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MIXING xrmnxrus 

BACKGROUND OF THE INVENTION 

This invention relates to mixing apparatus. 
In mixing a powder with a liquid it is known to mount a mix 

ing device within a vessel containing the liquid and to apply a 
charge of the powder to the surface of the liquid. Frequently, 
however, the powder tends to ?oat on the surface of the liquid 
and difficulty is experienced in “wetting" the powder as a 
preliminary to its being mixed and dispersed throughout the 
volume of the liquid. it is found that the particles of the 
powder coagulate, forming lumps which are wetted on the 
outside but dry inside. These lumps ?oat on the surface for a 
long time before they are drawn down by the vortex action of 
the mixing device. Unfortunately, however, the vortex also 
draws air or other surrounding gaseous medium into the 
volume of the liquid, and the greater the surface area of the 
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liquid the greater is the required vortex action and the greater 20 
the amount of gaseous medium introduced. 

‘in mixing a solid which is readily wetted with a liquid there 
is a problem in ensuring that all of the solid is drawn through 
the mixing device and is thereby subjected to mixing and disin 
tegration. Accordingly, it has been proposed to carry out the 
mixing in a pipeline within which there is provided an aper 
tured partition wall and a mixing device which is arranged on 
the outlet side of the partition wall and receives all of the 
material ?owing through the aperture in the wall. Even with 
this apparatus solid material may separate out from the liquid 
on the inlet side of the partition wall and this may cause a 
blockage in the pipeline. 

STATEMENT OF THE INVENTION 

The present invention includes apparatus for mixing solid 
material with a liquid, comprising a mixer casing having an 
inlet aperture and outlet aperture means, an impeller which is 
adapted, upon rotation, to expel material within the casing 
outwardly via the aperture means, thereby effecting mixing of 
the solid material with the liquid, and a subsidiary vessel hav 
ing inlet means for the continuous supply of liquid and solid 
material thereto and an outlet which, in use of the apparatus, 
is disposed in a lower part of the subsidiary vessel and provides 
a flow of liquid and solid material to the inlet aperture of the 
casing, the side walls of the subsidiary vessel being so arranged 
that material at each location within the subsidiary vessel is 
drawn downwardly within the vessel and is directed towards 
the inlet aperture in the casing upon rotation of the impeller. 

Suitably, the mixer casing, the impeller, and the outlet of 
the subsidiary vessel are disposed within a main vessel adapted 
to contain a large volume of the said liquid and solid material, 
and the surface area of liquid within the subsidiary vessel 
which is exposed to the surrounding gaseous medium is sub 
stantially smaller than the exposed surface area of liquid in the 
main vessel when the mixer casing and impeller are immersed 
in the liquid in the main vessel, whereby solid particles at each 
location on the surface of the liquid in the subsidiary vessel are 
drawn downwardly by the impeller and are accompanied by a 
reduced amount of the said gaseous medium. 

Alternatively, an apparatus according to the invention 
further comprises an inlet conduit for the continuous supply of 
liquid and solid material to an upper part of the subsidiary ves 
sel, and an outlet conduit into which material is expelled by 
the impeller via the outlet aperture means in the mixer casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described, by way of example, 
with reference to the accompanying drawings, in which: 

FIG. 1 is a vertical section of an apparatus according to the 
invention; 

FIG. 2 is a side elevation of a second apparatus according to 
the invention. 
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2 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The mixing apparatus shown in FIG. 1 of the drawings is 
suitable for use in mixing a powder such as carboxymethyl cel 
lulose with a large volume of a liquid such as water without in 
troducing undesirable quantities of air or other surrounding 
gmeous medium into the mixture. 

This apparatus includes a main, cylindrical vessel 1 which 
serves as a container for the liquid and a small, subsidiary ves 
sel 3 which is mounted within the main vessel 1 and is used for 
introducing the powder into the liquid therein. Associated 
with the subsidiary vessel 3 are mixing devices 5 and 7, each 
including a casing and an impeller, and an electric motor 9 for 
driving the impellers. 
The subsidiary vessel 3 of the present apparatus has a cylin 

drical upper part 11, a tapering intennediate part 13. and a 
lower neck part 15 of reduced diameter. The vessel 3 is open 
at the top and bottom thereof. 

For mounting purposes a horizontally extending bracket 17 
is welded to the top of the subsidiary vessel 3 and extends out 
wardly therefrom. in its mounted position the subsidiary vessel 
3 is arranged with the bracket I7 resting on a peripheral rim 
19 at the top of the main vessel 1 and ?xedly secured to the 
rim by suitable clamping means (not shown). The subsidiary 
vessel 3 then extends downwardly into the main vessel 1 with 
the lower part 15, the intermediate part I3 and approximately 
half of the upper part 11 of the subsidiary vessel below the sur 
face of the liquid in the main vessel. 
An inlet aperture 21 for liquid is formed in the cylindrical 

upper part 11 of the subsidiary vessel 3 and is arranged below 
the level of liquid in the main vessel 1, as hereinafter 
described. 
The above-mentioned mixer devices 5 and 7 are mounted at 

the lower end of the subsidiary vessel 3, each having a casing 
which is secured relative to the vessel 3 and an impeller which 
is mounted on a shaft 23 extending downwardly through the 
vessel 3, coaxially thereof. At its upper end the impeller shaft 
23 is coupled to an output shaft of the electric motor 9, which 
is mounted on a cross-member 25 extending diametrically of 
the upper, open end of the vessel 3. 
For mounting the casings of the mixer devices 5 and 7 a 

mounting ring 27 is welded to the outside of the neck part 15 
of the subsidiary vessel 3, coaxially thereof, and an annular 
mounting plate 29 having a diameter greater than the diame 
ter of the ring 27 is secured to the undersurface of the ring by 
four screws 31. 

A casing 33 of the upper mixing device 5 is formed of a 
cylindrical side wall having an outer, peripheral flange which 
is secured to the undersurface of the mounting plate 29 by 
means of screws 35. The casing 33 is arranged coaxially of the 
neck part 15 of the subsidiary vessel 3 so that an open, upper 
end thereof receives material ?owing downwardly from that 
vessel. Outlet apertures 37 are formed in the cylindrical side 
wall of the casing 33. 
An impeller 39 of this first mixing device includes an annu 

lar plate 4| formed on its lower surface with an apertured boss 
and on the upper surface thereof with four upstanding, radi 
ally extending blades 43. The external diameter of the annular 
plate 41 and of the volume swept out by the blades 43 upon 
rotation thereof is slightly less than the internal diameter of 
the side wall of the casing 33 and the blades 43 are arranged at 
the same vertical location as the outlet apertures 37 in that 
side wall. The inlet to the casing 33, which is de?ned by the 
annular space between the shaft 23 and the neck part 15 of the 
vessel 3, has a cross-sectional area substantially smaller than 
the crosspsectional area of the volume swept out by the im 
peller blades. 

For securing a casing 45 of the second mixer device 7 rela 
tive to the subsidiary vessel 3 a cylindrical mounting element 
47 is clamped between the undersurface of the above-men 
tioned, annular mounting plate 29 and a lower annular, 
mounting plate 49 by means of axially extending screws 51, 
each screw 5| extending upwardly through an aperture in the 
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plate 49 and having its upper end threadably engaged in an 
aperture in the plate 29. The cylindrical element 47 and the 
upper and lower annular plate 29 and 49, respectively, 
together form a cylindrical chamber 53 into which material 
emerges from the casing 33 of the ?rst mixer device 5. 
The casing 45 of the lower mixing device 7 includes a cylin 

drical mesh screen 55 which is arranged coaxially of the lower 
annular plate 49 with an outer ?ange at the upper end of the 
screen 55 contacting the undersurface of the plate 49 and 
secured thereto by screws 57. Each of these screws 57 extends 
upwardly through a bottom wall in a housing 59 which is also 
secured below the lower annular plate 49 and supports a bear 
ing 61 for the lower end of the impeller shaft 23. This housing 
59 is formed with a series of apertures 63 to allow material 
?owing through the mesh screen 55 to pass to the exterior of 
the housing. 
An impeller 65 of the lower mixing device 7 is similar to the 

impeller 39 of the upper device 5, having an annular plate 67 
which is secured to the impeller shaft 23 and four upstanding 
blades 69 disposed adjacent to the mesh screen 55 forming the 
side wall of the casing 45. 

Secured to the element 45 is a tube 71 which receives liquid 
?owing outwardly through the mesh screen 55 and the aper 
tures 63. An outlet of the tube 71 is disposed at a predeter 
mined location in the main vessel 1. 
An additional impeller 73 is secured to the shaft 23, within 

the subsidiary vessel 3. 
in use of the present apparatus the main vessel 1 is ?lled 

with liquid to a level above the inlet aperture 21 in the side 
wall of the subsidiary vessel 3‘ as described above. The elec 
tric motor 9 is then energized to rotate the impeller shaft 23 
and the three impellers mounted thereon and, ?nally, the 
powder is fed into the upper end of the subsidiary vessel 3 at a 
predetermined rate. 

Rotation of the bladed impeller 39 of the upper mixing 
device 5 causes liquid and powder within the subsidiary vesel 
3 to be drawn downwardly through the aperture at the lower 
end of the vessel and into the mixer casing 33. Downward flow 
of material is assisted by the rotating impeller 73. Material is 
expelled radially outwardly through the apertured side wall of 
the casing 33 and into the chamber 53 surrounding this casing 
by the rotating impeller blades 43. In passing through the nar 
row, annular gap between the blades 43 and the side wall of 
the casing 33 the material is subjected to large shearing forces 
which effect thorough mixing and disintegration of the parti 
cles. 

Fresh liquid ?ows into the subsidiary vessel 3 from the main 
vessel 1, via the inlet aperture 21, and fresh powder is supplied 
to the upper end of the vessel 3v as mentioned above. 

Material entering the chamber 53 is drawn downwardly 
through the chamber by the action of the impeller 65 of the 
lower mixing device 7. The material then passes into the cas 
ing 45 of the device 7 and is expelled outwardly through the 
mesh screen 55 by the rotating impeller blades 69. From the 
screen 55 the material travels through the apertures 63 in the 
bearing housing 59 and into the tube 71, from which it travels 
into the main volume of liquid in the main vessel 1. The mix 
ture is again subjected to thorough mixing and disintegration 
in passing through the gap between the blades 69 of the im 
peller 65 and the mesh screen of the device 7. 
The fact that the inlet to the casing 33 has a cross-sectional 

area substantially smaller than the cross~sectional area of the 
volume swept out by the impeller blade 43 reduces the vortex 
action which would otherwise be exerted on material above 
the inlet to the casing 33. 

in using the present apparatus, however, it is only necessary 
for the impeller 39 to set up a small vortex action for powder 
to be drawn downwardly from all parts of the surface of the 
liquid in the vessel 3, since the downwardly tapering part 13 of 
the vessel 3 ensures that all of this powder is directed towards 
the device 5. The vortex action is not sufficient to drawn down 
large quantities of air. Efficient mixing is therefore obtained 
without undue aeration of the mixture. If the subsidiary vessel 
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4 
3 were not present and the mixing device 5 were simply im 
mersed in the liquid within the main vessel 1 it would only be 
possible to draw powder from allparts of the liquid surface by 
increasing the size or speed of rotation of the impeller 39. This 
would result in undue aeration. 
The mixing device 7 provides a second mixing of material 

from the ?rst device 5, the mesh screen 55 leading to a further 
reduction in particle size. in cases where aeration can be 
tolerated the impeller 73, whose position on the shaft 23 is ad 
justable, increases the vortex action and provides rapid 
wetting of large quantities of material. 

It will be appreciated that the above apparatus can be 
modified by removing the mixing device 7 and allowing 
material from the device 5 to travel directly into the liquid in 
the main vessel 1. Alternatively, one or more further mixing 
devices may be provided below the device 7 so as to ensure 
even more mixing of material from the subsidiary vessel 3. 
Each of these further devices is provided with an inlet 
chamber which receives material ?owing from the preceding 
device, in the manner of the above-described chamber 53 
between the devices 5 and 7. 

In another apparatus according to the invention a further 
mixing device below the devices 5 and 7 has both its inlet and 
outlet communicating with the liquid in the main vessel 1. This 
further device therefore provides additional mixing of materi 
al already in the main vessel. With the subsidiary vessel 3 
mounted at one side of the main vessel 1, as described above, 
the provision of the further mixing device has the further ad 
vantage of causing a general circulation of liquid around the 
main vessel l, thereby improving dispersion of the solid parti 
cles through the main vessel. 
The impeller 73 can be replaced by a worm. 
In the apparatus shown in FIG. 1. the subsidiary vessel 3 is 

approximately 20 inches in diameter and has an overall depth 
of approximately 2 feet. The main vessel 1 has a diameter of 
approximately 20 feet and a depth of approximately 20 feet. 
The volume of the main vessel 1 is therefore approximately 
700 times the volume of the subsidiary vessel 3 and the surface 
area is approximately 150 times that of the subsidiary vessel. It 
will be appreciated that the maximum size of subsidiary vessel 
3, or the minimum value of the above ratios, which will give an 
acceptable result depends upon the amount of aeration which 
can be tolerated. In general, however, it would be expected 
that although any reduction in surface area over which the 
powder is dispersed is desirable it would be usual to effect a 
reduction of at least five times and preferably at least 10 to 20 
times. 
The apparatus shown in H6. 2 of the drawings is for use in 

disintegrating solid material and thoroughly mixing the 
material with a liquid. 

This apparatus includes a subsidiary vessel 103 which cor 
responds to the above-described vessel 3 except for the omis 
sion of the inlet aperture 21 in the side wall of vessel 3. 
Mounted below the subsidiary vessel I03 are mixing devices 
105 and 107 respectively corresponding to the above-men 
tioned mixing devices 5 and 7. Each of these devices 105 and 
107 includes a mixer casing and an impeller which is mounted 
on a sha? 109, driven by an electric motor 1 l I. 
The subsidiary vessel 3 and the mixing devices 105 and 107 

are disposed between an upper, inlet conduit [13 and a lower 
outlet conduit 115. 

Liquid and solid material ?ow into the open top of the ves 
sel 103 from the inlet conduit 113 and the mixing devices 105 
and 107 are immersed in liquid in the outlet conduit 115. 

in use of the present apparatus, liquid and solid material are 
continuously supplied to the vessel 103 from the conduit "3. 
Rotation of the impellers in the device I05 and 107 expels 
material through the casings of these devices, causing 
thorough mixing and disintegration of the solid material. From 
the device 107 the mixture of liquid and solid material is ex— 
pelled into conduit 115. Material in the vessel 103 is drawn 
downwardly by the impeller in the device 105, the 
downwardly tapering section of the vessel 103 ensuring that 
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material at each location in the vessel is directed towards the 
outlet at the bottom of the vessel. 

It will be appreciated that the apparatus of FIG. 2 can be 
provided with separate feed lines for liquid and solid material. 

I claim: 

1. Apparatus for mixing solid material with a liquid, com 
prising a subsidiary vessel having at least one inlet in an upper 
part thereof and an outlet in a lower part thereof, a ?rst mixer 
casing which is formed with an inlet in an upper end wall 
thereof and with outlet aperture means in a generally cylindri 
cal side wall thereof, said outlet aperture means extending 
around said side wall, means for securing said casing to the 
subsidiary vessel so that all material ?owing downwardly 
through the outlet in the subsidiary vessel enters said casing 
whilst material ?owing outwardly from the outlet aperture 
means of said casing is prevented from returning to the sub 
sidiary vessel via the outlet thereof, an impeller shaft, and a 
?rst impeller mounted on the said shaft and disposed within 
said casing, said impeller comprising a generally circular plate 
formed with a plurality of upstanding impeller blades, with 
their radially outer ends adjacent to the side wall of the casing, 
whereby, upon rotation of the shaft, the impeller forces 
material in said casing radially outwardly through the outlet 
aperture means, thereby subjecting the material to thorough 
mixing and disintegration, wherein the side walls of said sub 
sidiary vessel are arranged such that material therein is 
directed to said inlet to said casing, and wherein said inlet to 
said casing has a cross-sectional area substantially smaller 
than the cross-section of the volume swept out by said ?rst im 
peller, thereby to produce a reduced vortex action on liquid in 
said subsidiary vessel and to draw solid material at any loca 
tion within said subsidiary vessel downwardly into the said cas 
ing, without undue aeration of the material, to replace the ex 
pelled material. 

2. Apparatus as claimed in claim 1, wherein the subsidiary 
vessel has a part which tapers downwardly towards the outlet 
thereof. 

3. Apparatus as claimed in claim 1, wherein said ?rst im~ 
peller is mounted on a shaft which extends downwardly 
through the subsidiary vessel and additional impeller means 
are provided on the shaft, above said ?rst casing and within 
the subsidiary vessel, for assisting in driving liquid and solid 
material downwardly towards said mixer casing. 

4. Apparatus as claimed in claim 1, wherein said impeller 
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6 
shaft extends below said ?rst mixer casing, and a second im 
peller is mounted on said shaft below said ?rst mixer casing, 
and the said second impeller being disposed within a second 
mixer casing. 

5. Apparatus as claimed in claim 4, wherein the outlet aper 
ture means in said ?rst casing opens into a chamber having an 
outlet at a lower end thereof, the second mixer casing has an 
inlet aperture arranged to receive material ?owing 
downwardly through the said outlet, and the second impeller 
is adapted, upon rotation, to draw material within the 
chamber downwardly into the second mixer casing and to 
expel material outwardly through aperture means therein. 

6. Apparatus as claimed in claim 5, including means for 
securing said second casing to said chamber so that all materi 
al forced outwardly through said outlet aperture means of said 
?rst casing is prevented from returning to said ?rst casing. 

7. Apparatus as claimed in claim 4, wherein said mixer cas 
ings, said ?rst and second impellers, and the outlet of the sub 
sidiary vessel are disposed within a main vessel adapted to 
contain a large volume of the said liquid and solid material, 
and the surface area of liquid within the subsidiary vessel 
which is exposed to the surrounding gaseous medium is sub 
stantially smaller than the exposed surface area of liquid in the 
main vessel when the mixer casings and impellers are im 
mersed in the liquid in the main vessel. 

8. apparatus as claimed in claim 7, wherein the subsidiary 
vessel, mixer casings and impellers are offset from a central 
position relative to the_main vessel, as viewed in_ plan. _ 

9. Apparatus as claimed in claim 7, wherein material ex 
pelled from the aperture means in the mixer casings is con 
veyed via a tube to a predetermined location in the main ves 
sel. 

10. Apparatus as claimed in claim I, wherein said impeller 
shaft is the output shaft of an electric motor which is mounted 
above the subsidiary vessel. 

ll. Apparatus as claimed in claim 1, wherein a single inlet is 
provided in said subsidiary vessel for supply of both liquid and 
solid material to said vessel. 

12. Apparatus as claimed in claim 1, wherein said outlet of 
said subsidiary vessel and said inlet to said ?rst mixer casing 
are connected by a neck portion. 

13. Apparatus as claimed in claim 22, wherein said neck 
portion is cylindrical and the diameters of said neck portion 
and said inlet are equal. 


