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UNITED STATES PATENT office 
2,591,106 

PROCESS OF MAKING PAPER PULPS 

Daniel Manson Sutherland, Morrisville, Pa., as 
signor to Lionel M. Sutherland and Douglas G. 
Sutherland, trustees 
Application July 24, 1947, Serial No. 763,318 

(C. 92-13) 5 Claims. 
1. 

This invention relates to a process of making 
paper pulps from wood and particularly to a 
process of making high-yield pulp. - 

In the paper making art it has heretofore been 
proposed to increase the yield of wood pulp by 
decreasing the degree of chemical action taking 
place in the digester. However, other difficul 
ties encountered in the subsequent use of such 
"high yield” pulps have led to an effort in the 
art to avoid rather than to encourage their pro 
duction. The present invention is directed to 
the production of an improved paper pulp 
through a process which includes initing the 
chemical action taking place in the digester be 
low that normally employed, discharging the pulp 
thus digested into a blow tank and there reduc 
ing and controlling its consistency, and a special 
refining step in which the pulp, while Still sus 
pended in the hot cooking liquor, is subjected to 
the action of a refiner prior to washing or other 
removal of the hot cooking liquor from the pulp. 
The arrangement of suitable apparatus for car 
lying out this process is shown diagrammatically 
in the drawing in which there is shown a chip 
bin 0 adapted to feed wood chips to the digester 
it. After a controlled heat treatment under 
preSSure in Such digester, as described at a later 
point in this specification, blow-off valve 8 is 
opened and the pulp is transferred to blow tank 
2 which has sufficient capacity to handle the 

total output of digester if and three additional 
digesters (not shown) arranged in parallel. This 
makes it possible to maintain continuous opera 
tion in the blow tank. An agitator 9 is provided 
in the lower portion of the blow tank 2 and is 
continuously rotated through the action of mo 
tor f3. The hot pulp, together with the associ 
ated hot cooking liquor, coming from the digest 
erS is diluted in the blow tank with hot brown 
liquor from washers 27 and 28. This brown lig 
uor is a diluted black liquor formerly associat 
ed with the pulp and is produced at the wash 
ers by washing the pulp which comes from the 
refiner chest. The hot pulp in the blow tank 
is thinned by the addition of such brown liquor 
to a controlled consistency as later described and 
continuously withdrawn from the blow tank 2 
to the magnetic separator 5 and Jordan 6 
and thence to a number of refiners (T, 8 and 9 
where the pulp is refined while still hot. Pump 
4 is provided for maintaining the flow of stock. 
The refiners are preferably of the disc type such 
as shown in my U. S. Patents No. 2,035,994 and 
No. 2,156,321 and are arranged to operate in par 
allel. Motors 5, 6 and T are provided for driv 
ing the rotating discs of refiners 7, 8 and 9. 
The refined discs are of a design adapted to sep 
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arate the fiber bundles without producing fines 

2 
but still reducing the amount of screen rejects 
to less than 3% of the air dried pulp. The quan 
tity of pulp passing to each disc refiner is con 
trolled by gate valves 20, 2 and 22. A return 
line 23 is provided for carrying excess hot pulp 
and hot cooking liquor back to the blow tank f2 
and a gate valve 24 is provided, as shown, for 
controlling the rate of flow in the return line. 

Following the refining step the pulp is trans 
ferred to a refiner chest 25 from which it is 
pumped by pump 26 to washers 27 and 28 which 
may be of the vacuum type operating in parallel. 
Following the washing step the pulp is trans 
ferred to a dump chest 29 and ultimately to a 
rough chest 3 through the action of pump 3. 
The rough chest is a tank adapted to collect oc 
casional overflow from the head box and is de 
signed to mix this overflow with washed pulp 
from the dump chest, thereby returning said 
overflow to the head box. Hot brown liquor from 
washers 27 and 28 is returned to blow tank 2 
through a consistency regulator shown diagram 
matically at 32 which includes a regulator valve 
33 controlling the flow. Walve 33 is opened or 
closed in response to changes in the agitator load 
applied to motor 3 which is mounted on a bear 
ing SWivel base (not shown). A change in the 
agitator load causes motor 3 to turn on its axis 
in the opposite direction and this results in a 
lifting or lowering of regulating weights 34 and 
a corresponding adjustment of the flow through 
valve 33. 
From the rough chest 30 the stock is trans 

ferred by pump 35 to headbox 36 which is pro 
vided with an overflow compartment 37 and an 
overflow line 38 feeding back to rough chest 30. 
From headbox 36 the stock is passed to fine 
Screens 39 and thence through filter 40 and re 
pulper 4 to filter chest 42. The rejects from 
the fine screens 39 are returned through line 43 
to blow tank f2 thus forming a closed system and 
eliminating separate equipment for refining the 
rejects. 

Having described a suitable arrangement of 
apparatus for carrying out the process of the 
present invention, I will now set forth preferred 
conditions of operation for carrying my process 
into effect. The description which follows is ap 
plicable particularly to what is known in the art 
as the alkaline process and particularly to the 
Sulfate process. It will be understood, however, 
that by Selecting Suitable comparable conditions 
the process of the present invention may be ap 
plied to the making of paper pulp by the soda 
process or by the neutral sulfite process. 
At the start of the operation the digesters are 

charged with wood chips of the usual size and 
length and the covers bolted on. The charge of 
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alkali used in the digesters is selected in the 
range between 400 and 450 pounds of alkali 
(measured as Na2O) per ton of air dry pulp. By 
means of steam the temperature of the digester 
charge is raised to about 340 F. at a preSSure 
of about 110 pounds per square inch in a time 
period of about one hour and forty-five minutes. 
The cook is then held at this maximum temper 
ature and pressure for a period of about fifty 
five minutes after which it is transferred from 
the digester to the blow tank. 

Alternatively, a lower concentration of alkali 
and a longer digesting time may be employed. 
It is also possible to use a lower temperature and 
more time. In all such adjustments or variations 
of the three variables controlling the degree of 
cooking it is only necessary to achieve the desired 
limited action while producing a cook sufficiently 
hot to have the desired temperature when it ulti 
mately reaches the refiners in its diluted form. 
The pulp and its associated black liquor is 

blown from the digester at about 340 F. into a 
blow tank. However, this temperature drops in 
mediately to about 220 F. in the flashing-off 
which occurs in the transition from 105 pounds 
per Square inch to atmospheric pressure. The 
consistency is then reduced from about 12 to 15% 
fiber Solids to about 3.25% fiber solids using hot 
brown liquor from the washers for the dilution. 
This dilution, coupled with heat radiation losses, 
further reduces the temperature to about 200 F. 
to 210 F. depending upon the temperature of 
the brown liquor coming from the washers which 
is normally about 160° F. to 180° F. At a con 
trolled consistency of 3.25% fiber solids the pulp 
is then passed through a separator and, where 
necessary, a Jordan or other chip breaker to the 
refiners. This is carried on as a continuous flow 
process and the temperature of the pulp as it 
comes to the refiner is about 180°F. to 210 F. 
While it is possible to use various types of pre 

cision refiners, provided the clearance is suffi 
ciently close and can be so maintained, the type 
which I have found most practical and efficient 
is made up of one stationary and one rotating 
disc driven at about 450 R. P. M. by a 350 horse 
power motor. It is possible to use either 42 inch 
or 48 inch discs but in either case the disc pat 
tern and construction should be such as to pro 
Wide a rubbing out of the fibers and fiber bundles 
Suspended in the hot alkaline liquor. Nickel 
chromium steel discs have proven very satisfac 
tory for this purpose. The degree of refining is 
controlled by regulating the back pressure of pulp 
in the line and by properly setting the clearance 
between the refiner discs. An ammeter (not 
shown) on each refiner is employed to measure 
the current being used. As the discs are set 
closer the power input and the back pressure 
increase. I have found that optimum results 
are obtained by operating the refiners in such a 
way that each motor is delivering from 140 to 
175 horsepower. This is accomplished by prop 
erly adjusting the disc setting and the inlet pres 
Sure to give the requisite current indication at 
the applied voltage. 
The Wood chips introduced into the digester 

consist of fibers which are primarily composed 
of cellulose. These fibers are held together by 
non-cellulosic encrustants of which the principal 
constituent is lignin. The process of the present 
invention is directed to weakening the encrustant 
bond holding such fibers together without resort 
ing to treatment which destroys or degrades any 
Substantial part of the cellulose fibers or fiber 
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4 
bundles. This is accomplished by a treatment ini 
the digester which is sufficient to weaken the 
bond but is not vigorous enough either to com 
plete the required fiber separation or to bring 
about degradation of the cellulose. It is my belief 
that this limited treatment in the digester has a 
softening effect on the lignin and other encrust 
ants but does not result in any substantial sepa 
ration of the fiber bundles. Separation of the 
fiber bundles is accomplished in a Separate step 
by rubbing such bundles out while hot and alka 
line in a Suitable refiner. In this connection it is 
important to note that the necessary separation 
of the fibers and fiber bundles in the refiner can 
not be satisfactorily accomplished if the pulp 
Coming from the digester is allowed to cool. 
Where this is attempted a physical degradation 
of the fibers takes place and the refiner cannot 
properly handle the pulp in the substantially non 
plastic form which results from cooling. For a 
number of reasons it is not possible to pass the 
pulp directly from the digester into the refiner. 
Such a procedure is not Suitable in the practice 
of the present invention due to the fact, that the 
fiber bundle separation carried out in the refiner 
requires a very close and accurately controlled 
clearance between the refiner discs and it is not 
pOSSible to operate the refiner discs at such close 
clearances at the consistency of the pulp coming 
directly from the digester. Moreover, tramp 
metals which are always present in the digester 
pulp, even where magnetic separators are used 
on the incoming chips, would quickly destroy the 
effectiveness of the refiner discs and the neces 
sary fiber bundle separation would not be ob 
tained. 
The pulp produced by the process of the present 

invention is entirely different both in composi 
tion and characteristics from any pulp produced 
using Conventional processes of cooking, Washing, 
Screening and then refining. This will be appar 
ent from the characteristics set forth in the foll 
lowing tables covering characteristics of the pulp 
and also unbleached kraft paper made from such 
pulp for test purposes. 
Pulp as it conies from the refiners: 

Rejects on .006' cut screen.--percent 2.8 
Accepted pulp: 

Chlorine number -------------------- 14.5 
Lignin ------------------------------ 13.2 

Rejects: 
Chlorine number -------------------- 18.5 

Unbleached craft paper 
TAPPI BEATER TEST,6500 GRAMS ON BED PLATE, LEVER 

Beating Freeness Burst Tear Length Big Gis 5 "Go Bulk | F. For di. SES. 
718 2,27 36, .55 6, 120 2.7 
70 96 68.3 1.25 . 8, 190 2.9 
606 1.65 84.5 0.99 11, 400 3.4 
507 1.56 88.5 0.92 11,880 3.. 6 
376 l,50 912 0.84 12,150 3, 6 
283 1.46 92.5 0.82 - 12,260 3.7 
84 1.45 93, 4 0.77 12,290 3.6 

ON FREENESS BASIS 

700 1,95 65 25 8,200 2.9 
650 1.75 80 1.06 10,500 3.2 
600 1.64 85 0.98 1,300 3.4 
500 .55 89 0.90 - 11,900 3.5 
400 1.50 91 0.85 12,100 3.6 
800 1.47 92 0.81 12, 200 3.7 

, 200 1.45 93 0.77 12,300 3.6 
100 1.43 93 0, 74.12, 200 3,5 

Tri--m-m-------- 

  



5 
Screen classification, 

Freeness |Ret. sm 28,48 48/100 100,200 Pass 200 

718----------- 
108------------ 

73.5 11.4 
53.5 O 

4.8 
15. 8.7 

The results indicated in the above tables ap 
pear to be attributable to the combined effect of 
preventing certain changes and losses normally 
occurring in the digester, holding the pulp So 
produced for a short time in Suspension in the 
blow tank while adjusting its consistency, and 
subsequently refining the diluted pulp while still 
suspended in the hot cooking liquor. 
Without intending to restrict my invention by 

suggesting an explanation for these unique re 
sults, it is my belief that the customary proceSS 
of digesting, washing and then refining requires 
such an active treatment in the digester as to 
result in considerable damage or degradation of 
the cellulose fibers even though the aim is to affect 
only constituents of the wood other than the cellu 
lose. The process of the present invention avoids 
such damage in the digester by limiting the action 
taking place there and provides a later treatment 
(agitation in the blow tank followed by hot re 
fining) which completes the desired separation 
without the degradation damage which Would 
accompany further alkali treatment in the di gester. 
One of the reasons for the failure of prior 

attempts to produce Satisfactory high-yield pulps 
has been that excessive foaming has occurred 
during the refining stage. I have found that such 
foaming does not occur if the temperature of the 
pulp suspension is kept above 150 F. at the re 
finers. I attribute this improvement to the fact 
that above 150 F. a sufficient amount of steam 
is flashed off from the pulp suspension to pre 
went air infiltration. 

Furthermore, in the prior art it is necessary 
to use knotters and pulp Screens to remove the 
knots and fiber bundles. In my invention the 
use of knotters is avoided and the amount of 
Screen rejects is reduced below 3%. Again in the 
prior art it is necessary to have some methods 
of refining the knots and screen rejects. In some 
cases the knots and large uncooked pieces of 
Wood are returned to the digester for recooking 
which lowers the capacity or production of the 
digesters to the extent that knots are returned. 
The Screen rejects of the prior art are sent to 
Some type of refining equipment such as attri 
tion mills at a temperature of 70°-90° F. for fur 
ther refinement and are then returned to the 
pulp Screens. On the other hand, my invention 
eliminates separate refiners for screen rejects and 
thus reduces the cost of production. 
Having thus described my invention, I claim: 
1. In a process for making paper pulp from 

Wood, the steps including heating pieces of wood 
immersed in alkaline cooking liquor to a tem 
perature of about 340 F. at a pressure of about 
110 pounds per Square inch for about 55 minutes; 
then blowing the cooked wood and the cooking 
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liquor to a blow tank and diluting the cook with 
hot alkaline wash liquor at about 160° to 180° F. 
in said blow tank to a consistency of about 3.25% 
fiber Solids while maintaining the temperature at 
about 200 F.; and then refining the diluted cook 
at about 180° F. While Suspended in the hot alka 
line liquor. 

2. In a process for making paper pulp from 
Wood, the steps of Subjecting pieces of wood to 
the digesting action of hot alkaline cooking liquor 
at about 340 F. and at a pressure of about 110 
pounds per Square inch for a limited time inter 
Wai Sufficient only to Soften the encrustant bond 
holding the cellulose fibers together without Sub 
Stantially separating the fiber bundles; blowing 
the limited cook thus obtained to a blow tank 
at a Substantially atmospheric pressure; then 
diluting the cook to a refining consistency by 
addition of hot alkaline Wash liquor at about 160' 
to 180° F.; refining the hot diluted pulp suspens 
sion thus obtained at about 180° to 210 F.; and 
then washing the refined pulp while hot, thereby 
obtaining the hot alkaline wash liquor used in 
diluting Said cook. 

3. The process of claim 2 further characterized 
by the step of agitating said limited cook during 
the addition of said hot alkaline wash liquor. 

4. The process of claim 2 further characterized 
by maintaining the temperature of said limited 
cook in the temperature range from about 200° 
to about 220 E. during the addition of said hot 
alkaline Wash liquor. 

5. The process of claim 2 further characterized 
by the step of removing tramp metals from said 
limited cook after the addition of said hot alka 
line Wash liquor and before said refining step. 

DANIE MANSON SUTHERLAND. 
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