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This invention relates to the extraction of a 
solid with a solvent in a process of continuous 
pressure digestion. It relates particularly to, and 
has as its chief object, the provision of an im 
proved method of continuously extracting the 
alumina from alumina-bearing materials by pres 
sure digestion with caustic liquor, and an im 
proved system adapted to carry out such a 
process. 
The copending application of Weigel, Serial 

No. 561,081, discloses a continuous method of 
digesting bauxite with caustic liquor. This con 
tinuous process consists broadly in heating the 
mixture of bauxite and caustic liquor in successive 
stages of increasing temperature and pressure 
until the desired digestion temperature and pres 
sure are attained, holding until the digestion is 
complete, and then cooling in successive stages 
of decreasing temperature and pressure. In this 
process, steam released in the cooling stages is in 
jected in some of the preliminary heating stages, 
thus materially increasing the utilization of the 
heat supplied to the system. Difference in pres 
sure throughout the system is secured as a rule 
hydrostatically by positioning the component 
parts of the system in a plurality of different 
elevations. This invention allowed materially 
increased thermal and material efficiencies to be 
secured and was a great advance over the older 
batch System. 
The present invention is similar to the above 

described process of Weigel in that it is capable 
of continuous operation through holding and 
cooling stages and in that heat released from the 
cooling stages may be utilized in the digestion. 
Our invention contemplates an essentially simpli 
fled process with provision for carrying it out in 
a system constructed substantially on one level 
with few moving parts and requiring a minimum 
of capital expense and operating labor. Provision 
is made for efficiently heating the digestion with 
steam without direct contact so that dilution due 
to the condensation of the steam is avoided. 
Owing to the elimination of the direct injection 
of steam as a heating means it has been found 
possible to usefully employ very low pressure 
steam for heating, as there is no direct mechani 
cal relationship between the pressure in the steam 
system and the pressure in the digesting system. 
This gives a greater flexibility of control than 
would otherwise be possible. With independent 
control over the temperatures and pressures and 
working with a substantially uniform flow of un 
diluted digest mixture it has been found practical 
to make a separation of the caustic digest liquor 

(C. 23-52) 
from the solid residue after digestion at an ele 
vated temperature equal to or greater than the 
normal boiling point of the liquor under atmos 
pheric pressure, as will be further described here 
inbelow. 5 

It has long been a desideratum to apply steam 
heat indirectly to a batch pressure digestion to 
avoid the dilution arising from heating by direct 
injection of steam.. This has proved difcult, as 
the digestion mixture precipitates solids on the 10 
heated surfaces, which seriously interfere with 
the transfer of heat. In a batchi process this dif 
Culty may be. Overcome to a certain extent by 
employing high pressure steam and carefully 
cleaning the heating surfaces between batches. 15 
In a continuous heat regenerative digestion 
process this problem has presented a serious dif 
culty because, no opportunity is afforded for 
cleaning the heating surfaces and a layer of solid 
material of increasing thickness is continually 
formed. Furthermore, in a heat regenerative 
System the difference in temperature between the 
material to be heated and the heating medium is 
small, and a material resistance to heat flow or 
transfer between the two substantially negatives the advantages of such a regenerative process. 
In our solution of this problem it was found that 
the caustic liquor, which at times contains small 
amounts of alumina and pther substances in solu 
tion from prior treatments, may be satisfactorily 
superheated in respect to the desired digestion 
temperatures in known types of heaters, such as 
a straight tube heat exchanger, without the for 
nation of scale on the heater walls. It was also 
found that a substantially complete extraction of 35 
all available alumina from alumina-bearing 
material might be made by treating such mate 
rial with superheated caustic liquor to produce 
a digestion mixture at a predetermined digestion 
temperature. In actual practice it has been 
found desirable to wet the alumina-bearing mate 
rial with sufficient caustic liquor to form a thick 
slurry which can be conveniently introduced into 
the digestion process under pressure, as by pump 

g. ? 

In the preferred practice of our invention the 
caustic liquor is divided. This liquor may be at 
room temperature or at a somewhat elevated tem 
perature, depending upon the general operation 
of which this process may form a part. One por- so 
tion is passed under pressure through a step of 
indirect heating, which may consist of several 
stages of increasing temperature until the liquor. 
has been given a superheat with respect to the 
contemplated digestion temperature. The other is 
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portion, preferably the smaller portion, is added 
to the alumina-bearing material to form a thick 
slurry which is subsequently maintained under 
pressure. The two portions are then combined 
under pressure and the superheat of the liquor 
portion is absorbed by the slurry portion to pro 
duce a digestion mixture having a temperature 
predetermined by the degree of superheat in the 
liquor. The digestion mixture is passed through 
a plurality of holding stages under these condi 
tions of temperature and pressure until substam 
tially all of the available alumina is dissolved by 
the caustic liquor. Under these conditions the 
digest solution is rendered stable and there is no 
precipitation of alumina, which assures a maxi 
mum yield. The mixture is then passed through 
a plurality of cooling stages. Throughout the 
entire cycle of operation a constant flow of diges 
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tion mixture from step to step and from Stage to 
stage is preferably maintained. During each 
cooling stage heat is absorbed in the evaporation 
of Water/from the liquor under reduced pressure. 
This heat may be applied to the liquor-heating 
stages and, owing to the use of indirect heating, 
steam generated at Substantially any pressure in 
the cooling stages may be efficiently utilized in 
supplying heat, to the heating steps. Even very 
low pressure exhaust steam may be used in the 
initial stages of liquor heating. V- 

For the pufpose of explanation, reference will 
be had to the drawing which forms a part of this 
specification and which represents, in schematic 
Outline, a flow sheet of a process embodying 

...this invention in the extraction of alumina from 
alumina-bearing material. 
Referring to the drawing, the apparatus 

which may be used in the practice of our inven 
tion comprises proportibning feed hopper for 
the alumina-bearing material and caustic liquor 
proportioning tank 2, slurry mixer 4, surge tank 
6, tubular liquor heaters 4, 5, 6 and 7, diges 
ters , 2, 22, 23, 24 and 25, cooling chambers 
26, 27 and 28, thickener 44, and tank-connecting 
and mixture-transferring means hereinafter re 
ferred to. The slurry mixer and the digesters 
are equipped with revolving stirring arms 52 to 
prevent the Solids settling from the liquor. It 
will be understood that while the process will be 
described as having specifically four heating 
stages and three cooling stages and six digesting 
vessels, this is merely by way of example, and 
fewer or more stages may be used to best satisfy 
any particular condition. 
The reagents, that is, alumina-bearing mate 

rial, which may be bauxite, and caustic liquor, 
by which is meant solutions of potassium or 
sodium hydroxide which may contain in addi 
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tion small amounts of other substances, such as 
carbonates and aluminates, are drawn continu 
ously at a constant rate or in batches from the 
tanks f and 2 respectively. The bauxite passes 
through the proportioning apparatus 3 directly 
into a slurry mixer 4. The caustic liquor passes 
through the pipe line 5 which has two branches, 
one leading to the slurry mixer 4 and the other 
to the clear liquor surge tank 6. The two branch 
lines are equipped with proportioning orifices 7 
and 8 which permit a measured flow of both 
Streams. Orifice preferably discharges about 
One-tenth of the liquor and orifice 8 about 
nine-tenths. A pump 9 draws the slurry from 
the mixer 4 and forces it through the pipe line 
?o into a pressure digesting vessel f. Pump 
2 forces clear caustic liquor from the surge 
tank 6 through the line 13 to the heater 

2,107,019 
4 which may be a tubular heater, as indicated, 
through which it passes and is partially brought 
to a superheated condition by heat supplied by 
low pressure steam through the tube walls. In 
practice it is desirable to use oversize pumps and 
reduce the flow by valves in the pump discharge 
line, such as 9a, and 2d. From the heater 4 
the liquor passes through similar heaters 5 and 
f6 which are heated progressively by somewhat 
higher pressures of steam to higher tempera 
tures, after which the liquor finally passes 
through a heater 7 which is heated with still 

0. 

higher pressure steam, which raises the tempera- . 
ture of the liquor to a superheat with respect to 
the other temperatures employed in the process. 
The Superheated liquor from f. passes through . 
pipe line 8 into the digester . The Superheat 
of the liquor is given up to the slurry from mixer 
4 and may be adjusted to give the desired diges 
tion temperature by means of the degree of su 
perheat, which in turn is regulated by the ther 
mostatic steam valve 9 on the steam Supply 
line 20. 
From the digestion vessel if the mixture passes 

through similar digesters 2, 22, 23, 24 and 25 
under Substantially the conditions of tempera 
ture and pressure maintained in digester f. 
During this passage the alumina is in a large 
part extracted in digesters f and 2. Digesters 
2, 22, 23, 24 and 25 serve as holding digesters to 
allow sufficient time to elapse to substantially 
complete the digestion or solution of all of the 
available alumina and to stabilize the digestion 
mixture. 
The digestion mixture, which now consists of 

a caustic aluminate solution and the insoluble 
residue from the bauxite, passes from digester 
25 to the cooling tanks or blow-off tanks 26, 27 
and 28. The digestion mixture is released con 
tinually from digester 25 through the pipe line 
29 and the control or blow-off valve 30 to tank 
26. The pressure in tank 26 is lower than the 
digestion pressure and steam is released. The 
Steam passes through pipe 3 and control valve 
32 to the tubular heater 6. The pressure in 
tank 26 is largely controlled or set by valve 32 
and is higher than the pressure in tank. 27. The 
mixture therefore flows from tank 26 to tank 
27 through the loop pipe seal 33 and the valve 
34. Steam is again released at lower pressures 
and passes through the pipe line 35 and valve 
36 to heater 5. The cooling mixture is still 
under Substantial pressure and flows through 
loop seal pipe line 37 to tank 28. Steam is re 
leased in this tank and is led to heater f4 through 
the pipe 38 and the control valve 39. The mix 
ture is drawn from tank 28 by a pump 40 through 
pipe 4 and delivered to filters for separating the 
residue from the liquor, not shown, which is a 
step preliminary to treating the caustic liquor 
for the recovery of alumina, therefrom in known 
manner, which treatment forms no part of this 
invention. 

In this process the mixture of bauxite and 
liquor is digested Without dilution from the con 
densate of heating steam. and, in fact, a certain 
not unsubstantial amount of concentration is ef 
fected by the amount of steam released in the 
blow-Off tanks. It is sometimes desirable, for 
instance, in order to reduce capital expense, to 
heat the mixture of caustic liquor from the re 
generative heaters 4, 5 and 6 and slurry from 
mixer 4 by the direct injection of high pressure 
steam in the digester and thereby eliminate 
the superheater f. In this case the digestion 
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creasing temperature and pressure, predetermin 
ing the decrease in pressure between successive 
cooling stages so as to release steam from the 
caustic liquor in such quantity that it is adapted 
to supply heat for several of the caustic liquor 
heating stages by passing said released steam 
into heat exchangers which prevent contact be 
tween said steam and said caustic liquor, and 
maintaining a flow of materials throughout all 
the steps of the process. 

3. A method of continuously extracting alu 
mina from aluminous material, which comprises 
forming a slurry of said aluminous material and 
caustic liquor, indirectly heating a further 
amount of caustic liquor in a plurality of succes 
sive separate stages of increasing temperature 
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to a sufficient temperature so that when com 
bined with the slurry a predetermined tempera 
ture of the mixture is attained, combining the 
slurry and the heated caustic liquor and digest 
ing under suitable conditions of temperature and 
pressure until substantially all of the alumina 
is in solution, then cooling the mixture in a plu 
rality of separate stages of decreasing tempera 
ture and pressure, the decrease in pressure be-, 
tween successive cooling stages being such that 
steam is released from the caustic liquor in Such 
quantity that it is adapted to supply heat for 
several of the caustic liquor heating stages, the 
heating of the caustic liquor in several such 
stages being accomplished by passing Said re 
leased steam and caustic liquor into heat ex 
changers which prevent contact between said 
steam and said caustic liquor, separating by sed 
imentation the undissolved portion from the liq 
uor solution at a temperature higher than the 
boiling point of said liquor at atmospheric pres 
sure, and maintaining a flow of materials 
throughout all the steps of the process. - 

4. Apparatus for extracting alumina from alu 
minous material, which comprises, in combina 
tion, means for forming a slurry of aluminous 
material and caustic liquor, means for indirectly 
heating caustic liquor in a plurality of separate 
stages of increasing temperature, means for com 
bining and digesting the slurry and caustic liquor 
under controlled conditions of temperature and 
pressure, means for cooling the digestion product 
in a plurality of successive stages of decreasing 
temperatures and pressures, means for indirect 
heat exchange between said heating and cooling 
means, and means for maintaining a constant 
flow of material throughout. 

5. Apparatus for extracting alumina from alu 
minous material, which comprises, in combina 
tion, means for forming a slurry of aluminous 
material and caustic liquor, means for indirectly 
heating caustic liquor in a plurality of separate 
stages of increasing temperature, means for con 
trollably combining the slurry and caustic liquor 
and for digesting the mixture under controlled 
conditions of -temperature and pressure, means 
for cooling the digestion product in at least two 
stages of decreasing temperatures and pressures, 
means for indirect heat exchange between said 
heating and cooling means, means for Separating 
insoluble portions by sedimentation from the di 
gested liquor solution, and means for maintain 
ing a constant flow of material throughout. 

6. A method of continuously extracting alu 
mina from aluminous materials with caustic 

which comprises dividing the caustic 
liquor into major and minor portions, forming a 
slurry of the aluminous material with the minor 
portion and heating the major portion indirectly 

to a temperature higher than that of the slurry 
such that when combined with said slurry the 
temperature of the resultant mixture is increased 
to a predetermined digestion temperature, com 
bining said slurry and heated caustic liquor under 
pressure, digesting the mixture under controlled 
conditions of temperature and pressure until sub 
stantially all of the alumina is in solution, and 
maintaining a flow of materials throughout all 
the steps of the process. 

7. In apparatus for extracting solids with sol 
vents by continuous pressure digestion, the com 
bination comprising a mixing unit adapted to 
form a pumpable slurry from a solid to be ex 
tracted and a solvent, a plurality of digesting 
tanks, means for continuously supplying said 
slurry to Said digesting tanks, means for continu 
Ously supplying additional solvent to said digest 
ing tanks in an amount having a predetermined 
ratio to the amount supplied to said mixing unit, 
a plurality of heat exchange units adapted to 
raise the temperature of said additional solvent 
in progressive steps, a plurality of cooling cham 
bers connected in series, transfer means adapted 
to deliver Solution and undissolved solids from 
said digesting tanks to said cooling chambers, 
means for regulating the pressure in the digest 
ing tanks, control means between adjacent cool 
ing chambers in said series adapted to maintain 
progressively decreasing pressures in said cham 
bers, and means for conveying the vapor released 
in at least one of said cooling chambers to at 
least One of said heat exchange units. 

8. In apparatus for extracting solids with sol 
vents by continuous pressure digestion, the com 
bination comprising a surge tank for solvent, a 
mixing unit adapted to form a pumpable slurry 
from a Solid to be extracted and a solvent, means 
for Supplying said solid to said mixing unit, 
means for Supplying said solvent to said mixing 
unit, means for supplying solvent to said surge 
tank, a plurality of digesting tanks connected in 
Series, means for continuously supplying said 
slurry to the first of said series of digesting tanks 
from said mixing unit, means for continuously 
Supplying additional solvent to the first of said 
Series of digesting tanks from said surge tank in 
an amount having a predetermined ratio to the 
amount Supplied to Said mixing unit, a plurality 
of heat exchange units interposed in the supply 
means for additional solvent and adapted to raise 
the temperature of Said additional solvent in 
progressive steps, a plurality of cooling chambers 
connected in series, transfer means adapted to 
deliver Solution, and undissolved solids from the 
last of Said Series of digesting tanks to the first 
of Said Series of cooling chambers and including 
means for regulating pressure in the digesting 
tanks, control means between adjacent cooling 
chambers in said series adapted to maintain pres 
sures in said chambers decreasing progressively 
in steps from the digestion pressure, and means 
for Conveying vapor released by the decrease of 
pressure in at least one of said cooling chambers 
to at leaSt. One of said heat exchange units. 

9. In apparatus for extracting solids with sol 
vents by continuous pressure digestion, the com 
bination comprising a mixing unit adapted to 
form a pumpable slurry from a solid to be ex 
tracted and a solvent, a plurality of digesting 
tanks, means for continuously supplying slurry 
to said digesting tanks from said mixing unit, 
means for continuously supplying additional sol 
vent to said digesting tanks, a plurality of cooling 
chambers connected in series, transfer means 
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adapted to deliver solution and undissolved solids 
from said digesting tanks to the first of said series 
of cooling chambers, means for regulating the 
pressure in the digesting tanks, control means 
between adjacent cooling chambers in said series 
adapted to maintain pressures in said chambers 
decreasing in steps from the digestion pressure, 
and a closed sedimentation tank positioned be 
tween and operatively connected with two adja 
cent cooling chambers in said series and adapted 
to separate solids from solution under substan 
tially the conditions of Superatmospheric pres 
sure and elevated temperature maintained in the 
first of said connected cooling chambers. 

10. In apparatus for extracting solids with a 
solvent by continuous pressure digestion, the 
combination comprising a mixing tank adapted 
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to form a slurry of solid and solvent, at least one 
heat exchange unit, at least one digesting unit, 
at least one cooling chamber, controlled means 
for delivering slurry from said mixing tank to 
said digesting unit, means for passing a controlled 
quantity of additional solvent through said heat 
exchange unit and into said digesting unit at a 
controlled temperature and pressure, and means 
for delivering material from said digesting unit 
to said cooling chamber while maintaining the 
desired pressure in the digesting unit. 

11. The method of extracting alumina from 
aluminous material with caustic liquor, compris 
ing mixing part of the caustic liquor with alumi 
nous material to form a slurry, heating a further 

35 

40 

quantity of the caustic liquor, mixing the heated 
liquior with the slurry, digesting the mixture at 
an elevated temperature and superatmospheric 
pressure, and separating the resulting solution 
from undissolved residues by sedimentation at a 
temperature above the boiling point of 
tion at atmospheric pressure. * 

12. The method of extracting alumina from 
aluminous material with caustic liquor, compris 
ing mixing solid aluminous material with caustic 
liquor to form a slurry, heating a further quan 

the solu- . 

tity of caustic liquor by indirect contact with 
steam, digesting said slurry and heated caustic 
liquor in a closed vessel maintained at the desired 
superatmospheric pressure and elevated temper 
ature by direct contact with steam to dissolve alu 
mina, reducing the pressure of the resulting so 
lution and withdrawing steam liberated thereby, 
and returning the steam to indirectly heat a fur 
ther quantity of caustic liquor. 

13. The method of extracting alumina from 
aluminous material, comprising digesting alumi 
nous material with preheated caustic liquor in a 
closed vessel, maintaining the pressure above at 
mospheric and the temperature above the boiling 
point at atmospheric pressure by injecting steam 
into Said vessel, separating the resulting solution 
from undissolved residues by sedimentation at 
elevated temperature and superatmospheric pres 
sure, reducing the pressure on said solution by 
withdrawing vapor liberated thereby, and en 
ploying said vapor to preheat a further quantity 
of said calistic liquor. 

14. The method of extracting alumina from 
aluminous material, comprising digesting alumi 
nous material With caustic liquor at , superat 
mospheric pressure and at a temperature higher 
than the boiling point of the liquor at atmos 
pheric pressure, and separating the resulting so 
lution from undissolved residues by sedimenta 
tion at elevated temperature and superatmos 
pheric pressure, , 

15. The method of extracting alumina from 
aluminous material, comprising digesting alumi 
nous material with caustic liquor at superat 
mospheric pressure and at a temperature higher 
than the boiling point of the liquor at atmos 
pheric pressure, and maintaining the resulting 
Solution and undissolved residues at superatmos 
pheric pressure and elevated temperature until 
said residues are separated from the solution by 
sedimentation. 

CARRELL ORSON TURNER, 
MEWN POWELI WEDIRGEL. 
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