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3 Claims.

This invention relates to the direct oxidation
of organic compounds, particularly the oxidation

of hydroxy compounds such as lower aliphatic al-

.cohols oxidized directly to acids.

This invention is a continuation-in-part of my
allowed application, Serial No. 228,822, filed Sep-
tember 7, 1938, now Patent No, 2,287,803, -

As pointed out in connection with the afore-
mentioned companion application, in the prior

art oxidation processes have required employing -
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relatively high temperatures such as 300° C..or -

400° C. and the application of several steps.
other words, thie oxidation either has not been
direct, or if there has been direct conversion, the
" yields have been very low.  For example, consid-
ering prior art procedure for converting ethanol

In-
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- to acetic acid, before my invention. it was consid- -

ered necessary to first dehydrogenate all of the

ethanol and thereafter the aldehydic dehydro-

genation product was converted to the acid
which, as can be seen, involves & number of steps.

Carrying out oxidation processes in accord-
ance with the prior art possesses a number of
disadvantages exemplified, for example, by the
required use of relatively high temperatures.
Also there may in some instances be the dis-
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single step. Still another object however is to
provide a process which may also be applied to,

not only the monohydroxy alcohols, but to the -

polyhydroxy alcohols and other similar organic
compounds. Another and particular object of
this invention is to provide a direct oxidation
process which may be operated at relatively low
temperatures and under ordinary pressure con-
ditions, yet give very satisfactory yields of the
desired oxidation products. Still another ob-.
Ject is to provide a direct oxidation process for
the conversion of alcohols to acids wherein the
alcohol- may be converted, not only to an acid
having & number of carbon atoms corresponding
to the number of carbon atoms in the alcohol
molecule, but also to .a different acid. A still
further object is to provide a process which may
be operated under other than normal atmos-
pheric conditions, namely, under either superat-
mospheric or reduced pressures. )
A further object is to provide a direct oxida-
tion process that may be applied to either aleo~

“hols alone or mixtures of alcohols and aldehydes,

25

advantage of polymerization of the products of :

the starting materials accompanied by low yields‘

and other losses. . .

In my companion application aforesaid I have
described a process for a more direct oxidation
of organic compounds. While the process of my
application functions very satisfactorily and gives
good yields in relatively few steps, it involves the
utilization of metals having an atomic number
from 25 to 28. It is, therefore, apparent that it
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is desirable, part.icularly under present condi- -

tions, to develop & process in order that other

metals may be employed and the process im-

proved in other respects, as will be apparent from
the description which follows. .
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‘or other types of mixtures. .A still further object

is to provide a direct, low-temperature oxidation
process which may be applied to various mixtures
of alcohols and aldehydes wherein both the alco-
hol and the aldehyde are converted into useful
oxidation products. Another object is to provide
a direct oxidation process, perticularly adapted
to the treatment of alcohols such as butyl alco-
hol and the’ like wherein, not only may butyric
acid be obtained, but contents of other acids.
A turther object is to provide novel catalysts
containing Hquids particularly adapted for em-
ployment in the aforesaid types of processes for

the direct conversion of alcohols alone, or alco-

hols in various admixtures, into useful oxidation
products. A still further object is’ to. provide

‘methods for producing the catalysts as well as

- for activating and utilizing the catalysts.

After further investigation I have found that

there are certain other catalytic materials which
may be employed in direct oxidation processes in
2 manner akin to the procedure set forth in my
companion application which not only permits
shiaining direct oxidation, but permits the pro-
duction of a relatively larger variety of products
{han has heretofore been obtainabie,

The invention has for one object to provide a

«

As already indicated, prior to my invention. it
an alcohol were to.be oxidized it was generally
first dehydrogenated and then the dehydrogens-
tion 'products further treated. In any event
prior art processes as applied to alcohols usually

- involve the utilization of temperatures in excess
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process for the direct oxidation of organic com-

pmmd Another object is to provide a direct
oxidation process which is particularly valuable
for the direct conversion of lower aliphatic alco-
hols to lower allpha.tip aclds in substantially a

of 300° C. which, not only requires substantial
heat input but, due to. the higher temperatures
and other conditions required in handling ¢hem-
icals, involves dangers of loss from polymeriza-
tion or other undesired reactions, Also appara-
tus destruction may be more severe.

I have found that contrary to such procedure
an organic con'ipound exempnﬁed in particular




2 _ .
by & hydroxy compound as a lower aliphatic al-
cohol, may be directly oxidized at relatively low
temiperatures, even temperatures substantially be-
low 100° C., with any of the usual oxidizing me-
diums of which the commonest one, namely air,
‘may be readily utilized in my process. Also my
process, after it is placed in operation, does not
usually require any heat input but generates suf-
ficient heat itself to maintain the reaction. Not
only may single organic compounds be treated,
‘but various mixtures of the organic compounds
may be treated. For example, I have fourid that
a mixture comprising & lower sliphatic alcohol,
together with a corresponding or & different al-
dehyde, may be efficiently treated by my novel
process and catalyst to give very high yields of

. aliphatic acid. By my process and choice of cat-

alyst it is possible to obtain one or more acids In
the oxidation procedure. The foregoing fea-
tures, as well as features of treating various mix-
‘tures under different conditions, will be set forth
in detail hereinafter. K :
While the oxidation procedure may be carried
out in the apparatus described in the aforesald
companion application 228,822, now Patent No.
2,287,803, for convenience of consideration -and
for a better understanding of the present inven-
tion reference will be made to the attached draw-

ing. The attached figure may be considered a

semi-diagrammatic side elevation view showing a
general apparatus arrangement which could be
employed for carrying cut my process. i
Referring to the drawing, 2 represents an oxida-
tion unit which may comprise any of several daif-
ferent constructions. For example, the preferred
external construction weuld, in a large diameter
unit, be in accordance with Hasche Patent
2,150,988, However, the construction may be &
sieve plate column, bubble plate column, or other
comparable arrangement for permitting the con-
tact of an oxidizing medium containing free oxy-
gen with the material to be oxidized. In the unit
shown in the attached figure the column merely
comprises an elongated, opgn column of relative-
Iy narrow dimensions. Attached to the lower
part of the unit at 3 and 4, are cooling jackets
provided with inlets for cooling medium as at €
and 1. .
The upper part of the unit was provided with a
similar jacket 8; however, in this jacket, rather
_than cooling medium some heating medium may
be circulated in the event that high boiling com-
ponents are being directly oxidized or the reac-
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a branch conduit 23 through which non-con-
densables may be conducted to the scrubber 24.

The aforementioned scrubber is provided with
a receiver 26 at the lower part thereof and vent
conduit 27 from the upper part thereof, which
may lead through a meter or other device for
measuring and testing the efluents.

There may also be associated with the appara-
tus thermometers or other temperature con-
trolling devices or various exchangers for re-
covering heat or otherwise facilitating or render-

‘ing the operation of the process more economical,

or permitting it to be operated with automatic
control. Hence, my invention is not to be re-
stricted In these respects. . )

I have found that certain metal compounds, as
for example, esters derived from metals of the
aluminum and rare earth groups may be incor-
porated in acidic solutions and that these solu-
tions will function as & catalyst medium for the
direct oxidation of organic compounds. That is,
an-alcohol alone or alcohol and other organic
compounds to be oxidized, may be passed into &
catalyst solution, as aforementioned, in the pres-
ence of oxidizing medium containing free oxygen
and that the alcohol may be directly oxidized to
acid, as will be observable in greater Jdetail from
the specific examples which follow.

Referring to the various metals which may be
employed in accordance with my invention, there
may be mentioned aluminum, thallium, indium,

‘and gallium.

In preparing catalyst solutions for use in the
present process any convenient source of thé
metal may be employed such as salts, oxides, or
other derivative thereof. Preferably a derivative
would be chosen which is easily soluble under
conditions of the process. For example, assum-
ing that it is desired to convert an alcohol such.
as ethanol or butanol directly to the correspond-
ing aliphatic acid, the derivative of the catalyst

"metal would preferably be chosen corresponding -

to this acid. For example, in the instance of
producing acetic acid there may be employed
metal compounds such as aluminum, thallium or

_other acetates, depending upon the particular

metal or metals employed.
Purther examples of metal derivatives which

) may be employed for producing the catalyst solu-
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tion temperature is to be held lower than that -

. which would maintain a constant volume of cat-
alyst. Inasmuch as the construction is substan--

tially the same, however, the mechanical con-
struction would be approximately the same and

an inlet provided at 8, 1, and §8; outlets are pro--

vided at 11, 12, and 13: _
As indicated, if desired in place of the external
jackets, colls may be included within the unit
and in Iarge-size units such arraLgement wherein
internal colls, or both coils and jackets are em-
ployed, may be desirable. ' C »
The lower part of the unit is provided with a
plurality of inlet conduits, namely, inlet conduit
14 which is connected with a temperature-con-
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" trolled feed supply 16. Also leading into the lower -

part of the unit is an inlet conduit 7 for oxi--

dizing medium. :

-The upper part of the unit is provided with a
drawoff conduit (8 which leads through con-
denser i8 into separator 21. This separator has
attached thereto a receiver 22 for condensate and
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tion are gallium acetate and indium butyrate.
While the aforementioned metal -derivatives

may be employed in various organic liquids,

which are solvents therefor, for simplicity of op-

"eration and minimizing the necessity of compli-

cated separations I prefer to dissolve the catalyst
compound in a liquid principally comprised of
one of the materials which is to be produced in’
the process. For example, in the event my. proc-
ess was to be applied in converting butyl alcohol
directly into butyric acid I would preferably dis-
solve the catalyst compounds in an aliphatic acid
such as butyric acid. However, propionic or
acetic acid could also be used. However, for ini-
tially preparing the catalyst solution other liquids
could be employed, as for example, organic esters

-and the like such as butyl or ethyl acetate.

In any event, irrespective of the exact metal
compound and the lquid that the compound is
dissolved in, the catalyst solution would be given
a vigorous oxidation treatment such as blowing
with & substantial amount of air usually for »
period of at least 5 or'10 minutes, and if desired,
for several hours. This treatment would prefer-

. ably be accompanied by the introduction of an

8

aldehyde along with the oxidizing medium and



functions to convert the metal fons of the cata-
lyst metal into a higher state of valence than ..
their lowest valence. The treatment may be ac-
companied by heating obtained in any conven-
ient manner such as by flowing a heating medium . 5
in the jackets or coils in association with the oxi-
dation unit or by introducing heated air. The -
temperature of treatment, however, may vary
from around —5° C. up to the boiling point of the -
particular liquid ‘present. In other words the 10
solution is maintained under liquid phase condi-
tions. ‘ .

It is also preferred to incorporate the oxidizing
medium into. the catalyst liquid under at least
atmospheric pressure .as this- permits “the in- ‘j5
clusion ‘of a larger amount of oxidizing medium ‘
and fully saturates the catalyst liquid.

After the catalyst liquid containing a°metal -
selected from the aluminum and rare earth group
metals, as ‘already described, has been treated-
and brought to a starting temperature, usually
‘above room temperature but below around 100° .
C., the organic compound to be oxidized may be
supplied to the process. . o

That is, referring to the attached ' drawing, gy

the’ oxidation column 2 is filled with the cata-
lyst liquid comprising one or more aluminum or
rare earth metal compounds of the type de-
scribed dissolved in solvent and maintained at
_the desired temperature. ‘The hydroxy compound
to be oxidized is introdiced into the oxidation
process through conduit 14 and the oxidizing.
medium, usually air ‘(however pure oxygen or
oZone may be employed and appear to render the-
* catalyst solution more active, but are not neces-
8ary), and the compound oxidized to one or more
desired oxidation products, as will be described
Lereinafter. - . ,
Assuming that the oxidation product is a liquid,
* & portion thereof may be volatilized or pumped 40
off through conduit {8 through the condenser {9
Where condensables are condensed out to be col-
lected In receiver 22. The unconsumed gases
(as nitrogen when air is used in -oxidizing ‘medi-
um) unoxidized organic ‘compound and the like
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- components, uncondensed, pass through conduit

23 into scrubber 24 where they are recovered. _
While only a single scrubbing unit has been indf- -
cated, a plurality of such units may be employed.
or other recovery devices utilized. : 50
The operation: of my process to convert an
organic compound such as butyl alcohol to ali- -
- phatic acids and the functioning of various of
- the aluminum. and rare earth metals as cata-
lysts is believed quite: clearly fllustrated by the

: 55
" data appearing in the following table: ]
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- been indicated, the amount of catalyst may vary -

" ‘of one of the preferred applications. of. my: proc

- -and 2 parts of cerium acetate.. 1

gg 1,000 grams of acetaldehyde and 500 grams of ..
- n-butyl alecohol. On this ratio is obtained an.. .

earth. metal catalyst gave ‘high yields .of the .
bropionic acid. While a 4% catalyst solution has - .
from & small amount to a saturated solution, but .-
in general:the amount of catalyst will ‘be main

tained between 1% or 2% and 12%.-. . .. .

While. the foregoing examples are:;ﬂilisfrt;ﬁve;’-t_;

ess, my process may be operated with the various -
other catalysts referred to and under.-various - .
other -conditions, -as* will be apparent: fram;the -.

examples which follow: : FOiTEe
o v EzampleVIII, s
' In accordance with this example ‘th lyst:
solution is composed of 100 parts of acef acld ... -

having dissolved therein 2 parts of gallium acetat

average yield of 80-225 grams of butyric acid and ..
40-100 grams of propionic acid as the major prod- -

- ucts of the oxidation process. As in the preced- -

ing ‘examples, the process was.operated so that
the catalyst solutior: was maintained in the liquid
phase. However, in the instance of -alcohol, as

- butyl alcohol, it is possible, if it is desired to

operate with temperatures up to nearly 150° C.,.
that a higher temperature can' he employed if
pressure is applied to the reaction. In this reac-
tion some excess oxidizing medium (air) may be -
supplied to the reaction so that a content of
oxygen was indicated in the off gases.

When ethyl alcohol or propyl alcohol is used
in place of or in admixture with butyl alcohol, . :

lower temperatures may be employed. Purther-
- more, the pressure may be varied within rather

wide limits without basically changing the proc- .
ess. Similarly,’the catalyst may be employed as
& salt or mixture of salts of any organic acid

" or acids, or & mixture of the metals themselves

may be employed. : :
In the foregoing examples there was some alco-
hol left unchanged which may be recovered either -
in the scrubber or otherwise. As indicated, while
al normal atmospheric pressure & temperature
under 100° C,, and in many instances between 30°
C. and 50° C., appears to be quite satisfactory, -
the process may be caused to operate even at
temperatures as low as —5° C, and up to the
bolling point of the catalyst solution. . - .
In preferred operation, using, for example, the
air as an oxidant, this may be supplied under
some pressure and if desired a rather substantial
excess can be incorporated, although for normal

Per cent : elght wgﬁt Welght | Weight | Perocesnt | Percent
metal butyl | doetalde- | G 'ho propionic . | conversion | conversion
Metal acetate salt in aloolial hyde fed d. acdd butyrio | proplonio
CoL :f: : fed a produced | produced .35' d
on : , ,
Gréma Grams |. Grems. Grams

I Thalfum. . .coueeocameeencs 281 42 | 1,90 2178 76.2 . 43. 4 18.1
Aluminum. ... L 4 532. 8 1,0087.2 8.4 %4 13.15 | - 10.3

‘The foregoing examples were carried out in
apparatus as indicated in the attached drawing 7 0
and at a temperature between 30° C. and 50° C.

It will be observed that the catalyst indicated
gave yields of propicnic acid in addition to butyric.
‘acid, although butyl alcohol and acetaldehyde
were the materials processed. It will also be ob- s
served that apparently the aluminum and rare

operations only an excess, s0 that a few percent
of oxygen are indicated in the effuents, would be
employed. In the event of the use of other oxi-
dants such as relatively pure oxygen and ozone,
smaller amounts are required and may be sup-
plied under substantial pressure for causing them
to fully permeate the entire catalyst solution.

" 'While in certain of the foregoing examples we
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‘have indicated the utilization of butyl alcohol in
admixture with acetaldehyde, a comparable mix-
ture of ethyl alcohol and butyraldehyde may be
. processed in the same manner to-obtain s mix-
ture of acetic and butyric acids. Similar remarks
- apply to the employment of other mixtures af
alcohols and aldehydes. That is, ethyl alcohol
may be processed in admixture with acetalde-
hyde to produce relatively pure acetic acid. Or,
for example, propyl alcohol may be processed in
"accordance with the present invention in the
presence of acetaldehyde, butyraldehyde, or prop-
jonaldehyde. However, inasmuch as acetalde-
- hyde is in many instances most readily avallable
~ and has a low boiling point, it would preferably
be employed along with the other alcohols such
as butyl alcohol, amyl alcohol, and the like as
representing the most economical procedure as
well as tending to lower the boiling points and
permitting the functioning of the process at low-
est temperatures. : _
As already indicated, the pressure may be
varied over wide limits without basically chang-
ing the process. However, since the process fune-
tions satisfactorily under normal atmospheric
pressures I prefer to operate under such condi-

tions except that in some instances, such as for

saturating the catalyst solution with oxygen, I
~ may apply & few pounds pressure up to 2 or 3

atmospheres for this purpose. Also, as indicated,
the process functions very well at ordinary tem-
peratures of 30° C. to 50° C. - However, by raising

the temperatures above the range indicated and.

applying some Increased pressure, larger amounts
of alcohol may. be converted per pass per unit
of time. Under such procedure the aldehyde feed
would be correspondingly reduced as the amount
of -alcohol fed was increased.

As apparent from certain of the preceding ex-
.~ amples one valuable aspect of the present inven-

tion is that acids having fewer carbon atoms .

than the alcohol being oxidized may be directly
produced and the proportion of these other acids
_to the acid having the same number of carbon
atoms as the alcohol being oxidized may be varied
by choice -of the particular catalyst, as apparent
" from Examples I, IT and III set forth above.
It is apparent from the foregoing that my in-
vention is applicable to the direct oxidation of
“.the various organic compounds, particularly

hydroxy compounds such as various alcohols,

2,853,168

necessitated by the prior art and the spirit of

_ the appended claims.
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What I claim and desire to secure by Letters
Patent of the United States is:

1. A process for the direct oxidation of a lower
aliphatic alcohol to obtain the corresponding
aliphatic acid, which comprises treating a solu-
tion of a metal ion of a metal of the aluminum
group in an aliphatic acid with an aldehyde and
a gaseous oxidizing medium to form a catalyst
solution, introducing material amounts of a lower
aliphatic alcohol and a lower aliphatic aldehyde
into the activated catalyst solution, oxidizing the
alcoho] of the resulting solution of catalyst, alco- .
hol and aldehyde by treating said solution with &
gaseous oxidizing medium, maintaining the tem-
perature of the solution of catalyst, alcohol and
aldehyde during its treatment with the gaseous
oxidizing medium such that the solution is main-
tained in the liquid phase, and subsequently re-
covering the aliphatic acid produced.

2. A process for the direct oxidation of a lower
aliphatic alcohol to obtain the corresponding

- aliphatic acid, which comprises treating a solu-.

25
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The foregoing examples are merely illustrative .

of some of the materials to which my low tem-
- perature liquid phase process may be applied, but
" various other compounds, such as hydroxy alco-
hols exemplified by glycols, may be treated in a
. comparable manner. Hence, I do not wish to be

restricted in my invention excepting insofar as is

tion of & metal ion of a metal of the aluminum
group in an aliphatic acid with an aldehyde and
a gaseous oxidizing medium to form a catalyst
solution, introducing material amounts of a lower
aliphatic alcohol and a lower aliphatic aldehyde:
into the activated catalyst solution, oxidizing the
alcohol of the resuiting solution of catalyst, alco-
hol and aldehyde by treating said solution with
& gaseous oxidizing medium, maintaining the
temperature of the solution of catalyst, alcohol
and aldehyde during its treatment with the gase-
ous oxidizing medium such that the solution is
maintained in the liquid phase at & temperature
of from —5 to 150° C. and subsequently recover-
ing the aliphatic acid produced. .

3. A process for the direct oxidation of a low
aliphatic alcohol to obtain the corresponding
aliphatic acid, which comprises treating & solu-
tion of thallium salt in an aliphatic acid with an

" aldehyde and a gaseous oxidizing medium to form

a catalyst solution, introducing material amounts
of a lower aliphatic alcohol and a lower aliphatic
aldehyde into the activated catalyst solutionm,
oxidizing the alcohol of the resulting solution of

“catalyst, alcohol and aldehyde by treating said

solution with a gaseous oxidizing medium, main-
taining the temperature of the solution of cata-
1yst, aleohol and aldehyde, during its treatment
with the gaseous oxidizing medium such that the
solution is maintained in the liquid phase below
150° C., and subsequently recovering the aliphatic
acid produced. : ‘
DAVID C. HULL,



