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[57] I ABSTRACT 

The method and apparatus disclosed relates to an im-_ 
proved jet mill in which the material to beground is 
fed into a chamber or zone containing a jet that 
emanates from a nozzle with high velocity, the'materi 
al being in the state of a compact bed and the outlet of 
the nozzle being located beneath the surface o'fjthe 
bed. The bed is preferably a “moved compact bed” 
arranged so that the material to be ground isv fed 
sideways into the jet. Asifter or classi?er for the 
coarse and ?ne material produced in the grinding ' 
operation is arranged above the bed of material in the 
grinding chamber or zone. The compact bed of 
material may be moved in a variety of ways, and the 
volume occupied by it is filled up to the greater part 
with compact granular material. This could be de?ned 
as the ratio of wholly occupied volume to the volume 
of the compact matter, or by the term “compact cur- ‘ 
rent" as commonly employed in the pneumatic trans» 
portation art. 

10 Claims, 20 Drawing Figures 
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FLUIDIZED BED JET MILL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to jet mills and, in par 

ticular, to the mill~type in which the material to be 
comminuted is fed into a gas jet of high velocity 
wherein such material is disintegrated by interparticle 
impact. 

2. Description of the Prior Art 
A jet mill and its operation according to the invention 

is distinct from known types of mills in which the mate 
rial to be ground is speeded up in an injector or by 
means of a gas jet, and subsequently disintegrated by 
impact upon a baf?e plate or by collision with material 
from a jet of the same kind moving in counter direc~ 
tion. Known types of jet mills have in their interior, in 
addition to the gas jet for obtaining size reduction, a 
circulating current of the disintegrating gas by which 
the material to be comminuted is constantly refed to 
the gas jets, and the material which has been suffi 
ciently reduced in size is separated and carried out of 
the mill. 
The methods employed in these prior known jet 

mills, however, have the following disadvantages: 
They have an inherent, very high power consump-. 

tion; 
A very small quantity of material is brought into the 

jet, especially in ?ne grinding processes that require 
high velocities and classification of the ground mate 
rial; 
The jet energy is exploited very incompletely in ac 

tual grinding; 
The efflux velocity of the jets at the nozzles is re 

duced by the counterpressure of the classi?er, and be 
cause of high turbulence in the mill, the classifier or 
sifter operates inefficiently so that it is necessary to run 
it an extremely high velocity requiring considerable 
consumption of pressure to obtain sifting at a high ?ne 
ness of grain. 
Some of the drawbacks referred to are eliminated ac 

cording to German Pat. Speci?cation No. 1,164,806, of 
which the present inventor is a joint inventor. Accord 
ing to the disclosure of this German patent, the gas jets 
are directed from the top down onto the surface of a 
bed of material to be ground which is constantly re 
newed with the aid of a mechanical transport means. 
The design provided in this patent, however, has pres 
ented some mechanical difficulties which up to the 
present have not been overcome. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, the jet mill 
comprises a grinding chamber with a jet or jets 
mounted in its lower portion, the chamber providing a 
grinding zone in which the granular material to be 
ground is comprised of a compact bed in which the gas 
jet nozzle is located and from which a gas jet emanates 
with high velocity. In this arrangement granular mate 
rial is in the state of a “moved compact bed” which is 
preferably moved sideways into the gas jet emanating 
from the nozzle which is located beneath the surface of 
the bed. The energy of the jet is used up to disintegrate 
the granular material in the bed, and while a sitter or 
classifier may be arranged above the bed, it is not oper 
ated by the impetus or velocity of the gas jet. 
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The term “moved compact bed of material” as used 

herein includes all varieties of motion of a granular ma 
terial, the occupied volume of which is filled up to the 
greater part with compact matter. It could be defined 
as the ratio of the wholly occupied volume to the vol 
ume of the compact matter or by the term “compact 
current" as usually used in pneumatic transportation. 
Examples for the motion in the compact bed are: 
the displacing of a solid bed as a whole with the aid 
of a moved support such as, e.g., a conveying belt; 

the displacing of the material within the solid bed by 
means of a continuous conveyor, e.g., screw or 
chain conveyor, insofar as the formation of gaps in 
the material is prevented by a suitable design; 

the slipping down of the contents of a bin by dis 
charging; 

the sliding down (in case of banking-up from below) 
or the shooting down (in case of unhindered move 
ment) on an inclined chute or in an oblique con 
veyor pipe; 

the ?uidized bed; 
the pneumatic pipe transport in the “compact cur 
rent” (with free path of the particles considerably 
shorter than the pipe diameter). 

Tests carried out in connection with the invention 
have shown that the realization of a high-loading of the 
jet with material and the missing or lack of power con 
sumption for producing the circulating current increase 
the grinding efficiency. On the other hand, the higher 
consumption of mechanical or pneumatic energy by 
the separate sifter is insignificant. 
The scope of the basic invention comprehends a plu 

rality of configurations and arrangements such as, e.g., 
for wear protection, arrangement of nozzles, means for 
material circulation, sitters and propellants which can 
be interconnected in a unit-composition manner, the 
most advantageous of which are described in connec 
tion with the drawings. 
According to an extended arrangement of the inven 

tive jet mill, a wear protection can be obtained by en-~ 
larging the air volume above the surface of the material 
bed so that air resistance and gravity are suf?cient to 
retard the ?ying grains of material. The wear by impact 
upon the mill wall then will be tolerable. This arrange 
ment is especially suitable for very ?ne feed material 
because of the short stopping distance of the grains in 
the air. 
As a wear protection, an armour-plate may be pro 

vided, such as, e. g., an easily exchangeable baffle plate 
arranged vertically to the direction of the jet and above 
the surface of the material bed. This is particularly suit 
able as an additional provision in case of a precious 
product that admits of only a small charge of material, 
or if the charge occasionallyis not present, e. g., if the 
mill is emptied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments of the invention are illustrated 
schematically by way of example in the accompanying 
drawings in which the figures are vertical, sectional 
views respectively and further defined as follows: 
FIG. 1 illustrates an embodiment of a jet mill with vi 

brator and rotary lock with chambers, in which the mill 
nozzle is directed perpendicularly upward; 
FIG. 2 illustrates a .jet mill including a mill chamber 

having a perforated bottom for use in fluidizing the ma 
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terial being ground, the mill including nozzles provid 
ing an intersecting jet system and a standpipe lock; 
FIG. 3 illustrates a mill chamber provided with a hor- . 

izontal jet nozzle and with a screw conveyor for effect 
ing inner circulation of granular material; 
FIG. 4 illustrates ajet mill provided with a screw con 

veyor for feeding and inner circulation of material; 
FIG. 5 illustrates a multi-jet mill provided with a ma 

terial stirrer; , 
FIG. 6 illustrates ajet mill provided with a bucket el 

evator for circulation of granular material and with a 
baffle plate located above the material bed in the grind 
ing chamber; 
FIG. 7 illustrates a jet mill provided with pneumatic 

means for feeding material into the jet; 
FIG. 8 illustrates a jet mill assembly including an air 

stream sifter (a spiral air classi?er) in one unit; 
FIG. 9 illustrates a stirrer-type sifter (with counter 

acting blades); 
FIG. 10 illustrates a rising-tube sifter with several zig 

zag-shaped sifting channels arranged in parallel; 
FIG. 11 illustrates a spiral air sifter with one rotating 

front wall and blades generating the rotary current; 
FIG. 12 illustrates a sifter provided with air 

propelling jet nozzles; 
FIG. 13 illustrates a simple rising-tube sifter or classi 

?er; . 

FIGS. 14 and 14a illustrate a combined jet mill rotor 
type classifier with zig-zag-shaped sifting channels, ma 
terial admission along part of the rotor circumference 
and with a screw conveyor for returning the coarse ma 
terial to the jet mill; 
FIG. 15 illustrates a rotor with zig-zag-shaped sepa 

rating channels and arranged for material admission 
along the entire circumference of the rotor; 
FIG. 16 illustrates a nozzle provided with a jet needle 

controlled pneumatically; 
FIG. 17 illustrates a nozzle structure having; an ad 

justable slot; . 
FIG. 18 illustrates a nozzle structure having an annu 

lar slot, and 
FIG. 19 illustrates a jet mill provided with a baffle 

plate adapted to act as a level tracer. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the jet mill, represented in FIG. I, a single nozzle 
3 having a perpendicular axis is located at the foot of 
the funnel-shaped lower part 1 of the mill bin or grind 
ing chamber 2, which is supplied with compressed air 
from an air chamber 4. The feed material to be ground 
is brought through a charging hopper 6, a rotary lock 
with chambers 7 and a ?exible delivery tube 8 into the 
spring-mounted bin 2 which is oscillated by a vibrator 
9, thus causing the material to slide continuously down 
ward into the cavity swept free in the bed 5 by the 
strong jet. This embodiment, in which the jet emanat 
ing from the nozzle is vertical and retarded by the ma 
terial bed, is particularly advantageous since it allows 
rather small bin dimensions and mill contents without - 
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the risk of locating the inner wall of the bin, the feeding-t ‘ 
means and the nozzle itself within the range of wear; 
This design is particularly suited for-coarse and bulky 
materials that are not to betransported by another 
mode. Furthermore, there is the advantage that no 
moving parts within the material are needed; 

65 

4 
In the embodiment shown in FIG. 2, a nozzle plate 10 

of the jet mill carries nozzles 3 placed in such a way 
that their jets'collide with each other at an acute angle. 
The nozzles are supplied with compressed air from the 
air chamber 4. The material to be ground, suitable to 
be ?uidized, is brought into the mill chamber 2 through 
charging hopper 6 and a standpipe 11, and is ?uidized 
byair which flows out of the annular air chamber 12 
through the porous bottom 13 extending around the 
nozzle plate 10 into the material bed 5, thus causing the 
material of the bed to continuously flow into the jets. 
Two or more nozzles may be mounted in the plate 10, 
but at an acute angle to a control axis so that one nozzle 
is not damaged by grains from thejet of another nozzle. 

In FIG. 3 a jet mill with a horizontal nozzle is shown 
in which the material bed 5 is dimensioned so high and 
wide that no particle of material can be forced through 
the material bed by the kinetic energy of the jet. In this 
case when a sheet-metal plate was ?xed above the ma 
terial bed, it did not show any wear phenomena. The 
mill contents is circulated by a screw conveyor 14 
which presses the material sideways into the gas jet 
coming horizontally out of the nozzle 3, that is supplied 
with compressed air from air chamber 4. 

In FIG. 4 the material is passed into the mill bin by 
a screw conveyor 14 which subsequently forces it side 
ways into the jet from nozzle 3, blowing perpendicu 
larly upward, and being supplied with compressed air 
from air chamber 4. Material continuously slides from 
the bed towards and into the screw conveyor 14 which 
continuously forces material inwards into the jet as in 
dicated by the sloping surface 16 of the material bed. 
A bin wall 15 is made conical in its lower part, as shown 
diagrammatically, in order to reduce mill contents. It is, 
of course, possible to furnish this jet mill and as well 
those which are shown in FIGS. 1 and 3 with several 
nozzles and, respectively, with pairs of nozzles, and 
eventually with several screw conveyors provided that 
the lower part of the mill chamber is of adequate size. 
FIG. 5 illustrates an embodiment suitable as a large 

scale jet mill. It is provided with a stirrer l7 having a 
vertical axis 18 or drive shaft. The nozzles 3 of this mill 
which are supplied with compressed air from an air 
chamber 19, are placed as a ring around the stirrer 17. 
The material for the bed 5 is fed to the mill by the con 
trolled double swing flap 20, of any known kind, 
through the duct 21. 
The material 5 to be ground by the jet mill of FIG. 6 

is carried up again and again by the bucket elevator 22 
to the chute 23 on which it slides down hitting sideways 
the upward blowing jet of the nozzle 3 which is supplied 
with compressed air from the air chamber 4. This mill 
is furnished with an easily exchangeable wear 
protecting or absorbing baffle plate 24 mounted verti 
cally above the direction of the jet and above the bed 
of material in the grinding chamber. Raw material may 
be supplied to the bucket elevator. 

In FIG. 7 ajet mill is shown in which the feed mate 
rial is conveyed by a pneumatic transport means as a 
compact current (piston conveyance) and is injected 
sideways into the upwardly blowing jet issuing out of 
the nozzle 3 that is supplied with compressed air from 
the air chamber 4. The material to be ground is fed 
through a charging hopper 6 and the rotary lock with 
chambers 7 into a storage bin 25 from where it is 
brought out by a_blow-through rotary cell lock 26 into 
a duct 27 which is supplied with compressed air 
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through air inlet mouth 28. From the duct 27 the mate 
rial is injected sideways into the jet from nozzle 3. The 
transport means effects both feeding and inner circula 
tion. The height of the material surface 16 inside the 
mill bin 2 is kept at a constant value by an over?ow 
duct 29 which connects mill bin 2 with storage bin 25. 
A separator, sifter or classifier, such as illustrated in 

FIGS. 9 to 15, may be mounted on the mills of FIGS. 
1 to 7. Such a combination unit is illustrated in FIG. 8 
in which a stationary air separator is mounted at the top 
of the jet mill. As it is known, such an air separator or 
sifter consists, in the main, of a flat cylindrical sifting 
chamber 70 and the adjustable guide vanes 30. In the 
same way as shown in FIG. 4, the material to be pro 
cessed is passed into the mill by a screw conveyor 14 
and subsequently forced sideways into the jet from noz 
zle 3, blowing perpendicularly upward, and being sup 
plied with compressed air from air chamber 4. The 
coarse material being separated within the spiral air 
sifter falls back through duct 31 to the screw conveyor 
which forces it into the jet again, whereas the fine 
grained material is carried away at the top of the sifter 
in the air stream through duct 32 for ?nal separation. 
For the same reasons as given for FIG. 4, the bin wall 
15 opposite the screw conveyor is made conical. 
FIG. 9 illustrates a stirrer type sifter, of particular ad 

vantage for ground material of medium fineness, which 
alternatively can be combined with any of the jet mills 
according FIGS. 1 to 7. The rotatable stirrer 33 is, in 
this case, fitted with an exchangeable baffle plate 24 for 
wear protection. The coarse material thrown out from 
the stirrer 33 moves along the inside of wall 34 of the 
sifting chamber back into the bin of the jet mill beneath 
the sifter, whereas the fine material separated by the 
sifter is carried away through a duct 35 for later recov 
ery from the air stream. The stirrer is known from scat 
ter type wind sifters as having “counter-acting blades.” 
Its task is to put the air ascending in a cylindrical sepa 
rating chamber into rotation. 
FIG. 10 illustrates a rising tube sifter or classifier, 

with several zig-zag-shaped sifting channels 36 ar 
ranged in parallel, which is mainly useful in coopera 
tion with a mill for coarse grinding. The coarse material 
in the sifter tubes simply falls back into the mill bin be 
low. The fine material discharging at the top of the sift 
ing channels is carried away for recovery through duct 
37. A sifter of this type is, e.g., known from German 
Pat. No. 1,482,427, or British Pat. No. 1,014,723. 
The sifter of FIG. 11 is a spiral air sifter with one ro 

tating front wall 38 and blades 39 for initiating the air 
rotation as in German Pat. No. 1,507,466. The coarse 
material in this sifter is simply thrown back into the bin 
of the jet mill beneath the sifter. The fine material dis 
charged centrally from the top of the sifter is carried 
away through a duct 40. 
FIG. 12 illustrates a stationary spiral air sifter in 

which rotation is effected by propelling jets 41. This 
sifter which makes possible classi?cation to very high 
fineness, flings the separated coarse material back to 
the bin of the jet mill without the aid of movable struc 
tural parts. The separated fine material is centrally dis 
charged at the top of the sifter and carried away 
through duct 42. 
FIG. 13 shows a simple rising tube sifter 43 with a sin 

gle sifting channel or chamber designed for mounting 
on ajet mill. The coarse material separated in this sifter 
simply falls back into the bin ofjet mill. The fine mate 
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rial is discharged through the conically contracted 
upper part 44 of the sifter and the duct 45. 
FIGS. 14 and 14a show in two views a sifting rotor 

47, like that of the applicant’s U. S. Pat. No. 3,089,595, 
with radial zigzag-shaped sifting channels 48, rotating 
round a horizontal axis, combined with a jet mill ac 
cording to the present invention in which the material 
to be ground is passed into the mill by the screw con 
veyor 14, as shown for example in FIG. 8, and subse 
quently is forced sideways into the jet of nozzle 3 which 
has an upward direction and which is supplied with 
compressed air from air chamber 4. The classifier rotor 
47, by which particle separation of the highest ?neness 
and selectivity can be achieved, is fed from the mill 
along section 49 to the circumference of the rotor. The 
coarse material thrown out along section 50 of the 
rotor circumference falls back through the duct 51 to 
the screw conveyor 14 which forces it again into the jet 
3, whereas the time material separated by the rotor is 
carried away centrally through duct 52. 
The feed of ground material to the sifting rotor, rotat 

ing on the axis 53, with radial zig-zag-shaped sifting 
channels 48, shown in FIG. 15, is maintained along the 
whole circumference 54 of the rotor. The separated 
coarse material is thrown back into the chamber 55 
from which it is returned to the jet mill. The ?ne mate 
rial is carried away centrally of the rotor and dis 
charged through a duct 56. An additional narrow blade 
wheel 57 is placed between the upper face of the rotor 
and the casing, the blades of which, having recesses 58, 
are closely matched with the collars 59 on casing wall 
60. This blade wheel 57 is provided to prevent material 
from passing through the gap between the upper face 
of the sifting rotor and the casing wall 60. 
FIG. 16 illustrates a closing means for the nozzles in 

the form of a jet needle 62 preferably controlled by a 
pneumatic switch or actuating means 61. This closing 
means prevents material from falling into the nozzles 
when the mill is stopped or when the supply of grinding 
gas fails. 
The slot nozzle 63, shown in FIG. 17, which can be 

manufactured more cheaply and exactly than many 
small nozzles, allows the width of the slot 64 to be ad 
justed by shifting a plate 65 with the aid of a screw 66. 
The compressed air is supplied to and distributed by air 
chamber 4. The length of the slot is selected according 
to the jet area of the mill. 

FIG. 18 illustrates a form of annular slot nozzle which 
can be used in mills where the material to be ground is 
fed to the nozzle symmetrically from outside, e.g., by 
fluidization, or from inside, e.g., by a stirring apparatus. 

‘ The nozzle structure is readily understood from the 
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showing and may be used in place of a number of small 
nozzles. 
FIG. 19 shows a mill provided with a baffle plate 67 

acting as level tracer which is mounted above the mate 
rial surface 68. A signal or control switch 71 is oper» 
ated by the tracer arm if the impellent power of the as 
cending jet of air and material acting on the baffle plate 
exceeds a definite value, that can be fixed by adjusting 
the position of a sliding weight 69. The level tracer 
shown in FIG. 19, or other types of level tracers, such 
as radioactive emitters or weighing types, may be used 
so that it is possible to control the level of the body of 
material in the mill chamber and correlate it with the 
said return and grinding output. The control 71 may be 
used to actuate the feeder which may also be respon 
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sive to the return grinding output. In a non-fluidized 
bed of material in the grinding chamber, the jet dis 
charging from the nozzle is retarded in the bed of mate 
rial. If the baf?e plate 67 is affected by a force, it is an 
indication that the jet may be breaking through the ma 
terial bed because the level is too low. This force will 
actuate the switch 71 and cause an increase in the feed 
return. 

In the preferred type of mill according to the present 
invention, a ?uidized bed is employed and the material 
ascends therefrom upwardly in a strong jet. Tests have 
shown that a baffle plate such as that shown in FIG. 19, 
located at a predetermined height, receives an impell 
ent power from the jet which is the greater, the higher 
the level of material in the chamber. If there is a de 
crease of power applied to the baf?e plate below a cer 
tain point, this point may serve as a signal point for op~ 
erating the control 71. 
The material in the mill must generally be fed to the 

jet several times to complete reduction. The mill, there 
fore, runs with a high inner circulation rate by which 
the unground material thrown out by the jet is con 
stantly re-fed to the jet. Also the coarse material that 
had been rejected by the sifter is brought back to the 
jet. Consequently, the following currents of material 
are circulating in a mill unit according to the present 
invention: 

1. The material fed to the mill. 
2. The transport of material of the bed into the jet, 

the conveyance inside the jet and the discharge back to 
the material bed. 

3. The discharge out from the material bed to the 
classifier (caused by the above-described fountains of 
material without any additional provision). 

I 4. The re?ux of the coarse material back to the mate 
rial bed or into the jet. 

5. The flow of the ?ne material from the classi?er to 
a separator. . ‘~ 

The currents numbered 2, 3 and 4 represent the inner 
circulation. 
To obtain this circulation, any suitable conveying de 

vices can be used. For example, the material may be 
fed into the jet by a stirrer that necessarily must be de 
signed in such a manner that it never can be hit by the 
jet. Expecially in case of large-scale mills a stirrer with 
a perpendicular axis and nozzles spaced around said 
stirrer may be used as illustrated in FIG. 5. Such a ring 
of nozzles that has a diameter of l m, in which the noz 
zle diameter is 5 mm and the circular pitch is 10 mm, 
yields a clear opening of the nozzles of 63 cm2, by 
which, at a throughput of compressed air of 38 tons per 
hour and a jet power of about 1,300 kW can be ob 
tained. 
The advance in the art provided by the jet mill of the 

present invention can be recognized from typical test 
results presented as follows: 

In this test a jet mill according to FIG. 4 with a bin 
diameter of 630 mm was operated in combination with 
a sifter according to FIG. 15, that has an outside diame 
ter of 400 mm, a sifting rotor with zigzag-shaped radial 
sifting channels, revolving at a speed of 2,000 rpm. 
Limestone power was used as test material, having 
been obtained as the fine material from a usual wind 
sifter, with 50 per cent minus 12 microns and a specific 
surface of 4,000 Blaine. For comparison, part of the 
same material was ground in a conventional spiral jet 
mill of the type known first under the trademark “MI 
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CRONIZER," having the characteristic features: Out 
side diameter of the grinding chamber 200 mm, six noz 
zles each with an opening of 2.5 mm, one injector noz~ 
zle with an inner width of 3.8 mm. 
To determine the expenditure for the grinding pro 

cess, the jet output that could be obtained by adiabatic 
expansion, was calculated out from the measured pres 
sure of the compressed air and the cross section area 
of the nozzles. It is represented by the intelligible unit 
“jet-kW." 
To determine the grinding result the speci?c surface 

of the material before and after milling was evaluated 
by Blaine Test and therefrom the new surface was com 
puted that was produced during 1 hour. intelligible unit 
is “kmzlh.” 
The grinding efficiency is de?ned by the specific 

power consumption in “jet-kwhlkmz," which is the 
ratio that the expenditure for the grinding process 
bears to the grinding result. 

MILL TYPE 
Conventional According to 

the Invention 
Day/No. of test 3 l .7701] 4.8.7011 
Pressure of compressed air 6 5.5 
(kg/cm2 over air pressure) 
Throughout of air (kg/h) 24 730 
Jet output (jet-kW) 8.3 28.8 
Yield of material (kg/h) 15 63 
Speci?c surface of 8000 9700 
material (cm‘/g) 
Increase of surface (cmzlgl 4000 5700 
Speci?c power consumption I370 690 
(jet-kWh/km“) 

The height of material bed above the nozzle outlet in 
the new jet mill during the test was about 500 mm, the 
bed being fully fluidized with the material moving by 
itself to the nozzle. The mixture of air and material as 
cended as a strong jet with a diameter of about 5 cm 
vertically upward out from the bed, but at such a low 
velocity that no wear of the paint on the sifting rotor 
was visible at the area of impact. Wear was perceptible 
only on the periphery of the sifting rotor because of its 
circumferential speed. The values of mass transporta 
tion and velocity of the ascending jet, however, could 
be estimated inexactly at 35 — 80 t/h and 2.5 - 5 m/sec. 
The gaseous grinding or ?uid agent for disintegrating 

granular material by inter'particle impact according to 
the present invention may be compressed where as de 
scribed either at ambient temperature or in a heated or 
cold condition. Water vapor at any suitable tempera 
ture or inert gas may be used. Since the jet mill accord 
ing to this invention may be built up in a size that allows 
working with several thousand kilowats, the outlet of a 
gas turbine may be employed as the gaseous medium in 
a compressed and heated condition. A gas turbine 
would have many advantages over the use of steam 
boilers or internal combustion engines while at the 
same time providing an effective grinding aid. 
The jet mill according to the present invention allows 

the material bed to be rated in height and width so large 
that the kinetic energy of the jet is unable to force any 
grain through the whole bed. For this purpose the mill 
may be ?lled up with so much material that wear, even 
on a plate above the bed, is not noticeable. A surplus 
material in the mill, that has no detrimental effect at all, 
may represent a valuable reserve in case of varying 
conditions of work. With a high bed as described the 
disintegrating gas emerges bubble-shaped throwing up 
fountains of material as in a fluidized bed. As these 
fountains are not produced by the kinetic energy of the 
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jet, but by the pressure drop within the material bed, 
they move so slowly that they virtually cause no wear 
in the mill. This method of working presents the advan 
tage of eliminating any wear phenomena in the jet mill 
and of fully utilizing the kinetic energy of the jet and of 
the accelerated particles for interparticle impact and 
for size reduction. In addition, there is a minimum of 
noise effects. In most cases it is not necessary to pile up 
excess material in the mill in order to use up the whole 
kinetic energy of the jet and of the particles of the ma 
terial acted on by the jet. 

In a non-fluidized bed the jet creates a cavity that is 
entered from the side by the grains of the material 
being conveyed by the transporting systems that are 
provided for the process of circulation in the mill 
chamber. These grains are accelerated by the jet and, 
at a sufficient height of the bed, they are thrust entirely 
into the unmoved part of the bed, thereby effecting the 
process of size reduction by consumption of the kinetic 
energy. The impellent power of the jet presses against 
the lower part of the bed, thereby diminishing the pres 
sure of it upon the base of the mill. The weight of the 
bed within the range of action above the jet (e.g., a 
cone with an aperture with twice the size of the angle 
of friction) should be at least equal to the impetus of 
the jet, thus determining the minimum height of the 
bed. In practice it must necessarily be higher according 
to a certain safety factor to prevent shooting through 
gaps and chimneys. 
Depending upon the kind of material being pro 

cessed, the gas jet either ascends after being retarded, 
in diffuse state between the grains or forms clefts and 
chimneys from which grains may secondarily fly up 
wards. Their speed is, however, so low that they do not 
cause any wear since the only accelerating power act 
ing upon them is the fall of pressure inside the bed. 
The phenomena in a ?uidized bed of material are 

quite different. Immediately after discharging from the 
nozzle, the jet sucks up the surrounding, ?uidized ma 
terial and immediately after passing a short distance the 
jet is saturated with the material; and, under these con 
ditions, the main part of size reduction by inter-particle 
impact is likely to have taken place. Compared to the 
small cross-sectional area of the jet, the jet velocity is 
yet rather high. As more material is sucked in, the 
speed of the jet decreases further on and the cross 
sectional area increases. Contrary to the efflux of an air 
jet under water, where the airjet is broken up into bub 
bles under the influence of turbulence and surface ten 
sion, the jet under consideration retains its compact 
ness along a considerable distance and it comes out 
from the ?uidized material bed in a compact state. 
Though this emerging jet may still carry a large amount 
of the impellent power of the original gas jet, its veloc 
ity is so low and its mass so voluminous that it is no 
longer capable of causing any wear. Therefore, in a flu 
idized bed it is enough to pile up the material so high 
that the jet of material still ascending with part of the 
impetus of the original gas jet does not cause any wear 
at any area of contact with the mill surface. This rela 
tion to the spot of striking is important for the reason 
that the jet emerging from the bed already with a low 
speed is further retarded by gravity. 

I claim: 
1. A jet mill for comminuting or grinding granular 

materials by inter-particle impact, comprising a grind 
ing chamber containing a bed of granular material to be 
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disintegrated, means for supplying granular material to 
the grinding chamber to maintain the bed, an upwardly 
directed nozzle means located in the lower portion of 
the chamber for delivering a high velocity jet of gas 
eous material into the bed of granular material in the 
chamber, means for delivering gaseous material to the 
nozzle means to provide the jet, and means for moving 
granular material to be acted on by the jet into a side 
of the jet of gaseous material issuing from the nozzle 
means. 

2. A jet mill as claimed in claim 1, wherein the nozzle 
means is set to direct a jet of gaseous material vertically 
into and through the bed of material in the chamber. 

3. A jet mill as claimed in claim 1, wherein the nozzle 
means is provided with means for automatically closing 
its outlet in response to the stopping of the delivery of 
gaseous material thereto. 

4. A jet mill as claimed in claim 1, wherein the nozzle 
means includes means for delivering a plurality of con 
verging jet streams which collide at an acute angle in 
the bed of material. 

5. A jet mill as claimed in claim 1, wherein the nozzle 
means includes a plurality of upwardly directed nozzles 
arranged in a ring, and a stirrer located inside the ring 
of nozzles for moving granular material into the jets is 
suing from the ring of ‘nozzles. 

6. A jet mill as claimed in claim 1, including means 
for introducing and distributing a gaseous means into 
the lower portion of the bed of material in the grinding 
chamber to fluidize the bed. 

7. A jet mill for comminuting or grinding granular 
materials by inter-particle impact, comprising a grind 
ing chamber containing a bed of granular material to be 
disintegrated, means for supplying granular material to 
the grinding chamber to maintain the bed, an upwardly 
directed nozzle means located in the lower portion of 
the chamber for delivering a high velocity jet of gas 
eous material into the bed of granular material in the 
chamber, means for delivering gaseous material to the 
nozzle means to provide the jet, a feed bin, an overflow 
from the mill chamber into the feed bin, and means for 
supplying granular material from the bin into the side 
of the jet of gaseous material issuing from the nozzle 
means. 

8. A jet mill for comminuting or grinding granular 
materials by inter-particle impact, comprising a grind 
ing chamber containing a bed of granular material to be 
disintegrated, means for supplying granular material to 
the grinding chamber to maintain the bed, an upwardly 
directed nozzle means located in the lower portion of 
the chamber for delivering a high velocity jet of gas 
eous material into the bed of granular material in the 
chamber, means for delivering gaseous material to the 
nozzle means to provide the jet, means for moving 
granular material to be acted on by the jet into a side 
of the jet of gaseous material issuing from the nozzle 
means, and means for vibrating the bed of granular ma 
terial in the grinding chamber. 

9. A jet mill for comminuting or grinding granular 
materials by inter-particle impact, comprising a grind 
ing chamber containing a bed of granular material to be 
disintegrated, means for supplying granular material to 
the grinding chamber to maintain the bed, an upwardly 
directed nozzle means located in the lower portion of 
the chamber for delivering a high velocity jet of gas 
eous material into the bed of granular material in the 
chamber, means for delivering gaseous material to the 
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nozzle means to provide the jet, means for moving 
granular material to be acted on by the jet into a side 
of the jet of gaseous material issuing from the nozzle 
means, a level tracer for controlling the level of the 

12 
10. A jet mill as claimed in claim 9, wherein the level 

tracer includes a baffle plate located in the upper part 
of the grinding chamber and acted on by the jet issuing 
upwardly from the body of granular material in the 

granular material bed in the mill chamber, and a con- 5 chamber. 
trol actuated by the movement of the level tracer. 
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