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ihe present invention relates to improvements 
in countercurrent contact devices of the general 
type illustrated in my prior Patent No. 2,281,796, 
granted May 5, 1942. it is more particularly in 
tended for effecting contercurrent contact be 
tween iquids of different densities that are in 
iniscible or largely SO, for exampie, for solvent 
sextraction, cheinical treatiment and like purposes, 
and may likewise be employed for countercurrent 
contact between liquids and gases or vapors, if 
so desired. 
The invention will be fully understood from 

the following description, illustrated by the ac 
companying diraWings in which: 

figure 1 is an elevation of a device embodying 
the invention, shown partly in vertical section 
through the central line of the apparatus; 

rig. 2 is a fragmentary detail Sectional view 
illustrating the tanner of placing the rings with 
in the rotor of the contacting device; 

Fig. 3 is a broken perspective view of a detail 
showing suitable relative placing of the rings of 
the rotor and of the openings therein in a typical 
embodiment of the invention; 

Fig. 4 is a side view of an inner ring. Of the 
rotor; 

Fig. 5 is a view illustrating the placing of the 
holes or perforations in the ring of Fig. 4; 

Fig. 6 is a side view of an outer ring of the 
rotor and Fig. 7 is a view illustrating the placing 
of the holes or perforations in the ring of Fig. 6; 
and 

Fig. 3 is a diagrammatic perspective view of 
the centrifugal contacting device of the present 
invention, partially broken away to illustrate 
Schematically the operation of the rotor of the 
device. Parts of the mounting and other sta 
tionary parts are indicated by dotted lines. 

Referring more particularly to Fig. 1, the nu 
merals 0 and indicate two spaced standards 
which carry the rotor of the contacting, device 
and its stationary casing. The Supporting and 
journal parts carried by each of the standards 
0 and being similar except for the provision 

of the driving means on the shaft portion car 
ried by standard , they will be described more 
particularly in connection with those carried by 
the standard 0. 
The standard carries a split ring 2, to which 

is bolted on the inside of the standard a Support 
ing member 3 of generally annular form, pro 
vided circumferentially with an annular groove 
into which fits the inner periphery of the upper 
and lower casing members 5 and 16. The cas 
ing members 5 and 6 together form a stationary 
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2 
cylindrical casing for the rotor, as will be ap 
parent from the diagrammatic showing in Fig. 8. 
The two parts 5 and 6 of the casing may 
conveniently be hinged together so that the up 
per part 5 can be raised when desired. 
Within the ring 2 and fitting closely to the 

interior thereof is mounted the stepped sleeve 
6a, the interior surface of which serves to Sup 

port the outer race of a ball bearing , the inner 
race of which bears against a shoulder 8 on 
the stepped rotatable shaft member 9 which 
carries the rotor and auxiliary parts, as will be 
hereinafter more fully pointed out. The ring f6d, 
On its side toward the rotor, abuts against a split 
annular key or stop 28, which in turn contacts 
a stepped down portion 2 of reduced diameter 
on the supporting member 3. The stop or key 
28 holds in position a sealing ring 22 which co 
operates with a corresponding sealing ring 23 
on the shaft 9. The stepped down portion 24 
of the ring 6cl likewise serves as a Sealing ring 
on the opposite side of the ball bearing 8 and 
cooperates with the sealing ring 25, mounted on 
the shaft 9. Those elements of the bearing and 
seal assembly just referred to that are mounted 
on the shaft 9 are held in position by a ring 
26 which is internally threaded and is Screwed 
on to a corresponding threaded portion 27 on 
the shaft 9. Those portions of the bearing and 
seal assembly mounted on the ring 2 are held 
in position by a stepped cap member 28 having 
a cylindrical portion of larger diameter adjacent 
the standard O. It is provided with a flange 29 
contacting the ring member 2. A locking ring 
30 engages the flange 29 of the cap member 28, 
ring member 2, and the supporting member 3 
and related parts are held in their proper posi 
tions by bolts 3. The shaft 9 extends out 
wardly beyond its threaded portion on which is 
mounted the internally threaded ring 26 and is 
provided at its end with a shoulder 30a, the 
purpose of which will be indicated hereinafter. 
Within the casing formed by the members 5 

and 6, the rotatable shaft 9 carries two disks 
3 and 32 forming the sides of the rotor of the 
contactor. As illustrated, the disk 3 may be 
formed integrally with the shaft, although, as is 
readily apparent, it may be formed Separately 
and fitted on the shaft. The disk 32 is formed 
as an annular plate and is forced against a shoul 
der 33 on shaft 9 by a sealing ring 34 and by 
screws mounted in the locking member 35 which 
fits into a groove suitably provided on the shaft 
9. 
A cylindrical shell or ring 36 surrounds the 
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rotor disks 3 and serves as a closure for the 
Outer circumference of the rotor. Mounted on 
one side of the cylindrical shell 36 is an inwardly 
directed flange 37, the inner periphery of which 
is turned inwardly to engage the disk 3 except 
for notches provided for the passage of the tubes 
38 and 39, the functions of which will be referred 
to hereinafter. At the opposite end of the cylin 
drical shell 36 there is secured to it internally a 
locking ring 40, Bolts 4 screwed through the 
locking ring force the disk 32 in the direction 
of the opposing disk 3. The spaced, perforated 
cylindrical rings 42 are held in position between 
the disks 3 f and 32 as hereinafter more fully 
described. 

In operation, the heavier liquid must be sup 
plied to and the lighter liquid withdrawn from 
the inner portion of the rotor and the lighter 
liquid must be supplied to and the heavier liquid 
withdrawn from the outer circumference of the 
rotor. The means by which these are accom 
plished will now be described. 
The ends of the rotor shaft 9 are drilled to 

provide axial openings extending to approximate 
ly the center of the shaft, but not meeting. These 
openings are reduced in diameter at their inner 
ends. Referring first to the portion of this shaft 
at the left of the rotor, as Viewed in Fig. i., a 
Stationary hollow rod or tube 43 enters the open 
ing in the shaft 9 and is provided at its inner 
end with a portion. 43a of reduced diameter which 
fits in the inner end of the opening in the shaft. 
The rod 43 is likewise provided near its inner 
end with a shoulder 44 which abuts against a 
corresponding shoulder formed within the rotor 
shaft, suitable sealing means 45 being provided 
thereby. A central opening or hole 46, drilled 
axially through the rod or tube 43 opens into a 
Small chamber 47 within the rotor shaft, this 
chamber being the end of the opening formed 
in the left hand portion of the shaft 9. The 
opening or hole 46 above referred to forms the 
conduit for introduction of heavy liquid. The 
opening 47 in the rotor shaft if 9 at the end of 
this conduit is connected by hole 48 drilled ap 
proximately radially through the shaft 9 to the 
interior of the space within the rotor between 
the disks 3 and 32, and within the first of the 
circular rings 42. 
"Within the hollow rod - 43 and concentric with 

the opening or conduit 36, an annular chamber 
49 is formed. At its outer end, this chamber 
terminates in a Somewhat enlarged space5 and 
this in turn communicates through an opening 
5 with groove 52, cut on the outer surface of 
the rod or tube 43. 
At its inner end the annular space : 49 ter 

minates near the end of the rod 43. The rod 
43 is reduced in external diameter near the 
shoulder 44 and seal 45, forming a groove 53 
which serves as a collecting space for the light 
liquid withdrawn from the rotor. Holes 53a are 
drilled through the rod 43 at the bottom of this 
groove to communicate with the inner concentric 
space 49 so that the light liquid. Withdrawn from 
the rotor can enter the concentric space 49 and 
be conveyed through it to the exterior of the 
apparatus. Back of the groove 53, cooperating 
shoulders 54 and 55 are formed on the Outer star 
face of the rod 43 and on the interior of the shaft 
if 9, respectively, between which suitable sealing 
means may be provided to prevent flow of iiquid 
sott of the chamber formed by the groove 53, 
flow of liquid in the opposite direction being 
prevented by the seal 45. 
The rod 43 projectS beyond the Outer-end of 7. 
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rotor shaft 9 and is provided with an annular 
shoulder 56. A locking ring 5 abuts against 
this shoulder and is provided with a flange ring 
directed towards the rotor casing and extending 
beyond the shoulder 30 formed on the outer end 
of the shaft 9. Bolts 58 passing through the 
locking ring 57 terminate in lugs which abut 
against the shoulder 39c, formed on the shaft 
9 and thereby serve to retain the rod 43 in its 
proper position within the shaft. 
A second cap member 59 fits into the end of 

cap member 28 and is retained in position by 
a lock ring 60. At its outer end the cap member 
59 is provided with an opening 6 f, and at the 
inner end of this opening it is fitted against the 
outer end of the rod 3, any suitable sealing 
means being provided at this point. Suitable 
provision is made for the connection of a pipe 
to the opening 6f in the cap member 59; thus, 
the interior of this opening may be provided with 
pipe threads. 
Beyond the opening 6l, the cap member 59 is 

provided with an enlarged opening forming a 
chamber 62 and beyond this, Suitable sealing 
means 63 are provided between corresponding 
shoulder's formed on the interior of the cap men 
ber 59 and on the exterior of the rod 43. The 
groove 52, which communicates with the interior 
annular space '59 within the hollow rod 43, opens 
into chamber 32. Opening 64 is provided through 
the cap member 59 into the chamber 62 and this 
opening is likewise provided with threads or other 
suitable arrangements for connection of a pipe 
O' other Codlit. 
At the opposite end of the hollow rod 43, where 

the chamber is provided by the groove 53, a hole 
65 is drilled through the rotor Shaft and com 
municates with the space within the rotor be 
tween the disks 3 and 32. An enlarged opening 
66 may be drilled from the interior of the rotor 
space for a short distance to meet the opening 
65. Light liquid passing out of the rotor will thus 
be discharged through the openings 66 and 65 
into the chamber formed by the provision of the 
groove 53 in the hollow rod 43; thence into and 
through the annular space 49 within the hollow 
rod 43 to the enlarged chamber 50, from which 
it will pass through the opening 5 and the groove 
52 into the chamber formed in the cap member 
59 around the end of the hollow rod 43 and then 
out through the opening 64 and whatever conduit 
may be provided for its discharge. 
The opposite end of the rotor shaft 9 is like 

wise hollow and means are provided for the sup 
ply of liquid and discharge of heavy liquid, these 
means being generally similar in construction 
to those described in connection with the left 
hand side of the rotor shaft as illustrated in Fig. 
1. A portion of the rotatable shaft 9 on this 
Side, indicated as f9o, is extended to provide a 
seat for the drive pulley 9b, a suitable opening 
28a being provided in the cap member 28b, which 
corresponds to the cap member 28 on the opposite 
Side. This end of the rotor shaft, f is mounted 
in a manner similar to that previously described 
for the opposite end and is held in position by a 
:cap member · 67 corresponding to the cap mem 
ber 28. A stationary hollow rod 68 of a construc 
tion generally similar to that of rod 43 is mounted 
within the opening in shaft f9 and terminates 
SO as to leave an opening 69 near the center of 
the shaft, with which opening the hole or conduit 
70 drilled axially through the rod S8, communi 
cates. At its other end this conduit 10 commu 
nicates with the opening 7l formed in the end 
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of the cap member 72, which also retains the 
rod in its proper position within the opening in 
the shaft 9. The opening 7 is provided inter 
nally with pipe threads or other Suitable means 
for connection of the conduit through which the 
lighter liquid entering the rotor is introduced. 
From the chamber 69 at the inner end of the con 
duit 70, holes 7:3 are drilled approximately radi 
ally and these communicate with the inner end 
of radially disposed tubes 38. The Outer ends of 
tubes 38 communicate with holes 75 drilled 
through the rotor disk 3 to the interior of the 
rotor at its outer circumference. The light liquid 
entering the rotor may thus pass through con 
duit 70 into chamber 69 and from the latter 
through the holes 73, the radial tubes 38 and the 
holes 75 into the working space within the rotor. 
As in the case of the hollow tube 43, the hollow 

tube 69 is provided near its inner end with an 
annular groove 76 forming a chamber. 
are drilled through tube 68 and communicate 
With the annular chamber 78 formed within the 
hollow rod 68 and extending to communicate with 
the chamber 79 formed within the cap member 
2. From the chamber formed by the groove 6 

in the hollow rod 68, holes 80 are drilled through 
the rotor to communicate with the inner ends of 
the radial tubes 39, the outer ends of which com 
municate with holes 82 drilled through the rotor 
disk 3 and likewise communicating with the 
Working Space within the rotor. Heavy liquid 
being discharged from the rotor passes out 
through the openings 82, radial tubes 39, the holes 
80 into the chamber formed by groove 6 and 
thence passes through opening 7 and annular 
Space Or conduit 78 to the chamber 79. Openings 
83 are provided through which the liquid may be 
discharged, these openings being suitably pro 
vided, for example, With pipe threads or other 
means by which a discharge conduit may be 
attached. 
As heretofore set forth, Spaced, perforated cir 

cular rings 42 are provided at intervals within 
the Working Space of the rotor between the disks 
3 and 32. As shown more fully in Fig. 2, each 
of these disks is provided with circular grooves 
84 into which the rings 42 fit closely, the grooves 
being enlarged at the Surfaces of the disks, as 
shown at 85 to facilitate the entrance of the rings 
into the grooves. The rings fit into the grooves 
tightly and may be forced into position, for exam 
ple, by hydraulic pressure. 
In accordance with the present invention, it 

has been found important that the spacing or 
clearance between the perforated rings decrease 
as the radii of the rings increase, being varied as 
an inverse function of the radius, so that the 
more remote they are from the center of the 
rotor, the less the spacing between the rings. 
Thus, in accordance with the present invention, 
the clearance between rings may vary as 1/rn, 
Wherein în is from 0.5 to 2. In the form illus 
trated, the clearance between rings varies approx 
imately as 1/r. With such an arrangement, 
markedly superior results have been secured in 
the countercurrent contacting of liquids of dif 
ferent densities. It has likewise been found de 
sirable, as another feature in accordance with the 
present invention, which may be used without 
variable clearance between the rings, but is par 
ticularly advantageous with variable clearance, 
as above described, that the openings in the rings 
for the passage of fluid between adjacent spaces 
in the operation of the device be restricted in at 
least one direction and that in one dimension they 

Holes c 
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should not exceed 0.080 inch and in general 
should not be less than about 0.007 to 0.010 inch, 
A minimum dimension of from 0.010 to 0.050 inch 
is preferred. If restricted in one dimension, it 
is not necessary that they be restricted in the 
other, except as convenience dictates. The per 
forations may be circular, in which case their 
dimensions are the same in all directions, or they 
may be rectangular or oval in shape. Rectan 
gular perforations or slots 0.040 inch wide and 
0.150 inch long, for example, have been found to 
be suitable. The length of the perforations or 
slots may be up to 0.5 inch or greater if desired. 
Assuming perforations of the same size through 
Out, the total area of the perforations in each 
ring and therefore the number of perforations 
may be the same and excellent results are secured. 
However, it is found that the results are greatly 
improved if the total area of perforations or num 
ber of perforations in the Successive rings be de 
creased with enlarged radius of the rings. It has 
been found desirable, for example, to vary the 
number of perforations and therefore the area of 
the perforations in the different rings as an ap 
proximate inverse function of the radii of the 
rings, say as an inverse function of a power of the 
radius of from about 0.5 to 2. 
The variable clearance between rings is illus 

trated (but not necessarily with mathematical 
accuracy) in the spacings of the ring as shown 
in Section in Fig. 1 and also in enlarged scale in 
the fragmentary sectional view Fig. 2. It is like 
wise illustrated in perspective in Fig. 3. Figs. 4 
and 5 illustrate the size and spacing of perfora 
tions on a small or inner ring and may be com 
pared with FigS. 6 and 7, which illustrate the size 
of ring and spacing of the perforations for a 
larger or Outer ring. 
The following table is illustrative of the appli 

cation of the present invention in a particular 
case, using rings 4 inches wide and with a rotor 
of 24 inches diameter having 19 rings. In the 
table, of adjacent pairs of columns, the first col 
lumn gives the Outside diameter of each ring and 
the second column the total number of perfora 
tions in the ring. In this case each perforation 
was Substantially rectangular and was 0.040 inc 
Wide and 0.150 inch long. 

() 

3. 5 

4. 

234 

T"d:ble 
5i - -- 

lDiameter of Ring N????f Diameter of Ring N????? 
(in.) tions (in.) tions 

342; 15.420.-------------- 225 
9.640 321 15,850- 29 
0.60 306 16.28C). 23 
11.425- 294 6.650. 207 
l2,155-------------- 282 7.020----- 20 
2.85. 270 .17.388 95 
3.415- 261 17.725. 189 
13.970 252 18,055. 86 

60 i4.48i - - 23 18.375---------...--- 180 

The innermost or in some cases, the outermost 
ring may be regarded as having the function of 
Screens, in which case they may depart from the 
arrangement above described as to size or relative 
area of openings or both. 

In the form illustrated, the rotor rings are 
shown as of uniform width. It will be under 
Stood, however, that the rings may be reduced 
in Width with increasing radii, in which case the 
sides of the rotor will be given a conical form. 
The operation will be more clearly apparent 

from a consideration of Fig. 8, in which the parts 
are shown Somewhat diagrammatically, the same 
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numbers being:applied as in the preceding ider 
seription in connection with Fig. 1. As showra in 
Fig. 8, the rotor is made up of the Side disks.3d 
and 32 mounted on the rotor shaft d9 and the 
space between them is closed at the Outside by 
the ring 36. The rings A2 in the Working, Space 
of the rotor are spaced and perforated as above 
described. The heavy liquid, which may be, for 
example, an aqueous liquid containing a constit 
uent to be extracted by a lighter immiscible sole 
went, is introduced through the opening 6 and 
the conduit 46 and passes through the hole 8 
drilled in the rotor shaft 9 to enter the Work 
ing space of the rotor within the inner ring. As 
the rotor is rotated, the heavy liquid is driven 
by centrifugal force outwardly through the per 
forations in the rings 42 against the movement 
of the light liquid, which is forced under press 
sure in the opposite direction. The light liquid 
enters at the opposite end of the rotor Shaft 
through the opening 7 and the conduit 29, and 
passes through the holes i3 and the radial tubes 
38 into the working space in the rotor outside 
of the outermost ring 42. The pressure placed 
upon the lighter liquid is such as to force it to 
enter the rotor and pass inwardly countercurrent 
to the movement of the heavy liquid. The lighter 
liquid may be any suitable liquid lighter than the 
heayy liquid and immiscible: or having only a lim 
ited miscibility with the heavy liquid, the lighter 
liquid being selected as a solvent suitable for 
removing the constituent to be extracted, which 
may be either a desired valuable constituent or an 
undesired constituent from the heavy liquid. 
The heavy liquid, after it has been forced out 

Wardly through the Working Space of the rotor, 
jetting through the openings in the rings counter 
current to the passage of the lighter liquid there 
through, collects in the outer portion of the Work 
ing space of the rotor and pass?s tharough the 
radial tubes 39, the holes 80 drilled in the rotor 
shaft, and the annular space or conduit 8 to the 
chamber 9 in the outer cap member 2 and is 
discharged through the conduit 8. 
The light liquid, which is passed through the . 

working space of the rotor countercurrent to the 
movement of the heavy liquid and has extracted 
from the latter its valuable constitituent, passes 
out of the rotor space through the holes 65 drilled 
in the rotor shaft to the annular Space or conduit 
49 and thence to the chamber 62 formed within 
the outer cap 59. It discharges from chamber 
62 through the conduit 85. 

It will be understood of course that under S.One 
circumstances the roles of the two liquids are 
reversed and the constituent to be extracted may 
be present in the lighter liquid while the heavier 
liquid serves as a solvent to effect its extraction. 

In the form illustrated, the distribution of the 
perforations in the partitioning rings 42 within 
the rotor space is substantially uniform over the 
surface of the ring. This however is not essen 
tial, since their distribution may be random or 
they may be arranged in groups. However, ap 
proximately uniform distribution as illustrated 
is preferred in that it tends to minimize flow in a 
direction transverse to the radii of the rings. The 
area of the openings is but a small proportion of 
the total area of the rings in which they are 
formed. In general, the area of the openings of 
the innermost ring should not be over 5% of the 
total operating area of the ring, decreasing with 
the increasing radii of the Outer rings. Thus, in 
the case illustrated by the table above set forth, 
the actual operating width of the rings being 
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3. 
in the order of 3.75 inches, the openings in the 
innermost ring had a total area ainOurating to tape 
proximately 2% of the total working area of the 
ring. This proportion was very much reduced in 
the Outer ringS. 

It will be observed that the openings are 1aot 
capillary in size. They should have a minimum 
dimension of from 0.007 to 0.080 inch. The maxi 
muim dimension or length of the openings may 
vary. Circular openings, or elliptical or rec 
tangular slots up to one-halfºto One inch in length 
have been found satisfactory. In operation, 'the 
primary contacting effect appears to be Secured 
by jet action through openings of such limited 
size, which brings about a fine subdivision and 
intimate intermingling of the heavier and lighter 
liquids. It has not been determined whether the 
liquids are projected in opposite directions 
through the same openings or through different 
openings; but however the action takes place, the 
resulting interfacial contact is extremely effective. 
The action that takes place is complicated by 

swirl effects due to the momenturn of the liquids 
resulting from the rotational movement of the 
device imposed upon their radial movement. 
This swirl effect may have some beneficial action 
in Securing a more effective Countercurrent c0aa 
tact but as now appears, is not a primary factor 
in that direction. A primary function performed 
by the spaces between rings is that of permaitting 
separation of the heavier and lighter liquids 
which have been Subjected to violent intermin 
giing and agitation as a result of their passage 
through the perforations or openings. Some cir 
cumferential move.nent of the liquids may be Set 
up, due to the rotation of the device, resulting in 
some Surface contact between separated liquids, 
such as was secured in the device of my prior 
patent hereinbefore referred to. Such surface 
contact between separated liquids is believed not 
to be an important factor in the operation of 
the present device and indeed may be reduced or 
prevented by the insertion of barriers at intervals 
in the Spaces between the rings. Such barriers 
may be solid partitions or may be of very fine 
screening or multiple folds of screening. Such 
barriers are illustrated in Fig. 3 as folds of fine 
screening designated by numeral 90. Thus the 
insertion of such barriers in the spaces between 
the rings 42 at angular intervals of 90° causes no 
diminution in the effectiveness of the contact 
action secured in the operation of the device. 
The operation of the device as hereinbefore de 

scribed Secures extremely effective countercurrent 
contact efficiency. In testing the efficiency of 
such device, it has been found that the contacting 
of a solution of n-butyl amine in Water with kero 
Sene and the extent of removal of the amine from 
the Water provides an effective experimental 
means of testing the equipment and determining 
the number of stages Secured. With a device 
such as that described above, thesize and number 
of rings and number of perforations being as set 
forth in the table above given, it has been found 
that, operating at about 4,000 R. P. M., as high 
as 10 stages of efficiency are Sectired with a Com 
bined flow of up to 1,200 gallons per hour. Both 
in efficiency and capacity, the effectiveness is in 
the order of two times or more than that of prior 
centrifugal countercurrent contacting devices. 
The apparatus is particularly effective for use 

in such processes as the separation of anti 
biotics such as penicillin, aureomycin and the 
like from the aqueous Solutions resulting from 
the fermentative processes in which they are pro 
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duced. The apparatus has been found particu 
larly useful in the extraction of penicillin since 
very high contacting efficiency and solvent ex 
traction effect is secured with exceedingly rapid 
traverse of the liquids through the equipment, 
the actual time involved in the Operation being 
very Small. This is of great importance, since, 
under the conditions under which the solvent 
extraction of the penicillin must be effected, a 
progressive destruction of the penicillin. With time 
takes place and it is extremely important that 
this be reduced to a minimum. Thus, by means 
of the device of the present invention, it has been 
found possible to secure the extraction of peni 
cillin with a suitable solvent, with an efficiency 
of 6 or more stages and handling combined 
streams amounting to 1500 to 2000 gallons per 
hour With retention times as low as 15 to 30 
seconds. 
The apparatus may likewise be used for con 

tacting liquids with vapot's in apparatus suitably 
equipped with devices for the admission and 
Withdrawal of the liquids and vapors under treat 
ment, for example, as illustrated in my prior 
Patent No. 2,209,577, granted July 30, 1940. In 
such apparatus the jet action or high velocity 
effect secured in the passage of the liquid through 
the small openings of the device of the present in 
vention is extremely effective in securing a high 
degree of intinate contact with the vapors pass 
ing countercurrent thereto. 
Although the present invention has been de 

Scribed in connection with devices embodying the 
Sane, it is to be understood that the invention is 
not to be limited to the details thereof, except in 
Sofar as included in the accompanying claims. 

claim: 
1. In centrifugal countercurrent contact appa 

ratus for effecting intimate contact between im 
miscible or partially immiscible liquids of differ 
ent densities, a rotor having an interior working 
space, means for supplying heavier liquid to and 
means for removing lighter liquid from the in 
terior of the rotor in the proximity of the axis 
thereof, means for forcing lighted liquid into and 
means for discharging heavier liquid from the in 
terior of the rotor in the proximity of its periph 
ery, spaced concentric partitioning rings within 
the rotor and forming a plurality of Spaces there 
between, each of said rings being provided with 
openings distributed over the surface area of the 
rings, all of which openings are small and have 
one dimension of from 0.007 to 0.080 inch and 
through which, on rotation of the rotor, the 
liquids are forced to pass as jets, the Spacing be 
tween adjacent lings varying as an inverse func 
tion of a power of the radius fron 3.5 to 2. 

2. In centrifugal countercurrent contact appa 
ratus for effecting intiinate contact between im 
miscible or partially immiscible liquids of differ 
ent densities, a rotor having an interior Working 
space, means for supplying heavier liquid to and 
means for removing lighter liquid from the in 
terior of the rotor in the proximity of the axis 
thereof, means for forcing lighter liquid into and 
means for discharging heavier liquid from the in 
terior of the rotor in the proximity of its periph 
ery, spaced concentric partitioning rings within 
the rotor and forming a plurality of Spaces there 
between, each of said rings being provided with 
openings distributed over the surface area of the 
rings, all of which openings are small and have 
one dimension of from 0.007 to 0.080 inch and 
through which, or rotation of the rotor, the 
liquids are forced to pass as jets, the spacing be 
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tween adjacent rings varying as an inverse func 
tion of the radius, 

3. In centrifugal countercurrent contact appa 
ratus for effecting intimate contact between im 
miscible or partially immiscible liquids of differ 
ent densities, a rotor having an interior Working 
space, means for supplying heavier liquid to and 
means for removing lighter liquid from the in 
terior of the rotor in the proximity of the axis 
thereof, means for forcing lighter liquid into and 
means for discharging heavier liquid from the in 
terior of the rotor in the proximity of its periph 
ery, spaced concentric partitioning rings within 
the rotor and forming a plurality of Spaces there 
between, each of said rings being provided with 
openings distributed over the surface area of the 
rings, all of which openings are small and haWe 
One dimension of from 0.007 to 0.080 inch, and 
through which, on rotation of the rotor, the 
liquids are forced to p2SS as jetS. 

4. In centrifugal countercurrent contact appa 
ratus for effecting intinate contact betWeen im 
miscible or partially imniscible liquids of differ 
ent densities, a rotor having an interior Working 
space, means for suplying heavier liquid to and 
means for removing lighter liquid fron the inte 
rior of the rotor in the proximity of the axis 
thereof, means for forcing lighter liquid into and 
means for discharging heavier liquid from the in 
terior of the rotor in the proximity of its periph 
ery, spaced concentric partitioning rings within 
the rotor and forming a plurality of Spaces there 
between, each of said rings being provided with 
openings distributed over the surface area of the 
rings, all of which openings are small and have 
one dimension of from 0.010 to 0.050 inch and 
through which, on rotation of the rotor, the 
liquids are forced to pass as jets. 

5. In centrifugal countercurrent contact appar 
ratus for effecting intimate contact between im 
miscible or partially immiscible liquids of different 
densities, a rotor having an interior working 
space, means for supplying heavier liquid to and 
means for removing lighter liquid from the in 
terior of the rotor in the proximity of the axis 
thereof, means for forcing lighter liquid into and 
means for discharging heavier liquid from the 
interior of the rotor in the proximity of its pe 
riphery, spaced concentric partitioning rings 
Within the rotor and forming a plurality of Spaces 
therebetween, each of said rings being provided 
with openings distributed over the surface area 
of the rings, all of which openings are Small and 
have one dimension of from (.007 to 0.080 inch 
through which, on rotation of the rotor, the liquids 
are forced to travel as jets, the number of Said 
openings in successive rings varying as an inverse 
function of a power of the radius from 0.5 to 2. 

6. Apparatus as set forth in clain 5, wherein 
the number of openings in successive rings within 
the rotor varies as an inverse function of the 
radiuS. 

. In centrifugal countercurrent contact appa 
ratus for effecting intimate contact between im 
miscible or partially in miscible liquids of different 
densities, a rotor having an interior working 
space, means for Supplying heavier liquid to and 
means for renoving lighter liquid from the in 
terior of the rotor in the proximity of the axis 
thereof, means for forcing lighter liquid into and 
means for discharging heavier liquid from the 
interior of the rotor in the proximity of its pe 
riphery, spacing concentric partitioning rings 
within the rotor and forming a plurality of Spaces 
therebetween, each of said rings being provided 
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wit?a openilags distributed over, the surface. alea 
of the rings, through which, on...totation of the: 
rotor, the liquids; are: forced to... paSS. aS, jets, all 
of ther. Said, openings having. One: dimension, of 
from 0.007 to 0-080.inch; the spacing between, ad 
jacent, rings varying as: an in Verse; function of ar. 
power of the radius from 0.5 to 2 and the number. 
of Said openings in Successive lings varying, as 
an inverse function of like:powers; of the radius: 

8. In ceatrifugal; countercurrent contact' appar 3 
ratusifor: effecting intimabe: Contact between.im 
miscible or partially iminiscible liquids of different: 
densities, a rotor having an interior working 
Space, means, for Supplying heavier liquid to and 
means for removing lighter liquid from the in. 
terior of the rotor in the proximity of the axis, 
thereof, means for forcing lighter liquid into and 
means: for discharging heavier liquid from the 
interior, of the rotor in the proximity of its pers 
riphery, spaced concentric partitioning, rings: be-, 
tWeenthe...rotor a radiforning a plurality of Spaces 
therebelsWeen, each of Said lings being provided 
with openings distributed. Over the surface; area. 
of the rings; all of which openings are Sinall and 
have Qns, dimension of fron, 0.007 to 0.080 inch. 
and.through. Which, om rotation of the rotors, the 
liquids are forced to paSS. as jets, and barriers at. 
intervals: within the spaces. between. Said, rings. 
to limit, circumferential movement of, liquids, 
thereira: 
9. In centrifugal. couratercurrent contact, appa 

ratus, for effecting intinate, contact between fluids 
of different, densities, at least one of, said illuids. 
being a liquid, means for. Supplying heavier fluid. 
to a radinaeans, for lenOWing lighter fluid, from the 
interior of the rotor in the proximity of the axis 
thereof, means for. forcing, lighter fillid.into, and 
means for discharging heavier-fluid fron, tae:in 
terior of the: rotor in the proximity of its periph 
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ii. In centrifugal. countercurrent contact apa 

paratus: for: effecting, intinate, contact. between 
inniscible or partially, in miscible. liquids, of dif-. 
ferent densities, a rotor having at interiol. Work 
ing. Space, means. for Supplying; heavier liquid to. 
and means...for removing lighter liquid: from the 
interior of the rotor in the proximity of the axis, 
thereof, means, for forcing lighter liquid into and. 
means for discharging heavier liquid from the 
interior of the rotor in the proximity of its per 
riphery, Spaced concentric partitioning. rings. 
Within the rotor forming a plurality of Spaces. 
therebetween, each of said rings being provided 
with openings distributed over the surface area of 
the rings, all of which openings are small and 
have one dimension of from 0.007 to 0.080 inch. 
and through which, on...rotation of the rotor, the 
liquids are forced to paSS, as jets, and a screen, 
ring Within the innermost of said rings, said 

; Screen ring being perforated whereby it selves" 
to Screen liquids passing therethrough, 

12. In... centrifugal countercurrent . contact ap 
paratuS foreffecting intimate contact between im 
miscible or partially immiscible liquids of different 
densities, a rotor having an interiol' working. 
Space, means for Supplying heavier liquid to and 
means for removing lighter liquid from the in 
terior of the rotor in the proximity of the axis, 
thereof, means for forcing, lighter liquid into and 
means for discharging heavier liquid from the 
interior of the rotor in the proximity of its pe. 
siphery, Spaced concentric partitioning rings 
within the rotor forming a plurality of spaces 
therebetween, each of said rings being provided 
With openings distributed over the surface area. 
of the rings, all of which openings are small and 
have one dimension of from 0.00 to 0.080 inch 
and through which, on rotation of the rotor, the 
liquidis alreforced to passasjets, and a.screen ring. 

ery, spaced concentric partitioning rings... withia. within the rotor and outside the outermost of said 
the-rotor andforning...a...plurality of Spaces therie 
between, each of Said ringS-being provided with: 
openings-distributed. Over the Surface: area of the 
rings, all of which openings are. Small and have 
one dimension of from 0.007 to 0.080i inch, and: 
through which, on rotation of the roto', the fluids: 
are:forced to; pass with high velocity, the number. 
of Such openingS. decreasing in Successive rings 
of increasing radius and the total. area of the 
openings-in the;innermost ring being not over 5%. 
of...the-operating area of the ring. 

10. The apparatus of claim:9, wherein the spac 
ing between concentric. rings decreases. With in 
creasing. radii of the rings. 

4. 

5. 

rings, whereby said Screen ring serves to screen 
liquids' passing therethrough, 

WALTER J. PODBIELNIAK. 
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