion zoné
in the vapor phase at a temperature of about 500 to 700*F. to
form a product wixture comprising mainly hydrocarbons, ;ater
and oxygen-containing organiec compounds conprising algchols,
aldah?dus,'ketnnea, gaters and scids, separating said product
mixture into & gas phase comprising nnrmaily gaseous produchs
of eonveralen and unreacted c_'arhnn monoxlde and hydroger, a
liquid hydrocarben phase and an aguscous phase, racyulipg at
least a portlon of said gas phase to aaid coavorsion sone
and recycling at leaat a partion’ of aald ldquid hydrocaphcn{
phase distilling below about 245°F, and comtaining low . -
holling oxygen-containing Drganié Eompnunds to sald converaion
sone 30 &8 to lncressze the yiﬁld uf'iiquid hydrocérbnna

boiling in the gasoline rangeg'
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L., In the catalytlc conversion of carbon monoxids
and hydrogen for the production of liguld hydruéarbuns in
the gasoline range, the method which compriges catalytically
reagting carbon monoxide and hydrogen in a conversion zone
in the vapor phage at a temperature of about 500 to 7OO°F.
fte form a product comprising mainly hydrecarbons, water-and
oxygeu~containing organic compounds comprising alcohols,
aldehydes, ketonas, esters and acids, separating said pr&duct
mixture at elavated temperature between 175 and J00°F, and
slevated pressure of abouwt 150 to 300 pounds per sqﬁare inch
into a gas phasge comprising norwally gaseous products of
counveraion and unreacted carbon monoxide snd hydrogen, a
liguid hydrogarbon phase and qn‘ﬁqueous phases, recycling a
major portion of said kiguid Hydrucarhcn phase distilling
below about 245°F., and coutaining low boiling oxyzen-centain-

ing organle compounds to sald converaion gone so as to ine

crease the yleld of liquid yydrocarbons in the gasoline .

t

Tange.,

&, In the catalytic conversicn of carbon monoxide
and hydrogen for the production of liquld hydrocarbong in
the gasoline range, the method which comprlses catalytically
reagting carbon mencxide and hydrogen in & conversion zone
1 in the vapor phase at a temperature of about 500 to 7009F,
to form & product mixture comprisiang mainly hydrccarban;,
water and oxygen~contalnlpg organie compounds comprising
alcohols, aldshydes, ketones, esters and aclds, separating
sald product mixture inte & zas phase comprising normally
gaseous products of sconverzion and wnreacted garbon monoxlde
and hydrogen, & liguld hydrocarbon phase and an ﬁqueaus

phase, fractionating said liguid hydrocarbon shase into a
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fraction distilling below about 245°F. and gontalniang low
bodling oxygea-containing organic c;mpuunds and a2 fragtion
distilling above about 245°F. snd recyeling & portion of
gaid low boliling fraction in gaid conversion mong 3o 48 fo
inorease tha yleld of liquid hydrogarbons in the gascline

TALEa,

&, In the ecatalytic conversion of carbon munoﬁida
and hydrogen for the production of liguid hydrocarbons in
the gasoline renge, the mebhod which comprises catalytlcelly
reacting carbon monoxide and hydrogen in a gonversion Zone
in the vapor phase at a temperature of 500 to 700°F. to
form a product mixture comprising majnty h?drucarﬁana, waiter
and oxygen—containing urganic;compaunﬁa gomprising alechals,
gldebydes, ketones, ssters and aclds,. separating said product
mixbure at elevated tamperature and elevated pressure into
a pasg phase comprislig nonmally.gaaeuuajpruductsldf conversion
and unreacted carbon monoxide and hydrogen, & liquid hydro; i |
garbon phase and an aquecus phase, recyceling at lsast al
portlon of said gas phase to @ald conversion zuna,-fraction-
ating sadid liquld hydrocarhon phase &t atmesvheric pressure
inta a low boiling fraction distilling below about 245°F.
and & high boiling fraction distilling abuwe about Ehﬁ;F,
and regyeling a wajor portion of sald low hoiling fraeéiog
to said econversion zone so0 as to increase the yield of

ligquid hydrocarbens in the gasolins ranpge,
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libining sald extract phase with sgld liguid hydroearbon phasa{
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7. In the catalytic converslon of carbon moncxide
and hydregen for the productien of iiguld hydrocarbons in
the gagoline rangs, the.mathod which comprises catalytically
reacting carbon moncxlde and hydrogen in a gonversion Zone Yo
form & product mixture comprising malnly hydrocarbons, oXygen-
containing compounds and water, saparating said product
mixture into a gas phasze comprising normally gaseous producta
of converalon and unrescted carbon monoxide and hydrogen, a
ligquid hydrocarbon phase and au aqueous phass, both of tha
latter two phases contalning substantial gquantities of oxygei-
containing hydrocarbons reoycling at least & portion of said
gas phase to sald conversion zong, aubjentiug sald agueous
phase to extraction with a hydrpcaébuﬁ golwent at elavated
tsmperature and pressurs so0 as to form & hydrocarbon-rich
extract phase containing ncn—auidic ﬁxfgananuntaining hydroe

carbons and a water-rich phase containing organie acids, com-

which was initially separated Frox sald preduct mixtureh‘
fractionating said combloed phases at atmoapherle pressure
jinto a low bolling fraction distilling below about 245°F,
and a high bolling fractien 4ilstilling above about EQS;F.
and reeyeling a portlon of sadd 1uw boiling fraction to said
conversion zone 50 as Lo innreasa tha ?ield af liquid hydroe

carbons In the gasollne range.
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8. In the catalytic conversion of carbon monuxide
and hydrogen for the production of liguld bydrocarbons ino
the gasoline renge, the wethod which comprises catalytieally
reacting carbon wonoxide and hydrogen in a conversion 2one
to form a product mixture cowprising mainly hydrocarbons,
oxygenwconbaining compounds and water, separating said product
mixture at elevated temperaturs and slevated pressure inteo a
gas phase comprising normally gassous products of conversion
and unirescted carbon monoxide and hydrogen, & ligquid hydro—
garbon pﬁasa and an aquecus phase, both of the two phases
gontalning substantilal quantities of oxygen-contalning hydro-
garkbons, recycling at least a pertion of sald gas phase to
said cofversion sone, aubjauting-said #queoue phase to ex-
traction with a aliphatle hydfacarbnn golvent at elevatad
taimperature and pressure so as to form a hydrocﬁrbun-rich
pxtract phase centaining non-acldle oxygen-gontalning hydro-
carbons and a water-rich phase cdnt&ininé grganie acids,.nami
bining 2aid extract phase with sald iiquid hydroearhon phase
which waa initially separated fru.m ﬁid pradﬁcb m'i?ctura,
fraetionating said combined phasa; iﬁfd.a low haiiing fraction
digtilling below about 245°F. and aThiéh bedling fraction
distilling above about ELE;F. and racf&llng a mwajoer porticn
of said low bolling fraction to said conversion smone so &3
to lncreass the ylegld of llquid hydroearbonz in the gasceline

range.
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9. The method according to elaim & Iln which the
separation of the product mixturs and the extraction of the
agueous phase zre effected =t subatantially equivaleut con-
ditions, namsly about 1%5 to 300°F. and 8t bout 130 to
300 pounda per square inch, .

10, Ia the catalytic conversion of carbon menoxids
and hydrogen to produce ligitd hydraéarbnns, the methed which
comprises catalytieally reucting carbon monoxide and hydrogan
in & ponversion wope in khe vapor phase at & temperature
of about 500 te 700°F, to form a product mixture comprising
mainly hydfucarhons: water and oxygan-containing orpanic
compounda gomprisicg alcoholsa, aldehydes, ketones, esters
and acids, separating said oxygem-containing compounds
from said hydrecarton phase apd.said water phase, and re-
eyoling at leaat a portion af said oxygan-containing O~
pownds which are vaporlzeble und%r rééction conditions, to
said converalon zone so as to lncrease the yield of liguid -
hydrocarbons, - ) : {

11, In the catalytic conversion of carbon monoxide
and hydrogen to produce liquid hydrocarbona, the méthod which
comprises catalytically reacting carbon monoxide and hydrogen
in a conversion zona in the vapoer phass at a temperature of
about 500 to TO0°F, to fora a product mixture comprising maln
iy hyﬁrunarbuna,*watar and oxygen~containing organic cumpeund&
conprising elicohols, aldehydes, ketones, esters and aclds,
separating said oxygen~contalnipg compounds from said hydre-
carbon phasge and sald watsr phasé apd fecycling at least one
of said oxygen~containing compounds which are vaporizable
undier reacticn conditions in substaﬁﬁial amount 36 sald gone

verslen zone s¢ 23 to increusae the_yield ef liguid hydrccarbo?s.
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12. In the catalytic conversicn of carbon iwmoxide
and hydrogen to produce liquid hydrocarkens, & process which

gomprises catalytically reacting carbon wmonoxide and hydrogen

in a conversion Zone to form & product mixture comprising

niainly hydrucarbuﬁa, water and oxygenates, separating said
product mixture at atimospheric temperature and pressure into
a gas phass, & hydrocarbon phass and a water phass centaining
wost of the low boiling oxypenates having four or less carbon
atoms per moleculs, directly subjecting sald water phase to
“distillatinn to obtain an aquesus azeatropie distillate having
an end boiling polnt not less than about 172°F. and not
[ereater then sbout 205°F. und comprising 60-90 per cent water

soluble oxygenates and 10-40 per. cent water, and recycling at
il .
lezst a portion of said equecus distillate to sald conversiom

gone whereby production of water-aaluﬁiu oYygenates is suppress

4
13. 4 provess according to elaim 1 in which carbun.i

“monoxiﬂe and hydrogen are reacted at é.temperatura of 500

t.a ?GD“F. and at a pressure of 200 to KO0 pounds per sdquare

ineh in the presence of an iren eatalyst to praduce the product

[lmixture.

i4. A provess according to claim 1 in which a 2 &o

N hydrogen-carbon moncxlde mixture ls employed.

15. A precese according to claim 1 in ﬂhich,the
aquecus distillate oomprises 30 to 40 -por cemt water and 60 to

I?D per cent oxygenates.

~

16, & progsess acceording to elaim 1 in which a 1 o~

1 bydrogen-carbon moncilde sixtura iz enployed.
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Certified to be the drowings referved to
in, the specification heyeunto enmexed.

Ctawn,lntario, GeEnads,
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