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5 Claims. (ClL 233—15)

The present invention relates to improvements in
countercurrent exchange devices of the general type
illustrated in Patent No. 2,286,157 and in the copending
application of Walter J. Podbielniak and others, Serial
No. 239,992, filed August 2, 1951. It is more particularly
intended for effecting countercurrent contact between
liquids of different densities that are immiscible or largely
s0, for example, for solvent extraction, chemica] treatment
or like purposes. It may likewise be employed for coun-
tercurrent contact between liquids and gases or vapors if
so desired.

In the exchange device of the present invention, liquids
which are immiscible or partly immiscible and of differ-
ent densities are caused to travel countercurrent with re-
spect to each other while passing through a rotor. The
rotor revolves at a high rate of speed so as to exert sub-
stantial centrifugal force upon the liquids passing through
the device. In general, the purpose of such countercur-
rent exchange is to secure solvent action of one of the
liquids upon a constituent or constituents held in solution
in the other. Since in such devices, highly effective coun-
tercurrent exchange and solvent action can be secured with
an extremely short time of travel through the machine,
the use of such machines has become very wide-spread
in processes where extremely rapid and effective action
is required by reason of the instability of the more valu-
able materials involved as, for example, in the extraction
of antibiotics such as penicillin, streptomycin, aureomycin
and chloromycetin.

In the past, it has been common in these countercur-
rent exchange devices to provide a plurality of concentric
rings or cylindrical bands positioned within the rotor.
In many cases, a spiral band is employed. The rings
or bands are perforated so that countercurrent exchange
between the two liquids treated by the machine is obtained
when the liquids pass through the perforations and when
the liquids contact each other in the area between the
rings or bands. The efficiency of the machine is to a great
extent dependent upon the manner of perforating the
bands. In the present invention, the bands are perforated
in a manner to secure a maximum efficiency.

The concentric bands in the present invention are per-
forated with rows or groups of perforations in an area
generally parallel to the axis of rotation and extending
transversely across the bands. The groups of perfora-
tions are spaced equiangularly around the periphery of the
band with unperforated areas between the rows of per-
forations. The rows of perforations in one band are posi-
tioned opposite an unperforated area in the adjacent con-
centric bands so that the liquids passing through the rows
of perforations of any band will be directed toward an
unperforated area in the adjacent band or bands. This
construction prevents “channeling,” or operation where-
in liquids passing through one band will, with little or no
deviation from a straight line path of travel, pass through
the perforations in an adjacent band, The present con-
struction creates extremely efficient countercurrent con-
tact between the two liquids and also has been found to
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provide for increased throughput capacity in machines
of a given size. Machines embodying the construction of
the present invention have a higher stage efficiency and a
greater capacity than similar machines heretofore known
in the art.

The machine of the present invention also employs
an improved means for passage of liquids within the rotor
from its outermost portion to its innermost portion by
providing an extended passageway between spill-over disks
within the rotor and the side walls of the rotor. Within
these passageways are a plurality of cycloidal vanes posi-
tioned to aid in the rapid removal of the heavier liquid,
thus increasing the capacity of the machine.

The invention will be more fully understood from the
following description thereof, illustrated by the accom-
panying drawings, in which:

Fig. 1 is a diagrammatic perspective view of the cen-
trifugal exchange device of the present invention, par-
tially broken away to schematically illustrate the opera-
tion of the rotor of the device, parts of the mounting and
other stationary parts being indicated by dotted lines;

Fig. 2 is a sectional view of the rotor and a portion
of the shaft through the axis thereof;

Fig. 3 is an elevational view of one side of a spill-over
plate, for one side of the rotor, showing the cycloidal
vanes for control of the flow of liquid;

Fig. 4 is a view similar to Fig. 3 showing the spill-over
plate for the other side of the rotor;

Fig. 5 is a detail perspective view of a plurality of con-
centric bands as used in the rotor, showing the bands as
perforated in accordance with the present invention;

Fig. 6 is a detail cross sectional view through a plu-
rality of concentric bands;

Fig. 7 is a detail cross sectional view through two con-
centric bands, illustrating one arrangement of angular
placement of the groups of perforations;

Fig. 8 is a view similar to Fig. 7 showing two concentric
bands with a different angular placement of the groups
of perforations; and

Fig. 9 is a fragmentary cross sectional view through
the axis of the rotor, on an enlarged scale, showing the
method of mounting the concentric bands.

Referring to the drawings, and particularly Figs. 1
and 2, the numeral 11 indicates a supporting framework
which carries a rotatable shaft 12 upon which is mounted
the rotor 13. The rotor may be provided with a suitable
stationary casing 14 (shown in dotted lines in Fig. 1)
which preferably comprises upper and lower portions
15 and 16, the upper and lower portions being suitably
hinged at the rear (the hinges not being shown) to per-
mit access to the rotor. The rotor 13 is rotated by a driv-
ing belt (not shown) through a drive pulley 17 attached
to shaft 12.

In the device as illustrated in the drawings, the counter-
current or solvent exchange takes place within the rotor
13, which is rotated at a high rate of speed, for example
from 2000 to 5000 R. P. M. or even higher, thus develop-
ing substantial centrifugal forces within the rotor. The
heavier liquid is introduced at an inner point in the rotor
and travels outwardly under the action of the centrifugal
force, leaving at or near the outermost portion of the
interior 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 travel-
ing heavier liquid, to effect the desired countercurrent
exchange or solvent action. The lighter liquid, after this
process has been conducted, is withdrawn from an inner
point within the rotor. -In the ensuing description of the
apparatus, it will be assumed that the heavier liquid is
the liquid initially containing the valuable material to be
extracted and it will be assumed that the lighter liquid is
the solvent which is being employed to extract the valu-
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able material from the heavier liquid, although, of course,
the role of the two liquids eould be reversed:

From the preceding description, it will be apparent that
it is necessary to supply thé heavier liquid and to with-
draw the lighter liquid at points néar the axis of the rotor;
and that it will be necessary to supply the lighter liquid
and retove the heavier liquid at points near the periphery
of the rotor. For this piirpose, shaft 12 is provided with
two sets of internally concentric conduits, as illustrated
in Figs. 1 and 2 of the drawitigs. AS shown, the shaft
12 is provided internally at the left with concéntric con-
duits, the inner oné beifg designated 18 and the annular
conduit Surrotndifig it befg designatéd by the number
19. A stationary cap 20 Is provided at the extreme left
end of the shaft as showi i Fig. 1. A pipe 21 connected
to cap 20 communicatéd with annular conduit 19. Inner
conduit 18 cormtiinicates Wwith an oOpening through the
end of the cap 20 a5 lndlcated at 27. su{table sealmg means
hght and heavy liquids. Thé dpémnﬂ 22 in the end of
cap 29 may bé threéaded o othérwise arianged to permit
the conniection of & pipe (hot showin) for the supply of
heavy liquid. The heavy liguid enters the rotor through
the cap 22 and passes inito conduit 18, Light liguid which
has already passed through thé rotor leaves the rotor
through annulat conduit 19, passing out of pipe 21.

Similar conduits a¥é provided in the opposite end of
the shaft fot supply of light liquid to the fotor and the
removal of the héavy liguid from the rotor. Thus, as
shown in Figs. 1 and 2, at the iight, shaft 12 is provided
with an intétnal conduit 24 suirounded by an annular
conduit 25. The innér ¢ondiiit 24 eéxténds through the
shaft and comimuiicatss with the opening 26 in stationary
cap 27 into which thé end &f the shaft 12 fits. The open-
ing 26 is threaded or othefwise arfafiged to permit the
connection of a pipe (fict shown) for the supply of
light liquid to the rotor. The aniiilay ¢oi
nects with pipe 28 (Fig:. 1) and through this pipe the
heavy liquid, after treativierit, is diseharged from the rotor.
A seal 29, similar to the seal 23 at the opposite end of
the shaft, is provided between the end of the shaft 12
and the cap 27.

The rotor, as best illustrated in Fig. 2, is formed as a
cylindrical casing made up of two side plates or disks
30 and 31 and a peripheral cylindrical mémber 32 rigidly
secured to each other aiid to the shaft to form a closed
chamber. Within the side members or disks 30 and 31
of the rotor; and spaced theréfrom to provide a small
clearance of say about 44 to V& irich, are spill-6ver plateés

33 and 34. The plates 33 and 34 are of less radius than

the internal surface of the cylindrical wall member 32
to provide an annular discharge passagéway extendihg
entirely around the edges of the spill:ovéer platés 33 and
34. The space 36 between disk 30 and spill-over plate

32 and the space 37 betweén disk 31 and spill-ovét plate |

34 form inter-disk or inter-plate passagewdys which serve
for the discharge of heavy liquid leaving the rotor.

Light liquid enters the rotof thiowugh inner conduit 24
and then passes throtigh ¢onduit 38 and into coaduit 39
drilled into spill-over plate 33. The light liguid énters
the iotor through the tube 41 which is spaced a sufficient
distance inwardly from peripheral eylindrical member 32
to provide a clarifying or demulsifying area for the heavy
liguid leaving the rotor. It is manifest that a plurality of
conduits 38 and 39 and tubes 41 ifiay be provided equi-
angularly about spill-over plate 33 so that the light ligiid
may enter the rotor at various poiits about the périphery.
After the light liquid has travelled inwardly toward the
axis of the rotor, it leaves thé rotof through conduit 42
(shown in dotted lineés in Fig. 2) and annular ¢onduit 19,
and discharges through pipe 21.

Heavy liguid entering the fotor through infief conduit
18 passes inito the rotof through conduits 43 and through
openings 44 in plugs 46. Pliigs 46 exténd upwardly a
sufficient distancé to provide an adequate clafifyiag or
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demulsifying area for the light liquid being removed. A
plurality of conduits 43 and plugs 46 may be provided
about the periphery of the axis of the rotor, if desired.

As shown in Figs. 3 and 4, spill-over plate 33 is pro-
vided with a plurality of vanes 47 of generally radial ar-
rangement, suitably cycloidal, and spill-over plate 34
is provided with a plurality of similar vanes 48. Cycloi-
dal vanes 47 are mirror images of cycloidal vanes 48.
The vanes 47 and 48 are of a thickhess approximately
equal to the inter-disk passageways 36 and 37 (Fig. 2).

WVanes 47 and 48 aid in breaking up circumferential
swirl or agitation in the liguid passing through inter-
disk spaces 36 and 37 and keep the mixed solids and
liguid agitated and in turbulent uniforn flow and there-
by help to prevent the building up of excessive pressure
drops which occur when a continuous disk-like passage-
way for liquid is provided.

The heavier liquid leavés the rotor at the right side
(Fig. 2) by passing through inter-disk passageway 36
and thence through conduit 49 into annular conduit 28;
at the left side, it passes through inter-disk passagéway
37, and then through conduit 50 (milled paralle]l to the
axis of the shaft) and conduit 58a into annular conduit
23, It is then discharged through pipe 28. As is ap-
parent, other medns for removing the heavy liquid from
the rotor chamber may be provided, as disclosed, for
example, in my prior application Serial No. 111,218,
filed August 19, 1949, now Patent No. 2,670,132, granted
February 23, 1954,

Annular passageways of progressively increasing radius
are provided in the rotor. These passageways are pref-
erably formed by concentric rings or bands 51. Recessed
portions 52 and 53 are provided in spill-over plates 33
and 34, forming annular shoulders 54 and 55 in plate
33 and 56 and 57 in plate 34. Concentric bands 51 are
spaced from one another by means of lugs 58 (Figs. 6
and 9), the entire set of bands being fitted as a whole
in recesses 52 and 53, with the innermost band resting
on shoulders 54 and 56, and the outermost band being
keld by shoulders 55 and 5§7. Bands 51 are thus se-
curely held in place between the spill-over plates. The
distance between bands may vary considerably from about
0.15 inch to 3 inches denendmg upon the physical proper-
ties of the two l1qulds to be contacted. The distance be-
tween the bands is determined to a great extent by the
physical properties of the two liquids introduced: The
distance between bands together with the area; size and
spacing of the pcrforatlons may be varied depending upon
a desired balancing of mixing between the perforations
and the partial clarification ébtained between the bands.
If desired, the distance between bands may be varied,
for example, by making the distance between bands a
function of the radial dlstance from the axis of rotation, as
shown in the aforesaid prlor application of Walter J. Pod-
bielniak, Serial No. 111,218, now Patent No. 2,670,132.

Concentric bands 51 are perforated with perforations
61, preferably arranged in a plurality of rows 62 (Figs.
5 to 8) about the per1phery of each band, parallel to the
axis of rotation of the band. The perforatmns need not
be arranged precisely in rows, as long as they are clustered
iii groups of relanvely fixed width which run substantially
the length of each band between spill-over piates 33 and
34, parallel to the axis of rotation.

The rows or groups of petforations 62, which extend
transvetsely across the band, are spaced equiangularly
about the periphery of bands 51, the number of groups
being varied, depending upon the size of the machine,
the throughput capacity desiréd, and the nature of the
liquids that are introduced. It is preferred to employ
frofi between 2 to 8 groups for each band. With larger
machines up to 8 groups, or even more, may be used;
with smaller machines a lesser number of groups is em-
ployed say between 2 and 4. For an average sized ma-
chine, 4 groups are customarily used (as shown in Figs.
5,6 and 7). Fig. 8 shows two concentrlc bands 51 hav-
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ing 6 groups of perforations. The size and relative spac-
ing of the perforations may vary as desired and depend-
ing upon the liquids introduced into the machine, but
the perforations are preferably between about 3ho-346"
in diameter and spaced between about $5-1" from one
another., The width of each group may also be varied,
but it is preferred to have not less than two, or more
than about 8, perforations in side-by-side relationship to
make up the width of the group. If desired, the number
of perforations may vary from band to band, for example,
the number of perforations may decrease with increase
in radius of the bands.

The concentric bands 51 are positioned so that a group
of perforations 62 is always opposite an unperforated
area in the bands immediately adjacent thereto. REach
group of perforations 62 is preferably positioned mid-
way between two similar groups in the adjacent bands
of smaller and larger radii. As shown in Fig. 7, the width
of each row or group of perforations is such that the
radial angle “a,” subtended by the width of a group of
perforations 62, except for the innermost bands, is less
than the radial angle “b,” subtended by the width of
opposite unperforated areas in the adjacent bands, and
preferably from ¥ to ¥ the radial angles of the opposite
unperforated areas of the adjacent bands, for an ex-
tended area of contact for the two liquids.

It is manifest that the heavier liquid, passing outwardly
from near the axis of the rotor, and the lighter liquid,
moving inwardly towards the axis, will mix with one
another, as they pass through the perforations and in
the relatively wide unperforated areas, before traveling
to the next band through the perforations. Fig. 6 at
the right diagrammatically illustrates the path of travel
of the heavier liquid as it moves outwardly from the
axis and the path of the light liquid is indicated by the
arrows at the left of the figure, the centrifugal force
forcing the heavier liquid outwardly and the pressure
forcing the light liquid inwardly transcending the rotary
effect and the force of gravity. Between the bands, owing
to the fact that there is a substantial imperforate area of
each band opposite the perforations in the bands on each
side of it, and because of the rotary movement or swirl
imparted to the liquid by the rotation of the rotor, there
is much turbulent intermixture, although some degree
of separation and demulsification may take place. Al-
though the precise nature of the interaction between
bands has not been determined, the present arrangement
has been found to give unusually high efficiency and at
the same time, great flexibility and high throughput ca-
pacity. “Channeling,” with resulting inefficiency of con-
tact appears to be greatly reduced.

As hereinbefore indicated, clarification or demulsifica-
tion areas are provided at the outermost portion of the
rotor for the heavy liquid and at the innermost portion
of the rotor for the light liquid. By varying the position
of the pipe 41 for admission of the light liquid inwardly
or outwardly, the extent of the demulsification area for
the heavy liquid may be varied; and by varying the length
of the inlet plugs 46 for the heavy liquid, the extent of
the demulsification area for the light liguid may be
varied.

The apparatus of the present invention has been suc-
cessfully employed in many different applications for the
extraction of active principles, for example, the separa-
tion of antibiotics, such as penicillin, aureomycin, chlo-
romycetin and the like from the aqueous solutions re-
sulting from the fermentive processes from which they
are produced. The apparatus has been found particular-
ly useful in the extraction of penicillin since the very
high contacting efficiency and solvent extraction effect
is secured with exceedingly rapid traverse of the liquid
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 ex-
traction of the penicillin must be effected, a progressive
destruction of the penicillin with time takes place and
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it is extremely important that this be reduced to a mini-
mum. Thus, with a machine having four groups of perfo-
rations per band and a rotor diameter of about 26 inches
wherein the length of the bands between the spill-over
plates is approximately 10 inches, over 98% of the
penicillin has been recovered from penicillin broth, using
amyl acetate as a solvent. The machine has a capacity
of between 25 to 35 gallons of penicillin broth per minute
and a retention time as low as 7 or 8 seconds.

While concentric bands have been referred to in de-
scribing the structure of the present invention, it is readily
apparent that, by using spiral bands, substantially con-
centric bands may be secured, as described, for example,
in the prior application of Walter J. Podbielniak and
others, Serial No. 239,992, above referred to.

Although the present invention has been described in
connection with a specific embodiment of the invention,
it is to be understood that many details may be modified
without departing from the scope of the invention and
that the invention is not to be limited to specific details,
except insofar as included in the appended claims.

I claim:

1. In apparatus for countercurrent exchange between
at least partially immiscible liquids of different densities,
a rotor provided internally with a rotor chamber, means
for supplying heavier liquid to and removing lighter liquid
from the inner portion of said rotor chamber, means
for supplying lighter liquid to and removing heavier liquid
from the outer portion of said rotor chamber, spaced
concentric bands within said rotor, each of said bands
being provided with a plurality of groups of perforations
spaced equiangularly about the periphery of said band
and arranged parallel to the axis of rotation of the rotor,
unperforated areas in each of said bands between said
groups of perforations, each of said groups of perfora-
tions extending over substantially the entire length of the
band in a direction parallel to said axis of rotation of the
rotor and each of said groups of perforations being po-
sitioned opposite an unperforated area in each adjacent
band, whereby heavier and lighter liquids passing through
said rotor chamber are forced to travel circumferentially
in each space between bands before passing to the ad-
jacent space between bands, and channeling is avoided.

2. In apparatus for countercurrent exchange between
at least partially immiscible liquids of different densities,
a rotor provided internally with a rotor chamber, means
for supplying heavier liquid to and removing lighter liquid
from the inner portion of said rotor chamber, means for
supplying lighter liquid to and removing heavier liquid
from the outer portion of said rotor chamber, spaced con-
centric bands within said rotor, each of said bands being
provided with at least two groups of perforations spaced
equiangularly about the periphery of said band and ar-
ranged parallel to the axis of rotation of the rotor, un-
perforated areas in each of said bands between said
groups of perforations, each of said groups of perfora-
tions extending over substantially the entire length of the
band in a direction parallel to said axis of rotation of
the rotor and each of said groups of perforations being
positioned opposite an unperforated area in each adjacent
band, whereby heavier and lighter liquids passing through
said rotor chamber are forced to travel circumferentially
in each space between bands before passing to the ad-
jacent space between bands, and channeling is avoided.

3. In apparatus for countercurrent exchange between
at least partially immiscible liquids of different densities,
a rotor provided internally with a rotor chamber, means
for supplying heavier liquid to and removing lighter liquid
from the inner portion of said rotor chamber, means for
supplying lighter liquid to and removing heavier liquid
from the outer portion of said rotor chamber, spaced
concentric bands within said rotor, each of said bands
being provided with a plurality of groups of perforations
spaced equiangularly about the periphery of said band
and arranged parallel to the axis of rotation of the rotor,
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unperforated areas in each of said bands between said
groups of perforations, each of said groups of perfora-
tions extending over substantially the entire length of
the band in.a direction paralle]l to said axis of rotafion
of the rotor and each of said groups of perforations be-
ing ,positioned :opposite .an unperforated area :in each
-adjacent band, the angle subtended by a group of per-
forations being less than the angle subtended by the op-
posite unperforated area in the adjacent outer .baad,
whereby heavier -and lighter liquids passing through said
rotor .chamber are -forced to -travel circumferentialily -in
each space between bands before passing to the adjacent
space between bands, and channeling is avoided.

4. In apparatus for countercurrent exchange -between
at least partially immiscible liquids of different :densities,
a rotor having two side-plates.and a peripheral cylindrical
member making up a rotor chamber, means for supply-
ing heavier liquid to.and .removing lighter liquid from the
inner portion of :said rotor chamber and means for sup-
plying lighter liquid to and removing :heavier liquid from
the outer portion of said rotor chamber, said .means for
removing heavier liquids comprising a spill-over plate
spaced from and parallel.to each of said rotor side plates
to form inter-plate spaces between said side plates and
said spill-over plates for the .discharge of the heavier
liquid from the rotor chamber, and a plurality -of cy-
cloidal vanes on.each-of said spill-over-plates in said inter-
plate spaces, ithe:cycloidal vanes on:one of said spill-over
plates being mirror images .of the .cycloidal vanes:on the
other of said spill-over plates.

5. In apparatus for ‘countercurrent :exchange -between
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at least .partially immisciblé {iquids of different densities,
a rotor having side plates and a peripherdl cylindrical
meinber :making up a rotor .chamber, means for supply-

ing heavier liguid to and removing lighter liquid from

the inner portion of said Totor chamber, means for sup-
plying lighter liquid to and removing heavier liquid from
‘the outer portion .of said rotor chamber, spaced concen-
tric ‘bands within said rotor and each of said bands being

provided with a plurality of groups of perforations spaced

equiangularly dbout the periphery of said band and ar-
ranged parallel to the axis of rotation of the rotor, un-
perforated areas in each of said bands between said
groups of perforations, each of said groups of perfora-
tions extending over substantially the entire length of the
‘band in a direction parallél to said axis of rotation of
the rotor .and each of .said groups of perforations being
positioned opposite an unperforated area in each adjacent
band, said means for removing heavier liquids compris-
ing a spill-over plate spaced from and parallel to each
of said rotor side plates .to form inter-plate spaces be-
tween said side plates -and 'said spill-over plates for the
discharge of :heavier liguid from the rotor chamber, and
a plurality of generally radial vanes .on -each of said spill-
over :plates :in said inter:plate spaces.
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