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My invention relates to pulverization of coal 
and like material and has particular reference 
to the art comminution with the aid of loosely 
arranged metal balls in a horizontal rotating 
drum. 
One object of my invention is to carry out the 

comminution of coal and like material in two 
distinctly separate steps in one and the same 
rotating drum with the aid of loosely arranged 
metal balls the first step of which comminution 
process is devoted to impact action by the metal 
balls and the second step to attrition. This is 
accomplished by partitioning of the interior of 
the drum into two distinct compartments in 
which separate ball charges are used and actu 
ated in such a manner that impact will result 
in one compartment and attrition in the other. 
I have found that the reduction in size by means 
of metal balls is greatly expedited by imparting 
a great inertia to each ball. It is well known 
that the impact is a function of the inertia. 
Crushing of the incoming coal requires impact 
whereas grinding to a powder depends upon fric 
tion between the balls. It is therefore advan 
tageous to separate the two comminution steps 
entirely so as to obtain the best results from each 
action by the balls. In this manner the metal 
balls will last much longer because attrition does 
not take place in the entrance Zone where the 
incoming coal particle size is such that attrition 
is of no avail. 
Another object of my invention is to effect 

acceleration of the metal balls and the conver 
sion of the imparted kinetic energy into useful 
comminution work in a controllable manner in 
each comminution step. For this purpose pro 
vidie means within the rotating drum whereby 
every ball is forced to participate in the process 
in like manner, that is, to pound the coal in the 
first comminution step and to grind it in the 
second step. In both steps the balls are accel 
erated in like manner by being caused to travel 
momentarily with the peripheral velocity of the 
rotating drum. In the first step every ball is free 
to continue with the given velocity until it strikes 
the coal mass from above whereas in the second 
step its kinetic energy is given up to a mass of 
balls in its path which is thereby stirred. 

Still another object of my invention is to effect 
reduction in size of coal and like material in 
such a manner that an eventual wear of the 
metal balls or of the drum lining can not hamper 
the comminution steps. This is accomplished 
by providing a perfectly smooth lining against 
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such ribs are used in my apparatus. 

2. 
erator member which is pivoted so as to adjust 
itself as wear sets in. 
A further object of my invention is to provide 

a pulverizing apparatus of the horizontal rotat 
ing drum type in which a high coal level (above 
the centerline of the drum) can not hamper the 
ability of the apparatus to deliver an acceptable 
product. This is accomplished by providing a 
discharge opening which is positioned high above 
the centerline of the drum so as to prevent the 
coal mass from clogging it. 
A still further object of my invention is to 

expend the least possible amount of energy for 
the comminution of the material at hand. This 
is accomplished by actuating the balls in such 
a manner that their resistance to acceleration is 
the least, that is, by permitting them to roll be 
tween two smooth surfaces while kinetic energy 
is imparted to them. 
A specific object of my invention is to effect 

withdrawal of ground material from the pulveriz 
ing apparatus by means of a mass-flow of air so 
directed and disposed within the drum proper 
that a high velocity may be used without with 
drawing particles of an undesirable size. For 
this purpose I introduce carrying air in a Zone 
high above the coal level in the first comminution 
zone thru which it is permitted to pass in the 
longitudinal direction at a high velocity where 
upon it is caused to enter the second comminu 
tion Zone in the centripetal direction and to 
leave this zone in the centrifugal direction. This 
reversal of the flow direction insures a proper 
precipitation of coarse particles in the second 
comminution zone. Only finely ground particles 
can be accelerated in the centrifugal direction 
because the gravitational acceleration must first 
be overcone. 

Insofar as I am aware no prior disclosure of 
horizontal rotating ball mills anticipates the real 
Substance of my invention which, as stated re 
lates primarily to a method of effecting con 
minution of coal and like material in two dis 
tinctly separate comminution zones within the 
realm of one and the same rotating ball milli by 
imparting kinetic energy to each ball in like man 
ner in the two zones and by converting this 
energy into full impact in one zone and to attri 
tion in the other zone. Present types of hori 
zontal rotating ball mills require longitudinal 
ribs or ridges which actuate the ball charge. No 

Present, 
types of machines cannot function properly when 
the coal level is above the center line of the Ima 

which the balls are pressed by a smooth accel- 88 chine because the withdrawal opening is thereby 
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reduced and the air mass-flow carries too coarse 
particles out from the machine. This limitation 
is not present in my apparatus because the dis 
charge passageway is positioned high above the 
center line. The starting torque is also high in 
present machines of the rotating drum type be: 
cause the entire ball charge must be actuated at. 
one time. In my apparatus this torque is low 
because only a fraction of the actual ball charge 
is accelerated at one and the same time. The 
dead weight of the ball charges and the coal 
mass is taken up by the balls which are being 
accelerated and these balls can roll freely, thus 
offering, for this reason, only a small resistance 
to the acceleration. In present machines of the 
type in question it is in addition necessary to 
introduce carrying or floating air together with 
the coal feed because a large flow area is required 
in order to keep the velocity down. This in turn 
necessitates the use of large and costly support 
bearings. In my machine this condition does not 
exist and the air and coal are introduced sep 
rately with the result that smaller bearings 

serve the purpose. These bearings do not sup 
port the entire drum and internal charge load 
because I transmit a considerable portion of the 
charge load to an internal structure-hereinafter 
fully described-which is separately supported 
by means of stationary plate girders. 
My invention is fully disclosed in this specif 

eation and claims reference being had to the 
accompanying drawing. 

In the accompanying drawing Fig. I represents 
a sectional elevation of an apparatus constructed 
in accordance with my invention and comprises 
essentially an elongated horizontal drum or cyl 
inder mounted with trunnions in support bearings 
in a rotatable manner, driving mechanism for the 
drum, a specially shaped internal structure which 
divides the interior of the drum into two coma 
partments or comminution zones, support girders 
for the internal structure, loosely arranged metal 
ball charges in each compartment in the drum, 
specially shaped accelerator members pivotally 
mounted on the internal structure, means to feed 
coal into the apparatus, means to introduce car 
rying air into the apparatus and means to with 
draw a final product from the apparatus. 

rig. I represents a cross-sectional view taken 
along line I-II in Flg. I. 

rig. I represents a cross-sectional view taken 
along line I-III in Flg. . 
These features and others will more fully and 

at large appear from the following detailed de 
scription. 

Referring in detail to Fig. I, a feed of pre 
crushed coal is supplied thru hopper 3 at the 
bottom of which a belt conveyor 4 picks it up and 
transports it into the apparatus proper wherein 
it first is subjected to a crushing to minute par 
ticles in a crushing zone 5 and to pulverization to 
a fine powder in a pulverization zone B. A motor 
with conventional gears and drive shafts oper 

ates the belt conveyor. The comminution is ef 
fected by means of a multiplicity of round metal 
balls in each zone as each ball therein is caused 
to travel with a velocity equal to the peripheral 
velocity of the rotating drum 9 and the imparted 
kinetic energy is converted into useful comminu 
tion work. In the crushing zone 5 the imparted 
kinetic energy of each ball is converted into im 
pact as each ball is caused to strike the coal bed 
from above and in the pulverization zone it is 
converted into attrition and impact when each 
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4. 
balls in its path. From g. it appears clearly 
that in the crushing Zone 
continues to travel freely with the inparted ve 
locity until it strikes the coal bed in its path, 
whereas in the pulverisation one as shown in Fis. 

each accelerated ball loses its inertia upon Con 
tacting the ball mass in its path. The two one 
and are formed by a stationary partitioning 

plate which is held in place by an internal sta 
tionary structure which comprises an air inlet 
portion f, shafts 2, 2, a withdrawal portion 3 
and tie bars . The entire structure is sup 
ported independently at the end sleeves S and 

by support plate girders 7, 7 in such a man 
ner that the drum can freely rotate around said 
structure. Sleeves U and B are mounted con 
centrically with drum trunnions and so as 
to permit free rotation in bearings 2. A con 
ventional motor driven gear drive 2 rotates the 
drum. Leakage is prevented by packing glands 
22, 22. The inner envelope of the drum shell is 
provided with a renewable wear resistant lining 
2 the inner surface of which is perfectly smooth. 
Acceleration of the metal balls is effected by 
means of special accelerator members 24, 24 piv 
otally mounted on shafts 2, 12 in such a manner 
that their dead weight furnishes sufficient grip 
or friction to cause each ball to travel with the 
rotating drum. Minute particles of coal are con 
veyed thru the apparatus in entrainment with air 
which is introduced thru a multiplicity of aper 
tures 25 in end portion f of the stationary in 
ternal structure. A segmental passageway 2 
connects the crushing zone with the pulveriza 
tion zone. Bafile plate 27 in the pulverization 
zone directs the mass-flow in the centripetal dil 
rection which causes minute particles to precip 
tate readily. The final ground product is car 
red away by the air mass-flow which sweeps 
around the bafle plate 27 in the centrifugal direc 
tion in the pulverization zone. Withdrawal from 
the pulverization zone takes place thru a seg 
mental passageway 28 which communicates with 
conduit 29 in the withdrawal portion 3. Sleeve 

serves also as outlet conduit and is preferably 
equipped with an upward turned elbow piece onto 
which the discharge pipe 30 is bolted. Sleeve 
is provided with a partition plate 3 so as to form 
a separate carrying air passageway 32 which con 
municates with conduit 33 in the air inlet portion 
fl. Carrying air is supplied from a plenum box 4. 

It is pointed out that the amount and size of the 
balls in the comminution zones is determined 
on the basis of the duty to be performed therein 
by each ball. In the first zone-the crushing 
zone-the magnitude of the impact by each ball 
is the governing factor. In this zone therefore 
use large bas-from about 3 to 4 inches in 
diameter-because the kinetic energy is a func 
tion of the mass. The amount of balls is about 
50 to 100 percent in excess of the amount which 
it takes to cover the projected area of the accel 
erator member in this zone. In the second one 
pulverization zone-the comminution work is 
based upon attrition. A large surface area of the 
ball mass is therefore a prerequisite. For this 
reason I use smaller balls in this zone-fron 
about 1 to 2.5 inches in diameter-in an annotint 
equal to about 5 to 20 times the amount which is 
required to cover the projected area of the accel 
erator member. 
A readilly crushable materla-such as got 

coal-requires less expended energy for oom 
minution than a harder material, as for instaroe 

necelerated ball causes a stirring of a mass of 75 anthracite coal, With present types of machines 
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t is necessary to employ a large amount of balls, 
hat is, larger machines are required when the 
naterial is harder. This is so because their func 
ioning depends upon the weight of the ball 
charge for crushing purpose. With my appa 
ratus it is feasible to pulverize materials of vary 
ng hardness simply by varying the rotational 
peed of the drum. As this speed is increased 
additional kinetic energy is imparted to the balls 
Avith the result that more energy can be con 
ferted into comminution work. While the ro 
ational Speed of present types of machines 
cannot be much higher than about 25 R. P. M. 
Cf excessive wear is to be avoided-my machine 
on the other hand may well be operated at speeds 
up to about 100 R. P. M. without encountering 
prohibitive wear. This is readily appreciated 
'rom the fact that an increased speed does not 
cause a material increase in wear when each ball 
can roll freely while it is being accelerated. The zi, 
increase in kinetic energy varies as the square 
of the change in velocity. 
RMoreover, in present types of horizontal rotat 

ng ball mills it is necessary to create and main 
:ain a definite eccentricity of the ball charge in 
...he machine because only when the ball charge 
evel is at a certain slope with the horizontal 
plane is it possible to effect a proper absorption 
of the coal feed by the ball charge. In other 
words, a considerable portion of the power input 
s consumed to cause this eccentricity. This re 
uirement results inevitably in rapid wear of the 
actuating drum lining and the balls themselves 
And it is not uncommon that the degree of fine 
heSS actually becomes greater than desirable 
imply because the required number of balls is 
itated by the necessary dead weight to accom 
blish crushing of the coal feed down to a size 
when actual grinding can take place rather than 
by the attrition requirements for the grinding 
alone. In my apparatus these conditions and re 
uirements are obviated. The accelerator men 
pers in my machine are mounted in a sloping 
position which causes the balls and the coal feed 
O mix properly and to always find the accelera 
ion zone in the machine. 

It will be understood that numerous modifica 
tions of the invention may be made without de 
parting from the spirit thereof, and the said in 
vention is not limited to the precise details here 
nbefore enumerated but is to be construed as 
broadly as the appended claims will permit. 
What I claim is: 
A two stage air swept ball mill comprising an 

longated rotatably mounted horizontal drum 
having a renewable Smooth shell liner, an exter 
nally supported stationary structure within said 

drum adapted to provide stationary conduits for 
the material and air at its end portions and to 
partition the internal drum space into a crush 
ing zone and a grinding zone the partitioning 
member of which structure is of less height than 
the Space within the drum so as to provide a 
segmental passegeway between said zones there 
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above, metal balls of identical size loosely ar 
ranged in said crushing zone so as to travel 
therein freely, metal balls of identical size loosely 
arranged in said grinding zone so as to be stirred 
therein, an accelerator member having a convex 
lower face pivotally supported on said internal 
structure at the base thereof in each zone so as 
to provide an annular space between the shell 
liner through which space only one layer of 
metal balls may pass at one and the same time 
Said accelerator member being adapted to fur 
nish a pressure upon said metal balls in said 
annular space whereby the resulting friction 
causes the rotary motion of the drum to accel 
erate said balls and to rotate them about their 
own axis, means in the feed end conduit of said 
stationary structure to independently feed ma 
terial into the Crushing zone at the axis of the 
drum, means in the feed end conduit of said 
stationary structure to independently conduct 
air into the crushing zone at an elevation high 
above the axis of the drum in the form of a plu 
rality of horizontally directed jets, a segmental 
baffle in the grinding Zone adjacent to the par 
titioning member with an upper arcuate edge 
closely adjacent the liner and a lower edge below 
the top of the partitioning member and means 
to withdraw a final product in entrainment with 
air from the grinding zone at an elevation high 
above the axis of the drum. 
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