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[5 7] ABSTRACT 

A method and apparatus for continuously removing, through a _ 
centrifuging operation, liquid from a mixture including therein 
a cellulose ?ber pulp of organic origin which is used or could 
be used in the making of paper. The method involves imping 
ing the mixture upon a rotating screen surface to form a layer 
of lightly compacted, relatively porous, ?brous material 
theron and passing a portion of liquid through said porous 
layer of material. aedathroaeh Said scrssrafelleweduhy 

effecting a further removal ofthe liquid from said mixture by 
cleaning said screen surface by moving the edge of a truns~ 
porting member adjacent said screen surface while simultane 
ously producing and maintaining a mass ofdcnsely compacted. 
relatively impervious, fibrous material between said edge and 
said screen and using said mass to remove continuously from 
said screen surface ?brous material deposited thereon. and 
rolling, wringing and redepositing said fibrous material upon 
said screen surface while passing additional liquid through said 
screen and moving said ?brous material’along sa'id'screen sur 
face. The mixture is centrifuged at a force varying within a 
range between approximately 70 and 650 times the force of 
gravity. ‘The ?brous material passing with the liquid through 
the screen is recovered by impinging the liquid-?brous materi 
al upon the surface of a second screen. The method may also 
be used with a mixture containing fibers which are relatively 
short in length by adding to said mixture a predetermined 
quantity, of ?bers having a relatively long length. The ap 
paratus comprises a hollow, rotatablymounted screen means, 
a scroll member rotatably mounted concentrically within said 
screen means, and means for rotating the scroll member at a 
predetermined angular velocity differential relative to the an 
gular velocity of rotation of the screen means. The screen 
'means preferably has a circularly shaped inner surface and a 
plurality of openings formed therethrough, the minimum 
dimension of said openings, taken in a direction generally nor 
mal to the longitudinal axis of said openings, varying Within a 
range of not less than approximately 0.3 millimeters nor more 
than approximately 3 millimeters. The scroll member has a 
plurality of helical ?ights formed on the surface thereof so 
constructed and arranged to prevent ?brous material from “ 
bridging” between adjacent ?ights. This construction and ar 
rangement includes helical ?ights disposed to form an in 
cluded angle with a plane disposed perpendicular to the ion 
gitudinal axis of the scroll member not more than approxi 
mately 65°, and perpendicularly spacing each ?ight from an 
adjacent ?ight by an amount equaling at least approximately 
0.03 and preferably 0.04 times the inner circumference of the 
screen means. The clearance between the edge of each ?ight 
and the inner surface of the screen means adjacent the end 
into which the mixture is supplied to the apparatus equals ap 
proximately not more than 0.004 times the inner diameter of 
the screen means. A relationship exists between certain struc 
tural parts of the apparatus whereby, upon operation thereof, 
the ?brous material is retained upon the inner surface of the 
screen means at least approximately 1% seconds and 
preferably about 3 seconds. 

M ‘ 20 Claims, 17'Drawing Figures 



PATENTEDFEB 15 I972 3. 642. 1 39 

SHEET 1 OF 7 

12-i INVENTORS 
CF’ ' PETER 0. WILSON 

ROBERT F? HUGHART 

MW Mm 
' ATTORNEYS 



PATENTEDFEB 15 I972- - 3. 642. 1 39 

sum 2 UF 7 

INVENTORS 
PETER C. WILSON 
ROBERT P HUGHART 

ATTORNEYS 





3.642.139 PATENTEDFEB 15 m2 

SHEET l‘ 0F 7 

IO 

INVENTORS 
PETER C. WILSON 
ROBERT P HUGHART 

ATTORNEYS 



CENTRIFUGE PRODUCT- % OVEN DRY SOLiDS 

PATENTEUFEB 15 1872 

I00 200 

FEED VOL 

300 - 

3.642.139 
SHEETS [1F 7 

400 500 600 700 

UME - GPM STOCK 

EF- '4 

INVENTORS 
PETER C. WILSON 
ROBERT P HUGHART 

BY/MM/ZZM/ 
ATTORNEYS 



3.642.139 

327 288 

INVENTORS. 

PETER 0. WILSON 
ROBERT P HUGHART 

BY M 
ATTORNEYS 

PAIENTEOFEB 15 m2 

sum 6 0r 7 

‘ , A- M H........J...W...H ...,....... 

CENTRIFUGAL FORCE - X GRAVITY 

/ / / / M 

// / /. / MHB 
// M /// R2 
/ o. . o 

/// // / / _ / _M 

w WWAL O 00L I 

3 57 VW WW. 

w a m m a a w w w m w w 



3.642.139 PATENTED FEB 15 i972 

SHEET 7 [1F 7 

, S 

R 

.PZNDIELM mzoljdw OOO_ mum xuOhw m0 mQZDOm . ES 
0 5 O 5 .O 5 0 5 0 5 O WU. 

6 5 5 4 4 3 3 2 2 l I 5 O 1W 

_____________________.__________P____L______________________ R 
E T E P 

VI RT AN DE NU mp. 

$6M 6 A l 

v00‘ 

. 

v“, 
a .1. .: E 

_ _ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 

2 B 4 O 6 2 8 4 W 6 2 B 4 O 6 2 B 4 0 

7. 6 6 6 5 5 4 4 . 3 3 2 2 2 l l 0 O 0 

O 0 O 0 O O O 0 O O O 0 Q 0 O O O Q 0 

ROBERT P HUGHART 

BY Mud-444%» 
ATTORNEYS 



3,642,139 
1 

APPARATUS FOR CENTRIFUGALLY REMOVING 
LIQUID FROM A MIXTURE 

BACKGROUND OF INVENTION 

In the process of producing pulp requisite to the making of 
paper and paper type products, most cellulose ?ber pulp ofor 
ganic origin is mechanically thickened from a dilute form, as 
low as one-half of 1 percent to 5 percent consistency (percent 
by weight of ?brous solids contained in the mixture) to a 
thickened form as high as 6 percent to 40 percent consistency, 
anywhere from four to ten times before ending up as a product 
from which paper can be made. Since cellulose ?ber pulps 
originate from different organic species and from different 
chemical or mechanical processes, they exhibit varying physi 
cal characteristics typical of which is the ability to dewater. 
For example, in a given type of dewatering equipment, dif 
ferent pulps will dewater to a range of consistency, hence the 
use of ranges of percent solids herein. 
At the present time in the United States approximately 40 

million tons of cellulose ?ber pulp of organic origin, and 
which is useful in the papermaking industry, are produced 
each year. However, due to the fact that a pulp may be 
processed or cycled a number of times before ending up as a 
finished product, liquid is extracted from as much as three to 
20 billion tons of dilute pulp mixture in the United States 
alone each year. It will therefore be apparent that the method 
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of such removal is a formidable problem deserving of techni- ' 
cal attention and efforts to accomplish dewatering, thickening 

, or washing in a more economical or expeditious manner. 

Further, as in any washing system employing a counter-cur 
rent action involving several repeated steps of dewatering, 
repulping and subsequent dewatering, there are numerous ad 
vantages inherent in dewatering to the highest possible con— 
sistency. Although it is generally recognized that where ap 
plicable a centrifuge is an ef?cient mechanical device to use 
for removing liquid from a mixture, with the exception of the 
invention herein described and with the exception of solid 
bowl types of centrifuges which are used to thicken to low 
consistency paper and pulp mill wastes consisting of relatively 
fiber free mixtures containing fillers such as clay, starch, 
titanium oxide and other extraneous particulate (not ?brous) 
types of solids, not a single continuous type of centrifuge is 
known to be used in the United States or elsewhere to remove 
liquid from any dilute form of ?brous pulp material useful in 
the making of paper or similar cellulose ?ber products. 
The types of appurtenances being used to remove liquid 

from ?brous pulp material in dilute form are presses, gravity 
and vacuum ?lters, stationary, vibrating, rotating, or traveling 
screens, and hybrids of any combination of these. Presses are 
categorized into types including screw presses, disc presses, 
belt presses and roll presses. The production capacity of these 
presses is greatly enhanced through the use of an apparatus 
which increases the consistency of the material before same is 
fed to any of the presses and, thus, presses are frequently used 
in combination with such an apparatus. Screw presses are dis 
advantageous since the ?bers often become permanently 
kinked and entangled with each other producing dense ?ber 
bundles. The existence of dense ?ber bundles in pulp makes 
such pulp relatively undesirable for the manufacture of quality 
paper thereby decreasing the value of pulp dewatered in this 
manner. Although the consistency of pulp produced by 
presses is relatively high, approximately 30 percent or more, it 
is generally recognized that presses are disadvantageous from 
the acquisition cost thereof as compared to their production 
capacity and, also, frequently from a maintenance viewpoint. 
There are two general types of ?lters-namely, gravity ?l 

ters and vacuum ?lters. The gravity ?lter comprises a cylindri 
cally shaped screen rotatably mounted within a vat. The pulp 
mixture is fed into the vat. The major portion of the liquid 
within the mixture passes through the screen surface into the 
center of the circularly shaped screen where same is 
withdrawn. The ?brous material is retained on the outer sur 
face thereof and is removed through the use of scrapers or the 
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2 
like. The vacuum ?lter is similar to a gravity ?lter but has the 
interior of these cylindrical screens exposed to a: vacuum 
source for the purpose of increasing the rate of liquid ?ow 
through the screen surface. Because of the high air-liquid ?ow 
through the vacuum ?lter, the vacuum source is for economic 
reasons usually obtained by means of a barometric leg. To ob 
tain the barometric leg the vacuum ?lter must be installed in a 
position considerably elevated above normal ground level. 
The gravity ?lter is capable of handling pulp of approximately 
one-half of 1 percent to l and ‘A percent consistency to 
produce a pulp of approximately 6 percent to 7 percent con~ 
sistency. A vacuum ?lter, with suitable accessories such as 
pressure rolls and the like, is capable of handling pulp of ap 
proximately one-half of 1 percent to l and ‘é percent con 
sistency to produce a pulp of 10 percent to 15 percent con 
sistency. v 

An example of a hybrid device used to thicken pulp, and 
which is a combination of ?lter and roll press, comprises four.-; I _ 
vertically disposed drums located about a central point and ‘ 
each of which is disposed in rotating contact with two other 
drums. The walls of the drums are perforated and covered by 
screen plates. The four drums comprise two pairs of drums, 
each drum of each pair cooperating with the other drum of c \ 
said pair. The pulp mixture is fed into the pressurized area cir 
cumscribed by the four drums and some of the liquid passes 
through the screen surfaces into the center of each drum 
depositing a layer of ?ber on the surface of each drum. The 
?ber then passes between the surfaces of both of the pairs of 
cooperating drums. Due to the squeezing action exerted upon 
the ?ber as same passes between said drums, an additional 
portion of the liquid is removed from the ?ber. Although this 
hybrid device may be used to process pulp of consistencies 
lower than 9 percent to 12 percent, such use is normally 
avoided due to the substantial reduction in ef?ciency resulting 
thereof. 
A typical screen-type thickening 'device is the side hill 

screen which is essentially a screen surface disposed at a 
diagonal to the horizontal plane and having the mixture ?ow 
ing over the upper surface thereof. Some of the liquid ?ows 
through the openings in the screen surface and is thereby 
separated from the mixture. This particular device, although 
being relatively inexpensive, is also relatively inef?cient in in— 
creasing the consistency of the pulp being processed 
therethrough. 

Centrifugal screening devices are used in the paper making 
industry to remove shives and other foreign particles from 
liberated ?bers. Such devices are not used to thicken the 
?brous pulp but instead are designed to remove foreign 
material from pulps having a consistency of approximately 2 
percent or less. 

Although considerable effort has been expended in the past 
to produce a centrifugal apparatus capable of removing liquid 
from a cellulose ?ber pulp of organic origin which is used in or 
useful in making paper, all such efforts have been relatively 
unsuccessful. Generally, prior art methods and apparatuses in 
volving the centrifuging of a cellulose pulp as aforedescribed, 
have been unacceptable for commercial use due to the ex 
tremely small amounts of pulp that can be processed 
therethrough. There are a number of reasons why prior art 
methods and apparatuses involving centrifuging of pulp have 
not been successful. One of the problems encountered in— 
volved the utilization of a satisfactory screen surface. If the 
diameter of the screen openings were made too large, there 
would be too great a loss of ?ber through the screen and, addi 
tionally, the tendency for the screen to “blind” increases with 
an increase in the size of screen openings. Thus, attempts were 
made to centrifuge pulp while using thin screen surfaces hav 
ing very small openings. However, screens having small sized 
openings and a nominal percentage of open area were too 
fragile; thus, the use of such a screen member was disad 
vantageous since it had an extremely short life of sometimes 
only a few hours. 
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Another problem encountered with centrifuges was that of 
preventing the ?brous material from “bridging" between ad 
jacent ?ights whereby ?brous material no longer passed 
through the apparatus. 
The basket angles of prior art centrifugal devices used in at 

tempts to dewater ?brous pulps of organic origin utilized in 
the papermaking industry were such that excessive gravity 
forces were produced in a direction downward of the screen 
ing surface with a resultant loss of control ofdilute pulp within 
the rotating basket. 

Gravity forces developed by prior art centrifugal dewatering 
devices utilized in attempts to thicken the paper pulps, were of 
suf?cient magnitude so as to frequently form a thin, relatively 
impervious layer of ?ber so close to the screen surface that the 
corotating scrapers were unable to reach and remove this 
dense ?ber layer from the rotating screen surface. Addi 
tionally, pulp dewatering was greatly restricted ‘due to 
blockage of the screen surface by the dense layer of ?bers. 
Although prior art centrifuges were unacceptable for 

removing liquid from a cellulose pulp as aforedescribed, tests 
show that the already poor performance thereof was further 
reduced when low consistency pulp mixtures were fed to the 
centrifuge. in addition to the foregoing, attempts to remove 
liquid from ground wood or short-?bered pulp by centrifuging 
same were totally unsatisfactory. . 

SUMMARY OF THE INVENTION 

It has been found that each of the foregoing disadvantages 
of the prior art methods and apparatuses for removing liquid 
from a cellulose pulp of organic origin which is useful in the 
papermaking industry through centrifuging of same can be 
overcome through the use of the method and apparatus of the 
subject invention. The method of this invention comprises the 
steps of impinging a cellulose pulp of organic origin which is 
useful in the papermaking industry upon a rotating screen sur 
face to form a layer of lightly compacted, relatively porous 
fibrous material thereon and passing a portion of the liquid 
through the porous layer of material and the screen, and ef 
fecting a further removal of the liquid from said pulp by clean 
ing said screen surface by moving the edge of a transporting 
member adjacent the screen surface while simultaneously 
producing and maintaining a mass of densely compacted, rela 
tively impervious, ?brous material adjacent one side of said 
edge of said transporting member and between said surfaces 
and using said mass to remove continuously said layer of 
fibrous material from said screen surface, and rolling, wring 
ing and redepositing said ?brous material upon said screen 
surface while passing additional liquid through said screen and 
moving said ?brous material along said screen surface. The 
fibrous material is subjected to said centrifugal force for a 
predetermined period of time of at least approximately l and 
9% seconds or longer. The centrifugal apparatus of this inven 
tion comprises a hollow, rotatably mounted screen means of 
predetermined length having an inner surface which, in cross 
section, forms with a line disposed normal to the longitudinal 
axis of said screen means an included angle varying between 
approximately 75° and 105° and is preferably formed at an 
angle of approximately 90°, said screen means having a plu 
rality of openings formed therethrough, the minimum dimen 
sion of said openings, taken in a direction generally normal to 
the longitudinal axis thereof, varying within a range of not less 
than approximately 0.3 mm. to not more than approximately 3 
mm.; a rotatably mounted scroll member concentrically 
mounted within said screen means, said scroll member having 
a plurality of helical ?ights formed on the surface thereof, at a 
predetermined angle of inclination each flight having an edge 
and a'?brous material engaging surface, the distance separat 
ing said edge of each ?ight and the inner surface of said screen 
means adjacent at least a ?rst end of said screen means equal 
ing approximately not more than 0.004 times the inner diame 
ter of the screen means, the surface of said ?ight being 
smoother than the inner surface of said screen means, the 
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4 
?ights being so constructed and arranged to prevent bridging 
of ?brous material between adjacent ?ights; means for rotat 
ing said scroll member at a predetermined angular velocity 
differential relative to the angular velocity of rotation of said 
screen means; the relationship between the length of the 
screen means, the amount of angular velocity, the angle of 
inclination of said helical ?ights and the smoothness of the 
?ight surfaces being maintained such that, during operation of 
the apparatus, the ‘?brous material is retained upon the inner 
surface of the screen means at least approximately I and *2 
seconds; feed inlet means; liquid receiving means; and ?brous 
material-receiving means. 

Accordingly, one of the principal objects of this invention is 
to provide an improved method and apparatus for continu 
ously removing liquid from a cellulose pulp of organic origin 
which is useful in the papermaking industry by centrifuging 
same. ' 

Another object of this invention is to provide a method of 
continuously removing liquid from a low-consistency organic 
cellulose pulp mixture by centrifuging same. 
Another object of this invention is to provide a'method of 

continuously removing liquid from a cellulose ?ber mixture of 
organic origin comprising the step of subjecting the cellulose 
?ber mixture to a centrifugal force varying within a range 
between approximately 70 and 650 times the force of gravity 
by impinging said mixture against a rotating screen surface 
until a portion of the liquid contained within said mixture 
passes through said screen, and effecting a further removal of 
liquid from said mixture and passing same through said screen 
by continuously removing said ?ber from said screen surface, 
rolling and wringing said ?ber, and redepositing same upon 
said screen surface while moving said ?ber along said screen 
surface. 
Another object of this invention is to provide an improved 

method as aforedescribed in which the mixture is centrifuged 
at an accelerative force varying within a range of approxi 
mately 100 to 550 times the force ofgravity. 
Another object of this invention is to provide an improved 

method as aforedescribed in which the mixture is centrifuged 
at an accelerative force varying within a range between ap 
proximately 140 and 450 times the force of gravity. 
Another object of this invention is to provide an improved 

method as aforedescribed including the step of recovering 
substantially all of the ?ber passing with the liquid through 
said screen by impinging said liquid-?brous material mixture 
upon the surface of a second screen. 
Another object of this invention is to provide an improved 

method as aforedescribed in which the step of impinging said 
liquid-?brous material upon the surface of said second screen 
includes moving said material toward the surface of said 
second screen at an angle obliquely disposed with respect to 
the surface of said second screen. 
Another object of this invention is to provide an improved 

method as aforedescribed including the step of treating or 
washing said ?brous material with a liquid or treating said 
?brous material with a gas following the removal of substan 
tially all of the liquid that is to be removed therefrom and 
moving substantially all of said gas along with said fibrous 
material. 
Another object of this invention is to provide a method of 

centrifugally removing liquid from a mixture including therein 
a ?brous material the ?bers of which are relatively short in 
length, as characterized as being produced by a two or three 
pass stone or re?ner ground wood process, said met od com 
prising the steps of adding to said mixture a predetermined 
quantity of ?bers which are relatively long in length‘i imping 
ing said mixture upon a rotating screen until substantially all 
of the ?brous material contained therein forms a layer on said 
surface while passing a portion of said liquid through said 
screen, and effecting a further removal of the liquid from said 
mixture by cleaning said screen by moving the surface of a 
transporting member adjacent said screen surface while simul 
taneously producing and maintaining a mass of densely com 
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pacted, relatively impervious ?brous material adjacent one 
side of said member and between said surfaces and passing ad 
ditional portions of liquid through said screen, the quantity of 
?bers having a relatively long length being sufficient to effect 
the producing and maintaining of said mass of densely com 
pacted, relatively impervious ?brous material. 
Another object of this invention is to provide a centrifugal 

apparatus for removing liquid from a mixture, said apparatus 
including a hollow, rotatably mounted screen means and a 
scroll member rotatably mounted concentrically within said 
screen means, said screen means including an inner screen 
member and an outer encompassing perforated basket, said 
scroll member having a plurality of helical ?ights formed on 
the surface thereof, the improvement comprising a generally 
longitudinally extending recess formed on the inner surface of 
said basket, said screen member being formed from a layer of 
material and having opposite ends thereof secured together in 
overlapping relation, said overlapping ends being disposed 
within said recess whereby the inner surface of said screen 
member is substantially smooth throughout the peripheral ex 
tent thereof. 

Another object of this invention is to provide a centrifugal 
apparatus for removing liquid from a mixture having a ?brous 
material therein, said apparatus including a hollow, rotatably 
mounted screen means and a scroll member rotatably 
mounted concentrically within said screen means, said screen 
means including an inner screen member and an outer encom 

passing perforated basket, said scroll member having a plurali 
ty of helical ?ights formed on the surface thereof, the im 
provement comprising a second screen means mounted 
generally concentrically of and in spaced apart relation to said 
screen means and exteriorly thereof. 
Another object of this invention is to provide a centrifugal 

apparatus as aforedescribed in which said second screen 
means is stationarily mounted. 
Another object of this invention is to provide a centrifugal 

apparatus as aforedescribed in which the inner surface of the 
second screen means is conically shaped. 
Another object of this invention is to provide a centrifugal 

apparatus for continuously removing liquid from a cellulose 
pulp of organic origin which is useful in the papermaking in 
dustry, said apparatus comprising a hollow, rotatably mounted 
screen means of predetermined length, said screen means hav 
ing an axially extending inner surface preferably substantially 
constant in radius and having a ?rst and second end, said 
screen means having a plurality of openings formed 
therethrough, the minimum dimension of said openings, taken 
in a direction generally normal to the longitudinal axis thereof, 
varying within a range of not less than approximately 0.3 mm. 
to not more than approximately 3 mm., a rotatably mounted 
scroll member concentrically mounted within said screen 
means, said scroll member having a ?rst and second end, said 
first and second ends being disposed, respectively, adjacent 
said ?rst and second ends of said screen means, said scroll 
member having a plurality of helical ?ights formed thereon at 
a predetermined angle of inclination, each ?ight having an 
edge and a ?brous material engaging surface, the perpendicu 
lar distance separating each edge of ?ight and the inner sur 
face of said screen means adjacent at least said ?rst end 
thereof equaling approximately not more than 0.004 times the 
inner diameter of said screen means, the surface of said ?ight 
being smoother than the inner surface of said screen means, 
the helical ?ights being so constructed and arranged to 
prevent bridging of ?brous material between adjacent ?ights, 
means for rotating said scroll member at a predetermined an 
gular velocity differential relative to the angular velocity of 
the rotation of said screen means, the relationship between the 
length of said screen means, the amount of angular velocity 
differential, the angle of inclination of said helical ?ights and 
the smoothness of the ?ight surfaces relative to the inner sur~ 
face of the screen means being maintained such that during 
operation of the apparatus the fibrous material is retained 
upon the inner surface of said screen means at least approxi 
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6 
mately 1 and 1/..> seconds, feed inlet means, liquid receiving 
means, and ?brous material receiving means. 
Another object of this invention is to provide an apparatus 

as aforedescribed in which the size of openings formed in the 
inner surface of said screen means varies within a range of ap 
proximately 0.5 mm. to approximately 2 mm., and preferably 
within a range of approximately 1 mm. to approximately 1.68 
mm. 

Another object of this invention is to provide a centrifugal 
apparatus as aforedescribed in which the size of openings 
formed in the inner surface of said screen means varies within 
a range of approximately 10 to 50 times the diameter of the 
?bers contained within the mixture. 

Another object of this invention is to provide an apparatus 
as aforedescribed in which said scroll member has more heli 
cal ?ights formed adjacent the ?rst end thereof than adjacent 
the second end thereof. 
Another object of this invention is to provide an apparatus 

as aforedescribed in which the edges of said ?ight are com~ 
posed of an elastomeric material such as polyurethane, 
polyethylene, nylon, rubber, silicone rubber, and polyvinyl 
chloride. 
Another object of this invention is to provide a centrifugal 

apparatus as aforedescribed including a second screen means 
mounted generally concentrically of the rotatably mounted 
screen means. 

Another object of this invention is to provide a centrifugal 
apparatus as aforedescribed in which the minimum dimension 
of the openings of said second screen means, taken in a 
direction generally normal to the longitudinal axis thereof, is 
less than the corresponding minimum dimension of the 
openings ofsaid rotatably mounted screen means. 
Another object of this invention is to provide a centrifugal 

apparatus as aforesaid in which the construction and arrange 
ment to prevent bridging of ?brous material between adjacent 
?ights includes perpendicularly spacing each ?ight from an 
adjacent ?ight adjacent at least the second end of said scroll 
member by an amount equaling at least approximately 0.03 
and preferably 0.04 times the inner circumference of said 
screen means and said ?ights form an included angle with a 
plane disposed perpendicular to the longitudinal axis of said 
scroll member of not more than approximately 55° and 
preferably not more than approximately 45°. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention embodies other novel features, details of 
which are hereinafter set forth in the speci?cation and claims 
and illustrated in the accompanying drawings, wherein: 

FIG. 1 is an elevational view, partially cut away and in par‘ 
tial cross section, showing an apparatus constructed in ac 
cordance with the subject invention; 

FIG. 2 is an enlarged cross-sectional view of the screen 
means shown in FIG. I; 

FIG. 3 is a schematic view, in cross section, taken perpen 
dicular to the longitudinal axis of the screen means adjacent 
the end receiving material to be processed therethrough and 
showing a layer of lightly compacted, relatively porous, 
?brous material deposited upon the inner surface of said 
screen means and the mass of densely compacted, relatively 
impervious ?brous material formed adjacent one surface of 
the helical ?ight of said scroll member and between the edge 
of said ?ights and the inner surface of said screen means; 

FIG. 4 is a view taken similar to that of FIG. 3 showing the 
recess formed on the inner surface of the basket of said screen 
means and the overlapping ends of the inner screen member 
disposed within said recess; 

FIG. 5 is a schematic view showing the angle of impinge 
ment upon the inner surface of a second screen means of the 
material passing through the inner or first screen means; 

FIGS. 6-9 are cross-sectional views of a helical ?ight and a 
portion of the scroll member to which same is attached; 

FIGS. 10 and 11 are views in partial cross section of coni 
cally shaped scroll members and screen means; 
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FIG. 12 is a view, in partial cross section, ofa scroll member 
and screen means wherein the ?rst end of the screen means 

has a conically shaped inner surface the diameter of which 
decreases in a direction proceeding toward the second end, 
and the second end has a conically shaped surface the diame 
ter of which decreases in a direction proceeding toward said 
first end; 

FIG. 13 is a view similar to that shown in FIG. 12 except 
that the ?rst end has an axially extending inner surface of sub 
stantially constant radius; 

FIG. 14 is a graph showing the, relationship between the 
quantity of pulp processed through an apparatus constructed 
in accordance with the subject invention to the consistency of 
the discharged product; 

FIG. 15 is another graph showing the optimum accelerative 
forces at which the pulp is to be centrifuged and related power 
requirements for maximum product dryness at a given rate of 
feed; 

FIG. 16 is another graph showing clari?cation of the cen 
trifuged ef?uent obtained by use of a second screen means; 
and 

FIG. 17 is another graph showing the results obtained by ad 
ding long ?bered material to low-consistency short-?bered 
pulp in dilute form. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings, in FIGS. 1 and 2 is shown a 
centrifugal apparatus 20 constructed in accordance with the 
subject invention. The centrifugal apparatus 20 comprises a 
hollow, rotatably mounted screen means 22 of predetermined 
length, a second screen means 23 preferably stationarily 
mounted, a rotatably mounted scroll member 24, feed inlet 
means 26, means 28 located exteriorly of said screen means 
22' for receiving the liquid to be removed from the mixture, 
and ?brous material-receiving means 30. The centrifugal ap 
paratus 20 has an upper casing member 32 and a lower casing 
member 34. The scroll member 24 is cylindrically shaped and 
is concentrically mounted upon a shaft 36 for rotation 
therewith. The screen means 22 is securely attached to a hol 
low shaft 40. The shaft 36 is concentrically mounted within 
the hollow shaft 40 for relative rotation with respect to hollow 
shaft 40. The shaft 40 passes through a pair of spaced-apart 
bearings (not shown). The shaft 40 is driven by V-belts 41 and 
has a gear 42 securely attached thereto for rotation therewith. 
The gear 42 attached to shaft 40 drives a mating gear 42A 
which is mounted on a shaft 43. A second gear 44 is mounted 
on shaft 43 for rotation therewith and is disposed in driving 
engagement with a gear 45 securely attached to the shaft 36. 
By suitable selection of the gears, one of the shafts 40 may be 
operated at a predetermined angular velocity differential rela~ 
tive to the angular velocity of the other shaft 36. The gear 42 
that is securely attached to the shaft 40 is driven by the motor 
46. The gears referred to above are mounted within the gear 
box 47. The lower casing member 34 has an opening 48 
which, if desired, may be connected to a vacuum source (not 
shown). 
The hollow, rotatably mounted screen means 22 preferably 

comprises an inner screen member 49, an outer encompassing 
perforated basket 50' and a layer of woven backup wire 51 
sandwiched therebetween, see FIG. 2. The inner screen 
member 49 has a plurality of openings 52 formed 
therethrough. The minimum dimension of said openings, 
taken in a direction generally normal to the longitudinal axis 
of the opening, varies within a range of not less than approxi~ 
mately 0.3 mm. nor more that‘approximately 3 mm. Good 
results have been obtained where the minimum dimension of 
said openings varies within a range of not less than approxi 
mately 0.5 mm. nor more that approximately 2 mm. and excel 
lent results have been obtained where the minimum dimension 
varies within a range of not less than approximately 1 mm. nor 
more than approximately 1.68 mm. Understandably, the size 
of opening is related to the diameter of the ?ber within the 
mixture being processed through the apparatus. Con 
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8 
sequently, it is preferred that the minimum dimension of said 
openings vary within a range of not less than approximately l0 
nor more than approximately 50 times the diameter of the 
?bers contained within the mixture. The effective open area of 
the inner screen member 49 should be as large as possible and 
should be at least l0 percent or greater. Additionally, in order 
to obtain a long operating life it is desired that the inner screen 
member 49 be able to resist the abrasive action of the ?brous 
material moving along the inner surface of the screen means. 
Such abrasive action becomes pronounced following removal 
of sufficient liquid to increase the consistency to approximate 
ly 8 percent or more. Consequently, long life for a screen 
member 49 is obtained by making same as thick as possible. It 
has been found that these objectives are attained by utilizing 
an inner screen member having openings 52 formed as 
aforedescribed and wherein the thickness of said inner screen 
member 49 approximately equals said minimum dimension of 
said openings. It will be understood that the backup woven 
wire 51 provides support to the inner screen member 49 and 
the perforated basket 50 provides good support to both the 
backup wire 51 and the inner screen member 49. 
As previously indicated, the rotatably mounted scroll 

member 24 is generally cylindrical in shape. The scroll 
member 24 is axially mounted within the screen means 22. 
The scroll member 24 has ?rst and second ends 54 and 56. 
These ends 54 and 56 are disposed, respectively, adjacent ?rst 
and second ends 58 and 60 of the screen means 22. The scroll ‘ 
member 24 has a plurality of helical ?ights 62 formed thereon 
at a predetermined angle of inclination and extending from 
one end to the other. The scroll member 24 may also have ad 
ditional ?ights 64 formed on the surface thereof adjacent the 
?rst end 54. The ?ights on the scroll member 24 are con 
structed and arranged to prevent bridging of ?brous material 
between adjacent ?ights, said construction and arrangement 
comprising perpendicularly spacing, adjacent the second end 
of said scroll member or that portion of the scroll member in 
contact with a ?brous material mixture no longer in liquid 
form such as normally is the case where the consistency equals 
approximately 8 percent or more, each ?ight from an adjacent 
?ight by an amount equaling at least approximately 0.03 and 
preferably 0.04 times the inner circumference of said screen 
means and said ?ights forming an included angle with a plane 
disposed perpendicular to the longitudinal axis of the scroll 
member of not more than approximately 55° (for a cylindri 
cally shaped scroll member and screen means) and preferably 
not more than approximately 45°. At the present time, it'is 
preferred that said included angle vary within a range of ap 
proximately 10° by 15°. 

For certain applications it has been found desirable to form 
the ?ightsior at least coat the edges thereof with a material 
which has a relatively low coefficient of friction and is rela 
tively rigid but ablative in character. As shown in FIG. 6, the 
helical ?ight 66 may be formed from a suitable elastomeric 
material, such as polyurethane, polyethylene, nylon, rubber, 
silicon rubber and polyvinyl chloride, and secured to the scroll 
member 24in any suitable manner such as with threaded bolts 
68 (only one of which is shown). In FIG. 7 is shown a helical 
?ight 70 comprising a member 72 integrally formed to the 
scroll 24 and a layer of material 74 securely attached to a sub 
stantial surface portion of the member 72. The edge 76 of the 
helical ?ight 70 is arcuately formed as contrasted to the planar 
edge 78 shown in FIG. 6. In FIGS. 8 and 9 are shown helical 
‘?ights 80 and 82 each of which comprise a member 72 in 
tegrally formed with the scroll 24 and a layer of elastomeric 
material. The layer 84 of elastomeric material shown in FIG. 8 
is attached to one surface of the member 72 and projects 
beyond the radial end thereof by a predetermined, relatively 
short distance. The layer 86 of the material shown in FIG. 9 is, 
in cross section, generally U-shaped in con?guration. The use 
of a layer of material as aforedescribed greatly facilitates the 
forming of a helical ?ight which, during rotation, circum 
scribes a con?guration substantially similar to the inner sur 
face of said screen means. For example, it is necessary that the 
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clearance between the edges of the helical ?ights and the 
inner screen surface be maintained within close predeter 
mined limits. Where conical con?gurations are involved this is 
effected merely by moving the screen means axially and, thus, 
toward or away from the scroll member. However, this 
technique cannot be used for cylindrical con?gurations. In 
order to overcome this problem and to reduce manufacturing 
costs, the edges of the helical flights are coated with an 
elastomeric material as aforesaid until the overall diameter 
thereof approximately equals the inner diameter of the screen 
means. The scroll member is then assembled within the cen 
trifugal apparatus and rotated until the elastomeric material 
has been worn away sufficiently such that the surface thereof 
has the desired clearance with the inner screen surface during 
operation. The rigidity of the material insures that the inner 
screen surface will be ef?ciently cleaned while the coef?cient 
of friction and ablative properties contribute to lower power 
consumption and reduced malfunctioning of the apparatus. 
Additionally, in the event the edges of the helical ?ight ex— 
perience excessive wear, it is a relatively simple matter to 
remedy same by removing the remaining portion of the layer 
of material and replacing same with a new layer of material. 
Each ?ight includes a ?brous material-engaging surface 

such as surface 67 of helical ?ight 66 shown in FIG. 6 or sur 
face 75 of helical ?ight 70 shown in FIG. 7. The ?brous 
material-engaging surfaces are smoother than the inner sur 
face of the screen means. More speci?cally, the coefficient of 
friction of the ?brous material to the ?brous material-engag 
ing surface of the ?ight is less than the coef?cient of friction 
existing between the ?brous material and the inner surface of 
the screen means. Due to the fact that a plurality of openings 
are formed on the inner surface of the screen means, it will be 
understood that the coef?cient of friction existing between 
?brous material and the inner surface of the screenmeans will 
normally be higher than the coefficient of friction existing 
between ?brous material and the ?brous material-engaging 
surface which is formed relatively smooth. A predetermined 
relationship must be maintained between the length of the 
screen means, the amount of angular velocity differential 
between the screen means and the scroll member, the angle of 
inclination of the helical ?ights and the smoothness of the 
fibrous material-engaging surfaces of the. ?ights relative to the 
inner surface of the screen means such that, during operation 
of the apparatus, the ?brous material is retained upon the 
inner surface of the screen means at least approximately I and 
V1 seconds. The ability of an apparatus constructed in ac 
cordance with the subject invention to remove liquid from a 
fibrous material in an ef?cient manner will be adversely ef 
fected where the retention time is materially less than thatas 
aforespeci?ed. 

In FIG. 4 is shown a modi?ed screen means 88 comprising 
an inner screen member 90 and an outer encompassing per-' 
forated basket 92. The basket 92 has a generally longitudinally 
extending recess 94 formed on the inner surface thereof. The 
inner screen member 90 is formed from a layer of material 
which has the opposite ends 96 and 98 thereof secured 
together in overlapping relation. The overlapping ends 96 and 
98 are disposed within said recess 94 whereby the inner sur~ 
face ofsaid screen member is substantially smooth throughout 
the peripheral extent thereof. Additionally, this particular 
construction of the screen means 88 facilitates the formation 
of a screen means which is easily balanced for dynamic opera 
tion. 
As previously indicated, under certain applications it has 

been found desirable to utilize a second screen means located 
exteriorly of screen means 22. The reason for using a second 
screen means is to recover a substantial portion of the ?brous 
material which passes with the liquid through the screen 
means 22. In FIG. 5 is schematically shown a second screen 
means I00 which is mounted generally concentrically to the 
screen means 22 and exteriorly thereof. In order to maximize 
the amount of ?ber being recovered on the inner surface of 
the secondscreen means 100 it is required that the material 
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10 
passing through the screen means 22 impinge upon the inner 
surface of the second screen means 100 in a direction nonper 
pendicularly disposed with respect to the inner surface of said 
second screen means and preferably at an oblique angle with 
respect to the surface of said second screen means such as an 
angle varying between approximately 20° to 30°. Since the 
screen means 22 is rotated at a relatively rapid angular 
velocity in the direction indicated by the arrow 102 it is possi 
ble to effect the foregoing merely by mounting the second 
screen means 100 stationarily within the apparatus 20. The ar 
rows 104 indicate the trajectory or path of travel of the 
material following exiting of same from the screen means 22. 
Although it is preferred that the scroll member-screen 

means assembly used in an apparatus of this invention 
preferably be cylindrical in con?guration, the results of previ— 
ous work show that satisfactory results can be obtained where 
the screen means is formed with an inner surface which, in 
cross section, forms with a line disposed normal to the longitu 
dinal axis of the screen means an included angle varying 
between approximately 75° and 105°. The included angle of 
the screen means 106 shown in FIG. 10 is approximately 83°. 
The mixture to be processed through the machine is fed 
between the screen means 106 and the scroll member 108 at 
the upper end thereof in the direction indicated by the arrow 
110. The ?brous material exits from said assembly in the 
direction indicated by arrows 112. In FIG. 11 is shown an as 
sembled screen means 114 and scroll member 116. The inner 
surface of the screen means 114 forms with a line disposed 
normal to the longitudinal axis of said screen means an in 
cluded angle of approximately 97°. In FIG. 11, the material to 
be processed through the apparatus is fed between the screen 
means and the scroll member in the direction indicated by the 
arrow 118 while the ?brous material exits from said assembly 
in the direction indicated by the arrows 119. With respect to 
the assemblies shown in FIGS. 10 and 11, it will be understood 
that in both instances the screen means must rotate at a 
slightly faster angular velocity in a counterclockwise direction 
(or a slightly slower angular velocity when rotated in a 
clockwise direction), taken with respect to a plan view 
thereof, than the scroll member in order for the material to be 
processed through said assembly in the manner as 
aforedescribed. Although the longitudinal axis of the assembly 
shown in FIGS. 10 and I1 is disposed in the preferred vertical 
position, it is to be understood that bene?cial results may be 
obtained when the longitudinal axis of an apparatus con 
structed in accordance with the subject invention is disposed 
vertically or horizontally or in any other position. 
The results of work which has been done to date show that 

the screen means and scroll member may be formed with a 
hybrid con?guration such as that shown in FIGS. 12 and 13. 
For example, FIG. 12 shows a screen and scroll member as 
sembly wherein the ?rstend of the screen means has an inner 
surface which, in cross section, forms with a line disposed nor 
mal to the longitudinal axis of the screen means an included 
angle varying between approximately 90° and 105° while the 
second end has an inner surface which, in cross section, forms 
with a line disposed normal to the longitudinal axis of the 
screen means an included angle varying between 75° and 90°. 
As shown, the down stream portion of the ?rst end, taken in 
the direction of ?ow of ?brous material mixture therethrough, 
is contiguous with the upstream portion of the second end. In 
FIG. 13, is shown a screenmeans and scroll member assembly 
wherein the ?rst end of the screen means has an axially ex 
tending inner surface of substantially constant radius while the 
second end has an inner surface which, in cross section, forms 
with a line disposed normal to the longitudinal axis of the 
screen means an included angle varying between approxi 
mately 75° and 90°. It is preferred that the longitudinal length 
of the ?rst end of the screen means shown in either FIGS. 12' 
or 13 should be of a sufficient length to produce a ?brous 
material thereon having a consistency of at least approximate 
Iy 8 percent. The screen means and scroll member assemblies 
shown in FIGS. 12 and 13 are mounted, respectively, within 
second screen means 120 and 121. 
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FIG. 3 is a schematic view, in cross section, taken perpen 
dicular to the longitudinal axis of the screen means 122 ad 
jacent the end thereof receiving material to be processed 
therethrough. In FIG. 3 is shown a layer 124 of lightly com 
pacted, relatively porous ?brous material deposited upon the 
inner surface of said screen means and extending a substantial 
distance between adjacent ?ights 126 which are integrally 
formed on the scroll member 128. Additionally, in FIG. 3 is 
shown a mass 130 of densely compacted, relatively impervious 
fibrous material formed adjacent the leading surface or 
fibrous material engaging surface 132 of each helical ?ight 
126 and between the edge 134 of each ?ight and a cor 
responding portion of the inner surface of said screen means 
122. A portion of the mixture being processed through the ap 
paratus is represented generally by the numeral 136. The ar 
rows 138 represent, quantitatively, the relative amount of 
liquid exiting from the outer surface of the screen means 122. 
For all practical purposes, no liquid exits through the screen 
means 122 which is in contact with the mass 130 of densely 
compacted, relatively impervious ?brous material. As viewed 
in FIG. 3, the amount of liquid passing through the layer 124 
of lightly compacted, relatively porous ?brous material 
decreases as the thickness of said layer increases and is a max 
imum where the ?brous material has been cleaned. from the 
screen surface by one of the masses 130. It is important that 
the degree of compaction of the layer 124 upon the inner sur 
face of the screen means 122 be controlled suf?ciently to per 
mit liquid to pass therethrough if sufficient removal of liquid, 
particularly for high feed rates, is to be obtained. It will be un 
derstood that since the screen means 122 is moving in a coun 
terclockwise direction slightly faster than the angular velocity 
of the scroll member 128, the leading surfaces 132 of the 
?ights 126 will contact the ?brous material deposited upon 
the inner surface of the screen means 122 as shown in FIG. 3. 
Thus, each ?ight 126 upon initially coming into contact with 
the ?brous material deposited upon the inner surface of the 

' screen means 122 further compacts the ?brous material at the 
point of contact or impact, removes same from the inner sur 
face of the screen means, and operates to effect a rolling and 
wringing action thereof which further decreases the amount of 
liquid contained therein before the ?brous material is 
redeposited upon the inner surface of the screen means fol 
lowing which the foregoing action is repeated until the ?brous 
material exits from between the scroll member and the screen 
means. The portion 124A of layer 124 represents that ?brous 
material from which additional liquid has been removed as a 
result of the rolling and wringing action as aforedescribed. 
Consequently, it will be appreciated that as the ?brous materi 
al moves along the inner surface of the screen means, liquid 
will continue to be removed from the ?brous material 
although the amount being removed will decrease as the ac 
tion continues. 

It is important that control of the ?brous material deposited 
upon the inner surface of the screen means be maintained at 
all times if optimum results are to be realized. For example, 
with prior art methods and apparatuses in which centrifuging 
was involved, it was found that under certain conditions the 
fibrous material would become tightly wedged between ad 
jacent flights and could no longer be moved longitudinally of 
the screen means. This problem normally occurred after a 
predetermined amount of liquid had been removed from the 
fibrous material, normally when the consistency of the materi~ 
al exceeded approximately 8 percent. The occurrence of this 
bridging condition would stop up the apparatus thereby neces 
sitating a complete shut down in order to remove the ?brous 
material from between the ?ights. It has been found, however, 
thatmeans may be incorporated within an apparatus of this in 
vention to preclude this condition. For a cylindrically shaped 
screen means and scroll member such means includes forming 
the helical ?ights in a manner whereby same form an included 
angle with a plane disposed perpendicular to the longitudinal 
axis of the scroll member of not more than approximately 55° 
and preferably not more than approximately 45°. At the 
present time, the .most desired angle to-be used is one varying 

15 

35 

45 

55 

65 

75 

12 
between approximately 10° and 15°. The tendency of ?brous 
material to bridge between adjacent ?ights is further 
minimized by maintaining, at least adjacent the second end of 
the scroll member, the perpendicular distance between suc 
cessive flights adjacent equal to at least approximately 0.03 
and preferably 0.04 times the inner circumference of the 
screen means. } 

The included angle formed between the helical ?ights and a 
plane disposed perpendicular to the longitudinal axis of the 
scroll member varies somewhat from the above criteria where 
conically shaped screen means and scroll members are in 
volved. For example, where a conically shaped screen means 
and scroll member similar to that shown in FIG. 10 are in‘ 
volved, the included angle may be increased up to a maximum 
of approximately 65° as the con?guration of the inner surface 
of the screen means changes from an axially extending surface 
of substantially constant radius to a 75° conically shaped 
member. Where a conically shaped screen means and scroll 
member similar to that shown in FIG. 11 are involved, the 
maximum included angle is decreased from 55° down to ap 
proximately 45". More speci?cally, as the con?guration of the 
inner surface of the screen means changes from an axially ex 
tending surface of substantially constant radius to a l05° coni 
cally shaped member, the. aforesaid included angle will 
decrease proportionally. In connection with the foregoing, it 
will be understood that effecting and maintaining control of 
the ?brous material deposited upon the inner surface of the 
screen means increases in dif?culty when the con?guration of 
the inner surface of the screen means departs from an axially 
extending surface of substantially constant radius to a'conical 
shape the angle of which varies between 75° and 90°. How 
ever, the problem of effecting control is decreased where a 
con?guration of the inner surface of the screen means changes 
from an axially extending surface of substantially constant 
radius to a conical shape the angle of which varies from 90° to 
105°. It will be understood that with the latter type of configu 
ration more power is required to operate such an apparatus 
and, thus, the efficiency thereof is less. In view of the forego 
ing, it will be appreciated that the screen means and scroll as 
sembly‘shown in FIG. 13 not only permits good control of the 
?brous material along the screen means but also enables 
operation ofsame with reduced power consumption. 
As previously indicated, the clearance maintained between 

the edges of the helical ?ights and the opposed inner surface 
of the main screen means, at least adjacentthe end into which 
the ?brous material mixture is supplied to the main screen 
means and scroll member, equals approximately not more 
than 0.004 times the inner diameter of the screen means. 
Where the centrifugal force at which the ?brous material mix 
ture is centrifuged is increased, it will be understood that the 
clearance factor becomes increasingly more important and, 
further, the amount of clearance should preferably be cor~ 
respondingly decreased. Moreover, the importance of the 
amount of clearance involved decreases as the material 
proceeds toward the outlet end of the screen means. By this it 
is meant that the amount of clearance may increase from the 
inlet end toward the outlet end without unduly affecting the 
results obtained from an apparatus constructed in accordance 
with this invention. It will also be understood that the amount 
of clearance is also dependent, to some extent, upon the 
length of ?bers contained within the ?brous material mixture. 
In this connection, the amount of clearance is somewhat pro 
portional to the length of the ?bers involved, i.e., a larger 
clearance may be used for a longer ?ber length. 

FIG. 14 is a graph showing the relationship between quanti 
ty of pulp processed through an apparatus constructed in ac 
cordance with the subject invention to the consistency of the 
product discharged from said apparatus. The apparatus used 
in obtaining the data shown in FIG. 14 was constructed 
generally in accordance with the apparatus shown in FIG. 1 
except that the relatively short ?ights 64 were omitted and the 
opening 48 either was omitted or was not connected to a 

source of vacuum. The screen'means 22’was 48inches high 
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and had an inner diameter of 36 inches. The scroll member 24 
had 16 ?ights each of which formed an included angle with a 
plane disposed perpendicular to the longitudinal axis of the 
scroll member of approximately 40°. The following is a tabula— 
tion of test data obtained with respect to various kinds of pulp 
which were processed through the aforementioned apparatus: 

5 

gravity is shown in curve 154. The data obtained above with 
respect to corrugated boxboard broke which was processed at 
308 times the force of gravity is shown in curve 156. Finally, 
the data obtained above with respect to unbleached softwood 
kraft at 12.5 pH which was processed at 308 times the force of 
gravity is shown in curve 158. From the foregoing, it will be 

Suroll- Product. 
Feed scrum], (Ll). 

t'OllSlSit‘lll')’, Fred Food solids, 
pvrrvnl. frvouoss, temp" Centrifugal . perm-Ill. 

l-‘vul talc. gpm. (by wet.) (‘.14. l". “ l". fort-o factor untiai (lly \\ gt. 

"'(‘ill'ill‘d Hardwood Kraft 

08 505 50 187 8 25. ii 
3. 08 505 50 187 8 27. 1 
3. 08 505 50 187 8 2!). l 
3. 08 505 50 187 ii 37. 5 
4. 12 587 50 247 ll 27. 6 
4. 12 587 50 247 0 28. 4 
4. 12 587 50 247 ll 27. 7 
4. 12' 587 50 247 9 37. 0 

Unbleached Softwood Kraft 

700 _ _ . _ . . . _ . . . _ _ . . . 2. 39 686 120 247 0 25. 4 

330 . _ _ . . _ . _ _ . _ . . . . . 2. 39 686 120 247 0 28. 6 

165 _ _ _ _ . _ . _ _ _ _ _ . . _ _ 2. 39 686 120 247 0 31. 5 

. . _ _ . . _ _ . _ . . . _ . _ _ . 2. 39 686 120 247 9 37. 6 

Bleached Softwood Sul?te 

3. 02 603 120 308 10 28. 7 
3. 02 603 120 308 10 28. 8 
3.02 693 120 308 10 37. 6 
2. 84 695 50 187 8 25. 8 
2.84 695 60 187 8 26. 0 
2. 84 695 50 187 8 28. 7 
2. 84 695 50 187 8 38. 0 

Bleached Softwood Kraft 

3. 66 677 50 247 0 24. 5 
3. 66 677 50 247 0 25. 0 
3. 66 677 50 247 9 28. 4 
3. 66 677 50 247 9 41. 9 

Bleached Redwood Kraft 

3.10 617 50 247 9 26. 2 
3. 10 617 50 247 9 26. 4 
3.10 617 50 247 9 26. 8 
3.10 617 50 247 9 41.9 

Bleached Softwood Pandia Kraft 

3. 19 507 120 308 10 28. 9 
3.19 597 120 308 10 20. 6 
3. 36 513 50 247 9 25. 5 
3. 36 513 50 247 9 25. 3 
3. 36 513 50 247 ‘J 27. 2 
3. 36 513 50 247 9 34. 8 

Corrugated Boxboard Broke 

3. 85 503 160 308 10 30. 5 
3.86 503 160 308 10 31. 1 
3. 85 503 160 308 10 42. 5 

Unbleached Softwood Kraft at 12.5 P11 

1. 83 698 160 808 10 31. 7 
1. 83 608 160 308 10 33. ‘J 
1. 83 698 160 308 10 30. l 

In FIG. 14, the data obtained above for the bleached hard 
wood kraft that was processed through the apparatus of this 
invention at 187 times the force of gravity is shown in curve 
138 while that which was processed at 247 times the force of 
gravity is represented in curve 140. The data obtained above 
for unbleached softwood kraft which was processed at 247 
times the force of gravity is shown in curve 142. The data ob 
tained above in connection with bleached softwood sul?te 
which was processed at 308 times the force of gravity is shown 
in curve 144 while that which was processed at 187 times the 
force of gravity is shown in curve 146. The data obtained 
above with respect to the bleached softwood kraft which was 
processed at 247 times the force of gravity is shown in curve 
148. The data obtained above with respect to bleached 
redwood kraft which was processed at 247 times the force of 
gravity is shown in curve 150. The data obtained above with 
respect to the bleached softwood pandia kraft which was 
processed at 308 times the force of gravity is shown in curve 
152 while that which was processed at 247 times the force of 
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readily apparent that a high consistency product was obtained 
from a low consistency pulp even at high feed rates of approxi 
mately 700 gallons per minute. It will be noted that although 
FIG. 14 shows feed rates only from 100 gallons per minute to 
700 gallons per minute the data listed above was also obtained 
at 0 feed rate, i.e., the consistency of the ?brous material con 
tained within the apparatus following a complete shutdown 
thereof. In this connection there nearly always remains within 
the apparatus a small amount of ?brous material following 
shut down thereof. 

FIG. 15 shows the optimum centrifuge gravity forces and re 
lated power requirements for maximum product dryness at 
given feed rates. The information re?ected in the graph shown 
in FIG. 15 was obtained by processing bleached hardwood 
kraft pulp through an apparatus constructed in accordance 
with the subject invention. The feed consistency of the 
bleached hardwood kraft varied between approximately 3.1 
percent and 4.1 percent. The Canadian Standard Freeness 
(C.S.F.) varied between 573 and 595. The Canadian Standard 
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Freeness is a value, expressed in millimeters, indicating the 
ease with which a pulp will drain. The larger the C.S.F. 
number for a pulp means the easier it will drain. The tempera 
ture of the bleached hardwood kraft was 50° F. in this connec 
tion, it is to be noted that the product consistency increased 
with an increase in the centrifugal force at which same was 
being centrifuged up to a certain point and thereafter even 
though the centrifugal force at which same was being cen 
trifuged was increased, the product consistency decreased. 
One of the dif?culties encountered in attempting to remove 

liquid from a ?brous material through the use of a centrifuge 
was that of experiencing relatively large losses of ?ber in the 
ef?uent. ln an attempt to reduce the amount of ?ber being lost 
in the ef?uent, the size of the screen openings was reduced. 
Unfortunately, when the size of the screen openings was 
reduced suf?ciently to reduce to an acceptable minimum the 
amount of ?ber being lost in the effluent, it was found that the 
production capacity of the centrifuge was reduced so drasti 
cally that, from an economic viewpoint, same could not be 
considered for use in pulpmills for removing liquid from a 
?brous material. It has been found, however, that the amount 
of ?ber being lost to the ef?uent may be substantially reduced 
through the use of a second screen means disposed in encom 
passing relationship about the ?rst screen means and generally 
spaced apart therefrom. For example, in FIG. 16 the line 160 
shows the amount of ?ber material passing with the liquid 
through the screen opening. The points indicated on line 160 
represents the data obtained for various kinds of pulps. Thus, 
the line 160 represents the amount of ?ber contained in the 
primary ef?uent, i.e., the ef?uent passing through the ?rst or 
main screen means. The points shown between lines 162 and 
164 represent the amount of ?ber contained in the secondary 
ef?uent, i.e., the ef?uent passing through the second screen 
means. More speci?cally, the ?ber content of a primary ef 
?uent having a consistency of approximately 0.21 percent 
(approximately 17 pounds of ?brous stock per 1,000 gallons 
of primary ef?uent) will, upon passing through the second 
screen means, be reduced to approximately 0.05 percent con 
sistency (approximately 4 pounds of ?brous stock per 1,000 
gallons of secondary ef?uent). Thus, the data shown between 
lines 162 and 164 represent the amount of ?brous stock con 
tained in the secondary ef?uent. The second screen means 
used to obtain the data shown in FIG. 14 had conically shaped 
openings formed therein, the diameter of said openings in 
creasing in a direction proceeding from the inner surface of 
said screen means to the outer surface thereof. The minimum 
diameter of said openings and the thickness of said screen 
means equaled approximately 0.125 mm. Although the use of 
a woven wire screen or a cloth screen as a part of the main 

screen means is normally to be avoided, it has been deter 
mined that same may be advantageously used in the second 
screen means. 

Heretofore, the results obtained by processing a short. 
?bered pulp (characterized as being produced by a two- or 
three-pass stone or re?ner ground wood process) through the 
use of a continuous centrifuge were even more discouraging 
than those obtained with respect to the relatively long ?bered 
pulps. For example, the consistency of short-?bered pulp 
processed through a centrifuge remained essentially 
unchanged, i.e., where a feed consistency of approximately 
3.5 percent was involved the product consistency might in 
crease only by an amount of l or 2 percent. It has been found, 
however, that liquid may be easily removed from a short 
?bered material by adding to said material a predetermined 
quantity of ?bers which are relatively long in length, then 
impinging said mixture upon a rotating screen until substan 
tially all of the ?brous material contained therein forms a layer 
on said surface while passing a portion of the liquid through 
said screen, followed by effecting a further removal of liquids 
from the mixture by cleaning the screen surface by moving the 
surface of a transporting member adjacent said screen surface 
while simultaneously producing and maintaining a mass of 
densely compacted, relatively impervious ?brous material ad 
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jacent one side of said member and between said surfaces and 
passing additional portions of the liquid through the screen. 
The quantity of relatively long ?bers added to the short 
fibered material must be suf?cient to effect the producing and 
maintaining of the mass of densely compacted, relatively im 
pervious ?brous material while at the same time reducing the 
amount of ?ber lost in the ef?uent. It has been found that 
where an insuf?cient amount of long ?bers is involved, it is im 
possible to form the mass of relatively impervious ?brous 
material, unless the ?ight edges were located prohibitively 
close to the inner surface of the screen means, due to very low 
cohesiveness of the short-?bered material. However, by ad 
ding even a small quantity of long-?bered material, said mass 
is easily formed and maintained. Additionally, where short 
fibered material isinvolved, the amount of ?ber lost in the ef 
?uent increases with a decrease in the length of the ?bers. 
However, this condition is overcome by adding a small quanti 
ty of long ?ber material since the long ?bers assist in forming 
the layer of material while substantially reducing the amount 
of ?ber passing through the screen openings. Good results are 
obtained when the amount of relatively long ?bers equals at 
least approximately one-half of 1 percent, by weight, of all the 
fibrous material contained in the mixture. In H0. 17 is shown 
the results of processing short-?bered material in accordance 
with the method and apparatus of this invention by the addi 
tion of predetermined amounts of long-?bered material 
therein. For example, curve 166 shows the results of 
processing an unbleached hardwood stone ground wood in ac 
cordance with the method and apparatus of this invention, 
said ?brous material including 2 percent, by weight, of 
bleached softwood kraft. The ?brous material was centrifuged 
at 247 times the force of gravity. Curve 168 shows the results 
obtained by processing the same ?brous material at 187 times 
the force of gravity. The feed consistency of the ?brous 
material was approximately 3.62 percent and the temperature 
thereof was approximately 50° F. The ease with which the 
fibrous material could be drained was very poor, the Canadian 
Standard Freeness being only 82. It will be understood that 
different types of ?bers have different lengths. However, as 
used herein a short-?bered material refers to a ?ber produced 
by a two- or three-pass stone or re?ner ground wood. Such 
fibers are short enough to pass through a 16 mesh screen. The 
size of the openings in a 16 mesh screen is approximately 1 
mm. or less. As used herein, a long-?bered material refers to a 
?ber having a length of at least approximately 1.25 mm. or 
longer. 
The amount of liquid removed from a ?brous material is de 

pendent, in part, upon the amount of time that the ?brous 
material is retained upon the inner surface of the rotating 
screen means. The amount of time required for ?brous materi 
al to pass through an apparatus constructed in accordance 
with the subject invention isdependent upon a number of fac 
tors. For example, the retention time is directly proportional 
to the length of the screen means. The retention time is also 
dependent upon the angle formed between the helical ?ights 
and a plane disposed perpendicular to the longitudinal axis of 
the scroll member and the difference in angular speeds 
between the scroll member and the screen means. In this con 
nection, it will be noted that normally the angular velocity dif 
ferential will by necessity be mechanically increased with a 
decrease in the ?ight angle as aforesaid if the retention time is 
to remain unchanged. Another factor affecting the retention 
time is the coef?cient of friction of the screen and the coef? 
cient of friction of the helical ?ight surfaces. ln this connec 
tion, the retention time is increased with an increase in the 
coef?cient of friction of the inner surface of the screen and 
decreased with a decrease in the coefficient of friction of the 
helical ?ight surfaces. Since the ef?ciency of the method and 
apparatus of this invention is dependent upon the retention 
period, in order to obtain good operating results the retention 
period should neither be too long or too short. Accordingly, 
the retention time upon the main screen means should be 
maintained between approximately 1 and V2 seconds and 12 



3,642,139 
17 

seconds and preferably between approximately 1 and V: 
seconds and 6 seconds. Excellent results are obtained where 
the retention time is between approximately 1 and ‘A seconds 
and 3 and six-tenths seconds. For many applications, it has 
been found that a retention period of approximately 3 seconds 
provides optimum results. In connection with references made 
herein with respect to the period of time that the ?brous 
material must be centrifuged or retained upon the main screen 
means, it is to be understood that such periods are based upon 
the amount of time calculated for the ?brous material to move 
along the inner surface of the main screen means from one 
end thereofto the other in which consideration is given only to 
the angular velocity differential existing between the screen 
means and the scroll member, the angle of inclination that the 
helical ?ights are formed upon the scroll member, and the 
length of said screen means. More speci?cally, the retention 
time periods referred to herein are based upon calculations 
which are made without regard to the effect of the force of 
friction. 

Referring now to FIG. I, a ?brous material mixture is fed to 
the apparatus 20 through the feed inlet 26. The ?brous materi~ 
al mixture falls upon the upper surface of the scroll member 
24 and is immediately centrifuged radially outwardly to the 
inner surface of the screen means 22. The ?brous material 
contained within the mixture is retained upon the inner sur 
face of the screen means 22 while some of the liquid passes 
through the openings 52 formed therein. Since the scroll 
member and its associated helical ?ights are rotated in a coun 
terclockwise direction as viewed from the ?rst end at a slightly 
slower angular velocity than the counterclockwise rotating 
screen means, it will be understood that relative movement 
between the edges of the helical ?ights and the inner surface 
of the screen means is effected. Movement of the helical ?ight 
relative to the inner surface of the screen means functions to 
remove the layer of ?brous material retained on the inner sur 
face of the screen means. The ?brous material is centrifuged 
at a force to permit a layer of ?brous material to be formed 
upon the inner surface of the screen means which will be suf? 
ciently porous to permit the passing of a portion of the liquid 
through said layer of material and through the screen. This 
condition is met for most pulps where the centrifugal force va 
ries within a range between approximately 70 to 650 times the 
force of gravity. As the helical ?ights move relative to the 
inner surface of the screen means, a mass of densely com~ 
pacted, relatively impervious ?brous material is formed and 
maintained adjacent one side of the edge of the helical ?ight 
and between opposed surfaces of the helical ?ights and the 
inner surface of the screen means. This mass of relatively im 
pervious material is used to remove continuously the layer of 
?brous material disposed on the inner surface of the screen 
means. As the ?brous material is removed from the inner sur 
face of the screen means, it moves along the adjacent surface 
of the helical ?ight or, following formation of said mass of 
relatively impervious material, along the mass of relatively im 
pervious material following which same undergoes a rolling 
and wringing action due to the continued application of the 
centrifugal force all of which results in effecting a further 
removal of liquid from the mixture. The liquid removed from 
the material being fed into the apparatus 20 passes through 
the screen means 22 and into the liquid receiving means 28 
from which same is continuously being removed. The ?brous 
material deposited upon the inner surface of the screen means 
passes along the inner surface of the screen means generally 
longitudinally and circumferentially thereof into the ?brous 
material-receiving means area 30. In the event it is desirable 
or necessary to wash or treat with a liquid the ?brous material 
following removal of a portion of the liquid therefrom, said 
washing or treatment is effected by feeding a liquid through 
the conduit 170 which is disposed in communication with the 
interior of the scroll member 24. The liquid passes through the 
interior of the scroll means 24, through an opening 172 
formed in the radially extending plate 174 into the lower por 
tion 176 of the scroll member 24. The liquid then ?ows radi 
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ally outwardly through a plurality of openings 178 formed in 
the outer surface of the scroll member 24. The liquid passing 
through the opening 178 comes into contact with the ?brous 
material disposed on the inner surface of the lower portion of 
the screen means 22 and thence into the liquid'receiving 
means 28. The liquid collected within the liquid-receiving 
means 28 is continuously removed through the opening 180. 

It will be understood that the ?brous material may be 
washed or treated with a liquid or treated with a gas by passing 
the liquid or gas through conduit 170 into the interior of the 
scroll member 24. In certain instances, it is highly desirable 
that the gas used to treat a mixture does not become dissolved 
within the liquid being collected within the liquid-receiving 
means 28. This is effected by connecting the opening 48 to a 
source of reduced pressure (not shown) for the purpose ofin 
suring that all of the gas is moved along with the ?brous 
material. 

it will be understood that where a second screen means 23 is 
used in conjunction with the screen means 22 as shown in FIG. 
1, suitable means 182 will be provided for collecting the liquid 
passing through said second screen means. The ?brous materi 
al deposited upon the inner surface of the second screen 
means 23 will pass into and be collected in the means 28. 
Although the ?brous material so collected on the inner sur 
face of the second screen means 23 need not be processed 
again through the apparatus 20, it has been found desirable to 
do so in many circumstances for the purpose of increasing the 
consistency of the material collected on the inner surface of 
the second screen means. 

Referring again to FIG. 10, it will be noted that the assem~ 
bled scroll member and screen means is concentrically 
mounted within a second screen means 170 which has a coni 
cally shaped inner surface. Additionally, it will be noted that 
the diameter of said second screen means 170 decreases in the 
direction of ?ow of the ?brous material through the ap 
paratus. The purpose of forming the second screen means 170 
in this manner is to increase the retention period that the 
fibrous material passing through the openings formed in the 
first screen means 106 is retained upon the inner surface of 
the second screen means 170. By increasing the amount of 
time that the ?brous material is retained upon the inner sur 
face of the second screen means 170, it is possible to remove 
an increased amount of liquid thereby increasing the con 
sistency of the ?brous material collected from the inner sur 
face of the second screen means 170. 

In view of all of the foregoing, it will now be readily ap 
preciated that a method and apparatus for continuously 
removing liquid from a mixture by centrifuging same has been 
described. Further, the method and apparatus of this inven 
tion permits the continuous removal of large quantities of 
liquid from a ?brous material mixture in a most ef?cient 
manner with equipment which is relatively inexpensive to 
manufacture. Additionally, a single centrifuge constructed in 
accordance with the subject invention may be used to handle 
large volumes of ?brous material mixture. The life of a cen 
trifuge constructed in accordance with the subject invention 
has been considerably increased due to the reduced speeds at 
which same may be operated, the use of a relatively thick 
screen means which permits the ef?cient removal of liquid 
from a ?brous material mixture and, if desired, the coating of 
the ?ight edges with elastomeric material as speci?ed herein. 
The method and apparatus of this invention is additionally 
enhanced through the use of a second screen means for sub 
stantially reducing the overall amount of ?ber which would 
otherwise be lost in the ef?uent. Construction of the screen 
means is simpli?ed through the use of an outer, encompassing 
perforated basket having a longitudinally extending recess 
formed therein and in which is disposed overlapping ends of 
an inner screen member. The method and apparatus of this in 
vention is further enhanced by recognizing and controlling the 
amount of time that the ?brous material is centrifuged. 
Moreover, the method and apparatus of this invention may be 
bene?cially used to remove liquid from. a very low-consistency 
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?brous material mixture and, by adding a small quantity of 
long-?bered material, the method and apparatus may be used 
to remove liquid from a short-?bered ?brous material. 

It is to be understood that this invention is not limited to the 
exact methods and embodiments shown and described, which 
are merely by way of illustration and not limitation, as various 
other methods, forms and modi?cations will be apparent to 
those skilled in the art. For example, it will be understood that 
an apparatus of this invention may be used in combination 
with gravity or vacuum ?lters as well as with presses. There 
fore, it is intended that the appended claims cover all such 
changes and modi?cations. 
We claim: 
1. A centrifugal apparatus for continuously removing liquid 

from a mixture including therein a cellulose ?ber pulp of or 
ganic origin useful in the making of paper, said apparatus 
comprising: 

a housing; 
a hollow screen having an inner wall, said screen having a 

?rst end and a second end de?ned by parallel planes and 
a central longitudinal axis that intersects said planes per 
pendicularly, the inner wall of said screen forming‘ an in 
cluded angle lying in the range from 75° or 105° with at 
least one of said planes, said screen having a plurality of 
openings formed through, the minimum dimension of said 
openings, taken in a direction generally normal to the lon 
gitudinal axis of each corresponding opening, lying in the 
range of from 0.3 mm. to 3.0 mm., said screen having an 
effective open area of at least 10 percent, said screen 
being mounted in said housing for rotation about said lon~ 
gitudinal axis; 

a scroll member having an outer geometric con?guration 
similar to the geometric con?guration of the inner wall of 
said hollow screen, said scroll member being mounted 
concentrically in said housing and within said screen for 
rotation about said longitudinal axis, said scroll member 
having ?rst and second ends that de?ne parallel planes, 
said parallel planes lying generally adjacent to the parallel 
planes de?ned by the ?rst and second ends ofsaid hollow 
screen; 

plurality of adjacent, parallel arrayed, helical ?ights at~ 
tached to the outer surface of said scroll member, said 
plurality of helical ?ights forming a predetermined angle 
of inclination of not more than 65° with respect to the 
parallel planes de?ned by said ?rst and second ends of 
said scroll member, each ?ight of said plurality of helical 
?ights having an outer edge and a ?ber pulp-engaging sur 
face, said ?ights being attached and arranged on the outer 
surface of said scroll member in a manner that prevents 
bridging of said ?ber pulp between adjacent ?ights, the 
outer edge of said helical ?ights being separated from the 
inner surface of said screen by a distance of not more 
than 0.004 times the maximum inner diameter of said 
screen, said ?ights being perpendicularly spaced from 
one another by a distance equaling at least 0.03 times the 
inner circumference of said screen taken at the smallest 
circumference of said screen; 

drive means connected to said scroll member and said hol 
low screen for rotating said scroll member and attached 
helical ?ights at a predetermined angular velocity dif 
ferential relative to said screen; 

a feed inlet means located adjacent to said ?rst ends of said 
‘scroll member and screen for feeding the mixture to be 
processed through said apparatus of said ?rst ends of said 
scroll member and screen; 

a liquid-receiving means located exteriorly of said screen 
for receiving liquid removed from said mixture; and, 

a ?ber pulp-receiving means located adjacent to said second 
ends of said scroll member and screen for receiving said 
?ber pulp. 

2. A centrifugal apparatus as described in claim 1 wherein‘: 
adjacent ?ights of said plurality of helical ?ights are perpen 

dicularly spaced from one another by a distance equaling 
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at least 0.04 times the inner circumference of said screen 
taken at the smallest circumference of said screen; and, 

said predetermined angle of inclination of said ?ights is not 
more than 55°. \ 

3. A centrifugal apparatus as described in claim 1 including 
a second screen mounted generally concentrically with 
respect to said hollow screen and exteriorly thereof, said 
second screen also being hollow. 

4. A centrifugal apparatus as described in claim 1 wherein: 
the plane that de?nes said ?rst end of said hollow screen 

forms an angle with the inner wall of said hollow screen 
that lies in the range of from 90° to l05°; and, 

the plane that de?nes the second end of said hollow screen 
forms an angle with the inner wall of said hollow screen 
that lies in the range of from 75° to 90°. 

5. A centrifugal apparatus as described in claim 1v wherein 
the inner wall of said hollow screen forms an included angle 
lying in the range from 83° to 97° with at least one of said 
planes. 

6. A centrifugal apparatus as described in claim 1 wherein 
the ?ber pulp-engaging surface of said ?ights in smoother than 
the inner surface of said screen. 

7. A centrifugal apparatus as described in claim 1 wherein 
the plane that de?nes said ?rst end of said screen forms an 
angle with the inner wall of said screen equaling approximate 
ly 90°. 

8. A centrifugal apparatus for continuously removing liquid 
from a mixture including therein a cellulose ?ber pulp of or 
ganic origin useful in the making of paper, said apparatus 
comprising; 

a housing 
a hollow screen having an axially extending cylindrical inner 

wall of substantially constant radius, said screen having a 
?rst end and a second end de?ned by planes and a central 
longitudinal axis that intersects said planes, said screen 
having a plurality of openings formed through its 
generally cylindrical wall, the minimum dimension of said 
openings, taken in a direction generally normal to the lon 
gitudinal axis of each‘corresponding opening, lying in the 
approximate range of from 0.3 mm. to 3.0 mm., said 
screen having an effective open areav of at least l0‘per 
cent, said screen being mounted in said housing for rota~ 
tion about said longitudinal axis, 

a scroll member having a cylindrical outer geometric con 
?guration similar to the cylindrical inner wall of said hol 
low screen, said scroll member being mounted concentri 
cally in said housing and within said screen for rotation 
about said longitudinal axis, said scroll member having 
?rst and second ends that de?ne planes, said planes lying 
generally adjacent to the planes de?ned by the ?rst and 
second ends ofsaid hollow screen; 

a plurality of adjacent, parallel arrayed, helical ?ights at 
tached to the outer surface of said scroll member, said 
plurality of helical ?ights forming a predetermined angle 
of inclination of not more than 55° with respect to the 
planes de?ned by said ?rst and second ends of said scroll 
member, each ?ight of said plurality of helical ?ights hav 
ing an outer edge and a ?ber pulp-engaging surface, said 
?ights being attached and arranged on the outer surface 
of said scroll member in a manner that prevents bridging 
of said ?ber pulp between adjacent ?ights, the outer edge 
of said helical ?ights being separated from the inner sur 
face of said screen by a distance of not more than 0.004 
times the inner diameter of said screen, said ?ights being 
perpendicularly spaced one from another, at least at the 
second end of said scroll member, by an amount equaling 
at least approximately 0.03 times the inner circumference 
of said screen; 

drive means connected to said scroll member and said hol 
low screen for rotating said scroll member and attached 
helical ?ights at a predetermined angular velocity dif 
ferential relative to said screen; 

a feed inlet means located adjacent to said ?rst ends of said 
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scroll member and screen for feeding the mixture to be 
processed through said apparatus to said ?rst ends of said 
scroll member and screen; 

a liquid-receiving means located exteriorly of said screen 
for receiving liquid removed from said mixture; and 

a ?ber pulp-receiving means located adjacent to said second 
ends of said scroll member and screen for receiving said 
?ber pulp. 

9. A centrifugal apparatus as described in claim 8 in which 
the size of the openings formed in the cylindrical wall of said 
screen varies within the approximate range of from 0.5 mm. to 
2.0 mm. _ 

10. A centrifugal apparatus as described in claim 8 in which 
the size of the openings formed in the cylindrical wall of said 
screen varies within the approximate range of from 1.00 mm. 
to 1.68 mm. 

11. A centrifugal apparatus as described in claim 8 in which 
said screen includes a cylindrical screen member and a cylin 
drical perforated basket, said basket circumferentially encom 
passing said screen member and having at least one longitu 
dinally extending recess formed on the inner surface thereof, 
said screen member being formed from a generally rectangu 
lar shaped sheet member and having the opposite ends thereof 
disposed in overlapping relation, said overlapping ends being 
disposed within said recess whereby the inner surface of said 
screen member is substantially cylindrical in con?guration. 

12, A centrifugal apparatus as described in claim 8 in which 
said scroll member has more ?ights formed adjacent the ?rst 
end thereof than adjacent the second end thereof. 

13. A centrifugal apparatus as described in claim 12 in 
which the number of ?ights formed adjacent the ?rst end 
equals a multiple of the number of ?ights formed adjacent the 
second end. 

14. A centrifugal apparatus as described in claim 8 in which 
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the edges of said ?ights are composed of an elastomeric 
material. 

15. A centrifugal apparatus as described in claim 8 wherein 
said scroll member includes: 

a conduit located along said longitudinal axis, said conduit 
communicating between the exterior of said housing and 
the interior of said scroll member to allow a gas to be sup 
plied to the interior of said scroll member; and, 

a plurality of outlets disposed intermediate the ends of said 
scroll member, said outlets communicating between the 
interior and the exterior of said scroll member to allow 
said gas to escape from said scroll member and treat said 
mixture as it passes between said scroll member and said 
screen. 

16. A centrifugal apparatus as described in claim 8 includ 
ing a second screen mounted generally concentricall)v with 
respect to the screen and exteriorly thereof. 

17. A centrifugal apparatus as described in claim 16 in 
which said second screen is stationarily mounted in said hous 
ing. 

18. A centrifugal apparatus as described in claim 16 in 
which the inner surface of said second screen is conically 
shaped, the diameter of the inner surface of said second 
screen decreasing in a direction proceeding from said ?rst end 
to said second end of said scroll member. 

19. A centrifugal apparatus as described in claim 8 in which 
each ?ight is perpendicularly spaced from an adjacent ?ight 
by an amount equal to at least approximately 0.04 times the 
innercircumference of said screen. 

20. A centrifugal apparatus as described in claim 8 wherein 
the ?ber pulp-engaging surface of said ?ights is smoother than 
the inner surface of said screen. 


