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FORMING THE METHOD 
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7 Claims 

ABSTRACT OF THE DISCLOSURE 
In a continuous cellulose digester impregnation of chips 

with digesting liquor takes place in a top zone and diges 
tion takes place in a lower zone. A comparatively low 
temperature is maintained over at least the greater part 
of the impregnating zone by preventing heated liquor 
from the digesting zone to enter the impregnating zone 
due to convection. In a transition zone cooled liquid is 
brought to ?ow radially and horizontally over the entire 

' cross-section of the chips column in order to separate 
the two zones in temperature respects. 

The invention relates to a method of continuous cellu 
lose digestion wherein a coherent column of chips or 
other ?nely comminuted ?ber material mixed with a 
digesting liquor, such as sulphate or sulphite liquor, dur 
ing its continuous downward motion through an upright 
digester is caused to pass ?rst through a zone where the 
?ber material is impregnated with digesting liquor at a 
comparatively low temperature and then through a di 
gesting zone where a temperature is maintained which 
is suitable for the dissolution of the lignin contents of 
the ?ber material. 
The object of the invention is to keep the impregnating 

zone and the digesting zone carefully separated in tem 
perature respects as far as possible and thus to prevent 
the formation of an extended transition zone where-the 
temperature is determined in an unpredictable manner 
by such accidental and changing phenomena as eruptions 
or localized upward currents of digesting liquor and pos 

_ sibly chips emanating from the digesting zone and caused 
‘by the tendency of convection of the digesting liquor due 
to the temperature inversion in the top end of ‘the 
digester. 

According to the invention said object is reached with 
out signi?cant in?uence upon the impregnation or the 
digestion by maintaining in a thin layer at the lower 
.part of the impregnating zone an essentially horizontal 
flow of liquid over the entire cross-section of the chips 
column, viz by extracting liquid at the periphery of the 
chips column, cooling the same in an exterior circulation 
loop and returning said liquid to the center of the chips 
column. , , 

The invention also relates to a digester adapted for 
performing said method, which digester is characterized 
essentially in that between its upper end provided with 
a chips feeding device, and a lower zone where the digest 
ing liquor is heated to the full digesting temperature by 
circulation through an outer loop, there is arranged a 
liquid circulation loop comprising a strainer inserted in 
the digester shell, an exterior conduit connected thereto, 
in which a pump and a cooling means are included, and 
an interior conduit having an ori?ce located at the center 
of the digester cross-section. 
The invention will be more closely described herein 

below with reference to the accompanying drawings, 
wherein FIG. 1 diagrammatically shows an embodiment 
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2 
of the digester according to the invention, and FIG. 2 
shows a modi?ed embodiment of the top of the digester. 
The digester shown in FIG. 1 is mainly of standard 

design, thus consisting of a standing cylindrical container 
11 which preferably widens slightly in the downward 
direction and which is adapted for continuous downward 
motion of chips or other ?nely comminuted ?ber mate 
rial mixed with digesting liquor, e.g. sulphate or sulphite 
liquor, in such a quantity that the mixture moves as a 
coherent column without turbulence or signi?cant interior 
eddies or convulsions. The length of the digester is 
divided into an impregnating zone a, a digesting zone b, 
and a washing zone 0. At the upper end of the digester 
there is a charging device comprising a screw feeder 13 
and a surrounding cylindrical strainer 15. A ?uent mix 
ture of chips and digesting liquor having a temperature 
of preferably about IOU-120° C. is supplied through a 
conduit 17 to the upper end of the feeder screw, and 
excess of liquid departs through the strainer 13 and the 
return conduit 19 connected to the space outside said 
strainer, whereas the thickened chips suspension which 
may have a liquid to wood ratio of 1.5-3.5 :1, slowly 
moves on down into the digester without any relative 
motion of liquor and chips. During said motion through 
the zone a the chips are impregnated with digesting ' 
liquor at the operating pressure of the digester which 
may be 7 to 15 atmospheres overpressure, preferably 
about 10 atmospheres overpressure. The length of the 
impregnating zone and the feeding speed are so chosen 
that the impregnation is extended over a time period of 
10 to 60 minutes, preferably about 25 minutes. During 
said period the digesting chemicals gradually dilfuse into 
the chips, so that the concentration of the free liquor 
drops towards the lower end of the impregnating zone. 
When the chips-liquor-mixture leaves zone a and enters 

digesting zone b, heating thereof takes place to a suitable 
digesting temperature, 150 to 180° C., depending upon 
the type of digesting liquor etc. Said heating is caused 
by digesting liquor being withdrawn through one or the 
other of the two parallelly connected strainer girdles 21, 
23 and is pumped by the pump 28 through a heater 27 
wherein the digesting liquor is heated directly by steam 
or as shown, indirectly by heat exchange with high-pres 
sure steam supplied through the conduit 29, and then on 
through a conduit 31 suspended centrally in the digester 
and having its end ori?ce ‘located at the level of or merely 
slightly above the strainer girdles 21, 23. At the lower 
end of the digesting zone b the spent liquor is withdrawn 
through a strainer girdle 33 and sent through a conduit 
35 to a plant for recovery of the chemicals. 

In the lowermost zone 0 of the digester, washing of 
the digested pulp takes place before the same is trans 
ferred by means of a discharging device 37 to the pulp 
outlet conduit 39. The discharge is connected with lower 
ing of the pressure and usually also dilution. The wash 
is performed by cool wash water supplied close to the 
pulp outlet as at 39a and forced upwardly through the 
digester in countercurrent to the pulp. Wash water is 
withdrawn through a strainer 41 and is pumped through 
a heating device 43 and an interior tube 45 back to the 
center of the digester section, where the heated wash 
liquid is spread radially and distributed over the pulp 
column. Said heated wash water then performs a second 
step _c_>f the washing of the pulp, while displacing the spent 
liquor towards and out through the strainer 33. Immedi 
ately below the spent liquor discharge strainer 33 a radial 
equalization circulation is maintained by withdrawing 
liquid through a strainer girdle 47 and pumping the same 
back by means of the pump 49 through the tube 51 to 
the center of the digester at a level slightly above the 
strainer 47. 
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In the above-described cellulose digester, which _is , . 

previously known in principle, according to the inven 
tion measures are taken for performing the impregnation 
during almost equally favourable conditions as it per 
formed in a separate vessel. Said measures are particularly 
aiming at maintaining an even temperature over the entire 
length of the impregnating zone a and also over the 
cross-section of the digester at the various levels. Accord 
ing to the invention said objects‘ are realized in principle 
by preventing all kinds of heating of the chips-liquor 
mixture while in zone a. The desired and correct impreg 
nation temperature has been imparted to said mixture 
already in the conduit 17 and on account of the whirling 
?ow in said conduit the temperature is equalized so that 
each individual particle has got the right temperature. It 
is desired to maintain said even temperature distribution 
during the entire impregnating operation in zone a and 
it should not be disturbed by any axial ?ow of liquid of 
different concentration or temperature. Such disturbances 
may easily take place e.g. by eddy currents, eruptions or 
convulsions at the border zone between the zones a and b 
on account of the updrift or tendency to convection con 
nected with the heavy temperature gradient. 

According to the invention said measures consist in 
vmaintaining over the entire cross-section of the chips 
column and in a thin layer closely above the strainers 
21, 23 a radial and essentially horizontal ?ow of centrally 
supplied liquid having been cooled in an exterior circula- . 
tion loop. To that end the digester is provided with a 
strainer girdle 53 for withdrawal of liquid at the periphery 
of the digester and with a central tube 55 for returning 
said liquid to the center of the digester cross-section and 
approximately at the level of the strainer 53 or slightly 
above the same. By means of the pump 57 the liquid 
withdrawn by the strainer 53 is caused to ?ow in an 
exterior circulation loop comprising a heat exchanger 59 
and is then returned to the digester. The heat exchanger 
59 functions as a cooler, its secondary side being con 
nected to a conduit 61 carrying cool water or cool liquor. 
The same quantity of liquid as is withdrawn, is returned 
in said loop to the digester, i.e. without addition of liquor 
or dilution and also without draining or evaporation tak 
ing place in said loop. The pump 57 is a low-pressure 
pump that merely has to supply ‘the pressure differential 
corresponding to the ?ow resistance in the conduits. A 
valve 63 inserted in the conduit 64 carrying the cooling 
liquid is controlled by a temperature sensing instrument 
65 so that the temperature of the liquid in the tube 55 
is maintained at a desired value. Said temperature is pref 
erably the same or slightly lower than the temperature 
of the chips-liquor-mixture supplied to the digester top. 
Ordinarily said temperature is somewhat below 120° C. 
The cooling circulation should be rather heavy and be 
chosen in a proper proportion to the quantity of the 
digesting liquor supplied to the digester per unit of time. 
Preferably, said quantity of cooled liquid per unit of 
time is at least equal to said ?rst-mentioned quantity so 
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that the entire quantity of supplied digesting liquor is ' 
withdrawn, cooled, and returned at least once, usually 
several times, before it passes on to the digesting zone. 
Said heavy cross-?ow which is concentrated to a com 
paratively thin layer will carry with it such digesting 
liquor of higher temperature as locally and due to con 
vection has penetrated up into said layer, and ‘therefore 
convection currents cannot enter into zone a and heat 
said zone locally and uncontrollably. Instead any such 
convection currents will heat the liquid withdrawn by 
the strainer 53, but said heat is removed by the cooling 
taking place in the cooler 59 and will not affect the 
impregnation. Therefore, the impregnation temperature 
can be maintained uniform from the digester top to the 
level where the digesting zone b begins. Of course, a small 
transition zone will be present between the strainers 53 
and 21 but said zone can be held quite small by placing 
the strainers close together. Of course, the advantages of 
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therinvention will be gained also if said transition zone 
be somewhat extended, but under all circumstances the 
ori?ce of the conduit 55 for supply of cooled liquid should 
be placed above the ori?ce of the conduit 31 for supply of 
heated digested liquor and at a distance therefrom, meas 

. ured in the axial direction, which is considerably less than 
and in any case not greater than % of the distance to-the 
digester top, so that the impregnating liquor and the chips 
are at rest mutually during the greater part of theim 
pregnating zone. The location of the cooling circulation 
may also be described by stating that the strainer 53 
is situated at a distance from the digester top that is 
several times as great as the axial distance from said 

_ strainerto the strainer 21 or to the ori?ce of the conduit 
31 for supply of heated digesting liquor. As mentioned, 
the ori?ce of the conduit 55 for cooled liquid is situated 
approximately at the level of the corresponding with 
drawal strainer 53. Considering the motion of the chips 
vcolumn it is preferable, however, to place said ori?ce 
,somewhat higher, i.e. upstream of said strainer,. but 
usually at a maximum distance therefrom, measured in 
the axial direction, equal to 1/3 of the diameterof the 
digester. _ . 

The modi?ed digester top shown in *FIG. 2 corres‘ nds 
to the embodiment shown in FIG. 1 in respect of charg 
ing device, cooling circulation, and heating circulation, 
and the same reference numerals have been used for 
corresponding details. The difference consists in that the 
impregnating zone a has been made longer and narrower 
in comparison to the standard design of the FIG. 1. In 
a digester having a diameter D of the digesting zone of 
16 feet (4.9 meters), which is a common measure for a 
digester having a production of 600 tons of pulp per 
day, the diameter d of the cylindrical top may be about 
12 feet (3.65 meters) over a length of about 32 feet 
(9.8 meters). A-conical shell part 67 joins the narrow 
top to the lower widened shell part 11 of the digester. 
The strainer 53 pertaining to the cooling circulation is 
located at the lower end of the slim top, and the strainer 
21 pertaining to the heating circulation is located at the 
upper end of the wider cylindrical shell part 11 of the 
digester. 

Convection currents of hot liquor which from the 
digesting zone reach into the transition zone between 
said two strainers 21, 53 will be diverted and weakened 
by contact with the conical part of the digester shell 
and ‘will not so easily ?nd their way to the slim digester 
top. Moreover, the area of the chips column as well as 
of the material of the digester shell is relatively reduced 
which involves less heat transfer by conduction. Finally, 
the linear speed of the chips column will be higher in 
the narrow top than elsewhere. Therefore, the transfer 
of heat from the digesting zone to the impregnating zone 
will be greatly hampered. _ 

According to FIG. 2, the diameter of the digester top 
is considerably less than the diameter of the rest of the 
digester, the reduction being about 25%. However, also 
a reduction of the diameter as low as 15-20%v or still 
less will be etIective, and of course, a reduction greater 
than 25% may be chosen, although the top then has to 
be made inconveniently long for a complete impregna 
tion of the chips therein. , 
The design of the digester with a long slim top also 

involves that the capacity of the cooler 59 can‘ be 
reduced. ' '. 

What is claimed is: . 
1. In a method of continuous cellulose digestion, 1n 

which a coherent column of ?nely comminuted cellulosic 
?ber material mixed with digesting liquor during its con 
tinuous downward motion through an upright digester is 
caused to pass ?rst through a zone, wherein the ?ber 
material is impregnated with digesting liquor at a lower 
temperature compared to a temperature suitable for 
lignin dissolution, and then through a digesting ‘zone 
Where a temperature is maintained suitable for lignin 
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dissolution, the improvement ‘whereby heated liquor in 
the digesting zone is prevented from entering the im 
pregnating zone by convection, said improvement con 
sisting in that at the lower end of the impregnating zone 
there is maintained over the entire cross-section of the 
?ber material column an essentially radial and hori 
zontal ?ow of cool liquid by withdrawing liquid at the 
periphery of said column at the lower end of the im 
pregnating zone dividing said zone from the digesting 
zone, cooling the withdrawn liquid by heat exchange to 
a temperature substantially equal to the temperature of 
the ?ber material-liquor-mixture supplied to the digester 
top, and returning said cooled liquid to the center of 
said column substantially at the level of the liquid with 
drawal whereby the temperature is maintained substan 
tially uniform throughout the impregnating zone. 

2. The method as claimed in claim 1, wherein the with 
drawn liquid is returned in an unchanged quantity to 
the center of the ?ber material column. 

3. The method as claimed in claim 1, wherein the ?ber 
material and the surrounding digesting liquor are moved 
without relative motion during the passage of at least 
the greater part of the impregnating zone. 

4. In the method as claimed in claim 1, wherein there 
is maintained over the greater part of the impregnating 
zone a temperature of IUD-120° C. and the temperature 
at the transfer to the digesting zone is raised to 150 
180° C., the improvement consisting in that the liquid 
withdrawn at the lower part of the impregnating zone 
is cooled to a temperature between 100 and 120° C. 
before the same is returned to the digester. 

5. In the method as claimed in claim 1, wherein the 
heating of the ?ber material to digesting temperature is 
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performed by withdrawal of liquid from the ?ber mate 
rial, heating the same in an exterior circulation loop and 
returning said liquid to the digester, the improvement 
consisting in that the supply of circulating cooled liquid 
takes place at a point situated above the point of supply 
of heated liquid and at a distance therefrom consider~ 
ably less or not greater than 1/3 of the distance to the 
digester top. 

6. The method as claimed in claim 1, wherein the 
quantity of liquid withdrawn at the periphery of the 
impregnating zone is at least equal‘ to the quantity of 
liquid supplied with the ?ber material to the digester, so 
that said liquid on an average is withdrawn, cooled, and 
returned at least once before it passes on to the digest— 
ing zone. 

7. The method as claimed in claim 1, wherein the im 
pregnation is extended over a length of the ?ber material 
column corresponding to its advance during a time period 
of 10 to 60 minutes. 
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