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COMPLETE SPECTFICATION

Process for the Separation of Oxygenated Aliphatic Compounds
from Mixtures thereof with Hydrocarbons

We, RUHRCHEMIE AKTIENGESELLSCHAFT,
a German Compuny, of Oberhausen-Holten,
Germany, and Lurgi Gesclischaft fiir Wir-
metechnik mb.J, a German Company of

b Frankfort aMuain-Heddernheim, Garmany,
do herehy declare the invention, for which
we pray that a patent may be granted to us,
and the method by which it i3 (o be per-
formed, to be particularly described in and

10by the following statcment:—

The invention relates to a process for the
separation of oxygeu-containing aliphatic
compounds from mixtures of soch com-
pounds with hydrocarbous.

15 Tiis known to use selective solvents for the
separafion of  oxygenated aliphatic com-
pounds, such as alcohols, esters, acids, alde-

hydes, ketones and the like, from mixtures of.

such . compounds with aliphatic hydro-
98 carbons, such as paraffins and olefins.
-Glyeol, glycol derivatives, aliphatic aloohols,
furfural and aniline are examples of sub-
stances which have Dbeen proposed as sol-
yents of this kind; the solvent may comprise
25 4 mixture of two or more, of such substances
or an aqueous solution of sach a substance.
Methyl ‘alcohol has particularly frequently
been suggested for this purpose because it
exhihits greater selectivity than higher mole-
80 cular weirht aliphatic eleobols; that is to
say, it dissolves the oxygenated compotads
well bt dissolves hydrocarbons only to a
small extent. Tn particuler, methyl alcohol
and, in individual cases, ethyl aleohol have
85 been successfully wsed for the processing of
primary products from carbon monoxide
hyvdrogenation containing a high proportion
of oxygensted compounds. In the case of
the nse of methyl alcchel the addition of
40 water in amounts of ag much as about 20%
by volumc bused on the methy! alcohol, has
“been proposed in order fo increase the selec-
tivity. Also, a two-stage extraction of mix-
tures of this kind has been proposed, with

.45 the usz_of methyl alcohol which had been
: I

diluted with water in the first stage and a
concenlrated methy! alcohol as the extract-
inpg agent in the second stage. Although no
preciss information as to the proportion by
volume of the mixture to be extracted to 50
fhe extraction medium appears fo be given in-

.the Titerature, the ratfo in most cases varies
‘from about 1:3 o 1;7.

" Tt is an object of the invention to provide
a process for the separation af oxygenated 55
aliphatic compounds, particnlarly aleohols, -
from nuxtures of such compounds with
hydrocarhons which contain more fhan
409, by weight of the axygenated compounds
by extraction in stages with aqueous g

methanol or ethanal solutions, whersby both -

the low molecular weipght and the higher
molecular weight oxygenated compounds
may be recovered in a stats of high purity
and in an almost-quantitative yield. 65
According to the invention, a process for
the separation of oxygen-containing aliphatic
compounds from a mixtue of such com- ~

-pounds and hydrocarbons conlaining -more

than 409% by weight of the oxygen-containing 7
compounds, comprises subjecting the mixture

_to solvent cxiraction ln at least three stages

with about an egual volume of aquecus
ethanol in each stagc, the water content of
the solvent used in the fizst stage being from 75

-40% to 70% by volume, the -water content

ol the solvent used in the second stage being
from 109% to 30% by volume, and.the water
content of the solvent used in the third stage

_being not in cxcess of 20% by volume. .~ 80

. Ageording to the invention furthermore, -

‘2. process - tor the separation of oxygen-

containing - aliphatic . eompounds, particu.
lagdy aicohols, from a mizture of such com-
pounds and hydrocarbons containing mors BS
than 409 by weight of the oxygen-containing-
compounds, comptises - contacting. the, mix-
tupe with aqueous methanol in at least three -
extraciion stages, the ratio by volume of the.
mixture to the solvent in. each stage heing 9¢:
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~60% by volime, ‘the - water. rontenf of the
: ‘solvent ‘used in-the secand: stage belng from

" A5'10%, to 20% by velnme: and the water co--

‘tent -of fhe solvént ysed in the third stage
' being notin gxcess of 1095 by volume: .

- 10 méthanol preferably has 2 waker comfent of
. 50%- 55% by volume, in the second stage
=%~ the aqucons methanol preferably has a’water
content “of 15%-20% hy- voltime, whilst in’
the third stage the waler comtent -of fhe

15 mnethanol is preféfably about 5% by volume. -
When agueous: ¢thanol’ is employed as the
--golvent, the wa’rea: comtent .of the solvont in-

" the firsl stuge 1§ preferably not less tham

: 459, the water content of the solvent in the -

(1 second stage'is preferably not less than 15%.
= The method -of; “operation in "accordance
with the favenfion is Dased on the finding
“that %he oplmon frequenﬁy maintained that,

_ for the quautiiative rgcovery of the higher

o5 molecrlar welght alcohels (particulacly those

confaining, mwore tHan & carbon. atoms in the

“mcleeile) from the wixlures, the presence of
‘the tow . molecidar welght ox¥genated. com-
. ponids n-the diceholdused as solvents, that

“giyis o say. foe methangl of cthanol in the -

- present. case, “would be. advantageous is rot
correct in Accordance with the resulis ob-

Aained.. T hus surprisingly bheen found that .

; By malntaining cértain’ operating conditiens

_’35ﬁs For axam;zle with fespect to the number.of .

exiraction stapes,. the water content of the

| methyl alc.uhol in.the individual stages, the .

. ratio. of methyl. alcohal to. iotal mixturs for
. bE cxiracted and, to . fhe mixlute to Dbe
maxtr:acted in the idividual stagess ang fre-
-gnently glso-fhe. cross: -sectional load in the’
.exiraction columns, and fthe Tike, partticu-

Tatly .advantageons. _exfraciion - resulty are.

- {¥btaincd avcorddics with the invention if
: -45,1.‘!1&. Tow. moaldcniar weight oxygenated com-
ponindy. sre Arst removed. as. exiensively as
.possible By “means «f . dqueous . methanol

wwhish Js,relaﬁsael‘y rich3n waler. .After and.

.. ‘Aot hefore | thig .step,..an. extraction of the

'thggher. malectilar weight gxygenated com-

© . peamds shonld. e effected, with the pse ol
Juglgamm,gﬁ methy] alcohol..

T TAT -mafiy, by -volume! . of mmture £0 be

extractcﬂ ta_solvent.ef-dbout 1: 1. in the first

5Sldgr., gves: the best tesulfs. Particularly

- advantageous Tesylts were-obtained when gt -

- “the. xame fime. a’crass-sectional load. in, for
© - example,. -columns . packed. - with “Ragchig
[ o iiogs of-a. digmeter: “of gbout: 5 yum-20, Tm.
"g0 atid- .preferably, Abgit. -5 mm.-10. mm.; of

abant 4-7 cubic.metres;tatal liquid per square

" “metre . of- crossssection (¢f the columm per
. hour was.maintained. .. Qther- cxlraciion
.- Tonefhiods; such. Inrﬂamplgh ag fHose employ-

ﬁs‘mg mmm'u ot uenm.tuoai pumps are also -

,\.

- - N R

_bout 1 1 th;: witer content of the solvenl:_-
_"'used in the first stage being from 40% to-.

suilable for carrym out thfr process accord-" ¢ -°)
ing to the inyenlipn. .- The exteaciion itself ~° -
i3 suitably effected in counter-current flow
.relationship; ~ With' the wss~of ‘aquects -
-mrethyl alcohol as the sofvent, the water-con- 70
tent of the solvent.in fhe firststane: shonld

- be within fhe ranoe-of 4094604 by Volume-
The pmfarmd solyent 1§ aqueons methanol. .
In the fifst wtage of extraction, ‘the agqueous’

and- is advantaeaouﬂy within- "the tunge
502,559, by volume. By operating in this -
manuer, the low molecular weéight -alechols 75
containing up 10. 4 or 5 carbon atoms fn the _
moleculs, together with any other oxygenated -~
-compounds confaining the: same number of
earbon atoms in the molecule, are exten- -
‘sively Temoved in the first stage. By far tho 80
graater part of the higher molecular weight - -
alcokols 1cmams m the mfﬁnare - the ﬁrst
stags. .

The rafﬁnate from the. ﬁrst stage is theu
again extracted with g less dilute methyl85
-wlechol, the exttaction being 1ikewise cllected
with 4 ratia” by volume- of raffinate to sol-
vent o whout 1:1 and; when using packed
eolamins, with the same” or similar cross-s
‘gectionsl® load of the colomn:: - Tt has béen 90 -
fom¥id fhat with mixfures which &ontain
50%-65% of - oxygenated ‘compounds’ a.
‘methuriol concentration in ¥he second stagc
of abiout *90%, that is a waber content of -
about 10%, is the most switable: I, how- 65
ever, the conceniralion of oxygenated com-
punurls is in excess of 65%, fhe second stugs
js preferably “carried: out with methanot of
7, copeentration of aboni: 80%-85% {that is,
159,209 by volume . of ‘water). _Although 100
a- large proportion of fhe h1gher “moleeuths o
WclghL exygenated compouuds is. exfracted

“in this-sfage,.a quantitative recovery is met

“uchieved -after the secotid. stage. A mibge- .
“guent, extraction in a third, ind, for specific 105
‘condisibns, in u fourth and ffth stage is re-
‘quired’ fo achicve u substantially complete
sephration of the. m{},ge‘nated cnmpou:nds
from the hydrocarbons.. ... - .
JTf the” sgharation of mixtures Lontammg110
.fabout 50%-65%. 0f oxygenated compoumds

s~ jnvplved, & third -extraction sifge will .

__bcnm'al]y ba _sufficient. ih which lkewise 2
Tatie by volume 6f raffinate. to methanal or
_ethanol of about 1:1 is -used to--obtain -z 115
quantifative separation. _Tn this case, -the
mcthanol, solvent- nsed. in ~thc third -stage
“shonld have a concsnteation: of - 90%-100%"
cand, profersbly- of. 93%, that-is, it showld, -
contain. only 0%-I0%. of water. TF, how- 120
ever; the coutent of oxygenated- compounds

-in the initial mixfure is higher as for example,

“ddn exesss of 65%. an Alvchol of about 90%

“byvolume (thal 1, 10% of water) ds used
Jin.the tird extraction stapge.and a subsequent 126
-extraction s effected_under the same con- '
ditions in- a fourth, and, i necessary or
desired,_even id.a fifth stage with-a 90%-
1009%, and .preierabix Q5% smefhanol. Tn. thiy.
‘maoett 1ol only is a practioully goantitative 13
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tecovery of the higher molecular weight
aleolols possible, but these  alcohols - are,
after Temoval of the solvent by distillation.
obtained in 2 state of high parity, namely
5above 90% and frequently even of 95%-
089% purity. .

When eyl alcohol is msed in place of
methyl alcohol, the water content of the ethyl
alcohol; due to its lower selectivity, should

J0always be higher than that of the methyl
alcohol. In the first two esiraction sfages
dis addifional water content should consti-
fstc about 5%-109 by volume while 29,-
59 by volume are sufficicnt in the following

45 extraction stages.

The particular and docisive importance of
the process in accordance with the invention
lics in its application to such liquids as the
Yguid primary products of the hydrogenation

20 of catalytic carbon menoxide, which confain
more than 40% by weight and preferubly
mote than 55% by weight of oxygenated
compomnds. By far the best resuits have
heen obtained with such a product where

g5 about 45%-75% by weight of the liguid
product boils between 30°C. and 180°C,
while 189%-28% by weight boils betwezn
180°C. and 320°C, and 89-30% by weight
boils above 320°C. '

Tn addition to the simple method of
opecation, the quantitative separation of the
oxygenated compounds and the high degres
of purity obiataable, the manner of operation

 in uccordance with the inventiop has the
g5 advantage that the amount of methanol re-
guired is extremely low as compated with
the amount required in methods hitherto
known. This- Is not usimportapt for
ccopomnic reasons since with the nse of larpe

40 quantities of methanol, this methy! alcchol
Toust be separated by distillation which, due
to the high latent heat of vaparisation of
methyl alcohel, nvolves the use of a consid-

_ erable amnovnt of power. Corresponding 1o

45 the preferrcd manner of operation in accord-
ancc with the invention with its low methanol
requitement, the steam and energy require-
ment is only 4 fraction of that required in
known processes, namely about 15%-25%.
This is nnderstandable when it §s considercd
that the ratic of mixture to bé extracted to
methanol and in the preferred manner of
opcration in accordance with the invention,
and in contrast to practically ail known

55 processes s only about 1:1 fo 1:15. -

The invention is ilustrated by the follow-

-ing Examples, )
BxaMPLE L

Water gas was passed at & synthesis pres-

&0 sure of 10 atmospheres and a catulyst load or
space velocity of 150 litres of aag per litre
of catalyst per hopr over a precipitated,
rednged iron cataiyst which contained 5 patts
of copper, 10 parts of CaO and 10 parts of

also contained, as promoter, 8% of an alkali
meta} compound (ncorpotated in the cata-
iyst as K,CQ,) calenlated at £,0 and based
on the total ron content, 70% of the fofal
iron content of the catslyst being in the 70
metallic state. The recycle ralio was 1:2.5
and the reaction temperaturs was 218°C.

The resulting primary product {without
the reacton water) had (he following buil-
ing ranmges: above 320°C., 14%: 180°C.- 75
300°C... 25%; 30°C.-180°C., 61%. Abont
55%, by weight of oxygenated compounds
were present in this product. :

The tolal primary product excluding the
henvy comstituents obtained in the hot separ-80
ator, that is less than the 14% mentioned
above, was charged to the extraciion process.
Of cowse, small amounts {about 2%) of
heavy constitoents beiling above 320°C. were
present in the diesel ofl fraction {130°C.- 85
320°C.). -

This product was intermittently saponified
nnder pressure in a small saponification
column in batches of 5 kg. cach in such
manner that the quantity of reaction watcr 80
formed in the synthesis per 5 kg of total
primary products (incleding pataffin) was
first added, whereupon a quantity of solid
KOH, which Lad been caiculafed from the
neniralization number apd saponification 95
mumiber of the guantities of water and oil, .
plus an excess of 20% of the ‘thedrefital ’
amount was " added. Theé saponification
was effected al 143°C., under a pressure of
9 atnospheres for a period of 45 minutgs.. 100

"The roaction product ohtained was sepagra-
ted in a receiver. ‘While the aqueous phuse
was processed by distilfation i give the cor-
responding alcoliols, the upper phase which
was now practically free from acids and esters 105
and consisted chiefly of alcubols and small .
amounts of aldehwdes ednd ketones, was
passed to the extraction progcess. - -

The extraction column consisted of a glass
tube of 25 mm. iniide diameter containifg 110
a packing of ceramic material (Raschig

‘rings 5 % 5 mm). The effective length of
“the extraviion colnmrn was 1100 mm. Three

of these columms were used, one for each
stage. _ ) - 11a
25 litres (about 20 kg. with approximately
10°% of water) of the above primary product
were extracted with 25 Ytres of 50% miefh-
anol (about 22.2 kg ot roop femperature.
The throughput was about 1200 ce./hr. of 120
both saponified primary product and meth-
anol, The piimary product was introtduced
at the lower end of the column while the
agucous mefhyl afcohol was introduced at

“the top of the extraction column: After about 125

21 hours, the éxtraction was terminated. 37.2
k. of cxiract 1 (methanol phasc) and 10:3
kg. of raffinate 1 (ydrocarbon phase} werc

- pbtained.
85 kicselguhr por 100 parts of iron and which -

The 10.3 kg, of raffinate, having a volume 130
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rrc 1% 8*3{?) b, irom the first stage were passed :

" to_thie" second stage which was- operated in

. thé samé manner with respect-to load ‘and

- nethéd -off flow during the exirdction. The

-5 méthyl aleohal now nsed (13,850 cc) had a

+ eorceritration of 89%. the repinder being

- water. —The duration of the extraction fyas

about 1% Bougs. :

-.The result- £ irdm the. sccond stage was an

. 10 extract 2°68 21.7 ditres corresponding to 17.4

© " %g.-und o raffinatc 2 havinp a volume of 5.3
‘Titres and a weight of 4.02 k.

929% by volume of methanol (3.3 litres), . The

catracnen time was aboul 4.5 Lours. An . ‘

- ‘extract-3 (6:4 litres = 5.3 kg, and " a raffinate
3., lifres-=-3 kg.). were obtained. The.pro-
O eessing - of - the. three . uxivacts ' and : of the
raffinate 3 showed -that, based en the total

aleoliols in the C;-C,, range, the proportion -

. - =of résidnal alcohol of each, individual catbon
.. numbér in the raffinate’ 3 was. belwgen about
26°0.1% (CCy) and 159 (C:.z‘cm) The
' .quantitiés of alooho] obteined by-distillation

from the threc extracts, based on toial alco-

hol of each. individual carbon number, were

. praciically.-100% for carbon numbers Hf up

30 o 10 (C,,) and about DB.59% -to 999

_ cdrbon numbers . of betweérn . 11 and 14

[C,-Cyy). The purity. of fhe alcohols

‘extracted.was from:93% to 95%.

- Y'rocessing of the“three methanal extracts

-85 by digtillatien showed 4lso that between 307

- -ahd wbout 60°C,, “a Binary mixfure which

consisted chiafly . of low bhoiling - hydrocar-

“*hons, and méthanel distilled over, 'This mix-

- turé- separated i the cold stafe inte. two

" 40 huyers!

. -tically 'ohly of hydrocarbons was analyged

and 2 total quantity of 4.5 kg. cf low boﬂmg
hydrouazbons was' found. -

. Degpiterthe great nimber of mampu]atmns,_

s 5 I.hu lossas Were seldtively’ low..
“EXafPrEi 2 T- on -
LA quanuty of the total pnmary product

(mc,ludmg the heavy “canstituenfs boiling

above.320°C.Y obtained in the synthesis de-

sgseribed in Example 1, was charged fo the

. pitfacHon prodess without previous saponi-
: fication, To prevent clogging by solid mate-
-#ials; the extractidl: was. £fecled In a small

©_ pressure “column at femperatnres. of -abut

-.p5 50°C.  ‘Thé columni: had. the same dimen-

-giomg and ]Jdell’lg'ﬂS the" colmn‘of Example .
- 717 but consisted of iron. “Thé feeding of the
. methafiol sireain, and of 1l “primary product
_Stream wasrEfieoted by meaits of small pres-

Tl sure puinpsT: The lodd dﬂrlng the extrac- -

tich, which™ was “also- Uperated:in this case

Tig tHree stages, “wasof the same.-order-of -
o ‘magmmdc g that nged ‘" Example 1, - .

* Processing of the three extracts by distl-
-Ga lanon ‘thWvd thal up fotg hﬁulmg pomt of

for”

The upper lay which ‘consisted prac--

about 300°C., the quantlty nf nxycranatad
compounds extracted {alcohols, aldchydes
kefones, esters 2nd acids) was 9779, based on
iotal oXygénated compounds. present.  The
gg%/rae of punty varied  between 91%. and 70
D .
. The oxysenated compounds présent in the
hea.vy comstifuents bmlmg above 320°C. and -~
congisting . substantially of esters (cster con- .
tent of - the ‘constituents  hoiling above 7m
3L —aboumt 45%) could not be com-

* pletely extracted. The degree of extraction
The raffinate from.ihe seccond stage (4- 02-

.- kg =53 litresy was again extracted i the
I thu:d stage under the same condilions with

wag about 70% hased on the total ester con-
tedt preseat, und the purity of the esters ob: o
tamed by d13t111at1011 was 80% to. 85%. " B8O

What W cimm Br— - :
.1 A process for the separatzon of oxygen— :
cont'umng aliphatic compounds from a mix-
ture of such compounds and hydrocarbons 85
containing more than 409% by weight of the ~
OXygen-containing cc)mpounds, which com-
"prises subjecting the mixture to_ solvent cx-
traction- in at least three stages with abont
an squal yalume of agueous ethanol in vach 90
stage, the water Content- of the solvent used

in the first stage being trom 409, to 70% by
yolume, the water content of the solvent used

in the second stage bheing from-10%, to 30%
by volume, and the water content of the sol-95 .
went used jn the third stags being not.in -
excess of 209 hy volume,

2. A process for the séparation of oxygen-

containing- aliphatic compounds, particularly °

aleohols, from a mixture of such compounds 1gp
and. hydrocarbons containing more than -
405 by weight' of the oxygen-containing
compounds, which comprises ‘contacting the
mixture with -aquects methanol u at east
“fhree extraction stages, the ratio by volume 105
of the niixture to the solvent in.each stage
‘being; about 1:1, the water content of the
.solvent uved in the Grst stage heing trom 40%

1o 809 by volume, the water content of the =~ =

-solvent nsed -an-the secoad stige being from, 116
109% 10-20% by volume, and the water con-
.tent of the sotvent tised in the third stage be-

~dng pot In exeess of 109 by volume.

*3, A process adcording to Claim 2, in.
'W]:Il(':h the water content of the solvent used 115
Jn-the first stage is from. 509 to 55%. the -
‘water content of the solvent. used im the
“second stage is from 159% to 20% and the
-water content-of the solvent used in the third
stage is about 5%: . .. .- -

-4, A prmcss accordmg o C‘Iam:l 2 or
Llau:a 3, in which more than . three exirac-
tion stages are-uged, the ‘waltr content of
~the solvent psed in the fourth-sfagé and any
subscquent stage: being flom 0- 10% :md b;:- 195
:ing prefirably about 5% . :

~= 8.-A. process according to Claxm L-in
-which -four .or more exleattion: stages .are
< used with-agueocus ethandl as the silvent, the :
-wa:ter ccmtent cf the- selvent use.d 111 the. 130, i

120 -
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fourth stage aad any subsequent stage being °

nat more than 159%.

6. A process according to any one of the

preceding claims, in which the mixéure con-
5 tains more than 55% by weight of oxygen-
containing aliphatic compounds.

7. A process according to any one of the
preceding claims, in which the mixture of
oxygen-containing aliphatic compounds and

10 hydrocarbon heing treated is derived from
the products obtained by the catalytic hydro-
penation of carbon monogide.

B. A process according to any one of the
preccding claims, in which the mixture con-

13 tains more than 65% by weight of oxygen-
contuining aliphatic compounds, and the ex-
traction is effected in four or five stages.

9. A process according Lo any of Claims
1 to 6, in which the mixture is derived from

20 the liguid primary product of the catalytic
hydrogenation of carbon monoxide, 43%-
73% by weight of which primary product
hoils in the range 30°C.-180"C., 18%-249;
by weight boils in the range 180°C.-320°C.

25 and 8%-307% by weight boils above 320°C.

10. A process according to any one of the
preceding claims, in which the extraction is
effected countercurrently in packed columms.

11, A process according fo Claim 10, in
which the loading of each eolumnm is from 4 30
to 7 cubic metres of tolal liquid per square
metre of the cross-sectional area of the

colnmmn,

12. A provess for the separation of am
oxygen-confaining aliphatic compound from 35
a mixture of such compounds and hydrocar-
bons containing more than 40% by weight
of the cxygen-containing compounds, which
consisis in extracting the mixture with aque-
ous methanol or aqueous ethanol in at least 40
three extraction stages substantially as here-
imbefore described.

13. A method of separation of oxygen-
containing aliphatic compounds from mix-
tures of such compounds and hydrocarbons 45
containing more than 409% by weight of the
oXygen-contuining componnds, substantially
as hereinbefore described with, reference to
Example 1 or Example 2.

14, Oxygen-containing  aliphatic com- gp
pounds and hydrocarbons whenever obtained
by the process claimed in any one of the
preceding claims.
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