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1 
.The present invention relates to a method of 

: and means for comminuting particles of Solid 
materials. 

It is an object of the invention to provide a 
method of reducing the particle size of solid ma 
terials in a noveland expeditious manner. 
It is another object of the invention to provide 

"a method of and means for obtaining particles 
of a desired order of magnitude without resort ing to repeated classifying (e.g. screening) proc 
esses. 
When solid materials are comminuted in con 

ventional devices such as ball mills, it will gen 
erally be found upon screening that a certain per 
centage. of the particles have not been reduced 
to the desired size, while others are considerably 
smaller than the norm. While the particles of 

...the first group may be reprocessed and thereby 
ultimately brought to the proper dimensions, 
those of the second group cannot be enlarged 
and thus may be irretrievably lost for some. pur 
pOSeS. 
It is, accordingly, a further object of my inven 

tion to provide a method of and means for com minuting particles by subjecting them to forces 
’s which Will be effective to reduce the size of the 
particle only where the latter exceeds: a predeter 

; mined order of magnitude, but will be: Substan 
itially ineffective for smaller particle: sizes. 

5. Still another...object is to provides a method of 
and means for comminuting particles, without in 
Écurring the risk of contamination. Such as will 
generally.occur where, as in a ball mill, the parti 
cles: come into violent contact with the surfaces 
of extraneous matter. 
According to the present invention, Subject 

the particles to be-comminuted to a force which 
is will tend to rotate then at increasing speeds 
3 about their own centers of gravity, such rotation 

- giving rise to centrifugal stresses within the par 
*ticle which will be proportional to the square of 
the radius of gyration and, hence, roughly to the 
cross-sectional area of the particle. The particles 

* are preferably subjected to this force for a suit 
able length of time calculated so that all particles 
exceeding a given order of magnitude will attain 
the critical speed at which they are disintegrated. 

: In order to understand the operation of an 
arrangement according to my invention, it will be 
helpful to consider each particle as the short-cir 
cuited armature of an alternating-current motor, 

- e.g. of the squirrel cage type, entrained by a ro 
stating "electromagnetic"field. It can be shown 
that the torque applied to such armature will re 
main the same even if the axis. Óf the armature 

2 
no longer coincides with that of theffield, that 
is, the armature will rotate irrespective of its 
location within the field provided the two axes 
are parallel or nearly so. The torque setup in 
the armature will tend to rotate the same at?an 
angular velocity to which ultimately approaches 
the value 2nf, if being the frequency of the rotat 
"ing field this rotation giving rise to centrifugal 
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forces proportional to the square of the effective 
0 

lable minimum radius, will overcome the cohe 
diameter of the amature which for a precalcu 

sive forces of the material and break the arma 
ture in two. n Applying these principles to the particles under 

* consideration, and assuming the shape of each 
particle to be that of a sphere of radius p, it can 
be shown that an alternating electromagnetic 
field of frequency f will induce currents in these 
particles resulting in a power loss 

--W=5.56:10-13. efE2a watts/cm3 
wherein E is the electric field strength and e and a 
the dielectric constant- and the power factor; re 
spectively, of the material of which the particles 
are composed. The resulting torque M may be 
computed asp3 W/o or 8:85:10-7e E2a p3'-dyne-cm. 
If the spherical particle' has a density-y, then 

its moment of inertia will be given by the formula 
I=8t/15 pf gram-cm?, whence the angular ac 
celeration can be determined as 

: IM/I=2.21:10-6 rea/yp? 
By-assuming...a constant acceleration we obtain 

sia: time of 2.84:109fpy/e:E2a seconds as the time 
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necessary to bring a particle up to the angular 
, Velocity, w=2nf. 

- Actually, neither the torque nor the centrifugal 
stresses set up within the particle are susceptible 
to accurate calculation, owing to the irregular 
shape of the particle; the centrifugal force, how 

* ever, ...Will be of the order -of-magnitude. of the 
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stress existing in a thin ring or hoop whose diam 
... eter is equal...to the diameter. of a circle of an 
area equal to the maximum cross section of the 

: particle, in the plane of rotation which diameter 
we may again.assume, as 2p. This centrifugal 
force is given by the formula F=472p?f2-yin which 
we may substituter for p as the minimum radius 
at, which disintegration, should occur. The criti 

50 - 
...to. S, the latter being the tensile strength of the 
material. 

cal frequency can then be found by equating. F 

In the accompanying drawing I have shown 
several. arrangements for carrying the invention 
into practice. Fig. 1 is an elevation and Fig. 2 
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a schematic top view of a first arrangement ac 
cording to the invention while Fig. 3 shows the 
invention in a modified form. - 

Referring first to Figs. 1 and 2, there are shown 
four electrodes , 2, 3 and 4 defining a chute 
0 within which rarticles 5 may fall freely while 

being subjected to the influence of a rotating 
electric field. In order to produce the rotating 
field, electrodes fi and 3 are connected directly 
across a high-freq11ency generator 6 which lat 
ter also energizes electrodes 2 and 4 over a 90° 
phase shifter T. Electrodes and 4 are 
grounded as indicated at 8, electrode having 
been removed in Fig. 1 in order to show the inte 
rior of chute ). 
The particles 5 may enter the chute by way 

of a suitable screen 9 and may be collected at 
the bottom by a vessel 2). It will be appreciated 
that the chute f should be wide enough to insure 
a substantial uniform electric field across the 
path of the falling particles 15, the length of the 
chute being selected so that even the largest par 
ticles Will find time to be sufficiently accelerated, 
as previously discussed, before reaching the bot 
tom of the chute. 
From the foregoing it will have been under 

stood that the frequency of generator 6 deter 
mines the size of the particles ultimately ob 
tained, higher frequencies resulting in Srnal'er 
particles. High frequencies. On the other hand, 
tend to discriminate against large particles Since 
the latter may not find time to accelerate to the 
final angular velocity 2nrf. To overcome this 
difficulty, I have ill strated in Fig. 3 an arrange 
ment whereby particles may be exposed to a ro 
tating field for an extended length of time with 
out requiring a chute of impractical proportions. 
Fig. 3 also illustrates how the particles may be 
treated in a rotating magnetic rather than elec 
tric field. Chute foa is here formed by four pole 
shoes of which only three, indicated at 2d, 3d 
and 4a, respectively, are shown, each pole shoe 
being an extension of a core 9 of an electro 
magnetic coil 20' connected to a suitable source 
of alternating current (not shown). Particles 
5 are introduced into the chute from below, by 
means of an injector 2, being carried upwards 
by a stream of air produced by a blower 22. 
The particles are collected in a tube 23, of in 
verted U-shape, to the end of which a bag 24 is 
attached. The porosity of the bag should be 
such that air from the blower 22 may readily 
pass therethrough while the particles will be re 
tained, this principle being generally applied in 
Vacuum cleaners. 
The arrangement of Fig. 3 has the additional 

advantage of counteracting the aforesaid dis 
crimination against large-size particles, inas 
much as the smaller, lighter particles Will paSS 
more quickly through the chute Oa whereas the 
heavier ones will float for a longer period. If 
necessary, the air stream may be replaced by 
some inert gas in order to prevent oxidation of 
the particles during treatment, and similarly the 
process of Figs. 1 and 2 may be carried out in 
an inert atmosphere or in vacuum. 

It will be understood that the formulae given 
above apply to the production of an electromag 
netic field by electrostatic means, as illustrated 
in Figs. and 2, but that similar formulae may 
be developed for the magnetic arrangement 
shown in Fig. 3. In the latter case, the perme 
ability of the material of the particles will be a 
factor in lieu of the dielectric constant and the 
power factor thereof. 
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4. 
If the particles are composed, for example, 

of calcium carbonate (marble) Which is a di 
electric material Sometimes used for insulating 
purposes, the frequency necessary for breaking 
up particles of a given diameter, say 10 microns, 
may be determined from the above formula for 
the centrifugal stress by inserting for S the value 
of 2000 p.s. i. or 1.38.108 dynes/cm.2. This gives 
us a frequency of 2.26 megacycles per second 
which is easily obtainable. By inserting the val 
lues of 2.72 for y, .04 for a, 13,000 for E and 8.3 
for e in the above formula for the time of accel 
eration, the latter will be established at .078 sec 
ond, a very convenient value which corresponds 
to a free drop of roughly 3 cm. If the poten 
tial of 13,000 volts per cm. is too high, or if 
materials having a lower dielectric constant 
and/or power factor are used, the required 
length of the chute may be reduced by artificially 
increasing the power factor of the particles as 
by suitable coating, moistening or heating the 
Sae. 

It will have become apparent from the fore 
going that the loss factor of the particles to be 
disintegrated, i. e. the product of their dielectric 
constant e and their power factor a, must be de 
termined to enable proper selection of field 
strength, frequency and other parameters pre 
viously indicated. This loss factor can be es 
tablished experimentally, on the basis of the 
above formula for the torque M, whence 

ea- 9 8.85.E.23 
or, approximately, 51,06. IM/E2V wherein V is the 
volume of a spherical particle of radius p. 
Inasmuch as this loss factor is thus independ 

ent of frequency, it can be determined with the 
aid of a rotating field of any convenient fre 
quency, using the same principles as those on 
which the invention is based. Practical tests, 
which incidentally proved the correctness of the 
underlying theory, have been carried out on dif 
ferent materials, yielding the following results: 
Material: OSS factor 

Aluminum oxide (coarse).-------------- 0.12 
Aluminum oxide (fine).--------------- 0.26 
Magnesium oxide -------------------- 1.44 
Ferric oxide (rouge).------------------ 1.20 
Silicon carbide, 80 mesh--------------- 0.13 
Slate (chips) ------------------------ 0.19 
Soapstone (block)-------------------- 0.11 
Talc, powder (average particle size 

about 15 microns)------------------ 0.72 

These tests were carried out as follows: 
The materials to be tested, usually in powder 

form, were placed in a cup made of a material 
known to have an extremely low power factor, in 
the actual case polystyrene. The cup had a depth 
of 4.9 cm. and an inside diameter of 2.25 cm. The 
Cup WaS SuSpended by a calibrated torsion wire 
approximately in the center of a plate assem 
bly as shown in Fig. 2, to which alternating 
fields of about 2500 volts, shifted in phase by 
90° as previously described, were applied. With 
a plate Spacing of 5.25 cm. the field strength E, 
Whose frequency was the commercial one of 60 
cycles per Second, was of the order of 500 
volts/cm. 
AS was to be expected in view of the low power 

factor of polystyrene, no measurable torque was 
exerted by the field upon the empty cup, hence 
no corrections had to be applied to the torque 
measured when the material to be tested was 
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initial and the desired, ultimate -uw y remaining variables such as for example, chute 
length (given a particular field strength and 
frequency) may be readily computed. 

Eicample 
ble particles ranging in diameter from 5 

to 40 microns are to be comminuted in a field as 
above set forth;i 

the Siri 

limiting diameter of 10 microns, attain a speed 
sufficient for their disintegration. With respect 
to the largest particles, i. e. those of 40 microns 
in diameter, it Will be noted from the foregoing 
formula for the centrifugal force that they need 
only be accelerated to an angular velocity of 
about w/4 to attain the desired result. From the 
acceleration formula previously given it will fur 
ther be apparent that this angular velocity will 
be attained by said large particles after a time 
of about 4T, or approximately 0.3 second; this 
represents a free drop of roughly 45 cm. The 
resulting fragments, having a mean diameter of 
20 microns, must be further accelerated to an 
angular velocity of about w/2 which, again from 
the formula mentioned, may be computed as 
occurring within a time T or 0.78 second ap 
proximately. This step yields particles of about 
10 microns in diameter which, having already an 
angular velocity of w/2, only need to be accel 
erated over a time T/2 to attain the velocity is, 
the total procedure thus requiring a time of a 
little above 0.4 second corresponding to a drop 
of about 90 cm. It will thus be apparent that 
a chute length of less than 1 m. is required to 
disintegrate particles of the size mentioned to 
one-eighth of their original linear extent yet 
that at the same time all particles of lesser size 
will be broken up to not less than the same gen 
eral order of magnitude. The foregoing example 
applies, apart from the fact that it is based on 
a number of approximations, only in a vacuum 

r 
ticles to be broken up, i. e. those having the 
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or at very reduced pressure, since otherwise a 
decrease in acceleration due to the effects of 
friction will have to be taken into account. 

In passing it may be noted that whereas the 
disintegrating forces will have their maximum 
effect in a plane perpendicular to the field and 
will have no effect in a direction parallel there 
to, the action of the centrifugal forces will tend 
to position each original particle or resulting 
fragment with its major dimension in such per 
pendicular plane, whereby disintegration will be 
substantially uniform in all dimensions. 

It is understood that the specific values here 
in referred to have been given in an illustrative 
and not in a limiting sense, and that the inven 
tion may be embodied in arrangements other 
than those specifically described and illustrated 
without departing from its spirit or exceeding its 
scope as defined in the objects and in the ap 
pended claims. 

I claim: 
1. The method of comminuting solid particles 
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quency, 
through 

irection of its s to be comminuted 

attain an angular velocity sufficient to catise diss 
integration of substantially all particles exceed 
ing a given order of magnitude. 

2. The method of comminuting solid particles 
which comprises the steps of producing a rotating 
electromagnetic field of high frequency, said field 
having a substantially vertical axis of rotation; i dropping the particles to be comminuted through 
said field, and so controlling the time of transit 
of said particles through said field that said pars 
ticles, rotatively entrained by said field attain 
an angular velocity sufficient to cause disintegra 
tion of Substantially all particles exceeding. a 
given Order of magnitude. 

3. The method according to claim 1, wherein 
the particles to be comminuted consist of dielec 
tric material, comprising the further step of in 
creasing the power factor of said particles prior 
to dropping them through said field. 

4. The method of comminuting solid particles 
Which comprises the steps of producing a rotat 
ing electromagnetic field at high frequency, said 
field having a substantially vertical axis of ro 
tation, floating the particles to be comminuted 
through said field in an upward direction, and 
So controlling the time of transit of said par 
ticles through Said field that said particles, ro 
tatively entrained by said field, attain an angu 
lar velocity sufficient to cause disintegration of 
Substantially all particles exceeding a given or 
der of magnitude. 

5. An arrangement for comminuting solid par 
ticles, comprising a source of high frequency 
alternating current, at least four electrode plates 
connected across said source with a progressive 
phase shift, thereby setting up a rotating elec 
trostatic field of an angular velocity exceeding 
that at which particles of a given material ex 
ceeding a predetermined order of magnitude will 
be centrifugally disintegrated, said electrode 
plates forming a chute coaxial with the axis of 
rotation of Said field, and feed means adapted to 
pass the particles to be comminuted through said 
chute in Spaced relation to the walls thereof and 
at a rate allowing said particles to approach the 
angular velocity of said field. 

6. The arrangement according to claim 5 
wherein Said chute is substantially vertically dis 
posed, said feed means comprising a screen lo 
cated at the top of said chute. 

7. The arrangement according to claim 5, 
wherein said chute is substantially Vertically dis 
posed, said feed means comprising blower means 
adapted to produce an upward-traveling gas 
stream within Said chute and injector means 
adapted to introduce said particles into Said gas 
stream adjacent the bottom of said chute. 

8. The method of comminuting Solid particles 
of a given material which comprises the steps of 
producing an electromagnetic field rotating 
about a Substantially vertical axis at an angular 
Velocity exceeding that at which those of said 
particles which exceed a predetermined order 
of magnitude will be centrifugally disintegrated, 
introducing the particles to be comminuted into 
said field, creating an upwardly directed gas 
stream in said field, and floating said particles 
On Said gas stream until said particles, rota 
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tively entrained by said field, attain an angular 
velocity approaching that of said field. 

9. The method of comminuting solid particles 
of a given material of density y and tensile 
strength S which comprises the steps of produc 
ing an electrostatic field rotating at an angular 
velocity in excess of a value w given by the 
formula, 

S 
R 

wherein r is the diameter of the Smallest par 
ticles to be comminuted, introducing the par 
ticles to be comminuted into Said field, thereby 
causing said particles to be rotatively entrained 
by said field, retaining said particles in said field 
for a sufficient length of time to allow them to 
reach an angular velocity between () and the 
velocity of Said field, and removing the particles 
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5 

from the field after at least a major portion of 20 

8 
those exceeding said predetermined order of 
magnitude have been disintegrated. 
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