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5 Claims. 
In the combination of solid materials, for ex 

ample in the reduction of metal to powder, it is 
usually difficult to obtain a high yield without ex 
cessive comminution of part of the material. 
Moreover, for economical working it is necessary 
to reduce the bulk of the charge of raw material 
to powder before removing it from the pulveriz 
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ing mill. If the pulverizing - operation is con 
tinued until the bulk of the charge has been com 
minuted, i. e. a high yield of powder is obtained, 
then it is inevitable that a material proportion 
of the resultant powder will be reduced to a very 
fine dust and there will be a continuous range of 
particle sizes within relatively wide limits. Thus.’ 
the resultant powder will in no way be uniform 
and in Some cases such as the production of so 
called bronze powders the fine dust can only be 
regarded as waste. On the other hand, if the pull 
verizing operation is interrupted before there is 
any excessive comminution, i. e. comminution 
beyond the desired lower limit, then the yield is 
Small. If then further raw material is intro 
duced to maintain a constant quantity of mate 
rial under treatment, there is a danger during the 
next pulverizing operation of excessive comminu 
tion of the material which has already been par 
tially pulverized, whereas, if after the com 
minuted material of the desired size has been 
withdrawn, the pulverizing operation is con 
tinued with the remaining material, the quantity 
of material being subjected to comminution pro 
gressively decreases and the pulverizing mill is 
not utilized up to capacity. Whatever mode of 
operation is employed, provision must be made 
for the very complete separation of the product of 
the desired fineness from the coarser material. 
The present invention has for its object to pro 

vide methods and apparatus enabling a far 
reaching control of the pulverizing operation, and 
whereby solid material can be comminuted with 
Otat the production of excessively fine particles 
and with the continuous utilization of the full 
capacity of the pulverizing mill. A further object 
is to provide a method and apparatus for the 
complete separation of the desired comminuted 
material from the coarser material. 
With these objects in view, the present inven 

tion makes use of the following considerations 
which have been confirmed by experiment. 
The treated material can be withdrawn from . 

the action of the mill before excessive reduction 
of any appreciable proportion by following the 
well known method employed in ball mills in the 
production of metal powders, more particularly 
the so-called "bronze powders,” namely by pass 

(C1. 83-93) 
ing a gas stream through the mill at an appro 
priate speed. Substantially complete separation 
of the product of the desired degree of fineness 
from the coarser material can be attained satis 
factorily by mechanically sifting the material .. 5 
withdrawn from the mill, while for the coarser 
product to be further comminuted but to a lesser 
extent than fresh material it is necessary to use 
a separate mill for the further reduction of the 
partially reduced material unless provision is 10 
made for causing the partially reduced material 
to be exposed to a part only of the action of the 
mill to the full action of which the fresh mate 
rial is subjected. 
In order that the invention may be more read 15 

ily understood, reference will now be made to the . 
accompanying drawings which show apparatus 
suitable more particularly for the production of 
lamellar metal powders (bronze powders). 

Fig. 1 is a diagrammatic view showing a com- 20 
plete installation in accordance with the inven 
tion. 3. 

Fig. 2 is a diagrammatic representation of an 
alternative form of installation in accordance . 
with the invention. 25 

Fig. 3 shows on an enlarged scale the construc 
tion of the arrangement for the simultaneous and 
separate introduction of coarse and partially pull 
verized material into the pulverizing mill. 

Fig. 4 is a detail view of the feed hopper for 30 
coarse material. w 

Figs. 5 and 6 are further details showing a pre 
ferred arrangement for introducing coarse mates 
rial into the feed hopper. 

In Fig. 1 the material to be pulverized is intro- 35 
duced into the ball mill or other rotary pulveriz 
ing mill by way of the hopper 2 and the worn 
conveyor 3. The ball mill is driven by the motor 
4 by way of the gear train 5, 6, 7, 8, while the worm 
conveyor 3 is driven independently by the motor 40 
70 by way of the variable speed transmission 
7. A fan or blower 9 driven by a motor f0 causes 
a current of air to circulate through the ball mill 
and a filter f, cyclone or like device for sepa 

rating solid particles from a gas stream. The di- 45 
rection of circulation of the air stream is indi 
cated by the arrow 2. 
The material pulverized in the ball mill is 

carried by the air current to the filter where it 
is entirely separated from the air stream which 50 
latter is, directed back to the drum through the 
conduit f3. 
The solid material separated from the air 

stream in the filter drops to the lower part 
of the filter housing which is provided with a 55 
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sight glass 4 so that the quantity of pulverized 
material present within the housing can be de 
termined by inspection. Beneath the sight glass 
the housing is connected by Way of a rotary valve 
f5 to a sifter 6 which by a mechanical Screening 
Operation Separates the material which has at 
tained the desired degree of comminution from 
the material which is not sufficiently com 
minuted. The material which is sufficiently fine 
is discharged from the pulverizing system by Way 
of a conduit 7 which passes by way of a rotary 
valve 8 to polishing drums f 9. The material 
which is too coarse passes from the sifter 6 by 
Way of conduit 20 to a rotary valve 2 whereby 
the material can be re-admitted in regulated 
quantity into the pulverizing system. The mate 
rial admitted by the rotary valve 2 f is introduced 
into the air stream by means of the mixing tube 
22 and enters the ball mill together with the 
gas current through the hollow shaft 23 of the 
Worm conveyor 3. The rotary valves 5, 8 and 
2 are of the type provided with a number of pe 
ripheral pockets so that in the rotation of the 
valves the material introduced into the pockets 
On one side is discharged on the other side with 
out any direct connection being produced between 
the two sides. 
As the partially pulverized material is re-in 

troduced into the ball mill with the gas cur 
rent through the hollow shaft 23 the gas cur 
rent carries it beyond the range of action of 
the balls nearest the hollow shaft 23. The 
greater the strength of the gas current through 
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the shaft 23, the farther the partially pulverized 
material is injected into the ball mill and the 
less it is subjected to the pulverizing action of the 
ball mill. In addition there will be a tendency 
for the lighter components of the partially pull 
Verized material returned to the ball mill to be 
carried farther into the mill than the heavier 
components and thus subjected to a lesser pull 
Verizing action, as is desirable. This effect can 
be augmented by making use of the known ball 
mill of tapering cross section furnished with balls 
of different weights. The maximum cross section 
and heaviest balls are at the inlet end, where in 
consequence the maximum pulverizing action is 
exerted. 
To maintain a constant quantity of material 

under treatment in the pulverizing system so as 
to ensure a high degree of uniformity in the prod 
luct, the worm conveyor 3, which is driven by 
the independent motor 70 and the variable trans 
mission 7 f, is driven at such speed as to intro 
duce into the ball mill , the same quantity of 
material as is discharged from the pulverizing 
System to the polishing drums 9 by way of the 
rotary valve 8. At the same time the rotary 
Valves 5 and 2 must be actuated at such speed 
that material is discharged from them at the 
Same rate as it is supplied to them. The sight 
glass 4 provided on the filter f enables the 
level of the material to be observed so that by 
appropriate control of the valve 5 the level can 
be kept constant and as for given workihg con 
ditions the proportion of sufficiently finely di 
vided material will be constant, the valve 2 
can be geared with the valve 5 so as to rotate 
at the appropriate Speed. A transmission mech 
anism between the two valves 5 and 2 is indi 
cated at 24. Alternatively, the valve 2f could 
be controlled independently with the aid of a 
sight glass in the same way as the valve 5. 
The mechanical sifter 6 and the rotary valve 

f5 can conveniently be driven from a common 
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shaft 25, the drive to the rotary valve is pref 
erably including a variable transmission 75 So 
that the valve can be controlled without inter 
fering with or modifying the operation of the 
mechanical screen 6. Where the device for 
separating the solid material from the air stream 
involves moving parts, these may be driven from 
the same shaft 25 as indicated in Figure 1. If a 
number of Systems as illustrated in Figure 1 are 
arranged side by side, a common drive shaft 72 
may be provided from which the individual shafts 
25 are driven. 
The polishing drums 9 shown are of the cus 

tomary type consisting of Stationary cylinders 
within which brushes are rotated by means of a 
motor 28 and a gear train. 29, 30, 3, 32, 33, 34. 
The powder passes from the upper to the lower 
polishing drum by a pipe 35 and the polished 
powder is discharged from the lower polishing 
drum into the collecting receptacle 36. 

It is frequently necessary to provide an inert 
gas atmosphere in the polishing drums and pro 
vision is therefore made for passing gas through 
them by means of the pipe system 37, 38. These 
pipes do not form part of the main circulatory 
system as the pressure and rate of flow of the gas 
in the polishing drun is small in comparison with 
the pressure and rate of flow in the pulverizing 
System. In order to obtain satisfactory polishing 
it is frequently desirable to introduce a lubricant 
into the polishing drums 9 with the powder to 
be polished. For this purpose a lubricant dis 
pensing device indicated at 73 in Fig. 1 is pref 
erably associated with the rotary valve 8, so 
that each time a given quantity of powder is in 
troduced by the valve 8, a corresponding quan 
tity of lubricant is simultaneously introduced 
from the dispensing device 73. 
When it is necessary to supply lubricant to the 

pulverizing mill i, the lubricating material may 
be introduced with the coarse material by way of 
the hopper 2. In many cases, however, it is un 
necessary to lubricate the coarse material and in 
most cases it is advantageous to introduce the 
lubricant into the pulverizing system together 
with the partially pulverized material which is 
re-introduced for further treatment. To enable 
this to be done, a lubricant dosing device 74 is 
asSociated with the rotary valve 2 so that each 
time the valve admits a predetermined quantity 
of partially pulverized material a corresponding 
quantity of lubricant is admitted simultaneously. 
The association of the dispensing devices 73, 

74 with the rotary valves 8, 2 not only enables 
an accurate dosing of the lubricant to be effected, 
but in addition ensures the uniform distribution 
of lubricant among the material to which it is 
added. 

Fig. 2 shows an arrangement which in its es 
sential components is the same as that shown in 
Figure 1 and corresponding reference numerals 
are employed to indicate corresponding parts. 
Certain elements of Figure 1 which may be em 
ployed in conjunction with Figure 2 are not 
shown, more particularly the mechanism for 
driving the rotary valve 5, the transmission be 
tween the rotary valves 5 and 2 and the lubri 
cant dosing devices associated with the valve 2 
and 8. The arrangement according to Figure 2 
differs primarily from that of Figure 1 in that the 
gas circuit for the pulverizing System and the 
gas circuit for the polishing drums are intercon 
nected so that the constitution of the gas can 
be controlled from a common point. In addi 
tion a conduit 39 is provided leading from the 
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pressure conduit 40 of the blower to the conduit 
4 leading from the drum to the filter if so 
that if necessary the entire gas current from the 

10 

blower 9 can be directed solely through the filter 
and not through the drum by closing the valves 
42 and 43. In the normal course the current of 
gas passing through the drum is regulated by 
means of the valve 43. In addition a conduit 44 
is provided between the pressure conduit 40 and 
the lower end of the conduit 4 to enable a 
powerful jet of gas to be injected into the con 
duit in the upward direction to assist the con 
Veyance of pulverized material to the filter f. 
A valve 45 serves to control the passage of gas 
through the conduit 44. A further conduit 46 
exists between the pressure conduit 40 and the 
lower part of the mixing tube 22. This conduit 
46 is provided with a valve 47 and can serve two 

25 

purposes. It may be utilized to clear any obstruc 
tion of material in the hollow tube 23 forming the 
shaft of the worm 3 and in addition it may be 
employed for controlling the composition of the 
atmosphere within the pulverizing mill . By 
associating the valve 47 with a mixing tube device 
of the same character as the mixing tube 22 a. 
volatile liquid such as furfural, furfuryl alcohol 
or varnolene, can be introduced into the pull 
verizing apparatus to reduce the oxidizing tend 
ency of or the proportion of oxygen in the gas 
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atmosphere in the apparatus. The volatile liquid 
is preferably introduced in such proportions that 
under the conditions obtaining in the mill it is 
completely volatilized. For certain purposes 
more particularly when the apparatus is emi 
ployed for the production of metal powder such 
as bronze powders, it is necessary to reduce the 

: oxidizing tendency of the atmosphere. 
In the arrangement shown in Figure 2 the sup 

ply of gas to the polishing drums is effected by 
Way of the conduit 48 and after passing through 
the polishing drums the gas enters the main 
circulating stream of the pulverizing system by 

50 

passing through the conduit 49 to the lower part 
of the filter . . A further conduit 50 leads from 
the pressure conduit 40 to the point at which 
the constitution of the gas for the polishing drums 
is controlled and completes the conduit system 
for the circulation of gas through the polishing 
drums. In this way the control of the gas at 
mosphere is more precise in the polishing drums 
than in the pulverizing system where an equally 
high degree of precision is in general not neces 
sary. In addition the pressure at which the gas 
is supplied to the polishing drums and the rate 
of flow of the gas through the polishing drums 
can be much lower than the corresponding valves 
in the main pulverizing system. In particular it 
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is necessary that there should be a slower rate 
of flow in order that the fully pulverized mate 
rial which is being polished should not be swept 
out of the drums by the gas current which is 
provided essentially for the purpose of ensuring 
the correct constitution of the atmosphere within 
the polishing drums. 
The preferred construction of the worm con 

veyor 3 and of the associated hollow shaft 23 
which forms the subject matter of my co-pend 
ing application of even date is shown on a larger 
scale in Figure 3 where the hopper 2 and the 
pulverizing mill are indicated in fragmentary 
re. - - - - - - 
The shaft 23 is rotated by means of the gear 

wheel 84 keyed to the shaft by the pins 85. The 
mechanism for imparting the drive to the gear 
wheel 84 is not shown in Figure 3. The rate at 

3 
which the material is fed from the hopper 2 to 
the interior of the drum is determined by the 
rate at which the worm 3 is caused to rotate by 
means of the gear wheel 84. The right hand end , 
(Figure 3) of the shaft 23 is mounted in spaced 
bearings 87 accommodated in the fixed housing 
88. Packing rings 89 are provided between the 
fixed housing and the shaft adjacent the hopper 
2 and a similar packing ring 90 is provided at 
the extreme right hand end of the shaft 23. On 
either side of the gear wheel 84, felt washers 9 
or the like are provided between the housing 88 
and the shaft 23 to prevent the lubricant sup 
plied to the bearings 87 from escaping. At the 
outer end of the shaft 23 the housing 88 has an 
extension 92, to which the supply conduit 93 is 
attached by means of a clamping band 94. The 
extension 92 is secured to the fixed housing 88 
and the latter is secured to the hopper 2 by 
means of bolts 95. The conduit 93 serves for the 
re-introduction of the partially comminuted ma 
terial into the drum f. 

Particularly when the gas circulating in the 
pulverizing system is not atmospheric air, it is 
advisable to prevent any escape of gas from the 
system when the hopper 2 is being recharged. 
For this purpose a slide valve 5 (Figure 4) is 
provided at the lower end of the hopper and is 
adapted to be positioned across the conduit lead 
ing from the bottom of the hopper so as to iso 
late the hopper 2 from the main pulverizing Sys 
tem. The hopper itself is constructed in the 
form of a housing 52 provided with a filling aper 
ture closed by a door 53. To ensure that the door 
53 is not opened before the hopper 2 has been 
isolated from the main pulverizing System by 
closing the slide valve 5, the catch 54 serving to 
hold the door 53 in the closed position is pref 
erably linked with the valve plate 5 so that the 
door cannot be opened unless the valve plate 5 
is in the closed position which is indicated in 
broken lines in Figure 4. For this purpose, in the 
construction shown in Figure 4 the catch 54 is 
provided with a downwardly extending rod 55 
carrying the operating handle 56. The lower part 
of this rod 55 is constructed as a rack bar 57 
which engages with a pinion 58. Rigidly con 
nected with the pinion 58 is a further pinion 59 
which engages in a rack 60 formed on or asso 
ciated with the valve plate 5. Thus when the 
catch is raised into the dotted line position to 
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enable the door 53 to be opened the plate 5 f is 
automatically interposed to isolate the hopper 
from the main pulverizing system. Similarly 
when the catch 54 is lowered to retain the door 
53 in the closed position the plate 5 f is auto 
matically withdrawn so that the contents of the 
hopper can pass to the pulverizing mill by way of 
the worm conveyor 3. 
To facilitate the introduction of the charge of 

untreated material into the hopper 2 use is pref 
erably made of the arrangement illustrated in 
Figs. 5 and 6. Rotatably arranged within the 
hopper in alignment with the opening closed by 
the door 53 is a cylindrical cage 6 which may 
be closed over half its periphery as shown in Fig. 
6. Provided in the cylindrical cage are two 
grooves 62 and 63 which are disposed diamet 
rically opposite one another and extend parallel 
to the axis of the cylinder. A semicylindrical 
tray 64 provided at one end with a correspond 
ing semicircular end plate 65 and at the other 
end with a circular end plate 66 on which a 
handle ST may be provided, is filled with the 
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material which is to be introduced into the hop-7s 
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per. The tray B4 has lateral rails 8 and 9 
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which are adapted to engage in the grooves 62 
and 63 in the cylindrical cage 6. The filled 
tray can thus be inserted into the rotary cage 6 
and thereafter the cage and tray rotated in con 
mon within the housing 2 so as to empty the 
contents of the tray 64 into the hopper. If de 
sired provision may be made for rotating the 
cage and tray after the door of the hopper has 
been closed. In this way any desired quantity 
of raw material can be introduced into the hop 
per in a simple and convenient manner. 

claim: 
1. An apparatus adapted for powdering metal 

comprising, in combination, a ball mill having 
inlet and outlet ports at opposite ends thereof, 
a screw conveyor for delivering primary raw 
material to be powdered to the inlet port, a 
closed conduit System including a separator con 
necting the outlet and inlet ports of said mill, 
the inlet end of said conduit system terminating 
in spaced relationship inwardly of the inner end 
of said screw conveyor of the raw material, means 
for causing a flow of gas through said conduit 
system and mill, said conduit system including 
means for pneumatically returning the inade 
quately powdered portion to the inlet end of the 
mill and for pneumatically projecting the mate 
rial into the mill by a gas blast of sufficient in 
tensity to deposit the material along the mill 
according to its size. 

2. An apparatus adapted for powdering ma 
terial, more particularly metal, comprising, in 
combination, a ball mill having inlet and outlet 
ports at opposite ends thereof, mechanical feed 
ing means for delivering primary raw material 
to be powdered, to and through the illet port, a 
closed conduit System including a separator con 
necting the outlet and inlet ports of said mill, the 
inlet end of said conduit System terminating in 
spaced relationship inwardly of the inner end 
of said feed means of the raw material, the sep 
arator Serving to separate the inadequately pow 
dered portion from the remainder, said conduit 
System including means for pneumatically re 
turning the inadequately powdered portion to the 
inlet port and for pneumatically projecting the 
material into the mill by a gas blast of Sufficient 
intensity to deposit the material along the mill 
according to its size. 

3. An apparatus adapted for powdering metal 
comprising in combination, a ball mill having in 
let and outlet ports at opposite ends thereof, 
mechanical feed means for delivering primary 
raw material to be powdered to and through the 
inlet port, a closed conduit system connecting 
the outlet and inlet ports of said mill, the inlet 
end of said conduit system terminating in spaced 
relationship inwardly of the inner end of said 
feed means of the raw material, means for caus 

2,194,026 
ing a flow of gas through said conduit system and 
mill, a separator, means for discharging the 
powdered material from the conduit System into 
the separator so arranged that the gas stream 
is prevented from passing through the separator, 
said conduit system including means for pneu 
matically returning the inadequately powdered 
portion from the separator to the inlet port of 
the mill and for pneumatically projecting the 
material into the mill by a gas blast of Sufficient 
intensity to deposit the material along the mill 
according to its size, and means for independent 
ly regulating the rate of delivery of primary raw 
and inadequately powdered material to the mill. 

4. An apparatus adapted for powdering metal 
comprising, in combination, a ball mill having 
inlet and outlet ports at opposite ends thereof, 
mechanical feed means for delivering primary 
raw material to be powdered to and through the 
inlet port, a closed conduit System including a 
separator connecting the outlet and inlet ports 
of said mill, the inlet end of said conduit system 
terminating in spaced relationship inwardly of 
the inner end of Said feed means of the raw ma 
terial, means for causing a flow of gas through 
said conduit system and mill, said conduit Sys 
tem including means for pneumatically return 
ing the inadequately powdered portion to the in 
let end of the mill and for pneumatically project 
ing the material into the mill by a gas blast of 
sufficient intensity to deposit the material along 
the mill according to its size, and means for 
independently regulating the rate of delivery of 
primary raw and inadequately powdered material 
to the mill. 

5. An apparatus adapted for powdering ma 
terial, more particularly metal, comprising, in 
combination, a ball mill having inlet and outlet 
ports at opposite ends thereof, mechanical feed 
ing means for delivering primary raw material 
to be powdered to and through the inlet end, 
a closed conduit System including a separator 
connecting the outlet and inlet ports of said mill, 
the inlet end of said conduit system terminating 
in spaced relationship inwardly of the inner end 
of said feed means of the raw material, the 
Separator Serving to Separate the inadequately 
powdered portion from the remainder, said con 
duit system including means for pneumatically 
returning the inadequately powdered portion to 
the inlet port and for pneumatically projecting 
the material into the mill by a gas blast of Sufi 
cient intensity to deposit the material along the 
mill according to its size, means for indicating at 
the outlet end the total rate of delivery of ma 
terial from the mill, and means for independently 
regulating the rate of delivery of primary raw 
and inadequately powdered material to the mill, 
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