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4 Claims.
1 :
- This invention relates to processes of purifying
aliphatic acids, and more particularly to proc-
esses for removing organic impurities from higher

" boiling oil-soluble aliphatie acids or mlxtures

thereof.

In the production of organic oxygenated com-
pounds by such proceses as the hydrogenation of
carbon oxides, the direct oxidation of hydrocar-
bon liquids and gases, and the like processes,
products of great complexity are obtained which
comprise a wide variety of organic oxygenated
compounds including acids, alcohols, aldehydes

and ketones of a broad range of molecular weight.

For example, when carbon monoxide is hydro-
genated in the presence of an alkali-promoted
fluidized finely divided iron catalyst at tempera-
tures of between about 580 and 675% F. and under
pressures of above 250 pounds per square inch, an
aqueous phase and a liquid hydrocarbon phase
are produced, both being rich in oxygenated com-
pounds: The agueous phase includes among other
organic oxygenated compounds a recoverable pro=-
portion of aliphatic acids such as acetic acid,
propionic acid and butyric acids. The hydro-
carbon phase includes higher boiling acids having
from 5 to about 18 carbon atoms to the mole-
cule. Such acids include 2-methylbutyric, valeric,
3-methylvaleric, hexanoie, 2-methylhexanoie,
caprylie, capric, myristic, palmitic, and stearic
acids, and other aliphatic carboxylic acids.

Simple, direct fractional distillation of either
the hydrocarbon phase or the aqueous phase is
not feasible because of the numerous multiple
component azeotropes that are known to exist
amonhg the various constituents and because of a
tendency of certain of the components to react,
decompose or polymerize when such a mixture is
exposed to elevated temperatures for appreciable
periods of time. It is desired to separate: the
mixture, to concentrate the acid fractions, and to
purify them by removing the connate organic
contaminants. Among the purposes of purifying
the mixed aliphatic acids are increasing the
permanganate time, decreasing the turbidity
which ocecurs upon dilution of contaminated
acid, and increasing the purity of the particular
acid fractions.

In the recovery of oxygenated compounds from
hydrocarbon solutions, it has been proposed to
extract countercurrently a solution of oxygenated
compounds in hydrocarbons produced concurrent-
ly in the hydrogenation of carbon oxides. Such
extractant may be an aqueous solution of a water
soluble salt of a carboxylic acid and an alkali
metal.- For-example, the extraction may be with
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an aqueous solution of sodium soaps of the crude
synthetic acids and sodium carbonate, and it has
been found that such a soap solution removes the

- acids quantitatively as sodium soaps by reaction

5

- mately 85% of the alcohols and 50%
- aldehydes the ketones are removed from the syn--
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with the sodium carbonate. In addition, approxi-
of the

thesis il solution by the extraction.

~In carrying out the extraction of the organic
oxygenated compounds from the hydrocarbons -
by means of an aqueous solution of a salt of
carboxylic. acid, I may operate at a temperature
from: somewhat below room temperature to as
high as 100°:C. 1 prefer, however, temperatures
of between about 20 and 80° C., and particularly
between-about 30 ‘and 60° C. Reduced, ordinary,
or elevated pressures may be used so long as the
extractant solution and the charging stock re-
main liquid under the process conditions.

The aqueousextractant solution used in my
process should have ‘an initial concentration of
at least ‘about 30% by weight of the defined class
of solubilizer salts.” In order to effect the optimum.
extraction of organic oxygenated compounds from
the charging stock, a concentration of between

‘about 30 and 50 weighit percent of such salts may

be used. However, higher conecentrations may
be used so :long as-the’ extraction conditions of
temperatire and pressure are such that the ex-
tractant solutmn is mamtalned in the liquid
phase.

The ri¢h - sodium - soap solution from the ex-
tractor may be passed to a steam stripper in which
the -alcohols,- aldehydes and ketones and some
solutized “hydrocarbons -are distilled overhead.
This crude chemicals stream may then be with-
drawn for processing‘in a manner which is not

& part of this invention. The bottoms from .the

" :stripper, comprising an aqueous solution of the
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sodium soaps of the synthesis acids, also contains

‘& small quantity of higher boiling alcohols and

carbonyls but the concentrations of these are
sufﬁclently low to-allow recycle of the soap solu-
tion to the extraction column. A stream of soap
is continuously withdrawn, however, at a rate
sufficient to remove the'sodium soaps formed from
the acids in the stream of synthesis hydrocarbons.

The net soap stream is passed through a second
steam stripper or an “extractor to remove the
traces of alcohols and carbonyls after which it
is heutralized with a mineral acid, for example
concentrated sulfuric ‘acid, which liberates the

‘a.mds as a water insoluble phase giving a stream of
-organic acids which require further ‘purification.,
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It is with respect to this latter purification that
my invention relates. -

The separation and purification of a mixfure
of aliphatic carboxylic acids containing small
amounts of organic contaminants presents a diffi-
cult problem, and herefofore the contaminants
have been removed only with considerable diffi-
culty, if at all, and at prohibitive expense. The
contaminants which are present in the acid mix-
tures have boiling points near the boiling points
of the acids or form azeotropic.mixtures. on .dis-
tillation with the acids and the separation.of the
uncontaminated acids is made difficult by the
complex nature of the mixture:in which they
oceur. o

It is, therefore, a primary object of my inven-
tion to separate substantially:pure:aliphatic acids
from contaminated mixtures thereof. Another
object is to recover oil soluble acids of-good-eolor
and color stability. A more specific object of my

~invention: is-to provide. a system: for recovering

water soluble and water inscluble .confaminants
from higher boiling aliphatic.acids produced.con-

. currently with hydrocarbons by the hydrogena-
~tion.of carbon oxides.. Other objects and.advan-
tages of my invention will become apparent from
. the following -descriptiontaken with the draw-

ings which form a part thereof.
- .Referring to the drawing, I have illustrated

-an:embodiment of my invention wherein a hy-~!
-.drocarbon stream containing .alcohols, .carbonyl
~:compounds..and :organic-acids is. transferred by
-~pump {1 through line:{2 into the bottom . of ex-

tractor {3 and is passed:countercurrent to: a

- downward flowing .agueous. solubilizer. solution :
- containing about 30% by weight:of sodium salts
-of: a -mixture of organic acids produced. in the

hydrogenation ;of carbon:monoxide over..an. al-
kali-prometed finely. divided iron. catalyst. intro-
duced through: line {4 into:the:top.of the ex-
tractor (13. In addition: to.the soap solution, a

~guantity. of . sodium: carbonate solution:or.other
;alkali in amount -at.least: sufficient, to react with
- the.earboxylic acids.present: in the hydrocarbon

stream is introduced into.the top.of the:extrac-
tor.13. This may be introduced via & separate
line 15 as illustrated or may. be injected: directly
into. line -4 .containing -reecycled- soap- solution.

. The. aqueous: alkaline salt.solution exfracts or-
ganic oxygenated compounds from the hydrocar-

bon stream and the hydrocarbon raffinate from
which substantially all. the. oxygenated- com-

- pounds have been removed. is withdrawn from

the top of the extractor :{3: and transferred
through line 16 to storage or to further process-
ing as desired.

The rich aqueous extract withdrawn from.the
bottom of extractor 13 through line {7 is trans-
ferred by pump {8 through line {9, heater 20 and
line 2i into stripper 22, preferably at.an. inter-
mediate point in stripper .22. In.the stripper 22
the agueous stream is subjected to a steam strip~
ping operation by means of reboiler 23 -and free
steam introduced through line ‘24. " Oil<soluble

-woxygenated compounds are stripped from the ex-
~tract and together with some water vapor: pass
-overhead from stripper 22 through line 25;cooler

26, and line 27 into the:separator 2§8. A con-

- densate water phase from-separator 28 is refluxed

to the stripper 22 through valved line 29 and: the

- organic layer comprising -oil-soluble oxygenated

compounds is withdrawn through line 32 to stor-
age and further processing. }

The stripped aqueous soap. stream. emerging
from the bottom of stripper 22 through line 33,
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cooler 34, and pump 35 is returned via line 4
and pump 37 {o the extractor {3. A portion of
the stripped soap solution, however, is diverted
to acid recovery. When the water-inscluble im-
5 purities are to be removed, the stripped soap
solution may be fransferred via valvéd line 36
:into:the top of extractor 38.. A stream of an
organic solvent for high . boiling:oil-soluble oxy-
genated compounds, preferably a lower boiling
:10 “hydrocarbon liquid such as pentane or a lower
-boiling aliphatic.ether such as isopropyl ether, is
sintroduced “into’ the bofttom of extractor 38
“through line 39 and the oxygenated compounds
crare-extracted from the aqueous stream by the
=15 solvent as ‘the 4wo streams pass countercurrent
sgithin the-extractor 38. The extracted aqueous
:soap stream-emerges from the bottom of extrac-
tor 38 through line 48 for regeneration and iso-
Jation’of organie acids from the salts contained
20 therein. - )
.+ In:gome . instances where it is not-desired to
.:remove the ‘water-inscluble impurities, the treat-
- ment conducted in extractor 38 may be omitted
..and-.the stripped soap  solution from line 38
25 diverted by valved lines 45 and 68 for regenera-
.-tion and isolation of the organic acids. It is also
- contemplated that the stripped aqueous stream in
line :3§- may be split, with & portion being ex-
~tracted in- extractor 38 fo remove oxygenated
30. compounds and ancther- portion being sent di-
rectly to the acid recovery steps. - However, where
- the extractor is used, a solution of higher boiling
-.oil-soluble oxygenated organic compounds in the
- solvent is removed from the top of the extractor
35 -38. and passed threugh lines-48, heater 4§, and
line 58 at an intermediate point into stripper 5i.
The solvent is-stripped out by--heat supplied by
.- the reboiler 52 and the solvent vapors go overhead
..through. line ‘53 into. condenser -84. The .con-
40 .densed . solvent flows through line 55 into reflux
.. drum. 56 .from - which. a. portion is returned. to
stripper 51 through line 57, liné 58, valve §9,.and
~line 68, and the remainder.is recycled to the bot-~
_tom of .extractor 38 through line 51, line 61, valve
45. 62, 1in2 83, pump 64, and line 39. Make-up sol-
vent .may be.added as needed.through line 65
“ahead of pump 84.. A stream of oil-soluble oxy~
. genated compounds is recovered as bottoms from
.the’stripper 5! through 1iné 86 ahd cooler 51.
50 Reverting to the acid recovery step, the soap
solution in line 68 is contacted with a stoichio-
~metric quantity of a mineral acid, such. as con-
_.cenfrated sulfuric acid, supplied by line §9 .to
*liberate the organic .acids from their salts.” Upon
55. treatment with the mineral acid, an oil-soluble
.acid phase and a liquid water phase result which
are permitted to separate within separation drum
718, "The upper acid phase is withdrawn from the
“drum 18 'via line 74, and passed by pump 72 into
60 a. wash tower 13 where inorganiec salts and non-
" distillables are removed by contacting with an
acid-water phase from stripper 4. The water
“washings from the wash tower 73 are withdrawn
“~from the bottom of the tower via line 15 and com-~
g5 mingled with the water phase in line 18 from the
- separation drum ‘70, 'This water phase is then
~-passed by pump  T1-through heater 78 and into
stripper 74 at a low point. . Steam is introduced
“into stripper 74 by 1iné:19 and the stripping oper-
70 ‘ation is conducted so as to strip the water phase
" free of acidic materials other than acetic aeid.
. 'The overhead from stripper 14 is withdrawn
via.line 81, passed through cooler 82 and into re-
- flux drum 83.. A portion of the condensed strip-
75,;_ per overhead may be returned by valved line §4
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to the stripper 14 and another portion is intro-
duced into wash tower 73 via line 85. Thus, the
acid phase or layer from separation drum 79 is
washed with an acidic water from which acetic
acid has been removed as bottoms via line 88 from
stripper 74. By recycling the dilute acid stream
from the sodium sulfate solution stripper 74 to
tower 78 via line 83, some of the emulsion diffi-
culties which are ctherwise encountered if pure
water is used for scrubbing the acids in tower 73
are eliminated. Iowever, if the water-soluble
acetic acid and the contaminants associated
therewith are commingled with the oil-soluble
acids, they have a tendency to go off color rapidly.
Accordingly, the bottoms in line &) are not used
in wash tower 13.

The water-washed oil-soluble carboxylic acids,
including 2-methylbutyrie, valerie, hexanoie, 2-
methylhexanoie, caprylic, caprie, myristic, pal-
mitic, stearic and other aliphatic acids, are re-
moved as a product stream via line 8§6. These
water-washed acids may then be fractionated
into narrow boiling ranges to produce a color-
stable acid product.

Although I have described my invention with
reference to a preferred embodiment thereof, it
is to be understood that I am not limited thereto.
Accordingly, it is contemplated that the appara-
tus, techniques and procedures available to those
skilled in this art may be used in adapting and
applying my invention. In general, it is intended
that any modifications or equivalents of my proc-
ess which might cccur to one skilled in the art
come within the scope of my invention,

What Iclaim is:

1. In a process for separating and purifying
oil-soluble carboxylic acids from an agueous mix-
ture consisting essentially of carboxylic acid salts
derived from organic acids having predominantly
from 5 to 18 carbon atoms to the molecule, the
steps which comprise liberating the carboxylic
acids from said carboxylic acid salts, separately
recovering a liquid carboxylic acid phase con-
taminated with water-solukle inorganic impuri-
ties and a liquid water phase containing inor-
ganic Impurities, steam stripping said liquid
water phase, recovering an acidic aqueous strip-
per overhead product free of inorganic impuri-
ties and of acetic acid, and washing the sepa-
rated liquid carboxylic acid phase with the strip-
per overhead product to produce a washed car-
boxylic acid stream substantially free of inor-
ganic impurities.

2. The process of claim 1 wherein the carbox-
ylic acids are liberated by treatment with sul-
iuric acid and the inorganic contaminant in-
cludes sodium sulfate.

3. A process for recovering from their alkali
and alkaline earth metal salts mixed oil-soluble
carboxylic acids having from 5 to about 18 car-
bon atoms to the molecule which comprises treat-
ing an aqueous solution of such salts with concen-
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trated sulfuric acld in an amount sufficient to
liberate the carboxylic acids contaminated with
inorganic salts, separately recovering a liquid
water phase containing some carboxylic acids
and a liquid organic acid phase containing some
inorganic salts, steam stripping said liquid water
phase, recovering an overhead acidic water
stream, introducing said liquid organic acid phase
into a washing zone, supplying at least a part
of said overhead acidic water stream from said
steam stripping step into an unper part of said
washing zone, countercurrently contacting said
liguid organic acid phase and said liguid acidie
water stream in said washing zone, and recover-
ing from an upper part of said washing zone a
water-washed liquid acid fraction which is free
of inorganic salts.

4, In a process for separating non-acidic
cxygenated organic compounds from a hydrocar-
bon-containing mixture comprising alcohols,
aldehydes, ketones and oil-soluble carboxylic
acids, wherein the non-acidic organic compounds
are removed from said mixture by subjecting the
mixture to extraction with an adueous solution
of mixed carboxylic acid salts derived from aecids
having from 5 to 18 carbon atoms to the molecule,
the steps which comprise adding a sufficient
quantity of alkali to said hydrocarbon-containing
mixture during the said extraction step to neu~
tralize the free carboxylic acids present therein,
separating the non-acidic organic compounds
from the resulting extract to produce g fraction
consisting essentially of an agueous mixture of
carboxylic acid salts derived from crganic acids
having from 5 to 18 carbon atoins to the molecule,
liberating the carboxylic acids from the car-
boxylic acid salts in said last-mentioned aqueous
mixture, separabely recovering a liguid carboxylic
acid phase contaminated with water-soluble in-
organic impurities and a liquid water phase con-
taining inorganic impurities, steam stripping said
liquid water phase, recovering from said stripping
an acidic aqueous stripper overhead product free
of inorganic impurities, and washing the sepa-
rated liquid acid phase eontaining inorganic im-
purities with the stripper overhead product to
produce a washed carboxylic acid mixture sub-
stantially free of inorganic impurities.

VESTA F. MICHAEL.
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