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COMBINED PULP CLEANING SYSTEM 
INCLUDINGHGH AND LOW PRESSURE DROP 

: HYDROCYCLONE CLEANERS ... r 

As evidenced by the prior Zemanek et al U.S. Pat. 
No. 3,425,545, the pending Zemanek patent applica 
tion Ser. No. 117,566 (now U.S. Pat. No. 3,764,005 of 
Oct. 9, 1973), and the patents to Braun et al No. 
3,557,956 and Delcellier U.S. Pat. No. 3,313,413 
(among others), hydrocyclone apparatus for separating 
particles of different specific gravities from a paper 
pulp suspension are well known in the art. More partic 
ularly, these known hydrocyclone separators are suit 
able for separating from a suspension impurity particles 
having a specific, gravity that is greater than that of the 
cellulose pulp. In order to remove particles of impuri 
ties having a specific gravity less than that of the cellu 
lose pulp fibers, it has been proposed to use separating 
screens which are efficient in removing only the large 
and spherical plastic particles, since the smaller and flat 
particles pass readily through the screen openings 
(holes or slots). The conventional hydrocyclone is in 
capable of removing synthetic plastic material, or ma 
terials such as ink, hot melt or the like. 
The present, invention is based on the concept of 

removing the lighter particles from the wastepaper 
suspension by a lowpressure process. 
Accordingly, the primary object of the present inven 

tion is to provide a low-pressure wastepaper cleaner 
method and apparatus for separating from a reclaimed 
wastepaper suspension both the cellulose pulp fibers 
and the lighter impurity particles having a specific grav 
ity less than that of the pulp fibers. The suspension is 
introduced at relatively low pressure (on the order of 5 
psig) tangentially into the upper end of a low-pressure 
drop hydrocyclone chamber having an outlet at its 
lower end through which are discharged the heavier 
pulp fibers that are thrown centrifugally outwardly and 
travel downwardly in the chamber in a helical path. 
The lighter impurity particles are displaced radially 
inwardly in the chamber and engage an upwardly con 
vergent conical diverter that establishes an upward 
vortex flow centrally within the chamber, whereby the 
lighter impurity, particles may be dispensed via an out 
let that communicates with the upper end of the cham 
ber. 
A further object of the present invention is to provide 

a high-pressure drop low-pressure drop method and 
apparatus for separating in three fractions from a re 
claimed wastepaper suspension the cellulose pulp fi 
bers, heavy impurity particles having a specific gravity 
greater than that of the pulp fibers, and light impurity 
particles having a specific gravity lower than that of the 
pulp fibers. To this end, a high-pressure drop hydrocy 
clone is co ected colinearly in spaced relation below 
the aforementioned low-pressure drop wastepaper 
cleaner, an intermediate housing being rigidly con 
nected between the high-pressure hydrocyclone 
cleaner and the low-pressure drop wastepaper cleaner 
to define a unitary rigid separator having separate out 
lets for discharging the cellulose pulp fibers, the light 
impurity particles and the heavy impurity particles, 
respectively." W 
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Another object of the present invention is to provide 
an improved system for accurately separating the pulp 
fibers and the light and heavy impurity particles from a 
reclaimed wastepaper cleaner suspension, character 
ized in that the light particle outlet of the high-pressure 
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drop low-pressure drop separator is connected with a 
second-stage low-pressure wastepaper cleaner which 
supplies at its upper outlet the final light particle rejects 
and returns from its lower outlet to the original suspen 
sion tank the suspension which includes reclaimable 
cellulose pulp fibers. Furthermore, the heavy rejects 
discharged from the lower outlet of the high-pressure 
drop low-pressure drop separator may be fed to the 
inlet of a further hydrocyclone separator (such as the 
two-body separator of the aforementioned Zemanek 
application Serial No. 117,566) for separation into the 
final heavy particle rejects and a suspension containing 
the cellulose pulp fibers that is returned to the original 
suspension supply tank and/or the heavy particle reject 
tank associated with the high-pressure drop low-pres 
sure drop cleaner. W 
Other objects and advantages of the invention will 

become apparent from a study of the following specifi 
cation when viewed in the light of the accompanying 
drawing, in which: 
FIG. 1 is a diagrammatic sectional elevational view of 

a cylindrical embodiment of the low-pressure drop 
wastepaper cleaner of the present invention; 
FIG. 2 is a diagrammatic sectional elevational view of 

a modification of the wastepaper cleaner of FIG. 1 
wherein the lower portion of the housing is conical; 
FIG. 3 is a diagrammatic sectional elevational view of 

a high-pressure drop low-pressure drop separator appa 
ratus that incorporates the operating principles of the 
wastepaper cleaner of FIG. 1; 
FIG. 4 is a detailed view of a modification of the 

apparatus of FIG. 3; and 
FIG. 5 is an improved wastepaper cleaning system 

that includes the wastepaper cleaner of FIG. 1 and the 
high-pressure drop low-pressure drop separator appa 
ratus of FIG. 3. 
Referring first more particularly to FIG. 1, the waste 

paper cleaner is operable to separate from the cellulose 
pulp fibers of a wastepaper pulp suspension the lighter 
impurity particles of materials such as synthetic plas 
tics, ink, adhesives, hot melt particles and the like. Use 
is made of a cylindrical housing 2 containing a low 
pressure drop chamber 4, an inlet 6 for introducing the 
suspension tangentially into the upper end of the cham 
ber, and first and second outlets 8 and 10 arranged 
centrally in the bottom and top walls of the chamber, 
respectively. Mounted within the bottom opening 8 is a 
diverter means 12 including a tubular bottom portion 
12a upon the upper portion of which is supported a 
conical upwardly convergent portion 12b. As illus 
trated in the drawing, the conical portion is supported 
by the tubular bottom portion at an elevation greater 
than that of the outlet opening. The cylindrical portion 
contains a tangential discharge slot 12c for the dis 
charge of material from the chamber 4 into the diverter 
chamber 12d, and discharge conduit 14 communicates 
with the lower end of the diverter chamber. Throttle 
valve 16 connected in the conduit 14 affords means for 
regulating the back pressure in chambers 12d and 4. 
Mounted in the second outlet 10 is a baffle 18 the lower 
end of which extends to a level below that of the inlet 
6, thereby to partially isolate the second outlet 10 from 
the inlet 6. 

In operation, the wastepaper suspension is sup 
plied--at a relatively low pressure (on the order of 5 
psig) and a relatively low flow rate-tangentially into 
the upper end of the chamber 4 via inlet 6. As the 
suspension flows downwardly in the chamber 4 toward 
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the outlet 8, the heavier cellulose pulp fibers are 
thrown centrifugally outwardly and travel downwardly 
in a helical path adjacent the chamber side wall, where 
upon at the bottom of the chamber the pulp fiber-liquid 
carrier suspension flows through the discharge slot 12c, 
and helically downwardly in the diverter chamber 12d 
and the discharge conduit 14. Owing to the centrifugal 
helical flow of the heavier cellulose pulp fibers the 
lighter impurity particles are displaced inwardly of the 
chamber 4 and engage the conical diverter surface 12b, 
whereupon an upwardly directed low-pressure vortex 
flow of the lighter impurity particles is established in 
the central portion of the chamber and outwardly 
therefrom via the second outlet 10. 

It has been found in practice that owing to the low 
pressure upward movement of particles within the cen 
tral portion of the housing, there are removed by the 
low pressure central vortex not only the lighter impu 
rity particles but also relatively fine particles of higher 
specific gravity which are not separated by centrifugal 
force. Preferably the outlet pressure of discharge con 
duit 16 is atmosphere, whereby a relatively low-pres 
sure drop of about 5 psig is achieved. 

In the modification of FIG. 2, the housing2' includes 
a cylindrical upper portion 2a and a conical down 
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wardly convergent lower portion 2b, thereby to effect a . 
slightly greater acceleration of the heavier pulp fibers 
adjacent the bottom portion of the chamber. The struc 
ture and operation of this embodiment is otherwise 
similar to that of FIG. 1, like parts being identified by 
primed reference numerals. 

Referring now to the high-pressure drop low-pressure 
drop embodiment of FIG. 3, a reclaimed wastepaper 
suspension containing cellulose pulp fibers and heavy 
and light impurity particles having specific gravities 
greater and less than that of the pulp fibers, respec 
tively, is supplied at a relatively high pressure (on the 
order of 30-50 psig) to a high-pressure drop down 
wardly convergent conical hydrocyclone chamber 24 
contained within the lower portion 22a of the housing 
22. The suspension is introduced tangentially into the 
hydrocyclone chamber via inlet 26, whereupon the 
suspension flows downwardly in the chamber toward 
the first outlet 28. Owing to centrifugal force, the 
heavier impurity particles assume a downward helical 
path adjacent the wall surface of the chamber 24 and 
are discharged via the first outlet 28. The cellulose pulp 
fibers and the lighter impurity particles are displaced 
radially upwardly in the chamber 24 and assume an 
upward vortex flow for discharge via baffle 29 and a 
second discharge opening 20 contained in the upper 
end wall of chamber 24. The discharge pressure is 
approximately 5 psig, whereupon the pressure drop 
between the inlet and outlets of the hydrocyclone sepa 
rator is about 25 to 45 psig for inlet pressures of 30 to 
50 psig, respectively. 
The low-pressure suspension of cellulose pulp fibers 

and lighter impurity particles is introduced into a cylin 
drical intermediate chamber 34 contained in an inter 
mediate portion 22b of the housing, the side wall por 
tion of said intermediate chamber containing an outlet 
36 which communicates via conduit 38 with the inlet 
106 of the low-pressure chamber 104 contained in the 
upper portion 22c of the housing 22. The upper hous 
ing portion 22c contains a first outlet 108 that commu 
nicates with the bottom portion of the chamber 104, 
and a second outlet 110 centrally arranged in the upper 
wall of the chamber. Arranged in the bottom of the 
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4 
chamber are diverter means 112 including a cylindrical 
lower portion 112a and an upwardly convergent coni 
cal portion 112b. Discharge conduit 114 containing 
throttle valve 116 communicates with the first outlet 
108, and arranged in the second outlet 110 is the baffle 
means 118 having a tubular lower portion 118a that 
extends downwardly in the chamber 104 at least to the 
level of the inlet 106, thereby to isolate the second 
outlet from the inlet. 
As the suspension introduced via inlet 106 flows 

downwardly in chamber 104 toward the outlet 108, the 
heavier cellulose pulp fibers are thrown centrifugally 
outwardly toward the wall of the chamber and pass 
downwardly in a helical path for discharge via outlet 
108. The lighter impurity particles are displaced in 
wardly and engage the conical diverter portion 112b, 
whereupon a vortex flow of the lighter impurity parti 
cles is established upwardly in the central portion of the 
chamber 104 toward the outlet 110 for discharge via 
the opening 120 contained in the upper end wall 118b 
of the baffle means. 
Consequently, it is apparent that the high-pressure 

drop low-pressure drop apparatus of FIG. 3 is operable 
by a single unitary construction to separate from the 
initial reclaimed wastepaper suspension heavy impurity 
particles at outlet 28, light impurity particles at outlet 
120, and acceptable cellulose pulp fibers at outlet 114. 
The back pressure of chamber 104 (and, to a certain 
extent, the back pressures of chambers 34 and 24) may 
be controlled by appropriate adjustment of throttle 
valve 116. 
As shown in the modification of FIG. 4, in the event 

that the suspension contains a certain degree of air, the 
second outlet 120' is arranged in the side wall of the 
baffle and an air outlet 122 is provided in the upper end 
wall 118b of the baffle. Consequently, air is readily 
separated from the suspension adjacent the light parti 
cle outlet. 
The wastepaper cleaner and high-pressure drop low 

pressure drop components are particularly suitable for 
use in the improved wastepaper cleaning system illus 
trated in FIG. 5. The reclaimed wastepaper suspen 
sion-which has a 0.3-0.7% concentration and in 
cludes cellulose pulp fibers, heavy impurity particles 
having a specific gravity higher than that of the pulp 
fibers, and light impurity particles having a specific 
gravity lower than that of the pulp fibers--is introduced 
in the supply tank 150 and is pumped by pump 152 at 
a relatively high pressure (30-50 psig) to the inlet 226 
of the high-pressure drop chamber 224 contained in 
the lower portion 222a of the housing 222 of the high 
pressure drop low-pressure drop separator 222. The 
heavy impurity particles are deposited into tank 154 via 
outlet 228 and are pumped by pump 156 to the inlet 
158 of the two-body separator apparatus 160 (which 
apparatus is disclosed in detail in the Zemanek applica 
tion Ser. No. 117,566). The separator 160 serves as a 
second-stage device including a first outlet 162 for 
supplying the final heavy impurity particles, a second 
outlet 164 for returning to the supply tank 150 a first 
suspension of a lighter portion of the heavy impurity 
particles (which possibly includes redeemable cellulose 
pulp fibers), and a third outlet 166 which returns to the 
heavy reject tank 154 a second suspension of a heavier 
portion of the heavy impurity particles (which possibly 
includes a small quantity of redeemable pulp fibers) 
third outlet 166 to the heavy particle reject tank 154. 
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The low-pressure upper wastepaper cleaner portion 
222c of the combined high-pressure drop low-pressure 
drop separator 222 serves to provide the acceptable 
cellulose pulp fibers via first outlet 308 and discharge 
conduit 314, and the light impurity particle rejects are 
supplied to tank 170 via the second outlet 320. These 
rejects are pumped by pump 172 at a relatively low 
pressure (about 5 psig) to the inlet 406 of the low-pres 
sure drop wastepaper cleaner 402, which apparatus 
serves as a second stage separator for the light impurity 
particles. Final light particle rejects are supplied via 
watepaper cleaner outlet 410, and the suspension pro 
duced at outlet 408 (which may include some accept 
able cellulose pulp fibers) is returned to the supply tank 
SO. 
While the improved system of FIG. 5 has been dis 

closed with regard to the separation of impurities from 
reclaimed wastepaper stock, it is apparent that the 
system has utility in many other applications, such as 
the cleaning of virgin pulp or paper stock ahead of a 
paper machine. 
Although in accordance with the Patent Statutes the 

preferred form and embodiments of the invention has 
been disclosed, it will be apparent that various modifi 
cations may be made without deviating from my inven 
tive concept. 
What is claimed is: 
1. The method of separating from a reclaimed waste 

paper suspension the cellulose pulp fibers and heavy 
and light particles of impurities having specific gravities 
greater and less, respectively, than that of the pulp 
fibers, which comprises the steps of 

a. supplying the suspension tangentially at a pressure 
of about 30-50 psig into the upper end of a high 
pressure centrifugal hydrocyclone separator cham 
ber; 

b. withdrawing the heavy impurity particle rejects 
from the bottom of the high-pressure chamber, 
whereby a vertical vortex of light impurity particles 
and pulp fibers is formed in the center of the high 
pressure chamber; 

c. withdrawing from the upper end of the high-pres 
sure chamber the second suspension including the 
pulp fibers and the light impurity particles; 

d. supplying the second suspension at a pressure of 
about 5 psig, tangentially into the upper end of a 
low-pressure hydrocyclone chamber; 

e. withdrawing from the bottom of the low-pressure 
chamber a third suspension including the pulp fi 
bers that flow helically downwardly adjacent the 
wall of the low-pressure chamber, whereby the 
light particles are displaced radially inwardly and 
downwardly in the low-pressure chamber; 

f. diverting the light particles upwardly to form a 
vortex flow thereof in the central portion of the 
low-pressure chamber; and 

g. withdrawing from the top of the low-pressure 
chamber a fourth suspension including the light 
impurity particles. 

2. The method as defined in claim 1, and further 
including the steps of - 

h. supplying the fourth suspension tangentially at a 
pressure of about 5 psig, to the upper end of a 
second low-pressure chamber; 

i. withdrawing from the bottom of the second low 
pressure chamber the suspension including re 
claimable pulp fibers and returning this suspension 
to the original suspension; and 

6 
j. withdrawing from the upper end of the second 

low-pressure chamber the final light impurity parti 
cles. 

3. The method as recited in claim 2, and further including the steps of 
k. feeding a suspension including the heavy impurity 

particles discharged from the high-pressure centrif 
ugal hydrocyclone chamber to the upper end of a 
second high-pressure centrifugal hydrocyclone 
chamber; 

l. withdrawing final heavy impurity particles from the 
lower end of the second hydrocyclone chamber; 
and - 

m. returning to the suspension source of at least one 
of the high-pressure hydrocyclone chambers from 
the upper end of the second high-pressure hydrocy 
clone chamber the suspension which includes re 
claimable cellulose pulp fibers. 

4. Low-pressure drop apparatus for separating from a 
liquid suspension cellulose pulp fibers and particles of 
impurities having a specific gravity less than that of the 
cellulose pulp fibers, comprising 

a. means for supplying said suspension under pres 
Sure, 

b. a housing having top, bottom and side walls defin 
ing a vertical hydrocyclone chamber, said housing 
being cylindrical and having a uniform diameter 
throughout its length, 
1. the upper portion of said housing side wall con 
taining an inlet opening connected with said sus 
pension supply means for supplying said suspen 
sion tangentially into the upper end of said cham 
ber; 

2. the lower end of said housing containing a first 
outlet opening; 

3. the central portion of the upper end of said hous 
ing containing a second outlet opening; 

... upwardly convergent conical diverter means cen 
trally mounted on the bottom wall of said vertical 
hydrocyclone chamber, said diverter means includ 
ing an upwardly convergent conical diverter mem 
ber, and cylindrical support means supporting said 
conical diverter member a given distance above 
said housing bottom wall and above said first outlet 
opening, said cylindrical support means having an 
outer diameter which correponds with the maxi 
mum diameter of said conical diverter member; 
and 

d. tubular baffle means connected with the central 
portion of the housing top wall and communicating 
at its upper end with the second outlet opening, the 
lower end of said baffle means extending down 
wardly in said chamber to a level slightly below that 
of said inlet opening; 

... the pressure of said suspension supply means being 
such as to establish a pressure difference of about 5 
psig, between said inlet opening and said first outlet 
opening, whereby the pulp fibers are separated 
from the suspension by centrifugal force and pass 
downwardly in the chamber in an outer helical path 
adjacent the side wall surface of the chamber for 
discharge via said first outlet, said diverter means 
establishing in the central portion of the chamber 
within the outer helical path an upwardly directed 
small helical vortex flow of the impurity particles of 
the suspension for discharge via said second outlet 
opening. 
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5. Combined high-pressure-drop low-presure-drop 
apparatus for separating from a liquid suspension cellu 
lose pulp fibers, and first and second groups of impuri 
ties having specific gravities greater than and less than 
that of said pulp fibers, respectively, comprising 

a. means for supplying said suspension under pres 
sure; 

b. a unitary housing including a lower portion con 
taining a vertically arranged downwardly conver 
gent conical high-pressure-drop hydrocyclone sep 
aration chamber, an upper portion containing a 
vertically arranged generally cylindrical low-pres 
sure-drop separation chamber, and a middle por 
tion containing an intermediate chamber, 
1. the upper side wall portion of said lower cham 
ber containing a first inlet connected with said 
suspension supply means for supplying said sus 
pension tangentially into said lower chamber; 

2. the lower end of said lower chamber containing 
a first outlet; 

3. the central portion of the upper end of said lower 
chamber containing a second outlet; 

4. the central lower portion of said intermediate 
chamber containing a second inlet communicat 
ing with said second outlet; 

5. the side wall portion of said intermediate cham 
ber containing a third outlet; 

6. the upper side wall portion of said upper cham 
ber containing a third inlet connected with said 
third outlet for introducing the suspension tan 
gentially into the upper end of said upper cham 
ber; 

7. the lower side wall portion of said upper cham 
ber containing a fourth outlet; and 

8. the top wall portion of said upper chamber con 
taining a fifth outlet; and 

c. upwardly convergent conical diverter means cen 
trally mounted on the bottom wall of said chamber, 
said diverter means including an upwardly conver 
gent conical diverter member, and means support 
ing said, diverter member a given distance above 
said housing bottom wall, whereby in said lower 
chamber the first group of impurities is separated 
from said suspension by centrifugal force for dis 
charge via said first outlet, the remaining pulp fiber 
particles and second group of impurities having an 
upwardly directed vortex flow within said lower 
chamber for tangential introduction into said upper 
chamber via said second outlet, said second inlet, 
said intermediate chamber, said third outlet and 
said third inlet, whereby the pulp fibers are sepa 
rated by centrifugal force from said suspension in 
said, upper chamber for discharge via said fourth 
outlet, and said diverter means cause said second 
group of particles to form an upwardly directed 
vortex in the central portion of said upper chamber 
for discharge, via said fifth outlet. 

6. Apparatus as defined in claim 5, wherein said 
fourth outlet is connected with atmosphere and said 
suspension supply means has a pressure of about 30 to 
50 psig, said lower chamber having a discharge pres 
sure at said second outlet of about 5 psig 
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7. Apparatus as defined in claim 5, and further in 

cluding second-stage heavy particle hydrocyclone sep 
arator means for recleaning the heavy impurity parti 
cles discharged from first outlet, said second-stage 
separator means being of the two-body type including a 
conical housing which is divided into upper and lower 
chambers by a horizontal baffle, said separator means 
including a fourth inlet for introducing the heavy parti 
cles from said first outlet tangentially into the upper 
end of the upper chamber of said second-stage separa 
tor, a sixth outlet (162) for discharging the final heavy 
rejects from the lower end of the lower chamber of said 
second-stage separator, a seventh outlet (166) for re 
turning to the heavy particle rejects discharged from 
the first outlet the lighter impurity particles that are 
displaced upwardly in the central portion of said lower 
chamber, and an eighth outlet (164) for returning to 
the first inlet the lighter particles that are directed 
upwardly in the central portion of said upper chamber. 

8. Apparatus as defined in claim 5, and further in 
cluding light particle second-stage separator means for 
recleaning the light impurity particles discharged from 
said fifth outlet, said light particle second-stage separa 
tor means comprising a second housing containing a 
chamber and having at its upper end a fifth inlet for 
tangentially introducing into the chamber the lighter 
particles to be cleaned, a ninth outlet at its lower end 
for returning to the first inlet the heavier particles sepa 
rated in said second housing, and a tenth outlet for 
discharging from the upper central portion of said sec 
ond housing the final light rejects. 

9. The method of separating from a suspension cellu 
lose pulp fibers, and particles of impurities having a 
specific gravity lower than that of the pulp fibers, which 
comprises the steps of 

a. introducing the suspension tangentially into an 
inlet opening arranged at the upper end of a totally 
cylindrical hydrocyclone chamber, said chamber 
having at its lower end a pulp fiber outlet opening 
and at its upper end a light impurity particle outlet 
opening, said suspension being introduced into said 
chamber at a pressure producing a pressure drop of 
about 5 psig, whereby the heavier pulp fiber parti 
cles are centrifugally displaced outwardly and flow 
downwardly in a helical path toward the bottom of 
the hydrocyclone chamber and wherein the lighter 
particles are displaced radially inwardly and down 
wardly in the chamber; 

b. diverting the light impurity particles upwardly in a 
vortex toward the upper end of the hydrocyclone 
chamber by means of a conical diverter supported 
above the bottom wall of the chamber at an eleva 
tion above the pulp fiber outlet opening by means 
of a cylindrical support member having an outer 
diameter which corresponds with the maximum 
diameter of the conical diverter; 

c. removing the pulp fibers adjacent the bottom of 
the chamber; and 

d. removing the light impurity particles from the top 
of the chamber. 
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