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The present invention relates to the art of re 
moving solids from liquids by centrifugation, for 
example wax from hydrocarbon oils, and more 
particularly to removing wax from wax-contain 
ing viscous fractions derived by distillation of 
petroleum oil under non-cracking conditions, par 
ticularly with fire and steam or with vacuum. 
A particular object of the invention is to provide 
a pressure-feed multi-stage centrifugal mecha 
nism which will separate from oil not only its crys 
talline Wax content but a portion at least of its 
amorphous wax. It will be understood, however, 
that the description of the use of the machine in 
connection with petroleum oil is illustrative only, 
and that various other uses are desirable. The invention will be fully understood from the 
following description, illustrated by the accom 
panying drawings in which: 

Fig. 1 is a Side elevation and Sectional view of a 
Centrifuge suitable for carrying out the inven 
tion; Fig. 2 is a transverse sectional view on the line 
II-II, Fig.1; 

Fig. 3 is a transverse sectional view on the line 
III-III, Fig. 1; 

Fig. 4 is another side elevation and Sectional 
view of the centrifuge; 

Fig. 5 is a top view of the centrifuge; 
Fig. 6 is a Sectional view of an Outlet of the 

centrifuge; 
Fig. 7 is a side elevation and sectional view of a 

modified form of the centrifuge; 
Fig. 8 is a transverse sectional view on the line 

IV-IV, Fig. 7; 
Fig. 9 is a side elevation and sectional view of 

a distributing tube in the centrifuge of Fig. 7; 
and 

Fig. 10 is a transverse sectional view on the line 
W-V, Fig. 9. 

Referring to the drawings, the numeral f indi 
cates the outer shell of a cylindrical centrifuge 
made according to this invention. Secured to the 
Outer shell and preferably cast integrally with it, 
is an inner shell 2. An annular space 3, closed at 
both ends, is thus provided between the walls 
and 2 and the assembly forms the stator of the 
machine. An inlet 4 and outlet 5 are provided for 
passing a cooling medium, such as cold brine, 
through the annular space 3. The centrifuge is 
provided with a top cover 6 and a bottom cover 7, 
which are securely bolted to the cylindrical Walls 
and 2. The top cover 6 has a central opening 8 

with flange connections 9 for matching with the 
flange 9a of the pipe O through which the liquid 
to be centrifuged is introduced. The bottom 

cover 7 has a central opening i? through which a 
shaft 2 passes. Opening fl is provided with a 
recess 3 to receive packing i3a for the shaft 12 
where it passes through the bottom cover 7. This 
bottom cover 7 is provided with a heavy radial 
ball bearing 4 and the inside of the bottom cover 
7 is faced to take ball thrust bearing 5. 
The shaft 2 has a threaded projection 6. A 

disc 7 which extends to the inner wall 2 is thread 
ed on shaft 2 on the threaded projection 6 and 
is so arranged that the pressure from the rotation 
of the disc T will prevent the shaft from un 
threading. Disc 7 is bolted to space Supports 8, 
of which there is a series as shown in Fig. 2. 
Circular hollow ring 9, fitted adjacent to the 
inner lining of inner shell 2, of uniform thickness 
for a short distance from the inner lining and 
tapered to a point toward the inner diameter of 
the centrifuge, is joined to the space supports 8. 
Alternate series of similar space Supports and hol 
low rings are joined together extending to a disc 
20 which is in the upper part of the centrifuge. 
The disc. 20 is open in the center and at the 

point of contact of disc 20 and the top 6 is a re 
cess to take a radial ball bearing 2. Attached to 
the bottom disc 7 in the center of the centrifuge 
is a conduit or pipe 22 of irregular or serrated 
contour extending upwards to a point adjacent to 
the entrance of inlet pipe O in the upper part of 
the centrifuge. Pipe 22 preferably consists as 
shown of an alternate series of hollow upright 
and inverted frustums of cones. The inverted 
frustums of cones 23 have openings 24 on the 
Sides and the upright hollow frustums of cones 
23a are closed on the sides. The hollow frustums 
of cones are So arranged that the narrow ends of 
an upright and of an inverted frustum are joined 
together and the next joint consists of the en 
larged ends of an upright and inverted frustum. 
In other words, the pipe 22 is so shaped that the 
diameter of the walls alternately increases and 
decreases. Pipe 22 has an opening 22a at the top. 

It will be seen that the rotor of the machine is 
formed of two parts, what may be called an inner 
rotor formed of the Serrated pipe 22, and what 
may be called an outer rotor formed of the hollow 
rings f9 and their connections. The inner and 
outer rotors are joined by disc fl. 
Four bars 25 are inside pipe 22, equally spaced 

around the narrowest part of the pipe and extend 
the length of the pipe. Pipes 26 to 30 pass 
through the outer and inner shells and 2 and 
also through the annular space 3. These pipes 26 
to 30 open into the inner part of the centrifuge 
at the Space formed by Space supports 8 between 
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2 
the hollow circular rings 9 and between the hol 
low circular rings 9 and disc and 20. The 
openings to the pipes 26 to 29 from the spaces 
formed by the space supports in the centrifuge 
are fitted with knife valves Sf controlled by screws 
32. The opening to pipe 30 from the part of the 
centrifuge most remote from the inlet, at the 
space between the disc 7 and the adjacent hollow 
ring, is controlled by a spring relief valve set to 
operate at a predetermined pressure. The spring 
relief valve may be regulated by a screw similar to 
screws 32. 
The knife valves 3 are made of spring steel. 

The cutting edge is tensioned against the inner 
face of wall 2 by having the angle formed by the 
back of the knife made at a greater angle than 
90°, so that when a flanged connection is bolted 
to the outlet port, the flange will press on the 
part of the knife that projects at the flange of 
outlet pipes 26 to 29 and will press the knife edge 
hard up against the valve face at the opening 
through wall 2, thereby stiffening the knife 
against the possibility of opening out through the 
pressure of wax driven through the valve open 
ing. (See Fig. 6.) 

Referring to Fig. 7, a modified centrifuge is 
shown. The bottom cover has a central opening 

through which two shafts 33 and 34 pass, shaft 
33 being hollow and shaft 34 passing through the 
central hollow space. The shafts 33 and 34 are 
adapted to revolve at different speeds by suitable 
power means, (not shown). This bottom cover 7 
is provided with a heavy radial ball bearing 4 
and the inside of the bottom cover is faced to 
take ball thrust bearing 5. 
The hollow shaft 33 extending through opening 

f in bottom cover is Secured to disc 35 which 
extends to the inner Wall 2. Disc 35 is bolted to 
space Supports 8, of which there is a Series as 
shown in Fig. 8. Circular hollow ring 9, fitted 
adjacent to the inner lining of the inner shell 2, 
of uniform thickness for a short distance from the 
inner lining and tapered toward the inner diam 
eter of the centrifuge, is joined to the space Sup-. 
ports 8. Alternate series of similar space Sup 
ports and hollow rings are joined together ex 
tending to a disc 20 which is in the upper part of 
the centrifuge. 
The disc 2.0 is open in the center and at the 

point of contact of disc 20 and the top 6 is a 
recess to take a radial ball bearing 2. An inner 
shaft 34, extending through the hollow shaft 33, 
has a threaded projection 36. Attached to the 
threaded projection 36 is a conduit or pipe 37 of 
irregular or Serrated contour extending upwards 
to a point adjacent to the entrance of inlet pipe 
0 in the upper part of the centrifuge. Pipe 37 

preferably consists as shown of an alternate se 
ries of hollow upright and inverted frustums of 
cones. The inverted frustums of cones 38 have 
openings 39 on the sides and the upright hollow 
frustums of cones 40 are closed on the sides. 
The hollow frustums of cones are so arranged 
that the narrow ends of an upright and of an 
inverted frustum are joined together forming 
joint 40d and the next joint consists of the en 
larged ends of an upright and inverted frustum. 
In other words, the pipe 37 is so shaped that the 
diameter of the walls alternately increases and 
decreases. 
Four bars 4 are inside pipe 37, equally spaced 

around the narrowest part of the pipe and 
extend from the first narrowing portion of the 
pipe above the bottom to the upper portion of 
pipe 37. A pipe 42 attached to inner shaft 34 

1998,859 
extends through pipe 37 to the opening 8 in the 
top of the centrifuge. Pipe 42 is attached to the 
top of pipe 37 closing the top opening of pipe 37. 
Pipe 42 is fitted with an opening 45 at the top 
and ports or openings 43 on the sides at the nar 
rowest points of pipe 37 and the openings 43 are 
fitted with couplings 44 adapted to regulate the 
size of the openings. 

Outlet pipes 26 to 30 passing through the outer 
and inner shells and 2 and also through the 
annular space 3 as shown by Figs. 3 and 5 are pro 
vided in this modified centrifuge. The openings 
of the spaces 9a formed by the space supports 
into the outlet pipes 26 to 30 are controlled 
by Suitable valves as described in relation to Figs, 
1 and 4. 
The following is an illustration of the manner 

in which my invention may be applied to the de 
waxing of paraffin distillate, without in any way 
limiting the scope of such invention to specifi 
details. 
According to the centrifuge shown in Fig. 1; 

the chilled paraffin distillate, either as such or 
diluted with naphtha, is delivered under pressure 
through pipe O to the opening 8 into the cen 
trifuge, where shaft 2 rotates the discs 7 and 
20, circular hollow rings 9 and pipe 22 at about 
3000 to 15,000 revolutions per minute. The 
chilled paraffin' distillate entering the centrifuge, 
which is maintained at a low temperature by 
circulating brine through opening 3 by means of 
inlet 4 and outlet 5, is divided into two streams, 
One stream passing to the outside of pipe 22 and 
the other stream passing through the opening 
22a in the top of pipe 22. The heavier wax par 
ticles in the stream passing to the outside of pipe 
22, which is revolving rapidly, are driven due to 
centrifugal force into the spaces between the 
first disc 20 and the first circular hollow ring 9, 
where the wax builds up and forms into a solid 
mass extending from the tapered end of the hol 
low ring to the inner wall 2. 
The wax of lower specific gravity than the dis 

tillate is also forced into this mass, as the fresh 
feed containing the heavier wax particles will be 
driven through the liquid mass at higher velocity 
than the lighter wax particles and in so doing 
these heavier velocity particles of wax pick up the 
lighter particles of wax and carry them at an 
increased velocity owing to the additional weight, 
into the Spaced openings, with the result that 
there is found in this mass a higher percentage 
of low specific gravity wax than of oil. 
The fraction of distillate passing into pipe 22 

is Subjected to centrifugal force and the wax 
particles are thrown against the walls of the 
pipe. The bars 25 inside of pipe 22 tend to break 
up any independent circular motion of separated 
Wax in pipe 22. The particles of wax thrown on 
the walls pass along the wall due to the shape of 
the pipe and through the openings 24 in the 
wall of the pipe. The wax particles passing 
through the openings 24 are thrown through the 
distillate being constantly fed into the centrifuge 
and the partly dewaxed distillate on the outside 
of pipe 22, where due to the high velocity of 
heavy wax particles the lighter gravity wax par 
ticles are forced in the spaced openings between 
the hollow circular rings 9. The paraffin dis 
tillate passing both on the outside and inside of 
pipe 22 is progressively dewaxed in a number of 
stages so that by the time the oil reaches the bot 
tom of pipe 22 it is substantially free of wax and 
is removed from the centrifuge through pipe 30 
controlled by the spring relief valve, The stages 
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1,999,859 
are represented by the alternate increase and 
decrease of diameter in pipe 22. This configura 
tion may be made to give any number of stages 
desired. . . . . . . . . 
The oil flowing past the peak of each cone 23d. 

reaches a zone of lower pressure, namely, the 
down slope of cone 23. There it encounters the 
high velocity stream of oil leaving openings 24 
which Sweeps it up the rising slope of the next 
cone 23a for a further subjection to the maximum 
centrifugal effect. The heavy particles in the 
stream from openings 24 tend to collect the light 
er amorphous wax from the oil and project such 
Wax into the collecting areas 9a. 
The wax separated from the oil by centrifugal 

force and pressed against the inner wall 2 of the 
centrifuge is continuously removed by opening 
the knife valves 3 by regulating screws 32. The 
knife valves 3 are forced towards the revolving 
maSSes of Wax in the Spaced openings and the 
knife blade of the valve cuts into the revolving 
Wax and continuously removes Sections of the 
Wax which is passed through pipes 26 to 29 to a 
wax sweater or other suitable treater. . 
In the use of the modified centrifuge shown in 

Fig. 7, the chilled paraffin distillate, either as such 
or diluted with naphtha, is delivered under pres 
Sure through pipe O to the opening 8 into the 
centrifuge, Where shaft 33 rotates the discs 35 
and 20 and circular hollow rings 9 at about 3000 
to 5000 revolutions per minute and the shaft 34 
rotates pipes 37 and 42 at about 10,000 to 15,000 
revolutions per minute. The chilled paraffin dis 
tillate entering the centrifuge, which is main 
tained at a low temperature by circulating brine 
through opening 3 by means of inlet 4 and out 
let 5, is divided into two streams, one stream pass 
ing to the Outside of pipe 42 and the other stream 
passing through the opening 45 in the top of 
pipe 42. The heavier wax particles in the stream 
passing to the outside of pipe 42, which is re 
volved rapidly, are driven due to centrifugal force 
into the Spaces between the first disc 20 and the 
first circular hollow ring 9, where the wax builds 
up and forms into a Solid mass extending from 
the tapered end of the hollow ring to the inner 
Wall 2. 
The fraction of distillate passing into the pipe 

42 is Subjected to a greater centrifugal force than 
the fraction passing to the outside of pipe 42 due 
to the higher speed at which pipes 37 and 42 
are operated. The distillate passing through the 
inner rotating pipe 42 is further divided into frac 
tions. As the distillate passes through pipe 42, 
fractions are gradually passed from the pipe 
through adjustable openings 43 into the pipe 37 
and the wax particles are thrown against the 
walls of pipe 37. The bars 4 inside of pipe 37. 
tend to break up any independent circular motion 
of separated Wax in pipe 3. The particles of 
wax thrown on the was paSS along the wall due 
to the shape of the pipe and through the open 
ings 39 in the walls of the pipe. The wax parti 
cles passing through the opening 39 are thrown 
through the distillate, being constantly fed into 
the outer part of the centrifuge and the partly de 
waxed distillate on the outside of pipe 37, where 
due to the high velocity of heavy wax particles 
the lighter gravity wax particles are forced into 
the spaced openings 9a, between the hollow rings 
9. The paraffin oil passing both on the outside 
and inside of pipe 37 is progressively dewaxed in 
a number of stages so that by the time the oil 
reaches the bottom of pipe 37 it is Substantially 
free of wax and is removed from the centrifuge 

through pipe 30 regulated by a spring relief valve. 
The stages are represented by the alternate in 
crease and decrease of diameter in pipe 37. This 
configuration may be made to give any number 
of stages desired. 
The oil flowing past the peak of each cone 40d. 

reaches a zone of lower pressure, namely, the 
down slope of cone 40. There it encounters the 
high velocity stream of oil leaving openings 39 
which sweeps it up the rising slope of the next 
cone 38 for a further subjection to the maximum 
centrifugal effect with further addition of dis 
tillate from pipe 42 through the openings 43. The 
heavy particles in the stream from openings 39 
tend to collect the lighter amorphous wax from 
the oil and project such wax into the collecting 
areas 9d. - 
The Wax separated from the oil by centrifugal 

force and pressed against the inner wall 2 of the 
centrifuge is continuously removed by means of 
outlet 26 to 29. The oil substantially free of wax 
is removed by means of outlet 30. The centrifuge operates in an enclosed circuit 
under pressure and is vapor tight. Therefore, it 
is free from fire and explosion hazards and also 
cannot overflow. 
The foregoing description is merely illustrative 

and various changes and alternative arrange 
ments may be made within the scope of the ap 
pended claims in which it is my intention to claim 
all novelty inherent in the invention as broadly 
as the prior art-permits. 

I claim: 
1. The method of centrifuging a liquid contain 

ing suspended solids, which comprises dividing 
a flowing liquid into a main body and a minor 
body of liquid, subjecting the main body of flow 
ing liquid to a centrifugal force, flowing the minor 
body of liquid forward over a series of Serrations 
while subjecting it likewise to centrifiga force, 
continuously injecting in an outward direction 
separate portions thereof into the main body of 
flowing liquid through a series of openings at 
points Spaced in relation to the innermost and 
outermost portions of the series of serirations and 
collecting the solids separated by the combined 
action of centrifugal force and the injected liquid. 

2. The method of separating wax from lubri 
cating oil, comprising the continuous separation 
of the oil into two parts, continuously subjecting 
both parts separately to centrifugal force, con 
tinuously concentrating the wax resulting from 
the centrifuging of one part of the oil, continu 
Ously passing the wax resulting from the centri 
fuging of the other part of the oil through the 
separated oil to the said concentrated wax and 
continuously removing the separated wax and oil. 

3. The method of separating wax from lubri 
Cating oil, comprising chilling the oil, separating 
the oil into two parts, centrifuging the separate 
parts of the oil, concentrating by centrifugal force 
the wax resulting from the separation of wax 
from one part of the oil, passing by centrifugal 
force the wax separated from the other part of 
the oil through the separated oil to the said con 
centrated wax and separately removing the wax 
and the oil. - 

4. The method of separating wax from lubri 
cating oil, comprising the dilution of the oil, chill 
ing of the diluted oil, separating the oil into two 
parts, centrifuging the separated parts of the oil, 
collecting the wax separated from one part, pass 
ing the wax separated from the other part through 
the separated oil, of the first part to the Said 
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4. 
collected wax, and separately removing the Wax 
and oil. 

5. The method of separating wax from lubri 
cating oil, comprising the continuous separation 
of the oil into two parts, continuously subjecting 
both parts separately to centrifugal force, the 
centrifugal force exerted on one part being greater 
than the force exerted on the other part, contin 
uously concentrating the wax resulting from the 
centrifuging of one part of the oil with the lesser 
centrifugal force, continuously passing the Wax 
resulting from the centrifuging with greater cen 
trifugal force of the other part of the oil through 
the separated oil to the Said concentrated Wax 
and continuously removing the Separated Wax 
and oil. 

6. The method of separating wax from lubri 
cating oil, comprising chilling the oil, separating 
the oil into two parts, centrifuging the Separated 
parts of the oil with centrifugal forces of different 
degrees, concentrating by centrifugal force of 
lesser degree the wax resulting from the separa 
tion from one part of the oil, passing by centrifu 
gal force of greater degree the wax separated 
from the other part of the oil through the sepa 
rated oil to the Said concentrated wax and sepa 
rately removing the Wax and the oil. 

7. Apparatus for Separating wax from lubri 

1,998,359. 
cating oil, comprising a centrifuge, means for 
Separating the oil into two parts, means for sub 
jecting both parts to centrifugal force of different 
degrees in a centrifuge, means for collecting the 
wax separated first from one part of the oil with 
the centrifugal force of lesser degree, and then 
from the other part of the oil after the oil has 
passed through the separated oil of the first part, 
and means for separately removing the wax and 
oil. 

8. Apparatus for Separating Wax from petrole 
um oil, comprising a casing, a two-palt centrifugal 
mechanism therein, one of Said parts comprising 
a Serrated central conduit having perforations 
therein, the other of said parts comprising a shell 
Surrounding Said conduit and having Wax-collect 
ing chambers therein, means for simultaneously 
rotating the two parts of the centrifugal mech 
anism, means for Supplying oil containing wax 
and for distributing the same into both parts of 
the centrifugal mechanism, and means for rotat 
ing the same at high speed whereby the liquid in 
the serrated conduit is projected through the 
openings therein and the wax content of such 
liquid passes with that of the liquid surrounding 
the conduit into the wax-collecting chambers. 
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