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3,074,553 
METHOD AND APPARATUS FOR 

SCREENING PULP 
Henry F. Szepan, 295 Amherst St., Manchester, N.H., 
and Guy E. Sanford, 1070 Ibis Road, Jacksonville, Fla. 

Filed Apr. 14, 1960, Ser. No. 22,236 
12 Claims. (Cl. 209—273) 

It is an object of this invention to provide an improved 
method of screening pulp, particularly the hot stock as 
it comes from the digester. 

It is a further object of this invention to screen hot 
alkaline stock without the need of foam breakers or foam 
eliminators. 

It is a further object of this invention to provide an im 
proved apparatus for carrying out said method. 

It is a further object of this invention to provide an ap 
paratus as aforesaid which will re?ne the rejects mechani 
cally. 
The above and other objects will be made clear from 

the following detailed description taken in connection 
with the annexed drawings in which: 
FIGURE 1 is a schematic diagram of a complete in 

stallation with the preferred instrumentation indicated: 
FIGURE 2 is a central section through a preferred 

form of screen; 
FIGURE 3 is a sectional view of a preferred form of 

cover plate; 
FIGURE 4 is an isometric projection of the gasket as 

a whole; ' 

FIGURE 5 is a partial section of the tailings end of a 
modi?ed machine; and 
“FIGURE 6 is a partial end elevation of the machine 

of FIGURE 5, showing the “joint and severa ” means of 
exit of the tailings. 

Reference is hereby made to the patent to Bowen, No. 
2,845,848 dated May 8, 1958 and to the patent to Rich 
et al., No. 2,908,390 dated October 13, 1959 and to a 
pending application Serial No. 824,732, ?led July 2, 1959, 
now Patent No. 3,034,650 dated May 15, 1962. With, 
of ‘course, some physical alteration, the present inven 
tion may be adapted to any of these and, on the average, 
will increase the capacity of each by about ?fty percent 
in air dry tons per 24 hours. 
For general background on the art of pulp screening, 

reference is made to vol. I of Pulp and Paper Manufac 
ture dealing with Preparation and Treatment of Wood 
Pulp (McGraw-Hill Book Company, Inc., 1950) and 
to pages 694-799‘ of that volume. The screening of pulp 
is one of the least predictable operations in an industry 
which even today is still more art than science. Direct 
observation is impossible, not merely because the ma 
terial of the screens is opaque, but because the slurries 
being handled are equally opaque. Moreover, the solids 
content of the slur-ries renders pitot tube exploration 
di?icult and unreliable. In short, the facts are what 
ever they turn out to be, and the theory is merely an 
accessory to the facts. 
The present invention is based on hermetically seal 

ing pulp screens of the types mentioned so that the rotor 
will generate subatmospheric pressure on the interior 
of the screen, with the absolute pressure of the interior 
being less than the absolute pressure of the exterior. The 
absolute interior pressure seems to be the controlling 
factor. The absolute exterior pressure, to say the least, 
is not critical. Within reasonable limits even a positive 
superatmospheric absolute exterior pressure may occur. 
The exterior subat-mospheric absolute pressure is caused, 
in all probability, by leak-age across the screen plates, 
most probably at the rejects or tailings, end. Under such 
conditions, there is no foaming, and thus it is possible to 
handle pulps without the addition of antifoaming agents. 
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This makes it possible for a single machine .to act both 
as a “knotter” and as a “coarse screen.” Traditionally, 
about the only ditference between ‘a knotter and a coarse 
screen is the difference in size of the perforations in the 
screen, and this again is the major difference between a 
“coarse screen” and a “?ne screen.” It also must be 
emphasized that while this invention has special or “ex 
tra” value as applied to the digester-type slurry of hot 
pulp in hot, spent cooking liquor, it also presents con 
siderable advantage (50 percent increased capacity, for 
example) in knotting, or screening any pulp suspended 
in any liquid. Thus the inclusion of “washed pulp,” that 
is, pulp from which, at some previous operation, some 
or ‘all of its chemical content has been removed (washed) 
does not at all affect the applicability of this invention. 
In fact, since, in practice, there is no such thing as an 
absolutely non~foaming pulp slurry of any sort, the vac 
uum principle of this invention has value (in addition 
to increased capacity, screen for screen) in the deaera 
tion, or at minimum, non-increase of aeration of the 
slurry at any location between the chipbin and the paper 
reel. 
The term “rejects” and “tailings” are sometimes used 

synonymously, but are not quite synonymous. “Tail 
ings” would refer to the total discharge from the interior 
of ‘a screen, while “rejects” would refer to the solids con 
tent of the “tailings.” Even the term “rejects,” as just 
de?ned, requires some quali?cation. Ordinarily, this 
term means such knots and shives as would be intoler 
able in the ?nished product plus, of course, some unavoid 
ably entrapped good ?bre. If, however, the infeed slurry 
is a mixture of reclaimed groundwood (newsprint) and 
kraft, for example, the “rejects” would be predominantly 
kraft ?bres and the accepted stock would be predomi 
nantly groundwood. In such case the screen is acting 
as a ?bre classi?er. 
FIGURE 1 is generally illustrative of a preferred in 

stallation. In an actual installation, the details will 
vary from plant to plant depending on the‘ pulp and on 
the physical limitations imposed ‘by the location. In 
FIGURE 1 there is shown a brown stock blow tank 10 
at the bottom of which, optionally, is a mechanical at 
trition mill 12 which may be of any of several tor-ms 
presently available. This mill 12, if used at all, receives 
pulp from the tank 10, reduces the oversize particles, and 
'also acts as a pump to feed the treated pulp through a 
line 14 and through a ?ow meter 16 to a pair of lines 18 
and 20, each of which feeds primary screens 22 and 24. 
Accepted stock from screen 22 goes through line 26 to 
a line 28 while accepted stock from the screen 24 goes to 
line 30 through‘ va line 28. Rejects from screen 22 pass 
through a line 32 to a pump 34, while reject-s from screen 
24 pass through a line 36- to the pump 34. The pump 
34 delivers the combined rejects of screens 22 and 24 
through a line 38 to a line ‘40 which is connected to the 
original supply line 14 and which vfeeds a secondary 
screen 42. Accepted stock from the secondary screen 
42 passes through a line 44 to the line 28 which carries 
acceptable stock from all three screens to a conventional 
pulp washer 46. 

Rejects from the secondary screen 42 go to a pump 
48, thence through a line 50 to a rejects screen 52. Here 
the rejects are deliquored and freed from substantially 
all good ?bre. The rejects from this screen 52 are re 
turned to the chipbin through a line 53. The liquor 
and good ?bre pass through a line 54 back to the blow 
tank 10. 
With the arrangement just described, the pulp slurry 

comes to the blow tank direct from the digester at a 
temperature usually about 190° F. For any particular 
pulp and screen combination there is usually a consistency 
at which optimum performance is obtained. This is 
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attained by dilution in the individual feed line of each 
screen. It is important that supply coming from the blow 
tank 10 through the line 14 be uniform in consistency. 
For this reason a consistency regulator 56 is connected to 
the line 14 through a line 58, and through a consistency 
controller 60 adjusts a valve 62 which is connected to 
a black liquor line 64 which in turn is supplied by a 
dilution pump 68 connected to a primary liquor tank 
66. The tank 66 receives its liquor from the washer 

v 46 through a line 67. A recorder controller 70 responds 
to the flow meter 16 to control the total ?ow through 
the line 14 by means of a recirculation valve 71, which 
connects with the consistency regulator 56 to recirculate 
excessive flow. 
The instrumentations of the three screens is the same 

for each and only one, that for screen 24 will be de 
scribed. As previously noted, the screen 24 is supplied 
with stock by a line 20. A pump 72 draws black liquor 
from the. tank 66 and through a line 74 and a branch 
line 76 delivers the black liquor to the screens as 
redilution liquor and also, through a line 78 connects 
with the. stock feed line 20. A valve 80 is placed 
in the line 78 and a valve 82 is placed in the line 20. 
The valve 80 and the valve 82 are actuated by a pres 
sure controller 84 which responds through a line 86 
to the absolute internal pressure within the screen 24. 

For reasons which will be made clear hereinafter, the 
interior of the screen operates at a subatmospheric 
absolute pressure approximately 8" Hg. minimum abso 
lute pressure depends on the temperature of the slurry. 
In general the lower the temperature, the lower the 
absolute pressure. There are three functions accom 
plished by the controls just discussed. First, they assure 
that the screens will operate at a maximum consistency 
for cleanliness, maximum capacity, and minimum H.P. 
Second, they permit the screens to adjust to stock 
conditions without affecting stock ?ow as controlled 
by the ?ow recorder controller 70. Third, they provide 
an automatic cycle which, in the case of a single screen 
plugging, will quickly clean the screen and restore nor 
mal operations without affecting ?ow from the blow 
tank 10. 
As noted above, the 8" Hg absolute pressure in the in 

terior of the screen 24 is believed to be optimum for hot 
stock, though this has to be determined empirically for 
each installation. 
recorder controller 84 senses a decrease in absolute pres 
sure, it will actuate the value 80 to reduce the rate of 
addition of black liquor diluent. If, on the other hand, 
the blow tank consistency swings heavy, there will be 
an increase in absolute ‘pressure, and the valve 80 will 
be opened to increase the dilution. If for some reason 
the screen 24 should continue to plug even after the 
valve 80 is fully opened, the interior absolute pressure 
will continue to increase even to positive superatrnos 
pheric presure. The pressure recorder controller 84 is set 
to close the stock valve 82, while leaving the valve 80 
wide open. This runs the screen on liquor alone and such 
running very quickly cleans the screen. With a clean 
screen, the pressure returns to normal, and the valves 
80 and 82 are reset. This cleaning cycle usually takes 
no more than 15 or 20 seconds. As a result, a single 
‘screen can plug and clean itself without noticeably af 
fecting the stock ?ow through line 14. 
The machine for performing the subatmospheric screen 

ing of pulp is best shown in FIGURE 2. While the 
machine is. designed and intended to and almost al 
ways will operate at an internal subatmospheric absolute 
pressure, it is not inconceivable that, perhaps due to 
plugging or control failure of some sort, there may 
be attained, within the machine, a positive or super 
atrnospheric pressure. With the stock at or about room 
temperature, should such pressure burst the shell of 
the machine, the result would be unfortunate. In han 
dling hot, brown'stock, however, at about 190° F., the 
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result could and would be disastrous. For this reason 
the “shell” of the machine is designed as a pressure ves 
sel to resist internal pressure of at least 30 p.s.i. For 
tunately, the same mechanical characteristics which 
enable the “shell” to withstand internal pressure equally 
enable it to withstand external pressure induced by 
the machine operating, as it must, when sealed oif from 
the atmosphere. 

In FIGURE 2 there is shown a screen generally des 
ignated as 100 made up of a convex head end 102, a 
cylindrical shell portion 104 and a concave end portion 
106. Adjacent the convex head portion 102 where it 
is welded at 108 to the shell portion 104 is a ba?le 110. 
The baffle 110 has one or more openings 112. The convex 
head 102 has an opening 114 by which it joins an in?ow 
pipe 116. ' 
A rotor shaft 118 penetrates the convex head 102, the 

concave head 106 and extends generally axially of the 
shell 104. It has a bearing 120 adjacent the convex 
head 102 and a bearing 122 adjacent the concave head 
106. Keyed to the shaft 118 is a two-part ba?le plate 
124 of the sort disclosed in the patents and application 
above noted. 

Rotor bars 126 are welded to the ba?ie plate 124 and 
are further supported by rings 128 to which they are 
welded in the manner set forth in the two cited patents. 
The portions of the bars 126 at the trailing side of 
the ba?le 124 may or may not be pitched reversely, as 
noted in the pending application above identi?ed. _ 
A screen 130 surrounds the shaft 118 and is strength 

ened by ribs 132 which actually mark the joints between 
segmented sections of the screen. The screen 130 is 
perforated, preferably by circular perforations. The 
diameter and center to center pattern of the perforations 
will depend entirely on the nature of the screening op 
eration and the nature of the pulp. Accepted pulp goes 
through the screen 130 and rejects (oversize) are re 
tained and discharged at the concave end 106 through 
a rejects pipe 134. The accepted stock goes through 
a passage 136, welded at 138 to the shell 104. 
The screen 130 bears at each end on a gasket 145 

supported by‘ annular rings 146 and 146' respectively 
welded to the bathe 110 and to the concave head 106. 
A water seal 140 with an inlet 142 and an outlet 144 

is placed adjacent the bearings 120' and 122 and is sepa 
rated from the interior of the shell 104 and the screen ‘130 
by a stu?ing 141 and is sealed on the other side by a 
stu?ing 143. 
As thestock passes through the opening 112 it is caught 

up by the rotor blades 126 and ?ung centrifugally out 
ward to form a pattern indicated by the dotted line 143. 
The slurry fills the space radially outward of the line 148 
and a void is created radially inwardly of the line 148. 
Precise delineation of the line 148 is impossible as at 
present advised,.but, as shown in FIGURE 2, the line 
conforms to the best available evidence. Inside the line 
148 there is a vacuum preferably approximating 8" Hg 
and controlled at about that point by means previously 
discussed. Outside the screen 130 there is a body of ac 
cepted stock 150 roughly delineated by the dotted line 
152. The pressure outside the line 152 ‘is an absolute 
of about 2" Hg below atmospheric pressure. This value 
is not at all critical. It will be realized that the rotor 
blades 126' act to pump the stock “upstream” from the 
8" Hg absolute below atmospheric pressure of the 
screen’s interior to the 2" Hg absolute below atmospheric 
pressure of the screen’s exterior. These blades, as in the 
Bowen and Rich-Luthi patents, also act to feed the stock 
axially over the ba?ie 124 after which the stock is sub 
jected todilution through one or more pipes 156. This 
provides redilution of the pulp mass prior to rejection to 
give leaner rejects. In addition and as noted in the pat 
cuts, the blades, on the trailing side, have a cavitation 
elfect tending to clean the screen perforations. The clean 
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ing effect is enormously improved by the existence of the 
internal relative subatmospheric pressure. 

There must, of course, be access to the interior of the 
shell 104. This is accomplished by means of the cover 
plate and gasket shown in FIGURES 3 and 4. The cover 
plate, like the shell itself, must be engineered to with 
stand from 10” to 15" Hg of vacuum, up to 30 P.S.I.G. 
Bolting or capscrewing such a plate would lead to so 
much down time for any servicing as to be prohibitive 
cost-wise. Accordingly, a sliding bayonet type joint has 
been devised. The sliding has been set up generally par 
allel to the axis of the rotor and is accomplished by 
means of axially spaced lugs 200 welded to the shell 104 
adjacent a cut 202 in the shell 104 ‘as seen in FIGURE 
3. The cover plate 204- has its axial edges machined and 
cut away to form lugs 206 which mate with the lugs 200. 
The lugs 200 have a base portion 208 and a ?ange 210 to 
form a channel 212. In the channel 212 is placed a pre 
formed, expansible rubber (or rubber-like, e.g.: neoprene 
tube) 2114 indicated in FIGURE .3. The tube 214 is in 
?atable to the dotted line position 215 as shown in that 
FIGURE. To accomplish this the tube 214 will usually 
be in?ated to from 50 to 100 P.S.I.G. from the usual 
mill pressure line. The in?ation is done from a pressure 
line 216 operating, at least through the bending stage 
through a steel shell 218 which is welded to the shell 104 
at 220. The gasket as seen in FIGURE 4 is molded to 
the form shown and is in?atable as above noted. 
FIGURES 5 and 6 show a modi?cation in which the 

rejects are subjected to mechanical attrition for recircula 
tion, or discard or both. So far as the parts are the same 
as FIGURE 2, the reference numerals are the same. In 
FIGURE 5 the rotor blades 126 are given an extra rein 
forcing ring 128 and have bolted extensions 129. A hub 
300 is keyed to the shaft 118. A disc 302 is welded to 
the hub 300. The disc 302 is dished to conform to the 
concave shell end 106 and is axially slidable for adjust 
ment. At intervals around the periphery of the disc 
302 there are impeller blades 304. The blades 304 are 
pitched at about 15° to the axis of the shaft 118. The 
screen support ring 146 has welded thereto a baf?e 306 
dished to conform to the disc 302. The baffle 306 has 
an annular ?ange 303 which is perforated at 309. The 
bai?e 306 loosely surrounds the hub 300. 
The shell 106 has the usual dilution connection 156. 

In addition there is provided a tangential outlet 310 and 
an axial outlet 312. A ring 314 is perforated at 316 with 
the same size and pattern of perforations as the ?ange 
308. The ring 314 is adjustable relative to the ?ange 308 
by means of slots and bolts not shown. This permits a 
regulation of the rate of ?ow of the rejects through the 
perforated ?ange 308 of the disc 306. 

In fact, the machine as above described takes the re 
jected shives ‘and knots and reduces or de?bres them be 
tween the bolted bars 129 and the perforated ring 308. 
Toothpick sized shives emerging from the rejects side of 
screens 22 and 24 of FIGURE 1 will undergo attrition 
between the blades 129 and the ?ange 308 (of FIGURE 
5) and the remaining fragments will pass into the path of 
the impellers 304 on the disc 302. 
Now, depending on the grade of product the pulp mill 

makes, it may be desirable to recirculate the stock ad 
vanced by the impellers 304 to the unscreened line feed 
ing the same screen. If this is done, rejects would move 
from the exit 310, FIGURE 5 directly to a connection 
320 in the inlet 115 of FIGURE 2. The inlet 116, being 
directly connected to the interior of the screen 130 is sub 
ject to the interior subatmospheric pressure of that screen. 
Accordingly, in most cases, no additional pumping action 
need be supplied to cause a ?ow of rejects from the exit 
310 to the entry 314. 
The rejects of course can be fed to a secondary screen 

which, in all probability would have smaller perforations 
than those of the screen from which the rejects come. 
The rejects, of couse, are returnable to the blow tank 
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10 or to the screen 52. In either of the cases, however, 
booster pumping almost always will'be required. 
The blades 304, as previously noted, are pitched about 

15° and, on the side facing the ring 308 are relieved 
about 5° to, provide, in effect, a cutting edge to sever the 
shives of narrow, elongated dimensions which might pene 
trate the perforations 316, even though they are “unac 
ceptable” by normal standards. With a preferred eight 
blades 304 and a preferred R.P.M. of from 300 to 350, 
it is quite clear that attrition over and above that occur 
ring between the bars 129 and the ?ange 308 will occur 
between the ?ange 308 and the blades 304. 

If recirculation is desired, use is made of the tangential 
outlet 310. If discard is desired, use is made of the 
axial outlet 312, normally covered by a plate 315 and 
sealed by a gasket 316. The 15° pitch of the blades 304 
feeds the rejects in such manner as to direct the rejects 
both axially and tangentially, henceeither or both of the 
exits 310 and 312 may be used. 

I As a matter of fact, the impeller blades 304 and the 
disc 302, depending on the nature of the rejects, or tail 
ings, may not be required. The attrition between the ex 
tensions 129 and the ring 314 may be su?icient and, for 
some end-use products, undoubtedly is. 
As previously noted, this matter of knotting or screen 

ing hot or cold, washed or' “unwashed” pulps is subject 
to rather numerous independent variables. Accordingly 
the provision of speci?c examples, individually, by permu 
tations and combinations, is out of the question. The 
following example gives actual data for the performance 
of a typical hot stock screening operation. If it were a 
“knotting” operation the perforations would be larger 
and the R.P.M. less. It is believed that this example, 
which contrasts sharply with the prior art, will enable 
those skilled in the art to adapt this invention to other 
speci?c conditions and objectives. 

Typical Performance of Hot Stock Vacuum Screen 
Process location of screen: after blow tank and ahead 

of brown stock washer. 

Size of screen plate area_____ 24 square feet. 
Stock ___________________ __ Pine. 

Permanganate ____________ __ 28. 

R.p.m ___________________ _._ 306. 

Stock temperature _________ _. 190° F. 
Feed consistency __________ _. 1.5%. 

Black liquor redilution ____ __ 300. 
Percentage of rejects in feed 

stock __________________ _. 4.5%. 

Plate perforation __________ _. 0.100". 

Accepted stock capacity, tons 
per day air dry _________ _- 340. 

Accepted stock c0nsistency__... 1.36%. 
Tailings consistency _______ __ Approximately 2.0%. 
Tailings, g.p.m ____________ _. Approximately 225 

(of which 40% is good 
?bre and 60% rejects). 

Brake horsepower ________ __ 90. 

Internal vacuum, Hg ______ .. 410". 

The detailed description heretofore given of course is 
susceptible of considerable modi?cation and is to be 
limited only as set forth in the subjoined claims. 
What is claimed is: 
1. A method of screening pulp comprising: advancing 

a slurry of pulp axially along the interior of a cylindrical 
screen formed of perforated sheet stock; forcing accepted 
stock outwardly through the perforations of said screen; 
and maintaining a cavity in the stock in said screen at a 
lower absolute pressure than that surrounding the ex 
terior of said screen. 

2. A method according to claim 1 in which the slurry 
is a mixture of pulp and spent cooking liquor at blow tank 
temperature. 
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3. A method according to claim 1 in-Which the slurry 
includes washed pulp. 

4. Apparatus for screening pulp comprising: a station 
ary cylindrical screen; a shell surrounding said screen, 
said shell having an inlet opening and outlet openings 
for accepted and rejected stock, said shell having pressure 
resistant ends; a multiple bladed rotor within said screen, 
said rotor being secured to a shaft penetrating both ends 
of said’ shell and a vacuum sealed bearing at each end 
of said shaft, said bearings with said ‘ends and said shell 
forming a sealed chamber at the interior of said screen, 
and means to maintain the interior of said screen at lower 
absolute pressure than the exterior of said screen. 

5. Apparatus as set forth in claim 4 in which an an 
nular, perforated ba?le is placed adjacent the trailing end 
of said rotor and adjacent the blades thereof. 

‘6. Apparatus ‘as set forth in ‘claim 5 in which de?ber 
i‘n'gT elements adjacent the trailing. side of said baffle are 
secured to said shaft for rotation therewith. 

)7. 'Apparatus as set forth in claim 6 in which the de 
?be'ring elements are pitched relative to the axis of said 
shaftis‘o 'as to have a pumping action. 

> 48.’ Apparatus as set forth in claim 7 in which the rejects 
end of the shell has a tangential outlet adjacent the de 
?bering elements. ' 

~ 9. Apparatus as set forth in claim 7 in which the re 
j'ec't's end‘? of the shell has an axial outlet adjacent the de 
?bering elements‘. 
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10. Apparatus as set forth in claim 9 in which the re 

jects end of the shell has a tangential outlet adjacent the 
de?bering elements. 

11. A method of treating brown stock comprising: 
subjecting a slurry of freshly digested pulp in hot, spent 
cooking liquor to mechanical attrition; conducting the 
attritioned stock while in said liquor to a screen; main 
taining a di?erential in absolute pressure on opposite sides 
of said screen; forcing acceptable stock through said 
screen against said pressure differential and thereafter 
subjecting said acceptable stock to a conventional brown 5 
stock washing process. 

12. A method as set forth in claim 11 in which absolute 
pressure on the input side of said screen is subatmospheric. 
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