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- This invention relates to g, process for the pro-
duction of high quality motor fuels from the hy-
drocarbon synthesis reaction between carbon
monoxide and hydrogen. In one of its more spe-
cific aspects this invention relates to a process
for the treatment of the raw hydrocarbon product
produced by the synthesis reaction of carbon
monoxide with hydrogen to obtain an improved
motor fuel. '

The synthesis of hydrocarbons by reaction of
carbon monoxide and hydrogen over an iron type
catalyst is fairly well known. In general, carbon
monoxide and hydrogen in g molar ratio of about
1:2 are reacted in the presence of an iron catalyst,
The synthesis reaction is advantageously carried
out at a temperature within the range of about
500 to about 700° F. and gt an elevated pressure,
for example, at a pressure within the range of
from 150 to about 550 bounds per square inch
gauge. Under these conditions the synthesis
product mixture may comprise about two liquid
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Volumes of water and one volume of liquid or- .

ganic compounds, The Hquid organic compounds
comprise hydrocarbons and ' oxygenated com-
pounds. The oxygenated organic compounds may
amount to from 5 to 20 volume per cent of the total
normal liquid organic synthesis products,

Upon condensation of the synthesis reaction
effluent, two liquid phases are obtained, one com-
‘Prising water containing dissolved organic com-
pounds, and the other comprising hydrocarbons
and hydrocarbon soluble organic compounds.
The hydrocarbon fraction obtained is made up of
from about 5 to 10 weight per cent butanes and
lighter, 70 to 80 weight per cent boiling within
the range of from about 60 to about 400° F., and
containing the motor fuel hydrocarbons, 10 to 20
weight per cent boiling within the range of from
about 400 to 625° F., and suitable for production
of Diesel fuel, and about 5 weight per cent waxy
residue. The untreated hydrocarbon fraction

o -
«x

30

19

as obtained upon condensation of the reaction .

effluent contains the hydrocarbon soluble alco-
hols, ketones, aldehydes and organic acids. In
general, the higher molecular weight oxygenated
compounds are hydrocarbon soluble while the
lower molecular weight oxygenated compounds
are water soluble. :
.. 'The organic acids may be removed from the
hydrocarbon fraction by washing with an aqueous
solution of caustic, e, g., one volume of 15° Baumé
sodium hydroxide to nine volumes of hydrocar-
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bon treated. Alcohols, aldehydes, ketones, and -

any other oxygenated compounds may be effec-
tively removed by extraction of the hydrocarbon
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fraction with ethylene glycol. These methods of
removing oxygenated compounds gre effective but
involve considerable expense, both initial invest.
ment cost and cost of the chemicals required for
operation,

The present invention obviates the necessity of
using chemical extraction in the treatment of the
hydrocarbon fraction of the synthesis product.
As disclosed in the copending application of How. B}
ard V. Hess et al, Serial Number 673,882, flled
June 1, 1946, the acids and ethyl alcohol may be
preferentially removed from the synthesis: reac-
tion effluent with the water by separation of the
hydrocarbon and aqueous phases at elevated tem-
perature and pressure. In accordance with the
process of said application the reaction effluent is
partly cooled to a temperature within the range
of from about 200 to 300° ¥, without substantial
reduction in pressure, so that two liquid phases
form. One phase comprises & hydrocarbon-rich
fraction containing substantially all of the ali-
phatic alcohols of more than two carbon atoms
Der molecule and a portion of the ethyl alcohol.
The other liquid phase comprises a water<rich
liquid mixture containing organic acids and the
remainder of the ethyl alcohol., Small amounts
of ketones and aldehydes may be present in hoth
bhases, while the bulk of the acids will be present
in the water phase,- ’

The effect of separation of the water phase and
the hydrocarbon phase from- the hydrocarbon
synthesis efluent at an elevated temperature as
opposed to conventional phase separation at ap-
proximately atmospheric temperature, is to
change the distribution of oxygenated compounds
in the two phases. At an elevated temperature
within the range of from about 200° F. to about
300° F., the solubility of the oxygenated com-
bounds other than acids in the hydrocarbon
Phase is increased while the major proportion of
the acids is still retained in the aqueous phase. .
This shift in'equilibrium between the hydrocar-
bon phase and the aqueous phase affords a means
by which the oxygenated compounds may be con-

5 veniently separated in the reaction products. An

economical separation is thereby made primarily
between the acids and part of the ethyl alecohol
on the one hand, and the non-acidic organic com-
bounds on the other hand. The hydrocarbon
bhase, upon subsequent treatment, is converted
into valuable motor fuel and Diesel fuels, while
the aqueous phase may be treated for recovery
of the organic acids and ethyl alcohol.

This high temperature phase separation results

? in practically all of the organic acids passing into '
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the water phase, This is 3 rather unexpected re-
silt as is also the fact that Under these condi-
tions, substantially all of
molecular weight than ethyl alcohol are passed
into the hydrocarbon phase.

A gas phase ¢omprising unreacted carbon mon-
oxide and hydrogen, carbon dioXide, and low boil-
ing organic compounds, such as methane and
formaldehyde, may be separated from the syn-
thesis mixture. Unreacted carbon monoxide and
hydrogen as well as carbon dioxide may be re-
moved from the gas phase and recycled to the
synthesis reaction.

The water phase initially separated from the
synthesis product is advantageously subjected to
distillation to recover the ethyl alcohol and or-
ganic acids from the water. The ethyl alcohol is
advantageously returned, at least in part, to the
synthesis reactor to suppress the formation of
alcohol therein; organic acids may be similarly
recycled.

By effecting the initial separation of & water

- phase from the synthesis efluent at a temperature
in the range 200 to 300° F., substantially all of the
alcohols and particularly the Cs and higher alco-
hols remain in the hydrocarbon phase and only &
small amount, mainly ethyl alcohol, remains in
the water phase. Thus, the water phase sepa-
rated &t a temperature of 200° F. contains on the
order of 1 to 2 weight per cent oxygenated com-
pounds, whereas one separated at 80° F. contains
on the order of 6 to 8§ per cent. Separation of
the water phase from the hydrecarbon phase at
temperatures above about 200° . results in a
water phase containing still less of $he oxygenated
compounds. .

The pressure need be sufficient only to insure
condensation of lower molecular weight organic
compounds at the separation temperature. The
pressure may range from sbout 150 pounds per
square inch gauge to 550 pounds per square inch
or higher. The higher pressures are somewhat
advantageous in increasing the condensation of
the low molecular weight compounds. Pressure,
per se, has little, if any, effect on the distribution
of the oxygenated compounds between the hydro-
carbon phase and the water phase. Pressure has
an indirect influence on the distribution in that
it effects the composition of the condensate.

The separation is conveniently operated at the
same pressure as the synthesis reactor, i. e., with-
in the range of 150 to 550 pounds per square inch
gauge. No unexpected advantage is obtained by
increasing the separation pressure above the re-
actor pressure. .

In accordance with my invention, a hydrocar-
bon fraction containing dissolved oxygenated
compounds resulting from the phase separation at
& temperature within the range of 200 to 300° F.
and a pressure above about 150 pounds per square

" inch is subjected to catalytic treatment with an
alumina catalyst, The catalytic treatment great-
1y improves the ectane value of the motor fuel
hydrocarbons and simultaneously converts the
oxygenated compounds. o olefins of a quality
suitable for use in motor fuels.” The catalytic
treatment is effected by passing the hydrocarbon
fraction into contact with a catalyst consisting
essentially of alumina at a temperature within
the range of from about 700 to about 900° F.

_Suitable catalysts for the treatment of the hy-

- drocarbon fraction are bauxite, synthetic alumina,
fuller's earth, and other alumina-containing ma-
terials which have little catalytic activity for the

. c‘;ac'king reaction. While silica may be present-

the aleohols of higher.
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in the alumina eataiyst, as in fuller’s earth, the
presence of silica tends to increase cracking.
Silica in a form which is active as a catalyst for
cracking hydrocarbons, e, g., silica gel, should be
avoided. The treatment with the alumina cata-
lyst effects mainly isomerization of olefinic con-
stituents of the hydrocarbon mixture and simul-
taneously converts the oxygenated organic com-
pounds contained therein to olefins. The olefins
so produced are isomerized together with olefins
contained in the original hydrocarbon synthesis
product. Thus, the catalytic treatment effects
conversion of alcohols and other oxygenated com-
pounds to motor fuel hydrocarbons of high anti-
knock value. :

The catalytic treatment results in a remark-
able overall improvement in the octane value of
the hydrocarbon fraction. The increase in
octane value is dependent to some extent upon the
fraction treated. A typical naphtha fraction
having an initial boiling point of 115° F. (A. S. T.
M. method) and an end point of 400° F. may be
separated from the hydrocarbon rich phase ob-
tained from the high temperature separation and
separately catalytically treated, or a naphtha
fraction may be separated following treatment of
a fraction of wider boiling range. In either in-
stance, an improvement in the octane value of the
naphtha fraction on the order of from about 15
to 20 points, may be expected as the result of the
catalytic treatment.

A fraction boiling within the range of from
about 400 to about 625° F., suitable for prepara-
tion of Diesel fuel, may be separated from the
raw or untreated hydrocarbon product. If a
Diesel fuel is desired, the Diesel oil fraction is
preferably separated from the hydrocarbon prod-
uct prior to the catalytic treatment as the cata-
1ytic treatment results in a decrease in cetane
number of the Diesel oil fraction by about 10 to
16 units. If the 400° F. and heavier fraction is to
be subjected to cracking, the separation of this
fraction from the naphtha fraction may be made
either before or after the catalytic treatment.

The total liguid hydrocarbon fraction obtained
on phase separation at elevated temperature and
pressure may be subjected to the catalytic treat-
ment. This results in conversion of the oxygen-
ated compounds and improvement of octane value
of the motor fuel hydrocarbons comparable to
that obtained by separate treatment. The pres-
ence of the high boiling components, however,
tends to decrease the capacity of the catalyst, or
the permissible on-stream period prior to regen-
eration. Preferably, the waxy heavy residuum
or the . fraction boiling above about 625° F. is
separated from the hydrocarbon product prior to
the catalytic treatment.

By the catalytic treatment as practiced in the
process of my invention, the typically high neu-
tralization number of naphthas of the present
class, as for example on the order of about 25, is
reduced to a value of less than 0.1 while gum
content and color stability are also considerably
improved. The neutralization number is ex-
pressed in milligrams of potassium hydroxide per
gram of hydrocarbon required for neutralization.

The present invention is not to be confused
with catalytic cracking and reforming processes
usually carried out on gas oils or gasoline under
different conditions and with a material altera-

" tion in product distribution and yield. For ex-
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ample, thermally cracked naphthas have hitherto
been contacted with clays under different condi-
tions for reducing the sulfur content. Also, by
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the process known as isefcrming, treatment at
higher temperatures is employed to effect an im-
provement of octane rating in thermally cracked
naphthas, whereas with identical treatment cata-
lytically cracked naphthas show no material
improvement. The catalytic treatment employed
in the process of the present invention results in
improvement in the anti-knock rating of the
naphtha fraction of the hydrocarbon synthesis
product which is superior to the aforementioned
treatment of thermally cracked naphthas, with
an accompanying elimination of objectionable
oxygenated compounds, and high product ytelds.

The catalytic treatment effects simultaneous
removal of oxygenated compounds and improve-
ment in octane number. The oxygenated com-
pounds present in the hydrocarbon fraction in
relatively large amount are substantially com-
pletely converted to olefins. The unusually great
improvement in octane value of the motor fuel
fraction cannot be explained as resulting from
removal of the oxygenated compounds as the re-
moval of oxygenated compounds alone results in
a slight decrease in the octane value of the raw
naphtha fraction. The improvement obtained by
treatment with the aluming catalyst indicates
that the hydrocarbon structure is changed. It
is believed that the primary reaction accompany-
ing the deoxidation is meta-isomerism of the ole-
fins or isomerization by shifting of the double
bond towards the center position of the carbon
chain. This is sharply in contrast to prior art
brocesses of treating naphthas wherein the pri-
mary reaction is cracking. Cracking of the
naphtha fraction during the catalytic treatment
in the process of this invention is undesirable and
is avoided as much as possible.

Fractions heavier than the naphtha fraction,
for example, the hydrocarbon fraction boiling
above 400° F., may he subjected to cracking if
desired. Cracking of the hydrocarbons contain-
Ing oxygenated compounds also effects simulta-
neous deoxygenation. Such treatment is prefer-
ably carried out by contacting the heavier hy-
drocarbons at an elevated temperature with a
siliceous cracking catalyst. Under the more
drastic conditions, e. g., the higher temperature
levels and longer contact times, such silica-con-
taining mixtures as fuller's earth accomplish
some cracking. Fuller’s earth is not comparable,
however, to the active siliceous cracking cata-
lysts, e. g., synthetic silica gel cracking catalysts.
Such cracking is discussed herein primarily to
distinguish the catalytic treatment used in the
brocess disclosed from those processes for treat-
ment of synthesis fractions boiling above about
350 to 400° F. wherein the primary reaction is
cracking.

Water in the form of steam is preferably pres-
ent in the hydrocarbon vapors passed into con-
tact with the alumina catalyst. Suitably from
about 5 to about 50 weight per cent of the charge
to the catalyst and preferably about 20 weight
per cent is steam. The hydrocarbon fraction ob-
tained from the high temperature phase separa-
tion contains some dissolved water. When the
total hydrocarbon fraction is subjected to cata-
Iytic treatment, it may not be necessary to add
additional water or steam. The purpose of the
water vapor in the feed to the catalyst is to pre-
vent possible cracking of the hydrocarbons.
Other diluents may be used for this purpose, but
are in general less effective than steam.

The catalytic treatment results in the forma-
tion of some carbon which ig deposited on the
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catalyst and some polymer tar which is in solu-
tion in the treateq Hquid hydrocarbons. The
polymer tar amounts to from about 2 to ahout §
weight per cent, of the treated liquid hydrocarbon.
This is readily removed from the treated hydro-
carbon by distillation.

Some light gases are inevitably produced by the
catalytic treatment, These are produced princi-
pally as a result of deoxygenating the oxygen-
containing organic compounds, The removal of
acids from the hydrocarbons in the phase sepa-
ration step and the venting of carbon dioxide,
together with other uncondensibles, results in g
negligible carbon dioxide content in the light
gases issuing from the catalytic treating reactor.
Consequently, the light gases, comprising eth-
Vlene, may advantageously .be recycied to the
synthesis reactor for conversion into higher boil-
ing hydrocarbons, thereby Increasing the ultimate
yield of motor fyel, ‘

The treated hydrocarbon is preferably sub-
Jected to fractionation to effect removal of un-
desirable by-products higher and lower boiling
than the desired hydrocarbon fraction. Obvi-
ously, the hydrocarbon fraction may be separated
in any number of cuts as desired, suitably, a
motor fuel fraction boiling within the range of
from about 100 to about 400° F, and g gas oil
cracking feed boiling above 400° P,

Cs and C: olefins produced in the catalytic
treating operation may be subjected to catalytic
polymerization to produce polymer naphtha,
The capacity ~f the catalyst for maximum im-
pbrovement in octane value is limited. The effec-
tive on-stream time prior to renewal or regen-
eration of the catalyst is determined by the rela-
tionship of the volume of hydrocarbon treated
to the volume of catalyst. Space velocities may
vary between about 1 ang about 10 liquid vol-
umes of hydrocarbon per volume of catalyst per
hour. Slightly greater Improvement in octane
values .is obtained at the lower space velocities,
In general, between about 10 and about 30 vol-
umes of hydrocarbon may be treated for' each
volume of catalyst before regeneration of cata-
lyst. The improvement in octane value of g
typical hydrocarbon synthesis product decreases
slowly above 10 v./v./cycle dropping to about
half the initial value at about 100 v./v./cycle.
The neutralization number of the treated hydro-
carbon increases rather rapidly when the v./v./
cycle is increased above about 30, There is little,
if any, advantage in either octane value improve-
ment or in conversion of oxygenated compounds
(as indicated by low heutralization numbers) for
operation at less than about 10 v./v./cycle.
The volume of hydrocarbon treated is breferably
between 10 and 20 v./v./cycle,

Pressures are advantageously near atmos-
pheric, preferably within the range of from about
atmospheric pressure to about 25 pounds per
square inch gauge although the process is oper-
able at higher bressures, e. g., 200 pounds per
square inch or higher. ‘

Catalyst sizes may be the typical sizes conven-
tional in the case of vapor phase catalytic proc-
esses, with due regard to the avoidance of unde-
sirable pressure drop in the catalyst zone, Suit-
able catalyst sizes are usually, for example, from
6 to 30 mesh and conventional pelleted catalysts
may, of course, be employed.

The invention is in no way restricted to any
specific method of contacting, being applicable
to batch or fixed bed operation, or moving bed
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catalysts and to use with fresh or regenerated
catalyst. ’

Usually it is advantageous to. regenerate the
catalyst after each on-stream or treating period
and thereafter resubmit it to use in the treatment
zone. Such a process obviously permits the use
of any conventional type of apparatus whereby
catalyst Is permitted to reside in the reaction zone
in contact with the hydrocarbon in vapor phase
for the predetermined perfod of time, is then
withdrawn, regenerated and returned. Such
apparatus is exemplified by any of the conven-
tional fluldized or moving bed systems operating
under a controlled average catalyst residence
time in the treatment and regeneration Zones.
Among these are the structures wherein the cata-
lyst gravitates through the treatment chamber
countercurrent to the incoming feed, and after
a selected period of contact moves into a regen-
erating chamber. The process, however, does
not require there refinements and is equally ap-
‘plicable to fixed bed operations where after &
selected period on stream, the operation is termi-
nated and the contents of the reactor subjected
to regeneration. .

Regeneration may be carried out in any con-
ventional manner for catalysts of this class, for
example, at temperatures of about 1050° F. and
usually under pressure, as for example, 90 pounds
per square inch gauge, with the continuous re-
circulation of an appropriate flue gas contain-
ing, for instance, about 5 per cent oxygen by vol-
ume until carbonaceous deposits are removed. It
is to be understood however that the specific
method of regeneration is immaterial to the pres-
ent invention insofar as the catalyst is placed
thereby in fully regenerated condition. In short,
the temperatures and pressures are not critical
and may be varied widely, and the regenerating
gas may comprise steam or any other conven-
tional medium; any suitable diluent may be used
to control the rate of regeneration.

It is to be understood that this invention is gen-
erally applicable to the synthesis of hydrocarbons
by the catalytic reduction of carbon monoxide
with hydrogen in the presence of typical catalysts
for this purpose. Such catalysts are those of the

. iron group, e. g., cobalt, iron, nickel, at the well
established operating temperatures and pressures
which characterize the respective catalysts. As
is also known, the optimum conditions vary for
equivalent catalysts, being in somewhat lower
ranges of temperature and pressure for cobalt
catalysts, typically 400° F. and substantially at-
mospheric pressure. Obviously too, the synthesis
catalyst may include conventional activators and
promoters, for example, alkali or alkaline earth
metal oxides, alumina, titania, etc,

Obviously, many modifications and variations
of the invention, as hereinbefore set forth, may
be made without departing from the spirit and
scope thereof and, therefore, only such limita-
tions should be imposed as are indicated in the
appended claims.

I claim:

1. A process for the manufacture of motor fuel
hydrocarbons which comprises reacting carbon
monoxide with hydrogen in the presence of an
iron catalyst at & temperature within the range
of from about 500 to about 700° F. and & pressure
within the range of from about 150 to about 550
pounds per square inch gauge, subjecting the re-
sulting reaction products to a temperature within
the range of from 200 to 300° F. and a pressure
within the range of 150 to 550 pounds per square
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inch gauge whereby condensate is formed com-
prising & hydrocarbon-rich phase and a water-
rich phase, withdrawing the hydrocarbon-rich
phase and subjecting same to fractionation to
separate therefrom a fraction boiling within the
range of 100 to 625° F., passing said fraction in
vapor phase at a temperature within the range
of 700 to 900° F. into contact with a catalyst com-
prising essentially alumina at a space velocity
within the range of 1 to 10 liquid volumes of hy-
drocarbon. per volume of catalyst per hour, and
recovering the resulting treated hydrocarbon
fraction of improved octane value.

2. A process as defined in claim 1 wherein the
catalyst is bauxite.

3. A process as defined in claim 1 wherein the
catalyst is fuller’s earth.

4. A process as defined in claim 1 wherein the
catalytic treatment is carried out in the presence
of steam amounting to 5 to 50 weight per cent of
the feed to the catalyst.

- 5. In a process for the synthesis of mofor fuel
hydrocarbons by the interaction of carbon mon-
oxide and hydrogen in the presence of a catalyst
of the iron group, the improvement comprising
subjecting the products of the synthesis reaction
to a temperature within the range of 200 to 300° F.
and a pressure within the range of 150 to 550
pounds per square inch whereby immiscible con-
densate phases are formed comprising a hydro-
carbon-rich fraction and a water-rich fraction,
withdrawing the hydrocarbon-rich fraction and
passing said fraction in vapor phase at a tem-
perature within the range of 700 to 900° P, into
contact with a catalyst comprising essentially
alumina, and recovering the resulting treated hy-
drocarbon fraction of improved octane value,

- 6. A process for the manufacture of motor fuel
hydrocarbons which comprises reacting - carbon
monoxide with hydrogen in the presence of an
iron catalyst at a temperature within the range of

. from about 500 to about 700° F. and a pressure
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within the range of from about 150 to about 550
pounds per square inch gauge, subjecting the re-

= sulting reaction products to & temperature with-

in the range of from 200 to 300° F. and a pres-
sure within the range of 150 to 550 pounds per
cquare inch gauge, whereby condensate is formed
comprising & hydrocarbon-rich phase and & wa-
ter-rich phase, withdrawing the hydrocarbon
rich phase and subjecting same to fractionation
to separate therefrom a fraction boiling within
the range of 100 to 400° F., passing said fraction
in vapor phase admixed with 5 to 50 weight per
cent steam based on the composite mixture into
contact with bauxite at & pressure within the
range of from about atmospheric to about 25 -
pounds per square inch gauge and at a tempera-
ture within the range of 200 to 900° F'. and a space
velocity within the range of 1 to 10 liquid volumes
of hydrocarbon per volume of catalyst per hour,
recovering the resulting treated hydrocarbon
fraction of improved octane value, and subject-
ing the resulting treated hydrocarbon fraction to
further fractionation to effect removal of materi-
als higher boiling than the -untreated hydrocar-
bon feed to the catalyst.

7. In a process for the synthesis of motor fuel
hydrocarbons by the interaction of carbon mon-
oxide and hydrogen in the presence of a catalyst
of the iron group, the improvement comprising
subjecting the products of the synthesis reaction
to a temperature within the range of 200 to 300°
F. and a pressure within the range of 150 to 550
pounds per square inch whereby immiscible con-
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densate phases are formed comprising & hydro-
carbon-rich phase and a water-rich phase, sepa-
rating a hydrocarbon-rich fraction from said hy-
drocarbon-rich phase and passing said fraction
in vapor phase at a temperature within the range
of 700 to 900° F. and under substantially non-

cracking conditions into contact with s catalyst

10
containing alumina in an amount sufficient to ef-
fect isomerization of unsaturated hydrocarbons
by shifting of the double bond.

JAMES H. GRAHAME,
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