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This invention relates to pulverizers or pull 
verizing mills for grinding or crushing ores, fuels, 
minerals and various other types of materials. 
More particularly, the invention pertains to im 
provements in mills of the ring and roller type 
wherein the material is crushed and pulverized 
by action of the rings and rollers and the pul 
werized product is delivered to a point of use or 
storage by a fluid carrier such as a stream of air. 

It is an object of the present invention to pro 
vide a mill of high pulverizing efficiency and low 
power consumption. 
Another object of the invention is to provide 

a pulverizing mill which does not require me 
chanical feeding devices. 
A further object of this invention is to provide 

a pulverizing mill in Which the Output rate is 
readily controlled by varying the flow of fluid 
carrier which fluid carrier may be heated for 
the drying of wet materials while being pull 
verized or cooled to prevent the overheating of 
materials which tend to Soften. 
A still further object of the invention is to 

provide a pulverizer in which the size of the 
material fed thereto is not critical and in which 
relatively coarse material may be pulverized. 
The present invention provides a pulverizer 

wherein material to be crushed is fed into crush 
ing compartinents by gravity and is crushed by 
extensions on a gravity loaded roller and by lugs 
on the outer peripheral surface of a plurality of 
laterally adjoining rings having lateral and ro 
tative movement in relationship to one another. 
The gravity loaded roller is supported on the 
inner peripheral surface of said rings which rings 
are, in turn, supported and driven by a driving 
roller or rollers. The driving rollers are engaged 
by the rings at slightly different diameters and 
are, therefore, rotated at Slightly different Speeds. 
Rotation of the rings also rotates said gravity 
loaded roller. As the gravity loaded roller ro 
tates, lugs on the extensions thereof break the 
pieces of material fed into the crushing compart. 
ments and project the broken pieces in many 
directions within the mill. The projected pieces 
return by gravity into the Crushing compartments 
until material in said compartments is reduced 
to such fineness that it becomes fluidized. Lugs 
on the Outer periphery of the rings plowing 
through the fluidized material sustain the fluid 
ization, cause further disintegration of material, 
and continuously project the Crushed fine raa 
terial in several directions in the mill. The fluid 
ized material in the crushed compartments over 
flows onto the inner surface of the rings and is 
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centrifuged and transported in a thin ribbon of 
material which is squeezed between the adjoining 
side surfaces of the ring and between the inner 
periphery of said rings and the rollers. The high 
pressure thus developed on the ribbon of material 
continuously forces and squeezes material be 
tween adjacent side surfaces of adjoining rings 
which due to their relative speed of rotation, mull 
and rub the particles together until they become 
extremely fine. This extremely fine material is 
ejected radially from between the rings and is 
entrained by a gas or air stream and carried 
through a classifier wherein any oversize material 
is rejected and returned to the crushing compart 
ments and the fine material is carried to a point 
of use or storage. 
The invention will be understood from the fol 

lowing description when considered in connection 
with the accompanying drawings forming a part 
thereof and in which: 

Fig. 1 is a vertical sectional view of a pulverizer 
of one embodiment of the invention taken om the 
line f-f of Fig. 2; 

Fig. 2 is a Vertical Sectional view taken on the 
line 2-2 of Fig. 1; 

Fig. 3 is a plan view taken on the line 3-3 of 
Fig. 1; 

Fig. 4 is a sectional view taken on the line 4-4 
of Fig. 2; 

Fig. 5 is a vertical sectional view on broken line 
section 5-5 of Fig. 2, the upper portion being 
swung into the plane of projection of pulverizing 
elements as shown in Fig. 1. 

Fig. 6 is a view similar to Fig. 5 but of another 
embodiment of the pulverizing elements; 

Fig. 7 is a view similar to Figs. 5 and 6 but of 
a further embodiment of the pulverizing ele 
mentS; 

Fig. 8 is a view similar to Figs. 5, 6 and 7 but 
of a still further embodiment of the pulverizing 
elements; 

Fig. 9 is a side view taken on the line 9-9 of 
Fig. 6; 
Fig. 10 is a side elevational view of a portion of 

another embodiment of the invention with parts 
thereof broken away and 

Fig. 11 is a view similar to Fig. 10 but of a fur 
ther embodiment of the invention. 

Like reference numerals refer to like parts 
throughout the several views. 

Referring to the drawings, the pulverizer or 
pulverizing mill of the present invention com 
prises acylindrically-shaped verticallyextending 
casing to closed at the bottom by a bottom plate 
it and at the top by a curved top plate 2. The 



3 
casing, as shown in Figs. 1 and 3, is divided ver 
tically into two sections one Section having a 
flange O’ and the other a flange fo' which 
fianges are bolted together. In this manner, One 
portion of casing may be removed from the other 
to expose the pulverizing elements hereinafter 
described. Ring and roller pulverizing or grind 
ing elements are positioned in the lower portion 
of casing 0. As shown in Figs. 1 to 4, a pulver 
izing ring assembly which comprises a plurality 
of laterally adjoining rings 3 forming a lami 
nated ring assembly is positioned within the cas 
ing in spaced relationship to bottom plate and 
in the central portion thereof in spaced relation 
ship to the inner periphery of the casing laterally 
of the ring assembly and also as the periphery 
thereof. The assembly is so positioned in the 
chamber as to turn on a horizontally extending 
axis. The rings in said assembly haWe relative 
rotative and lateral movement in relationship to 
one another and also have a plurality of Spaced 
lugs 4 extending radially from the outer periph 
ery thereof. The rings of said group, as shown 
in Figs. 1 to 6, are of decreasing inside diameter 
from the outer ring at opposite sides of the as 
sembly inwardly to the central portion of the 
group and are supported om driving rollers i 5 
and 6 which rollers have outer rims f and 8. 
The inner peripheral edge of the rings are of 
substantially semi-circular shape in cross-section 
So that a Substantially V-shaped groove 3', the 
apex of which points toward the outer periphery 
of the ring, is formed between adjacent rings. 
The outer periphery of rollers 5 and 6 is of 
decreasing diameter from said rims inwardly to 
a central point so as to thereby form a Substan 
tially double frusto-conical-shaped peripheral 
Surface 9 thereon in which the apices of said 
cones abut One another. With this form of 
roller, there will be a normal tendency of the 
rings 3 of the assembly to be laterally urged to 
Ward the center of the ring assembly, as will here 
inafter be fully described. Roller 5 is mounted 
on drive shaft 20 So as to turn therewith, while 
roller 6 is mounted on drive shaft 2 to turn 
therewith. The drive shafts 20 and 2 extend 
transversely of the chamber within casing. 9 in 
a horizontal plane and are mounted at the oppo 
site ends thereof in bearings 23 and 24 which 
bearings are located in casing ?o. 
A gravity loaded crushing roller 25 is supported 

by the ring assembly in the lower portion thereof. 
Roller 25 has opposite side rims 26 and 27 Spaced 
apart substantially the same distance as rims 7 
and 8 of rollers 5 and 6 and also has exten 
sions 28 and 29 which project axially thereof into 
crushing compartments 30 and 3 which flank 
the ring assembly. Roller 25, in the form of the 
invention shown in Figs. 1 to 5, has a peripheral 
surface 25' of the same shape as peripheral Sur 
face 9 of rollers 5 and 6. Extensions 28 and 
29 have a plurality of radially extending lugs 
thereon. Crushing compartments 30 and 3 f have 
curved bottom plates 32 and 32' which are curved 
on a horizontal axis extending in a horizontal 
plane parallel to the axis of rotation of rings 3 
and rollers 5, 6 and 25, said plates engaging the 
inner periphery of casing 0 at the opposite ends 
and along one side of the plates. Plates 32 and 
32' are in Spaced relationship with bottom f of 
casing - 0 in the crushing compartment portions 
thereof, plate 32' engaging bottom plate f l in 
the central portion beneath the ring assembly 
thereby forming a trough 33 beneath said as 
sembly. - 
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4. 
Wertically extending feed chutes 34 and 35 

flank the ring assembly adjacent one end thereof 
and communicate With crushing compartments 
30 and 3 respectively from bottom plates 32 and 
32 upwardly through the pulverizing chamber 
and outwardly thereof through top plate 2. The 
chutes 34 and 35 have outlet openings at a level 
Substantially even with the top of roller 25, said 
Outlets facing parallel to the ends of the ring 
assembly. The passage of material from chutes 
34 and 35 through the outlet openings into com 
partments 30 and 3 is controlled by guillotine 
gates 36 and 37 respectively, which gates are 
raised or lowered by means of can rods 38 and 
39 respectively extending outwardly of casing f(0. 

In the form of the invention shown in Figs. 1. 
to 4, a stream of air is caused to flow through the 
mill by means of an exhauster 40 positioned above 
the ring aSSembly in substantial vertical align 
ment therewith in the upper central portion of 
the mill. Exhauster 40 comprises a plurality of 
radially extending blades 4f mounted on a shaft 
42 SO as to turn therewith. The shaft 62 extends 
in a horizontal plane parallel to the horizontal 
plane in which rollers 5, 6 and 25 rotate. 
Blades 4 are enclosed in a housing 43 compris 
ing a curved end plate 44 and spaced opposite 
side plates 45 and 46 forming a chamber 47 there 
between. The chamber 47 formed within hous 
ing 43 is in communication with the interior of 
casing 0 through inlet passages 48 and 49 formed 
around Shaft 42 by tubular members 48' and A9' 
respectively, which members communicate with 
the chamber 47 through opposite side plates 45 
and 46 and extend outwardly from the walls into 
the interior of casing fo parallel to shaft 42. 
Inlet passages 48 and 49 are controlled by damp 
er's 50 and 5 over the outer end of said passages 
respectively. The dampers comprise baffle plates 
which are actuated by shafts 50' and 5' on 
which the baffles are pivoted at the top respec 
tively So that when the shafts are turned in one 
direction the baffles move outwardly at the bot 
tom thereof away from the passage to open them 
and when turned in the opposite direction move 
inWardly at the bottom thereof toward said pas 
Sages to close them. Shaft 42 is mounted at the 
Opposite ends thereof in bearings 52 and 53 re 
Spectively which bearings are positioned in cas 
ing f 0. 
The top plate 2 of casing fo, as shown in Fig. 1, 

is curved at 54 on a horizontally extending axis 
which extends in a horizontal plane transversely 
of the axis of rotation of shaft 42. 

Inlet paSSages 48 and 49 are in communication 
with the atmosphere outside of casing re 
Spectively through vertically extending auxiliary 
air Supply passages 55 and 56, the inlet openings 
of Which are in top plate 2. Passages 55 and 
56 are controlled respectively by dampers 57 
and 58. . . . 

Pulverized material is classified by passing said 
material upwardly through classifying chutes 59 
and 60 along the opposite sides of plates 45 and 
46 of housing 43. Chutes 59 and 60 are formed 
at the outer side thereof by vertically extending 
plates 6i and 62 and on the inner side by side 
plates 45 and 46 of the exhauster housing. The 
chutes are closed at one end between side plates 
45 and 46 by a plate of feed chutes 34 and 35 
and at the Opposite end by the inner periphery of 
casing fo and extend from a point above the ring 
aSSembly to a point in spaced relationship with 
Curved portion 54 of top plate f2. Plates 6 and 
62 have inclined portions 63 and 64 which are 
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inclined inwardly toward the ring assembly, 
While the chutes 59 and 60 have inlets 65 and 66 
above the inclined portions and the ring assem 
bly and outlets 67 and 68 at the upper part of the 
chutes in Spaced relationship to curved portions 
54 of top plate 2. Reject passages 69 and 70 
are formed laterally of plates 6 and 62 and 
between said plates and the inner periphery of 
Casing 0 respectively. Passages 69 and 70 ex 
tend at One end thereof vertically adjacent feed 
chutes 34 and 35 and at one side thereof laterally 
along classifier chutes 59 and 60 and have in 
clined bottom plates 7? which direct the rejected 
material into crushing compartments 30 and 3. 
The main supply of air for the fluid carrying 

stream enters the chambers within casing to 
through inlet conduit 72 which supply of air is 
regulated by dampers 73. Air entering casing 
?o through conduit 72 may be heated to dry wet 
materials being pulverized or cooled to prevent 
Overheating of materials as required. 
As shown in Fig. 1, shafts 20 and 2 of rollers 
5 and 5 respectively, each has a driving gear 
74 fixed thereon adjacent one end thereof which 
gears 74 are enmeshed with a pinion gear 75 
On the shaft of a motor not shown, which shaft 
has a pulley 76 fixed thereon while shaft 42 of 
the exhauster fan has a pulley 77 fixedly mounted 
on the end thereof above pulley 76. A belt 78 en 
gages Said pulleys. Rotation of the motor shaft 
will directly drive shafts 20 and 2 through gears 
75 and 74 and indirectly drive the exhauster 
fan through pulleys 76 and 77 and belt 78. 
In operation, material flows by gravity down 

Wardly through the feed chutes 34 and 35 and 
into crushing compartment 30 and 3. Guillotine 
gates 36 and 3 are adjusted to admit the mate 
rial to the desired level in said compartments, 
the gates when fully opened permitting material 
to flow into the crushing compartments to a level 
approximately even with the top of roller 25. The 
motor drives shafts 20 and 2 and the driving 
rollers 5 and 6 thereon respectively and also 
rotates shaft 42 of the exhauster, as hereinbefore 
described. Rotation of shafts 20 and 21, as 
shown more particularly in Fig. 2, is in a clock 
Wise direction as is the direction of rotation of 
the rings 3 of the ring assembly. Rotation of 
the ring assembly in a clockwise direction also 
rotates roller 25 in Such direction. As the crusher 
roller 25 rotates, the lugs on extensions 28. and 
29 thereof break up the lumps of material and 
project the pieces thereof into free space with 
in casing 0. The projected pieces fall back into 
the Crushing compartments, the pool of material 
therein becoming fine and fluidized by such ac 
tion. The lugs on extensions 28 and 29 of roller 
25 continue to plow through the fluidized pool 
during the rotation of the roller and thereby sus 
tain the fluidization, cause further disintegration 
of the material and continuously project fine 
material into the free space Within the casing. 
The fluidized material in crushing compart 

ments 3G and 3 overflows therefrom onto the 
inner peripheral Surface of the rings 3 of the 
ring assembly and is centrifuged and conducted 
by centrifugal force in a thin ribbon of material 
on said inner peripheral surface of the rings ina 
the direction of rotation thereof. The thin rib 
bon of material on the inner surface of the ring 
assembly is squeezed between said surface and 
the double frusto-conical shaped peripheral sur 
face 9 of rollers 5, 16 and the surface of roller 
25, Figs. 1 to 5. The pressure developed on the 
ribbon of material forces and squeezes material 
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6 
into V-shaped grooves 3' between adjacent rings 
3. thence between the adjacent side surfaces of 
adjoining rings. 
In the form of the ring and roller assembly 

shown in Figs. 1 to 5, as material is squeezed 
between adjacent rings, the rings are moved 
apart OutWardly along the inclined surfaces 9 
of rollers S and 6 toward the rims 7 and 8 
thereof and along the inclined surfaces of roller 
25 toward rims 26 and 27 thereof against the 
normal tendency of the rings to move laterally 
downwardly along the inclined peripheral sur 
face toward the center of the assembly due to the 
Shape of the periphery of the rollers. Due to the 
different inside diameters of the rings f3, said 
ringS rotate at different speeds, the relative ro 
tation thereof mulling and rubbing the particles 
between said rings together until they become 
extremely fine. The extremely fine material is 
projected radially from the ring assembly by fur 
ther material being squeezed between said rings 
by the rollers from the ribbon of material. Any 
material in trough 33 is subjected to breaking up 
by lugs f4 on rings 3, some of the material 
being dragged around on the periphery of the 
ring a SSembly by said lugs as the assembly ro 
tates. The Speed of the circulating material is 
Somewhat leSS than the circumferential speed 
of the peripheral lugs. On the extensions of the 
crushing roller and on the rings causes a classi 
fying action due to centrifugal force which tends 
to cause the larger pieces in the feed and heavy 
foreign matter Such as, tramp iron, gravel, sand, 
rock and pyrites to slowly be forced outwardly 
from the peripheries of the roller and rings to 
Ward trap 79. As the crushable pieces of material 
in the feed are crushed by the rapid blows from 
the projections on extensions. 28 and 29 of roller 
25 and the projections 4 on the rings 3, the 
crushed pieces work their way to the top of the 
pool in compartments 30 and 3 to thereafter 
OverfloW into the ring assembly While the un 
Crushable material remains in the bottom of the 
compartments to thereafter be removed there 
from through a trap 79. In this manner, tramp 
rock and iron is effectively rejected from the 
grinding elements. 
The fines projected radially from the ring as 

Sembly and any fines from compartments 30 and 
3 are carried into classifier chutes 59 and 60 
by a stream of air which is drawn into casing O 
through inlet conduit 72 by operation of the ex 
hauster 40 which draws air upwardly through in 
lets 65 and 66 of chutes 6 and 62 outwardly of 
Said chutes through outlets 67 and 68 thence into 
exhauster chamber 47 through passages 48 and 
49 after passing under the lower edges of baffles 
50 and 5. The stream of air entrains the fines 
carrying them upwardly through chutes 59 and 
60 thereafter discharging them through outlets 
67 and 68 of the chute. The stream of air and 
entrained fines inpinges against curved portion 
54 of top plate f2 and is caused to pass down 
Wardly Within the casing by the curvature of said 
liner. The stream of air and entrained fines is 
again caused to change its direction of flow to 
paSS under the lower edge of baffles 5 and 52 to 
enter chamber 47 in exhauster housing 43 through 
damper controlled inlet passages 48 and 49. The 
changes of direction of flow of the stream of air 
and entrained material after leaving outlets 6 
and 68 of chutes 59 and 60 prior to entering the 
passages 48 and 49 causes the heavier entrained 
material to be rejected from the stream. The re 
jected oversize material drops downwardly into 
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crusher compartments 30 and 3 through reject 
passages 69 and 70. Since the ratio of rejected 
oversized material to the material fed into com 
partments 30 and 3 through chutes 34 and 35 
is great, the rejected material, since it has been 
dried in the air stream, is dry and Will therefore 
blot away free moisture on the surface of the 
incoming feed and minimize the retarding effect 
of said moisture in the feed. 

Pulverized material of the desired fineness is 
blown outwardly of exhauster chamber 47 
through exhauster outlet 80 in the top of the 
casing. Upon the closing of passages 48 and 49 
by dampers 50 and 5, any pulverized material 
may be scavenged from Said paSSage and the ex 
hauster with dampers 57 and 58 in an Open posi 
tion so that air may pass downwardly through 
auxiliary air passages 55 and 56 into inlet pas 
sages 48 and 49 thence to outlet 80 through cham 
ber 47, said air entraining pulverized material as 
it flows through the inlet passages and exhauster 
chamber to the exhauster outlet. 

In the embodiment of ring and roller assembly 
illustrated in Figs. 6 and 9, only one drive roller 
is shown. The roller 5 is positioned at the top 
of the ring assembly and is shaped as in the em 
bodiment disclosed in Figs. 1 to 5, that is, with 
the peripheral Surface 9 thereof inclined down 
wardly from the rims í 7 to a point in the roller 
centrally of the rims, as hereinbefore described, 
So as to normally urge the rings 3 of the ring 
assembly together. The peripheral surface of 
the roller 25 in this embodiment of the inven 
tion, however, is So shaped as to normally urge 
the adjacent rings apart. In the embodiment of 
roller 25 shown in Fig. 6, the peripheral surface 
8 is inclined in opposite directions outwardly and 
downwardly from a central point between rims 
26 and 27 to said rims. With this arrangement, 
the adjacent rings 3 of the ring assembly are 
urged together by roller 5 so that material is 
crushed between the adjacent rings but the rings 
are urged apart adjacent the bottom of the ring 
assembly by Surface 8 of roller 25 so that the 
preSSure on the material crushed by the adjacent 
rings is lower than in the embodiment shown in 
Fig. 5. Urging apart of the rings at the lower 
portion also causes a forcing together of the rings 
at the upper portion of the assembly. The rings 
3 are all of the same outside diameter and in 

Side diameter. 
In the embodiment of the ring and roller as 

sembly shown in Fig. 7, roller 5 is also posi 
tioned at the top of the ring assembly but is 
cylindrically-shaped and has spaced peripheral 
grooves 82 therein which grooves are separated 
by circular projections 83 of greater outside di 
ameter than the grooves 82. Roller 25 has a 
cylindrically-shaped peripheral surface 84. Ad 
jacent rings 85 and 86 are of different inside di 
ameter but the outside diameter of the rings are 
the same. The inside diameter of rings 85 is 
less than the inside diameter of rings 86, the 
inside diameter of rings 85 being such that the 
rings are suspended in grooves 82, while the inside 
diameter of rings 86 is such that the rings are 
Suspended on projections 83. In this manner, the 
rings are maintained in a Spaced relationship 
with one another and, since rings 85 and 86 are 
of different inside diameters, they are rotated by 
roller 15 at different rates of speed. 

In the embodiment of the ring and roller as 
sembly illustrated in Fig. 8, the peripheral Sur 
face 9 of driving roller 5 and the peripheral 
surface 25 of roller 25 are cylindrically-shaped 
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8 
and have circumferentially extending rings at 
the opposite ends thereof. Surfaces 9 and 25 
in Fig. 8 respectively have a plurality of laterally 
adjoining substantially V-shaped grooves 87 ex 
tending peripherally of said surfaces with the 
apices of the grooves extending toward the axis 
of rotation of the rollers. 
While only one driving roller 5 is shown in the 

embodiments of ring and roller assemblies shown 
in FigS. 5 to 8, it will be understood that more 
than one of such rollers may be utilized. Roller 
25 in all forms of the invention is of substantial 
Weight So that it will frictionally engage the inner 
periphery of the ring assembly and apply a pull 
Verizing force by force of gravity to the material 
therein and to the material in the crushing com 
partments. Roller 25 maintains its position at 
the botton of the ring assembly and forces the 
inner periphery thereof and the outer periphery 
of the driving rollers into engagement. 

In the embodiments of the invention shown in 
Figs. 10 and 11, the ring and roller pulverizing 
elements are substantially the same as those illus 
trated in Figs. 1 to 4. However, the means for 
causing a stream of air to flow through the casing 
and the arrangement of various other elements 
Within the casing is substantially different. 
As illustrated in Fig. 10, the lower portion of 

the casing 10 has a door 88' opening outwardly 
adjacent the pulverizing elements. A cylindri 
cally-shaped hopper 89 is disposed on top of the 
casing 10, which top is open, and extends up 
Wardly therefroin. Hopper 89 has an inclined 
bottom 90 in communication with feed chutes 34 
and 35, the inclined bottom 90 thereof separating 
hopper portion 83' from an air chamber 9 which 
communicates with the interior of casing ?o. 
Chamber S has a damper controlled air inlet 
conduit 92 in communication therewith. A classi 
fier comprising a tubular member 93 extends wer 
tically in chamber 9? in substantial vertical align 
ment with the ring assembly and has an inlet 94. 
Communicating with said chamber and the in 
terior of Casing to adjacent the upper portion of 
the periphery of the ring assembly. Tubular 
member 93 is partitioned transversely thereof by 
a partition plate 95 extending substantially verti 
cally of the tubular member from the inlet 94 to 
a point short of a curved baffle 96 in the upper 
portion of the tubular member and also extend 
ing substantially diametrically thereof. Plate 95 
has a downwardly projecting flange 97 which pro 
jects in spaced relationship with the body of the 
plate. An outlet conduit 98 communicates at one 
end thereof With the space between flange 97 
and the body of plate 95 intermediate the opposite 
ends of Said Space and extends outwardly of hop 
per 89. At the opposite end, conduit 98 communi 
cates with the whirl chamber of a cyclone sepa 
rator 99 tangentially thereof. Air is drawn up 
Wardly through the whirl chamber by an ex 
hauster fan 0 which draws air through a filter 
f0. 

In Operation. Of the embodiment of the inven 
tion shown in Fig. i0, air is drawn through air 
inlet conduit 92 into chamber 9 and inside cas 
ing thereafter to flow upwardly in passage 2 
in tubular member 93, impinge on baffle 96 to be 
turned downwardly in a curved path thereafter to 
fiOW out Wardly of member 93 through conduit 98 
after passing upwardly under the lower edge of 
flange 97 into the Space between the flange and 
the body of partition 95 and into said conduit. 
The air in flowing from conduit 92 to conduit 98 
entrains pulverized material in chamber 9 and in 
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casing to carrying the entrained material up 
Wardly in passage 02 thereafter impinging on 
baffle 96. Innpingement thereof on baffle 96 causes 
the stream to flow downwardly in passage 92" of 
tubular member 93. Change of direction of flow 
of the stream of air and entrained material by 
baffle 96 and by flange 3 separates oversized ma 
terial from the stream which oversized material 
flows downwardly in passage fo2 onto the pe 
riphery of the ring assembly. Entrained mate 
rial is separated from the stream in the Whirl 
chamber of cyclone separator 99, the separated 
material flowing downwardly through spout 83 
into a container 04. Any material not separated 
from the stream in the whirl chamber is filtered 
out by filter Of. 
In the embodiment of the invention shown in 

Fig. 11, a blower to 5 is used to create the fluid 
stream by means of which pulverized material is 
conducted from the mill. Blower 05 at its outlet 
communicates with the pulverizing chamber 
within casing 0 through air inlet i e8 which inlet 
is damper controlled at 0 and is positioned in 
substantial horizontal alignment with the ring 
assembly. The classifier in this embodiment of 
the invention comprises an upwardly extending 
projection 08 of the innermost walls of reject, 
chutes 6 and 0 which walls fiank the ring a S 
Sembly, said innermost Walls and projections ex 
tending at right angles to the axis of rotation of 
the ring assembly. Projections ?o 8 form a baffle 
which extends slightly inwardly toward inlet 36 
of the blower thence upwardly to a point above 
the blower inlet. The projections are thence in 
clined slightly in a direction a Way from Said 
blower inlet thence downwardly to form a depend 
ing flange i O9 which flange is in spaced relation 
ship with the portion of the projection (8 which 
is inclined in a direction away from the blower 
inlet. The uppermost point of projections fo8 is 
in spaced relationship with curved portions 54 at 
the top of the casing while flanges 09 project 
downwardly in spaced relationship with the inner 
periphery of the casing and in vertical alignment 
with reject chutes 69 and 70. Pulverized mate 
rial outlet to communicates with the space be 
tween filange [09 and the inwardly inclined por 
tion of projection í08. 
In operation, air is blown by blower 05 through 

inlet 06 into casing 0 whereiin it entrains pulvern 
ized material. The stream of air and pulverized 
material passes upwardly, impinges against 
curved portions 54 at the top of the casing where 
it is deflected downwardly. After being deflected 
downwardly by the curved portions, the stream 
changes its direction of flow to pass under the 
lowermost edge of fange 109 into the space be 
tween said flange and the upwardly inclined poi 
tion of projections fo8 and thence outwardly 
through outlet f l (). The changing of the direction 
of flow of the stream causes the Oversized nate 
rial to be rejected from the stream, said rejected 
oversized material passing downwardly through 
reject chutes 69 and 70 into compartments 3 and 
30 respectively. The stream containing material 
of the desired particle size flows outwardly of 
casing C through outlet 0. 
Although various preferred forms of the inven 

tion have been disclosed herein, it is to be under 
stood that changes may be made in the form and 
relative arrangement of the parts of the appara 
tus described Without departing from the prinº 
ciples of the invention which are not to be limited 
excepting by the scope of the appended claims. 
What is claimed is: - 
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1. Pulverizing apparatus comprising ring and 

roller pulverizing elements having at least one 
fixedly supported upper drive roller mounted to 
rotate on a substantially horizontal axis, said 
drive roller having a peripheral driving surface, 
a plurality of laterally adjacent rings each sepa 
rately pendantly mounted upon said roller, the 
rings having substantially flat contiguous fac 
ing surfaces for pulverizing materials therebe 
tween, the inside diameter of the rings and the 
diameter of the driving roller at the point of 
engagement of each of said rings with the 
peripheral driving surface of said drive roller 
being such that the distance between the axis of 
rotation of the drive roller and the point of en 
gagement of said driving surface and said inner 
peripheral surface of one ring and the distance 
between said axis of rotation of the drive roller 
and the point of engagement of Said driving Sur 
face of the roller and said inner peripheral Sur 
face of a ring laterally adjacent said one ring 
are unequal, and a pulverizing roller resting 
within the plurality of rings at the bottom there 
of so as to exert a downwardly force on the 
rings, the configuration of the peripheral driv 
ing surface of said drive roller, the configura 
tion of the peripheral surface of the pulverizing 
roller and said downwardly force exerted on the 
rings by said pulverizing roller being such as to 
maintain the rings in parallelism and in grouped 
relationship with each other around the periph 
eral driving surface of said driving roller. 

2. The apparatus of claim 1 wherein the pull 
verizing roller is gravity loaded. 

3. The apparatus of claim 1 wherein spaced 
lims are provided on said drive roller and spaced 
rims are provided on said pulverizing roller, said 
rims being positioned on the rollers to prevent 
lateral movement of said rings beyond said rims. 

4. Pulverizing apparatus comprising ring and 
roller pulverizing elements having at least one 
fixedly supported upper drive roller mounted to 
rotate on a Substantially horizontal axis, said 
drive roller having a peripheral driving surface, 
a plurality of laterally adjacent rings each sepa 
rately pendantly mounted upon said roller, the 
rings having Substantially flat contiguous fac 
ing Surfaces for pulverizing materials therebe 
tween, the inside diameter of the rings and the 
diameter of the driving roller at the point of 
engagement of each of said rings with the periph 
eral driving Surface of said drive roller being 
Such that the distance between the axis of rota 
tion of the drive roller and the point of engage 
ment of Said driving surface and said inner 
peripheral Surface of one ring and the distance 
between said axis of rotation of the drive roller 
and the point of engagement of said driving 
Surface of the roller and said inner peripheral 
Surface of a ring laterally adjacent said one ring 
are unequal, a pulverizing roller resting within 
the plurality of rings at the bottom thereof so 
as to exert a downwardly force on the rings, the 
configuration of the peripheral driving surface 
of Said drive roller, the configuration of the 
peripheral surface of the pulverizing roller and 
Said downwardly force exerted on the rings by 
Said pulverizing roller being such as to main 
tain the rings in parallelism and in grouped re 
lationship with each other around the periph. 
eral driving surface of said driving roller, axial 
extensions on said pulverizing roller, said exten 
Sions projecting laterally beyond the group of 
rings from the opposite ends of the pulverizing 
roller, and a plurality of projections extending 
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radially from said extensions in spaced relation 
Ship to one another and Spaced from One another 
'circumferentially of the extensions. 

5. Pulverizing apparatus having a pulverizing 
chamber, ring and roller pulverizing elementS 
in the chamber comprising at least One fixedy 
Supported upper drive roller having a peripheral 
driving surface, a plurality of laterally adjacent 
ringS each Separately pendantly mounted upon 
said roller, the rings having Substantially fiat 
contiguous facing Surfaces for pulverizing ma 
terials therebetween, the inside diameter of the 
rings and the diameter of the driving roller at 
the point of engagement of each of Said rings 
with the peripheral driving Surface of said drive 
roler being Such that the distance between the 
axis of rotation of the drive roller and the point 
of engagement of Said driving Surface and Said 
inner peripheral surface of one ring and the 
distance between said axis of rotation of the 
drive roller and the point of engagement of said 
driving surface of the roller and the inner 
peripheral Surface of a ring laterally adjacent 
Said. One ring are unequal, a pulverizing roller 
resting within the plurality of rings at the bot 
ton thereof so as to exert a downwardly force 
On the rings, the configuration of the peripheral 
driving surface of said drive roller, the con 
figuration. Of the peripheral Surface of the pull 
Verizing roller and said downwardly force, ex 
erted on the rings by said pulverizing roller be 
ing Such as to maintain the rings in parallelistin 
and in grouped relationship with each other 
around the peripheral driving Surface of said 
driving roller, driving means for rotating the 
driving roller, and feeding means for feeding ma 
terial to be pulverized to Said pulverizing elle 
ments, the chamber having a pulverized mate 
rial outlet. 

6. The apparatus of claim 5 wherein the rings 
have a plurality of lugs on the outer periphery 
thereof projecting radially therefrom and in 
spaced relationship to one another circumferen 
tially of the rings. 

7. A pulVerizing mill Comprising a Casing hav 
ing a Substantially vertically extending pulver 
izing chamber therein, ring and roller pulver 
izing elements located in the lower portion of 
the chamber comprising at least one fixedly sup 
ported upper drive roller having a peripheral 
driving Surface, the roller being mounted to ro 
tate on a Substantially horizontal axis, a ring 
aSSembly in Spaced relationship circumferential 
ly with the periphery and bottom of the cham 
ber and laterally with said chamber periphery, 
the ring assembly having a plurality of laterally 
adjacent rings each separately pendantly mount 
ed upon Said roller, the rings having substan 
tially flat contiguous facing surfaces for pull 
Verizing materials therebetween, the inside di 
ameter of the rings and the diameter of the 
driving roller at the point of engagement of each 
of Said rings with the peripheral driving surface 
of Said drive.roller being such that the distance 
between the axis of rotation of the drive roller 
and the point of engagement of said driving sur 
face and Said inner peripheral surface of one 
ring and the distance between said axis of rota 
tion of the drive roller and the point of engage 
ment of Said driving surface of the roller and 
the inner peripheral surface of a ring laterally 
adjacent Said one ring are unequal, a pulverizing 
roller resting within the plurality of rings at the 
bottom thereof So as to exert a downwardly force 
on the rings, the configuration of the peripheral 
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driving surface of said drive roller, the configura , 
tion of the peripheral surface of the pulverizing 
roller and said downwardly force exerted on the 
rings by said pulverizing roller being Such as to 
maintain the rings in parallelism and in grouped 
relationship with each other around the periph 
eral driving surface of Said driving roller, and 
feed chutes extending vertically in Said cham 
ber and having an inlet adjacent the top and 
an outlet adjacent the bottom of the chamber, 
Said chutes being disposed in the chamber SO 
as to flank said ring assembly, the chamber hay 
ing a pulverized material outlet. 

8. The apparatus of claim 7 wherein the feed 
chutes are positioned in the chamber laterally 
adjoining opposite sides of the ring assembly ad 
jacent the periphery thereof at one side of the 
chamber with said outlet of each chute disposed 
so as to face toward the opposite side of Said 
chamber, and wherein a control damper is aSSO 
ciated with the outlet of each chute so as to con 
trol the flow of material therefrom, the chamber 
having a pulverized material Outlet in the upper 
portion thereof. 

9. A pulverizing mill comprising a casing hav 
ing a substantially vertically extending pulveriz 
ing chamber therein, ring and roller pulverizing 
elements disposed in the lower portion of Said 
chamber, said elements having an upper fixedly 
supported drive roller mounted to rotate on a 
horizontal axis, a ring assembly in Spaced rela 
tionship circumferentially with the periphery, 
and bottom of the chamber and laterally With 
said chamber periphery the ring assembly having 
a plurality of laterally adjacent rings each sepa 
rately pendantly mounted upon said roller, the 
rings having i substantially fidat contiguous fac 
ing surfaces for pulverizing materials therebe 
tween, the inside diameter of the rings and the 
diameter of the driving roller at the point of en 
gagement of each of said rings with the periph 
eral driving surface of said drive roller being Such 
that the distance between the axis of rotation of 
the drive roller and the point of engagement of 
said driving surface and said inner peripheral 
surface of one ring and the distance between 
said axis of rotation of the drive roller and the 
point of engagement of said driving Surface of 
the roller and the inner peripheral Surface of a 
ring laterally adjacent said one ring are unequal, 
a pulverizing roller resting within the plurality of 
rings at the bottom thereof so as to exert a down 
wardly force on the rings, the configuration of 
the peripheral driving surface of said drive roller, 
the configuration of the peripheral Surface of 
the pulverizing roller and said downwardly force 
exerted on the rings by said pulverizing roller 
being such as to maintain the rings in parallel 
ism and in grouped relationship With each other 
around the peripheral driving Surface of Said driv 
ing roller, extensions of Substantially the same 
diameter as and rotatable with said pulverizing 
roller, the extensions extending axially from the 
opposite ends thereof and into the pulverizing 
chamber, a plurality of lugs projecting radially 
from said extensions in spaced relationship to 
one another and extending circumferentially of 
the extensions, driving means for rotating the 
driving roller, and feed chutes extending ver 
tically in Said chamber and having an inlet ad 
jacent the top and an outlet adjacent the bottom 
of the chamber, said chutes being disposed in. 
the chamber so as to flank said ring assembly, 
the chamber having a pulverized material outlet. . 

10. Pulverizing apparatus comprising ring and 
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roller pulverizing elements having at least one 
fixedly supported upper drive roller mounted to 
rotate on a substantially horizontal axis, Said 
drive roller having a peripheral driving Surface 
of waisted shape, a group of pulverizing rings 
comprising a plurality of laterally adjacent rings 
each separately pendantly mounted upon Said 
roler, the rings having substantially flat con 
tiguous facing surfaces for pulverizing materials 
therebetween, the inside diameter of the rings 
of said group of rings decreasing from opposite 
sides of the group to a point intermediate the 
opposite sides thereof, and a pulverizing roller 
resting within the group of rings at the botton 
thereof so as to exert a downwardly force on the 
rings, the pulverizing roller having a peripheral 
surface of similar waisted shape adapted to fric 
tionally engage the inner peripheral surfaces of 
the rings so that the rings are maintained in 
parallelism and grouped toward each other 
around the peripheral driving surface of Said 
driving roller. 

11. The apparatus of claim 10 wherein the ring 
and roller pulverizing elements have two fixedly 
supported drive rollers of substantially identical 
waisted shapes on which the plurality of rings 
are each separately pendantly mounted. 

12. The apparatus of claim 10 wherein the inner 
peripheral edge of the rings are substantially 
semi-circular in cross-sectional configuration, 

13. The apparatus of claim 10 wherein Spaced 
rims are provided on said drive roller and Spaced 
rims are provided on said pulverizing roller, Said 
rims being positioned on the rollers to prevent 
lateral movement of said rings beyond said rims. 

14. The apparatus of claim 10 wherein the 
pulverizing roller has axial extensions project 
ing laterally beyond the group of rings from the 
opposite ends of the pulverizing roller, and a plu 
rality of projections extending radially from Said 
extensions in spaced relationship to one another 
and spaced from one another circumferentially 
of the extensions. 

15. A pulverizing mill COmprising a CaSing haV 
ing a substantially vertically extending pulveriz 
ing chamber therein, ring and roller pulveriz 
ing elements disposed in the lower portion of 
said chamber and comprising two fixedly Sup 
ported upper drive rollers mounted to rotate on 
a substantially horizontal axis, said drive rollerS' 
each having a peripheral driving surface of Sub 
stantially identical waisted shapes, a ring assen 
bly comprising a plurality of laterally adjoining 
rings each separately pendantly mounted upon 
said rollers, the rings having substantially flat 
contiguous facing surfaces for pulverizing mate 
rials therebetween, the inside diameter of the 
rings of said group decreasing from opposite sides 
of the group to a point intermediate the opposite 
sides thereof, said pulverizing elements being SO 
positioned in the chamber that the ring group 
is in spaced relationship circumferentially with 
the periphery and bottom of the chamber and 
laterally with said chamber periphery, a plural 
ity of lugs on the outer periphery of the rings 
projecting radially therefrom and in Spaced rela 
tionship to one another circumferentially of the 
rings, a pulverizing roller resting within the 
group of rings at the bottom thereof So as to 
exert a downwardly force on the rings, the pull 
verizing roller having a peripheral Surface of 
similar waisted shape adapted to frictionally 
engage the inner peripheral surface of the ringS 
so that the rings are maintained in parallelism 
and grouped toward each other around the pe 
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ripheral driving surface of said driving rollers, 
driving means for rotating the driving rollers 
and material feeding means for feeding material 
to be pulverized to said pulverizing elements, the 
chamber having a pulverized material outlet. 

16. The apparatus of claim 15 wherein feed 
chutes extend vertically in the chamber and have 
an inlet adjacent the top and an outlet adjacent 
the bottom of the chamber, the chutes being po 
Sitioned laterally adjoining opposite sides of the 
ring assembly adjacent the periphery thereof 
at one side of the chamber with said outlet of 
each chute disposed so as to face toward the op 
posite side of said chamber, and a control damper 
is aSSociated with the outlet of each chute so as 
to control the flow of material therefrom, the 
chamber having a pulverized material outlet in 
the upper portion thereof. ' - 

17. A pulverizing mill comprising a casing hav 
ing a substantially vertically extending pulveriz 
ing chamber therein, ring and roller pulverizing 
elements disposed in the lower portion of said 
chamber and comprising two fixedly supported 
Upper drive rollers mounted to rotate on a Sub 
Stantially horizontal axis, said drive rollers each 
having a peripheral driving surface of substan 
tially identical waisted shapes, a ring assembly 
comprising a plurality of laterally adjoining rings 
each separately pendantly mounted upon said. 
rollers, the rings having substantially fiat con 
tiguous facing Surfaces for pulverizing materials 
therebetween, the inside diameter of the rings 
of Said group decreasing from opposite sides of 
the group to a point intermediate the opposite 
Sides thereof, said pulverizing elements being so 
positioned in the chamber that the ring group is 
in Spaced relationship circumferentially with the 
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periphery and bottom of the chamber and lat 
erally With said chamber periphery, a plurality 
of ilgs on the outer periphery of the rings pro 
jecting radially therefroin and in Spaced relation 
ship to one another circumferentially of the 
rings, a pulverizing roller resting within the group 
of rings at the bottom thereof so as to exert a, 
downwardly force on the rings, the pulverizing 
roller having a peripheral surface of similar 
Waisted shape adapted to frictionally engage the 
inner peripheral surface of the rings so that the 
rings are maintained in parallelism and grouped 
toward each other around the peripheral driving 
Surface of said driving rollers, extensions of sub 
stantially the same diameter as and rotatable 
With Said pulverizing roller, the extensions ex 
tending axially fron the opposite ends thereof 
and into the pulverizing chamber, a plurality of 
lugs projecting radially from said extensions in 
Spaced relationship to one another and extending 
circumferentially of the extensions, driving raneans 
for rotating the driving roller, and feed chutes 
extending vertically in said chamber, said chutes 
each having an inlet adjacent the top and an out 
let adjacent the bottom of the chamber, the chutes 
being positioned in the chamber laterally adjoin 
ing opposite sides of the ring assembly adjacent 
the periphery thereof at one side of the chamber 
with said outlet of each chute disposed so as to 
face toward the opposite side of said chamber, 
the chamber having a pulverized material outlet. 

18. Pulverizing apparatus comprising ring and 
roller pulverizing elements having a fixedly sup 
ported upper drive roller mounted to rotate on a 
Substantially horizontal axis, said drive roller 
having a peripheral driving surface of waisted 
shape, a plurality of laterally adjacent rings each 
Separately pendantly mounted upon said roller, 
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the rings having substantially fiat contiguous 
surfaces for pulverizing materials therebetween, 
the inside diameters of the rings being equal, and 
a pulverizing roller resting within the plurality 
of rings at the bottom thereof so as to exert a 
downwardly force on the rings, the pulverizing 
roller having a crown-shaped peripheral Surface 
adapted to frictionally engage the inner periph 
eral Surfaces of the rings so that the ringS are 
maintained in parallelism and grouped around 
the peripheral driving surface of said driving 
rOller. 

19. Ring and roller pulverizing elements for a 
pulverizing mill comprising an upper drive roller 
fixedly Supported to rotate on a horizontal axis, 
a ring assembly suspended on said driving roller 
so that the inner peripheral surface of the rings 
frictionally engage the driving surface of the 
roller, said assembly having a plurality of lat 
erally adjoining rings each separately pendantly 
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mounted on said roller, the rings having Substan- . 
tially flat contiguous facing Surfaces for pull 
verizing materials therebetween, the inside di 
ameters of the rings being equal, a portion of the 
driving roller extending axially beyond the op 
posite sides of the ring assembly, the peripheral 
Surface of the driving roller decreasing axially 
thereof from the opposite ends thereof to a point 
intermediate Said opposite ends at Substantially 
the Same angle as said decrease of the inside di 
ameter of the rings, the diameter of said extend 
ing portion of the driving roller being greater 
than the diameter of the roller directly adjacent 
and axially within the ring assembly, and a pull 
Verizing roller resting interiorly of the rigS SO 
that the peripheral surface of said roller fric 
tionally engages the inner periphery of the ring 
assembly by force of gravity and exerts a pulver 
izing force between said peripheral Surface of the 
pulVerizing roller and the inner peripheral Sur 
face of the rings, the peripheral Surface of the 
pulverizing roller decreasing axially from a point 
intermediate Said opposite ends towards Said ends, 
the angle of decrease of the peripheral Surface 
of said pulverizing roller being Such as to permit 
the peripheral Surface of the pulverizing roller to 
fictionally engage the inner peripheral Surfaces 
of the rings. 

20. Ring and roller pulverizing elements for a 
pulverizing mill comprising an upper cylindri 
cally-shaped driving roller fixedly Supported to 
rotate on a horizOntal axis and having a plurality 
of axially spaced circumferentially extending 
grooves therein, a, ring assembly having a, plu 
rality of laterally Spaced rings Suspended on said 
roller, each Separately pendantly mounted. On 
said roller, the rings having substantially flat 
contiguous facing Surfaces for pulverizing Ina 
terials therebetween, the inside diameter of ad 
jacent rings being different, the inside diameter 
of One ring engaging the bottom of Said groove 
and the inside diameter of the next adjacent ring 
engaging the outer peripheral Surface of the 
roller adjoining said groove, and a cylindrically 
shaped pulverizing roller resting interiorly of the 
rings So as to frictionally engage the inner pe 
riphery of the ring assembly by force of gravity 
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and exert a pulverizing force between the outer 
peripheral surface of the pulverizing roller and 
the inner peripheral Surface of the rings. 

21. Ring and roller pulverizing elements for a 
pulverizing mill comprising an upper cylindri 
cally-shaped driving roller fixedly supported to 
rotate on a horizontal axis and having a plurality 
of substantially V-shaped circumferentially ex 
tending grooves therein, a ring assembly having 
a plurality of laterally adjacent rings each Sepa 
rately pendantly mounted upon said roller, the 
rings having Substantially flat contiguous facing 
surfaces for pulverizing materials therebetween, 
the inside diameter of the rings and the diam 
eter of the driving roller at the point of engage 
ment of each of Said rings with the peripheral 
driving surface of said drive roller being such 
that the distance between the axis of rotation 
of the drive roller and the point of engagement 
of said driving Surface and said inner, periph 
eral Surface of one ring and the distance between 
Said axis of rotation of the drive roller and the 
point of engagement of Said driving surface of 
the roller and Said inner peripheral Surface of a 
ring laterally adjacent said one ring are unequal, 
and a gravity loaded pulverizing roller resting 
interiorly of the rings so as to frictionally engage 
the inner periphery of the ring assembly by force 
of gravity and exert a pulverizing force between 
the peripheral Surface of the pulverizing roller 
and the inner peripheral Surface of the rings, the 
pulverizing roller being of cylindrical shape, the 
Outer peripheral Surface thereof having a plu 
rality of circumferentially extending V-shaped 
grooves therein similar to said V-shaped grooves 
in the driving roller. . . a 
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