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This invention relates to machines for the production
of finely divided mixtures, such as emulsions, suspensions
or dispersions.

The invention is directed more particularly to dlsper-
sion machines of the type of the so-called colloid mills,
in which previously comminuted material is very finely
divided in an appliance cons1st1ng of a toothed wheel
which rotates at a high velocity in an internally toothed
casing with only small clearance. The material to be
operated on may be introduced in an alréady broken up
state or in large pieces, in which latter case it is prelimi-
narily treated in a preliminary comminuting machine
which is built into the machine casing as 4 preliminary
stage.

The primary object of the invention is the provision of
an improved machine for the production of very finely
divided mixtures, by which the material to be com-
minuted is divided up into minute particles of substdn-
tially the same order of magnitude.

A further object of the invention is to produce an im-
proved very finely comminuting machine of such con-
struction that the dividing up of the material to be com-
minuted into particles of a substantially equal, colloidal
order of magnitude will be carried through with less ex-
penditure of time and energy than has hitherto beed' pos-
sible with the known colloid mills. ,

A further object of the invention consists in creating
an extremely fine dispersion machine of small corstruc-
tional dimensions which requires relatively small driving
energy, and which results in an extreniely fine dispersion
and is therefore suitable for use as a small machine.

In the sense of the objects of the invention, given above,
and of further objects of the invention, which will' be
gathered from the spec1ﬁcat10n and accompanying draw-
ings, in which the invention is explalned with: reference
to one constructional example, the main feature of the
mventlon consists in this, that a plurality of dispersion
systéms of different constructional form and of = dif-
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Figs. 3-5 are fragmentary plan sectional views taken
on the lines 3—3, 4—4 and 5—5 of Fig. 2 respectively,
Fig. 2 containing in addition a fragmentary perspective
showing.

The minutely dispersing machine according to Fig: 1~
comprises the driving motor M in the form of an ordinary
upright motor and' the dispersion device proper generally
indicated-at D, the casing G of which is fixed on the motor
housing in the usualway, for instance by means of screw -
bolts. The rotor 1 of the dispersion device is coupled
to' the shaft of the motor M. In the casing G of the dis-
persion- device an insert' 2’ is provided which acts as' the
carrier of the stationary part of the dispersing system or
systems. On the upper side of the dispersion machine is
the hopper 4 for the material to be treated, to which may
be connected an inlet conduit 109 controlled by a valve
110. The hopper 4'is affixed over an aperture in the stator
member 2 for admission of the material to be comminuted
to the annular space.or gap between the rotor. and stator
members of the machine. = At the periphery of the casing
G is the outlet conduit 5 for the finished product. In
the constructional’ form according to Fig. 1 the rotor 1
rotates within the stationary part 2 of the dispersion sys-
tem.

The dlspersmn device according to the invention will
now be described'in-detail with reference to. Figs. 2 to 5.

In the’ constructional form according to-Figs. 1 to'5 the
dispersion device comprises a preliminary comminuting
system-and two finely dispersing systems, which, including
further operative means to be hereinafter described, are
artanged inhaccordancé with the invention one behind
the other in the paih travelled by the material. Both the
preliminary comminuting system and-the dispersion sys-
tems have rotating’ elements which are fixed to the
rotor 1 and’ stationary elements which are fixed to
the stationary. part-2 or stator connected to the cas-
ing. = The pieliminary comminuting system comprises

- a system of symmetrically arranged radially extending
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ferent dividing effect are so arranged in the path of mate-

rial under treatment, as’it travels through the dispersion
machme that they are effective to divide up the material
into particles of a magmthde which constantly decreases
and at the same time becomes more uniform.

Further features of the invention and the advantages ob-
tamable by them will be gathered from the followmg de-
scnptlon in conjunction with the accompanying drawings,
in. which the invention is more partlcularly explamed
with reference toa preferred e}.ample "The invention is
characterized in the accompanying claims.

In the drawings in which the same or similar parts
bear the same references,

F1g 1 is a view in elevation, partly in section, of a
commlnutmg machine according to the ifvention;

Fig. 2 is a fragmentary sectional view- at an enlarged
scale of the machme of Flg 1; and
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teeth: 61 on the rotor and teeth 62 on the casing part
or - stator” 2, between the oppositely disposed work-
ing edgeés of which there is a working gap 63. The

-spaces between adjacent teeth 61 and between adjacent

teeth 62 dppear as:slots in: Fig. 3, of semicircular section
in the particuldr embodiment illustrated. The working
gap 63 -extends with respect to the central axis of the dis-
persion machine obliquely downwards and outwards.
Teeth 61 and 62 thus lie on coaxial surfaces of revolu-
tion which face each other across the gap 63 and which
(or portions of which), within the tolerance of the width
of the gap 63, conform substantially to a single or com-
mon surface of revolution having straight lines as genera-
tors—a conical frustum in the embodiment illustrated
in the drawings. Below the preliminary comminuting
system the working gap 63 widens into a system of cylin-
drical bores 64 which extend as to one half into.the rotor
and as to the other half into the stationary part 2 of the
casing. Below the ‘bores the gap 63 between rotor
and stator first ‘of all narrows again to-its original width
and then continues into the first dispersion system, its
inclination away from the machine axis being increased.
This first dispersion system comprises radially-symmetri-
cally distributed teeth 71 and 72, the teeth 71 being on
the outer peripheral surface of the rotor 1 and the teeth
72 on the facing inner surface of the casing part 2, teeth
71 and 72 being either fixed upon or formed integrally
with the rotor 1 and stator 2. It will be seen from a com-
parison of Figs. 3 and 4 that the teeth 71 and 72 are more
numerous than the teeth 61 and 62. As will be seen more
particularly from Fig. 2, the facing edges of the two
groups of teeth extend practically parallel to one another
with a narrow space between them, which acts as the work-
ing :gap between teeth 71 and 72. ‘The teeth 71 and 72
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also lie on coaxial surfaces of revolution which face each
other across a narrow gap and, within the tolerance de-
fined by the width of that gap, these surfaces conform
substantially to a single surface of revolution having
straight lines as generators, these generators being in-
clined to the axis of the machine by a larger angle than are
the generators of the surfaces on which lie teeth 61 and
62..- The gap between teeth 71 and 72, viewed in the
peripheral direction, alternates in regular succession with
enlarged spaces constituted by the gaps or slots between
the teeth. Fig. 4 shows the position of the teeth 71 and
72 at the moment when the rotor teeth just coincide with
the stator teeth. )

Forming a continuation of the first dispersion system
and particularly of the gap between teeth 71 and 72 is
a narrow annular gap 8, the axial plane of which is per-
pendicular to the machine axis and the wall surfaces of
which ‘have no operative comminuting or - dispersing
means.

This annular gap is followed by the second dispersion
system. This system consists of an annular chamber 94,
the plane of the longitudinal axis of which is also practical-
ly perpendicular to the machine axis. Chamber 94 may
be considered as an enlargement in the annular gap or
space separating rotor and stator, this enlargement hav-
ing a larger cross section than the portions of that space
identified at 8 and 93 in Fig. 2 which precede and follow
chamber 94 in the direction of flow of the material through
the machine. - The annular space of course extends be-
tween the inlet and outlet ends of the machine, i. e. it
includes as well the gap 63 and the gap between the
facing arrays of teeth 71 and 72. The upper part of the
annular chamber is also free of operative means, At the
lower limit of the annular chamber are two coaxial sys-
tems or rings of teeth, of which one group or ring, com-
prising teeth 91, is provided on the rotor and the other
ring of teeth 92 is provided on the stationary casing part
or stator 2. The end edges of the two groups of teeth
91 and 92 extend, similarly as in the case of the groups
of teeth 71 and 72, parallel to one another, leaving a
narrow working gap 93. The working gap 93 extends
p_ara].lel to the machine axis and continues in a straight
line Into a narrow annular gap between the rotor 1 and
the_ casing part 2, which gap terminates in the outlet con-
duit 5 (Fig. 1) for the finished material.

The fine dispersion machine according to Figs. 1 to 5
operates in the following mannei: After the driving motor
has. been started up the material to be treated is delivered,
whxle_the rotor is rotating, into the hopper 4. Under the
comblped influence of gravity and centrifugal force the
material flows through the machine along the path indi-
cated by the dashed arrow line of Fig. 2. The material
to be treated passes first within range of the teeth 61 and
62 of the preliminary comminuting system. In this
rad}ally outward motion it strikes against the ends of the
casing teeth 62. At the same time the material is dis-
placed tangentially by the rotor teeth 61, so that in the
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area of the working gap 63 it is comminuted by the inter- -

a.ction of thq rotor teeth 61 and stator teeth 62, the par-
ticles becorplgg finer and finer. The cylindrical bores 64
of the preliminary comminuting machine act during this
stage as a vortex chamber free of operative means, in
which coarser particles are conveyed by rebound back
into the preliminary comminuting system and are again
sub]ectf‘:d to the comminuting process. The material thus
passes in a preliminarily comminuted state into the first
d.lspersmn- system, where it is finely divided to a con-
t1n(11107uzs1y Increasing degree by the action of the teeth 71
an X

The already finely divided material thereupon enters
'the annular gap 8. This annular gap acts as a homogenis-
ing gap, such as is already kmown in dividing machines,
more particularly in emulsificrs. In the present case,
I_lowever, the annular gap 8 acits in a manner to be here-
inafter described so as to raise tthe efficiency of the second
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dispersion system. The material entering this system is
at first subjected, in a similar manner as in the first dis-
persion system, through the coaction of the tooth systems
91 and 92 to an increased comminuation. The coarser
particles may strike the peripherally outer wall of cham-
ber 94 between adjacent teeth 92 and are enabled to re-
turn via the smooth upper portion of chamber 94, as indi-
cated by the dashed arrow in Fig. 2, so as to be subjected
to repeated comminution by teeth 91 and 92. Conse-
quently, the coarser particles are subjected in the interior
of the second dispersion system to a much more fre-
quent treatment than the finest particles which, as soon
as they have reached the desired particle size, leave the
system through the working gap 93 and its axial exten-
sion. Thus, the result is obtained in accordance with
the invention that the size of particle of the finished ma-
terial varies only within quite narrow limits.

The effectiveness of this second dispersion system is
increased in the constructional form of the invention illus-
trated by the provision therein of the aforesaid radially
inwardly opening material inlet or homogenising gap 8
for the material under treatment and of an outlet for the
finished material commencing in the extension of the
working gap 93. It is thus clear that the circulating
chamber 94 has at 8 an inlet which extends at an angle
to the length of the teeth 71 and 72 and hence at an angle
to the slots or slot chambers between them. Furthermore
the outlet formed by the gap 93 from the circulating
chamber is at an angle to the inlet into the circulating
chamber. The resistance to flow of a particle suspended
in the dispersion medium is in order of magnitude pro-
portional to the square of its diameter, assuming a spheri-
cal particle, whereas the energy of motion of the particle
increases with its mass and therefore with the cube of
its diameter. Therefore the energy of motion will with an
increase in the diameter of the particle increase more
rapidly than its resistance to flow. Hence, coaser par-
ticles will be less ready to allow themselves to be de-
flected into a curve path, i. e. in the direction towards
the material outlet, than fine particles which will follow
the flow to the outlet, whilst the coarser particles will
retain their radially outwardly directed motion longer,
until they reach the internal back wall of the gaps between
the teeth 92 in the casing and are consequently caused
to circulate several times between the circulating cham-
ber 94 and the slots between adjacent teeth 91 and 92
until they also are divided up into very small particles
which can be carried along by the flow to the outlet.

Within the chamber 94 the breaking of the particles
takes place not only between the teeth 91 and 92, but also
at the boundary zone between chamber 94 and the faces
of teeth 91 and 92 presented thereto, where the material
has an axial upward and downward motion imparted to
it by those faces of the rotor teeth 91 and 92.

It is already known in the art to pass the material
repeatedly through a comminuating system. Hitherto,
however, all the particles, therefore necessarily also those
already having the prescribed size, were treated again.
This involves an unnecessary expenditure of time and
energy. In the above described second dispersion system
there takes place an automatic separation of the finely
dispersed particles from those which are still too large.

The very fine dispersion machines illustrated are shown
with teeth extending in straight lines and along cone
meridians, i. e. along the generators of the conical frusta
to which the arrays of teeth 61, 62, 71 and 72 conform.
It is also possible, however, to let the teeth run obliquely
in opposition to one another or spirally. It is also possible
to give the teeth on the rotor and on the stationary casing
part dissimilar and/or oppositely directed pitches. In
such machines a constant change and shifting of the nar-
row and wide parts of the working gap takes place, where-
by the material, owing to its own inertia, is subjected to
additional internal stresses.

The dispersion machines of the invention .are in:gen-
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eral constructed of corrosion resisting and hard material,
for instance of non-rusting steel or hard porcelain. Tt is
however also possible, more particularly when dealing

with a material consisting only of liquid phases, to use.

softer material, for instance artificial plastic, for some
of or all the machine parts. _

Owing to the small number and constructional simplic-
ity of the parts, the very fine dispersing machines accord-
ing to the invention can be made by mass production and
more particularly by casting and pressing processes at
low cost. It is also possible to provide the very fine dis-
persion machines accerding to "the invention with ex-
changeable sets of parts which can be adapted to the de-

sired output and/or the peculiarities of the particular ma-

terial to be treated.. Such machines are, for instance,
as suitable as tniversal apph'mces for laboratories and the
like.

A further advantage of the machines according to the.
invention is,- that they will clean themselves, when fed:

with cleaning agents and the rotors are allowed to rotate.

T claim:

1. Apparatus for producing very finely divided mix-
tures such as dispersions, suspensions, emulsions or the
like comprising rotor and stator members having co-
operating facing surfaces, one of said members having
at least one aperture therein through which material to
be treated can be fed so that it can pass between said
facing surfaces, said members further having a space
therebetween, cooperating teeth on said surfaces consti-
tuting a working stage subjecting material to fine sub-
division, means including an annular chamber formed
in at least one of said mémbers, said chamber being in
communication with the space betwéen said members,
said chamber constituting a circulating chamber, an out-
let communicating with said annular chamber, said outlet
leading from said annular chamber angularly with respect
to the space bétween said meémbers at the communication
of said space with said annular chamber, and a plurality
of teeth on each of said members facing each other
across said outlet, said last-named teeth having a face
presented to said annular chamber.

2. Apparatus for productmo very finely divided mix-
tures such as dispersions; suspensions, emulsions or the
like comprising rotor and stator bodies having cooperat-
ing facing surfaces, said surfaces being spaced from one
another to define a working gap through which material
to be treated can pass, an aperture in one of said bodies
constituting an inlet communicating with said working
gap, said facing surfaces including a conical portion and
teeth on the conical portion of each of said bodies consti-
tuting a first comminuting system for subjecting the ma-
terial to a fine degree of subdivision, one of said bodies
having an annular chamber therein communicating with
said -working gap, said bodies being spaced beyond
said chamber to define a discharge slit, each of said bodies
having formed thereon additional teeth presented to said
chamber, said last mentioned teeth being arranged on
opposite sides of the discharge slit, whereby material flow-
ing from the inlet is subjected to a fine degree of com-
minution by the first mentioned teeth and flows into said
chamber for additional comminution by the teeth therein,
said annular chamber constituting a circulating chamber
so that materials of coarse particle size can be circulated
within said chamber between the teeth therein until their
particle size is reduced so that all particles -discharged
through the discharge slit have substantially the same
particle size.

3. In a dispersion machine, two. relatively rotatable
bodies, said bodies having coaxial surfaces facingeach
other with an intermediate narrow gap therebetween, a
plurality of teeth on each of said bodies, said teeth fac-
ing each other across said gap, inlet means for the ma-
terial to be comminuted in advance of and communicat-
ing with said gap on one side of said teeth, an annular
chamber on one of said bodies communicating throughout
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its length with said gap on the side of said teeth opposite
said inlet means, the portions of said gap on opposite sides
of said chambeér being angularly inclined to each other;
and additional teeth on each of said bodies facing each.
other across said gap on the side of said chamber remote
from said imlet means, said additional teéth havirng at
least one face exposed to the interior of said chamber, said
chamber constituting a circulating chamber in which the
coarser particles of material to be comminuted circulate
between the last-mentioned teeth. :

4. A comminuting machine including -a stator and 4
rotor supported for rotation within said stator, said rotor
and stator -including each .a first portion and a second
portion, said first portions both conforming substantially
to frusta of a first single cone, said second portions both
conforming substantially to frusta of a second single cone
of larger half angle than said first cone, the bases of
said first portions coinciding substantially with the tops
of said second portions respectively, each of said first
portions having formed therein a plurality of slots ex-
tending the slant height thereof atid having a depth greater
than the clearance between said first portions, each of
said second portions having formed therein a plurality
of slots extending the slant height thereof and having a
depth greater than the clearance between said second
portions, the slots in said second portions being more
nrumerous than the slots in ‘said first portions.

5. A comminuting machine comprising two relatively
rotatable bodiés, said bodies including each a first por-
tion, said first portions both conforming substantially
to frusta of a single cone, each of said bodies having a
plurality of grooves therein extending the slant height of
its first portion, the grooves in one of said bodies being
parallel in pairs with the grooves in the other of said
bodies, means to support said bodies for relative rota-
tion ‘with a gap therebetween and with close clearance
between said first portions, said bodies being shaped ad-
jacent the base of their first portions to provide in said
gap an annular enlargement of greater cross sectional
dimension than the clearancé between said first portions,
each of said bodies having'a plurality of teeth thereon
having a face exposed to said annulat space, said teeth
facing each other with close clearance across said gap
on the side of said enlargement remote from said first
portions.

6." A comminuting machine comprising a stator and a
rotor, said stator having a first interior surface and said
rotor having a first exterior surface, said first surfaces

-conforming substantially to-a single frustum, each .of

said first surfaces having formed therein a plurality of
slots extending from the top to the base of said frustum,
and means supporting said rotor for rotation within said
stator with a gap between rotor and stator and with said
first rotor surface at a close clearance from said first
stator surface, said rotor and stator being further shaped
to define therebetween in'said gap an annular enlargement
adjacent one end of said frustum, said rotor and stator
being further so shaped that the portions of said gap on
opposite sides of said enlargement are angularly in-
clined to each other, each of said rotor and stator having
an array of teeth, the teeth of said arrays facing each
other with close clearance across said gap on the side
of said enlargement remote from said first surfaces, said
teeth being further exposed to the interior of said enlarge-
ment.

7. A comminuting machine comprising two relatlvely
rotatable members and means to support said members
for relative rotation, each of said members having a first
surface conforming substantially to a single surface of
revolution having straight lines as generators, said mem-
bers having formed on said first surfaces a plurality of
grooves parallel to the generators of said surface of revo-
lution, said members further having surfaces defining an
annular space between said members adjacent one end
of said surface of revolution, said space having a cross .
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sectional dimension.greater than the clearance between
said first surfaces, each of said ‘members having a plu-
rality of teeth of which a face is presented to said space,
the teeth of one of said members. facing the teeth of the
other of said members across the clearance between said
members on the side of said space remote from said sur-
face of revolution.

8. A comminuting machine comprising two relatively
rotatable members and means to support said members
for relative rotation one within the other and with a gap
therebetween, one of said members having an inlet aper-
ture communicating with said gap at one axial end there-
of for the supply to the gap of a liquid suspension of ma-
terial to be comminuted during passage through said
gap axially of said machine to an outlet end of said gap
at the axially opposite end thereof, each of said members
having, facing each other across a portion of said gap, a
first surface conforming substantially to a common sur-
face of revolution having straight lines as generators, each
of said first surfaces having formed therein a plurality of
grooves extending lengthwise of said generators, said
members being further shaped to define in said gap on the
side of said first surfaces remote from said inlet aperture
an enlarged annular space of greater cross sectional di-
mension than that of said gap on either side of said
space, said members being so shaped that the trace, in
planes ‘containing the axis of relative rotation of said
members, of the portions of said gap on the inlet and out-
let sides of said space are angularly inclined to each other,
and a plurality of teeth on each of said members, said
teeth having at least one face presented to said space,
those of said teeth on one of said members further facing
those of said teeth on the other of said members across
said gap on the outlet side of said space.

9. A comminuting machine comprising two relatively :

rotatable members, said members having each a first
and a second ‘surface, said first surfaces conforming sub-
stantially to portions of a first single surface of revolu-
tion having straight lines as generators, said second sur-
faces being coaxial with and joined to said first surfaces
respectively, said second surfaces conforming substanti-

ally to portions of a second single surface of revolution -

having straight lines as generators, the generators of said
second surface of revolution being inclined to those of
said first surface of revolution, each of said members
having formed in its said first surface a plurality of
grooves extending lengthwise of the generators thereof,
each of said members further having formed in its said
second surface a plurality of grooves extending length-
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wise of the generators thereof, the grooves in said second
surfaces being more numerous than the grooves in said
first surfaces, and means supporting said members for
relative rotation with small clearances between said first
surfaces respectively and hetween said second surfaces
respectively.

10. A comminuting machine comprising a stator and
a rotor supported for rotation within the stator, said rotor
and. stator including first surfaces conforming substan-
tially to a frustum of a common cone and second surfaces
ccaxial with and joined to said first surfaces respectively,
said second surfaces conforming substantially to a com-
mon surface of revolution whose generators are inclined
to the axis of said cone by.a larger angle than the half
angle of said come, each of said first surfaces having
formed therein' a plurality of grooves of substantially
semicylindrical section extending lengthwise of the gen-
erators of said first surfaces, each of said second surfaces
having formed therein a plurality of grooves extending
lengthwise of the generators of said second surfaces, the
grooves in said second surfaces being more numerous
than those in said first surfaces.
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