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ABSTRACT

!

A high consistency pressure scre;n
comprises a screen including a profiled
inner surface and a rotor including a
profiled outer surface rotating adjacent
and spaced from the profiled screen to
produce a positive-negative pulsation

cycle of approximately 50% - 50%.
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1. Field of the Invention
The present invention relates to a method

for separating accepts and rejects from a slurry

of paper stock and to a high consistency pressure

screen for carrying out the method.

Description of the Prior Art

2.
In his U.S. Letters Patent No.

3,363,759

I. J. Clarke-Pounder discloses a screening device
which utilizes a screen or basket having a smooth
interior surface spaced from a rotor which has

dense and/or projections on its outer surface for

producing localized changes in volume in the

screening zone. In his U.S. Letters Patent No.
3,437,204 Clarke-Pounder discloses a similar

device in which the rejects are reduced by in-
troducing dilution liquid into the material as

it flows through the screening zone and across

the screen.
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Joseph A. Bolton III and Peter E. LeBlanc,
in their U.S. Letters Patent No. 3,726,401 also
disclose the use of a rotor having spaced pro-
jections in the form of bumps for creating a
pulsation during screening, namely alternate
positive screening pulses and negative screen-

cleaning pulses.

Ahlstrom Machinery Inc. of Glens Falls,
N. Y., produces "profile" screens for use in

pressure screen devices.

SUMMARY OF THE INVENTION

The primary object of the present invention
is to provide a method and apparatus for high
consistency pressure screening having low reject
rates and low power consumption with a minimum

fiber classification.

The above object is achieved, according to
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the present invention, by flowing a slurry of
paper stock through a screening zone between
a rotor and a screen and creating in the
screening zone continuous cyclic positive

and negative pulses each of which covers
approximately 50% of a pulsation cycle.
Typically, in a conventional screen, the pul-
sation cycle includes a very brief positive
pulse, a somewhat longer negative pulse and,
during 50% of the cycle, no pulse magnitude.
Flowing slurry, now subjected to the 50 - 50
pulsation cycle is subjected to continuous

volumetric changes in the screening zone.

Screening is advantageously achieved by providing

a profile screen and by further providing a
rotor having a profiled surface. The profile
surface of the rotor comprises a blunt leading
surface facing in the direction of rotation of
the rotor, followed by an arcuate surface

which recedes from the screen and therefore
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increases the volume between the rotor and
the screen. Advantageously, and as viewed
from the end of the rotor, the rotor appears
as a double or qguadruple cam structure. In
addition to creating continuous positive and
negative pulses, the cams create great tur-

bulence of the stock along the screen.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages
of the invention, its organization, construct-
ion and operation will be best understood from
the following detailed description, taken in
conjunction with the accompanying drawings,
on which:

FIGURE 1 is a longitudinal sectional
view of a pressure screen constructed in
accordance with the present invention;

FIGURE 2 is a sectional view taken subs-

tantially along the line IT - II of Figure 1;
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FIGURE 3 is a fragmentary sectional view
particularly illustrating the relationship
between the inner surface of the profile
screen and the profile surface of the rotor,
utilizing a first type of profile screen;

FIGURE 4 is a fragmentary sectional view,
similar té that of Figure 3, showing the use
of a second type of profile screen;

FIGURE 5 is a graphic representation of
the pulsations measured in the pressure screen;

FIGURE 6 is a graphic illustration of the
pressure drop verses the accept flow for a
pressure screen constructed in accordance with
the present invention; and

FIGURE 7 is a graphic illustration of the
debris removal verses the percent of rejects
by weight for a pressure screen constructed

in accordance with the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figures 1 - 4, screening
apparatus is generally illustrated at 10 as
comprising a housing 12, a pair of end walls
14, 16 and an outer, generally cylindrical
wall 18. A slurry of paper stock is pumped,
under pressure, through an inlet conduit 20
and enters the housing through an opening 22
at one end and flows toward a rejects outlet

24 and an accepts outlet 26.

Mounted within the housing and in the
path of the aforementioned flow is a profile
screen 28 mounted to the inner surface of the
housing by a pair of rings 30 which, with the
housing wall 18 and the screen 28, form an

accepts chamber 32.

A rotor 34 is mounted on a drive shaft

36 driven by a drive 38. The rotor 34 comprises
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a hollow cylinder 40 which is connected to a
member 42 keyed to the shaft 36, as indicated
at 44. The rotor 34 further comprises end
plates 46 connecting an outer wall 48 to the
hollow cylinder 40 and sealing the ends of

the rotor with respect to the flow of slurry.

As best seen in Figure 2, the rotor 34
comprises a cam-like configuration including
a pair of blunt leading edges 50 facing in the
direction of rotation 52, respectively followed
by arcuate sections 54. In a particular
construction, the arcuate sections 54 have the
same radius of curvature with the respective
centers of the radii diametrically offset with
respect to the axis of rotation. Although
only two of such semicylindrical structures
have been shown, a plurality may be provided
for very large pressure screens. As used in

the specification and claims hereof, "blunt"
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when used in reference to the rotor shall
mean a surface so shaped as to be capable
of capturing a certain volume of stock and
accelerating it up to rotor velocity. Thus,
for example, the leading edges 50 could be
forwardly inclined with respect to the
direction of rotation, or could be concave

in shape.

Referring to Figures 3 and 4, two
different profiled surfaces are illustrated
for the screen, namely the profile 56 in
Figure 3 and the profile 58 in Figure 4,
Normally, the profile is only provided on
the inner surface of the screen, and other

profiles than those shown could also be used.

After realizing the pulsation phenomenon
set forth above, investigations were undertaken

to determine the cause thereof, including the
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geometric causes, the dynamic causes and the

stock causes. In the area of geometric causes,
the sharp positive pressure pulse, the area

of negative and positive pressure pulses, the
condition of the screen plate surface and the
rotor-screen clearance were investigated. As
dynamic causes, the surface speed of the rotor,
the pulse frequency and the pressure drops
over the screen were considered. The stock
causes include consistency, temperature and

type of fiber.

Investigations were undertaken using
milk carton stock at 4.5% consistency. A pump
capacity of about 1200 GPM was attained utili-
zing a 0.078" perforate screen and a 0.055"
perforate screen with more than 300 T/D
processed using 25 HP. It was determined that
at 5.5% rejects by weight, a debris removal of

52% was attached using the 0.078" screen and a

-10-
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debris reméval of 71% with the 0.055" screen.
The inlet to accept freeness dropped an
average of 8 points for the 0.078" screen and
increased by 10 points on the 0.55" screen.
The screens were stable on all tests and can

easily screen milk carton stock.

In carrying out the aforementioned test,
milk carton stock was pulped in a 1000#
Tridyne with 1.5% sodium hypochlorite for appro-
ximately 30 minutes. The stock was extracted
through 1/8" perforations in a pulper grate
at 5.01% consistency. No debris was added to
the stock; however, there were many small
flakes and plastics in the pulp. 1In essence,
this pulp was prescreened by the 1/8" per-

forations in the pulper.

With the rotor shown in Figure 2, the

0.078" screen and the 0.055" screen were used

-11-
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and the rotor was run at a constant 750 RPM.
The screen system was initially filled with
water which diluted the pulp from 5% to 4.5%.
A series of flows were selected so that a
pressure drop verses flow curve could be
generated. Reject flow was held to appro-
ximately 10% of the accepts for these tests.
Samples of the inlet, accept and reject stock
were taken at nominal mill production rates
in one test and at pump capacity in a second
test. In a third test, pump capacity was

also utilized, but at a 5% rejects flow.

The following schedules of Table 1 and 2

show the data gathered during the aforementioned

trials.

-12-
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Table 1 lists the data for the 0.078"
perforate screen. It should be noted that as
flow increases, the motor load decreases. This
is caused primarily by a higher inlet stock
velocity which decreases the relative rotor to
stock velocities and requires less power. At
the high flows, the power required was about
0.08 HPD/Acc. Ton. A small change is noted
in the consistencies at the 10% rejects rate
and a larger change at the 5% rejects rate.
The freeness change did not appear to be
affected by the reject rate and is small
although there is a change from the inlet to

the accepts.

-14-
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Table 2 lists the date for the 0.055"
perforate screen. The power'is essentially
the same as above at less than 0.1 HPD/T at
high flows. The freeness change with this
screen illustrates the accept CFS higher than the
feed with the reject CFS lower than the feed.
This is normal for smaller perforations, but
the effects are magnified by the large
plastics in the reject stream, which are
sufficiently large to drop the freeness and

sufficiently light to change the consistency.

Referring to Figure 6, the pressure drop
verses the accept flow is illustrated for
both screens. The upper limit on both screens
was the pump capacity and not the screen.
The 0.055" curve is almost at the maximum
while the 0.078" curve shows that additional

capacity is available.

-16-
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Referring to Figure 7, the debris removal
for both screens is illustrated with respect to
the percent rejects by weight. As shown, the
0.055" screen provided better debris removal
than the 0.078" screen. At a reject rate of
5.5% rejects by weight, the debris removal
was 52% for the 0.078" screen and was 71% for

the 0.055" screen.

The debris content was measured using an
image analyzer. Four one gram view sheets
were made from each pulp sample. The analyzer
was set to count as large a section as possible
of the sheet, which amounted to about 80% of
the sheet. Sensitivity was set such that the
particles which were visible to the eye were
counted. The magnification amounted to about
1.4x to achieve the visual to analyzer corre-
lation. The results of these tests are tabulated

below in Table 3 showing the debris area measured

-17-
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for each inlet, accept and reject sample.

The debris removal is calculated from the

equation.
5 % Debris Removal = 1 - Acgept Debrig x 100.
Rejects Debris
TABLE 3
10 Test 1 Test 2 Test 3 Test 4
IN 0.01318 0.00681 0.00512 0.00620
ACC 0.00473 0.00222 0.00251 0.00182
REJ 0.02845 0.02324 0.01786 0.00620
% DR 64.1 67 51 70.6
15
From these tests and observations, a
theory has been developed on why the rotor and
screen as described herein operate superiorly to
20 other screen apparatus known in the art.

-18-
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Previous lobe screens, foil screens and the like
have created positive pulses while moving
through the stock without significantly intro-
ducing turbulent energy into the stock. There
is minimal stock fluidization generated in
these designs. The blunt leading edges 50 in
the present invention move through the stock,
each capturing a certain volume of stock and
accelerating it in the tangential direction of
the rotor up to rotor speed. At this high
velocity, stock moves past the profile screen
28, as significant turbulence is generated
along the cylinder surface, highly fluidizing
the stock. This high fluidization prevents
agglomeration, floccing or matting of the
individual fibers in the stock, and enables
the screen to function at much higher consis-
tencies than conventional screens. When
floccing or agglomeration occurs, the indi-

vidual fibers cannot pass through the screen

-19-
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cylinder holes, and for this reason, screening
previously has been done at much lower con-

sistencies.

As mentioned previously herein, during
one cycle approximately 50% of the cycle is a
positive pulse, and 50% a negative pulse.
This is substantially different from con-
ventional screens which have periods of
positive and negative pulse, but also subs-
tantial periods of zero pulse. The long
duration negative pulse in the present in-
vention creates a back flow or flushing
through the screen plate. Because of the
design of the profiled screens, it is much
more difficult for the fibers to pass in the
reverse direction than in the screening di-
rection of the positive pulse. Additionally,
on the outside of the screen basket, there is

very little turbulence when compared to the

-20-
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turbulénce generated on the inside of the
screen cylinder by the blunt leading edge
during the positive pulse. Therefore, during
the period of negative pulse, the back flow
from the accept side to the inlet side of

the screen is primarily flow of water only.
The stock on the accept side of the screen
tends to form a mat on the accept side, and
therefore there is merely a dewatering
function. This theory has been substantiated
by the test findings that the accepts' con-
sistency is generally at least slightly
higher than the inlet consistency, and the
reject consistency is lower than the inlet
consistency. Therefore, the accepts are de-
watered to a certain extent, most likely
during the negative pulse phase of each cycle.
Test have also indicated that the smaller the
perforations on the screen, the greater the

dewatering phenomenon. This can be explained

-21-
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by the pbor mat formation in the large per-
foration screens which allow accepts fiber
to flow back with the water during the nega-

tive pulse.

Prior to the present invention, conven-
tional screening was performed at about 2%
consistency with some screens, though less
efficient, operating at about 4% consistency.
The present screen has operated at 4%, 5%
and 6% consistency without any decline in
the debris removal efficiency and without an
increase in the reject rate. 1In all other
known screens as consistency is increased,
the debris removal efficiency is decreased
and the reject rate increases. 1In the present
screen, increasing consistency has not coin-
cided with decreased efficiency and increased
reject rate. This result can be explained in

the present screen by the fact that the blunt

-22-
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leading edge of the rotor creates greater
turbulence and fluidization of the stock
thereby allowing stock to flow through the
plate at high consistency. During the
negative pulse phase, the back flush or
dewatering dilutes the stock within the
screen thereby eliminating the normal
thickening of the screen zone stock and the

rejects which occurs in other screens.

Yet another advantage achieved by the
present invention is that the rotor can be
operated at greater clearance from the
screen than other blade or foil type screens.
Junk or debris contained in the stock will not
wedge between the rotor and screen, which

can be a problem in other types of screens.

Although I have described my invention by

reference to particular illustrative embodiments

-23-
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thereof and with reference to specific test
results, many changes and modifications of
the invention may become apparent to those
skilled in the art without departing from

the spirit and scope of the invention. I
therefore intend to include within the patent
warranted hereon all such changes and
modifications as may reasonably and properly
be included within the scope of my contri-

bution to the art.

-24-
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1. Pressure screen apparatus comprising:

a housing including an inlet for
receiving a slurry of paper stock,
an accepts outlet and a rejects
outlet;

a hollow cylindrical screen in said
housing including a profiled inner
surface and an outer surfaae;

mounting means mounting said screen
to the interior of said housing
and defining an accepts chamber
between said screen outer surface
and said housing which is in commu-
nication with said accepts outlet
and is sealed from said inlet so
that said inlet communicates with
said accepts outlet via said screen
and said accepts chamber;

drive means including a rotary output;

-25-
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a rotor connected to said rotary output
and mounted within and spaced from
said screen between said inlet and
said rejects outlet, said rotor com-
prising outer wall means including
an outer surface shaped to define a
continuously varying space from said
screen inner surface when said rotor
is rotated; and

a blunt lead section facing in the
direction of rotation, said blunt
lead section providing a stock
capturing surface for accelerating
a volume of stock substantially to

rotor velocity.

2. The pressure screen apparatus of claim 1,
wherein said outer surface of said rotor
comprises:

first and second semicylindrical sections

-26-
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each including an elongate first edge
and an elongate second edge, said
lead section connecting said elongate
first edges; and

5 a second blunt lead section connecting

said elongate second edges.

3. The pressure screen apparatus of claim 2,
wherein said rotor further comprises:

10 a hollow body;

end plates mounting éaid hollow body within
said outer wall concentric with the axis
of rotation and sealing said outer wall
means;

15 a drive shaft within said hollow body and
extending through one of said end plates;
and

a drive connection connecting said shaft
to said hollow body.

20

-27-
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'
4. In a pressure screen of the type in
which a slurry of paper stock is fed through
an inlet and towards an accepts outlet, through
a profile screen and towards a rejects outlet
5 between the screen and a rotor, the improve-
ment wherein said rotor comprises:
an elongate generally cylindrical body
including a plurality of arcuate
sections radially offset from one
10 another; and
a plurality of members connecting said
sections and defining a plurality of
blunt lead surfaces with respect to
the direction of rotation, said blunt
15 lead surfaces defining means for
capturing stock and accelerating it to

rotor velocity.

5. Pressure screen apparatus comprising:

20 a housing including an inlet for receiving

-28-
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a slurry of paper stock, an accepts
outlet, and a rejects outlet;

a hollow cylindrical profile screen
mounted in and sealed to said housing
adjacent said accepts outlet between
said inlet and said rejects outlet;

drive means; and

a rotor connected to said drive means
and mounted within said screen spaced
from the inner surface of said screen
and including blunt surface means on
the periphery of said rotor facing
in the direction of rotation for
capturing and accelerating stock to
rotor velocity and said periphery of
said rotor effective during rotation
to continuously vary the rotor-
screen spacing about the inner surface

of said screen.

-29-
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6. A method for separating accepts and

rejects from a slurry of paper stock, comprising
the steps of:
flowing of slurry of paper stock between
5 a rotating rotor and a profiled screen,
the accepts passing through the screen
and the rejects passing along the
screen and rotor; and
contemporaneously changing the spacing
10 between the outer surface of the
rotor and the inner surface of the
screen and increasing the velocity
of the slurry up to rotor velocity
to increase turbulence and fluidi-
15 zation of the stock and a high con-
sistency flow thereof through the

screen,

7. The method of claim 6, wherein the step

20 of changing the spacing is further defined as:

-30-
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cyclically changing the spacing between
the outer surface of the rotor and
the inner surface of the screen over

the entire length of the rotor.

* % * % * %

PETER E. LeBLANC
Inventor

-31-
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