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The present invention concerns gun 1mproved
method for making alkali imetal acetates, particu-
larly sodium acetate, through reacting ethyl
alcohol with fused alkali metal hydroxides.

it has long been known that aliphatic alcohols
containing more than six carbon atoms could be
oxidized by caustic alkali to form alkali metal
salts of the corresponding aliphatic acids in good
yield. It has also been known that the lower
aliphatic alcohols (e. g. those containing from 2
to 6 carbon atoms) could likewise be oxidized with
caustic alkali (sodium or potassium hydroxide) to
form alkali metal salts of the corresponding
aliphatic acids, but during the course of such
treatment, as previously carried out, considerable
quantities of the alcohols were decomposed into
and polvmerized into tarry
masses, so that the desired product was always
obtained in comparatively low yield and as an
impure compound. For instance, we have found
that when ethyl alcohol is reacted with a fused
mixture of sodium and potassium hydroxides at
about the temperature 280° C., more than 30 per
cent of the alcohol which is reacted, is generally
decomposed to form ethylene which passes from
the reaction mixture in the efiluent gases. Due
to such difficulties, it has not been commercially
practicable to prepare alkall metal acetates by
means of such method.

We have now found that ethyl alcohol may be
reacted with fused caustic alkali containing an
alkali metal acetate and that under correct op-
erating conditions with regard to femperature,
etc. the desired alkali metal acetate may be

formed in excellent vield and the formation of

undesirable by-products, such as methane, ole-
fines, polymerized masses, etc., may substantla,lly
be prevented.

To the accomplishment of the foregoing and
related ends, the present invention, then, consists
of the method hereinafter fully described and
particularly pointed out in the claims, the an-
nexed drawing and the following description
setting forth in detail one mode of carrying out
the invention, such disclosed mode illustrating,
however, but one of the various ways in which
the principle of our invention may be used.

Referring to the drawing, the flow sheet repre-
cents the sequence of steps and movement of
materials in a continuous cyclic process employ-
ing a fused mixture containing alkali metal
hydroxides as oxidizing agents and alkali metal
acetate as a dehydration inhibitor. The alkali
metal content of the fused mixture consists of

(CL. 260—1186)

sodium and pt}tassmm in IESDECthﬂ amounts be-

tween the ratws of about

1Na
e and about BV d

and said fused reaction mixture at all times con-
tains at least 1 mole of alkali metal acetate to
every 9 moles of alkali metal hydroxide. The
Tfused mixture is stirred vigorously, maintained at
a temperature between about 250° and about 325°

3Na .

C., and ethyl alcohol is gradually contacted there-

Wlth The passage of alcohol into contact with
the fused mass is continued, preferably, until
albout 90 to about 95 per cent of the caustic alkali,
initially present in the fused mixture, is reacted,

a mixture of sodium and potassium acetates be-

ing formed. During reaction, a gaseous mixture
containing hydrogen, and which may contain un-
reacted alcohol, is evolved from the fused mass.
The gases are passed through an efficient con-
denser wherein unreacted alcohol, if present, is
separated as a liguid. Any alcohol condensed in
such manner is refurned to the system, and the
hydrogen is collected. Under optimum operating
conditions substantially all of the alcohol con-

reacted in a single pass, but ordinarily a fraction
thereof requires recycling in order to effect comnl-
plete reaction.

After the reaction is completed, the reaction
mixture is dissolved in aqueous sodium hydroxide
(preferably, but not necessarily, containing that
quantity of sodium hydroxide required to replace
the alkali metal hydroxide reacted) and sodium
acetate, CH3;—CQO:2Na.3H20, is crystallized from
the 1esu1tmg solution. The crystallization oper-
ation may be carried out in any of the usual ways,
e. g. through cooling, evaporating, seeding, or

-otherwise treating the aqueous solution. Sodium

acetate, being less soluble in the solution at or-
dinary temperature than is potassium acetate,
may be separated readily in such manner. The
crystals may be washed to remove adhering liquor
and be obtained in substantially pure form, and
the washings may be employed to dissolve sub-
sequent batches of reacted materials.

- The mother liquor, remaining after the above

~described crystallization step, is evaporated to

dryness and the residual acetate and hydmmde
is returned to the process.
‘Through operating with a mixed alkali in the

_manner described above, sodium acetate in pure

form is the compound actually prepared from
ethyl alcohol while potassium hydroxide and all
unreacted materials are recycled continuously,
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and undesirable side reactions, such as the forma-
tion of methane, ethylene and polymerized
masses, are substantially prevented.

It is desired to point out that sodium or po-
tassiuim acetate, employed in the initial fused
reaction mixture, serves to inhibit the occur-
rence of undesirable side reactions, such as those
mentioned above. Wea have found that the pres-
ence of at least 1 mole of acetate in the initial
fused mixture, for every 9 moles of alkali metal
hydroxide present, has a marked e fect in in-
hibiting decomposition and polymerizatiox of the
reactants. In practice we prefer to employ,
as an initial fused mass, a mixture containing
sbout equimolecular quantities of sodium and
potassium hydroxides and containing alkali metal
scetate in amount representing 40 per cent o
more of the total number of moles of alkali matal
hydroxide and acetate present in said mass.

It is desired to point out, also, that by employ-
ing, as components of the initial reaction mass, a
mixture of sodium and potassium compounds
(acetates and hydroxides) rather than similar
compounds of a single alkali metal, a reaction
mixture which will remain fluid at relatively low
temperatures is obtained. This 1s highly advan-
tageous, as the reaction proceeds.more smoothly
if the mixture is substantially homogeneous dur-
ing the reaction period. It 1is desired to em-
phasize the fact that stirring aids in maintaining

s homogenecus mixture, hence In attaining
sinooth reaction. In the absence of stirring
undesirable side reactions, such ag olefine,

methane, and carbonate formation may occur.

‘The following examples describe in detail but
two of the various ways in which the principle
of the invention may be employed. It is to be
understocd, however, that said examples are
purely illustrative and are not to be construed
as g limitation on the invention.

Example 1

Tnto a closed iron reactor, provided with a ther-
mometer, mechanical stirrer, an inlet for alcohol
arranged so that the alcohol is introduced into
direct contact with the reaction mass, an outlet
for effluent gases, was placed a mixture consist-
ing of 33.4 grams (1.67 moles) of sodium hy-
droxide, 187 grams (3.33 moles) of potassium hy-
droxide, and 410 grams (5 moles) oI commercial
(98 per cent pure) sodium acetate. The reactor
was heated in a bath of fused caustic alkali to
such a tempzrature that the above described al-
kaline mixture became fused. Said mixture was
maintained at & temperature between 285° and
295° C. during the course of the reaction. The
reaction mixture was stirred and 572.5 grams of
absolute ethyl alcohol was passed gradually into
contact with the fused mass during a period of 5
hours. The effluent gases were passed first
through an efficient condensing apparatus where-
in the unreacted alcohol was separated as a liguid,
and the residual gases were analyzed for their
ethylene content, 0.12 moles of said cormpound
being found. The ethylene formed corresponds
to 5.5 grams (0.12 mole) of alcohol decomposed.
There was condensed 337 grams of unreacted al-
cohol, showing that 235 grams (5.1 moles) of
alcohol had bheen reacted. The fused mass was
cooled to room temperature, dissolved-in wa-
tar, and aliquot portions of the resultant solu-
tion analyzed quantitatively to determine the
respective quantities of alkali metal hydroxide,
carbonate, and acetate in the reacted mixture.

1,961,625

Said mixture was found to confain 0.248 moles
of alkali metal hydroxide, 0.085 molzs of alkali
metal carbonate, and 9.525 moles of alkalli metal
acetate. There was, then, 4.525 moles ¢f acetate
formed during the reaction, hence the yield there-
of was substantially 89 pzr cent of theoretvical,
based on the quantity of alcohol reacted. About
68 per cent of the caustic alkali and sodium
acetate employed was accounted for in the reac-
tion products so that about 95 per cent of the
alkali metal hydroxide in the initial mixture re-
acted to form acetate. The quantity cof ethylene
formed represented less than 2.5 per cent of the
quantity of alcohol reacted.

Examuple 2

Using apparatus similar to that described in
Example 1, absolute ethyl alecohol was passed
through a fused and stirred mixiure, whichh in-
itially consisted of 63.5 pounds (0.775 pound
molies) of sodium acetvate, 10.3 pounds. ((.293
pound moles) of sodium hydroxide, and 29.0
pounds (0.517 pound moles) of potassium ny-
droxide, until 79 pounds (1.72 pound moles) of
alconol had reacted. The reaction mixture was
maintained at a temperature between 285° and
295° C. during passage of the aicchol vhereinto.
The reacted mixture was then c¢ooled to rooin
temperature and dissclved in a dilute sodiumn
hydroxide solution censisting of 19.1 pounds (0.478
pound moles) of sodivm hydroxide and 164
pounds of water. The resultant sclution was then
cooled teo about 30° C., whereupoen sodium acevate,
CH3—CQO2Ng.3H20, crystallized. The crystaliine
product was cenvrifuged irom the mixture,
washed with a relatively smaill ¢uantity of water
to remove traces of adhering mother liquor, and
the washings were saved to be employed in dilut-
ing the reaction mixture from a successive batch
of material. There was obiained 100 pounds
(0.736 pound moles) of substantially pure, crys-
talline sodium acetate, CH:—CO2Na.3H20.

The mother liguor remaining after the above
described crystallization contained §.775 pound
equivalents of acetate, 0.775 pound equivalents oz
combined sodium, 0.517 pound equivalents of
combined potassium, §6.517 pound equivalents oI
hydroxide, and 124.5 pounds of water. By adding
to said mother liquor, 10.3 pounds (8.258 pound
moles) of sodium hydroxide and evaporating the
mixture to dryness, there is obtained a residue
having substantially the same composition as tie
fused alkaline mixture initially employed in the
process. Said residue is suitable for re-employ-
ment as an oxidizing agent for additional gquan-
tities of ethyl alcchol, by repeating the procedure
described above.

The principle of our invention may he employed
in ways other than those previously described.
In the examples, for instance, absoiute ethyl al-
coihcl was employed as a reactant and the re-
action temperatures msaintained were between
285° and 285° C. While, for reasens set forth pe-

low, we prefer to employ substantially anhydrous

ethyl alcchol in our process and to maintain the
reaction termperature within the limits stated,
alcohol having a concentration of about 92 per
cent or higher may ke employed successfully as &
reactant and the reaction tempersture may be
varied between the approximate lirnits of 2507
and 325° C. and the reaction still proceed smooth-
ly. When anhydrous alechol is employed and the
fused reaction mixture also is substantialiy an-
hydrous, the reaction temperature should not ex-
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c¢eed 300° C. as oxidatiori of the dcetate product
occurs in appreciable quantity above that point.
If the alcohol or reaction mixture contains an
appreciable quantity of water the reaction tends

to become sluggish, but the reaction temperature

may ke increased to about 325° C. without de-
composition occurring. Apparently water tends
simultaneously to inhibit the formation of unde-
sirable by-products and to slow down the desired
reaction itself. It is apparent, therefore, that
the presence of a relatively small quantity of
water in the reaction mixture may be highly
desirable at times, but that the presence of any
considerable quantity of water in said mixture is
to be avoided. | |

In the examples, we have described the opera-
tion of our process when the reaction mixture
is maintained under atmospheric pressure. It
may be at times advantageous, however, to main-~
tain the reaction mixture under a moderate pres-
sure, e. g. between 1 and 4 atmospheres, when
the alcohol employed as a reactant contains an
appreciable quantity (1 to 8 per cent) oi water or

“when the fused mass itself contains a relatively

small quantity (1 to 15 per cent) of water.
The present invention in brief comprises react-

ing ethyl alcohol with a fused mixture initially

containing alkali metal hydroxide and acetate,
said mixture being maintained at a temperature
between about 250° and aboul 325° C. during
the reaction, whereby ethyl alcohol is oxidized
to form alkali metal acetate and undesirable side
reactions are inhibited. By suitable procedure,

- a8 hereinbefore described, sodium acetate may be
v Tecovered in substantially pure form from the

reaction mixture and potassium compounds, resid-
ual alkali metal acetate and hydroxide, and other

unreacted reagents may be recycled through the

. Process.

Other modes of applying the principle of our
invention may be employed instead of these ex-
plained, change being made as regards the
method herein disclosed, provided the step or
steps stated by any of the following claims or ths

45 equivalent of such stated step or steps be em-

ployed. |

We therefore particularly point out and dis-
tinctly claim as our invention:—

1. The method of making an alkali metal ace-
tate which comprises reacting ethyl alcohol with
a fused mixture of sodium and potassium hy-
droxides at a temperature beitween about 250°

and about 300° C. |
2. The method of making an alkali metal ace-

tate which comprises reacting ethyl alcohoel with a
fused mixture, which initially contains sodium
hydroxide, potassium hydroxide, and alkali metal
acetate, at a temperature between about 250° and
about 325° C.

3. The method of making an alkali metal ace-
tate which comprises reacting ethvl alecohol with

a fused mixture, which initially contains sodium

hydroxide, potassium hydroxide, and sodium ace-

. tate, at a temperature between about 259° and

about 300° C. while actively stirring the mixture.

4¢. The method of making sodium acetate which
comprises reacting ethyl alcohol with a fused
mixture which initially contains alkali metal sce-

~ tates and hydroxides wherein the alkali metal

portion consists of sodium and potassium in g
ratio between about 1 sodium/2 potassium and
about 3 sodium/1 potassium and wherein at least,
1 mole of acetate is present for every 9 moles of

- hydroxide in the initial fused mixture, the lat-

ter being maintained at a femiperature between
about 250° and about 300° C. during the course
of the reaction. '

5. The method of making sodium acetate which
comprises reacting substantially anhydrous ethyl
alcohol with a fused mixture which init'ally con-
tains alkali metal acetates and hydroxides where-
In the alkali metal portion consists of sodium and
potassium in a ratio between about 1 sodium/2
potassium and akout 3 sod’um/1 potassium and
whereln acetate is present in amount represent-
ing from 49-60 per cent of the total number of
moles of alkali metal acetate and hvdroxide in
the fused mixture, the latier being stirred and
maintained at a temperature between about 285°
and about 255° C. during the course of the re-
action. .

6. In a method of making sodium acetate {he

ctep which cons’sts in reacting ethyl alechol with

a Ifused mixture, which initially contains sodium
rydroxide, potassium hydroxide and sodium ace-

tate, at a temperature between about 259° and

about 300° C.

1. In a method of msaking sodium acetate the
steps which consist in reacting ethyl alechol w'th
a Tused mixture which initially conisins sikali
metal acetates and hydroxides, the alkali metal
portion of said fused mixture consisting of sod ' um
and potassium  in a ratic between sahout 1

sodium/2 potassium and about 3 sodium/1 potas- :

sium and at least 1 mole of acetate being present
for every 9 moles of hydroxide in the initial fused
m xture, maintaining the reaction mixture at a
temperature between about 250° and abouf 309°

C. during the course of the reaction, condensing

unreacted ethyl aleohol from gases which are
evolved from the fused mass during the course of
the reaction and returning the condensed alcohol

1o the reaction.
8. The cyclic method of makine sodium ace- .:

tate Which'eompl"irses contacting ethyl alcohol of
concentration greater than 9o per cent of said

compound with a fused mixture which Initially

contains alkali metal acetates and hydroxides,

the alkali metal portion of sald fused mixture !

consisting of sodium and potassium in 2, ratio be-
tween about 1 sodium/2 potassium and about 3
soditim/1 potassium and at least 1 mole of ace-
tate being present for every 9 moles of hydroxide
in the fused mixture, stirring the latter and
maintaining the same at g temperature between

‘about 250° and about 325° C. during the course

of the reaction, dissolving the reacted mixture
in water, crystallizing and separating sodium sce-
tate as CH3—CQO2Na.3FH20 from the resultant so-
lution, evaporating the mother liquor to dryness
and returning the residue o the PIroCess.

3. The cyclic method of making sodium acetate
which comprises contacting ethyl alcohol of con-

centration greater than 92 per cent of the said I3

compqun’d with a fused mixture which initially
contains alkali metal acetates and hydroxides,

the alkali metal portion of said fused mixture
consisting of sodium and potassium in a ratio be-

tween about 1 sodium/2 potassium and about 3 -

sodium/1 potassium and at least 1 mole of ace-

tate being present for every 9 moles of hydroxide
in the fused mixture, stirring the latter and

malntaining the same at a temperature between .
about 250° and ahout 325° C. during the course

of the reaction, condensing unreacted ethyl al-
cohol from gases which are evolved from the
fus_ed mass during the course of the reaction, re-
turning the condensed alcohol to the reaction,
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dissolving the reacted mixture in water, crystal-
lizing and separating sodium acetate as

CH3—CO0O2Na.3H:0

from the resultant solution, evaporating the
mother liquor to dryness and refurning the resi-
due to the process.

10. In g cycelic methed of making sodium ace-
tate the steps which consist in gradually or
periodically contacting substantially anhydrous

ethyl alcohol with a fused mixture which initial-
iy contains alkali metal acetates and hydroxides,
the alkali metal portion of said fused mixture
consisting of sodium and potassium in a ratio be-
tween akbout 1 sodium/2 potassium and about 3
sodium/1 potassium and at least 1 mole of ace-

tate being present for every 9 moles of hydroxide

in the fused mixture, stirring the latter and
maintaining the same at a temperature between
about 285° and about 295° C. during the course
of the reaction, condensing unreacted etiayl al-
cohol from gases which pass Irom the reaction
mixture during the course of the reaction, re-
turning the coundensed alcohol to the reaction,
dissolving the reacted mass in agueous sodiumn
hydroxide, crystallizing and separating sodium
acebate from the resultant solution, evaporaling
the mother liguor which remains after such crys-
tallization vo dryness, and returning the residue
to the process. |

11. The method of inhibiting the formatior
of ethylene during the oxidation of ethyl alcohol
to an alkali metal acetate by means of a fused
mixture of sodium and potassium hydroxides,
which comprises incorporating an aikali metal
acetate with said alkali metal hydroxide mixture
prior to employing the same as an agent for the
oxidation of the ethyl alcohol.

12. The method of inhibkiting the formation oi
ethylene during the oxidation of ethyl alcohol to
acetate by means of a fused mixture of sodium
and potassium hydroxides which comprises in-
corporating an alkali metal acetate with said al-
kali metal hydroxide mixture in amount repre-
senting at least 1 mole of acefate to every 9 moles
of alkali in the initial fused mixture.

13. The method of inhibiting the formation of
ethylene during the oxidation of ethyl alcohol
to acetate by means of fused caustic alkali, which
comprises incorporating an alkali metal acetate
with the inifial caustic alkali in amount repre-
senting at least 1 mole of acetate for every 9 moles
of hydroxide, the alkali metal portion of said
mixture of compounds consisting of sodium and
potassium in a ratio between about 1 sodium/2
potassium and about 3 sodium/1 potassium.

CHARLES J. STROSACKER.
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