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This invention relates to a method of sepurating two
gases having boiling temperatures which closely approach
each other.

It is known that the separation of two gases having
close boiling temperatures is practically impossible or too
expensive, when using the normal processes of distillation
and rectification. It has been suggesied that such separa-
tions can be facilitated by employing fractional absorp-
tion processes or extractive distillation, in conjunction
with & selective =olvent, Such proccsses have been dis-
cussed by this patentee in Ullmanns Encyklopiidie der
Technischen Chemie, 1951, vol, 1, page 407; in Chimica ¢
Industria, 24, 43 (1942); and by this patentee and G. F,
Mattei in Chimics e Industria, 24, 271 (1942).

However, these processes furn out to be very expen-
sive, if practiced on an industrial scale, particularly if
the solubility of the gases in the solvent employed is very
low and it is for this renson that the sepuration, for gx-
ample, of butadiens from hotylene by means of solvents
having & higher boiling lemperature than that of furfural,
bas found no commercial application.

Whenever the solubility of the gases in a given solvent
is very low, large quantities of the solvent are reqguired
and the cost of an opeiativg resulting in complete de-
gasifleation of the solvent by hesting uneconom-
ical. On the other hand, if the solvent is returned into
the cycle without complete degassing, the yields attained
in the separation process decrease considerably.

Now it has been found that a relatively inexpensive
continuous separation with practically complete recovery
of the components at bigh concentration may be obtained
in certamn cases by siripping the solvent solution after
deaassing with the less swluble component of lhe o
gases,

it is surprising that such & process should solve certain
fractionating problems becuuse at first sight it appears
incredible to recombine a solvent with the previously
separatcd less suluble gas and to purposely recycle with
the solvent the less soluble gas, 1o bring it in contact with
new gaseous mixture,

However, in many cases such a process proves to be
surprisingly advantageous, particularly in cases where it
would be necessary to heat the solvent o a high temper-
ature or to subjeci it to a high vacoem for complete de-
gasing and regenerating,

Furthermore, the progess according to the present in-
vention permits to operatc ot cconouicully low pressures
and with low gas concentrations in the solvent solution;
thus under conditions at which. the selectivity of the sol-
vent is highest.

The apparatus and operative sleps of the herein dis-
closed cyclic process consist essentially of a fractionating
column 1 with an inlet at the middle zone for the mixture
of gases (A-L-B) which are to be separated, If required,
the gascous mixture may be entered under pressure. To-
gether with the fresh gas mixture another gas mixture
(A+B) which is recycled from a stripping column 4 is
fed 1o column 1. The !m-umoduuuﬂmuumdly
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of a different percentage compaosition than that of the
fresh gases.

The solvent QQ, coming from the stripper 4, is fed near
the top of column 1, stripped of the gaseous component
A but retzining the gaseous component B, Discharged at
the top is the Jess saluble Easeous component B, a portion
of which is passed 1o the stripping colutnn 4 while the
remainder is removed as separated product B, This last-
named portion is practically equal to the quantity of gas
H contained in the fresh gascs (A=-B) emering column 1.

Recycled gas A, coming from the degasifier 3, enters,
after previous compression, near the bottom of the frac-
tionating column 1, and solvent enriched by the more
soluble gaseous component (Q+A) is wken off at the
hottom of the column,

The fractionating apparatus may consist of one of the
usual plate rectifying colurnns (preferably with about ten
plates) or of a column packed, for example, with Raschig
rings.  Generally, the rectifying column shouid be rela-
tively high.

The solution (Q+A4) coming from column 1 js ex-
pended in the degasifier 3 from a pressure p; to a pressure
3, to liberate a considerable portion of dissolved gas A.
Such degasification iy sided by heating, if necessary. Paet
of the liberated gas A is compressed and returned o col-
umn I as reflux. The remaining part is removed as sep-
arated and recovered product A in an amount which is
practicaily equal to the quantity of g2s A contained in
the mixture of the fresh goses (A+-R) entered into the
cycle.

The salvent which comes from the degasifier and still
contains u portion of gas A in solution is treated counter-
currently with gas B coming fiom eoluma 4.

The last-named operation is carried out in the stripper
4. This column may be of the plate-or-packed type (e. 8
Raschigcolumn) similar to column 1.

The gas leaving the column 4 is added to the fresh
gases entered into the cycle, and the solvent which has
heen stripped of gas A, bt still contains gas B, is re-
turned to the top of column 1,

The attached drawing is a schematic illustration of
the equipment and the cyclic process. The operation may
be carried out under practically isothermal conditions,
Therefore, it is not Becessiry 1o have recourse to external
heat in order to retirn the more soluble component A
into the column 1, cantrary 1o the requirements of an ex.
tractive distiflation,

Of course, if waste heat or other low cost heat is avail-
able (e. g surplus hot water from other parts of the
plant), it may be convenien: to heat the solvent during
the degassing in order 1o increase the quantity of liberated
Bus A before completing the <degasification-regeneration of
the solvent Q by stripping it by means of the less soluble
Eas component B,

In general, the pressure P4 of the stripper is the low-
est of the eycle if it is not equal to the pressure s of
the degasifying apparatus 3.

In cose of @ substantislly isothermal procedure,
the bigger the difference between the pressure p; of the
fractionating column 1 and the pressure py of the strip-
per 4, the lower may be the selectivity of the solvem,

Let « be the cocfficient of solubility of the more sol-
ubhwcmucommmA.m,athatofmeleuwluhle
component B, such solubilities being expressed in terms
of volume wnits (i. e., at 0° C, and 760 mm. Hg) of gas
which can be dissoived at a pressure of one a bere
absqlmc n a given volume wait of the solvent st the op-
Crating temperature, and let ~ be equal to the ratio 3/,
then, according to my experiments, the pressure m of
the fractionating column 1t must be higher than
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{wherein ja is the pressure in the degasification stage),
10 obtain optimum separation of the gases by means of
the present cyclic process. The selection of a suitable
pressure g, usually equal to or slightly greater than
atmospheric pressure, permits the establishment of a
theoretical minimum value for pu.

Gienerally, however, for economic reasons it is pref-
erable to operate al pressures ;i whizh are much higher
than the minimum value derived from the foregoing For-
muta 1.

The minimum theoretical volume for Q (regenerated
solvent to be fed to column 1 per time unit) depends
upon the amount of gasevus mixture 44-B fed per time
unit to column 1.

~ _A+B -

Q> B —prZa—8)

wherein A and B are the volume units of the more sol-

uble and the less soluble gas, respectively, in the initial

mixture introduced into the cycle per time unit, py and

73 are the pressures in the fractionating and degasify-

ing columns, respectively. and a and £ are the solubility

coefficients (at the temperature of the fractionating stage)

of the more soluble and the less soluble gascous compo-
nents.

Generally, in order to obtain good resits, it is desir-
able to opcratc with guantitiss of solvent which are some-
what larger than those indicated by Formula IL

The quantity of reflux gas A 1o re-cnter at the bottom
of column 1 is preferably such so as to obtain a solvent
effluent from the fractionating column which is prac-
tically saturated with component A.

The amount of this gaseous reflux is the difference
between the amount of gas A liberated during degasifi-
cation at the pressure pa in the degasifying apparatus 3
and the amount of pac discharged from the cvele after
leaving the degasifier,

The amount discharged is normally ahout equal 1o
the amount of the more soluble component A contained
in the initial mixture A-B8.

If the degassing step is suppoited by heat, the proce
dure is equivalent to operating the degasifier at a lower
pressure p. As a result, the fractionating column 1
may be operated at a pressure p: which is correspond-
ingly lower than that required for an operation under iso-
thermal conditions. Heating of the degasifier changes
the limitations set forth in Formula 1 for the ratio be-
tween the operation pressures py and pa.

The Formulse | and I, which refer to isothermal
copditions, may be suitably changed by suihatitating for
pressure g3 4 pressure e derived as follows:

2y aly

2Ty P
wherein &n iz the sulubility of the gas A nt o tempera-
ture  (the actual temperature in the degasifier), an is
the solubility of the same gas, at the same pressure but
at the temperature 71 of the fractionating column 1, ;2
is the pressure in the degasification stage and v is the
ratio A/a of the solubility cocfficients (at the tempera-
ture of the fractionating stage) a and @ of the more sol-
uble and less soluble gassous components, respectively,
expressed in volume units of these components 4t a pres-
sure of one atmesphere absolute in ane volume unit of
the solvent.

Where the degasification of the solvent leaving the
fractionating column 1 is effected by heating. the volume
of the regenerated solvent Q1 which is to be fed at a
time unit into the fractionsting column is determined by
means of the following relation.

oo AB)
P 8) — piat( 2a— B)
afy

(i

(11D

(1V)

wherein A and B are the volumes of the more soluble
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and less soluble gas, respectively, in the initial mixture
introduced into the cycle per time unit, p: is the pressure
at the fractionating stage, and /m, «, af, =i and g are
as defined in connection with Formula L

Where solvents arc employed which have a low sol-
vent capacity for the gases under consideration, it is
necessary to use large quantities of solvent. In such &
case, the consumption of energy for compressing the sol-
vent from the pressure of the stripping column 4 1o that
of the fractionating column 1 can be reduced by utiliziog
the energy st free in the expansion of the solution from
the pressure p: of the fractionating column to the pres-
sure m of degasification.

For example, the herein-described process lemds itsel
particularly to the separation of butadiene from 1-butyl-
ene, if as the selective solvent an unsaturated hydrocarbon
is employed which has a high boiling temperature, such
as, for instance, tetraline or anthracene oil, which dis-
solve more butadiene than butylene.

The present invention is also suitable for the separation
of 2-butene from n-butane by using kigh boiling solvents,
preferably oxygenated ketonic compounds, or esters, poly-
esters or substituted amides which dissolve more of the
butylene than of the 2-butene. Similarly, the process is
applicable for many other binary separations of the afore-
mentioned type.

Example

For the purpose of illustrating, but without limiting the
present inveation, the separation of a gascous mixture of
100 volume units consisting of T0% by volume butylene
(B) and 30% of butadiene (A) i described. The gase-
ous mixture coming from stripper 4 consists of 18 volumes
of the gas B and about an equal amount of the gas A.
Employing anthracene oil as the solvent and fraction-
ating a1 28° C. and about 2 atm. pressure, the recovered
goses are free from selvent vapors hecause the solvent
is not very volatile. However, it is also not very selective
(~v==about 0.5).

Slightly more than 2 volume units of solvent are needed
for every 100 volume units of gas mixture.

“The amount of reflux gas is slightly less than 2.5 times
the volume of the mixture of fresh gases entering into
column |. The degasifier is operated at atmospheric

- pressure while heating to 75° o 80° C.

The production of butadiene (A) separated from the
cycle by means of the degasifier corresponds to about 30
volume units. The purity of the separated product is
better than 96% to 98%. Considerably higher purities
are obtained if tetraline or dimethylformamide is em-
pluyed as solveat instcad of anthrasens gil. The solvent
leaving the degasifier contains 8 to 9 volume units of dis-
solved butadiene per volume unit of solvent and is stripped
at atmospheric pressure in countercurrent with hutylene.

In the above case, there are employed about 18 volume
units of 80% butylene tor every 100 velume units of the
fresh gas mixture.

The solubility cocflicients in anthracene oil at 28° C.
are:

a==51 for butadiene (A)
=15 for butylene (B).

1 claim as my invenlion:

1. A continyous process for separating a gascous mix-
wre of two matcrials having substantially close boiling
points, comprising intumately tacting in a fractionat
ing column the gascous mixture with a solvent which 15
selective with respect to said two materials, recovering
as a first scparation product one portion of that of said
two materials which is less soluble in said selective sol-
vent and is discharged at the top of said fractionating
column, subjecting the solvent effluent from said frac-
tionating column containing substantially all of the ma-
terial which is more soluble in said solvent to a degassing
process, recovering as a second separation product a por-
tlop of the gascous release of said degassing process, e
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cycling a second portion of said gaseous release to the
bottom of said fractionating column, entering the solvent
solution which, after said degassing, contsins a residual
portion of said material which is more soluble in said
solvent near the top of a stripping column, passing i,
within said stripping column, in countercurrent flow with
a second ion of that of said two materials which is
less soluble in said selective solvent and is discharged
at the top of said fractionating column, recycling the
effluent of said stripping column to the top of said frac-
tionating column, and recycling the gascous mixture of
said two materials which is discharged at the top of said
stripping column in contact with untreated mixture of
said two goseous materinls which is about 10 enter said
fractionating column.

2. The process according to claim 1, being carried out
at a substantially uniform temperature throughout the
fractionating stage, the degasilying stage, and the strip-
ping stage.

3. The process according to claim 1, wherein the pres-
sure p1 within the fractionating column is determined by
the relation

Pl>f_:
wherein py is the pressure applied at the degasification
stage and y is the ratio §/a, « being the solubility co-
efficient of the mare soluble gaseous component and g
the solubility coefficient of the less soluble gassous com-
ponent, said solubility coefficients expressing the number
of volumes of gas at 0° C. and 760 mm. Hg which, at
the fractiopating temperature and at a pressure of one
atm. absolute, dissclve in one volume unit of the solvent.

4. The process according to claim 1, wherein the vol-
ume Q of regencrated solvent to be recycled to the frac-
tionating column per time unit is determined by the re-
lation

Pi

_A+B
Pila—A) —ps(Ba—g)

wherein A and B represent the volumes of the more solu-
ble and less scluble gascous component, 1y, in-
troduced into the fractionating column within a time
unit, p1 and p3 are the pressures applied at the fractionat-
ing stage and degasifying stage, respectively, and « and
8 are the solubility coefficients of the more soluble gase-
ous compornent and the less soluble gaseous component,
respectively, said solubility coeflicients expressing the
number of volumes of gas at 0° C. and 760 mm. Hg
which, at the fractionating temperature and at a pressure
uf one stm. zbsolute, dissolve in énc volums unit of the
solvent.

5. The process according to claim 1, in which the de-
gassing of the solvent solution leaving the fractionating
column is carried out by means of heating.

6. The process according to claim 5, wherein the pres-

1a
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sure of the fractionating column is determined by the
relation
22— aly

T e e
e B

wherein py is the pressure applicd at the degasification
stage, af and afy are the solubility coefficients of the
more soluble gascous component st the degasification tem-
peraturg #; and at the fractionating temperature f1+ re-
spectively, and v is the ratio 8/a, « being the solubility
coefficient of the more soluble gaseous component and B
the solubility coefficient of the less soluble gaseous com-
ponent, said solubility coefficients expressing the number
of volumws of gas ot 0° C. apd 760 mm. Hg which, al
the fractionating temperature and at a pressure of one
atm. absolute, dissolve in one volume unit of the sofveat.

7. The process according to claim 6, wherein the vol-
ume Q of regenerated solvent to be recycled to the frac-
tionating column per time unit is determined by the rela-
tian

—
Ap-—tAFD
p.(u—m*ma—:w.—a)

wherein A and B represent the volumes of the more sohu-
ble and less soluble gaseous component, respectively, in-
troduced into the fractiomating colamn within a time
vmit, p1 and py ase the pressures applicd at the fractionats
ing stage and degasifying stage, respectively, « being the
solubility coeflicient of the more soluble gaseous com-
ponent and g the solubility coefficient of the less soluble
gascous component, said solubility coefficients expressing
the number of volumes of gas at 0* C. and 760 mm. Hg
which, at the temperature and at & pressure
of one atm. absolute, dissolve in one volume unit of the
solvent, and «fy and afi are the solubility coefficients of
the more soluble gescous component at the degasificarion
temperature /3 and at the fractionating temperature n,
respectively.

8. The process accordimg to claim 1, wherein & se-
lective solvent of relatively low solvent capacity for one
of the gaseous compunents is used witich bas & substan-
tinlly low vapor pressure at the operating temperature.

9. The process according to claim I, applied to the
separation of a mixture of butadiene and butylene, where-
in dimethylformamide is used as the selective solvent,

10. The process according to claim 9, wherein tetraline
is used as the selective solvent.

11, The process according to claim 9, wherein anthra-
cene oil Is used as the selective solvent.
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