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This invention relates to oxidation products, 
methods of producing such products, and appa 
ratus or plants for carrying out such methods and 
producing such products, and more particularly 
relates to the oxidation of organic compounds un 
der conditions of control enabling the production 
of substantial quantities of oxygen-containing 
bodies in a relatively low state of Oxidation. 

In the prior art, a great deal of Work has been 
done in the oxidation of organic compounds, par 
ticularly the oxidation of paraffin hydrocarbons 
as found in petroleum, its fractions and distillates, 
and paraffin Wax materials. In such prior art 
methods the conditions of oxidation have been of 
such character that the oxidation reactions have 
reached a far advanced stage, so that the bulk of 
products obtained have been "oxidation' acids 
and derivatives of Sane, With large losses of ma 
terial due to the formation of Substantial quan 
tities of ultimate oxidation productS, Such as Wa 
ter, carbon monoxide, and carbon dioxide. While 
products of a lower order of Oxidation than fatty 
acids, such as alcohols, aldehydes and ketones 
have been produced in such prior art oxidation 
processes, the presence of such products of lower 
stages of oxidation have been, relatively speak 
ing, accidental, since the early products of oxida 
tion react With oxidizing agents more readily than 
do the hydrocarbons, and no methods of control 
Were known or available which did not result in 
very high proportions of acid-containing sub 
stances being produced. Furthermore, the acids 
which were produced were mostly hydroxylated 
or oxygenated, having little value except, per 
haps, when used in conjunction. With natural 
fatty acids in the manufacture of cheap soaps. 
Among the objects of the present invention is 

the production of oxidation products containing 
Substantial quantities of oxygenated derivatives 
in a relatively low order of oxidation with a mini 
mum of the more highly oxidized products, such 
as hydroxy acids, etc. 

Further objects of the present invention in 
clude methods of control which enable Such prod 
ucts of relatively low orders of oxidation to be 
produced in substantial quantities. 

Still further objects and advantages will ap 
pear from the more detailed description set forth 
below, it being understood, however, that this 
more detailed description is given by Way of illus 
tration and explanation only, and not by way of 
limitation, since various changes herein may be 
made by those skilled in the art without depart 
ing from the scope and spirit of the present in 
vention. 
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In illustration of this illustrative disclosure set 
forth below, there is shown in the accompanying 
drawing a diagrammatic representation of appa 
ratus that may be utilized in carrying out the 
present invention. 

In carrying out the present invention, liquid 
phase oxidation is employed, that is, the organic 
materials undergoing oxidative treatment in ac 
Cordance With the present invention, are present 
in liquid or molten condition, and control of the 
character of oxidation products produced is de 
termined by certain changes in the character of 
the liquid material during the course of the oxi 
dition (and not from the standpoint of the ma 
terials volatilized out of the oxidation zone as 
has been the customary practice in the prior art 
methods). It has thus been found possible to 
interrupt the course of the oxidation process, so 
that products containing high quantities of low 
stages of oxidation may be relatively readily ob 
tained, Without the production of inordinate 
quantities of the products of more advanced oxi 
dation such as hydroxylated acids. These meth 
Ods of control which enable high quantities of 
products of low stages of oxidation to be produced 
have been found to be possible even though the 
mechanisms of the oxidation reactions are rela 
tively complex, and secondary reactions are nec 
essarily taking place at the same time that pri 
mary oxidation is being carried out. 

In accordance With the present invention, it 
has been found possible to interrupt the course 
of the oxidation by separating the products of 
oxidation before more than a small percentage of 
the starting material has been attacked by the 
oxidizing agent. Thus, in spite of the hitherto 
uncontrolled tendency of the lower stages of oxi 
dation to become further oxidized, these lower 
stages may be isolated by limiting the Oxidation 
process and the products resulting therefrom in 
accordance with the amount of oxygen absorbed 
by the material undergoing treatment. This be 
Comes possible in accordance with the present in 
vention because the conditions of control are de 
termined by the character of products present in 
the liquid material undergoing oxidation. 
The invention is applicable to a wide variety 

of organic bodies, but due to its importance in 
Connection with the oxidation of hydrocarbon 
materials, the latter will serve to illustrate the 
methods of control desirably employed in carry 
ing Out the present invention. The hydrocarbons 
which may be subjected to treatment in accord 
ance With the present invention are preferably 
aliphatic in character, and particularly those of 
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high molecular weights, such as the solid hydro 
carbon materials present in paraffin or paraffin 
wax materials or fractions thereof, as well as 
the high molecular weight hydrocarbon materials 
present in petroleum or its fractions and dis 
tillates. Furthermore, the narrower the cut of 
such hydrocarbon material which is Subjected to 
oxidation, the greater is the control exercised 
over the character of products produced, since in 
accordance with the present invention the long 
chain molecules are retained as far as possible 
intact, and the oxygen attack is directed to the 
production of oxygen-containing bodies, such as 
secondary alcohols and ketones, which for the 
most part retain the same number of carbon 
atoms as those of the hydrocarbons from which 
they have been produced, and which have con 
siderably higher boiling points than the parent 
compound, this increase in boiling point serving 
as a means of separation of the product. Thus, 
from the higher paraffin hydrocarbon n-C22H46, 
secondary alcohols and ketones are produced 
which have a preponderance of molecules con 
taining twenty-tWO carbon atoms, various so 
mers of the stated alcohols and ketones being 
present in such oxidation products. Similarly, 
the hydrocarbon Ca3H48 under the present inven 
tion yields a preponderance of Secondary alco 
hols and ketones containing twenty-three carbon 
atoms to the molecule. Or if a fraction of par 
affin wax corresponding to n-C23H58 is treated 
in accordance With the present invention, there 
is obtained a large quantity of a mixture of sec 
Ondary alcohols, all having the empirical for 
mula C28H8C, together with 2, Smaller quantity 
of ketones, all having the empirical formula, 
Cass60, Fractions containing C3 hydrocarbons 
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probably represent the upper limit to be utilized. 
in Connection with the present invention where 
distillation without extensive or serious decom 
position is a factor. However, hydrocarbons as 
high as C30 which appear to be present in paraffin 
wax and fractions thereof, and perhaps even 
higher, may be treated in accordance with the 
present invention, particularly where distillation 
with more or less decomposition is permissible. 
Generally the lower limits of hydrocarbons uti 
lized may be represented by hydrocarbons which 
remain liquid under the conditions of the process 
up to several atmospheres pressure. The method 
may be applied to compounds even at their boil 
ing points. Hydrocarbons as low as Cg (boiling 
about 150 under normal pressure) may be 
treated to give lower alcohols that are highly 
desirable, particularly in the solvent field. But 
generally hydrocarbons boiling under normal at 
mospheric pressure not lower than 200° C., thus 
usually beginning with n-C12H26 and higher, 
will be treated in accordance with the present 
invention, 
While, therefore, the invention is applicable 

to hydrocarbon mixtures of various characters, 
particularly those of high molecular weights, 
such as fractions from paraffin wax, or fractions 
from petroleum oils, etc., due to the fact that 
the degradation of the molecule is very restricted 
under the disclosed methods of oxidation herein, 
by using a narrow range boiling point fraction, 
Or a close cut of hydrocarbon material, the na 
ture of the products can be largely directed to 
a molecule containing a carbon content corre 
sponding with that of the cut or fraction em 
ployed for oxidation. Where a mixture, within 
a narrow range of boiling points of hydrocarbon 
materials of high molecular weights are em 
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2,250,468 
ployed, the resulting product will contain mix 
tures of secondary alcohols and ketones having 
a carbon chain corresponding with each of the 
carbon contents of the hydrocarbons present in 
the mixture or cut subjected to oxidation treat 
ment. 

It has been found that the products of such 
liquid phase oxidation may be segregated from 
the oxidation zone at the time that there is such 
preponderance of secondary alcohols and ketones 
in the oxidation products. This can be accom 
plished easily by removing the residual products 
(that is, the products less volatile than the parent 
compound) from the oxidation zone when the 
desired content of secondary alcohols and ke 
tones have been produced-a feature which be 
cones possible because it has been found that the 
oxidation product may be separated from the 
parent compound at that point. This is further 
possible because the absorption of oxygen at such 
point can be limited, and the extent of limitation 
of absorption of oxygen in the liquid products 
undergoing treatment can thus be utilized for 
interrupting the oxidation process, and recovery 
of the relatively low stages of oxidation products. 
Thus if the oxidation is interrupted, or the liquid 
products removed from the oxidation zone at a 
time where the liquid material has reacted with 
One atom of oxygen per ten molecules of hydro 
carbon undergoing treatment, a product pre 
ponderatingly high in secondary alcohols and 
ketones is obtainable. While the ratio of oxygen 
to hydrocarbon material may be somewhat 
greater than that indicated above, that ratio rep 
resents a desirable one at which to interrupt the 
oxidation reaction, and generally the amount of 
Oxygen absorption should not exceed that indi 
cated, but may be considerably less, depending 
On the operating conditions, such as the tem 
peratures at which the oxidation is carried out, 
the presence or absence of catalysts, the use of 
Superatmospheric pressures, etc., under which it 
becomes possible to segregate the product when 
the ratio of reaction of oxygen is considerably 
less, such as one atom of oxygen per twenty 
molecules of hydrocarbon, or one atom of oxygen 
per fifty molecules of hydrocarbon, or one atom 
of oxygen per hundred molecules of hydrocar 
bon, and running up as high as one atom of oxy 
gen to one thousand molecules of hydrocarbon 
undergoing treatment. While higher ratios may 
be used as, for example, one to five or even one 
to two, in such cases higher proportions of acids 
Or esters are produced, and where Secondary 
alcohols and ketones are most desired, the indi. 
cated preferred ratios are better. By restriction 
of the extent of reaction of oxygen as thus set 
forth, it becomes possible to materially increase 
the percentage of the oxidation products of the 
lower order of oxidation, and particularly to 
produce large quantitles of such lower oxidation 
products as secondary alcohols and ketones with 
relatively minor quantities of carboxylic acids. 
While, of course, it must be understood that in 
all these oxidation reactions there is a complex 
production of oxygenated and other derivatives, 
including volatile products and products which 
are non-volatile under the conditions of treat 
ment, products, including solids, containing a 
preponderance of secondary alcohols and ketones, 
less volatile than the original hydrocarbon, are 
readily obtainable. Thus, although in the prod 
lucts from the oxidation zone, primary alcohols 
and fatty acids, mostly having a carbon chain 
less than that of the hydrocarbon material un 
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dergoing treatment, are produced, and the Con 
densates from the gases and vapors from the re 
action zone include complex mixtures of lower 
aldehydes, ketones, alcohols, acid, lactones, etc., 

3 
end of the chain, the lower is the boiling point. 
Thus, in a mixture of isomers of the character 
produced in accordance with the present inven 

, tion, those with the hydroxyl group toward the 
together with water, and which, therefore, segre- 5 
gate into two layers, one aqueous, and the other 
substantially non-aqueous; the bulk of products 
produced under the controlled conditions of 
oxidation of the present invention are the Sec 
ondary alcohols and ketones, the other Oxidation lo 
products being only minor in amount. The true 
gaseous materials produced are substantially 
carbon dioxide, carbon monoxide and hydrogen. 
The temperatures under which the oxidation 

is carried out may vary within, relatively sub- 15 
stantial limits. The actual temperature emi 
ployed depends on a number of considerations, 
including the other conditions of operation. 
Generally, the temperature will be above 100 
C., since below that temperature the rate of 20 
oxidation is too slow for most purposes. Further, 
as a general rule, the temperature will not usually 
exceed. 300 or 350° C., and the preferred range 
of temperatures will lie within that sphere, 
usually from 150 to 250° C. Temperatures of 25 
from 175° C. to 225° C. are particularly desir 
able at which to carry out the processes of the 
present invention when pure synthetic hydrocar 
bons are being oxidized. With petroleum frac 
tions or substances which already contain oxy- 30 
gen, the optimum temperature is usually lower 
than with pure synthetic hydrocarbons, but may 
sometimes be higher. The proportion of sec 
Ondary alcohols is greater the lower the tem 
perature. 
ably carried out to produce large quantities of 
secondary alcohols and ketones, as compared 
with other oxidation products; while the higher 
temperatures, cause more rapid oxidation and a 

Thus at 175 C., the process is desir-35 

center of the carbon chain would boilin the 
C16 range, some 15 or 20° C. lower than those 
with the hydroxyl group on the carbon atom 
next to the end-and some 20 or 25 C. higher 
than the parent hydrocarbon; in the C26 deriv 
atives there would be a proportionate decrease 
in all differences. Since the hydrocarbon, 
n-Ca3H48, boils at around 230° C. under 15 mm. 
pressure, and since the boiling points of its de 
rivative alcohols range between about 245 and 
255 or 260° C., these factors must be taken into 
consideration in determining how high in the 
series it is possible to distill the alcohols with 
out serious decomposition, in effecting separa 
tions. It may be said generally that they are 
fairly stable up to about 300° C. Alcohols de 
rived from n-C28H58 probably represent the ap 
proximate upper limit for distillation without too 
great decomposition. 

It should also be kept in mind in this con 
nection that mixtures of hydrocarbons, such as 
those obtained by fractional distillation of par 
affin Wax, yield more rapid oxidation than syn 
thetic hydrocarbons. (Note that a closely cut 
fraction of paraffin wax will absorb oxygen just 
as fast as a more inclusive fraction, even from 
the very first.) But the rapidity of oxidation 
with such mixtures is more particularly pro 
nounced in the early stages, so that the desired 
products obtained, namely high quantities of sec 
Ondary alcohols and ketones with respect to acids 
or other products, is still obtained. Further 
more, when such mixtures are employed, there 

decrease in the proportion of secondary alco- 40 
hols in the product, with a decided increase in 
the proportion of degradation products. This 
is true, for example, in a comparison of proc 
esses carried out at 175 C. and 225 C., respec 
tively, where the absorption of oxygen is in the 45 
ratio of one atom of \Oxygen to ten molecules 
of hydrocarbon. However, if at a higher tem 
perature, such as 225 C., the oxidation is in 
terrupted when only half as much oxygen has 
been absorbed, that is one atom of oxygen to 50 
twenty molecules of hydrocarbon, the propor 
tions of secondary alcohols: ketones: other prod 
lucts are not vastly different from the ratio of 
those products produced at temperatures of 175° 
C., where the absorption of oxygen is one atom of 5 
oxygen to ten molecules of hydrocarbon. So that 
the temperature employed depends in part on 
the other conditions of operation, the extent of 
absorption of oxygen, the nature and Source of 6 
the material undergoing oxidation, etc. 
The difference in boiling points enables Sepa 

ration of products to be carried out, as indicated 
by the following considerations. Primary alco 

is usually a higher proportion of volatile liquid 
products. 

Pressures may also vary materially, and pres 
Sures both above atmospheric and below atmos 
pheric, as well as atmospheric pressures may 
be employed. Desirably the oxidation is carried 
out at atmospheric or higher pressures, while 
the fractionation of the products from the oxi 
dation Zone may desirably be carried out under 
vacuum. Catalysts may be included and may 
vary in character, such as, for example, metals, 
metallic Salts or oxides, silica gel, pumice, char 
coal, etc. And the process may be operated 
either as a batch process or in a continuous 
ae. . . 
While other types of oxidizing agents may be 

employed, oxygen is the preferred oxygenating 
5 agent, and may be utilized either as pure oxygen, 

0. 

or in the form of air. The presence of mois 
ture, such as in the form of steam, also affects 
the character of products produced. A dry oxy 
gen-containing gas gives less oxidation, particu 
larly at lower temperatures, while moist oxygen 
containing gases favor aldehydic constituents. 
Gaseous catalysts, such as oxides of nitrogen, 

hols with which the present invention is not 65 
greatly or directly concerned, in the range of 
C1sH34O boil about 55' higher than the hydro 
carbon with the same number of carbon atoms. 
As the molecular weight increases, there is a 
progressive decrease in this difference. Thus, 70 
primary n-C26H54O would have a boiling point 
about 35° C. higher than n-C26H54. In general, 
secondary alcohols boil considerably lower than 
primary alcohols of the same empirical formula, 
and the further the hydroxyl group from the 75 

particularly nitrogen peroxide, may be introduced 
in minor quantities, such as 0.5% with the oxy 
gen-containing gases, the products from oxida 
tions carried Out in the presence of oxides of 
nitrogen generally being highly colored, or at , 
least more highly colored than those produced 
in the absence of such catalysts. 
The process is desirably carried out by passing 

the current of oxygen-containing gases through 
the liquid hydrocarbon material heated to the 
desired temperature. The entering oxygen-con 
taining gas may be utilized for mixing or stir 
ring or agitating purposes, or mechanical means 

  



4. 
for causing contact between the entering gas 
and the liquid material may be employed. The 
liquid hydrocarbon material is desirably pre 
heated to the desired temperature before intro 
ducing the oxygen-containing gas, although the 
pre-heating of the liquid material may be car 
lied only to lower temperatures at which Sone 
oxidation will take place before introducing the 
oxygen-containing gas. The oxidation reactions 
are exothermic, so that the heat generated in 
the reaction will serve to maintain the desired 
temperature. If the conditions of the process 
are such that the heat developed during reac 
tion is dissipated materially by radiation or Con 
duction, heating by external means may be nec 
essary to maintain the desired temperature. 
Insulation may also be applied to the walls of 
the reaction chamber to maintain the heat. Or 
where the conditions of operation are such that 
the heat tends to build up, means for dissipat 
ing such heat may be employed, including cool 
ing of the reaction Zone, as by means of fins 
thereon, or the application of cooling material 
to the reaction zone; or the introduction of steam 
or inert gases with the oxygen-containing gases 
may be employed to control the reaction tem perature. 
Warious methods of carrying out the processes 

and producing the described products may be 
employed, as exemplified in the specific examples 
given below. - 

For example, a current of Oxygen was passed 
through the high molecular weight saturated 
paraffin hydrocarbon corresponding with the 
formula 7-Ca2H46 at a temperature maintained 
at approximately 175' C. until one atom of oxy 
gen had been absorbed per ten molecules of hy 
drocarbon. After removal of degradation prod 
ucts and unchanged hydrocarbon by fractional 
distillation, the residual product in the still con 
sisted almost entirely of secondary alcohols and 
ketones, the former in large preponderance, hav 
ing the same carbon chain as was present in the 
original hydrocarbon. Small quantities of pri 
mary alcohols and fatty acids were found, but 
most substances of the latter classes appeared 
to have a shorter carbon chain than the hydron 
carbon treated, since they escaped during the 
fractional distillation. Some of the lower acids 
combined with the alcohols to form esters which 
were essentially non-volatile. Aldehydes of high 
molecular weight and complex Oxidation prod 
ucts, such as hydroxy acids, were not found in 
substantial quantitles. At least ninety percent 
of this residual product consisted of secondary 
alcohols and ketones having twenty-two carbon 
atoms in the molecule, and the secondary alco 
hols themselves constituted at least 65% of the 
product. Some of the acids present also con 
tained twenty-two carbon atoms in the mole 
cule. Of the true gases formed during the oxi 
dation treatment, only carbon dioxide, carbon 
monoxide, and hydrogen were present in any 
Substantial amount. In the volatile products 
given off from the oxidation zone, the acids were 
found to include formic, about 50%, and acetic, 
propionic and butyric, each about 12 to 15%, 
with higher acids in decreasing amounts. The 
total weight of volatile acids was only about 5% 
of the weight of hydrocarbon Oxidized. The 
volatile liquid products also included mixtures of 
aldehydes, ketones, lactones, and alcohols, the 
latter being mostly secondary, but such volatile 
products were relatively small as compared with 
the secondary alcohols and ketones present in 
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the residual material in the still. While such 
still products, constituting the residues from the 
oxidation, include various fatty acids, and very 
small amounts of dibasic, hydroxylated, and oxy 
genated acids, the ketones and secondary alco 
hols preponderate in the product. Thus the 
residual product from such oxidation of this 
hydrocarbon resulted in a direct oxidation prod 
luct preponderating in secondary alcohols and 
ketones having twenty-two carbon atoms in the 
molecule and containing various isomers of such 
alcohols and ketones. The hydrocarbon which 
Was recovered in the fractional distillation was 
reused in a subsequent batch. 

Instead of carrying out the process by the 
batch method referred to, an integral method of 
oxidation may be used. For example, a portion 
of the high molecular weight hydrocarbon 
7-Ca2H6 was oxidized with air until one atom 
of oxygen was absorbed per fifty molecules of 
hydrocarbon at temperatures of 175° C. and 225 
C., respectively. The oxidation mixtures thus 
obtained were subjected to fractional distilla 
tion under reduced pressure (15 mm.) until 90% 
had distilled. The distillates were again oxidized 
to the same slight extent, and then combined 
with the previous residue, and again distilled 
fractionally, leaving slightly greater residues this 
time. These incipient oxidations and subsequent 
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fractionations were repeated a number of times, 
care being taken in the latter step that none of 
the higher boiling oxidation product was re 
moved-which was effected by leaving some hy 
drocarbon in the residue. The final residues ob 
tained weighed approximately 85% as much as 
the original hydrocarbon subjected to treatment, 
and such residues consisted chiefly of oxidation 
products, there being about 10% of unchanged 
hydrocarbon. The products were refluxed in 
butyl alcohol with an excess of sodium hy 
droxide, after which calcium chloride was added 
in order to form the crystalline calcium soaps, 
The butyl alcohol was removed, and the calcium 
soaps and non-acidic constituents were sepa 
rated in the usual way. The residual oxidation 
product obtained by integral incipient oxidation 
at 175 C. was found to consist of about 80% 
Secondary alcohols, about 15% ketones, and 
about 5% acidic constituents, most of the latter 
having carbon chains considerably shorter than 
the original, but the alcohols and ketones show 
ing a carbon content the same as that of the hy 
drocarbon subjected to treatment. At 225° C. 
the corresponding product consisted of about 
60% secondary alcohols, about 15% ketones, and 
about 25% acids, most of the latter again show 
ing unmistakable evidence of degradation. In 
both cases at 175 C. and 225 C., the stream of 
Waste gases carried of quantities of condensable 
(in ice) products of lower molecular weights, 
which in the former case weighed about 10% of 
the weight of the original hydrocarbon, and in 
the latter about 18%. These condensates were 
complex mixtures of lower aldehydes, ketones, 
alcohols, acids, lactones, etc., together with 
Water. The gaseous products consisted of car 
bon dioxide, carbon monoxide and hydrogen. 
Lower hydrocarbons were not found to any sub 
stantial extent in either the gaseous or volatile 
liquid products. 
A closely cut fraction of paraffin wax boiling at 

from 240' to 242 C. at 15 mm. was subjected to 
integral incipient oxidation in the manner de 
scribed immediately above. Oxidation, partic 
ularly in the early stages, was observed to be 
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more rapid than with individual high molecular 
weight Specific hydrocarbons, but the ultimate 
results obtained under the process were not sub 
stantially different. The ratio of higher sec 
ondary alcohols to ketones to acids was about 5 
75:10:15 at 175° C., and about 55:15:30 at 225 
C. A somewhat higher proportion of volatile 
liquid products was obtained at each tempera 
ture; that is, about 15 and 25%, respectively. 

Here again, the products obtained include the 10 
preponderating proportions of secondary alco 
hols and ketones, and particularly those having 
a carbon content corresponding with that of the 
hydrocarbon from which produced. Thus in 
the treatment of a fraction of paraffin wax cor- 15 
responding with n-C28H58, there was obtained a 
large quantity of a mixture of secondary alco 
hols, all having the empirical formula, C28H58O, 
and a smaller quantity of ketones all having the 
empirical formula C28H56O. 
These processes of producing higher Secondary 

alcohols and ketones by the "integral' (that is, 
continuously incipient) oxidation of higher frac 
tions of petroleum hydrocarbons, fractions of 
paraffin wax, high molecular weight paraffin and 25 
other hydrocarbons, etc., may be carried out in 
a continuous manner by effecting the continuous 
renoval of products from the field of Oxidation 
as soon as expedient after formation, in order 

20 

to prevent their destruction by progressive oxi- 30. 
dation. This result may, for example, be ef 
fected by use of a fractionating column into 
which the slightly oxidized hydrocarbon fraction 
passes continuously, the higher boiling alcohols 
and ketones, etc., being swept by reflux into the 35 
still below, where they accumulate. The unoxi 
dized portion and the lower boiling products of 
oxidation (such as lower alcohols, ketones, acids, 
unsaturated hydrocarbons, etc.) go to the top of 
the column where a low boiling cut consisting 40 
of degradation products may be taken off if de 
sired. At a lower plate hydrocarbon having al 
most the original composition may be taken off, 
and such hydrocarbon recirculated to the Oxi 
dizer, and thence back to the fractionating col- 45 
umn. Fresh hydrocarbon fraction of the same 
boiling point as the original is fed to the oxida 
tion zone continuously to replace that removed 
by oxidation. It is to be noted that the oxidation 
proceeds at a higher rate (which is particularly 50 
desirable at temperatures of 150° C. and lower) 
if the substance being oxidized contains a small 
quantity of oxidation product. This is best 
achieved under such continuous method by al 
lowing a portion, or perhaps all, of the degrada- 55 
tion product to go to the oxidizer, together with 
the recirculated hydrocarbon. 
The drawing illustrates a diagrammatic ap 

paratus that can be utilized in carrying Out such 
continuous process. A column consisting of 60 
any type of column suitable for liquid phase OXi 
dation, such as a trickle column, and which may 
contain baffles, contact elements, etc., if desired, 
is maintained desirably at atmospheric or higher 
pressure, the principal portion of the hydrocar- 65 
bon materials to undergo treatment being ob 
tained from the condenser described below. Air 
or oxygen is introduced through the valved pipe 
2, while exhaust gases may be taken off from 
the valved outlet 3, which may be fitted with a 0 
condenser, if desired. From the bottom of col 
umn i, the products of incipient oxidation are 
carried together with large quantities of un 
changed hydrocarbon through pipe line 4, pro 
vided with valve 5, to the fractionating column 75 

5 
6, the latter desirably operating under vacuum. 
In column 6 the partially oxidized hydrocarbon 
is subjected to fractionation. The liquid prod 
licts from column 6 pass through valved outlet 7 
into the still 8, maintained at the desired tem 
perature for removal of any unoxidized hydro 
carbons, oxygenated degradation products, etc., 
So that the residues in the still contain the de 
sired Secondary alcohol and ketone, or related: 
products, which may be drawn off from the still 
as desired through the valved outlet 9. The pipe 
?o having valve if returns the products distilled 
out of still 8 to the bottom of the column 6. Hy 
drocarbon vapors together with some degradatio 
oxygenated products pass out of column 6through 
the valved outlet 2 to a condenser 3, the con 
densate from which passes into column . The 
fresh hydrocarbon material desired for treatment 
may be introduced, either into the fractionating 
column 6, as through the valved inlet 4, or into 
the trickle column through the valved inlet 5. 
Such apparatus may be operated in the manner 
described immediately above, particularly in the 
Oxidation of the higher molecular weight paraf 
fin hydrocarbons in the production of large quan 
tities of Secondary alcohols and ketones. 
These methods enable the production of large 

quantities of secondary alcohols and ketones, as 
well as other products, and derivatives of sec 
Ondary alcohols and ketones by commercially 
feasible methods at relatively low cost. New 
types of products are thus obtainable, which have 
never heretofore been produced in the art. The 
secondary alcohols and ketones may be readily 
separated from the acids present in the liquid 
phase oxidation residual products by treatment 
with alkali and distillation, the acids remaining 
fixed, and the secondary alcohols and ketones 
being distilled over. The secondary alcohols 
and ketones may also be readily segregat 
ed as groups from each other by methods 
which are generally known, such as chemical 
combination of the alcohols with phthalic an 
hydride or sulphuric acid. 
As noted, the Secondary alcohols predominate 

in the product, and if desired the ketones may 
be reduced by catalytic or chemical means and 
converted into further quantities of secondary 
alcohols. Or if desired the secondary alcohols 
can be readily oxidized to ketones, either chemi 
cally or by controlled air oxidation in presence or 
absence of a catalyst. The secondary alcohols 
are a mixture including most if not all of the 
possible isomers from the given hydrocarbon, 
Some of the isomers being present to much great 
er extent than others, however. Segregation of 
individual isomers is not essential, since the Com 
plex mixture of isomeric products may be utilized 
as an entity, and, indeed, is often to be preferred 
to an individual species as, for example, in the 
preparation of synthetic Waxes. Thus the alco 
hols may be converted into esters of either or 
ganic or inorganic acids, and desirably may be 
esterified with the higher fatty acids, such as 
lauric, stearic, or oleic, or other acids, such as 
dibasic acids, for example, to form waxes. High 
ly valuable synthetic waxes may be produced in 
this way, and products substantially water white 
in color obtained if both the alcohol and acid 
are distilled shortly before being combined to 
form the esters. Esterification of such secondary 
alcohols may take place with acids from an ex 
traneous source, or from acids produced by the 
oxidation. 
The Secondary alcohols may be converted into 
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so-called sulfonated alcohols (which are really 
sulfated alcohols) and sold commercially in the 
form of their sodium Salts. These products it will 
be noted will be derived from the secondary al 
cohols, and offer new derivatives of great moment 
in the art, since the Secondary alcohols and their 
derivatives are very much more soluble in or 
ganic Solvents than are the products derived 
from primary alcohols, and emulsify even more 
readily in aqueous solutions. Thus in the form 
of detergents, detergents prepared from the sec 
ondary alcohols are better than those prepared 
from primary alcohols, and, further, detergents 
and Wetting agents prepared from the very high 
molecular weight secondary alcohols are, in gen 
eral, more efficient than those prepared from 
secondary alcohols in the molecular weight range 
of the primary alcohols ordinarily used in the 
prior art for preparing detergents. Thus the 
alkali or alkaline earth salts of half esters with 
phthalic anhydride or sulfuric acid may be en 
ployed as very stable emulsifying agents or deter 
gents of great value, Superior to even the deriva 
tives of primary alcohols now on the market 
under such names as "Dreft" and "Gardinol." 
The new types of detergents derived from the 
combination of these secondary alcohols with 
phthalic anhydride, for example, possess certain 
valuable advantages over known prior art prod 
ucts, as, for example, in the processing of textiles. 
These alcohols may be employed in preparing 

oil-soluble metallic salts of half phthalates, half 
sulfates, etc., partial phosphates, and so on, to be 
used as driers. Thus derivatives of lead, cobalt, 
manganese, etc., of this character may be pro 
duced. 

It is thus apparent that aside from the use of 
the derivatives themselves, the secondary alco 
hols may be converted into a variety of con 
pounds, such as the alkali or alkaline earth salts 
of the half phthalates, and other partial esters, 
as detergents, or into a wide variety of metallic 
salts of the half phthalates and other partial es 
ters as driers, etc., for valuable exploitation in the 
art. The waxes produced from these synthetic 
secondary alcohols and a variety of monobasic 
and polybasic acids enable the production of 
snow-white waxes with a wide variety of melting 
points and other properties to be produced for 
use in lacquers or other surface finishes, syn 
thetic resins, etc. 

In the production of driers, the various metal 
Salts may be employed as indicated above, and 
in general various alkali or alkaline earth salts, 
and other metallic salts of partial esters with 
Organic or mineral acids, such as phthalic, sul 
furic, phosphoric, etc., may be produced. The 
half phthalates, as well as other partial ester 
salts are soluble in petroleum hydrocarbonis' and 
in a wide variety of organic solvents, in which 
characteristic they far exceed similar derivatives 
of primary alcohols. 

Instead of Conversion into other derivatives, 
the secondary alcohols may be employed as such, 
as, for example, for addition to mineral oils with 
in the lubricating range to enhance the desired 
properties of such lubricating oils. 

Similarly the ketones may be converted to 
secondary alcohols by reduction, and utilized in 
that form in any of the manners set forth above, 
or the ketones may be employed as such without 
any necessary Segregation of individual Con 
ponents therefrom, the product or entity being 
used as such. They may be added to lubricating 
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Also, the ketones may be combined with hydro 
cyanic acid to form hydroxy nitriles which may 
be hydrolyzed to form alpha-hydroxydialkylacetic 
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to alpha amino-dialkyl acetic acids, 

acids. These latter are readily dehydrated and/ 
or reduced to alpha, beta dialykyl acrylic acids 
and/or dialkyl acetic acids. The hydroxynitriles 
are readily converted into amino nitriles, thence 

The Sub 
stituted acrylic acids and addition products and 
other derivatives of same, as well as the other 
branched chain acids, offer attractive possibili 
ties in a number of fields. The salts of the 
higher dialkyl acetic acids are soluble in oils, in 
contradistinction to those of the higher straight 
chain acids. 
The fatty acids produced under the conditions 

set forth hereinabove are not generally exten 
sively Oxygenated Or hydroxylated, and hence are 
highly valuable in the making of soap, or in the 
preparation of Waxes, as by combination with the 
Secondary alcohols formed in the oxidation it 
Self. 
The volatile condensible products, as indicated 

above, represent a very highly complex mixture 
including acids, aldehydes, ketones, and lactones 
particularly as the more important components 
therefrom, from which desired components or 
groups of components may be segregated as de 
Sired. 
While the invention has been particularly em 

phasized by illustration in connection with the 
oxidation of high molecular weight paraffin hy 
drocarbons of saturated character, it may be em 
ployed in the oxidation of other types of deriva 
tives, both hydrocarbon and hydrocarbon deriva 
tives, including saturated and unsaturated hy 
drocarbons, particularly of the paraffin type, and 
more particularly of high molecular weight, and 
both liquid and solid paraffin hydrocarbons may 
thus be treated to produce valuable products. 
Unsaturated paraffin hydrocarbons or aliphatics 
may be treated, as well as fractions of various 
types, both liquid and solid, obtained from petro 
leum, aromatic hydrocarbons, etc. Thus 
branched chain compounds may be oxidized in 
accordance with the present invention. Such 
compounds ordinarily absorb oxygen at the ter 
tlary C atom. The tertiary alcohol so formed is 
generally unstable, and would be dehydrated to 
form asymetric dialkyl or trialkyl ethylenes, 
which may be further oxidized to form ketones 
and lower aldehydes. Other types of products 
may also desirably be treated in accordance with 
the present invention, including fatty acids or 
their esters, and other long chain compounds. 
The process may thus be applied to oxidation of 
any constant boiling organic compound, mixture, 
or azeotrope to produce derivatives that can be 
Separated by fractional distillation, and the car 
bon content of which corresponds closely with 
that of the compound subjected to oxidation. 
Thus fatty esters may be oxidized to mono-hy 
droxylated fatty acid esters, and chlorinated hy 
drocarbons to chlorhydrins. The latter class may 
later be converted to aminohydrins, thence to 
amino or anilino-waxes or resins, etc. 

Controlled oxidation of mono- or di-, etc., chlo 
rinated hydrocarbons yields a large percentage 
of mono-, di, etc., chlorhydrins. These are high 
ly valuable compounds. For example, they may 
be caused to react with ammonia, aniline, alkyl 
cyanides, etc. to form aminohydrins. anilinohy 
drins, cyanohydrins, etc., which are of value in 
several manufacturing processes, for example, in 

oils for desirable improvement in properties. 75 the formulation of synthetic resins, of hydroxy 
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secondary alkyl amides, or of amino or anilino 
alkyl derivatives, or of monohydroxy acids. 

Having thus set forth my invention, I claim: 
1. The process of producing oxidation products 

which comprises subjecting a heated high molec 
ular weight paraffin hydrocarbon in liquid condi 
tion to the action of an oxygen-containing gas 
until not more than one atom of oxygen per two 
moles of hydrocarbon has been absorbed to pro 
duce a product containing a preponderance of 
Secondary alcohols and ketones, and removing 
the oxidation product when it contains a prepon 
derance of secondary alcohols and ketones. 

2. The process of producing oxidation products 
which comprises subjecting a heated mixture of 
high molecular weight paraffin hydrocarbons in 
liquid condition to the action of an oxygen-con 
taining gas until not more than one atom of oxy 
gen per ten moles of hydrocarbon has been ab 
sorbed, and removing the liquid oxidation prod 
lict from the Oxidation zone, 

3. The process of producing oxidation products 
which comprises subjecting a constant boiling 
Organic composition while in liquid condition and 
at a temperature above 100° C. to the action of an 
oxygen-containing gas until not more than one 
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removing the liquid oxidation product when it 
contains a preponderance of Secondary alcohols 
and ketones. 

7. The process of producing oxidation prod 
lucts which comprises subjecting a heated com 
position containing a paraffin hydrocarbon in 
liquid condition and having a carbon content of 
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atom of oxygen per two moles of hydrocarbon 
has been absorbed to produce a product contain 
ing a preponderance of hydroxylated bodies is 
obtained, and removing such product while con 
taining a preponderance of hydroxylated bodies. 

4. The process of producing oxidation prod 
lucts which comprises subjecting a heated com 
position containing a high molecular weight par 
affin hydrocarbon in liquid condition to the ac 
tion of oxygen until the oxygen absorbed amounts 
to from One atom of oxygen per ten moles of hy 
drocarbon to one atom of oxygen to one thousand 
moles of hydrocarbon, and removing the liquid 
oxidation product from the oxidation zone. 

5. The continuous method of producing oxida 
tion products which comprises subjecting a 
heated high molecular weight paraffin hydrocar 
bon in liquid condition to incipient oxidation un 
till not more than one atom of oxygen per two 
moles of hydrocarbon has been absorbed to pro 
duce a product containing a preponderance of 
secondary alcohols and ketones, removing the 
liquid oxidation product from the oxidation zone, 
segregating the secondary alcohols and ketones in 
substantial amount from the liquid oxidation 
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product, and returning the unoxidized portion to 
the gidation ZOne for further oxidation treat 
e 
6. The process of producing oxidation products 

which comprises subjecting a heated composition 
containing a paraffin hydrocarbon in liquid con 
dition and having a carbon content of from C9Hao 
to Cotea attemperatures between 100°C, and 350° 
C. to the action of an oxygen-containing gas un 
till not more than one atom of oxygen per ten 
moles of hydrocarbon has been absorbed, and 
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from C12H28 to C28H58 at temperatures between 
100° C. and 350° C. to the action of an oxygen 
containing gas until not more than one atom of 
Oxygen per ten moles of hydrocarbon has been 
absorbed, and removing the liquid oxidation 
product from the oxidation zone when it contains 
a preponderance of second alcohols and ketones. 

8. The method of producing oxidation products 
which comprises subjecting a heated high molec 
ular weight paraffin hydrocarbon in liquid condi 
tion to incipient oxidation until not more than 
One aton of Oxygen per two mols of hydrocar 
bon has been absorbed to produce a product con 
taining a preponderance of secondary alcohols 
and ketones, removing the liquid oxidation prod 
luct from the Oxidation Zone and segregating the 
secondary alcohols and ketones in substantial 
amount from the liquid Oxidation product, 

9. The method of producing oxidation prod 
lucts which comprises subjecting a heated high 
molecular weight paraffin hydrocarbon in liquid 
condition to incipient oxidation until not more 
than one atom of oxygen per ten mols of hydro 
carbon has been absorbed to produce a product 
containing a preponderance of Secondary alcohols 
and ketones, removing the liquid oxidation prod 
uct from the oxidation zone and segregating the 
Secondary alcohols and ketones in substantial 
amount from the liquid oxidation product, 

10. A liquid phase direct oxidation product of a 
high molecular weight paraffin hydrocarbon, said 
product Containing a complex mixture of isomer 
ic Secondary alcohols and isomeric ketones, the 
isomers having any single carbon value selected 
from the group consisting of from nine to thirty 
carbon atoms. 

11. A liquid phase direct oxidation product of 
a high molecular weight paraffin hydrocarbon, 
said product containing a complex mixture of 
isomeric secondary alcohols, the isomers having 
any single carbon value selected from the group 
consisting of from twelve to twenty-eight carbon 
atoms. 

12. A liquid phase direct Oxidation product of 
a high molecular weight paraffin hydrocarbon, 
said product containing a complex mixture of iso 
meric ketones, the somers having any single car 
bOn value selected from the group consisting of 
from twelve to twenty-eight carbon atoms. 

13. The liquid phase direct oxidation product 
of a high molecular weight paraffin hydrocarbon, 

product containing a complex mixture of iso 
meric secondary alcohols and isomeric ketones 

process of claim 1. resulting from the 
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