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1

This .invention relates 'to mew :and :improved
‘methods for effecting:the:eontinuous digestion of
fibrous materials ‘such .as :wood chips:and the
like, -and apparatus therefor.

The object of this invention s ito .provide:a
‘process :for the continuous:digestion :of:a fibrous
‘material such ‘as wood chips, which will iensure
thorough impregnation-cf ithe ‘material with the
treating liquor -ang substantially ccomplete -uni-
form cooking to:produce improved pulp:products.

Another -cbject s o .subject the- fibrous ‘ma-
Yerial :to ‘& vacuum tto raccomplish thorough [im-
pregnation by the treating liquor and to super-
-gfmogpheric pressures ito ensure ithorough -cook-

ing :in..a :single, :continuous, easily - controlled

Process.

‘Still .another object is to:produce high.quality
pulp products inigreater yields:per pound:of wood
thanhashitherto:been accomplished.

Anctherobject is'to provide:s eontinuous:proc-
-ess for digesting fibrous:'materialswhich is easily
and completely controlled -with a ‘minimum of
man-power ‘and “which «is very -economical *with
respectto steam consumption.

Angiher objsct s sto rmaintain the chemieal
coocking-liguor in-arelatively high:degree:of con-
centration so'as o considerably:shortenthe.cook-
ingtime required.

Btill -other- objects:are:to- effect contmuous re-
moval and recovery of ssoap rand iresingiand -of
volatiles, such-as turpentine and.oils, andto.con-
trol-chnoxious, non-condensable-gases.

One .shest of drawings .accompanies this .ap-
plication as.part thereof, in which like.reference
numersals indicate:like parts.throughout.

In the drawings:

Figure lis a dlagrammatlc view.of ‘an embodi-
ment of my invention; and

Tigure "2 -is o “diagrammatic “view ‘Showing -a
modification.

‘Referring ‘to Figure 1-of ‘the ‘drawings, -1t -will
bs noted -that ‘the pulp 'passes -continuously
through ‘a series of :digesters-A, B, C,-Dvand E.
Although the:illustrated ;embodiment showsifive
digesters, it -wtill-be understood that the number
of digesters may be-varied.

The ~wood :chips .are admixed with :a ;suitabie
chemical .cooking :liquor .in. tank T. .The-.chips
should be in a:relatively fine:state of.attrition.to
permit efficient penetration. of the . liguor,.and. to
facilitate pumping into .digester .A.. ‘Breferably,
the chips have been fiberized.as.for example by
passage through an attrition mill. The uniform
small size of the.chips processed in this way.re~
silts "in ‘increased. yi€lds and “better ‘quality  of
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-pulps produced. The:cooking liquor may be.any
‘of ithe :suitable, commoniy :used treating liguors
such as:sulfite,:soda, sulfate or:lime liquors.
-admixed wood chips-and.cooking. liguor are:then
transferred to the 'top :of conventional :digester
A by means:of pump | :through:pipe 7. The:pulp
Aravels down :through :digester -A under ‘the -in~
fluence:of gravity, and is:then pumped by pump
‘2 through jpipe 8 into digester .B.. The -fibrous

The

material is subsequently:passed :in:similar man-

mer through-digesters-C, D.and.E, -which:are:con-
‘nected-in series by pipes 9, 0;and H.
Arand § similarly forceithe pulp from the bottom
.0f .the :preceding :digester to -the :top of the suc-
-ceeding -digester..
leaves:the:final.digester  by-.way:of pipe i2.and
with the-aidof pump. 6-is:passed into tank {3 and
{hen-into:suitable-apparatus for:subsequent con-
wventiohal -treatment, such as washing and evap-
oration.

Pumps 3,

The .completely digested -pulp

The elevated temperatures and pressures re-
quired for the digestion:process -are-provided ini-

tially -by the 'direct ‘injection -of steam under
super-atmospheric préssure.:into the finaldigester

28 E, by way. of  inlet pipe I8 -which is-connecied to
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perforated .xing 15 inside the digester.

In -this
way uniform .distribution .of the . steam -through
the .digester -contents -is :assured. - Due to this
direct injection .of .steam, the final- digester is
under-the-highest-conditions of temyperature and
pressure present:in the system.

After:passing through:and.heating the digester
contents, .the .remaining -steam, which .carries
with it -vaporized volatile -materials such as tur-
pentine and-oil.and nen-condensable gases,-such
as -hydregen -sulfide -and :sulfur dioxide, exits
through.outlet: pipe {6 and passes into:separator
47.- Condensate drains.into branch pipe {8 which
is..connected - to -condensate header £9. The re-
maining -high .temperature, -high pressure vapors
and :gases -then ;pass -through ‘pipe -28 .into -in-
direct -heat .exchanger .F. Perforated .ring 21 is
positioned.in.the bottom portion of digester D in
the path of the- deseending -pulp. The periora-~
tions -are .of :a -size »which permits-inflow of the
cooking -liguor but prevents :passage there-
through -of -solid :materials. *‘The cooking liguor
which -strains :intothe ring passes -into pipe %2
and.is forced by.pump 23 .nte:indirect. heater ¥
where it .is -heated .to .a. relatively high .temper-
ature by .the hot vapors.and.gases from digester
E,.and then returns to.digester D by way .of pipe
24 which.connects with perforated zing 25 posi-
tioned.in the upper.portion of the .digester.

"The ‘indirect "heat exchanger may he of any
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known type, as, for example, the type illustrated
in Figure 1. The cooking liquor is forced into
chamber 26 by way of inlet tube 22, rises through
pipes 27 into chamber 28, descends through pipes
28 into chamber 39 and exits by way of outlet
pipe 24. The incoming steam enters through in-
“let pipe 20 and circulates around pipes 21 and
29. Condensate leaves by way of branch pipe 31
which drains into branch pipe (8. The uncon-
densed. gases which largely comprise such non-
condensable gases as hydrogen sulfide, sulfur di-

oxide and air, leave by way of branch pipe 32

which connects with header 33.

" The heated cooking liquor: percolates through
the fibrous material in digester D, thus maintain-
ing the contents at an elevated temperature. The

2,675,311
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cooking liquor vaporizes to form steam: which, -

together with other vaporized volatile materials
and non-condensaple gases, maintains a posi-
tive pressure in the digester. The vapors and
gases generated in this way pass out-of the di-
gester by way of separator 17 into indirect heat
exchanger G which heats the cocking liquor from
digester C. The temperature and pressure in di-
gester D are lower than those maintained in

digester- ¥, due to absorption of heat units by

the pulp and by .the cooking liquor in the va-
porization process. The temperature and pres-
sure are also decreased by the condensation of
steam and volatiles in heater G.

Similarly, the contents of digesters C, B and
A are heated by circulation of the cooking liquor
through heaters G, H and’I, respectively, and the
‘heating medium for each of these heaters is de-
rived from the vapors and gases generated in the
subsequent - digester in -the manner aforede-
seribed in connection with digester D and heater
F.. The pressures and temperatures decrease
progressively towards the- forward part of -the
system. Preferably, the system is so regulated
that the pressure in digester C is at approxi-
mately atmospheric pressure. L

The vapors and gases from digester A pass
through pipe 34 into separator 35.
from the separator passes by way of outlet pipe
36 into condensate header 189, The remaining
vapors and non-condensable gases pass into an
efficient condenser J of any suitable type, prefer-
ably a surface condenser equipped with a suit-
able ejector 31, where the water, vapor and vola-
tiles, such as turpentine and oils, are substan-
tially entirely condensed into-liquids which pro-
ceed to condensate header {9 by way of pipe 38.
Header 33 which carries the non-condensable
gases from the various heat exchangers, empties
into-condenser J. All of the non-condensable
gases, including those from digester A; are then
removed by ejector 37, and may be suitably and
efficiently  disposed of, as for example, by re-
covery of desired components or by burhing.

The removal of non-condensable gases from
the heat exchangers may also be accomplished
apart from the condenser. This mgay be desir-
able if the quantity of such gases is relatively

high. Although my preferred embodiment shows

8 condenser and ejector means, it will be under-

stood that any suitable evacuating means may be

employed which will accomplish my purpose.
The reduction -in back pressure by-condenser

J produces a vacuum in- digester A the degree of -

which may be readily controlled by regulating
the conditions in the condenser and the tem-
perature of the admixed chips and ‘cooking liquor
entering the digester. ' The degree of vacuum is
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a factor in determining the temperature of the
contents in digester A, inasmuch as it affects the
degree of vaporization which oceurs within the
digester. Digester B may be maintained in a
condition of partial vacuum of lesser degree than
in digester A by the action of heater I which
acts as a surface condenser, inasmuch as it con-
denses vapors from digester B and removes non-
condensable gases and entrained air. Because
of the reduction in temperatures which occurs
pregressively from the latter to the forward por-
tions of the system, the temperature in digester
B is lower than that in digester C where the pres-
sure may be maintained at approximately normal
pressures by proper regulation :of the system.
Condensation of the vapors from digester B will

.therefore result in subatmospheric pressures.

Flash steam which leaves the system with the

‘completely digested pulp from digester E may be

returned to the system at advantageous points.
For example, it may be piped into either heater
H or G by way of conduit 3% and branch con-
duits 46 equipped with suitable valves 41, depend-
ing upon the temperature and pressure condi-
tions desired in these portions of the system. If
conditions in the system do not require the in-
jection of steam at any point other than di-
gester E, the steam leaving with the pulp may

“be recovered by returning it to the steam genera-

tor by way of pipe 42 controlled by valve 43.

Condensate removed via header {9 may be suit-
ably treated to recover turpentine, oils and the
like. :

The process as.above described may be modi-
fied so as to subject the chips to different treat-
ing liguors without interrupting its continuity or
disturbing the desired progression of increasing
pressures and temperatures.  For example, it is
often desirable to remove resins and scap form-
ing constituents by means of suitable solvents
prior to treating the chips with digesting liquors.
Figure 2 shows a modification which permits ini-
tial freatment of the wood chips with a-solvent,
and subsequent replacement of the solvent with
digesting liquor. 'The wood chips are admixed
with a suitable solvent in tank T and pumped, as
aforedescribed, into the upper portion of digester
A. Because of the low pressure conditions pre-
vailing in the digester, the solvent rapidly pene-
trates the chips and dissolves such components
of the wood as resins, soap forming materials and
the like. Thesolvent and chip mixture is pumped
from digester A through pipe 188 by means of
pump (01 into a conventional drainer-conveyor
102. 'The solvent is removed through conduit
103 and then may be recovered by re-use in the

system. Similarly, the dissolved components,

such as the resins and soap forming materials,
may be recovered and constitute valuable by-
products. The remaining fibrous material passes
into tank-104 where it is admixeq with digesting
liguor which is introduced into the tank through
inlet pipe 105. This inlet is provided with any
suitable air lock 1086 to maintain the pressure in
the system. . The temperature of the fresh di-
gesting liquor is controlled to maintain the pro-
gression of temperatures and pressures in the
system, as described above. The temperature of
the liquor should, therefore, be substantially the
same as that of the withdrawn solveni. The
fibrous material admixed with the fresh digest-
ing liquor is then.pumped by means of pump {07
through pipe 108 into digester B, where it is sub-

Q3
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jected to subatmospheric pressures, which ensure
thorough impregnation.

A modification, similar to the one aforede-
scribed, may be employed at -any desired point in
the system to drain off one type of digesting lig-
uer and substitute s different {ype of liquor, or
to remove spent liguor and substitute fresh liguor.

The desired conditions of elevated temperature
and pressure may be obhtained in the final di-
gester by injecting the steam into an indirect
heater through which the treating liguor from
the digester is circulated. -Although this involves
some loss of heat units which is aveoided by di-
rect injection of the steam into the last digester,
this method may be advisable where it is desired
to avoid any dilution of the digester contents.

‘The process may be employed not only for the
treatment of wood, but of other fibrous materials,
such as straw, bagasse, flax, cotton and the like.

From the foregoing description it will be ap-
parent that the present invention is concerned
with a process for cooking fibrous material, such
as wood chips, to obtain pulp, and a digesting sys-
tem by which that process is carried out, where-
in the chips and accompanying cooking liquor are
subjected progressively to a plurality of cooking
stages ranging from subatmospheric pressures
and relatively low temperatures to super-atmos-~
pheric pressures and high temperatures, the flow
of the chips and cooking liquor being in one di-
rection and the flow of the temperature and pres-
sure controlling medium being in the opposite di-
rection. - The cooking rate may be varied by con-
trolling the temnerature and pressure of the con~
trol medium at the point of admission, the action
of the terminal condenser and ejector ang the
eontrol temperature of the cooking liquor. When
these factors are set, the intermediate stages of
the system automatically come into balance to
provide a uniform- progression throughout the
system.. The steps of the progression necessarily
will be in direct ratio to the control points at the
ends of the system. The cooking rate may also
be regulated by varying the rate of flow of the
chips and cooking liquor through the system.

The table shows the interdependent progres-
sion of pressures within the' digesters under the
influence of variations in the initial pressure of
the steam injected into the last digester and in
the degree of vacuum produced by the evacuating
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treating liguor fo sub-atmospheric pressure re-
sults in rapid penetration of the liquor into the
interior of the chips. This thorough, substan-
tially complete, impregnation of the chips con-
siderably shortens the necessary digestion period
and ensures a uniform, high quality product since
there is no overcooking with consequent weaken-
ing of the fibers at the surface of the chips, while
the digesting liguor is slowly penetrating into the
interior. :

After leaving -the evacuated portion of the
system, the fibrous material and liquor continu-
ously progress through the digesters under pro-
gressively increased conditions of temperature
and pressure which ensure thorough, rapid and
complete digestion. The rate at which the ma-~
terial moves through the system may be easily
regulated so as to prevent either overcooking or
undercooking,

- Another factor which shortens the period of
cooking by my process, is the gradual increase in
concentration of the digesting liquor because of
vaporization of fluid in succeeding digesters. The
resulting reduction in fluid volume maintains the
remaining active digesting chemicals in relatively
high and effective concenfration as the fibrous
material progresses through the system.

The pulp product produced by my process is of
uniformily high quality.. Since there is no over-
cooking of any of the material there is no weak-
ening or disintegration of any of the fibers. The
thorough impregnation of the material ang sub-
sequent uniferm digestion eliminates the kuots
and screenings which are usually. present in pulp
produced by the present commonly used processes
and results in greater yields per pound of wcod
chips than ig generally -obtained. The removal
of scap forming materials and volatiles such as
turpentine; oils, and the like, in the course of
the process, facilitates their economical recevery
and results in a highly purified pulp with con-
comitant improved physical properties.. 'The re-
moval of soap forming materials is particularly
advantageous since it eliminates the severe foam-
ing which generally makes the subsequent wash-
ing of the pulp very Qifficult.  The process, fur-
thermore, permits complete control of obnoxious
gases such as hydrogen sulfide which do not
condense under the  conditions of the process.
The process, therefore, may be used without ob-

means in the first digester. 59 jection in any vicinity.
Table
Initial Steam Pressures 1
Digester 50 1bs. 50 1bs. 80 1bs. 80 1bs, 1001bs, | 1001bs.
Pressures in Digesters
18.51bs.._.} 43.5Tbs:__ .| 30.51bs.__.| 54.51bs.._[ 39.51bs.
4,5Ibs ... 15.51bs._..| 10.51bs....| 81.51bs..__| 151bs.
8. 76 .- 11.51bs_...| 4in__ ... 151bs ... 01b.
1975 .4 2Ybs. . 18.25in....| 51bs...._. 17.25in,
26in____._ 131 FRN Bin. . ... ITino.._.. 261n.

1 The pressures in pounds per square inch denote the increment of positive pressure

above normal,

It will be clear from the foregoing description
of my process that the fibrous material and treat-
ing . liquor "are subjected to ~sub-atmospheric
pressures in the first digester, and that the pres-
sures and temperatures progressively increase in
the subsequent digesters so that the contents in
the final digester are under relatively high, posi~
tive pressure and elevated temperature. The ini-
tial subjection of the admixed wood chips and

70
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‘The process is highly economical with respect
to. the utilization of steam and digesting liguon
The - heat units which are inifially supplied by
the direct injection of steam into the last di-
gester, are efficiently. and relatively completely
utilized by the interrelated system of digesters
and indirect heat exchangers. The consumption
of digesting liquor is alsc reduced by the prelimi-

. hary, thorough impregnation of the wood under
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vacuum and the subsequent maintenance of a
relatively high concentration because of vapor-
ization and removal of the carrying fluid.

The process is also economical with respect
to the amount of man power required. The
process may. be easily and completely controlled
by suitable instrumentation. The apparatus it-
self is relatively simple to operate and maintain,
since there is no need for a complicated system
of valves and direct steam is injected at only
one point in the system.

Although I have described my invention fully
and clearly so that it may be readily compre-
hended by those skilled in the art, it will be
understood that changes are possible within the
scope of the appended claims.

Having thus described my invention, I claim:

1. Apparatus for continuously digesting fi-
brous materials comprising, a ssries of con-
nected digesting chambers, means for moving the
fibrous material and treating liquor from each
chamber into fthe next chamber in the series,
each chamber except the last chamber being
connected with means including a pump for cir-
culating the chemical treating liquor through
the fibrous material in said chamber, exteriorly
of said chamber and back into said chamber,
an  indirect heater exteriorly connected with
said circulating means, conduit means for con-
ducting the vapors and gases from the next sub-
sequent digesting chamber intc said heater, said
vapors and gases serving to heat said treating
liquor, conduit means connected with said heat-
er for discharging condensate formed by said
vapors, independent means for heating the pulp
in the last digesting chamber thereby maintain-
ing it at an elevated temperature and at super-
atmospheric pressure, and evacuating means as-
sociated with the first digesting chamber for re-
ducing the pressure in said chamber.

2. Apparatus for continuously digesting fi-
brous materials comprising a series of connected
digesting chambers, means for moving the fi-
brous material and treating liquor from each
chamber Into the next chamber in the series,
each chamber except the last chamber being
connected with means including a pump for cir-~
culating chemical freating liquor through the
fibrous material in said chamber, exteriorly of
said' chamber and back into said chamber, a
heater exteriorly connected with said circulat-
ing means, conduit mesns for conducting the
vapors and gases from the next subsequent di-
gesting chamber into said heater, said vapors

and gases serving to heat said treating liquor, :

conduit means connected with said heater for
discharging condensate formed by said vapors,
independent means for heating the pulp in the
last digesting chamber, thereby maintaining it
at elevated temperature and super-atmospheric
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pressure, evacuating means connected with the .

first digesting chamber for reducing the pres- -

8
admixed -with said different treating liquor into
the next subsequent digester in the series.

3. A process for continuously digesting wood
comprising, continuously passing said wood in a
fiberized state of attrition, in admixture with
chemical treating liguor through a series of con-
nected digesters and subjecting said mixture of
fiberized wood and treating liquor to progres-
sively increasing temperatures and pressures
which progressively increase from  sub-atmos-
pheric pressures to super-atmospheric pressures,
said progressively increasing-temperatures and
pressures being accomplished by injecting steam
under super-atmospheric pressure into the last
digester, indirectly heating the treating ligquor
in each of the preceding digesters exteriorly of
said digesters by means of the vapors and gases
from the next subsequent digester, said vapors
and gases being at a higher temperature than
said freating liquor, and maintaining a partial
vacuum in the first digester.

4. A process for continuously digesting fi-
brous material comprising continuously passing
fibrous material in admixture with chemical
treating liquor through a series of connected
digesters, maintaining the last digester at a rel-
atively high temperature and high pressure by
means of heat from an independent source, and
heating the contents of each of the preceding

digesters indirectly by means of the vapors and
gases from the next subsequent digester, said
vapors being discharged in the form of conden-
sate, whereby the temperature and pressure in-
crease progressively from the first to the last
digester.

5. A process for continuously digesting ifi-
brous material comprising continuously passing
fibrous material in admixture with chemical
treating liquor through a series of connected
digesters, maintaining the last digester at a rel-
atively high temperature and high pressure by
means of steam from ah independent. source,
and heating the contents of each of the preced-
ing digesters indirectly by means of the vapors
and gases from the next subsequent digester, said
heating being accomplished by circulating the
treating liquor in each of the preceding digesters
exteriorly of and back into said digester and
indirectly heating the liquor while exterior of
said digester by means of the vapors and gases
from the next subseguent digester, said vapors
being discharged in the form of condensate,
whereby the temperature and pressure increase
progressively from the first to the last digester.

6. A process for continuously digesting  fi-
brous materials comprising continuously pass-
ing said fibrous material in admixture with
chemical treating liquor through a series of con-
nected digesters, maintaining the last digester

under relatively high temperature and high pres-

sure by means of heat from an independent

"~ source, heating the contents of each of the pre-

sure in said chamber, and means for replacing .

the initial treating liquor with a different treat-
ing liquor at an intermediate point in the sys-
tem, said means comprising a drainage cham-
ber having outlet means for said initial treat~
ing liquor, a conduit for discharging fibrous ma-
terial in admixture with initial treating liquor
from one of the digesters in said series into
said drainage chamber, conveyor means for dis-
charging fibrous material from said drainage
chamber into a chamber having inlet means for
said different treating liquor, and pump and con-
duit means for discharging the fibrous material

70
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-ceding digesters indirectly by means of the va-

pors and gases from the next subsequent di-
gester, said vapors being discharged in the form
of condensate, and maintaining the first digester
at relatlvely low temperature and at sub-atmos-
pheric pressure, whereby the temperature and
bressure increase progressively from the first o
the last digester.

7. A process for contmuously digesting fi-

Brous material comprising continuously passing
fibrous material in admixture with chemiecal

- treating liquor through a series of - connected,

digesters, maintaining the last digester at a rel-

i
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-atively “high ‘temperature -and ‘high :pressure by
means of steam under  pressure ‘from :an inde-
:pendent: source, heating the contents of each of
the preceding digesters indirectly -by means :of
the vapors and gases from the next subsequent
digester, said heating heing accomplished by cir-
culating the ireating:liquor:in each of the pre-
ceding digesters exteriorly of and back into said
-digester and indirectly heating the liquor while
outside of said digester by means of the vapors
and gases -from .the next subsequent  digester,
said vapors being discharged in the form of con-
densate, and maintaining the contents of the
Afirst digester under partial vacuum and at rel-
.atively low temperature, whereby the tempera-
‘bure and pressure increase progressively .from
the first to the last digester.

8. ‘A process for continuously digesting fi-
brous materials comprising continuously passing
said fibrous material in admixture with chemi-
cal treating liguor through a series of connected
digesters, maintaining . the last. digester at rel-
atively high temperdture and high pressure by
heating ‘with steam under pressure from an in-
dependent source, heating the contents of.each
of the preceding digesters indirectly by means of
the vapors and gases from the next subsequent
digester, said indireet heating being . accom-
plished by circulating the treating liquor in each
of said preceding digesters and the vapors and
gases from the next subsequent digester through
an indirect heat exchanger, each of said preced-
ing digesters being -connected with an individ-
‘ual heat exchanger, said vapors being discharged
in-the form of condensate, and maintaining the
contents-of the first-digester under partial vac-
uumn and ab relatively low temperature, wherehy
the temperature and pressure increase progres-
sively from the first to the last digester.

9. A process for continuously digesting fi-
brous materials consisting of continuously pass-
ing said fibrous material in admixture with
chemical treating liquor through a series of con-~
nected digesters, maintaining the last digester at
relatively high temperature and high pressure by
injecting steam under pressure from an inde-
pendent source;, heating the conterts of each of
the preceding digesters indirectly by means of
the vapers and gases from the next subsequent

digester, said indirect heating being accom- ;
plished by circulating the treating liquor in each

of said preceding digesters and the vapors and
gases from the next subsequent digester through
an indirect heat exchanger, each of said preced-

ing digesters being connected with an individual

heat exchanger, said vapors and gases being dis-
charged in the form of condensate and uncon-
densed gases, and maintaining the contents of
the first digester under partis] vacuum and rel-
atively low temperature, whereby the tempera-~
ture and pressure increase progressively from the
first to the last digester.

1. The process of claim 8 wherein the initial
treating liquor is replaced with a different treat-
ing liquor at an intermediate point in the system
while maintaining substantially the same pres-
sure and temperature prevailing at said interme-
diate point in the system.

11. The process of claim 9 wherein the initial
treating liguor is replaced with a different treat-
ing liguor at an intermediate point in the sys-
tem, said replacement of treating liquor being
accomplished by discharging the fibrous mate-
riel admized with the initial treating liquor from
one of the digesters in said series into a chamber,
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-discharging said’initial treating liguor,-discharg-
‘ingthe fibrous material into -a second chamber,
‘introducing: the different: treating liquor, said dif-

ferent treating liguor: being at substantially the
same temperature as the withdrawn initial treat-
Ing liquor, and then'passing: the fibrous material
admixed with the different treating ‘liquor into

‘the subsequent digester in the series.

12.. A process for continuously digesting fi-
brous materials consisting of continuously pass-
Ing said fibrous material in admixture with
chemical treating: liquor:through a series of five

rconnected - digesters, :maintaining the ‘last -di-

gester at relatively high temperature and high

‘pressure by ‘injecting ‘steam ‘from- an ' independ-

ent:source under-a pressure of -about ‘80 pounds
per ‘square “inch, “heating the contents of each

-of 'the  preceding - digesters -indirectly ‘by means

of the :vapors and gases from the next subse-
quent - digester, said ‘indirect -heating being ac-

-complished by circulating ‘the ‘treating liquor in
reach of ‘said preceding digesters and the vapors

and :gases from the next ‘subsequent -digester

through an indirect heat: exchanger, each of said
‘preceding digesters being connected-with an in-
'dividual heat ‘exchanger, said vapors being dis-
-charged in “the ‘form. of condensate, and main-
taining the eontents of ‘the:first digester at rel-
vatively low temperature: and under a partial vac-

uum equivalent to about 11‘inches of ‘mereury,

~whereby: the temperature and pressure increase

progressively from:the first -to the last digester.
:13.-Apparatus “for - continuously -digesting fi-

‘brous ‘materials ‘consisting  of a -series of con-
‘nected digesting. chanibers, -pumping -means for

foreing:the material from each-chamberinto the
next chamber in the series, each chamber except
the last chamber being connected with means
for circulating chemical treating liguor through
the fibrous material in said chamber, exteriorly
of said chamber and back into said chamber, said
circulating means including a pump and exte~
rior conduit, an indirect heater exteriorly con-
nected with said circulating means, conduit
means for conducting the vapors and gases from
the next subsequent digesting chamber into said
heater, said vapors and gases serving to heat
said - treating liquor, conduit means connected
with said heater for discharging condensate
formed by said vapors, conduit means for dis-
charging gases from said heaters, independent
means for injecting steam under pressure into
the last digesting chamber, evacuating means
connected with the first digesting chamber for
reducing the pressure in said chamber, and
means for replacing the initial treating liquor
with a different treating liquor at an interme-
diate point in the system, said means compris-
ing a drainage chamber having outlet means for
said initial treating liquor, a conduit for dis-
charging fibrous material in admixture with ini-
tial treating liguor from one of the digesters in
said series into said drainage chamber, conveyer
means for discharging fibrous material from said
drainage chamber into a chamber having inlet
means for said different treating liquor, and
bump and conduit means for discharging the fi-
brous material admixed with said different treat-
ing liguor into the next subsequent digester in
the series.

14, Apparatus for continuocusly digesting fi-
brous materials comprising, a series of con-
nected digesting chambers, means for moving
the fibrous material and chemical treating lig-
uor from each chamber to the hext chamber in
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the series, each chamber except the last cham-
ber being connected with means including a
-pumyp for circulating the treating liquor through
the fibrous material in said chamber, exteriorly
of said chamber and back into said chamber, an
indirect heater exteriorly connected with said cir-~
culating means, conduit means for conducting
the vapors and gases from the next subsequent
-digesting chamber into said heater, said vapors
and gases serving to heat said treating liguor,
conduit means connected with said heater for
discharging condensate formed by said vapors,
means  for injecting steam under pressure into
- the' Jast digesting chamber, and  evacuating
means connected with the first digesting cham-
ber for reducing the pressure in said chamber.
15. Apparatus for continuously digesting fi-
brous materials consisting of a series of con-
nected digesting chambers, pumping means for
forcing the material from each chamber into the
next chamber in the series, each chamber ex-
cept the last chamber being connected with
means for circulating the chemical treating lig-
uor through the fibrous material in said cham-
.ber, exteriorly of said chamber and back into
said chamber, said circulating means including
a-pump and exterior conduit, an indirect heat-
er. exteriorly connected with said circulating
means, conduit means for conducting the vapors
and gases from the next subsequent digesting
chamber into said heater, said vapors and gases
serving fo heat said treating liguor, conduit
means connected with said heater for discharg-
ing condensate formed by said vapors, conduit
-means for discharging gases from said heater,
independent means for injecting steam under
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pressure into the last digesting chamber, and
evacuating means associated with the first di-
gesting chamber for reducing the pressure in
said chamber.

References Cited in the file of this patent
UNITED STATES PATENTS

Number Name Date
Re. 20,127  Dunbar —_____._____. Dec. 29, 1936
141,016 Rutledge - ____ July 22, 1873
879,165 Hamlin . Feb. 18, 1908
1,605,934 Olier e Aug. 19, 1924
1,679,336 Dunbar oo July 31, 1928
1,690,954 Spencer .. __ Nov. 6, 1928
1,761,543 Spencer ... .__ June 3, 1930
1,761,544 Spencer ___o_ June 3, 1930
1,781,447 Dunbar oo Nov. 11, 1830
1,810,398 Hodgdon _____..____ June 18, 1931
1,816,739 Nielsen ..o ____ July 28, 1931
1,856,453 Bacchus . _________ May 3, 1932
1,882,391 Morterud . __..___ Oct. 11, 1932
1,838,802 Braun et al. _______. Dec. 12, 1933
2,007,348 Scharmann et al. _.. July 9, 1935
2,121,074 Dooley e June 21, 1938
2,178,266 Pomilio —___._.___ Oct. 31, 1839
2,200,034 Merrill . May 7, 1940
2,263,903 Pomilio - ___.__ Nov. 25, 1941
2,494,098 Lockman ____._____ Jan. 10, 1950

FOREIGN PATENTS

Number Country Date
16,437 Switzerland . ______ Dee. 17, 1917
52,976 Sweden —___________ Nov. 1, 1922
93,452 Sweden . __.____ Nov. 25, 1938
848,039 France .o ... Oct. 20, 1939

——g T

et

s

SR

Ay



