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1.

My invention relates to method and apparatus
for forming solidified particles from molten ma-
terial., It has to do, more particularly, with a
method and an apparatus that are especially use-
ful for disintegrating molten metal into compara-
tively small droplets which are solidified into solid
particles or pellets that are relatively round, non-
oxidized, and of desirable hardness. The method
and apparatus described herein are effective for
forming shot from molten metal, especially steel
shot, although they are not limited to this appli-
cation.

The production of metal shot is an old and
well-known art. A large number of different
processes and apparatuses have been designed
and used for shotting various metals. However,
certain industrial applications for metal shot
have been in the process of development in recent
years which require shot of metals other than
those commercially available or shot having im-
proved physical, mechanical or chemical proper-

ties over the shot that can be produced by any .

of the known commercial processes or devices.
For example, the problem of shotting oxidizable
metals has not been solved successfully in the
art, prior to my invention, and there is still no ap-
paratus known to the art which is capable of
successfully accomplishing this operation.
The prior art has used mainly three basic meth-

ods of disintegrating molten metal in the form of

a stream into droplets which are solidified into
small particles or pellets. One method consists
in impacting a vertically falling thin pencil of
molien metal with a jet of high pressure steam
or water. A second method consists in dropping
a thin stream of metal onfo the surface of a
rapidly rotating drum or paddle wheel arrange-
ment which throws or bats the globules through
the air. ‘The third method is a cenfrifugal disin-
tegrating process and consists in throwing drop-
lets of molten metal from the periphery of a
revolving cup or receptacle into which a stream
of the molten metal discharges. With all three
processes, the particles are generally passed
through air for some distance to become solidi-

fied or partially solidified before they lose momen-

tum sufficiently to drop into a tank of water or

other cooling liquid having its top surface some-
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what below the level at which the molten metal -

stream 1is disintegrated into globules. Disin-
tegration of the molten metal stream by a jet of
high pressure steam or water, according to the
first method, is unsuitable because of a lack of
control of particle size and shape. The same is
true of the second or mechanical paddle wheel
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method. With all three methods, however, one
of the most objectionable features is that they
cannot be used for shotting readily oxidizable
metals because the droplets must travel such a
long distance through the air prior to dropping
into the liquid cooling medium and during this
long travel the droplets become ignited and oxid-
ized.

Numerous machines have been desighed and
used in the past in attempts to make the cen-
trifugal disintegrating process a commercially
feasible one for producing shot particles, but none
to my knowledge has found commercial accept~
ance from the standpoint of economy or being
capable of providing desired non-oxidized and
relatively sphere-shaped particles in substantial
amounts. One of the prior art machines for shot-
ting cast iron by the centrifugal disintegrating
process which, as described, comprises a cen-
trifugal throwing cup having means associated
therewith for discharging metal into said cup.
Below the level of the cup is a large tank, approxi-
mately 30 feet in diameter, which holds a body
of water into which falls the shot thrown from
the cup. Before falling into the water, however,
the shot travels through the air for a long distance
of about 5 to 15 feet from the throwing cup. Due

“to this long travel through the air, the finely

divided iron particles oxidize before dropping into
the water, The apparatus necessarily is so large
that it takes u1p an excessive amount of floor space
and, furthermore, is expensive to operate. Also,
because of the great size of the apparatus, it is
difficult to convey the molten metal, and still
maintain it in proper condition for shotting, from
the melting furnace to the centrifugal throwing
cup which must be located at the center of the
large-diameter water tank, Other machines have
been "produced for making steel shot or other
oxidizable metal shot, but none of them has
proved practical from a commercial standpoint
and have, therefore, been abandoned.

At the present time there has arisen a greatly
increased need for metal shot, especially steel
shot, due primarily to the fact that metal peen-
ing, a relatively recent innovation, has assumed
considerable importance in the metal treatment
art. In fact, the demand for a relatively tough,
hardened steel shot of small particle size and rela-
tively spherical shape, suitable for metal peening,
has been so great that the same processes em-
ployed in producing ball bearings have been tried
in the production of the steel shot of this type
which is not at present being otherwise com-
mercially produced. Obviously, this type of proc-
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ess, embodying difficult forging and grinding op-
erations, is prohibitive as to cost even in produc-
ing the larger sizes of shot, such as ¢ to % inch
diameter shot. Moreover, the small shot required
for most peening operations is from 0.015 to
0.050 inch diameter and this small size cannot
possibly be produced by this ball-bearing type of
process.

One of the objects of my invention is to provide
method and apparatus for forming solidified par-
ticles from molten material in an efficient and
economical manner, the particles produced being
of desired shape and size and having desired
hardness and other properties.

Another object of my invention is to provide
method and apparatus for disinfegrafing various
molten materials, and especially a number of dif-
ferent metals, into small. droplets which are
solidified into particles or pellets,
economy and efficiency in obtaining particles of
desired characteristics and properties as to be
commercially feasible,

Ancther object of my invention is to provide
method and apparatus for forming solidified
particles from molten material capable of use in
forming particles from readily oxidizable mate-
rials in such a manner as to preclude oxidation
of the particles during the formation thereof.

Another object of my invention is to provide
~ method and  apparatus for forming solidified
particles from molten material capable of being
regulated and controlled so that there can be
produced economically particles of pre-selected
size, of desired hardness and of uniform spherical
shape.

Angcther object of my invention is to provide
a method for forming solidified particles from
molten material which is of such a nature that it
may be performed in apparatus which is of small
size, ‘compared with prior art apparatus, and
which, therefore, occupies a small amount of
floor space and can be supplied readily with the
molten material in proper condition for the dis-
integrating operation.

Still another object of my mventlon is to pro-
vide apparatus which will be effective in per-
forming the method referred to above, which is
not only of small size, but is of simple and inex-
pensive structure, and which is easy and econom-
ical to operate and maintain.

Other objects will be appareni from the fol-
lowing description.

According to my invention, the molten material
is discharged, from a pouring funnel or the like,
in the form of g stream info o dish-shaped re-
ceptacle which is rotating about its own verti-
cally disposed axis at a high rate of speed and
which will throw the metal from its periphery
in the form of small globules. The rate of de-
livery of the molten material into the dish-
shaped receptacle and the speed of rotation of
the receptacle, are selected to produce solid par-
ticles or pellets of desired size which result from
solidification of the small globules thrown from
the receptacle. By regulating the rate of deliv~
ery of the molten material to the receptacle rela-~
tive to the speed of rotation of the receptacle,
the size of the particles produced may be varied.
The temperature of the molten material is suf~
ficiently high that it will readily flow through the
pouring funnel and will be disintegrated into
small globules by the spinning dish. On the other
hand, the temperature of the material is not
so high as to render it too fluid so that it will be

thrown off the receptacle. too quickly and will

with such
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not be in the form of globules and will not solidify
sufficiently quickly after coming into contact with
the cooling medium, as will later be apparent.
The spinhing receptacle is dish-shaped, as in-
dicated above, and the stream of molten material
impinges on the center of the flat bottom thereof.
The angularity of the side wall of the receptacle
is such that the centrifugal force tending to

- throw the molten material off the dish is offset

10

to a small degree by the inclined side wall up
which the molten material must climb before it
is discharged from the dish. This retardation
of discharge from the dish results in the molten

" material rolling around in the dish and up the
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side wall 50 that by the time it is discharged, it
will be in the form of small separate globules
which are of substantially spherical form. Thus,
the speed of rotation of the dish also depends
somewhat upon the angularity of the side wall
of the dish. It is preferred that the speed of
rotation of the dish and the temperature and
rate of feed of the molten material to the dish
be such that a slight head of molten material
will be maintained in the bottom of the dish,

Surrounding the spinning dish, I provide a
revolving container which contains s suitable
cooling or quenching liquid, such as water. This
container is so shaped and of such size that when
it is revolved at a proper speed, the cooling liquid
contained therein will be formed inte a revolv-
ing annular vertical wall of liguid into which
the globules of molten material, thrown off sub-
stantially horizontally by the spinning dish, after
traveling unsupported through the ambient at-
mosphere a short distance, will be thrown. In
passing through the atmosphere unsupported, the
molten globules are formed into more nearly per-
fect spheres. The path of the globules from the
spinning dish is substantially normal to the wall
of the liquid in the vertical plane and substan-
tially tangential to the rim of the throwing dish
in the horizontal plane. The departure from
normal, relative to the curved inner surface of
the liguid, in the horizontal plane is relatively
slight and is not sufficient to cause the globules
to glance off the liquid surface, as is known to
happen in some processes which are now in use.
It is only necessary in my process to have the
normality of the path of the globules to the wall
of the liquid such that the globules will penetrate
the liquid rather than glance off, and that con-
dition is readily maintained with my apparatus
and is referred to in this specification and in the
claims as “substantially normal.” Furthermore,
this arrangement and the fact that the wall of
liquid is revolving, causes further spinning of the
globules as they strike the surface of the wall of
liquid and thereby offsets the tendency for the
globules of molten material to flatten upon strik-
ing the cooling liquid. Consequently, the spher-
ical shape of the globules is maintained.

The distance between the periphery of the
spinning dish and the wall of quenching liquid is
critical. This distance must be such that the
globules will enter the liquid before they have
had & chance to oxidize. The wall of quenching
Hquid must be of sufficient extent in the direc-
tion of travel of the globules which enter there-
into that the glnbules will be cooled by the liquid
to the solidification point before they strike the
wall of the revolving ligquid container. The
peripheral wall of the container is so shaped that
this is accomplished with a minimum amount of
cooling liquid, thereby resulting in a decrease in
the required size of the apparatus and making
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the apparatus more economical to operate. The
peripheral wall of the container is so shaped
that a pocket is provided for collecting the
pellets or solidified particles and that the pellets
will feed into said pocket as they are formed by
solidification of the globules of molten material
which are thrown into the quenching lquid.
Thus, the globules will enter the quenching liguid
before they can be harmed by oxidation and
upon entering the wall of liquid, they will be
fully quench-hardened.

In. the accompanying drawing I have illus-
trated one form of apparatus which I have pro-
vided for use in performing my method. In this
drawing:

Figure 1 is a view mainly in vertical section,
but partly in elevation, illustrating apparatus in
use in performing my method.

Figure 2 is a horizontal sectional view taken
along line 2-—2 of Figure 1.

Figure 3 is an enlarged view in vertical sec-
tion showing the spinning cup and associated
liquid container in operation in forming the
pellets.

With reference to the drawings, I have illus-
trated one form of apparatus which can be used
in performing my method. This apparatus in-
cludes only the basic units which are necessary
in the performance of my method. However,
it is to be understood that the design and struc-
ture of this apparatus may vary widely as long
as the basic units and basic principles of oper-
ation are retained,

The apparatus shown comprises in general s
funnel unit { for supplying the molten material,
a spinning dish 2 into which the stream of
molten material is discharged and which disin-
tegrates it into the form of globules, a revolving
container 3 concentric with the spinning dish
and adapted to contain the guenching liquid in
the form of an annular vertically disposed re-
volving wall of liquid into which the molten
globules are thrown after flying from the spin-
ning dish, and a discharge chute 4 of annular
form disposed below the container 3 and adapted
to receive the solidified pellets when they are
discharged from the container.

The funnel { may be of any suitable type for
receiving molten material and feeding it down-
wardly in the form of a thin stream. It pref-
erably is provided with means (not shown) for
varying the size of the stream of molten material
fed therefrom and the velocity of the stream is-
suing therefrom.

The spinning dish 2 is preferably provided with
a liner % of refractory material. The dish is
provided with an outwardly and upwardly flared
side wall 6. As will later appear, the angularity
of this side wall is important.

The dish 2 is provided with a downwardly
projecting centrally disposed boss T which has
a socket formed therein for receiving the upper
end of a shaft 8 which is vertically disposed.
The shaft 8 is keyed to the boss T so that when
the shaft is driven, the dish 2 will be rotated
about its own vertical axis. The dish is remov-
able to permit replacement with different size
dishes. The lower end of the shaft 8 passes
rotatably . downwardly through bearing strue-
tures 9 and {0 which are disposed above and
below, respectively, a supporting base plate (1.
The lower end of the shaft 8 may be driven by
any suitable variable speed drive.

The container 3 may be formed of metal and
may be of the shape shown in Figure 1. It con-
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2 are driven at suitable speeds.

6

sists of an upper frusto-conical section 12 and &
lower inverted frusto-conical section (3. The
two sections 12 and 13 have their larger diameter
edges in contact and may be welded or other-
wise secured together or the entire container
may be formed of integral sections. Thus, the
meeting edges of the sections 12 and {3 form a
pellet collecting pocket 14 which is of angular
cross-section with the vertex of the angle di-
rected outwardly. The angularity of the side
wall 12a¢ of the upper section 12 is important,
as will later appear, and should be .at such an
angle to the horizontal that the pellets will move
rapidly into pocket 4. Good results have been
obtained when the angle has been less than 45°
to the horizontal. This will insure that the pel-
lets upon striking the inner surface of the wall
t2¢ will be fed downwardly and outwardly by
centrifugal force into the collecting pocket 4.
The angularity of the side wall {3¢ of the lower
section 13 is not so important except that it
should be directed inwardly at a sufficiently
sharp angle that when the speed of rotation of
the container 3 is decreased sufficiently, the
pellets which collected in the pocket 14 will slide
downwardly along the inner surface of the wall
{3a.

It will be noted from Figure 1 that the upper
end of the container 3 is provided with a centrally
disposed opening 15 through which the funnel |
may be inserted into the container 3. It will
also be noted that the upper edge of the spinning
dish 2 is at a level which is intermediate the
height of the angularly disposed side wall (2a.
The lower edge of the section I3 is suitably se-

-cured, as by welding, to the base plate {1 which

is of disk-like form. This plate [1, consequently,
forms the bottom of the container 3. This bot-
tom. is provided with a series of discharge aper-
tures or slots 16. These apertures {6 discharge
into the annular discharge chute 4 which may be
supported by a suitable frame structure or table
{1 which supports the entire machine, At the.
periphiery of the base plate 11, upstanding sup-
ports {8 are carried thereby and have their upper
ends secured to the side wall 13a of the section
13, in order to provide a rigid support for the
container 3. The base plate I{ rests on rubber .
tired supporting rollers {9 which are supported
adjacent the periphery thereof by means of U-
shaped brackets 20 that are secured to the upper
surface of the frame {1. For rotating the plate
i{ and, consequently, the container 3 a sleeve
21 is provided which extends up through & bear-
ing 22, carried by frame {1, and which is attached
to the bearing 10 that is secured to plate ff.
"Thus, when the sleeve 21 is driven, the container
3 will be rotated. The shaft 8 extends down-
wardly completely through the sleeve 21 and may
be suitably driven as previously indicated. The
sleeve 21 will be suitably driven, independently
of the drive to shaft 8, by & variable speed drive.
Thus, it will be apparent that the spinning dish
2 may be rotated at a selected rate of speed and
the container 3 may be rotated independently at
a selected rate of speed.

Suitable means is provided for supplying the
cooling liquid to the interior of the container 3.
For example, a supply pipe 23 may extend down-.
wardly through the opening (5 into the upper end
of the container. This pipe is directed outwardly
towards the side wall {2a.

Generally described, the apparatus operates as
follows: The container 3 and the spinning dish
Liquid is sup-
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plied to the interior of the container by the pipe
23. ' The container is rotated at a sufficiently high
rate of speed so that the Haquid supplied thereinto
will form a vertical annular wall, due to centrif-
ugal force, with the inner surface W of the wall
of water substantially vertically disposed. 'The
distance of this inner surface W from the periph-
eral edge of the dish 2 wili depend upon the
amount of liquid in the container. However, this
surface W, obviously, can never be closer to the
axis of the dish than the openings 6 which would

10

permit the liquid to leak from the container. -

The molien material will be supplied into the
dish 2 by the funnel 1 from which it issues in
the form of a small stream S. When the molten
stream strikes the bottom of the dish which is
spinning at a high rate of speed, it will be caused
by centrifugal force to travel up the inclined wall
of the dish and will be thrown outwardly from
the upper edge of the dish in a path substantially
tangentia] thereto. By the time the molten ma-
terial leaves the dish, it will be in the form of
globules of molten material which will travel in
a nearly horizonta]l path through the air until
they enter the revolving wall of liquid. This re-
volving wall of liquid will have its inner surface
W substantially vertical and, therefore, substan-
tially normal to the horizontal path of travel of
the flying globules. The globules will be solidi-
fied during their passage through the liquid and
before they contact the surface of the side wall
12a of the container. 'This wall 12¢ will, due to
centrifugal force, direct the solidified particles
downwardly into the collecting pocket 4. As
previously indicated, the angularity of the wall
12a should be such that the solidified pellets will
move downwardly along the inner surface of the
wall into the pocket 14, and angles of less than
45° have been found effective. T have found that,
if a vertical container wall was used, the pellets
piled up in a horizontal ring around the container,
and as the process was continued, this mass of
pellets extended toward the rotating dish 2 to
such an extent that there was insufficient travel
in the remaining cooling liquid to solidify the
pellets, and they tended to weld into a mass.
I have overcome this difficulty by my design of
the liquid container in section 12 and prefer to
use an angle less than 45° to the horizontal to
move the solidified pellets rapidly and effectively
out of the position of the incoming pellets and
into pocket 4. When it is desired to discharge
the solidified pellets from the pocket i4, it is
merely necessary to decrease the speed of rota-
tion of the container 3 sufficiently so that gravity
will offset the centrifugal force and the pellets
will slide inwardly down the wall 13 to the dis-
charge apertures i6. The liquid and the pellets
will discharge through the aperture 16 into the
chute 4 which may direct them into suitable ap-
paratus where the pellets will be strained from
the liquid. »

In the practice of my method, for example in
the shotting of molten metal, the metal is melted
and poured into the funnel | from which it issues
in the form of the thin stréam S. The speed of
rotation of the spinning dish 2 into which the
stream of molten metal drops is regulated ac-
cording to the size of shot particle desired and
is proportional to the rate of delivery to it of the
molten metal from the funnel 1 and to the
fluidity of that metal. The fluidity of the molten
metal is related o its chemical composition and
temperature. The temperature range for sabis-
factory shotting. of the molten metal is related
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to the melting point of the metal. I have found
it advantageous to have the temperature of the
molten metal entering the funnel { about 200° P,
to 250° F. above:the liquidus temperature of the
metal or composition being shotted. Such an
amount of super-heat was found to be sbout the
minimum to allow free flow from the discharge
orifice of the funnel, was all that was needed for
the centrifugal disintegration, and allowed for
the withdrawal of a minimum of heat for solidi-
fication of the globules. The maximum usable
temperature is determined by the horizontal
thickness or extent- of the revolving wali of
liquid, which in the case of forming metal shot
will be water, into which the shot particles are
thrown. Sufficient heat must be removed from
the globules in their travel through the water
wall to cause their solidification into shot
particles before they contact the inclined side
wall 12a of the container 3. The greater the ex-
tent of the water wall, in the direction of travel
of the particles thrown thereinto, the higher can
te the amount of super-heat in the metsl. It is
evident that, for numerous reasons, it would he
uneconomical fo super-heat above the melting
point of a metal to an extent greater than that
required to successfully disintegrate the molten
metal into globules. Following are examples of
two specific metals illustrating operable and in-
operable shotting temperatures:

Example 1
Material:
A 0.45% carbon steel having s melting point
(liquidus temperature) =2730° F.

Satisfactory shotting has been obtained with
the molten steel being delivered to the receiving
receptacle, which in turn discharges a stream of
metal from an orifice onto the shotting dish, at a
temperature of 2925° . plus or minus 50° F.

With the metal temperature at 2840° F., metal
froze in the orifice from the receiving receptacle
from which it was intended to be discharged at a
controlled rate onto the shotting dish.

Using metal temperatures above 3050° F., the
majority of metal-shot particles from the shot-
ting dish passed through the water wall and were
not solidified when they first contacted the sur-
face of the water container. This resulted in a
fusion together of the shot particles into a mat-
like mass on the container wall.

Example 2
Material:
A high carbon and silicon content cast-iron
composition having a melting point=2260°

Satisfactory shotting was obtained with a
metal delivery temperature of 2490° F.

A shotting temperature of 2640° F. proved too
high. The shot were fused together into a mat
on the wail of the container.

As previously indicated, the angularity of the
side wall of the spinning dish 2 is such that the
centrifugal force tending to disintegrate the
molten material and throw it from the dish is
offset to a certain degree by such inclined wall
up which the molten metal must climb before
being thrown tangentially from the dish. This
retardation of discharge from the dish results in
a more uniform distribution of the globules
thrown from the periphery of the dish and also
aids in forming the smaill separate globules and
imparting to them substantially spherical form.



2,489,772

9

It is preferred to maintain a slight head of
molten metal in the bottom of the dish.

With regard {o the speed of rotation of the dish
2, the table below illustrates the effect of spin-
ning rate on shot size. This table is the screen
analysis of a 0.40% carbon steel product pro-
duced with three different spinning dish speeds
of 810, 1000 and 1220 R. P. M., which provided
peripheral velocities of 22.5, 27.7 and 33.8 feet per
second, respectively. The metal-pouring teme.
perature was constant at about 2950° F. and the
average rate of metal delivery to the spinning
dish 'was 2.15 1bs. per second. .To illustrate the
way in which the rotational speed of dish 2 modi-
fies the size of the particles produced, at the bot-
tom of the table are given the percentages of
particles within the range of through 12, on 35
(.055-inch to .0164-inch diameter) for the three
spinning speeds, and it is shown that, as the
speed is increased from 810 to 1220 R. P. M., this
percentage increases from about 50 to nearly 90
per cent. This is a range of size which is much
in demand by industry for shot peening, but
these data are introduced principally to show the
flexibility of my method and apparatus and in
what way the size distribution of the product can
be controlled, which feature has been almost
totally lacking in prior methods.

- -8creen Mesh Lot 2 Lot 4

Cum.
Wwt.
Per

Cent

Cum.
Wt.
Per

Cent

wt.
Per
Cent

Wt.
Per
Cent

Through | On

Per cent in range through 12 on 35 (0.055 in. to 0.0164 in diameter)

50. 67 76.11 89,14

I’eﬁpheral
. Velocity, .
ft./sec.

R.P. M.

Lot 2
Lot 4
Lot 3

810
1,000
1,220

The upper peripheral edge of the spinning dish
2 ig disposed substantially gbove the collecting
pocket {4 in order that the shot will not build up
directly opposite the point where it first enters
the water. As shown in Figure 3, when the
globules are thrown from the upper edge of the
dish, they will travel in g substantially horizontal
path and, as indicated in Figure 2, this path will
be substantially tangential to the periphery of

the dish. By providing the revolving container

3 for the water with its axis of rotation the same
as that of the spinning dish 2, the inner surface
W of the revolving wall of water becomes cylin-
drical and closely perpendicular to the direction
from which the shot is cast from the spinning

dish when the speed of rotation of the container-
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10
3 is above a certain minimum. This minimum
speed is expressed by the formula:

— &
N—264.3\/ ooy

Where all units of measurement are in inches
and:

N=R.P. M.

H=Maximum vertical heigh{ of liquid cooling
medium

Rr=Radius of inner wall surface of liquid media
at its fop

Rp=Radius of inner wall surface of liquid media
at its bottom.

Since the water wall is revolved substantially
normal to the almost horizontal but slightly arcu-
ate path of movement of the globules from the
spinning dish into the wall of water, flattening
of the globules upon striking the water is pre-
cluded. At the time the globules strike the water
they are still in molten condition, but because the
water is revolving and the globules are entering
thereinto substantially normal to the surface of
it, further spinning of the globules results and the
tendency for them to flatten upon striking the
water is overcome. Consequently, the spherical
shape of the globules is maintained and they will,
therefore, solidify into substantially spherical
shot after entering the water. Also, because the
surface W is substantially normal to the path of
travel to the globules, the globules will enter into
the water rather than glance off the surface
thereof which would happen if the surface was
hot substantially normal to the path of travel of
the globules. :

By providing the wall of water with its inner
cylindrical surface W positioned about the spin-
ning dish and extending essentially vertically for
some distance above and below the dish, the dis-
tance between the edge of the dish and the sur-
face of the water can be regulated very closely
and this distance can be very short. In this
manner, the fine globules of metal enter the water
almost instantaneously after being thrown from
the periphery of the dish and, consequently, are
given practically no opportunity to ignite or burn
to metal oxide. The distance between the spin-
ning dish and the water is such that the globules
of metal will enter the water before they have
solidified. This distance can be regulated merely
by varying the amount of water in the confainer
3 -after the contalner reaches a given minimum
speed of rotation. Thus, to control this distance
it is merely necessary to control one variable.

The wall of water must be of sufficient extent,
in the direction of travel of the globules which
énter thereinto, that the globules will be cooled
by the liquid to the solidification point before
they strike the angular wall 12q of the container.
As 'the globules enter and pass through the water
they traverse a lengthened arc-like path from
their - point of entry into the water. For this
reason, a relatively small amount of water is re-
quired: to- obtain sufficient cooling of the shot
particles before they hit the sloping wall {24 of
the container. As a result, less water for cooling
may be employed and, consequently, the appa-
ratus will be less costly to operate because less
power is required to rotate the container 3. The
angularly disposed walls 12a and (3¢ are thus
so disposed relative to each other that a minimum
amount ‘of ‘water may be supplied and still the
water will-be:of sufficient depth or extent in the
direction of travel of the particles of metal.. Thus,
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the apparatus can be made much smaller than
prior art apparatus.

Before the particles strike the sloping wall
12a, they are in solidified form, as previously in-
dicated. The particles are quench-hardened dur-
ing their passage through the water. When the
particles do strike the wall 12q, they are moved
by the action of centrifugal force against the
container wall 12¢ downwardly into the pocket
{4 where they are collected for removal. The
angle of this wall 12a is preferably less than
45° from the horizontal to prevent bridging of
the particles outwardly from the wall at a level
substantially corresponding to that of the upper
edge of the dish 2. This wall serves to direct the
quenched shot out of the path of the incoming
shot as well as to. direct the shot into the pocket
4 from which it may be removed as a batch, at
intervals along with the quenching medium, in
the manner previously described,

1t is apparent from the above description that
I have provided an improved method for shotting
metals which is performed in apparatus compris-
ing g throwing dish, means for charging molten
metal onto said rotating dish to be comminuted,
and an annular rotatable container member dis-
posed about said dish for retaining the ceoling
liquid, such container being provided with an
outwardly sloping side wall disposed in line with
the path of the shot thrown from the dish. The
speed of rotation of the annular container, while
containing the liquid cooling medium, will be such
as to provide a liquid wall normal to the direction
in which the shot is thrown. Furthermore, the
wall of the container is provided with a pocket for
collecting the shot.

By practicing the present invention, more uni-
form and more rapid cooling of the molten metal
shot is provided. Furthermore, the apparatus for
accomplishing my shotting method may be small
as compared to the apparatus necessary for per-
forming prior art processes. The particular con-
struction of the apparatus which I use in per-
forming my process collects the shot below the
line of fravel of the shot thrown from the dish.
Consequently, piling up. of shot against the wall
of the annular container is prevented: so that the
extent of the water necessary to solidify the shot
material is less, which results in longer ceoling
time and less danger of adherence of the: shot
particles to one another.

The relatively uniform and rapid rate of heat
extraction from the metal particles, as is pro-
vided by the revolving water wall into which
the particles are directly thrown, not only pro-
vides means of preventing the ignition and burn-
ing of steel droplets, as would occur in air, but
also provides & uniform gquench hardening for
shotted plain carbon and low alloy steels. Thus,
the process of this invention provides a hardened:
steel shot particle as-produced which needs no
subsequent hardening, heat treatment. to provide
the hardness desired for shot particles for use

in peening the surface of metal articles to im-

prove their fatigue endurance and hence pro-
long their useful life.

Hardness determinations made on. three lots
of steel shot, produced by my process and having
carbon contents of 0.42, 0.45 and 0.53% gave their
average Rockwell C hardness- as 59.5, 61.0 and
62.0, respectively, These hardness values are
about the maximum hardnesses recognized as be-
ing obtainable for such. carbon content steels.
(See A. S. M. Trans., vol. 26, page 14, 1938.)
Thus, it is evident that the cooling rate attained
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for steel shot particles by the process. of my in-
vention exceeds the critical cooling velocity re-
quired for developing full hardness.

- 'The commercially available prior art shot which
has been used most widely during the develop-
ment period of surface metal peening, and which
industry desires to be replaced by a shot of im-
proved toughness for longer and more efficient
service life, is a white cast-iron shot. This iron
shot may have sufficient hardness, but lacks in
the needed toughness to keep it from readily frac-
turing and providing an sbrading action in place
of the desired peening action, Comparative
breakdown tests of 0.40 per cent carbon steel shot
of this invention in the “as-produced” hardened
condition and the prior art white-iron shot were
made in industrial blasting equipment. It was
shown that this “as-produced” hardened steel
shot had five to six times the life of the prior art
white-iron shot. Another similar breakdown test
using the steel shot after it had been given a low-
temperature fempering treatment at 600° F,,
which is essenﬁially the stress relief treatment
given the prior art white-iron shot, and which
reduced its hardness to 48 Rockwell C, showed a
further marked superiority for the steel shot
made by the process of my invention. It was
found that this tempered steel produet withstood
300 passes through the blasting equipment with-
out an appreciable amount of the shot fracturing.
This is to be contrasted to a breakage under the
same condition of use of 55 per cent of the “as-
produced” hardened steel shot in 65 passes, and
a breakage of 70 per cent for the prlor art white-
ironshot in only 20 passes.

It can be stated, as a general rule, that the:
harder the metal to be peened, the higher is the
hardness needed for the shot, and the more rapid
will be the shot breakdown. Also, it is thought
that.no beneflt is to be derived from a shot hard-
ness more than 2 to 4 peints Rockwell C higher
than the work being peened. Since a hardened:
steel: shot, such as producible by my improved
shotting method, can: be reduced readily in hard-
ness to controlled levels by simple: low-tempera-
ture. tempering treatments, while the prior art.
white-iron: shot cannot be so altered by low-
temperature tempering, the desirability of hav-
ing a method and apparatus for shotting steel in
the manner of the present. invention becomes
evident.

There are many other industrial applications
in-which a. fully hardened, or hardened and tem-
pered, steel shot particle, made industrially avail-
able by the process of the present invention, is
applicable and will be found more economically
and technologically advantageous to use than the
prior art white-iron shet which is more brittle
and, hence, more readily fractured than the
hardened steel shot.

Other metals than steel can likewise be shot-
ted by the process. of the present invention to
provide a suitable shot. particle medis for surface
peening machine parts made of other metals or
alloys- than steel. For example, it is desirable
to have available a stainless-steel-base shot for
blasting stainless steel; a. copper-base alloy for
klasting copper-hase alloys, etc.

The present invention also provides a means
for ferming sieel, copper, bronze, stainless. type
steel, Hadfield manganese steel, and other metals
and glleys in: & rounded shot particle form suit-
able for use in certain so-called “powder metal-
lurgy” applications wherein small rounded par-
ticles of metal are applicable and in some in-
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stances essential to provide a desired high poros-
ity in the articles formed by powder metallurgy
techniques. =

Metal particles may be formed by the method
of this invention which are in a suitable condi-
tion and particle size for further ready com-
minution by mechanical crushing means to grif,
flake, or powder-like particles which find appli-
cation in numerous industrial processes, among
which is the powder metallurgy industry, which
is relatively young and is rapidly expanding. as
to the number and types of metals and alloys
adaptable in that industry and required in a
finely comminuted form.

Havmg thus described my mventmn What I
claim is:

1. A method of forming solidified particles
from molten material which comprises discharg-
ing the molten material in the form of a thin
vertical stream upon a member rotating about a
vertical axis which disintegrates the stream into
globules and throws them outwardly substan-
tially tangentially therefrom through the
ambient atmosphere along a substantially hori-
zontal path, said rotating member being disposed
concentrically within an annular container con-
taining quenching liquid for cooling said globules,
rotating the container at a minimum speed ex-
pressed by the formula:

/ H
N=264.3 Re—Rg

Where all units of measurement are in inches and

N=R. P. M.

H=Maximum vertical height of liquid cooling
medium

Rr==Radius of inner wall surface of liquid media
at its top

Re=Radius of inner wall surface of liquid media
at its bottom,

so that the liquid in the container will be in the
form of an annular revolving body that has its
inner surface substantially vertical, said rotating
member being so located vertically relative to
said body of liquid that the globules will enter
said body infermediate the height thereof.

2. Apparatus for forming solidified particles
from molten material comprising a2 member ro-
tatable about a vertical axis upon which a stream
of the molten material is discharged and which
is adapted to disintegrate the stream into
globules, a liquid container surrounding said
member and adapted to contain quenching liquid
for said globules, said container being rotatable
about a vertical axis, means for rotating said
member and said container, said container being
provided with a guide wall including an outward-
ly and downwardly sloping guide section spaced
from said member, said member being at a level
substantially above the lower edge of said sloping
guide section.

3. Apparatus according to claim 2 wherein
said sloping guide section is disposed at an angle
of less than 45° relative to the horizontal.

4, Apparatus for forming solidified particles
from molten material comprising a member ro-
tatable about a vertical axis upon which a stream
of the molten material is discharged and which
is adapted to disintegrate the stream into
globules, said member being dish-shaped, a liquid
container of annular cross section surrounding
said member and adapted to contain quenching
liquid for said globules, said container being ro-
tatable about the vertical axis of said dish-shaped
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member means for rotating said dish-shaped
member and said container, said dish-shaped
member being spaced from the side wall of said
container, said side wall including an outwardly
and downwardly sloping guide section of sub-
stantially frusto-conical form, said section being
disposed at an angle of less than 45° relative to
the horizontal, said member being at a level sub-
stantially above the lower edge of said sloping
guide section.

5. Apparatus according to claim 4 wherein said

rotating means includes means for independently
rotating said dish-shaped member and said con-
tainer.
6.  Apparatus for forming solidified particles
from molten material comprising a member ro-
tatable about a vertical axis upon which a stream
of the molten material is discharged and which
is adapted to disintegrate the stream into glob-
ules, said member being dish-shaped, a liguid
container of annular cross-section surrounding
said member and adapted to contain quenching
liquid for said globules, said container being ro-
tatable about the vertical axis of said dish-shaped
member, means for rotating said dish-shaped
member and said container, said dish-shaped
member being spaced from the side wall of said
container, said side wall of said container being
formed by an upper guide section of frusto-
conical form which is at an angle of less than
45° relative to the horizontal, and an inverted
frusto-conical section joining the upper section
to form a particle collecting pocket, said pocket
being located below the level of said dish-shaped
member.

7. Apparatus for forming solidified particles

" from molten material comprising a member ro-
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tatable about a vertical axis upon which a stream
of the molten material is discharged and which
is .adapted to disintegrate the stream into glob-
ules, said member being dish-shaped, a liquid
container of annular cross-section surrounding
said member and adapted to contain quenching
liquid for said globules, said container being ro-
tatable about the vertical axis of said dish-shaped
member, means for rotating said "dish-shaped
member and said container, said dish-shaped
member being spaced from the side wall of said
container, said side wall of said container being
formed by an upper guide section of frusto-.
conical form and an inverted frusto-conical sec-
tion joining the upper section to form a particle
collecting pocket, said pocket being located below
the level of said dish-shaped member, said lower
section extending to the bottom of the container,
said bottom of the container being provided with
discharge apertures.

8. Apparatus according to claim 7 wherein said
upper guide section is at an angle of less than
45° relative to the horizontal.

9. A method according to claim 1 wherein the
rotating member is dish-shaped in order to exert
a retarding action on the molten material so as
to ensure formation of the molten material into

_globules before leaving such member.

10. A method according to claim 1 wherein the
distance through which said globules travel in
the atmosphere before striking said revolving
body of liquid is such that oxidation of the glob-
ules before striking the liquid is precluded and
such that the globules will be molten when they
strike the liquid.

11. A method according to claim 1 wherein the
rotating member is dish-shaped in order to exert
8 retarding action on the molten material so as
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to ensure formation of the molien material info
globules before leaving such member, and wherein
the distance through which said globules travel
in the stmosphere before strikirig said revolving
body of lquid is such that oxidation of the glob-
ules before striking the liguid is precluded and
such that the globules will be molten when they
strike the lquid. :

12. A method zccording to clainr 11 wherein

the body of liquid is of sufficient extent irt the ¥0 Number

direction of travel of said globules fherethrough
that the globules will be solidified completely
before striking the outer wall of the container.

13. A method according to claim 1 wherein the

molten material discharged upon the rotating g

member is at a teinperature approximately 200° F.

16
to-250° ¥, above the Haquidus temperature of such
meaferigl
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