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This invention relates to a device for grinding
solids to a fine state of subdivision. More par-
ticularly it relates to a grinder for solids which
includes a separator in which the finer portion
of the ground solids is separated from the more
coarse portion. In order to grind solids to a rela-
tively uniform state of subdivision it is ordinarily
necessary to withdraw the material from the
erinder after it is only partially ground and effect
g, separation of the solids ground to the desired
desree of fineness from the coarser particles, the
latter being preferably returned to the grinding
means again for further grinding. The efficiency
and accuracy of this separation step determines
in large part not only the particle size distribution
in the finished product but also the capacity of
the device to produce a product of given particle
size distribution. |

It is an object of this invention fo provide &
device for grinding solids to a fine state of sub-
division in which the particle size in the finished
product may be more closely controlled in a sepa-
rator having improved control means for that
purpose. | | |

Still another object is to provide a device for
grinding solids to a fine state of subdivision in

which the separator is provided with inlet and

outlet conduits relatively disposed to assist in
delaying the passage of the solids therethrough
whereby better separation is obtained.

Other objects will appear hereinafter.

The means by which the foregoing objects have
been accomplished are embodied in the illustra-
tive devices shewn in the accompanying drawings
which form a part of this specification and in
which: |

Figure 1 is an elevation of the improved grinder
with a portion broken away to show the details
of the grinding chamber and blower; |

Figure 2 is a horizontal cross sectional view
taken on the iine 2—2 of Figure 1;

Fiecure 3 is a vertical cross sectional view taken
on the line 3—3 of Figure 1;

Ficure 4 is a vertical cross sectional view taken
on the line 4—2& of Figure 2;

Figure 5 is a horizontal cross section on the
line 5—5 of Figure 4,

Figure 6 is a vertical cross section similar to
Figure 4, but showing an alternative construc-
tion: and |

Figure 7 is a horizontal cross sectional view on
the line 7—1 of Figure 6.

As shown in Figure 1, the grinder includes a
hase 18. Supported on this base are two bearings
(2 and 14 for a shaft 19.
12 and 18 the shaft {6 carries a driving pulley (&,

Beyond the hearing 14 the shaft 1§ extends
through the housing 28 of a hammer mill or
orinding means 22 and into the housing 24 of a
blower 28. Within the housing 28 a set of three

discs 28 carrying hammers or beaters 30 are se-

Between the bearings :
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cured on the shaft 16 and within the housing 24
o, set of blower blades 32 are mounted on shaft {6.
The hammer mill 22 is of known construction and
includes a cylindrical grinding chamber 24 in
which the hammers 28 rotate. Solid material

" to be ground is filled into a hopper 3% provided

10

with a throat 38 having suitable feed control
means therein to control the rate at which the.

material to be ground is directed into the grind-
ing chamber 34 through an opening in bafie a0,

- adjacent the axis of the grinder.

15

As best seen in Figure 3, the blower or ian 26

is of the centrifugal type, having an inlet 42 at
its axis and exhausting tangentially through a

pipe 44. Conduit means in the form of a pipe

48 (Figure 1) connects the inlet 42 of blower 26
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with the upper part of a gas separator 48. The
separator 48 is enclosed by a tubular housing 50
forming o tubular chamber, said housing having
a central cylindrical portion 52 above which there

is a portion 54 of gradually decreasing diameter
which terminates in an upper opening 86 through
which the pipe 46 extends. The lower portion
58 of the housing 50 also decreases gradually in
diameter downwardly until it terminates in a
short cylindrical portion 60. Below the cylin-
drical portion 60 is a trough 62 the lower end 64
of which extends into an opening 66. As may
be seen in Figure 1 the opening 66 communicates
with a chamber §8 through which solids to be
sround are fed from the hopper 36 to the hammer
mill 22.

Retween the grinder 22 and the blower 2§ there
is an opening 70 in the top of the casing 20, A
pine T2 extends upwardly from this opening

“alongside the tubular separator housing 58. The

nipe 72 near the upper part of the cylindrical
section 52 of the housing 90 is connected to &
horizontally extending pipe 74 which opens into
the housing 80 at 76. As best seen in Figure 2
the pipe T4 is so directed that air or other ma-
terial passing therethrough enters the chamber
enclosed by housing 58 in a direction which 1S
substantially tangential to the wall of the central
eylindrical section 52. Attention is directed at
this point to the fact that the pipe 46, connecting
the blower 28 with the separator 48 through an
opening 53 in the top of the latter, extends
through the opening 56 and down inside the
chamber enclosed by the housing 53. The lower
end 78 of pipe 4€ 1s preferably just slightly be-
low the level of the opening 76. |
mxtending entirely around the lower portion of
the cylindrical housing section 52 is a series of
small holes 8¢, Just helow these openings 39 &
flanged ring 82 is secured to the oufside of the
housing §2. Above and supported by the flange
cn ring §2 is a collar 84 having a series of holes
ne therein corresponding to the series of holes 890.
This collar 84 is rotatable about the housing 92
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so that it can be positioned to close the openings
80 or to open them to any desired degree.
Within the housing 52 in the embodiment
shown in Figure 4 an annular bafile 88 is secured
to the housing 52 just above the openings 80.
This haille 88 includes a portion 88 extending in-
waraly from the housing 52 and then downwardly
and terminating below the lower edge of the

holes 890.
A slightly different baffle construction is illus-

trated in Figures 6 and 7. In this arrangement
& series of separate bafiles 82 are secured around
the inside of the housing 52 between the open-
ings 80. As shown in Figure 7, these haffles §2
are each so located that the portion ‘94 thereof
extending inwardly from the housing 52 and then
generally parallel to the housing 52, is located
opposite a hole 230 and terminates between this
hole 80 and the next adjacent hole. Still an-
other series of holes 96 are formed in the lower
cylindrical portion 68 of the housing 50. The
series of holes 86 extend entirely around the hous-
Ing 60, Alse extending about the housing 80 is
8 collar 28 which is provided with four vertically
extending slots 188. -A series of four bolts {02
secured on the housing &2 extend through these
slots 180 and receive wing nuts 104 which can he
turned up tight against the collar 28 to support
1t in any desired vertical position. The collar 88
i1s adjustable from an upper extreme at which the
openings 88 are unobstructed, to a .lower limit
where they are completely closed, and of course
may be located at any desired intermediate posi-
tion where the openings 86 are only partially
closed.

As 1s already indicated above, solid material
to be ground is introduced into the hopper 36 and
through the gate 28 to the chamber 68. From
this chamber 68 it passes through the central

cpening in the bafile 46 into the grinding chamber 4

34. The pulley 18, driven by any suitable means
(not shown), is caused to turn the shaft {6 at
high speed, thus revolving the beaters or ham-
mers 30 and the fan blades 32 at high speed. The
material to be ground is hroken up or pulverized
to a fine state of subdivision in the chamber 34.

The operation of the fan 2§ causes a reduc-
tion in pressure throughout the entire system
which extends hack through the pipe 46 to the
separator 48 and thence through pipes 74 and 12
to the grinding chamber 24, Consequently air
ilows from the chamber 34 up throurch the pipe
12 carrying with it the solid materisl which has
been ground by the mill 22. The air carrying the
ground solids passses up through pipes T2 and T4
and enters the separator 48 through the gpening
18 in a direction which is substantially tangential
to the cylindrical housing 52. As indicated Dy
the arrows in Figure 2, this air carrying the fine
solids circulates around within the separator 48
and during this time the coarser solids gravitate
downwaraly in the separator 8% while the finer
solids still remain suspended. These coarse solids
eventually drop into the trough 62 which directs
them through the onening 88 into the chamber
68, thus returning them to the mill 22 for further
grinding. The finer solids, however, remain sus-
pended in the air in separator 48 angd eventually
are arawn out the top of the separator 48 through
the pipe 4&. Trom the pipe 4§ the air carrying
these fine sclids enters the blower 26 and is dis-
charged through the pipe 44 into a cyclone fin-
1shed product bin, not shown, in which the solids

are collected.
In the light of the foregoing description it
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will be apparent that the admission of the cur-
rent of air, carrving the solids to he separated
into the chamber in a direction substantially
tangential to the walls §2 thereof, serves to give
a -more uniform movement of the soiid-laden air
through the separator 48, thus producing a more
uniform separation., In cooperation with this
tangential admission of air carrying solids to he
separated, the pripe 45 extending down into the
chamber 48 below the opening 6 further zids
in producing better and more uniforim separation.
This lower end of pipe 46 serves as a baflle means
to prevent the passage cof air laden with the fine
solids dirsctly from the opening 76 into the pipe
4G .and alsc provides an upper section in the
chamber 48 where the air can circulate for a
time before it finally is drawn ouf through the
pipe 46, therehy proviging a uniformly longer
time for separation of the coarse solids.

The bailles 88 and 22 also cooperate with the
tangential admission of the solid-laden air to
prevent solids in the rapidly swirling air from
heing thrown out thrcugh the ozenings 88. The
choice as to whether the haflle 88 or the baflles
§2 will he used depends upon the degree of agi-
tation desired in the air swirlinz atout in the
separator 48. The bafile 68 presenting a smooth
surface 1o the swirling zir causes very little or
no agivation whereas the bafiies 92, providing a
discontinuous surface to the swirling gir, tend
to cause agitation. Where the particles to be
separated are relatively large or dense, the agi-
tating type of bafile is preferred and where the
coarser particles to be separated are relatively
fine or light the nonagitating type gives better
results.

The row of openings 82 admits a current of
alr which, moving upwardly through the sena-
rator 48, prevents fine, light material from being
carried downwardly by the coarser particles gravi-
tating out of the separator £28. Opening these
noles tends to increase the average particle size
of the product passing out through pipe 435, and
closing these openings tends to decrease this
average particle size. The series of openings 95
Serve a pursose generally similar to that of the
openings 88. Some of the air entering through
these openings may pass upwardly to carry with
it the fine particles and the remainder of the

air will pass downwardly with the coarse parti-

cles to the grinder 22. Admission of air through
openings 36 thus decreases the tendency for air
In the separator 48 to flow out through opening
66 from above the openings %5. Opening and
closing the openings 86 by means of the collar 98
has an effect on the separation in chamber 48
similar to that produced by opening and closing
the openings 80. The quantity of air drawn
through the system may also be regulated by the
gate valve 188 at the inlet to the blower 28.
While the invention has been illustrated by a
device including a hammer mill, it will be under-

~ stood that any other desireq grinder construction

75

may be employed. Similarly the invention is not
intended to be limited to the mounting of the
operating parts of the grinder and bhlower on the
same shafi. Any desired means for drawing the
alr through the system may be used in place of
the blower 2§, and this means mav he driven
entirely independently of the grinder 22. More-
over, although, in the embodiment of the inven-
vion illustrated, the gas employed in the sepa-
rator system is air, any other desired gaseous
medium may be used. Air 15, of course, more
convenient to use and is preferred where it ig
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suitable. It is within the scope of the invention,
however, to use any other desired gaesous medium
to convey the fine solids through the separator
system.

Although the tangential admission of air carry-
ing solids into the separator 48 does cooperate
with the kafiling action of the pipe 48 extending
down into the sewnarator, and with the baifiles &3
or 82, it iz to be understood that the invention
contemplates the use of each of these either sepa-
rately or in any combingtion. Thus, however the
air carrying the seolids is admitied to the cham-
ber 48, and even in the avsence of pipe #& €x-
tending down into the chamber, the bafliss &3
and 92 prevent fire solids from being thrown ous
through the openings 88, Similarly, the pipe 48,
extending down into the chamber £8 across the
direct path between the opening 76 and the open-
ing 55, prevents the solid-laden air from moving
directly from opening 16 to opening 86 and thus
produces better separation whether or not the
solid-ladenn air is admitted tangentially, and
whether or not the baffles €3 or 82 are employed.
Lastly, the tangential admission of air, even in
the absence of the section of pipe 46 extending
down into the chamber 48, and in the absence
of the baffles 83 ang 82, still promotes better
separation by causing the air to swirl around in
the chamber 48 and move out more uniformly.

It should also be understood that extension «

of the pipe 43 down into the chamber 48 is merely
a convenient way of providing a baffle across the
path between opening 76 and opening 5&. Any
other desired bafille means may be extended across

this path in place of the pipe 4§ although the «

cylindrical bafile construction provided by pipe
46 is preferred since it does not interfere with
the swirling movement of the air and provides
more uniform movement of air out of the cham-
ber 48 than would be provided by a simple flat
plate, for example, extending across the path
between opening 76 and opening b§.

Although for most purposes it is preierable to
return the coarse solids separated in separator
A8 to the mill for regrinding, it is within the
scope of the invention to return only a part or
none of these coarse solids. They may, if de-
sired, be recovered without further grinding.

It will be apparent from the foregoing descrip-
tion that the mill for grinding fine solids dis-
closed herein exhibits increased efficiency and
capacity as compared with similar mills hereto-
fore known. This is accomplished in general by
providing for better separation of the coarse
solids from the finer solids following grinding.
A further advantage of the improved grinder
disclosed herein is that better control of the par-
ticle sizes in the finished product is possible.

It is apparent that many widely different em-
bodiments of this invention may be made with-
out departing from the spirit and scope thereof
and it is therefore not intended to be limited
except as indicated in the appended claims.

The invention is hereby claimed as follows:

1. A gas separator adapted for use with a grind-
ing mill, and comprising an upper cylindrical
separator casing, a lower inverted frusto-coni-
cal separator casing terminating in a depending
outlet conduit for non-separated coarser solids,
a, tangential supply opening adjacent the top of
the upper cylindrical separator casing for tan-
gentially directing entering ground solids, an ex-
haust opening through the top of sald upper
cylindrical separator casing for exhausting the
separated finer solids, a continuing series of
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openings disposed peripherally through the bot-
tom portion of said upper separator casing ior
admitting a ring of air adjacent the bottom of
the upper separator casing for mixing with the
material gravitating out of the bottom of the
upper separator casing, and into the lower coni-
cal separator casing, bafile means secured around
the inner surface of the upper separator casing
and including wall means offset slightly inwardly
to closely overlie the openings in spaced substan-
tially parallel relation to the adjacent surface
of the upper separator casing whereby to mini-
mize obstruction within the upper separator
casing while preventing escape oi solid particles
through the said openings, an apertured control
ring mounted exteriorly of said upper separator
casing around the peripheral series of openings
therethrough for controlling the size of the air
passages through said openings whereby to con-
trol the average size of particles to be separaied,
a, series of openings disposed peripherally thhrough
the depending outlet conduit below the reduced
end of said lower separator casing admitiing
additional air to reduce any tendency for air
with finer solids to pass through said outlet con-
duit, and a control ring mounted on said outlet
conduit and shiftable relative to the peripheral
openings therethrough for controlling the
amount of air admitted through the said open-
ings.

2. A gasseparator as claimed in claim 1, where-
in the bafile means includes separate bafile merm-
bers, one for each opening, and each baffle mem-
ber including an inwardly offset wall portion
overlying its associated opening and extending
generally in the direction of movement imparted
to the entering solids by the tangential supply
opening but spaced from the adjacent baffle
members on both sides thereof whereby to iIn-
crease agitation within the adjacent portion of
the upper seeparator casing and effect separa-
tion of coarser solids.

GUSTAVE A, PARTIEN.
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