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The present invention relates to Oxidation, and 
more particularly pertains to the production of 
new and useful products resulting from liquid 
phase oxidation of petroleum hydrocarbons. It 
is well known that products resulting from liquid 
phase oxidation of petroleum hydrocarbons con 
prise a heterogeneous mass containing uncom 
bined or unconverted hydrocarbons, simple car 
boxylic acids (which may be saturated or unsatu 
rated or both), hydroxy acids, keto acids, resin 
forming acids, alcohols, ethers, esters, lactones, 
resinous substances and a mixture of other more 
or less Oxygenated products. It is also known 
that the liquid phase oxidation of petroleum 
fractions, and particularly of petroleum frac 
tions which are derived from naphthenic as 
phait-base crude oils, produces a mass contain 
ing most if not all of the aforementioned as well 
as other oxygenated products. 

It is therefore the main object of the present 
invention to provide a method for treating com 
plex mixtures of products of oxidation to isolate 
therefrom one or more new and valuable prod 
ucts or fractions having distinctive characteristics 
aid utilities. A further object of this invention 
is to treat the products of liquid phase oxidation 
of petroleum fractions from naphthenic and/or 
asphalt-base Crude oil stocks to recover there 
from the aforementioned new and useful prod 
uct or products. 
As previously stated an oxidation of a petrole 

um fraction containing naphthenic hydrocar 
bons, upon oxidation in a liquid phase as by con 
tacting Said petroleum fractions with air or a 
similar oxygen-containing gas at proper or opti 
raum pressures and temperatures, and preferably 
in the presence of oxidation promoting catalysts, 
produces a mixture containing some unconverted 
petroleum hydrocarbons and a heterogeneous 
mass of products which are oxidized to a greater 
or less extent. This heterogeneous mixture con 
taining the more or less oxygenated products and 
the unconverted petroleum hydrocarbons may be 
easily separated into two fractions, one of which 
is soluble in the petroleum being oxidized while 
the other is insoluble therein. This fractionation 
may be accomplished by a mere decanting of the 
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55 

heterogeneous mixture, the insoluble fraction 
precipitating out of solution when the mixture is 
allowed to stand. The present invention deals 
with that fraction of the oxidized products which 
is soluble in the petroleum hydrocarbon under 
treatment, said fraction being hereinbelow re 
ferred to as the “oil-soluble fraction,' and the 
acids therein being generally termed as the “oil 
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soluble acids.' Therefore, a still further object 
of the present invention relates to the treatment 
of the oil-soluble acids recovered from the above 
mentioned liquid phase oxidation of petroleum 
fractions to isolate from said oil-soluble acids 
certain types of new and useful acids having cer 
tain distinct characteristics and utilities more 
fully described hereinbelow. w 

It has now been discovered that the above and 
other objects may be attained by the use of cer 
tain steps described hereinbelow, some of these 
steps being old when used alone, others being in 
the form of substitutions for known steps of Op 
eration, while still others constitute or comprise 
additional steps to be incorporated into the known 
methods or processes of oxidation and treatment 
of petroleum oils, their fractions and/or distill 
lates, and particularly of fractions which are pre 
dominantly naphthenic in character. 
As stated above, the products of oxidation of 

petroleum fractions, and particularly of fractions 
derived from naphthenic and/or asphalt base 
crude oil stocks, may be separated by decantation 
into the oil soluble and oil insoluble phases. The 
oil soluble fraction besides containing the un 
converted or unoxidized petroleum fraction, is 
composed of various simple carboxylic acids, keto 
acids, hydroxy acids, esters, ethers, lactones, etc. 
It is therefore a still further object of the press 
ent invention to provide a method for treating 
the oil soluble fractions so as to remove there 
from one or more specific acidic fractions con 
tained therein. A still further object is to recover 
fractionally one or more of the aforementioned 
simple carboxylic acids, hydroxy acids, keto acids, 
esters, ethers, lactones, etc. present in the oil Sol 
uble fraction and generally denominated herein 
as the oil soluble acids. 

It has now been discovered that various oil 
soluble acids may be separated, either fraction 
ally or substantially completely from the oil sol 
uble fraction or phase by the use of certain anti 
solvents, which, in conjunction with the unoxi 
dized hydrocarbons, cause said oxygenated prod 
ucts, (or at least certain types thereof) to pre 
cipitate out of solution in Said oil soluble phase. 

It has been further discovered that the quan 
tity of said anti-solvent added to the oil soluble 
phase, i. e. the ratio of anti-Solvent to the oil 
soluble fraction, determines the quantity and 
even the type of the oxygenated products pre 
cipitated or rejected by such addition of the anti 
solvent. Thus, it was found that with a gradual 
increase in dilution or addition of said anti-sol 
vent, the precipitation of the various types of 
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2 2,222,215 
oxygenated products increases. It was also found 
that the acidic fractions rejected by dilution with 
an anti-solvent contained a comparatively large 
quantity of esters and similar substances as those 

5 shown by the relatively high Saponification value 
of such rejects. Also some of the experiments 
disclosed that the gradual Or further increase in 
the quantity of anti-solvent added to an oil sol 
uble acidic fraction rejected acidic fractions hav 

10 ing progressively or gradually lower acid and 
saponification numbers. These experiments fur 
ther disclosed that the rejects produced by the 
dilution of the oil soluble phase with an anti 
solvent of the class described more fully herein 

l5 below, contained acids which were predominately 
insoluble in petroleum ether. On the other hand, 
the acids remaining in the oil soluble phase after 
such treatment with an anti-solvent Were mostly 
Soluble in said petroleum ether. 

20 It has been further found that liquefied nor 
mally gaseous hydrocarbons such as liquid pro 
pane, butane, or mixtures thereof, may be ad 
vantageously used as the anti-Solvent adapted to 
cause the precipitation of the aforementioned 

25 oxygenated products. Although these liquefied 
but normally gaseous hydrocarbons may be en 
ployed at ordinary temperatures and high pres 
sures, best results have been obtained when the 
extraction operation was realized at sub-normal 

30 temperatures and even temperatures below 0° F. 
Thus, the use of liquefied propane at room tem 
peratures may precipitate some of the oxygenat 
ed products, while dilution of the oil soluble frac 
tion with the Sane quantity of liquid propane at 

35 temperatures below 0. F. causes the precipita 
tion of greater quantities of oxygenated products, 
Some of which have Comparatively lower acid and 
saponification numbers and may include the less 
oxidized hydrocarbons. 

40. It is to be noted at this point that some ex 
periments have shown that the dilution of the 
oil-soluble fraction with petroleum ether, when 
carried out at normal temperatures and atmos 
pheric pressures, would not produce any precipi 

45 tation, the whole-oil soluble fraction being ap 
parently soluble in or miscible with said petro 
leum ether. In other cases, only a very small 
percentage would be rejected when operating 
with petroleum ether under the abo/e conditions. 

50 On the other hand the same experiments have 
disclosed that the use of prechilled petroleum 
ether or the chilling of a solution of oil-soluble 
fractions in petroleum ether, caused the precipi 
tation of considerable quantities of oxygenated 

55 products. The invention, therefore, includes the 
use of diluents or anti-Solvents in which the oxi 
dized products are Soluble at normal tempera 
tures but which cause the precipitation of the 
more or less oxidized fractions When the said di 

o luents or anti-solvents are at Sub-normal ten 
peratures. 
The above described fractional separation of 

the oxygenated products is valuable because of 
the fact that the various products constituting 
the heterogeneous mixture of oxidized bodies have 
individual utilities. Thus, certain of the frac 
tions or acids have distinct resin forming char 
acteristics when chemically combined with glyc 
erine or when treated so as to cause polymeriza 

to tion. On the other hand, another group of acids 
and particularly the so-called simple carboxylic 
acids have definite characteristics which are simi 
lar to those of naphthenic acid and may, there 
fore, find use as substitutes for such naphthenic 

7 A?ids. The process briefly described hereinabove 

is highly valuable in that it permits the frac 
tional separation of the various types of kinds 
of oxygenated products present in the aforemen 
tioned oil-soluble fraction obtained by decanting 
of the mixture produced by liquid phase oxidation 5 
of hydrocarbons and particularly of petroleum 
hydrocarbons containing naphthenic fractions. 
Thus, addition of a certain quantity of liquid 

propane Or of chilled petroleum ether to the oil 
Soluble fraction will cause the rejection of an 10 
acidic fraction containing a considerable per 
Centage of esters. The acids derived from this 
reject have a high Saponification value and a 
relatively high acid number. These acids are 
Substantially completely insoluble in petroleum 5 
ether. After separation of this acidic group, the 
addition of certain quantities of anti-solvent such 
as liquid propane will cause the rejection of an 
other acidic fraction also high in esters. The 
acids recovered from this acidic fraction although 20 
also substantially insoluble in petroleum ether 
Will be found to have saponification values and 
acid numbers which are lower than those of the 
acids recovered from the first reject. Further 
addition of the anti-solvent to the oil soluble 
fraction thus treated permits the removal of 
additional quantities of oxygenated products 
which have progressively relatively lower acid 
numbers and saponification values. Such a pro 
cedure leaves an oil soluble fraction containing 30 
an acidic fraction which is substantially free of 
esters and similar oxygenated products. In fact 
it may be possible to treat the oil soluble frac 
tion With Such quantities of an anti-solvent that 
the acidic fraction remaining in said oil soluble 35 
fraction will consist Substantially of acids of the 
simple carboxylic type. 
The separation of the simple carboxylic acids, 

either alone or in combination with the other 
acidic fractions remaining in the oil soluble phase 40 
after the above treatment with an anti-solvent 
may be realized in a number of ways. However, it 
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has been found that it is best to remove said 
acids by an extraction with an alkali. For this 
purpose the diluted hydrocarbon mixture, con- 45 
taining these simple carboxylic acids and the 
other oxygenated products remaining in solu 
tion, may be first treated to remove the anti 
Solvent. When using liquid propane or petro 
leum ether or a similar anti-solvent, this re 
Inoval may be adequately realized by mere dis 
tillation. It is sometimes desirable to retain the 
diluent through the following alkali extraction 
in order to prevent excessive emulsification. The 
oil, freed from diluent or not, may be treated 55 
With an alkali which converts the oxygenated 
products still present in said fraction into their 
respective salts or soaps, the unconverted or un 
oxidized hydrocarbons being left in an unchanged 
form. The aqueous Soap Solution thus produced 60 
may then be decanted and the organic acids lib 
erated therefrom as by addition of optimum 
quantities of acid such as Sulfuric acid. It is 
obvious that such a procedure is not only ad 
vantageous in that it causes fractionation be- 65 
tween the various types or grades of acids, etc., 
but it also eliminates the necessity of employing 
large quantities of alkali. Thus, if all of the oxy 
genated products present in the above described 
oil soluble fraction were to be removed by a mere 70 
Saponification, it would be necessary to employ 
excessively large quantities of an alkali, Even 
ther only the relatively highly acidic products 
will be converted into their soaps and/or salts, 
while the esters, ethers and like oxygenated prod- 75 

  



2,222,215 3 
ucts are saponized only when the alkali treat 
ment is carried out or realized under or at rela 
tively high temperatures and/or with strong Sa 
ponifying agents. These operations are obvious 

s ly highly cumbersome and expensive and still do 
not realize the desired fractionation of the Wari 
ous types of oxidized products obtained from the 
liquid phase oxidation of hydrocarbons of the 
type described hereinabove. 

For purposes of exposition, the invention will 
be more fully described in conjunction with typi 
call examples, and the various phases of the in 
vention will be discussed at greater length in 
connection with the description thereof. 

S Eacample I 

A petroleum hydrocarbon fraction having an 
average gravity of 60.4' A. P. I. and an Engler 
distillation range of from 109 to 284 F. was oxi 

20 dized. An analysis of the hydrocarbon stock 
showed that it contained approximately 54% by 
weight of naphthenes, about 43% by weight of 
paraffires and respectively 1 and 2% by Weight 
of Insaturates and aromatics. The oxidation 

25 was carried out at a pressure of approximately 
50 lbs. and at a temperature of 270 F., a copper 
naphthenate catalyst being used in a quantity of 
about 0.1%. The oxidation reaction was con 
titled for 48 hours, at the end of which period 

30 the charging stock was found to have acquired 
a brownish color and a terpene-like odor. After 
the cooling of the mixture comprising the reac 
tion products, the oxidized products insoluble in 
the hydrocarbon stock were found to have pre 

35 cipitated out of solution. The oil-soluble phase 
Was diluted with a cold propane at atmospheric 
pressure. This dilution caused a precipitation 
of certain of the hydroxy and keto acids, etc., 
which were separately removed. The precipitate 

4 was found to be viscous, and brown in color and 
approaching the consistency of a wax. The hy 
drocarbon-propane mixture still containing cer 
tain of the acids in Solution was then distilled 
to remove the propane. The acids were then ex 

45 tracted from the hydrocarbon phase by the ad 
dition thereto of optimum quantities of alkali. 
his caused the saponification of the acids. The 

aqueous soap solution was then removed as the 
lower phase, the acids being liberated therefrom 

30 by the addition of the proper amount of sulfuric 
acid. The acids thus recovered were water white 
in color and quite fluid even at room temperan 
tures. It is thus seen that even from an analysis 
of the physical appearances of the two types of 

55 oxygenated products extracted from the above 
oxidized hydrocarbon fraction, that the liquid 
propsne had effected a selective separation. 

Eacample II 

60 The following experiment is presented to show 
the characteristics of rejects obtained by pro 
gressive addition of an anti-solvent to the oil sol 
be phase. In this case two gallons of a topped 

light gas oil fraction derived from a California 
65 Waley crude oil stock and having a gravity of 

33.3' A. P. I, and a boiling point range of 383' 
to 60° F. was oxidized for seven hours at an 
average temperature of 300 F. and a pressure 
of 100 lbs. gauge. During this oxidation approxi 

6 mately 300 cubic feet of air was passed through 
the gas oil, the oxidation reaction being carried 
out in the presence of 50 grams of magnesium 
oxide catalyst. The products of oxidation pro 
duced by this oxidation were then decanted to 

85 separate and remove the oil insoluble fraction. 

lar oxygenated products. 

The Supernatant or oil soluble phase was then 
treated twice with liquid propane to produce two 
rejects. For this purpose 2400 grams of the oil 
soluble phase were first commingled with an equal 
volume of propane, the mixture being maintained 5 
at the boiling point of said propane. This 
amounts to approximately -40' F. at atmos 
pheric pressure. The treatment with this quan 
tity of liquid propane caused the formation of a 
reject weighing slightly over 80 grams. This re-10 
ject had an acid number of 80 mg. KOHAg, and 
a saponification value of 183. The relatively high 
Saponification value as compared to the acid 
number of this reject indicates the presence of 
comparatively large quantities of esters and sim- 15 

For the purpose of 
extracting the simple carboxylic acids and simi 
lar Substances, this reject was treated with an 
alkali which saponified the simple carboxylic 
acids and similar substances S'Ich as the easily 20 
saponifiable lactones. After the separation of 
the soap solution from the unsaponified phase, 
and after the liberation of the acids from said 
soaps, as by the addition of requisite quantities 
of a mineral acid, the acidic fraction thus recov- 25 
ered weighed 22.3 grams and had an acid number 
of 163 mg. KOHA'g. An extraction with petrole 
um ether showed that only 3.5 grams, or approx 
imately 13.7% of the acids thus recovered were 
soluble in petroleum ether. These acids had an 30 
acid number of 174 and a saponification value of 
253. On the other hand the petroleum ether 
insoluble acids weighed 18.8 grams, had an acid 
number of 159 and a saponification value of 225. 
To obtain a second reject, additional quantities 35 

of liquid propane at the above mentioned low 
temperatures were added to the oil soluble phase 
until the mixture contained 300 volume percent 
of propane. This treatment produced a second 
reject weighing approximately 137 grams and 40 
having an acid number of 64 and a saponifica 
tion value of 163. As in the previous case, the 
high ratio of the saponification value to the acid 
number indicates that this reject contains con 
siderable quantities of esters. When treated as 45 
described above with reference to the first re 
ject, this second reject produced about 42 grams 
of acids having an acid number of 155. This 
acidic fraction contained slightly less than 7 
grams of petroleum ether soluble acids having an 80 
acid number of 157 and a saponification value 
of 231, the petroleum ether insoluble acids having 
an acid number of 138 mg. KOHAg. 
A comparison of the acid numbers and sa 

ponification values of the petroleum ether solu- 35 
ble and insoluble acids obtained from both of 
these rejects showed that the first reject had 
higher acid numbers and saponification values. 
Also it is to be noted that both rejects predomi 
nated in the petroleum ether insoluble acids as 60 
compared to the quantities of acid Soluble in this 
solvent. 
The acidic fraction still remaining in the oil 

soluble phase after the treatment with liquid 
propane was then extracted by treating the oil 65 
soluble phase with cold caustic solution thereby 
saponifying the acids. These acids were then 
liberated from the soap solution by the Well 
known method of adding the requisite quanti 
ties of a mineral or inorganic acid. The acidic 70 
fraction thus recovered from the propane treated 
oil soluble phase weighed 141.5 grams, had an 
acid number of 168 and a saponification value of 
192. Of this acidic fraction only 23 grams were 
insoluble in petroleum ether, this petroleum in- 6 
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4. 
soluble fraction having an acid number of 163 
and a saponification value of 281. 
As stated above, most of the acids recovered 

from the oil soluble phase after treatment with 
propane were soluble in petroleum ether. These 
petroleum ether soluble acids, weighing about 
118.5 grams were then treated in solution in said 
petroleum ether with small quantities of sulfuric 
acid. Although in the instant case this treat 
ment was carried out with two volume percent of 
80% sulfuric acid, it is to be understood that 
other strengths as well as quantities of sulfuric 
acid or of any other oxygen containing di- or 
tri-basic organic acid may be used with substan 
tially equivalent results. After the separation 
of the sludge produced by this acid treatment, 
the acids recovered after this acid treatment 
weighed about 50 grams and had an acid number 
of 210 mg. KOHA g. and a saponification value 
of 21. This Pacidic fraction was found to be 
substantially soluble in propane and had charac 
teristics similar to those of naphthenic acids. 
As a further modification, the acid treating 

step described above may be carried out on the 
oil-soluble phase soluble in the propane. In such 
a case, the solution in propane (after removal 
of the rejects) is treated with necessary quanti 
ties of a di- or tri-basic inorganic acid. After 
removal of the sludge, the solution is commingled 
with an alkali to saponify the acids. The soap 
Solution may then be removed and treated to 
liberate the acids. These acids will be substan 
tially similar to the acids obtained by the acid 
treatment of the aforementioned petroleum ether 
Soluble acidic fraction. 

Instead of using reagents of the type of alkalies, 
the propane solution may be extracted with ser 
lective solvents, such as aqueous ethyl alcohol, 
sulfur dioxide, aqueous acetic acid and the like, 
thereby extracting the Oxygenated products 
present in the diluted oil-soluble phase. 

2,222,215 
It is obvious that many other changes and 

modifications are within the scope of the present 
invention, and it is therefore to be understood 
that the invention is not to be limited by any 
specific details presented herein, but are to be 
considered as being coextensive with the scope of 
the appended claims. 

I claim: 
l. In a process for resolving products of liquid 

phase oxidation of hydrocarbons, the step of ex 
tracting the hydrocarbon soluble fraction of said 
products of Oxidation with a liquefied normally 
gaseous hydrocarbon adapted to reject an oxy 
genated fraction containing esters and carboxylic 
acids predominantly insoluble in petroleum ether. 

2. In a process according to claim wherein 
the selective solvent is liquid propane. 

3. In a process according to claim 1 wherein 
the selective solvent is liquid propane and where 
in the extraction step is realized at sub-normal 
including freezing temperatures. 

4. A process according to claim 1 wherein the 
extraction step is realized at subnormal and even 
freezing temperatures. 

5. In a process for resolving products of liquid 
phase oxidation of petroleum fractions derived 
from naphthenic, asphalt-base and similar crude 
oil stocks, the steps of separating the oil-soluble 
phase from the fraction insoluble therein, and 
commingling said oil-soluble phase with suc 
cessively increasing quantities of liquid propane 
thereby obtaining a plurality of rejects contain 
ing esters, similar oxygenated products and car 
boxylic acids having progressively lower acid 
numbers and saponification values, said propane 
being maintained in a liquid state by proper regu 
lation of temperature and pressure conditions. 

FREDERICK. J. EWNG. 
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