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Mwﬂﬁmﬂﬁ@m June 29,

This invention pertains generslly to a method

and spparatus for contacting liguid phases.
In copending applcation, Serial WNo. 10,932 by
Merrell R. Penske and Wilbert B. McCluer filed
5 Dizrch 13, 1835 there is described ahd claimed &
method and apparatus of the foregolng character

whereln high efficiencies are obtained by effec-

tively contecting the ligquid phases without serious
channeling. This is accomplished generally
speaking by causing the Hguids to flow through
the zone of contact over one or more atienusted
packing memnbers.

This invention relates to an impmvememt over

10

& certain species of said a,bove-menmoned appli- .

cation,

While In the following description reference will
Pe made t6 the contacting of lubricating oll with
solvenis it is to be understood that the process
and apperatus may be employedl for contacting
other Houids.

In accordance with this lnvention two or more
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itmmiscible or only partially miscible solvents are’

counterflowed by virtue of a difference in .their
densities, the liquid under treatment such as
lubricating oil, i3 introduced imtermediate the
counterflow and selectively dissolved in the two
" golvents, and the less soluble portions of the ma-
terial” dissolved in each solvent are thrown out

of solution end fed back into the zone of contact.

. When e plurality of packing members are em-
ployed they masy or may not be separately en-
tloged.

PWhen they are not separatély enclosed and are
of the same dimensions, said pecking members
are usually substantially uniformly distributed
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laterally of the counterfiow, and substentially the

same smount of Hquid is ceused to fow over each.,
Thus substantially the same conditions are caused
to exist throughout any lateral cross section
-of the counterflow when the process is in opera-
tion. Should the packing members be of differ-
ent dimensions, the necessary adjustments as to
distribution of packing members and/or of liquid
fiow may be made to accomplish the same results.

When the packing members are separately en-
closed, for instance by tubes having reiatively
small cross sections of any desired geometrical
shape, the countercurrently flowing liquids are
. brought into eficient contact in a plurality of
separate’ groups of - countercurrently flowing
streams or in other words in & pluralify of sep-
arate phase contacting units. In this case each
lqguid is preferably metered into each unit in &
manner so that at least substantially the same
results are produced by each unit.
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It has been observed that welting of the pack-

ing member or members by one and perhaps in .

sorhe cases more than one phase plays an Impor-
tant part in the efficiency of contact and the pre-
vention of channeling. This is particularly true
_of longitudinally arranged sattenuated pecking
members which appear to act as gulding clements
for at least one phase (and possibly more) as 1t
flows through the tower keeping said phase dis-
tributed laterally of its flow. The attenuations
are preferably of sufficiently small cross section
to avoid presenting & path of least resistence of
any practicable consequence upon {(which term
includes through) itseif. : '

The wetting feature msakes i possible to dis-
perse the wetting phase (or phases) by virtue of its
spreading out into films on the surfaces of the
packing member or members. In some ©ases
these films collect in drops at points on the pack-
ing and become detached oniy to recontact the
packing and spread out into fllms again. This
kneading action, when present, assists in bringing
the phase particles to the surface for contact

Urposes. ‘

While the capacity of a tower having longitudi-
nally arranged attenuated packing members may
be increased somewhat by increasing the cross
sections of the packing members, to avold se-
rious channeling due to too large a cross section,
‘the capacity preferably will be increased and de-
creased by increasing and decreasing the number
of packing members. The periphery of the tower
is then adjusted to conform thereto.

When tubes are not employed, the individual
longitudinally arranged packing members may
be of any suitable character. For instance, they
may comprise rods of any geometrical cross sec-
tion, strips of jack chain eftc. Such members
may carry spaced laterally extending protuber-
ances such as discs, spheres, frustums of cones,
frustums of doubie cones, rain drop shapes, or any
other surface of revolution to increase the surface.
The protuberances on each stienuated packing
member may overlap the pretuberances on ad-
jacent attenuated packing members so thet any
drops leaving any protuberance will at onee con-
tact another protuberance further downstreain o
re~-form into a film. This arrangement of the
protuberances glso causes the liquids to flow in'a
circuitous course through the tower.

When tubes enclose individual longitudinally
arranged packing members,; these members may

be constructed as set forth in the preceding para--

graph or they may be made up of & large num-
l_)er of separate elements such as msch!g rings
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or similar packing. The separate elements may
or may not be connected together since the pack-
ing may acquire its shape by virtue of the tube
wall,

By making the tube walls perforated or reticu-
lar, for instance by forming the tube walls of wire
cloth, the constructions of the two previous para-
graphs might be combined, that is the reticular
tubes may be packed as suggested in the first
preceding paragraph and may carry -on their
outer surfaces protuberances of the character and

arrangement as set forth in the second preceding

paragraph. It should be noted that the rods and
protuberances of said second preceding paragraph
need not be solid but may be perforated or retic-
ular or of other like construction.

Other features of the invention reside in the
construction, arrangement and combination of
parts and in the steps, combinations of steps and
sequences of steps,all of which,together with oth-
er features, will become more apparent to persons
skilled in the art as the specification proceeds
and upon reference to the drawings in which:

Figure 1 is a sectional elevation of a tower il-
lustrating one form of the invention;

Figure 2 is a section on line 2—2 of Figure 1;

Figures 3a and 3b comprise a broken sectional
elevation illustrating another form of the inven-
tion; and . .

Figure 4 is a section on line 4—4 of Figure 3a.

Referring now more particularly to Figures 1
and 2, at 10 is shown a tower comprising a plu-
rality of tubes Il joined at their ends by tube
sheets 12 and 13 and surrounded by a plurality of

5 superimposed heat exchange chambers (4. Tower

10 also includes segregating chambers 16 and (8§
respectively at opposite ends of tubes (| as well
as feeding chambers {7 and (8 also respectively
at said opposite ends. ’ :

Chamber 17 communicates with the upper ends
of tubes {1 through metering tubes 20 and cham-
ber 18 commurniicates with the lower ends of tubes
i1 through metering tubes 2i.

Tubes || preferably contain sultable phase con-
tacting means illustrated at 28, for instance, any
of the packing materials referred to in said co-
pending application. However, when tubes {1 are
of small inner diameter, packing materials may
not be required. ‘

Communication is had with tubes || at any in-
termediate point through any suitable means, for
instance, by means of a member 22 which is il

lustrated as comprising a conduit 23 and a plu-

rality of metering orifices 24. §
Chamber 17 is 1llustrated as being surrounded

_ by heat exchange jacket 26 and chamber 18 is
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illustrated as being surrounded by a heat ex-
change jacket 27.

Chamber {§ is illustrated as containing a heat

exchange coil 89 and chamber 18 is illustrated as
containing a heat exchange coil 10.

Any suitable means (not shown) may be em-

ployed for circulating heat exchange fluld
through any of the chambers {4, 26 and/or 21
and through coils 68 and/or T0.

Chamber {5 has an outlet pipe 7{ at its upper
end.and an outlet pipe 12 at its lower end and

chamber {6 has an outlet pipe 13 at its upper end
and an outlet pipe 14 at its lower end.

Tubes i are illustrated as extending up into
chamber 8§ to form a well 15 with which outlet
72 communicates. .

Tubes 11 are illustrated as also extending
down into chamber (6 to form a well 16 with
which outlet’ 738 communicates. :

- which is illustrated

2,116,428

Tubes |l may have-a cross section of any de-
sired geometrical configuration and, within cer-
tain preferred limits, any desired area. The cross
section of tubes [i is preferably limited to an
area sufficiently small to prevent serious chan-
neling after the contacting means, for instance
packing 28, has been arrapged therein.

The preferred limiting cross sectional area for
tubes 11 will be not only a function of the type
of packing employed since certain types of pack-
ing will as a rule permit the use of a larger cross
section without an inordinate falling off of ef-
ficiency than other types, but also of the degree of

.uniformity of distribution of packing in the tubes.

Since the tubes il may have sides which are
straight or indented or of other surface config-
uration, the.departure of a tube from & straight
or continuous form will have its influence. For
this reason a definite limit in cross sectional area
which, if exceeded in size, will no longer demon-
strate the substantial increase in efficiency which
results from a constriction of cross sectional area

~cannot be given but may be readily determined,

for instance, by testing the efficlency of single
tubes of different sizes when packed with the
packing which is to be employed. .

It may be stated as a general rule that one
should proceed with caution after exceeding a

10
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cross sectional area equivalent to that of a circu- .

lar tube in the neighborhood of three inches in
diameter although, with the proper selection of
packing and a careful distribution in each tube,
it is possible that larger cross sectional areas may
be employed while in other cases smaller cross
sections may be required.

Therefore, the term “relatively small cross sec-
tional area” when employed in this specification
and in the claims is intended to mean a cross
section which when taken in conjunction with
the contacting means (if any) therein is suf-
ficiently small to materially increase the contact-
ing efficiency because of the constriction of its
area.

In those cases in which it is desired to cause
heat transfer through the tube walls, considera-
tion should be given to the effect of cross sec-
tional ares upon efficient heat transfer.

In the operation of tower (08 the heavier solvent.

is introduced into tubes #{ through chamber 11
and metering tubes 20, and the lighter solvent
is introduced into tubes If through chamber I8
and metering tubes 2i. Due to the difference in
density these solvents flow countercurrently to
each other through the tubes and, since they are
immiscible or only partially miscible, two liquid
phases are present. .

The oil may be introduced into the tubes
through a member 22, for instance member 22d

midway of the length of
tubes if. ' :

If one of the solvents is selective as to non-
paraffinic constituents and the other selective as
to paraffinic constituents, the oil components will
divide between the two phases more or less ac-
cording to this selectivity. .

The lighter phase flows into-chamber {5 where-
in its temperature is reduced by means of a cool-
ing fluid in coil €8 causing separation of the less
soluble constituents which collect in well 18 and
the rest of this phase leaves the tower through
pipe Ti. .

The separated components as they collect in
well T8 are withdrawn through pipe 72 and are
fed back into the tubes ii, for instance at 22a,.
42D, or 22¢ and preferably at a point at which the

70
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materials in process are of the same composition.

- Thus the precipitated components are refluxed.

The heavier phase flows into chamber {6 wherein

) its temperature is reduced by cooling fluid in coil

10
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10 thereby . separating less soluble components
which collect in well 16 and the rest of this phase
flows out through 74.

The separated. components as they collect in

~well .16 are withdrawn through pipe 13 and are

fed back- into. the tubes {1, for instance at 22¢,
22f, or 22e¢ and preferably at a. point at which the
materials in process.-are of the same composition.
Thus the precipitated components are refluxed.

The:- result of setting up reflux conditions in
tower {0 is a much. sharper separation between

" paraffinic and non-paraffinic material.

Should- the material separated in chamber 15

. prove-to be lighter than the phase from which it
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is separated, it-will comprise the upper layer and
can be withdrawn through pipe 11 instead of 12,
the phase from which this material is separated
being then withdrawn through pipe 72.

" Likewise, should the material separated in
chamber 16 'be' heavier than the phase from
which it:is separated so as to form the lower layer
it might be withdrawn through pipe 74 and the
phase from which it is separated withdrawn at 13.

Separation -of less soluble materials from the
two phases might be effected by other means, for
instance by extending metering tubes 20 and 21
as indicated in dotted lines and employing heat
exchange chambers 14a and 14b for cooling pur-
poses. - In this case tubes {{ can be made flush
with headers 12 and 13 and pipes. 72 and 13 might
be omitted, particularly when the material sepa-
rated is of a density such as to flow countercur-
rently to the phase from which it is separated.

If the oppesite is true separation might take
place in chambers 15 and 16 and the separated
material fed back through members 22 as before.

It is, of course, understood that heat exchange

chambers. 14 may be of any number, that is one -

or more.. ‘The same applies to members 22 and
tubes (1. : Tubes 11 may be of any desired length.

Separation might-be effected by other means,
for instance, by the use of a third solvent which
is capable of forming a solvent mixture of lower
solvent. capacity for the oll with the solvent or
solvents of the phase; or by reducing the solvent
concentration in the phase; or by reducing the
temperature by any other means; or by a com-
bination of any two or more of the foregoing or
otherwise.

The desiderata in the operation of tower 10 are
(1) ‘that the lighter phase leaving any individual
contacting unit shall be of - the same composi-
tion as the lighter phase leaving any other con-

© tacting unit; (2) that the same shall apply with

© 60

respect- to the heavier phase; and (3): that the
phases shall be mixed at any cross section in any
contacting unit.:

In substantially approaching the foregoing it is

" simpler to-make tubes 11 of the same cross sec-

75

tion and length; to provide the same character
of contacting means in each tube; to feed the
oil under treatment at substantially the same

rate into each tube; to divide each solvent sub-.
" stantially equally between  the tubes;
divide each separated 'material substantially

and to

equally between the tubes. .
However, the individual confacting units may

differ without departing from the spirit of the .

invention. Such differences ma.y be as to con-
struction, for instance as to size, length, contact-
ing means or otherwise.

For instance, the individual contacting units
may vary as to construction but may be matched
so that each will deliver lighter phase of substan-
tially the same composition, and heavier phase
of substantially the same composition when' oil
is fed at substantially the same rate to each, and

each solvent is substantially equally divided be-

tween the tubes.

On. the other hand, the lndlvidual contacting
units may be of the same - and/or of different
construction but may differ as to cgpacity. In
this case adjustments of cil feed and/or of sol-
vent feed may be made to cause the respective
phases from any unit to be of substantially the
same composition as the respective phases from

.any other unit.

The use of metering tubes 20 makes it posstble
to adjust the feeding rate of the heavier solvent
to any contacting unit by employing a meterlng

‘tube for that unit of the desired capacity. Like-

wise, the use of metering tubes 21 makes it pos-
sible to adjust the feeding rate of thelighter sol-
vent to any contacting unit by employing a meter-
ing tube for that unit of the desired capacity. In
a similar manner the use of metering orifices 24
makes it possible to adjust the feeding rate of oil
to any contacting unit.

Thus the desired. balance may be obtained.

‘The precision of this balance will, of course, de-
" pend upon the results desired and, therefore, may

be rough or close according to requirements.
Any other means may he adopted for feeding
the various liquids into the tubes (1.
‘While the invention has been described in con-
nection with one or more tubes of “relatively

" small cross sectional area” in its broad phases it
“extends to setting up reflux conditions at the

opposite ends of a tower of any diameter even
though the -high efficiencies resulting from the
use of one or more tubes of the character de-
scribed may not be obtained.

A construction in which the attenuated packing
members are not enclosed in tubes is illustrated

in Figures 3 and 4 in which tower 30 is shown as -

comprising a plurality of rods 81 carrying spaced
protuberances 32, a plurality of shells 33 having
jackets 34, a feeding chamber 35, a segregating
chamber 36, a combined feeding and segregating
chamber 37, and a plurality of intermediate feed-
ing sections 50. Rods 31 may be supported in

tower 30 in any suitable manner, for instance
as illustrated.

Extending downwardly from feeding chamber

35 about each rod 3! is a metering tube 39 which
is arranged so that the metered liquid will be
deposited on. the rod.

- Tubes 39 are of sufﬁclent length to form with
their supporting plate 40-and the upper end of
the uppermost, shell 33 a segregating chamber 36.,

The lower end of each rod 3/ is illustrated as
being surrounded by a segregating tube 41 which
forms with the rod an annular space for the
downward flow of liquid adhering to the rod.
The lower end of each tube 40 is provided with
a plurality of apertures 42 to permit sald llquld
to flow into chamber 37.

Each tube &1 is illustrated as extending beyond
the upper end of chamber 31 and with its upper
end surrounded by a tube 43 in such & manner
as to afford an annular space 44 between the tubes
for metering purposes.

overlapping the discs 32 on adjacent rods 3{.

.3

The discs 32 on each rod 31 are lllustrated as.
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Feeding chamber 35 has an inlet pipe 45, segre- -

gating chamber 36 has an outlet pipe 48, and com-

75
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bined feeding and segregating’ chamber 37 has an
inlet pipe 47 and an outlet pipe 48.
.Each feeding section 50 comprises a chamber

" 81 formed by tube sheets 52 and §3 between which

extend a plurality of imperforate tubes 54: and a
plurality of perforate tubes 88. . ‘

Imperforate tubes 54 are free from- any ob-

structions whereas & rod 3{ passes through each
perforate tube 88. Perforations 58 in tubes 55
comprise metering orifices through which liquid
from chamber §{ may be metered onto rods 31.
This may be preferred when the liquid fed into
the tower at the intermediate point preferentially
wets -the attenuated packing members.

- However, rods 31 may pass through tubes 54
if desired and orifices 56 may be employed for
distributing said liguid from chamber §{ laterally

" of the tower, for instance in case said liquid does

20
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not preferentially wet the attenuated packing
members.

Each feeding section 50 has an inlet pipe 57.
In describing the operation of tower 38 it will’

be assumed that the heavier solvent phase pref-

“erentially wets the rods 3¢ and discs 32 in prefer-

ence to the lighter solvent phase. If the reverse

is true, tower 30 might be constructed up-side--

down,

The heavier liquid flows’ from feeding cham-
ber 35 down through metering tubes 39 onto the
respective rods 3f, continues on down through
the tower, collects in tubes &1, drains out through
apertures 42 to form a layer in chamber 31 and
is withdrawn through pipe 48. .

The lighter liquid enters chamber 31 through

pipe 41 and occupies the upper part of cham-:
This liquid is metered up through an-.

ber 31.
nular spaces 44 and thus is distributed laterally
of tower 36.

As the lighter phase flows up through the tower

it intimately contacts the descending heavier .

phase.

The lighter pha.se collects insegregating cham- i

ber 36 and is withdrawn through 48..
The liquid under treatment, for instance pe-
troleum oil dissolved or not in a solvent, is fed

‘into tower 38 through feeding sections 50, fresh

oil being fed in at feeding section 30b and par-
tially treated oil at feeding section 50a and/or

" feeding ' section 80b.

70

The fresh oil fed into the tower through feed-

ing section 80b is selectively dissolved in the two

counter-flowing solvents, one part of the oil be-
ing carried down into feeding and segregating
chamber 37, dissolved in the heavier solvent and

the other part being carried up'into segregating -

chamber 36.in solution in the lighter solvent.

“The heavier solvent with oil in solution is -

pumped into separating chamber §8 wherein a
part of the dissolved oil is separated from the
solvent, for instance by cocoling, and is fed back
into the tower through feeding section 50c. The
rest of the ofl dissolved in the heavier solvent is
withdrawn from separating chamber 89 at 60.

The .lighter solvent with oil in solution flows

'into separating chamber $1 wherein a part of the

oil is separated from solvent, for 1nstance by cool-

-ing. The separated oil is fed back into tower 30

through feeding section 80a. The rest of the
oil dissolved In solvent is removed from separat-
ing chamber 81 through pipe 82.

In the foregoing description, it has been as-

" sumed . that the ofl separated from the heavier

3

"solvent 1s lighter than the solvent and that the

oil separated from the lighter solvent is ‘heavier

than the llghter solvent. If the reverse is true

9,1 16,438

in the case of elther or both solvents, it 15 merely

. necessary to turn sepamting chambers §9 and/or .

61 up-side-down as required.

Any other means for separating a part of the.

oll from solution may be employed. :

Any other suitable means may be provided for
metering the. liquids into the tower and/or for
separating the phases. For instance, tubes 41
and 43 might be eliminated. The separation of
lighter solvent from the heavier solvent (with oil
in solution) would then be by simple layer forma-
tion, and the lighter solvent- would be distributed
laterally of the tower by virtue of its layer. This
arrangement might be preferred in certain cases
particularly if the differential in wetting ability
is small between the heavier solvent (with oil
in solution). and the lighter solvent. :

For the purpose of clearness, a limited number
of attenuated packing members has been shown
in the drawings with the volume of free space
fairly large compared to the surface area of the

packing. . It is to be understood, however, that

10
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the attenuated packing members may be as.

‘densely grouped as desired and may be provided

with any desired number of protuberances.

If one or more of the liquids should find a path .

of least resistance along the inner walls of
_shells 33, baffles might be attached to these walls

to cause such liquid or liquids to flow back to- -

ward the attenuated packing members and to-

become re-distributed. :
While the metering onto the indﬁddu&l pack-

ing members 6f the liquid which preferentially -

wets the packing may be preferred, it is not an
indispensable feature and other constructions
may be employed, for instance in case there

should be no clearly defined differential between

wetting ability of the various phasés.

“While heat exchange jackets 34 have not been.
Allustrated as being divided into a number of sec-

tions, such construction may be adopted.

 Principles set. forth in cohnection with the
description of-tower (0 are applicable to tower 30.

40

While in the description ‘of the attenuated -

packing members, it has been inferred that they
have uniform wetting features throughout, it is

45

to be understood that the packing members may -
have surfaces of at least two different-types, satd

surfaces differing from each other in that they

arée preferentially wetted by different phases as

described and claimed in copending application.._‘

Serial No. 29,159, filed June 29, 1935.
These different types of surfaces may:be dis-

sired way, for .instarice (1) alternately in cir-
cumferential bands, (2) longitudinal bands, (3)

spiral bands, (4)- mottling, (5) checker work

and/or (6) .Iin any other suitable manner particu-
larly when applied to longitudinally arranged at-

. tenuated packing members of solid or similar

design.. However, when said packing member or
such as by the use of raschig rings, jack chain or

of surfaces may be adopted when practical, or
any other suiltable arrangement may be adopted.

50

tributed over the packing members in any de-

‘members are made up in the form of a net-work, -

_other packing materials, the same arrangement .

With such an arrangement any phase may be
positively conducted through any portion of the -

zone of contact by virtue of the preferential wet-

ting feature, or the phases may be caused to in-|

termittently displace each other for the purposée
of contact and spontaneous molecular mixing.
-Many other modifications are possible.

- Having particularly described the invention, it
is to be understood that changes, omissions, ad-

5



2,116,428

ditions, substitutions, and/or modifications might
be made within the scope of the claims without
departing from the spirit thereof. ‘

I claim: . ’

1. In a process ‘for contacting a mineral oil
and two solvents capable of forming two liquid
phases ‘wherein said solvents are caused to flow
countercurrently to each other by virtue of a dif-

~ ference. in density and said oil is introduced in-

10

termediate the ends of the counterfiow for solu-
tion in said solvents, the:steps of dividing each
of said solvents into a plurality of relatively small

© streams, contacting said streams so that each

stream of each solvent contacts one stream of
the other solvent in a separate phase contacting
path of relatively small cross sectional area and
of substantial length, feeding said oil into said

.- “separate phase contacting paths intermediate the

ends of the counterflow of solvents, precipitating
components from the final phases thus produced,
flowing & separate stream of each of said precipi-
tates through each of said phase contacting paths
for: re-solution  in said ‘solvents, uniting the

streams: of the lighter of the resultant phases at’

the tops -of said phase contacting paths, and
uniting the streams of the heavier ‘of sald re-
sultant phases at the hottoms of said phase con-
tacting paths. :

2. In a process involving the contacting of a
mineral oil and at least two solvents in & com-
mon path wherein said solvents are caused to
flow. countercurrently to each other by virtue of
a difference in their densities and wherein said oil

is fed into said path at an intermediate point, .
the steps of causing at least one of said liquids
to flow through said common path in a widely

distributed form by conducting said liquid
through said commeon path over a plurality of

- vertically arranged packing mediums each of

40

= oil,

which has a relatively long and narrow shape,
sald packing mediums heing wetted by said liquid,
separating dissolved oil from the lighter solvent,
feeding said separated oil back into said common
path at & point above the feeding point of fresh
separating: dissolved oil from the heavier
solvent, and feeding said last-mentioned sepa-

. rated oil back into said common path at a point

a0

0
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below the feeding point of fresh oil.

3. In 8 process involving the contacting of- a
mineral oil and at least two solvents in a com-
mon path wherein said solvents are caused to flow

countercurrently to each other by virtue of a.

difference in their densities and wherein said oil
is fed Into said' path at an intermediate point,

the steps of causing at least one of said liquids'

to flow through said common path in a widely
distributed . form by conducting said liquld
through said common path over & plurality of

_vertically arranged : packing mediums -each of

which has a relatively long and narrow shape,
sald packing mediums being wetted by said lig-
uid, separating dissolved oil from the lighter sol-
vent, feeding said separated oil back into. said
common path at & point above the feeding point

of fresh oil, separating dissolved oil from the

heavier solvent, feeding said last-mentioned sep-
arsted oil back into said common path at a point
below. the feeding point of fresh oil, and sepa-
rately encasing eg&h of said packing mediums to
confine said counterflow to said packing mediums.

4. A process for treating liquid phases of in-
complete and partial miscibility such as in the sol-
vent treatment of petroleum oil fractions with two
solvents comprising countercurrently flowing said
solvents by means of a difference in their densi-

ties through a plurallty of phase contacting pa.ths

- of relatively small cross sectional area and of

substantial length, introducing said petroleum oil
fractions into said paths at an intermediate
point, separating dissolved oil from the lighter
solvent at the upper portion of said paths, set~
ting up reflux conditions in the upper portion of
said paths with said sepsrated ‘cil by subject-
ing said separated oil to contact with said sol-
vents, separating dissolved oil from the heavier
solvent at the lower portion of said paths, set-
ting up reflux conditions in the lower portion of

said paths with said last-mentioned separated

oil by subjecting said last-mentioned separated
oil to contact with said solvents, maintaining
the proportions of said phases at least substan-
tially identical in said phase contacting paths,
uniting the streams of the lighter of the resultant

phases at the tops of said phase contacting paths, ‘

and uniting the streams of the heavier of the

- resultant phases -4t the bottoms of said phase

contacting paths.

5. A process for treatmg a mineral oil with two
solvents which are capable of forming two sol-
vent phases with said oil in solution and in which
sald phsases are caused to move countercurrently

.to_each other through a phase contacting zone

by virtue of a difference in density, comprising
introducing said solvents and oil into said phase
contacting zone at vertically spaced points to form
said two solvent phases with said oil in solution,
maintaining at least one phase in a widely distrib-
uted form by causing said relative movement be-
tween said pheases to take placein the presence of
a group of attenuated packing members arranged
in the zone of contact side by side and longitudi-
nally of the flow of said phases with each pack-

ing' member of sufficient length to extend.

throughout at least a substantial portion of said
zone of contact, spacing the ‘points of entry of
sald solvents from each other and from the point
of entry of said oil. with the points. of entry of
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said solvents on opposite sides of the point of -

entry of said ofl, choosing said solvents as to den-
sity so that said phases will flow through said
phase contacting zone in opposite directions, pre-
cipitating oil from the: lighter phase,. bringing

phases in said phase contacting zone above the
point of entry of said oil, precipitating oil from
the heavier phase, and bringing said last men-~
tioned precipitated oil into contact with the two
phases in said phase contacting zone below the
point of entry of said oil.

6. A process for treating a mineral oil with two

: solvents which are capable of forming two sol-:
vent phases with said oil in solution and in

which said phases are caused to move countercur-

Zone by virtue of a difference in density, com-
prising introducing said solvents and oil into said
phase contacting zone at vertically spaced points
to form said two solvent phases with said oil in
solution, maintaining at least one phase for at.
least the most part in a plurality of separate rel-
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said precipitated oil into contact with the two
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. rently to each other through a phase contacting .
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atively small streams, spacing the points of entry -

of sald solvents from each other and from the

_point of entry of said oil with the points of entry

of said solvents on opposite sides of the point of

- entry of said ofl, choosing said solvents as to den-

sity so that said phases will flow through sald
phase contacting zone in opposite directions, pre-

precipitated. oil into contact with the two phases

in sald phase contacting zone above the point of
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. cipitating oil from the lighter phase, bringing said
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entry of sald oll preclpltatlng oll' from . the
heavier phase and bringihg said last mentioned

- precipitated ofl into contact with the two phases

10

means for maintaining the temperature at oppo-.
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in said phase contacting zone below the point of
entry of said ofl. -
1. Apparatus comprising a column means for

lntroduclng liquids into said column at at least

three vertically spaced points to cause at least

two of said liquids to flow countercurrently to-

each other through said column by virtue of a
difference in density such as in the treatment of
mineral -olls, means at each of said points for
dividing the fed liquid into a plurality of separate
streams, means for contacting each separate
stream of each liquid in a segregated phase con-

tacting course ‘of substantial length with a sep-

arate stream of each of the other Nquids, and
site ends of said phase contacting courses lower

than the temperature of the main portlons of .
».sald phase contacting courses.

8. Apparatus comprising a column, means for
introducing liquids into said column at at least

three vertically spaced points, to cause at. least

two of said liquids to flow countercurrently to
each other through said column by virtue of a
difference in density such as in the treatment of
mineral oils, means at each of said points- for

dividlnz the fed liquid into a plurality of sepa-
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rate streams, means for contacting each separate
stream of each liquid in a segregated phase con-
tacting course of substantial length with a sep-
arate stream of each of the other liquids, means
for maintaining the temperature at opposite ends

-of said phase contacting courses lower than the

temperature of the main portions of said phase
contacting courses, means at  said opposlte
ends for separating liquid phases produced by

said reduction in temperature, and means for
- feeding one of the phases separated at each end

back into said column.

9. Apparatus comprising a column a group of
attenuated packing members vertically arranged
in ‘the zone of contact of said column side by side,
said packing members being of sufficient length
to extend throughout at least a substantial por-
tion of said zone of contact and to provide segre-
gated phase contact paths, means for feeding
liquids into said column at at least three verti-
cally spaced points to cause at least two of said

" lquids to flow countercurrently to.each other by

virtue of a difference in density such as in the

" solvent treatment of mineral oils, means for re-.

moving solutions of said liquids, means for sep-
arating solute from said solutions, and means for
feeding said separated solute back into said

column.
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