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ULTRA FINE COLLOID MILL 

~ BACKGROUND AND SUMMARY 
The present ‘invention relates to colloid mills and, 

more particularly, to colloid mills capable of producing 

ultra ?ne colloids. _ , _ ‘ Conventional colloid mills have been usedto pro 

duce emulsions characterized by particle sizes ranging 
from submicron to one or two microns. Typically, liq 
uid is re?ned by passage through anadjustable gap be 
tween a solid rotor and afvsolid stator. If the gap is too 
narrow, the material will not feed. If the gap is too wide 
the degree of re?nement-is not adequate. ' 
The primary'object of the present invention is to pro 

vide a colloid mill, in which‘ the liquid being re?ned is 
characterized by an interface between the rotor and the 
stator. On one side of‘the interface, the liquid is re 
tained by the adjacent facejof the'stator in stationary 
position. On ‘the ‘other side of the interface, the liquid 
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is retained by theiadjacent face of the rotor for move- - 
ment with respect to the stator. The result, in effect, in- - 
volves liquid stator and rotor faces, which enablecon 
tinuous feeding but between which is no gap. Specifi 
cally, the stator has a resentrant conical surface with 
grooves extending’ from the outer periphery to an inner 
axial opening. The rotor is; keyed to a'shaft that extends 
through the axial openingv of the stator and has vanes 
with‘ outer edges thatare closely adjacent to and inregl 
istra'tion with the conical surface of the stator. The 
grooves tend to retain liquid in contiguity with the sta 
tor relatively stationary. The'vanes tend to carry liquid 
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in contiguity with the rotor for movement with respect , 
to the stator; The‘ arrangement is such thatrcolloid par-' 
ticles in a fluid,advancin'g from an inlet to an outlet, 
are unusually effectivelyvfragmented down to sizes that 
characteristically maybe as .small as one-tenth of a mi 
cron. - ' ‘ 

Other objectslof'the present invention will in part be 
‘obvious and will in part appear hereinaften. 

‘ The invention accordingly comprises the apparatus, 
and process together with their components, steps and 
interrelationships, which are exemplified in the present 
disclosure, the scope of whichvwill be indicated in the 
appended claims. 

BRIEF DESCRIPTION orv THE DRAWINGS 
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For a fuller understanding of the nature and objects ' 
of the presentinvention,-v reference is made to the ac 
companying drawings wherein: v - . 

FIG. I is a perspective view, partly. broken away, of 
the head of a colloid mill constructed in accordance 
with the present invention; 1 
'FIG. 2 is a cross sectional’ view of the apparatus of 

‘' FIG. 1 taken substantially along the line,2-—'2 of FIG. 
1 

shown in-FIG. 2, the view being taken substantially 
along the line 3.'—-3 of FIG.‘ 2;‘ 

FIG.‘ 4 is an end view, of armor of the apparatus of 
FIG. '2,'the view with components omitted being taken 
substantially along the line-4-4 of FIG. 2; 
FIG. .5 is a cross. vsectional view of a stator of . the appa 

ratus of FIG. 1, the cross section being taken at the axis 
of the apparatus; I ‘ ' 

FIG. 6 is an end view of the stator of FIG. ‘5; 

FIG. 3. is an‘ end view or. the head of the apparatus. 
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FIG. 7 is a side elevation of a complete apparatus in 
vwhich a colloid mill, of the type shown in FIG. I, is a 
Part; 
FIG. 8 is an end elevation of the apparatus of FIG. 7; 
FIG. 9 is a side elevation of an alternative complete 

apparatus in which a colloid mill, of the type shown in 
FIG. 1, is a part; and‘ , _ 

FIG. 10 is an end view of the apparatus of FIG. 9. 

DETAILED DESCRIPTION 

' As shown in FIG. 1, the illustrated colloid mill com 
prises a casing’ 20 that defines a path 22 through which 

7 a dispersion having a liquid outer phase is fed for the 
purpose of refinement between an inlet port 24 and an 
outlet port 26. Housing 20 includes ?ve aligned, cen 
trally opened disks, which are ?ush peripherally in 
‘order to define an outer cylindrical surface. These disks 
include an inletring 28, a first stator ring 30, a second 
stator‘ ring 32, an'outlet ring 38 and a sealing ring 40. 
Each preceding ring is seated'on the succeeding ring by 
means of a peripheral shoulder recess 42 in the inner 
surface of the preceding ring and aperipheral shoulder 
ledge 44in the outer surface of the succeeding ring. 
Also adjacent ringsare hermetically sealed by groove 
and O-ring arrangements 46. 

‘Stators 30and 32 each provides a re-entrant conical 
face 48 having a central aperture 50. Conical face 48 

. is provided with: grooves 52, which extend from‘a posi 
tion adjacent to the outerv periphery of conical face 48 
to, a position adjacent- to central aperature 50; and 
grooves 53, which are T-shaped and which extend from 
a T-head, that is'positioned between the outer periph 
ery of the conical ‘surface and the'inner aperture, to se 
lected ones of a series of parallel grooves 36 in the face 
of aperture 50. . Y ‘ _ ~ 

Rotatable within the regions de?ned by conical faces 
48 of rings 30, 32 are rotors 55, 57 each of which pro 
vides a series of six vanes 56, FIG. 4, the outer edges 
58 of which are in close adjacency with conical surface 
48. Edges 58 are disposed along a theoretical conical 
surface that is closely spaced to the surface 48 of the 
stator. ' 

Extending rearwardly from sealing ring 40 is a bear 
ing housing 60. Each rotor 55, 57 is keyed to the free 
end of a shaft 62. Shaft 62 is driven at its other end 64, 
which extends through bearing housing 60, where it is 
joumaled in two ball bearing units 66, 68. Shaft 62 ex 
tends through the central opening in sealing disk 40, 
through the collecting I cavity of outlet 'disk 38, and 
through the re?ning regions encompassed by stators 

‘ 32, 30, within which rotors 55, 57 are carried by shaft 
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62. The free end of shaft 62 ‘extends into the cavity of 
ring 30in cantilever fashion. As shown, stators’32 and 
30, have a central bore through which shaft 62 
projects. As shown,lthe shank >65 of rotor 57 abuts 

> against the shank 67 of ‘rotor 55 and the shank 67 of 
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rotor 55 abuts against a shoulder 70 of shaft 62. The ro 
tors are locked into their positions on shaft 62 by a re 
tainer ring 74 which is clamped against'shank 65 of 
rotor 57 by a nut 76, which is turned onto a threaded 
stub of shaft 62. . . . 

As shown in FIG. 2, bearing housing 60 is fastened, 
by webs 61 to sealingring 40. Rings 40, 38, 32, 30, 28 
are tied together by bolts 82 (one shown in FIG. 2) that 

. extend through aligned bores in the rings, opposite 
threaded ends of the bolts being meshed with nuts 84, 
86. As shown in FIG. 3, there are eight such nut and 
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bolt ties. As best shown in FIG. 2, O-ring at 90 and seals 
at 92, and 94 hermetically isolate the bearing housing 
from the atmosphere. Mechanical seal 34 and O-ring 
88 seal the milling cavity 22 from the atmosphere. Seals 
96, 98 create a chamber behind mechanical seal 34 for 
the introduction of a ?ush ?uid to protect seal 34. A 

_ gravity feed lubricant supply 100 communicates with 
the shaft through a bore 102 in sealing ring 40. 
As shown in FIG. 4, each of rotors 55, 57 has six 

vanes 56, each of which is disposed along a plane that 
is offset from and parallel to a line radially through the 
axis of rotation. The_lines of orientation of blades 56 
and the lines of orientation of grooves 52, 53 are ar 
ranged so that as the blades spin, the lines are parallel, 
thereby creating rapid pressure changes within the 
grooves. The centrifugal force created by the revolving 
turbine blades 56 imparts velocity to the ?uid thereby 
pumping ?uid from inlet 24, through cavity 22 and 
through outlet 26. As shown in FIG. 5 and 6, each sta 
tor is provided with a cylindrical outer periphery 104 
having a plurality of grooves 106, each of which opens 
at the outer extremity of the cylindrical surface of revo 
lution and de?nes a point at the inner extremity of the 
cylindrical surface of revolution. 

OPERATION 

In operation, the cylindrical surfaces of revolution of 
the stator and rotor are coated with ?uid layers that 
contact each other but that move with respect to each 
other. The result is an extremely high shear gradient at 
the interface between the moving and stationary ?uid 
layers. The arrangement is such that the direction of 
?ow of the re?ned material is counter to the centrifugal 
force. As a result, back pressure and retention time are 
increased to produce more work in the ?uid. 
FIGS. 7 and 8 illustrate an arrangement of apparatus 

within which the colloid mill of FIG. 1 is incorporated. 
As shown in FIG. 7, this colloid mill is shown at 110 as 
having a transmission 112 which is driven through a 
pulley 114 by an endless belt 1 16 and a pulley 118 that 
is keyed to the shaft of a motor 120. In this arrange 
ment as shown in FIG. 8, motor 120 is supported within 
a frame 122 on a cross plate 124 and colloid mill 110 
is supported above it on a cross piece 126. An alterna 
tive embodyment is shown in FIGS. 9 and 10, wherein 
a colloid mill 128 is driven through a pulley 130, a belt 
132 and a pulley 134 by a motor 136, which is mounted 
upon a base 138 that also supports colloid mill 128. 
The present invention thus provides an improved col 

loid mill capable of producing ultra ?ne colloid parti 
cles. In operation the unit is belt driven to produce 
speeds of 3,550 to 4,550 revolutions per minute. At 
4,550 revolutions per minute, the peripheral velocity of 
the blade tip is 160 feet per second. As a result ?uid en 
ters inlet 24 and ?ows then thorugh the ?rst sub 
chamber in which rotor '57 operates, next through the 
second sub-chamber in which rotor.55 operates, then 
through the third sub-chamber which’ communicates 
with outlet 26, from which the ultra-re?ned liquid is re 
leased. - . 

Since certain changes may be made in the foregoing 
disclosure, without departing from the'scope of the in 
vention herein, it is intended that all matter shown in 
the accompanying drawings and described in the fore 
going speci?cation be interpreted in an illustrative and 
not in a limiting sense. ' 1 

What is claimed is: 
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l. A colloid Mill comprising a casing disposed along 

an axis, a shaft disposed for rotation along said axis 
within said casing, at least a stator disposed about said 
shaft, said stator de?ning a re-entrant conical surface 
of revolution, and a re-entrant cylindrical surface of 
revolution in communication with each other said-sun 
faces having therein grooves, a ?rst series of said 
grooves extending from the forward periphery of said 
re-entrant conical surface to a medial portion thereof, 
a second series of said grooves extending from a medial 
portion of said re~entrant conical surface to the rear 
ward periphery thereof, said ?rst series of said grooves 
and said second series of said grooves being isolated 
from eachother, at least a rotor keyed to said shaft for 
rotation therewith, said rotor having spaced baldes, the 
outer edges of said blades being disposed in a conical 
surface of revolution, said concial surface of any stator 
and said conical surface of any rotor being adjacent, 
rotation of said rotor causing re?nement of colloid par 
ticles in a ?uid passing from an inlet at one extremity 
of said shaft through at least a chamber de?ned by said 
stator and within which said rotor rotates, between said 
conical surfaces and through an outlet that is disposed 
in an axis perpendicular to the axis of said shaft. 

2. The colloid mill of claim 1 wherein said conical 
surface of said stator and said conical surface of said 
rotor are spaced at most .01 inch from each other. 

3. The colloid mill of claim 1 wherein, in sequence, 
there are a plurality of stators, a plurality of rotors and 
a plurality of chambers. ' 

4. The colloid mill of claim 1 wherein one portion of 
said shaft is joumaled for rotation and the portion of 
said shaft within said chamber extends to a free extrem 
ity thereof. 

5. The colloid mill of claim 1 wherein said slots in 
clude a ?rst series of slots extending from a point adja 
cent to the outer periphery of said conical surface of 
said stator to a point adjacent to the inner aperture of 
said conical surface of said stator. 

6. A colloid mill comprising a casing disposed along 
an axis, a shaft disposed for rotation along said axis 
within said casing, at least a stator disposed about said 
shaft, said stator de?ning a re-entrant conical surface 
of revolution, said surface having therein grooves, at 
least a rotor keyed to said shaft for rotation therewith, 
said rotor having spaced blades, the outer edges of said 
blades being disposed in a‘ conical surface of revolu 
tion, said conical surface of any stator and said conical 
surface of any rotor being adjacent, rotation of rotor 
causing re?nement of colloid particles in a ?uid passing 
from an inlet at one extremity of said shaft through at 
least a chamber de?ned by said stator and within which 
said rotor rotates, between said conical surfaces and 
through an outlet that is disposed in an axis perpendic 
ular to the axis of said shaft, one of said series of said 
grooves extending from a T-head medially located be 
tween the outer periphery of said conical surface of 
said stator and the inner aperture of said conical sur 
face of said stator to a point communicating with said 
inner'aperture of said stator. 

7. The colloid mill of claim 1 including an inlet ring 
de?ning said inlet, a stator ring de?ning said reentrant 
conical surface and an outlet ring de?ning said outlet, 
the outer peripheries of said inlet ring, said stator ring, 
and said outlet ring being of like circular cross section 
and being registered to de?ne an outer cylinder. 
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8. A colloid mill comprising a casing disposed along 
an axis, said casing including a plurality of aligned 
rings, a shaft disposed for rotation along said axis 
within said casing, one of said rings de?ning a stator 
disposed about said shaft, said stator de?ning a re 
entrant conical surface’of revolution, and a re-entrant 
tubular surface of revolution in communication with 
eachother, said surfaces having therein grooves, a ?rst 
series of said grooves extending from the forward pe 
riphery of said re~entrant conical surface to a medial 
portion thereof, a second series of said grooves extend 
ing from a medial portion of said re-entrant conical sur 
face to the rearward periphery thereof, said ?rst series 
of said grooves and said second series of said grooves 
being isolated from eachother, at least a rotor keyed to 
said shaft for rotation therewith, said rotor having 
spaced blades, the outer edges of said blades being dis- 
posed in a conicalsurface of revolution, said conical 
surface of any stator and said conical surface of any 
rotor being adjacent, another of said rings de?ning an 
inlet and another of said rings de?ning an outlet, rota 
tion of rotor causing re?nement of colloid particles in 
a ?uid passing from said inlet at one extremity of said 
shaft through at least a chamber de?ned by said stator 
and within which said rotor rotates, between said coni 
cal surfaces and through said outlet. 

9. The colloid ‘mill of claim 8 wherein said conical 
surface of said stator and said conical surface of said 
rotor are spaced at most 0.01 inch from each other. 

10. The colloid mill of ‘claim 8 wherein, in sequence, 
there are a pluralityof stators, a plurality of rotors and 
a plurality of chambers. ' 

' 11. The colloid mill of claim 8 wherein one portion 
of said shaft is journaled for rotation and the portion of 
said shaft within said chamber extends to a free extrem 
ity thereof. ‘ 

12. The colloid mill‘ of claim 8 wherein said slots in 
clude a ?rst series of slots extending from a point adja 
cent to the-outer periphery of said conical surface of 
said stator to a point adjacent to the inner aperture of 
said conical surface of said stator. 

13. A colloid mill comprising a casing disposed along 
an axis, said casing including a plurality of aligned rings 
a shaft'disposed for rotation along said axis within said 
casing, one of said rings de?ning a stator disposed 
about said shaft, said stator de?ning a re-entrant coni 
cal surface of revolution, said surface having therein 
grooves, at least a rotor keyed to said shaft for rotation 
therewith, said rotor'having spaced blades, the outer 
edges of said blades being disposed in a conical surface 
of revolution, said conical surface of any stator and said 
conicalsurface of any-rotor being adjacent, another of 
said rings de?ning an inlet and another of said rings de 
?ning an outlet, rotation of rotor causing re?nement of 
colloid particles in a ?uid passing form said inlet at one 
extremity of said shaft ~through at least a chamber de 
?ned by said stator and within which said rotor rotates, 
between ‘said conical surfaces and through said outlet, 
one of said series of said grooves extending from a T 
head medially located between the outer periphery of 
said conical surface of said stator and the inner aper 
ture of said conical surface of said stator to a point 

. communicating with said inner aperture of said stator. 
14. A colloid mill comprising a casing disposed along 

6 
an axis, said casing including a plurality of aligned 
rings, a shaft disposed for rotation along said axis 
within said casing, a plurality of said rings de?ning a 
plurality of stators disposed about said shaft, said sta 
tors de?ning reentrant conical surfaces of revolution, 

' and re-entrant tubular surfaces of revolution said sur 
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faces each having therein grooves, a ?rst series of said 
grooves extending from the forward periphery of one 
of said re-entrant‘conical surfaces to a medial portion 
thereof, a second series of said grooves extending from 
a medial portion of said one of said re-entrant conical 
surfaces to the rearward periphery thereof, said ?rst se 
ries of said grooves and said second series of said 
grooves being isolated from eachother, a plurality of 
rotors keyed to said shaft for rotation therewith, each 
said rotor having spaced blades, the outer edges of said 
blades being disposed in a conical surface of revolu 
tion, said conical surface of any stator and said conical 
surface of any, rotor being adjacent, another of said 
rings de?ning an inlet and another of said rings de?ning 
an outlet, rotation of rotor causing re?nement of col 
loid particles in a ?uid passing form said inlet at one ex 
tremity of said shaft through at least a chamber de?ned 
by said stator and within which said rotor rotates, be 
tween said conical surfaces and through said outlet said 
conical surface of said stator and said conical surface 
of said'rotor are spaced at most .01 inch from each 
other, one portion of said shaft being joumaled for ro 
tation and the portions of said shaft keyed to said rotors 
extending to a free extremity thereof. 

15. The colloid mill of claim 14 wherein said slots in 
clude a ?rst series of slots extending from a point adja 
cent to the outer periphery of said conical surface of 
said stator to a point adjacent to the inner aperture of 
said conical surface of said stator. 

16. A colloid mill comprising a casing disposed along 
an axis, said casing including a plurality of aligned 
rings, a shaft disposed for rotation along said axis ‘ 
within said casing, a plurality of said rings de?ning a 
plurality of stators disposed about said shaft, said sta 
tors de?ning re-entrant conical surfaces of revolution, 
said surfaces each having therein grooves, a plurality of 
rotors keyed to said shaft for rotation therewith each 
said rotor having spaced blades, the outer edges of said 
blades being disposed in a conical surface of revolu 
tion, said conical surface of any stator and said conical 
surface of any rotor being adjacent, another of said 
rings de?ning an inlet and another of said rings de?ning 
an outlet, rotation of rotor causing re?nement of col 
loid particles in a ?uid passing from said inlet at one ex~ 
tremity of said shaft through at least a chamber de?ned 
by said stator and within which said rotor rotates, be 
tween said conical surfaces and through said outlet said 
conical surface of said stator and said conical surface 
of said rotor are spaced at most .01 inch from each 
other, one portion of ‘said shaft being journaled for 
rotation and the portions of said shaft keyed to said ro 
tors extending to a free extremity thereof, one of said 
series of said grooves extending from a T-head medially 
located between the outer periphery of said conical 
surface of said stator and the inner aperature of said 
conical surface of said stator to a point communicating 
with said inner aperture of said stator. 

* * * * * 


