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Description

This invention relates to a device and method for mixing solid and liquid substances by suitable mixing action, and
more particularly to a mixing device for mixing various kinds of pulverulent materials such as cement with a liquid such
as water to obtain a suitable intimate mixture in which the pulverulent materials are uniformly dispersed in the mixture
by rotating paired mixing blades so as to cause collisions of the particles of the pulverulent materials.

The quality of a mixture of various pulverulent materials and a liquid such as water depends on whether or not the
particles of the pulverulent materials are uniformly dispersed in the resultantly obtained mixture and mixed completely
with the liquid without being left in the form of immiscible lumps with the liquid. For example in the case of producing
ready-mixed concrete, it was frequently difficult to produce concrete having satisfactory strength by mixing cement and
aggregate with water at a time to obtain cement paste in which the cement and aggregate are consistently mixed with
the water. Therefore, there is now being widely adopted a step mixing method for producing concrete, in which cement
and water are first mixed to make cement paste, and thereafter, aggregate is added to and mixed with the cement paste
thus made.

As typical mixers of this type, there have been so far practically used a forced stirring type pan mixer, a horizontally
biaxial mixer, and a tilting mixer with a rotary drum. Every these conventional mixer is provided with a mixing blade or
rotary drum as a mixing agitator means which is rotated at a low speed to break the aforenoted lumps of pulverulent
particles formed in a mixture paste.

However, since such conventional mixers generally adopt a stirring mechanism utilizing gravity, aggregate mixed in
the mixture paste cannot bring about an agitating action as exerted by milling balls used in a ball mill (ball mill effect)
because of large absorbed energy of water in the mixture paste. Thus, the conventional mixers are restricted in ability
of agitating the mixture paste. Accordingly, with the conventional mixers as noted above, theoretically, the aforemen-
tioned agitator means must be driven at high speed of rotation for a long time in order to impart kinetic energy to the
aggregate in the mixture, whereas the mixture paste would be rotated sticking to the rotating agitator means or scat-
tered away without being stirred when the agitator means is rotated at high speed. For that reason, in the conventional
mixer, the mixture paste could not be agitated at high speed as a matter of course, so that the raw materials cannot be
mixed sufficiently and dispersed uniformly in the mixture paste resultantly obtained.

One conventional mixing device adopting the step mixing method for making such cement paste has been pro-
posed by Japanese Patent Publication SHO 61-7928(B). In this conventional mixing device, raw materials such as
water and cement are admitted one into either end portion of a mixing drum and forcibly introduced into a pressure
chamber located at the centre of the mixing drum by driving a screw to mingle the raw materials and obtain cement
paste, and then, the cement paste thus obtained is fed out at a high rate of speed through a contracted path to impart
a shearing force thereto.

The pulverulent particles of raw materials to be mixed tend to remain in a resultantly obtained mixture such as
cement paste in the form of immiscible lumps with water, which accommodate air between the pulverulent particles in
such a state that the water brings about surface tension in the mixture. Therefore, fine air bubbles in the lumps of the
pulverulent materials are held in the mixture by the liquid film crosslinking effect. Though there is a case that the pul-
verulent particles are electrostatically joined with one another, the coherence of the pulverulent particles joined electro-
statically is weaker than that by the liquid film crosslinking effect. However, in any case, the lumps of the pulverulent
materials which is first brought about in the mixture cannot easily be broken merely by driving the screw used in the
aforenoted conventional mixing device, because the fine air bubbles in the lumps of the pulverulent materials possibly
serve as a cushion.

Furthermore, in the conventional mixing device noted above, heavy particles of the pulverulent materials in the mix-
ture precipitates to the bottom of the mixing drum because of the difference in specific gravity of the particles. Therefore,
the shearing force imparted to the cement paste occurs only at the contracted path in the mixing drum, but has no effect
on the pulverulent particles precipitated to the bottom of the mixing drum.

As described above, the lumps of the pulverulent materials could not be broken effectively by the prior art including
the conventional mixing device as noted above.

The inventors of the present invention have carried mainly on various studies of an energy introducing method for
effectively breaking and uniformly dispersing lumps of pulverulent particles in the mixture.

From the results of their studies, it was found that the finer the pulverulent particle to be mixed with a liquid having
surface tension is, the larger the cohesion thereof becomes. To be more specific, the pulverulent particles such as
cement generally have a diameter of the order of about 10 um to several ten pum, and such fine particles tend to gather
and agglomerate to form a lump in a liquid. Therefore, by the conventional mixing device which intends to mechanically
mix the pulverulent materials with a rotating blade or one set of blades in a mixer container, a kinetic energy sufficient
to break the lumps of the pulverulent particles cannot be produced. That is to say, it is required to impart the energy
directly to the lumps of the pulverulent particles in order to consistently mix the pulverulent particles with water. Further,
the study made by the inventors reveals that the pulverulent particles can be dispersed uniformly in a liquid by causing
collision of the particles by utilization of the difference in inertial mass between the pulverulent particles, and therefore,
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it is desirable to cause the pulverulent particles to collide head-on with one another.

The present invention was made on the basis of the knowledge mentioned above. Accordingly it is an object of the
present invention is to provide a mixing device and mixing method capable of mixing pulverulent materials such as
cement with a liquid under the most suitable condition to produce a desired mixture in which the pulverulent materials
are uniformly dispersed without being left in the form of immiscible lumps with the liquid.

Another object of the present invention is to provide a mixing device and mixing method capable of effectively mix-
ing various pulverulent materials including aggregate with a liquid to produce a suitable mixture in which the pulverulent
materials are uniformly dispersed, by causing the aggregate contained in the mixture to function as milling balls gener-
ally used in a ball mill, to thereby bring about collision of the aggregate with immiscible lumps of pulverulent particles
with the liquid.

A mixing device is shown from European Patent Application No. 0305576 which utilises mixing blades arranged in
axially-disposed pairs which have a greater separation between their leading edges than between their trailing edges.
A similar configuration for, however, mixing conical blades is disclosed in French Patent Application No. 2626787. GB-
A-1 187 632 discloses (cf. Fig. 4) a container as used in the present invention.

The invention is a mixing device comprising a mixing container (2) for materials to be mixed, which has a bottom
and an annular side wall curving upwardly and outwardly from the bottom, a rotary shaft (17) rotatable at a high speed
and disposed on the bottom of said container, and stirring means (10) formed of mixing blades extending radially out-
ward from said rotary shaft,

characterised in that said stirring means (10) has an upper unit of said mixing blades (11, 41, 51, 61, 71) and a
lower unit of said mixing blades (12, 42, 52, 62, 72), which are arranged axisymmetically around said rotary shaft (17)
in vertical spaced opposed relationship; each of said mixing blades in said upper unit is inclined downward from a front
edge, relative to the direction of rotation of said rotary shaft, to a rear edge, relative to the direction of rotation of said
rotary shaft; and each of said mixing blades in said lower unit is inclined upward from a front edge relative to the direc-
tion of rotation of said rotary shaft to a rear edge relative to the direction of rotation of said rotary shaft, whereby mate-
rials being mixed in said container are guided between said front edges of said upper and lower blades and then along
said upper and lower blades and between said rear edges of said upper and lower blades so as to be caused to flow
rearwardly and radially outwardly of said blades so as to come into collision with each other rearwardly of said blades
and in said upwardly and outwardly expanding space when said upper and lower blade units rotate in said direction of
rotation and the materials being mixed are then recirculated along said annular side wall to said upper and lower mixing
blade units.

and further characterised in that said mixing container (2) has an inner wall surface shaped in an arc or parabola,
in section, having gradually decreasing inner diameter toward the bottom (3) of said container, which inner wall surface
(4) slants with slight curvature so as to permit the materials in said container to flow from the horizontal direction to the
upward direction along said inner wall surface.

Furthermore, the present invention provides a method for mixing pulverulent materials with a liquid to produce a
mixture, comprising placing the pulverulent materials with the liquid into a mixing container as defined in claim 1, rotat-
ing, at a high speed, at least one stirring means rotatably disposed one on another vertically opposite to each other on
the bottom of the container. Thus, the mixture around the respective stirring means come into collision by the high-
speed rotation of said stirring means.

The stirring means may be formed of mixing blades which are vertically opposed so that the distance between the
opposite front edges of the blades is larger than that between the rear edges of the same relative to the direction of rota-
tion.

The mixing blades are rotated to produce propulsive forces in opposite directions so that the materials such as pul-
verulent substances and liquids around the respective mixing blades are thrust against each other to come into collision
with each other between the mixing blades. The blades vertically opposite to each other of the mixing blades are so
formed that the distance between their front edges is larger than that between their rear edges relative to the direction
of rotation.

By rotating the mixing blades at a high speed, propulsive currents of the pulverulent materials around the respec-
tive mixing blades are brought about in the opposite directions between the opposite blades of the mixing blades, caus-
ing intense collisions of the pulverulent materials to in the region behind the rear edges of the blades. Consequently,
the pulverulent materials are dispersed uniformly in a mixture obtained resultantly without being left in the form of
immiscible lumps with the liquid such as water.

Fine lumps of the pulverulent materials which are possibly left in the mixture are circulated along with the mixture
in the mixing container by the rotating blades and repeatedly stirred to be broken into fine particles miscible with the
liquid.

The present invention will become more fully understood from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illustration only, and thus are not limitative of the present invention,
and wherein:-

Figure 1 is a schematic diagram showing a first embodiment of the mixing device according to this invention; Figure
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2 is an explanatory diagram showing the principal portion of Figure 1; Figure 3 is an exploded perspective view showing
the principal portion of Figure 1; Figure 4 and Figure 5 are schematic perspective and plan views showing the principal
portion in explanation of the mixing principle of this invention; Figure 6 is a schematic side view of a second embodi-
ment of this invention; Figure 7 is an exploded perspective view showing the principal portion of Figure 6; Figure 8 is an
explanatory view of a third embodiment of this invention; Figure 9 is an explanatory view of a fourth embodiment of this
invention; Figure 10 is a schematic diagram showing a fifth embodiment of the mixing device according to this invention;
Figure 11 is an explanatory diagram showing the principal portion of Figure 10; Figure 12 is an exploded perspective
view showing the principal portion of Figure 10; Figure 13 is a schematic perspective showing the principal portion in
explanation of the mixing principle of the device of Figure 10; Figure 14 is a schematic explanatory diagram showing in,
part, the rotary blades as viewed from back of Figure 10; Figure 15 is a plan view of Figure 10; Figure 16 is an exploded
perspective view showing the principal portion of a seventh embodiment; Figure 17 is a front view showing the principal
portion of Figure 16; and Figure 18 is a perspective view showing the principal portion of an eighth embodiment of this
invention.

The mixing device 1 shown in Figure 1 through Figure 3 as the first embodiment of this invention comprises a mix-
ing container 2 for materials to be mixed, having a bottom 3 and stirring means 10. The stirring means in this embodi-
ment are each formed of mixing blade units 11 and 12 disposed one on another vertically opposite to each other at a
distance, and auxiliary mixing blades 13 and 14 are vertically disposed respectively opposite to the respective mixing
blades 11 and 12 at a distance in their coaxial state.

The mixing container 2 has an inner surface 4 shaped in an arc or parabola, in section, having gradually decreasing
inner diameter toward the bottom 3. That is, the inner surface 4 of the container 2 slants with slight curvature so as to
permit the materials to be mixed in the container to flow from the horizontal direction to in the upward direction along
the slightly curved inner surface 4. The inner surface 4 is inclined at about 25° to about 70°, preferably about 30° to
about 55°. The inner surface 4 leads to a circulating guide surface 4a inclined sharply.

In the drawings, reference numeral 5 denotes a lid for covering an inlet of the container, 6 a supporting frame for
the container, 7 an outlet of the container from which a mixture resultantly obtained is discharged, 8 a rotary shaft por-
tion for the mixing blades 11-14, and 9 a basal casing accommodating an electric motor (not shown) and other elements
for driving the mixing blades at a high speed.

The mixing blades 11-14 have blades 11a-11d, 12a-12d, 13a-13d, and 14a-14d which are horizontally connected
crosswise to one another and each shaped in a rectangle having a narrow width. The mixing blades 11-14 are arranged
in a four-layer state so as to vertically oppose the blades of one of the blades 11-14 to those of the other mixing blades
as illustrated.

The opposed mixing blades 11 and 12 in the middle of the blades 11-14 are rotated in the same direction so as to
cause the materials around the blades of the respective blades 11 and 12 to collide with opposite ones of the materials
therebetween. For example, the blades 11a and 12a of the respective mixing blades 11 and 12 are opposed to each
other so that the distance (intake side aperture) d1 between their front edges is larger than the distance (discharge side
aperture) d2 between their rear edges relative to the direction of rotation indicated by the arrow R in Figure 4. That is,
in a case of the blade formed of a thin plate having substantially equal thickness on the whole, the upper blade 11a is
inclined downward from the front edge to the rear edge thereof relative to the direction of rotation, and the lower blade
12a is inclined upward. Namely, the upper and lower blades are inclined in the substantially opposite directions. The
blades 11a-11d and 12a-12d are inclined at a degree of about 30°, preferably, in the range of about 5° to about 15°.

The upper and lower auxiliary mixing blades 13 and 14 have blades 13a-13d and 14a-14d each inclined in the
same direction as that in which the blades of the adjacent mixing blade 11 or 12 disposed in the middle are inclined.
Namely, the blades 13a-13d of the upper auxiliary blade 13 are each inclined downward from the front edge to the rear
edge thereof relative to the direction of rotation, and the blades 14a-14d of the lower auxiliary blade 14 are each inclined
upward from the front edge to the rear edge. The blades 13a-13d and 14a-14d are inclined at a degree of about 30°,
preferably, in the range of about 5° to about 15°, in the same manner as the middle mixing blades 11 and 12.

To be more specific, the mixing blades 11-14 each may be formed by radially extending the blades from a hub 16
fitted to a rotary shaft 17, as one example. In this case, each mixing blade may be engaged with the rotary shaft 17 by
means of a key groove 18 and a key 19. Between the hubs 16 of the mixing blades 11 and 12, there may be interposed
a gap adjusting member 20 shaped in a ring having the same diameter as the hub 16. A plurality of gap adjusting mem-
bers different in height may be prepared so that the distance between the mixing blades 11 and 12 can be selectively
changed in accordance with the specific gravity and viscosity of the mixture to be dealt with by this mixing device, the
rotational speed of the mixing blades and other possible factors. By adjusting the height (h) of the gap adjusting mem-
ber 20, the mixture in the container can properly flow and be sufficiently mixed. Thus, the mixture parts around the
blades 11a and 12a are effectively propelled by the rotating blades and collide with each other in the region A1 and A2
behind the blades relative to the direction of rotation.

The mixing blades 11-14 and the gap adjusting member 20 are fixed onto the rotary shaft 17 by screwing as shown
in Figure 3. That is, the rotary shaft 17 is formed with a screw hole 22, and a fixing member 21 having a screw 23 and
a nut 24 is used. By tightening up the screw 23 in the screw hole 22, the mixing blades and gap adjusting member can
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be fixed.

Next, the operation of mixing pulverulent materials with a liquid by using the aforenoted mixing device according to
this invention will be explained hereinafter.

Upon pouring the liquid such as water into the mixing container 2, the mixing blades 11-14 are driven to rotate the
blades 11a-11d, 12a-12d, 13a-13d and 14a-14d at a high speed so as to bring about a strong current of water. By the
rotating blades 11a-11d and 12a-12d, the upward and downward currents (f1) of water occur, and then, collide with
each other at the regions A1 and A2. Since the intake side distance d1 is larger than the discharge side distance d2,
the water flowing into between the blades 11a and 12a through the intake side aperture d1 is accelerated to be dis-
charged backward through the discharge side aperture d2 at a high speed.

Next, pulverulent materials such as cement and aggregate are added to the water in the mixing container 2. Since
the fine particles of the pulverulent materials, if agglomerating densely, are immiscible with water, the pulverulent mate-
rials tend to remain in the form of numerous lumps in a resultantly obtained mixture containing the water. However, the
mixture including the lumps of the pulverulent materials are sufficiently stirred by the rotating blades. Moreover, by rotat-
ing the mixing blades at a high speed, the parts of the mixture around the upper and lower mixing blades 11 and 12 are
thrust downward and upward and collide intensely with each other at the regions A1 and A2 to break the lumps of the
pulverulent materials into fine particles miscible with water. The fine particles of the pulverulent materials are conse-
quently dispersed uniformly in the mixture.

To be more exact, the collisions of the lumps of the pulverulent materials are first caused in the region A1 behind
the rotating blades 11a-11d and 12a-12d and further developed to the region A2 as shown in Figures 4 and 5. Thus,
the lumps of the pulverulent materials would be completely broken.

The pulverulent materials reach the region A4 separated from the inner wall surface 4 of the container 2 while being
dispersed in the mixture and split in two upward and downward along the inner wall surface 4 to be circulated by con-
vection.

Simultaneously the parts of the mixture around the blades 13a-13d and 14a-14d of the upper and lower auxiliary
mixing blades 13 and 14 are propelled by the rotating blades 13a-13d and 14a-14d toward the region A2 or A4 via the
region A3 to form currents f2. The currents 2 of the mixture also contribute toward breaking the lumps of the pulverulent
materials in the mixture.

The mixing blades are rotated at such a rate to acquire a sufficient difference in inertial mass between the pulver-
ulent particles contained in the mixture.

To confirm the performance of the mixing device of this invention, experiments were conducted through a flow point
test and a bleeding test. In the experiments, mixture paste obtained by the mixing device of this invention was compared
with that by a conventional forced pan-type mixing device. It is evident from the results of the experiments shown in
TABLE 1 below that high flow property of the mixture paste in the mixing container can be provided resulting in produc-
tion of the mixture of high quality according to the present invention.

TABLE 1

(Comparison on mixture paste)

[Conditions] Water-cement ratio = 40%
Ordinary Portland cement only used.

. Flow-down Time .
Mixer in Funnel Bleeding Amount
Present Invention 14.2 sec 1.4%
Conventional Mixer 17.2-20.0 sec 2.0%

Further, the superiority of the mixing device according to this invention in comparison with the conventional forced
pan-type mixing device could be proved experimentally as is obvious from TABLE 2 below.
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TABLE 2
Mixer of Present Invention | Conventional Forced Pan Mixer

Water-Cement Ratio % 30 35 40 30 35 40
Aggregate-Cement Ratio % 41.8 441 45.7 41.8 441 45.7
Unit Weight (kg/m) Water 170 170 170 170 170 170
Cement 567 486 425 567 486 425
Fine Aggregate 694 760 813 694 760 813
Coarse Aggregate (*1) 969 969 969 969 969 969
RHEOBUILD SP-9HS (CX%) 1.3 0.9 1.0 1.7 1.5 14
Slump & Flow (cm) 21.5 20.0 20.0 18.0 18.0 20.0
35x35 | 31x31 | 33x32 | 30x28 | 28x28 33x32
Slump after 20min. (cm) (*2) 23.0 16.5 20.0 19.5 18.0 19.0
39x38 | 28x26 | 33x28 | 30x28 | 29x28 28x28

[Conditions] Mixing time was constant.

Compressive strength was kept equal.

*1 Bulk capacity of coarse aggregate was 0.60 m/m .
*2 Slump obtained 20 minutes after completion of mixing was measured with mixed concrete maintained at rest.

Next, the second embodiment of the mixing device according to this invention will be described with reference to
Figure 6 and Figure 7.

This mixing device has a spiral blade 30 for promoting circulation of the mixture in the container 2 and mixing blades
11, 12, 13 and 14 similarly to the foregoing embodiment. The spiral blade 30 is formed on the circumferential surface
of a fixing member 31 for fixing the mixing blades 11-14 onto the rotary shaft 17. In this embodiment, the elements indi-
cated by like reference numerals with respect to those of the first embodiment have analogous structures and functions
to those of the first embodiment and will not be described in detail again.

This mixing device having the spiral blade 30 enables even pulverulent materials having high viscosity such as
cement mortar to be effectively circulated and mixed in the container.

Figure 8 illustrates the third embodiment having a modified blade structure. In this embodiment, there are used
opposite blades 40, 41 which are curved inwardly like a bird bill when viewed from the side.

The curved blades 40, 41 are effective particularly for pulverulent materials of fine or light particles. To the curved
blades 40, 41 there may be exerted vibration to promote mixing of the pulverulent materials in the container.

As shown in Figure 9 as the fourth embodiment of this invention, each mixing blade 42 is provided with an expan-
sion portion 43 extending backward from the rear edge of the blade relative to the direction of rotation. This mixing blade
42 can possibly produce a more strong current of pulverulent materials in the container. One mixing blade has the plural
blades 42 as indicated by the chain line in Figure 9. The number of the blades 42 may be arbitrarily decided, e.g. three,
four, five or more.

The fifth embodiment of the invention is illustrated in Figure 10 through Figure 16. In this and subsequent embod-
iments, the reference numerals which have equivalents in the drawings of the embodiment mentioned above denote
identical or equal component parts. The description of these component parts is omitted below to avoid repetition.

The stirring means 51 in this embodiment is formed of screw blades 51 and 52, which are each fixed on a hub 55
or 56 so as to be inclined spirally round the corresponding hub. Each screw blade 51, 52 assumes a sector shape as
viewed from above having the central angle of about 30° to about 270°. The central angle of the screw blade may be
determined in accordance with the viscosity and specific gravity of the mixing materials to be dealt with. When the cen-
tral angle is less than 30°, sufficient propulsive force would not be obtained. When the central angle is larger than 270°,
it becomes difficult to introduce the mixing materials into between the screw blades. In a case of dealing with mortar, it
is preferable to determine the central angle of the screw blade to about 60° to about 120°.

The screw blades 51 and 52 are used in pairs so that each pair of the blades are opposite to each other with a hub
55 or 56 between them. The paired screw blades 51, 52 are vertically superposed one on another with and rotated to
cause collision of propulsive currents of the mixture in the space between the rotating blades. Each pair of the opposed
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blades have front edges separated widely relative to the direction of rotation to form a wide intake aperture d1 and rear
edges separated narrowly to form a narrow discharge aperture d2. As a result, by rotating the screw blades 51, 52 in
the mixture in the same direction, a high pressure current a of the mixture is discharged from the discharge aperture
d2 formed between the screw blades.

In a case of the blade formed of a thin plate having substantially equal in thickness on the whole, the upper screw
blade 51 is spirally inclined downward from the front edge to the rear edge thereof relative to the direction of rotation,
oppositely, the lower screw blade 52 is spirally inclined upward. Namely, the upper and lower screw blades are inclined
in the substantially opposite directions as opposed to each other in action. The angle at which the screw blades 51 and
52 are inclined may be at least about 3° at which the current of the mixture can be changed in direction. The screw
blades may be inclined at about 40° or less so as not to intercept the flowing of the mixture between the screw blades.
The inclination of the screw blade may preferably be determined in the range of about 5° to about 15° in the case of
mixing mortar.

The screw blades 51, 52 may be inclined in the radial direction so that the space between the opposite screw
blades becomes narrower from their inner circumferential ends connected to the hubs 55, 56 toward the outer circum-
ferential edges thereof so as to prevent the mixture flowing between the screw blades from escaping sideward. It is
desirable to form opposite protrusions 54 on the outer circumferential edge portion as shown in Figure 14 in order to
heighten the effect of preventing the sideward escaping of the mixture between the screw blades.

To be more concrete, the screw blades 51, 52 (51A, 51B, 52A, 52B) each extend radially outward from the hub 55
or 56 fitted to a rotary shaft 57. In this case, each screw blade may be engaged with the rotary shaft 57 by means of a
key groove 58 and a key 59. Between the hubs 55, 56 of the screw blades 51 and 52, there may be interposed a gap
adjusting member 20 shaped in a ring having the same diameter as the hubs 55 and 56. A plurality of gap adjusting
members different in height (h) may be prepared so that the distance between the screw blades 51 and 52 can be selec-
tively changed in accordance with the specific gravity and viscosity of the mixture to be dealt with by this mixing device,
the rotational speed of the screw blades and other possible factors. By adjusting the height (h) of the gap adjusting
member 20, the mixture in the container can properly flow and be sufficiently mixed. Thus, the mixture parts around the
screw blades 51 and 52 are effectively propelled by the rotating blades and collide with each other in the region behind
the blades relative to the direction of rotation.

This mixing device may be provided with a circulating blade 30 for promoting circulation of the mixture in the con-
tainer in consideration with viscosity of the mixture to be dealt with. The circulating blade 30 is equivalent to that in the
second embodiment shown in Figure 15.

Next, a method of mixing cement with water, for example, by use of the mixing device of the fifth embodiment
described above will be explained hereinafter.

Upon pouring a liquid such as water into the mixing container 2, the screw blades 51, 52 are rotated at high speed
s0 as to bring about a strong current of water. By the rotating screw blades 51, 52, the upward and downward propulsive
currents of water occur between the blades 51A and 52A and between the blades 51B and 52B. The currents of water
occurring around the blades 51A and 51B are directed downward at an angle according to the inclination of the screw
blades 51A and 51B, and those around the blades 52A and 52B are directed upward at an angle according to the incli-
nation of the screw blades 52A and 52B. Since the intake aperture d1 between the front edges of the blades 51 and 52
are wider than the discharge aperture d2 between the rear edges of the same, the water flowing between the blades is
discharged therefrom with increasing speed.

Next, pulverulent materials such as AE agents and cement are added to the water in the mixing container 2. At this
time, as a matter of course, the pulverulent materials tend to gather in the water to form lumps of pulverulent particles
(Q) which become immiscible with water.

Thereafter, fine aggregate (S) such as sand is added. With the rotation of the screw blades, difference in inertia
between the lumps of pulverulent particles (Q) and the fine aggregate particles is brought about. Although the aggre-
gate particle is as small as about 0.1 mm to about 2 mm in diameter, it is caused to collide with the lumps of pulverulent
particles by the rotating screw blades 51, 52, thereby to break the lumps of pulverulent particles (Q). Such collision of
the aggregate particles with the lumps of pulverulent particles occurs not only in the region between the blades but also
at the regions around and behind the screw blades relative to the direction of rotation, involving the so-called ball mill
effect brought about by the aggregate particles agitated by the rotating screw blades with heavy pressure. The high
pressure produced between the rotating screw blades can be determined to a desired value by adjusting the height (h)
of the gap adjusting member 20.

Since the space between the screw blades are narrower toward the discharge aperture d2, the current of the mix-
ture flowing between the blades becomes gradually fast with advancing toward discharge aperture d2. The ball mill
effect brought about by the aggregate particles contained in the mixture is simultaneously enhanced to strongly break
and disperse the lumps of pulverulent particles in the mixture, as illustrated in Figure 13.

The pulverulent particles thus dispersed in the mixture in the space between the screw blades are discharged with
increasing speed from the discharge aperture d2 as if it passes through an orifice, and then, horizontally move straight
backward as indicated by the imaginary arrows in Figure 15. As a result, the fine aggregate particles having high inertia



10

15

20

25

30

35

40

45

50

55

EP 0 487 310 B1

rush into the lumps of pulverulent particles (Q) staying statically at the region around the inner wall surface 4 of the mix-
ing container 2, which is indicated by two-dot chain lines in the drawing. Thus, the lumps of pulverulent particles in the
mixture are effectively broken by the aggregate particles serving as an agitator like milling balls in a ball mill and dis-
persed uniformly in the mixture.

The pulverulent particles thus dispersed go away from the discharge aperture d2 with the mixture and advance
upward and downward along the inner wall surface 4 of the container without sticking to the wall surface of the con-
tainer. Then, the mixture is circulated by convection caused by rotating the screw blades in the mixing container. Since
the container 2 has a substantially parabolic configuration, the mixture which is discharged horizontally backward from
the discharge aperture d2 mostly advances upward along the inner wall surface 4 of the container. The mixture moved
upward is again introduced into between the screw blades by the rotating blades 51, 52 and the circulating blades 30.
This circulation of the mixture is repeated.

The sixth embodiment of the mixing device of this invention is shown in Figure 16 and Figure 17. This mixing device
is provided with screw blades 61 and 62 which define a space therebetween having a height equal in section in the hor-
izontal direction, but has no circulating blade. Also in this embodiment, high speed collision of the mixture occurs
around the rear edge portions of the screw blades to make a current of the mixture of high pressure, and lumps of pul-
verulent particles which are inevitably formed by initially mixing the pulverulent particles with water are effectively bro-
ken and uniformly dispersed in the form of fine particles in the mixture by the ball mill effect of the aggregate particles
contained in the mixture which are agitated by the rotating screw blades 61, 62 at high speed. The mixing device of this
embodiment is fit particularly for mixing pulverulent materials having low viscosity.

Figure 18 shows the seventh embodiment of this invention. The mixing device of this embodiment has screw blades
71 and 72 which are curved in the radial direction in such a state that their outer circumferential edges are close to each
other. The front edge of each screw blade has the width (r) smaller than the width (r+n) of the rear edge thereof. With
this embodiment, the pulverulent particles can be more uniformly dispersed in the mixture by rotating the screw blades.

Though the foregoing explanation is made as to the mixing device applied particularly to cement paste, the present
invention can be adapted for mixing various pulverulent materials regardless of the size of the particle and the viscosity
of the mixture by arbitrarily determining the rotational speed and shape of the blades and the shape of the container in
compliance with numerous uses. The mixing device of the present invention can be applied practically in its modified
form to various fields of foods, medicines, metals, ceramics, plastics, livestock feed and so on.

As is apparent from the foregoing, according to the mixing device and method of the present invention, various
sorts of pulverulent materials such as cement can be effectively mixed with a liquid under the most suitable condition to
produce a desirable mixture in which the pulverulent materials are uniformly dispersed without being left in the form of
immiscible lumps with the liquid which are inevitably formed in the mixture of the pulverulent materials.

Furthermore, since the aggregate contained in the mixture brings about the ball mill effect by rotating the screw
blades so as to collision of the aggregate particles with immiscible lumps of the pulverulent materials with water inevi-
tably formed in the mixture. Therefore, the mixture of high quality in which the pulverulent materials are uniformly dis-
persed can be obtained.

Claims

1. A mixing device comprising a mixing container (2) for materials to be mixed, which has a bottom and an annular
side wall curving upwardly and outwardly from the bottom, a rotary shaft (17) rotatable at a high speed and dis-
posed on the bottom of said container, and stirring means (10) formed of mixing blades extending radially outward
from said rotary shaft,

characterised in that said stirring means (10) has an upper unit of said mixing blades (11, 41, 51, 61, 71) and
a lower unit of said mixing blades (12, 42, 52, 62, 72), which are arranged axisymmetically around said rotary shaft
(17) in vertical spaced opposed relationship; each of said mixing blades in said upper unit is inclined downward
from a front edge, relative to the direction of rotation of said rotary shaft, to a rear edge, relative to the direction of
rotation of said rotary shaft; and each of said mixing blades in said lower unit is inclined upward from a front edge
relative to the direction of rotation of said rotary shaft to a rear edge relative to the direction of rotation of said rotary
shaft, whereby materials being mixed in said container are guided between said front edges of said upper and
lower blades and then along said upper and lower blades and between said rear edges of said upper and lower
blades so as to be caused to flow rearwardly and radially outwardly of said blades so as to come into collision with
each other rearwardly of said blades and in said upwardly and outwardly expanding space when said upper and
lower blade units rotate in said direction of rotation and the materials being mixed are then recirculated along said
annular side wall to said upper and lower mixing blade units,

and further characterised in that said mixing container (2) has an inner wall surface shaped in an arc or
parabola, in section, having gradually decreasing inner diameter toward the bottom (3) of said container, which
inner wall surface (4) slants with slight curvature so as to permit the materials in said container to flow from the hor-
izontal direction to the upward direction along said inner wall surface.
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A mixing device according to claim 1 wherein said mixing blades (11, 12, 40, 41, 42) are each formed of a thin plate
having substantially equal thickness, said upper blade being inclined downward from the front edge to the rear
edge thereof relative to the direction of rotation, and the lower blade being inclined upward.

A mixing device according to claim 1 or claim 2 further comprising auxiliary mixing blades (12, 13) vertically dis-
posed coaxially opposite to said mixing blades (11, 12, 40, 41, 42) at a distance, respectively.

A mixing device according to claim 1 wherein said mixing blades (51, 52, 61, 62, 71, 72) are each formed in a spiral
shape and disposed one on another vertically opposite to each other on the bottom (3) of said mixing container (2),
said screw blades being rotated at high speed to cause the mixing materials to fast flow between the screw blades
and serve the aggregate contained in the mixing materials as a mixing agitator.

A mixing device according to any of claims 1 to 4 further comprising a gap adjusting member (20) interposed
between said mixing blades (11, 12, 40, 41, 42, 51, 52, 61, 62, 71, 72).

A mixing device according to and of claims 1 to 5 further comprising a spiral blade (30) for circulating the mixture
in said container (2), said spiral blade being disposed on said mixing blades (11, 12, 40, 41, 42, 51, 52, 61, 62, 71,
72).

A mixing device according to any preceding claim wherein said mixing blades (11, 12, 40, 41, 42, 51, 52, 61, 62,
71, 72) each assume a sector shape as viewed from above, having a central angle of about 30° to about 270°.

A mixing device according to any preceding claim wherein said mixing blades (11, 12, 40, 41, 42, 51, 52, 61, 62,
71, 72) each assume a sector shape as viewed from above, having a central angle of about 60° to about 120°.

A method for mixing pulverulent materials with a liquid to produce a mixture, comprising placing the pulverulent
materials with the liquid into a mixing device as claimed in claim 1, rotating, at a high speed, mixing blades (11, 12,
40, 41, 42, 51, 52, 61, 62, 71, 72) radially extending outward, which mixing blades are rotatably disposed vertically
opposite to each other on the bottom (3) of said container (2), whereby said mixture around the respective mixing
blades come into collision by the high-speed rotation of said mixing blades.

A mixing method according to claim 9 wherein said pulverulent materials are dispersed in the mixture in a region
(A4) separated from the inner wall surface (4) of said container (2) and split in two upward and downward along
said inner wall surface to be circulated by convection.

Patentanspriiche

1.

Mischvorrichtung, die einen Mischbehalter (2) fiir die zu mischenden Materialien, der einen Boden und eine ring-
férmige Seitenwand aufweist, die sich von dem Boden aus nach oben und nach auBen kriimmt, eine drehbare
Welle (17), welche sich mit hoher Drehzahl drehen kann und welche am Boden des Behalters angeordnet ist, und
eine Rahreinrichtung (10) aufweist, die von sich von der drehbaren Welle radial nach auBBen erstreckenden Misch-
schaufeln gebildet wird,

dadurch gekennzeichnet, daB

die Rahreinrichtung (10) eine obere Einheit von Mischschaufeln (11, 41, 51, 61, 71) und eine untere Einheit von
Mischschaufeln (12, 42, 52, 62, 72) aufweist, die in vertikal beabstandeter gegentberliegender Anordnung achsen-
symmetrisch um die dreh bare Welle (17) herum angeordnet sind; wobei jede der in der oberen Einheit vorgese-
henen Mischschaufeln von einer bezlglich der Drehrichtung der drehbaren Welle vorderen Kante aus nach unten
bis zu einer bezlglich der Drehrichtung der drehbaren Welle hinteren Kante geneigt ist; und wobei jede der in der
unteren Einheit vorgesehenen Mischschaufeln von einer bezlglich der Drehrichtung der drehbaren Welle vorderen
Kante aus nach oben bis zu einer bezlglich der Drehrichtung der drehbaren Welle hinteren Kante geneigt ist,
wodurch die Materialien, die in dem Behalter gemischt werden, zwischen den vorderen Kanten der oberen und
unteren Schaufeln und dann entlang der oberen und unteren Schaufeln sowie zwischen den hinteren Kanten der
oberen und unteren Schaufeln geflihrt werden, so daB sie bezliglich der Schaufeln nach hinten und radial nach
auBen strdmen, um hinter den Schaufeln und in dem sich nach oben und nach auBen erstreckenden Raum mitein-
ander zu kollidieren, wenn sich die oberen und die unteren Schaufeleinheiten in der Drehrichtung drehen, und die
Materialien, die gemischt werden, dann entlang der ringférmigen Seitenwand zu der oberen und der unteren
Mischschaufeleinheit rezirkulieren,

und dariber hinaus dadurch gekennzeichnet, daf3

die Innenwandoberflache des Mischbehalters (2) einen Querschnitt in Form eines Bogens oder einer Parabel auf-
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weist, der mit einem in Richtung des Bodens (3) des Behalters graduell abnehmenden Innendurchmesser verse-
hen ist, wobei sich die Innenwandoberflache (4) mit einer geringfligigen Krimmung neigt, so daB die in dem
Behalter befindlichen Materialien von der Horizontalrichtung aus nach oben gerichtet entlang der Innenwandober-
flache strémen kénnen.

Mischvorrichtung nach Anspruch 1,

dadurch gekennzeichnet, daB

jede der Mischschaufeln (11, 12, 40, 41, 42) von einer diinnen Platte mit im wesentlichen gleicher Dicke gebildet
wird, wobei die obere Schaufel beztiglich der Drehrichtung von der vorderen Kante bis zu ihrer hinteren Kante nach
unten geneigt ist und die untere Schaufel nach oben geneigt ist.

Mischvorrichtung nach Anspruch 1 oder 2,

dadurch gekennzeichnet, daB

des weiteren Hilfsmischschaufeln (12, 13) vorgesehen sind, die mit einem Abstand den Mischschaufeln (11, 12,
40, 41, 42) vertikal und koaxial gegenuberliegend angeordnet sind.

Mischvorrichtung nach Anspruch 1,

dadurch gekennzeichnet, daB

jede der Mischschaufeln (51, 52, 61, 62, 71, 72) eine Spiralform aufweist und eine Uber der anderen einander ver-
tikal gegentiberliegend auf dem Boden (3) des Mischbehélters (2) angeordnet ist, wobei die Schraubenschaufeln
mit einer hohen Drehzahl gedreht werden, um zu bewirken, daB die Mischmaterialien zwischen den Schrauben-
schaufeln schnell strdmen, und hinsichtlich des in den Mischmaterialien enthaltenen Zuschlagstoffs als Mischrihr-
werk dienen.

Mischvorrichtung nach einem der Anspriiche 1 bis 4,

dadurch gekennzeichnet, daB

des weiteren ein zwischen den Mischschaufeln (11, 12, 40, 41, 42, 51, 52, 61, 62, 71, 72) angeordnetes Spalteins-
tellteil (20) vorgesehen ist.

Mischvorrichtung nach einem der Anspriiche 1 bis 5,

dadurch gekennzeichnet, daB

des weiteren eine Spiralschaufel (30) zum Zirkulieren der Mischung in dem Behalter (2) vorgesehen ist, wobei die
Spiralschaufel an den Mischschaufeln (11, 12, 40, 41, 42, 51, 52, 61, 62, 71, 72) angeordnet ist.

Mischvorrichtung nach einem der vorangehenden Anspriiche,

dadurch gekennzeichnet, daB

jede der Mischschaufeln (11, 12, 40, 41, 42, 51, 52, 61, 62, 71, 72) von oben betrachtet die Form eines Kreissek-
tors aufweist, wobei der Zentriwinkel zwischen ungefahr 30° und ungefahr 270° liegt.

Mischvorrichtung nach einem der vorangehenden Anspriiche,

dadurch gekennzeichnet, daB

jede der Mischschaufeln (11, 12, 40, 41, 42, 51, 52, 61, 62, 71, 72) von oben betrachtet die Form eines Kreissek-
tors aufweist, wobei der Zentriwinkel zwischen ungefahr 60° und ungefahr 120° liegt.

Verfahren zum Mischen eines pulverigen Materials mit einer Flissigkeit zur Herstellung einer Mischung, das das
Plazieren des pulverigen Materials mit der Fliissigkeit in einer Mischvorrichtung geméas Anspruch 1 und das Dre-
hen von sich radial nach auBen erstreckenden Mischschaufeln (11, 12, 40, 41, 42, 51, 52, 61, 62, 71, 72) mit einer
hohen Drehzahl umfaBt, wobei die Mischschaufeln drehbar und einander vertikal gegentberliegend auf dem
Boden (3) des Behélters (2) angeordnet sind, wodurch die Mischung um die betreffenden Mischschaufeln herum
aufgrund der Hochgeschwindigkeitsdrehung der Mischschaufeln kollidiert.

Mischverfahren nach Anspruch 9,

dadurch gekennzeichnet, daB

die pulverigen Materialien in der Mischung in einem Bereich (A4) zerstreut werden, der von der Innenwandoberfla-
che (4) des Behalters (2) beabstandet ist, und sich entlang der Innenwandoberflache in zwei Stréme nach oben
und nach unten aufteilen, um aufgrund von Konvektion zu zirkulieren.

10
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Revendications

Dispositif de mélange comprenant un récipient de mélange (2) pour des matériaux & mélanger, qui a un fond et une
paroi latérale annulaire s'incurvant vers l'intérieur et vers I'extérieur a partir du fond, un arbre rotatif (17) pouvant
tourner a grande vitesse et disposé au fond dudit récipient, et des moyens d'agitation (10) formés de pales de
mélange s'étendant radialement vers I'extérieur depuis ledit arbre rotatif,

caractérisé en ce que lesdits moyens d'agitation (10) ont une unité supérieure desdites pales de mélange
(11, 41, 51, 61, 71) et une unité inférieure desdites pales de mélange (12, 42, 52, 62, 72), qui sont agencées de
maniére axisymétrique autour dudit arbre rotatif (17) en relation opposée et espacées verticalement ; chacune des-
dites pales de mélange dans ladite unité supérieure est inclinée vers le bas depuis un bord avant, par rapport a la
direction de rotation dudit arbre rotatif, jusqu'a un bord arriére, par rapport a la direction de rotation dudit arbre rota-
tif ; et chacune desdites pales de mélange dans ladite unité inférieure est inclinée vers le haut a partir d'un bord
avant par rapport a la direction de rotation dudit arbre rotatif jusqu'a un bord arriére par rapport a la direction de
rotation dudit arbre rotatif, moyennant quoi les matériaux qui sont mélangés dans ledit récipient sont guidés entre
lesdits bords avant desdites pales supérieures et inférieures et ensuite le long desdites pales supérieures et infé-
rieures et entre lesdits bords arriére desdites pales supérieures et inférieures afin quiils soient mis en circulation
vers l'arriere et radialement vers I'extérieur desdites pales afin d'entrer en collision les uns avec les autres a l'arriére
desdites pales et dans ledit espace s'étendant vers le haut et vers I'extérieur lorsque lesdites unités de pales supé-
rieures et inférieures tournent dans ladite direction de rotation et les matériaux mélangés sont ensuite remis en cir-
culation le long de la paroi latérale annulaire jusqu'auxdites unités de pales de mélange supérieures et inférieures,

et caractérisé en outre en ce que ledit récipient de mélange (2) a une surface de paroi intérieure en forme
d'arc ou de parabole, en coupe, ayant un diameétre diminuant progressivement vers le fond (3) dudit récipient,
laquelle surface de paroi intérieure (4) est inclinée avec une légére courbure afin de permettre aux matériaux dans
ledit récipient de s'écouler de la direction horizontale a la direction verticale le long de ladite surface de paroi inté-
rieure.

Dispositif de mélange selon la revendication 1, dans lequel lesdites pales de mélange (11, 12, 40, 41, 42) sont cha-
cune formée d'une plaque mince ayant une épaisseur sensiblement égale, ladite pale supérieure étant inclinée
vers le bas de son bord avant & son bord arriére par rapport a la direction de rotation, et la pale inférieure étant
inclinée vers le haut.

Dispositif de mélange selon la revendication 1 ou la revendication 2, comprenant en outre des pales de mélange
auxiliaires (12, 13) disposées verticalement coaxialement & I'opposé desdites pales de mélange (11, 12, 40, 41,
42) a une certaine distance, respectivement.

Dispositif de mélange selon la revendication 1, dans lequel lesdites pales de mélange (51, 52, 61, 62, 71, 72) sont
chacune formées en forme de spirale et disposées les unes sur les autres verticalement & I'opposé les unes des
autres au fond (3) dudit récipient de mélange (2), lesdites pales formant vis tournant a grande vitesse pour entrai-
ner les matériaux du mélange a s'écouler rapidement entre les pales formant vis et utiliser I'agrégat contenu dans
les matériaux du mélange en tant qu'agitateur de mélange.

Dispositif de mélange selon I'une quelconque des revendications 1 & 4, comprenant en outre un élément d'ajuste-
ment d'espace (20) intercalé entre lesdites pales de mélange (11, 12, 40, 41, 42, 51, 52, 61, 62, 71, 72).

Dispositif de mélange selon les revendications et des revendications 1 & 5, comprenant en outre une pale en spi-
rale (30) pour faire circuler le mélange dans ledit récipient (2), ladite pale en spirale étant disposée sur lesdites
pales de mélange (11, 12, 40, 41, 42, 51, 52, 61, 62, 71, 72).

Dispositif de mélange selon I'une quelconque des revendications précédentes, dans lequel lesdites pales de
mélange (11, 12, 40, 41, 42, 51, 52, 61, 62, 71, 72) prennent chacune une forme de secteur comme on le voit &
partir de ce qui est décrit ci-dessus, ayant un angle central d'environ 30° a environ 270°.

Dispositif de mélange selon I'une quelconque des revendications précédentes, dans lequel lesdites pales de
mélange (11, 12, 40, 41, 42, 51, 52, 61, 62, 71, 72) prennent chacune une forme de secteur comme on le voit &
partir de ce qui est décrit ci-dessus, ayant un angle central d'environ 60° a environ 120°.

Procédé pour mélanger des matériaux pulvérulents avec un liquide pour produire un mélange, comprenant le pla-

cement des matériaux pulvérulents avec le liquide dans un dispositif de mélange selon la revendication 1, la rota-
tion, a grande vitesse, des pales de mélange (11, 12, 40, 41, 42, 51, 52, 61, 62, 71, 72) radialement s'étendant vers
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I'extérieur, lesquelles pales de mélange sont disposées, de maniére a pouvoir tourner, verticalement a I'opposé les
unes des autres au fond (3) dudit récipient (2), ledit mélange autour des pales de mélange respectives entrant en
collision du fait de la rotation a grande vitesse desdites pales de mélange.

Procédé de mélange selon la revendication 9, dans lequel lesdits matériaux pulvérulents sont dispersés dans le
mélange dans une région (A4), séparée de la surface de paroi intérieure (4) dudit récipient (2), et fendus en deux
vers le haut et vers le bas le long de ladite surface de paroi intérieure afin d'étre mise en circulation par convection.

12
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