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This invention relates to the production of
various oxygen-containing compounds from pe-
troleum oils and waxes, and the separation of the
mixtures of compounds so produced into usable
increments. 'The principles of this invention are
applicable to the production of oxygen-contain-
ing organic compounds from any type of hydro-
carbon material and to the separation of oxygen-
containing organic compounds from mixtures of
such compounds, if the mixtures are of the type
herein described, regardless of how those mix~
tures are originally produced.

As is well known, petroleum oils and waxes are
comprised for the most part of hydrocarbons, the
majority of which are usually straisht and
branched-chain aliphatics. A wide variety of
methods have been proposed for introducing oxy-
gen or other elements into these hydrocarbon
compounds, thus changing the nature of the com-
pounds angd producing compounds useful for pur-
poses for which the original hydrocarbons were
not useful.

One method of altering the nature of the hy-
drocarbon compounds in petroleum oils and
waxes, and in other hydrocarbon materials has
been to treat these hydrocarbon materials with
oxygen under conditions that cause the oxygen
to combine with the hydrocarbon materials o
yvield oxygen-containing organic compounds. Of
course, the oxidation must be controlled if useful
compounds are to be produced in quantity. Ob-
viously, if the oxidation of the hydrocarbon mate-
rials is carried to completion, the products will be
carbon dioxide and water. However, by partial
oxidation of these materials a whole series of
oxygen-containing organic compounds can be
produced. Furthermore, since petroleum oils and
waxes, and many other sources of hydrocarbons,
are mixtures of numerous hydrocarbons, the re-
sultant partial oxidation products will be a mix-
ture of various oxygen-containing organic com-
pounds.

Generally, if a petroleum oil or wax is partial-
ly oxidized, a mixture will result which will con-
tain varying proportions of the following types of
compounds:

(1) Organic peroxides which are apparently
primary oxidation products, from which other
oxygen-containing compounds are formed as the
process proceeds.

(2) Acids which are soluble in oils and insolu-
ble in water. These acids are generally mono-
basic and usually contain comparatively large or-
ganic radicals which account for their oil-solu-
bility and their insolubility in water.
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(3) Acids which are insoluble in oils and solu~
ble in water. These acids are usually either oxy-
acids or polybasic acids or monobasic acids con-
taining comparatively small organic radicals.

(4) Saponifiable oxygen compounds such as
esters, lactones and the like.

(5) Unsaponifiable oxygen compounds, such as
ethers, alcohols, ketones and the like.

In addition to the types of compounds enumer-
ated hereinbefore, there is almost invariably a
residue of hydrocarbon material which has not
been oxidized in the process, and if the conditions
of oxidation are too severe and/or insufficiently
controlled, asphaltic materials or resins may also
result.

Prior patents and publications have mentioned
methods of separating the various compounds
produced by the partial oxidation of hydrocar-
bon material but have generally limited them-~
selves to suggesting that the oxidation products
be separated by treatment with alkaline solu-
tions or treatment with solvents, Insofar as is
known, no prior patent or publication has ever
suggested a practical, efficient process for obtain-
ing, in desirable form, the various components of
the mixed produets of the partial oxidation of hy-
drocarbons. It is an object of the present in-
vention, therefore, to provide such a process.

The present invention is not concerned with
the oxidation reaction itself except as it affects
the separation of the resulting products. The
partial oxidation of pefroleum oils and waxes has
been described in previous patents and in the lit-
erature. Insofar as this invention is concerned,
the oxidation may be accomplished by any of
the methods already known, providing only that
the method of partial oxidation employed does
not produce such excessive quantities of asphal-
tic materials or resins as to make the herein de-
scribed process of separation impractical.

According to this invention, it has now been
discovered that the products of the partial oxida-
tion of petroleum oils and waxes, and other sim-
ilar products, may be so treated as to derive there-
from several very useful components, each com-
ponent comprised of a mixture of organic com-
pounds of a particular type. Thus, in accord-
ance with this invention, the organic peroxides in
the original mixture are converted into other
oxygen-containing organic compounds (oil-solu-
ble acids, water-soluble acids, saponifiable oxy-
gen-containing compounds, and unsaponifiable
oxygen-containing compounds), the saponifiable
compounds are saponified, and the resulting oil-
soluble acids, water-soluble acids, and unsaponi-
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fiable oxygen compounds are separated from each
other and from the unoxidized hydrocarbons.
Since each of these classes of conipounds is usables
for different purposes, and each class is offen
usable as a mixture instead of as a single pure
compound, the resulting products of the process
of this invention are highly desirable, In addi-
tion, the yields of organic acids are substaniially
increased at the expense of peroxides and sanoni-
fiable materials.

Briefly, the process ¢f the present invention
comprises the treatment of the partial oxida-
tion products with an alkali or alkaline-sarth
hydrogide in agueous solution at & temperature
and for a period of time sufficien} to comvert the
peroxides and esters into acids and other oxygen-~
containing organic compounds, falling within &
other classifications. At the sams tims, all
acids are converted into salts, usually scdiu
potassium salts, which are water-scluble, and the
saponifiable compounds are converied into salts
of organic acids and other corpounds, usually
ethers, alcohols, ketones or the ilke, which are
unsaponifiable.

The next step consisis of separating the aque-
ous and cleaginous layers and washing the ague-
ous layer with naphtha or the like, if nscessary,
to remove any oil emulsified in the agueous layer.
The aqueous layer now conieins the salts of the
acids originally present, the sails of acids formed
by the reaction of the alkaline solution on the
peroxides, and the salts of acids formed by the
action of the alkaline solution upon the saponi-
fiable oxygen compounds. Practically all of the
unsaponifiable oxygen compounds that were orig-
inally present, and practicaily all of the unsapon-
ifiable oxygen compounds that were formed by
the action of the alkaline solution wiil be found
in the oleaginous layers.

The next step comprises treating the aguesous
layer with dilute acid, usually hydrochloric acid,
to liberate the acids from their salts. As the oii-
soluble acids are liberated from itheir salis they
become insoluble in the agueous layer and may
be separated therefrom. Thess oil-soluble acids
may be further purified and/cr separaied from
each other, or used as a mixiure as a particular
need may dictate. Thereafier, the agueous layer
with its remaining water-soluble acids may be
neutrglized and evaporated to produce dry salts.
These salts can be extracted with alcohsl or any
other solvent which will dissolve the organic salts
and not appreciably disscive the inorganic saits
formed in the process. For sxample, when the
inorganic salt is sodium chloride, as it usually is,
a. mixture of methyl alcochol and ethyl alechol
containing gpproximately 20% by volame of ethyl
alcohol; will dissolve the organic acid salts with-
out appreciably dissolving the sodium chloride.
The alcohol solution of the scdium salts ¢f the
organic acids may then be evaporated to recover
the dry salt.

The oleaginous layer which coniains the un-
reacted hydrocarbons and unsaponifiable oxygen
compounds can be extracted with sclvents such
as liquid sulphur dioxide, phenol, acetoniirile, or
the like, to separaie the unsaponifiablic oxygen
compounds from the unreacted hydrocarbons.

As a result of the above-described process,
there are obtained from the partial oxidation
products of petroleum oils, waxes and the liks,
by a very efficient, easily conductied process, three
valuable, stable, useful components: (1) water-
soluble organic acids or salts, (2) oil-soluble or-
ganic acids or salts, and (3) unsapocnifiable or-
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*

ganic oxygen-containing compounds. In addi-

tion, the unreacted hydrocarbon materials are re-

covered for recycling to the oxidation process.
An advantage of the present invention lies in

the possibility of using conditions that cause a

high conversion of the petroleum oil charge stock

in the oxidation stage. In accordance with the

_prior art, the oxidation was usually controlled

to' a limited extent in order to avoid the forma-
tion of a variety of oxygenated compounds. As
indicated hereinafter, the degree of cxidation
possible in accordance with the process of the
present invention is above 70% of the original
petroleum oil. The subsequent treatment con-
verts all of the various classes of oxygen com-
pounds formed into the three classes specified
hereinbefore.

In the process of this invention it is preferred
to use aqueous sodium hydroxide solution in a
concentration of about 10% for the treatment of
the partial oxidation products. Preferably a
temperature of about 212° F, is used and the
treatment is continued for akout 4 to about 6
hours. It is to be understood, however, that
agueous potassium hydroxice, calcium, barium, or
other alkaline earth hydroxide solutions may also
he used in most instances. In some instances
ammonium hydroxide or tristhanolamine may he
used. The concentration of sodium hydroxide or
other base in the sclution is not at all eritical.
Generally with a weaker base, a greater concen-

ration will be used. With sodivm hydroxide it
will seldom be desirable to. use less than 5% nor
more than 25%. The temperature and time of
treatment depend upon the concentration of base
in thé soiution. TUsing 10% sodium hydroxide,
temperatures between about 150° F. and about
250° 7. and times between about 2 and about. 10
hours can be considered to be a generally pre~
ferred range. We have found that under these
conditicns, all organic peroxides are decomposed
to acids and other oxygen-containing. organic
compounds and all esters are saponified.

Further details and advantages of this inven-
tion will be apparent from the following specific.
exampie:

Example

A kerosene fraction, pretreated with sulfuric
acid, specific gravity 0.8076, 60°/60° F., was oxi-
idized ©y oxygen at 257° F. and. thus converted.
inte an oxidized product of speecific gravity
0.956, 60°/60° ¥'., a neutralization number 118.5,
saponification numhper 253, active oxygen (per-
oxides) 48.6 mgm./100 ce.

Nine hundred grams of the oxidized oil was
treated with 208 grams of sodium hydroxide
(assay 97%) and 1890 grams of water.

The oxidized oil was placed in a 3-liter flask
which was heated; as the oil was being heated
the sodivm hydroxide solution was added gradu-
ally. After the addition, the reaction mixture
was heated for a total of 3% hours; the entire
temperature range was 78-216° F. By this treat~
ment peroxides and estsrs were transformed as
has been stated hereinbefore.

The reaction mixture consisting of sodium
salts of acids, neutral oxygen compounds and un-
reacted hydrocarbons was placed in a separatory
funne!, the lower alkaline layer was separated
from the top layer consisting of unsaponifiable
material; the lower layer was acidified with an
18% aqueous solution of hydrochloric acid and
an oily layer, consisting for the major part of

5 acids insoluble in water, separated. The water .
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layer contained sodium chloride and the water-
§0_1ub1e acids. The yields were as follows:

Grams
‘Weight of unsaponified material . .___ 378
Weight of free acids (soluble in
oil and insoluble in water) oo oo 382.5

The acids (382.5 grams), after drying by binary
distillation of the water present with benzene,
had a neutralization number of 195.5 and a speci-
fic gravity of 1.007 at 77° F.

The water layer, mentioned hereinbefore,
amounting to 2881 grams was neutralized with
sodium hydroxide. The resulting solution was
evaporated to dryness and the solids were pul-
verized in a mill to a fine powder. The powder
was then extracted with hot Formula 30 (methyl
alcohol-ethyl alcohol) in order to recover the
sodium salts of acids soluble in the water layer.
The extraction was carried out in g three-liter
flask equipped with a T stirrer; approximately
500 cc. of alcoho] was added to the flask contain-
ing the pulverized solid. After stirring the heat-
ed solid-solvent for three-quarters of an hour,
the alcohol solution was drained, then g fresh
quantity of alcohol was added. The extraction
process was repeated until the aleohol extractant
was only lightly colored.

The alcohol extracts were combined, the alco-
hol removed by distillation, the solid remaining
was pulverized and then dried by placing it in an
oven. After drying, the solid amounted to 80
grams, corresponding to approximately 72 grams
of acid. The material balance is:

Grams

Unsaponifiable material oo __ 378.0
Acids insoluble in water — e 382.5
Acids soluble in water .o 72.0
Total e 832.5

‘The loss, 900—-832.5=67.5 grams, oceurred in gll
separation operations described.

The unsaponifiable material (specific gravity
0.830 at '78.8° F.) amounting to 331 grams (400
ce.) was placed in a 2-liter separatory funnel,
then 892 ce. of acetonitrile were added. The ma~
terials were shaken thoroughly for five minutes
and after a settling period of forty minutes the
lower layer, now referred to as the “raffinate,”
was withdrawn. The “raffinate” was re-extract-
ed with 504 cc. (392 grams) of acetonitrile by
shaking thoroughly for five minutes. After the
layers had separated the acetonitrile “extract”
solutions were combined, the acetonitrile was re~
moved by distillation at atmospheric pressure and
fina] traces removed under slight vacuum; there
remained 140 grams of “extract.” The “rafi-
nate” portion was placed in a flack to remove any
acetonitrile by distillation as mentioned for the
“extract;” there remained 161 grams of “raffi-
nate.”

A tabulation of the yields and physical prop-
erties of the unsaponifiable material, “extract”

and “raffinate” are:
Quan- g Hy-
tity, | Specific Gravity | ~3POD- | groxyl
Grams No. | “np!
U1tlsa.pi)mﬁa' ble Ma- 331 { 0.830at 78.8° F____ L 2 2 P
erial.
“Extract” .. ooooo.. 140 | 0.866 at 78.8° F.._. 4.7 85.
“Raffinate’” (Hydro- 161 [ 0.802at 78.8° F__.. 2.9 15
carbon).
L0SSc e e ccmmcceman 30

10

15

20:

25

30

36

40

45

50

55

60

66

70

75

6

The:properties of the “extract” and “raffinate”
show clearly that the degree of separation was
rather satisfactory. The extract contained a
high percentage of oxygenated compounds (high
specific gravity and high hydroxyl number) and
the raffinate consisted of almost pure unreacted
hydrocarbons.

This--invention is particularly applicable to
any oxidized liquid or sohd pevroleum product.
The conditions of oxidation (temperature, pres-
sure, light and the like) are immaterial pro-
vided the oxidation. product consists in addition
to unreacted. hydrocarbons, of peroxides, acids
and other oxygen compounds specified in the pre-
vious part of this application. If the conditions
of oxidation are too severe and/or not sutficiently
controled, asphaltic compounds can be formed in
addition to.thie above-mentioned oxygen com-
pounds. i ’

As will be readily apparent to those familiar
with the art, the principies of this invention may
be incorporated in either a batch, consinuous, or
semi-continuous process. Unreacted hydrocar-
bons may be recycled to the oxidation step and
the various separating steps may be cascaded to
improve their eificiency.

The products of this invention have numerous
uses. ‘I'hey may be used among other Tilags as
ingredients in lubricating compgositions, or as in-
termeouaies 10 the 10rmaLllon o1 g wiae varieey of
chemical compositions. Many of the products,
for example, may pbe sulpaased or sulpnonaced
and usca as devergents. Many may also be used
direccly as lubricants, or adaded to already exist-
g lupricanis 11 Munoxr proporeons o cnange ghe
cnaracterisvics o tie lupricants.

‘What is claimed is:

1. In tne process oI producing valuable oxida~
tion proaucts rrom hyacocarbons, waicn includes
parually oxiaizing a hydrocaroon o proauce an
oxldized product, treating sald oxidized product
with an agueous solution of g caustic material at
a temperasure and 10r g period oi time suticlend
to saponity and neutralize tne saponifiaple and
neutralizaple material present in sald oxidized
product, to produce an oieaginous layer conain-
ing unoxicized hydrocarbons and oxygen-con-
taining unsaponinaple material and a primary
aqueous layer contamning salis of oil-soluple or-
ganic acids and o1 water-sclupnle organic acids;
separating said oleaginous layer irom said pri-
mary aqueous layer; aading an acidic material
to said primary aqueous layer to convers said salos
of the oil-soluble organic acids and or water-
soluble organic acids into iree organic acias to
product a layer containing thae oil-solupie organic
acids and a secondary aQueous layer conéwiuung
the water-soluble acids; and separaung said
layer containing the oil-soluble organic acids
from said secondary aqueous layer; tne improve-
ment which comprises neutralizing said secondary
aqueous layer with an agueous solution of a
caustic material to convert the water-soluble or-
ganic acids into salts thereof; evaporating the
water from the thus neutralized secondary aque-
ous layer to obtain a solid material containing
said salts of said water-soluble organic acids; ex-
tracting said solid material with an alcohol to
produce an extract containing said salts of said
water-soluble organic acids; extracting the oleag-
inous layer containing the unoxidized hydrocar-
bons and the oxygen-containing unsaponifiable
material with a solvent selective for said oxygen-
containing unsaponifiable material to produce an
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extract; and removing said solvent from sald
extract. .
2. The process defined in claim 1, wherein the

caustic material used in neutralizing the second-.

ary aqueous layer is an alkali-metal hydroxide.

3. The process defined in claim 2, wherein the
alecohol used to extract the alkali-metal salts of
the water-soluble organic . acids from the solid
material is an alcohol mixture containing about
10 per cent methanol and about 90 per cent eth-
anol by volume.

4. The process defined in claim 2, wherein the
solvent selective for the oxygen-containing unsa-
ponifiable material is acetonitrile.

5. The process.defined in claim 3, wherein the
alkali-metal hydroxide is sodium hydroxide and
the solvent selective for the oxygen~containing
unsaponifiable material is acetonitrile.

ALFRED P. KOZACIK.
ALEXANDER N. SACHANEN.
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