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The present invention relates to means for
and methods of reducing materials, such as
.coal. . ' ,
* Grinding or pulverizing of friable mate-
rial is usually effected by mechanical crush-
ing or shear actions. In the present inven-
tion the material is reduced by attrition in
moving masses of particles acting upon each
other under the stresses effecting a whirling
or cyclonic action of the mass and the me-
dium of conveyance, such as air.

Among the objects of the invention is to
provide a novel reducing means with a
rapidly rotating or revolving member or

3 rotor, capable of causing an entraining of

air around the same and the conveying of
suspended particles of material therein, so
that the particles, by reason of rubbing upon
each other under the stresses imparted by
the rotor or the reaction of the walls of a
stationary chamber in which the rotor oper-
ates, or both, will be reduced and in condi-
tion for selective separation of the fines.

The rotor creates a cyclonic or whirling
action in the chamber, and the latter is rela-
tively large so as to provide a clearance or
zone of action between the periphery of the
rotor and the walls of the chamber. The
high speed of rotation of the rotor will cause
an entraining of the mass in such zone with
the layers or strata nearer the rotor moving
at a: greater rate than the layers or strata
more remote therefrom, the layers near or
at the walls of the chamber moving either
-very slowly or being stationary. The inner

- wall of the chamber may be formed, as with

40

corrugations, for acting as an anchor means
or a retard for the outer layers so that reac-
tion may be effected between the layers to
the end of causing the particles of one layer
or stratum to rub against and reduce those
in the adjacent layers or strata. The rapid
rotation of the rotor will also maintain the

_ mass exteriorly of the periphery of the rotor

and also effect a radial stress through the

* mass in the zone so that the impact of the

particles upon each other will be sufficient to
effect the reducing action mentioned.

The invention also comprehends the idea
of continuously feeding off or supplying the
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reduced material in a stream from the zone
of action, whereby the fines may be readily

-separated. The separation of the fines is

preferably provided for by a means causing
a
through the stream of reduced material so
as to separate therefrom the finer or lighter
particles from the. heavier or coarser par-
ticles, the latter returning for continued re-
duction. For the purpose of aiding in effect-
ing this separation, the invention may also

comprehend the idea of dispersing the pro--

jected reduced material, which may be ac-
complished by the interposition of a number
of cross-bars at different points in the path
of projection of the reduced material as it
proceeds from the zone of action, so that the

flow of air or any other desired fluid &5

projected material may be dispersed in all

directions and be spread for the passage
therethrough of the air stream for separa-
tion. The separated particles and the air
may then proceed to an enlargement or
chamber adjacent the reducing chamber
where the mass may expand for further sep-
aration of the fines to the desired degree.
Other objects, advantages and capabilities

. are comprehended by the invention as will

later appear and are inherently possessed by
the invention. . '

Referring to the drawing illustrating an
embodiment of the invention, the figure is
a vertical transverse view through a reduc-
ing mill construction in accordance with the
invention and employing the methods herein
disclosed.

" Referring now more in detail to the draw-
ing, the embodiment selected to illustrate the
invention is shown as comprising a reducing
chamber 1 in which is rotatably mounted a
rotor 2 carrying arms 8 and secured to a
shaft 4, in any suitable 'manner, the shaft
extending to the exterior of the chamber for
operation in a suitable manner.

Above the chamber is located a hopper 5
in which may be placed the material to be
crushed and later fed to the reducing cham-
ber. The crushed material will be fed in
the -hopper to the lower part thereof to a
crushing roll 6 acting upon the material and
in association with a plate 7 connected to
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the machine b way of a pivot 8 and carry-

ing a weighted arm 9 to which is-adjustably
secured the weight 10. The roll 6 and the

plate T are so located as to gauge the size of

the material to be fed to the reducing mech-
anism. Should non-crushable objects be en-
gaged between the roller and the plate, the
latter will yield and open a passage from the
hopper to permit the non-crushable material
to be ejected to the exterior. Normilly the
plate is held in a position shown by the arm
9 resting upon a support 11 secured to the
chamber 1, as shown upon the drawing.
After the material passes from the crush-
ing roller, it is fed into an intermediate
chamber 12 at a greater rate than it can be
taken from this chamber and fed by a feeding
roll 13 rotatably mounted above the reducing
chamber. As the material piles up in the
chamber 12, it may return to the hopper chamni.
ber througl’l a door 14 which will open auto-
Should pieces

- of non-crushable material pass by the roll 6,
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and be caught in the feeding roll, a release
member or gate 15 normally held in place by
a spring 16 but yieldable to pern:it the gate
to open when the crushable material passes
through; is provided as shown.

In the reducing chamber and above the
rotor is located a retard or anchor plate 17
which is preferably formed with an irregular
face or corru%ated as shown, the plate being
held in place by cross-bars 18 secured at their
ends in the side walls of the rediucing cham-
ber. It will be observed that this plate is lo-
cated at a distance from the outer ends of the
arms 3 so as to provide a clearance or op-
erating zone therebetween. In the lower
part of the chamber 1 is provided a pocket
in which the material may accumulate and

-also into which non-reducible objects, such as

pieces of iron or the like, may be cast initially
when fed into the reducing chamber. Thisis
effected by the objects being fed by the feed-
ing roller to the discharge side of the rotor,
and being impacted suddenly by the arms 8
will be cast tangentially into the material
found in the lower part or pocket of the
chamber 1. The projection of these objects
will be with such force that they will be em-
bedded or buried in such material. For the
purpose of facilitating the removal of these
objects after they have accumulated in the
pocket in the lower part of the chamber 1,
the latter may be provided with an opening
or passage 19, and above this passage is an-
other passage 20 into which may pass a
stream of air or the like into the interior
space 21 of the chamber 1. Above the space
21 are located transverse bars 22 upon which
may be supported cast iron or similar pieces
23 having irregular surfaces as shown. These
are located at different points on the- dis-
charge side of the rotor so that the material
being continuously fed in a stream from the

.
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discharge side of -the rotor may impact
against these.impact members and be dis-
persed and spread in all directions so that

the air proceeding in through the passage 20

and upwardly to the space 21 may readily
extract the fine particles of the material to be
carried upwardly into an L expansion chamber

later described.

Above the chamber 1 and at the forward
side thereof, is located an expansion chamber
24 in which is located a cone shaped inner
chamber 25 having the upper and larger end
26 of the cone open asshown. Betweentheup-
per and open end of the cone and the side
wall 27 of the chamber 24, are provided a

‘series of vertically disposed vanes 28 ar-

ranged tangentially with reference to the
cone so that the upward passage of air and
suspended particles between the vanes 28
may be directed inwardly toward the open
upper end of the cone. The lower end of the
cone has also a passage 29 through which
heavier and coarser particles of material may
pass or return into the spacé of the chamber

24. Beneath the passage 29 is a spreader 30

having its faces so inclined as to cause an
aspiration at the lower end of the opening
29 as the upwardly moving mass of air and
suspended particles pass toward the blades
28, so as to cause a re-aspiration of the par-
ticles being discharged through the passage
29, and for carrying, for recirculation, any

of the fine particles that may have been

thrown down in the cone 25.

The discharge of the mass into the cone by
the vanes 28 will cause a whirling or cyclon-
ic action in the cone such that the centrifugal
action of the whirl will effect the movement
of the heavier and coarser particles to the side
walls of the cone and the finer particles will
be carried up centrally into a discharge pipe
31 and an outlet 32 connected to a suitable fan
or the like for creating a draft of the air
through the apparatus and to supply the mix-
ture of air and fine particles to a place of use,
such as a combustion chamber of a furnace or
the like.

In the operation of the device the mate-

‘rial is first placed in the hopper 5 and oper-

ated upon by the crushing roller to reduce it
to the proper size for feeding to the reduc-
ing chamber. The feeding roller will then
feed it at a given rate to the rotor 2. The
latter is rotated at a very high speed so that
the material. instead of falling in between the
arms 3, will be carried by an entraining action
around the periphery of the rotor. The high
speed of rotation of the rotor will carry with
it a cyclone or whirl of air and will by either a
suction or aspirating action cause an entrain-
ing exterior of the periphery of rotation of
the arms 3 of a stream of particles of mate-
rial in the chamber 1 and will cause a mov-
ing zone around the rotor and in the space
between the hammers 8 and the side wall of
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the rotor and the plate 17. This action will

be felt radially through the zone of mate-
rial toward the side walls of the chamber

where the material is either held stationary

or moving very slowly in layers or strata.
The inner layers, that is to say the layers
more nearly located to the periphery of the
rotor, will move with a greater speed and
by reason of the radial stress in the moving
material, and the relative movement of the
particles in the various layers, there will
be a frictional engagement or attrition of the
particles one upon the other with the result
of reducing them in-size. This action will
go on continually with a certain portion of
the same being projected or cast in a continu-
ous stream from the projecting side of the
rotor and against the impact members 23
whereby the same may be dispersed in vari-
ous directions as in clouds and the like.

" At the same time the fan which feeds the
material to the place of use, will create a suc-
tion or draft through the apparatus and draw
in a stream of air through the passage 20
which will proceed upwardly through the
space 21 and in the spaces between the iinpact
members 23 and through the material pro-
jected from the rotor. This stream of air
will carry upwardly the fine particles in sus-
pension and proceed into the spaces between
the vanes 28 and into the separating cone 25

where the final fine particles are separated

and carried to the feeding fan and the point
of use; the heavier particles containing mois-
ture and the coarser particles coasting down-
wardly and on the side walls of the cone 25
into and to the discharge 29 for either re-as-
piration at the end of the discharge 29 or
return of the coarser particles into the reduc-
ing chamber for further reducing in size.

‘While I have herein described and upon
the drawings shown an embodiment of the
invention and disclosed a method of carry-
ing out the same, it is to be understood that
the invention is not limited thereto but that
other constructions, methods, arrangements
of parts and details are comprehended there-
by without departing from the spirit there-
of.

Having now disclosed my invention, I
claim:

1. A reducing mill of the character de-
scribed comprising a normally fixed pulver-
izing chamber, a rotor located within said
chamber and having means for creating a
unidirectional rotating air zone around the
rotor, and means for depositing material di-
rectly into said zone, so that particles of said
material entrained thereby will be subjected
to a reducing attrition upon each other dur-
ing their travel.

2. A reducing mill of the character de-
scribed comprising a normally fixed pul-
verizing chamber, a rotor located within said

5 chamber and having means for creating a

unidirectional rotating air zone around the
rotor, and means. located above said rotor
for depositing material directly into said
zone, so that the 11)articles ,of material en-
.trained thereby will be subjected to a reduc-
ing attrition upon each other_during their
travel. ' ' :

8. A reducing mill of the character de-
scribed comprising a normally fixed pul-
verizing chamber, a rotor located within said
chamber, said rotor being provided with a
plurality of radially disposed peripheral
arms for creating a unidirectional rotating
air zone around the rotor, and means for de-
‘positing material directly into said zone, so
that the particles of material entrained there-
by will be subjected to a reducing attrition
upon each other during their travel.

"4, A reducing mill of the character de-
scribed comprising a normally stationary
pulverizing chamber, means for creating an
attrition zone consisting of a unidirectional-
ly travelling stream of air moving in a nor-
mally uninterrupted circular path at high
velocity within said chamber, means for de-

positing friable -material directly into said-

attrition zone, so as to provide a stratum of
mixed air and friable material of substantial

~dépth moving in a common direction, and to

cause attrition of the particles of material
upon each other, and means for maintain-
ing the cross section of said stratum in an ap-
proximate uninterrupted circle. '

5. A reducing mill of the character de-
scribed comprising a normally stationary pul-
verizing chamber, means for creating an at-
trition zone of unidirectionally travelling air
moving in a normally uninterrupted circular
path at high velocity, means for depositing
friable material directly into said zone so as

to create a plurality of moving strata of-

mixed air and material, said stream-produc-
ing means including means for moving one
of said strata continuously in an approxi-

mately circular path, so that the particles of 2

moving material will impinge against each
other. . :

6. A reducing mill of the character de-
scribed comprising a normally fixed chamber,
means within said chamber for providing a
rotating air zone, mechanical means other
than the air-zone-producing means arranged
to deposit friable material into said zone so
as to form strata of air and friable material
within the zone, and means for moving said
strata in unidirectional circular paths
through said zone and at different speeds, so
that the material of each stratum will contact
with material of other strata.

7. A reducing mill of the character de-
scribed comprising a normally fixed pulveriz-
ing chamber, a rotor located within said
chamber and having means for creating a uni-
directional air current so as to provide a ro-
tating air zone around the rotor, mechanical
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means other than said rotor arranged to de-

posit material into said zone so as to form a
plurality of approximatély concentric strata
of material particles entrained by the air
current, whereby the particles of the various
strata will be subjected to a reducing attrition
upon each other, and means for retarding the
travel of some of said strata. ‘

8. A reducing mill of the character de-
scribed comprising a normally fixed pulver-
izing chamber, a rotor located within said
chamber, means within said chamber having
a material entraining and reducing space ad-
jacent to the periphery of the rotor, said rotor
having means for creating a unidirectional
air current through said space, the periphery
of said rotor being spaced from the wall of the
chamber a substantial distance, so as to pro-

~vide a rotating air zone around and within

said reducing space, and means for deposit-
ing material directly into said air zone so that
particles of said material entrained by said
current will be subjected to a reducing at-
trition upon each other. during their travel.

9. A reducing mill comprising a rotor, a
fixed chamber enclosing said rotor, the pe-
riphery of said rotor being spaced from the
wall of the chamber a.substantial distance,
said rotor having means for providing a uni-
directionally’ moving rotating material-en-
training and reducing-air-zone around the
rotor and between the periphery of the rotor
and the walls of the chamber, wherein the par-
ticles of entrained material act upon each
other to effect reduction thereof, and means
adjacent the periphery of said zone for de-
positing material directly thereinto.

10. A grinding mill of the character de-
scribed comprising a rotor, a normally sta-
tionary pulverizing chamber enclosing said
rotor, the periphery of the rotor being spaced
a substantial distance from the walls of the
chamber, to provide a material-entraining
and reducing-space, said rotor having means
for creating a unidirectionally moving ro-
tating air zone in said space so that the par-
ticles of entrained material will be subjected
to reducing attrition upon each othér dur-
ing their travel through said zone,and means
positioned above said zone for depositing

- material directly thereinto.

Go
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11. A grinding mill of the character de-
scribed comprising a rotor, a normally sta-
ticnary chamber enclosing said rotor, the

5 periphery of the rotor being spaced a sub-

stantial distance from the walls of the cham-
Ler to provide a material-entraining and re-
ducing-space, said rotor having means for
creating a unidirectional rotating air zone in
said space so that the particles of entrained
material will be subjected to reducing attri-
tion upon each other during their travel
through said zone, and means adjacent the
periphery of said zone for depositing mate-
rail directly thereinto. :

1,838,560
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12. On'grinding mill of the character de-
scribed comprising a rotor, a normally fixed

pulverizing chamber enclosing the rotor, the -

periphery of said rotor being spaced a sub-
stantial distance from the walls of the cham-
ber ‘to provide a material entraining space,

said rotor having means for creating a uni- -

directionally moving rotating air zone in said
space, so that the particles of entrained ma-
terial will be subjected to reducing attrition
upon each other during their travel through
said zone, means located adjacent to the pe-
riphery of said zone for retarding and ac-
cumulating a layer of friable material, said
means being'so positioned that it will become
covered by said layer during the operation of
said rotor, and means for depositing mate-
rial directly to said air zone. N

13. The method of pulverizing friable ma-
terial comprising creating an approximately
annular attrition zone consisting of a uni-

_directionally moving stream of air travelling

at high velocity, and depositing friable ma-
terial directly into said stream of air, so as
to effect attrition of the particles of said ma-

terial upon each other. .

-14. The method of reducing materials
comprising causing a rapidly revolving body
to create an attrition zone consisting of a
plurality of unidirectionally moving cur-
rents of air within a fixed chamber, causing
said currents to travel in a normal circular
path with the inner currents of air adjacent
said revolving body travelling at a higher
speed than the outer currents which are near-
er to the walls of the chamber so as to effect
a repeated contact of the particles of mate-
rial of the inner layers with the particles of
the outer layers, and introducing material di-
rectly into said zone from a position adja-
cent the periphery thereof, so that the par-
ticles of material will conform to the respec-
tive layers of air and will also act upon each
other by attrition.

-15. The method of reducing materials
comprising rapidly revolving ‘a body to
create an attrition zone consisting of a plu-
rality of unidirectionally moving currents
of air within a fixed chamber, causing said
currents to travel in a normal circular path
with the inner currents of air near the sur-
face of said revolving body travelling at a
higher speed than the outer currents which
are nearer to the walls of the chamber so as
to effect repeated contact of the patricles
of said material, depositing material directly

into said zone from a pésition adjacent the

periphery thereof and causing the particles
of said material to conform to the layers of
a’r and also causing them to act upon each
other by attrition, and continuously project-
ing a stream of reduced material and air
from the said zone.

16. The method of pulverizing friable ma-

‘terial comprising creating an approximately
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annular attrition zone consisting of a stream
of air moving unidirectionally in a normally
uninterrupted circular path at high velocity,
introducing material directly into said zone

- from a position adjacent the periphery there-

of, causing said material and air to form mov-
ing strata of mixed air and material travel-
ling in normally uninterrupted annular paths
but at different velocities, and causing the
material in one stratum to be reduced by fric-
tional contact with the material in adjacent
strata.

17. The method of pulverizing friable ma-
terial comprising creating an approximately
annular attrition zone consisting of a stream
of air moving unidirectionally at high veloc-
ity, depositing material directly into said
zone from a position adjacent the periphery
thereof, forming moving strata of mixed air
and material in continuously moving unin-
terrupted paths, causing said strata to travel
at unequal velocities so that material in one
stratum is reduced by friction with material
in adjacent strata, and continuously project-
ing a stream of reduced material and air from
the said zone. '

18. The method of pulverizing friable ma-
terial comprising creating an approximately
annular attrition zone consisting of a stream
of air moving unidirectionally at high veloc-
ity, depositing material directly into said
zone from a position adjacent the periphery
thereof, forming moving strata of mixed air
and material in continuously moving unin-
terrupted paths, causing said strata to travel
at unequal velocities so that material in one
stratum is reduced by friction with material
in adjacent strata, and causing a stream of
air to pass in proximity to the periphery of
said zone so as to carry away the finely pul-
verized material.

19. The method of reducing material com- .
prising creating an approximately annular
attrition zone consisting of a stream of air
moving unidirectionally at high velocity, de-
positing friable material directly into said
zone adjacent the periphery thereof, causing
said friable material and air to form a layer
of material mixed with air, forming adjacent
to the first layer a second layer of friable ma-
terial and air, causing the first layer to travel
in a continuous approximately circular path,
and forcing the particles of the first layer
into contact with the particles in the second
layer so as to reduce all of said particles by
attrition. :

In witness whereof, I hereunto subscribe
my name to this specification. .

HENRY G. LYKKEN.




