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1 

This invention relates to the grinding of ma 
terial by means of freely movable grinding 
bodies and is concerned more particularly with 
a novel method and apparatus for grinding by 
means of grinding bodies, which perform their 
function by reason of being subjected to centrif 
ugal force. 

It has been common practice heretofore to 
crush and grind materials in containers by means 
of grinding bodies caused to act by gravity, and 
such an operation is carried on in a ball or tube 
mill, in which the rotation of the mill causes the 
grinding bodies to be lifted and then dropped 
upon the material. In such mills, small grind 
ing bodies cannot be used to advantage, because 
their pounding action resulting from gravity 
alone is not suf?cient to crush the material ef 
?ciently, and the higher grinding pressures de 
sirable in some instances cannot be obtained even 
with grinding bodies of substantial size. 
The present invention is directed to the pro 

vision of a method and apparatus for grinding 
by the use of grinding bodies, which overcomes 
the disadvantages above mentioned and makes 
it possible to utilize the bodies more e?ioiently 
than when they are subjected to gravity action 
alone. In the practice of the new method, the 
material to be ground and a charge of grinding 
bodies are introduced into a vessel of circular 
cross-section, within which is mounted an agita 
tor having a plurality of agitating members or 
blades extending generally lengthwise of the 
vessel and lying close to the wall thereof. In 
the practice of the method, either the vessel or 
the agitator is rotated at high speed on the axis 
of the vessel and, as a result, the grinding bodies 
and the material are subjected to centrifugal 
force and accumulate in a layer covering the 
inner surface of the vessel. In this layer, the 

, grinding bodies are caused to move relatively to 
one another and thereby perform their grinding 
function. 
The grinding operation according to the new 

method is preferably continuous and the grind 
ing bodies and the material are circulated and 
the ?nished ground material is separated and re 
moved from the circulating stream. The cir 
culation may be wholly within the vessel or 
partly inside and, partly outside the vessel, the 
separating operation being performed by any of 
the usual means. If desired, the ?nished ma 
terial can be removed from the vessel by an air 
or gas current passed through the vessel and 
during the grinding, the material may be kept 
cool preferably by cooling the vessel. The 
grinding may be either wet or dry. 
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The new method affords various advantages 

over those heretofore used, as, for example, the 
grinding may be carried on under controlled 
conditions, so that the pressure exerted by the 
grinding bodies is not excessive and does not re 
sult in waste of power. In addition, it is pos 
sible to obtain much higher grinding pressures 
than those available when the grinding bodies 
act under the in?uence of gravity alone. Ac 
cordingly, grinding bodies of very small dimen 
sions can be used where appropriate and, in each 
grinding operation, it is possible to choose grind 
ing bodies of the size that is most economical 
for the grinding of the particular material to 
the desired ?neness. In some instances, it is 
possible to use grinding bodies of a size as small 
as 1 mm. and obtain the desired'grinding pres 
sure. ‘ 

In carrying on the new method, with the ves-. 
sel stationary, and the agitator rotating, for ex" 
ample, the material to be ground and the grind 
ing bodies are distributed and maintained on the 
inner surface of the container in the form of a 
layer by the agitator and those parts of the layer 
nearest the container wall move at a. very low 
speed, while those parts of the layer nearest the 
blades of the agitator move at a speed approx 
imating that of the blades. As the variation in 
the speed of the parts of the layer decreases 
gradually through the layer from the high to 
the low value, the grinding bodies within‘ the 
layer move relatively. The same situation pre 
vails, when the agitator is stationary and the 
container rotating, or when both the agitator 
and container are rotating, but at, dilferent 
speeds. The relative movement of the grinding 
bodies may also be achieved by scraping the layer 
wholly or in part from the vessel wall, the dis 
placed portion of the layer then returning to the 
wall beyond the scrapers. , 

In the practice ofv the invention, the speed of 
rotation of the container or the agitator is so 
high that the acceleration by centrifugal force. 
applied to the material and bodies is several 
times the acceleration of gravity. At such 
speeds, the mass of grinding'bodies and material 
has the behavior'of a viscous liquid, when pow 
dered materials are to be ground to increased 
?neness and small grinding bodies are used. In 
all instances, it is preferred that the layer of 
the material and bodies be relatively thin in or 
der that a substantially constant grinding pres 
sure may be obtained throughout the thickness 
of the layer. 
The apparatus for carrying out the new 

method comprises a vessel. of circular cross-sec, 
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tion with an inlet for material to be ground and 
an outlet for the ground material. An agitator 
is mounted centrally within the vessel and in 
cludes members adjacent the inner surface of the 
vessel, the spacing of the members from the ves-‘ 
sel wall depending on the size of the grinding 
bodies. Thus, if the grinding bodies are of sub 
stantial size, the members of the agitator lie 
close to the wall, so that jamming is avoided, 
but, if smaller grinding bodies are used, the 
members preferably lie at a'distance from the 
wall about three times the cross-section of a 
body. The inner surface of the vessel and the 
surface of the agitating members may either be 
smooth or provided with grooves, projections, 
recesses, or the like to prevent slippage of the 
grinding bodies thereon. The agitator mem 
bers may extend parallel to the axis of the vessel 
.or be inclined to the axis or of helical form and 
they may be either continuous or interrupted. 
Similarly, the vessel wall may be provided with 
projections of inclined or helical form, so that 
the material to be ground and the grinding bodies 
will move through the vessel during grinding. 
For a better understanding of the invention, 

reference may be made to the accompanying 
drawing, in which 

Fig. 1 is a vertical sectional view through one 
form of apparatus, including a vertical vessel, 
for practicing the method of the invention; 

Fig. 2 is a vertical sectional view of a modi?ed 
‘form of the new vertical grinding apparatus; 

Fig. 3 is a'vertical sectional view of another 
form of the apparatus; 
Fig. 4 is a side elevational view of the appa 

ratus of Fig. 3 with parts broken away; 
Fig. 5 is a sectional view on the line 5—5 of 

Fig. 3; 
Fig. 6 is a vertical sectional view. on the line 

6-5 of Fig. '7 of another form of the apparatus, 
including a vessel having its axis vertical; 

Fig. 7 is a sectional view on the line 1—'| of 
Fig. 6; 

Fig. 8 is a vertical sectional view of another 
form of the apparatus, including a vessel having 
its axis vertical; . 

' Fig. 9 is a sectional view on the line 9—-9 of 
Fig. 8; 

Fig. 10. is a sectional view on the line l9—l0 
of Fig. 9; and 

Figs. 11 and 12 are vertical sectional views of 
different forms of the new apparatus, including 
a vessel having its axis horizontal. 
The apparatus in the form illustrated in Fig. 

1 includes a vessel 20 of cylindrical form mount 
ed with its axis vertical and provided near its 
lower end with an inlet 21 for admission of the 
material to be ground. A shaft 22 extends ax 
ially through the vessel and is mounted for 1'0 
tation in bearings '23, 24. The shaft forms part 
of an agitator, which includes agitating blades 
25 of helical form attached to the shaft by ra 
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dial arms 26. The shaft is provided with a pul- 1 
ley 21, by which it can be rotated at high speed. 
At its upper end, the vessel is provided with a 

screen 28 enclosed within a hood 29, which 
closes the upper end of the vessel and is pro 
vided with an outlet 39 for ground material. A 
frusto-conical partition member 3! is support 
ed within the vessel below the upper end there 
of on bolts 32 and the upper ends of the blades 
25 extend into the partition member. 

70 

In the operation of the apparatus above de- 11 
scribed, the material to be ground and the grind 
ing bodies are introduced into the vessel at its 75 

lower end through the inlet 2|, and the blades 
25, rotating at high speed with shaft 22, cause 
the material and bodies to be distributed along 
the inner surface of the vessel in a layer 33. In 

- this layer, the grinding bodies are moved rel 
atively to one another and the layer is moved 
upwardly along the container wall by the action 
of blades 25. As the layer traverses the screen 
28, the ground material passes through the 
screen and leaves through outlet 30. Above the 
level of the partition member 3|, the grinding 
bodies and insufficiently ground material drop 
down intothe partition member 3| and are di 
rected thereby down through the central part 
of the vessel to the lower end, where they are 
picked up by the blades and again distributed 
along the vessel wall. 
The apparatus illustrated in Fig. 2 includes a 

cylindrical vessel 34 mounted with its axis ver 
tical and provided at its lower end with an in 
let 35 for admission of grinding bodies and ma 
terial to be ground. An agitator, consisting of 
shaft 36 and blades 31 carried by radial arms 
38 extending from the shaft, is mounted for re 
tation on the axis of the vessel. A casing 39 
having an outlet 49 surrounds the vessel near 
its upper end and that part of the vessel wall 
within the casing is formed with tangential slots 
4|. The shaft carries a plurality of radial vanes 
42 near its upper end and the top of the ves 
sel is provided with an outlet 43, which may be 
connected to a cyclone separator 44. Air is with 
drawn from the separator by a fan 45 and intro 
duced into casing 39 through inlet 49. A cir 
cular pipe 46 encircles the vessel near the upper 
end thereof and has openings through which 
cooling water can be directed upon the outer 
wall of the vessel, the water being collected in a 
trough 41 at the bottom of the vessel. 
In the operation of the Fig. 2 apparatus, the 

material to be ground and the grinding bodies 
are formed into a layer on the inner surface of 
vessel 34 by the action of the agitator members 
31 and the layer is advanced upwardly along the 
vessel wall. Air supplied by fan 45 enters the 
upper end of the vessel through casing 39 and 
slots 4! and air with entrained ground material 
passes between the vanes 42 and out through 
outlet 43. Oversize material is separated from 
the air stream by the vanes and drops to the 
bottom of the vessel to be distributed along the 
vessel wall by the agitator blades. The air 
stream with entrained ?ne material enters the 
separator 44, from which the air is withdrawn 
by fan 45. The separated ground material 
leaves the separator through the bottom outlet 
therefrom. 
That form of the new apparatus shown in Figs. 

3, 4 and 5 includes a cylindrical vessel 48 mount 
ed with its axis vertical and having an inlet 49 
for admission of material and a tangentially 
disposed air inlet 59 at its top. The vessel also 
has an outlet 5| at the center of its top wall. 
The bottom wall 52 of the vessel has a central 
portion of frusto-conical shape and a shaft 53 
extends through the bottom wall axially there 
of. Within the vessel, the shaft is provided with 
radial arms 54 in upper and lower series, the 
ends of the arms of each series being connected 
by a ring 55. A plurality of blades 56 extend be 
tween the rings and are inclined to the axis of 
the vessel. The blades lie close to the surface of 
the inner wall of the vessel. 
In the operation of the apparatus illustrated 

in Figs. 3-5, inclusive, the material and grinding 
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bodies introduced into the vessel through inlet 
49 are maintained in a layer against the inner 
surface of vessel 48 by the action of rotating 
blades 55 and the layer is caused to rise through 
the vessel by the blades. The blades terminate 
in a plane somewhat below the top wall of the 
vessel and the material leaving the tops of the 
blades lies in the path of the air under pressure 
introduced through the tangential inlet 58. The 
su?lciently ground material is carried off with 
the air through outlet 5| and the coarse material 
and grinding bodies fall to the bottom of the 
vessel. , 

The apparatus shown in Figs. 6 and '7 includes 
a vessel 5'! of circular cross-section supported on 
a vertical tubular shaft 58, which operates in a 
bearing 59 and is provided with a gear 68, mesh 
ingwith a pinion BI on a driven shaft 62. The 
top of the vessel is closed by a stationary hood 
63, which has an inlet 64 for admission of ma 
terial and an inlet 65 for air under pressure. A 
stationary shaft 66 extends through the .hood 
and at its lower end carries radial arms 61, which 
extend close to the inner wall of the vessel, and 
shorter radial arms 88. The free ends of adja 
cent arms v8?, 68 are connected by a scraper 
68, which lies close to the inner wall of the vessel 
and extends lengthwise thereof. 
In the operation of the apparatus of Figs. 6, 

'7 the material to be ground and grinding bodies 
are introduced into the vessel through inlet 64 
and are formed centrifugally into a layer 18 on 
the inner wall of the vessel by the ‘high speed 
rotation of the latter. During rotation of the 
vessel, part of the material in the layer, is re 
moved therefrom by the action of scrapers 89 
and travels across the face of each scraper to 
rejoin the layer beyond the scraper. Air under 
pressure enters the vessel through inlet 65 and 
leaves through hollow shaft 58, carrying the .. 
sufficiently ground material with it. 
The apparatus illustrated in Figs. 8 to 10, 

inclusive, includes a vessel 18 of cylindrical form 
with its axis vertical and having an inlet ‘II 
for material to be ground at its lower end. The 
vessel is subdivided into a plurality of com 
partments by partitions ‘I2 and each partition 
has a central opening ‘surrounded by a frusto 
conical ?ange ‘(3. A partition 14 of similar form 
is mounted on ‘the bottom of the vessel. Each 
partition ‘I2 is provided‘ with a, plurality of open 
ings ‘I5 de?ned in part by'an upwardly sloping 
wall IS. A shaft 'Il extends .through the vessel 
from top to bottom and carries a driving pulley 
‘I8 at its upper end. Radial arms ‘I9, 88 extend 
.from the shaft in upper and lower series in each 
compartment and the ends of the arms in the 
series are connected by rings 8|, 82. Agitator 
blades 83, connect the pair of rings within each 
compartment and lie close to the inner wall of 
the vessel. The blades are inclined to the axis 
of the vessel. The vessel ‘I8 has an outlet 84 
for the material and grinding bodies at its upper 
end and the material and bodies issuing from 
the outlet are deposited upon a shaking screen 
85. Ground material passing through the screen 
is collected in a hopper 86 and led off through an 
outlet 87. Oversize material and grinding bodies 
drop off the top of the screen into a hopper 88 
and are returned therefrom to the vessel through 
inlet ‘II. 1 

In the operation of the apparatus shown in 
Figs. 8-10, inclusive, the material to be ground 
and grinding bodies entering the lowest com 
.partment within the vessel 18 are formed into . 
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a layer 89 on the inner wall of the comparte 
ment by blades 83. The layer is raised by the 
action of blades and the material and bodies 
pass through openings ‘I5 into the next higher 
compartment. The upward travel of the layer 
continues through the compartments successive 
ly, until the layer reaches the outlet 84 and the 
material and grinding bodies pass through outlet 
84 to screen 85. The partitions ‘I3, 14 prevent 
accumulation of the material and bodies on the 
partitions ‘I2 and the bottom wall of the vessel. 
The apparatus shown in Fig. 11 includes a cy 

lindrical vessel 98 having its axis horizontal and 
provided with a hollow trunnion 9| mounted in 
bearings 82 and encircled by a gear 93 driven 
by a pinion 94 on a drive shaft 95. One end of 
the vessel is open’ and lies within a stationary 
casing 96, through which extends a shaft 9‘! 
mounted in bearings 98 and driven by any suit 
able means. Radial arms 99 extend from the 
shaft within casing 88 and carry agitator blades 
I88 at their free ends. The open end of the 
vessel is'provided with aninternal ?ange I8! and 
the casing has an outlet I82.. > - 

In theoperation of the Fig. 11 apparatusithe 
vessel 98 is rotated at a high vspeed and shaft 
91 is rotated in the-same direction at a lower 
speed. The material and grinding bodies intro 
duced through trunnion 9| into vessel 98 form a 
layer I83 on the inner wall of the vessel. As ad 
ditional‘material is fed into the vessel, the con 
tents; thereof over?ow flange IN and pass 
through outlet I82 into‘ a separator I88, from 
which the sufficiently ground material leaves 
through outlet I85. The oversize material and 
grinding bodies leave'the separator through out 
let I 86 and are returned into vessel 98 through 
trunnion 9I. _ > 

The apparatus of Fig. 12 includes a vessel I81 
of cylindrical form having its axis horizontal 
and provided at one end with an opening I88, 
into which extends the end of a spout I89, 
through which material and grinding bodies can 
be introduced into the vessel. At its opposite 
end, the vessel is provided with an internal 
?ange vI I8 de?ning an opening, and this end of 
the vessel lies within a casing I I I having an out 
let H2. A shaft II3 extends through the vessel 
and is supported for rotation in bearings I I4 and 
driven through a coupling H5. The shaft car 
ries a plurality of radial arms I I6 having blades 
JI'I at their outer, ends lying adjacent the in 
ner wall of the vessel. . 

Material and grinding bodies fed into the ves 
sel I81 through opening I 88 are formed into a 
layer II8 on the inner wall of the vessel by the 
action of the blades l I‘! moving at high speed 
withshaft I I3. Ground material and grinding 
bodies over?owing ?ange II8 enter casing “II I 
and leave through outlet II 2. From the out 
let, the material and bodies may pass through 
a separator similar to separator I84 and the suf 
ficiently ground material may be removed, while 
the joversize material and grinding bodies may 
be returned .to spout 189, as in the apparatus 
shown in Fig. 11. > 

I claim: ‘ 

l. A grinding apparatus, which comprisesa ves 
sel of circular cross-section having an’ inlet for 
material to be ground and an outlet for ground 
material, the inlet and outlet lying at opposite 
ends of the vessel, a charge of ~freely movable 
grinding bodies within the vessel, the amount of 
the charge being 'suchthat the grinding bodies 
'form'only a relatively thin layer on the‘ inner 
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surface of the vessel, when distributed there 
over, a plurality of agitating members mounted 
within the vessel about the axis thereof and 
extending generally lengthwise of the vessel sub 
stantially from the inlet to the outlet, and means 
for causing relative movement of the vessel and 
members about the axis of the vessel at a speed 
effective to distribute the material and bodies 
in a relatively thin layer covering the entire 
inner surface of the vessel, the members lying 10 
adjacent the inner surface of the vessel and - 
being adapted to engage and cause a relative 
movement of the bodies and material within 
and throughout the layer and to propel the ma 
terial and bodies from the inlet toward the out 
let. 

2. A grinding apparatus, which comprises a 
vessel of circular cross-section having an inlet 
for material to be ground and an outlet for 
ground material, the inletlying at the lower and 
the outlet lying at the upper end of the vessel, 
the vessel being mounted with its axis vertical, 
a charge of freely movable grinding bodies with 
in the vessel, the amount of the charge being 
such that the grinding bodies form only a rel 
atively thin layer on the inner surface ofthe 
vessel, when distributed thereover, a plurality 
of agitating members mounted within the ves 
sel about the axis thereof and extending at an 
angle to the axis and generally lengthwise of 
the vessel, substantially from the inlet to the 
outlet and means for causing relative movement 
of the vessel and members about the axis of the 
vessel at a speed effective to distribute the ma 
terial and bodies in a relatively thin layer cov 
ering the entire inner surface of the vessel, the 
members lying adjacent the inner surface of 
the vessel and being adapted to engage and 
cause a relative movement of the bodies and 
material within and throughout the layer and 
to propel the bodies and material upwardly 
along the surface of the vessel toward the out 

' let. 

3. A grinding apparatus, which comprises a 
vessel of circular cross-section having an inlet 
for material to be ground and an outlet for 
ground material, the inlet lying at the lower 
and the outlet at the upper end of the vessel, 
the vessel being mounted with its axis vertical, 
a charge of freely movable grinding bodies with- - 
in the vessel, the amount of the charge being 
such that the grinding bodies form only a rel 
atively thin layer on the inner surface of the 
vessel, when distributed thereover, an agitator 
mounted within the vessel for rotation on the 
axis thereof and including a plurality of mem 
bers extending generally lengthwise of the ves 
sel substantially from the inlet to the outlet 
and adjacent the inner surface of the vessel, 
and means for rotating the agitator at a speed 
effective to cause the members to maintain the 
bodies and material in a- relatively thin layer 
covering the entire inner surface of the vessel, 
the members causing relative movement of the 
bodies and material within and throughout the 
layer and propelling the bodies and material 
from the inlet toward the outlet. 

4. A grinding apparatus, which comprises a 
vessel of circular cross-section having an inlet 
for material to be ground and an outlet for 
ground material, the vessel being mounted with 
its axis vertical, and with the inlet at its lower 
and the outlet'at its upper end a charge of freely 
movable grinding bodies within the vessel, the 
amount of the change being such that the grind 
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ing bodies form only a relatively thin layer on 
the inner surface of the vvessel, when distributed 
thereover, an agitator mounted within the ves 
sel for rotation on the axis thereof and includ 
ing a plurality of members extending generally 
lengthwise of the vessel substantially from the 
inlet to the outlet and at an angle to the axis 
thereof, and means for rotating the agitator 
at a speed effective to cause the members to 
maintain the bodies and material in a relatively 
thin layer covering the entire inner surface of 
the vessel, to advance the layer upwardly 
through the vessel and to cause relative move 
ment of the bodies and material within and 
throughout the vessel. 

5. A grinding apparatus, which comprises a 
vessel of circular cross-section mounted with 
its axis vertical and having an inlet for ma 
terial to be ground near its lower end and an 
outlet for ground material near its upper end, 
a charge of freely movable grinding bodies with 
in the vessel, the amount of the charge being 
such that the grinding bodies form only a rel 
atively thin layer on the inner surface of the 
vessel, when distributed thereover, an agitator 
mounted within the vessel for rotation on the 
axis thereof and including a central shaft, ra 
dial arms on the shaft, and a plurality of mem 
bers mounted on the outer ends of the arms 
and extending generally lengthwise of the ves 
sel substantially from the inlet to the outlet 
and at an angle to the axis thereof, means for 
rotating the agitator at a speed effective to cause 
the members to maintain the bodies and mate 
rial in a relatively thin layer covering the en 
tire inner surface of the vessel, the members 
causing the layer to move upwardly through the 
vessel and producing relative movement of the 
bodies and material within and throughout the 
layer, and means within the upper end of the 
vessel for directing insufliciently ground mate 
rial and grinding bodies downwardly to the bot 
tom of the vessel inwardly from the members. 

6. A grinding apparatus, which comprises a 
vessel of circular cross-section mounted with its 
axis vertical and having an inlet for material 
to be ground near its lower end and an inlet 
for air and an outlet for ground material near 
its upper end, a charge of freely movable grind 
ing bodies within the vessel, the amount of the 
charge being such that the grinding bodies form 
only a relatively thin layer on the inner sur 
face of the vessel, when distributed thereover, 
an agitator mounted within the vessel for ro 
tation on the axis thereof and including a plu 
rality of members extending generally length 
wise of the vessel substantially from the inlet 
to the outlet and adjacent the inner surface 
of the vessel, and means for rotating the agita 
tor at a speed effective to cause the members to 
maintain the bodies and material in a relatively 
thin layer covering the entire inner surface of 
the vessel, to cause relative movement of the 
bodies and material within the layer, and to 
advance the layer upwardly through the vessel. 

7. A grinding apparatus, which comprises a 
vessel of circular cross-section having an inlet 
for material to be ground at one end and an 
outlet for ground material at the other end, 
the vessel being mounted with its axis vertical, 
a charge of freely movable grinding bodies 
within the vessel, the amount of the charge 
being such that the grinding bodies form only 
a relatively thin layer on the inner surface of 
the vessel, when distributed thereover, a plu-v 
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rality‘of stationary agitator members mounted 
within the vessel, the members extending gen 
erally vertically substantially from the inlet to 
the outlet and lying adjacent the inner surface 
of the vessel, and means for rotating the ves 
sel on its axis at a speed su?icient to cause the 
material and grinding bodies to form a rela— 
tively thin layer covering the entire inner sur 
face of the vessel, the members engaging the 
layer and causing relative movement of the ma 
terial and grinding bodies within and through 
out the layer and propelling the material and 
bodies vertically along the vessel wall. a 

8. A grinding apparatus, which comprises a 
vessel of circular cross-section mounted with its 
axis vertical and having an inlet for material 
to be-ground near its lower end and an outlet 
for ground material near its upper end, parti 
tions within the vessel, subdividing it into a ver 
tical series of compartments, each partition hav 
ing openings near its periphery, a charge of 
freely movable grinding bodies within the ves 
sel, the amount of the charge being such that 
the grinding bodies form only a relatively thin 
layer on the inner surface of the vessel, when 
distributed thereover, an agitator within the 
vessel mounted for rotation on the axis of the 
vessel and including members in each compart 
ment extending generally lengthwise of the ves 
sel and lying adjacent the inner surface of the 
vessel, and means for rotating the agitator at 
a speed such that the members form the ma 
terial and grinding bodies into a relatively thin 
layer covering the entire inner surface of the 
vessel, the members lying at an angle to the 
axis of the vessel and causing the layer to ad 
vance upwardly through the compartments in 
succession and the bodies and material 'tomove 
relatively to one another within the layer. 

9. A grinding apparatus which comprises a 
vessel of circular cross-section mounted with its 
axis horizontal and having an inlet for mate 
rial to be ground and an outlet for ground ma 
terial, the inlet and outlet lying at opposite ends 
of the vessel, a charge of freely movable grind 
ing bodies within the vessel, the amount of the 
charge being such that the grinding bodies form 
only a relatively thin layer on the inner sur 
face of the vessel, when distributed thereover, 
an agitator mounted within the vessel and in 
cluding a plurality of members disposed about 
the axis of the vessel and lying close to the in 
ner surface thereof, the members extending 
generally lengthwise of the vessel substantially 
from the inlet to the outlet, and means for 
causing relative rotary movement of the vessel 
and agitator on the axis of the vessel at a speed 
such that the material and bodies are main 
tained centrifugally in a relatively thin layer 
covering the entire inner surface of the vessel, 
the members causing relative movement of the 
material and bodies within and throughout the 
layer and propelling the material and bodies 
from the inlet to the outlet. 

10. A grinding apparatus which comprises a 
vessel of circular cross-section having an inlet 
for material to be ground and an outlet for 
ground material, the inlet and outlet lying at‘ 
opposite ends of the vessel, a charge of freely 
movable grinding bodies within the vessel, the 
amount of the charge being such that the grind 
ing bodies form only a relatively thin layer on 
the inner surface of the vessel, when distributed 
thereover, an agitator mounted within the ves 
sel and including a plurality of members dis 
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posed about the axis of the vessel and extend 
ing generally lengthwise thereof substantially 
from the inlet to the outlet, means for rotat 
ing the'vessel at a speed such that the mate 
rial and bodies are maintained in a relatively 
thin layer against the entire inner surface of 
the vessel, and means for rotating the agita 
tor at a speed different from that of the ves 
sel, the members lying adjacent the inner sur 
face of the vessel and causing relative move 
ment of the material and bodies within the 
layer. 

11. A grinding apparatus, which comprises a 
vessel of circular cross-section having an inlet 
for material to be ground and an outletfor 
ground material, the inlet lying near the lower 
and the-outlet lying near the upper end of the 
vessel, a charge of freely movable grinding bod 
ies within the vessel, the amount of the charge 
being such that the grinding bodies form only 
a relatively thin layer on the inner surface of 
the vessel, when distributed thereover, a plu 
rality of agitating members mounted within the 
vessel about the axis thereof and extending 
generally lengthwise of the vessel substantially 
from the inlet to the outlet, means for causing 
relative movement of the vessel and members 
about the axis of the vessel at a speed effective 
to distribute the material and bodies in a rel 
atively thin layer covering the entire inner sur 
face of the vessel, the members lying adjacent 
the inner surface of the vessel and being 
adapted to engage and cause relative movement 
of the bodies and material within and through 
out the layer and to propel the bodies and ma 
terial from the inlet to the outlet, and means 
for cooling the vessel during the operation of 
the apparatus. 

12. A method of grinding material by means 
of freely movable grinding bodies, which com 
prises subjecting the material and bodies to cen 
trifugal force while con?ning the material and 
bodies to cause them, under the in?uence of 
the centrifugal force, to form a thin layer of V 
substantially cylindrical form, repeatedly en 
gaging and displacing within the layer the ma 
terial and bodies forming the inner portion only 
of the layer to agitate the material and bodies, 
while said agitated material and bodies are held 
within the layer by centrifugal force and the 
outer portion of the layer is continuously held 
in cylindrical form by such force, continuously 
removing the material from the layer at one 
end thereof, and continuously adding material 
at the other end of the layer at substantially 
the same rate that the material is removed from 
the layer. 

13. A method of grinding material by means 
of freely movable grinding bodies, which com 
prises subjecting the material and bodies to cen 
trifugal force While con?ning the material and 
bodies to cause them, under the in?uence of 
the centrifugal force, to form a thin layer of 
substantially cylindrical form, repeatedly en 
gaging and displacing within the layer and ma- _ 
terial and bodies forming the inner portion only 
of the layer throughout substantially the entire 
length of the layer to agitate the material and 
bodies, while said agitated material and bodies 
are held within the layer by centrifugal force 
and the outer portion of the layer is continu 
ously held in cylindrical form by such force, 
continuously removing material from the layer 
at one end thereof, and continuously adding ma 
terial at the other end of the layer at substan 



2,592,994 

tially the same rate that'the material is re 
moved from the layer. 

NIKOLAI .AHLMANN. 
REFERENCES CITED 

The following references are of record in the 
‘?le of this patent: 

UNITED STATES PATENTS. 

Number 
8,727 

180,149 
962,349 
975,864 

‘ 1,135,795 

1,260,330 
1,458,387 
1,479,242 

Name Date 
Swett ___________ __ Feb. 10, 1852 
Moore ___________ __ July 25, 1876 
Heseltine ________ __ June 21, 1910 

Hoffman ________ __ Nov. 15, 1910 

Hiller ___________ __ Apr. 13, 1915 
Clark ___________ __ Mar. 26, 1918 

Bourne __________ __ June 12, 1923 

Johnson _________ __ Jan. 1, 1924 

Number 
1,583,644 
1,905,545 
2,012,694 
2,041,287 
2,292,275 
2,304,264 

10 Number 
200,280 
47,113 

403,820 
228,807 
336,021 

' 629,074 

666,249 
63,882 

12 
Name Date * 

Balletto _________ __ May 4, 1926 

Wuensch ________ __ Apr. 25, 1933 
Runyan _________ __ Aug. 27, 1935 
Frisch __________ __ May 19, 1936 
Kiesskalt _________ __ Aug. 4, 1942 

Lykken __________ __ Dec. 8, 1942 

FOREIGN PATENTS 
Country Date 

Germany _______ __ July 13, 1908 

Sweden _________ __ Oct. 31, 1917 
Germany _________ -_ Oct. 8, 1924 

Great Britain ____ __ Feb. 12, 1925 
Great Britain ____ __ Oct. 9, 1930 
Germany ________ __ Feb. 4, 1937 

Germany _______ __ Oct. 14, 1938 

Denmark ________ __ Aug. 27, 1945 


