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Continuation-in-part of application Ser. No. 170,110, 

Jan. 31, 1962. This application Aug. 13, 1966, Ser. 
No. 573,271 

6 Claims. (Cl. 241-28) 

ABSTRACT 0F THE DISCLGSURE 

A mechanical process for treating raw, uncooked wood 
chips in which increased amounts of energy are expended 
on the wood material to increase the strength of the re 
sulting pulp. Raw wood chips are fed centrally into a 
treatment area between a stationary disc and a rotating 
disc and are caused to move radially outwards over a 
sinuous path. The discharge at the periphery is restricted 
to increase the energy expended on the wood material, 
and the treatment area is enclosed to permit the steam 
generated to increase the pressure in the area. 

This application is a continuation-in-part of applica 
tion Ser. No. 170,110 íiled Jan. 31, 1962, and now aban 
doned. 

This invention relates to a process for converting raw 
wood by mechanical means into a wood pulp, and in par 
ticular, it relates to a mechanical pulping process for con 
verting raw uncooked chips into a wood pulp. 
Wood pulps which are produced by a process employ 

ing mechanical means only, that is which ̀ do not rely on 
the addition of chemicals in the process, are known as 
mechanical pulps. Water or substances occurring natur 
ally in the wood may be used in a process for producing 
a mechanical pulp, but the addition of chemicals does not 
take place for the pulp in its unbleached form; however, 
for bleached grades of mechanical pulp, chemicals are 
added which do not essentially change the yield of the un 
bleached pulp, but which do make the pulp appear bright 
er and whiter. On the other-hand, when chemicals are 
added to convert raw wood into a pulp, the resulting pulp 
is known as a chemical pulp. If a process for producing 
a pulp uses a combination of a mechanical means and a 
chemical means, the resulting pulp is referred to as a high 
yield pulp or a semi-chemical pulp or a mechano-chem 
ical pulp. For all these pulps the yield is less than for a 
pure mechanical pulp, the lowest yield is for the purely 
chemical pulp and the yield for the mechano-chemical 
pulp is close to the mechanical pulp yield. This invention 
pertains to a mechanical pulping process which converts 
raw wood in the form of chips into a mechanical wood 
pulp. 
A known process for making a mechanical woop pulp 

forces whole logs against a large revolving grindstone. 
The pulp produced by this process is commonly referred 
to as groundwood. In general, `groundwood is cheaper 
than other known types of wood pulp, and the process 
provides more pulp for a given weight of wood than other 
pulping processes. The groundwood pulps, however, do 
not always have the necessary properties to give a íinished 
paper product of the required quality. For example, the 
groundwood pulp, or paper made from groundwood pulp, 
may not have satisfactory runnability on a paper machine 
or in a printing press, or other properties in the linished 
paper product may not be satisfactory. As a result, various 
percentages of chemical and/or `semi-chemical pulps are 
incorporated with the groundwood pulp to give the mixed 
furnish or the finished product the required properties. 
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Since chemical pulps are expensive, every effort is made 
to keep the percentage of the chemical pulp content as 
low as possible. It will be apparent that any improvement 
in the properties of a mechanical pulp which reduces the 
chemical pulp content necessary for a given quality of 
paper, would be very desirable. 

In the past, refinements in the lgroundwood process 
have been made which improve the properties of the 
groundwood pulp, and this has resulted in a reduction of 
the chemical pulp content required for a given quality 
in the finished product. Intensive studies have been made 
of the operating variables in the groundwood process, 
and the ranges of groundwood pulp properties that may be 
achieved by the controlled variation of these variables are 
known. It has been found, very generally, that the more 
energy used or consumed in the grinding process, the 
stronger will be the resulting pulp. There are, however, 
limits to the increase in strength that can be obtained by 
increasing the energy used per ton of pulp processed. One 
limitation is that the drainage rate decreases fairly quickly 
as more energy per ton is used in the groundwood proc 
ess. The energy input cannot be increased past a point 
where the drainage rate or “freeness” becomes too low 
for a paper machine to operate properly. Thus, in the c'on 
ventional groundwood process there is a definite limitation 
to the strength that can be achieved. 

In another form of groundwood process it is known 
to subject whole logs to a coarse grinding step, to screen 
the resulting wood material, to refine the screen rejected 
material in a disc mill, and to combine the ground pulp 
with the pulp from the disc mill. This provides a pulp with 
strength properties generally less than or of the same order 
as that of conventional groundw-ood pulp. With this proc 
ess also there are limitations to the power than can be 
applied to or absorbed by the pulp and consequently there 
are limitations to the resulting strength. 

Recently attempts have been made to reñne mill chips, 
shavings, etc. lin a disc mill or disc reíiner t-o produce a 
mechanical pulp similar to conventional groundwood 
pulp. Because the wood material in this process is sub 
jected to a tearing and shearing action closely akin to 
grinding, the characteristics of the pulp produced are very 
similar to the characteristics of groundwood pulp. Con 
sequently the process is said to produce “groundwood 
from chips.” The strength of the pulp produced by the 
groundwood from chips process is generally less than or 
of the same »order as that of conventional groundwood 
pulp. 
The present invention seeks to provide a process for 

making an improved mechanical pulp from conventional 
wood chips. With the process of this invention increased 
amounts of energy can be absorbed by the wood material 
with a resulting increase in strength. The characteristics 
or properties of the pulp produced are quite distinguish 
able from the aforementioned conventional groundwood 
pulp or from groundwood pulp from chips. 

It is therefore an object of this invention to provide 
an improved process for making a mechanical pulp from 
wood chips. 

It is another Iobject of this invention to provide a proc 
ess for producing a mechanical pulp that has a greater 
strength than comparable prior art mechanical pulps. 

Further objects and advantages of the invention will be 
apparent from the following description taken in conjunc 
tion with the accompanying drawings in which, 
FIGURE l is a iiow sheet in block form of an overall 

mechanical pulp process in accordance with one embodi 
ment of the invention. 
FIGURE 2 is a simplified side View partly in section, 

of part of a disc reliner that may be used in the process 
of the invention, 
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FIGURE 3 is a fragmentary plan view of the plates 
used in the disc refiner of FIGURE 2, 
FIGURE 4 is a side View, partly in section, of separat 

ing apparatus that may be used in the process of the in 
vention, and 
FIGURES 5a and 5b are graphs showing examples of 

results obtained using the process of the invention. 
Briefly, the process of the invention in a basic form 

is for the treatment of Wood chips comprising the steps 
of feeding wood chips to a central area, moving the Wood 
chips from said central area radially along a sinuous 
path, during movement of said chips along said path sub 
jecting said chips to a continuously recurring ñexing ac 
tion to fiberize said chips, restricting the movement of 
said chips along said path to prolong the period of treat 
ment, generating steam with the heat created by the flex 
ing action and maintaining the steam at a desired pres 
sure. 

Referring now to FIGURE 1, which shows a fiow dia 
gram in block form of the pulping process in accordance 
with one embodiment of the invention, the designation 
number 10 represents a chip bin containing raw uncooked 
wood chips. Wood chips from chip bin 10` are conveyed to 
a refiner stage 11 comprising a disc refiner which will be 
described in more detail hereinafter. The wood chips in 
refiner stage 11 are subjected to a continuously recurring 
flexing action to fiberize the chips. The movement of the 
wood material through the refiner in stage 11 is re 
stricted »to prolong the treatment and permit a required 
amount of energy to be expended on the material. The 
output from refiner stage 11 is screened in coarse screens 
12 with the rejected material being returned to refiner 
stage 11 for further treatment and the accepted material 
being passed to fine screens 14. The rejected wood ma 
terial from fine screens 14 is fed into a mixing tank 15 
and 4the accepted material is passed to a centrifugal sep 
arator or cleaner stage 16. The separator stage 16 may 
comprise a centrifugal separator of the vortex pressure 
drop type to be described in more detail in connection 
With FIGURE 4. This type of cleaner or separator is 
known in the prior art for separating small amounts of 
undesirable wood material and dirt from a wood ma 
terial being processed. The acceptable pulp from sep 
arator stage 16 may be fed to a thickening stage 17 or 
similar final stage, and the non-acceptable wood material 
is transferred to mixing tank 15. 

It is important that the acceptable pulp be removed 
after the first stage of refining so that it will not be over 
processed in subsequent refining stages. This separation 
of the pulp after the first stage permits the necessary 
amount of processing to be used in the first stage to get a 
maximum yield of a good strength pulp from the first 
stage, and it also permits a suitable amount of additional 
refining to be given to those fractions of wood material 
which require it. 
From the mixing tank 15 the wood material is trans 

ferred to a centrifugal separator 20 where it is separated 
into two fractions which may be referred to as a coarse 
fraction and a less coarse fraction. The separator 20 is 
similar to that used in separator stage 16, except that it 
is operated differently in order to classify the material 
into two major fractions. As will be described subse 
quently, the stage 20 separator is operated at hydraulic 
pressures lower and reject rates higher than those in the 
more conventional separator stages 16, 26 and 27. Each 
of these two fractions from stage 20 are then subjected to a 
second stage of refining. The coarse fraction goes through 
a drainage stage 21 to a refiner stage 22. The block rep 
resenting refiner stage 22 is labelled “Refiners, Stage 2-C” 
meaning that it is a refiner refining a second stage of wood 
material and the Wood material is the coarse fraction. 
The reñner stage 22 may comprise a disc refiner conven 
tional in all respects and used in a conventional manner. 
The less coarse fraction goes through drainage stage 

23 to a refiner stage 24. The label on the block represent 
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4 
ing refiner' stage 24 means that it is a refiner, second stage 
refining, of the less coarse fraction. The refiner stage 24 
may comprise a disc refiner conventional in all respects, 
or it may be a reñner similar to that used in stages 11 and 
22 in which a special disc is used in a manner subse 
quently to be described. 
The outputs from refiner stages 22 and 24 are corn 

bined and passed through fine screens 25. The rejected 
wood material from fine screens 25 is returned to drainer 
stage 21 to become mixed with the coarse fraction from 
separator 20 and thereby reprocessed through refiner 
stage 22. The accepted wood material from fine Screens 
25 goes to a primary centrifugal separator stage 26 to 
be separated into an acceptable pulp and a primary re 
ject material. The acceptable pulp from stage 26 which 
may be called a secondary acceptable pulp is combined 
or mixed with the acceptable pulp from separator stage 
16 which may be called a primary acceptable pulp, and 
the mixed acceptable pulp may then go to a thickening 
stage 17 or other final stage. The primary reject ma~ 
terial from separator 26 goes to a secondary and tertiary 
separator stage 27 where secondary and tertiary accepted 
fractions are returned to drainer stage 21 for reprocessing 
with the coarse fraction from separator stage 20; alterna 
tively the secondary and tertiary accepted fractions may 
be returned to drainer stage 23 for reprocessing with the 
less coarse fraction from stage 20. The reject material is 
discharged as waste, or it may be reclaimed as a by 
product. 

In the second stages of refining of the wood material, 
that is in the refining of the wood material not accepted 
by stages 14 and 16, there are separate refiners for each 
fraction of this non-acceptable material. Because of this, 
different degrees and different types of refining can be 
given to each fraction (coarse and less coarse) as required. 
The treatment or processing may therefore be adapted 
to the material being processed and the results required. 
The overall process is very versatile because of the 
changes that can be made in it. The amount of energy ex 
pended on the wood material by refiner stages 11, 22 and 
24 may be varied and the fraction separation by stages 
12, 14, 16, 20, 25, 26 and 27 may be varied. The process 
may readily and conveniently adapted to produce pulps 
of different qualities for different products. In the case 
0f a coarser final pulp, for example, stages 16, 26 and 27 
may be omitted. It will of course be apparent that the 
non-acceptable wood material from separator stage 16 
may be divided into more than two fractions, and each 
of these fractions may be separately refined as required. 

Referring now to FIGURE 2, there is shown a simpli 
fied partial side view, mainly in section, of a disc refiner 
28 such as may be used in refiner stage 11 of FIGURE 
1. The refiner 28 has a casing 30 enclosing a rotating disc 
31 and a stationary disc 32. The rotating disc 31 com 
prises a series of segmented plates 36 bolted or otherwise 
secured to a backing disc 33 which is supported on shaft 
34. The shaft 34 is rotatably driven by a suitable motor 
(not shown). The rotational speed of the disc should be 
within the range 900 to 3600 r.p.m. The central part 35 
of rotating disc 31 is of a generally conical shape curving 
outwards towards the inner rim of plates 36. The por 
tion 35 serves as a guide to direct wood chips from the 
central area outwards between discs 31 and 32. 
The plates 36 have a surface that is sinuous in a radial 

direction. Reference to FIGURE 3 in conjunction with 
FIGURE 2 will illustrate one form of suitable plates 36. 
FIGURE 3 shows a plan View of part of two adjacent 
plates 36a and 36b. Radially extending ribs project from 
the surface of plates 36 and these ribs are also sinuous 
or wavelike in a radial direction following the surface 
of the plates. In other words, the plates 36 themselves 
and the ribs 47 both have troughs and crests at the same 
distances from the axis of the disc. The sinuous pattern 
extends all the way around the disc 31. 
The stationary disc 32 also comprises a series of seg 
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mented plates designated 37 which are bolted or otherwise 
secured to a backing member 38. The plates 37 have a 
sinuous surface provided with ribs, but the plates 37 are 
designed to mate with plates 36 as shown in FIGURE 2. 
That is, there is a crest on plates 37 opposite a trough on 
plates 36. The above waveline plate pattern is of course 
only one example of a suitable form of plates. Depending 
on the physical shape of the raw chips and the speed of 
rotation of the disc other plate patterns and plate orienta 
tions may be required for optimum performance. For 
example, in place of the waveline profile, a sinuous path 
can stiil be provided by a first plate pattern similar to the 
pattern hereinafter recommended for refining stages 22 
and 24. For higher speeds, higher pulp consistencies and 
fiatter plate patterns it is desirable to arrange the disc and 
plates so that there is a tapered gap between the plates 36 
and 37 so that the chips leaving the central part 35 will 
feed into the large end of the taper and progress outward 
along the sinuous path toward the narrow end of the taper 
between the plates. This taper may be straight or it may 
be slightly curved to give a gradually decreasing gap be 
tween the plates. 
At the higher rotational speeds it may also be desirable 

to increase the coarser part of the plate area 36h, com 
monly referred to as the “breaker-bar zone”; here the 
coarser wood chips are broken up into finer fibrous frag 
ments. For large machines, where the diameter of the 
rotating disc is for example greater than 45 inches, this 
can be more easily done without substantially limiting the 
finer plate area where much of the refining of the fibrous 
material is carried out. 
As hereinbefore mentioned, the rotational speed of the 

disc should be in the 90() to 3600 r.p.m. range. While 
superior pulps have been made at the 900 r.p.m. level 
using moderately high consistencies in the range 6-12%, 
it has been found necessary to use higher rotational speeds 
i.e. greater than 1200 when operating at high pulp con« 
sistencies in the range 15-25 % and higher. These high 
er speeds help to move the high consistency pulp 
through the sinuous path it must follow in order to effect 
the required flexing and fiberizing action. At the lower 
speeds, the high consistency pulp tends to choke the re 
finer to the point where the pulp will actually burn. In 
addition, of course, these higher speeds make it easier, 
from a purely mechanical and electrical point of view, to 
supply a high level of power to a given refining unit. 
The refiner 28 may have a rotating control ring 40 made 

up of a plurality of segmented sections 40a, 40b (FIG 
URE 3), secured to >backing disc 33 adjacent the outer 
periphery of plates 36. While control ring 40 when it is 
used, may be secured directly to backing disc 33 which is 
part of rotating disc 31, the control ring is usually con 
sidered to be a separate entity and is referred to separately. 
The control ring 40 may have its surface indented with a 
series of dimples 48 or may have another pattern incor 
porated in its surface. A stationary control ring 41, which 
may be similar to control ring 40 in all respects, is secured 
to a ring mount 42. Ring mount 42 is adjustably mounted 
in frame 30 in a known manner for movement towards 
and away from ring 4Q. The spacing between facing sur 
faces of control rings 40 and 41 can thus be adjusted. 
Not only is the control ring spacing adjustable, but the 

entire rotating disc 31 may be moved longitudinally to 
wards and away from 'stationary disc 32 in a known 
manner to make the spacing between discs 31 and 32 
adjustable. The adjustable spacing of both discs and con 
trol rings provides means to adjust the refining process 
for different pulps properties. The disc spacing is set for 
a required processing and the control ring spacing adjusted 
to give a desired rate of movement of wood material radi 
ally outwards between the discs. As a result, the length 
of time the wood material is retained between the discs can 
be controlled and the amount of energy expended on the 
wood material regulated. 

There are, however, certain types of refiners which are 
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6 
designed to incorporate other novel features and such a 
design can make it difficult or impractical for such a 
refìner to be equipped with a control ring. Under such 
circumstances where a refiner not equipped with a con 
trol ring has to be used, one may, -by a careful selection 
of the various other embodiments of our invention make 
a pulp with properties similar to the present invention. 
One such selection, for example, could include proper 
use of tapered plates in conjunction with higher con 
sistencies and higher rotational speeds. 

It will, of course, be apparent that disc 32 in retiner 28 
could be a rotating disc also. If both discs were rotating 
discs they would normally rotate in opposite directions. 
The refining process of the invention would not be effected 
by this. 
The input to reñner 28 comprises an input guide 43 

which conducts wood chips fed into it to a screw conveyor 
44 having a screw 45 rotated by a shaft 46. The output 
from reñner 28 is at the periphery of the discs where mate 
rial is collected and discharged through discharge out 
let 50. 
The operation of refiner stage 11 comprising reñner 28 

will now be described. Wood chips are deposited in the 
input guide 43 where they are conducted to screw con 
veyor 44. The screw 45 of conveyor 44 moves the wood 
chips towards the central portion 35 of rotating disc 31 
where the chips are guided into a path between the rotat 
ing disc 31 and the stationary disc 32. While the movement 
of individual chips may be irregular during the time the 
chips are between the discs, the over all movement from 
input to output is a radial movement. As the wood chips 
move radially outwards along the sinuous path provided 
between plates 36 and 37 of discs 31 and 32, a mass of 
chips builds up between the plates. As the chips follow 
the sinuous path they are subject to continuously recurring 
flexing action which fiberizes the chips. 

It is believed that the improved pulp derived from the 
first stage refining in refiner 28 may be the result of the 
great amount of fiexing to which the chips are subjected. 
The flexing produces heat and the combination of the in 
ternally produced heat and the fiexing action may break 
the fibre to fibre bonds and so fiberize the chips. The fibre 
bonds are complex and involve cellulose to lignin bonds 
and lignin to lignin bonds. It is possible that the heat 
developed by fiexing may raise the temperature of the 
wood to the lignin softening point. 

Thus, while the above describes how a superior mechani 
cal pulp may be produced using a rotational disc speed, 
plate patterns, plate orientation and pulp consistency all 
within a certain range, in order to maximize this repeated 
compression-relaxation action which tends to fatigue the 
gross woody structure of the material and so release the 
strong fiexible fibrous materials as well as to maximize the 
Wood-to-wood contact, it is desirabe to maintain the con 
sistency of the pulp ̀ between the plates within the medium 
to high consistency range (ie. 5 to 45% based on the 
oven-dry weight of the pulp). The actual choice of condi 
tions will depend on a number of factors mainly eco 
nomic in nature. In the case of production units requiring 
very high production rates, the tendency will be to choose 
high powered refining units (so as to minimize the number 
of units) this wiil require high rotational speeds and this 
in turn will suggest that the refiners be operated at as high 
a consistency as is feasible. 

In one embodiment of the invention the first stage 
refiner (refiner stage 11) may be substantially sealed from 
the atmosphere or pressurized. This will permit more 
of the heat generated by the fiexing action and fric 
tional action to be retained within the refiner, and the 
refining action will take place in a region of higher tem 
perature. No heat need be applied from an external 
source to achieve the higher operating temperature which 
is believed to aid in the breaking of the ñbre bonds. 

It is desirable in refiner 28 to keep to a minimum the 
shearing action between the metal surfaces of the plates 



3,411,720 
7 

and the Wood chips. Excessive w-ood to metal shearing 
contact abrades and tears the fibres and results in an ex 
cessive amount of undesirable chopped up pieces of 
wood instead of more desirable finer fibre aggregates. To 
help to keep the metal to wood shearing contact to a 
minimum and the wood to wood contact and flexing ac 
tion at a maximum, it is desirable to use discs which 
have a sinuous or tortuous radial path and also to main 
tain the spacing between the rotating and stationary discs, 
or more specifically between plates 36 and 37, greater 
than about 0.001 inch. The limits of acceptable disc spac 
ing appears to be of the order of between 0.001 and 
0.030 inch under most circumstances. The process, how 
ever, is very versatile and under some unusual condi 
tions these limits could be exceeded, especially when op 
erating at high consistencies. Normally, when operating 
in the medium consistency range of 5-15% the spacing 
will be of the order of between 0.005 and 0.020 inch 
with a preferred spacing of between 0.005 and 0.010 
inch. When using consistencies higher than about 15%, 
say of the order of 15 to 25% or higher, the plate Spac 
ing becomes less critical and a wider range can be used 
without `any ill effects. Generally, the spacing will lie 
within the wider range 0.02.0 to 0.100 inches. 
As was previously mentioned, in order to increase 

pulp strength, increased amounts of power can be ex 
pended on the wood material in accordance with the 
process of this invention. To expend more energy in the 
first stage of refining, that is in the refiner stage 11 of 
FIGURE l, the wood must be retained between the discs 
31 and 32 (FIGURE 2) for prolonged periods. The pas 
sage of wood material radially between discs 31 and 32 
may be controlled by changing the plate pattern and/ or 
by changing the control ring spacing. Obviously, if the 
depth of the waves in the surface of plates 36 and 37 
is increased and the slopes of the waves made steeper, 
the passage of the chips or wood material will be re 
stricted in a radial direction. It is also obvious that the 
passage will be restricted if the spacing between control 
rings 40 and 41 is reduced. A restrictive effect may also 
be obtained by choice of pattern on the control ring. For 
example, if wood is passing from a coarse sinuous plate 
pattern to a control ring having a fine flat pattern with 
a high surface resistance, it will encounter an abrupt 
change and its flow becomes restricted at the control ring 
even if the effective spacing between plates and control 
ring are the same. It is therefore possible to exercise very 
good control over the energy expended on the chips being 
processed. 

It has been found that an expenditure of energy in the 
first stage refiner, that is in refiner stage 11 of FIGURE 
1, of between about 80 and 200 H.P.D./A.D.T. (horse 
power days per air dry ton) will give a pulp with a high 
strength and good drainage properties from the first 
stage alone. It should be noted that the aforementioned 
energy values refer to refiner stage 11 alone and not to 
the overall process. Satisfactory and optimum values for 
the total process energy for various qualities of pulp are 
discussed subsequently in connection with FIGURES 5a 
and 5b. 

In the refiner stage 22, the disc refiner may be similar 
to the disc refiner 28 of refiner stage 11, except it should 
use the more conventional flatter-type plates having a 
regular barred pattern, The plate or disc spacing in re 
finer stage 22 may be much less than that in refiner stage 
11 and the wood material is at a medium consistency. 
In other words, refiner stage 22 may be operated in a 
conventional manner. 

In the refiner stage 24, the disc refiner may be similar 
to refiner 28 in refiner stage 11, and while it may use 
conventional-type plates, the preferred plate pattern is 
that where the surface is indented with a series of 
dimples. While refiner stages 22 and 24 may be similar 
to refiner stage 1l and operated in a similar manner the 
use of higher disc speeds together with the tapered orienta 
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8 
tion of the plates permits operation at high consistencies. 

While metal plate surfaces have been more generally 
used for refiner stages 11, 22 and 24, other materials 
having more abrasive surfaces have -been tried (eg. 
alundum, carborundum, etc.) and found very effective. 

Referring now to FIGURE 4, there is shown `a side 
view, partly in section, of a centrifugal separator or clean 
er of the vortex pressure drop type. This type of cen 
trifugal apparatus is know and has been used in the past 
for removing a small percentage of undesired particles 
from a pulp suspension. A description of an apparatus 
of this type and the manner in which it is operated to 
clean pulp may be found in United States Patent 2,927, 
693, of Freeman et al., issued March 8, 1960. The ap 
paratus is adapted in the process 0f this invention to 
separate a pulp suspension into two major fractions, and 
it may be conveniently used in separator stage 20. In 
separator stages 16, 26 and 27, it is used in a more con 
ventional manner. 

Briefiy, the separator which is designated 49 in FIG 
URE 4, comprises a barrel portion 51, a cone piece 52, a 
separation control enclosure 53, and a head piece 54. The 
head piece -54 has an inlet portion 55 which admits a sus 
pension of wood material and introduces it tangentially 
into the top of barrel portion 51, `at passage 56, to cause 
a high velocity vortex to occur in the barrel portion 51 
travelling down to cone piece 52. Inwardly of passage 
56 there is a cylindrical outlet aperture 57 extending up 
wards to an outlet conduit 58. A first fraction of the 
wood material passes out the aperture 57 and conduit 58. 
The ñrst fraction will comprise the lighter particles or 
fibers which are entrained in the more central upwardly 
moving portions of the vortex. 
The heavier particles are thrown outwardly and settle 

down the Walls into the control enclosure S3. Water or 
white water is introduced into enclosure 53 tangentially 
by control inlet 60 to create a vortex. This tends to 
dilute the downward vortex from cone piece 52 and 
causes heavier particles or fibres to be thrown against the 
outer wall of the separation control enclosure 53 and to 
pass down these outer Walls into a collecting ring 61 to 
discharge through outlet conduit 62. The second frac 
tion comprising heavier pieces of material is thus dis 
charged through conduit 62. 
The separation may be controlled as is well known, by 

varying the amount of Water being injected through con 
trol inlet 60. As the flow of water is increased through 
inlet `60 it tends to reverse some of the slower settling 
particles and entrain them in the inner upward moving 
vortex, while a decrease in water flow will allow more 
of the fine fibre to go out the outlet 62. This technique 
is known as elutriation and the enclosure 53 as the elutria 
tor. Suitable selection of control water flow and of the 
apparatus dimensions will adapt the apparatus to various 
consistencies, different wood material input suspensions, 
and different output fractions. In general, the elutriator 
is not used for separator stage 20 as the percentage rejec 
tion (i.e. the percentage of the second fraction) is very 
high. Because of its expense and because the use of an 
elutriator results in dilution of the stock, it is often only 
used in the last stage of centrifugal separation, such as, 
for example, in the tertiary separator of stage 27. If an 
elutriator is not required, then a centrifugal separator 
not having one is used. This type of separator is well 
known and is described also in aforementioned United 
States Patent 2,927,693. 

It is believed that the following specific examples of 
processes in accordance with the invention will aid in 
providing an understanding of the invention. Reference 
is made in the examples to the drawings, and in par 
ticular to FIGURE 1. 

Example I 

Chip bin 10 'was provided with conventional spruce 
and balsam chips having a moisture content of Át5-50%. 
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The chips were fed into a disc refiner (refiner stage 11 
of FIGURE 1) having a sinuous wave-like disc pattern 
and a dimple control ring pattern as shown in FIGURES 
2 and 3. The spacing of the discs or plates vias set at 
about 0.010 inch and the spacing of the control rings 
about 0.020 inch. While the control ring spacing seems 
to be such that it would exercise little restricting effect, 
this is not the case. It should be noted that the disc or 
plate spacing is measured from the closest points. With 
the sinuous pattern of the plates used, this spacing would 
be measured from the tops of the ribs on the facing plates. 
The plate pattern is fairly coarse and the root of the ribs 
or the plate surface is considerably different from the 
top of the ribs. The plate surfaces are therefore, con 
siderably farther apart than the ribs. The control ring 
spacing, on the other hand, would be measured from the 

10 

15 

surface of the ring. Consequently, Iwith the spacings used,  
there is a definite restricting effect exercised on the flow 
of wood material by the control ring. A contributing 
factor to this restrictive effect would be the different pat 
terns on the disc and ring as previously mentioned. 
The refining consistency in the refiner of refiner stage 

11 iwas about 8%, and the temperature at the input 
about 50-60° C. with the output temperature about 70 
90° C. The energy expended in this stage was about 125 
H.P.D./A.D.T. 
The output from refìner stage 11 was diluted to a 

consistency of about 2% and screened using Ms inch 
perforated screen plates (coarse screen 12). The reject 
material from these screens represented about 10% of 
refiner feed and was returned to the refiner. The accepted 
portion from coarse screens 12, at a consistency of 1% 
was transferred to a horizontal centrifugal screen (fine 
screen 14) equipped with 0.060 inch perforated screen 
plates. The rejected material was directed to mixing tank , 
15, 'while the accepted material, at a -consistency of about 
0.50% was passed through a centrifugal cleaner of the 
vortex pressure drop type (centrifugal separator 16). 
The inlet and outlet pressures respectively of the cleaner 
or separator were 51 p.s.i. and 1 p.s.i. The accepted pulp 
from the first stage represented 50% of the total feed. 
The non-«acceptable wood material was then separated 

by a centrifugal separator of the vortex pressure drop 

20 
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10 
proximately zero and the control ring spacing 0.005 inch. 
The consistency 'was about 7% and the temperature 50 
60° C. About 85 H.P.D./A.D.T. of energy was expended 
on the less coarse fraction. 
The pulps from the second stage refiners (stages 22 

and 24) were screened in a horizontal centrifugal screen 
using 0.060 inch perforated screens (fine screens 25). 
The rejected wood material was returned for reprocess 
ing in reñner stage 22, and the accepted pulp was then 
processed through a primary centrifugal separator 26 
under conditions similar to those in centrifugal separator 
stage 16. The accepted pulp from separator stage 26 
(secondary acceptable pulp) and the accepted pulp from 
separator stage 16 (primary acceptable pulp) are blended 
or «combined and represent the total output of acceptable 
pulp. The primary rejected material from stage 26 lwas 
processed through a secondary separator stage ‘and the 
secondary separator stage rejects were processed through 
a tertiary separator stage (secondary and tertiary sepa 
rator stages 27). These separators in stage 27 may also 
lbe similar to those in stage 16. The accepted fractions 
from secondary and tertiary stage separators were re 
turned to reñner stage 22 for reprocessing with the coarse 
fraction from separator stage 20. The rejected lwood 
material from the tertiary separator in stage 27 was dis 
charged as waste. 

in the preceding example, the process conditions were 
such that the ñrst stage energy expended (refiner stage 
11) was 125„H.P.D./A.D.T. Similarly the energy ex 
pended in the second stage refiners (stages 22 and 24) 
was 125 H.P.D./A.D.T. and 85 H.P.D./A.D.T of the 
Wood material being processed in each of the stages. 
The energies expended by stages 22 and 24 with respect 
to the total processed material was approximately 38 
and 27 H.P.D./A.D.T., respectively. This gives a total 
process energy of about 125-|-38+27=190‘ H.P.D‘./ 
A.D.T. This is considerably more energy than could be 
absorbed in a groundwood process for la pulp having the 
same freeness and it results in a much stronger pulp. 
For purposes of comparison, various properties of pulp 
produced by the process conditions in the example, are 
given in Table I with comparable properties of pulps ob 
tained b-y two conventional processes. 

TABLE I 

_ _ _ _ Process of coarse grinding and 

Process of this invention Conventional disc refining 
_ _ groundwood 

Property Refining Refining Refining Final Grinding Refining Final 
stage 11 stage 22 stage 24 pulp pulp 

Energy- _ _ 125 38 27 190 74 42 28 70 
Freeriess- _ 197 51 60 55 90 306 140 125 

k ____ _ _ 2. 72 2. 39 2. 45 2. 36 2. 5 3.31 2. 54 2. 49 
Burst factor. 17. 1 23. 4 26. 4 24 15 4. 63 14. 5 10. 2 
Tear factor _____________________ _. 85 60 81 75 45 40 58 42 
Breaking length-- __ 3, 290 4, 330 4, 475 4, 000 3, 200 1, 230 3, 130 2, 350 
`old______ ______ __ __ 25 75 246 201 l5 ________________________________ __ 

Strength factor _ _ _ _ _ _ _ _ _ _ _ _ _ . _ 45 45 53 49 30 18 34 24 

Energy, horse power days per air dry ton; Freeness, Canadian standard freeness; Bulk, ec./gm.; Burst factor, Tappi Standard; 
Tear factor, Tappi Standard; Breaking length, meters; Fold, double M.I.T. at 0.5 Kg. load; Strength factor, burst +36 tear. 

type into equal fractions each representing about 25% of 
the total feed. The inlet and outlet pressures of the sepa- 6 
rator in separatorstage 20 were respectively 35 p.s.i. and 
1 p.s.i. 

After passing through a drainer stage 21, the coarse 
fraction was processed by a disc refiner (refiner stage 
22) equipped with discs having a regular barred plate 
pattern with a spacing of _0.005 inch and a control 
ring having a dimple pattern with a spacing of 0.010 inch. 
The consistency was approximately 7% and the temper 
ature approximately 50° C. The expended energy for the 
coarse fraction of wood material |was about 125 H.P.D./ 
A.D.T. of the coarse fraction. 
The less coarse fraction was passed through a drainer 

stage 23 and was then processed in a disc refiner (re 
finer stage 24) equipped fwith discs and a control ring 

65 

70 

Table I indicates that it is possible to expend greater 
amounts of energy in the process of this invention and 
thereby increase the strength of the resulting pulp. 

Example I1 

Spruce and balsam chips were subjected to a similar 
process to that of Example I_ with the following modifica 
tions. Reñner stage 11 was provided with a sinuous but 
flatter barred disc pattern similar to that previously used 
in refiner stage 22 and the plates were arranged to leave 
a tapered gap. The spacing of the plates was 0.020 inch at 
the closest point in the taper. 
The consistency in refiner stage 11 was about 25%. 

The temperature at the input 60° C. and the output tem~ 
perature about 100° C. The energy expanded in stage 11 
Was about 80 H.P.D./A.D.T. Similarly, the flatter plates, 

both having a dimple pattern. The disc spacing was ap- 75 the tapered gap (no control ring) and a consistency of 
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about 25°% was used in refining the coarser fractions in 
refiner stages 22 and 24. The energy level in these latter 
stages was approximately 70 H.P.D./A.D.T. giving a total 
process energy of about 125 H.P.D./A.D.T. While this 
energy is less than Example I, and consequently the 
strength of the final pulp was less than that shown in 
Table I for the previous example, the properties of this 
pulp were still superior to that for conventional pulps. It 
will also be appreciated that the use of higher consisten 
cies in the second stages will require more elaborate and 
expensive thickening equipment than simple drainers (21 
and 23) (conventional pulp presses, for example, will 
serve at these stages). This may be avoided by the use of 
high consistencies (15% and higher) in stage 11 and 
lower consistencies (5-15'170) in stages 22 and 24. 
When a medium pulp consistency is used, as in Exam 

ple I, the process arrangement allows sufiicient time for 
any tight, localized, high consistency wads or balls of 
pulp to become disentangled. However, when using high 
consistencies, as in Example II, such tight balls of pulp : 
are more prevalent and care must be taken to provide the 
proper conditions for these wads of pulp to become disen 
tangled. While adequate dilution and time are important 
conditions, higher temperatures and mild agitation will 
accelerate the opening-up of these fibrous masses. 

Referring now to FIGURE 5a, the graph shows strength 
factor versus total process energy. Curve 64, shown as 
a solid line, indicates the general relationship between 
strength and energy input for a pulp made by process in 
accordance with an embodiment of the invention, while 
curve 65, shown as a dashed line, indicates the general 
relationship between strength and energy input for a con 
ventional groundwood pulp. It is apparent from FIGURE 
5a that the process of this invention permits increased 
amounts of energy to be expended on the pulp resulting 
in improved strength properties. While the total process 
energy may vary within wide limits, for example between 
90 and 300 H.P.D./A.D.T., and achieve improved pulp, 
better results are achieved when the total process energy 
is between 120 and 200 H.P.D./A.D.T. 

It may be seen that the curve 65 in FIGURE 5a tends 
to level ofi' with increasing process energy. Consequently, 
it appears that with a conventional groundwood process, 
very little increase in strength is achieved by increasing 
the energy consumption past 80 or 90 H.P.D./A.D.T. 
FIGURE 5b in a graph of freeness (Canadian Standard 

Freeness) versus total process energy. Curve 66, the 
solid line, indicates a general relationship between free 
ness and energy input for a pulp in accordance with the 
invention, while curve 67, the dashed line, indicates the 
same relationship for a conventional groundwood process. 
It will be seen that the freeness of groundwood pulp tends 
t0 decrease more rapidly than the freeness of the pulp in 
accordance with this invention for the same increase 
in process energy. 

Referring to FIGURES 5a and 5b together, it will be 
seen that for a freeness of about 60, the respective energy 
inputs from curves 67 and 66 would be about 90 and 
190 H.P.D./A.D.T. respectively. The corresponding 
strength factors would be about 31 and 51 respectively. 
The strength factor for a pulp in accordance with this 
invention is of the order of 1.6 times that of conventional 
groundwood pulp. In addition, it appears in practice that 
the properties of groundwood pulp and pulp produced in 
accordance with the invention are sufiiciently different 
that identical freeness measurements do not mean identi 
cal drainage characteristics of the pulps on a paper ma 
chine. The paper machine drainage characteristics of the 
pulp produced by this invention appear to be better than 
the freeness measurement (Canadian Standard Freeness) 
would indicate. 
A further embodiment of this invention relates to the 

pressurization of at least one of the disc refiners used 
in the process of the invention. Because large amounts of 
energy are expended in the process, considerable amounts 
of heat are generated. If a disc refiner, such as refiner 28 
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of FIGURE 2, were pressurized, steam could be gener 
ated within the refiner. This steam would be of the order 
of 50 p.s.i.g. and could be processed in a reboiler, if 
necessary, to provide cleaner steam for use in other paper 
machines. For example, the steam could be used in paper 
machine driers. In addition the pressurization would en 
able the refining process to take place at a higher tempera 
ture to assist the fiberizing of the wood chips as was 
previously described. 

While the invention primarily relates to a mechanical 
pulping process, it will be apparent that the advantages of 
the invention would still be achieved if chemicals were 
added at some point in the process or if chemically treated 
or partly cooked chips were used as the starting material. 
If chemicals are added during the process of the invention, 
the resulting pulp will be a semi-chemical pulp, but never 
theless the features of the inventive process will be used. 
Such semi-chemical processes are intended to fall within 
the scope of the invention. For example, it may be de 
sirable to add a bleaching chemical to the wood material 
being processed. This may be desirable to brighten the 
pulp generally, or in the embodiment where steam under 
pressure is present in one of the refining stages and the 
refining is at an increased temperature it may be desirable 
to counteract a possible darkening effect of the pressur 
ized step. If bleaching chemicals are to be added, it is 
convenient to add them prior to a refining step, for ex 
ample just before stage 11, so that chemical processing 
could take place concurrently with mechanical processing. 

It will be seen that the present invention provides an 
improved process for making a mechanical pulp from 
wood chips. 
We claim: 
1. A mechanical process for the treatment of raw wood 

chips using two discs, at least one of which is rotating rela 
tive to the other about a common axis, in apparatus having 
an input at the said axis and an output at the periphery 
of said discs, comprising the steps of, 

feeding raw wood chips into said input, 
directing the movement of the wood chips radially out 

wards between said discs, 
causing all the chips to follow a sinuous path as they 
move radially outwards subjecting the chips to re 
peated flexing action to ñberize the chips, 

restricting the discharge at the periphery of said discs 
to prolong the period of treatment between said discs 
until between 80 and 200 H.P.D./A.D.T. of energy 
has been expended on the wood material, 

retaining heat generated by the flexing action of the 
chips to generate steam, 

permitting the pressure created by the steam to rise 
above atmospheric pressure, and 

maintaining a desired pressure by withdrawing steam. 
2. A mechanical process as delined in claim 1 wherein 

the relative rotational speed of the discs is in the range 
900 to 3600 r.p.m. 

3. A mechanical process as defined in claim 1 wherein 
the refining consistency is in the range 6-12% and the 
relative rotational speed of the discs is about 900 r.p.m. 

4. A mechanical process as defined in claim 1 wherein 
the refining consistency is in the range 15-25% and the 
relative rotational speed of the discs is greater than 1200 
r.p.m. 

5. A mechanical process as defined in claim 2 wherein 
the refining consistency is in the range 5-l5% and the 
disc Spacing is in the range (LOGS-0.020 inch. 

6. A mechanical process as defined in claim 2 wherein 
the retining consistency is greater than 15% and the disc 
spacing is in the range 0020-0100 inch. 

References Cited 

UNITED STATES PATENTS 
2,425,024 8/1947 Beveridge et al _____ __ 162-236 
2,573,322 10/1951 Ernst ____________ __ 162-236 

GERALD A. DOST, Primary Examiner. 


