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This invention relates to a process and appa-
ratus for treating complex mixtures of carbon
compounds with a selective solvent. More par-
ticularly, it involves a process of treating such
complex mixtures with a liquid phase selective
solvent at a temperature above the initial.-boiling
point, but below the dew point of the mixture
being extracted to effect an efficient separation
of the carbon compounds into fractions of differ-
ent chemical types.

As is well known, normally liquid petroleum
contains a complex mixture of hydrocarbons of
different types. For example, certain natural
petroleums are known to contain a minor per-
centage of aromatic hydrocarbons and a major

proportion of paraffins or naphthenes having -5,

6 and 7 carbon atoms in the naphthene ring.
Because of close similarity in properties it has
been very difficult to separate these hydrocarbons
according to their chemical types. Liquid phase
extraction of petroleum oils with selective sol-

' vents at temperatures substantially below the
initial boiling point. of the oils constitutes one
known method of refining petroleum and sepa-
rating aromatic and/or naphthenic hydrocarbons
from the remaining oil. Although such a process
produces an extract containing relatively more
aromatic and more naphthenic hydrocarbons and
a raffinate relatively more paraffinic in nature,
the separation is only qualitative and yields frac-
tions containing substantial quantities of hydro-
carbons which it is desired to eliminate from the
particular fraction in question.

It is a well accepted general rule in the art of
selective solvent refining that an increase in the
temperature of extraction, although it increases
the yield of extract obtained, decreases the se-
lectivity of a given solvent and yields an extract
in which the separation between aromatics
and/or naphthenes on the one hand and paraffins
on the other hand is less sharp than obtained at
lower temperatures. That is, as temperature of
extraction is increased, the yield of raffinate is
lowered and the extract contains more and more
of the hydrocarbons which it is desired to keep
in the raffinate. When the temperature of ex-
traction is lowered, the yield of raffinate increases
but it contains an increased amount of the type
of hydrocarbons (e. g. aromatic and/or naph-
thenic) which it is desired to retain in the ex-
tract. - Accordingly it has heretofore been re-
garded as necessary to adopt a temperature in-
termediate the above mentioned high and low
extremes such that a given solvent will yield a
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give a reasonably efficient separation or refine-
ment of the petroleum oils.

In the present process selective solvent extrac-
tion is carried out under conditions such that the
selective solvent is above the initial boiling point
but below the dew point of the stock being
treated. Remarkable and unpredictable increase
in the effectiveness of the selective solvent ex-
traction process is obtained by this high temper-
ature operation. 'The process gives three phases
in the extraction zone, namely, a vapor phase
raflinate, a liquid phase raffinate, and a liquid
bhase extract comprising the: selective solvent
with its dissolved components. This g single
stock can be separated into three components
hy a single extraction step.

Accordingly, an object of the.invention is to
provide an improved and effective process: and
apparatus for treating complex mixtures of car-

‘bon compounds with a selective solvent.

Another object is to provide a process and ap-
paratus for countercurrently contacting a nor-
mally liquid mixture of carbon compounds with
a liquid phase selective solvent having a prefer-
ential solvent action for one class of the carbon
compounds  such as aromatics, the temperature

.of the solvent being above the initial boiling point

of the mixture and below the dew point thereof
under the conditions of extraction;

A further object is to provide a treating proc-
ess for continuously separating petroleum into
a plurality of separate portions comprising an
extract fraction, a lower boiling vapor phase raf-
finate fraction, and a higher boiling liquid phase
raffinate fraction.

Another object is to provide g process of se-
lective solvent extraction capable of effecting
separation of a substantially ‘ pure component
from a mixture of carbon compounds having
overlapping boiling ranges and a relatively wide
range between the boiling point of the lowest
boiling compound and that of the highest boiling
compound of said mixture.

A further object of the invention is to provide
8 process capable -of separating substantially
bure aromatic: hydrocarbons from g petroleum
fraction containing paraffinic compounds having
boiling points which overlap with those of the
arcmatics and also containing paraffinic com-
pounds having boiling points more than 60° P,
higher than the lowest boiling aromatic com-
pound present, , ’

In the drawings, Figure 1 is a diagrammatic
Hlow' sheet illustrating a single stage treating
process embodying the principles of this inven-
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tion. Figure 2 is a diagrammatic illustration of
the path of flow of the various components
through one form of treating column and Figure
3 illustrates the path of the solvent and liquid
phase stock through a single plate of such a
treating column. Figure 4 is a section on line
IV—IV of Figure 3 and shows an arrangement
of bubble caps and baffle plates for producing
the flow of the fluids as illustrated in Figures 2
and 3.  Rigure 5 is a perspective view of a baffle
plate for the apparatus of Figure 4.

Briefly, the specific embodiment of this inven-
tion involves intimately contacting a liquid mix-
ture of carbon compounds, such as petroleum hy-
drocarbons, with a higher boiling selective solvent
majintained in liquid phase and at a temperature
above the initial boiling point of the mixture being
treated. In order that there may be a liquid
raffinate phase the solvent should also be at a
temperature below the dew point of the stock
in the treating zone. During the intimate con-
tacting of the selective solvent and the stock
being treated the solvent preferentially dissolves
one type of carbon compounds, for instance aro-
matics, and this solution is separated to give one
of the desired fractions. The more volatile less
soluble compounds such as lower boiling paraf-
finic hydrocarbons are converted to vapor phase
and separated as such to give a second compo-
nent from the treating process. The less volatile
less soluble types of compounds, such as higher
boiling paraffinic hydrocarbons having a boiling
point more than 60° F'. above that of the lowest
boiling dissolved aromatics, form a separate liquid
phase and comprise the third component sepa-
rated from the treating zone.

In the process as illustrated by the flow sheet
of Figure 1, the petroleum stock to be treated is
passed from storage through valve controlled pipe
! and heater 2 to treating column 3. The tem-
perature of the stock is raised by heater 2 to a
point above its initial boiling point and prefer-
ably below the dew point thereof. Temperatures
above the dew point of the stock may be utilized
where the temperature of the incoming solvent
is properly controlled so that the mean temper-
ature in the column is below the dew point of the
stock. Since the stock is heated to a temperature
above 'its initial boiling point the mixture ad-
mitted to the treating column will contain both
liquids and gases which are to be intimately con-
tacted with the selective solvent admitted to the
treating tower through valve controlled line 4.
The temperature of the entering solvent is con-
trolied by heater 5 or by cooler 6 in recirculating
line 1. The preferred temperature of the solvent
is from the boiling point of the stock to the dew
point of the petroleum. stock being treated. The
solvent temperature may be higher than the dew
point of the stock when it is necessary to com-
pensate for low temperatures of the stock fed to
the column. Likewise, the temperature of the
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solvent may be lower -when the temperature of

the incoming stock is higher than its dew point.
In other words, the temperature of the stock
and solvent should be correlated so that the tem-
perature in the column isabove the initial boil-
ing point, but below the dew point of the mix-
ture being extracted and at pressures existing in
the column.

Vapor phase compounds pass upwardly through
the treating column and are extracted by the
down-flowing selective solvent. The vapor phase
hydrocarbons pass out the top of the column
through line 8, condenser 9 and valve controlled
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conduit 10 to storage. A portion of the condensed
vapors may be returned as reflux through pipe 11
controlled by valve 12. Liquid phase hydrocar-
bons may flow either upwardly or downwardly or
in both directions through extraction tower 3. If
the selective solvent has a specific gravity greater
than that of the compounds being extracted, then
the liquid phase compounds will tend to float on
the selective solvent and the direction of flow of
the solvent will be predominantly downward.
This is the normal situation, although in some
instances mixtures which have a specific grav-
ity greater than that of the selective solvent being
used will be extracted and the direction of flow
of the solvent will be predominantly upward. In
any event, the liquid phase stock can be separated
from the selective solvent and is passed through
the column in the proper direction. If the stock
comprises the top of the two liquid phase layers
then the inlet and outlet ports will have one posi-
ttion; if the stock is on the bottom of the two
layers than the inlet and outlet ports will have.an
inverted position. The liquid phase stock which
reaches the top of the treating column 3 is re-
moved through conduit 13 to separator 14 where
any entrained selective solvent is allowed to sep-
arate from the liquid phase stock. The separated
solvent is returned to the extraction column
through valve controlled line (5 and the sepa-
rated stock passed to storage through conduit 16.

The selective solvent together with its dissolved
compounds passes down through the tower and is
removed from the bottom of the column through
line 11, cooler 18, to separator 19. As previously
pointed out, in some instances liquid phase raffi-
nate hydrocarbons may flow to the bottom of the
column and be removed through this same path
to the separator 9. Such liquid phase com-
pounds as are contained in admixture with the
selective solvent and are separable therefrom will
be removed in separator 19 and flow through line
20 either by way of valve 2! to the column or by
way of valve 22 to storage or both as desired.

In the specific illustration given in this speci-

5 fication the petroleum fraction is lighter than

the solvent and the direction of flow of the petro-
leum stock is therefore predominantly upward.
However, because the separation between the two
liquid phases is not absolutely complete a portion
of the petroleum is carried down the column wtih
the solvent by entrainment. The stock may
therefore be said to flow both upwardly and
downwardly in the tower. The amount of flow in
each direction depends of course on the amount.of
entrainment. In order to obtain countercurrent
extraction it is preferred to have the solvent flow
down the tower and the stock flow Up the tower in
the oppostie direction. This is accomplished by
removing liquid phase raffinate from the top of
the tower only. Stock which is entrained in the
solvent then serves merely as a kind of reflux
inasmuch as it in effect is merely recirculated

-downwardly from an upper plate to a lower plate

from which it ultimately returns as
liquid phase raffinate.

Cooler 18 in line (T also. serves to reduce the
temperature of the solvent in order to free some
of the less soluble compounds which are actually
dissolved in the solvent and thereby enable them
to be mechanically separated in separator {9 and
returned through line 20 and valve 21 to the
treating column as a type of reflux. The selective
solvent together with the compounds which re-
main dissolved therein is removed from the bot-
tom of separator 19 through line 23 to still 24.

an extracted
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The dissolved compounds are vaporized from the
solvent in still 24 and the vapors pass to con-
denser 25 from which they are removed to stor-
age. The selective solvent is recirculated through
cooler & and line T to the inlet of treating col-
umn 3. ‘

Vaporizer 26 is provided to receive a _portion
of the selective solvent together with high boiling

. dissolved compounds from the bottom of treat-
ing column 3. The vaporized compounds from
heater 26 pass through pipe 27 to the bottom of
‘treating’ column 3 'and serve as a source of heat
for the treating tower. Solvent from vaporizer
26 is removed through line 28 to still 24 where
the remaining dissolved compounds are vaporized
and pass to storage in the manner previously
described.

To insure intimate contacting in the extraction
‘column between the mixture being treated and
the liquid phase selective solvent, various means
may be adopted.” A:tower filled with suitable

" packing of refractory earthenware, glass, ete.,
comprises one effective form of apparatus for
this'purpose. When such an apparatus is utilized
the vapor phase raffinate is taken off as overhead
and the liquid phase raffinate is removed from
the bottom of the tower as is also the selective
solvent ~with its extract when the solvent is
heavier than the mixture being treated. Another
form of apparatus which is adapted for treat-

ment, -according to the present invention, is a
staged counter-flow in which a:series of con-
tacting zones for the vapor phase hydrocarbons
and liquid phase selective solvent are provided.

After thorough contacting in each of the zones :

the extract and raffinate are separated and pass to

-succeeding contacting zones. - It is apparent.that
hydrocarbons being. extracted should flow in one
direction through the series of contacting zones
and the sele¢tive solvent in an opposite direction
through the zones.

A column constructed in a manner analogous
to an ordinary fractionating eolumn of the bubble
cap type is also an ‘efficient means of insuring
effective contact between the vapor phase mix-
ture, the liquid phase mixture, and the liquid
phase extragting solvent.
~form of ‘apparatus the path of flow.is shown
 diagrammatically in Figure 2 of the drawings,
and:is as follows:

Solvent is admitted to the column at the top
by line 4, passed across the first bubble plate
downwardly - through an overflow pipe, ‘back
across the second bubble plate in. the opposite
direction from that in the first, through ‘an over-
flow pipe to the third -contacting plate, ‘ete., as
shown ‘diagrammatically by the arrows in the
solid lines of Figure 2. The stock being treated
is admitted through line | as indicated by the
dotted line arrows in this figure of the drawings.
Since the stock comprises a liquid phase portion
and a-vapor phase portion these .two fractions
follow different paths. The vapor phase portion
passes upwardly through the bubble caps in the
same manner as in an ordinary  fractionating
column and as shown by the dotted line arrows
in'the center of column of Figure 2. The liquid
phase stock flows horizontally across the plates
countercurrently to the selective solvent and ver-
tically through the pipes outside of the column
from one plate to the other as shown by the
dotted :line arrows in Figure 2. Extract is re-
moved - from the bottom of the tower through
line 11, as shown, and liquid phase raffinate from
the top of the tower through line 3. A portion

In such a preferred:
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of the extract is also removed from the bottom
of the tower to a vaporizer and the vapors re-
turned to line 21. Vapor. phase raffinate passes

from the top of the tower through line 8§ after

being thoroughly extracted with  the selective
solvent. . W

A form of extraction column especially adapted
for use in the present process is shown in Figures
3 and 4. The column is provided with. a series
of bubble caps 30 and a series of down-spouts 31,
Orifices 32 "in- down-spouts '3

plate. The upper end of each of the down-spouts
is closed to prevent entry of the stock being
treated which floats on the solvent layer. In'the
lower end of the down-spout a section is cut out
as shown at 33 in order to. direct the selective
solvent in the general direction desired.

Lift conduits 34 and 34’ are provided for con-
veying liquid phase raffinate from a lower bubble
blate to an upper bubble plate. The inlets, that
is, the lower ends of the lift conduits, are at the
top of the level at which it is desired to keep the
liquid phase raffinate layer. : The outlet encds of
the lift conduits are preferably below the selective
solvent level so. that the liquid: phase raffinate
will be intimately contacted with the selective
solvent as it rises therethrough.

Two different types of means have been illus-
trated for causing the liquid phase raffinate to
flow upwardly through the lift conduits. . The
first is a centrifugal pump 35 and the second a
gas lift arrangement 36. When g gas lift is
utilized : various inert gases may be used, e. g.
methane, ethane, propane, s mixture thereof
such as obtained in petroleum refinery gases,
nitrogen or steam where condensed water does
not ‘interfere with the extraction process or
render the selective solvent useless by reason of
dilution. . In those cases where water is miscible
with the solvent and where the selective solvent
is relatively non-selective at the high tempera-
tures used in this process, steam will be found
particularly desirable since the presence of water
or: water vapor. decreases the miscibility of  the
solvent and oil. . Phenol is an example of a selec-
tive ‘solvent which is relatively non-selective at
high temperatures and which can bhe rendered
more selective by the addition of water by this
or other methods. Another gas which may be
utilized in the gas 1ift ' comprises the raffinate
vapors themselves which may. be removed. from
the top of the extraction tower, compressed and
introduced into the gas lift device. .

Pipe 31 controlled by valve 38 is provided for
introducing the lifting gas into the liquid in lift
conduit 34. The bottom end of conduit 34 is
that the liquid phase
raffinate will flow into
level above the gas inlet. The upper end of con-
duit "34 comprises a goose-neck portion which

serves simultaneously as d gas trap and siphon

breaker. The lifting gas accumulales in the top
of the U and is removed through line 40 in order
to prevent formation of a gas pocket. Also-line
40 acts as a breather to prevent siphoning of fluid
from the upper plate through inlet 41 downward-
1y to the lower plate. 1

The level of the solvent and liquid raffinate
phase relative to the various inlet and outlet
conduits is illustrated at
of Figure 4. The lower layer as represented in
this figure is selective solvent and the upper lay-
er of liquid is the raffinate being extracted.

3

serve to admit,
selective solvent to "the . down-spout through
which the solvent passes to the next lower bubble

the U and have an upper

the bottom bubble plate |
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Figure 3 shows the arrangement of parts and
path of liquid flow on a single bubble plate.
Three bubble caps 30 are provided and are sep-
arated by a bafile plate having a cylindrical por-
tion 44 surrounding the center bubble cap and
wing portions 45 extending from the cylindrical
portion to the sides of the column. Slots 47 (see
Figure 5) are provided in the top edge of the
baffle to direct the upper liquid phase through the
desired path of flow. Likewise, slots 48 are
placed in the bottom edge of the bafile to cause
the selective solvent to flow around the several
bubble caps as shown by the solid line arrows of
Figure 3. Specifically, the selective solvent flows
from overflow pipe 3la around and under the
first bubble cap (top of Figure 3) through slot
48 into the cylindrical portion of the hafile
around -the center bubble cap and out through

the second of slots 48 around and under the:

third bubble cap to outlet overflow pipe 31b. As
indicated by the dotted line arrows the upper
layer liquid phase raffinate flows countercurrent-
ly to the selective solvent and passes from inlet
pipe 41 over and around the lower bubble cap
through slot 41 across the center bubble cap out
second slot 41 and around the third bubble cap to
outlet conduit 42. The wings 45 and higher por-
tions 46 of the bafile plate serve to prevent the
liquid phase raffinate from flowing ditectly across
the bubble plate from inlet to outlet. The va-
por phase raffinate passing through the bubble
caps is extracted by the lower solvent layer and
simultaneously the vapors act as an efficient
means for agitating the two liquid phases pass-
ing across the bubble plate. Thus intimate con-
tact between all three phases is effected in a
simple and efficient manner.

The efficiency of separation of the two liguid
phases on each of the bubble plates is subject to
control by design of the'size of the column, gas
rates through the bubble caps, rate of flow of the
liquid phases, etc. However, it should be noted
that perfect separation is not absolutely essen-
tial since entrainment of either solvent in the
stock or stock in the solvent, or both, merely acts
as a reflux in that it feeds back a portion of the
liquid entrained to the bubble plate from which
it came. This entrainment of course decreases
the net rate of flow through the treating zone,
but up to a certain degree may be found to in-
crease the efficiency of extraction as is the case
with any reflux.

In its broad aspects the present invention is -

applicable to a great number of mixtures of
chemical compounds which are difficult to sepa-
rate because of similarity of boiling points, solu-
‘ bility characteristics, or because of formation of
constant boiling mixtures. For example, the se-
lective solvent extraction process may be applied
to mixtures of compounds such as phenols, aro-
matics, sulfur compounds, olefines, naphthenes
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It will be necessary of course to provide at least
one extraction zone for each three components or
groups of components to be separated. However,
the process at present is regarded as having its
greatest utility for the extraction of substantially
pure aromatic hydrocarbons from extremely
complex mixtures of aromatics, naphthenes or
paraffins which occur in natural gasolines of rel-
atively wide boiling range such as 360° F. end
point distillates.

Repeated reference has been made throughout
this specification to the use of “selective sol-
vents” in the process. This generic term is used
to define a solvent which has greater solvent .
power for at least one component of a multi
component system than it has for other com-
ponents of that system. Stated conversely, the
term “selective solvent” designates a solvent

- . which has less tendency to dissolve one compo-
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and paraffins, which commonly occur in petro- -

leum distillates. - These mixtures can be passed
through a single exfraction zone or a series of
extraction zones under conditions of tempera-
ture and pressure such that the mixture is sepa-
rated into different components, one component
or group of components being removed from the
bottom of each extraction zone as an extract
phase, the more volatile component or group. of
components being removed from the top of tha
extraction zone as a vapor phase overhead and
the less volatile less soluble component or group
of components being removed from the top of
the extraction zone as a liquid phase raffinate.
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nent of a mixture than other components there-
of. The greater the differential in solvent power
of a selective solvent for different components of
the mixture, the greater is its selectivity and the
more efficient it will be in the extraction of the
component for which it has the greatest solvent
power. )

A selective solvent useful for the present proc-
ess should be highly selective and should have a

" boiiing point well above the dew point of the

stock to be treated. The selective solvent must
also be of incomplete miscibility with the stock
being treated at the temperature of extraction.
In other words, the suitability of a known selec-
tive solvent for the process of this invention can
be primarily determined by two physical char-
acteristics, namely, boiling point and miscibility
temperature. Since the process is operated at
temperatures above the initial boiling point of
the stock, but below its dew point, the tempera-
ture of complete miscibility of solvent and stock
must be above the dew point of the stock under
the conditions of extraction. This property can
be readily ascertained by a simple miscibility test
at elevated temperature. It should of course be
recognized that by the terms “dew point” and
“poiling point” used above, one means the dew
point or boiling point in the presence of the
selective solvents and under the conditions of ex-
traction. For example, vacuum may be utilized
on the extraction tower and thereby permit use
of a selective solvent which would be miscible
with the stock being treated at its ordinary in-
itial boiling point, but which is of incomplete
miscibility with the stock at the initial boiling
point of the stock and the dew point of the stock
under the conditions of extraction, namely, high
vacuum. The use of vacuum is therefore con-
templated as falling within the broad scope of
the present invention.

The following compounds are illustrative of
high boiling sélective solvents which have high
temperatures of miscibility with most petroleum
stocks and which are therefore operative for sep-
arating aromatics such as benzene or toluene
from natural petroleum distillates containing the
same: triethylene glycol, diethylene glycol, acet-
amide, monoacetin, diethanolamine, diamino-
propanol.- In general polar compounds selected
from the group consisting of hydroxy benzenes,
amides, chlorinated hydrocarbons and esters of
polycarboxylic acids which have boiling points
and solubility characteristics such as above dis-
cussed are contemplated as falling within the
broad scope of the invention. .The solvents
selected from this group preferably should have a




boiling point above approximately 300° F. in
order that they can be readily maintained in lig-
uid :phase under ordinary conditions of extrac-
rtion with the usual normally liquid "petroleum
- fractions. co

Those - selective solvemts which .are miscible
with the mixture of compounds being extracted

2,257,983

.can be utilized in some Instances by adding te .
the solvent . a diluent which is miscible with the::

solvent, but immiscible with ‘the stock being:
he treatment of very -
-:volatile stocks, phenol may have a suitable boil-:

treated. For. example, in the

ing point, but have a miscibility temperature be-

low the dew point of the stock. In such instances

‘the phenol may be diluted with water to render
It .operative in the process of this invention.
Other, diluents which are characteristically im-
‘miscible with hydrocarbons ‘or:-petroleum frac-
tions and which are often miscible with the sol-
vents are carbon compounds having a large num=
ber: of hydroxy groups. Glycerol is an example

10

20

of a poly-hydroxy alcohol having high miscibility -

temperatures = with petroleum fractions ' and

which is operative as a diluent in the.above sug- -

gested: combinations.

Obviously, specific conditions of operation such -

as temperature, pressure, (
volumes, and proportion of vapor phase raffinate
-+ to liquid phase raffinate will vary with the par-
ticular mixture being treated and with the selec-
tive solvent used. As previously pointed out; ‘a

relative solvent to stock

critical feature of the invention: comprises opera-

tion of the process at:a temperature above the
initial boiling point, but below the dew point of
‘the stock.. The entire process will “usually be
carrled ‘out. at atmospheric ‘pressures, although
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~ super-atmospheric pressures may be used. Sub-

atmospheric pressures will be found sufficiently
desirable in some instances to justify the addi-
tlonal cost occasioned by operation under vac-

«uum, s

It will be observed that the present process is
fundamentally different from ordinary ‘selective
solvent extraction' processes in that :it operates

at temperatures above the bolling point of the
- stock being treated. The process is also funda-

mentally different from - ordinary ' distillation
processes in that three .phases ate present and
three components are
from: the treating zone.

The following principal advantages of the in-
vention will ‘be readily ‘apparent. . Mixtures of
paraffins, aromatics, ' ete. having ‘much ' wider
boiling - ranges can be separated
chemical types: by the process of this invention.
Heretofore it has been possible to separate pure
aromatics from paraffins by treatment of rela-
tively narrow fractions in 8 large number of care-
fully controlled fractionating steps. ' The present
invention avoids such complex - multi-stage op-
erations. By utilizing the present ‘process it is
unnecessary ‘to operate at temperatures above
the end point of the stock since the high boiling,
less :soluble components, e; g., paraffins, ‘are not
vaporized as is'the case with ordinary distillation
processes carried out in the presence of a solvent,
By operating at these lower temperatures the ef-
ficiency of extraction of the more soluble compo-
nents, e. g. aromatics, is increased since there'is
less ‘tendency to distil them out ‘of the solvent,

- The process herein. described effectively sepa-
ratesthe less soluble paraffinic compounds having
boiling points. nearest those of: ‘the aromatics.:
Normally these very similar components are the
most difficult to separate and catse the greatest
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simultaneously separated :
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difficulties - {n° distillation operations, After
treatment by the present process any parafiinic

 constituents which happen to remain dissolved

in the extract with the aromatics are found to
have a boiling point sufficiently different from
the aromatics (as much as 60° ¥, or more) that
they can readily be removed by ordinary distilla-
tion and fractionation after separation from the
solvent. '

The actual distillation operation is more effi-
clént by reason of the fact that the paraffing re-
main in a separate liquid phase than is the case
where the paraffins are dissolved in a solvent.
This Is belleved- to result from the fact that a
greater differential in boiling points is produced
by the selective solvent when only one compo-..
nent is dissolved in the solvent than when  the
entire mixture is dissolved therein. This greater
differential in boiling points in turn increases the
efficiency of separation by the fractionation proc-
ess. . Other numerous advantages will :be: appar-
ent to those skilled in the art;

While the character of this invention has been
described in detail this has been done by way of ‘
illustration ‘only and with the intention that no
limitation should be imposed upon the invention
thereby. Likewise,the drawings are to be regarded
as diagrammatical, no attempt having been made
to show all the necessary details such as pumps,
valves, pressure control devices and the like. It
will be apparent to those skilled in the art that
numerous -modifications and variations may be |
adopted in the apparatus and method of the in-
vention which is of the scope of the appended
claims. DS ;

I claim: oo

1. A process of separating:a multi-component

" mixture of carbon compounds into more than two

components which comprises Dassing said mix-
ture through a treating zone, passing through

-sald treating zone a selective solvent which- re-

mains in liquid phase and is of incomplete .mis-
cibility with said mixture, converting a. portion
only of. said multi-component mixture to vapor
Phase whereby the solvent phase, a vapor phase
raffinate and a liquid phase raffinate are simul-
taneously present in said zone, passing said vapor
phase components through said treating zZone,
intimately contacting said three phases while
passing sald liquid phase raffinate in g direction

.1 opposite ito that of said liquid solvent phase to

according to -
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selectively dissolve one type of carbon compound
in said solvent; removing the treated vapor phase,
and separating the two liquid phases to’ obtain
at least three different fractions from said treat-
ing zone; :

2. A process of separating aromatic hydro-

. carbons: from mixtures containing aromatic -and
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non-aromatic carbon compounds of similar boil-
ing range which comprises passing- said mixture
through a treating zone, passing through said

treating zone a liquld phase selective solvent for

said aromatic compounds, which solvent is of
incomplete miscibility with said mixture, con-

. verting a portion only of the mixture of carbon

compounds to vapor phase whereby a solvent
bhase, a vapor phase raffinate and s llquid phase
raffinate are simultaneously present in said zone,
passing said vapor phase components ‘through
said freating zone, intimately - contacting said
three phases and passing said liquid phase raffi-
nate countercurrently to sald solvent phase to -
selectively ‘dissolve aromatic compounds in said
solvent, and separately removing the vapor phase,
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the liquid raffinate phase and the solvent phase
from said treating zone. - S
3.-In a process of separating a normally liquid,
multi-component mixture of carbon compounds
into -a- plurality of components the. steps which
comprise passing said vmixture,through a treating

zone, passing through the treating zone a liquid

phase selective solvent which is of incomplete.
miscibility with said mixture .at the dew point
thereof, ‘maintaining the temperature in ‘the
treating zone above the initial boiling .point-but
below the dew point of .the mixture under the
conditions"of»extraction whereby a vapor phase

' raffinate, a liquid phase raffinate and a lquid

phase extract are simultaneously present in said
zone, intimately contacting the said three phases

while flowing said liquid phase raffinate through

said -treating zone in one direction and flowing
said- liquid phase extract through said treating
zone - in: the . opposite: direction, and separately
removing the treated . vapor phase, the liguid
raffinate phase and the liquid extract phase from
the treating zone, .- - ‘

4. A process. of separating: afomaticv ‘hydro--'

carbons from: petroleum distillates which com-
prises extracting said ~distillate with-a liquid
phase selective solvent-at a temperature above
the initial boiling point. but: below the dew point
of said distillate and under such conditions of ex-

traction -that a vapor phase raffinate, a liquid
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phase raffinate, and a liquid phase extract are -

simultaneously ‘present; said selective solvent
being in liquid phase and- of incorplete misci-
bility with the distillate at the temperature of ex-
traction, passing said liquid -phase raffinate
countercurrently with respect to said liquid phase
extract;, and. separating - three different phases
comprising -a vapor phase raffinate, a liquid phase
raffinate and a liquid phase extract. :

5. A process as defined in claim 4, in which
the selective solvent is an hydroxy.ether having
g boiling point above approximately 300° F,

‘6. A process as’in claim 4, in which the selec~
tive: solvent is a poly-ethylene glycol. - .

7.-A process of treating '8 normally liquid
petroleum: fraction containing hydrocarbons of
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dew point thereof into said fractionating column
at & point above that at which sald mixture is
admitted, maintaining the - temperature in- said
column above the initial boiling point but below’
the dew point of said mixture and under stuch
conditions that a vapor phase raffinate, a liquid
phase raffinate, and 2 liquid phase extract are
simultaneously present, passing said liquid phase

raffinate countercurrently to said liquid phase

extract, and continuously removing vapor phase
raffinate and liquid phase raffinate from the top
of said column and continuously removing liquid
phase extract from the ‘lower portion of said
fractionating column. ) .

9. A process as defined in claim 8, further

characterized in that entrained raffinate is sepa-

rated from the liquid phase extract and returned
to the fractionating column.

~10. A process as defined in claim 8, further
characterized in that entrained selective solvent
is separated from the liquid phase raffiinate and
returned to the fractionating column.

11, A process. of treating a multi-phase mix-
ture of carbon compounds having more than one
liquid phase which comprises, forming a mutti-
phase system having heavier and lighter liquid
phases by only partially;dissolving said mixture
in a selective solvent, separating said liquid
phases into a lighter and a heavier portion, pass-
ing the lighter portion through an extraction sys-
tem in one. direction, ‘passing the heavier portion

" through said extraction system in & different di-

rection,. partially vaporizing undissolved car-
bon compounds of said mixture without substan-
tial vaporization of said solvent and contacting
the vapors with at least one of said liquid phases
different from said partially vaporized undis-
solved liquid phase.

12. A process of separating according to chemi-
cal type a multi-component mixture of carbon
compounds which comprises passing said mixture
through a selective solvent extraction zone, form-

_ing an undissolved vapor phase fraction and an
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the aromatic and paraffinic types and in which .

the boiling point of.) the highest boiling paraffinic -

hydrocarbon is more than approximately 60° F.
above the boiling point of the lowest boiling aro-
matic hydrocarbon contained therein, which com-
prises’ passing .said normally liquid petroleum
fraction through a treating zone, passing through
said treating-zone a liquid phase: selective solvent

which is of incomplete miscibility with the

petroleum fraction -at the:dew point thereof,

maintaining the temperature in the treating zone

above the initial boiling point but below the dew
point of the fraction under the conditions of ex-

traction whereby. a vapor phase raffinate, @ liguid -

phase raffinate and a liquid phase extract are

simultaneously present in. the Zzone, ,intimat}elyj‘

contacting said three phases,‘passing‘ said liquid

phase rafﬁnate»countercurrently to said liquid’
phase.. extract,. and separately removing  the’

treatéd; vapor phase, the liguid, phase raffinate
and the liquid phase extract “from the treating
zoné. - .. . o R
8. A process of separating a multi-component
mixture’, of cs;rbon‘compt)unds into a plurfality"of
components which comprises, continuously intro-

ducing said‘mixture into ‘a frictionating column.
ata point intermediate the ends thereof, continu-.
ously introducing-a high hoiling: selective solvent

of incomplete miscibility with the mixture at the
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undissolved liquid phase fraction in said zone,
passing said undissolved. fractions in -said zone
countercurrently to a liquid phase selective sol-
vent having a boiling, point substantially above
the end point of said mixture of carbon com-
pounds, contacting said undissolved phases with
said selective solvent, withdrawing a liquid phase
selective solvent extract from said extraction zone
at one point, withdrawing a liquid phase raffinate
from .said extraction zone at a second point re-
mote from said first point, maintaining the tem-
perature in said zone at said second point below
the dew point but above the initial boiling point
of said mixture of carbon compounds, and main-

© {aining said selective solvent’ incompletely mis-
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cible with said mixbure of carbon compounds sub-

‘stantially throughout the extraction zone.

13, A process of separating according to chemi-
cal type a multi-component mixture of carbon
compounds which comprises passing said mixture
through a selective solvent extraction zone, form-

‘ing an undissolved vapor phase fraction and an

undissolved liquid phase fraction in said ZzZone,
passing said undissolved fractions in said zone
countercurr,entl% to a liquid phase selective sol-
vent having a boiling point substantially above
the end point of said mixture of carbon com-
pounds, contacting said undissolved phases with
said selective solvent, withdrawing a liquid phase
selective solv_en‘t extract from said extraction zone
at one-point, withdrawing a liquid phase raffinate
from said extraction zone ‘at a second point re-
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mote from said first point, maintaining the tem-
perature ‘in said zone at said second point. below
the dew point but above the initial boiling point
of said mixture of carbon-compounds, and main-
taining said selective solvent incompletely miscible
with 'said mixture of carbon compounds substan-
tially throughout the extraction zone by .adding
to said solvent a diluent immiscible with said mix-
ture of carbon compounds.:

14. A process of treating a normally liquid pe-
troleum fraction containing hydrocarbons of :the
aromatic and paraffinic types and in which 'the
boiling point-of the highest boiling paraffinic hy-
drocarbon is more than approximately 60° F.
above the boiling point of the lowest boiling aro-
ynatic hydrocarbon contained therein, which com-
prises passing said petroleum fraction through a
selective solvent extraction zone, forming an un-
dissolved vapor phase: hydrocarbon fraction and
an undissolved liquid phase hydrocarbon fraction
in 'said zone, passing said undissolved fractions in
said zone countercurrently to a liquid phase se-

.“lective solvent having a boiling point substantially
above the end.point of said mixture of carbon
compounds, : contacting - said undissolved phases
with said selective solvent, withdrawing a liquid
phase selective solvent extract from said extrac-
tion zone at one point, withdrawing a liquid phase
rafinate from said extraction zone at a second
point remote from said first point, maintaining

" the temperature in said zore at said second point:

1ow the dew point but above the initial boiling
point of said mixture of carbon compounds, and
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maintaining said selective solvent incompletely -

miscible with said mixture of carbon compounds
substantially throughout the extraction zone.

15. ‘A process as defined in claim 14 in which
the selective solvent is an hydroxy ether having a
boiling point above approximately 300° F. \

-16.' A process 6f separating according to chemi-
cal- type a’ multi-component mixture of carbon
compounds which comprises passing said mixture
through a selective solvent extraction zone, form-
ing an undissolved vapor phase fraction and an
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undissolved liquid phase fraction in said zone,
passing said:undissolved fractions in' said zone
countercurrently to a liquid phase selective sol- -
vent comprising a liquid phase hydroxy benzene
having a boiling point substantially above:.the end
point of said mixture of said carbon compounds,
contacting said undissolved phases with said se-
lective solvent, withdrawing the liquid phase hy-
droxy benzene together with its dissolved carbon
compounds from said zone at one point, with-
drawing a liquid phase raffinate from said extrac-
tion zone at a second point remote from said first
point, maintaining the temperature in said zone
at said second point below the dew point but
above the initial boiling point of said mixture of
carbon compounds, and maintaining said selec-.
tive solvent incompletely miscible with said mix-
ture of carbon compounds substantially through-
out the extraction zone. ‘

17. A process of separating according to chemi-
cal type a multi-component mixture of carbon
compounds which comprises passing said mixture
through & selective solvent extraction zone, form-
ing an undissolved vapor phase fraction and an
undissolved liquid phase fraction: in said. zone,
passing “said undissolved fractions.in said zone

- countercurrently to a liquid phase selective sol-

vent comprising a liquid phase ester of a poly-
carboxylic acid having. a boiling: point substan-
tially above the end point of said mixture of said
carbon compounds, contacting said undissolved
phases with :said selective solvent, withdrawing
the liquid phase ester of a polycarboxylic acid to-
gether with its dissolved carbon compounds from
said zone at one point, withdrawing a liquid phase
raffinate from said extraction zone at-a second
point remote: from said- first point, maintaining
the temperature in said zone at said second point
below the dew point but.above the:initial boiling
point of said mixture of carbon compounds, and
maintaining said. selective: solvent incompletely
miscible with said mixture of carbon compounds
substantially  throughout the extraction zone. .
ALVAH L. SNOW.




