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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 straight 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 and 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 to 
yield 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 
COnpounds: 

(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 nonobasic 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 then 
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 products 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 petroleum 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 con 
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 froin each 
other and from the unoxidized hydrocarbon 5. 
Since each of these classes of Coilipounds is uSable 
for different purposes, and each class is often 
usable as a mixture instead of &S a Sigle pure 
compound, the resulting products of the process 
of this invention are highly desirable. In addi" 
tion, the yields of organic acids are Substantially 
increased at the expense of peroxides and Sagoni 
fiable materials. 

Briefly, the process of the present invention 
comprises the treatment of the 23rtial CXida 
tion products with an alkali or alkaline-eart 
hydroxide in aqueous Solution at a temperature 
and for a period of time Suficient to COlivert the 
peroxides and esters into acids and other oxygen 
containing organic compounds, failing Within 5: 
other classifications. At the Saine tiiing, ail 
acids are converted into salts, usually SOdi 

saponifiable compounds are converted ii.2to Salts 
of organic acids and other CCI(pounds, USually 
ethers, alcohols, ketones or the iike, Vici are 
unsaponifiable. 
The next step consists of Se;2&irating the a-Citie 

ous and oleaginous layers and Washing tile a cue 
ous layer with naphtha, or the like, if necessary, 
to remove any oil emulsified in the aglieous layer'. 
The aqueous layer now contains the SaltiS of th2 
acids originally present, the Saits gif acids for led 
by the reaction of the alkaline Soilation Cii tile 
peroxides, and the salts of acids for led by the 
action of the alkaline Solution u2On the S32Oni 
fiable oxygen compounds. Practically all of the 
unsaponifiable oxygen connpounds that Were Orig 
inally present, and practically ail of tie Ansapon 
ifiable oxygen coinpounds that Were fol'Iled by 
the action of the alkaline Solution. Wiii be found 
in the oleaginous layerS. 
The next step comprises treating the agueous 

layer with dilute acid, usually hydroloric acid, 
to liberate the acids for traeil' Salts. AS the oil 
Soluble acids are literated froin their Sali3 they 
become insoluble in the aqueous iayer aid Inay 
be separated therefronn. These oil-Soiulia acids 
may be further purified and/oi Segai'aited fiOil 
each other, or used as a linixture as a carticljiai" 
need may dictate. Thereafter, t2 at Jeous layer 
With its remaining Water-Soluble acids may be 
neutralized and evaporated to produge dry SaltS. 
these salts can be extracted with acohgi Oi any 
other solvent which will dissoive the CI'ganic SaitS 
and not appreciably dissolve the ii.20; ganic SaitS 
formed in the process. For 2Xaxigle, When the 
inorganic salt is sodium chloride, as it usually is, 
a mixture of methyl alcohol aid etiny alcohol 
containing approximately 99% by Voitine of ethyl 
alcohol, will dissolve the organic acid Salts with 
out appreciably dissolving the Sodiuir chloride. 
The alcohol Solution of the Scdiuir SaltS Cf. the 
organic acids may then be evaporated to recover 
the dry Salt. 
The oleaginous layer which contai(is the u:rn 

reacted hydrocaibonS &nd Linsapoiliiable oxygen 
compounds can be extracted with SG Vents Such 
as liquid Sulphur dioxide, phenoi, acetoiliiris, oi 
the like, to separate the unsanonitia ole oxygeia 
compounds from the unreacted hydrocaibonS. 
As a result of the above-described process, 

there are obtained from the partial oxidation 
products of petroleum oils, waxes and the like, 
by a very efficient, easily conducted process, three 
valuable, stable, useful components: (...) Water 
Soluble Organic acids or saltS, (2) oil-soluble or 
ganic acids or salts, and (3) unSaponifiable or 
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4. 
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 conpounds. As 
indicated hereinafter, the degree of oxidation 
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 Con 
pounds formed into the three classes Specified 
hereinbefore. 

In the grocess of this invention it is preferred 
to use agueous sodium hydroxide Solution in a 
concentiation of about 10% for the treatment of 
the partial oxidation products. Preferably a 
teimperature of about 212 F. is used and the 
treatinent, is continued for about 4 to about 6 
hours. It is to be understood, however, that 
aqueous potassium hydroxide, calcium, barium, Or 
other alkaline earth hydroxide solutions may also 
be used in most instances. In Some instances 
annonium hydroxide or triethanolamine may be 
used. The concentration of Sodium hydroxide of 
other base in the Solution is not at all critical. 
Generally with a weaker base, a greater concen 
ration will be used. With sodium hydroxide it 

will seldon be desirable to use less than 5%, nor 
more than 25%. She temperature and time of 
treatinent depend upon the concentration of base 
in the soiution. Using 10% sodium hydroxide, 
temperatires between about 450 F. and about 
250° E. 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 
conditions, all organic perOXides are decognposed 
to acids and other oxygen-containing organic 
coinpounds and all esterS. are Saponified. 

Further details and advantages of this inven 
tion Will be apparent from the following Specific. 
example: 

EiO772-pie 

A kerosene fraction, pretreated with sulfuric 
acid, specific gravity 0.306, 60/60 E., was oxi 
idized icy oxygen at 257. F. and thus converted 
into a: oxidized product of Specific gravity 
0.956, 60/60 F., a neutralization number 118.5, 
Saponification number 253, active oxygen (per 
oxides) 48.6 magn./100 cc. 
Nine hundred grains of the oxidized oil Was 

treated with 209 grams of sodium hydroxide 
(aSSay S%) and 89 grains of Water. 

The Oxidized Oil WaS placed in a 3-liter flask 
Which Was heated; as the oil Was being heated 
the Sodium hydroxide Solution was added gradu 
ally. After the addition, the reaction mixture 
was heated for a total of 3% hours; the entire 
tanperature range was 79-216 F. By this treat 
ment peroxides and estars 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 
acids insoluble in water, separated. The water 
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layer contained sodium chloride and the water 
soluble acids. The yields were as follows: 

Grams 
Weight of unsaponified material---------- 378 
Weight of free acids (soluble in 5 

oil and in Soluble in water)------------- 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 pull 
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 a three-liter 
flask equipped with a T stirrer; approximately 
500 cc. of alcohol 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 a fresh 
quantity of alcohol was added. The extraction 
process was repeated until the alcohol 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: 

0 

5 

25 

30 

Grams 85 
Unsaponifiable material ----------------- 378.0 
Acids insoluble in Water ----------------- 382.5 
Acids soluble in Water ------------------- 72.0 

Total -------------------------------- 8325 40 
The loss, 900-832.5=67.5 grams, occurred in all 
separation operations described. 
The unsaponifiable material (specific gravity 

0.830 at 78.8° F.) amounting to 331 grams (400 
C.C.) Was placed in a 2-liter separatory funnel, 
then 892 cc. 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 
final traces removed under slight vacuum; there 
remained 140 grams of “extract.' The "rafi 
nate' portion was placed in a flask to remove any 
acetonitrile by distillation as mentioned for the 
"extract;' there remained 161 grams of "rafi 
nate.' 
A tabulation of the yields and physical prop 

erties of the unsaponifiable material, "extract' 
and 'rafiinate' are: 
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Quan- S Hy tity, Specific Gravity droxyl 
Grams No. " 
---- 

Uponifiable Ma- 331 0.830 at 78.8°F 8.7 -------- 
eia. 

'Extract'.---------- 140 0.866 at 78.8°F 4.7 85. 
“Rafiinate' (Hydro- 161 0.802 at 78.8°F 2.9 5 

carbon). 
LOSS----------------- 30 

20: 

6 
The properties of the “extract' and "rafiinate' 

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 rafiinate consisted of almost pure unreacted 
hydrocarbons. 
This invention is particularly applicable to 

any oxidized liquid or Solid petroleum 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 Sufficiently 
controlled, asphaltic compounds can be formed in 
addition to the above-mentioned OXygen Com 
pounds. . 
As will be readily apparent to those familiar 

with the art, the principles of this invention may 
be incorporated in either a batch, continuous, or 
Semi-continuous process. Unreacted hydrocar 
bons may be recycled to the oxidation Step and 
the Various Separating StepS may be caScaded to 
improWe their eiiclency. 
The products of thus invention have numerous 

uses. They may be used among ovner Lillings as 
ingredients in lubricatling compositions, or as in 
termed lates lin. Ene iOrmallon of a Wide variety of 
chemlcial compositions. Viany of the products, 
for example, may be Sulpnaced or Sulpilona Ced 
and usta as detergentS. Vlany may also be used 
directly as lubrican LS, or added to already eX1st 
1ngluorican tS in minor proporolons to change the 
CharacteristlCS Of the lui OilcantS. 
What is claimed is: 
1. In the prouess oI producing valuable oxida 

tion productS Iron hydrocarpons, Winch includes 
partlally OX10 izing a nydrocarpon to produce an 
oxidized product; treating Said oxidized product 
With an aqueous Soiu Clon of a caustic material at 
a temperature and Ior a period o Llme Surflicient 
to Saponly and neutralize the Saponlfia ole and 
neutralizable materlal present in Sald OX101Zed 
product, to produce an oleagunous layer contain 
ing unoxidized hydrocarbons and oxygen-con 
talning unsaponlilaiole material and a primary 
aqueous layer contalining Salts of Oll-Soluple Or 
ganic acids and O. Watt'-Soluole Organic acids; 
Separating Sald oleaglnous layer from Sald pri 
mary aqueous layer; adding an acidic material 
to Said primary aqueous layer to convert Said Sal CS 
of the oil-Soluble Organic acids and of Water 
Soluble organic acids into free organic acids to 
product a layer containing the Oll-Souple organic 
acids and a Secondary aqueous layer contailing 
the Water-Soluole acids; and Separating said 
layer containling the Oll-Soluble organic acids 
from Said Secondary aqueous layer; the Improve 
ment which comprises neutralizing Said Secondary 
aqueous layer With an aqueous 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 Said . . . ... : REFERENCES CITED 
extract. The following references are of record in the 

2. The process defined in claim 1, wherein the file of this patent: 
caustic material used in neutralizing the Second 
ary aqueous layer is an alkali-metal hydroxide. 5 UNITED STATES PATENTS 

3. The process defined in claim 2, Wherein the Number Name Date 
alcohol used to extract the alkali-metal salts of 2,059,232 Harder ------------ Nov. 3, 1936 
the Water-soluble organic acids from the Solid 2,230,582 Beller ------------- Feb. 4, 1941 
material is an alcohol mixture containing about 2,237,301 Burk et al. --------- Apr. 8, 1941 
10 per cent methanol and about 90 per cent eth- 10, 2,287,28 Pirkle ------------- June 23, 1942 
anol by Volume. 2,361,547 Jenkins ------------ Oct. 31, 1944 

4. The process defined in claim 2, Wherein the 2,391,236 Hirsch ------------- Dec. 18, 1945 
Solvent Selective for the oxygen containing Sara FOREIGN PATENTS 
ponifiable material is acetonitrile. 

5. The process defined in claim 3, wherein the 15 Number Country Date 
alkali-metal hydroxide is Sodium hydroxide and 174,099 - Great Britain ----- Jan. 16, 1922 
the Solvent Selective for the oxygen-containing 
unsaponifiable material is acetonitrile. 

ALERED P. KOZACK. w 
ALEXANDER. N. SACHANEN. 20 


