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The present invention relates to countercur 
rent liquid contact apparatus and more particu 
larly to mixing devices for promoting liquid 
contact. 
The liquid contact apparatus of the type de 

Scribed herein is of value, for example, in the 
Solvent extraction of lubricating oils for separa 
tion of the naphthenic and paraffinic constitu 
ents. The apparatus comprises a series of ex 
traction chambers, each of which contains two 
practically immiscible liquid layers of different 
densities and provision is made for progressing 
the materials of the two layers in opposite direc 
tions through the series of chambers. Existing 
apparatus has frequently been unsatisfactory 
either because of its failure to permit proper 
Segregation of the liquid layers or because of 
variations in Operation which tend to prevent 
differentiation of the liquids from chamber to 
chamber. 
The principal object of the present invention 

is to provide countercurrent extraction appara 
tus which is dependable in continuous operation 
and Which acts to promote proper contact and 
Segregation of the liquids in the different cham 
bers. 
With this and other objects in view, as will 

hereinafter appear, the present invention con 
prises the apparatus hereinafter described and 
particularly defined in the claims. 
In the accompanying drawings, Fig. 1 is a dia 

gram of the preferred form of apparatus for Sol 
Went extraction of lubricating oils; Fig. 2 is a 
Section, On an enlarged scale, showing the details 
of the mixing apparatus; and Fig. 3 is a diagram 
of a modified form of apparatus. 
The apparatus is herein illustrated as applied 

to the two-solvent method of Separating a re 
duced crude into its paraffinic and naphthenic 
constituents. To this end, two in miscible sol 
vents are employed, one a light Solvent, such as 
propane, for extracting the paraffins and the 
other a relatively heavy solvent as cresylic acid 
for extracting the naphthenes. The reduced 
crude to be treated is introduced at an interme 
diate point of a countercurrent path along which 
the propane courses in one direction and the 
cresylic acid in the other. 
The illustrated apparatus comprises a horizon 

tal extraction cylinder having a Series of extrac 
tion chambers numbered consecutively from 1 to 
9. Propane is continuously introduced into the 
left-hand chamber and cresylic acid into the 
right-hand chamber 8, while the crude oil to be 

55 treated is introduced into one or more of the 

1935, Serial No. 15,729 
(CI. 23-20) 
intermediate chambers. The liquids in each 
chamber settle into two layers, namely, a heavy 
layer comprising primarily cresylic acid with dis 
Solved oils and a light layer comprising largely 
propane With dissolved oils. The proportions of 
materials Vary from chamber to chamber and in 
general, the heavy layer has increasing propor 
tions of naphthenes progressing from right to 
left, while the light layer has increasing propor 
tions of paraffins progressing from left to right. 
In the chamber f, the heavy layer comprises 
mainly cresylic acid with naphthenes in solution 
while in chamber No. 9, the light layer comprises 
mainly propane With paraffins in Solution. 
Included in each chamber, except the last, is 

a mixing device indicated generally at O. To 
produce the general countercurrent flow of 
liquids, material is continuously pumped from 
the heavy layer of each of the chambers from 
3 to 9 inclusive into the mixer of a preceding 
chamber. Thus, for example, a pipe 2 is con 
nected from the bottom of chamber 3 leading 
to the mixer in chamber . 
As shown in Fig. 2, each mixer comprises a 

nozzle f4 external to the cylinder and having a 
flange f6 secured to the shell. At the bottom of 
the nozzle 4, there may be placed a spray head 
f8 for introducing the liquid in a plurality of jets 
into the tube 20. Branching from the tube 20 is 
an injector pipe 2 having an open end in the 
light layer. At the point of connection of the 
tube 20 and the pipe 2, the former is flared and 
immediately below the connection, the tube 20 is 
contracted, as indicated at 22, whereby the liquid 
is drawn from the upper layer through the pipe 2 
by injector action. The purpose of the Spray 
head 8 is to introduce the liquid entering at 4 
in a plurality of high velocity jets which converge 
in the restriction 22, thereby promoting the in 
jector action and preventing back flow through 
the pipe 2. 
The tube 20 is suitably supported at its up 

per end by a flange 24. At the lower end, the 
pipe 22 leads into a plenum chamber 26 which 
extends completely across the extraction cham 
ber and lies against the end wall 28 thereof. 
At the top of the plenum chamber and approxi 
mately at the interface of the light and heavy 
layers, there is a slot 30 extending across the 
chamber and opening into the next succeeding 
chamber. 
As shown in Figs. 1 and 2, material from the 

bottom of chamber 7 is conducted by a pipe 
32 to enter the mixer in chamber 5. The flow 
of heavy material through the mixer acts to 
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Withdraw material from the upper layer of chan 
ber 5 and to introduce a mixture of both mate 
rials into chamber 6. The action is therefore 
to introduce material from the heavy layer of 
chamber 7 and from the light layer of chamber 
5 into chamber 6. The apparatus gives high 
velocity. With turbulence and consequent effective 
contact between the liquid particles in the region 
20. In the settling tank itself, however, turbul 
lence is undesirable because it would mix the 
previously settled layers. The plenum chamber 
forms a transition space of large Volume where 
in the velocity is lowered and the liquid is 
brought to a relatively quiescent condition prior 
to its introduction into the settling chamber. 
The introduction of the mixture into chamber 6. 
results in some agitation of the liquids at the 
interface, thereby promoting the effective Surface 
contact of the particles of the liquids. This tur 
bulence is, however, largely confined to a Small 
region immediately above and below the inter 
face, so that the previously settled layers of liquid 
are not unduly disturbed. 
Although the mixer by which liquid is intro 

duced into chamber 6, for example, is, for rea 
sons of convenience, physically placed within 
chamber 5, the invention does not require Such 
disposition of the mixer. The mixer may be dis 
posed anywhere so long as it operates to promote 
the countercurrent passage of light and heavy 
liquids. 
The same action occurs for all of the cham 

bers. There is therefore a continuous plogleS 
sion of heavy material toward the left and of 
light material toward the right. The heavy lay 
er becomes enriched in naphthenes as it pro 
gresses toward chamber and the light layer 
becomes enriched in paraffins as it progresses in 
the opposite direction. , 
The introduction of the crude oil to be treat 

tied is by pipe 34, the open end of which points 
directly into the open end of the injector pipe 
2. The crude may be introduced into one or 
more of the chambers, as shown in Fig. 1. For 

, those mixers into which the crude oil is intro 
duced, the injector handles a portion of the 
crude as well as a part of the material of the 
light layer. 
In the arrangement shown in Fig. 1, propane 

is pumped continuously into chamber in mix 
ture With heavy material pumped from chamber 
2 through a pipe 36. Cresylic acid is introduced 
by the pipe 38 into the mixer in chamber 8, and 
enters the final chamber 9 in mixture With ma 
terial obtained from the upper layer of cham 
ber 8. The naphthenes dissolved in cresylic acid 
and possibly mixed with a small quantity of pro 
pane, are continuously withdrawn from the low 
er layer of chamber by a pipe 4C, and the par 
affins dissolved in propane and possibly mixed 
with a small quantity of cresylic acid are con 
tinuously withdrawn from the upper layer of 
chamber 9 by a pipe 42. The pipes 40 and 42 
lead to suitable solvent recovery apparatus, by 
which the extracted oils are separated from the 
Solvents. 
The apparatus affords maximum reliability 

and efficiency of contact. Since the injector pipe 
21 of each chamber is disposed at all times en 
tirely in the upper layer, and since the heavy 
material is withdrawn from the bottom of each. 
chamber, the operation is not materially affect 
ed by fluctuations in the height of the inter 
face. Furthermore, the rate of Withdrawal of 
light material from any chamber is dependent 
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upon the rate of flow of heavy material through 
the mixer, so that proper proportions in the miX 
ture are always maintained. 
The modified apparatus shown in Fig. 3 con 

prises a series of individual extraction chambers 
or vessels, each with an external mixing device. 
Only three vessels are shown, designated as 6, 
7' and 8', corresponding to the chambers 6, 7 and 
8 of the apparatus of Fig. 1. Each chamber is 
provided with a mixer 50, of the same general 
form as those shown in Fig. 2, having an in 
jector pipe 52 connected by a pipe 54 with the 
upper layer of the preceding chamber. Material 
from the lower layer of the succeeding chamber 
is pumped into the top of the mixing device, and 
the mixture of materials is introduced into the 
corresponding extraction vessel approximately at 
the interface of the two layers. The operation is 
identical with that taking place in the apparatus 
of Figs. 1 and 2. 
Although the invention has been described as 

embodied in a method and apparatus for ex 
tracting the paraffinic and naphthenic portions 
of petroleum oils, it will be understood that the 
invention is not limited to such use but may be 
employed for other purposes involving the coun 
tercurrent flow of liquids. 

Having thus described the invention, what is 
claimed is: 

1. In countercurrent extraction apparatus hav 
ing a succession of chambers to maintain an up 
per layer and a lower layer of liquid, a mixer 
having an outlet leading into one of the cham 
bers, and having two inlets, one of said inlets 
being connected with one layer of one adjacent 
chamber, means for forcing liquid from the other 
layer of the other adjacent chamber into the 
second inlet, the mixer being constructed to take 
liquid by injector action through the first inlet, 
and a plenum chamber into which the liquids 
flow between the inlets and the outlet. 

2. In countercurrent extraction apparatus hav 
ing a succession of chambers to maintain an 
upper layer and a lower layer of liquid, a mixer 
having an outlet leading into one of the cham 
bers, and having two inlets, one of said inlets 
being an injector pipe disposed in the upper layer 
of one adjacent chamber, a connection from the 
lower layer of the other adjacent chamber to 
the other inlet, and a plenum chamber into Which 
the liquids flow between the inlets and the 
outlet. . 

3. In countercurrent extraction apparatus hav 
ing a succession of chambers to maintain an 
upper layer and a lower layer of liquid, a mixer 
having an outlet leading into one of the cham 
bers, and having two inlets, one of Said inlets 
being disposed in one layer of one adjacent cham 
ber, means for forcing liquid from the other 
layer of the other adjacent chamber into the 
Second inlet, the mixer being constructed to take 
liquid by injector action through the first inlet, 
and a plenum chamber into which the liquids 
flow between the inlets and the outlet, said out 
let being disposed approximately at the inter 
face of the liquid layers in the chamber. 

4. In countercurrent extraction apparatus hav 
ing a succession of chambers to maintain an up 
per layer, and a lower layer of liquid, a mixer hav 
ing an outlet leading into one of the chambers, 
and having two inlets, one of said inlets being 
an injector pipe disposed in the upper layer of 
one adjacent chamber, a connection from the 
lower layer of the other adjacent chamber to the 
other inlet, and a plenum chamber into which 
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2,091,709 
the liquids flow between the inlets and the out 
let, said outlet being disposed approximately at 
the interface of the liquid layers in the chamber. 

5. In countercurrent extraction apparatus hav 
5 ing a succession of extraction chambers, each 

maintaining an upper layer and a lower layer 
of liquid, a mixer having an outlet to discharge 
into one of the chambers, inlets for the mixer 
Connected With the upper layer of a chamber 

10 at one side and the lower layer of a chamber at 
the other side of the chamber into which the 
mixer discharges, the mixer having provision for 
turbulently mixing the liquids entering the in 
letS, and a plenum chamber between the inlets 

5 and the outlet. 
6. In countercurrent extraction apparatus hav 

ing a Succession of extraction chambers, each 
maintaining an upper layer and a lower layer 
of liquid, a mixer having an outlet to discharge 

20 into one of the chambers, inlets for the mixer 
Connected With the upper layer of a chamber at 
One side and the lower layer of a chamber at 
the other side of the chamber into which the 
mixer discharges, the mixer having provision for 

25 turbulently mixing the liquids entering the inletS, 
and means providing a Substantial enlargement 
of the passage through Which the mixed liquid 
flows to lower the Velocity of the mixed liquid 
prior to its discharge through the outlet of the 

30 mixer into the corresponding chamber. 
7. In countercurrent extraction apparatus hav 

ing a succession of extraction chambers, each 
maintaining an Upper layer and a lower layer 
of liquid, a mixer having an outlet to discharge 

35 into one of the chambers, inlets for the mixer 
connected With the upper layer of one adjacent 
chamber and the lower layer of the other ad 
jacent chamber, the mixer having provision for 
turbulently mixing the liquids entering the in 

3 
lets, and means providing a substantial enlarge 
nient of the passage through which the mixed 
liquid flows to lower the velocity of the mixed liq 
uid prior to its discharge through the outlet 
of the mixer into the corresponding chamber. 

8. In countercurrent extraction apparatus hav 
ing a Succession of extraction chambers, each 
maintaining an upper layer and a lower layer 
of liquid, a mixer having an outlet to discharge 
into one of the chambers, inlets for the mixer 
Connected . With the upper layer of a chamber 
at One side and the lower layer of a chamber 
at the other side of the chamber into which the 
nixer discharges, means for pumping liquid into 
One of the inlets, means for injecting liquid into 
the other inlet by the flow of the first liquid to 
produce a turbulent mixing of the liquids, and 
means providing a substantial enlargement of 
the passage through which the mixed liquid 
flows to lower the velocity of the mixed liquid 
prior to its discharge through the outlet of the 
mixer into the corresponding chamber. 

9. In countercurrent extraction apparatus hav 
ing a succession of extraction chambers, each 
maintaining an upper layer and a lower layer 
of liquid, a plurality of mixtures, one for each 
Of Several of the chambers and having an out 
let to discharge into its corresponding chamber, 
two inlets for each mixer connected respectively 
With the upper and lower layers of adjacent 
chambers, means for turbulently nixing the liq 
luids introduced into the inlets, and means pro 
Viding a Substantial enlargement of the passage 
through. Which the mixed liquid flows to lower 
the velocity of the mixed liquid prior to its dis 
charge through the outlet of the mixer into the 
corresponding chamber. 
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CERTIFICATE OF CORRECTION 
Patent No. 2,091,709. August 31, 1957. 

ARTHUR C HAMPTON 

It is hereby certified that error appears in the printed specification 
of the above numbered patent requiring correction as follows: Page 3, second 
column, line 26, claim 9 for the word "mixtures" read mixers and that 
the said Letters Patent should be read with this correction therein that 
the same may conform to the record of the case in the Patent Office. 

Signed and sealed this 12th day of October, A. D. 1937. 

Henry Wans, Arsdale. 
(Seal) Acting Commissioner of Patents. 


