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12 Claims,

The present invention relates to the production
of oxidation products of hydrocarbons, such as
alcohols, aldehydes and fatty acids, and the ap-
plications is based upon electrolytic - oxidation
of an electrolyte, which is then brought, while in
an oxidized condition, and preferably very soon
after the electrolysis, into contact with a hydro-
carbon in g liquid state, for the production of

" oxidation compounds. - The oxidation compounds
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of the hydrocarbons are generally soluble, to a
considerable extent at least, in the electrolyte

- and can be separated therefrom by a suitable
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method, for example fractional distillation, after
which the electrolyte, after suiteble dilution if
deis!ired, can again be oxidized in the electrolytic
cell, ’
- In a copending application 390,657 filed
September 5, 1929, I have described a process of
refining petroleum products including gasoline
and various others, by treating with an electro-
Iytically oxidized refining agent consisting for
example of dilute sulphuric acid of 35 to 80 per
cent, and preferably around 50 per cent strength.

In the present process I also use such an electro--

lyte which is oxidized electrolytically, and con-
tacted with the liquid oil or petroleum distillate,
the contacting preferably being effected very
shortly after the formation of the oxidized sul-
phurie acid. )

The oxidation of the sulphuric acid may be
-performed by passing a direct current of elec-~

tricity through sulphuric acid of say 50 per cent, -

-although the strength may vary befween about
30 per cent and about 80 per cent, the object

5. of the electrolysis being to form considerable

quantities of oxidation products of sulphuric acid,
such as persulphuric acid, Caro’s acid, and hy-
dregen peroxide, Ozone or oxygen may also be
produced to a considerable extent.

The oxidation of the electrolyte may conven-
iently be performed in a cell having a platinum
anode, and a lead cathode, separated by a suit-

. able ceramic diaphragm, the latter may be in the
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shape of an inverted bowl, and the platinum

" anode may be water-cooled, for example it may
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consist of a coil of platinum tubing through

which cooling water is caused: to flow. The cath- )

ode may be a strip of lead or a lead cup, in the
outer compartment of the cell surrounding the
-bowl ahove referred to. :

From the anode compartment, which thus may
consist of the inverted bowl a small’ open tube
leads upwardly into a superposed receptacle con-
taining the hydrocarbon liquid o be treated.

(CL 204—9)

The oxidized electrolyte from the anode com-
partment of the electrolytic cell passes up through
this tube bubbling into the hydrocarbon, and at
once reacts vigorously therewith giving the hydro-
carbon the appearance of boiling, and bubbles of
gas being formed and escaping from the said oil,
The alcohol produced in the oil by such oxidation,
as well as the aldehydes and fatty acids mostly
dissolve in the acid electrolyte and the exhausted
electrolyte carrying the organic oxidation prod-
ucts in solution, settles to the bottom of the oil

receptable, being drawn off again into the outer-

compartment of the electrolytic cell. This opera-
tion is continued until it is found-that a desired
amount of oxidation has been performed, when
the electrolyte may contain say 5 to 10% of dis-
solved oxidation products of the oil, and the! elec-
trolyte can then be passed to a still and the alco-
hol, aldehyde and fatty acids distilled off, during
which operation of course a good deal of the wa-
ter content of the electrolyte would also distill
off, and the sulphuric acid can then be diluted
to about 50 per cent and cooled and again intro-

duced into the electrolytic cell. If desired a por-.

tion of the electrolyte can be continuously drawn
off, distilled to recover the oxidation products of
the hydrocarbon, diluted, cooled and again con-
tinuously reintroduced into the electrelytic cell.
This mode of separation is given by way ot ex-
ample, and any suitable mode of separation can
be employed. ' . :

The process can he continued until as much as
half of the body of hydrocarbon has been con-
verted into oxidation products. :

The temperature of the liquid in the electrolytic
cell is preferably kept down, for example by the
cooling water in the tubular anode or in any other
suitable manner, preferably to as low as 60° F., or
lower. The lower the temperature of the elec-
trolyte the more stable is the persulphuric acid
-and other oxidation products of the electrolyte.

The hydrocarbon liquid in the treating recep-
tacle should be kept cool enough to prevent ex-
cessive amounts of vaporizaticn of the same, this
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material may be at about ordinary room tem-

perature,

The hydrocarbon liquid may be sulphur-free or
not, and it may contain substantial amounts. of
unsaturated hydrocarbons or not, as desired.
When the said material contains considerable
amounts of olefines or other unsaturated hydro-
carbons of the open chain type, the product of
the process may consist largely of alcohols of
the ethylene series (dihydric alcohols) it is also
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possible to produce alecohols containing more than
two OH groups. : '

without restricting the invention to details, it
is stated that the voltage may be at about 7 to 17,
at 5 to 15 amperes.  In a particular case 18 volts
at 10 amperes gave very satisfactory results. ,

This corresponded to about 50 amperes per

.square decimeter of anode area, and the ratio of

cathode surface to anode surface was about 15:1.
Without restricting the invention to details, the
following examples of the process are given. ‘

Ezample 1

A straight run (uncracked) petroleum ether
boiling between 40° and T0° C. constituted the
starting material. This consisted largely of pen-
tane, hexane and heptane, and was substantially
free from unsaturated hydrocarbons and was also
substantially free from sulphur, The liquid was

.put into the flask above described, which was

positioned over the electrolytic cell with two glass
tubes passing through the bottom of the flask
forming the two passageways above referred {o.
The current was passed between the electrodes,
in this case a current from a 10 volt line, at about

8 amperes was employed. The acid from the -

anodic compartment passed up through the ver-
tical tube into contact with the petroleum ether,
and the bubbles and flow produced gave the latter
the appearance of boiling. The dilute acid sepa-
rated out from the hydrocarbon in the bottom of
the flask, and was allowed to run back into the
outer compartment (cathode compartment) of
the electrolytic cell, adjustment being had by a
suitable valve in the said outlet tube. The tem-
perature in the electrolytic cell was maintained
between 55 and 62° F., and the temperature of the

petroleum ether was about 70 to 72° F. After

being allowed to run for 3 to 5 minutes the
electrolyte was found to contain a considerable
amount of alcohols, including butyl, amyl, hexyl

" and heptyl. After running for 10 to 15 minutes,
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the corresponding aldehydes were found to ‘be
present in the electrolyte to a considerable extent,
and after running for half an hour it was found
that the corresponding Iatty acids were present
in the electrolyte, the concentration of the same
being about 5%. .

‘The solution of the electrolyte was run through
a still, and the organic compounds above referred
to were separated from the same by distillation.
The residual acid was then diluted to 50% and
cooled and brought back into the electrolytic cell,

for regeneration of the oxidizing agent.

Example 2

A cracked petroleum ether, that is to say a
petroleum ether or liquid having a boiling point
range of from about 40 to about 70° C., made by
cracking a heavier petroleum product, was used
as the starting material. The procedure was
carried on as in the above example, and it was

.~ found that a large percentage of dihydric alco-
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hol was produced, and that continued oxidation
gave aldehydes and acids of smaller number of
carbon atoms than the alcohols referred to, a
portion of the same being in the hydrocarbon oil,
but most of the oxidation products going into
solution in the electrolyte. The oxidation prod-
ucts were separated from the acid by the method
above referred to, and the final quantities of oxi-
dation products were recovered from the petro-
leum ether at the end of the operation.

The oxidation product in this case was largely
glycols and oxidation products of the same.

1

- nearly as effective.

1,992,309

Example 3

- Gasoline was first treated in accordance with
the example of the prior application 390,657 above
referred to, for the removal of sulphur. The sul-
phur was largely removed from the gasoline dur-
ing the first four minutes of treatment. The
treatment was then continued giving results simi-
lar to the above, but higher alcohols being largely
produced. In some cases considerable amounts
of butyric acid, together with some of the higher
acids were also produced. i

In some cases cracked gasoline high in olefines
and other unsaturated compounds are found to
give considerable amounts of higher glycols.

It will be understood that the process. can be
accelerated to some extent by the use of suitable
catalytic agents, thus for example cerium sul-
phate can be used as a constituent of the electro-
lyte, along with the sulphuric acid as above de-
scribed,

My tests have indicated that up to 40 or 50%,

-more or less, of the petroleum ether can be con-

verted into the oxidized bodies, by continuing the
running.

While I have referred particularly to low boil-
ing oils, such as petroleum ether and gasoline, I
call attention to the fact that the invention em-
braces the treatment of oils of any degree of vol-
atility or boiling point range, such as kerosenes,
motor oils, and heavier oils, and is not restricted
to the lighter distillates. The invention is equally
applicable whether or not the oils contain sul-
phur compounds or other impurities.

A highly important feature of the present in-
vention resides in bringing the oxidized electro-
Iyte very promptly after its formation into con-
tact with the oil. An electrolyte which has been
allowed to stand, even for a few minutes is not
A mixture containing sul-
phuric acid and persulphuric acid, made for ex-

ample by adding potassium persulphate to a large-

excess of 50% sulphuric acid is not very effective
(if useful at all) for producing the results of the
present process.

The process can be carried out in apparatus
such as is illustrated diagrammatically in the an-
nexed drawing, forming a part of this applica-
tion. :

A receptacle 10, which may be in the form of a
large earthenware jar is provided, and this con-
tains a plate 11 which also can be made of
earthenware, thereby forming an upper and 2
lower compartment. The lower compartment
can be filled with sulphuric acid.of the concen-
tration referred to above. The anode may be a
platinum wire or platinum foil indicated at 12,
this being positioned within a glass bowl or cup
13, which has a spout projecting upwardly
through a hole in the central part of the plate
11, as indicated at 14. The cathode may be a
cylindrical lead cup, open at the top and bottom,
as indicated at 15. Within the lower compart-
ment, and preferably located in and around the
anode cup 13 is a refrigerating coil 16, for main-
taining the liquid in and near the cathode com-
partment at a low temperature, for example at
60° C. or lower.

The receptacle 10 is first filled with electrolyte
up to about the level 17, after which the appa-
ratus is filled with the hydrocarbon oil to be
treated, say up to the level 18. A direct current
is then passed in from the lead 19 to the anode 12,
the. cathode 15 being connected to the lead 20.
‘When the current of electricity is passed, hydro-
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gen is given off at the cathode, which finds its exit
through the pipe 21, and can be suitably utilized.
Water or very dilute sulphuric acid is added from
time to time, through the pipe 22, for maintain-
ing the acid level at 17, and a portion of the elec-
trolyte, will flow upwardly through the passage
14, and will cause considerable stirring in the oil,

nxidizing the oil as indicated above, the spent

sulphuric acid flowing back through the pipe 23,
for reuse in the process. )

I have shown the electrical connections and the
pipe ‘to the refrigerating coil, as passing through
suitable holes in the earthenware tank, but it will
be understood that these can be introduced
through the open upper end of the said tank or
jar, if desired.

I call attention to the fact that gases liberated
at the anode will immediately pass upwardly, and

. will thereby assist the flow of the electrolyte from
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the compartment 13 into the oil, Whereby the said
electrolyte is brought into contact with the oil
very soon after formation of the electrolyte, and
without allowing such decomposition of the elec-
trolyte as would take place on standing for a pro-
tracted period.

I claim:~

1. A process of producing exidation products
from hydrocarbons which comprises oxidizing

sulphuric acid by electrolytic oxidation to form a

product containing oxidation products of sul-
phuric acid, and promptly bringing such oxidized
material into contact with the said hydrocarbon,
whereby the latter is in part oxidized, and sepa-
rating the oxidation product of the hydrocarbon
from said electrolyte.

2. A process of oxidizing hydrocarbons by
bringing oxidation products of sulphuric acid,
containing persulphuric acid, Caro’s acid and hy-
drogen peroxide and containing at least about
20% of water, which oxidation products are un-
stable and would substantially change with loss
of activity, if they were allowed to stand for any
substantial period, into contact with said hydro-

carbons, such bringing together of said materials

being effected promptly after the production of
said oxidation products, and continuing the
treatment until the aqueous acid liquid contains
the desired products of oxidation of said hyro-
carbons, in a substantial amount.

3. A process which comprises circulating a di-
lute sulphuric acid electrolyte containing about
30 to 80% of H2SO04, through an electrolytic cell

and bringing the anodic oxidation product at.

once into contact with a petroleum hydrocarbon,
and continuing such treatment until said elec-
trolyte has accumulated a substantial amount of
oxidation produets of said hydrocarbon, separat-
ing the oxidation products of the hydrocarbon
from the sulphuric acid and reintroducing the
latter, as dilute acid, into said cycle. .

4. A process which comprises circulating a di-
lute sulphuric acid electrolyte through an electro-
lytic cell and bringing the anodic oxidation prod-
ucts at once into contact with a petroleum hy-
drocarbon not substantially more volatile than
gasoline, and continuing such treatment until said
electrolyte has accumulated a substantial amount
of oxidation products of said hydrocarbon, sepa-
rating the oxidation products of the hydrocarbon
from the sulphuric acid and reintroducing the
latter, as dilute acid into said cycle.

5. A process which comprises circulating a di-
lute sulphuric acid electrolyte through an elec-
trolytic cell and then at once into contact with a
hydrocarbon consisting largely of petroleum

3
ether, and continuing such treatment until saic
electrolyte has accumulated a substantial amount
of oxidation products of said hydrocarbon, sep-
arating the oxidation products of the hydrocarbon
from the sulphuric acid and reintroducing the lat-
ter, as dilute acid into said cycle.

6. A process which comprises circulating a di-
lute sulphuric acid of about 30 to 80% strength,
preferably around 50% strength through an elec-
trolytic cell and bringing the anodic oxidation
products at once into contact with an open chain
hydrocarbon, and continuing such treatment until
said electrolyte has accumulated a substantial
amount of oxidation products of said hydrocar-
bon, separating the oxidation products of the
hydrocarbon from the sulphuric acid and rein-~
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troducing the latter, as dilute acid into the said - -

cycle.

7. A process of electrolytically oxidizing an
electrolyte containing dilute sulphuric acid in an
electrolytic cell; surmounted by a treating recep-
tacle at only a short distance therefrom, passing

20

the oxidation product of such electrolysis upward

directly into said treating receptacle into contact
with a low-boiling petroleum fraction, whereby
the latter becomes oxidized and taken up to some

_extent at least by the acid, and thereafter re-

moving the oxidation products of the petroleum
fraction from the residual acid, whereby the lat-
ter is again suitable for use as electrolyte.

8. A process which comprises circulating a di-
lute sulphuric acid electrolyte through an elec-
trolytic cell under conditions capable of oxidizing
the same and into contact with kerosene, and

continuing such treatment until said electrolyte-

has accumulated & substantial amount of oxida-~

. tion products of said hydrocarbon, separating the

oxidation products of the hydrocarbon from the
sulphuric acid and reintroducing the latter, as

-dilute acid into said cycle.

9. A process which comprises circulating a di-
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lute sulphuric acid electrolyte through an elec-

trolytic cell under conditions capable of oxidizing
the same and into contact with a petroleum frac-
tion less volatile than kerosene, and continuing
such treatment until said electrolyte has accumu-
lated a substantial amount of oxidation products
of said hydrocarbon, separating the oxidation
products of the hydrocarbon from the sulphuric
acid and reintroducing the latter, as dilute acid
into said cycle.

" 10. A process which comprises circulating a di-
lute suiphuric acid ‘electrolyte through an
electrolytic cell capable of oxidizing such. acid
and then in contact with a hydrocarbon con-
sisting largely of petroleum ether, and continuing
such treatment until said electrolyte has: ac-
cumulated a substantial amount of oxidation
products of said hydrocarbon, separating the
oxidation products of the hydrocarbon from the
sulphurie acid by distillation and reintroducing
the latter, as dilute acid into said cycle.
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“11. A process which comprises circulating a

dilute sulphuric acid of about 30 to 80% strength,
preferably around 50% strength through an elec-
trolytic cell to oxidize the same and into con-
tact with s petroleum oil hydrocarbon containing
impurities, and contlnumg such treatment until
said electrolyte has accumulated s substantial
amount of oxidation products of said hydrocar-
bon, separating the oxidation products of the
hydrocarbon from the sulphuric acid by distilla-
tion and reintroducing the latter, as dilute acld
into said cycle.

12, A process which comprises circulating a di-
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lute sulphuric acid electrolyte containing about
30 to 80% of HaSOs, through an electrolytic cell
and bringing the anodic oxidation product at once
into contact with a petroleum hydrocarbon, and
5 continuing such treatment until said electrolyte
has accumulated a substarntial amount of oxida-

tion products of said hydrocarbon containing at

least one of the herein described group consist-
ing of alcohol, aldehyde and fatty acid, s3parat- -
ing such oxidation products of hydrocarbon from
the sulphuric acid and reintroducing the iatter,
as dilute acid, into said cycle.

EDGAR W. HULTMAN.,



