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COMPLETE SPECIFICATION

Improvements in or relating to Separation of the Reaction
Products of the Hydrogenation of Oxides of Carbon

We, Tue M. W, Krurocs CoMpaNy, a
corporation organized under the laws of
the State of Delaware, United States of
America, of Foot of Danforth Avenue,
6 Jemey City, New Jersey, United States

of America, (Assignees of HEnny GuoRGE
- MoGrwars and WiLtiay PAcs BURTON),
do hereby declare the nature of this in-
vention and in what manner the sume s
te be performed, to be particularly
described and ascerluined in and by the
following: statement ; ——

This inventivn relates to the separa-
ljon of orgenic compeunds and relates
more particularly to an improved process
for the separation of cxygenatsd orgenie
compounds from the reaction produci
vbtained in the eatalytic hydrogenation
of oxides of carbon at elevated tempera-
tares, &iill more particularly, the ju-
vention relates to an improved pracess for
the separabion and recovery of oxygen-
ated organic compomnds from hydro-
cavbons present in the reactinn product
obtained in the hydrogenation of osides
of carbon in the presence of a redueible
wmetal catalyst, whercin these oxygenuted
compounds comprise altohols, and 2cids,
and may also eomprise esters, aldehydes
and ketones, depending upon the condi-
{ions of the reactiom.

Tt is, therefore, an object and the pre-
cess of this invention is divected lo pro-
+vide for an improved process for ihe
separation of the aforementioned oxygen-
ated organic compounds from hydro-
carbons present in the reaction product
obtained in the catalytic bydrogenation
of ovides of carbon, in order to effect
40 effcient und economieal recovery of rela-

tively high yields of such eompounds.
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Another object of the invention is fo
provide for an improved process for the
separaticn of the aforementioned oxygon-
ated organic ecompounds from lydro-
carbons present in the reaction product
obtained in The catalytic hydrogemation
of oxides of carbon, employing u combin-
alion of a minimum pumber of steps,
consistert with efficient and econcmical
recovery of relatively high yields of such
compounds,

_ Other objects and advantages inherent
in the inventiom will he apparent from
the fnllowing more detailed disclosure.

In earrying ont the ohjects of the in.
vention, we employ o novel combination
nf steps, as more fully hereinafier
deseribed, in which- the aforementicned
synthesis reaction produet is condensed
and separated info oil, water-produet,
and uneondensed gas phases which are
subsequently treated in o series of inter-
related steps from which the aforemen-
tioned separation "betweon oxygenated 6b
organic compounds and hydrocarbons is
oblained, In effecting such separatiom
belween ihe various compounds present in
the reaction product, we are alle fo
obtain: separafion of oleohals and acids,
either in aqueous solution or in o substan-
tially anhydreus condifion; separstion of
ketones hoiling not higher than methyl
elhyl Lefone; separation of sldehydes
beiling not higher than propionaldehydes
and hydrocarbons, substantially water-
iree, os producis of the process.

Tn accordance with the Invention there
is provided a process for ireating fthe re-
action product obtained in the hydragen-
afion of oxides of eaxbon, said product
having been cooled to effech separation
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“thereof into am uncondensed gas product,
an oil condansate product and an. agusous
condengate product, each prodict contain-

wing-oxygenated organic compounds, char-

b acteri_zeﬁ by the fact that said oil con-
densate produst is serubbed with waber to
remove a portion of fhe oxygenated com-
pounds dissulved therein and form an
_aqueons solution of cxygenated com-
10 pounds; said agueous solution of oxygen-
wled compounds and said agueous com-
-densate product are charged to a commen

distillationn zene to oblain a relatively .

bigh-boiling fraction; and said uncon-
15 densad gas product is serubbed. with s
part of said high-boiling fraction to
obluin an aquecua splution of oxygenated

compounds; said last-mentioned - aquecns

solution. being returned to said commen
20 distillation zone.

The accompanying drawing illustrates
diagrammatieally one form of the appaz-
atus &mploire'd and capable .of carrying
cut cne embu
invention, While the invention will be
deseribed in detail by zeference tn the
embodinpent Hlustrated in the drawing, it
should be noted that it is not intended
that the invention be lited thereto, but

80 is capuble of other smhodiments which

may sxtend beyond the scope of the
appazatus iflustrated. Furthermore, tha

digteibution and cireulation of liguids

and vapors is illustrated in the drawing
35 by a diagrammetic representation of the
apperatus  employed. Valves, pumps,
compressors, coolers and other mechani-
cal elements necessexy o effech the

trausfor of liguids and vapors and fo--

40 muinfain the econditions of “temperature
and pressure necessary to carry out the
function of the apparatus, are omiticd jn
order to simplify the deseripticn, Tt will
be understood, however, that much equip-
ment of this nature is neesssary and will
be supplied by thase skilled in the art.
Referring to the drawing, a synthesis
feed comprising a reaction mixtare -of
hydrogen and an oxide of curbon, at vary-
&0 ing mol ratios, such us 2:1, ix suppliad
through line 10 and transferred through
this lipe o a symfhesis reaction vessel,
represented in the drawing by reactor 11.

Tn reactor 11, the resction mixture is

85 contacted with o hydrogenation ratalyst,
such as a reduced iron ar cobalt catalyst,
at temperafures varying between about
300" P. and about 700 P. and at pres-
sures varying between zhout atmospherie

inch, and is carried oul according to con-
ventional fized-bed -or fluid-bed opsia-
tions. The resulling reaction product

obtained from reactor 11 is withdrswn -

66 through line 12, This produet is in the

diment of the process of the.

" oz
80 pressure and abont 500 pouwnds per square -

vapor form substantially as it comes from

the reactor within the aforementioned -

temperature ramge, confuining wader,
methane and higher hydrecurbons, and

_ox¥ygenated orgenic cumpeunds eompriz- 70

ing C, and higher acids, methanol and
Lhigher alechols and which may also com-
price aldehydes, kefones, esters, and
depending upon the condition of the re-
antion, i3 fivst cocled o condense aul. 73
stantially large guaniities of normally
liquid components, (Conveniently, con-
densation may be effected in a pluralily
of cooling stages which are represented

diagrammatically in ths drawing by 8)

cocler 13 with which line 12 comzecis.
Yrom cocler 18 the resulting mixture of
vondensate and nncondensed gases passes
throngh line 14 to a separator 15. Tn the
latter, the gases are withdrawn through 85
line 16 und tke condensate separates az o
lower agpeons phase and an upper oil
phase,  Both phases thus obtained con-
tuin “oxygenated orgenic  componnds;
those of lower moleculor weight tending 90
iv remain in the agueous phase, while
thuse of higher moleeular weight temd to
remain ‘in the oil phase. The agueous
phase is drawn-off from the bobtom of .
separator 15 throogh Iine 17 and the oil 95
phase i drawn of at en intermediale
point through line 18. Tt should he
tofed that upparatus embodying maore
tkan, one separation stage may be em-
ployed, if dosived; for example, primary 100
snd yecondary separation, stages may be
infroduced, operating successively and
respectively at temperatures of about
150° . and abont 100" F. '
The gases separated in separator 15 are 105
passed ibrough line 16 o & low point in
u suitable serubbing vessel 19. ~In this
gas sernbber, the guses are intimately
contacted with an aqueous soluiion of
relubively light organic acids, obiained
from the source hereinafter described, in
crder tu extract the oxygennted: com-
pounds present.  For this purpose, fhis
aqueﬁ;m fgluﬁom iy introduced int-ﬁ
serubber 19 at an upper point fhroug
ling 20. The scmbbl?ed geseous effluent, 113
essentially -free of ozygenated organic
compounds ond comprising a mixture of
the relatively lighter hydrocarbons, is
withdrawn overhead througl line 21. 12§
This mivinre ig next treated with alkali
in order to-cifect pentralization of traves
of oiﬁg'gmic acids that may be present.
ihia purpose, the wixlare of hydro-
carhbons in line 21 is next transferred 135
through this line to 2 eaustic treater 22,
in-which it is intimately mixed with
alkali introduced in a sulfable :gmount °
through line 28.  After the componenis
of the mixture are maintained in intimate 130
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contact for a time sufficicnt to effect {he
desired aeutralization of traves of ovganie
acids qresend in  the aforementioned
hydrosarbon mixture, the treated mixiure
13 separated in the form of an wpper gase-
ous hydroearbon plase, substantially acid-
free and o lower aqueous phase compris-
ing alkali salts of organie acids. The
atorementioned upper phase is withdrawn
from treater %2 through line 24 for
further use or treatment outside the srope
of the present process. The luwer aque-
ous phase from treater 2% is withdruwn
through line 25, and may be subjected to
conventionel methods of ireatment,
known fo those skilled in the art, for the
ponversion of the alkali salis to their
corresponding free orgunic acida.

The remaining mixture of vxygeaated
organic compounds in scrubber 14, cum-
prising methanol and higher aleohols, C,
and higher aldchydes, ketones, acids and
esters 1s transferred t’hroug*h line 26 and
combined with the water-product liquid
phase withdrawn from separalor 15
through line 17, for further treatment in
the process hereinafter described. The
oil phase separated in separator 15 is
transferred through line 18 to u low point
in an oil serabber 27, in which the oil is
contacted intimately with water to ahsorh
in the water the oxygenated cowpouads
which are dissolved in the ail and which
are relatively more soluble in water, such
as the relatively low-boiling alcahels,
ketones, aldehydes and acids. Waler
employed for this ‘?u:rpose is introducesdl
to the upper part of scrubber 27 through
line 28 The serubbing water ronlaining
dissolved oxyrenated compounds is withe
drawn from the bottewm of oil serubber 27
through line 29, and iz transferred
through line 26 and combined with the
water-product withdrawn ¥rom separator
15 through line 17, for further {reatment
in the process hereinafter described.

The serubbed uil is withdrawn over-
head from serubber 27 lhrough line 40,
This vil, comprising essentiz?lly a2 mis-
ture of orgunic acids, aleohnis, esters,
uldehydes, ketones and hydracarhons, is
iransferred fthrongl line 3¢ fo o low
paint in an extraction tower A1, Tn lower
31 the oil introduced thrangh live 3% is
suhjected to intimate countercurrent com-
tact with 2 relatively light alechol as o
treeting agent, sueh as methanol or
sthanol, which is introduced intp fower
81 at an upper point through Ine 32,
"Phe aloohol treating agent and the oil are
contacted in tower 31 under conditions
effeotive to ahsorh in the treating agent
substantially all of the oxygenated com-
pounds contained in the oil and thus
effect separation of these oxygenaied

comporunds from hydrocarbons present.
As o result of the foregoing ireatment, a
Iower ugueous alenhol ﬁl-ye:r und ab upper
tiydvocarhon or vil layer are formed in
tower $l.
alechols cshibit higl solubilitics for
hydrocarbuns as well as for sxygenated
compourds, dilution of such aleokols wilt
effect an Jmprovement in the selectivity
of extracticn, so that osbsorpiion of
bydrooarbons in ke slechol treating
agent iz snbetantially prevented. To
obtain such dilution, water is introduced
into tower 31 at an upper point above the
alcohel inlet through line 88,
of water in the manner desaribed is effec-
tive not only fur the purpose of aleohol
dilution, but its introducltion al an upper
point in tower 41 accomplishes the result
of washing the upper hydrocarbon or oil
layer free of the added alcokol treafing
agent.

Aquenus methancl used as a fweating
agent in the prezent smbodiment s mot, -
however, complately seleciive in effecting
tolal extraction of oxygenated organic
compounds from hydroearbons present in
tower 31, Hehpe, the ligud fowing
down, tower 31 will confain some hydro-
carbons in solution in addition to oxymen-
ated organic comnpuunds. These hydro-
carbons may éomprise a mixture of pre-
portivnuiely §mell quantities of all the
hydrocarbons present in the o1l siream
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Tnasmuch as anhydrous light 70
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entering tower 81 through line 30, and 100

would render separation of pure oxygen-
ated evmpounds highly diffiealt. A rela-
tively light hydrocarbon siream function-
ing as a wash-oi} is therefore infroduced
at a point near the bottom of tower 41
threngh line 34. This hydrocarbon
stream effects the washing of the lower
agueous methanel layer in tower 31, free
of hydrocarbons contuined {herein, lesv-

ing the methannl layer satwrated with 110

the wash-oil. Ti is desivable that this
wash-oil be of ‘such eoraposition ihai
there are'no components present in a sube
gtantial amount that are heavier than the
highest boiling hiydrocarbon which forma
an azeotrope with. the aleohol {reating
agent, The hoiling point of the wash-
0il selected must therefore be substen-
tially within or helow the boiling range
of the oxygenated compounds that are ta
he separated. . Hence, we may use such
wash-oils as butane, penbane, hexane, oo
heptane or mistares thereof. Pollowing
the above-mentioned wash-oil treatment,
there is present in tower 31 an upper
hydrocarhon er ml layer containing sub-
stantiallv all the hydrocarbong that wers
present in the cil slresm entering fower
31 throueh line 3%, and = poriicon of the

115
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wash-0il ; and there is also present a Jower 18(
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aqueows methauol layer selwrated with '

wagh-oil and containing extracted oxy-
genateld compounds.  The upper hydzo-
carban or oil layer is withdrawn overhead
gs o raffinate from tower 31 through line
35, whils the lower agueong methanol
luyer is withdrawn as an extract through
Hne 36.. The aforementioned mixture of
hydrocarhons withdrawn as an overhand
raffinate through live 36 is next treafed
with alkali in order to effect neuiraliza-
tion uf lraces vl organic acids that may
be present. ¥Yor this purpese, the mix-
turc of hydrocsrbons is next transferred
through line 35 to a caustio freater 37, in
which it is indimafely inixed with slkali
in & smitahle amount introduced through!
Line 38, Atfter the compoments of - the
mixture are maintained in intimate con-
tact for a time sufficient to effect the
desired nentralization of tracss of organic
acids present In the aforementionad
hydrocarbon mixture, fhe treated mois-
turs is permitied to settle in order to

? form wu upper hydzocarbon phase, aub-

stantially acid-free, and o lower nguecus
phose eomprising alkali salts of organic
acids. The aforementioned upper phase
ia witlldrawn from freater 37 through line
39 for further use vz {rentment oulside
the scope of the present process. The
lower agueous phase from treater 37 is
withdruwn through line 40, and may be

subjected 1o conventional metheds of

tregtment known to those skilled in the
art, for the conversion of the alkali salts
tn their cozresponding frec organic acids.

lower aquecus methano] layer From

tower 81, saturated with wash-oil and

containing oxygenated ecompounds, is

transferred through line 36 to & fraction-

ation tower 41, Tower 41, functioming
as a mebhancel stripper, is operated under
conditions effective to separaie the ague-
ous methancl Ilayer,
tower 81 through line 36, into an over-
hand alechol fraction comprising essen-
tially methanol and hydrocarbons whick

is withdrawn through line 32, and a

lowsr layer compwising a frsction morm-
ally eonsisting of two phases; one phase
eomprisi
the other phase counprising water contain-
ing some dissolved oxygensted “com-
pounds. ~ These combinad phases are
withdrawn as bottoms through Iine 42.
The overhead aleohel fracticn from tower
41 ig withdrawn fthroggh lire 32 az @
vapor, and is cooled to lignefy methanel
znd Yydroearbon components, The miz-

_ture of methanol and hydvocarbons thus

liguefied is transferred through line 32
into tower 31 for repsated mem as the
methanol treating agent in the procsss

hereinbefore described, - Moke-up meth--

iniroduced from-

oxygenated ~compounds and

ancel ‘is infroduced through line 43 via
Line 32 with whiel line 43 connects.
Butltoms -from tbwer 41, comprising an
aguecus mixturs of dissolved oxygenated -
componnds, namely, rclatively leavy.
alechels, aldeliydes, kelones;--acids and

Credutively. soaller proportions of esters,--

are next fransferved through line 42 {fo a
Liydrogenation reactor-44. = Reaclor 44 is-
Igrp-vizfed for effecting catalytic hydrogen-
ation, by conventional methods, of alde-
Lydes and ketones present in the afore--
mentioned mixture to their corresponding
aleohols, Iydrogen employed in reactor
44 is introduced 'Eilrpugh line 44, Follow-
ing the conversion of aldehydes and
ketones into aleohels in  hydrogenalion
reactor 44, the product of the reaction is
withdrawn as bottoms. thrangh line 48,
Botfoms thus obteined are cocled and
trangferred through line 46 o a separator
47, In separalor 47, separstion’ is
oblained between the agquecus miztere of
aleohols asids and -esters which is with- |
drawn os bottouns throwgh line 48, and 80-
Tiee hydrogen which is resycled to re-
actor 44 thromgh line 49, vie line 45,
vith twhieh line 49 conneets.

In order o cbtain substantially com-.
plele separation of alechols from organic
acids and esters preseni iy the agueous
mizfure in line 48, this mixturs iz next
contacted with an allkali or am aqueous
solution of an alkeli to convert the

organie acide to an agueous solutiom of 106 -

their corresponding alkali salts and to
saponify esters, For this purpose, the
ruxture in line 48 is next transferved
throvigh this line to a caustic treater 50

in which if is intimately mixed with L5+ -

alkali, such as sodivm or polassium -
hydroxide, in & suifable amount intro-
duced through line 51. The resulfing
mixbure from treater 50, comprising an
aqueons solution of alcohipls and  alkali
salts: of orgemie acids in withdrawn -
through line 52, -

““We bave found that. if the ahovs

mentioned aguegus mixture of aleghols
and ‘wlkuli salts of organic stids iz sub-
jected to phase separation, substantially
complete separation between alcohols.and

. allali sally cannob be obtained by reason

of the mutnal solnbility of the com-

“ponents of these pheses. We have slso 120+~
- found that simple distiflation of fhe

aleohols from alkal salts is not feasibls,

. inasmmch asi the boiling point of some of

the aleohol components present are (oo

high to permit distillation withows decom- 125 - -

pusition at atmospheric pressure, '['s
vvercome ~ the rewulling  disadvaniunges
when employing  {he  above-mentioned
procedures, we mext subject the afore.

mentioned mixiure fo reduced pressure.to 130

T
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svaporate substuntially ull uf the aleohols
present in order to leave dry ulkuli salts
i & residue. Ior this purpose, the mix-
ture in line 52 is next preheuled by any
guitable conventional means (mot showa
in the drawing) to raise the temperature
of the mixsfure fo a iemperatura
approximately at which evaporalion will
teke place, but below the point of decom-
positivn of uny of the components of the
mixfure. The heated mixlure Is next
transferred throngh line 52 to an evapor-
ation cliunber, represented in the draw-
ing by vacomm dryer 3. In dryes 33

5 the mixture is next subjected to evapora-

tion or Hashing at a reduced pressure,
below atmespherie pressure. At this
poinl, it should be noted that the afore-
mentioned aperation may be carried out
butelwise or as a continuous operalion.
In continunous operations, the feed in line
5% may be fed into dryer 58 as a spruy,
the resulting aleohol vapors being laken
overiiead and the remalning dry salis
withdrgwn from the hottem through a
vacumm seal, sueh as a loek hopper.
When it iz desired to carry cut the fore-
going operation slep as a continucus pro-
¢ess, this may also be effecied by the nse
of un enclosed drum dryer. In the latter
method, the aleohols are evaporated from
the hot surfuce of lhe drums and the ve-
maining salt cake vontinucusly scrapped
from the rotating drum and diseharged

5 through a vocuam seol,

The separated aleohods in dryer 38 are
withdrawn overhead as vapors through
line 54. These vapovs are next condensed
and transferred froug'lt line 34 to a dis-
tillativn fower 95. Tower 53 is heated
under proper operating conditions of
temperature and pressure to distill over-
head the relatively lew-boiling alrohals
as an agueons mixfure, which are with-
druwn through line 3G and which may e
transferred 1o suitable conventional frae-
tianation apparatus for the separation of
individan] components, Bottoms from
tower 55, comprising relatively heavier
alenhols, :su'bﬁtautia‘ily vwaler-free, are
withdrawn throvgh line 37 and way alsu
he iransferred lo suitable conventional
fractionation apparsius for the separa-
tion of mdividual componenls.

The scparated dry alkali salts of
organic zeids are withdrawn as hottems
from tower 88 through line 28,  These
salts are transferred by gravity through
line 38 lu u separator 58, In ovder to
effect vepenaration of the orgaulc ucids in
line 58 from their salis, an agquevus in-
organic zeid is introduced intn this line
The inorganie acid
thus infroduced into Hue 58 through line
B0 may be a high-boiling inorganic acid

having a beiling peint Ligher then thet
of water, sneh as sulfurie acid, ar an in-
organic avid which formy o maximum
Loiling uzeoirope with waber, such as
hydrochlorie acid. Fit]

The resuliing aqueous mixtyre in
separator 39, comprising Iree organic
acids and alkali salts of the introduced
inorganic acid, will separate info two
phages. By reason of their insolebility
in the water solution, the relatively
Leavier vrganic acids wifl be chiained as
an upper acid-rick phase o scparator 59
and are withdrawn overhead through line
@t. The lower water-rich phase which is
formed in  separator 59, vomprising
lnorganic salts” and relatively highter
waler-seluble orgunic avids, is withdrawn
as hottoms through line 62, for further
treatment in the process hereinafter
described. '

The upper acid-rich phase withdrawn
from geparator 59 through line 61, eom-
prising the aforewentioned relatively
lvavioy organic aocids, iay also contwmin
sume of the relatively lighler avids aad
water in luinor proportions.  This mix-
tuve 1Is, theréfore, mext lransferred
through line 6110 a distillation tower 63.
Tower 6 is operated under proper condi-
tlons of temperature and pressute ellective
try distil]l overhead an agueous mixture of
tha relatively lipht aride which is with-
drawn ny e redatively lpo-boiling mivture
through line G4 for further treatment in
the process hareinafter describad, while
the relatively heavier ncids will separate
vut as a lower relatively high-boiling
fractinn, whieh i1z withdrawn through
line 63, in a substantially asbydrous
condition aund may be {ransferred fo any
conveniionul acid fractionation system In
which individual aeids may be racoversd
for further use outside the scope of the
proscud process, -

At this peint it should be noted that
the aforementioned bhottoms from tower
41 {comprising an aqucous mixfure of dis-
solved oxygenated compounds, namely,
relatively smaller proportions of esters),
may be subjected to o preliminary separa-
tinn stage, 1£f sb desire(f, prior to the afore-
mentioned hydrogenation in reactar 44.
For this purpose, the mixture in line 42
may be frapsferred through line 66 to a 120
settler 67 to effect separation at this point
between oil-soluble and water-scluble
chemieals presen} in the mixture. Sach
sepuratlon may be desirable, inasmuch as
the absence of water in veactor 44 will 126
facilitate the ease with which hydrogena-
tion of aldekydes aund Lkelunes to alechols
ean he effectad.  Tn settler 67 there are
thus abiuined wn upper ofl layer and o
lower uyueous layer, each layer coutain- 180
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ing a portion of each class of compounds
present in the mixture in line 42." The

upper ol layer from settler 67 iz mexih
frunsferred to réactor 44 through line 88

-& via line 42 for hydrogenstion of aldehydey
and ketones to aleohols, as previously
“described. The lower aqueous layer from
seltler 67 is withdrawn through Iine 68,
combining with the bottams from oil

10 serubber 27 in line 29, and the combined
streaw, transferred fhrough line 29 into
line 26 where 14 is further combined with,
the water product lignid phase in line 17,
Aa indicated ahove, the streams esom-
bined in line 17, comprise an aqueous
wixbure of methanol and higher aléohols,
O, and higher aldehydes, kefones, neids
and esters, This agucous wmixture is next
{ransferred through, line 17 fg a distiila-
-20 tion tower TU which funclions as. an
aleohel stripper. In lower 70, the mixz-
ture of oxygenated compounds is heated
nnder proper operating conditions of fem-
perature and pressure effective to distill
overhead aleohols, aldehydes, ketones and

esters which are withdrawn through line
71. DBottoms cobiuined from tower 70, .
comprising an agueons solution of rela-.
tively 1ight organie acids, are withdrawn

80 through. linc 72 for further treaiment in
ihe provess hereinafter desoribed. As
previously indicated,. fhe gases in
serubber 18 ere intimately contascted with
un agueous solution of relatively light

- .30 organic acids to exiract oxygensted com-

rounds present. A part of the bhottoms

from fower 70 {comprising an  agueous
mixtures of relatively lizght organic acids)
withdrawn through line 7R, is fransferred
divectly into scrubber 19, vis line 20 with-
which, line 72 connents. .
The overhead from tower 7O comprising

a wmisture of relalively light alcohols,

aldehydes, ketones and esters is condensed

45 and transferred fhrough lins 71 to a dis-
tillation tower ¥3. In tower 75 the wmix-

40

ture is heated under proper operating

conditions of temperature and pressure
effective ta distll overhead the lowest

50 boiling components of the mixture which -
muy be acetaldebyde, propionaldehyde,
methancl, methyl ethyl ketone and -

acetone which are withdrawn through line
© 74, DBotloms from tower 73, comprising
58 relatively light alechols and ketomes, ave
withdrawn throngh line 75. These
boltoms may sontain aleohels having up
to eight or anore carbon ators per mole-
cule, aldehydes boiling higher then
" 0 propionaldehyds, ind may vonlaln in
addition, ketones, esters, traces of arganic
aeids and water. The overhead from
tower 73, may next be condensed and
) transferred througl line 74 to a distilla-
B tion tower T8, 'Tower 76 13 heated wnder

. 80 to a hydrogenution reactor 81,

. conditions of temperature and pressure
oltective to distill overheud tha lowest

boiling components of the mixture which

‘boil mot higher than propienaldehyde,

These components way be withdrawn 70
through line 77 fur. further use or freai-
ment outside the scope nf the present prao-
cess.  Bottoms from tower 76, comprising
thoge oxypenated compounds hoiling net
higher than the boiling point of methyl 75
ethyl ketone (and which normelly inclnde
methanol and acefone), are withdrawo
through line 78 for fuziher use or irent-
ment alse outside the scope of the pregent
process, It should De noted at this point 80

“that where so desived, methanol present

in line 82, as previously indicated, way
he transferred from this line $hrough line
70 aad combined with the averhead from
tower 70 in line 71, with which line 70 .85
connects, for further separstion in the
process hereinbefors descvibed.
- As stated above, the overhead from
tower 76 comprises the lowest boiling com-
ronents of the mixbture introduced ints 89
this tower, through line 74, which boil
not higher than propionaldehyde.  This
overhead may next be withdrawn through
line 77, 2= stated above, or combined in
line 77 with the bottoms from tower 73 95
through line 73, with which line 77 cun-
neets, Thus there is obtained in line 77,
a mixture which may comprise alcohols
having wp to e;ﬁb_t O WMore carhon atoms
per moleeule, aldehydes, Letones, esters, 100
traces of organic amds and water. This
mixture is next transferred throuch line
C eactor
8l is provided for cifecting catalytic
hydrogenation, br&y conveniEonal methods, 10§
of aldehydes and ketones present in the
alorementicned mivture tp their corre
sponding alcohols, Hydrogen employed
u reactor 81 is introduced through line
82. Pollowing the comversion of alde- J10
hydes and ketones info alcohols in reacior
8i, the product of the reaction is with-
drawn us  bottoms through line &9,
Dotloms thus obinined are cooled aud
transferved through line 83 to a separator 11§
8%, In separator 84, separafion is
cbinined bstween the agueous mixture of
alechols, acids wnd esters whieh is with-
drawn as bottoms through line 85, and
fre¢ hydrogen which is recycled to renctor 120
81 thromgh line 86, vin lLine 82, with
which line 85 connsots,

ln order to obtain substantially com-
plele separation of alcoholy from organic
acids and esters present in the agquenus12g
mixture in line 85, this mixture i3 next
contacted with an alkeli or an agueous
solution of an alkali, suweh as  sodigm -
hydroxide or potassinm hydrexide, {o com-
vert the organic aeids fo an aqueous snln-.130



670,326 , | ki

iiun of their corresponding alkali salts
und te sapouify esters. For this purpese,
the mixture in line 85 1s next transferred
through this line to a caustic {reater 87,
5 in which it is intimately mixed with alkali
in w suiteble amount introduced through
line 88 The resultiny wmisture from
treater 87, comprising an agueous svlu-
tion of alcohols nnd slkall salts of organic
10 acids, is withdrawn through line 89.
The aforementioned aquenus solution
of alecliols and alkali sets of organice
acids In line 89, muy vonluln relutively
suwall  guantities of lydrocarbons as
15 impurilies. These bydvoearbons present
ie the above mixlure, must be remosed in
arder ty effeet the subsequent recovery of
pure aleohols. I1 has been found that
the hydrocarbons teud lo concenirate as
24 their homogeneons alechol azeotrupes n
fhe distillution cuts taken between the
variouns aleohols.  In sucl  agueons
aleohol solutioms, coninminating hydro-
curbons can be removed efficienily and
25 economically by uwcans of one or more
bydrocarbons  which  are  themselves
readily removable. In principal, the
prrocess may be considered as one of dilu-
fion rather thon extraetion, in that the
20 undesiralle hydrocarbons are replaced by
cue vr wore of the afvrementioned hydro-
corhons which may be readily eliminated.
Such a hydrocarbon may be n-pentane,
whieh is highly suitable in over-all use as
35 applied to the aforementionmed process
and as evidenced by experimental
laboratory data. Tt should be noled, that
the pperation is not restricted to the sole
use of pentane for the purpose indicated,
40 Lut thut other lighter or heavier hydro-
carbons  may also  bhe suecessiully
employed, such us butame or heplane.
Butane has the advanmtage of not being:
imown (o form an  azevirgpe with
45 methanol, although it has a high solu-
Wlily in agueons alcohol selutions. Un
the other hond, if may be desirable to use
Lieavier hydrocarbons as g solvent such as
bexane, the laiter being less soluble than
B0 pentane but requiring the stripping of
lighter hydrocarhouns out of the Lesane as
well as the stripping of hexane from the
heavier hydrocarbons. The choice nf a
suitable Livdrocarbon will be influenced
BB by its sclubility and by its beiling poiul
ur the boiling peints of 1ts azeotropes with
light aleohols.
Tea effecl the removal of such con-
tominating  hydrocurbups, the mixfure
80 from cvaustio treater 87 iz iransterred
througl: line 89 to an extraction dower 80.
1n tower D) {he mixture imtroduced
through line 89, is subjected o Intimate
coantermurent eonfact with  pentene ar
&5 other selected suitable hydrocarbon ireat-

ing agent, which is introduced b a low
poing iato tower 99 through line 81, The
freating agent and the aforementioned
aleohol mixture, contaiming Lydro-
earbons, arve contacted in tower 90 undsr Y0
conditions effective to absorb in the treat-

iug wgenl, the Lydrocarlons present. In
order to prevent loss of s portion of the
resulting slechol phase produced 1n fower

90 in the tresting agent cxtrach, waler 75
may be introduced at an upper point into
tower Y0 through line 92 to reabsorb the
aleehel from he extract thus uoblained,
The hotioms thus produced in fower 94,
comprising an agueous mixtnre of g
nleohels havizg up to eight or mors
carbon atomy per molecule, alkali salts of
heavy orpanic acids, excess alkali and a
portion of the pentane treating agent, are
withdrawn through line 83 Jor further 88
treatment in the process hereinaffer
deseribed, ‘'Lhe.overhead from tower 90,
comprising the bulk of the peniane {reat-
ing agent und higher hydrocarbons,
together with small quantities of alcohols, 90
Iv withdrawn through line 94 for further
use or treatment cutside the seope of the
present process.  The hottoms from fower

90 are next transferred thromgh line 93

to a distillation tower 95, to effect the 95
removal of the penfane itrcafing agond
from the aoleohol siream. In tower 95,
the mixture is heated wnder proper condi-
tiong of temperature and pressure, to dis-

i1l overhead pentane whick is withdrawn 100
threugh line 91 for further use in tower
97 in the process hereinbefore deseribrad,
Make-up pentane is infroduced lnto line
91 through line 96, with which line 91
cunngets, '

As a result of the process, herciphefore
deserihed; holtoms from tower 95 with-
drown through line 97, comprise an
agqueony mixture of galechols, salis of
organic acids and exeess alkali, Thiz J10
agueous mixture is next transferred
through line 97 to o distillefion tower 08,
Tower 8 is operated under proper condi-
tiony of temperature and pressure effective
to distill overhead an agusous solution of 118
relatively light aleohols which are with-
drawn through line 99, and which may
be iransferred to any conventiomal frae-
tionation appacelus, koows to  Those
skilled in the art, for the separation of 120
individual aleohnl components. Bottoms
from fower 98, comprising an aqueous
wixture of sulls of organic acids and
%3355 alkali are withdrawn throngh line

In sceorduance with the process of the
invention, the aqueous mixturein line 160
is next subjected to further treatment in
srder 10 releaie organic acids present from,
ilreir salts,  Thiz wixivze i3, therefors, 180

105

125
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cuntucted in line 100 with o high-boiling
inorganic aecid, hevinm o hoiling point
higher than thet of waler, such as
sulfurie acld, oF an Inorganic aeid which
8 forms & maximuem boiling azeotzope wilh
water, such as hydrochlorie aeid.  The
inorganic acid thuwe employed is . intrp-
duced into line 1{{ through e 101, with

which line 100+ commects. - The resulbing

10 solwtion in line 100, comprising inorganic
salts, axcess guunbities of the infroduced

inorganic aeid, released organiv acids,

and exvess wabor, is tramsferred through
line 100 and combined with the afpre-
13 mendioned lower waler-vich phase from
scparator 39 in line 62, comprising
inorganic snlts and relatively limhter
water-solnbla organic 2cids. .
As hereinbefore described, the bottoms
20 withdrawn from towey 70 through line 72
comprise an agucvus mixbure of relatively
light organic acids. These bottoms moy
next be combined in this line with the
aforementioned agueous mizture of rela~
25 tively light organie acids, inorgenis salts
and emeess quantities of the mireduced
inorganic acid present In line 62, for
further treatmenmt. Accordingly, the
cotnbined stream in line 72 is mext truns-
80 ferred to un extraction tower 102. In
tower 102 the stream introduced through
line 7% is subjected to intimote rounter-
cuprent contact with an oxygen-contain-
ing solveni tzenting agent as an acid
a5 extractor, such as elhyl acetate, ethyl
etlier, isopropyl ether, or ketones such as
ethyl propyl ketone, either singly or in
admizture, which 1z intraduced inta tower
102 through line 103, The freaiing agent
40 and the aqueous stream of organic acids
are contacted in tower 102 under condi-
tions cffcetive to absorb in’ihbe- treating
agent u large proportion of the acids con-
tained in the aqucous stream of organic
45 neids . passing through ling T2, The
extract thas produced comprises an aocid-
rich mixiure containing organic acids,
excess quantities of tho solvent ireating
agent gnd proporticnately small quantities
50 of water, and is withdrawn overlend Irom
tower 102 through line 304. Bottoms
from tower 102, ecwmprising s raffinate
containing & porton of the solvent treat-
ing agent and proportionately large
Bb guantitics of water, are withdiawn
through line 105, e
The extract from {ower 102, comprising
up acid-rich mixture combaluing orgame
acids, escess quontities of the wsolvent
80 treating agent and proportionately small
quantities of water, iz withdrawn over-
head through line 104 amd transferred
through this line te 5 dehydration fuwer
106, which Tunefions as a siripper for the
.g5 solvent fresting agenf. Cower 10813

i

heated nuder conditions of femperature
and pressure effective to distill overhead

a mixtire eoptaining substaudially all of
the solvent t{reating aweni and wwater
present 1n line 104, which is withdrawm. 7(
through line 108, and is transferred
through this line for further use us the
solvent in tower 102 in the process
describad zhove. Bottoms from tower
108, somprising substantially water-frec 76
., angd heavier organic acids, sclvent-fros,
ave withdrawn through line 107, and may

- he transferred tp any conventional apid

fractionation systesn in which individual
acids may be recovered foz fuclher wse 80
oulgide the soope of the present. process.

As hereinbefore descmbed, the raffinate
Irom. tower 102 coniains o portion of the
solvent freating agent and properticnately
large quantities of water, inorganic salts 86
and excess. quentities of the infroduced
Inorgapic acid. his raffinate is mext

transferred through line 105 fo & distilla-

tlon tower 108, Tower 108 is heated
nnder conditions of temperature and pres- $0
sure effactive to distill overhead water-
gzeotrapes of the solvent freating agent
which ars withdrawn through lige 109,
Bottoms from towep 108, comprising
axecess water, inovganic salfs and  any 96
excess quantities of the introduced
ivorganie aeid thet may be present are
withdrawn, through line 110. The water-
ageofropes of the solvent treating agemt
which are withdrawn overhead from tower 160
108 through ling 1(% are transferred into

a eeparater 111, In  separator 111
geparation is eflected bebween an upper
layer, comprising the solvent treating
agent, and a lower water-layer which is 106
withdrawn as bottoms through line 112
sod is transferred into tower 108 for fur-
ther treatment in the process deseribed
above. The upper layer from separator
111, comprising {he sclvent {realing 110
ugent, s withdrawn through line 113 and
iransferred via lina 103, with which line
113 conpecta, for Lurther use in tower 102
ws degeribed above. Make-up solvens is
introduced into line 108 through line 114
with whick line 103 connects. Af this
point, it should be woled theat, vs pre-
viously described, the overhead withdrawn
from tower 3 through line 64 comprises
un syuecus mixture of relatively Pl‘linght 120
organic acids.  Apcordingly, this mix-
tare may next be iransferred through
line 64 iuio line 108 for dehydration in
lower 108 as deserihed abave.

In some instances, the mixturs of sub- 125
stantially water-froe organic acids with-
drawn Irom {ower 108 through line 107,
may contain very small amouunts of
alcohols and carbonyls as dmparities. If
g0 dssired, if is possible fo removeldd

115
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these impurities by methods such us puly-
merization. Accordingly, the mixture
in line 17 wmay be iransicrred through
line 115 with which line 107 connects, to
on acid trester 116. In treater 116 the
mixture is conlncted with uw polymerizing
agent suck as an iorganic acid which
may bs sulfuric acid, which ix introduced
through line 117 in an wmount guilicient
to polymerize any of ihe wtorementioneil
jmpuritics present, in the form of a
sludge. The resulting wixture from
treater 116 is unext trausierred through
line 118 to an evaporation lower, Tepre-
gented in the drawing by flash tower 1.
T bower 119 the mixfure is suiijected to
flashing to sffect separalion betwesn
anhydrous Light orgalic aeids which are
withdrawn throwgh lime 120, and puly-
merized aleohols and earbunyl conpounts
which are withdrawn as a yesidue through
line 12l. The mizture of anhydrous
acids withdrawn through line 120 may
contain some guantities of sulivr as coa-
taminants. 'This mixture ig next trous-
ferred through line 120 to = stripping
sone, represented in the drawing by
stripper 122, where it is air-blown witl
air being introdueed at o low poiat in
giripper 122 through line 128 As &
resmli of the treatment in stripper 122,
qulfur present in the acid mixture intro-
duced throungh lue 120 is withdrawn
overhend in the form of sulfur dioxide
through line 124; while substantially
waberfree light organie acids, free of uny
of the aforementioned econtuminants, are
withdrawn through line 125, via line 107
with which line 125 counects, for further
fraclionation of individual acid ecoin-
ponentd.

As previously stated, the noveity vl the
present invention resides in a combination
of sleps in which the aforementioned
synthesis reaction product is condensed
and separated into oil, water-product and
ancondensed gus pheses which, in furn are
aubsequently treated in a series of inter-
velated steps from which separation
botween the aforementioned osygenated
urganie eompounds and hydrocarbons is
obtained. Among the most important of
thege interrelated steps ave:—

(1) Beparation of the reaction produck
inte three plases (namely, an_uncon-
densed gns phase, oil-produet and water-
product liquid .hasesg; water scrubbing
the oil-produch liguid phase fo obfain a
lower water-layer comprising dissolved
oxygenated rompounds and an upper il
layer containing hydrorarboms; separat-
ing these layers; subjecting the upper 0il-
layer to extraction treatment with an
aquecns solution of a water-saluble
aleohol to oltain a rafinate comprising a

major portion of hydrocarbons and 2
minor portion of oxygenated orgamie com-
pounds present in the upper oil-layer, and
un extrach comprising a major pestion of
oxygenated sompounds snd o minor por-
tion of Lydrocarbons present in gaid upper
oil layer; extyacting the extrack with. a
bydrocarbon wash-oil to absorb hydzo-
carbons present; neutrulizing the gaid
raffinate lo obtaan an upper phase com-
prising acid-frec hydroearbuns and a

luwer phase compriszag aa agueous solu-

tion of alkali salty of organie acids; com-
bining the lower weter-layer obtained
from water-serubbing of the oil-produci
liquid phese with the water-product liquid
phase obtained in the firat geparaiion of
the roaction produch; frectiomating the
combined streams inte a relatively low-
boiling fraction comprising non-acid
oxygenated compounds and a wminor por-
tion, of orgsnin acid present in the water-
product_liquid phase, and & relatively
high-boiling {raction comprising & major
portion of organic acids present in the
water-produnt liguid phase; serubbing
the uncondeused gas phase with the afore-
mentioned relatively high-boiling Irsc-
fion fo obtain a scrubbed gaseous effluent
comprisiug @ major portion ol hydre-
carbons and a minvs portion of organic
acide present im the uncondemsed gas
phase and a lower water-layer comprisiug
dissolved oxygeusbed componnds; com-
bining the last-mentioned lower water-
layer with the initial water-prodect
liquid phase for further treatment; aund
peutralizing the serubbed gassous afflnent
ta obtain an upper phase comprising acid-
free hydrocarbonys and a lower phase com-
prising an aqueous wolution of alkali salts
of orgunio acids.

(I11) The sieps of I in which the extract
ohiained from. the freatment of the npper
oil-layer with the agueous solulion of the
water-soluble aloohol is hydrégenated to
convert aldeliydes and ketones present to
their corresponding alechols.

(IIT) The steps of L and II in ‘which
the lower-walee-layer
water-serubbing of the oil-product liquid
phase Is combinad with the fnitial water-
produet liquid phase; the combined
streams ave fractionated to produce 2 rela-
tively high-boiling fruction comprising a
majur portion of acids present in the
water-product lignid phase; and a partion
of said high boil fraction is subjected to
extraciion with an oxygen-conbaining
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solvent as a waler-entrainer fo producs 125

gubstantially water-free orgamic acids,
upon subsequent. solvent recovery.
(IV) The steps of II in ~which the

hydrogenatad extract, eomprisin

aleohols, acide ond esters is treated with 130
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ao alkall dfu: conveig the daeid&_ o .t]iliﬁfi;'
corresponding  gelfs  and fo . sape
esters; the resulting mixiirs js suhx-]'eated
o reduced pressure to evaporate subsban-
& tally sll of the aloohols from the alkali
salts, The alkull salts 2re apidified with
an Inorgenic acid fo produce o mixtare
eomprising oprresponding  organic
acids and incrganic salis; and .the
orgasic ucids are eeparated from the
inorganje salts, . .
(V) The steps of IV iu whieh the mix-
tuze of cuganie avidg and inovganic salte
is wepurated inkp an upper aeid-rich phase
eomaprising & portion of the acids and
water, and o lower water-rich phase com-
inising the remainder of these acids and
morganic salts; . the lower waler-rich
phase is subjected to extraction. with an
oxygen-containing solvent; o obtein an
extraet comprising erganic acils free of
‘the incrgeanic salis; snd suhstantially

16

weler-free organic acids are ohiained.

apon suhsequent solvent recovery. .
(V1) The steps of L in which the said

lower water-luyer is combined with the

initial water-product liquid phase; the
vombined streaims erc fractionsted inbo a

phase and a relatively high-hoiling frac-
tion comprising a major portion of aeids
present in, the water-produod 1131;:1 phese;
the aelatively low-boiling fraclion 1is
hydrogenated to couvert aldehydes and
kelomes present to thelr corresponding
alcohols and to form a mixture compris-
ing alenhols, arganic acids and estezs; the
mrxture thws formed is ireated with
alkali {0 convert the organie acids to their
corresponding  alkali salts and 4o
sapomaty esters; and aleshols arc sepaxated
45 from the alkeli salts. o

While u particular embodiment of the

a6

present invention has been deserihed for

purpeses of illmstration, it should he
undper&tund that various mudifieativns and
a9
to one dlkilled I the art, may be made
within, the seope of the invenbion ps sut
forth in the appended -claime. .~
Having now pariienlarly described and
ascertained the natureof our said inven-
iion, and in what manner the same is to
be performed, we
cladm ig:— .
1, A process for treating the reacliva
60 product obtained ju the hydrogenation of
oxides of ecarbom, sald prodnef having
heen pogled o effect separation thereod
into en uncondensed gas produck, an oil
condensate product end an aguecus con-
60 densale prodoct, each product contain.

55

-mg oxygenated organic compounds, char-

relatively low-boiling fraciion opmpris-
ing aun-acid " oxygenated orgapic ocom'
pounde and & minor portion of vrganic”
arids present in $ho wafm'-ﬁm;luut Liguid

wdaptaticns thereof, which will ha obwvioas-
-of methyl ethy

declare that what we'

acterized by the fack that waid oil con-
densate productis serubbed. with water to
remeve a portion of the vzymenated ecom-
pounds dissolved thereim and form: un 70
agueous solution of oxygenuted pom-

. pounds; said aqueous solulzon of oxygen-

ated compounds and said agqueous con-
densute product are charged to o common
digtillation. zone to obfain u relatively 78
high-boiling fracion; and said uncon-
densed gay product 3s. serubbed withk a
part of . said high-boiling fruction to
obtain an aquecus selution of oxypenated
compounds: said last-menticued agquecus 80
solulion being returned to said commen
distiltation zone, .

" % A process according to Claim |,
wherein the ol condensate produch after
said waterscrubbing is subjected fp 8
extraction treubment with an agucvus
aleohol zolution to gxtract.a major propor-
tion of the oxygenated pompounds and a
minor propertivg of the hydroecsrhons
present in said il condensate product.
9. A process according W (laim 2,
wherein said extracted oxygenated evm-
pounds comprise aldehydes amd ketones:

a0

-and said exbracted exygenated componnds

are hydrogenated to converh said alde-
hydes and said ketones toc their oorre-
sponding eleohols, . - . _
4. A brocess according to any one of
the preceding Claims, Wim&n the rela-
tively Iow-boiling fruction obtained From 100
said distillalion zone comprises oxy-
genated compounds; and seid oxygeneted
compounds ars hydrogenated ty convert at
least a portion thereof to thefr corve-

95 -

-.sponding aleohols, - . 10
A, A process according to (laim 4,
wherein the oxygenated- compounds

present in said relatively low-hoiling Frac-
tion comprise aldehydes and kctones; and
said oxygenated comipounds are hydro- 110
fenated o eonvert said aldehydes and said
‘ketones to their corresponding alechgls,

8. A provess according to Claim 4 or
9, wherein oxygenated eompcunds present

in: paid relatively low-boiling fraction and 116
boiling not higher than the boiling point
me ketone ave separated prior
te said hydrogenation step,

- 7. A process according fo (Jaim 4 or

. &, wherein oxygenated compounds present 50

T said relatively low-boiliny fraction and
boiling not higher than the beiling point
of propionaldeliyde are separated prior to
said hydrogensfion step - .
8. A process aceording o uny one of the 195
ﬂ:geeedn;g G]aﬂns,_wheresm the relatively
igh-hoiling fraction obtained from sain
distillation zone comprises crganie acids:
a part of said high-boiling fraction heing
subjeeted {o extraction teeatment with an 130
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oxygen-vontaining solvent to extract sub-
stantially water-free organie acids from
said high-boiling fraction.

9. A process aceording io Claim 2,
wherein said extracted oxygenated com-
pounds derived from the oil condensate
produet. comprise aldehydes, ketones and
acids; and said extra.cteg uxygenated (om-
pounds are hydrogennted to convert said
aldehydes and ketones to the eorrespond-
ing alcohols to form a mixture compris-
ing aleohols and erganic acids, said mix-
lure being subjected to treatment with
alkali to converh said aeids to their corre-
sponding alkali salls; snd the resulting
mixture beinz subjected 1o vedured pres-
sure fo evaporate said aleohols from said
alkali salts.

10, A process according ta _
wherein said alkali salts are avidified with
art agueous inorganic acid to produee an
aguevns solution of the corresponding
organic ucids.

Claim  9.-

11, A process according fo Claim 1T,
wherein said agueous solution of orgamic 20
acids is subjected to extraction treatment
with an oxygen-tontaining solvent 1o
extract subsfuntially water-free orgaunie
acids from said aguecus solution.

12. A ywocess secording to Claim 11, 30
wherein zaid solvent is ethyl acetale.

13. A process according to Claim 11,
wherein said solvent is ethyl ether.

14, A process for treating the reaction
product obtained in the hydrogenation of 85
oxidew of carbon substanlially as hercin-
before described,
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