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This invention relates generally to proc: 
esses and apparatus for effecting chemical 
treatment of various fibrous materials. 
has particular application to treatment by 
chemical liquor at an elevated temperature 
and at a pressure above atmospheric, as for 
example the treatment of wood chips with 
chemical liquor in the manufacture of wood 
ulp. - 

p E. the past it has been common to carry out 
chemical treatment of fibrous material by 
batch operations. For example in the man 
ufacture of sulphate or kraft pulp, stationary 
or rotating digesters are charged with wood 
chips, together with the chemical treatment 
liquors. The charge is cooked at an elevated 
pressure and temperature until the pulp has 
been properly digested, after which it is re 
moved together with the spent liquor, and a 
new charge introduced. The objections to 
batch processes are obvious. For a plant of a 
given capacity the apparatus required is rela 
tively large and bulky, and is comparatively 
expensive to install and maintain. In the 
effort to reduce installation and operating 
costs larger units have been introduced but 
they have been found to involve increased 
difficulty in maintenance of uniform tempera 
ture and other conditions so that yield and 
quality of product have been adversely affect 
ed by increased size of batch units. A large 
amount of skilled labor is required because of 
the many operations involved in charging, 
cooking and discharging the digesters. 
Even with careful manual supervision, it is 
difficult to secure adequate control and uni 
formity of products, because the essential 
conditions are not uniform throughout the 
treatment vessel, and also because determina tion of the optimum cooking condition de 
pends upon inherently unsatisfactory meth 
ods of sampling and testing the pulp as it is 
being treated in the digesters. Thus it is not 
uncommon to secure relatively low yield and 
quality of finished product, due to causes such 
as overcooking of part of the charge that re 
ceives excessive chemical treatment. Such 
prior processes have also been inefficient and 
uneconomical due to the tremendous amount 
of steam required for a short interval at the 
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beginning of the cooking operation, thus pro 
ducing an uneconomical load for the asso 
ciated boiler plants. A relatively large 
amount of heat is also lost due to radiation 
losses from the large treatment vessels, and 
due to loss of steam when the pulp and spent 
liquor are discharged from the vessels by 
blowing down the steam pressure. This loss 
by blowing down of steam pressure can be ap 
preciated when it is considered that the steam 
pressure in the cooking operation is usually 
carried out at about 100 pounds per square 
inch. The practice of blowing off to reduce 
pressure in the cooking operation also causes 
a loss of chemical, and makes it difficult to 
segregate fixed gases from the remainder of 
the blowoff. 

In an effort to obviate the disadvantages 
of batch processes in the treatment of fibrous 
material, it has been proposed to devise ap 
paratus operating continuously. To my 
knowledge no such continuous apparatus or 
process has proven commercially practical. 
Their failure is believed attributable to im 
proper methods of introducing and removing 
the fibrous material, and to the absence of 
proper methods of control. Furthermore previous continuous methods have not prop 
erly impregnated the fibrous material with 
the treatment liquor prior to the cooking 
operation. 

It is an object of the present invention to 
devise a commercially practical process and 
apparatus for the continuous treatment of 
fibrous material with a chemical liquor, 
which will obviate the disadvantages of 
batch processes, and which will overcome the 
principal defects of continuous processes 
which have previously been proposed. 

It is a further object of the invention to 
generally improve upon continuous processes 
for the treatment of fibrous material where 
by the fibrous material is introduced into 
and removed from the treatment chamber 
while the pressure within the treatment 
chamber is maintained above atmospheric. 

It is a further object of the invention to 
devise a treatment process of the above char 
acter which will secure more uniform and 
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higher quality products, which will require 
very little attention, and which will be rela 
tively economical in the use of steam and 
chemicai. 

It is a further object of the invention to 
devise such a process which will be char 
acterized by pre-impregnation of the fibrous 
material with chemical liquor, prior to di 
gesting the material at an elevated tempera 
ture. 

IFurther objects of the invention will 2p 
pear from the following descriptionin which 
the preferred embodiment of the invention 
has been set forth in detail in conjunction 
with the accompanying drawing. It is to be 
Anderstood that the appended claims are to. 
be accorded a range of equivalents consist 
ent with the state of the prior art. 

Referring to the drawing: o 
Figure is a side elevation in cross section, 

illustrating apparatus suitable for use in car 
rying out the process of my invention Fig. 2 is a cross sectional detail illus 
trating the mechanism which I prefer to 

o fe utilize at the point, where the treated fibrous 
(nateriai is expelled from the apparatus. 
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ical liquor is formed into a 

In my invention in place of treating Sep 
a rate batches of solids with chemical Solu 

s tions or liquors, I cause the fibrous material 
to be treated, together with the greating lic 
thor, to continually advance along a predeter 
mined path, while the chemical treatinent 
progresses to completion. I have found that 
if fibrous material being subjected to chein 

comparatively 
long upwardly moving compact column, 
treatment; at different sections along the 
Jength of this coluin R can proceedlindepend 
enty of the chemical actions along other 
sections. Thus in practice I continually Sup 
ply fibrous material, such as wood chips, to the lower end of a relatively long upright 
treatment chamber. Waterial of this column 
is subjected to the treatment liquor which 
is introduced into the column concurrently 
with and preferably at a point of points ad 
jacent to, the introduction of chips. As the 
material progresses to the upper end of the 
chamber or to the point of delivery, the pres 
sure applied is gradually decreased and the 
chemical action proceeds to completion. At 
the upper end of the chamber the spent lig 
uor and treated material are removed. As 
will be presently explained, both for he in 
troduction and for the removal of the fibrous 
material from the treatment chamber or ves 
sel, the material is compressed to form rela 
tively compact masses which serve as closures 
to maintain a pressure within the treatment 
chamber above atmospheric. X 

Referring to the drawing for a concrete 
example of apparatus which can be utilized 
in my system, have shown a digester or di 
gesting container 10, which is positioned up 

municating thru the bottomo 
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right and which is relatively long compared 
to its cross sectional area. For continuously 
introducing fibrous material to the lower 
portion of this chamber there is shown a ro 
tatable screw 11 positioned within a suita 
ble housing 12. A conduit 13, which can be 
substantially cylindrical, communicates be 
tween the discharge end of housing 12 and 
the bottom of treatment chamber 10. A hop 
per 14 is illustrated for introducing chips or 
other fibrous material into housing 12. 
Screw 11 is preferably formed in such a man 
ner that it is not only a feed means, but also 
2, means for compressing the fiber to a rela 
tively compact mass. Thus as illustrated in 
the drawing the screw 11 is provided with a 
gradually decreasing pitch and is also tapered 
to fit the tapered housing 12. It is also pos sible to utilize a screw of proper design hev 
ing simply a continuously decreasing pitch 
without resorting to a tapered construction, 
a tapered construction can be utilized with 
a constant pitch, a tapered hub can be em 
ployed Wii a straight screw of constant 
pitch, or various combinations of these de 
sign factors can be utilized. The results to 
be accomplished are the formation of a com 
pact column of Sibrous material maintained 
at 2, relatively high pressure, which is cone 
tinually advanced thru conduit; 13 to the bot 
tion of treatinent chamber 10. have found 
that if such a plug or column within con 
di; 13 is sufficiently compact, is serves as an 
affective closure against pressure within the 
treatment chamber. In other words although 
liquor under pressure may penetrate the plug 
to a certain limited extent, the friction of 
fered by the relatively compact fibrous mass 
is so great that no liquor flow thru or about 
the mass will occur. Since the design of 
screws adapted to compress fibrous materialis 
well-known in the art, further disclosure con 
cerning their construction is unnecessary. It 
Insy be pointed out however that for different 
operating conditions, as for example different 
fibrous materials, the screws must be designed accordingly. 
The treatment, liquor is preferably intro 

duced at the bottom of the treatment chamber 
i0, adjacent the point at which the fibrous 
material is introduced thru conduit 13. For 
this purpose I have indicated pipe 16 coin 

treatinent 
chamber 10. 
Various expedients can be utilized for heat 

ing the contents of chamber 10 to an elevated 
temperature. For example I have indicated 
a plurality of pipes 17 distributed along the 
length of the chamber. For a purpose which 
will be presently explained, the lowermost 
point of introduction of steam or application 
of heat is preferably spaced a substantial 
distance above the bottom of the chamber. 
instead of directly injecting steam it is ob 
vious that steam jacketing can be employed. 
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To minimize heat losses a jacket of heat in 
sulating material 20 is shown. 
Arranged within the chamber 10 prefer 

ably provide means for continually breaking 
up the compact mass of fibrous material as it 
is introduced, and for causing the fibrous 
material to progress toward the upper end of 
the chamber. Thus there is shown a shaft 18 
extending longitudinally of the chamber, and 
mounted at spaced points along this shaft 
are inclined blades or flights 19. Certain of 
the blades 9 are grouped near the lower 
end of the shaft 18, to break up or mechani 
cally disintegrate the compact column of 
fibrous material being introduced into the 
chamber from conduit 13. In operation shaft 
18 is slowly rotated in a direction to cause 
flight 19 to continually urge the fibrous mate 
rial upwardly. 
The upper end of chamber 10 communicates 

with what can be termed a “goose neck’ con 
duit 2i, which forms a wier 22. The treat 
ed fibrous material together with the spent 
treatment liquor flows over wier 22 to the 
expelling means to be presently described, 
thus causing the liquor and fibrous material 
to maintain a substantially constant height 
within the treatment chamber. . . 
The expeiling means consists of a housing 

23 in communication with conduit 21, and in 
which a rotatable screw 24 is disposed. Screw 
24 is designed to have characteristics similar 
to screw il previously described in that it 
serves to compress the fibrous material. 
Housing 23 is provided with a perforated 
portion 26, which communicates with an 
outer closed liquor chamber 28, Pipe 29 com 
municates with chamber 28 for the removal of liquor, the pipe being provided with a 
valve 31, a trap, or equivalent device. Con 
duit.82, which can be substantially cylindri 
cal, is formed at the discharge end of housing 23. For purposes to be presently explained 
a closure member 33 can be mounted adjacent 
the outer end of conduit 32, and the posi 
tioning of this closure member 33 can be 
controlled by a hydraulic piston and cylinder 
device 34 or equivalent means. 
The expelling means described above re 

ceives spent liquor together with treated fiber 
flowing over wier 22. As this mass is com 
pressed by screw 24 liquor is expelled into 
chamber 28 and withdrawn thru pipe 29. A 
sufficient amount of liquor is separated to 
enable the resulting mass to be compressed to 
form a compact column which is continually 
progressed outwardly thru conduit 32. This 
compressed mass is likewise sufficiently com 
pact to form a closure against the pressure 
within the treatment chamber. 
of pressure upon the mass being expelled thru 
conduit 32 can be controlled thru practical 
limits by urging closuremember 33 with 
more or less force towards the conduit 32. 
Likewise when the apparatus is first started 

The degree 

in operation, closuremember 33 can be forced 
into engagement with conduit 32, to serve as 
a closure to retain pressure within the treat 
ment chamber. 
In operating my apparatus, fibrous mate 

rial, such as wood chips, is supplied to hop 
per 14, compressed by continuous rotation of 
screw 11, and continually advanced thru con 
duit 13 in the form of a relatively compact 
mass which serves as an effective closure 
against pressure within the treatment cham 
ber. As this mass progresses into the treat 
ment chamber, it is broken up by flights 19 
and at the same time it is mixed with a treat 
ment liquor introduced thru pipes 16. The 
temperature of the treatment liquor as it is 
introduced thru pipes 16 is not sufficient to 
immediately commence the cooking or digest 
ing of the wood chips. Therefore, while a 
given strata of wood chips is progressing up 
wardly from the bottom of the chamber to 
the lowermost of steam pipes 17, the chips 
are being thoroughly impregnated with the 
treatment liquor. As the same strata con 
tinues to progress upwardly thru the treat 
ment chamber, the chips and treatment liquor 
are heated to an elevated temperature by 
the injection of steam, to carry out the cook 
ing or digesting operation. By the time the 
same strata reaches the top of the treatment 
chamber positioned S. flow over wier 22, the 
cooking operation will have been completed, 

24 as has been E. described. As the apparatus is preferably operated in digest 
ing woodchips, the temperature to which the 
liquor is heated is sufficiently high to main tain a gas pressure above atmospheric above 
the surface of the liquor. From time to time 
gas can be removed thru pipe 36 to prevent 
accumulation of gas pressure in excess of that 
desired. 

and the material is then digs by screw. 
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The relative proportions of liquor and 
fibrous material within the treatment cham ber are preferably such that a Sufficient Goof liquor is provided for the cooking 
operation, without providing such an excess 
as might cause channeling within the cham 
ber. In general I have found that the capac: ity of the apparatus is primarily determined 
by the dimensions of the cooking chamber, 
and the rate of progress of the material thru 
the chamber. The temperature, and other 
factors must be such that cooking is com 
plete when the material reaches the top of the 
chamber. Screw 11 is then operated at such 
a speed as to furnish the amount of mate 
rial that can be thoroughly cooked under the 
conditions established. Screw 24 is operated 
at such a speed as to assure removal of all 
material reaching it over wier 22, within the 
practical limits of control of Screw 11. 
In addition to the other characteristics of 

my process and apparatus, it should also be 
noted that while the fibrous material is pro 
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ing vessel. 

4. s 

gressing thru the treatment chamber 10, it is 
continually subjected to lesser or decreasing 
pressures. This characteristic is conducive 
to a high quality product, and the higher 
pressure maintained at the lower portion of 
the chamber is conducive to eficient preim 
pregnation. 

I claim: 
1. A continuous process for the treatment 

of fibrous material in a closed chamber or 
vessel maintained under a pressure greater 
than atmospheric, comprising advancing the 
fiber into the chamber in the form of a con 
pressed column which is sufficiently dry and 
so compact as to serve as a closure against he 
chamber pressure, separately introducing 
treating liquor into the chamber, and me 
chanically disintegrating the inner end of the 
compact column as it is advanced into the 
chainber. 

2. A process for continuous treatment of 
fibrous material for removal of soluble Con 
stituents under Inore than atmospheric pres 
sure and temperature, comprising introduc 
ing the fibrous material into the treating ves 
sei in a continually noving column sufficient 
ly dry and so compacted by pressure that 
iricional resistance prevents any outflow 
thru the moving colurn, simultaneously in 
troducing the treating liquor Egidier requisite 
pressure, continuously advancing, the Enix 
aire of fiorous materia and treating liquor 
upwardly in a moving collar?, heating the 
compact moving count of fibrous Eaterial 
and greating liquor, gradually reducing the 
pressure to which the contents of the treat 
ing vessel are subjected as they progress here 
hough, effecting a substantial separation of 
spent icuor from the treated fibrous nate rial, discharging the separated spent treat 
ing liquor, and discharging the treated it 
brous natériai in a continually moving Col. 
umn so compacted by pressure that fictional 
resistance maintains the pressure in the treat 

3. A process for continuous treatment of 
fibrous materia for renova of soluble con 
stituents under. Knore than atmospheric pres 
sure and temperature, characterized by the 
use of a relatively upright treatment chain 
ber or vessel, said method comprising intro- an elongated upright treatment chamber 
ducing the fibrous material into the treeting 
vessel in a continuous moving column so coin 
pacted by pressure that frictional resistance 
prevents any outflow thru the moving col 
umn, simultaneously introducing feating 
liquor under requisite pressure, continuous 
ly advancing the mixture of fibrous material and treating liquor in a compact moving col 
umn, heating the compact moving column of 
fibrous material and treating liquor, gradu 
ally reducing the pressure to which the con 
tents of the heating vessel are subjected, caus 
ing the spent liquor and treated fibrous na 
terial to discharge from the apger portion 
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of the treating vessel over a wier, effecting 
a substantial separation of spent liquor from 
the treated fibrous material, discharging the 
separated spent treating liquor, and discharg 
ing the treated fibrous material in a contin 
uous moving column so compacted by pres 
sure that frictional resistance Inai attain the 
predetermined pressure in the treating ves 
Se: 

4.A continuous process for the treatinent 
of fibrous naterial, comprising causing the 
fibros material to continually progress up 
Wardly thru a zone in which the materialis 
impregnated with a chemical liquor without 
cooking, and then causing the material to 
gether with the impregnating Riquor to con 
tinue to progress upwardly thru a cooking 
ZO8. 

5. In apparatus of the character described, 
an elongated upright treatment chamber 
adapted to be maintained under a pressure 
greater than Enospheric and to contain a 
treating liquor, a conduit having its one end 
ConFunicating with said chamber and its 
other end open to the atmosphere, said con 
duit being adapted to receive a compressed 
column of fibrous materia) which is so conth 
pact and dry as to serve as a closure for pres 
Sire within the chamber, and aneans for coin &ntially forming said collinn 2nd for coin 
tinually 3dvancing the same thra the condui; 
into the lower portion of the chamber. 

6. In apparatus of the character described, 
85 elongešed upright treatment chamber 
adapted to contain a treating liquor and 
adapted to be maintained under spressure 
and eagerature greater than 2%mospheric, a 
conduit having is one end communicating 
with said charnber and is other end open o theatinosphere, said conduit being adapted to 
receive lightly fitting column of com. 
pressed fibrolas materia which is go coin 
pack as to form an effective closure for the 
conduit to preven outflow of liquor thr 
the column from the interior of the chamber, and means for continually forming said col 
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anza and for continually advancing the game 
thru the conduit into the lower portion of the 
chamber. 

. In Epparatus of the character described, 
adapted to contain a treating liquor and to be 
maintained under an internal pressure great 
er than strinospheric, means for continually 
introducing fibrous material into the lower 
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portion of said chamber, and means for con-, 
tinually reachoving treated fibrous material 
and spent liquor from the upper portion of 
the chamber, said last Lineans comprising 
means for effecting separation of spent liquor 
from the treated fiber, for compressing the 
resulting fiber to form a compact mass, and 
for continually expelling the compact mass 
thrig, conduit to the atmosphere whereby the 
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compact mass serves as an effective closure 
against the pressure within the chamber. 

8. In apparatus of the character described, 
an upright elongated treatment chamber 

5 
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adapted to be maintained under pressure 
greater than atmospheric and to contain a 
treating liquor, means for continually intro 
ducing fibrous material into the lower por 
tion of the chamber together with treatment 
liquor, means for heating the contents of said 
chamber, means for expelling treated fiber 
and spent liquor from the chamber, and a 
wier located adjacent the upper portion of 
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the chamber over which spent liquor and 
treated fiber are caused to flow to said ex 
pelling means. - 9. In apparatus of the character described, 
an upright elongated treatment chamber 
adapted to be maintained under pressure 
greater than atmospheric, means for continu 
ally advancing a compressed column of 
fibrous material into the lower portion of the 
chamber, said column being so compact as to 
serve as a closure against the pressure within 
the chamber, means for introducing treating 
liquor under pressure into the lower portion 

the chamber, means for mechanically dis 
integrating the inner end of the column of 
fibrous material as it is advanced into the chamber whereby the treating liquor is en 
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trained with the fibrous materials and, is caused to progress in the form of a column 
upwardly thru the chamber, a wier located 
adjacent the upper portion of the chamber 
over which treated fiber and entrained spent 
liquor is caused to flow, means for removing 
a substantial quantity of the entrained spent 
liquor from the treated fibrous material, a 
conduit thru, which, the resulting treated fibrous materialisadapted to be discharged, 
and means for discharging the treated fibrous material thru said conduit in a compressed 
column so compact as to serve as an effective 
closure against pressure within the chamber. 

10. A continuous process for the treatment 
of fibrous material characterized by an elon 
gated treatment chamber, said method com prising continually progressing the fibrous 
material through said chamber in contact 
with treatment liquor, maintaining the pres sire within the chamber above atmospheric. 
and heating the material to effect cooking of 
the same only during the latter part of its 
travel through the chamber, whereby durin 
the first part of its travel preimpregnation o 
the fibrous material will be effected under pressure without substantial cooking. 

In testimony whereof, I have hereunto set 
my hand. HARRY L. WOLLENBERG. 
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