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-determines whether they are primarily found in the water

2. $26689

This invention relates to a method for treating the
product obtained by the catalytic conversion of carbon mon-
oxide and hydrogen into synthetic fusl.

The catalytic conversion of carbon monoxide and
hydrogen into synthetic fuel by contact with a fluidized iren
catal yst at an elevated temparature of P00 to 750°F; and at a
pressure of 100 to 500 pounds per square inch results in the
formation of a product comprising a gas phase and a liquid
rhass, the latte; conaisting of approximately one part oil
phase and twe parts water phase, Oxygen-containing 5rganic
compounds, such as, alcohols, esters, acids, ketones and alded
hydes are distributed throughout the two-phase liquid prod-
uct; the molecular weight of the oxygen-containing compounds

phads -or the oil 5h§se. The oxygen-containing compounds
found in the water phase comprise lower molecular weight oxy-
gen-containing compounds, such as, cl to 66 alcohols, esters

contalning up to about 4 carbon atoms and 02 to C, organic

acida with traces of the higher molegular weight iompounds.
The disposal of this water phase: in large scale

commercial operations poses a serious problem since the afored
mentioned compounds comprise about. 20 pesr cent of the water
phase and their presence would seriously pollute any stream
or river into which the water phase is dumped., Moreover,

these oxygen-containing organic compounds are valuable chem-
icals in their own right, The subject invention provides a
method not only for recovery of the oxygen-containing organ-
ic compounds dissolved in the water phase, but it also puri~

fies the water to such an extent that_ibﬂéan be. poured into

rivers and streams without fear of peiluting them,
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 In accordance with the method of this invention,
the product obtained by the catalytic converslon of carbon
&onoxide and hydrogen into synthetic fuel is separated into a
gas phase, a water phase and an oil phase; advantageously,
the separation of the product into the aforsmentionsd compon-
ent phases is effected at an elevated temperaturs of about
200 to AOOQE; and at a pressure of about 150 to 500 pounds
per square inch, The water phass 1s contacted in the vapor
state at. an elevated temperature of at least 500°F, with a
basic compound of an alkali metal or an alkaline earth metal
or with mixtures of such basic compounds. The treatment of
the water phase of the 1liquid preduct in the vapor state with
a basic matgrial selecped'from the aforedescribed group re-
sults in hydrolysis of the esters dissolved in the aqueous
phase to alcohols_and acids and in thb decarboxylation of
acids either to hydrocarbons or katones, ‘After contacting
the water phase in vaper state with a basic material the
vapor phase is cooled and flashed to remove agueous azso=
tropes of alcohols, ketones and hydrocarbons therefrom.

The oil phase separatsed from the liquid product is
subjected to treatment, such as, solvent extraction for the
removal of oxygen-containing compounds dissolved thersin,

The gas phase is recycled:to the reactlon. zone wherein carbon
monoxide and hydrogen are converted Into 1iquid hydrocarbons.
The ligquid product consisting of oll and water
phases obtained by the catalytic conversion.of carben mon-
oxide and. hydrogen into liquid‘hydroearbons by contact. with a
fluidized_iron;cataiyst.at an elsvated temperature of 500 to
750°F; and at a pressure of 100 to 500 pounds. per square inch

contéins approximaﬁely 15 to 25 per cent oxygen-containing
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6rganic compounds. The agueous phase separated from the hy-
drocarbon phase at atmospheric conditions contains dissolved
therein approximately 20 per cent water-soluble 0XyZen-col-
taining organic compounds. The distribution of oxygen-con-
taining compounds is i1llustrated by percentage concentrations
of the various oxygen-containing compounds in the aqueous
phase which are approximately as follows: 12 per cent alco~
hols, 3 per cent acids, 3 per cent esters, 1 per cent alde-
hydes and 1 per cent ketones, It will be noted that alcohols
"form the major portion of the oxygen=containing organic com-
‘pounds in the water phase with acids and esters also compris-
‘ing a substantial portion; aldehydss and ketones, on the other
hand, are only present in minor guantities in the aqueous
phase,

I As was indicated previously, the separation of the
product obtained by the catalytic conversion of carbon mon-
oxide and hydrogen into synthetle fuel is advantageously ef-
fected at elevated temperatures of 200 to AOOOF5 and at a
pressure of about 150 to 500 pounds per square inch., Az is
‘disclosed in copending application of Frank He Bruner, Howard
V. Hess and George B, Arnold, Serial No. 563,310, filed June
11, 1947, entitled "SEPARATION (F OIfGEN-GDMAINING CRGANIC
COMPOUNDS FROM AQUE@US MK TURES CONTAINING THEM", the sep~
aration of the product into a gas phase, a water phase and an
o1l phase at the aforementioned elevated tempsratures and pres
sures effacts a displacement of non-aclidic normally water-
solﬁblé oxygen-containing organic compounds, such as, low mol-
eculag;weight alcohols, esters, aldehydes and ketones from thq
aqueous: phase to.the oil phase. The acids normally present

in ths water phase are not effected by the separation of the
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product at elevated temperature and pressure, Accordingly,

the agqueous phase separated from the liquid product at elevat=-

ed temperature and pressure contains approximately 8 per cent
of oxygen-containing organic compounds, The distribution of
5lithe various species of oxygen~containing organic compounds in
this fraction 1s indicated by the percentage concentrations
which are approximately 2 per cent alcohols, 4 per cent acids,
1 per cent esters, 0.5 perrcent aldehydes and 0,5 per cent
Ketones, It will be noticed that there is a substantial de-
10llcrease in the overall oxygen~containing compound content of
f the aqueous phase and that the alcohol, ester, aldehyde and
ketone percentages decrease while the acid percentage in-
creases, Bscause the'high temperatura-prassurs separation
decreages the percentage of oxygen-containing organic come
15 pounds present in the aqueous phase, it is proposed as the
preferred mode of separation in the subject invention,
An outstanding feature of the subjesct invention is
that hydrolysis of the esters contained 1n the aqueouslphase
ig effiected in the vapor state, The vapor phase hydrolysis

20!6f egters at elevated temperatures over a solld hasic mater-

_ial of the type heretofore described is a surprising and ad-
1f vantageous result of the process of the subject invention,
%;' The water phase, aftef.treatﬁant‘in.the aforede-
v scribed mamner, is practically free from oxygen-containing
25| compounds. Consequently, 1ts disposal does not_ present a
problem since it may be emptied into a river or a stream with=
out fear of causing pollutiono Not only is the water phase
purified to such an extent that its disposal does. not present
any problem, butﬂﬁiso thergyis-reélized a substantial recov-

3 ery of the water-solible. oxygen~containing compounds. The
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alcohols and ketones present in the aqueous phase are sub-
stantially uneffected by its treatment with a basic material
in the aforedescribed manner, Aldehydes which are in the
agueous phase: in small concentration are polymesrized to high
molecular weight materials which undergoe cracking, . Esters
are hydrolyzed to alcohols and acids. Aclds initially pres-
ent In the aqueous phase, together with the acids formed by
.aster hydrolysis, are decarboxylated either to hydrocarbons
or ketones, The flashing oflthe agueous phase recovers alco-
hols, ketones and hydrocarbons present in the agueous phase

after it has been contacted with a basic material under the

"aforedescribed conditionsa,

Alkali metal hydroxides, alkall metal oxides, alka-
1i metal salts, alkaline sarth metal hydroxides, alkaline
earth oxides and alkaline earth salts are included among the

‘bagic compounds which can be employed to effect the vapor

phase alkaline treatment of the aqueous phase of the product

obﬁéined‘by the conversion of carbon monoxide and hydrogen

‘into synthetic fuel, Both alkali metal compounds and alka-

line earth metal compoﬁnds”effect vapor. phase hydrolysis of
esters to alcohols and acids. Basic alkali metal compounds
and basic mixtures of alkaline earth metal and alkali metal
compounds decarboxylate acids formed by ester hydrolysis and
acids initlally present in the aqueous phass to hydrocarbons;
on the other hand, basic alkaline earth metal compounds de-
carboxylate acids formed by ester hydrolysis and acids ori-
ginally present to ketones,

While both basie alkali metal compounds and basilc
alkaline earth metal compounds qffect aufficient clarifica-
tion of the aqueous phase so that it may be disposed of
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Wwithout resulting pollution of body of water into which it is
poured, the alkali metal group of compounds are preferrsd be-
cause they are more efficient, A quicker and more. complete
clarification of the aqueous phase can be effected with the
alkali metal compounds than with alkaline earth metal com=
pounds. As a consequence, a larger quantity of water phase
can be treated in a unit of time with alkali metal compounds
than with alkaline earth metal compounds. Sodium carbonate,
sodium. phosphate, potassium carbdonate, potassium phosphate,
sodium hydroxide and potassium hydroxide are sxamples of
basic alkali metal compounds which can be employed in the
process of this invention., Sodium carbonate and sodium phos-
phate are particularly preferable compounds for use. in the
method of this invention; not only are these compounds par-
ticularly active: in affecting clarification of the aqueous
phase, but they are also inexpensive chemicals, Calclum
oxide, calcium carbonate, barium oxide and barium carbonate
are esxamples of basic alkaline earth metal. compounde used in
thils inventi&h. dalcium‘oxide and caleium carbonate are pre-
ferred alkaline sarth metal compounds.

The contacting of the aquanua.phése with a basic
compound is effected at a temperature. between 500 and 1000°F,
Tt has bsen found that temperatures bstween 600 and 800°F,
ére.preferred. It 1is advisable t0 employ tempsratures in the
uﬁper part of,thg oparating.range;_thgt.is,_temperahurea“of
700 to 1000°F, with alkaline searth metal compounds, whereas

temperatu:ggfbetwean SUOTénd SOOOF. are advantageous with an

.alkali metal compound.

Pressurss ranging from atmospheric to about 500

pounds per sguare inch may be employed for the basic treat-

+
H
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. ing. Accordingly, the aqueous product can be passed through

" a fixed bed of solid basic material maintained at a tempera-

~with a stirred bed of basic material particles.

526689

ment of the agueous product of H2—00 conversion into synthet-
ic fuel, Atmospheric pressure is ordinarily employed.

The aqueous phase: is contacted with a basic compound
at a space velocity between about 1 and 10 volumes of liquid
aqueous solution per volume of solid basic compound per hour.
Space velocities between about 2 and 5 are preferred. As a
general proposition, higher space velocities may be employed
with alkali metal compounds than with alkaline earth metal
compoundss

Tt is possible to effect the vapor phase contacting
of the aqueous. product of H2-00 conversion in accordance with

any of the usual techniques for catalytlic vapor phase contacty

o

ture between 500 and 1000 F,, or the aqueous product in the
vapor. phase.can be comtacted with a fluidized bed of vasic

material particles. The vaporized aquesous product can also

be contacted with a moving bed of basic materilal particles or

The effect of contacting the aqueous phase in the
vapor state with a basic material of the described type is
illustrated by the substantial increase in alcchol content,
and substantial decrsase in acid and ester content of an aque-~
ous phase after treatment with sodium carbonate at a tempera-
ture of approximately 650°F. The aqueous phase after separa-
tion at elevated temperature of approximately 250°F, and eled
vated pressure of approximately 250 pounds per square inch
from the liquid conversion product had an alcohol content of
2 volume per cent{jqe_gcid content of 4 volums per cent, and
an ester content of.l volume per cent., After contactlng with

a fixed bed of sodium carbonate at a temperaturs of 650°F.,
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a space velocity of 2 volumes of liquid aqueous phase per

volume of basic material per hour, the alcohol content was 3

volume per cent, the acid content was less than 0.1 volume
per cent and the ester content was less than 0.1 volume per
5| cent, The decrease in the acid and ester content and the
increase in the alcohol content are significant. The alco-
hols, ketonss and hydro carbons. can be readily removed from
the aqueous phase in the form of water azeotropes by flashing.
In the accompanying figure, there is presented
104 a flow diagram wherein the process of the subject invention i
pressnted in detail, In the description of this flow diagram]
separation of the product of CO-H2 conversion inte gas, water
and oil phases is sffected at elevated temperature and pres- .

R rutt. ure. since- thia is the preferred modification of the 1nwention

15 e Hydrogen and carbon monoxide are introduced through
a pipe .l into a synthesis reactor 2 wherein conversion of  card
bon monoxide and hydrogen inte liquid hydrocarbons is effect~
ed by contact with an iron catalyst maintained in a fluid

state at a tempsrature between 500 and 7009?; and at a prese

20 |l surs of 150 to 500 pounds psr squars inch.

An effluent comprising unconverted hydrogen and
carbon monoxide, carbon dioxide, products of reaction com-
prising water, gaseous and liquid hydrocarbons, and oxygen=
containing organic compounds issueg from the gynthesis reac~
254 tor 2 throughgg;pipe.B and is introduced into a heat exchang-
or L whereini%he product 18 cooled to a temperature between
150 and 400°F, and preferably to a temperature between 200
and BOOQF. without any reduction in pressurs, Thersafter the
effluent 13 introduced. through a pipe 5 into a separator 7

'30 ‘maintained at a temperature between. 150 and 400 F. and pref-
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.drawing ﬁhat portion of the gas phase which is net recycled,

_and gas: oll phase expedites the separation of the oxygén—con-

.7 through a pipe 16 and introduced into a heat exchanger 17
300
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erably at 200 to BOOOF. and at a pressure between 150 and 500
pound s per square inch. Advantageously, the separator is
maintained at approximately the same pressure ag is employed
for conversion of carbon monoxide. and hydrogen in the synthesd
is reactor 2, In the separator 7, the effluent ls separated
into a gas phase, an oll phase and a water phase, As indicat-
ed previously, the elevated temperature and pressure separa-
tion of the product effects displacement of non-acidie nor-
mally water=-seluble oxygen-containing organic compounds from
the aqueous phase to the oil phase,

The gas. phase is removed from the separator 7
through a pipe 9 through which it is recycled to the synthesis

reactor 2 so that a recycles ratio between about l:1 and 5:1

The oil phase is wiﬁhdrawn from the separator 7
through a pipe 12 and 1s introduced into a fractionator 13
wherein it is fractionated into a gasoline and a gas oil |

phass., The fractionaticn of the oll phasea into a gasblihb

taining organic compounda from ths oil phass, The dxygenu
cork aining compounds present in the gasoline fraction may be
éolvent axtracted whersas it is advisable to employ silica
gel adsorption for the separation of the oxygen-containing
compoﬂnds.fromrthe gaz oil fraction. Gasoline and ga=s oil
fractions are removed from separator 13 through pipes 14 and
15 respsctively,

' The aqueous phase is withdrawn from the separator

whersin it is heated to a temperature of approximately 500
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Lo lOOOOF. and preferably to a temperature between 600 and
SOOOFZ Thereafter the aqueous phase which is still under
preséure of approximately 200 to 300 pounds psr squars inch
is introduced through a pipe 18 into a base treater 21 main-
tained at a temperature of between 500 and 1000 F; and at
atmospheric pressurs.

In the base treater 21, the aqueous phase 1n the
vapor state contacts a basic. compound of an alkall metal or
of an alkaline sarth metal or mixtures of such compounds.

For purposes of description, it will be assumed that the bhase
treater 21 contains an alkali metal salt, for example, sodium
carbonate, The basic treatment of the aqueous phase in the
vapor state with sodium carbonate hydrolyzes the esters to

alcohols and acids and decarboxylates the acids initially

_present togesther with those formed by esgter hydrolysis to

form hydrocarbons.

The aldshydes prssent in the aqusous. phase are
polymerized by the vapor phase contacting with spdium.carbon—
ate and are then cracked to smalier molecular weight hydro-
carbons, The alcohols and ketones prssent in the aqueous
phase are substantially uneffected with the exception that
tha alcqhol content is substantially incrsased by the hydrol-
ysiﬁ;of the esters,

After contacting wiﬁh~$odinm carbonate in the base
treater 21, the aqueous phase substantially free from acids,
ssters and aldehydes, but containing an increased quantity of
alcohols and hydrocarbons, is introduced through a pipe 23

into a heat. exchanger 24 whereln it is reduced to a tempera-

ture of about 200 F. Thereafter, the aqueous phase is intro-

'duced through a plpe 25 into a stabilizer 26 wherein agueous




.

526689

azeotropes of alcohols, ketones and hydrocarbons are flashed
from the aqueous phase. After removal of the azeotropes of

alcohols, ketones and hydrocarbons by flashing, the aqueous

phase has an alcohel content of less than 1.0 volume per cent
5 and acid content of less than about 0.1 volume per cent and ar

ester content of less than about 0.1 volume per cent., The

water phase thus substantially free from organic compounds
may be rejected through the pipe 27 and poured into a nearby
A body of water without danger of polluting it.

: 10 " The azeotropes of alcchols, ketones and hydrooar-
bons are removed from the stabiliier 26 through a pipe 30,
Thereafter they may be separated by fractional distillation

- into individual constituents. o
It will be understcod that the foregoing detailed
15 description is merely illustrative of the process of the sub-

Jject invention and is not intended as any limitation thereon.

R R e N T

As indicated previously, the separation of the product cb-
tained by the conversion of hydrogen and carbon monoxide into
synthetic fuel can be separated into a gas phase, an oil

20 phase and a water phase at atmospheric conditions prior to

the treatment of the aqueous phase with a basic material in

accordance with the method of this invention. Moreover, a
basic alkaline earth metal compound such as cal ¢ ium oxide or
g: ' calcium carbonate can be employed in the vapor phase basic
ﬁ;' 25 _treatment of the aqueous phase rather than an alkali metal

. compound, as was employéd‘in the detailed descriptzon of the

I "invention in connection witﬁ the drawing. The use of a basic
“alkaline earth metal compound will increase the ketone con-

tént of the agueous phase, tpgéther with the alcohel content,
30' and both-éicohols and ketones can be flashed from the aqueous

phase.
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Obviously many modifications and variations of the

invention, as hereinbefore set forth, may be made without de-

parting from the spirit and scope thereof and, therefore,
only such limitations should be imposed as are indicated in

5 the appended claims.
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The embodiments of the invention in which an ex-

clusive property or privilege is claimed are defined as

follows:

1. A process for treating a product contalning.
water, hydrocarbons and oxygen-containing organic compdunds
comprising alcohols, esters, aclds, aldehydes and ketones and
which is obtained by the catalytic conversion of carbon mon-
oxide and hydrogen into synthetic fuel which comprises sepa-
rating said product into a gas phase, an oil phase and a watef
phase, vaporizing sald water phase, contacting said water phade
in the' vapor state at a temperature of 500 to 1,000°F. with a

solid basic inorganic compound selected from the group consisy

ing of basic alkali metal compounds, basic alkaline earth metdl
compounds and mixtures thereof, whereby esters are hydrolyzed
and acids are decarboxylated, thereafter condensing said water
phase and‘removing hydrocarbons, alcohols and ketones from

said water phase.

2. The method according to claim 1 in which the

water phase is contacted with a basic alkali metal compound.

3. The method according to claim' 1 in which the

I
water phase is contacted with sodium carbonate.

4. A process according to claim 1 in which the
ﬁproduct is separated into a gas phase, an oil phase and a
water phase at an elevated temperature of 150 to 300°F, and an

elevated pressure of 150 to 500 psig.

5. The process according to claim 1 1in which the
aguecus phase is contacted with a basic alkaline earth metal

compound at a temperature between 700 and 1,000°F.

6. The method according to claim 1 in which the

aqueous phase is contacted with calecium carbonate at a tempera-

ture between 700 and 1,000°F,

/7




-compniées separating said produect into a gas phase,'an oil

fitacting said water phase in the vapor state at a temperature

are hydrolyszed and acids are decarboxylated.
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7. A process for effecting vapor phase hydrolysis
of aliphatic esters such as may be derived during the catalyti
conversion of carbon monoxide and hydrogen'intb syntheti¢ fuel
and containing up to about four carbon atoms which comprises
contacting an ester with water in the vapor state at a tem-
perature of 500 to 1,000°F. with a solid basic inorganic com-
pound selected from the gfoup consisting of basic alkali metal]
compounds, basic alkaline earth metal compounds and mixtures

thereof.

8. In the treatment of synthesis product containing
water, hydrocarbons and oxygen-containing organic compoundsg
comprising alcohols, esters, acids, aldehydes and ketones and
which is obtained by the catalytic conversion of carbon monox-
ide and hydrogen into synthetic fuel, the improvement vhich

LTk Lo

phaée and a water phase, vaporizing said water phase and con-

of 500 to 1,000°F. withia solid basic inorganic material selec
ted from the group consisting of alkali metal cempounds, alka-

line earth metal compounds and mixtures thereof whereby estersg

Q
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