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Henry G. Lykken, Minneapolis, Minn. 

Application May 29, 1940, Serial No. 337,742 
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My invention relates to apparatus for reducing 
materials in particle size and for selecting the 
particle sizes delivered by the apparatus. 
My prior Patent No. 1,838,560, issued December 

29, 1931, for example, shows a machine for pulver 
izing materials by whirling the materials, while 
Suspended in air or other gaseous medium, in a 
high speed vortex. This has proven to be a very 
effective and practical method of pulverization, 
especially of friable materials. From time to 
time various improvements have been made in 
machines embodying this same vortex principle 
of pulverization, including improvements in 
means and methods of classification to determine 
the particle size or the maximum particle size 
delivered from the machine. In the co-pending 
application of applicant and William H. Lykken, 
Serial No. 285,484, filed July 20, 1939, there is 
shown a machine in which pulverization and 
classification are effected in the same chamber in 
Which a bladed rotor occupies the full height of 
the chamber and is rotated to set up and main 
tain the vortex action. Thus, there is no space 
for vortex action free from, the direct action of 
the rotor. The rotor is of the closed end type 
but a current of air is induced along its axis 
which air is drawn inwardly from the vortex that 
is around the rotor and passes out of the chamber 
through an axially disposed opening in the rotor. 
This induced air current and the rotor blades are 
proportioned to set up a differential action by 
which material of the desired particle size is 
withdrawn from the vortex and carried out of 
the machine, to be collected by any suitable col 
lection System, while oversize material remains 
in the chamber for further pulverization. 
A limiting factor of pulverizing machines of the 

above indicated character, particularly when 
using a vortex having a vertical axis, has been the 
tendency of materials of high specific gravity to 
accumulate at the bottom of the rotor chamber 
during pulverization and the tendency of mixed 
materials, having ingredients of different specific 
gravities, to segregate. Again, continued feeding 
material above the rated capacity would almost 
certainly produce the result of an excessive circu 
lating load at the bottom of the rotor and might 
even result in mass grinding of material at this 
point, either of which conditions would lower the 
efficiency of the machine, as well as its effective 
eSS. 
Another limiting factor has been that a par 

ticular machine would be suitable for only a few 
materials, while other materials would require 

another machine re-proportioned in substantially 
its entirety, and this has been true to some extent 
when different particle sizes of the same material 
have been desired. 
Another limiting factor has been a low efficiency 

with certain fibrous materials. 
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The present invention relates to a machine of 
the type shown in the aforesaid co-pending appli 
cation and overcomes all of the foregoing limita 
tiOnS. 

It is one object of my invention to provide a 
pulverizing machine of the above indicated char 
acter in which the distribution of the circulating 
load in the pulverizing vortex is controlled so as 
to maintain the material in suspension evenly 
distributed without any excessive load in any part 
of the vortex, and notwithstanding the different 
specific gravities of materials. 

It is another object of my invention to provide 
a machine of the above indicated character in 
which the same mechanism can be used for a 
Wide variety of materials to be reduced, with only 
a simple replacer.nent or adjustment of removable 
elements. 
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It is another object of my invention to provide 
a machine of the above indicated character in 
which by simple adjustment the same mechanism 
Can be used to deliver particle sizes of the same or 
of different materials within widelimits. 

It is another object of my invention to provide 
a machine of the above indicated character in 
which differential or selective pulverization is 
effected, i. e. where useful materials such as talc, 
graphite, clay, and materials suitable for fillers 
and coatings may be contaminated with impuri 
ties Such as silica sand. In this case the useful 
material is pulverized to the desired degree while 
the impurity falls to the bottom of the machine 
and is removed with a negligible amount of, or 
no, pulverization. Likewise, different degrees of 
pulverization might be effected simultaneously 
for materials of different specific gravity. 

It is another object of my invention to provide 
a mechanism of the above indicated character 
which may be readily and easily adapted for a 
wide variety of fibrous as well as non-friable ma 
terials. 

Further objects of my invention are to provide 
a machine of the above indicated character in 
which the efficiency of the machine is increased 
substantially; in which the capacity of the ma 
chine for a given size of material delivered is in 
creased substantially, and in which the amount of 
the circulating load carried by the vortex may be 
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2 
increased while any excess above the Capacity of 
the vortex will be discharged continuously from 
the machine and may be returned to the feed 
without disrupting the pulverizing effect of the 
vortex at any level. 
Other and further objects of my invention Will 

be appreciated from this specification taken in 
conjunction with the accompanying drawings, in 
which 

Figure 1 is a vertical sectional view of a pul 
verizing machine according to my invention; 

Fig. 2 is a cross section on the line 2-2 of 
Fig. 1; 

Fig. 3 is a fragmentary detail of the air con 
tro; 

Fig. 4 is a vertical section of a modified form 
of mechanism, parts being broken away; 

Fig. 5 is a cross section on the line 5-5 of 
Fig. 4; 

Figs. 6, 7, 8 and 9 are respectively fragmentary 
views showing different arrangements of rotor 
and Casing. 

Fig. 10 is a detail showing one construction of 
ribbed lining. - 
According to the present invention, a cylindri 

Cal casing is provided with a bladed rotor ex 
tending the full height thereof and rotatable 
therein. The rotor is divided near the upper end 
thereof with a portion in an exhaust fan chamber 
and the remainder in the chamber in which both 
pulverization and classification take place. The 
exhaust fan need not be part of the same rotor 
and need not be in the same casing. In one form 
of machine, the rotor blades are spaced from the 
casing wall so as to leave an annular space there 
between in which the rotor sets up a high speed 
Vortex. In Some instances the blades are desir 
ably so spaced from each other that vortices are 
also set up between the blades. These intra 
blade vortices will be of even higher speed than 
the main or annular vortex, but they overlap or 
inter-engage with and are fed from the main vor 
tex. In either case, air is admitted into the an 
nular vortex zone from beneath the closed bot 
tom disc of the rotor, and the sufficiently pulver 
ized material is withdrawn from the pulverizing 
chamber along the axis of the rotor, being dis 
charged into the exhaust fan chamber, and thence 
radially from that fan. 
The material is fed into the vortex adjacent 

the top thereof. As the material enters it is 
picked up in the vortex, and under the action of 
gravity spirals slowly downwardly in this annu 
lar Zone. At the same time, pulverization of the 
suspended particles by impingement, etc., upon 
each other proceeds. The proportioning of the 
apparatus is such that the material is maintained 
in Suspension in the vortex and may be such that 
complete pulverization occurs before the bottom 
of the vortex chamber is reached. Again the ar 
rangement may be such, as in differential grind 
ing with impurities of higher specific gravity 
than the desired material, that certain materials 
will be permitted to gravitate to the bottom of 
the chamber and be blown out at that level. Again 
with Some materials it is desirable to apparently 
overfeed the machine, so as to bring about a full 
and even distribution thereof over the entire 
Vortex Zone, while the excess will be blown out, 
to be returned to the feed. The rotor of the cas 
ing (or its lining) or both may be tapered so as 
to assist in the matter of maintaining the mate 
rial evenly distributed in the vortex without any 
excess load at any level. These several adjust 
ments are made easily by detachable rotor blades 
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2,829,208 
of the proper shape, and a detachable lining or 
ribs. - 

The exhaust fan draws air inwardly into the 
rotor and along the hub thereof out of the main 
chamber and into the exhaust fan or discharge 
chamber. The force of the withdrawn air cur 
rent versus principally the centrifugal forces 
within the pulverizing and classifying chamber 
determines the size of the delivered particles, or 
the maximum size thereof. The rotor blades may 
be straight, or tapered inwardly or Outwardly 
from the bottom to the top, or plates may be su 
per-imposed upon the rotor adjacent the outlet 
from the pulverizing and classifying chamber, 
which plates will have a particular taper in ac 
Cordance with the delivered particle size desired. 
Accordingly, the same rotor can be used for a 
given material, and the same exhaust fan, to 
gether with the same casing, yet particle sizes 
varying between 10 microns and 47 microns 
(approximately 100 screen mesh) can be obtained 
at Will. 

In another arrangement of apparatus, espe 
cially adapted for fibrous materials, wood flour, 
grains, etc., the rotor blades operate in close 
clearance with the lining or ribs on the casing 
Wall So that something akin to a shearing action 
takes place between the blades and ribs. The 
centrifugal actions of the continuous blades force 
the material to the outside of the rotor, while the 
air, circulating in and out of the chamber as de 
Scribed above, carries away the material that is 
sufficiently reduced in size, etc., all as described 
above. 

Referring to the form of the invention shown 
in Figs. 1, 2 and 3, the cylindrical casing is 
suitably mounted upon a hollow base 2, the 
top plate 3 of which closes the casing at the 
bottom. Suitably mounted within the casing f 
and Spaced above the plate 3 is a saucer-shaped 
member 4 which constitutes the base of the pull 
Verizing and classifying chamber. The base 4 
has a central opening 5 therein and on its under 
surface a depending boss 6 (Figs. 1 and 3) about 
the opening 5. The opening is closed by one 
or more slidable plates T, which are slidably sup 
ported in the guides 8, the plates being locked 
in adjusted position by the screw 7A. The 
plates control the amount of air admitted into 
the pulverizing and classifying chamber through 
the opening 5, which air enters the casing 
through an opening f9 therein. 
The top of the casing f is closed by a head 

2, the head and casing having complementary 
flanges, indicated at 22, which are suitably bolted 
together. The head has a discharge outlet 23 
at one side thereof, the arrangement for mount 
ing the head being such that the discharge out 
let can be variously located around the circum 
ference of the pulverizing machine to meet the 
particular installation conditions. 
A shaft 24 extends centrally through the cas 

ing and head, projecting above the head 2 í and 
into the hollow base 2 at the respective ends 
thereof. The lower end of the shaft 24 is mount 
ed in a self-aligning thrust bearing 25 which is 
fastened upon the plate 3 of the base structure 
2 by means of the split ring 26 that is suitably 

bolted to the base 2. The upper end of the shaft 
is also mounted in a self-aligning bearing 27 
which is suitably bolted to the head 2 as indi 
cated at 28. On the lower end of the shaft 24 
that projects into the hollow base 2 is a grooved 
pulley 29 which is connected to a pulley 3 by 
means of a plurality of belts 32, the pulley 3 

  



2,339,208 
being on the shaft of a motor 33 which is mount 
ed on top of the base plate 3 with its shaft pro 
jecting therethrough into the hollow base. 
The space in the casing and the head 2 

is divided into two chambers 34 and 35 respec 
tively, which are separated by a split ring 36 
that is held in place on top of the casing by 
the head 2 as shown. Chamber 34 is the pull 
verizing and classifying chamber and chamber 
35 is the outlet chamber, the opening 36A in 
ring 36 constituting the outlet Opening from 
chamber 34 to chamber 35. 
A hub 37 of a rotor is mounted on that por 

tion of the shaft 24 within the chambers 34 and 
35. Also mounted on the shaft at the top and 
bottom of the hub 37 are flat round discs 38 
and 39, which extend outwardly toward the side 
walls of the head and casing respectively but 
are spaced therefrom. Between the discs 38 and 
39 are a plurality of imperforate radial blades 
4, these blades being mounted in slots in the 
hub 37 and being welded to the hub, and to the 
discs 38 and 39. These blades are radially slot 
ted, as shown at 42, to provide clearance for the 
split ring 36 so that the rotor will rotate free 
thereof. As will be seen from Fig. 1, the por 
tion 43 of the blades above the ring 36 extend 
the full distance outwardly to the edge of the 
top plate 38, while the lower portion of the blades 
4 do not extend outwardly to the edge of the 
bottom disc 39. Also, the upper portion 44 of 
the blades 4 are tapered, being narrowest at 
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the slot 42 and tapering outwardly and down 
wardly therefron. 
Within the chamber 34 the rotor is completed 

by the addition of removable plates 45 and 48, 
which are bolted to the blades 4. Plates 45 
extend a major part of the height of chamber 
34 and are shown as having an outer edge which 
tapers in Wardly and upwardly from the outer 
edge of the bottom disc 39, thus producing a rotor 
of similar tapered construction, for reasons to 
be hereinafter referred to. The angle or degree 
of the taper of plates 45 may be altered, and 
these plates in some instances will have no taper 
whatever, thus presenting a rotor of uniform 
diameter. Plates 46 extend from the top of plate 
45 to the level of the bottom of the slot 42, and 
complete that slot. The outer edges of plates 
46 are tapered upwardly and outwardly from the 
juncture with the plates 45. For purposes to 
be hereinafter outlined, the angle or degree of 
the taper of plates 46 may be selected, accord 
ing to conditions, to be anywhere between the 
angles indicated by the dot and dash lines A 
and B of Fig. i., located approximately 12 either 
side of the vertical. 
As has been stated, air is admitted into the 

chamber 34 through the opening f5 of the bot 
ton 4, which is beneath the bottom disc 39 of 
the rotor. It will be noted from Fig. 1 that the 
outer edge of the bottom disc operates in fairly 
close clearance with the perimeter of the bottom 
f4, leaving an annular opening 47 through which 
air passes into the pulverizing and classifying 
chamber 34 in the Space between the rotor and 
the casing. Fastened to the underside of the ro 
tor disc. 39 are a plurality of short radial fan 
blades 48, the lower edges of which are shaped to 
operate in close clearance with the bottom f4, as 
shown. These blades act as a centrifugal fan to 
force air into the annular Space between the rotor 
and casing, and the collar 49 around the opening 
5 serves to insure that the air is carried into 

the eye of the fan. 

3 
Material to be pulverized is fed into the cham 

ber 34 by the feed mechanism 5 comprising feed 
hopper 52 which opens into a tube 53 in which 
operates a screw conveyer 54. The casing has 
a feed opening 55 near the top thereof, and the 
tube 53 is mounted over that opening. The screw 
54 is driven by the motor 56 through a speed re 
duction gearing 57, a pair of sprockets 58 and co 
operating chain 59. The sprockets 58 are remov 
able, and in order to obtain different rates of feed 
it is merely necessary to change one or both of 
the sprockets. 
The interior of the casing may be provided 

with a plurality of vertically extending corruga 
tions or ribs 6. The depth of these ribs is ex 
aggerated in the drawings, and the showing in 
Fig. 2 of the spacing thereof is largely diagram 
matic, as the depth and particular spacing will 
vary with different materials. In one machine, 
pulverizing the ribs were is inch wide by % inch 
deep, and spaced on 2% inch centers. 
In operation, material to be pulverized is fed 

from the hopper 52 into the chamber 34 by the 
feed screw 54. The rotor has previously been set 
into operation and air admitted into the machine 
through the openings 9 and f 5, so that the rotor 
has set the air whirling in a high speed vortex. 
The entering material is picked up in that vortex 
and carried by the same in suspension, the ma 
terial spiralling downwardly slowly under the 
action of gravity working in opposition to the 
tendency of the vortex to maintain thematerial 
in suspension, and in opposition to the current of 
air entering the annular vortex zone at the bot 
tom and ascending therethrough. The particles 
of material strike each other violently as they 
move about in othe vortex, and thus are broken 

40 

up. Reduction also occurs by frictional inter 
engagement of the particles. The particles are 
non-uniform in size so that under the action of 
the centrifugal force in the vortex they move 
about with the smaller and lighter particles mov 
ing inwardly toward the geographical center of 
the vortex, and the heavier and larger particles 
moving to the wall of the casing, as they whirl 
in the vortex. When a particle is broken into 
smaller pieces, these move in the vortex accord 
ing to the same law, producing other impinge 
ments, and thus a very violent pulverizing action 

5 5 
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takes place. Furthermore, the ribs 6, in the 
structure of Fig. 1, act as means for retarding the 
movement of the outer layers of the circulating 
load of material in the vortex Zone, thereby pro 
ducing a greater differential of movement be 
tween the material in the outer part of the annu 
lar vortex and that carried nearer the rotor, and 
causing a more violent reducing interaction be 
tween the particles in the vortex. 
With lighter weight materials, the rotor blades 

may be straight, i. e., neither tapered inwardly or 
outwardly; while with heavier materials the 
plates 45 may be tapered inwardly and upwardly 
as shown in Fig. 1. This latter arrangement 
produces a component force at an upward angle 
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with respect to the horizontal, thus further re 
tarding the downward movement of the material 
under the action of gravity. In both cases, the 
arrangement is desirably such that no material 
will reach or accumulate on the floor 4 of the 
rotor chamber, all the material being pulverized 
sufficiently before reaching the bottom 4. 

Again, as will be explained later, the blades or 
plates may be tapered entirely from considera 
tions of particle size of material delivered from 
the machine. 

  



4. 
In addition to the pulverizing action that has 

been referred to, further pulverization will occur 
in the individual high speed vortices set up be 
tween each pair of rotor blades, when the blades 
are so spaced apart that a vortex is created be 
tween each setpf blades due to the relationship 
of the leading face of One blade and the trailing 
face of the preceding (in the direction of rota 
tion) blade. A formula for obtaining Such ac 
tion is Set forth in my co-pending application 
Serial No. 110,732, filed November 13, 1936. Such 
Vortices occur within the rotor and hence within 
the annular vortex, except that the inner Sur 
face of the annular vortex and the outer Surfaces 
of the Small vortices overlap or inter-engage so 
that the finer material passes from the annular 
vortex into the Smaller vortices, where further 
reducing actions occur on the same principles as 
in the annular vortex. 

Just as Soon as material is reduced to the de 
Sired size it is important that the same be re 
moved promptly from the chamber 34 because no 
further work need be done with respect thereto 
and because its presence interferes with pulveri 
zation of the material not yet sufficiently re 
duced. At the same tinne, it is important that 
only the material that is sufficiently reduced in 
particle size should be removed immediately from 
the chamber 34. For this removal purpose the 
fan 43 in the chamber 35 induces an air current 
along the hub of the rotor and through the outlet 
opening 36A. The proportioning is such that the 
finished material is removed while that which is 
oversize remains for further reduction. 
Thus air and material Sufficiently reduced in 

size to be carried by this air is drawn substan 
tially radially into the rotor and upwardly along 
the hub 37, through the opening 36A into the 
fan chamber 35, and thence out of the machine 
through the outlet 23. The prompt removal of 
this material is aided by the vertical rise of the 
air admitted through the annular opening 47 into 
the vortex zone at the bottom. 
With regard to classification or selection of par 

ticle size, it has been noted above that the plates 
4.6 may be tapered outwardly or inwardly at any 
angle between the lines B and A, respectively, 
thus producing a correspondingly shaped rotor. 
The degree and nature of the taper will be al 
tered in accordance with whether very fine par 
ticle sizes are desired, or coarser particle sizes. 
With the blades inclined as shown in Fig. 1, only 
very fine particle sizes will be delivered while 
Very much coarser particle sizes will be obtained 
if the plates are tapered to coincide with the 
line A. Angles intermediate between these two 
points, will cause intermediate sizes of mate 
rial to be withdrawn from the chamber 34 and 
delivered from the machine, and even slight 
changes in the angle produce substantial changes 
in size of particles. 
With the blades tapered as shown in Fig. 1, 

it will be apparent that there is a maximum 
centrifugal force adjacent the outlet 36A, which 
force acts upon the particles passing upwardly 
through the rotor to eject any remaining over 
size particles from the rotor as the same ap 
proach the outlet. An alternate consideration 
is that the fan section 43 draws a column of air 
through the outlet opening 36A unless some coun 
teracting force interferes therewith. The great 
er the centrifugal force of the blades and plates 
46, up to the limit determined by the angle B, 
the Smaller will be the area of the air column 
which passes undisturbed and directly into the 
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9,329,208 
fan chamber 35 through the outlet 36A. The 
normal vortex action will bring the finer parti 
cles to the hub 37 and the particles will be pro 
gressively larger in size toward the Outside of 
the vortex. Hence with the wide plates 46 at 
the upper end of the chamber 34 diverting the 
outer portion of the column of air, with the cor 
respondingly heavier material, permits only the 
finer material to pass directly into the fan cham 
ber 35. Conversely the less the taper at the 
upper part of the pulverizing and classifying 
rotor Section, the less centrifugal force will act 
upon the Column adjacent the outlet, and hence 
the coarser will be the material delivered to the 
fan chamber 35 and through the machine out 
let 23. 
AS indicated above, in Some cases it is desir 

able to do differential grinding, that is to say, 
if talc is contaminated with silica sand, it is 
feasible and practical with the machine shown 
in Fig. 1 to pulverize the talc to whatever size 
desired, and to eject the silica sand substantial 
ly without being pulverized, at least-to a size 
which would be carried off with the talc. This 
latter material being of lower specific gravity 
and more friable than the silica sand will be 
Sufficiently pulverized in less time than could 
any appreciable reduction be made on the silica 
Sand, which will then readily find its way to 
the bottom of the chamber 34. I have found it 
practical to continuously remove the silicia sand 
or other impurity from the chamber 34 while 
the pulverizing and classifying actions are tak 
ing , place. For this purpose I provide one or 
more openings 66 at the bottom level of the 
chamber 34 and close the same by means of a 
gate Valve 6 operating in a guide 68. The guide 
68 is mounted upon the arm 69 which is screw 
threaded to receive the threaded shaft of an 
adjusting Screw 72 which is rotatably mounted 
in the bushing 73 carried by the fixed arm 74. 
The guide 68 has an outlet nozzle 75 with which 
can be connected to a hose or any other suit 
able conveyer or container for receiving the ma 
terial discharged through the opening 66. The 
centrifugal pressure in the chamber 34 will be 
Sufficient to act upon the material reaching the 
bottom 4 of the chamber 34 to force the same 
out of the chamber as it is carried around in 
the vortex at this point, and there will not be 
enough such holes to interfere, as a practical 
:ler, With the actions occurring in the cham 
e. 

This blow-off and gate valve arrangement is 
also useful in other cases than with differential 
grinding. For example, with some materials it 
is desirable to feed into the vortex a greater 
amount of material than can be normally suff 
ciently pulverized therein before the material 
reaches the bottom 4. In such cases, the preS 
ence of the blow-off opening 66 will enable the 
excess material to be removed from the bottom 
Without accumulating there or causing an ex 
cessive circulating load at this point. At the 
Same time being able to remove this excess ma 
terial insures use of the entire vortex zone. The 
material removed through the opening 66 can be 
fed back into the hopper to be re-fed into the 
machine. 

It will be understood that the arrangement 
of the fan blades 48 for directing the air into the 
pulverizing and classifying chamber 34 not only 
Serves to overcome any centrifual pressure in this 
chamber, but also provides a running seal against 
any material getting through the opening 47 and 
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beneath the rotor bottom disc 39. If on the shut 
down any small amount of material left in the 
machine settles to the bottom of the chamber, 
it is immediately blown out into the chamber 
when the rotor is started up again. Also, it will 
be understood that the feeding mechanism 5 
is merely symbolical of other arrangements that 
may be used for effecting a feed of a controlled 
amount of material directly into the vortex zone. 

Referring now to Figs. 4 and 5, there is shown 
a machine similar in construction to the machine 
of Fig. 1, except that in this case the rotor plates 
45a, attached to the rotor blades 4 a. are ar 
ranged to Operate in close clearance with the 
ribs or bars 6 fa. In this case the plates 46a 
are likewise shown as having a straight outer 
edge in line with the outer edges of the plates 
45a, but these plates 46a may be tapered in 
Wardly or outwardly similarly to the plates 46 as 
described in connection with Fig. 1. 
This disclosure also shows the optional arrange 

ment of having the cylinder wall a extend suf 
ficiently far to enclose the fan chamber 35a, with 
the ring 80 (not necessarily split) resting upon 
Supports 8 that are fastened to the interior of the 
casing fa. The top disc 38a of the rotor is fore 
shortened, and the portions 82 of the rotor blades 
4fa entering the fan chamber 35a do not extend 
Outwardly to form the fan. Instead a second ring 
shaped disc 83 is bolted to the disc 38a and has 
depending therefrom a plurality of fan blades 84. 
Air is admitted to the pulverizing and classifying 
chamber 34A through opening 5A as described 
for the machine of Fig. 1. Likewise material is 
fed in the same manner, and is withdrawn 
through the opening 85 in ring 80, and from the 
machine through an outlet opening that is not 
shown. The construction just described is especially 
suitable for grinding fibrous materials such as 
Wood flour. In order to effect the reduction in 
size of these materials it has been found desir 
able to provide a cutting or shearing action there 
on, and Such action is obtained between the plates 
45a and the ribs 6a in the machine of Fig. 4. 
Inasmuch as the annular space shown in Fig. 1 
between the rotor and chamber has been done 
away with in Fig. 4, there will be no pulverizing 
vortex of air suspended material set up around 
the rotor in the latter case. However, the rotor 
blades 4A and their plates will function to keep 
the larger material moving to the casing wall, and 
the classification of the particle sizes of the fin 
ished material will follow the same principles as 
outlined above in connection with Figure 1. 

Fig. 6 indicates a form of mechanism which has 
been successfully used commercially in pulverizing 
a mixture of sugar and cocoa, among other things, 
to a particle size of all less than 45 microns. 
The basic construction of casing Al, head 2 

and base f (3 with a central air opening 4 is the 
same as that in Fig. 1. Likewise, the rotor com 
prises a top disc 15, a bottom disc || 16, and a 
plurality of radial blades 7 which are slotted 
at 8 to provide running clearance for a split 
ring 9 mounted between the casing and the 
head 2 to form a lower pulverizing and classify 
ing chamber 2 and an upper outlet chamber 
22 jointed by the opening 23, all in accordance 
generally with the construction of Fig. 1. An out 
let opening is provided from the chamber 22 and 
the portion 24 of the rotor blades constitutes a 
fan for the radial discharge of the finished na 
terial. 
Within the chamber 2f the rotor blades 7 
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have bolted thereto a plate 25 which in this case, 
extends from the lower disc í 6 to the lower edge 
of the slot 8, and the Outer edge of the plate 
extends perpendicularly to the lower disc 6. 
The interior of the casing f f in the chamber 2 
is provided with a plurality of retarder ribs 26 
which are widest at the botton, and the inner 
edges of which extend parallel with the rotor 
blades for a short distance, then taper upwardly 
and outwardly to the top. This construction like 
Wise aids in keeping the material distributed 
above the floor f 13 of the chamber 12. 
In this case plates 28 are added to the plates 

25, at the top of the rotor in chamber 2 to 
give the particular particle size classification de 
sired. It Will be noted that the Outer edges of 
these plates taper upWardly and outwardly a Sub 
stantial part of the height, and each has an 
upper edge portion which is parallel with the 
rotor blade plate 25. 
, It will be understood that these plates 25 and 
28 and the ribs 26, as in all cases, may be made 
of any suitable material. The machine of Fig. 6 
Operates in accordance with the principles out 
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lined in Connection. With Fig. 1 both as to pull 
Verization and classification. 

Figs. 7, 8 and 9 illustrate alternate arrange 
ments and relationships of rotor blading and re 
tarder ribs which may be used for different ma 
terials and different particle sizes. In Fig. 7 the 
casing 41 has retarder bars 42 thereon which 
taper inWardly and upwardly... from the bottom, 
and the rotor blades 43 have fastened thereto 
plate 44 the outer edges of which taper in 
Wardly and upwardly from the bottom disc 45 
to the slot (45. It will be noted that the inner 
and outer edges of the ribs 42 and plates (44 
respectively are parallel, but that the ribs do not 
extend the full height of the pulverizing and 
classifying chamber 47. 

In the machine of Fig. 8 the retarder ribs 5 
have straightinner edges but the plates 52 bolted 
to the blades 53 of the rotor taper upwardly and 
OutWardly from the bottom disc 54 to a point 
beyond the upper ends of the ribs 15 and then 
the Outer edge is parallel with the Casing wall 55. 

In the machine of Fig. 9 the retarder ribs 6 
are similar to the ribs 5 and the outer edges of 
plates f62 are vertical and parallel with the inner 
edges of the ribs 6 and the casing wall 63. 
In each of Figs. 7, 8 and 9 the mechanism 

Operates on the same principles as the machines 
of Figs. 1 and 6. The arrangement of Fig. 7 will 
be used for coarser grinding of between 100 and 
200 screen mesh. That of Fig. 8 will be used for 
a very fine particle sizes of about 10 microns, 
while that of Fig. 9 will deliver material of par 
ticle sizes between 200 and 250 screen mesh. 
These examples will apply to a mill having a pull 
Verizing and classifying chamber 15 inches in 
height; and it will be, noted that there is but a 
single removable plate on the rotor blades in each 
case. The alternate method of finenesš contro 
is that described in Connection with Fig. 6, for 
example, where additional plates are Superim 
posed on the rotor blades adjacent the Outlet and 
having Whatever shape at the Outer edges may be 
desired for the particular particle size to be de 
livered. 
The detail showing one arrangement for 

mounting the ribs in all the constructions illus 
trated herein is detailed in Fig. 10. The ribs 26 
may be strung on two or more cables 64 of a 
length approximately that of the inner circum 
ference of the casing f, and the ribs are held 
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against the Casing wall by a plurality of spaced 
apart clamping bolt 65 which are mounted in 
the Casing and engage the Cables, as indicated. 
The foregoing examples illustrate the new prin 

ciples of this invention, and the obtaining of the 
desired results for a wide variety of materials 
using the same mechanism but with interchange 
able plates to meet the specific conditions of ma 
terial and particle size wanted. Warious com 
binations of the several plate arrangements can 
be used, and the rotor blade or a single blade may 
have the several angles indicated for the Outer 
edges of the plates. 
Other modifications may be made in the ar 

rangement and location of parts within the spirit 
and scope of my invention, and such modifica 
tions are intended to be covered by the appended 
ClainS. 

I claim: 
1. In a pulverizing and classifying machine, a 

cylindrical casing provided with a base having 
an air opening therein, a head, and a ring 
dividing the casing and head into separate 
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material to be pulverized, a motor for driving 
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the rotor, and an outlet in said head for pulver 
ized material. 

3. In a pulverizing and classifying machine, a 
cylindrical casing provided with a base having 
an air opening therein, a head, and a ring divid 
ing the casing and head into separate chambers 
with a central communicating opening therebe 
tween, a rotor mounted vertically in the casing 
and spaced from the casing to provide a pulver 
izing vortex zone around the rotor, said rotor 
comprising a shaft extending centrally through 
said casing, top and bottom imperforate discs 
mounted on the shaft adjacent said head and 
base, a plurality of radial blades mounted on 
the shaft and extending between the discs, the 
blades being slotted to provide a running clear 
ance for said ring, a removable plate secured to 
each blade within the casing chamber and ex 
tending radially to the outer edge of the bottom 
disc, the outer edges of the plates being tapered 
outwardly and upwardly from said bottom disc 

chambers with a central communicating open 
ing therebetween, a rotor mounted vertically 
in the casing and spaced from the casing to 
provide a pulverizing vortex zone around the 
rotor, said rotor comprising a shaft. extend- . 
ing centrally through said casing, top and 
bottom imperforate discS mounted on the shaft 
adjacent said head and base, a plurality of ra 
dial blades mounted on the shaft and extending 
between the discs, the blades being slotted to 
provide a running clearance for said ring, as re 
movable plate secured to each blade within the 
casing chamber and extending radially to the 
outer edge of the bottom disc, the Outer edges of 
the plates being tapered from said bottom disc 
toward the slot for said ring, other plates secured 
to said rotor blades and extending downwardly 
from the slot for said ring and having the outer 
edges thereof tapered, retarder bars on the in 
terior of the casing at least partly co-extensive 
with the rotor and Spaced from the rotor, means 
adjacent the upper end of the casing chamber 
for feeding thereto material to be pulverized, a 
motor for driving the rotor, and an outlet in said 
head for pulverized material. - 

2. In a pulverizing and classifying machine, a 
cylindrical casing provided with a base having 
an air opening therein, a head, and a ring divid 
ing the casing and head into separate chambers 
with a central communicating opening therebe 
tween, a rotor mounted vertically in the casing 
and spaced from the Casing to provide a pulveriz 
ing vortex Zone around the rotor, said rotor com 
prising a shaft extending centrally through said 
casing, top and bottom imperforate discs mount 
ed on the shaft adjacent said head and base, a 
plurality of radial blades mounted on the shaft 
and extending between the discs, the blades be 
ing slotted to provide a running clearance for 
said ring, a removable plate Secured to each blade 
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within the casing chamber and extending radi 
ally to the outer edge of the bottom disc, the 
outer edges of the plates being tapered inwardly 
and upwardly from Said botton disc toward the 
slot for said ring, other plates secured to said 
rotor blades and extending downwardly from the 
slot for said ring and having the outer edges 
thereof tapered inwardly and downwardly there 
from, retarder bars on the interior of the casing 
at least partly co-extensive with the rotor and 
spaced from the rotor, means adjacent the upper. 
end of the casing chamber for feeding thereto 
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toward the slot for said ring, other plates se 
cured to said rotor blades and extending down 
wardly from the slot for said ring and having the 
outer edges thereof tapered outwardly and down 
Wardly therefron, retarder bars on the interior 
of the casing at least partly co-extensive with 
the rotor and spaced from the rotor, means ad 
jacent the upper end of the casing chamber for 
feeding thereto material to be pulverized, a mo 
tor for driving the rotor, and an outlet in said 
head for pulverized material. 

4. In a pulverizing and classifying machine, a 
cylindrical casing provided with a base having 
an air opening therein, a head, and a ring divid 
ing the casing and head into separate chambers 
With a central communicating opening therebe 
tween, a rotor mounted vertically in the casing 
and spaced from the casing to provide a pulver 
izing vortex zone around the rotor, said rotor 
comprising a shaft extending centrally, through 
said casing, top and bottom imperforate discs 
mounted on the shaft adjacent said head and 
base, a plurality of radial blades mounted on the 
shaft and extending between the discs, the blades 
being slotted to provide a running clearance for 
said ring, a removable plate secured to each blade 
within the casing chamber and extending radi 
ally to the outer edge of the bottom disc, other 
plates secured to said rotor blades and extending 
downwardly from the slot for said ring and hav 
ing a portion of different diameter than the first 
mentioned plates with the outer edges thereof 
parallel with the casing and thence tapered to 
ward the first mentioned plates, retarder bars on 
the interior of the casing at least partly co-ex 
tensive with the rotor and spaced from the rotor, 
means adjacent the upper end of the casing cham 

r for feeding thereto material to be pulverized, 
a motor for driving the rotor, and an outlet in 
said head for pulverized material. 

5. In a pulverizing and classifying machine, a 
cylindrical casing provided with a base having 
an air opening therein, a head, and a ring divid 
ing the casing and head into separate chambers 
with a central communicating opening therebe 
tween, a rotor mounted vertically in the casing 
and spaced from the casing to provide a pulver 
izing vortex Zone around the rotor, said rotor 
comprising a shaft extending centrally through 
said casing, top and bottom imperforate discs 
mounted on the shaft adjacent said head and 
base, a plurality of radial blades mounted on the 
shaft and extending between the discs, the blades 
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being slotted to provide a running clearance for 
said ring, removable plates secured to the blades 
within the casing chamber and extending radial 
ly therefrom to define the outer edge of the 
rotor, the outer edges of the plates for each of 
said blades being tapered upwardly from said 
bottom disc toward the slot for said ring and 
tapered downwardly from adjacent said slot but 
at a different angle from the upward taper, the 
tapers being toward a common level between the 
slot and bottom disc, retarder bars on the in 
terior of the casing at least partly co-extensive 
with the rotor and spaced from the rotor, means 
adjacent the upper end of the casing chamber 
for feeding thereto material to be pulverized, a 
motor for driving the rotor, and an outlet in said 
head for pulverized material. 

6. In a pulverizing and classifying machine, a 
cylindrical casing having a base with an air 
opening therein and a head, a ring mounted near 
the top of the casing and dividing the same into 
a pulverizing and classifying chamber and an 
outlet chamber with the central opening of the 
ring providing communication between the 
chambers, a rotor Vertically mounted in and ex 
tending the full height of the pulverizing and 
classifying chamber and spaced from said casing, 
the rotor being operated to provide a pulverizing 
vortex of air and suspended material in the zone 
around the rotor, and comprising an imperforate 
bottom disc, a hub, and a plurality of radial 
blades mounted thereon and extending from the 
disc to adjacent the ring which partly overlies 
the blades, a removable plate on each of Said 
blades and extending radially beyond the outer 
edges of the blades, the outer edges of said plates 

7 
delivering the same through said outlet, and a 
motor COnnected to Operate, said rotor, 

8. In a pulverizing and classifying machine, a 
cylindrical casing having a base with an air open 
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adjacent the ring being tapered downwardly to 
govern the fineness of the particle... size of pul 
verized material delivered from the machine, an 
outlet in said outlet chamber, fan means for 
withdrawing sufficiently pulverized material from 
the pulverizing and classifying chamber through 
the opening in said ring and delivering the same 
through said outlet, means for feeding material 
to the pulverizing, and classifying chamber near 
the top thereof, and a motor connected to oper 
ate said rotor. 

7. In a pulverizing and classifying machine, a 
cylindrical casing having a base with an air open 
/ing therein and a head, a ring mounted near the 
top of the casing and dividing the same into a 

- pulverizing and classifying chamber and an out-. 
let chamber with the central opening of the ring 
providing communication between the chambers, 
means for feeding material to the pulverizing and 
classifying chamber near the top thereof, a rotor 
vertically mounted in and extending the full 
height of the pulverizing and classifying chamber 
and spaced from said casing, the rotor being op 
erated to provide a pulverizing vortex of air and 
suspended material in the ZOne around the rotor, 
and comprising an imperforate bottom disc, a 
hub, and a plurality of radial blades mounted 
thereon and extending from the disc to adjacent 
the ring which partly overlies the blades, a re 
movable plate, along each of said blades and ex 
tending radially to the edge of said bottom disc, 
the outer edges of said plates being tapered up 
wardly in the lower part thereof to maintain the 
material being pulverized distributed in the . pul 
verizing vortex, an outlet in said outlet chamber, 
fan means for withdrawing sufficiently pulver 
ized material from the pulverizing and classifying 
chamber through the opening in said ring and 
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ing therein and a head, a ring mounted near the 
top of the casing and dividing the same into a 
pulverizing and classifying channber and an out , ..." 
let chamber with the central opening of the ring 
providing communication between the chambers, 
means for feeding material to the pulverizing and 
classifying chamber near the top thereof, a rotor 
vertically mounted in and extending the full 
height of the pulverizing and classifying chamber 
and Spaced from said casing, the rotor being op 
erated to provide a pulverizing vortex of air and 
Suspended material in the 23me around the ro 
tor, and comprising an imperforate bottom disc, 
a hub, and a plurality of radial blades mounted 
thereon and extending from the disc to adjacent 
the ring which partly overlies the blades, a re 
movable plate along each of said blades adjacent 
the bottom disc and extending radially to the 
edge thereof, the Outer edges of said plates being 
tapered upwardly to maintain the material being 
pulverized distributed in the pulverizing vortex, 
an additional removable plate.along each of said 
blades adjacent said ring and extending radially, 
the outer edges of said additional plates being 
tapered downwardly at an angle within an area 
of 12 of either side of a vertical line intersecting 
the taper near the base thereof so as to govern 
the fineness of the particle size of pulverized 
material delivered from the machine, an outlet 
in Said outlet chamber, fan means for withdraw 
ing sufficiently pulverized material from the pul 
verizing and classifying chamber through the 
opening in said ring and delivering the same 
through said outlet, and a motor connected to 
Operate said rotor. 

9. In a pulverizing and classifying machine, a 
cylindrical casing having a base with an air open 
ing therein and a head, a ring mounted near the 
top of the casing and dividing the same into a 
pulverizing and classifying chamber and an out 
let chamber with the central opening of the ring 
providing communication between the chambers, 
a rotor vertically mounted in and extending the 
full height of the pulverizing, and classifying 
chamber and Spaced from said casing, the rotor 
being Operated to provide a pulverizing vortex of 
air and suspended material in the zone around 
the rotor, and comprising an imperforate bot 
tom disc, a hlub, and a plurality of radial blades 
mounted thereon and extending from the disc to 
adjacent the ring which partly overlies the blades, 
a plurality of radially projecting ribs mounted 
on the interior of the casing and at least partly 
co-extensive with the lower portion of the rotor, 
the inner edges of the ribs being tapered cut 
wardly from the top toward the pottom thereof, 
an outlet in said chamber, fan means for with 
drawing sufficiently pulverized material from the 
pulverizing and classifying chamber inwardly be 
tween the blades of the rotor from the pulver 
izing vortex and through the opening in said 
ring and delivering the same through said out 
let, means for feeding material to the pulveriz 
ing and classifying chamber-rear the top thereof, 
and a motor connected to operate said rotor. 
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10. In a pulverizing and classifying machine, 
a cylindrical casing having a base with an air 
opening therein and a head, a ring mounted near 
the top of the casing and dividing the same into 
a pulverizing and classifying chamber and an 
outlet chamber with the central opening of the 
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ring providing communication between the cham 
bers, a rotor vertically mounted in and extend 
ing the full height of the pulverizing and classi 
fying chamber and spaced from said casing, the 
rotor being operated to provide a pulverizing 
vortex of air and suspended material in the Zone 
around the rotor, and comprising an imperforate 
bottom disc, a hub, and a plurality of radial 
blades mounted thereon and extending from the 
disc to adjacent the ring which partly Overlies 
the blades, the outer edges of the rotor blades in 
the pulverizing and classifying chamber being 

"tapered from the bottom to the top thereof, a 
plurality of radially projecting ribs mounted on 
the interior of the Casing and at least partly 
co-extensive with the rotor in the lower part 
thereof, the inner edges of the ribs being tapered 
from the top to the bottom thereof parallel with 
but Spaced from the rotor blades, an outlet in 
said chamber, fan means for Withdrawing suff 
ciently pulverized material from the pulverizing 
and classifying chamber inwardly between the 
blades of the rotor from the pulverizing vortex 
and through the opening in said ring and de 
livering the same through said outlet, means for 
feeding material to the pulverizing and classify 
ing chamber near the top thereof, and a motor 
connected to operate said rotor. 

11. In a pulverizing and classifying machine, 
a cylindrical casing having a base with an air 
opening therein and a head, a ring mounted near 
the top of the casing and dividing the same into 
a pulverizing and classifying chamber and an 
outlet chamber with the central opening of the 
ring providing communication between the cham 
bers, a rotor vertically mounted in and extend 
ing the full height of the pulverizing and classi 
fying chamber and spaced from said casing, the 
rotor being operated to provide a pulverizing vor 
tex of air and suspended material in the Zone 
around the rotor, and comprising an imperforate 
bottom disc substantially the diameter of the ro 
tor, a hub, and a plurality of radial blades mount 
ed thereon and extending from the disc to ad 
jacent the ring which partly overlies the blades, 
a removable plate on each of said blades near 
the top thereof and extending radially there 
from, the outer edges of said plates being ta 
pered downwardly from adjacent said ring at 
an angle chosen in the area approximately 12' 
either side of the vertical to thereby increase or 
decrease the width of the rotor adjacent the 
Opening in said ring to control the size of the par 
ticles of pulverized material delivered from the 
machine, an outlet in said fan chamber, fan 
means for withdrawing sufficiently pulverized 
material from the pulverizing and classifying 
chamber inwardly between the blades of the ro 
tor from the pulverizing vortex and through the 
opening in said ring and delivering the same 
through said outlet, means for feeding material 
to the pulverizing and classifying chamber near 
the top thereof, and a motor connected to oper 
ate Said rotor. 

12. In a pulverizing and classifying machine, 
a cylindrical casing having a base with an air 
Opening therein and a head, a ring mounted near 
the top of the casing and dividing the same into 
a pulverizing and classifying chamber and an 
outlet chamber with the central opening of the 
ring providing communication between the cham 
bers, a rotor vertically mounted in and extend 
ing the full height of the pulverizing and classi 
fying chamber and Spaced from said casing, the 
rotor being operated to provide a pulverizing vor 
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tex of air and suspended material in the zone 
around the rotor, and comprising an imperforate 
bottom disc substantially the diameter of the ro 
tor, a hub, and a plurality of radial blades mount 
ed thereon and extending from the disc to adja 
cent the ring which partly overlies the blades, 
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fan means for withdrawing sufficiently pulverized 
material from the pulverizing and classifying 
chamber inwardly between the blades of the ro 
tor from the pulverizing vortex and through the 
Opening in Said ring and delivering the same 
through Said outlet, means for feeding material 
to the pulverizing and classifying chamber near 
the top thereof, a motor connected to operate 
Said rotor, a blow-off opening in the side of the 
casing near the level of the bore of the pulver 
izing and classifying chamber, and a gate valve 
for Said blow-off opening. 

13. In a pulverizing and classifying machine, 
a cylindrical casing having a base with an air 
Opening therein and a head, a ring mounted near 
the top of the casing and dividing the same into 
a pulverizing and classifying chamber and an 
outlet chamber with a central communicating 
Opening therebetween, a rotor vertically mounted 
in the casing and spaced therefrom, said rotor 
comprising a shaft extending centrally there 
through, an imperforate bottom disc mounted 
On the shaft, a plurality of radial blades extend 
ing the full height of the pulverizing and classi 
fying chamber, bars. on the interior of the cas 
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ing co-extensive. With the rotor for at least a 
part of is height and extending inwardly close 
to the path of the outer edges of the rotor blades, 
means adjacent the upper end of the casing 
chamber for feeding thereto fibrous material, 
which is reduced in particle size by shearing ac 
tion between the rotor blades and said bars, fan 
means for withdrawing sufficiently reduced ma 
terial from the pulverizing and classifying cham 
ber through the opening in said ring, a motor 
for driving the rotor, and an outlet in said head 
for pulverized material. 

14. In a pulverizing and classifying machine, 
a cylindrical casing having a base with an air 
Opening therein and a head, a ring mounted near 
the top of the casing and dividing the same into 
a pulverizing and classifying chamber and an 
Outlet chamber with the central opening of the 
ring providing communication between the cham 
bers, a rotor vertically mounted in and extending 
the full height of the pulverizing and classifying 
chamber and Spaced from said casing, the rotor 
being operated to provide a pulverizing vortex 
of air and suspended material in the zone around 
the rotor, and comprising an imperforate bottom 
disc Substantially the diameter of the rotor, a 
hub, and a plurality of radial blades mounted 
thereon and extendung from the dusc to adja 
cent the ring which partly uverlies the blades, a 
readily detachable plate mounted on each of said 
blades and extending along the upper part there 
of and radially therefrom, the outer edges of sald 
blades having a taper the angle of which is with 
in approximately 12 either side of the vertical, 
an outlet in said fan chamber, fan means for 
Withdrawing sufficiently pulverized material from 
the pulverizing and classifying chamber through 
the opening in said ring and delivering the Same 
through said outlet, means for feeding material 
to the pulverizing and classifying chamber near 
the top thereof, and a motor connected to op 
erate Said rotor. 
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