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MXXER SYSTEMS 

Description 

----·-·-----------

The present invention relates to mixer 

systems, by which is meant systems for 

5 suspending, agi~ating and/or ci~culating 

materials, particularly liquids or liquid 

suspensions and particularly to mixer systems 

for mixing aggressive mater1als, by which is 

meant toxic, hazardous, corrosive or other 

10 materials which need to be confined for proper 

handling, processing or for environmental safety 

or health reasons. 

. 15 

Xn order to prevent the escape of 

aggressive materials from.the vessel in which 

they are mixed, confinement of the mixing 

apparatus which contacts the mater~al has 

necessitated the use of magnet couplings which 

provide confinement shells or which use the wall 

of the vessel to separate the driven impeller 

20 apparatus from the motor and other drive 

elements. The spacing of .the impeller and other 

parts of its drive·apparatus1 for.example the 

impeller shaft, as well as the rotor of the 

magnet coupling with respect to the confinement 

25 shell or the other separating member (the wall 

of the tank) has necessitated the use of 

bearings which ~ontrol the run out of the shaft 
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and the impeller so that there is no 

interference with the confinement shell. The 

conventional approach has been to protect the 

bearings and to provide dynamic, running seals 

5 which prevent the aggressive materials from 
I 

leaking into regions where the bearings are 

located. Such seals are undesirable since they 

hav.e limited lifetimes.. and must be replaced 

before failure. The life of the seals is also 

10 subject to reduction because they are exposed to 

the aggressive material. 

It is a feature of this invention to 

eliminate such seals thereby effectively 

providi~g a sealless mixer system. Instead of 

15 resorting to seals, the bearings themselves are 

made, or at least surfaced, with material 

resistant to the aggressive material being 

mixed. The invention, contrary to the 

conventional technology, uses bearings or 

20 journals for the impeller shaft which are 

confined with the aggressive material. 

Notwithstanding, the conventional technology it 

has been found in accordance with the invention 

that mixer systems having acceptable lifetimes, 

. 25 in spite of their use with aggressive materials, 

are not only possible but practicable. 

It is necessary in accordanc~ with 

certain processing techniques, for example when 

the aggressive material is altered from one type 

30· of material to another or has different 

ingredients thereto and proportions are critical 

or the presence of materials previously being 

mixed is detrimental to the process, that all or 

part of the region which is confined be purged 

35 or even sterilized. In order to accommodate 

such needs, and in other applications where it 

is desirable to remove or replace the bearings 
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and other parts which ar·e in confinement, a 

static seal can be provided at a desired 

location and used when the impeller shaft is 

stopped to isolate all or part of the region 

5 under confinement, for example the part • 
containing the rotor.and inside of the 

containment shell of the magnetic coupling or 

even the aforemention~d part including the 

bearings. It is a feature of the invention to 

10 provide in the improved sealless mixer system.an 

expandable collar which defines a seal against 

the shaft thereby isolating all or part of the 

region under confinement and enabling it to be 

purged, say with nitrogen gas or even 

15 sterilized, as when the purging agent is steam. 

When the expanding collar is in sealing 

relationship with the shaft, the shaft is 

stopped. During normal running conditions the 

collar does not interfere with the shaft and the 

20 sealless condition prevails. 

The material which is subject to . 

mixing may be under pressure and the vessel in 

which it is located is pressurized. This 

pressure may be used in accordance with the 

25 feature of the invention to provide a secondary 

or back up static seal in addition.to the seal 

provided by the expandable collar. Then a 

flange on the shaft and a collar confines a seal 

member (e.g., an O·r1ng) between their opposed 

30 surfaces. The shaft may be biased to separate 

the opposed surfaces so that under dynamic 

conditions when the shaft is rotating no seal is 

formed between the opposed surfaces. When the 

pressure is relieved, however, the bias is 

35 counteracted by the pressure in the tank to 

enable the seal to be formed between the opposed 

surf aces thereby providing even further 
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assurance that the aggressive material will not 

escape from the vessel. 

It is desirable for certain mixing 

applications that the impeller rotate at lower 

5 speed and provide higher torque than the motor 
I 

which drives the impeller. The magnet coupling 

has limited torque transfer capacity. 

Accordingly, mixing systems with magnetic 

couplings have been limited in the amount of 

10 torque and mixing power which can be delivered 

to the material being processed. It is a 

feature of this invention to provide a gear 

train in the confined region between the 

impeller shaft and the inside or inner rotor of 

15 the magnet coupling. Preferably the gear train 

is provided by a planetary gear set thereby_ 

enabling the·torque to be multiplied in a volume 

which is available in the confined region. 

It is the principal object of the 

20 present invention to provide improved mixing 

apparatus, and particularly an improved mixer 

system which is adapted to be used for mixing 

·aggressive materials. 

' 25 

A more specific object of the present 

invention is to provide an improved mixer system 

having one or more of the features _discussed 

above. 

Briefly described, a mixer system 

embodying the invention is applicable for mixing 

30 aggressive material in a vessel having an 

openiµg. ~ drive s~aft for rotatably supporting 

a mixing impeller is used. The drive shaft is 

rotatably supported in bearings contained in an 

assembly which is located in the opening and 

35 closes the opening to confine the aggressive 

material in the vessel. The assembly has an 

open passageway in which the bearings and shaft 
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are dispo~ed. Since the passageway is open the 

mixer system is sealless. The passageway 

connects the bearings and the vessel in 

communicating relationship_ for the aggressive 

5 material. There are no dynamic seals in the ' . 

passageway. The bearings have at least the 

surfaces thereof which are exposed to the 

aggressive material made of a material resistant 

to the aggressive material. If desired, an 

10 expandable collar may be used to provide a 

static seal when the drive shaft is stoppe~. 

Passageways may be provided for releasing the 

pressure behind the expanded collar in order to 

purge or sterilize the parts of the assembly in 

15 confinement. For example the bearings may be 

mounted in a cartridge which· is removably . 

disposed in the assembly.· If torque 

multiplication is desired, the drive shaft may 

be connected via a gear train also in 

20 confinement. This gear train may be driven at 

higher speed and lower torque than desired to 

power the impeller through a magnet coupling; 

the gear train being connected to the inside 

part of the coupling. The term inner rotor 

25 should be taken to mean the inside part of such 

a magnet coupling. 

The foregoing and other objects, 

features and advantages of the invention, as 

well as presently pref erred embodiments thereof 

30 · will become·more apparent from a reading of the 

following description in connection with the 

accompanying drawings in which: 

FIG. 1 is a elevational view, 

partially in section, of a mixer system 

35 embodying the invention; 

FIG. 2 is an enlarged fragmentary 

elevational view of the region of the mixer 
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system of FIG. 1 which is in confinement and 

connected through a sealless open end thereof to 

the mixing tank; 

FIGs. 3, 4 and 5 are similar enlarged 

fragmentary elevational views showing different 
I 

arrangements of separator plates which may 

alternatively be used in the assembly shown in 

FIGs. 1 and 2 to proV'i'"de static sealing· and 

purging or sterilizing capabilities; 

FIG. 6 is fragmentary elevational view 

similar to FIG. 2 showing the portion of the 

assembly which provides the confined region of 

the mixer system, but in accordance with another 

embodiment of the invention; 

15 FIG. 7. is a view similar to FIG. 6 

which also shows the flange and pedestal and 

outer rotor drive but is in accordance with .. · 

still another embodiment of the invention; 

FIGs. 8 and 9 are respectively a view 

20 similar to FIG. 7, and an elevational sectional 

view 90° about the axis of the impeller drive 

shaft from the view shown in FIG. 8, both views 

showing a mixer system in accordance with still 

another embodiment of the invention; and 

25 FIGs. 10 and 11 are elevational views 

illustrating a mixer system which enters the 

vessel or tank from the side (side entry) and 

which utilizes a planetary gear set, all in 

accordance with still another embodiment of the 

30 invention. 

~eferring to FlGs. 1 and 2, there is 

shown a top entry sealless mixer system 10 which 

embodies the invention. Aggressive material to 

be mixed is introduced into a vessel 12 having 

35 its inside wal~s coated or made with material 

which is resistant to the aggressive 

characteristics of the material. An impeller 14 
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is located in the vessel 12 and is connected to 
a drive shaft 16. An assembly 18 has upper and 
lower bearings 20 and 22 which rotatably support 
the shaft and also rotatably support an inner 

5 rotor 24 of a magnet coupling 26. This support 
; 

is provided by a cap nut 28 or bolt which is 
eccentrically disposed on the shaft 16 as shown 
in.greater detail in ~ZG. 2, for torque· 
transmission (acting like a cam) between.the 

10 inner rotor 24 and the shaft 16. 
The outer rotor 30 of the coupling 26 

is connected via the flanged end 32 of a shaft 
34 which extends from a motor gear-box assembly 
36. The motor gear-box assembly is mounted on a 

15 bearing support 38 which journals the shaft 34~ 
The magnet coupling 26 has circumferential~y 
disposed arrays of permanent magnets in its·· -
inner and outer rotors 24 and 30. The magnets 
in the inner rotor 28 are aligned with the 

20 magnets in the outer rotor 30 but are polarized 
oppositely (i.e., north-south, south-north, 
north-south, south-north, etc.). The design of 
the coupling 26 may be conventional and it may 
be of the type which is commercially available. 

. 25 The assembly 18 has a flange 40 which may be 
welded to a hub 42. The flange is bolted to a 
flange 44 of the nozzle 46 of the vessel 12 and 
closes the opening into the vessel with the 
assembly 18. The motor 36 and its bearings 

30 support 38 are mounted on the top of a pedestal 
48 which has a lower end flange 50 which is 
bolted to the flange 40. Openings 52 in the 
pedestal 48 provide access to the internals of 
the mixer system (the bearing support 38, the 

35 outer rotor 30 and the assembly 18). Ears 54 
allow the mixer apparatus 10 to be lifted and 
transported. The ears are 120 degrees apart; 
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thus only one ear appears in FIG. 1. 

The assembly 18 also includes spacer 

plates 56 and 58 which are interchangeable with 

static seal plates 60 and purge plates 62, as 

5 are shown and will be described in greater 
I 

detail hereina-f ter in connection with FI Gs. 3 

and 5. These plates 56 and 58, either when used 

alone or in differen1=-... ·a.rrangements with ·the 

plates 60 and 62, are bolted together by a 

10 circumferentially disposed array of bolts 64 to 

the flange 40. The magnet coupling has a 

confinement shell (also known as a separator or 

separating member) 66 having flange 68 which is 

bolted in the assembly by the bolts 64. The 

15 shell 66 may also be called a cont.ainment shell. 

The cylindrical hub 40 has an in~~rnal 

bore or passageway 70 which defines a passageway 

through which the shaft 16 extends and in which 

the bearings 20 and 22 are located. This 

20 passageway 70 is opened to the vessel 12 and 

therefore to the aggressive material confined 

therein which, especially if the vessel is 

pressurized and the material can vaporize, is 

present in the passage 70. The passage 70 is 

, 25 

30 

part of a confinement region which includes 

cylindrical bores in the plates 56.and 58 and 

the inside of the confinement shell 66. The hub 

is terminated at its open end by-an end· cap 72 

but is otherwise open and sealless. 

The bearings 20 and 22 are bearings 

having rolling elements, namely ball.s 74 and 76 

and inner and outer ·races 78 and 80 {for the 

bearing 20 and 82 and 84 for the bearing 22) • 

The bearings are axially spaced from each other, 

35 with the bearing 82 closer to the open end 71 of 

the passageway 70 and the bearing 20 further 

from the open end 71, by spacer sleeves 86 and 
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88. The shaft 16 has a shoulder 90 which 

references the inner race 82. The inner race 

and the bearing 22 is fixed in axial position by 

~he spacer sleeve 86 which sandwiches the inner 

5 race 78 of the bearing 20 and is compressed 

against that inner race by force applied from 

the bolt or nut 28 against the upper end of the 

spacer sleeve 88 via a __ shoulder 92 which extends 

downwardly from the hub 94 of the inner rotor 

10 24. The outer race ·22 is fixed between a step 

96 around the bore 70 and a shoulder 98 of the 

end cap 72. The outer race 80 floats axially in 

the bore take up thermal expansion and 

tolerances in manufacture. 

15 The balls 74 and 76 of the ball 

bearings and the races thereof are all exposed 

to the aggressive material. The surfaces wh~ch 

are exposed are made of material resistant to 

the aggressive material. Desirably the balls 

20 are made of entirely such material so that their 

surfaces are resistant. The balls may be a 

ceramic, for example silicon nitride. An 

alternative material which may be suitable for 

other applications is stellite. Stellite is a 

- . 25 boron containing alloy. It has been found that 

stellite, sold under the tradename Hanes 25 is 

suitable. The races may be stellite of Rockwell 

C hardness of about 60. For some applications, 

steel races having a zirconium/zirconium nitride 

30 vapor deposition or sputtered coating may be 

used. For other applications the races·may be 

plated wi.th thin dense chromium, for example a 

0.3 mil coating of chromium. Other types of 

coatings may be applied by vapor deposition or 

35 sputtering. The thin dense chromium material is 

sold under the tra~ename Armalloy. Other 

materials which are resistant or more preferably 
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inert to the aggressive material being mixed may 

be used. 

FIGs. 3 and 5 illust~ate a static seal 

which may be provided by a pneumatically 

5 pressurized collar 100 of elastomeric material, 

for example, such as viton, ah elastomeric 

polymer. The collar is a hollow annulus on a 

ring shaped metal co:ce. 102. Such expandable 

seals are commercially available. Pressurized 

10 air is introduced through a port 104 into a ring 

106 which communicates with the front end of the 

core through h~les 108. Normally the collar 

does not interfere with the shaft nor contact 

the sleeve 88. The collar is expanded only when 

15 the motor and the shaft 16 are stopped. Then 

access may be had to the magnet coupling. A 

normally plugged opening may be provided in'".the 

purge ring or plate 56 to relieve the pressure 

between the expandable collar and the 

20 confineme~t shell. By locating the collar 100 

above the hub and above the bearings 20 and 22, 

the bearings and the passageway 70 remain 

exposed to the aggressive material. 

As shown in FIG. 5 th~ purge plate 62 

25 has a port 108, an annular manifold 110 and a 

plurality of circumferentially disposed openings 

112. The purge plat·e may have the port 108 

plugged and then open~d to relieve the pressure 

behind the expanded collar 102. Alternatively, 

30 inert gas, such as nitrogen or sterilizing 

vapors, s~ch as steam, D;lay ~e introduced through 

the port 108, the manifold 110 and the openings 

112 to purge and/or sterilize the confinement 

region above the ·collar 102. 

35 In the event that purging into the 

vessel 12 is desired only the ring plate 58 is 

used together with the purge plate 62 as shown 
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in FIG. 4. Then the vessel 12 as well as the 

passageway and the entire confinement region can 

be purged and/or sterilized. The exhaust from 

the vessel may be by suction applied to the port 

5 108 of the purge plate 62 or via an opening 
; 

(e.g., the fill opening) in the tank or 

vessel 12. 

Referring bG- FIG. 6 there is shown an 

assembly 120 using a hub 122 and flange 124 

10 connectable to an opening (nozzle) of a tank, 

such as shown in FIG. 1, for closing that 

opening. The hub 122 receives the bearings 20 

and 22 in a cartridge 126. The cartridge is a 

cylindrical tube having steps 130 and 132 

15 against which t~e outer races of the bearings 20 

and 22 are referenced and held in place by_sn~p 

rings 134 and 136. The upper bearing 20 is. 

fixed since its inner race is referenced against 

a step 138 on the shaft and held against that 

20 step 138 by a tubular sleeve 141 which may be 

compressed by the hub shoulder of the inner 

rotor as discussed in connection with FIGs. 1 

and 2. The inner race of the lower bearing 22 

is allowed to float. The bearings 20 and 22 may 

25 be made of materials similar to those discussed 

above. 

Below the bearings, in a ring plate 

140 which is sandwiched against the bottom end 

of the hub 122 by ~ grooved end cap 142, is an 

30 expandable collar 144. A split collar or neck 

146 which is clamped to the shaft and located in 

the grooved end cap 142 provides shoulders to 

limit the axial movement of the shaft, 

particularly the downward movement of the shaft 

35 into the tank 12. 

Since the expandable collar 144 is 

disposed at the bottom of the passageway defined 



.... --·· --··------·-· ------

----------

- 12 -

in the cartridge 126 around the shaft and then 
upwardly into the confinement region which is 
closed by the confinement shell 66, 
substantially the entire confined region in the 

5 assembly 120 may be statically sealed. 
' A purge plate 150 i~ sandwiched 

between the flange 68 of the confinement or 
containment shell and ... .the hub 122 at the upper 
end thereof. This plate has normally plugged 

10 inlet and outlet ports 152 and 154 to which 
holes 156 and 158 extend. When the plugged port 
154 is opened the confined region may be 
depressurized. The confined region may be 
purged or sterilized by introducing gas or 

15 sterilizing v~pors through the inlet port 152 
and exhausting the gas or vapors (e.g., nit~ogen 
and/or steam) through the outlet port 154. 

The expandable collar 144 is connected 
via a passage 160 for pressurized air or gas to 

20 a control line from a pump (not shown). The 
bore in the hub in which the cartridge 126 is 
disposed may have an annular groove or relief 
162 which facilitates the insertion and rem.oval 
of the cartridge 126 and decreases the area of 

, 25 the bore in the hub 122 and the outside of the 
cartridge 126 which needs to be pr~cisely 
machined. 

FIG. 7 illustrates an assembly 170 
with a hub 172 and·a ca~tridge 174 carrying 

30 bearings 178 and 180. The be~rings 178 and 180 
may respectively float downwardly and upwardly­
on the shaft at their inside races. The outside 
races of the.bearings are both fixed by spacers 
and snap rings. Passages 184 and 186 bypass the 

35 bearings 178 and 180. 

The mixer shown in FIG. 7 has a magnet 
coupling 188 with outer and inner rotors 190 and 
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192 separated by a confinement shell 194. This 

coupling may be somewhat different in design 

from the coupling 26, but is functionally 

identical therewith. The inner rotor 192 is 
5 connected to the shaft 182 by a cap nut 196 

' which holds the hub of the rotor 192 against a 

spacer sleeve 198 which acts as a shoulder 

against the inner race_ of the bearing 17.8. 

The shaft 182 has a flange 200 which 

10 extends radially into a groove defined by the 

lower surface of a pneumatically pressurized 

collar 202 and an end cap 204. This groove also 

captures an expandable elastomeric collar 206 

which is normally clear of the flange 200, but 

15 .. - when expanded by compressed air which extends to 
the collar through a line (not shown) defines a 

seal against the circumferential rim 208 of ··the 

flange 200. The flange 200 has a groove which 

locates an·o-ring seal member 210. The gap 

20 between the opposed surfaces of the flange 200 

and the collar 202 where the 0-ring 210 is . 
located is spaced apart sufficiently to prevent 

a seal from being formed by the·o-ring during 

normal running operation of the shaft. This is 

25 because the shaft is biased downwardly by a wave 
spring 212 (an annular spring member) which is 

captured between the foot 214 of the confinement 

shell 194 and the top of the hub 172 and extends 

radially inward. The bias of this spring is 

30 transferred through a ring shaped plate 216 

which is bolted to the top of the cartridge 174. 

The force then is transferred via the lower 

bearing 180 to the shaft 182 in a downward 

direction thereby creating the gap of sufficient 

35 size to prevent the formation of the seal by the 

0-ring 210. 

When the collar 206 is expanded and a 
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port 218 which extends via a conduit 220 in the 

hub through the collar 202 is opened, the flange 

·202, acti~g as a piston, counteracts the bias of 

the wave spring 212 and enables the seal to be 

5 formed by the 0-ring 210. The 0-ring therefore 
I 

provides a double or secondary seal in addition 

to the expandable collar 206. The flange 200 

provides a stop when,it engages the end. cap 204. 

The bypasses around the bearings 178 

10 and 180 assure that the pressure in the confined 

region is relieved when the port 218 is opened. 

The port 218 may also be used for purging, 

sterilizing, etc. when the static seals are in 

place. 

15 FIGs. 8 and 9 show a mixer system 230 

which is similar in design to the embodiment 

shown in FIG. 7 except that sleeve bearings'·. 

instead of ball bearings are used. There are 

upper and lower sleeve or journal bearings 232 

20 · and 234 and thrust bearings 238. These thrust 

bearings are plates on opposite sides of a web 

240 or flange which is appertured, like the 

·journal bearings 232 and 234 at holes 242 and 

244 so as to spring all parts of the confined 

25 region into communicating relationship. The 

thrust bearings 238 are pressed into the 

cartridge 174 and a cap 246 which holds the 

upper pad of the thrust bearing 238 in place. 

The wave spring 212 bears against this cap 246 

30 to open the gap where the 0-ring 210 is located 

duri~g no~l running operation. When the 

pneumatically pr.essurized collar seal is formed 

by air pressure applied to lines 248 and 250 and 

the pressure behind the piston 200 is released 

35 via the conduit 220 and the plug 218, the spring 

212 is further compressed, counteracting its 

bias by the pressure in the vessel and enabling 
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the seal to be formed by the 0-ring 210. The 

formal and thrust bearings may be of material 

resistant or inert to the aggressive material 

being mixed. A sintered graphite material (e.g. 

5 Graphalloy) or a polyamidimid (e.g. Vespel) are 

suitable for this purpose. 

FIGs. 10 and 11 show a side entry 

mixer 260 which ente~s through the side.wall 262 

of a tank 264. The side wall has a flange 

10 nozzle 266 which forms the opening into the 

tank. This nozzle is sealed by the assembly 268 

including ball bearings 270 and 272 in a 

cartridge 274 in the bore of a hub 276. The hub 

is sealless and has an open end which may have a 

15 bushing 278. This bushing does not form a seal 

so that the mixer 268 is sealless as was the 

case with the mixer system described above. 

The mixer 268 has an impeller 280 and 

an impeller shaft 282 which is journaled in the · 

20 bearings 270 and 272. The shaft has a flange 

284, against the rim of which an expandable 

collar 286 may be ·expanded to form a static 

seal. A double seal is not used in this 

embodiment of the invention. Pressurized air to 

25 the collar 286 is applied via a conduit 288. 

The impeller shaft 282 is connected to 

a gear box 290 containing a gear.train in the 

form of a planetary gear set 292. This gear 

train as well as the passageway in the cartridge 

30· 274 which carries the bearings 270 and 272 are 

contain~d in the gear train housing 290. 

The gear train is driven by a shaft 

294 which is connected to the inner rotor 296 of 

a magnet coupling 298 by a shaft 300 connected 

35 to a motor 302 via an adapter 304. The magnet 

coupling 298 has an outer rotor 306 which is 

connected to the shaft 300. The motor 302 is 
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supported on a .table 306. The motor front end 

is mounted on a pedestal 308 which is bolted to 

a flange 310 which extends radially from the hub 

276 of the assembly 268. The flange and 

5 pedestal are bolted to the nozzle flange 266. 
l 

The planetary gear set 292 has a sun 

gear 310 which engages planet gears 312 mounted 

on roller bearings to . ..a planet carrier 314. The 

planet gears engage a ring gear 316 which is 

10 mounted on the housing 290. The output of the 

planetary gear set 292 is taken at an adapter 

316 connected to the upper end of the impeller 

shaft 282 by one or more splines 320. The 

planet gear is continuously lubricated by oil in 

15 the housing whiqh is circulated by blades 322 on 

a sleeve 324 connected to the shaft 294 as by a 

set screw. The oil circulates through ball ... 

bearings 326 and 332 which.support the shaft 294 

against thrust and radial movement and thence 

20 through the planet gears 312 and the sun gear to 

a splash guard 328. There are holes 330 for the 

circulation of oil Qackward to another bearing 

332, the impeller 324 and back to the bearing 

326 and the planetary gear set 292. The oil may 

25 be admitted into the housing 290 via a top plug 

334 and drained via a drain plug 3_36. 

Planet gear set 292 provides a 

reduction in shaft speed and multiplication in 

torque delivered t~ the impeller shaft 282. If 

30 additional speed reduction and torque 

multiplica~ion is desired another planetary gear 

set may be mounted in series and coaxially with 

the gear set 292 shown in FIG. 11. In the event 

that the tank 262 contains oil or other 

35 lubricating material which does not interact 

with the oil in the confinement region of the 

assembly, then it may be desirable to fill the 
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confinement region with oil and to arrange 

.conduits and a piston to equalize the pressure 

in the confinement region of the assembly ~88 

with the pressure in the tank thereby preventing 

5 leakage into the tank of the oil in the 

confinement region or leakage of oil from the 

tank into the confinement region. The planet 

gear set may be dry ~1,Vllling, and the us~ of such 

dry running gears may be pref erred, especially 

10 in the top entry mixer systems, such as shown in 

FIGS. 1-9. 

From the foregoing description it will 

be apparent that there has been provided 

improved mixer systems, and especially systems 

15 using magnet couplings and _sealless entry into.a 

vessel in which mixing occurs. Variations and 

modifications of the herein described mixer·· 

system, in accordance with the invention, will 

undoubtedly suggest themselves to those skilled. 

20 in this art. Accordingly the foregoing 

description should be taken as illustrative and 

not in a limiting sense. 
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C L A. I M S 

1. A mixer system operative upon 

aggressive material in a vessel having an 

opening, which system comprises an impeller, a 

5 drive shaft for rotatably supporting said 
I 

impeller, an assembly including bearings 

rotatably supporting said drive shaft in said 

opening and closing sa:id opening to confine the 

aggressive material in the vessel, an open 

10 passageway in which said bearings and shaft are 

disposed, said passageway connecting said vessel 

and said bearings in communicating relationship 

for said aggressive material in said vessel, and 

said bearings having surf aces exposed to said 

15 aggressive material which surfaces are of 

material resistant to said aggressive mate~ial. 

2. The system according to claim 1, 

wherein said passageway is part of a confinement 

region having opposite ends, one of which is 

20 open to said vessel and the other is closed by a 

confinement ~hell, a coupling having an inner 

rotor connected to and rotatable with said shaft 

on the inside of said shell in said confinement 

region, said coupling having an outer rotor on 

25 the outside of said shell, and means for 

rotatably driving sa.id outer rotor from the 

outside of said conf inem.ent region. 

3. The system according to claim 2, 

wherein said inner and outer rotors are in 

30 electromagnetically coupled relationship through 

said shell. 

4. The system according to claim 1, 

further comprising in said assembly around said 

shaft an expandable collar providing a static 

35 seal across said passageway when expanded 

radially about said shaft when said shaft is 

stationary. . ·- ···--·---·-·-·----. ---·-·. ------- -·--· . . 

l lllllll llllll lllll lllll IHlll 
* C L M S * 
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s. The system according to claim 4, 

wherein said bearings are spaced axially along 

said shaft between positions closer to and 
further away from an_ end of said passageway 

5 which is open to said vessel, and said 

expandable collar is spaced away from the one of 
said positions further from said open end of 
said passageway. ...._ 

6. The system· according to claim 4, 

10 wherein said bearings are spaced axially along 
said shaft between positions closer to and 
further away from an end of said passageway 

which is open to said vessel, and said 

expandable collar is disposed between the one of 
15 said positions which is closer to said open ·end 

and said open end of said passageway. 

7. The system according to claim 4, 

wherein said passageway is part of a confinement 

region having opposite ends one of which is an 
20 open end of said passageway and the other of 

which is closed by a confinement member, drive 
means for said shaft on opposite sides of said 
·confinement member, a second passageway into 

said confinement region between said expandable 
25 collar and said member to provide access to said 

confinement region for exhausting, _purging or 

clearing said confinement region when said 
collar is expanded to provide said seal. 
8. The system according to claim 1, 

30 wherein said assembly includes a hub having a 

cyli~drical bore extending axially of said 
shaft, said hub. extending into said vessel, and 

means assembling said bearings to said bore and 
to said shaft in said hub. 

35 9. The system according to claim 1, 
wherein said assembly includes a hub having a 

cylindrical bore extending axially of said 
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shaft, said bearings being connected to said 

bore and extending radially to said shaft. 

10. The system according.to claim 9, 

wherein said bearings are assembled in a 

5 cartridge removably attached to said hub inside 

said bore. 

11. The system according to claim 9, 

wherein said bearing~.have inner and outer races 

with rolling elements therebetween, said outer 

10 races being fixed to said bore, and means 

supporting and assembling said inner races upon 

said shaft. 

12. The system according to claim 4, 

wherein said bearings have inner and outer races 

15 with rolling elements therebetween, said shaft 

has a step, a spacer sleeve around said sha_ft 

be.tween said inner races of said bearings, and 

the inner race of at least of said bearings 

being fixed between said sleeve and said step. 

20 13. The system according to claim 12, 

further comprising a second sleeve around said 

shaft, one of said bearings having its inner 

race sandwiched and supported in fixed position 

between said sleeves. 

25 14. The.system according to claim 5, 

wherein said assembly includes ·a h~ having a 

cylindrical bore defining part of said 

passageway and through which said shaft extends 

and along which said bearings are disposed in 

30 · axially spaced relationship, a collar extending 

radially ~nward from said b?re and having 

opposite surfaces respectively facing away from 

and toward said open end of said passageway, a 

flange extending ·radially outward from said 

35 shaft and having a rim and opposit"e side 

surfaces one opposed to the surf ace of said 

collar facing toward said open end of said 
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passageway and the other of the opposite side 

surf aces of said flange facing the open end of 

said passageway, a seal member between said 

opposed surfaces of said flange and said collar, 

5 said expandable collar being captured in said 

hub around said rim,. and meahs for biasing said 

shaft axially towards said open end of said 

passageway to normal~y space said oppos~d 

surf aces of said collar and flange away from 

10 each other sufficiently to release said seal 

member from seal forming relationship with said 

opposed surfaces of ·said collar and flange, said 

side surface of said flange facing said open end 

of said passageway defining a piston for 

15 counteracting s~id bias to enable fopning of a 

seal with said seal member when the pressure in 

said passageway exposed to said one side surface 

of said flange is less thari the pressure on the 

side surf ace of said flange which faces said 

20 open end of said passageway. 

15. The system according to claim 5, 

wherein said assembly includes a hub having a 

cylindrical bore defining part of said 

passageway and through which said shaft extends 

25 a cylindrical cartridge axially movable in said 

bore, said bearings being fixed to said 

cartridge and being axially movable therewith, a 

shoulder on said shaft facing away from the open 

end of said passageway on which at least one of 

30 said bearings bears, a collar extending radially 

inward from said bore and having opposite 

surfaces respectively facing away from and 

toward said open end of said passageway, said 

cartridge having opposite ends axially spaced 

35 from each other, one of said opposite ends being 

opposed to the surf ace of said collar facing 

away from said open ·end, a flange extending 
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radially outward from· said shaft ·and having a 

rim and opposite side surfaces one opposed to 

the surface of said collar facing toward said 

open end of said passageway and the other of the 

5 opposite side surfaces of saiq flange facing the 

open end of said passageway, ~ seal member 

between said opposed surf aces of said flange and 

sai.d collar, said exp@._pdable collar bein:.g 

captured in said hub around said rim and .means 

10 for biasing said cartridge via at least one of 

said bearings also biasing said shaft axially 

towards said open end of said passageway to 

normally space said opposed surfaces of said 

collar and flange away from each other 

15 sufficiently to release said se·aI member from 

seal forming relationship with said opposed 

surfaces of said collar and flange, said side 

surface of said flange facing said open end of 

said passageway defining a piston for 

20 counteracting said bias to enable forming of a 

seal with said seal member when said pressure in 

said passageway exposed to said one side surface 

of said flange is less than the pressure on said 

side surface of said flange which faces said 

25 open end of said passageway. 

16. The system according to claim 14, 

wherein said biasing means is an annular wave 

spring captured in said hub and extending 

radially inward from said bore. 

30 17. The system accordin~ to claim.14, 

wherein said hub defines with said collar an 

annular groove int·o which said flange extends, 

said groove defining a shoulder normally spaced 

from said side surf ace of said ~lange which 

35 faces the open end of said passageway for 

limiting axial movement of said shaft in a 

direction towards said open end of said 
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passageway. 

18. The system according to claim 2, 

further comprising a reduction gear train 

connected between said inner rotor and said 

5 shaft and disposed in said confinement region. 

19. The system according to claim 18, 

wherein said reduction gear train is a planetary 

gear set having a sun,._gear connected to.said 

inner rotor and planet gears in a carrier 

10 connected to said shaft. 

20. The system according to claim 1, 

wherein said bearings are dry running bearings. 

21. The system according to claim 20, 

wherein the said bearings are ball bearings with 

15 s.ilicon nitride balls and the races of said 

bearings have a layer of material, selected 

from the group consisting of chromium 

zirconium/zirconium nitride, on the exposed 

surfaces thereof. 

20 22. The system.according to claim 1, 

wherein said bearings are journal bearings ~nd a 

thrust bearing spaced from each other and 

disposed around said shaft. 

23. A mixer SY.Stem which comprises an 

25 impeller having a shaft adapted to be driven by 

a motor at a lower speed and with higher torque 

than delivered by said motor, a magnet coupling 

having an inner rotor and an outer rotor, said 

outer rotor being connected in driving 

30 relationship with said motor, a member disposed 

between said inner and outer rotors for 

separating said inner rotor and said shaft and 

said impeller from said outer rotor and said 

motor, and a reduction gear train connected 

35 between said inner rotor.and said impeller shaft 

for rotation at lower speed and higher torque 

than said motor and being separated by said 
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separating member from said outer rotor and said 

motor. 

24. The mixer system according to claim 

23, wherein said reduction gear train is a 

5 planetary gear set having a sun gear connected 

to said inner rotor and planet gears in a 

carrier connected to said impel~er shaft. 

25. The mixer sy~tem according to.claim 

24, wherein said planetary gear set is dry 

10 running • 

. . -·· 
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