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1

This invention relates to the countercurrent
contacting of fluids, and in particular to the
countercurrent treatment of substantially immis-
cible liquids of different gravities.

Tn the art of intercontacting fluids for refin-
ing purposes, many Drocesses nave been devised
which are dependent in some measure upon- the
design of the apparatus employed. It has been
found, for exambple, raore advantageous to effect
large volume inter-fluid treating, especially
liquid-liquid “ccntacting, in towers rather than
in mixers and settlers (or centrifuges).. . Proe-
essing in towers has been found more advantage-
ous from the economic viewpoint because of the
lower initial and operating costs, the lower steel
requirements and the less eround space required.
Considerable attention has therefore heen given
to liquid-liquid contacting in towers. It is desir-
able to- achieve high capacity under good, con-
tacting conditions in the towers so that superior
product quality and high processing yields.:may be
attained. - The efficiency of treating in the towers
depends, therefore, upon the attainment of good
phase contacting without the formation of sta-

bilized emulsions. . Of the various towers em- .~

ployed, those involving the use of pierced plates
have been particularly advantageous when large
quantities of liguids are involved. o
Conventional pierced plate towers consist of.a
large number of horizontaly disposed perforated
plates extending over a large part. of the tower
area. The. plate perforations are small orifices
by means of which one of the phases is dis-
persed. : ; :
When the heavier liquid is passed downward
through the tower as the discontinuous. phase,
each plate is provided with risers for the passage
upward of the lighter continuous phase and which
form a weir or weirs of sufficient height for the
heavier phase to insure a definite head on the
plate to effect, by reason of gravity differential,
the dispersion of the heavier liquid into the
lighter liquid.. The intercontacting of liquids in
pierced plate towers under the given flow. con-
ditions is thus the dispersion vertically of one
phase from the plate orifices into the continuous
phase which is moving in an essentially. ‘hori-
zontal direction beneath the plate to reach the
Iocation of the nearest weir. Such treating con-
ditions have been found generally. satisfactory

(CL

23—270.5)
2

except in regard to the development of local

. areas of recycling of the disperse phase especially
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when the tower is heing used above & certain
capacity, that is, near flood conditions. . Proc-
essing  according to .the invention practically
eliminates. such. disadvantages.

The. settling rate of the disperse phase in &
conventional  pierced plate tower clearly de-
creases as the throughput and conseguently as
the velocity of the continuous phase increases.
As a result therefore of conventional -pierced
plate tower operation, the disperse phase issuing
from. the orifices nearest to the weirs may be car-
risd into the adiacent settling zone hy means of
the horizontally moving stream of the continu-
ous phease and then recycled. to the plate from
which such portions of the disperse phase had
previously come. Furthermore, this tendency
towards recycling increases as the throughput
of the continuous phass increases. . Thus, as the
flow of the continuocus.phase over such pierced
plates ‘is. increased beyond. a certain valus, the
particularly advantageous capacity of the tower,
correspondingly peorer and poorer treating ef-

" fects are obtained..

In an effort to modify the conventional pierced
plate tower to.avoid recycling, it was found that
by blanking the orifices on the side of the plates
nearest. to the weir or weirs an improvement in
contacting conditions was obtained. It was fur-
ther found that by moving the weirs back to a
point close to the pierced section and building the
plate in the form of two steps with the weir as
a riser and the spacing of the plates widely apart
a further improvement. could be attained. This
change also involved a change in the setiling con-
ditions from that of settling from horizontally
moving streams of the continuous phase to set-
tling from substantially vertically moving coun-
tercurrent streams. From a contacting as well
as. from- a settling viewpoint, this cchange was
sound advantageous. Thus, the plafes- im: the
tower: could be spaced further apart and on. the
plates narrow and deeper troughs ceould he con-
structed, thereby permitting a higher head than
previously of the phase to be dispersed.

According to these principles, as the basis of
the present invention, an embodiment or illustra-
tion of the invention may be taken in the design
of a particular treating tower. In this tower the
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3
design ‘involves having a series of plates con-
taining troughs for the coilection of the heavier
discontinuous phase. These troughs have their
basses driiled with holes through which the phase
which collects therein becomes dispersed into the
space below, particularly by reason of the liguid

bt

head maintained in the troughs, By adjusting -

the size and number of the holes in the troughs,
it has been found possible to obtain various sized
droplets and thus to detérmine the intimacy of
contact between the phases in the tower. The
design of the troughs in the various plates clearly

determines the extent of the liquid head neces~:

sary to force the phase to be dispersed through
the holes in the bases. The droplets  which are
sprayed from the holes in the troughs are more-
over settled through a zone in which the lighter
phase has to flow in an essentially vertical direc-
tion. The droplets of the heavier Phase coalesce
on the top of the next lower plate and then flow
into the trough or troughs in that plate. The
lighter phase passes upwards in the tower through
the plate openings.

In a tower of such design, as the velocity of the
continuous phase moving in g substantially ver-
tical direction increases, the settling rate of the
discontinuous phase therein decreases, and at g
certain maximum velocity of the discontinuoiis
phase the majority of the droplets will no longer
settle but will be entrained along with the con-
tinuous phase; that is, the point-of flooding of the
tower.  Such processing is thus in marked con-
trast to that which .normally occurs in the con-
ventional type pierced plate towers. Moreover,
as- the throughput in towers designed according
to the present invention increases, the entrain-
ment does not become progressively greater until
flooding oceurs provided that droplets- of  rela-
tively uniform size are produced, Moreover,. as
the throughput in such towers increases, the
amount of time available for each droplet in the
settling zone increases, thus conveying improve-
ment in treating efficiency. o o

In such an-apparatus, any degree of contact-
ing may be obtained by. varying the size and
number of the holes in the troughs, and, since the
size of the droplet determines the settling rate
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sure drop across the orifices. ‘The latter two can
be varied at will regardless of the type of plate
construction, although from practical considera-
tion the vertical type controller is more advan-
tageous with higher pressure drop than with the
conventional pierced plate type. .
As regards the time available for diffusion, set-
tling from substantially countercurrent vertically
moving streams has, as previously pointed out,
distinet advantages over settling from horizon-
tally moving streams. Also, only the Jlargest .
droplets of the disperse phase can pass through
horizontally ‘moving streams of the continuous

.Phase when the velocity is relatively high, the

droplets of smaller size being subject to the carry-

-~Ang power of the continuous phase and thus to
. recycling,  Thus, in the conventional pierced
~plate tower, as the maximum capacity is reached

30

plate efficiency falls off sharply due to recycling
and to the rapid passage of only large droplets
through -the continuous phase.. On the other
hand, in towers designed according to the pres-
ent invention, as the tower approaches maximum
capacity the time of contacting for all droplets
increases and hence the plate efficiency also tends
t0 approach a 'maximum. . This is of great im-
Portance for reasons of economy since it is always
desirable to operate towers at the maximum rates.

The invention may be specifically illustrated by
the processing effected in an apparatus diagram-
magtically- illustrated in Figures 1e, 1b; 1¢ and 1d.
Figure la represents a section of a tower 10 ac-
cording to the invention containing ‘two plates

. 28 and 39, respectively; Figures 1b and 1c rep-

35

40 pierced plate tower.

45

of the discontinuous phase, the rate of settling :

In the. discontinuous phase ‘s also ‘controlled.
The diameter of such a tower necessarily becomes
dependent upon the flow rates and degree of con-
tacting required, while the height of the tower

“will be determined by the number of plates re-
quired for the extraction operation; the latter
also being determined by the number of theoreti-
cal extraction stages required and the plate ef-
ficiency. ’ ;

In order to understand more clearly the advan-
tages of processing according to the invention and
the improved plate efficiency also involved, the
mechanism of material transfer in liquid-liquid
contacting systems will be further analyzed. In
the contacting of the two phases, one of the most
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important features in the interchange ‘of soluble

constituents is the range of distribution coef-
ficients of the various solutes between the various
solvents. Plate efficiency is dependent also upon
a'number of variables. - These variables include
the solute concentration differential between the
liquid phase, the rates of diffusion of the solutes
In each phase, the size of the droplets and the
time available for diffusion. Of - these variables,
only the latter two are stbject to control by tower
design. The size of the droplets is mainly g func-
tion-of interfacial tension, orifice size and Dbres-
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resent.plan views of the plates shown in Figure
la. Figure 1d represents g, cutaway section of
the tower showing the same two plates. Figures
2a.and 2b show the flow of fluids according to
processing of the invention and in a conventional
Figures 3 and 4 represent
other modifications of the invention. '
As shown in Figures la and 1b, plate 20 consists
of an inverted trough 21 extending across the
center.of the tower and two symmetrical flat
horizontal plates 22 and 23 extending in both di-’
rections from the trough edges almost to the shell
of the tower. The spaces 24 and 25 between the
edges of the plate and the shell of the tower 18
serve as passageways-for the flow of the contin-
uous phase. - The trough 21 has angle sides 26
and 27 and may be capped by the horizontal plate
28.- The angle sides 26 and 27 are perforated to

-act as orifices for producing droplets of the phase

to be dispersed. The plate 38 is positioned direct-
ly below the plate 28 as shown in Figure 1a and
consists of two short inverted troughs 31 and 32
and two fiat plates 33 and 34 extending from the
trough  edges almost to the center line of the
tower as shown in Figures 1g and 1¢. The space
35 thus formed acts as 3 pbassageway for the flow
of the continuous phase.” The troughs are pro-
vided with angle sides 26 and 37 for electing the
bhase to be dispersed. ’ I

It is apparent that by alternating plates of
the type 20 with those of 30 in the tower the con-
tinuous phase will be caused to flow downward and
contact droplets of the discontinuous phase flow-
ing upward from the inverted troughs. - Such
processing isindicated in Pigure 2a and contrasted
With_ the contacting occurring according to proc-
essing ‘in a  conventionsl pierced ‘plate tower,
Figure 2b. : T T

It should be understood that g multiplicity of
inverted troughs may be used on each plate as
shown.in Figures 3¢ and 3b rather than one or
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two- as ‘described:above. Plates ;40 and G9:bear
structural -relationships :to -plates 120 -and * 80.:0f
Agure:l. .The inverted-troughs 41 have:angle
perforated sides -85 which. may be capped by hori-
ontal: plates 48. “The:inverted. troughs ‘have -ab
‘their: bases “Aat horizontal:plates 42 and:43 which
JAnthiscase do-not-extend almost acrass the diam-
eter-of.the shell -of .the tower 4§ but-merely: por-
+tions -of .the -amount determined by the number
-of *troughs on :the plate. -Between the various
trough: plate assemblies are the spaces 44 serving
as passageways for the flow of -the -eontinuous
.phase. The plate’ 53 is shown as being a com-
‘posite-of plates of the:type 20 and 30 .as shown
4in:Figure . 1.
shell has-the inverted trough portions 51 and 52
awith perforated-angle sides /56 .and :57 similar:to
the corresponding portions of the inverted troughs
31 and 32 of plate 38. ‘Tyrthermore, the shape

of the tronghs:may:be varied as, for example, in .

Figures -;40,,:41),-and»-tl»c;within the concept of the
invention provided that the means thereby af-
forded for the settling-of the discontinuous phase

The portion of the plate -near 'the

10

30, “The average head in

2 50 to T5%. spray of.

6

nemical quantity of washiwaterto reduce thecoti-

centration of ‘aestone in-the butane “stream 1o
about 0.05% :and to “have:about :13% concentra-
tion of acetone.in the water wash stream. Such
processing hasheen satisfactorily: effected:accord-
ing to the invention by.employing:a tower of:b
feet. in ‘diameterand 80: feet: in-height: containing

/50 plates of:the type. shown  in Figure 11 spaced
2, feet-apart.

‘The troughs ‘are ‘of two:types:
relatively long.inverted troughs as.designated in
the diagram by the: numeral -21. which :have 242
Y,-inch “holes, .and relatively short .inverted
troughs such as designated by -the numeral <31
having. 122 Ys-inch holes per trough-or- 244 holes
per. plate: of -the type: designated by .the numeral
the inverted:troughsiis
hetween: 10.and 12 inches. Under-such:conditions
average size droplet of sz
st an:inch is. obtained. ‘“The settiing zones Were
designed toallow adéguate settling of the droplets
as smailias Vesof an inch in-diameter.

Data obtained by processing in su¢h = tower
are as.foliows:

Table. I
___Butane stream, gallons per hour__ 7, 395 7,165 6,515 6, 880 5,950 6,900 6, 960
Water supply_-—-z------- e e gallons per hour. _ -4, 005 4,605 4,005 4,000 4,005 4,005 4,005
Washed hydrocarbon stream...-----.--z-- gallons per hour.. 6, 0856 4,940 4,355 5710 5,645 5670 5 660
Concentration of acetone in washed hydrocarbon stream
: . weight per cent.. 0. 01 0.01 0.003 0.0 0.01 -0.0 0.0

“in ‘the continuous -phase -is through a -vertical
stream of -the -continuous phase -ragther than a
‘horizontally | flowing -stream. -

‘Processing according to- the invention involving
‘the-use of the-above type-apparatus requires that

“the heavier of -the two - liquids ‘bé introduced at 3

‘the-top of‘the tower-while-the ‘lighter component

is introduced at the bottom. As-indicated by the
arrows in Figures 1, 2a, 3 and 4, the lighter phase
is ,proce'ssed in the tower by passing through the
-orifices in ‘the inverted troughs -and thence by
gettling -through -the continuous, substantially
vertically moving streams of the continuous phase.
The lighter phase then collects on the under side
of the various piates such as plate 20 and is trans-
ferred to the trough such as 9¢ from which the
liquid again emerges as droplets to be contacted
again by the continuous phase. Such operation
is repeated until the lighter phase reaches the top
of the tower and the heavier phase reaches the
bottom of the tower. In this manner, intimate
contact within the two phases is attained and
adequate settling assured.

The direction of flow of the two streams is im-
material according to the invention, although in
the above description it has been assumed that
the continuous phase passes downward and the
discontinuous phase flows upward.

As g specific illustration of processing accord-
ing to the invention, the treatment with water
of the hydrocarbon stream from an extractive
distillation system to remove solvent soluble in
water may be employed. Thus, in the extractive
distillation of the Cs and Cs hydrocarbons with
aqueous acetone as the solvent, the acefone has
to be recovered in the interests of economy from
the various streams. For such an example, to a
tower design as illustrated in Pigure 1, may be
taken the removing of acetone from the predomi-
nantly butane stream from an extractive distilla-
tion unit employing agueous acetone as the sol-
vent. Such g stream usually contains about 10%
acetone. The date from a ternary diagram for
the system—walter, acetone and butane—and a
stage-~to-stage calculation indicate that seven
theoretical stages are required when using an eco-

A

What is claimed is:

1. A process for countercurrently contacting
relatively immiscibie fuids of ‘different gravities,
comprising passing a continuous stream of ‘one
Auid through' 2 system containing aseriescf con-
tact zZones, each of said zones containing "a-piu-

- tality of alternate regions of high ~and low Ve~
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‘locity, the said change of velocity béing

obtained
by alternately constricting and -enlarging the
stream as ib flows-through the system passing the
other fluid as’a discontinuous phase: in the oppo-
site ‘direction, injecting the said other “fuid 9
finely divided state into the high velocity regions
of the stream of the said arst fluid, allowing the
mixed fluids to separate by gravity in the low
velocity regions, passing the thus separated fluids
in opposite directions for further contact in the
successive contact zones, and withdrawing the
separated fluids respectively from opposite sides
of said system. :

9. A process as in claim 1, in which both fluids
are liquids.

3. A process as in claim 1, in which the respec-
tive fluids are contacted by intersection substan-
tially at right angles in the high velocity zones.

4. A process as in claim 1, wherein the said
discontinuous phase is dispersed to form fine por-
tions by being forced through small orifices by
gravity differentials.

5. A process as in claim 1, wherein the separa-
tion of the two phases by settling occurs in re-
gions where the path of the continuous stream
has a relatively large cross-section.

6. An apparatus for the countercurrent treat-

ment of relatively immiseible fluids of different -

gravity, comprising an upright shell fitted with
a plurality of transverse plate assemblies which
subdivide the interior of said shell into a series
of settling chambers, each assembly comprising at
least one narrow inverted trough, adapted to col-
1ect an ascending fluid of relatively light grav-
ity, the trough having its open end edges flanged
by horizontally disposed base poriions extending
outwardly from the trough edges, each said base
portion having at least one constricted opening
for permitting the downward flow of a fluid of
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‘Felatively heavy gravity, the trough being fitted
:In its upper solid portion with small perforations
adapted to disperse the ascending fluid, alternate
-assemblies having said troughs and said constrict-
ed openings alternately disposed, said troughs of
:one assembly terminsting in spaced relaticn to
:said constricted openings of the next higher as-
sembly to cause the ascending fluid to intercept
the descending fluid at 2 point of substantislly
most rapid flow of said descending fluid as it
basses through said constricted opening, and an
‘inlet and an outlet in both the uppermost and the
lowermost settling chamber.,

7. An apparatus for countercurrent extraction
of fluids comprising an upright shell, a plurality
-of transverse baffle assemblies dividing the inte-
rior of the shell into g series of settling chambers,
-each assembly formed of g horizontally disposed
:base containing at least one constricted slot ex-
tending transversely of the base and adapted to
permit downward flow of a relatively heavy liquid
in a constricted stream, a portion of said base
formed into at least one inverted U-shape por-
tion which extends upwardly from the horizontal
base portion and is aligned in spaced relation. to
~& constricted. slot .of the
.Such U=shape portion: being’ fitted neat its crest

“with perforations adapted

flowing ‘stream of the descending
passes through said constricted slot,

8. An apparatus for the countercurrent treat-
ment of fluids of different gravity comprising a
cylindrical shell, two types of alternately_ ar-
ranged baffle plates 21% feet apart which subdi-
vide said shell transversely into a series of set-
tling chambers,
of a narrow inverted trough at least 10 inches
deep extending across a diameter of the shell, the
upper solid portion of said trough fitted with fine
perforations

liquid as it

next higher. assembiy;

to disperse a relatively.
‘light liquid in a finely divided stite into g rapidiy vt

one type of said plates consisting’

Ya inch in diameter adapted to dis-
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perse a relatively light fluid, the open end of each

- Inverted trough. flanged with two symmetrical

horizontal. plates extending in both directions
from the trough edges and terminating in spaced
relation ‘to the shell, thus forming a constricted
bassageway for 'a  descending relatively ~ heavy
fluid, the alternate type of plate consisting of a
horizontally- disposed - base having a constricted
slot extending transversely of the base and
aligned with the inverted trough of the next lower
plate, said base terminating on opposite sides in
edges spaced from the wall and having an up-
wardly extending flange on each said edge, the
upper portion . of each flange terminating in a
wall which is inclined and extends to meet the
shell, the inclined wal} being fitted with small
perforations; the shell also comprising an inlet
and an outlet in both the uppermost and the
lowermost settling chamber.
: JOHN D. LONG.
CYRIL O. RHYS, Jr.
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