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The invention relates to the production of pulp 
from cellulosic material. More particularly it re 
lates to improvements over the process and ap 
paratus disclosed in the U. S. patents to Asplund, 
No. 2,008,892 and No. 2,145,851, respectively. 
In a broad sense the patented process and ap 

paratus differ from conventional cellulose digest 
ing or cooking steps in that a preliminary soften 
ing of the lignin in the wood chips or ligno-cellu 
lose material, as well as a subsequent mechanical 
de?bration step takes place in a steam atmos 
phere of certain temperature and pressure condi 
tions. Moreover, this known process and appa 
ratus are designed for and capable of absorbing 
material of a grade, type, and ?neness, such as 
sawdust or the like, not ordinarily acceptable for 
use in the conventional cellulose digesting and 
cooking steps. 
More in particular, ligno-cellulose material of 

relative dryness is subjected to an atmosphere of 
saturated steam in a pressure chamber for a 
period of time just su?icient to soften markedly 
the middle lamella (lignin) , followed by a step of 
mechanical de?bration whereby the material is 
separated into ?bers also within the atmosphere 
of that pressure chamber. The condition of the 
atmosphere in this. pressure chamber or system 
is de?ned substantially by a temperature range 
between 212° F. and 390° F., and by pressures 
corresponding to saturated steam of that tem 
perature. 
The apparatus or system, to carry out said 

process, provides a pressure chamber in which 
the ligno-cellulose material such as wood chips 
is ?rst subjected to direct contact with the steam 
and then fed to a rotary re?ner. The apparatus 
is capable of continuous operation, since the chips 
are introduced into the system in the form of a 
plug by means of a mechanical pressure-feeding 
device, the feed pressure forming the plug being 
suf?cient to prevent the escape of steam through 
the plug inlet, while the ?nished or de?brated 
stock is discharged out of the pressure system by 
way of suitable valves in the discharge conduit, 

' substantially without impairing the operating 

or 

. 2 

necessary to soften the middle lamella, so that 
it can be separated into ?bers when subjected to 
the disen?bering action of the re?ner. The 
length of the period of treatment thus allowed 
for, is dependent upon the construction and 
capacity of the apparatus and hence variable only 

, within relatively narrow limits. ~ 
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pressure and other conditions therein in the ' 
system. 
I In the operation of the Asplund system, it is 
recommended that the chips be heated substan 
tially only until the interior of the chip has as 
sumed the temperature of the surrounding at 
mosphere of saturated steam, and that a period 
of less than 60 seconds and on the average 

50 

of 40 to 50 seconds is sui?cient for the material . 
to be brought up to the critical temperature 

Those variable factors that in?uence the Asp 
lund process as practiced to meet a variety of 
conditions, may be said to lie in the control of 
temperature and pressure alone. With the use oi 
saturated steam, each pressure value will have its 
corresponding temperature value. The possibili 
ties of in?uencing or adjusting the operation by 
way of these variables may be graphically repre 
sented by a line or curve i: a two-dimensional 
system, each point of that line or curve repre 
senting a pair of values such as a pressure value, 
coupled with‘ a temperature value. The possi 
bilities of conducting the operation may then'be 
viewed as being limited to the dimensions of that 
line or curve. . 

According to this invention, there are added 
to the operation of Asplund one or more control 
lable factors or variables, for instance, especially 
the time factor which, graphically speaking, adds 
another dimension to the ?eld of operating pos 
sibilities. In this manner are obtained unex 
pected and highly useful technical results inci 
dent to a great increase in the ?exibility and 
adaptation of the operation, and an unexpected 
improvement of the fiber product. In terms of 
apparatus, this means the addition or interposi 
tion in a system, such as that of Asplund, of: a 
treatment stage whereby such additional'or :ex- ‘ 
tended control can be practiced. 
The main objects of this invention are attained ‘ 

by introducing into such a heat-pressure system, 
a controlled stage or vzone of detention through 
which the material is conveyed at a controllable 
rate of speed, concurrently with a controllable, 
preferably mild, type of mechanical stirring, and 
under controllable conditions of temperature. 
pressure and atmosphere as may be maintained 
in said stage or zone. 
zone will herein be referred to as the reaction 
zone or chamber, and it is interposed in the pres 
sure system between the feeding or plug-forming 
end and the re?ner end thereof. The variable 
factor of controlled speed at which the material 
is passed through this interposed reaction cham 
rber, may affect the choice of the temperature 
and pressure factors, and consequently may help 
control the pre-conditioning of the ?bers prior 
to their entry into the re?ner where, in turn, 

For certain reasons, this ' 
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the condition of the material is liable to affect 
the power consumption incident to de?bration. 
To be precise, there are still other potential 

variable factors which, if superimposed upon the 
basic factors of pressure, temperature and time, 
may help to modify in a highly-sensitive and use 
ful manner, the operation in that zone. Such 
additional or superimposed factors are mechani-v 
cal and chemical. They lie invthe intensity and 
type of stirring action imposed upon the ma- 
terial, and in certain concurrent chemical or 
physical action that may take place of its own 
account or as a secondary result of the controlled 
treatment in that detention zone; or which may 
be induced in a more or less controlled fashion 
by the addition of chemicals to the material be 
ing exposed to the atmosphere in that reaction 

By utilizing all of these factors or vari 
ables, a cumulative advantage may be gained in 
the operating of the pressure system, and a maxi 
mum of economy, as well as a desired optimum 
in the qualities of the individual ?bers may be 
thus attained, with a consequent optimum in the 
strength and tear of the ?nal product. 

‘ Consequently, the invention has process and 
apparatus features having to do with the condi 
tioning of the ?bers prior to their entry into the 

' rotary re?ner in a pressure system of the 
Asplund type. 
According to one feature, a controllable deten 

tion period accompanied by stirring or rubbing 
action is imposed upon the material in the pres 
sure system ahead of the re?ner and in addition 
to the heat and pressure conditions prevailing 
therein. _ 

According to another feature, chemical re 
action or dissolving. action is added to the me 
chanical and thermal action during a controlled 
detention period. By the proper balancing of 
these factors with one another, the operation may 
be conducted with a minimum of consumption of 
steam, chemical, and power. A chemical, or 
chemicals is introduced into the detention zone, 
having a solvent action on or capable of render 
ing soluble resins, lignin and binding matter con 
tained in the cellulosic material being treated, but 
especially lignin. The chemical may be organic 
or inorganic, or may be acid or alkaline. It may 
be sodium hydrate or other sodium compound, or 
a mixture thereof. It may be a sodium-acid ‘sul 
phite, a free acid, an oxidizing or wetting agent. 
For instance, to produce a white pulp or ?ber 

approximately similar in color to unbleached sul 
phite pulp, it is proposed to use a sodium bisul 
phite solution with varying amounts of free S02. 
A magnesium or calcium base can be substituted 
for sodium or mixtures thereof. This solution 
may be injected or atomized into the system with 
the chips. The quantity of chemicals used, the 
pressure and temperature, and the length of the 
reaction or cooking period may be varied accord 
ing to the yield and the quality of pulp required. 
For instance, to produce a brown pulp or ?ber 

approximately similar in color to unbleached krai’t 
or soda pulp, it is proposed to use a sodium hy 
drate solution, with or without the addition of 
sodium sulphide, or other ,sodium compound. 
This solution should be injected or atomized into 
the system. The quantity of chemicals used, the 
pressure and temperature, and the length of the 
reaction or cooking period may be varied accord 
ing to the yield and the quality of pulp required. 
According to another feature, the interposed 

treatment stage or zone is embodied in a chamber 
provided with conveying mechanism by means 
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of which the material to be treated is moved 
along a path of suitable length at a controllable 
rate of speed. More speci?cally, this is an elon 
gated chamber preferably having major horizon 
tal sections provided with a rotary screw mixing - 
conveyor. 
According to still another feature, the addi 

tional treatment stage is a structural unit com 
plete with treating chamber and conveying mech 
anism therein, which, as such, can be inter 
posed in the Aspiund pressure system without 
substantial change thereof. 

In one embodiment, the additional. treatment 
stage is a unit comprising a pair of horizontally 
extending elongated sections, one of which is 
disposed parallel above the other, both sections 
having their respective end sections interconnect 
ed by way of passage sections through which the 
material can drop from both ends of the upper 
section into the corresponding ends of the lower 
section. The material enters this unit by way of 
the intermediate portion of the upper section and 
leaves by way of a substantially corresponding 
intermediate portion of the lower section. A ro 
tary screw conveyor in the upper section is bladed 
in a manner to convey the material from the 
intermediate portion in opposite directions to 
both ends thereof, from where it drops into the 
corresponding ends of the lower section, while a 
screw conveyor in the lower section, in turn, 
brings the material from both ends to an outlet 
in the inteimediate part. Since the Asplund 
pressure system comprises a receiving chamber 
or receiver from which the material drops down 
ward by way of a ?anged connection into a hori 
zontally-extending feeding screw leading into the 
de?brator, the present additional unit just de 
scribed may be conveniently interposed in the 
?ange connection between the receiver and the 
feed screw for the re?ner. 

It is among the practical results and advan 
tages of the improved process and system that 
the period of treatment or conditioning of the 
material prior to its entry into the re?ner, may 
be varied or else its passage through the treat 
ment zone correctly and accurately timed be 
tween relatively wide limits. Such controlled 
variations may run, for example, for periods be 
tween 1 and 60 minutes or in fact for any period 
desired, as compared with the 40 to 50 seconds 
period speci?ed in the Asplund patents. 
As another advantage there is yielded from 

the treatment according to this invention and 
as a result of time controlled thermal chemical 
andmechanical treatment, a de?bcred product 
of 'practically individually ?brous condition. 
This product appears to be relatively superior 
to anything of its kind, particularly with respect 
to the ?exibility or pliability of the ?bers, coupled 
with the preservation of the full length and of 
all the natural strength of the ?bers. In this 
way a ?nished product is obtained of a quality 
heretofore only obtainible by more expensive 
conventional methods. 
Another advantage due to the more carefully 

controlled treatment according to this inven 
tion appears to lie in the removal of resins, gums, 
and pitch from pine wood and similar woods 
during the heat treatment by reason of spon- , 
taneous secondary e?ects, namely, the solvent 
action of the turpentine then being freed from 
the material itself. 
As another advantage, the present improved 

process and apparatus constitutea valuable and, 
economically functioning adjunct or supple 
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mentary phase in the manufacture of chemical 
pulp by the soda-sulphate, sulphite and other 
processes. In these latter processes chips are 
used as a starting material. 
These chips vary from 1%" to sawdust. Gen 

eral practice is to remove sawdust through ap 
proximately %” mesh screens. Sawdust is 
wasted. In accepted chips there is still a con 
siderable percentage of undersize material so 
that when the chips are treated in the digester 
during cooking process, the undersize is over 
cooked with the resulting loss in'?ber yield. We 
now suggest that the mesh of the sawdust screen 
be increased to at least 1/2", thus removing all 
chips and sawdust which pass therethrough. 
The result of this operation will be that the ac 
cepted chips, when cooked, will produce more 
uniform and better quality of ?ber. The under 
size chips and sawdust that have passed through 
the 1/2" screen are treated separately by this 
process and the improved de?brator machine, 
so that a more uniform and high- yield of pulp 
will be obtained therefrom. 
As in treating wood chips, the chemical treat 

ment dissolves or deligni?es the natural binding 
material normally incrusting the ?bers so the 
lower temperature that is used is less likely to 
injure the ?bers. Thus is attained improved 
resiliency and flexibility of usable ?ber, from 
what, in standard practice in the manufacture 
of chemical pulp, is waste. ' 
With the improvements of this invention there 

is obtained economically an improved ?brous 
product that lends itself for a variety of uses 
heretofore ?lled by inferior products of equal 
or higher, price. For example, the ?brous prod 
ucts can be used to great advantage in the man 
ufacture of plastics and other molded products 

, in the place of wood ?our or the like. 
Our invention is not limited to the production 

of pulp and/or ?ber from wood chip and wood 
waste, but is applicable to the production of pulp 
and ?ber, for example, from any cellulosic start 
ing material, such as ?ax, wheat and other 
straws, grasses, bagasse, linters, etc. 
The invention possesses other objects and fea 

tures of advantage, some of which, with the 
foregoing, will be set forth in the following de 
scription. In the following description and in 
the claims, parts will be identi?ed by speci?c 
names for convenience, but they are intended to 
be as generic in their application to similar parts 
as the art will permit. In the accompanying 
drawings there has been illustrated the best em 
bodiment of the invention known to us, but such 
embodiment is to be regarded as typical only of 
many possible‘embodiments, and the invention 
is not to be limited thereto. 
The novel features considered characteristic of 

our invention are set forth with particularity in 
the appended claims. The invention itself, how 
ever, both as to its organization and its method 
of operation, together with additional objects 
and advantages thereof, will best be understood 
from the following description of a speci?c em 
bodiment when ready in connection with the ac 
companying drawings in which: 

Fig. 1 is a side view showing the temperature 
pressure treatment apparatus including the 

' novel treatment chamber interposed therein. 
Fig. 2 is a side view showing an enlarged lon 

gitudinal section of the treatment chamber. 
‘Figs. 3 and 4 are enlarged partial vertical sec 

tional views of the apparatus shown in Fig. 1 
having reciprocating plunger type pressure feed 
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mechanism at the inlet end and a rotary re?ner 
at the outlet end of the apparatus system, the 
interposed novel treatment chamber being only 
partly shown in broken-off fashion. 
Fig. 5 is a modi?cation of the pressure feed 

mechanism. I 

The temperature-pressure treatment appara 
tus, to embody this invention, comprises three 
main component parts (see Fig, 1), namely, a 
pressure feed and receiving section A at the inlet 
end of the system, a re?ner or de?brator section 
C at the outlet end of the system, and interposed 
between these two sections the novel controllable 
intermediate treatment section B. _ 

Substantially loose cellulosic material is fed 
at the inlet end of the temperature-pressure 
treatment system or apparatus through chute or 
pipe HIV or the like to a pressure feed device II 
in which the material is compressed into so-called 
plugs which are then delivered through a feed 
inlet opening into a receiving chamber or re 
ceiver l2 connected with the pressure feed device. 
A supply pipe l3 for steam and for chemicals, if 
used, leads into the receiver l2 for heating and 
disintegrating the plugs of material in the re 
ceiver. The very compression of the material 
in the pressure feed device II is intended to pre 
vent the escape of steam through the inlet end 
of the treatment system. I 

The pressure feed device H is of the recipro 
cating plunger type, comprising a crank-driven 
connecting rod l4 wristed at I5 to the plunger 
rod HE. A plunger l1 operates in a housing I8 
which receives the material to be treated from 
the chute l0, and forces measured portions of 
that material through a constriction member I9 
having a feed inlet opening normally closed by 
a check valve plate 20 suitably adiustably 
weighed as at 20' into the receiver I2. The re~ 
ceiver l2 comprises a horizontal portion 2| and 
a vertical portion 22 connected thereto. From 
the vertical portion or steam dome 22, there ex; 
tends a pipe 22' that in practice extends to the 
re?ner 31. As in the Asplund process, the woody 
material is treated in non-su-b-mergence. . 

'I'hen follows the novel controllable treatment 
section B, the construction of which may take 
a variety of forms but which extends generally 
downwardly from the upper section A to the 
lower section C. This section B is normally 
longer in vertical extent than the horizontal sec 
tions, as can be seen from the drawings. The 
basis of its construction resides in one or more 
major horizontally-extending treatment sections 
through which the material travels along a path 
of suitable length under the influence of suitable , 
mechanical conveying or stirring means, 
, More speci?cally and according to the present 
disclosure, the treatment section B comprises an 
upper main horizontal tubular section 23, and 
a similar lower horizontal section 24 extending 
parallel and substantially directly below the up 
per section. Both horizontal sections 23 and 
24 are interconnected at their ends by way of 
vertical passages“ and 26 respectively. An in 
let connection or neck 21 is provided upon the 
upper treatment section 23 intermediate the ends 
thereof, and which is ?anged as at 28 to the 
receiver portion 22. The neck 21 widens out in 
a manner to form a relatively smooth transition 
with the upper treatment section 23. The lower 
treatment section 24 has a discharge neck 29 
disposed intermediate the ends of that section 
and at a point substantially corresponding to ‘the 
neck 21 in the upper section. 
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In passing through treatment section B, the 
material divides and moves in opposite directions 
away from the neck 2'! and towards the ends of 
the upper treatment section 23, thence through 
the vertical passages 25 and 26 into the lower 
treatment section 24, and consequently from both 
ends of that section the material converges to 
wards the discharge neck 29. According to Fig. 
2 a conveyor and mixing screw 30 in the upper 
treatment section 23 is bladed in a manner to im 
pel the material in opposite directions, that is. 
outwardly and away from the inlet 21, while a 
conveyor screw 3| in the lower section 24 moves 
the material from the ends thereof towards the 
outlet 29. The conveyor screws 30 and 3| are 
shown to be driven by a chain drive comprising 
a. main drive chain 32 engaging a sprocket 33 on 
the upper conveyor screw 30, and further com 
prising sprockets 33' and 34 and chain 35‘ to 
transmit rotation of the upper conveyor screw 30 
to the lower conveyor 3|. The bent ?ngers 30' 
and 3|’ on the conveyors 30 and 3|, respectively, 
are effective in agitating the material being con 
veyed as well as lifting particles thereof out of 
the mass and dropping them back again. It 
should be noted that the rate of speed and hence 
the intensity of action of the conveyor screws 
upon the material may be varied either by vary 
ing the speedof each conveyor screw individually 
or by varying them both together. Variable speed 
means may be provided for this purpose although 
not particularly shown. It is to be noted that 
the treatment chamber B that forms the ?ow-l 
path of the material being treated increases in 
cross-sectional area from that of the pipe 22 to 
the sum of the branches of pipe section 23 and two 
pipes 25 and 26. That is, the cross-sectional area 
through which the material passes in pipe or neck 
22 is expanded or enlarged to perhaps double as 
the oppositely-directed branches or arms of pipe 
23 are encountered. In other words, the woody 
material or chips are provided, in the reaction 
chamber, with a spreading out space. If the pipe 
22' were full of chips, then each arm of the re 
action chamber would be only half full. This 
decrease of proportional content of the pipes of 
the reaction chamber, or this spreading-out of 
the material, is important. After being treated 
in this enlarged area or pasageway afforded by 
the reaction chamber, the passageway in the pipe 
29 is restored to initial size as it is in the pipe 22. 
Treatment section C comprises elements and 

machinery shown in the above mentioned 
Asplund patents, to which reference is hereby 
made regarding a detailed description of the parts 
contained in section C. 

Section C is connected to the outlet 29 of sec 
tion B by ?ange connection 36. Mainly it com 
prises a rotary re?ner 31 having a stationary 
abrading portion 318 and a rotary abrading por 
tion 311’, through which the material is fed by 
way of a feeding screw 38 which in turn receives 
the material through a neck 39 from the reaction 
chamber or controllable treatment section B. 
The feeding screw 38 is driven as indicated by a 
sprocket 40, while the drive for the rotary portion 
t‘!b of the re?ner is indicated by a pulley 4| ?xed 
on a shaft 42 carrying the abrading portion 311’, 
the shaft in turn being carried by journal bearings 
43 and M. Numeral 45 designates a device for ad 
justing the operating clearance between the sta 
tionary and the rotary abrading portions of the 
re?ner, a detailed description of which is found 
in the aforementioned Asplund patents. 
The re?ner has a housing 46 from which the 
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re?ned material is discharged through a sluicing 
system (not shown) of automatically operated 
valves which are designed to permit a desired 
operating steam pressure to be maintained 
throughout the treatment system, that is to say, 
in the receiver of section A, in the treatment 
chamber of section B, and in the re?ner of sec 
tion C. - ' 

A modi?cation of a feeding device for the re 
ceiver is shown in Fig. 5 where the reciprocating 
mechanism of Fig. 1 is replaced by a rotary feed 
and pressure screw 41 which forces the material 
or wood chips into the receiver in the form of a 
continuous strand. The tapered feed screw 41. 
operates in a tapered casing 18' that is supplied 
with chips through ‘the chute III. The screw is 
rotated by any suitable means such as by a driven 
pulley P. . 

Operation 

The material to be digested, such as wood chips 
or the like are fed through the chute 10 into the 
pressure feed device I l where each plunger stroke 
forms a compressed and compacted plug of the 
material, feeding it under pressure into the re 
ceiver l2. This feeding pressure of a compacted 
mass of the material is su?lcient to substantially 
prevent the steam pressure maintained in the re 
ceiver to escape by way of the feeding device. 
Steam ofsuitable characteristics, for instance, 
saturated steam of pressures corresponding to 
temperatures between 212° F. and 390° F. is ad 
mitted to the receiver through steam pipe I3, 
which, steam pressure maintains throughout‘ the 
entire treatment system and extends even into 
the re?ner 3‘! where the disen?bration of the ma 
terial takes place. When a neutral sul?te or re 
ducing chemical is added, there is then in the 
treatment section B steam vapor pregnant with 
chemicals or chemically-pregnant steam vapor. 
This steam seems to be readily absorbed by the 

chips, with the result that the ?bers in the chips, 
being chemically saturated are therefore protect 
ed from the action of the heat, so that they do not 
turn brown, as is usual with ordinary heat or 
alkali treatment. 
When using a pressure feeding device of the 

type shown in Fig. 5, the material is compressed 
and compacted by the feeding screw 41 and en 
ters the receiver in a continuous strand, rather 
than in the form of individual short plugs. In 
this method of feeding, like that of Fig. l, the 
water and air are squeezed from the chips, with 
the result that the chips become so dry and ab 
sorbent that thereafter they become quickly sat; 
urated with the steam and moisture from the 
higher temperature atmosphere of the reaction 
section." When the highly-absorbent_chips en 
counter the higher moist temperature of the re 
action section, they expand into a ?uifed condi 
tion. 
From the receiver 12 the steam-heated mate 

rial passes downwardly through the inlet neck 
21 into the treatment section B where it drops 
into the upper tubular portion 23. Here the mix 
ing and conveying screw 30 conveys one-half of 
the material in one direction and the other half 
in the other direction towards the respective ends 
of the tubular treatment portion 23, whence the 
material drops through the respective passages 
25 and '26 into respective end portions of the 
lower tubular treatment portion 24 where an- ‘ 
other mixing and conveying screw carries it'to 
the outlet neck 29, permitting it to drop into the 
feeding device 38 of the re?ner 31 in which lat 
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ter it is subjected to the disen?bering action of 
the abrading surfaces 31a and 31. From the re 
?ner the treated material is removed by sluicing 
it through a system of automatically operated 
valves not shown in the present drawings. This 
system of valves is designed to act as- closure 
against the steam pressure to be maintained in 
the system, while permitting the removal of the 
disen?bered material from the treatment system. 

Since chemicals or solvents may have been 
added in some suitable form or manner to the 
material in this treatment process, the dis 
charged pulp from the re?ner is washed free of 
chemicals or other impurities to the degree of 
cleanliness required. The waste chemical solu 
tion in some cases can be recovered and re-used. 
The pulp is then screened when necessary to the 
desired cleanliness. 
The pressure of the feeding device I l or .feed 

screw 41 respectively has the effect of reducing 
the water content of the chip, so that no excess 
amount, say, over 60% water, is contained in the 
chips fed into steam atmosphere of the receiver 
l2. The moisture content can be increased as it 
passes through thesystem until they reach the 
re?ner when the moisture can run as high as 
80%. ' 

The steamheated reaction chamber of the 
treatment section B is preferably of substantial 
horizontal extent, with its length selected with a 
view to controlling the length of time of passage 
of chips therethrough and thus the time that 
they are exposed to reaction in the chamber. 
This time interval will differ with different woods, 
and with different chemicals used, but in gen 
eral we prefer a reaction time interval of at least - 
two minutes, that may run even as long as sixty 
minutes. 
The regulatable mechanical conveying and 

mixing mechanism in the reaction chamber 23' 
and 24 permits of regulating the ?ow of the ma 
terial through the chamber so that the chemical 
and thermal action will be uniform and com 
plete. ' 

The extent or length of the ?ow path through 
the heated reaction chamber 23 and 24 coupled 
with the impelling and mixing mechanism are 
made use of to control the duration of the treat 
'ment of the material in the section B. It will 
be understood that by adjusting the speed of the 
conveying and mixing mechanism, 30 and 3| it is 
possible to cause a thicker ?ow of material to 
progress slowly through this treatment section 
or a thinner ?ow of material to pass faster there 
through. By the use of the double cylindrical 
U-shaped reaction chamber, there is obtained a 
long ?ow path while using little ?oor space or 
head room, but more important by the two-direc 
tional ?ow there is intended to be obtained a 
spreading-out rearrangement of the chip-s passing 

- therethrough with respect to each other. By the 
time the material reaches the re?ner 31, the 
chips have been broken down into pulp. During 
passage of the chips through the reaction cham 
ber, the compacting effect of the means for feed 
ing them into the reaction chamber is overcome 
and they are actually uncompacted, partly by 
being allowed to spread out in the enlarged sec~ 
tion of the chamber, and partly by action thereon 
of the screw conveyor means. 
The steam causes the chips to swell and to 

become more porous, so that they will absorb 
quickly the chemicals supplied to them. This 
allows the chemicals to exercise their action for‘ 
rendering soluble the lignin and other substance 

10 - 
in the wood that binds the ?bers of the wood 
together, which may be referred to as deligni?ca 
tion. The heated reaction chamber, by being 
elongated, provides the time factor necessary 

> for the chemicals to do their dissolving, but the 
mechanical impellers in that chamber also have 
a bene?cial function in. that the chips are rubbed 
against each other and kneaded in a manner that 

, stimulates the penetration of ‘the steam and the 
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chemicals thereinto with consequent e?ective dis 
solving of the lignin and of the binding substances 
present. . ' 

Even irrespective of the effect of introduced 
chemicals, an improved dissolving effect upon‘ 
the material may be had in the novel treatment ' 
section B because of the dissolving effect of sol 
vents developing from material or chips them- ' 
selves during that treatment, such as the pine 
solvent action of turpentine on the resins. 
At any rate, the quantity of chemicals used, the 

pressure and temperature, and length of the reac 
tion or cooking period, may be varied accordin 
to the yield and quality of pulp required. ' 
Furthermore, by the use of suitable chemicals, 

we ?nd that we can use lower temperatures and 
therefore, lower pressures in the steamheated 
reaction chamber, to obtain the desired soften 
ing and puri?cation of the cellulosic material-so 
that less mechanical treatment is required to rub 
the ?bers apart when fed to the re?ner. 
The .quality of the pulp or ?ber produced ac 

cording to this invention can be varied from 
what is known to those versed in the art of pulp 
and paper making as semi-chemical pulp, to the 
standard qualities of sulphite, soda and sulphate 
pulps. Pulp or ?ber produced by thermal and 
mechanical treatment alone contains a large per 
centage of lignin, and incrusting material, which 
may result in a brittle ?ber, whereas if a per 
centage of these materials is removed, as it is by 
the use of this invention apparently because lig 
min is rendered soluble, the resulting ?ber, being 
purer, is more ?exible and can bev mechanically 
treated to produce a stronger and more pliable 
?nished product such as kraft liner, papers to be 
saturated such as roo?ng and ?ooring felts; 
sheathing papers, and various grades of paper 
and paper board. ' 

Treatment according to this invention results 
in a more complete action, chemical and thermal, 
on the chips, with the result that the ?ber pro 
duced is softer and more pliable, and that the 
mechanical action to reduce to ?bers requires 
less power. A reduction in power requirement'to 
90 H. P. from 135, H. P., tantamount to a saving 
of 33.3%, is based on a steam-heat treatment of 
approximately 11/2 to 2 minutes (which is herein 
termed a “long heat treatment” as compared 
with the short treatment time speci?ed in the 
Asplund patents), and also based on a production 
of 10 to 15 tons of dry ?ber in twenty-four hours. 
The steam pressure and temperature and quan 

tity of steam used varies according to the quality 
of wood used, percentage of moisture in the wood, 
whether or not chemicals are used, and the quality 
of the fiber produced. For instance, when using 
loblolly pine, the steam pressure is 165 lbs., the 
steam temperature 366° F., and the~ quantity of 
steam per dry ton ?ber about 1500 lbs. 
As compared with the ?bers obtained in the 

“short heat treatment” speci?ed in the Asplund 
patents, we have found that with the “long heat 
treatment” of the present invention larger per 
centages of wood ?ber can be used because ofthe 
pliability'of the ?ber, and because, according to 

W 
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our experience; it is less woody and brash than 
the ?bers produced according to Asplund. For 
.wallboard, insulating board, pressed board and 
other paper boards manufacture this in 
creased pliability is of a distinct advantage. 
The process can be controlled to produce 
(A) A comparatively puri?ed pulp or ?ber 

similar to standard grades of unbleached sul 
phite, sulphate and soda pulps with a yield from 
the wood or approximately 50%. 

(B) A semi-chemical (brown) pulp or ?ber 
with a yield from the starting material from 50% 
to 95%, according to quality of pulp 'or ?ber 
desired. 
For example- ' 
(1) A semi-chemical pulp with a yield from 

the starting material of I70% to 80% will produce 
a satisfactory sheet of paper with a caliper of 
.009 for corrugating purposes in the manufac 
ture of containers. 

(2) A pulp or ?ber with a yield from the 
starting material of 85% to 95% for use in the 
manufacture of dry felts for the manufacture of 
roo?ng and ?ooring. 

(C) A semi-chemical‘ (white) pulp or ?ber 
with a yield from the starting material varying 
from 50% to 90%, according to quality of pulp or 
?ber desired. 
For example 
A semi-chemical pulp with a high yield ap 

proximating in quality high yield unbleached 
sulphite pulp for use in the manufacture of news 
print paper and paper boards, etc. ‘ 

(D) A ?ber suitable as ?ller material for. plas 
tics. ’ 

(E) Linters or other ?bers suitable for use 
nitrocellulose products and rayon. 

(F) Fibers from starting materials of wood or 
straws for use in the manufacture of insulating 
or hard boards. ' 
We claim: , - 

1. The steps in de?brating cellulosic material 
which comprise maintaining at a temper 
ature above 212° F. and at superatmospheric 
pressure an ever-changing con?ned body of va 
por, de?brating such material within said vapor 
body, said vapor body comprising a plurality of 
serially arranged zones of which the ?rst is a 
feeding-in zone through which material has hori 
zontal progression and the ?nal one is another 
through which material has horizontal progres 
sion and leads to the place of de?bration while an 
intermediate zone longer than the others extends 
generally downwardly, continually forcibly feed 
ing to said feeding-in zone such material in com 
pressed and compacted form, disintegrating such 
forms in said feeding-in zone, spraying onto such 
material at the place of such disintegration and 
before the forms leave the feeding-in zone a quan 
tity of a ?uid substance capable under the con 
ditions existing in the vapor body of removing 
incrusting material of the cellulosic ?bers, agi 
tating the material while progressing forwardly 
within the intermediate zone as well as agitating 
the material while progressing forwardly within 
the ?nal‘zone for controlling the rate of progres 
sion and the time of transit of the material 
through the zones whereby the rate of progres 
sion minimizes degradation of its ?bers while the 
time of transit determines the extent of incrus 
tation loss to be substantially ten per cent or 

‘in 

> more of the input material taken on a dry weight 

basis. 
2. That improvement in processes for recover 

ing liberated ?bers from cellulosic material 
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12 
wherein such ?bers have non-cellulosic incrust 
ing substances and are bound together as bundles, 
which comprises providing an ever-changing 
body of saturated vapor having extent through a 
plurality of zones in serial arrangement of which 
the ?rst and last extend horizontally while an 
intermediate zone longer than the other two ex 
tends generally downwardly, maintaining said 
vapor body at super-atmospheric pressure and at 
a temperature above 212° F., feeding cellulosic 
material to the ?rst horizontal zone, continually 
supplying to the ?rst zone of the vapor body a 
?uid substance capable of acting upon such in 
crusting substances of the ?bers to render soluble 
a quantity thereof, continually passing such ma 
terial in non-submergence through the vapor 
body, continually di?brating such material while 
in the vapor body at said temperature and pres 
sure for yielding unbound separate ?bers, contin 
ually ?owing such vapor through and from the 
zones of de?brating for conveying de?brated ?bers 
therefrom, controlling the rate of passage oi.’ the 
material through each of said zones as well as the 
total time of detention of the material in the 
saturated vapor body to be su?icient while mini 
mizing damage to the ?bers themselves to effect 
such solubilizing of incrusting substances to an 
extent of from substantially 10 to 50% of the 
dry weight of the input material, and submerg 
ing the material in water for removing such sol 
ubilized incrusting substances whereby to obtain 
separated ?bers of cellulose substantially liber 
ated from their incrustations. . 

3. In the vapor-treatment method of recov 
ering ?bers from compressed and compacted 
plugs of ligno-cellulosic material whose cellulosic 
?bers have naturally non-cellulosic incrusting 
substances and are bound together in bundles, 
wherein such material'is continually passed in 
non-submergence through an ever-changing va 
por’ body of ?owing saturated steam having a 
plurality of serially arranged zones of which ma 
terial in the ?rst and last has horizontal pro 
gression and an intermediate zone therebetween 
extending generally downwardly that is longer 
than the other two, maintaining said body at su 
per-atmospheric pressure and at a temperature 
su?lciently above 212° F. to be capable of soften 
ing such binding substances, and wherein such 
material is de?brated in such vapor into indi 
vidually separate ?bers; and the continuing steps 
o?-disintegrating such plugs upon entry into the 
vapor body, conditioning the material by con 
tinually spraying onto the disintegrating plugs 
within the vapor body controlled amounts of a - ' 
substance capable under the conditions existing 
in the vapor body including time of detention of 
the material'therein of removing such incrusting 
substances, positively agitating the material mov 
ing forwardly while within each said zone of the 
vapor body to minimize localized over-treatment 
as well as retardation of its progression, control 
ling the time of detention of the material in the 
vapor body to be longer than enough to soften 
such binding substances but su?lcient to e?ect 
such conditioning to the extent that there is a 
loss of non-cellulosic material in the recovered 
?bers of from substantially 10% to 50% of the 
input material on a dry weight basis, and wash 
ing the de?brated and conditioned material in 
water for removing conditioned incrusting sub 
stances therefrom to continually obtain sepa 
rated substantially un-degraded ?bers of cellu 
lose oi’ signi?cant ?exibility due to their incrus 
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tations being substantially reduced and their 
substantial liberation from water-solubles. _ 

4. The steps of removing non-cellulosic incrus 
tations from cellulosic material which comprise 
maintaining at a temperature above‘ 212° F. and 
at superatmospheric pressure an ever-changing 
body of vapor, the vapor body being con?ned 
in a plurality of serially arranged zones of which 
the ?rst is a feeding-in upper zone through which 
material being treated therein has horizontal 
progression and the ?nal one is another but lower 
zone through which such material has horizontal 
progression and leads to a, place of de?bration 
while an interposed zone extends generally down 
wardly and is longer than either of the other two 
zones, continually forcibly feeding to the feeding 
in zone such material in compressedforms con 
taining not substantially more than 60% mois 
two‘ on a dry-weight basis, disintegrating such 
forms in the feeding-in zone, spraying onto such 
material at the place of such disintegration in 
the feeding-in zone a quantity of a ?uid sub 
stance of a kind capable under the conditions 
‘existing in the vapor body of lessening incrusta 
tions on the cellulosic ?bers, agitating the mate 
rial to progress through the interposed zone as 
well as agitating the material while progressing 
within the ?nal zone for controlling the rate of - 
progression and the time of transit of the mate 
rial through the zones whereby the rate of pro 
gression minimizes degradation of the cellulosic 
?bers while the time 01' transit ‘determines the 
extent of incrustation loss for thus controlling 
the purity 01' the recovered cellulose ?bers, and 
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