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United States Patent Office 3,231,183 
Patented Jan. 25, 1966 

1. 

3,231,183 
CENTRFUGAL COUNTERCURRENT CONTACT 

APPARATUS AND PROCESS 
Walter J. Podbieiniak, Chicago, Ill., assignor to Dresser 

Hindustries, ac., a corporation of Delaware 
Filed Dec. 14, 1962, Ser. No. 244,831 

20 Claims. (Cl. 233-15) 
This invention relates to improvements to centrifugal 

countercurrent contact apparatus and in processes where 
in two immiscible liquids of different densities are brought 
into countercurrent contact with each other in such ap 
paratllS. 

Centrifugal countercurrent contact apparatus having 
an interior working space and having concentric per 
forated rings or a perforated spiral to provide barriers 
to radial flow within the working space are well known in 
the art. A typical apparatus utilizing concentric rings 
is described in my U.S. Patent No. 2,670,132 of February 
23, 1954. A typical centrifugal countercurrent contact 
apparatus using a perforated spiral to provide the bar 
riers is shown and described in my U.S. Patent No. 
2,286,157 of June 9, 1942. 

In such centrifugal countercurrent contact apparatus 
there is a means for supplying lighter liquid to the in 
terior of a rotor in the proximity of its periphery, a 
means for supplying heavier liquid to the rotor in the 
proximity of its axis and means for Supplying and dis 
charging heavier and lighter liquid from the rotor. There 
are seals provided between the stationary and rotatable 
elements of the supplying and discharging means. 

In some instances, because of process requirements, it 
may be necessary or desirable to introduce an additional 
liquid into the system. In some cases, it may be neces 
sary or convenient to introduce one of the liquids to be 
contacted in the system in an admixture with some other 
liquid. 
The instant invention, in its several aspects permits 

additional liquids to be introduced into the system with 
out the necessity of providing additional seals and also 
permits the purification of relatively impure starting 
liquids so that optimum countercurrent processing is 
permitted. 

It is often desirable in a countercurrent contact process 
wherein a light liquid moves countercurrently to a heavier 
liquid to introduce a third liquid into the system for 
some process function. For example, it is often desirable 
to introduce a liquid known as an “anti-solvent' in a 
solvent extraction process in order to release from the 
solvent certain components which would otherwise re 
main in solution. In the countercurrent extraction of lu 
bricating oil stock with phenol or furfural as the solvent, 
it is desirable to contact the solvent extract stream, down 
stream of the point of introduction of the oil, with water 
to release or “spring some paraflinic constituents from 
the phenolic or furfural extract. This invention provides 
a convenient means of introducing an additional liquid 
stream into the working space of the contact apparatus 
without the necessity of having an additional seal. For 
convenience, this invention will be described with re 
spect to a process for contacting lubricating oil stock with 
phenol and with water, as an additional stream, although, 
as will appear hereinafter, the invention is capable of 
advantageous use in other applications. 

Also for convenience, this invention will be described 
with reference to the figures, of which: 
FIGURE 1 is a partial cross section of the counter 

current contact apparatus through a radial tube, taken 
along line - of FIG. 2; 
FIG. 2 is a diagrammatic longitudinal section of the 

countercurrent apparatus taken on lines 2-2 of FIG. 1 
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2 
with the planes of the radial tubes brought into alignment 
with each other to clearly show the flow; 
FIG. 3 is a detail of one form of manifold 39 of 

FIGS. 1 and 2; 
FIG. 4 is a detail of a cross section of the manifold 39 

of FIGS. 1 and 2 in accordance with the embodiment 
of FIG. 3; 

FIG. 5 is a detail of a cross section of the manifold 
39 of FIGS. 1 and 2 in accordance with another em 
bodiment thereof; and 

FIG. 6 is a detail of a cross section of the manifold 39 
of FIGS. 1 and 2 in an embodiment based on different 
process requirements from the embodiments of FIGS. 
4 and 5. 

Referring to the drawings, and particularly FIGS. 1 
and 2, rotor 11 includes rotatable shaft 12, mounted 
and driven to rotate at a high rate of speed, for example, 
from about 1,000 to about 5,000 r.p.m. or even higher. 
The shaft is maintained in a horizontal direction and 
serves as axis to the remainder of the rotor structure. 
The supporting means and mounting means are not 
shown. The heavier liquid is introduced at an inner 
point in the rotor and travels outwardly under the action 
of the centrifugal forces developed within the rotor 
and leaves at or near the outermost portion of the in 
terior of the rotor. The lighter liquid is introduced 
under pressure at an outer point in the rotor and is 
forced inwardly through the rotor, against the outwardly 
traveling heavier liquid, to effect the desired counter 
current exchange or solvent action. The lighter liquid, 
after this process has been conducted, is withdrawn from 
an interior point within the rotor. 
From the process described, it will be apparent that 

it is necessary to supply, the heavier liquid and to with 
draw the lighter liquid at points near the axis of the 
rotor; and that it will be necessary to supply the lighter 
liquid and remove the heavier liquid at points near the 
periphery of the rotor. For this purpose, shaft 2 is 
provided with two sets of internally concentric conduits, 
as illustrated in FIG. 2 of the drawings. As shown, 
the shaft 2 is provided internally at the left with con 
centric conduits, the inner being designated 18 and the 
annular conduit surrounding it being designated by the 
number 9. A stationary cap 20 is provided at the 
extreme left end of the shaft as shown in FIG. 2. Pipe 
21 in cap 20 communicates with annular conduit 19. 
Inner conduit 18 communicates with a pipe through the 
end of cap 20 as indicated at 22, suitable sealing means 
23 being provided to prevent intermixture between the 
light and heavy liquids. The heavy liquid enters the 
rotor through pipe 22 in cap 20 and passes into conduit 
18. Light liquid which has already passed through 
the rotor leaves the rotor through annular conduit 19, 
passing out of pipe 2. 

Similar conduits are provided in the opposite end of 
the shaft for supply of light liquid to the rotor and the 
removal of the heavy liquid from the rotor. Thus, as 
shown in FiC. 2, at the right, shaft 12 is provided with 
an internal conduit 24 surrounded by an annular conduit 
25. The inner conduit 24 extends through the shaft and 
communicates with pipe 28 in stationary cap 27 into 
which the end of shaft 12 fits. The pipe 28 is for the 
supply of light liquid to the rotor. The annular conduit 
25 leads to pipe 26 in cap 27 so that heavy liquid, after 
treatment, may be discharged from the rotor. A seal 29, 
similar to seal 23 at the opposite end of the shaft is pro 
vided between the end of the shaft 2 and the cap 27. 
The rotor, as illustrated in FIGS. 1 and 2, is formed as 
a cylindrical casing made up of two side plates or discs 
30 and 31 and a peripheral cylindrical member 32 rigidly 
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Secured to each other and to the shaft to form a closed 
chamber. 
Within the side members or discs 30 and 31 of the 

rotor, and spaced from the latter to provide a small clear 
ance of about 46 to about /8 inch, is spill-over plate 33. 
The plate 33 is of lesser radius than the internal surface 
of cylindrical wall member 32 to provide an annular dis 
charge passageway extending entirely around the edges 
of the spill-over piate 33. The space 34 between disc 31 
and spill-over plate 33 forms an inter-disc or inter-plate 
passageway which serves for the discharge of heavy liquid 
leaving the rotor. A plurality of conduits 37 communi 
cate between space 34 and annular conduit 25 so that 
heavy liquid may be removed from the rotor. 
Within the closed chamber, annular passageways of 

progressively increasing radius are provided. The pas 
Sageways are preferably formed by concentric rings or 
bands 36 which are perforated to permit limited flow of 
liquid in a radial direction but which provide substantial 
barriers to such flow. The distance between the bands 
may vary considerably from about 0.15 inch to about 
2 inches depending on the physical properties of the 
liquids to be contacted. If desired the distance between 
bands may be varied, for example, by making the distance 
between bands a function of the radial distance from the 
axis of rotation, as shown in my U.S. Patent No. 2,670,- 
132, referred to above. 
Located about midway between the side members and 

radiating outwardly from the shaft are conduits 38 which 
communicate with conduit 24 and provide passage of 
lighter liquid toward the outer portion of the rotor cham 
ber, or working space. Conduits 38 communicate with 
manifolds 39 which are parallel to the shaft and which 
extend from plate 33 to wall 31. The manifolds 39 serve 
as antechambers in which separation of a liquid mixture 
into light and heavy components may take place. 

In the specific embodiment shown in detail in FIG. 3, 
the manifolds 39 utilize two successive concentric rings 
36, as top and bottom walls and require only side walls 
41. There are a series of perforations 42 located in 
the side walls near the outer cylindrical barrier and a 
series of perforations 43 located in the inner cylindrical 
barrier. The perforations provide communication be 
tween the outer portion of the manifold and one passage 
way in the rotor and between the inner portion of the 
manifold and a passageway interior of said first named 
passageway and separated therefrom by a barrier to ra 
dial flow. 
Also located about midway between the side members 

and radiating outwardly from the shaft are conduits 44 
which communicate with conduit 18 and provide passage 
of heavier liquid into the rotor chamber. Conduits 44 
are substantially shorter than conduits 38 since the heavy 
liquid is not transported as far from the axis of rotation 
as the light liquid. 

Conduits 44 communicate with manifolds 46 which 
are generally similar to manifolds 39, except that they 
are located closer to the axis of rotation. Manifolds 46 
also serve as antechambers for separation of a liquid 
mixture into light and heavy components. There are 
perforations in manifold 46 which communicate with one 
or more passageways within the chamber. In one em 
bodiment of this invention all of the perforations in a 
manifold 46 are in the side walls so that all of the liquid 
discharges into a single passageway between two bands 36. 

There are a plurality of conduits 47 communicating 
'between the interior of the chamber and annular conduit 
19 for discharge of light liquid from the rotor. 

In the operation of the above described apparatus 
in connection with the phenol extraction of lubricating 
oil, phenol, the heavy liquid is introduced through pips 
22 in cap 20 and passes through conduit 18, through 
radial conduits 44 and manifolds 46 and thence into the 
Working space, and particularly into a single passageway 
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through perforations in the side walls of the manifolds. 
Light liquid comprising a mixture of lubricating oil stock 
and water, is pumped through pipe 28 in cap 27 and 
through conduit 24, through radial conduits 38, and 
through the manifolds 39. In the manifolds there is sub 
stantially no flow of light liquid in a radial direction since 
the manifolds are disposed parallel to the axis. The 
manifolds are in effect antechambers in which centrifugal 
separation of the oil and water takes place with the wa 
ter being forced to the outer ring and the oil being forced 
to the inner ring which form the upper and lower walls 
of the manifold. The water passes out of the manifolds 
through perforations 42 and into the passageway between 
the concentric rings 36a and 36b which make up the 
upper and lower walls of the manifold. The oil layer 
passes through perforations 43 into a passageway interior 
to said first named passageway and separated therefrom 
by a barrier, ring 36b. 
Thus, in this embodiment, the oil is introduced into 

the working space one ring inward of the water. 
The oil passes from passageway to passageway in 

wardly within the working space while the phenolic ex 
tract passes outwardly, producing excellent countercur 
rent contact, and dissolution of a portion of the lubricat 
ing oil into the phenolic extract. When the phenolic 
extract passes through ring 36b, it no longer makes con 
tact with fresh lubricating oil stock, but only with the 
water antisolvent which springs a portion of the dissolved 
lubricating oil from the extract. The phenolic extract 
continues its outward path until it spills over the edge 
of disc 33 and into space 34, from which it passes through 
conduits 37 to annular passageway 25 and through out 
let 26 out of the system. The water anti-solvent is mis 
cible with the phenolic extract and is included therein. 
The lubricating oil, from which the phenol soluble 

fraction has been removed passes inwardly from pas 
Sageway to passageway until it reaches the innermost pas 
sageway, from which it passes through conduits 47 to 
annular conduit 19 and thence through outlet 2 and out 
of the system. 

In the embodiment described above, it is desired to in 
troduce water into a passageway separated by only 
one barrier from the passageway taking the oil feed. If 
it should be desired to separate the points of introduc 
tion of the two streams by two concentric rings rather 
than only one, the apparatus can be modified easily as 
shown in FIG. 5 by eliminating the perforations in the 
side walls and substituting perforations 42a in ring 36a 
so that the water passes into a passageway exterior of 
ring 36a while the oil passes into a passageway interior 
of ring 36b. 

If further separation is desired between the points of 
introduction, tubes may be welded onto orifices 42a or 
orifices 43, or both, so that effluent may be conducted 
through the tubes past additional barriers before being 
introduced into the desired passageways. 

In the introduction of a water stream in the phenolic 
extraction of lubricating oil, it is fortunate that the water 
which is heavier than the lubricating oil is desired to be 
introduced to a point exterior of the point of introduction 
of the lubricating oil. In other situations it may be de 
sired to introduce the heavier of the liquids to an in 
terior point. In such cases a manifold, such as that 
shown in FIG. 6 may be used wherein the lighter liquid 
is discharged through perforations 42b in the lower por 
tion of the side walls while the heavier liquid passes 
through tubes 48 connecting the outer space within the 
manifold with the passageway interior of ring 36b. 
To meet still other process requirements, it may be 

desired to introduce a third liquid component to a por 
tion of the contact zone relatively close to the center. In 
Such cases, the third liquid component may be introduced 
through the heavy liquid inlet together with the heavy 
liquid and may be separated therefrom in manifolds 46, 
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provided that the third liquid is immiscible with the heavy 
liquid and differs from it in density. The manifolds 46 
may be modified to the form of FIG. 4, 5 or 6, depend 
ing on where is it desired to introduce the respective 
liquid streams into the contact zone. 

Thus, the invention is applicable to the introduction 
of any third liquid component into a countercurrent cen 
trifugal contacting zone provided that the third liquid 
component is immiscible in at least one of the feed 
streams and differs from it in density. 

In still another embodiment of this invention the third 
liquid component need not be one which is desired with 
in the working space, but rather might be one which is 
associated with one of the feed streams for other process 
eaSOS. 
For example, it may be desired to treat an oil with an 

aqueous caustic solution, separate the treated oil from 
the caustic solution and thereafter bring the oil into 
countercurrent contact with water. The oil and caustic 
mixture may be treated as the “light liquid” and passed 
to manifolds near the periphery of the rotor which have 
passages into the contact zone for the lighter liquid (the 
oil) and passages out of the contact zone for the heavier 
liquid (the caustic). In this manner caustic solution 
may be kept out of the countercurrent contact zone with 
out the necessity of having a separate piece of separating 
equipment for use prior to the countercurrent extractor. 

While the invention has been described with respect 
to embodiment in which the antechamber is a longitudi 
nally disposed manifold, it is to be understood that other 
structures may be used as antechambers, provided that 
there is no substantial flow therethrough in a radial di 
rection. For example, the radial conduits 38, instead of 
leading directly to the manifolds may lead to one or more 
antechambers disposed laterally to the working space and 
of expanded cross section normal to the radial direction. 
They may lead, for example, to a common annular cham 
ber near the periphery of the rotor and the annular cham 
ber, in turn, may have orifices leading to two sets of mani 
folds, one set for each of the liquid phases separated in 
the annular chamber. Two sets of orifices at different 
radial distances from the axis are required in such a modi 
fication, one set for each set of manifolds. 
The above detailed description of this invention has 

been given for clearness of understanding only. No un 
necessary limitations should be understood therefrom, 
as modifications will be obvious to those skilled in the 
art. 

I claim: 
1. In a centrifugal countercurrent contact apparatus 

for effecting intimate contact between at least partially 
immiscible liquids of different densities having a rotor 
with an interior working space, said working space having 
a plurality of substantially cylindrical and substantially 
concentric perforated barriers to radial flow within the 
rotor, means for supplying lighter liquid to the interior 
of the rotor in the proximity of its periphery, means for 
supplying heavier liquid to the rotor in the proximity of 
its axis, each of said supplying means including sta 
tionary and rotatable elements and including a seal there 
between, and means for separately discharging heavier 
liquid and lighter liquid from said rotor; the improve 
ment which comprises an antechamber in at least one of 
said supplying means as a rotatable element in said rotor, 
at least a portion of said antechamber being disposed at 
a distance from the axis of said rotor, said antechamber 
being dimensioned and disposed so that flow of liquid 
therethrough in a radial direction with respect to said 
rotor is minimized, said antechamber having at least two 
orifices positioned at different radial distances from the 
axis of said rotor, one of said orifices leading to a posi 
tion within the working space of said rotor and the other 
orifice leading to a second position separated from said 
first-named position by at least one barrier. 

2. In a centrifugal countercurrent contact apparatus 
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6 
for effecting intimate contact between at least partially 
immiscible liquids of different densities having a rotor 
with an interior working space, said working space having 
a plurality of substantially cylindrical and substantially 
concentric perforated barriers to radial flow within the 
rotor, means for supplying lighter liquid to the interior 
of the rotor in the proximity of its periphery, means for 
supplying heavier liquid to the rotor in the proximity of 
its axis, each of said supplying means including stationary 
and rotatable elements and including a seal therebetween 
and means for separately discharging heavier liquid and 
lighter liquid from said rotor; the improvement which 
comprises an antechamber in at least one of said supply 
ing means as a rotatable element in said rotor, at least 
a portion of said antechamber being disposed at a dis 
tance from the axis of said rotor, said antechamber being 
dimensioned and disposed so that the flow of liquid there 
through in a radial direction with respect to said rotor is 
minimized, said antechamber having at least two orifices 
positioned at different radial distances from the axis of 
Said rotor, one of said orifices leading to a position within 
the working space of said rotor and the other orifice lead 
ing to a second position within the working space of said 
rotor, separated from said first-named position by at least 
one barrier. 

3. In a centrifugal countercurrent contact apparatus 
for effecting intimate contact between at least partially 
immiscible liquids of different densities having a rotor 
with an interior working space, said working space having 
a plurality of cylindrical and concentric perforated rings 
within the rotor, means for supplying lighter liquid to the 
interior of the rotor in the proximity of its periphery, 
means for supplying heavier liquid to the rotor in the 
proximity of its axis, each of said supplying means in 
cluding stationary and rototable elements and including 
a Seal therebetween, and means for separately discharging 
heavier liquid and lighter liquid from said rotor; the 
improvement which comprises an antechamber in at least 
one of said supplying means as a rotatable element in 
said rotor, at least a portion of said antechamber being 
disposed at a distance from the axis of said rotor, said 
antechamber being dimensioned and disposed so that flow 
of liquid therethrough in a radial direction with respect 
to said rotor is minimized, said antechamber having at 
least two orifices positioned at different radial distances 
from the axis of said rotor, one of said orifices leading 
to a position within the working space of said rotor and 
the other orifice leading to a second position within the 
Working space of said rotor, separated from said first 
named position by at least one ring. 

4. In a centrifugal countercurrent contact apparatus 
for effecting intimate contact between at least partially 
immiscible liquids of different densities having a rotor 
with an interior working space, said working space hav 
ing a perforated spiral wall which provides a plurality of 
substantially circular and substantially concentric per 
forated barriers to radial flow within the rotor, means for 
Supplying lighter liquid to the interior of the rotor in the 
proximity of its periphery, means for supplying heavier 
liquid to the rotor in the proximity of its axis, each of 
said Supplying means including stationary and rotatable 
elements and including a Seal therebetween, and means 
for separately discharging heavier liquid and lighter liquid 
from said rotor; the improvement which comprises an 
antechamber in at least one of said supplying means as 
a rotatable element in said rotor, at least a portion of 
said antechamber being disposed at a distance from the 
axis of said rotor, said antechamber being dimensioned 
and disposed so that flow of liquid therethrough in a 
radial direction with respect to said rotor is minimized, 
said antechamber having at least two orifices positioned 
at different radial distances from the axis of said rotor, 
one of said orifices leading to a position within the work 
ing space of said rotor and the other orifice leading to a 
second position within the working space of Said rotor, 
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separated from said first-named position by at least one 
barrier, 

5. In a centrifugal countercurrent contact apparatus for 
effecting intimate contact between at least partially im 
miscible liquids of different densities having a rotor with 
an interior working space, said working Space having a 
plurality of substantially cylindrical and substantially con 
centric perforated barriers to radial flow within the rotor, 
means for supplying lighter liquid to the interior of the 
rotor in the proximity of its periphery, means for Sup 
plying heavier liquid to the rotor in the proximity of its 
axis, each of said supplying means including stationary 
and rotatable elements and including a seal therebetween, 
and means for separately discharging heavier liquid and 
lighter liquid from said rotor; the improvement which 
comprises an antechamber in Said lighter liquid supply 
ing means as a rotatable element in Said rotor, at least 
a portion of said antechamber being disposed at a distance 
from the axis of said rotor, said antechamber being di 
mensioned and disposed so that flow of liquid there 
through in a radial direction with respect to said rotor is 
minimized, said antechamber having at least two orifices 
positioned at different radial distances from the axis of 
said rotor, one of said orifices leading to a position with 
in the working space of said rotor and the other orifice 
leading to a second position within the working Space of 
said rotor, separated from said first-named position by 
at least one barrier. 

6. In a centrifugal countercurrent contact apparatus 
for effecting intimate contact between at least partially 
immiscible liquids of different densities having a rotor 
with an interior working space, said working space having 
a plurality of substantially cylindrical and Substantially 
concentric perforated barriers to radial flow within the 
rotor, means for supplying lighter liquid to the interior of 
the rotor in the proximity of its periphery, means for Sup 
plying heavier liquid to the rotor in the proximity of its 
axis, each of said supplying means including stationary 
and rotatable elements and including a seal therebetween, 
and means for separately discharging heavier liquid and 
lighter liquid from said rotor; the improvement which 
comprises an antechamber in said heavier liquid supplying 
means as a rotatable element in said rotor, at least a por 
tion of said antechamber being disposed at a distance 
from the axis of said rotor, said antechamber being 
dimensioned and disposed so that flow of liquid there 
through in a radial direction with respect to said rotor is 
minimized, said antechamber having at least two orifices 
positioned at different radial distances from the axis of 
said rotor, one of said orifices leading to a position within 
the working space of said rotor, and the other orifice 
eading to a second position within the working space of 
said rotor, separated from said first-named position by at 
least one barrier. 

7. In a centrifugal countercurrent contact apparatus 
for effecting intimate contact between at least partially 
immiscible liquids of different densities having a rotor 
with an interior working space, said working space having 
a plurality of substantially cylindrical and substantially 
concentric perforated barriers to radial flow within the 
rotor, means for supplying lighter liquid to the interior 
of the rotor in the proximity of its periphery, means for 
supplying heavier liquid to the rotor in the proximity of 
its axis, each of said supplying means including stationary 
and rotatable elements and including a seal therebetween, 
and means for separately discharging heavier liquid and 
lighter liquid from said rotor; the improvement which 
comprises an antechamber in at least one of said supply 
ing means as a rotatable element in said rotor, at least a 
portion of said antechamber being disposed at a distance 
from the axis of said rotor, said antechamber being di 
mensioned and disposed so that flow of liquid there 
through in a radial direction with respect to said rotor 
is minimized, said antechamber having at least two orifices 
positioned at different radial distances from the axis of 
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said rotor, the outer of said orifices leading to a position 
within the working space of said rotor and the inner of 
said orifices leading to a Second position within the work 
ing space of Said rotor inward of Said first-named position 
and separated therefrom by at least one barrier. 

8. In a centrifugal countercurrent contact apparatus 
for effecting intimate contact between at least partially 
immiscible liquids of different densities having a rotor 
with an interior working space, said working space having 
a plurality of substantially cylindrical and substantially 
concentric perforated barriers to radial flow within the 
rotor, means for Supplying lighter liquid to the interior 
of the rotor in the proximity of its periphery, means for 
supplying heavier liquid to the rotor in the proximity of 
its axis, each of said supplying means including stationary 
and rotatable elements and including a seal therebetween, 
and means for Separately discharging heavier liquid and 
lighter liquid from said rotor; the improvement which 
comprises an antechamber in at least one of said supply 
ing means as a rotatable element in Said rotor, at least a 
portion of said antechamber being disposed at a distance 
from the axis of said rotor, said antechamber being di 
mensioned and disposed so that flow of liquid there 
through in a radial direction with respect to said rotor 
is minimized, said antechamber having at least two ori 
fices positioned at different radial distances from the axis 
of said rotor, the outer of said orifices leading to a posi 
tion within the working space of Said rotor and the inner 
of said orifices leading to a second position within the 
working space of said rotor outward of said first-named 
position and separated therefrom by at least one barrier. 

9. In a centrifugal countercurrent contact apparatus for 
effecting intimate contact between at least partially im 
miscible liquids of different densities having a rotor with 
an interior working space, said working space having a plu 
rality of substantially cylindrical and substantially concen 
tric perforated barriers to radial flow within the rotor, 
means for supplying lighter liquid to the interior of the 
rotor in the proximity of its periphery, means for supply 
ing heavier liquid to the rotor in the proximity of its axis, 
each of said supplying means including stationary and 
rotatable elements and including a seal therebetween, and 
means for separately discharging heavier liquid and lighter 
liquid from said rotor; the improvement which comprises 
an antechamber in at least one of said supplying means 
as a rotatable element in said rotor, said antechamber 
being elongated in the direction of the axis of said rotor, 
substantially parallel thereto and displaced therefrom and 
having at least two orifices positioned at different radial 
distances from said axis, one of said orifices leading to 
a position within the working space of said rotor and the 
other orifice leading to a second position within the work 
ing space of said rotor, separated from said first-named 
position by at least one barrier. 

10. In a centrifugal countercurrent contact apparatus 
for effecting intimate contact between at least partially 
immiscible liquids of different densities having a rotor 
with an interior working space, said working space hav 
ing a plurality of substantially cylindrical and substan 
tially concentric perforated barriers to radial flow within 
the rotor, means for supplying lighter liquid to the interior 
of the rotor in the proximity of its periphery, means for 
supplying heavier liquid to the rotor in the proximity of 
its axis, each of said supplying means including station 
ary and rotatable elements and including a seal therebe 
tween, and means for separately discharging heavier liquid 
and lighter liquid from said rotor; the improvement which 
comprises an antechamber in at least one of said supply 
ing means as a rotatable element in said rotor, at least a 
portion of Said antechamber being disposed at a distance 
from the axis of said rotor, said antechamber being posi 
tioned laterally of said working space and being of ex 
panded cross section normal to the radial direction so that 
flow of liquid therethrough in a radial direction with 
respect to said rotor is minimized, said antechamber hav 
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ing at least two orifices positioned at different radial dis 
tances from the axis of said rotor, one of said orifices lead 
ing to a position within the working space of said rotor 
and the other orifice leading to a second position within 
the working space of said rotor, separated from said first 
named position by at least one barrier. 

11. In a centrifugal countercurrent contact apparatus 
for effecting intimate contact between at least partially 
immiscible liquids of different densities having a rotor with 
an interior working space, said working space having a 
plurality of cylindrical and concentric perforated rings 
within the rotor, means for supplying lighter liquid to 
the interior of the rotor in the proximity of its periphery, 
means for supplying heavier liquid to the rotor in the 
proximity of its axis, each of said supplying means includ 
ing stationary and rotatable elements and including a seal 
therebetween, and means for separately discharging heav 
ier liquid and lighter liquid from said rotor; the improve 
ment which comprises an antechamber in said lighter 
liquid supplying means as a rotatable element in Said rotor, 
said antechamber being elongated in the direction of the 
axis of said rotor, substantially parallel thereto and dis 
placed therefrom and having at least two orifices posi 
tioned at different radial distances from said axis, one of 
said orifices leading to a position within the working space 
of said rotor and the other orifice leading to a second 
position within the working space of said rotor, separated 
from said first-named positioned by at least one ring. 

12. In a centrifugal countercurrent contact apparatus 
for effecting intimate contact between at least partially 
immiscible liquids of different densities having a rotor 
with an interior working space, said working space hav 
ing a perforated spiral wall which provides a plurality of 
substantially circular and substantially concentric perfo 
rated barriers to radial flow within the rotor, means for 
supplying lighter liquid to the interior of the rotor in the 
proximity of its periphery, means for supplying heavier 
liquid to the rotor in the proximity of its axis, each of 
said supplying means including stationary and rotatable 
elements and including a seal therebetween, and means 
for separately discharging heavier liquid and lighter liquid 
from said rotor; the improvement which comprises an 
antechamber in said lighter liquid supplying means as 
a rotatable element in said rotor, said antechamber being 
elongated in the direction of the axis of said rotor, Sub 
stantially parallel thereto and displaced therefrom and 
having at least two orifices positioned at different radial 
distances from said axis, one of said orifices leading to 
a position within the working space of said rotor and 
the other orifice leading to a second position within the 
working space of said rotor, separated from said first 
named position by at least one barrier. 

13. In a centrifugal countercurrent contact apparatus 
for effecting intimate contact between at least partially 
immiscible liquids of different densities having a rotor 
with an interior working space, said working space having 
a plurality of cylindrical and concentric perforated rings 
within the rotor, means for supplying lighter liquid to the 
interior of the rotor in the proximity of its periphery, 
means for supplying heavier liquid to the rotor in the 
proximity of its axis, each of said supplying means in 
cluding stationary and rotatable elements and including 
a seal therebetween, and means for separately discharging 
heavier liquid and lighter liquid from said rotor; the im 
provement which comprises an antechamber in said lighter 
liquid supplying means as a rotatable element in said 
rotor, said antechamber being elongated in the direction 
of the axis of said rotor, substantially parallel thereto and 
displaced therefrom and having a plurality of orifices posi 
tioned at approximately the same radial distance from 
the axis of said rotor and a plurality of orifices positioned 
at a shorter distance from said axis, said first-named ori 
fices leading to positions within the working space of said 
rotor and said second-named orifices leading to positions 
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10 
inward of said first-named positions and separated there 
from by at least one barrier. 

14. In a method for effecting countercurrent contact 
between at least partially immiscible liquids of different 
densities wherein a stream of heavy liquid is introduced 
into the interior of a centrifugal contacting zone which 
is partitioned to restrict radial flow, near the axis of said 
Zone, and a stream of light liquid is introduced into said 
centrifugal contacting zone near the periphery thereof, 
and each of said streans passes through a seal between 
stationary and rotating portions of its path, the improve 
ment which comprises providing, as at least one of said 
streams, a composite of at least partially immiscible 
liquids of different densities, passing said composite past 
Said seal, centrifugally separating said composite into two 
fractions of differing density and introducing one of said 
fractions into the contacting zone at one location ad pass 
ing the other of said fractions to a location separated from 
said first-named location by at least one partition. 

5. In a method for effecting countercurrent contact 
between at least partially immiscible liquids of different 
densities wherein a stream of heavy liquid is introduced 
into the interior of a centrifugal contacting zone, which 
is partitioned to restrict radial flow, near the axis of said 
Zone, and a stream of light liquid is introduced into said 
centrifugal contacting zone near the periphery thereof, 
and each of said streams passes through a seal between 
Stationary and rotating portions of its path, the improve 
ment which comprises providing, as at least one of said 
streams, a composite of at least partially immiscible 
liquids of different densities, passing said composite past 
said Seal, centrifugally separating said composite into two 
fractions of differing density and introducing each of said 
two fractions into said contacting zone at a point sepa 
rated from the point of introduction of the other by at 
least one partition. 

16. in a method for effecting countercurrent contact 
between at least partially immiscible liquids of different 
densities wherein a stream of heavy liquid is introduced 
into the interior of a centrifugal contacting zone, which 
is partitioned to restrict radial flow, near the axis of said 
Zone, and a stream of light liquid is introduced into said 
centrifugal contacting zone near the periphery thereof, 
and each of said streams passes through a seal between 
Stationary and rotating portions of its path, the improve 
ment which comprises introducing a third liquid compo 
ment into said contacting zone by blending it with one 
of Said streams with which it is at least partially immisci 
ble and from which it differs in density, passing said blend 
past said seal, centrifugally separating said blend into a 
fraction rich in said third component and a fraction poor 
in Said third component and introducing each of said two 
fractions into said contacting zone at a point separated 
from the point of introduction of the other by at least 
one partition. 

17. In a method for effecting countercurrent contact 
between at least partially immiscible liquids of different 
densities wherein a stream of heavy liquid is introduced 
into the interior of a centrifugal contacting zone, which 
is partitioned to restrict radial flow, near the axis of said 
Zone, and a stream of light liquid is introduced into said 
Centrifugal contacting Zone near the periphery thereof, 
and each of said streams passes through a seal between 
stationary and rotating portions of its path, the improve 
ment which comprises introducing a third liquid compo 
nent into said contacting zone by blending it with said 
light liquid stream, said third liquid component being at 
least partially immiscible with said light liquid and differ 
ing in density therefrom, passing said blend past said seal, 
centrifugally separating said blend into a fraction rich 
in said third component and a fraction poor in said third 
component and introducing each of said two fractions 
into said contacting Zone at a point separated from the 
point of introduction of the other by at least one partition. 

8. In a method for effecting countercurrent contact 



3,231,188 

between at least partially immiscible liquids of different 
densities wherein a stream of heavy liquid is introduced 
into the interior of a centrifugal contacting zone, which 
is partitioned to restrict radial flow, near the axis of said 
zone, and a stream of light liquid is introduced into said 
centrifugal contacting zone near the periphery thereof, 
and each of said streams passes through a seal between 
stationary and rotating portions of its path, the improve 
ment which comprises introducing a third liquid compo 
nent into said contacting Zone by blending it with said 
light liquid stream, said third liquid component being 
heavier than said light liquid and at least partially im 
miscible therewith, passing said biend past said seal, cen 
trifugally separating said blend into a fraction rich in said 
third component and a fraction poor in said third con 
ponent and introducing each of said two fractions into 
said contacting zone at a point separated from the point 
of introduction of the other by at least one partition. 

19. In a method for effecting countercurrent contact 
between at least partially immiscible liquids of different 
densities wherein a stream of heavy liquid is introduced 
into the interior of a centrifugal contacting zone, which 
is partitioned to restrict radial flow, near the axis of said 
zone, and a stream of light liquid is introduced into said 
centrifugal contacting zone near the periphery thereof, 25 
and each of said streams passes through a seal between 
stationary and rotating portions of its path, the improve 
ment which comprises introducing a third liquid compo 
nent into said contacting zone by blending it with said 
light liquid stream, said third liquid component being 
heavier than said light liquid and at least partially im 
miscible therewith, passing said blend past said seal, cen 
trifugally separating said blend into a fraction rich in 
said third component and a fraction poor in said third 
component, introducing said fraction rich in third liquid 
component into said contacting Zone at one location and 
introducing said fraction poor in third liquid component 
into said contacting Zone at a location separated from 
said first-named location by at least one barrier and in 
terior thereof with respect to the axis of said centrifugal 
contacting zone. 

20. In the method for effecting countercurrent extrac 

12 
tion of lubricating oil stock containing at least one paraf 
finic hydrocarbon and at least one non-paraffinic hydro 
carbon wherein said lubricating oil stock is introduced 
into the interior of a centrifugal contacting zone, which 
is partitioned to restrict radial flow, near the periphery 
of Said Zone, and a stream of solvent of the class consist 
ing of phenol and furfural is introduced into said cen 
trifugal contacting zone near the axis thereof, and each 
of said streams passes through a seal between stationary 
and rotating portions of its path, the improvement which 
comprises introducing water into said contacting zone by 
blending it with said lubricating oil stock, passing said 
blend past said seal, centrifugally separating said blend 
into a water-rich fraction and an oil rich fraction, intro 
ducing said water-rich fraction into said contacting zone 
at one location and introducing said oil-rich fraction into 
said contacting zone at a location separated from said 
first-named location by at least one barrier and interior 
thereof with respect to the axis of said centrifugal con 
tacting Zone. 
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