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. 5183282

This invention relates to the production of useful liquid

hydrocarbons and oxygenated hydrocarbon compounds from gases, and it per—]
s - I

tains more particularly to an ilmproved combination of synthesizing hydro-i
carbons and oxygenated compounds from‘mixtures of hydrogen and carbon
g || monoxide and of separately mecovering w?ter soluble oxygenated compounds.
! In the conversion of hydrogen and carbon monoxide with a syn-
thegis catalyst to produce hydrocarbons having more than cne carbon aton
S to fhe molecule it has been found that a substantial proportion of the
synthesis product ocomprises oxygenated gbmpounds and that substantially
10 greater proportions of the product are oxygenated compounds when the iron
- type synthesis catalyst is employed. These oxygenated compounds appear
in the hydrocarbon liquids, in the water condensed from the reaction
gystem and in the gas streams beyond the liguid recovery.

A substantisl pfoportion of the recoverable oxygenated compoungls
18 || is found in the product water, the oxygenated compounds comprising bee
i tween about 2 and about 20% of more of the total product water. These
compounds have been identified as including among others formaldehyde,
acetaldehyde, acetone, methyl ethyl ketone and methyl, ethyl, n-propyl,
and n-butyl aleochols.
20 . The oxygenated compounds in the product water and in the gas
stresms are the particular concern of this invention, and 1t is a
primary object of this invention to effect optimum recovery of the
oxygenated compounds. It is a further object of this invention to pro-

vide method and means for separately recovering concentrated fractions

25 l of oxygenated compounds while handling 2 minimua quantity of water.
? These and additional objects will become apparent in view of the de—
i
i tailed disclosure hereinafter.
i
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The hydrocarbonr synthesis may be effectad by contacting a

i| hydrogen-carbon monoxide mixture with a catalyst of the iron tyve ot @

; temperature wlihin the approximate vange of about 450 and 650°F. wunder a
; pregsure within the approximate ranse of hetween about 50 and about 500
| pounds per square inch and at a space velocity within the approximate
‘irange of between about 100 and 2500 or more volumes of gas per volume of
catalyst within the gynthesis reactor, Thus space velocities of the
order of 5000 are contemplated, Tre gas volumes are measured at 60°F,
and at atmospherie pressure and the catalyst volume in the synthesis

reactor is based on the fluidized catalyst,.

In general the objects of this invention are attaired by

:fractional condensation of the hydrocarbon synthesis products, the prod-

i
;ition of phases between the cooling stages, and the residual gas fraction

|j :
!Eis scrubbed for the removal of oxygenated compounds before recycle to the -

Ii

Psystem. The product stream, after removal of waxes, can be cooled 20 to
i

;‘100°F. below the boiling point of water at thse partial pressure of water

ilexisting in the product gtream following the wax knock—out trap. The mol
it

! fraction of the water in the effluent atream will be a function of the

i
Vgas mixture used as feed, the conversion level, and the product distribu~

il tion. Ordinarily the mol fraction of water will ve in the range of

?‘between about 10 and 50 per cent.

The gcrubbed residual gases which predominate in hydrogen,

i carbon monoxide, carbon dioxide and light hydrocarbons may be recycled to
i
“ the hydrocarbon gynthesis reactor or toc the make gas preparation step.

I

Optionally these gases can be sent to hydrocarbon recovery by means such

as charcoal, oil or sulfuric acid absorbers or the like. Vhere air has

been used in the preparation of the synthesis gag, the tail gases com=
prising substantial proportions of nitrogen should be vented, The liquid

hydrocarbon produsts recovered may be fractionated as is well known in

1 the art.

!ucts from the synthesis reaction zone being coolad in stages with sepmra- :
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The Iinventlon will be more clearly wnderstood from the follow
ing detailed description of a speclfic example which i1s to be read in
conjunction with the accompanylng diagramatic flow sheat which forms
a part of this specification.

A mixture‘of hydrogen and carbon monoxide in the approximate
ratio of between 1:1 and 3:1 1s supplied by line 10 to the synthesis |
reactor 11, This gas mixture can be produced, for example, from natural
gas by methods well known in the art which inelude conversion or partial
oxidation with air, steam, carbon dioxide or the like. The reactor may %
be of the fixed, moving bed, or fluid type and ordinarily will be pravidet‘i
vith means for abstracting the heat of eynthesis to maintain the synthesis
temperature within a relatively narrow range.

In the drawing a reaction system of the so-called fluidized ‘
catalyst type is diagrammatieally illustrated wherein a dense suspended ‘
turbulent or liquid-like catalysi phase is maintained within the reactor ‘
1l. In systems of this type catalyst solids of small particle size are |
fluldized by upflowlng gasiform materials within the reactor to produce a
liquid-like dense phase therein, |

Catalyst particles can be of the order of betwesen about 2 and

about 200 microns or larger, preferably 20 to 100 microns, With vertical

gesiform fluid velocities of the order of abeut 0,5 to 5, preferably i
betwsen about 1 and 4, for example, about 2 feet per second, a liquid-
like dense phase of catalyst is obtained in which the tulk density within‘
the reactor is betwsen about 30 and about 90 per cent., preferably
between about 40 and about 80, i,e., about 60 per cent. of the denaity
of the settled catalyst materisl,

It has been observed that the absolute density of the catalyst

particles decreases with the on-stream time, and therafore it is contemw |

i
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! more per square inch, for example, about 250 pounds per square inch, and |

plated that the vertical gasiform velocities can be diminished and/or
the gquantity of catalyst reduced to maintain the desired fluldized tmik
denalty within the reactor, In any event the vertical veloclity of the |
gasiform fluids is regulated so as to produce the turbulent suspension m‘.’3
catalyst material within the reactor,

The catalyst material ip continuously settled from the reaction

i products within the enlarged zone 12 of the reactor 11, The residual

catalyst in preduct line 13 can be removed by water scrubbing, cyclone
separators, or the 1llke, However, since the catalyst recovery system ie
not a feature of the present invention, further details have not been
described,

In general, the reactor 11 can be operated under a pressure
wvithin the approximate range of between about 50 and about 500 pounds or

at a temperature within the appro:d.mb.te range of between about 500 and E
650°F,, for example, about G0O°F, ;

A sultable catalyst for the synthesis is preferably cne or ,
more Group VIII metals or metal oxides, for example, nickel, iron, or
cobalt, A partienlarly useful catalyet is an iron-typs catalyst similar 5
to that used in ammonla synthesis, In some instances 1t is desirable
to include promoters such as metals or meial compounds such as the oz:l.dosi
of aluminum, ceriwm, magnesium, manganese, thorium, titanium, uranimm, |
ainc, zircomium, and the like, It is also contemplated that the catalyst.
can be supported cn a sultable carrier such as clay, siliea gel, altmxina,,
Super Filtrol, Celite, etc.

[
i
Reverting to the flow diagram, the synthesls profucts and un~ [
|
reacted gases substantially free of catalyst are vithdrawn via line 13 |

from the reactor 11 at a temperature of about 600°F, and under a pressurs|
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of about 250 pounde per square inch, An idealized product stream nay, |
1 for example, be a mixture comprising about the following: :

Mol per cent,

8,0~y 7.0
C,~Cx~Cy 475
Cr4~C15 -
Oxygenated Compounds 75
B0 20,0 ;
coy 17.0 |
co PN
% 2.0
¥, 3620 |

100,0 |

The product stream in line 13 passses through partial condemser
1/ vherein it is cooled to a tgmperature of about 450°F, and introduced
into initial separator 16 via line 15, From the initial separator 16
heavy hydrocarbon products and waxes are withdrawn by line 17, The
remainder of the gasiform produet is withdrawn via line 12 from separator '
16 and passed through partial condenser 19 whick reduces the tmnperatnre‘ |
to effect condensatlion of primarily product water. \

In the product stream given in the above example, the water
comprises about 19,4 mol per cent, and the partial condensation temper— |
ature for this stream is below about 285°F, This mixture can be cooled i
lto a temperature about 20 to 100°F, below the bolling point of the water i
at the partial pressure of water existing in the product stream, The
cooled material 1s introduced by line 20 into the intermediate separater

21 from which water and any carry-over catalyst is withdrawm via line 22




10

k-]

20

i

25

|| between about 225 and 250 pounds per square inch, This water fraction

‘I through cooler 25 wherein the temperature is reduced %o about 70°F., The
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at a temperature of between about 185 and 265°F, and a i:rreame of

is substantially free of any condensable oxygenated ccmpounds,

& liguid hydrocarbom product stream is withdrawn from the
meparator 21 by line 23 and can be supplied to a suitable fracticmation
system, The gases withdrawn from the separator 21 by line 24 are passed

cooled stream in line 26 is introduced into the final seperstor 27 frem
which a rich water fraction is withdrawm by line 28, a liquid hydrocarbon
fraction ie recoversd by line 29 and a gaseous fractlon by line 30,

If desired, the liquld hydrocarbon product fractions in lines
23 and 29: from separators 21 and 27, vhich include ofl soluble exygenated
compounds, can be catalytically finished. For example, the product
fracticn can be heated to a temperature of between about 750 and 200°F,
and contacted with a cracking catalyst to cenmvert the oxygenated eupmds
to eeling, Muop.num does not effect any reforming or oracking,
and the octane mmber improvement resulis from comversion of the
oxygenated compounds, However, this catalytj.o finishing can be conducted
at a higher tewperature of the order of betwsen 925°F, and sabout 975°%,
{whick not enly comverts the oxygenated compounds to clefims btut also
sffects reforming of the gasoline tydrocarbone and cracking of the
heavier hydrocarbon produet,

It i3 also contemplated that the cxygemated compounds in the
hﬂrocarbon fractions can be separated by adsorption of the cxygenated
6mpounda on silica gel from which they can be separated by steam dime
tillation of the gel,

The rich product water fraction withdrawn vis line 28 inclndes
th'e'mjor proportion of the ecndemsable oxygenated campounde and is

-7-
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supplied via line 28, pump 31 and lins 32 to & stripper-fracticnator 33,
The uncondensed gases in line 30 are scrubbed in a countercurrent water
scrubber 37, and the tail gases in 1line 39 can be recycled to the synthesis
reactor 11 via lines 41 and 10, These gases are rich in hydrogen and low
moleowlar weight hydrocarbons, and if desired, thess gasSes can be passed
through a charcoal absorber before being recycled or vented from the
system via line 40 for example, '

. Lean water from the stripper-fractionator 33 can be withdrawm
from the system via line 42, and a porticn can be supplied by line 35 and
pamp 36 as the serubber medium in scrubber 37. Rich water fram the sorub-
ber 37 ean be combined via pump 38 and line 32 with the rich water frac—
tior in line 28 from the separator 27 and tho exygenated compounds strip-
ped therefrom in stripper-fracticnator 33, Oxygenated compounds will
comprise between about 20 and 70 per cent of the agueons phasge introduced
into the atr:!.ppar-frgetimtoz_' 33, A heat source 34 is provided near the
bass of the stripper-fractionator 33, and the oxygerated compounds can be
separated by Cfractiomation illustrated diagrammatically as streams 43, 44
and 45 in the upper portien of fracticoator system 33, It is contemplated,
however, that z separate fractionation system can be provided.,

In cne example the finsl ssparator was operated at about 50°F.
and 300 peunds per square inch, The intermediate receiver Z1 was malne
tained at & temperature of about 180°F, The mol fraction of the water in
the stream entering 21 was 0,09 giving a partial pressurs of water of 28
Pe8.1, and a dew point of about 245°F, The aqueous layer from the inter-
nmediate receiver contained about 85% water and 15% oxygenated compounds,
Abcut 75% of the total product water was withdrawn fran the intermediate
receiver 21, The aquaons layer from the final separater 27 analyzed aboup
75; oxygenated compounds, A more nearly pure water fraction at the
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intermediate condenser 21 1s obtalnable b operating ab a higher temper~
ature of about 200°F,, btut then only about 60f of the total water would
be recovered there,

Although frasticpation has been described as the meane of
recovering the oxygenated compounds present In the agqueous phase from
separator 27 and scrubber 37, it is to bs underatood that other means can
be e;nployed. The stream of cxygenated compounds and water in lines 28
and 32 oan be trsated by any method to recover the separate canpcnents m
desired, Instead of steam atripping as a means of recovery of the oxy=
genated compounds in the aqueous phases, other means may be used such as
extraction with a sultable solvent or conversion of the alecchols proam%
to the more volatile aldehydes end ket_onea .and subsequent recovery of all
aldehydes and ketones presemt by stripping or by the addition of sodium
blsulfite to precipitate the compounds formed with regeneration of the
aldehydes and ketones by the a@ditiun of aeid, Constent boiling mixtures
with water may be fo:medand the_;zaptropea can be recoversd ds such,

From the above description 1t will be apparent that xy inven—
‘ion provides a novel method and means for the resovery of produsts from

|| & hydrocarbon synthesis and the efficlent concentration of the water _
[ 20

soluble oxygenated compounds,

It is to be understood that although my inventicm has been des-
eribed with reference to an illustrative example, the invention is not
regtricted thersto, Modifiecations by those skilled in the art are con-

|| templated without deperting from the spirit of the invention defined by

the appended claima,
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The embodiments of the invention in which an exclusive property

or privilege is claimed are defined as follows:

1, In a process for produciog normally liquid produsts
predmimting in hydroecarbons and containing organic oxygenated compounds

'ty catalytioally hydrogenating carbon monoxide in the presence of en

-] alkali~promoted iren catalyst, the improvement which couprises cooling

20

25

30

% f-‘;f 10

"Il vaporons reaction product from said hydrogenation to an elevated tempera=

ture within the range of about 20 to 100°F. below the boiling point of
water at the partial pressurs of water existing in sald wvaporcus reaction
product prior to sald cooling, whereby partisl condensation of water and
normally liguid hydrocarbons and organic oxygenated compounds is effected;
stratifying the resnlting condensate; and withdrawing from said comdensate
at an elevated temperature within said range an agquecus phase containing
not more than a minor proportiom of the organic oxygenated compounds
produced, ‘

2, In a process for producing normally liquid products
rredominating in hydrocarbons and conteining organic oxygenated compounds
by catalytically hydrogenating carbon monoxide in the presence of an
alkali~promoted iren catalyst, the improvement which comprises cooling
the vaporous reaction product from said hydrogenation to a temperature
between about 185 and 265°F, at a pressure sufficient to effect partial
condensation of water and normally liquid hydroca.rbms and organic
o:qrgen'ated compounds therefram; siratifying the resulting condensate;
and withdrewing from sald condensate at a temperaturs between about 185
and 265°F. an agueous Me containing not more than a minor porportion
of the organic oxygenated compounds produced,

=10
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3+ In a process for producing normally liquid products
predominating in hydrocarbons and containing organic oxygenated compoumds 1’
by catalytloally hydrogenating carbon momoxide in the presence of an |
alkali-promoted iron catalyst, the improvement which comprises partially =
condensing the vaporous reactlon product from said hydrogenation at a :
tamperature betwesn ebout 185 and 265°F. and a pressure between abonut =
50 and 500 pounds per equare inch; stratifying the resulting condensate;
and withdrawing from said condensate at a temporature betwsen about 185
and 265°F, an aqueous phase containing not more than a minor propertiom
of the organic oxygenated compounds produced,

4s In a proceas for producing normally liguid products
predominating in hydrocarbons and containing organic oxygemated coampounds
by catalytically hydrogenating carbon monoxide in the presence of an |
alkali-promoted iron catalyst, the improvement which comprises cooling
vaporous reaction product from sald hydrogenation to & temperature
ecufficlently low o effect condensation of high-boiling consiituents
thereof ccndensing st a temperature above the condepsation point of water
in said wvaporous reactlon product; separating and withdrawing said

reaction product to an elevated temperature within the range of about

20 to 100°F, below the bolling point of water at the partial preasure of
water existing in said uncondensed vaporous reaction product after the
separation of the high~boiling constituents, whereby partial condensation
of water and normally liquid hydrocarbons and organic oxygenated compovmds
is effected; stratifying the resuliing condensaie; and withdrawlng from
sald condensate at an elevated temperature within said range an aquecus
phase containing not more than a minor proportion of the organic
oxygenated compounds produced,




218322
5¢ In a process for producing normally liguid products
rredominating in hydrocarbonms and containing organic oxygenated compounds
by catalytically hydrogenating carbon monoxide in the presence of an
alkali-promoted iron catalyst, the improvement whioh comprises cooling

|
|

5 || the vaporous reaction product from said hydrogemation to a temperaturs
below about 450°F, at a pressure bebween about 50 and 500 pounds per
square inch to effect condensation of higheboiling comstituents thereof
condensing at a temperature below the condenastion point of water in said
vapoi-oua reaction product; Separating and wbhdrawing said high~boiling
10 | conatituents; further cooling the uncondensed vaporous reaction product
to an elevated temperature between about 20 and 100°F, below the boiling
point of water at the partial pressure of water exiasting in saild wncondensed
vaporous reactlon produet after the separation of the high-boiling esom~
stituents, whereby partlal condenpation of water and normally liguid

15 | hydrocarbons and crganioc oxygenated compounds 1s effected; stratifying :
the resulting condemsate; and withdrawing from said condensate at sald
slevated temperature an aqueous pbase containing not more than e minor
propertlon of the onganid oxygemated compounds produced.

6, In a process for producing rormally liquid products
predoninating in hydrocarbons and contalning organlc cxygepated compounds
e by catalytically hydrogenmating carbon monoxide in the presence of an
alkali.proncted irom catalyst, the improvememt which ct;mpriaes cooling
T vaporous reaction product from seid hydrogenation to an alevated tempera—

S ture within the range of about 20 to 100°F, below the beiling point of
25

‘water at the partial pressure of water existing in said vaporous reactian

product prior to said cooling, wherely partial condemsation of water and

noﬁmlly liquid hydrocarbens and organic oxygenated compounds is effected;

atratifying the resulting condensate; withdrawlng from said condensate

at an elevated temperature within sald range an agueous phase containing
30

~12=
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! not more than a minor proportion of the organic oxygenmated compounds

j
} produced; further comdensing the residual vaporous reaction product; and |
| separating a second liquid water fraction relatively rich in organic

oxygenated compounds,
5 7. In a process for producing normally liquid products
prsdomﬂndting in hydrocarbons and containing organic oxygenated cumpmmds;

by catalytically hydrogemating carbom monoxide in the presence of an !
i

. alkali-promoted iron qatalyst, the improvement which comprises cooling

“ | “vaporous reaction product from sald hydrogenation and condensing there-
'"-3. from a two-phase liquid fraction at an elevated temperature above about
 185°F., stratifying the resulting condensate, and withdrawing from said
. eondensate at an elevated temporﬁtnre ahove about 185°F, an aguecus phasa'
containing not more tha.n a minor proportion of the organic oxygenated

compowmnds pro&uced.
15

Langner, Parry, Card & Langner,
Monadnock Predseddng ,’z‘,‘,ﬁ."?-,_-;’yy
Chicago, 4, Illimwmbs.
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Patent Agents of the Applicant.
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