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This invention relates to the solvent extraction 
of Solid materials and is directed to the provision 
of an improved system of countercurrent liquid 
Solid extraction adapted for the treatment of such 
materials as cacao beans, soybeans, coffee beans, 
ir beet cossettes, coarse mineral sands and the 

e. 
It is generally recognized in the operation of 

any liquid-Solid extraction system, whether of the 
single or multiple liquid phase type, that the eff 
ciency of the extraction is increased as the veloc 
ity of movement of the solvent relative to the 

0 

material extracted is increased. For this reason 
it is considered good practice in batch procedures 
to employ some form of agitation and in continu 
Otis processes to employ the highest velocity of 
Solvent flow feasible under the conditions obtain 
ing in each particular case. However, there are . . 
practical and economic considerations which nor 
mally limit the velocities obtainable in counter 
current procedures of the type now in use, and 
in a great many instances, as where a high de 
gree of extraction is desired, these limitations en 

• tail a serious loss in efficiency of the extraction 
operation over what it might otherwise be. 
Accordingly, one of the objects of the present 

invention is to provide a countercurrent liquid 
Solid extraction procedure wherein higher veloci 
ties of movement of solvent relative to the mate 
rial extracted are obtained than have heretofore 
been sible with the same quantity of solvent. 

. . Another object of the invention is to provide a 
continuous liquid-solid extraction system of 
greater efficiency than the countercurrent ex 
traction procedures heretofore employed. . . 
A further object of the invention is to provide 

a Countercurrent liquid-solid extraction process 
wherein lesser quantities of solvent are required 
to obtain given velocities of movement of solvent 
relative to the material extracted than have been 
required with , the procedures heretofore em 
ployed. 

I have found that the above objects can be at 
tained by imparting an alternating forward and 
backward movement to the body of solvent in 
contact with the material while maintaining a 
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tive to the material being extracted is obtainable 
with any given quantity of solvent, and con 
versely, any given velocity of movement of sol 
vent is obtainable with a lesser quantity of sol 
vent than required when unidirectional moves 
ment of solvent through the material is employed. 
The frequency and extent of the alternating 
movement of the solvent relative to the material 
can be adjusted to suit conditions in any particu 
lar case, but the extent of movement in each direction should not be so great as to interfere 
with proper countercurrent operation. 
Any suitable method and apparatus can be en 

ployed to effect the desired alternation of the 
direction of movement of solvent. Assuming for 
example a normal countercurrent flow of solvent 
and solid material into and out of the extraction 
apparatus, the body of solvent in the apparatus 
may be moved back and forth through the mate 
rial being extracted by means of a suitable pump 
ing device. Alternatively the relative extent of 
movement of the body of solvent in the forward 
and reverse directions may be regulated so that 
a predetermined quantity of solvent is discharged 
from the apparatus during each cycle, the quan 
tity discharged being of course compensated by 
the introduction of an equivalent quantity of fresh 
solvent at the inlet end of the apparatus. In 
both cases the level of solvent in the apparatus 
will vary but since the magnitude of the reversals . 
is preferably made small, such variation is not 
objectionable and in fact provides a convenient 
means of regulating the reversal of flow. 
The last-mentioned procedure has the advan 

tage that it can be performed without material 
change of existing equipment, and hence it may 
conveniently be used to illustrate the operation of 
the invention, but it will be understood that the 
methods and apparatus specifically described in 
the following examples are for purposes of illus 
tration only. 
In the accompanying drawings: 
Fig. 1 is a schematic showing of an apparatus 

suitable for practicing the invention in connec 

desired net forward flow of solvent through the 
extraction apparatus countercurrently to the na 
terial. Compared with the velocity. obtainable 
with a unidirectional movement of solvent 
through the material at the same net.flow, the 

... actual velocity of movement of the solvent may 
thus be made considerably greater not only in 
the forward but in the backward direction. Hence 
an increased velocity of movement of solventrella 

tion with the countercurrent extraction of solid 
materials lighter than the solvent; and 

Figs. 2, 3, and 4 are schematic showings of 
three different forms of apparatus suitable for 
practicing the invention in connection with the . 
countercurrent extraction of solid materials 
heavier than the solvent, the passage of the ma 
terial through the solvent being effected by grav 
ity in Fig.2 and by screw propulsion in each of 
Figs 3 and 4. 
Fig. 1 illustrates the application of the inven 
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tion to the method of countercurrent extraction 
of caffein from green coffee beans disclosed in 
the co-pending application of T. M. Rector, Se 
rial No. 373,039, filed January 3, 1941. In ac 
cordance with this method, the beans are passed 
upwardly under the action of buoyancy through 
a vertical column of downwardly moving caffein 
solvent. 

Referring to this figure, the extracting appa 
ratus is shown as comprising a heat insulated 
vessel O through which the coffee passes up 
Wardly and the solvent downwardly in coun 
tercurrent relation, the vessel preferably being 
of cylindrical form and having a coned bottom 
1. Centrally fitted through the coned bottom 
f is an injector pipe 2 connected to a pump 3 

having its input connected by a pipe 4 with a 
hdpper 5, into which the coffee to be extracted 
is continuously fed in any suitable manner. Sol 
vent from the vessel 10 is continuously intro 
duced through the pipe 6 into the hopper 5, 
from which it flows through the pipe 4 to the 
pump 3, which pumps it back into the vessel fo 
through the injector pipe 2. The introduction 
of solvent into the hopper 5 is controlled by a 
float valve f, to maintain a desired level 8 
therein, and the coffee and solvent in the hop 
per 5 form a slurry which can be readily pumped 
through the pipe 2 into the vessel fo. The pipe 
f6 preferably communicates with the vessel O 
below the outlet of injector pipe 2 to insure 
against any return passage of coffee there 
through. The coffee introduced in the vessel O 
being lighter than the solvent rises against the 
bottom 9 of the column of beans 20 which Sub 
stantially fills the vessel 0 and due to its buoy 
ancy extends above the level of the solvent. 
Coffee from the top of the column of beans 20 
is discharged through a side chute 2 by a rotary 
raking mechanism. 22. Fresh solvent is intro 
duced into the top of the vessel to through the 
hollow shaft 23 of the raking mechanism and 
an associated rotating sprayer 24, and spent 
Solvent is discharged from the bottom of the 
vessel by a pipe 25. 
As described in the aforesaid Rector applica. 

tion, the above apparatus is adapted for the con 
tinuous countercurrent extraction of caffein from 
the coffee beans at a constant rate of solvent 
flow through the vessel O. The present inven 
tion additionally provides for the back and forth 
movement of the body of solvent within the ves 
Sel to increase the velocity of movement of the 
solvent through the coffee beans. This result is 
accomplished in the form shown by alternately 
withdrawing from and returning to the vessel O 
a portion of the solvent therein, the frequency 
of alternation being conveniently reguiated by the 
resulting rise and fall of the solvent level. In 
the embodiment shown in Fig. 1, this withdrawal 
of a part of the body of solvent from the vessel 
is combined with the normal discharge of sol 
vent from the vessel, but it will be understood 
that this combination is not necessary. 

In carrying out the above described opera 
tion, Solvent leaving the vessel 0 through the 
pipe 25 is delivered by an intermittently oper 
ated pump 26 and a pipe 2 to a storage cham 
ber or vessel 28, from which it flows back into 
the vessel to when the pump stops to cause the 
periodic reversal of movement of the body of 
solvent in the vessel. The intermittent opera 
tion of the pump 26 is conveniently controlled 
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by the rising and falling solvent level 29 in the 
vessel fo, as by means of a float operated, switch 
30 responsive to the solvent level and controlling 
the pump driving motor. As shown, the operat 
ing arm 3 of the switch has an aperture 32 
through which a vertical rod 33 carrying actu 
ating blocks 34 on either side of the operating 
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arm 3 is freely movable. The lower end of rod 
33 is attached to a float 35 in a float chamber 
or vessel 36 that is connected by a pipe 3 to the 
vessel O. Hence the level of solvent in the ves 
sels 0 and 36 is the same. When this level rises 
to a desired point as indicated by the dotted line 
38, the upward movement of the float 35 closes 
the switch 30 and starts the operation of the 
pump 26. When the solvent level falls to a 
suitable point as indicated by the dotted line 
39, the downward movement of the float 35 opens 
the Switch 30 and stops the pump 26 so that the 
solvent pumped into the storage vessel 28 runs 
back by gravity into the vessel 10, the pump be 
ing of Suitable type or suitably arranged to per 
mit the return flow. Thus it is apparent that 
solvent is alternately transferred from the ves 
sello into the vessel 28 and returned from the 
vessel 28 into the vessel O, which maintains al 
ternate downward and upward movement of the 
body of solvent in the vessel O. 
The rates at which solvent is alternately re 

moved from the vessel O by the pump 26 and 
returned to the vessel to by gravity are prefer 
ably made to exceed considerably the normal rate 
of solvent flow through the apparatus, so that 
high velocities of movement of the solvent are 
maintained in the vessel O in both directions of 
movement of the solvent. However, the quan 
tities of solvent alternately removed from the ves 
sel O by the pump 26 and returned to the vessel 
O by gravity are made comparatively small by 

suitable adjustment of the switch blocks 34 so 
that the alternate downward and upward move 
ment of the solvent takes place over compara 
tively small distances and does not interfere with 
the desired countercurrent operation. 

It will be seen that the withdrawal of spent 
solvent from the apparatus at a rate equal to 
the rate of introduction of fresh solvent can take 
place regardless of the alternate upward and 
downward movement of solvent in the vessel ge 
as described above, So that the desired net for 
Ward flow of solvent through the apparatus is 
maintained. Preferably, however, this net for 
Ward flow is combined With the Withdrawal of 
Solvent from the vessel O by the pump 26 in 
order to avoid unnecessary duplication of equip 
ment. To this end the storage vessel 28 is pro 
vided with an overflow pipe 40 through which 
spent solvent overflows from the vessel 28 and 
is discharged from the apparatus on each pump 
ing cycle of the pump 26. The quantity of sol 
Went returned to the vessel 8 is thus less than 
that withdrawn on each cycle of operation by an 
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amount which is equal to the quantity of fresh 
solvent introduced into the vessel through the 
hollow shaft 23 and sprayer 24 during the cycle. 

In operation, when solvent reaches the level 
38 in the vessel (, pump 26 begins to pump sol 
went into the storage vessel 28. The solvent in 
the latter vessel rises to the level 3 of the over 
flow 3 and thereafter overflows until the lower 
level 39 is reached in the vessel (). At this point 
pulp .26 stops and solvent flows back into the 
vessel 0 while the level of solvent in the storage 
vessel 28 falls to the point 62. Meanwhile the 



solvent level in the vessel rises again to the 
point 38, due to the return of solvent from the 
storage vessel 28 and the introduction of fresh 
solvent, whereupon the pump 2 starts again and 
the cycle is repeated. The average rates of in 
troduction of fresh solvent into the Wessel f and 
discharge of spent solvent through the overflow 
4 are always equal, so if desired the introduc 
tion of fresh solvent may vary from time to time 
or be intermittent without effect on the opera 
tion. Preferably the operation should be such 
that the lower limit 42 in the storage vessel 2 
is kept above the upper level 38 in the vessel fo, 
even if the supply of fresh solvent should fail. 

It will be seen that there is a substantially 
floating column or mass of Coffee in the vessel 
f, untreated coffee being continuously supplied 
to the bottom of the column by the injector pipe 
2 while treated coffee is continuously discharged 
from the top of the column by the raking mech 
anism 22. Because of its inertia, the tendency 
of the column of coffee to rise and fall with var 
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iations in the solvent level is relatively slight, 
when the upward and downward movement of 
the solvent is effected at high velocity and for 
short periods, and consequently the velocity of 
movement of the solvent through and relative to 
the mass of coffee is relatively high and the effi 
ciency of extraction is accordingly, increased. 
On the other hand, the extraction is carried out 
without increasing the quantity of solvent neces 
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sary to maintain the desired net forward flow 
of solvent through the apparatus as determined 
by-the average rate of introduction of fresh sol 
vent into the vessel O. Moreover, because of 
the high-velocity alternating movement of sol 
vent maintained in the vessel D, the amount of 
solvent used may be reduced if desired without 
sacrifice of efficiency. m 
The three forms of apparatus shown diagram 

natically in Figs. 2 to 4 are suitable for the ex 
traction of sold materials heavier than the sol 

wertical extraction. Yessel 4. 
the botton of the vessel 43 through a pipe 44 and 
leaves it at the top through an overflow pipe S. 
The vessel 48 has a cone shaped bottorn 4S cen 

fitted with a pipe 47 joined to an inner 
false 

3. 
vessel through pipe 45. Solvent is withdrawn . 
from the extraction vessel by a pipe 5 and an 
intermittently operated pump 5 and delivered 
to an elevated storage vessel 52, from which the 
solvent returns to the extraction vessel by grav 
ity when the pump stops. The operation of the 
pump can be controlled conveniently by the rise 
and fall of solvent in the storage vessel. In the 
form shown, a float operated switch 53 similar 
to the switch 30 of Fig. 1 controls the pump 
driving motor and is operated by a float. 54 in 
response to variations of the solvent level in the 
vessel 52. When the solvent level reaches the 
desired maximum indicated by dotted line 55, 
the switch 53 is operated to stop the pump. The 
solvent then flows out of the vessel by gravity 
until the desired minimum level indicated by 
dotted line 56 is reached, whereupon the switch 
is operated to start the pump and the cycle is 
repeated. The pump 5 and conduit 50 should 
be proportioned to provide the desired rate of flow 
and Velocity of movement of the solvent, and the . . 
volume of solvent withdrawn and frequency of 
alternation can be regulated by adjusting the 
position of the switch blocks 57 and 58. 
The rate at which solvent is alternately re 

moved and returned through the conduit 59. 
should be large in comparison with the rate of 
introduction of fresh solvent through the pipe 
44. The level 59 of spent solvent in the vessel 
43 varies between an upper limit 60 determined by 
overflow pipe 45 and a lower limit S, the distance 
between these limits being small as compared to . 
the height of the vessel 43 and being dependent 
upon the amount of fresh solvent introduced and 
the amount of solvent withdrawn by the pump 5. 
Since the volume of solvent withdrawn by the 
pump is equal to the volume returned by gravity, 
the amount of spent solvent discharged through 
the overflow pipe 45 is always equal to the amount 
of fresh solvent introduced through pipe 4. 

Fig. 3 illustrates a U-shaped extraction vessel 
comprising a horizontal section 62 and vertical 
sections 63 and 64 each provided with a screw for 
conveying the solid material which is continu 
ously introduced into the top of vertical section 

and continuously discharged from vertical sec 
tion through a chute. 55. Fresh solvent is in 
troduced into the top of vertical section 6 through 
a pipe St and spent solvent is removed from sec 
tion through a conduit 6. 
The outlet conduit 67 is connected through a 

pump-to a storage vesse 9 provided with an 
overflow pipe TD. Controlling the pump 8 is a 
float operated switch Ti actuated by the level of 
solvent in a chamber 72 connected to the vertical 
section 8 by a pipe S. Rise of the solvent level 
74 to a desired upper limit TS starts the pump B, . 
while fall of the level-T4 to a desired lower limit 

stops the pump 8. Spent solvent is thus al 
ternately transferred by the pump from the 
extraction vessel to the storage vessel and returned 
by gravity from the latter to the extraction vessel. 
in this operation the level of spent solvent in the 

5 vessel E. varies between upper and lower limits 
5 and and to the extent that fresh solvent is in 
troduced through the pipe E, spent solvent will 
be discharged through the overflow pipe 9. 

E.4-illustrates still another type of extraction 
to apparatus to which the invention may be applied 

As ahowa, the vessel comprises a vertical leg 
into the top of which the solid material is intro 
duced and a connecting inclined screw carrying 

the as 
section be through which thematerial is conveyed 
to a discharge chute 8. Fresh solvent is intro 
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duced near the upper end of leg 8 through a pipe 
22 and spent solvent is discharged from the leg 
9 through an overflow pipe 83. As in the case of 

the apparatus previously described means are pro 
Yided for establishing an alternating low-arnpi 
tude high-velocity movement of the body of Sol 
went in the extraction vessel, Such means con 
prising a pipe 84, punp 85 and storage vessel 85 
provided with a float switch 8 controlling the 
operation of the pump. However, in this case, 
withdrawal of solvent from the extraction vessel 
takes place by gravity until the solvent level in 
the storage yessel reaches the upper limit 88. At 
this point the float switch 8 starts the purgap 
and solvent is forced back into the extraction 
vessel until the level in the storage Wessel drops to 
the lower limit 89, when the pump is stopped and 
the cycle is repeated. 

From the foregoing description it will be ap 
parent that the invention provides increased 
velocity of movement of the solvent in contact 
with the soidinaterial and accordingly increased 
efficiency of extraction, without increasing the 
quantity of solvent required. In cases where it is 
inportant to extract the raterial to the greatest 
possible extegi, as in decaffeinating coffee, for 
iristance, the invexation Rakes possible the ex 
traction of a greater proportion of the caffeira 
content than has heretofore been practicable 
within economical limitations of commercial op 
eration. In other cases the invention Inay be 
employed to provide more efficient and economi 
cal extractica, resulting in Savings is time of ex 
traction, quantity of sovert, etc. - 

It will be understood that the procedures spe 
cifically described above, as well as the forts of 
apparatus illustrated in the drawings, are by way 
of example cray and that cither applications of 
the invertion, as we as Yariations in the de 
tails of the method and apparatts, will readily 
suggest therseives to those skilled in the art. 
Accordingly reference should the had to the ap 
pended claims for a definition of the inits of the 
ingert. - 

What is case is: 
i. Apparats for contracts solveat extraction 

of solid material comprising an extraction chara 
ber, neans for foWing aaterial to be extracted 
targgh said chaniser, near as for feeding Soliveat 
to and discharging it from said chamber counter 
currently to the flow of said Eaateria, means for 
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alternately withdrawing fron and retaining to 
said chamber a portios of flowing sover at CE 
prising a storage charaber connected to said ex 
traction chamber by a condit, a pissing in said: 
cond it, and reaas actuated by the flow of Saii 
So yeat into and out of one of Said charaxes it 
control the operation of the plagap. 

2. Apparatus for coatiatos so seat extractica. 
of solid nateriai coaprisiagara extractica cas: it 
ber, means for flowing aaaterial. to te extracted 
through said charater, means for feeding sover hit 
to and discharging it froga Said charasier cog atter 
currently to the fiew of said aaaterial agears for 
alternately withdrawing front ad see Raizig a 
said chamber a portion of flowing sovercouragiris 
ing a storage charaber connected to said extrast 
tion chamber by a conduit, a pizing in said cotta 
duit, and near as actuated by the flow of Said sci 
weat into and out of said extractic career G 
control the operation of the prag. 

3. Apparatts for coatia os solvent extractina 
of solid material coaaprising an extraction a chani?h 
ber, means for flowing Eateriai to be extracted 
through said charaber, raea as for feeding Soyer at 
to and discharging it from said chamber courater 
currently to the flow of said material, means for 
alternately withdrawing front a di retua raiang tas 
said charanber a portion of flowing solvent collah 
prising a storage chamber connected to Said ex 
traction chamber iy a cradleit, a gay gap a said 
conduit, and Enea as actuated by the flow of Said 
solvent into and oat of said storage charater to 
control the operatica of the pe.g. 

4. Apparatus for continuous solvent extraction 
of solid material corgaprising an extraction charin 
ber, nears for flowing gaateria to the extracted 
through said characer, greats for feedia ag soiyeast 
to and discharging it froga said chamber ccbrater 
currently to the fow of said Eaterial. 2: Reagas if: 
alternately withdrawing froza aaagi retiarasang tic 
said chamber a portion of fostiaag scient coin 
prising a storage charater coarsected to said ex 
traction charaber by a coasisi, said charanceals 2 
ing disposed so that solves at f(WS fairs agh said 
conduit by gravity is a one direction, a parasia said 
conduit for fowing so went therethrough it the 
opposite direction, aragi agileans actigated by the few 
of said soye at into a Rd 33, cf Crae (cf said chart 
bers to control the operation of Said plans ag. 
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