PATENT SPECIFICATION

No. 16559/ 50.

702595

Date of Application and filing Complete Specification July 3, 1950,

Appilcation made in Germany en july 23, 1949.
Compilete Specification Published jon. 20, 1954.

Dy i e

lndex ar acceptance :—Class 32, A2(B: D: G2),

COMPLETE SPECIFICATION

Improvements relating to the Separation of Oxygen-Containing
Organic Compounds from Aliphatic Hydrocarbbns by Distillation

We, RuHRCHEMIE  AKTISNGESELL-
seBAFT, of Oberhausen-Holten, Germany,
a German Jeint-8Stock Company, do
hereby devlare the invention, for which
we pray that u patent may be granted to
us, and the methed by which % i3 to he
performed, to be particularly deseribed
. and by the following staterent; —
The invention relates to the separation
10 of aliphatic aleohols and other oxygen-
contuining erganic compounds from their
wixtures with aliphatic hydrocarbons.
It is un objecl of the invention to pro-
vide a4 prucess of separation based vn uzeo-
I8 tropic distillation of ihe mizbure which
results in the isolation of u major propoer-
tion of the oxygen-cuntaining organie
compounds, particularly of the aleghols,
It is o further object of the inventinn
20 o _provide means wheveby bhigher mole-
cular alrohols can be separated from miv-
tures with aliphatic hydrocarhans gueh as
are obfained In the catalytic hydrogena.
tiun ol earbon monowide, )
Oxygen-confaining organic compounds
and more particnlarly higher aleohnls
have. been recoversd from their misture
with aliphatic hydrocarbons in variyns
ways, hus sclective extraclion with
30 cortain solvents, amongst them aniline,
glveul and nilrebenzene, enubles oxygen-
cunluining organie componnds. and more
cepecially aleohols, to be separated from
mixtures with hydrocarbong such =s arc
35 formoed. for exemple, in thy catalyiie
hydrogenation  of carbon  monoxide.
Ancther way of effecting sueh a separg.
tion 18 by fractional adsorption of ozygen.
containing crganie compyunds on  aeti-
40 vated Fuller's earth or aluminium hyd-
roxide. A third way of isalating oxygen.
containing organiec compounds consists in
subjecting the mixtures as a whole lo an
alkali Tusion, wherchy the aleohols whicl
45 form sporoximately 909% of the oxypmen-
eomtaining organie camponnds present in
the mixtures obtained as products jn whe
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vatalydic hydrogenution of carbon mon-
vxide, are converted almoat; completely
into salty of fatty avidy (soaps) which ean
aasily Le isoluted, for example, by separ-
ation iutu layers,

All these known processes invalve the
drawhack of requiring a pather involved
mode of operation,

1t hag nuw been foung that il is pos-
sible tv effect in a simple manner fnvnelv-
ing azeotropic distillation s practically
romplete separation of aleohols in m pure
state from such mixzbures accompanied by 60
4 partial separation of other oxymen-con-
talning compounds The method of
effecting the separativr wccording to the
nvention, conslsts in adding fo the mix.
ture or a fraciion of the mixture to he 85
freated an aleohol dilnfed with water, the
added alcohol heing one which eonfajns
fewer carbon ptoms in tle molesule han
any alephol present in the mixtnre or Trac.
tion fo which i6 is added and bheing one 70
which formgs ternary ageotropie mixtures
wilh the water and the aliphatic hydro-
cirbong in the mixture or fraction to
which it is added, The mixfure or frac
tion to which the water nnd aleahol have
heen added is then subjectsd to distilla.
tion, and wn szevtropic Mizbuve or mix-
turcs of hydrocarbons, added aicolio] and
water distils over, whereupon the aleohols
and other nxygen-containing eompounds 8D
which remain in the residne, can be S&Par.
ated from each olher by distillation 3f
Decessary in cacus, or hy olher knawn
methods,

The mixture or fraction to which the 85
water and alcohol are added, is preferably
one which consists anly of compounds in
which the difference befween the numhey
of carbon aloms in the ecoluponndg or com-
bounds containing the least nymher of
carbon  atoms in the malecule ang the
ermpound or compounds containing lhe
greatest wumber of carbon atoms in the
wolacule, is at least two but is not greater
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than six, Thus if the compounds con-
taining the least anmber of eerbon. atams
in the moleculs are Uy compounds, then
it is preferred that the mizture or frac-
b tion to which the alcohol and water are
added should be at least u C.—FCy fraction
tut shewld mob be wider than o C—C,,
fraction.
It is preferred that the final Dboiline
10 poing of the mixture or fraction to which
ihe weter and eleoho] are udded. should
not be higher than 2507 C.
in the process according 1o the Inven-
tion the sliplmtic hydrocarbons prescut in
16 the mixture, after the algohol and waler
have heen added, form during distillation
ternary azectropic miziures which buil at
muterjally lower temperatures than e
oxygen-containiny componnds which thus
€ rerpain in ihe residue.  In this manner
substantially complete separation of fhy
aliphetic hydrocarbong 1z obtained, in
eonirast to the method of ardinary distil-
fation, where the hydroearbons tend to
25 dietil over with the alcolols and ofher
© gxygen-containing orpanic compounds
present.
Tt hos been foun( that propanol is pur-
ficularly suitnble fur use as the added
90 alechol, It is preferred to use prepancl
resovered frons the products of the hydro-
enation of carhon monoxide. ]
When ihe azeotrepic mixture or mixs
tnres of hydroearhons, added alcohol and
%5 water, are condensed, two layers ave
tormed. the npper layer copsisting almost
entively o the distilled hydrocarbuns.
This layer mauy be separated by grerflow,
If the upper layer should contuin gmall
40 quanbities of 1he adde{i alenhol, for
ExAIPe propunol, the c_uhol may. be
separated from it by fractional distilla-
tion, The added aleohel thus separated
may be returned to the step of uzeobrope
&5 distiliation. .
Thg bydroearhons in the upper layer of
the nzeotropic condensite may he freed of
their content of alechol by meany other
ilnn distillation, Thus the layer may
50 be ireated with water, This step of
washing with water is preferably effected
in countercurrent.
The lower aguevus layer of the conden-
wate coniains, besides  water, only the
55 wdded pleohol, and consists, for example,
of agueous propyl alvohol,  This aguevus
laver ig returned into the distillation
colomnn  used in the treatment of the
ol mixture or fraction, fu be stb-
80 jecte]l again to azeotronie distillation.
‘Adter the hydrocsrbons huve complete]lv
Aialilled gver in the form of azep’ﬂrapma}l_\-'
hoiling ternary mivtures. a hivary mix-
ture of water and added aleohul, for
46 cxampls agquees propyl aleahol, finally
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distils over. The hoiijug Temperalury
then siscs sharply.  This pheuomenon
indijeutes that the residuc still present in,
fhe distillation eolwmn practically cou-
sisty of oxvgen-gontaining orgenic com 70
pouuds ynd in the moin of aleohols, Whey
fhis reaidme is itself distilleq nndler noa
mal  elevaled op lowered pressare, the
aleobels present in it arg reeovered in the
order of their moleculary weights and in ¢ T8
high state of purity. Instead of or in
addition {n subjecting the residne fo dis
tillation, It may also he subjected fa
solective eviraction o fo fusion wifh
all:ali or to some ether kuown aud stitable 80
methad of separation or extraction.

IWhen mixtnres cousisting of aliphativ
angd suhstantialls strajghi-chain hydre.
carbomg und os¥gen-containing organi-
compounds ars freated in acenrdance with 85
the process of the invention the hydre
earbong mav alse be sepurated aceordingy
{o. the mumber of earhog aloms iu their
molecnles. for 1hc beiling poiuts of the
tarnary mistures rise with the inerease in QY
the wumber of carbon aloms in the hydro.
carbons.  Thus, by means of a highly
clficlent fractionating column separation
info fractivns contining hydrocarbons
having substantinlly the same number of B9
carbom, atoms 30 the molecule is possible,

Apart from praducts of the catalrtio
hydrogenation of carhan monozide, the

- process of the Ipvention is algo  well

adaptel for trealing other misinres of 10¢
hivdrocurbons  with oxyyen-containing
orgunic compounds resniling from indus-
triol processes, suvh as, for grample, ihe
calalytic addition of mixtures of rarbuon
moagxide und  Lydregen to alefines. 108
Similar mixtures are also ablained in the
working-up  pefrolenn  produets  and
iy other ratalytic processes. Similar mix-
fures are ulie somelimes present in
nuburally ocurring raw wmaterials and in 110
the products of their conversion.

The following cvamples lustrare  the
nrucess of the invenlion,

Exavpre 3

A Irection hoiling in the range [10°— 115
160° ., obfained in the hydrogenation of
carbon monoxide at o pressure ol 20
Lu/sg.cm, in the presence of an lron
oalalyst, was mixed with aboul 23% by
voluiue of propyl aleohol diluted with 120
989, water and the mixinre lhen dis-
fifled, Tn three frastions termary anix-
tures passed over at SI¢ €., 85 €7 and
88° C. respectivaly. In these fractions
G- O ond (.- hydrororhuns, respec- 126
tivelv. predomineted. After completion of
{he azeotropie distillation of the hydro-
carbons, the ayuevus nropyl alenhal still
present distilled pver jn the form of 2
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binary mixlore at a lemperalure above
88° I, At the end of this operation the
bulling temperature rose considerably.
From the residue remaining after the

§ azeotropic distitlation had come to an end,
(-, G;- and Uy~ alenliols were sgparated in
u sulisfactory state of purity by simple
digtillation,

e PIE 2

18 Irom the produets of thebydrogenation
of carbon monoxide cffected n the pre-
seqlre of an iron catalyst al a pressuve of
abou| 15 kofsq.om. g primary fraction
boiling in ihe romge 160°- 2047 G, wwas

18 sepurated, This fraciion lad the follow-
ing characleristics: —

Neniralizalion numher - = 2.2
Todine number- - - - = 83
Hydroxyl pumber- - - =250
20 Curbony] number - - -« = 12
Tister muemher . - - = 16.5

Tt iz seen from thesa charaeteristies that
the fragtion eontained apprecisble quan-
{ities of unmsaturated hydrocerbons, alde-

25 hydes and esters. Furthermore, the neu-
tarlization aumber shows that small
gnantities of apidy were also present 1o
the fraotion.

25% by volwme of agueous propanol

30 containing approximately T0% of pro-
ponol, was added to the froction and the
mixturs was distilled. The lernary nzeo-

{fropie mistures which distilled over were.

condensed ; the hydrocarbon layer of the
86 condenszate evntulned about 5% of pro-
panol, This Jayer was separated from the
lower aqueous layer of the condensate
und, in a separats column, was freed from
the propanol which was returned to the
40 azectropic distillation process, The guan-
tity of hydrocarbons thus obteined con-
stituted 30% by volume of the original
primary fraetion, ‘ ]
At the end of the ageotrople distilla-
4B tion of the hydrocarbeus, & residne
remained from which - Cp and G-
wleohols were reeovered in a high slate of
purity by distillation én vreus.
- What we claim 15— ] )
88 1. A proocess for the separation of al:
phatic alecholy and other oxygen-con-
taining orpamvic componnds from their
mizture: with aliphatic hydrosarhons
which romprises adding water and an
BE alcoliol to the mixture, the added alechol
being one which contains fewer carhon
aloms in he molecule than any aleohol in
tha mixture and forms ternary azeolropic
mixtures with the water and the hydro-
80 varbons, ang subjecting the agueons mix-
tures wo formed to distillation to yicld a
distillate consisting of  hydrocurbons,
waier and added aleohal and a residue
rieh in oxyger-coniaining orgame com-
65 pounds.

2. A process for the separalion of ali-
phatic aleohols ang other oxygen-con-
taininyg orgenle compounds from ali-.
phatic hydrocarbons in a mixlure
obtsinad as product in the catalytic 70
hydrogenation of earhon monaxide, which
eomprises distilling fhe mixture to yield
two or more fraciions, adding waler and
an aleohol o one of the fractions, fhe
added aleohol being one which contains 7
fewer carhon atoms in the molesule than
any alcohol in the fraclion and which
fvrms lertwry azeotiopic mixtures with
the water and the hydrocarhons im the
fractiom, and thereafter distilling the 80
fraction to yield a distillate consisting of
hydrocarbons, water and addeg alvohol
und a residue rick in oxygen-containing
organie compounds,

4. A process according to Claim 1 or 85
Clai 2, in which the mixbure or frac-
fign 1o which the water and zleohol ars
added consists only of compeunds in
which the difference hetween the number
of carbon otoms in the compuund con- 90
taining the least number of carbon atoms
in the molecule and the compound con-
tainming the greaiest number ol carbon
atoms 1o the molecule, is at least iwo bul
is not greater than, six. 95

4. A process according fo any one of the
preceding claims, in which no eompound
present 1m the mixfure or fractiou to
which the wafer and alcohol ave added
containg less than feur curbon atoms in 100
the molecule.

5. A process aceording to any one of
the preceding claims, in whish the added
slochol 13 & momohydrie uliphatic )
aleohol, ' 1056

G. A process sccording bo any one of
the preceding claims, in which the added
aleochal is propanel.

7. A procesy scoording tv any ane of
the preveding claims, in which the resi- 310
dus iz suhjected to distillation for the
recovery and separation of the individual
oxygen-containing organic compounds.

8. A process aceording fo any one of

the preceding claims, in which the azeo- 116
tropie mixtures which distil over are con-
densed and allowed to settle; the upper,
hydrocarhen-containing  layer, which
s;para.tes on scttlement being then freed
of its content of aleohol.

9. A process sccording bu Claim 8, in
which the upper, hydrocarbon-containing
layer is freed from its content of alaohoi
by distillation,

10. A process accordiny o Claim 8, in 120
whigh the upper, hydrororbon-contain-
ing layer is freed from its eantent of alco-
hol by waghing i} with water in counier-
eurrent fdow.

1i. A process gecording to Claim 8, in 130
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which the lower layer, eomprising an
1queous solution. of the added aleghol,
witich separates on setilement, is returned

_ 1o the step of azcotropic distillation.
0 120 A process substantially as  des-

eribed with reference ta Example 1.
. A process substantiazlly as deseribed

with refarence to Fxample 2.

14. A process fnr the scparation and
10 recovery of oxygen-containing wrganic
compounds contained in the prndur‘ts of

the pracess of catalytic hydrogenation of
carbor monoxide. substantiully as hereip-
before described.

13, & proeess fur the sepnration of ali- 16
phatic alechols fruvm their mixiures with
alipbalic hydrocarbons. substantially as
liereinbefora deseribed.

EDWARD EVANS & CO.,
14—18, Higl Holhorn, Lendon, T .2,
Agents for the Applicants.
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