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The present invention relates to a continuous fine grind 
ing mill and a method of grinding by this mill. It is 
well known to suspend a screw in a cylindrical shell, 
pack grinding media into the space between the shell 
and the screw and grind the material which is suspended 
in fluid, for example water or air, by abrasive action 
caused by rotating the screw. But in such a device the 
grinding media is always moved upward, downward and 
round repeatedly, which results in a severe contact of 
the grinding media or the material to be ground with 
the shell or the screw. Coating of wear-resistant materials 
such as rubber in order to prevent abrasion by said 
severe contact is already known. But rubber-coating is 
very expensive and if once a part of the coating is broken, 
this breakage extends without delay to other parts, which 
results in an exfoliation of the coating and therefore in 
a considerable decrease of the durable years of the device. 
The inventors of this application have theoretically 

analyzed motions of grinding media within a grinding 
mill according to soil mechanics and found that said 
drawback is due to unreasonable motions of grinding 
media within the mill shell. Grinding action of this 
kind is namely effected in such manner that all of the 
individual of media make contact motions with one 
another under a packed condition and cause abrasions 
of material particles at contact points of the individuals. 
Therefore, the ideal grinding conditions should be such 
that voids of packed media are always filled up with 
Suspension of material particles in a high density and the 
individuals of media make motions under a perfectly 
packed condition, that is to say, the individuals of media 
contact with each other in such a manner that the surface 
of each medium is covered wtih material particles. Under 
the above conditions in which the wear of media can be 
remarkably minimized, the abrasion of material particles 
becomes predominant and a greater part of power con 
sumed in the motions of media can be efficiently utilized 
in abrasing the material, a mill can perform much more 
effective fine grinding than a ball mill and so on. In this 
connection, the inventors have found that the grinding 
media can reasonably be removed and circulated in such 
fashion that they are conveyed upward through a spiral 
flowing path within the screw and moved downward 
through a vertical flowing path located around the screw 
under a perfectly packed condition by regulating packed 
volume of media, speed of rotation of the screw and pitch 
thereof. 

In order that the invention may be more readily under 
stood, one embodiment will now be described with refer 
ence to the accompanying drawings, in which: 

FIG. 1 is a vertical side-section of a preferred embodi 
ment of a fine grinding mill according to the invention, 
FIGS. 2-5 are schematic drawings illustrating undesir 

able movements of grinding media in a tower mill. 
In the grinding mill illustrated in FIG. 1, a screw 
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2 
formed with spiral wings 2a is suspended in a cylin 
drical shell 1. The inner space of the mill is packed 
up to a height which is located higher than the top 
end of the screw with grinding media such as iron balls, 
steel balls, corundum balls, etc., and granular or massive 
materials. When the screw 2 is rotated by a driving 
device provided with a continuous speed-controller, 
grinding media are conveyed upward by pushing up 
action of the screw and then moved downward, which 
is repeated continuously. According to the inventors' 
study, grinding media can be conveyed upward through 
the spiral flowing path within the screw and moved 
downward through the vertical ring-shaped flowing path 
located around the screw keeping a perfectly packed 
condition by regulating the dimensions and the operation 
conditions of the present device. But in this case the 
grinding media fall plumb down or effect circular motions 
along the internal surface of the shell, whereby this 
internal surface is subject to a serious rubbing with said 
media. According to the present invention, several 
circular horizontal ribs 3 and vertical ribs 4 are fixed 
on the internal surface of the shell and thereby a static 
layer of media is made along the internal surface even 
while the grinding media move within the shell. It results 
therefrom that the direct rubbing between the internal 
surface of the shell and the grinding media comes to a 
standstill and the internal surface can be perfectly free 
from wearing, so that the power consumed in said rub 
bing action can be converted to effective abrasing energy. 
The mutual distances between the ribs depend on dimen 
sion and shape of the shell and the screw and the size 
of the grinding media. The ribs can be so arranged that 
its direction is somewhat inclined and the width of ribs 
in general should be two or three times the size of 
media. According to the invention it is not necessary 
for the internal surface of the shell to be made of or 
coated with special wear-resistant materials. If neces 
sary, the coating can be done only on the edge of ribs 
in order to improve considerably the durability thereof. 
The construction of the screw will be then illustrated as 
follows: 
As shown in FIG. 1, the screw has a special bottom 

construction which consists of a disc 14 fixed on the bot 
tom of the screw 2 and radial ribs 5 fixed on the back 
of the disc 14. The radial ribs are fixed in such a way 
that the edges of them form geometrical generating lines 
of a conical surface. The bottom construction serves to 
prevent the local wear of the screw-end and due to this 
construction even the ends of the screw wings 2a Serve 
to convey the grinding media. 
When a screw without said bottom construction is rotat 

ed in the mill, the end-edges of spiral surfaces of the screw 
have to push through the packed bed of media against 
high grain pressure of packed media, and also severe rub 
bing action inevitably occurs between the back end-sur 
faces and the end-edges of spiral surfaces of the screw 
wings and the packed media. These phenomena result in 
an extremely rapid wear of the screw-end. The disc 
serves to prevent such a direct rubbing action and further 
for the purpose that also the end of the spiral surfaces of 
the screw wings causes the grinding media to effect the 
same soil mechanical motion as the upper spiral surfaces 
of the screw wings. By fixing only a disc at the end of a 
screw a direct rubbing action on the back plane of the disc 
with materials is unavoidable, which results in a rapid 
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wear of the disc. Radial ribs should be fixed to prevent 
the wear of back surface of the disc as they hold grind 
ing media between the ribs and when the screw is rotated 
mutual friction of media occur on the inverted conical 
surface. In addition, material particles are forced to 
move toward outside of the conical surface by means of 
centrifugal force, thus the bottom construction serves to 
prevent the wear of the disc by material particles. In 
this case the abrasion of the disc occurs on its edge as 
well as that of the screw-wings and thereby the durability 
of the disc and the screw-wings become same. How 
ever, it is undoubtedly unavailable energy having no rela 
tion to the motion of media or grinding action that is 
consumed for rotating the inverted cone against friction 
force acting on the conical surface. This unavailable 
energy consumption can be decreased up to 5-8% of the 
total consumed energy by adopting a considerably high 
value of the ratio of the motion height of media to the 
effective diameter of the shell. One way to eliminate 
said unavailable energy is to arrange a bearing at the lower 
end of the screw, but the bearing in this case cannot be 
endurable for a severe wear. According to the above 
mentioned reasonable design condition, only a vertical 
force exerts on the screw shaft and therefore no lateral 
oscillation occurs, so that a lower bearing is not required. 

Various screws for this invention can be formed. For 
example, a screw can be provided with screw-wings hav 
ing a small diameter in order to maintain a high strength, 
the spiral surfaces of the screw being desirably divided 
into small and replaceable wing-pieces which have a pre 
scribed radius and are made of wear-resistant material 
such as chilled cast iron, heat-treated special steel, tile, etc. 
The enlarged part 6 of the shell 1 is provided for the 

purpose of preventing local wear of the disc 14 which 
would be caused by rapid flow of the suspension having 
material particles suspended due to the fact that the verti 
cal flowing cross-sectional area around the screw is re 
duced by the disc. According to the invention, the rela 
tion between the effective inside diameters Do, D of the 
shell and the enlarged part thereof and the diameters do, 
d of the screw-wings and the screw shaft should be chosen 
as follows: 

The bottom of said enlarged part of the shell has an in 
verted cone-like construction as shown in FIG. 1. The 
angle of inclination of the inverted conical surface should 
be a little larger than the angle of repose of material 
particles to prevent precipitation of these particles. 
Media located under the disc, forming a completely static 
packed column and having no relation to grinding action, 
can be substituted for other substances. In selecting the 
substances, it is only necessary that static packed columns 
of them have high fractional void volumes and have 
enough strength to support load of the packed column of 
moving media. This packed column can be supported by 
a grid plate through which the material particles can 
pass. In addition the disc of the screw can be supported 
directly from below by a slide mechanism, which is so 
arranged that the material cannot enter said slide mecha 
nisms by forcing high pressure fluid into said mechanisms. 
The suspension of material particles so small as to pass 
freely through voids of packed column of media is fed 
into the shell from above, flows down through the shell to 
the lower outlet 7 and is conveyed circularly by a pump 12 
from the outlet to the upper part of the shell. The newly 
supplied material and fluid enter the classification device 
8, 11 through a flow-in funnel 10 together with the circu 
lated suspension. In the classification vessel 8, the fine 
particles which require no further grinding are suspended 
in the upward current of fluid caused by continuous flow 
ing-in of the fluid, and are overflowed from the whole 
edge of the vessel 8 into the flow-out through 9. 11 de 
notes the size-controller, which can be raised and lowered 
automatically or by hand by an elevating mechanism 13. 
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4. 
Sectional area for classifying action being reduced by 
lowering the position of 13, the overflowing speed be 
comes larger and therefore coarser particles can be over 
flowed, while being enlarged by raising it, finer particles 
are overflowed. By thus controlling the position of the 
size-controller, the fixed size of ground product can be 
attained also in case of fluctuations of feed quantity or 
the size of ground product can be controlled. In addi 
tion, construction of the shell, flowing system of suspend 
and classification means can be subject to some modifica 
tions. For example, the internal surface of the shell can 
be provided with coating of rubber, the suspension can be 
flowed out from the circumference of the enlarged part 
of the shell, the classification device can be arranged 
separately or the suspension of the material particles and 
the circulated fluid can be conveyed upward to the upper 
part of the packed column through pipes extended along 
the shell wall. Further, in case of preventing iron oxide 
from mixing in ground product or in case of using cor 
rosive fluid grinding media containing no iron should be 
used and (or) the internal surface of the shell and the 
outer surface of the screw should be coated with plastics 
and so on. In case of using gas as suspension cyclone and 
the like can be used as classification device. 
The constructional characteristics of the grinding mill 

according to the present invention have stated above and 
the determination of the main dimensions and the opera 
tional method of said grinding mill will be explained as 
follows: 

In the embodiment of this invention shown in FIG. 1 
the screw should be regarded as a "screw conveyor' with 
diameter d2. When the screw is rotated to the arrow 
direction in FIG. 1 by a driving device provided with a 
continuous speed-controller, grinding media are conveyed 
upward within the screw and then moved downward be 
tween the shell and the screw, thus doing a circular mo 
tion upward and downward, and in this case the height 
of packed column has a great influence on the motion of 
the grinding media. For example, when the packed grind 
ing media are too little in quantity and the upper end of 
the packed layer has the same level as that of the screw 
wings, as is shown in FIG. 2, the first one pitch of the 
screw cannot serve to convey up media and the media 
here cannot but slide down to the outside of d-cylinder, 
which results in a local wear of the first one pitch of the 
screw. In FIGS. 2-5 the hatching parts show static 
medium layers and the arrow directions the motional di 
rections of the grinding media. Moreover, as said pitch 
of the screw cannot serve to convey up media, the grind 
ing capacity of the mill cannot be fully applied. 
The grinding mill according to the invention is packed 

with media up to the total height H which con 
sists of the effective length of the screw and the height 
Ho as shown in FIG. 1, when Ho is called "height of the 
additional packed bed of media.” When the mill is packed 
with media beyond the fixed height Ho, motion of grind 
ing media in the height Ho becomes more and more in 
active with increasing the height, until the movement of 
media located in the height Ho comes to a stop as shown 
in FIG. 3. Under such a condition, the edges of upper 
end of the screw are directly rubbed by the static media 
layer and their rapid wear occurs. In addition, the grind 
ing media located in the height Ho cannot serve to grind 
the material. The inventors have found that the height of 
the additional packed bed of media Ho can be obtained 
from the following formula: 

D-d2 (1– 4HK tan t)= tan2 (i. p 4 Hotan go D, d, AT2 
where Do-de: double distance between the ribs of the 

shell and the screw-wings 
p: angle of internal friction of media 
K: earth pressure coefficient for a vertical break surface 
When thus a suitable additional packed bed of media 

is formed according to the invention, the grinding media 
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located in d-cylinder are subject to a horizontal pack 
ing-pressure from the outer side of d-cylinder and there 
by soil-mechanical break surfaces occur in the medium 
layer between the screw-wings, the media in d-cylinder 
are conveyed upward in a definite angle in which a slip oc 
curs most easily. In addition, the grinding media located 
above the screw-surfaces are in the same active motion 
as that within the screw and also above the screw-wings 
the media are conveyed upward, which results in the same 
wear of the first one pitch as that of the other pitches of 
the screw. The additional packed bed of media serves 
to increase “medium-pressure' in the mill. Thus the 
whole length of the screw contributes to conveying action 
of media and the local wear of the screw-end is com 
pletely prevented. 

Further, the motion of the grinding media is closely 
related with the speed of rotation of the screw. When 
the screw is rotating, centrifugal force acting on each 
individual particle of media in the d-cylinder generates 
a horizontal medium-pressure which acts outward on the 
inner surface of d-cylinder. This centrifugal medium 
pressure is balanced to the external medium-pressure 
which acts inward on the outer surface of d-cylinder. 
In the higher level of the packed column a pot-shaped 
cavity is formed around the screw shaft as shown in FIGS. 
2, 4 and 5, because the external medium-pressure is low 
er. A cavity in which material particles are only passing 
by serves nothing for grinding action and its forma 
tion is nothing but consuming unavailable power and 
causes also the wear of the screw-wings. However, so 
long as the screw is rotated, the formation of a cavity is 
unavoidable so that it is desirable to restrict the cavity 
formation within the additional packed layer with the 
height H. For this purpose, the angular velocity cy 
(rod/sec.) of the screw should be chosen as follows: 

w 3:22( 4K tan e ) c= s. d?-d 1 - e - Do-d Ho 

where g: acceleration of gravity 
d: diameter of the screw-wings 
d: diameter of the screw shaft 
D: effective inner diameter of the shell 

Further, according to the inventors' studies the screw 
pitch has an influence upon the motion of the grinding 
media. 

In case of a suitable pitch direct contacts of media with 
the wing surfaces of the screw do not occur and the 
grinding media are pushed up most easily along break 
surfaces. If the pitch is too large an unreasonable mo 
tion of media is made in the mill as shown in FIG. 5. 
Considering a bed of media held in any one pitch ab of 
the screw, the value of "static medium-pressure' must 
be zero at a and increases toward b in proportion to 
the depth of packed media. Therefore, in the upper 
part of the bed, where static medium-pressure is very 
low, media can be pushed up by external medium-pres 
sure acting on the outer surface of de-cylinder, in the 
lower part, sliding action of media is caused by con 
siderably high static medium-pressure. In this case, only 
incomplete conveying action can be done in the mill and 
the spiral surfaces of the screw are directly rubbed by 
sliding media. And as the angle of internal friction of 
coarse media is larger in general than that of fine media, 
the coarse media gather at the upper part of the bed and 
the fine media at the lower part, which results in a de 
crease of grinding action. In order to prevent such a 
disadvantage, the screw-pitch p must be within such an 
adequate range given by the following formula: 

D-d 4K (Ho-1-p) tan stan' (, p 4p tan i-e D-d 42 
Thus according to the invention, the reasonable motion 
of media can be facilitated or ensured by satisfying one 
or all of the conditions for packing height of grinding 
media, speed of rotation of the screw and the screw-pitch 
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6 
and consequently the durable years of the screw can be 
considerably lengthened. As under such a motion condi 
tion the vertical media layer around the screw has the 
highest packing pressure and a part of media located 
between the screw-wings moves outward into said ver 
tical media layer through the voids of media due to 
centrifugal force, the screw-wings are subject to about 
a uniform wear from their outer-edges to the inner sides 
over the total length. In this case the screw surfaces are 
free from wearing and hence do not need any coating 
of wear-resistant materials over their total length, so only 
Wear at the edge of the screw surfaces must be considered. 
When the screw-wings subject to wear and their radii 
become Smaller, the motion of grinding media would 
become inactive naturally and the grinding capacity of 
the mill would be reduced. But the mill according to 
the invention can be operated under a definite grinding 
capacity while the wear of the screw-wings is within an 
allowable limit, and that in such a manner that the 
speed of rotation of the screw becomes so large with 
decreasing the radii of the screw-wings by means of the 
continuous speed-controller that the required power for 
rotating the screw is always kept constant. 

Further, to adjust the grinding capacity is important 
for carrying out the present invention and also a char 
acteristic thereof. In general the smallest wear of the 
grinding media and the greatest grinding capacity can 
be obtained only when the highest suspension density of 
material particles exists around the grinding media under 
the perfectly packed condition. When the pulp density 
in the mill is dilute, wear of the grinding media and waste 
of power occur due to mutual abrasion of media. In 
order to prevent Such a drawback, the speed of rotation 
of the screw should be adjusted so that the density of 
material particles in the circulated fluid is kept constant 
at a maximum allowable value which still permits free 
flowing of the material particles, by measuring the pulp 
density. Namely, the grinding capacity should be re 
duced by decreasing the speed of rotation of the screw 
with lowering the pulp density and the grinding capacity 
should be promoted by increasing the speed of rotation 
with raising the pulp density, whereby an unavailing 
waste of power and wear of the grinding media can be 
prevented. 
Then the flow of material particles in the mill will be 

mentioned below. 
The suspension of such small material particles as to 

pass freely through voids of packed column of media is 
Supplied through the classification device 11, as shown 
in FIG. 1, and the liquid level of the classification device 
is always kept constant by overflowing over its total 
circumference, so that there is no deflection in the sup 
plied liquid into the shell and its flow-in speed can be 
easily regulated by adjusting the flowing section of the 
lower outlet. In addition, the suspension is supplied 
into the shell and moved downward therein at such a 
Velocity that the superficial mean velocity of the suspen 
sion based on empty column cross section (namely the 
Velocity when Supposing that there is no grinding media 
in the shell and the suspension flows downward uniform 
ly) is approximately equal to the settling velocity of 
the grinding media in the concerned static liquid. By 
Selecting such a velocity the material particles circulate 
through the shell together with the grinding media with 
out being deposited on the grinding media layer or at 
the bottom of the shell. When the velocity is too rapid, 
the material particles flow down mainly through the out 
side of de-cylinder, which results in a lowering of the 
grinding action of the mill. On the other hand, when 
Said velocity is too late, precipitation of material par 
ticles is caused mainly at the bottom of the mill, an 
irregular flow occurs and the grinding media are pushed 
up. It results therefrom that the lower end of the screw 
is subject to wearing and, moreover, the grinding action 
is lowered. The material particles flows through the 
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voids of the grinding media together with the fluid and, 
in this case, the direction and the speed of said flow are 
in accordance with that of the motion of the grinding 
media layer in a regular state. The fluid having mate 
rial particles suspended fills the voids of media in a 
perfectly packed condition and covers the surface of 
each medium with suspended particles. Keeping Such 
a condition the fluid is moved upward with the grinding 
media through the spiral flowing path within the screw 
and conveyed downward through the vertical ring-shaped 
flowing path around the screw, because the flow resistance 
of viscous pulp is so high in the packed column that the 
motion of media, that is, the motion of voids causes the 
carrying action of pulp filling the voids in the same direc 
tion and speed. Thus the material particles are ground 
by the grinding media. 
According to the invention, the fluid flows out through 

the outlet 7 due to its static pressure, as the fluid is moved 
downward in the shell. In this case, the capacity of the 
pump 12 can be determined so as to let the pulp flow at 
a sufficient velocity for preventing sedimentation only in 
considering the difference between the maximum height 
of the pipe supplying the circulated fluid and the liquid 
level in the classification vessel 8, which results in a very 
Small required power of the pump. 
As is already above-mentioned, the size of ground 

product can be controlled by regulating the position of 
the size-controller. In this case, the classification device 
can be advantageously provided with such a curved Sur 
face that the overflowing sectional area changes lineally 
depending on the displacement distance of the size con 
troller. Further, when the inclination of the classification 
device is so sharp that it is larger than the angle of re 
pose of the material particles and there is no possibility 
of precipitation of the material particles on the Surface 
of the classification device, the internal surface of the 
classification device can be substituted for the flow-in 
funnel, which therefore can be omitted. 

It is very difficult in general grinding mills to keep 
ground product always in a definite size also when the 
feed rate of material is changed. But in case of using 
the classification device constructed according to the in 
vention the definite size of ground product can easily be 
obtained. When a fixed volume of material and liquid is 
Supplied fixing a position of the classification device, the 
fixed size of ground product is obtained naturally, so long 
as the speed of rotation of the screw and the feed ratio 
of material and fluid are fixed. But coarser particles are 
overflowed when the supplied volume is increased, while 
finer particles are overflowed when the supplied volume 
is reduced. When the supplied volume is fixed, the size 
of ground product can be controlled by regulating the 
Sectional area of the overflowing level which can be per 
formed by displacing the classification device, as is al 
ready above-mentioned. 
While the invention has been described in detail 

with respect to a preferred embodiment, it will be under 
stood by those skilled in the art that various changes and 
modifications may be made without departing from the 
spirit and scope of the invention, and it is intended to 
cover all such changes and modifications in the appended 
claims. 
We claim: 
1. A grinding mill comprising an outer shell having 

ribs extending inwardly about its internal surface a screw 
mounted for rotation within said shell, grinding media 
packed tightly into said shell, said grinding media being 
composed of particles sufficiently small to lodge between 
said ribs and to pass downwardly between said ribs and 
the outer extremities of said screw. 

2. A tower mill comprising a vertical screw having 
spiral screw wings, a shell surrounding said screw, said 
shell having various ribs extending inwardly about its 
inner surface, a disk mounted horizontally at the lower 
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8 
end of said screw, said disk being of equal diameter to, 
and forming a termination for, the wings of said screw, 
and grinding media packed tightly within said shell and 
around said Screw and disk, said grinding media being 
composed of particles sufficiently small to lodge between 
said ribs and to pass downwardly between said ribs and 
the outer extremities of said screw. 

3. A tower mill as in claim 2 wherein the lower end 
of said outer shell flares outwardly in the vicinity of said 
disk. 

4. A tower mill as defined in claim 3 wherein said 
disk has formed along its undersurface, ribs whose ex 
tremities generate an inverted cone depending from said 
disk as said disk rotates. 

5. Apparatus for grinding material by abrasive action, 
said apparatus comprising a vertically suspended screw, 
an Outer shell surrounding said screw, said outer shell 
having horizontal and vertical ribs formed about its in 
ternal Surface, grinding media packed tightly into said 
shell, said grinding media being composed of particles 
sufficiently Small to lodge between said ribs and to pass 
downwardly between the inner extremities of said ribs 
and the outer extremities of said screw, said grinding 
media being packed within said shell and around said 
screw to a height above the top of said screw below a 
height which would be sufficient to prevent upward move 
ment of material within said shell upon rotation of said 
Screw and below a height sufficient to develop a static 
layer of grinding material above said screw said height 
being determined by the formula 

Do-d 4HoK tan 92 7r p 
4H tan (l e-ri, i=tan (-; 

where Do-do is twice the distance between the ribs of 
the shell and the Screw wings, d) is the angle of internal 
friction of the media within the device, and K is the earth 
pressure coefficient for a vertical break surface. 

6. Apparatus for grinding material by abrasive action, 
said apparatus comprising a vertically suspended screw, 
an outer shell Surrounding said screw, said outer shell 
being provided along its internal surface with horizontally 
and vertically extending ribs, grinding media packed 
tightly into said shell, said grinding media being com 
Posed of particles sufficiently small to lodge between said 
ribs and to pass downwardly between the ribs and the 
outer extremities of said screw, said grinding material 
being packed tightly into said shell to a height above the 
top of Said screw such that centrifugal action produced 
by rotation of said particles by said screw media is in 
Sufficient to produce voids of grinding material among 
the Wings of the upper portion of said Screw, said height 
of grinding media above the top of said screw also being 
insufficient to prevent upward movement of material by 
Totation of Said screw and further being insufficient to develop a static layer of grinding material above the 
Screw said height being determined by the formula 

Do-d ( 4HoK tan (p 7r p After (l-e-, --tan (-; 
where Do-de is twice the distance between the ribs of 
the shell and the screw wings, d is the angle of internal 
friction of the media within the device, and K is the earth 
pressure coefficient for a vertical break surface. 

7. Apparatus for grinding material by abrasive action, 
said apparatus comprising a vertically suspended screw, 
an outer shell Surrounding said screw, said outer shell 
having horizontal and vertical ribs disposed about its in 
ternal surface, grinding media packed tightly into said 
shell, said grinding media being composed of particles 
sufficiently small to lodge between said ribs and to pass 
downwardly between the inner extremities of said ribs 
and the outer extremities of said screw, said screw hav 
ing Wings arranged at a pitch such as to produce complete 
upward movement of all grinding media among said 
wings upon rotation of said screw. 
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8. A tower mill comprising a vertical screw having 
spiral wings, a shell surrounding said screw, said shell 
having various ribs extending inwardly about its inner 
surface, a disk mounted horizontally at the lower end of 
said screw, said disk being of equal diameter to, and 
forming a termination for, the wings of said screw, grind 
ing media packed tightly within said shell and around said 
screw and disk, said grinding media being composed of 
particles sufficiently small to lodge between said ribs and 
to pass downwardly between said ribs and the outer ex 
tremities of said screw, a centrifugal hydraulic classifica 
tion device mounted above said column of grinding ma 
terial and means for transferring particles having passed 

O 

10 
down between said screw and said ribs up to said hy 
draulic classification device. 
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