RES™

PATENT SPECIFICATION

No. 13239/52.

736404

Date of Application and filing Complete Specification May 26, 1952,

Application made In Germany on May 30, 1951.
Complate Speclfication Published Sapt, 7, 1955,

Index ar accepeance :—Class 2(3), BIF, C3A10A3, C3AI0AS(AL: ), C3AI3AZ(AIC: B1:D:
M).

COMPLETE SPECIFICATION

Process for the Separation of Oxygen-Containing Compounds.
from their Mixtures with Hydrocarbons

We, RUARCHEMIE ARTIENGESELLSCHAFT, of
Oberhavsen-Holten, Germsny, and LURGE
GESELLSCHAFT FUR WARMETECHNIR M.B.H.,
of Frankfurt a.M., Heddernheim, Germany, do

& hereby declure the invention, for which we
pray that a patent may be granted to vs, and
the method by which it is to be performed, to
be particularly described in and by the follow-
ing statement:—

‘The invention relates to a process for the
separation of oxygen-containing compounds
from their mixtures with hydrocarbons,

By the use of suitable synihesis conditions,
Frimaxy preducts may be obtained in the cats-
viic hydrogenation of carbon monoxide, which
contain larger quantities of alcohols, esters,
aldchydes, acids and the Hke, than of hydro-
carbons, In the processing of these miztures,
the esters present cause considerable diffioul-
ties becanse the separation of the alcohols
from the hydrocarbon is considerably dis-
turbed by the presence of the esters so that
processes using selective extraction or azeo-
trapic distilladon can be carred out for this
25 purpose only with difficulty. The splitting or
saponification of the esters by treatment with
caustic £otash solution or caustc soda solu-
tion with the formation of salts of fafty acids
end alechols has been proposed for the pro-
cessing of these mixtures, However, the use of
the cheap caustic soda solution has been found
to be disadvantsgecus because it leads to the

. formation of solid soaps which form emmul-

sions, particularly with long-chain hydrocar-
8b bons, so that it is diflicult to separate them
frem the reaction products.

Purthermore, the caustic afkali solutions
used in the treamment of the mixture of syn-
thetic products have hitherto been of refatively

40 high concentration, with the result that losses
have becn increased through the occurrence of
undesirable side-reactions, such as aldol con-
densarions and resin formation.

It has also been proposed to carry ont the

45 saponification at elevared temperature and
under a pressure sufficiently high to prevent
vaporisation of the constiments of rhe mix-
ture, whereupon the vaporizable constituents
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are distilled from the reaction mixture by
relepsing the pressore, 5

It is an object of the javention to provide
a method for the processing of such mixtures
with the use of sedium hydroxide, whereby the
disadeantages involved in prior methods
employing sodium hydroxide are avoided or 50
considerably reduced,

According to the jnvenion, the processing
of alcohol-hydrocarbon mixtures, particularly
such mixtures when obtained as the produets
of the caatlytic hydrogenation of carbon mon- 80
oxide, by ssponification of the esters and
neutralization of the acids with sodium
hydroxide at elevated temperature and under
8 pressure which is such that no vaporisation
of the components of the mivture cceurs, is 65
effected by using s quuntity of sodinm
hydroxide not higher thap 207, in excess of
the theoretically required guantity, based on
the ester number and the neutralization rum-
ber of the mixture, temoving any precipituted 70
melal oxides hy filtrarion, the filtration being
carried our, if necessary or desired, under
pressure, and separating the aqueons alkaline
layer containing the watcr-soluble aleohels
from the npper bydiocarbon layer at the tem- 75
peratures used in the saponification of the
CELErS.

Metal oxides will generally be precipitaied
during the saponification when the alcohol-
hydrocarbon amizturc being treated is a pro- 80
duct of the catalytic hydrogenation of carbon
monoxide. Such metal oxides are derived from
heavy meral compounds in solution in the mix-
ture, the heayy metal compounds originating
from the caralyst used in the synthesis of the
mizture and/er from the metal of the syn-
thesls reactor,

It has been found particnlarly advantageous
to carry out the ester spliting with caustic
soda solution in the presence of one or more
lower alcohols enntaining from 2 to 5 carbon
atoms in the molecule. During the saponifica-
ton of the esters, the lower alcohols act as
dissolving intermediarics between the agueous
caustic soda solution und the warer-insolyble 05
esters, that is {o say, they promote the for-
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imation of an emulsion, After completion of
the reaction, however, the lower alcchol of
mixture of lower alcohols acts as a demnlsifier
or emulsion breaker, which action i desirable
b at that stage, For these reasons, their prescnce
during and after the saponification is desirable
so that onme or more of the lower alcohols
should be added, # necessary, to the mivture
before suponification. Tt is advantagenns, there-
10 fore, to aperate in such g manmer that the total
alcobol-hydrocarbon  mixmre, including the
reaction vater produced in the hydrogenation
of carbon monoride, is stirred nto an ermulsion
with a quantity of sodium hydroxide which
15 does not excead the quantity - theoretically
required for the saponification and nentraliza-
tion by more than 20%, with, if

requived, the addition of one or more C—C,;
20’ alcohols. of th-‘ Ydr bon 1

The . processin e hydrocarbon layer
separated fromy &e_ aquesus alkaline layer is
preferably commenced by a washing  with
preheated water under pressure, carried ont at
the temperatare of the sapunification.  This

25 washing js suiably followed by 4 second washe

ing carried out under the same conditions
with water to which 30 to: 50 parts by voliime
of cne or more water-solnble lower alcohols
-of the molecular size C,—~-C,, for example,
methyl alcohol, ethyl alcobol, propyl alechol,
and the like, have been added ¥ requited, a
final srushing with pure water nmdec pressure
muay follow. Afier this washing, the I;ydruc_ar-
bon ayer may be subjected to distliation
under normal pressure followed by vacumm
disrillation.

In order to increase the yield of - aleghols,
it is possible to subject any lefins resent in
the washed hydrocarbon layer, which is freed,
40 if nLCessaty or reguired, from solid paraffing
- or wases o the Oxo synthesls, In this case,

the olefins are converted jntg aldehydes in

known manner by the caralytic addition of car-
bon monoxide and hydrogen at elevated pres-

48 mue and elevated rem erature, thar is to say,
the olefing are formyfated. These aldehydes
may then be converted into aleohols by hydro-
genation,

The alcohols may be separated from the

60 remeining setorated hydrocarbons in known
maaner, for example, by sclective extraction or
by azeotropic distillation.

he water-insoluble raw alcohols separated
I the described manner from- the hydrocar-
86 bons, may still contain unsarurared alcohols
and ketoncs. By a hydrogenation nnder mild
hydnogenation “conditions, these uisaturated
. alcohols may be converted nto satucated alco-
hols. Ar the same:time, the ketoncs are con-

verted juto secondary alcohols, |

The separation of the aleohols recovered by
this mitd hydrogcpation from, any hydrocar-
bons which may still be present-in smdll quan-
tities, s edvantageonsly effected by dissolving
85 the alcchols in aleohol-water mmiztures and

a0
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_drawn off

e ——

irecing them from the residmal hydrocarbons
by 2 disrillaiive separation of a part of the
glcohol-water mixrore, -

The alkaling aqueons solution which scpar-
ates and js drawn off as the lower layer from 70
the upper hydrocarbon layer of rhe saponifica-
tion product under the conditions described,
is first cooled; this results in the formation of
two layers.  The newly formed upper layer,
contaiming higher atcohols, is separated amd 75
the remaining layer containing the combined
alkaline washing ‘and reuction waters may be
subjected to distillation for the recovery of
the water-solubls lower alcohols,

The selis of farry acids suf present in the 89
combined reaction and wash waters after have
ing distilled off the water-solubie aleohels, may
be abtained in' the dry state by evaporation of
the water, ‘Tt ig pessible to

{ ; fatty acids generally  comtain -
mineral ucid and require an after-treatment
which is most conveniently .carried omr b
treating the imineral acid-conmaintng crude 90
fatty acids with dry salts of fatty acids in an
amount equivalent to the mineral acid coptent,
In order'to neutralize the acid..
. The invention iz jllustraged by the follovw-
ng exgmple : —. 85
9450 grams of reaction water having g ..
saponification number of 37, 7430 grams of -~
cold ‘condensate having 2 saponificasion gm-
ber of 73, and 1116 grams of hot condensate
having & saponification mmber of 9, that ig, 100
a total of 17995 grams of Oxyl product,
together with 458 grams of chemically pure
sadfum hydrozide {120% of the saponification
number) -were placed in an mtociave of 30
wes capacity .and heated to 2007 (. with 106
sarring, After the roixture had -reached this . .
tenmperature, the stirrer was stopped, After 5 -
mimutes, the mixture: had separated into an
upper cily or hydrocarbon layer and a lower
aquecus-alcoholic layer, The aqueous-aleoholic 110
layer-was drawn off through a filter candle,
8,630 cc. of un alcoholic-agueons salt sotu. - -
tion b.em&lobtained upon which 160 cc. of
water-msaluble alcohols were floating.
, 2 litres Of hot water were then fnfroduced 115
info the autoclave and stirred for 15 minntes
BL 2 temperature of from 160° C. g 200° @ - -
with the hydrocarbon layer. The mixhire was
allowed to settde and the aquecus layer was
through the. filter ‘candle, 2260 ce. 190

of soap solution bedog obtained. "This second

- Waghing solution was combined with the alea-

holic agueous s0ap sohition first drawn off,
The hygrocarbon dayer remaining in the auto.
clave wag ﬁlterpd- and then subjected to a nor- 125
mal Dpressure distillation up to 200° C., where-
upon the distillation was continmed under
reduced pressurc up to g fempezatre corre-
sponding to 380° C, gt 760 mm, 1,085 s
of solid hydtocarbong boiling above 380° C. 130
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and Ghaving the following characteristics
remaained as the residue of the distillaton:—
Neutralization number - 0

The distillate obtained consisted of 5470 ¢c.
of a hydrocarbon [ractivn and 740 ce of an
%geous fraction, hoth fractions beiling up to 10

Bster number -~ - - 0 C., and 2930 cc, of a hydrocarbon frac-

5 Hydroxyl owmber - - 20 tion boiling between 200° C, and 380° C.
Todine namber - - - 10 The characieristics of these [ractions were as
Carbonyl oumber - - 3 follows

15 Neutralizatior ~ Ester Hydroxyi Iodine  Carbomyl Density .

number number -number nomber number at 20" C,
Below 200° C.:—
hydrecarbon fraction 0 272 10 17 0.736
equeous fraction 0 428 0 0 0941 -

20 200" C—380° C, 0 169 39 I3 9.805

The hydrocarhon  distillate  fractions Density at 20° C. - . - 0.727
recovered were then formylated in known Refractive Indew, ™ - 14105 70
manner by the cataiytic addition of warer gas It consisred of hydracarbons having a slight

in the presence of a cobalt compound and the

25 formylation products were subjected o a

hyydrating hydrogenation with kydrogen in the
presence of water. 8,900 cc. corresponding to
- 7,200 prams of formylation product were
obtained having the following charac-

30 terisdes:—
Nenralization number - 1]
Ester number - - - )3
Hydroxyl number - - 361
Todipe pumber - - - 1

86 Carbonyl nwober -« = 2
Density at 20° C, - - 0.808

"This product was continunonsly extracted in
three stages with 42 fitres of 70% cthanol at &
ratio of 1:4. The temperatire Was approxi-

40 mately 35° C,, the hpur was 500 cc. of
raw alcohol per hour, 49,3 litres of extract and
0.834 litres of raffinite were obtained. The
extract was distilled in 2 siill, without a frac-
tonaring column, at an ovethead temperature

45 of 85° C,, whereby 23.9 litres of distillatc were
obtained. 21.55 litres of residne, which separ-
ated into two layers, temained in the still.
The upper layer comgsisted of 7.95 litres of

sleghols  having  the  following  charac-
AD Teristics ;=
Jodine number - - 1
Nentralization number - 1
Bster mumber - - - 1
Hydroxyl number = - 492
56  Carbonyl number - - 2
Density at 20° G - - 0.833
Refractive Index, mp™ - 1.4140

The lower layer consisied of 13.6 liwes of
aqueons  ethyl alcohol containing approxi-
mately 25% by volume of C,H,OH., This
lower layer was combined with the 25.0 ljtres
of distillate wherehy a tatal of 0.740 litres
was obtained as an upper hydrecarbon layer
which Lad the following characteristics:—
Neuiralization number - 0

60

85
Ester number - -
Hydrozyl number -
Carbonyl number -

1.2
25
2

LI B |

content of ethyl aleohol. The lower liayer con-
sisted of approximately 39 litres of 70% ethyl
alcehol which was charged to a new ex{raction.
The raffinaie consisting of 0.834 litres was dis- 79
tifled up to 105° C. 'in order.to remove the
ethyl alcohnl contained therein, whereby 95
cc. of agneous ethyl slcohol were cobtained.
Maereover, 62 cc. of hydrocarhons beiling in
the gasoline range distlled over which were S0
rerurned to the raffinate, Thus 4 total of 1234
grams of raffinate having a hydroxyl mumber of

34 were obtained. The feedstock consisted of
7200 grams and had a hydroxyl number of
361, Thus, the extraction’ effect was 98.49%. 85
The concentration of the charged raw alcohols
was apﬁzox:imately 83%. The extracted alcohols
could be separated by fructionation into alco-
hol cuts of deteriined chuin length,

The uicobolic-aquoeus layer drawn off from
the auteclave and the wash selytion added o
this layer, were distilled until an overhead tem-
perature of 1007 . was reached and the
remaining aqueous residue from the distilla-
tion was evaparated to dryness, 991 grams of 95
dry salts were obtained thereby in which 859
gtams of sodium corgpounds of lower -farry
acids were contzingd,  The halance of 132
grams consisted of sodium hydrozide origi-
nating from the excess alkali of the ester sphg 100
ting. The dry salts of fatty acids were treated
m a tuhe ar 180° C. with a diy steam of
hydrogen chiotide whereby 700 gravos of lower
crnde faty acids were obtained. The crude
fatty acids were stirred with abont 259 of 1056
thelr weight of salts-of fatty acids and were
separated by fltratfen from the sodium
chloride formed.

_The solid hydrocarbon remaining after the
distillation of the hydracarbon. layers was pro-iEQ
cessed into commercial para waxes in
konown manner by ftreatment with hydrogen
in the prasence of a catalyst and, where neces-

o0

© rary or desired, by selective extraction.

What we clafm is:——
I. A process for the nentralization and

115
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saponification of the acids and esters present
in alcohol-hydrocarbon mixtures, particularly
such mizrures obtuined in the catalytic hydro-
genation of carbon monoxide, by treatment
B wirh sodium hydrozide af elevaied tempera-
ture and ar 2 pressure at which substantially
Bo evaporation of the componemts of the mix-
- ture occurs, which comprises using g quan-
tity of sodfum hydroxide not higher than 205
10 in” excess of the thearetically required quan-
tity, baved on the ester mumber and tha nexn-
tralization number of the mixture, removing
any precipitated metal oxides by filtration,
and separating the afkeffne aqueons layer with
15 the water-solnble alcobols from  the upper
- hydrocarbon layer at the temperatures used in
the ester saponification, .

2. A process according to claim 1, in which
the nentralization end saponification is car-
ried out in the presence of oge ar mare Co—C;
aicohols to cmulsify the sodium hydrozide and
water-insoluble esters during the sapenifica-
tion, .

3. A process according to claim 1 or claim
25 2, in which the totl alcchol-hydrocarbon mix-
ture including the reaction water obtained in
the hydrogenation of carhon monpxide and
including all of the condensation products are
stitred Ino an emulsion with the sodinm
90 hydroxide used for the sapomification and
neutralization, with the additon, # TECessary,
or desired of C,—C, alcobols.

4. A process ‘according to any one of the

eceding claims, in which the hydrocarbon
Fafyer is washed with preheased water under
bresyure at the temperatiee of the ester
saponification, prior to being subjected to fur-
ther treateent.

3. A process according to any ome of the
40 preceding claims, in which the hydrocarbon

layer is %reed from higher elcohols in known
manner under pressure and at elevared tem-
perature by means of water to which 30 1o 50
parts by volume of one or more water-soluble
45 C,—C; alcohals have been gdded, wherenpon,
if necessary or desired, a final washing with
pure water under pressure js effected.
6. A process according to any one of the
- preceding claims, in which the hydrocarben
80 layer is subjected to distillation under normal
pressure and subsequently to vacuum distilla-
tion,
© 7. A process according to any one of claims
4 to 6, in which any alefins pregent in the
56 washed hydrocarbon layer whi if necessary
or desired, has been freed from solid hydro-
carbons, are converted into alcofinle jn known
manner by formylation and hydrogenation,
and the alcohols recovercd - are “separated in
A0 known manmer from the sa’mratesp hydrocar-
bong, -

36

8. A process according to claim 7, in which
the water-insoluble raw aleohols separated
from the hydrecarbons are subjected to hiydro-
genution under mild conditions in order 1o 65
convert upsatarated alcohols into  saturated
alcohols and ketones into secondary alcohols,

9. A process according to claim 8, in which
the mildly hydrogenated alcohols are, for the
purpose of removing any hydrocarbons sall 70
present in small amotmnts, dissolved in slcohol
water mixtures and are freed from the resi-
dual hydrocarbons by separating a part of the
alcohol-water mixture by distillation.

10. & process according to apy one of daims 75
1 to 3, which includes cocling the atkalipe
aquevus ayer, separating the upper laycr
formed thereby and oonlaining higher alen-
hols, and subjecting the remaining combined
alkaline wash and reaction swarers to distilla- 80
tion for the recovery of the water-insofuble
alcohols.

11, A process according to claim 10, in
which the salts of fatty acids still bresent in
the combined alkaline reaction and wash waters 85
after distilling off the watcr-soluble alcohols,
arc recovered in the dry state by evaporating
the water, ’ ’

12. A precess gecotding 1o claims 1,2,3,10
or 11, 1E which th(fi:m%alts of f.zlttj,za'J acids 90
obtained - in  accordence with claim 4 are
reacted with a sirong acid in the gaseous state,
for example, hydrogen chiaride.

13. A process according o claim 12, in
which the acid—cuntajninfg crude fatty acids 96
recovered are treated, for the purpose of
heutralizing mineral acid, with dry fatty acid
salts in amount equivalent to the mineral acid
content, . i

14, A process according to any one of thel()
preceding claims, in which the hlwation for
the removal of precipitated meta] oxides is
carried out under pressure,

15. A process for the separation of oXygen-
containing compounds from thedr mixtaresids
with hydrocarbons, substantially as hercine
before " described with  refersnce to the
example.

16. A process for the treatment of alcohol-
hydrocarbon mixtures obrained ag products of 110
the hydrogenation of carbon monoxide, sgb-
stantially as hereinbefare described.

17. A process for-the treatment of mixtures
of alcohols, esters, aldehydcs, fatty acids and
hydrocarbons, substantislly ‘as lercinbefare 115
described.

18, Alcohols, fatty acids and hydrocarbons,
whenever separated and obtained by the pro-
¢ess of any preceding claim, '

EDWARD EVANS & CO,
i4—18, High Holborn, Landon, W.C1,
Agents for the Applicants,

mington Spa: Printed for Her Majesty’s Stationery Oftics, by the Courier Pregs—11055,

eoples miay be obtained,

Lica
PBublished at the Patent Office, 25, Southampion Buildings, London, W.C.2, from which
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ropic disullanion cen be carried OUE Tor TAIS
25 purpose only with difficulty. The splitting or
saponification of the esters by earment with
caustic potash solution or caustic sada solu-
rion with the formation of salts of farty acids
and aleohols has been proposed for the pro-
-cessing of these mixtores. However, the use of
the cheap caustic soda solwtion has been found
to be disadvantageons becausc it leads to the
formadon of solid scaps which form emul-
sions, particularly with long-chain hydrocar-
86 Dbons, so that jt is difficult to separate them

from the rescton products.

Furthermore, the canstic alkali solutfons
used in the weatment of the mixmre of syn-
thetic products have hitherto heen of relatively

40 high concenwration, with the resolt that losses
have been increased through the occurrence of
undesirable side-reactions, such s aldol con-
densations and resin formation,

¥t has also Deen propesed to carty our the

45 saponification at elevared tempersiure and
under a pressure sufficlently high to prevemt
vaperisation of the constituents of the mix-
ture, wherenpon the wvaporizable conetituents

[Price 35, 0d.]

*eaatlytion read foatalytlen,
fereede® read foruden,
"raffinite” read frarfinate’
"ileyer® read "layer®,
line 102, for fsteamn read nstream®

DB 28099/2(20)/3488 130 B/EE R

carried out, i necessary or desfred, under
pressure, and separating the agueons alkaline
layer containing the water-soluble alcohols
from the upper hydrocarbon layer at the tem- 75
peratures used in the saponification of the
gsters.

Metal oxides will generally be precipitated
during the saponification when the alcshol-
hydroearbon mixture being treated is 2 pro-
duct of the catlytic hydrogenation of carbon
menoxide. Snch meta! oxides are derived from
heavy mertal compounds in solution in the mig-
ture, the heavy metal compounds originating
{rom the catalyst used in the synthesis of the
mture and/or from the metal of the syn-
thesis reactor,

It bas been found particularly advantageons
to carry out the ester splitting with caustic
soda solution in the presemce of one or mare
lower alcohols containing from 2 to 5 carbon
aroms in the molecule, During the szponitica-
ton of the esters, the lower alcohols act as
dissolving intermediarics berween the agueous
caustic soda solution and the water-ingoluble 95
esters, that is o say, they promote the for

80

86

90

Price 33a



