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1571v 
A unique system and process for producing an improved 
re?ner groundwood from a great variety of raw ?brous materi 
al including both softwoods, hardwoods and their waste 
residuals, characterized by a multi-stage disc re?ning of the 
raw materials. The ?rst stage re?ning is effected in a pres 
surized environment and features an absence of liquid except 
for that moisture embodied in the raw material per se in 
delivery to the re?ner. The ?rst stage re?ning is conducted 
under controlled conditions providing a moderate elevated 
pressure and subsequent disc re?ning is effected under at 
mospheric pressure conditions.' The unique result is a bright 
?ber yield equal to that available in straight atmospheric re?n 
ing. More importantly, the yield is achieved with a minimum 
of power. A most signi?cant result of the invention process is 
an unexpected reduction in bulk of the ?ber furnished. 

ABSTRACT 

30 Claims, 5 Drawing Figures 
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PULP REFINING SYSTEM AND PROCESS 

THE INVENTION BACKGROUND 

This invention relates to a new system and process for 
producing high quality re?ner groundwood from a broader 
spectrum of ?brous materials than heretofore deemed possi 
ble and with minimalized power requirements. The ?ber 
product produced in the use thereof is so reduced in bulk and 
otherwise improved as to more readily lend itself to the manu 
facture of quality paper products. 

In recent times unexpected advantage has been found to 
exist in re?ning of groundwood type pulp in a pressurized dou 
ble disc re?ner. One of the discoveries is that the pressurized 
double disc re?ning reduces materials to a greater extent in a 
single pass and to a more desirable individual ?ber form than 
previously possible utilizing single disc re?ners in a pres 
surized environment or any re?ners in an atmospheric en 
vironment. It has also been found, however, in previous efforts 
to use the bene?ts of pressurized double disc re?ning, that 
yield is somewhat reduced. Moreover, while the pressurized 
double disc re?ning has produced some uniquely ad 
vantageous results particularly bene?cial in the manufacture 
of end products such ashardboard or pressed type boards, 
there has been no satisfactory procedure for producing ?bers 
which are amenable to further treatment and re?ning after a 
?rst pressurized re?ning, as required to enable use of the 
?bers for quality paper products. Thus, while of recent years 
the potential of pressurized double disc re?ning has been 
recognized to some degree, no one has previously been able to 
fully exploit the potential of this relatively new concept. 

THE INVENTION 

The present invention substantially advances the bene?ts 
available in the practice of pressurized double disc re?ning. It 
provides a unique system and process which produces several 
unexpected results. It enables the successful retention of the 
bene?ts of pressurized double disc re?ning while overcoming 
the previously known disadvantages. By virtue of the inven 
tion one may now apply pressurized double disc re?ning in a 
multistage re?ning process to result in a yield equivalent to 
that afforded by straight atmospheric re?ning and in a ?ber 
product of reduced bulk, wherein the ?bers are longer and 
stronger and adequately bright to enable their application not 
only to improved newsprint but even higher quality paper 
products. 

It is a feature of the invention system and process which 
provides for multi-stage double disc re?ning that the ?rst stage 
disc re?ner, preferably, will be included in a segment of the 
system which is pressurized. The pressure in this segment will 
be elevated but moderate, as will be further described, and 
within the pressurized segment raw materials will be moved to 
and through the ?rst stage refiner in a condition characterized 
by the exclusion of liquid except that embodied in the raw 
material per se. It is a characteristic of the invention system 
and process that the period the raw materials will be within the 
pressurized segment will be extremely limited, for example to 
a time interval of approximately oneminute. In the practice of 
the invention the pressurized double disc re?ning will be fol 
lowed, normally, by at least one atmospheric re?ning stage. 

It is therefore a primary object of the invention to provide 
an improved system and process for producing a highly ver~ 
satile re?ner groundwood product from a great variety of raw 
?brous materials including waste and residuals. 

It is a further object of the invention to provide means to ex 
pand the market for re?ner groundwood. 

It is another object of the invention to utilize pressurized 
double disc re?ning and the advantages thereof in a pulp re?n 
ing system in a manner to produce a yield equal to that possi~ 
ble with atmospheric re?ning and a ?ber product which is 
‘better than that possible with straight atmospheric re?ning. 
An important object of the invention is to produce a re?ner 

groundwood having reduced bulk and one in which the ?bers 
are predominantly individual and have improved physical 
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2 
characteristics lending themselves to use in a variety of quality 
paper products. 
Another object of the invention is to provide a system and 

process for producing re?ner groundwood utilizing pres 
surized double disc re?ning whereby to make the resultant 
?ber product more susceptible to further treatment and re?n 
ing for high grade paper products. 
An additional object of the invention is to provide a system 

and process for producing improved ?bers possessing the ad 
vantageous features, the inherent meritorious characteristics 
and the means and‘ mode of application herein described. 
With the above and other incidental objects in view, as will 

more fully appear in this speci?cation, the invention intended 
to be protected by Letters Patent consists of the features of 
construction, the parts and combinations thereof, and the 
mode of operation as hereinafter described or illustrated in 
the accompanying- drawings, or their equivalents. 

Referring‘ to the accompanying drawing wherein are shown 
some but obviously not necessarily the only forms of embodi 
ment of the present invention, 

FIG. 1 is a generally diagrammatic view demonstrating the 
invention system in a preferred embodiment; 

FIG. 2 is a crosssectional view of a double disc re?ner such 
as utilized in the ?rst re?ning stage of the system of FIG. 1; 

FIG. 3 is a ?ow diagram representing the invention system 
of FIG. 1; and 

FIGS. 4 and 5 present modi?cations of the system as illus 
trated in FIGS. 1 through 3. 

Like parts of the system are indicated by similar characters 
of reference, throughout the several views. 

In FIG. 1, the continuous ?ow system of the invention is 
shown to include a chip bin 10 having at its bottom a cross 
screw feeder 11. A discharge outlet 12 of the feeder 11 opens 
directly to the top of a downwardly convergent hopper 13. 
The latter discharges directly to the inlet 14 of a rotary valve 
15, the outlet 16 of which is in open communication with the 
inlet to a horizontal conditioning tube 17. Within and extend 
ing the length of the tube 17 is a feed screw 18, the shaft 19 of 
which bears in the respective closure plates to the ends of the 
tube. One end of the shaft 19 projects to mount a pulley 20 
through the medium of which the screw 18 is driven from a 
power source in the form of a variable speed motor 21. In the 
diagrammatic illustration of FIG. 1 it is to be noted that the 
inlet of the tube 17 is to one end thereof and to its top. On the 
other han‘d,'the outlet or discharge opening of the tube 17 is at 
its opposite end and to its bottom. This last is connected by a 
tubular chute 22 to the inlet at one end of a tube housing a 
cross-feed screw 23. The screw 23 discharges directly to the 
inlet 24 of the double disc re?ner 25. 
As seen in FIG. 2 of the drawings, material passing through 

the inlet 24 will be conventionally directed to and through 
divergent passages 26 in the re?ner disc 27 which positions 
most adjacent the inlet 24. The passages 26 are circularly 
spaced about the hub of the disc which mounts on one end of 
the drive shaft 27'. At the center of the relatively opposed disc 
28, which mounts on the adjacent end of an aligned shaft 28', 
is a ?inger which on rotation thereof will function on the 
delivered material to direct the same outwardly for re?ning 
between the relatively rotating operating surfaces of the op 
posed re?ner discs 27 and 28. 
The housing 29 for the discs 27 and 28 has a discharge 

opening de?ned by one end of a discharge conduit 30. Incor 
porated in the conduit 30, in the example illustrated, is a “V" 
type valve 31. This is a valve which may be automatically con 
trolled in a conventional manner to maintain, as required, a 
pressure seal across the outlet from the housing 29. The valve 
15 is also of the nature to fonn a pressure seal, in this case 
across the inlet to conditioning tube 17. Accordingly, between 
the valves 15 and 31 there is a segment of the invention system 
the components of which are in direct and open communica 
tion and such segment is thereby conditioned to be pres 
surized, as required. The e?ect of the open communication in 
said segment is that the temperature and pressure therein will 
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be substantially the same throughout. The conditions applied 
in accordance with the invention will be further described. 

Referring further to FIG. 1, the discharge end of the conduit 
30 connects with and opens to the tangential inlet 32 of a 
cyclone separator 33. The latter has a generally conical shape 
and is provided in the top or base thereof with an over?ow 
tube 34 de?ning an outlet for discharge of steam and with an 
under?ow opening formed at its dependent apex. Through this 
under?ow opening are discharged the ?ber products resulting 
from the pressurized re?ning procedure carried out in the 
double disc re?ner 25. Attention is directed to the fact that 
there is connected into the separator 33, at the point where 
the tangential inlet merges with the body of the separator 33, 
nozzle means 37. The latter are connected to a suitable source 
of supply to direct a shower of water under pressure, or other 
suitable ?uid, in a sense across the tangential inlet and at right 
angles to the in?ow therefrom. The shower functions to wet 
and cool down the ?ber products and by the nature of its 
direction will produce therein an added separation. 
The ?ber discharge from the apex opening of the separator 

is directed to a cross-screw feeding device 38, of a conven 
tional nature, which directs the ?ber products issuing from the 
separator to a further double disc re?ner 39. This last may be 
similar to the re?ner 25 with the exception that it is open to 
the atmosphere and there is produced therein a condition for 
atmospheric re?ning. 

It is to be understood that only so much of the system struc 
ture is illustrated and here described as necessary to enable 
the understanding of the present invention by those versed in 
the art. 

Attention is again directed to FIG. 1 and particularly to 
valve 15. It is shown in diagrammatic form that the valve 15 is 
a conventional rotary valve embodying a vaned rotor 41 which 
includes peripheral and circumferentially spaced pockets 42. 
In the process of rotation, each pocket 42 successively 
presents itself to receive from the hopper 13 a charge of raw 
material, which charge it then carries to the inlet to the tube 
17 for delivery therein to one end of the feed screw 18. The 
discharged pocket then returns to receive another charge 
from the hopper 13. In the example illustrated, the vaned 
rotor turns in a counter-clockwise direction and it will be ob 
served that there is connected in the periphery of its valve 
housing a conduit to relieve from each pocket, as it ap 
proaches the valve inlet to receive a fresh charge of raw 
material, the steam which exists therein as a result of its com 
munication with the tube 17. This exhaust conduit, identi?ed 
as 43, connects to the tangential inlet of an exhaust cyclone 
separator 44. The latter includes an over?ow pipe 45 for 
discharge of any gas or steam delivered to the separator, while 
the open apex of the cyclone 44 delivers from the separator 
any ?bers which are transmitted from the rotary valve and 
directs the same to the bin 10 to re-enter the system with the 
fresh raw material. 

Note further that provided for the invention system is a 
steam header 46, from which steam header leads two lines 
identi?ed, respectively, as 47 and 48. The one line 47 is a con 
ventional purge line in connection with the end bells of the ro 
tary valve 15. On the other hand, the line 48 carries steam at 
system pressure and has a branch in connection with the ro 
tary valve to pressure the charge in each valve pocket im 
mediately prior to discharge to the tube 17 and a second 
branch 49 connecting into the tube 17 to provide therein the 
desired elevated pressure and conditioning environment. 
There is of course conventional valving to control the delivery 
of the steam to the tube 17. Further illustrated is a balance line 
51 the respective ends of which inter-connect with and open 
to the discharge ends of the tube 17 and the cross-feed tube 
23. As will be readily apparent, the object of this last line is to 
insure a maintenance of a substantially uniform pressure in the 
pressurized portion of the invention system between the valves 
15 and 31. 
The best way to illustrate the bene?ts of the invention 

system is a description of the process enabled thereby and in 
reference to an actual practice. 
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4 
Let us consider the application in the invention system, 

above described, of chips, shavings and sawdust derived from 
Pinus Radiata from which has been conventionally separated 
foreign materials without modi?cation of the raw material per 
se. In its natural state the material has a 40 to 42 per cent con 
sistency which would indicate a moisture content of 58-60 
percent. In the method of the preferred process take particu 
lar note that no liquid is added to the raw ?brous material 
prior to its delivery in a re?ned condition to the cyclone 
separator 33. 

In the practice of the invention process there is in this in 
stance established in the pressurized segment of the system 
between the valves 15 and 31, by the application of steam in a 
conventionally obvious manner, a pressure at a level of ap 
proximately 30 p.s.i.g. A temperature of approximately 135° 
C. is thereby established in such pressurized segment which is 
in direct correspondence with this moderately elevated pres 
sure. The re?ner plates 27 and 28 are preferably set to 
produce therebetween a spacing of from 0.005 to 0.040 
inches, the setting being dependent on the operating tonnage. 
With the above system and conditions established, the 

process is conducted by the continuous delivery of the Pinus 
Radiata in the chip, shavings and sawdust form into the bin 10. 
The material is fed from the bottom of the bin 10 by the feeder 
screw 11 which, in accordance with the control of its speed, 
meters the same to drop into the hopper 13. The latter func 
tions to successively ?ll the pockets 42 of the vaned rotor of 
the valve 15 which successively present themselves to align 
with the valve inlet 14. As the vaned rotor turns 180°, the raw 
materials in the pockets are discharged in their natural raw 
state to the feed screw 18 in the pressurized segment of the 
system. Note that in all cases there will be a uniform feed rate 
by the screw 18 and the cross-feed screw 23 to move the raw 
material rapidly from the valve 15 to the eye of the pressurized 
re?ner. The rate is so governed that the lapsed time between 
the valve 15 and the eye of the re?ner is approximately one 
minute. During this interval of time the raw material will be 
conditioned by the steam in the pressurized segment of the 
system at the pressure of approximately 30 p.s.i.g. and the cor 
responding elevated temperature. 
The degree of temperature and the pressure is so 

established to provide a moderate elevation thereof which is 
insufficient to irreversibly change the nature of the bonding 
agents in the raw materials. In reference to wood it is so 
limited to produce only some slight degree of softening of the 
lignin content. This is important to the practice of the inven 
tion. Moreover, together with the temperature and pressure 
control, the extremely rapid movement of the raw material 
into and out of the pressurized segment of the invention 
system insures the conditioning time is so controlled that there 
is insufficient exposure of the raw materials which would in 
duce, in any way, any degradation of the material ?bers or 
their brightness by reason of the pressurized environment and 
elevated temperature. Further, the level and condition of the 
environment as speci?ed is such that there is essentially no 
change in the moisture content of the raw material. 

Thus, as the raw material enters the housing 29 of the pres 
surized double disc re?ner 25, it is characterized by a lack of 
attendant ?uid or any moisture other than that contained in 
the body of the material per se. As the material moves into the 
eye of the re?ner, it is inherently and quickly ?ung outwardly 
between the operating surfaces of the re?ner discs 27 and 28 
and almost instantaneously ?ung into the pressurized chamber 
de?ned by the housing 29 and caused to exit to the discharge 
conduit 30, its passage therethrough being controlled by the 
automatically functioning valve 31 which is set to function as 
needs require. 
As a result of the condition of the raw ?brous material as it 

is re?ned in this ?rst stage re?ning unit and the environment 
of the pressurized segment of the system, there is delivered 
from the housing 29 to and through the conduit 30 ?ber 
products consisting predominantly of ?bers which are long, 
strong, relatively bright and extremely fluffy and nonbonding 
in character, the remainder being ?ber bundles. Even more 
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than this, the condition of the ?ber discharge from the pres~ 
surized re?ning unit, which is predominantly composed of sin 
gle ?bers, is found to be uniquely conditioned for optimal 
adaptability for further treatment and re?ning. 

In evaluating the surface structure of the ?bers produced 
from the raw material at this point by electron microscopy, it 
will be found that the ?ber condition is distinctive. There 
proves to be a degree of surface lamellation and ?brillation, 
serrated failure, pit border failure and irregularities which 
produces unobvious bene?ts. In contrast to prior re?ning 
procedures and proposed’ procedures wherein there is either 
essentially full chemical reduction of the lignin bond of the 
raw materials or a combination of a substantial solubilizing of 
the lignin and mechanical separation, we do not ?nd either a 
flowed coating on the ?bers or fiber bundles that exist in the 
?ber product after re?ning nor do we ?nd an irreversible 
change of the lignin coated ?ber which will preclude a ready 
and further treatment of the ?bers, as required for high quality 
paper products. 
So as to insure it will be understood as to what has taken 

place in the ?bers, where wall fragments of a ?ber peel off a 
?ber surface in the form of lamellas of varying size and shape, 
this is lamellation. Where micro?brils of which a ?ber is com 
prised are detached from a ?ber surface or loosened, this is 
called surface ?brillation. To the extent it has been possible to 
analyze, it would appear that surface modi?cation of this sort 
is particularly effected under the conditions speci?ed in the 
present invention, and such enables a more ready further 
working, treatment and re?ning of the ?bers. The conditions 
within the ranges contemplated establish that there is no ?ber 
degradation of a material nature in the process. In any event, 
the total effect of uniquely advantageous surface roughness in 
the end product is produced in the pressurized segment of the 
invention system. 
To complete an understanding of the irregularities possible 

in the surface portions of the ?bers, where there is an exposed 
outer layer of a ?ber wall and a stepped sawtoothed modi?ca 
tion, the ?ber structure is said to be serrated. Pit border failure 
and irregularities at the ray crosssings derive in the ?rst in 

' stance from failure of the hollow wall structure of a ?ber and 
in the second instance in the course of the breaking of the 
?ber bundles which are normally wrapped in rays which form 
a tie about the body thereof. It is of interest, at the moderate 
elevated pressures and corresponding temperatures practiced 
in the process of the invention that the type of surface irregu 
larities produced in the ?bers exposes micro?brillar surface 
which is rich in cellulose and contains smaller amounts of he 
micellulose and lignin. This is in contrast to the coating of lig 
nin and hemicellulose normally produced in prior practice and 
it is believed that this contributes to the fact that in the pres 
surized segment of the invention system the re?ning condi 
tions produce better ?bers and ?ber bundles having far more 
receptivity to further treatment in an optimal state for use and 
conditioning to produce quality paper products than would be 
normally anticipated. It is because of the nature of the irregu 
larities produced that the ?ber surfaces will after atmospheric 
re?ning then bond and behave favorably in beating and result 
in additional ?brillation and lamellation which are desirable to 
develop bond strength in effecting quality paper. It is this abili 
ty of the ?ber to have induced therein additional ?brillation 
and lamellation which is extremely important. 

Referring again to FIG. 1 of the drawings, as the discharge 
from the double disc pressurized re?ner 25 is directed to the 
valve 31, the reduced raw material together with the em 
bodied moisture content is at substantially the elevated tem 
perature of the pressurized segment of the system. This 
material discharge which is in the form of ?bers and fiber bun 
dles as previously described is blown through valve 31 and to 
the tangential inlet of the cyclone separator 33. There is some 
temperature reduction immediately after the valve. At the 
point of entry the incoming material is hit crosswise by a 
quenching spray of water directed at right angles to the 
direction of its in?ow. This wets down the ?ber product con 
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6 
sisting predominantly of ?bers together with ?ber bundles and 
reduces its consistency. The result of the conventional cyclone 
separating function is that any system steam is directed for 
discharge through its over?ow nozzle while the cooled ?ber 
product is directed through the apex of the separator in the 
course of a swirling motion thereof from the tangential inlet to 
the apex. It is noted that this procedure prevents the ?ber 
product from being exposed, before cooling, to atmospheric 
conditions which would degrade its brightness. By this means, 
therefore, one avoids premature contact of the ?ber product 
of the pressurized segment of the system with oxygen which 
would darken and degrade the ?bers. 
From the separator 33 the wet down ?ber product is 

directed by way of a screw feeder 38 to an atmospheric double 
disc re?ner 39. The latter will further re?ne the ?ber product 
of the pressurized segment to increase the single ?ber content. 
Even more, the use at this point, following the pressurized 
double disc re?ning, of atmospheric double disc re?ning 
creates a ?ber condition which signi?cantly reduces its bulk. 
As suggested heretofore, the re?ner 39 is preferably a double 
disc re?ner of the character described previously in reference 
to the double disc pressurized re?ner 25. 
Depending on the end use of the ?ber product, one may add 

in sequence further atmospheric re?ners. The number of 
added re?ning elements is not critical except for the require 
ments of the end use. Referring to the ?ow diagram of FIG. 3, 
it is there seen that the invention contemplates two re?ners 39 
in series for producing an extremely high quality newsprint. 

In the system and process described, it has been found that 
not only is there a signi?cantly improved end product but in 
achieving the same there has been a very signi?cant conserva 
tion of power. Further, there is created a freeness of the ?ber 
product to a degree required for quality paper end products. 
The ?bers are stronger with no signi?cant drop in tear factor. 
Their breaking length is improved and their brightness is 
maintained, irrespective of the pressurized ?rst stage condi 
tioning and re?ning segment of the system. Of most sig 
ni?cance, however, is an unexpected reduction in bulk of the 
end ?ber product. The signi?cance of this lies, for example, in 
the fact that the ?bers are found to interlace and interlock 
most readily so that in forming a paper sheet, one may form 
the same as a sheet of reduced thickness, thinner than previ 
ously possible, even though using and getting the bene?ts of 
pressurized re?ning. As related to newsprint, for example, this 
means that in a roll of given diameter one will achieve a much 
greater mileage of paper. This achieves an objective in con 
stant demand by the newspaper industry. 
Another feature of the invention system is that the ?ber 

product which comes out of the pressurized segment of the 
system here disclosed can have essentially the same moisture 
content as the natural raw material which is fed into the 
system to produce the‘?ber products. 
The preferred conditions in and with respect to the pres 

surized segment of the invention system has been described. 
However, there may be variations which do not materially 
alter its bene?ts and those of its process. For example, the 
pressure may be varied up to 10 p.s.i.g. with similar bene?ts 
and the conditioning time to the eye of the re?ner varied by a 
minute more or less without departing from the basic concept 
of the invention and retaining its advantages. Also, depending 
on the re?ner plate separation within the noted range, which is 
directly related to the nature of the raw material and desired 
end product, the I-IPD/T on may vary but in preferred environ 
mental conditions will not exceed from about 15 to 20 
HPD/Ton. 

In application to certain raw materials and under certain 
conditions dictated by the nature of the desired end product, 
the system of FIG. 1 may be advantageously modi?ed to 
eliminate the conditioning tube 17. In such event the outlet 16 
of rotary valve 15 will be coupled directly to the inlet of the 
tube housing the cross feed screw 23. Thus the pressurized 
segment of the system between valves 15 and 31 will now be 
limited to include the housing for feed screw 23 and the dou 
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ble revolving disc re?ner 25. The use and end result of the 
system will be essentially as previously described, the condi 
tioning period from the valve 15 to the eye of re?ner 25 being 
generally capable of being shortened to less than 1 minute. 
Brightness of the end product can be somewhat improved by 
this change. The further advantage is that where the material 
so permit there is a savings in capital investment and an added 
savings in power. 

Further modi?cations of the invention system and process 
are illustrated diagrammatic and in ?ow sequence in FIGS. 3, 
4 and S of the drawings. As noted in respect to FIG. 3, there is 
a second double disc re?ning procedure under atmospheric 
conditions to re?ne further the product of the ?rst atmospher 
ic double disc re?ning as previously described with reference 
to the system of FIG. 1. This additional atmospheric re?ning 
decreases the freeness of the ?ber product previously 
described but produces the unexpected ability and capacity of 
the individual ?bers discharged to interlock and interlace as 
incorporated in and forwarded for the creation of ?ber 
products of a quality nature. 
A modi?cation of a different nature is exhibited in FIG. 4 of 

the drawings. In this instance, prior to the chip bin 10 and the 
pressurized segment of the invention system, there is inserted 
between a primary source of supply of raw material and the 
chip bin 10 a press 60, preferably of the type known in the 
trade as a “Pressa?ner." In this screw press or Pressa?ner 
there is a continuing feed from the source of supply to the chip 
bin 10, in the process of which feed there is a controlled 
pressing and squeezing of the raw materials. The net effect is 
to mechanically loosen, to a limited degree, the ?bers of the 
raw materials and to simultaneously extract some of its 
resinous content and color bodies. This will increase the con 
sistency of the raw material to a limited degree prior to its feed 
to chip bin 10 and its entrance to the valve 15 and passage 
through the pressurized segment of the system as previously 
described. The result is that there is a further reduction of the 
horse power necessary for the system, in reference to the pres 
surized double disc re?ning of the raw materials. Accordingly, 
a primary advantage of the addition of the “Pressa?ner” is a 
power saving and a reduction of the wear factor on the disc 
re?ning surfaces due to the reduced load resulting. 
Looking now to FIG. 5, here in place of the “Pressa?ner,” 

shown in FIG. 4, there is substituted what is known in the 
trade as an “Impressa?ner" 61. The latter functions not only 
to squeeze and press but as a medium to incorporate in the 
body of the raw material itself, some ?uid which may be either 
water or chemical solution. It is noted that in this system the 
pressurized environment between the valves 15 and 31 is 
again as previously described. 
As the natural raw material as here diagrammatically shown 

is delivered into and through the screw type press constituting 
the “lmpressa?ner," there is a pressing and squeezing action 
on the material which tends to machanically effect some 
separation of the ?bers and to open up the raw material. A 
limited amount of ?uid which may be water or chemical solu 
tion as above noted is metered into the housing of the “Im 
pressa?ner" to provide that the same will enter the body of the 
fragments of the raw material to increase somewhat their 
moisture content. A chemical application may be used to in 
troduce into the raw material, for example, about l to 2 per 
cent Sodium Sulphite based on oven dry wood. In this manner, 
with the embodying or impregnating of the raw material with 
this or other conditioning chemical, properties are lent to the 
raw material which have the result of improving the strength 
and brightness in the ?nal end product which issues from the 
described system. This has been proven in tests. It is 
emphasized that the amount of ?uid introduced to the “Im 
pressa?ner" is controlled to inhibit the incidence of unwanted 
free liquid. 

It should be kept in mind that while there may be a change 
in consistency of the natural raw material from about 40 to 42 
percent, in this instance, to 34 percent, there is still the situa 
tion that when the raw material is advanced through the valve 
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8 
15 to tube 17 and feeder 23 for delivery to and re?ning in the 
re?ner 25, the raw material is not accompanied by free liquid 
or chemical. 

Therefore, there is no appreciable change in the basic in 
vention concept as represented in the ?ow of block diagram of 
FIG. 5. Here there is only the added embodying in the frag 
ments of raw material per se, a chemical which will produce 
desirable improvement in the length, strength and brightness 
of the resulting ?bers. The system will otherwise operate as 
previously described with reference to the showing in FIG. I 
of the drawings. 

In summary, the present invention concept has produced 
unexpected and unobvious results. It provides means for 
utilization of the new found advantages of re?ning in a double 
revolving disc re?ner to the end of producing a quality re?ner 
ground wood product with minimal bulk. Unique aspects 
reside also in the discovery of a method whereby to condition 
materials in their natural state without appreciably changing 
their moisture content, and in a double disc pressurized re?n 
ing procedure which has proven to separate ?bers so as to 
render them much more receptive and readily adaptable for a 
great variety of treatments for a great variety of purposes. The 
expansion of the market for re?ner groundwood which is pro 
vided by the invention is unmeasurable. It opens new avenues 
for reducing the cost of high quality paper products including 
improved newsprint. It further provides means whereby power 
requirements for a system of pulp re?ning may be minimized 
with optimal advantages resulting. 

It is to be kept in mind that the pressure and temperature 
conditions as prescribed herein together with the absence of 
dealing with large quantities of liquid and disposal of the same 
not only obviates the need for expensive ?uid handling 
systems and controls but resulting disposal, air and stream pol 
lution problems are obviated in the practice of the present in 
vention. While all the theory behind the unexpected results 
and the bene?ts achieved by the present system and process 
have not been fully determined, it nevertheless has been 
established that there are advantages heretofore unobtained 
and unobvious in the context and area of the invention. 
From the above description it will be apparent that there is 

thus provided a device of the character described possessing 
the particular features of advantage before enumerated as 
desirable, but which obviously is susceptible of modi?cation in 
its form, proportions, detail construction and arrangement of 
parts without departing from the principle involved or sacri?c 
ing any of its advantages. 
While in order to comply with the statute the invention has 

been described in language more or less speci?c as to struc 
tural features, it is to be understood that the invention is not 
limited to the speci?c features shown, but that the means and 
construction herein disclosed comprise but one of several 
modes of putting the invention into effect and the invention is 
therefore claimed in any of its forms or modi?cations within 
the legitimate and valid scope of the appended claims. 

I claim: 
1. A pulp re?ning process comprising the steps of maintain 

ing a re?ning segment ofa pulping system under seal, moving 
through said segment, in the initial portion thereof, raw 
?brous material substantially exclusive of attendant liquid ex 
cept that contained in the body thereof, during said movement 
subjecting said material to a conditioning ?uid in a substan 
tially gaseous state under conditions which inhibit addition to 
the moisture content of said raw material, in the ?nal portion 
of said re?ning segment subjecting the raw material, which is 
still maintained substantially exclusive of attendant liquid ex 
cept for its moisture content, to a separating action under the 
in?uence of opposed re?ning surfaces, one of which rotates 
relative the other, to produce elongate ?bers and ?ber bundles 
wherein outer surface portions are roughened to break their 
wall structure, said raw material being introduced into said 
segment in a high consistency form ranging from 30-92 per 
cent solids, and controlling addition of the conditioning ?uid 
to subject said raw material in said re?ning segment to pres 
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sure in the range of 25-35 p.s.i.g. and a correspondingly 
moderate elevated temperature whereby to condition the 
material for said separating action by producing only a limited 
reduction of the bonding power of the bonding agents which 
hold together its ?bers, to contribute thereby to the surface 
roughened condition of the ?ber products of said separating 
action, said separating action being effected by moving said 
conditioned material by opposed re?ning surfaces each of 
which rotates relative the other and in the process limiting the 
separation of said re?ning surface to a range from about 0.005 
inches to 0.040 inches apart. 

2. A process as in claim 1 characterized by maintaining 
steam in said segment under a pressure of about 30 p.s.i.g. 
while maintaining the separation of said opposed re?ning sur 
faces under 0.040 inches. 

3. A process as in claim 2 characterized bylimiting the time 
interval of said raw material in said re?ning segment of the 
pulping system to a period of from approximately 5% minute to 
about 2 minutes. 

4. A process as in claim 3 characterized by limiting the con 
ditioning interval to about 1 minute. 

5. A pulp re?ning process comprising the steps of maintain 
ing a re?ning segment of a pulping system under seal, 
establishing therein an elevated pressure under 50 p.s.i.g., 
moving through said segment, in the initial portion thereof, 
raw ?brous material substantially exclusive of attendant liquid 
except that contained in the body thereof, during said move 
ment subjecting said material to a conditioning ?uid in a sub 
stantially gaseous state under conditions which inhibit addi 
tion to the moisture content of said raw material, and in the 
?nal portion of said re?ning segment subjecting the raw 
material, which is still maintained substantially exclusive of at 
tendant liquid except for its moisture content, to a separating 
action under the in?uence of opposed re?ning surfaces, one of 
which rotates relative the other, to produce elongate ?bers 
and ?ber bundles wherein outer surface portions are 
roughened to break their wall structure, said process as ap 
plied to wood and like substance in the form of chips, shavings 
and sawdust separating the raw materials so as to produce in 
the separated ?bers irregularities of a nature to expose their 
micro?brillar surface which is rich in cellulose, continuously 
forwarding the ?ber discharge from said ?rst mentioned re?n 
ing segment to a second re?ning segment and further re?ning 
therein the ?ber discharge under atmospheric pressure condi 
tion to produce elongate, soft, strong ?bers having a tendency 
to interlace and interlock, in the process of forwarding the 
?ber discharge to said second re?ning segment cooling and 
quenching the same, and in said second re?ning segment sub 
jecting the cooled product to atmospheric re?ning between 
double revolving opposed re?ning surfaces. 

6. A pulp re?ning process comprising the steps of maintain 
ing a re?ning segment of a pulping system under seal, 
establishing therein an elevated pressure under 50 p.s.i.g., 
moving through said segment, in the initial portion thereof, 
raw ?brous material substantially exclusive of attendant liquid 
except that contained in the body thereof, during said move 
ment subjecting said material to a conditioning ?uid in a sub 
stantially gaseous state under conditions which inhibit addi 
tion to the moisture content of said raw material, in the ?nal 
portion of said re?ning segment subjecting the raw material, 
which is still maintained substantially exclusive of attendant 
liquid except for its moisture content, to a separating action 
under the in?uence of opposed re?ning surfaces, one of which 
rotates relative the other to produce elongated ?bers and ?ber 
bundles wherein outer surface portions are roughened to 
break their wall structure, and mechanically loosening the 
?bers of the raw material prior to said re?ning segment. 

7. A process as in claim 6 characterized by introducing con 
ditioning ?uid in the body of the raw material having loosened 
?bers to the extent it will accommodate the same, immediate 
ly prior to the said re?ning segment, and inhibiting in the 
process free liquid attending the raw material in moving to and 
between the opposed re?ning surfaces. ' 
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8. A system for re?ning ?brous materials comprising a dou 

ble revolving disc re?ner, means for feeding raw ?brous 
material to said re?ner in fragment, shavings and dust form 
and means for directing said materials from said disc re?ner 
for further treatment characterized by means sealing 
therebetween at least a portion of said feeding means and said 
disc re?ner to provide in said system a pressurized segment 
thereof, and, applied to said pressurized segment, means to 
provide a controlled and limited weakening of said raw 
material in an environment wherein there is essentially an 
absence of free liquid, said re?ner receiving the weakened 
material and providing means for a breaking and ?brillation of 
surface portions of the separated ?bers. 

9. A system as in claim 8 characterized by said weakening 
means including steam delivery means for establishing in said 
pressurized segment a pressure not greater than 50 p.s.i.g. and 
a correspondingly moderate elevated temperature. 

10. A system as in claim 9 characterized by an initial portion 
of said feeding means including means for pressing and 
squeezing said raw material to partially loosen the bond 
between ?bers thereof prior to the material entering said pres 
surized segment and moving to and between the double 
revolving discs therein, thereby providing in part said weaken 
ing means. 

11. A system as in claim 9 characterized by means con 
nected to said pressurized segment for mechanically loosening 
?bers of said raw material prior to entering said pressurized 
segment and applying in the body of said material condition 
ing ?uid in a manner to inhibit the creation of free liquid at 
tendant the raw material as fed to said pressurized segment. 

12. A system as in claim 8 characterized in that the double 
revolving discs of said re?ner are opposed and have the 
operating surfaces thereof spaced apart a distance not greater 
than about 0.040 inches. ‘ 

13. A system as set forth in claim 12 characterized by said 
operating surfaces being spaced apart a distance between 
about 0.005 to 0.040 inches. 

14. A system as set forth in claim 8 and including means for 
quenching and cooling the ?ber products issuing from said 
pressurized segment prior to direct exposure thereof to at 
mosphere. 

15. A system as set forth in claim 14 characterized by said 
quenching and cooling means being embodied in a cyclone 
separator in connection with said double revolving disc re?ner 
to receive its discharge, said quenching and cooling means 
being positioned at the entrance to said cyclone separator. 

16. A system as set forth in claim 15 characterized by said 
quenching and cooling means being arranged to direct ?uid 
directly across the in?ow of the discharge from said double 
revolving disc re?ner to said cyclone separator. 

17. A system as set forth in claim 16 characterized by at 
least one atmospheric double revolving disc re?ner connected 
with said cyclone to receive the ?ber products discharge 
therefrom and to apply thereto a secondary atmospheric re?n 
ing whereby to produce elongate strong ?bers having a ten 
dency to interlace and interlock and to achieve a reduced bulk 
form. 

18. Apparatus as set forth in claim 17 characterized by a 
second atmospheric double revolving disc re?ner in series 
connection with said secondary re?ner. 

19. Apparatus as set forth in claim 18 and mechanical 
means forming part of said feeding means for loosening ?bers 
of the raw material prior to disc re?ning. 

20. A pulp re?ning system comprising means for condition 
ing raw ?brous material to only partially weaken the agents 
which bond its ?bers, further means to act thereon to reduce 
the same to elongate ?bers and ?ber bundles and means to 
control the pressure of the environment of said conditioning 
and re?ning means providing that said ?bers and ?ber bundles 
issue from said re?ner with surface portions thereof lamel 
lated and ?brillated. 

21. A pulp re?ning process comprising the steps of de?ning 
a closed re?ner segment including a treatment chamber and 
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beyond said chamber a disc re?ner comprised of opposed 
counter rotating double discs, putting raw ?brous material 
through said segment ?rst through said chamber and then 
between the discs of said double disc re?ner, admitting steam 
to said segment to maintain pressure and temperature condi 
tions therein of such elevation to be insut?cient to irreversibly 
change the nature of the bonding agent in the raw materials 
and in the case of wood to produce a limited degree of soften 
ing of the lignin content, cooling the ?brous material after its 
discharge from said re?ner, and establishing a brevity of time 
and closed condition of con?nement of the ?brous material in 
its movement through said segment and to and through said 
cooling step to obviate degradation of the material ?bers and 
their brightness. 

22. A pulp re?ning process according to Claim 21 wherein 
the opposed discs are set to de?ne a clearance therebetween 
on the order of0.005 inches to 0.040 inches. 

23. A pulp re?ning process according to claim 21 wherein 
the step of de?ning a closed re?ner segment includes the 
provision of valves at opposite ends of said segment, at least 
one of said valves being a rotary valve containing supply 
pockets communicating successively with said segment in 
response to rotation of the valve. 

24. A pulp re?ning process according to claim 23 wherein 
said rotary valve is positioned at an input end of said re?ner 
segment intermediate said segment and a supply bin contain 
ing dry raw ?brous material, further characterized by the steps 
of utilizing pressure fluid to scavenge pockets of said rotary 
valve after communicating with said segment and of returning 
scavenged material to said supply bin under conditions in 
herently separating pressure ?uid from the returned material 
and discharging separated pressure ?uid away from said 
supply bin. 

25. A pulp re?ning process according to claim 21 wherein 
the pressure in said re?ner segment is maintained at about 30 
p.s.i.g. with a corresponding temperature ofabout 135° C. 

26. A pulp re?ning process according to claim 21 wherein 
the step of cooling re?ned material is carried out in a centrifu 

5 

IO 

20 

25 

30 

35 

45 

50 

55 

60 

65 

75 

12 
gal separator disposed beyond said re?ner segment and to 
which material discharged from said re?ner is conducted 
under conditions excluding the re?ned material from at 
mospheric contact, a substantial separation of ?uids from the 
re?ned ?brous material occurring in said separator. 

27. A pulp re?ning process according to claim 26 wherein 
cooling is effected by spraying liquid into the centrifugal 
separator at a location substantially to intersect the path of in 
coming ?brous material discharging from said re?ner. 

28. A pulp re?ning process according to claim 21, charac 
terized by the step in said double disc re?ner of breaking and 
?brillating surface portions of the natural ?bers in said ?brous 
material. 

29. A pulp re?ning system, comprising means de?ning a 
closed re?ner segment including a treatment chamber and 
beyond said chamber a disc re?ner having opposed counter 
rotating double discs, means for putting raw ?brous material 
through said segment ?rst through said chamber and then 
between the discs of said double disc re?ner, means for ad 
mitting steam to said segment to maintain pressure and tem 
perature conditions therein of such elevation to be insuf?cient 
to irreversibly change the nature of the bonding agent in the 
raw materials and in the case of wood to produce a limited 
degree of softening of the lignin content, means for cooling 
the ?brous material after its discharge from said re?ner, 
means establishing a brevity of time and closed condition of 
con?nement of the ?brous material in its movement through 
said segment and to and through said cooling step to obviate 
degradation of the material ?bers and their brightness, and 
means operable in the double disc re?ner to break and ?bril 
late surface portions of the natural ?bers in said ?brous 
material. 

30. A pulp re?ning process according to claim 26, charac 
terized by the step of subjecting cooled separated ?brous 
material discharging from_s_aid centrifugal separator to addi 
tional re?ning under conditions of open atmospheric commu 
nication. 


