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4 Claims.

This invention relates to a method for separat-
ing free hydrogen from gaseous hydrocarbons
containing the same and is of particular appli-
cation in increasing the hydrogen content of re-
cycle gases in processes for treating hydrocarbons
with hydrogen.

There are many processes for treating hydro-
carbon oils and other carbonaceous materials
with hydrogen for the purpose of producing lower
boiling or more valuable products. Among these
may be mentioned destructive hydrogenation in
which a carbonaceous material such as coal or a
heavy hydrocarbon oil is subjected to the action
of hydrogen or gases rich in free hydrogen in
quantities between about 3000 and 10,000 cubic
feet per barrel of oil under pressures of the order
of 20 to 200 or more atmospheres, and at tem-
peratures between 500 and 900° F. while in the
presence of a catalytic material such as an oxide
or sulfide of a metal of the VI group of the
periodic system; hydrofining in which a hydro-
carbon oil boiling substantially in the motor fuel
range is subjected to the action of hydrogen
under pressures between 20 and 200 atmospheres
or more, at temperatures between 900 and 1100°
F. while in the presence of a catalytic material;
hydroforming in which a heavy, viscous hydro-
carbon oil is treated with hydrogen under pres-
sures between 20 and 200 atmospheres, at tem-
peratures between 750 and 850° F. and in the
presence of strongly hydrogenating catalysts such
as molybdenum, chromium or tungsten oxides or
sulfides, etc. More recently processes have been
proposed in which hydrocarbon oils are subjected
to catalytic treatment in the presence of cracking
and reforming catalysts such as adsorptive clays,
acid activated clays of the bentonitic type, syn-
thetic clays such as alumina or silica mixed or
not with other materials such as salts or oxides
or sulfides of metals of the VI group of the peri-
odic system, and also in the presence of hydrogen
under such conditions of temperature, pressure,
partial pressure of hydrogen and space velocity
that there is no net consumption of free hydrogen
but the presence of hydrogen has a substantial
beneficial effect particularly with respect to pro-
longing substantially the active life of the cata-
lyst and also with respect to increasing the yield
and quality of the desired products. This type
of catalytic process is carried out at temperatures
between 850 and 1050° F., preferably 900 to 1000°
F., under pressures between 100 and 1000 pounds
per square inch, preferably 200 to 400 pounds per
square inch, and in the presence of quantities of
hydrogen bhetween 1000 and 6000 cubic feet per

[

10

15

20

30

40

65

barrel of oil, preferably 2000 to 3000 cubic feet
per barrel of oil. Space velocities between .1 and
4 volumes of oil per volume of reactor space per
hour may be used, but it is preferable to use space
velocities between .5 and 1.5 volumes of oil per
volume of reactor space per hour. Under these
conditions adjusted to the particular feed stock,
there is not on'y no net consumption of free hy-
drogen but there may in fact be a net production
of free hydrogen.

In all of the above mentioned types of processes
it is advantageous from a practical and economic
point of view to recycle the uncondensable gases
evolved in the process because these contain sub-
stantial quantities of free hydrogen. A number
of processes have been proposed for concentrating
the hydrogen in these recycle gases by elimination
of the gaseous hydrocarbons. )

The present invention is directed to a new and
novel process for separating the free hydrogen
from gaseous hydrocarbons with which it may be
associated in recycle gases evolved in the above
referred to types of processes. ‘The nature of this
process and the manner in which it may be car-
ried out will be fully understood from the follow-
ing description read with reference to the ac-
companying drawing which is a diagrammatic
view in sectional elevation of one type of ap-
paratus which may be used.

It has been found that the hydrates of gaseous
hydrocarbons may be formed by treating the
gaseous hydrocarbons with water or other aque-
ous media under pressure and at low tempera-
tures. When water is used as the aqueous me-
dium the temperature should be as close to 32°
F. as possible although at higher pressures tem-
peratures between 32 and 40° F. may be satis-
factory. By exposing a gas containing both hy-
drogen and hydrocarbons to this treatment, the
hydrates of the hydrocarbons are formed and
these being solid, the hydrogen can be readily
separated therefrom.

Referring to the drawing, numeral | designates
an inlet line for oil to be treated. The oil passes
through a heating means 2 and thence through
line 3 into a Teactor § Wiich contains a Catalyst
5. Hydrogen or a gas rich in free hydrogen is~ ~
introduced through a line 6 and passes thence
through a heating means 1 and flows through
line 8 which meets line 3 and mixes with the
heated oil. Alternately, the hydrogen may be
mixed with the oil prior to passing through the
heating means by passing through line 8.

The hydrogen and oil are heated to reaction
temperature while under reaction pressure and
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then the mixture passes into the reactor 4, which
is maintained under the required reaction con-
ditions.

The products of reaction leave the reaction
chamber 4 through line {0, pass into a cooling 5
means {{ and then through line 12 into a sepa-
rating means I3 wherein the gaseous and liquid
products are separated. The liquid products are
removed through line {4.

The gaseous products are removed from sepa~ 10
rating means 13 through line 15 and pass thence
through a scrubbing means 16 wherein entrained
liquid products and some gaseous hydrocarbons
are removed by scrubbing with a hydrocarbon oil
or other suitable agent. The scrubbing gas still 15
under reaction pressure leaves the scrubbing
means through line {7 and passes thence through
line 19 into one or more chambers (8 wherein the
hydrates of the hydrocarbon constituents of the
gas—willbe—formed:—In thé drawing only two 20
chambers are shown but it will be understood that
as many as necessary may be used.

Water cooled to a temperature close to 32° F.,
at any rate not above 40° F., is introduced into
chambers {8 through lines 20. The water is pref- 95
erably saturated with the hydrocarbon constit-
uents of the gases prior to use. Of course, after
the process has been in operation some time the
water will become saturated with the hydrocar-

bons and remain saturated. The water may be 30

kept at the required temperature close to 32° F.
by means of cooling coils 21 or any other suit-
able means.

As the gases rise through the water maintained
at close to 32° F'. and under full reaction pressure, 83
the hydrates of the hydrocarbons form, These

BreSoNd erystatiinesubstinces and remain dis-

as sodium, calcium or potassium chlorides, sul-
fates or nitrates, water solutions of alcohols such
as ethyl, isopropyl and butyl alcohols, water so-
lutions of glycerine or ethylene glycol may he
used. In such cases the freezing point of the
solution may he well below 32° F. and therefore
the temperature at which the formation of the
hydrates occurs may be well below 32° F., in fact
at any point above the freezing point of the
particular solution or aqueous medium selected.

This invention is not limited by any theories
of the mechanism of the reaction nor by any
details which have been given merely for pur-
poses of illustration but is Emited only in and by
the following claims in which it is intended to
claim all novelty inherent in the invention.

I claim:

1. Process for increasing the concentration of
free hydrogen in a gas comprising substantial
quINtEies of Tree hydrogen ind hydrocarborns of
one to three carbon atoms which comprises ex-
posing said gas to the action of water under
superatmospheric pressure and at a low temper-

. ature “above the freezing point of water under

conditions such that _solid hydrates of the hydro-
carbons may form, and then separating the re-
maining gas from the solid hydrates.

2. Process for increasing the concentration of
free hydrogen in a gas comprising substantial
quantities of free hydrogen and hydrocarbons of
one to three carbon atoms which comprises ex-
posing said gas to the action of water under a
pressure in excess of 100 pounds per square inch
and at a temperature close to but above 32° F.
under conditions such that solid hydrates of the
hydrocarbons may form, and then separating the
remaining gas from the solid hydrates so formed.

‘SoIved oF suspended in the water. "The Bydrogen 3. Process for increasing the concentration of

passes through unaffected and is removed
through lines 22 and may be returned to the 40
process through line 23. From time to time the
flow of gases may be stopped and the accumu-
lated hydrocarbon hydrates may be decomposed
by warming the water slightly and the hydro-
carbon gases may then be removed through lines 45
19, 17T and 24,

In the operation of the hydrocarbon hydrate
step, it is desirable to use a relatively small quan-
tity of water in comparison with the volume of
gases. For purposes of illustration, however, the gg
chambers 18 have been shown disproportionately
large. The actual quantity of water used will be
very small in relation to the volume of gas, say
about 100 cc. per cubic foot of gas.

It will be understood that the formation of the gz
hydrocarbon hydrates may be accomplished in
other ways than that illustrated. For example,
the water saturated with hydrocarbons may be
contacted with the gases in the form of a fine
spray, or the gases and water may be contacted 80
in other ways to accomplish thorough mixing of
the water and gaseous hydrocarbons.

Although in the description water has been re-
ferred to as the aqueous medium, it should be
understood that other aqueous media may be g5
used. For example, water solutions of salts such

ee hydrogen in a gas obtained in the treatment
of hydrocarbon oils with hydrogen under pres-
sures in excess of 100 pounds per square inch,
said gas comprising substantial quantities of free
hydrogen and hydrocarbons of one to three car-
bon atoms, which comprises exposing said gas
to the action of water under substantially the
same pressure as that under which the gas was
obtained and at a temperature close to but above
32° F., adiusting-ihe temperature, pressure and
quantity of water with relation to each other so
that solid- hydrates of the hydrocarbons may
form, and then separating the remaining gas
from the solid hydrates so formed.

4. Process for increasing the concentration of
free hydrogen in a gas comprising substantial
quantities of free hydrogen and hydrocarbons of
one to three carbon atoms which comprises ex-
posing said gas to the action of water in quan-
tities of about 100 cubic centimeters of water per
cubic foot of gas under superatmospheric pres-
sure and at a low temperature above 32° F., ad-
justing the temperature and pressure with rela-
tion to the quantity of water and the composi-
tion of the gas so that solid hydrates of the
hydrocarbons may form, and then separating the
remaining gas from the solid hydrates so formed.

ALBERT B. WELTY, Jr.



