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‘vic conversion and is more specifically concerned with catalyJ

‘The present inventionrelates to the art of cataly—1

tic reducﬁion of carbon oxides by hydrogen for the purpose of
synthesizing hydrocarbons and oxygenated hydrocarbons.

The synthesis of hydrocarbon products from gaseous ;
mixtures contéining carbon monoxide and hydrogen involves the
Dassage of these gases in contact with a catalytic mass com-
prising an iron, nickel, or cobalt catalyst for example,
under conditions of elevated temperature and pressure, It hasi,
however, been found advisable 1n locations where large amounts
of natural gas, comprising primarily methane, are available,
to generate mixtures of carbén monoxide and hydrogen by con-
trolled reaction with 6xygan. As is known, this reaction may
be.carried out under conditions adapted to result in the
optimum molar ratio of hydrogen to carbon monoxide regquired
for the synthesis reaction, Where relatively pure oxygen is
used, there is relatively little dilution of the final 5ynthe-
gis gas with nitrogen or other inert gases. '

Other processes for the production of synthesis gas,
involve, for example, the reaction of methane and steam or
methane and carbon dioxlde as well as various combinations of
the foregoing reactions all carried sut with or without vary-
ing types of catalysts and under different conditions of tem-
perature, preasure and the like,

The generation of the charge gas has, however, in
general been characterized by the formation of:more or less
carbonaceous materidl in the nature of coke-like particles

which tend to be carried over from the generator into the re-

actor where they accumulate and impair the hydrocarbon synthe-

sis operation.
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While constituting a potentlal disadvantage in the !
l

case of substantially all such types of synthesis gas genera-
]
tion with which I am aware, this carbon formation and entrain-

ment may be particularly objectionable in operations wherein

gas generation isc arrvied out primarily by reacting ratural
gas with oxygen, with or without additions of carbon dioxide
or steam. The carbon formed is particularly disadvartageous
when it is carried over into the hydrocarbon synthesis reactor
with consequent impalrment of the operation of the reactor.
This is especially true in connection with processes
wherein the hydrocérbon synthesis is catalyzed by a mass of
solid catalyst particles maintained in fluidized copdition by
the passage of reactants therethrough. As 1s well kﬁown, it
is necessary when employing this technique to assure the sub-
stantially unlform passage of reactant gases thrbugh all parts
of the powdered catalyst mass whereby each particle is, in
effect, buoyed up and surrounded at all times by gases which
at the same time keep the particles in a contlnuous state of
‘random movement., Whether operated under so-cal led "dense-
phése" fluidization or under conditions wherein the"catalyst
partiéles-tend to be substantial ly fully entrained in the re-
actant gases, it is apparent that such factors as the catalyst
s ‘| density, particle size and particle shape influence the flui-
dization. The objectionable type of carbon which may be
carried over from the gas generatlon operation may have the
effect of lowering the catalyst density, and furthermore of
tending to promote coking and carbonization in the synthesis

reaction zone and general fouling of the catalyst.

These particles of carbon moreover are extremely

aurfaces of the carbonaceous partiecles are not wet by water

resisistant to removal by scrubbing or washing. In short, th%
|
al one. |

|
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In accordsnce with the present invention, however,
it has been discovered that the carbon contained in the Syn~

thesis gas may be readily wetted and washed out by means of

the water formed in the synthesis reaction and condensed from

the effluents of the reactor. Even when operating to produce

a maximum yield of hydrocarbons, the catalytic reduction of
carbor: monoxide results in a small but substantial proportion'g
of oxygenated hydrocarbons. Moreover, the reaction is advan- E
tageously and normally so controlled as to result in the by- f
product formation of water vapor in accordance with the reactién:
2H, # €O = CHy £ HyO0 (

with nickel, cobalt or ruthenium type catal yst, this is the
normal and prevailing type of reaction, whereas with the iron
type of catalyst the reactlon of the said character may be so
directed by selection of Suitable‘conditions of operation.
The effluent gases from the hydrocarbon synthesis
reactor are condensed for .separation into permanent gases, a
water l# er, and a layer of hydrocarbons synthesized in the
reaction. By this means the oxygenated hydrocarbons formed ard
found chisfiy in the separated aquéous layer thus produced,
usually in rather dilute form and requiring concentration or
other chemical or physical treatment for recovery in commercial
form.

This aqueous layer containing the water soluble oxy-

renated hydrocarbons, I have discovered to be ideal for scrub- |

bing entralned carbonaceous contaminants from the synthesis

pas. The invention embodies this discovery in a process pre-

Ferably involving the countercurrent passage, in scrubbing i
relationship, of synthesis gas through a descending strean of ;
the condensed aqueous solution of oxygenated hydrocarbons pxioﬁ
Lo passage into the synthesis reactor. !

-




l and it is within the broadest scope of the invention to include

any of ‘the usual water gas generators or equivalent commercial
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Moreover, when ovroceeding in accordance with the

J present disclosure, any lighter fractions of the oxygenated

compounds which tend to return to the synthesis reactor with
the stream of synthesis gas appear to partlcipate in the syn-i
thesis reaction or to underge chemical change with a resulting
increase of desired products. i
In order to further illustrate the operation of the
present process reference is made to one preferred assembly ;
of apparatus disclosed more or less diagrammatically in the !
accompanying drawing. In accordance with this arrangement a i
syntheéis gas generator 1 having a gas generation zone 2 re-
ceives a mixture of methane and substantially pure oxygen !
thrdugh inlep pipes 3 and 4, fespectively. Alternately, the
generator may operate on methané or other hydrocarbons with

any desired admixture of oxygen, carbon dioxide and steam,

producers of hydrogen and carbon monoxide operating with coke,

. :
coal or ay other carbonaceous materials. I prefer, however,

]

to describe the invention in connection with a generator where
in controlled combustion of methane and oxygen is effected
under a pressure of about 250 pounds per square inch gauge and

a temperéture of about 21000F. If desired, the generator may

be filled with vefractory particles with or without a catalyst,
!
for exanple, nickel oxide., Moreover, the feed gases are ad-

vantageously preheated in any suitable means, net shown, to a |

temperature of 500°F to 1000°F and introduced into the genera-

tor by way of a suitable mixing nozzle or other mixing type of]
|

H

burner.
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A second chamber or éone 6 of the generator separa—!
ted from the gas generstion zone 2 bv any suitable refractory?
baffle 7 contains » steam generator 8, While the steam gen- ;
erator may be any suitabie type of exchanger, it is indicated‘
di agrammatically by a‘series of water tubes joined by apnro- |
priate headers to a steam drum and supplied with water by vipdg
9. Steam formed by heat transfer from the hot gases is with-
drawn through pipe‘lO for satisfying the energy requirements
of the system. In place of the steam generator shown, any
appropriate form of economizer may be employed o recover heat
energy and apply it at any suitable voint, for example, in the
'preheating of fresh feed to the synthesis gas generator.,

The steam generator effects a cooling of the hot
synthesis gas from, for example, the temperature of 2L00°F to
a temperature convenient for handling, for example, 4O0°F to
1000°F. Advantageously, the [inal teﬁperature is so selegted
as to properly control the t emperature of the synthesis gas
passing to the synthesis reactor, as will liereinafter more
fully appear,

The resulting partially cooled synthesis gas carry-
ing in suspension particles of carbon formed in the generation
Zone 2 is withdrawn through conduit 11 and heat exchanger 12
where it is further cooled for sdmission to the lower portion
of a scrubbing of washing tower 13 which may be suitably packed
or »rovided with trays designed for good serubbing contact
between’ the upwardly flowing synthesis gas and a downwardly
flpwing stream of washing liquid introduced into the upper
portion of the tower through conduit 14 and distributing head
15, The washing liquid containing the suspended particles of
carbon is withdrawn from the bottom of the tower 25 at 16 and
the washed gases passed overhead through pipe 17 to the ex-

ghanger 12 where they are reheated to a temperature suitable

-
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|l for introduction to the synthesis reactor.

It is advantageous to maintain a relativély low
scrubbing temperature to prevent excessive carry-over of
water vapor in the synthesis gas stream. In particular, the
supply'of an advantageously dry stream of feed to the synthe-:
sis reactor may be assured by a relstively low terminal gas
temperature in fhe scrubber, for example, in the order of
100°F or less, The exchanger 12, accordingly performs the
dual function of cooling the gaseous feed to the scrubber and |
reheating the scrubbed gas for the hydrocarbon synthesls step:
The scrubbed, dry synthesis gas from the exchanger 12 is
paésed directly to the synthesls reactor 20 by conduit 18. i

, The synthésis reactor 20, illustrated more or less
symbolically, may comprise any of the conventional types of
reactor known in the art. Advantageously, however, the reac-
tor 20 contains a fluidiged mass of powdered catalyst main-
tained in . a condition of dense phése fluidization by passage
of the reactant gases upwardly therethrough. As is known,
the reactor should be provided with cooling means, not shown,
‘to hold the contact mass at predetermined reactlon temperaturé
Operating in th;s manner, the fluidized mass of catalyst as-
sumes an upper pseudo-liquid level in the reactor from which
the reaction gases are liberated and pass outwardly through a

duct 21 leading to a cycione separator 22, Any entrained

catal yst particles are separated by the cyclone and returned :
: |
through a standpipe 23 to the reaction chamber at a point '

below the pseudo-liquid level of the catalyst mass. The sep-

arated gaseous products pass overhead through condult 24 to a

condenser 25 and a separator 26 from which are withdrawn three

individual streams, namely, fixed gases, condensed water vapor
i

and hydrocarbon reaction products. The fixed gases comprising

o

@
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normally some hydrogen, carbon dioxide, nitrogen, methane,
ethane, ethylene, etc., together with, in some instances,
small proportions of carbon monoxide, are removed through pipe

27 for venting, recovery or further recycling as desired. The

layer of hydrocarbon products is withdrawn through pipe 28 for
recovery or further treatment. The aqueous layer, however, i
containing dissolved oxygenated hydrocarbons formed in the
synthesis operation is withdrawn thirough pipe 29 and passes |
through pump 30 and pipe 3L which joims pipe 14 to provide
the washing or scrubbing liquid, previously referred to, for
washing the carbon particles from the synthesis gas in the
tower 13.

In order to permlt a more selective return of scrub-
bing liquid, as well as a prior separation and recovery of the
certain fractions of the oxygenated hydrocarbons, the agquecus
layer is first submitted to treatment for recovery of its

several combﬁnents. To this end, valve L2 in pipe 31 and a
branch pipe 32, controlled by‘valve 33, permitidiversion of

the water layer in pipe 29 to a distilling or fractionation

system represented symbolically by the reference numeral 34.
The number of separate side streams taken from the
fractionation system may be varied depending on the products
desired for immediate recovery and the requirement of the
serubber 13. It has besn found advantageous to take an over-
head stream conteining € to 03 oxygenated hydrocarbons through
the pipe 35, a side stream contal ning Ca to.G6 oxygenated hydro-
carbons through pipe 36 and a further stream of higher mole-
cular weight oxygenated hydrocarbons by way of pipe 37. The
dgistillate streams in general, in the operations with which I
an familiar comprise azeotropic, aqueous solutions of oxygen-

ated hydrocarbons, largely aliphatic primary alcohols, sult-

-8B i
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;hble for further use or recovery. The stream containing the
I
!pigher molecular weight compounds appears to be most advantag-

eous for the function of scrubbing the synthesis gas and, acg-
;Fordingly, pipe 37 connects with pipe 38, which with pump 39
i

and cooler 40 operates to convey the higher molecular weight
compounds to tower 13,

|
Fhe operating temperature of the separator 26 is of significande

Attention is particularly directed to the fact that

n regard to the separation and recovery of oxygenated hydro-

B = e

arbons in the water layer, More specifically with operating |
}emperatures below 100°F and preferably as low as 40 - 50°F, ag
east the major portien of the oxygenated hydrocarbons includiqg
elatively high molecular weight &l cohols will appear in the !
rater layer. Moreover, a relatively cool scrubbing liquor is éf
advantage in maintai ning the relatively low terminal temperatu%e

of the g ases leaving the scrubbing tower, as previously men-

sioned, .

!
Means are also advantageously providsed for recirculatiné
the scrubbing liquor throughthe scerubbing tower, comprising a ;
ranch pipe 44 extending between outlet pipe 16 and the scrubfi
.

;

ing liquor inlet pipe l4. In the embodiment shown, a coqlingi
evice 45 and a pump 46 function to supply the recirculated |
iquid at any desired rate and at a temperature appropriate to
0ld the desired terminal temperature of the scrubbed gases.
In operation the generator supplias hot s?nthesis

as to the exchanger 12 from which it is withdrawn at o moder-

te temperéture to the scrubber 13. Therein the carbon is. |

[ A = A - -

i
ffectively removed by the solution of oxygenated hydrocarbons?

and the water vapor removed to the low value correspondlng to

the terminal conditions at the top of tower 13. The scrubbed

gases again pass the exchanger 12 in indirect heat exchange
i

relationship to the hot gases from the generator and move by

way of conduit 18 to the synthesis reactor at a temperature

suitable for reaction.

. :
LD
§
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As is known, the optimum temperature of the syn- 4

thesis reactiond epends ﬁpon such factors as the type of catui

alyst used and the producté desired. The incoming gases shou}d

-advantaﬂeously be somewhat cooler than the reaction tempera-

“ture as, for example, from 20 to 1009F caooler, although this

is'not'critical. The reactlon.gases pass to the condensser 25,
and in the separator 26 fixed gaseq pass overhead for further!
use or dlsp031tion the hydrocarbon layer is recovered and {
the water layer either returned directly’to the scrubbing ‘

tower or subjected to fractionation with return of a selected!

‘fraction.

An impbrtant featufe of :the present invention is
the use of the aquecus solution of exygenatad hydrocarbons
for the duél purpese of quenching synthesis gas and waéhing
suspended carbon partlicles therefrom. For such operation, the
drawing shows pipe 51 which conveys a part of the aqueous soly-
tion from pipe 29 to a ﬁoint intermediate the steps of genera.
ting synthesis gas and washing suspended carbon therefrom in
order to quench the hot gas. Thus, the cooling liquid mgy
flow through branch pipe 52, controlled by valv9553, inﬁo the

stream 11 of hot synthesis gas and become flashed in this

stream to effect cooling prior to the passage of the gas
through heat”exchanger 12, With this arrangement, the steam
generator & assoclated with the synthesis gas generator 1 may

be omitted, if desired. Alternatively, the cooling liquid may

ipdss through branch pipe 5L, controlled by valve 55, and flash

in the synthesis gas flowing from the heat exchanger 12 throu;h
\

pipe 11 to the washing Fower'IB. : %

When the process of this invention involves fractio%a— o
tion of the agueous solution of oxygenated hydrocarbons and u%i-.
lization of a fraction containing the higher molecular weight%
compounds as wash liquid to remove solid carbonaceous contam-

|
1
|
|
\
«10- !
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inants from the synthesis gas, it is sometimes advantageous,
depending upon the conditions maintezined in the synthesis re-
action, to feed the lower molecular weight compounds to the
gynthesis reactor. A typical arrangement for such utilization
of lower molecular weight oxygenated hydrocarbons is shown 1n
the draﬁing, comprising branch pipe 56 and pump 57 to convey

these compounds from pipe 35 to reactor 20. It is advisable

to remove water by any conventional means from the stream of
compounds returned to the synthesis reactor since excesslve f
water is known to be detrimental to the reaction.

According to one speciflc exanple, methane and sub- |
stantially pure oxygen are supplied to the synthesis gas gan—%
erator in the approximate molar ratio of 2:1 operating at
about 2100°F and 200 pounds per square inch gauge. The produdgt
is cooled to about 600°F by passage through a stean generating
exchanger. The hot synthesis gas, neglecting the entrained

carbon, has a comp051tion substantially as follows-

Ho mel §
1.3

‘ N2
¥ , CHh o L.2
" . o 29.4
: oo Coy ' 1.8

H,0 T

It.is passed in heat exchange relationship with the gasebﬁs

effluent from the scrubber and thus reduced to a temperature
of 2500F, In the scrubber it passes countercurrently to a |
downflowing stream of scrubbing liquid amounting to about 35
gallons for each 4000 standard cubic feet of synthesis gas.
The scrubbing liquid has an inlet temperature of 100°F and an
exit temperature of 2000P. The substentially dry and carbon-
free synthésis gas at 1009F returned to the heat exchanger
previously mentioned is heated by the pases from the genera-
tor and emerges at a temperature of L70°F for supply directly

to the synthesis reactor.

=11~
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The synthesis reactor operates with a £illing of

i1ron powder of 200 mesh and finer, 60% passing a 325 mesh

screen, containing about one percent potassium oxide (KQO) andi
iabout two percent alumina (A1203). The reaction is maintained;
at a temperature of 600°F and a pressure of 200 pounds per %
Fquare inch gauge. The powder is maintained in a state of

dense phase fluidization by passage of the reactant gases at ai
flinear velocity of about two feet per second through the re- ;
actor. Contact time is about ten secondé.

The gaseous reaction product is cooled to 100°F and
the water layer separated and returned directly to scrub the

|

j
‘\
|
!
ynthesis gas in the scrubbing tower, A portion of the scrub—‘
bing liguid 1s recirculated through the tower, with intermed- !
iate cooling of the recycled stream to 100°F prior to each !
asS, Thé total rate of scrubbing liquid flow through the
ower isg about 35 gallons pér 4000 standard cubic feet of syn-
thesié £8S. ‘
" With the foregoing arrangement, substantially no de-
tectible carbon is carried through the scrubber in the synthe-
sis gas stream, although appreciaﬁle quantities occur in the

renerator effluent. The recovery of hydrocarbons and further

treatment, recycle or recovery of fixed gases may proceed in

ny conventional menner, Good yields of hydrocarbong bolling

Fn the gasoline range occur when operating as above.

The aqueocus layer cyeled to the scrubbing btower con-:

tains aboutVS% oxygenated hydrocarbons in solution. According

S

v, the scrubbing tower liquid withdrawn from the pipe 16 is

economically treated for recovery of these valuable constitu-

) i
bnts. This stream may be further concentrated or fractionated |
: |

. . . . [
in separate conventional equipnent, now shown, or in column 3b4y

As shown, valve 162 is pipe 16 may be closed and the liquid

|
|
|
-12- |
!
;
i
I



' tor carbon in the synthesis reaction zone.

. ‘ 404853

mssed through pipe 47 and pump 48 to column 34, the ligquid
flowing altermately through filters 49 and 50 which remove
the suspended cérbonaceous solids washed out of the synthesis
2as in tower 13.

While the above specific¢ example contemplates direct:

|
return of the aqueous layer to the scrubber, in zccordance

with another example, the aqueous layer isg fractionoted to
se?arata a stream containing essentially Ch and higher oxygenaL
ted hydrecarbons and this stream is returned to th? system as

a écrubbing liquid under the same conditions as before. i

It will be understood from the foregoing, that where!

ather catalysts are employed, temperatures and other conditions

T

wlill be modifled accordingly; Thus with a cobalt catalyst, re
action temperatures for the synthesis of predominantly liquia
hydrdcarbons in the motor gasolihé boiling range will approxi-
mate QOOOF and the foed stream of synthesis gas should have a
temperature somewhaf below that temperature. Likewise under
such conditions‘lower pressures approximating athospheric are |
more desirable.

In either of the Foregoing examples‘the yield of
hydrocarboﬁ products of the syntheéis compares favorébly with

the optimum theoretical yield and no difficulty is experienced

over long periods of operation with an accumulation of genera-

While specific mention has been made-of t?e-use of

iron catalyst, other metals of the iron group, as for example,
nickel, cobalt, and ruthenium, are well suited to the process’

and offer some advantages over iron in that they tend, without,

1

special precaution, to the cuantlitative production of water

vapor as a by-product of the reaction. 1n contrast when using

an iron catalyst, special precautions are nscessary to favor

~-13~
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the »roduction of water &apor instead of carbon diéxide as thé
by-product of the hydrocarbon synthesis reactior. 1
It i, of course, contemplated that various other |
momoters and activators may be added to the catalyst as re-
quired. These may comprise in addition to or in lieu of the i
- alumina‘and potassium oxide deécribéd above, other compounds %
of alkali and alkaline earth metals, the oxides of titanium i
arnd silicon and the s alts of molybdenum and chromium. ?or |
o example, moreover, the catalyst may b e supported on silica ggi,

dlatomaceous earth, or the like, where desired, As is furthen

known the temperature of the synthesis reaction may de varied:
between 200 and 700°F depending on the catalyst employed and
the products desired, and the pressure may vary oveé_a_broad
range. .

While the present invention has been illustrated
more particularly in connection with the predominant prodﬁc—

tion of hydrocarbons wherein a small proportion of oxygenated

hydrocarbon products more or less.inevitably result, it is

equally applicable to operation for synthesis of a product

comprising predominantly the oxygenated type of hydrocarbons. |
under such conditions aneajueous. product may be even more ef- !
: i

fective in scrubbing out the objectionable particles of carboni
in the synthesls gas, i
Obviously meny modifications and variations of the

invention will be apparent to those skilled in the art in the

light of the foregoing disclosures without any enlargement of

the spirit and scope thereof and therefore oﬁly such limita- i

tions should be imposed as are indicated in the zppended claims.

'

w1y
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The embodiments oif the invention in which an excliu-

sive proverty or vrivilege is claiumed zre defined as follows:

L. In the catalvtic production ol bydrocarbons from
carbon monoxide and hydrogen, a process which comprises gener-

gas containing carbon moncexide and hydrogen

i)

ating a synthesis

in a gas generation zone under cenditions, involving partial
combustion of hydrocarbonaceous material with oxygen; which
result in a generator effluent gas having entrained therein
small amounts of difficultly removable solid carbonaceous
pdrticles formed in said generation zone, scrubbing said par-
ticles frow said effluent gas with liguid obtained at a subse-
quént polnt in the process, passing resulting scrubbed gas

to & synthesis reaction zone containing a synthesis catalyst
maintained under conditions effective for the reaction of
carbon monoxide with hydrogen, removing from said synthesis
zone a wroduct 6ontaining hydrocarbons, water and some oxygena

ted hydrocarbong, separating from said vroduct & liquid frac-

tion consisting essentially of water ¢ontaining dissolved

oxygenated hydrocarbons and effecting the aforesaid serubbing

flwith saild separated ligquid Fraction.

|

2. The method according to Claim 1 in which the
liquid fraction used in scrubbing consists essentially of
water containing about 5 per cent by weight of dissolved oxy-

genated hydroearbons.

3. The method according to Claim 1 in which the
liguid fracticn used in scrubping consists essentially of wate
containing dissolved oxygenated hydrocarbons having in the

range of 1 to 6 cerhon atoms per molecule.

4o In the catalytic vroduction of hydrocarbons from

carbon monoxide and hydregen, a process which comprises pener-

ating a synthesis gas containing carvon monoxide and hydrogen

53




aqueous fraction used for scrubbing comprises oxygenated hy-
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in a gas generation zone by the partial combustion of carbona-
ceous material with oxygen to yield a generator effluent gas
having entrained therein small amounts of difficultly remov-
able so0lid carbonaceous particles formed in said generation
zone, scrubbing said varticles from said effluent gzas with
scrubbing liguid obtained at a subseguent point in the procesd
passing resulting scrubbed gas to a synthesis reaction zone
containing a synthesis catalyst maintained under conditions
effective for the reaction of carbon monoxide with hydrogen,
removing from said synthesis zons a product containing normallly
liquid hydrocarbons, water and some oxygenated hydrocarbons,
geparating from sald product an aquecus fraction containing
oxygenated hydrocarbons in sclution, and effecting the afore-
said scrubbing with said agueous fraction -as the scrubbing

liguid.

5. The methed according to Claim 4 in which the

drocarbons having in the range of 1 to & carben atoms per

moleculs,

6. In the catalytic production of hydrocarbons fron
carbon monoxides and hydrogen, a process which comprises gene-
rating a synthesis gas containing carbon monoxide and hydrogen
in a gas peneration zone by the partial combustion of carbona-
ceous materlal with oxygen to vield a generétor effluent gas
having entrainad therein small amounts of difficultly remov-
able solid carbonaceous particles formed in said generation
zone, scrubbing said particles from said effluent gas with
scrubbing liquid obtalned at a subssquent point in the procesd
pasaing resulting scrubbed mas to a synthesis reaction zone

containing a syntheais catalyst maintained under conditions




-containing a synthesis catalyst maintained under conditions

194858

effective for the reaction of carbon monoxide with hydrogen,
removing from sald synthesis zone a product containing nor-
mally liguid hydrecarbons, water and some oxygenated hydrocar-
bons, separating from szid produect an aqueous fraction con-
taining oxygenated hydrocarbons in solution, effecting the
aforesaid scrubbing with a portion of said aguecus fraction,
geparating Irom another portion of said agqueous fraction oxy-
genated hydrocarbons having froi one to three carbon altoms
per molecule, and returning the separated oxygenated hydro-

carbons to the synthesis reaction zone.

7. In the catalytic production of hydrocarbons from
carbon monoxide and hydrogen, a. process which comprises gene-
rating a synthesis gas containing carbon monoxide and hydrogeny
in a gas generation zone under conditions, including an ele-
vated teﬁperature, which resﬁlt in a generator effluent gas
having entrained therein difficultly removable solid carbona-
ceous particles formed in said seneration zone, scrubbing said]
particleg from‘said ef'fluent gas in a scrubbing zone with
scqubbing liquiﬁ obtained at a subseguent peint in‘the procesd,

passing resulting scrubbed gas to a synthesis reaction zone

effective For the reaction of carbon monoxide with hydrogen,
rampving from said synthesis zone a product containing nor-
mally liguid hydrocarbons, water and some oxvzenated hydro-
carbons, separating from said preoduct an aqueous fraction cond
taining oxygenatea nydrocarbens in solution, effecting the
aforesaid scrubbing with a portion of said agueous {raction
as the-écrubbing ligquid, subjecting ancther vortion of said
afqueous fraction to fractional distillation in a fractionating

zone, passing to said fractionating =zone used scrubbing liquid

M
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removed from the scrubbing zone, removing from the fractiona-
ting zone a distillate containing oxyzenated hydrocarbons

having from 1 to 3 carbon atoms per molecule, and returning

the oxyzenated hydrocarbons contained in said distillate to

the synthesls reactlion zone.

g. The method according to Claim L wherein the
partial combustion in said gas zenaration zone is effected at
a temperature in the order of 2100°F. and higher to vield a
genarator effluent gas substantially free from oxygenated

hydrocarbons.

9, The method according to Claim 4 wherein the
partial combustion in said zas generation zone is effected at
il a temperature in the order of 2100°F., and higher to yield a
generator effluent gas substantially free from oxygenated

hydrocarbonsg,

" 10. The method according to Claim 6 wherein the
partial combustion in said gas gensration zone is effected at
é temperature in the order of 2100°F, and higher to yield a
geﬁerator effluent gas substantially free from oxygenated

hydrocarbons.




25
A7
rtd
L —~23
3¢
Ve
‘3\
y A3
=
3g

Certified to be the drawings referred to
in the specification hereunto annexed,
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