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UNITED STATES PATENT OFFICE 
2,545,938 

SOLVENT EXTRACTION APPARATUS 

Charles W. Bilbe, Wauwatosa, Wis., assignor to 
Allis-Chalmers Manufacturing Company, Mi 
waukee, Wis., a corporation of Delaware 
Application May 5, 1945, Serial No. 592,190 

(C1.23-270) 2 Claims. 

The present invention relates generally to in 
provements in the art of treating materials and 
relates more particularly to improvements in : 
methods and apparatus for the continuous COun 
tercurrent solvent extraction of solid materials. 

It has heretofore been proposed to remove fats, 
oils and like substances from various animal and 
vegetable materials by the use of suitable solvents. 
This removal or separation of oily. SubstanceS or 

- the like from solid materials such as Soybean, 
cottonseed and nut meal may be effected either 
by the treatment of the material in batches or 
by the continuous treatment thereof. The pres 
ent invention is primarily concerned with the pro 
vision of an improved method and apparatus 
Whereby solvent extraction may be effectively ac 
complished in a continuous, uninterrupted and 
economical manner. 

In the continuous solvent extraction of mate 
rials, it is common practice to advance the mate 
rial through a bath of countercurrently moving 
solvent and then drain or Squeeze the liquid from 
the more or less exhausted material prior to dis 
charging such material to a drier for Subsequent 
treatment. One type of apparatus heretofore 
proposed for effecting such continuous counter 
current. Solvent extraction consists, generally, in 
the provision of an upright tank having an in 
let for solid material at the upper portion and 
an outlet for Such material at the lower portion 
with a conveyer for removing the material from 
the outlet to a point of discharge to the drier. 
The tank in Such prior art. apparatus is normally 
provided with a screened outlet in the upper por 
tion for the escape of liquid, including the solvent 
and extracted oil, and the conveyer is provided 
with, or is associated with, means for effecting 
partial separation of the liquid from the Solid 
material. 
As to the means for effecting Such partial 

Separation, One type of prior art apparatus in 
cludes an elevating COn Weyer of Sufficient length 
as to extend Well above the Solvent level estab 
lished by the liquid outlet and provided with per 
forated conveyer members for permitting partial 
drainage of the liquid by gravity back to the 
Solvent level within the conveyer. In other in 
stances the conveyer is moved through a per 
forated casing Section above the liquid level to 
permit partial drainage of the liquid-through a 
wall of the conveyer casing where it is caught 
and returned to the extiraction apparatus. In 
still other prior art-Systems, the materialis Sub 
jected to pressure either within the conveyer or 
externally thereof and above the liquid level to 
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squeeze some of the liquid from the material. 
Since it is desirable to keep the material in con 
tact with the-solvent for as long a period of time 
as possible and since it is also more effective to 
subject the material containing less of the Sub 
stance being extracted therefrom to the fresher 
and purer solvent, it is common practice in the 
systems hereinabove described to Supply the fresh 
Solvent at a point in the conveyer as near as poS 
sible to the point of discharge of the solid mate 
rial. This supply point is usually located below 
the place of drainage or Squeezing of the mate 
rial. .* 

Although systems provided with an elevating 
conveyer in which drainage is permitted either 
through a perforated portion of the conveyer 
casing or within the conveyer passage, per se, 
have enjoyed a certain degree of commercial Suc 
cess, there are nevertheless numerous disadvan 
tages attendant such installations. One of the 
major objections to this type of apparatus is that 
the conveyer must be exceedingly long, extending 
a sufficient distance above the Solvent level to per 
mitia, Satisfactory separation by drainage of the 

25 liquid from the solid. Consequently, the original 
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cost of this equipment is great and a large, en 
closure for the Solvent extraction plant is neces 
sary. Likewise, the material must be advanced 
at an objectionably slow Speed, in conveyers of 
the drainage type, to provide adequate drainage 
time and consequent Separation prior to discharge 
of the Solid material to the driers. Furthermore, 
apparatus of this type is not generally satisfac 
tory for use with all materials since Some nate 
rials, such as flaxseed, consist of finely divided 
particles which either clog the perforations or 
are carried therethrough. With the liquid. An 
other serious difficulty encountered with this type 
of equipment is in the constant need for clean 
ing and maintenance thereof. Since the majority 
of the materials processed contain a relatively 
large proportion of fine particles, the perfora 
tions provided for the draining of the liquid con 
Stantly become clogged, necessitating frequent 
stoppages in the operation of the unit to clean 
the perforated portions of the conveyer or its 
casing for proper functioning of the unit. There 
fore, not only is the maintenance cost high but 
the necessary interruptions in operation are 
coStily. 

Similarly, numerous disadvantages are attend 
ant the Various mechanical Separating means 
heretofore proposed. One of the principal ob 
jections to the use of mechanical separators in 
Solvent extraction systems is in the difficulty 
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which is encountered in providing and maintain 
ing an operative device. Mechanical separators 
heretofore proposed have been disposed above 
the solvent level in the conveyer or externally 
of both the conveyer and the solvent bath 
in the conveyer; and Such devices have proven 
ineffective due to the fact that the Saturated 
material, which is in the nature of a plastic 
mass and extremely difficult to handle after leaV 
ing the solvent bath, packs tightly when subjected 
to pressure, sticking and jamming in the Various 
parts of the mechanical separating device and 
necessitating almost constant cleaning and main 
tenance attention. It has also been heretofore 
proposed to provide mechanical means at the 
lower outlet of the initial extraction chamber for 
feeding the material against preSSure directly 
to the drier and eliminating the conveyer. HoW 
ever, the vertical arrangement of the large equip 
ment, including the extraction chamber, separat- ; 
ing device and drier, in Such systems is highly 
impractical because of the objectionable resulting 
height. Furthermore, the pressure head against 
which such separating devices must operate is 
extremely great with a correspondingly high 
packing pressure necessary to effectively squeeze 
the liquid from the material being discharged; 
and failure of the separating mechanism, when 
located below the initial extraction chamber, re 
Sults in the flooding of the drier. In addition to 
the foregoing objections to mechanical Separa 
tors as heretofore proposed, the majority of these 
devices produce an undesirable and excessive 
comminution of the solid material being proc 
essed. 

It is therefore an object of the present inven 
tion to provide an improved method and appa 
ratus for Solvent extraction which obviates the 
objectionable features of the prior methods and 
devices. 
Another object of my invention is to provide 

an improved solvent extraction method and ap 
paratus which is highly efficient in the removal 
of oils and like Substances from Solid materials 
and wherein separation of the liquid from the 
Solids is speedily and effectively obtained in a 
continuous manner. 
Another object of this invention is to provide 

an improved solvent extraction apparatus which 
is of simple construction, which is inexpensive to 
manufacture and operate, and which occupies a 
minimum amount of Space both as to floor area, 
and height. 
Another object of the invention is to provide 

an improved solvent extraction apparatus where 
in all parts are readily accessible for examina 
tion, replacement or repair. 
Another object of my invention is to provide 

an improved Solvent extraction apparatus where 
in Separation of the liquid from the solid mate 
rial is effected by means of an independently 
operating mechanical separator which may be 
adjusted independently of its associated appa 
ratus as to both speed and pressure, and with 
which a maximum degree of separation may be 
obtained prior to discharge of the solid material 
to the drier for removal of the remaining solvent 
by evaporation. 
Another object of the present invention is to 

provide an improved method and apparatus for 
Solvent extraction wherein maximum separation 
of the liquid from the solid material is effected 
in a continuous manner by discharging the ma 
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4. 
of fresh solvent, without undesirably affecting 
the characteristics of the final productS. 
A further object of the present invention is to 

provide an improved method of solvent extrac 
tion comprising, moving a body of material 
through a body of counterflowing Solvent in an 
initial extraction chamber, removing the mate 
rial from the initial chamber and elevating it 
through a column of other solvent, separating the 
material from the solvent in the column beneath 
its upper extremity, and utilizing the Solvent Colm 
lumn height to maintain the initial chamber con 
stantly filled with solvent. 
An additional object of my invention is to pro 

vide an improved solvent extraction apparatus 
comprising, a primary extraction chamber hav 
ing a Solid material inlet, an elevating conveyer 
for renowing Solid material from the primary 
chamber, means for constantly maintaining the 
chamber and the conveyer filled with Solvent, 
and means for removing Solids from an upper 
portion of the conveyer below the level of the 
solvent therein. 
Additional objects and advantages of the pres 

ent invention will be apparent from the follow 
ing detailed description. 
A clear conception of the present improvement 

and of the mode of constructing and of utilizing 
apparatus built in accordance with my invention 
may be had by referring to the dra Wing a CCOm 
panying and forming a part of this specification, 
wherein like reference characters designate the 
same or similar parts in the various views. 

Fig. 1 is a part sectional side elevation showing 
an apparatus constructed in accordance With 
my invention and adapted to perform the several 
steps of my improved method; 

Fig. 2 is a horizontal Sectional view taken along 
the line II-II of Fig. 1; 

Fig. 3 is a vertical Sectional view taken along 
the line III III of Fig. 1; 

Fig. 4 is a vertical Sectional view taken along 
the line IV-IV of Fig. 1; 

Fig. 5 is a fragmentary front elevation of the 
discharge portion of a modified form of appa 
ratus; 

Fig. 6 is a horizontal sectional view taken along 
the line WI-VI of Fig. 5; and 

Fig. 7 is a vertical Sectional view taken along 
the line VII-VII of Fig. 5. 

Referring to the drawings and more partic 
ularly Figs. 1 to 4 thereof, the improved appa 
ratus comprises in general an upright member 0 
forming the primary extraction chamber, an 
elevating conveyer associated with the lower 
portion of the chamber, and a pair of final ex 
traction, Washing and Separating chambers or 
chests f2., 3 disposed on opposite sides of the 
conveyer and communicating with a drier 4. 
As shown in the drawings, the primary ex 

traction chamber 9 is provided with an upper 
Solid material inlet 6 and a lower Solid material 
outlet fl. Within the chamber 0 and Secured 
to the side wall thereof, a plurality of vertically 
spaced nonrotatable plates 8 are provided. The 
plates 8 are each formed with one or more radial 
openings 9 disposed in staggered relationship 
with respect to the openings in the preceding and 
Succeeding plates. One or more radially extend 
ing arms 20 are provided immediately above each 
plate, and these Vertically spaced arms are Se 
cured to a shaft 22 driven by a motor 23 for ro 
tation therewith. Below the upper Solid nate 

terial against pressure and while under a bath 75 rial inlet 16, the wall of the chamber 0 is per 
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forated as indicated at 24, and this perforated 
portion of the chamber wall is surrounded by a 
jacket 25 having a liquid outlet pipe 26 leading 
therefron. 
The conveyer fias shown, is preferably, of the 

endless drag type comprising a chain 28 or the 
like carrying a plurality of blades or drag links 
29. The conveyer is housed within a casing 30 
forming a conduit which is divided into an ele 
'vating passage 3 and a return passage 32 by an 
intermediate partition 34. At opposite ends of 
the conveyer the chain 28 is guided by pulleys 35 
and 36, the upper pulley 35 being driven by a 
motor. 37 in a clockwise direction so that the chain 
moves upwardly in passage 3 and downwardly 
in passage 32 as indicated by the arrows. The 
conveyer is shown as operative in a horizontal 
and vertical plane but this may be modified as 
desired in particular instances. 
The upper portion of the conveyer passage 3 is 

in open communication by way of ports 40, 4 
with the chambers or chests 2, 3, respectively, 
associated with the opposite sides of the con 
weyer casing. The chests 2, 3 may either be 
formed integral with the conveyer casing, as 
shown, or they may beformed as separate mem 
bers, communicating With the conveyer casing by 
suitable piping. The conveyer passage 32, at its 
upper portion, is likewise in open Communica 
tion with the chests 2, 3 by way of ports 42, 
43, respectively. It should, however, be noted 
that the ports 40, 4 are of considerably greater 
verticallengthsthan the ports 42, 43, opening into 
the chests ?2, ..f3 at a point below the lower ex 
tremities of the ports 42, 43 as will be hereinafter 
more fully described. The chests 2, 3, respec 
tively, are provided, adjacent the lower portions 
thereof, with spiral conveyers or feeders 45, 46 
operated by Suitable motors 4, 48, respectively, 
in a direction such as to feed the material toward 
the respective discharge openings50, 5 and plug 
valves 52, 53 or the like. The valves 52, 53 are 
yieldingly movable axially of their respective 
spiral feeders 45, 46 and may be adjusted as to 
the pressure to be applied against material fed 
thereto by varying the pressure in the cylinders 
of the servomotors 55, 56, respectively, in an obvi 
Ousmanner. Communicating with the discharge 
openings 50, 5 of the chests f2., 3 through a 
spout 57 are one or more driers 4 of a conven 
tional type which form no part of the present 
invention and therefore need not be further de 
scribed. Solvent is supplied to the chests 2, 3 
of the apparatus from a Suitable source of Supply 
by way of a pump 58 and piping 59 communi 
cating with the chests 2, 3 through inlet ports 
6, 62, respectively. The solvent supply ports 6 f, 
62 are preferably located above the spiral feeders 
45,-46 but below the lower lips 63, 64 of the ports 
42, 43, respectively, for reasons as will herein 
after become-apparent. 
The spiral conveyers 45, 46, operating in con 

junction. With the Suitable known internal forma 
tion of chests -2, 3 and restricted discharge 
openings 50, 5, form a mechanism of known 
character which may be referred to hereinafter 
for convenience as: fluid-expressing, compressed 
solids ejecting means. This term (fluid express 
ing, compressed solids ejecting means) defines 
any suitable known mechanism, or its substantial 
equivalent, for expressing fluids from a mass of 
fluid containing solids and ejecting the solids, 
in compressed, relatively fluid free state, from 
the space within which it operates. 
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6 
through the solventinlets 6,62 to the chests 2, 
3, respectively, and raw solid material Contain 
ing the Substance to be extracted is fed to the 
chamber 9 by Suitable means through the upper 
inlet 16. With Valves 52, 53 closing the respec 
tive discharge openings 5t, 5., both paSSages of 
the conveyer as well as the chamber? are flooded 
with solvent up to the level of the outlet. 26 com 
municating with the chamber). Since the Sol 
Vent escapes through the perforated portion .24 
of the extraction chamber and is conducted away 
from the unit through the outlet 26, it is apparent 
that a continuous flow of Solvent from the upper 
portion of the conveyer to the lower portion 
thereof and then through the lower outlet and 
upWardly within the chamber.0 to the liquid out 
let is established, with a liquid level in both the 
Conveyer and the initial extraction chamber being 
maintained approximately at the point of dis 
charge of the liquid, as indicated. 
The Solid material being fed to the upper por 

tion of the chamber to falls by gravity to the 
uppermost of the plates 8 where it is carried to 
the opening 9 by the arm 20, falling by gravity 
to the next succeeding plate for similar handling. 
Thus, it is seen that the material is advanced 
downwardly in the chamber from the upper 
inlet -6 to the lower outlet T in a retarded man 
ner and through a bath of countercurrently mov 
ing Solvent. Since the first contact between the 
Solid material and the Solvent occurs in this 
chamber, the greatest amount of oil is removed 
by the solvent during this initial treatment. 
The material being continuously advanced 

through the chamber Ofinally falls through the 
lower outlet 7 into the horizontal portion of the 
conveyer . Since the chain .28 and links 29 
of the conveyer are being continuously advanced 
in a direction as indicated by the arrows, thema 
terial is moved through the passage 3, being car 
ried upwardly therethrough by the links. 29, As 
the material reaches the upper portion of the 
passage 3 adjacent the ports 40, 4 , it is dis 
charged through these ports to the respective 
chestS 2, 3, falling by gravity into the continu 
Ously operating Spiral feeders 45, 46 which ad 
Vance the material to the respective openings 50, 
5 for dischargetherethrough to the drier against 
the pressure of the valves 52, 53, respectively. 

Obviously, as the operations are being carried 
Out With the Solid material being advanced up 
Wardly through the closed passage-3 of the con 
veyer, the fresh solvent being supplied at 6, 62 
is prevented from flowing freely downwardly 
Within the passage 3 which is filled with solid 
material and solvent throughout its length, and 
the Solvent therefore rises in the chests 2, 3, 
Submerging the spiral feeders and the material 
being handled thereby and overflowing through 
the ports 42, 43 into the empty passage 32 of 
the conveyer. It is therefore apparent that, 
during the operation of the device, the lower lips 
3, 64 of the ports 42, 43, respectively, act as 
dams over which the overflow liquid from the 
chests 2, 3 is conducted to the empty return 
passage of the conveyer. From the passage 32 
the liquid flows downwardly within the conveyer 
and thence upwardly within the initial extrac 
tion chamber to the liquid outlet 26 as herein 
above described. 

Referring now to Figs. 5 to 7 of the drawings, 
a. Inodified form of apparatus (fluid expressing, 
compressed solids ejecting means) which may be 
used at the upper portion of the conveyer for 

In operation of the device, Solventis-supplied 75 Separating the liquid from the solid material 
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during discharge to the drier is illustrated. In 
the modified arrangement, the material moving 
passage 3 and the return passage 32 of an 
elevating conveyer are separated by an inter 
mediate partition 34 as in the apparatus here 
inabove described with reference to FigS. 1 to 4 
of the drawings. However, in the modification 
shown in Figs. 5 to 7, a single final extraction 
and separation chest 2 is provided, Such chest 
being disposed between the passages 3 and 32 
at the upper portion of the conveyer and forming 
a part of the intermediate partition. 34. The 
chest or chamber 2 is in open communication 
with the passage 3 by way of a port iO and 
the chest 2 is likewise in communication With 
the passage 32 through a port 42. The port 
40 is larger than port i2 which has its lower 

extremity located somewhat above the lower ex 
tremity of port 40. Within the chest 2 and 
adjacent the bottom thereof are provided a pair 
of spiral conveyers or feeders 45, 46 disposed 
in a common plane and driven from a Common 
shaft but with the spiral flights thereof formed 
for delivery in opposite directions. The Spiral 
feeders 45, 46 are adapted to feed material 
toward discharge openings 5), 5i and plug 
valves 52, 53, respectively, into spouts 57, 5. 
communicating with a drier, not shown. The 
valves 52, 53 may be adjusted by Supplying 
more or less pressure to the cylinders of the re 
spective servomotors 55, 56. Fresh solvent is 
supplied from a suitable Source to the conveyer 
passage 3 adjacent the chest 2 through the 
inlet port 6. 
In operation, the modified device functions 

substantially like the preferred arrangement. 
The solid material is advanced through a body 
of countercurrently moving solvent in the initial 
extraction chamber and is conveyed upwardly in 
the elevating passage 3 of the conveyer. The 
material being moved through the passage f3. 
is discharged into the chest fi2 through the port 
40 and settles by gravity in the Spiral feeders 
(4.5, 46 submerged in a bath of fresh Solvent 
being continuously supplied through the Supply 
port 6 . The spiral feeders 45, 46 discharge 
the solid material into the Spouts 57, 5. 
through the openings 50, 5 against the preS 
sure of the valves 52, 53, respectively. The 
liquid from within the chest 2 overflows the 
lower edge or discharge lip of the port 42 into 
the return passage 32 of the conveyer and Cir 
culates through the passage 32 and the initial 
extraction chamber to the liquid outlet provided 
therein. 
From the foregoing detailed description, it is 

apparent that the Solid material, in both forms 
of apparatus, continuously remains completely 
immersed in a bath of Solvent from the time it 
reaches the liquid level in the chamber () until 
it is discharged from the chests 2, 3 or the 
chest 2 to the drier. In addition, it should be 
noted that the solvent bath is of increasing fresh 
ness as the material is advanced to its final dis 
charge point, with the fresh Solvent being Sup 
plied adjacent the point of discharge of the ex 
hausted solids. By immersing the material in a 
final solvent bath at the point of discharge there 
of, a final extraction and displacement of oil is 
effected. Furthermore, by keeping the material 
completely immersed in a bath of liquid during 
all of the operations, the material is readily han 
diled by all parts of the apparatus, and the dif 
ficulties heretofore encountered with prior devices 
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means herein provided, the length of the conveyer 
may be reduced to a minimum; and because of 
the effective separation obtained by Such Squeez 
ing device, the size and number of final driers 
for evaporating the comparatively Small amount 
of solvent remaining with the treated Solids may 
also be substantially reduced. The compression 
mechanism is continuously operating while Sub 
merged, but the amount of preSSUre neceSSary 
for efficient separation of liquid from the Solid 
material is exceptionally small because of the low 
head under which such device is operating. Be 
cause of the minimum pressure against Which 
the material is discharged in the present device, 
the desired characteristics of the material remain 
unaffected during the process. It is furthermore 
apparent that the mechanical separator may be 
controlled independently of the other apparatus 
both as to speed and pressure, and it is located 
in an accessible position for any necessary repair 
or the like. While the liquid level in the return 
passage 32 of the conveyer has, as a matter of 
convenience, been shown and described as being 
the same as that in the chamber 9, this will 
obviously vary somewhat dependent upon various 
circumstances, such as the amount of Solid ma 
terial in the chamber 0 and the rate at Which 
it is advanced therethrough against the counter 
currently moving liquid. The level of liquid in 
the passage 32 will, however, normally be located 
Somewhere between the level of the liquid outlet 
26 and the lower lips of the ports 42, 43 during 
operation of the apparatus. The Various partS 
of the apparatus may obviously be altered some 
what without departing from the Scope of the 
invention; and although two final extraction and 
separation chests have been shown and described 
in the preferred embodiment, the device may be 
modified by eliminating one of these chests or 
chambers and its attendant parts, if desired. It 
is apparent that in both forms of the device 
herein illustrated and described, the solid mate 
rial is renoved from the initial extraction chan 
ber and elevated through a column of Solvent 
from which the Solids are discharged by pressure 
beneath the upper extremity of the liquid column. 
Likewise, in both forms of apparatus the height 
of the column of liquid is utilized for maintaining 
the initial extraction chamber constantly filled 
With liquid. 
Although the invention has been shown and 

described in conjunction with a particular type 
of initial extraction chamber and apparatus and 
a continuous conveyer of the drag link type, it 
may obviously be utilized with similar equipment 
in like manner and with equal success; and it 
Should therefore be understood that it is not de 
sired to limit this invention to the precise steps 
in the method or the exact details of construc 
tion of the apparatus or the application and mode 
of operation herein shown and described for war 
ious modifications within the scope of the claims 
may occur to perSons skilled in the art. 

It is claimed and desired to secure by Letters 
Patent: 

1. In a device for treating Solids with liquid, 
an upwardly extending conduit having an inlet 
for Solids and an outlet for liquids at a lower 
portion thereof, an elevating conveyer in said 
conduit for moving Solids upwardly from Said 
solids inlet, a fluid supply connection opening 
into an upper portion of Said conduit, a pair of 
chests disposed on opposite sides of Said conduit 
at an upper portion thereof, each said chest being 

are obviated. By the mechanical Squeezing 75 connected with the interior of said conduit 
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through a port for receiving solids and fluid from 
said conveyer, a restricted solids outlet opening 
through a wall of each said chest below the level 
of Said ports, and fluid expressing compressed 
Solids ejecting means in each said chest and be 
low the level of said ports for ejecting com 
preSSed Solids through said restricted Solids out 
let openings. . . 

2. In a device for treatment of solids with liq 
uids, an elevating conveyer confined within a 
conduit having a fluid outlet and solids inlet at 
its foot, said conduit having separate elevating 
and return passages, a fluid feed connection 
opening into an upper portion of said elevating 
passage, a chamber formed within said conduit 
and extending transversely thereof between said 
elevating and return passages at an upper por 
tion thereof, a port connecting said chamber 
with the interior of said elevating passage for re 
ceiving Solids and fluid therefrom, restricted 
openings in opposite ends of Said chamber and 
penetrating opposite side walls of said conduit 
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10 
below the level of said port, fluid expressing 
compressed solids ejecting means within Said 
chamber and below the level of Said port and 
constructed and arranged to simultaneously eject 
compressed solids in opposite directions through 
said restricted openings and a second port con 
necting an upper portion of said chamber with 
the interior of said return passage above the level 
of said first port for conducting fluids from Said 
chamber into said return passage. 

CHARES W. BILBE. 

REFERENCES CITED 

The following references are of record in the 
file of this patent: 

FOREIGN PATENTS 
Number Country Date 
2,156,236 Bonotto ------------ Apr. 25, 1939 

20 2,184,248 Bonotto ------------ Dec. 19, 1939 
2,276,298 Frazier ----------- Mar. 17, 1942 

  


