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ABSTRACT OF THE DISCLOSURE 
This invention relates to a vibrating ball mill capable 

of grinding solids suspended in fluid or viscous liquid 
media and is characterized by conduits containing grind 
ing balls vibrated by an unbalanced weight drive mecha 
nism capable of providing an optium frequency and dis 
placement of the conduits to enable fine grinding and high 
throughput, the grinding balls being segregated into 
groups with free zones therebetween to assure uniform 
distribution of the solids throughout the suspending medi 
um and to reduce resistance to flow of the solids and sus 
pending medium through the conduits. 

SSSMSSSMSSSLSSSSSSLzS LLLLSSSYL SLLLSLSSLSLMM SMMTS 

This invention relates to improvements in mills for 
grinding solids, such as, for example, paint pigments and 
the like, to extremely fine particle size, and more par 
ticularly to improvements in grinding mills of the vibrat 
ing ball type. 

Heretofore four general classes of mills have been pro 
vided to grind solid materials to a particle size of a few 
microns for use in paints, powders, and the like, in 
which a uniform product of very small particle size is re 
quired. 
One type of apparatus which is commonly used for 

such grinding operations is a ball mill including a rotary 
drum partially filled with ball-like grinding elements. 
Such mills are effective in producing finely divided mate 
rials but are relatively inefficient in operation for the rea 
son that grinding is produced by cascading of the ball 
elements so that at any given time only a relatively small 
proportion of the material being ground is subjected to 
shear and abrading action. Such ball mills become less 
effective when the liquid medium in which the solid is 
suspended is viscous due to the fact that the shear action 
and impact is reduced by the intervention of the viscous 
liquid. 

Paint pigments are commonly ground in sand mills 
which include sand-like particles and impellers which are 
driven at relatively high velocity in order to produce high 
shear stresses in the material undergoing grinding. How 
ever, these shear stresses are produced only in the im 
mediate vicinity of the impeller blades so that particles 
farther removed from the impeller blades may not be 
subjected to the desired grinding action and a less than 
uniform product results. Moreover, the power input re 
quired in such mills is very high and accordingly the 
grinding operation is neither economical nor efficient. 

Roll mills are also used for grinding pigments or grind 
ing materials to a fine particle size but due to the fact 
that the rolls have very limited areas of contact, the vol. 
ume of material actually being subjected to shear and dis 
integration at any instant is very small as compared 
with the total charge of pigment and vehicle or suspend 
ing agent in the machine. Accordingly, the grinding ef 
ficiency is relatively poor on a per unit volume basis. In 
addition, an increasing viscosity of the suspending medi 
um for the solid adversely affects the grinding action, 
both in sand mills and roll mills for the reasons pointed 
out above. 
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2 
It has been pointed out before also that vibrating ball 

mills are more efficient than rotary ball mills and can, 
With many types of materials, produce a product of more 
uniform particle size than the rotary ball mill and handle 
more efficiently larger volumes of material per horse 
power input than sand mills and roller mills. However, 
the vibrating ball mill has the same difficulty as the other 
types of mills in handling highly viscous media for the 
reason that the motion of the balls is markedly reduced 
by the viscosity of the media, and moreover, the balls 
which are usually loosely filled into the conduits making 
up the mill are caused by the viscous medium to pack 
together and thereby reduce the shear action in the mill 
and the rate of flow through the mill. 

In accordance with the present invention, vibrating ball 
mills are provided which overcome the disadvantage of 
prior ball mills and have been found equally effective in 
the handling of either materials or media of low viscosity 
and media of high viscosity without the expenditure of as 
much power to drive the mill or power for developing 
preSSure for forcing the media undergoing grinding 
through the mill. 
More particularly, in accordance with the present in 

vention, it has been found that a drive mechanism which 
is capable of imparting a predetermined amplitude of 
vibration at a predetermined optimum frequency, pro 
duces a more efficient and uniform grinding in high 
viscosity media, provided opportunity is afforded for 
changes in pressure and a remixing of the materials dur 
ing passage through the grinding section of the mill 
and the shearing movement of the grinding balls in the 
mill is increased. 

In a preferred and optimum form of the invention, 
the mill may take the form of one or more series-con 
nected tubes each containing a plurality of capsules or 
cartridges arranged in end-to-end relationship and par 
tially filled with grinding balls, the groups of grinding 
balls being spaced apart to provide free zones therebe 
tween to produce a turbulent mixing of the medium and 
solids suspended therein and a change of pressure rela 
tionship which prevents the grinding balls from being im 
mobilized within the capsules or cartridges. By vibrating 
the conduits containing the grinding media at an am 
plitude of about one-half inch and at a frequency at about 
forty cycles per second, it is possible to produce a uni 
form grinding operation without the need for the ap 
plication of an excessive pressure to force the fluid medi 
lm through the grinding conduits or mill. Vibration of 
the conduits can be accomplished efficiently and effec 
tively by means of pairs of unbalanced weights which are 
rotated in such a fashion to cause a straight line or es 
sentially straight line vibration transversely of the tubes 
and the direction of flow of the material therethrough to 
develop the required shearing action between the grinding 
balls. 

In a preferred embodiment of the mill, the shearing 
action between the layers of balls in the mill units is in 
creased by forming the conduits of relatively shallow 
rectangular cross-section provided with longitudinally ex 
tending corrugations which thereby cause the lowermost 
layer of balls to remain substantially in fixed position 
during vibration of the mill while the vibration causes 
the overlying layers of balls to move relatively and thus 
create shear in the viscous fluid which results in a much 
more rapid and effective grinding and more efficient uti 
lization of the power input to the mill. 

For a better understanding of the present invention, 
reference may be had to the accompanying drawings, in 
which 

FIG. 1 is a top plan view of a typical form of millem 
bodying the present invention; 



3,510,074 
3 

FIG. 2 is a sectional view taken on line 2-2 of FIG. 1; 
FIG. 3 is a side elevational view thereof; 
FIG. 4 is a view in section taken on line 4-4 of 

FIG. 1; 
FIG. 5 is a view of a portion of the conduit containing 

grinding capsules shown partly in section and partly 
broken away; 

FIG. 6 is an exploded side elevational view of a grind 
ing cartridge for the mill; 

FIG. 7 is an end elevational view looking toward one 
end of the grinding cartridge; 

FIG. 8 is an end elevational view looking toward the 
other end of the cartridge; 

FIG. 9 is an exploded perspective view of a modified 
form of mill unit embodying the present invention; 

FIG. 10 is a plan view partially broken away of one 
of the conduits of the mill unit shown in FIG. 9; and 

FIG. 11 is a side elevational and partially broken away 
view of the conduit. 
A typical mill chosen for purposes of illustration is a 

two-unit mill having two grinding units 10 and 11 which 
are essentially the same and mounted on opposite sides of 
a drive unit 12 for vibrating the grinding units in a sub 
stantially horizontal path. As shown in FIGS. 2 and 3, 
the mill includes a base 14 formed of angle iron or other 
structurally strong material which supports a drive motor 
15 for the mill adjacent one end thereof and is also pro 
vided with vertically extending flat leaf springs 16, 17, 18 
and 19 which are mounted by means of clamping blocks 
20, 21, 22 and 23 on the frame. The leaf springs may con 
sist of one or more spaced apart leaves and, as illustrated, 
include two leaves. The clamping blocks may be mounted 
on vibration-absorbing cushions 24 to minimize trans 
mission of vibration to the floor of a building on which 
the frame 14 is supported. 
The four pairs of springs 16, 17, 18 and 19 support at 

their upper ends in a manner described hereinafter a 
generally rectangular frame 25 formed of angle iron or 
the like on which the drive unit 12 is mounted so that it 
is free to vibrate generally in a direction perpendicular 
to the length and width of the springs 16 to 19. 
As best shown in FIGS. 2, 3 and 4, the drive unit in 

cludes a pair of eccentric weights 26 and 27 fixed to or in 
tegral with shafts 28 and 29 mounted in bearings 30 and 
31 and bearings 32 and 33, respectively, in heavy bearing 
blocks 34 and 35 at opposite ends of the weights. A pair 
of parallel spacing plates 37 and 38 are bolted to the 
bearing blocks 34 and 35 or secured to them in any suit 
able way to support the shafts and the bearings rigidly 
as the weights 26 and 27 are rotated. As shown in FIG. 4, 
the weights are positioned so that they are opposed to 
each other or opposite from each other in a vertical plane 
and upon rotation will cause vibration in a generally 
horizontal plane. In order to rotate the weights, the motor 
15 is provided with a multi-grooved pulley 39 for driv 
ing a similar pulley 40 on the shaft 29 by means of 
multiple belts 41. 
Mounted on the bearing block 35 is a closed casing 42 

which houses a pair of meshing gears 43 and 44 mounted, 
respectively, on the shafts 28 and 29. The housing 42 
receives lubricant to lubricate the gears. 
As shown in FIGS. 1, 3 and 4, a pair of plates 45 and 

46 are attached to the plates 37 and 38 by means of bolts 
or the like and each plate 45 or 46 is provided with a 
series of removable clamping plates 47, 48 and 49 having 
arcuate recesses 50 and 51 in their outer faces for receiv 
ing conduits 52 and 53 etc., which make up the grinding 
section of the mill and through which the material being 
ground and a suspending medium therefor flows. Other 
clamping blocks 55, 56 and 57 having notches on their 
inner and outer edges are provided to clamp the conduits 
52 and 53 and to receive a second series of conduits 58 
and 59. A third group of clamping blocks 60, 61 and 62 
also having notched edges are clamped in a retaining 
relation to the other blocks by means of suitable bolts 63 
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4. 
and to clamping plate 64 which extends along the length 
of each row of clamping elements and has its lower end 
secured between the upper ends of the pairs of leaf springs 
16 to 19 which thereby support the drive unit 12 and the 
mill units 10 and 11 for vibration in a generally horizon 
tal plane. 
As shown in FIGS. 1 and 2, two sets of the clamping 

plates are provided for gripping the conduits 52, 53, 58, 
59, etc., at spaced-apart points generally in alignment 
with the bearing blocks 34 and 35 to provide a two-zone 
support for each conduit. The reason for mounting the 
conduits between separate clamping blocks is that by pro 
viding blocks having arcuate recesses 50, 51, etc., of ap 
propriate radius, conduits of different diameters can be 
mounted on the mills for handling different volumes and 
types of materials. Thus the conduits 52, 53, etc., may be 
an inch, one and one-half inches, three inches or more 
in diameter, depending upon the desired throughput of 
machine and the type of material being handled. 
As shown in FIGS. 2 and 3, the conduits 52 and 53 

and the other corresponding conduits making up the mill 
units are connected by means of detachable resilient el 
bows 67, 68 etc., so that the several conduits making up 
each mill unit 10 and 11 are connected in series, and the 
material introduced, for example as shown in FIG. 3, in 
the lowermost, inner conduit 70, will flow back and forth 
and upwardly through one series of connected conduits, 
horizontally between the uppermost conduits, and then 
back and forth through the outer row of conduits being 
discharged through the outer, lowermost conduit 71 in a 
continuous flow path. 
The material to undergo grinding is introduced into 

conduits and flows through under pressure supplied by 
a pump, not shown, at a pressure which is appropriate 
to the material undergoing treatment. If the conduits of 
each mill unit are partially filled with balls throughout 
their lengths with appropriate screening to prevent move 
ment of the balls from one conduit to another, highly 
fluid media could be passed through the conduits under 
a relatively low pressure at a relatively low power input 
and with a satisfactory throughput (volume flow rate), 
and Satisfactory grinding would be accomplished by the 
vibration of the balls in the conduits. However, with 
highly viscous materials, only very low flow rates and 
relatively unsatisfactory grinding can be achieved, even 
When the medium is supplied to the mill units under high 
pressure and the mills are vibrated at high frequency. 

In accordance with the present invention, the need for 
high pressures to cause the flow of viscous materials 
through the conduits is overcome and greatly enhanced 
grinding efficiency is achieved by inserting in each of the 
conduits 52, 53 etc., a plurality of capsules or cartridges 
of the type disclosed in FIGS. 5 to 8. As shown therein, 
each capsule includes a cylindrical shell 72 of a size to 
fit Snugly in the conduits of the mill units, the cartridges 
being insertable into and removable from the conduits 
by removal of the detachable elbows 67, 68, etc., which 
connect the ends of the conduits. The shells of the car 
tridges may be of appropriate diameter and may be of 
any suitable length, for example, from one and one-half 
to eight inches long, and are about 75 to 80% filled with 
grinding balls, such as steel balls 73 or other metallic 
or ceramic balls. The balls are retained in the shell by 
means of cup-shaped end caps 74 and 75. As shown in 
FIG. 5, the rims 76 and 77 of the end caps 75 extend 
in the same direction and are spot-welded or otherwise 
Secured within the ends of the shell so that the bottom 
of the cap 74 is substantially flush with the left hand end 
of the shell 72 as viewed in FIGS. 5 and 6, while the 
end of the rim 77 is substantially flush with the end of 
the shell 72, thereby leaving a space 78 equal to the depth 
of the flange 77 at the end of the shell 72. 
As shown in FIGS. 7 and 8, the end caps 74 and 75 

are provided with slots 79 and 80 or other openings to 
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serted in the container 93 with the outlet openings of 
a higher conduit aligned with the inlet openings of the 
next lower conduit. The upper and lower conduits 104 
and 109 differ from the conduits 105 to 108 solely in 
that the inlet of the conduit 104 is in the end wall 116 
of the conduit rather than in the top wall and the out 
let 111 also is in the end wall of the conduit 109 in 
stead of the bottom wall thereof. In this way, the con 
duits are connected in series for flow of the suspensionì 
therethrough to be ground therein. In order to increase 
the amount of shear occurring in the suspension and 
correspondingly improve the efficiency of grinding, the 
bottom of each conduit is corrugated as, for example, 
by a plurality of rods 128 welded to the bottom 13 
with the rods extending lengthwise on the conduit. The 
rods terminate in each ball-containing compartment of 
the conduit adjacent the separating screen 118, 119, 120, 
121 or 121a. 
When a suspension of solids in liquid is passed through 

the mill unit, the balls adjacent the corrugated bottom of 
the compartments are retained relatively stationary be 
cause of engagement with the corrugations or rods while 
the upper layers of balls are vibrated back and forth rela 
tive to the lower layers and to each other so that the 
shear in the liquid Suspension is increased throughout sub 
stantially its cross-section and movement of the balls as a 
single body is greatly diminished. Moreover, by position 
ing the sidewalls of the conduits substantially perpendicu 
lar or sloping somewhat relative to the top and bottom 
thereof, the tendency of the balls to roll as a group in an 
oscillatory fashion is substantially diminished and in this 
way the action of the movement of the balls in shear is 
increased so that the energy input to the mill is largely 
converted into shear which, as indicated above, produces 
a much more effective grinding than the rolling and slid 
ing between the balls which characterized the prior vibrat 
ing ball mills. The enhanced shear action, together with 
the provision of the spaces between the individual grind 
ing compartments or capsules in the conduits accordingly 
enables a much more effective utilization of power in the 
grinding action and a much decreased expenditure of pow 
er in pumping the liquid suspension through the mill unit, 
thereby enabling an efficient grinding, of materials sus 
pended in very viscous fluids with a relatively reduced 
power input to the mill. 

It will be understood that the conduits disclosed in the 
drawings are susceptible to modification and that differ 
erent types of ball-retaining screens, spacers therebetween, 
and connections between the inlet and outlet ends of the 
conduits may be provided. Moreover, conduits of differ 
ent internal dimensions and correspondingly dimensioned 
ball-receiving compartments or capsules of suitable lengths 
may be used in the mill units depending upon require 
Inents. 
Accordingly, the mills described above should be con 

sidered as illustrative and not as limiting the scope of the 
following claims. 
We claim: 
1. In a vibrating ball mill having an elongated conduit 

for flow of a suspension of solids therethrough, and 
means for vibrating said conduit substantially transverse 
ly to its axis, the improvement comprising a plurality of 
separate groups of grinding balls spaced apart lengthwise 
of said conduit and means confining said groups of balls 
in spaced-apart zones in said conduit while affording pas 
sage of the suspension of solids from one zone to another, 
said groups of balls partially filling said zones for vibra 
tion relative to said conduit and the spaces between said 
zones being free of balls. 

2. The ball mill set forth in claim 1 in which said con 
duit comprises a plurality of substantially parallel sec 
tions of conduit connected in series for flow of said sus 
pension therethrough. 

3. The ball mill set forth in claim 1 in which said means 
confining said balls comprises a plurality of compartments 
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8 
in said conduit in end-to-end relation, each compartment 
being partially filled with a group of said grinding balls, 
apertured end plates fixed to said compartments for re 
taining said balls in said compartments and means in 
said conduit spacing an end plate for each compartment 
from an end plate of an adjacent compartment to provide 
mixing and pressure reducing spaces between said groups 
of balls. 

4. The ball mill set forth in claim 1 in which said means 
confining said balls comprises a cylindrical tube, an aper 
tured ball-retaining member at one end of said tube, an 
other apertured ball-retaining member spaced inwardly 
from the other end of said tube, and group of grinding 
balls partially filling said tube between said retaining mem 
bers. 

5. The ball mill set forth in claim in which said 
conduit is of rectangular cross-section and said means 
for confining said balls comprises at least one pair of 
perforated ball-retaining plates spaced apart lengthwise 
of said conduit and comprising corrugations in the bot 
tom of said conduit extending lengthwise of said zones 
on opposite sides of said pair of ball-retaining plates. 

6. The ball mill set forth in claim 5 in which said cor 
rugations comprise a plurality of substantially parallel 
rods fixed to the bottom of said conduit. 

7. The ball mill set forth in claim 1 in which the means 
for vibrating said conduit comprises a pair or pairs of 
eccentric weights, means supporting said weights for ro 
tation around parallel axes and means for rotating said 
weights in opposite directions to develop a vibrating mo 
tion substantially transversely of the axis of said conduit. 

8. The ball mill set forth in claim 7 in which said 
means for rotating said weights develops a vibrating mo 
tion having a frequency of about 40 cycles per Second 
and an amplitude of about one-half inch. 

9. The ball mill set forth in claim 7 comprising means 
resiliently supporting said conduit and said means for 
supporting said weights for movement in a substantially 
horizontal plane and means rigidly connecting said con 
duit and said means supporting said weights to transmit 
said vibrating motion to said conduit. 

10. A grinding capsule for a vibrating ball mill com 
prising a tubular member, a first retainer at one end of 
said tubular member, a second retainer spaced inwardly 
from the other end of said tubular member and from 
said first retainer, said retainers being cup-shaped mem 
bers each having a bottom and a peripheral flange fixed to 
said tubular member and the bottom of one of said re 
tainers being substantially flush with one end of said 
tubular member and the outer edge of the peripheral 
flange of the other retainer being substantially flush with 
the other end of said tubular member, and grinding balls 
partially filling said tubular member between said re 
tainers, the bottoms of said retainers having apertures 
therein for flow therethrough of a suspension of solids to 
be ground. 

11. A grinding mill unit comprising a casing, a plu 
rality of conduits of rectangular cross-section in Super 
imposed relation in said casing, each of Said conduits 
having a top, a bottom, sides and ends and an inlet and 
an outlet adjacent to the opposite ends thereof connect 
ing said conduits in series for flow of a suspension of 
Solids therethrough, a plurality of perforated ball-retain 
ing plates spaced apart lengthwise of each conduit be 
tween the inlet and the outlet thereof and separating said 
conduit into a plurality of spaced-apart ball-receiving 
Zones, and a ball-free zone therebetween, and said bot 
toms of said conduits having corrugations extending 
lengthwise of said conduits in said ball-receiving zones. 

12. The grinding mill unit set forth in claim 11 in 
which the uppermost conduit has an inlet in one end, 
and an outlet in its bottom, said lowermost conduit has 
an inlet in its top and an outlet in one end any any inter 
mediate conduits have inlets in their tops and outlets 
in their bottoms. 
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13. In a vibrating ball mill having an elongated con 

duit for flow of a suspension of solids therethrough, and 
means for vibrating said conduit substantially transversely 
to its axis, the improvement comprising a multiplicity of 
spaced-apart members dividing the conduit into at least 
two longitudinally spaced apart grinding Zones and 
adapted to confine a group of grinding balls in each of 
said Zones while affording passage of the Suspension of 
Solids from one zone to another and leaving a space free 
of balls intermediate adjacent grinding Zones. 

14. The ball mill set forth in claim 13 comprising in 
each grinding zone for impeding vibratory movement of 
a portion of the group of grinding balls in Said zone 
thereby to promote a shearing action between said por 
tion of the group of balls and at least another portion of 
the balls in Said Zone. 

15. The ball mill set forth in claim 14 in which each 
grinding zone is substantially rectangular in cross section 
transverse to the longitudinal axis of the conduit. 

16. The ball mill set forth in claim 5 wherein the 
means for impeding movement of said portion of the 
group of grinding balls includes means in the base of 
each zone defining alternating relatively raised and rela 
tively depressed surfaces, the depressed surfaces being of 
a size and depth Sufficient to at least partly capture balls 
in at least one layer of Said group of grinding balls. 

17. A vibrating ball mill comprising at least one elon 
gated conduit mounted with its lengthwise axis disposed 
substantially horizontal and arranged for flow of a sus 
pension of solids therethrough, means for vibrating the 
conduit transversely of its axis in a substantially hori 
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Zontal plane, a group of grinding balls confined in a 
Zone of the conduit, and means in said zone for imped 
ing vibratory movement of a portion of said group of 
balls thereby to promote a shearing action between said 
portion and at least another portion of said group of 
grinding balls. 

18. The ball mill set forth in claim 17 wherein the Zone 
in which said group of balls is confined is substantially 
longitudinal in cross section transverse to the axis of the 
conduit and has in Such cross section a width substan 
tially greater than the height. 

19. The ball mill set forth in claim 18 in which the 
base of the Zone includes means defining alternating 
raised and depressed Surfaces, said means constituting 
said means for impeding vibratory movement of a por 
tion of the group of grinding balls. 
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