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The present invention relates to a process for the grind 
ing of particulate solids in. liquids. The invention also 
relates to an apparatus for carrying out such a process. 
Since grinding processes and apparatus can be used for 
dispersing a solid in a liquid without any appreciable re 
duction in the size of the solid particles necessarily oc 
curring, the‘ term “grinding” is herein ‘used to include 
“dispersing? , ‘ 

Processes for the grinding of particulate solids, in which 
the solid is agitated with a liquid and a grinding medium 
such as sand, have been previously‘ described, vfor exam 
ple British speci?cation No. 679,552. Processes have 
also been described for the dispersion of ?nely divided pig 
ments in ?lm forming liquids. ‘ ‘‘ 
One particularly suitable form of apparatus in which 

such grinding can be accomplished comprises‘ a vertical 
container for holding the solid to be ground or dis 
persed, the grinding medium, and a‘liquid. The mixture 
is then agitated by meansof impellers af?xed to a rotat 
ing shaft immersed in the mixture. ‘ . 

.i Such apparatus can be‘ ‘operated continuously by sup 
plying the ‘particulate solid and liquid, for example as a 
slurry, to ‘the container which contains the grinding me 
dium and thereafter removing from the container the 
ground ‘solid and liquid, as a suspension. ‘The grinding 
medium in ‘such apparatus is separated from the solid/ 
liquid slurry before the latter leaves the machine by means 
of a wire sieve screen of the appropriate mesh size. , 

Difficulties have been encountered with such appara 
tus, particularly when continuously operated at high levels 
of throughput. of solids to be‘ground. Such dif?culties 
have been- due to blocking of the screen, the mesh‘ size 
of which is necessarily smaller than the mean particle size 
of ‘the grinding ‘medium; This necessitates reduced 
throughput of‘ material and/or frequent stopping of the 
apparatus to clear the sieve. 

It is an object of the present invention to provide an 
improved process for the-grinding of solids in liquids. It 
is also an object of theinvention to provide an improved 
apparatus for carrying out such ‘grinding. . 

Accordingly, the .processof the present ‘invention com-V 
prises supplying solid particles to be ground and a liquid 
to a ?rst zone containing agitated particulate grindingrme 
1dium; passing the slurry thus formed into a second zone 
where grinding medium is allowed to settle out preferen 
tially tothe ground'solid particles‘; and thereafter ‘remov 
ing from the second zone said liquid and the ground solid 
particles free from at least most of the grindingmedium. 
The grinding medium can then be returned to the ?rst 
zone, with or without any ‘of the ground solid which may 
have. settled out with the ‘grinding medium. 

In order to achieve the preferential settling of the grind 
ing medium, the settling’ ‘rate of ‘the grinding medium 
should of course be greater than the settling rate‘ of the 
ground’ solid. This settling‘ rate depends both on the 
density and on the particle size‘ of the material in question. 

A‘ In the preferred form of the invention, the second zone 
is constituted by a vertical container and the slurry‘ from 
the ?rst or grinding zone is fedinto the lower portion of 
such container, while said liquid and the ground solid 

10 

20 

25 

40 

45 

50 

60 

65 

70 

’ 3,135,398 
Patented May 25, 1965 

2 
particles are recovered from the upper portion of such 
container. The vertical rate of flow of the slurry upwards 
in the container is regulated so as not to entrain most of 
the grinding medium but to allow the latter, to settle to 
wards the bottom of the container. From there‘the grind 
ing medium can be returned to the ?rst or grinding zone. 

It is preferable to ensure that the slurry ?ows smoothly 
into and upwardly through the said vertical container, 
thus avoiding turbulent ?ow which would inhibit rapid 
and e?icient settling of the grinding medium out of the 
slurry. This may conveniently be achieved by construct 
ing the vertical chamber so that the area of its horizontal 
cross-section is greater in its upper part than in its lower 
part; most desirably, such area increases continuously 
from near the lower end of the vertical container to near 
its upper end so that the vertical velocity of the slurry 
is reduced as it passes upwards. The vertical cross-sec— 
ftion of said‘ container is suitably in the form of an inverted 
frusto-cone. 

Alternatively, the second zone may have a horizontal 
cross-sectional area no greater than that of the ?rst zone, 
provided of course that the grinding medium is able to 
settle out preferentially as described above. Such second 
zone may particularly be used when a heavy grinding me 
dium is used. However, such second zone is not th 
preferred second zone of the invention. ‘ 

If the horizontal cross-section of the vertical container 
is, at least in the upper part of such container, greater 
than that of the grinding chamber constituting the ?rst 
zone, one may be able to maintain a high velocity of ?ow 
in the first zone without making the rate of ?ow through 
.the vertical container too great for efficient separation 
of the grinding medium from the slurry. 

Said container is advantageously located immediately 
above the outlet of thegrinding‘chamber constituting the 
?rst or grinding zone. A neat continuous process can 
then be achieved, the ground slurry continuously passing 
upwards into the settling container of the‘ second zone 
and the grinding medium continuously falling downwards 
from the second zone container back into the ?rst zone 
grinding chamber. In fact, the second zone container 
may, in effect, he a vertical continuation of the outlet end 
of the ?rst zone grinding chamber. . 

It will be seen, therefore, that the invention also pro 
vides an apparatus for grinding solid in liquid compris 
ing interconnected ?rst and second chambers (the hori 
zontal cross sectional area of the second chamber prefer 
ably being, at least in the upper part of said second zone, 
greater than that of the ?rst zone), and means for: 

(a) Agitating the contents of the ?rst chamber, 
(b) Passing said'contents to the second chamber, 

.(c) E?ecting upward movement of contents ‘in the 
second chamber, and . 

‘ (d) Collecting a solid-liquid slurry from the upper part 
of the second chamber. 
The ?rst and second chambers are conveniently lower 

and upper sections of a vessel respectively. At least the 
upper part of the upper section will then preferably have 
a larger cross sectional area than the lower section. It 
is preferred that the upper section have a wall outwardly 
inclined so that the upper section, or a part thereof, 
should be in the form of an’ inverted frusto-cone placed 
upon the lower section. The lower section is preferably 
cylindrical. ‘ A 

When the process is operated continuously, that is by 
the continuous addition of solid and liquid, the slurry 
rising from the lower section into the upper section there 
fore rises at a slower rate in the upper section due to 
the larger horizontal cross section of the latter; This 
cross section is so chosen that the rate of rise of the 
slurry is less than the settling rate of the grinding medium 
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in the slurry, thus causing a separation between the grind 
ing medium and the solid/liquid slurry. The separation 
of the grinding medium from the solid/liquid slurry is 
assisted by a lack of turbulence in the upper section. 
When an inverted frusto-conical upper section is used, 

the grinding medium settles out on the inclined wall of 
the upper section and is returned by gravity to the lower 
section for further use. 
The means for agitating the slurry of grinding medium, 

solid and liquid in the ?rst chambers is preferably a shaft 
extending into this chamber carrying impellers and caused 
to rotate by an electric motor. 
The impellers upon the shaft are conveniently discs 

?xed to the shaft and concentric with its longitudinal axis. 
The discs are suitably of such diameter that only a rela— 
tively small space exists between the periphery of the 
discs and the walls of the ?rst zone, so that the solid 
to be ground should not readily pass through the ?rst 
chamber thus avoiding the action of the discs and the 
consequent grinding of the solid. For example, the 
distance between the periphery of each disc and the near 
est wall may be about 1/2 to 11/2 inches, although this 
distance is not critical and may be varied as required. 

Similarly, the distance apart of the impellers is not 
critical. The optimum distance Will depend upon various 
factors and this can readily be discovered by experiment 
in any particular case. It is often found that such opti 
mum distance is in the range 1-10 inches. 

In the case of an upright cylindrical lower chamber 
into which the shaft extends along the axis of the cylin 
der, the distance between the lowest impeller and the 
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bottom of the cylinder may vary widely. For example, I 
such distance may often suitably be about the same as 
the distance apart of the impellers. I 
The impellers may have projections on their upper or 

lower surfaces, or both. They may be formed from, 
or coated with a polyurethane rubber. 
The means for collecting solid and liquid slurry (after 

at least the greater part of the grinding medium has 
settled out) is conveniently a channel surrounding the 
upper edge of the mouth of the. second chamber, particu 
larly when an upper section of an inverted frusto-cone 
shape is used as a second chamber. From this channel 
the solid/liquid slurry may be led away by collecting 
pipes in the floor of the channel for further treatment as 
desired. 
The solid to be ground is preferably supplied to the 

bottom of the ?rst zone. For example, a slurry contain 
ing such solid may be fed to the base of the lower sec 
tion of the vessel. The ground or dispersed solid may be 
recovered in a solid/liquid slurry from the top of the 
second zone, ensuring that the solid passes through the 
whole of the ?rst zone where the grinding mainly takes 
place. It has been found advantageous to place the lower 
impeller opposite the slurry inlet and to provide the lower 
surface of such lower impeller with blades after the 
fashion of a propeller. By this means a rotating motion 
is immediately imparted to the incoming slurry, and wear 
upon the surface of the impellers may thus be reduced. 

Examples of a solid to be ground are a pigment which 
requires further grinding to improve its tinting strength, 
and/or texture, and a pigment which is to be dispersed 
in a liquid. In the former case the liquid added to the 
vessel may be any desired liquid, for example water. 
In the latter case the liquid is of course that in which 
it is desired to disperse the solid, for example a ?lm 
forming liquid such as a paint base. 
The concentration of the solid in the slurry fed into 

the ?rst zone may vary. For example, the concentra 
tion of titanium dioxide pigments being ground in water 
is suitably 200—l,000, preferably not more than 600, 
grams/litre. 
Where titanium dioxide pigment is to be ground to 

improve its tinting strength, it is preferably ground after 
having been calcined and dry milled. 
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The grinding medium should be in a relatively ?nely 

divided state to enable it to be agitated satisfactorily by 
the impellers, although its mean particle size should be 
greater than those of the ground or dispersed solid, so as 
to facilitate ef?cient separation of the grinding medium 
from the solid/liquid slurry in the second zone. Ma 
terials such as glass ballotini, silica, zircon alumina or 
titanium dioxide have been found very satisfactory as 
grinding media. When titanium dioxide is being ground, 
the grinding medium generally should have a mean par 
ticle size of 150 microns to 3,000 microns, preferably 250 
microns to 2,500 microns. 
When the impellers are driven at high speeds, it has 

been found that a vortex may- be formed at the junction 
of the ?rst and second zones, and this is undesirable, 
since it hinders deposition of the grinding medium in the 
second zone. The formation of a vortex may be avoided 
by the provision of baffles or the like where the vortex 
forms, to break up the swirling motion of the mixture 
at this point. One convenient method of providing such 
baffles is to ?x them to a collar which surrounds, but 
is not atached to, the rotating shaft driving the impellers. 

It has also been found advantageous, when the ?rst 
and second zones consist respectively of a cylindrical 
lower section and an inverted frusto-conical upper sec 
tion superposed thereon, to place initially in the appara 
tus a volume of grinding medium which is in excess of the 
volume left unoccupied in the lower section by the im 
pellers and shaft; that is, it has been found advantageous 
to carry out the process in the presence of su?icient grind 
ing medium, not only to ?ll the lower section with the 
shaft and impellers in position, but to ?ll also part of the 
upper section so that such grinding medium should ex 
tend some distance up into this upper section. It is be 
lieved that the presence of such a volume of grinding 
medium increases the pressure upon the mixture sur 
rounding the impellers and restricts to some extent the 
movement of the mixture away from the vicinity of the 
impellers, where it is believed that the greater part of 
the grinding takes place. The concentration of the grind 
ing medium around the impellers, is also increased. 
The time taken to grind a solid will depend on the 

design of the apparatus and on the nature of the solid 
and, when the solid is to be dispersed in a liquid, may 
depend also on the nature of the liquid. In the case of 
titanium dioxide pigments which are to be ground in 
water in an ef?eient apparatus, it has been found general 
ly that a residence time of from 1 to 6 minutes, prefera 
bly from 5 to 25 minutes, gives a product of good tinting 
strength and brightness. Indeed, little improvement is 
found normally with residence times greater than about 
40 minutes. 
The grinding of some materials may be affected by the 

temperature at which the grinding is carried out. If ?oc 
culation, for example, is caused by relatively high tem 
peratures, it is a simple matter to cool the grinding ma 
chine (for example by the provision of a cooling jacket 
around the vessel). 

It has been found advantageous to introduce a liquid, 
e.g. water, into the second zone in order to dilute the 
slurry and thus to facilitate the separation of grinding 
medium and solid/liquid slurry by reducing the viscosity 
of the mixture. In the preferred embodiment the liquid 
is introduced through the sides of the inverted frusto 
conical upper section and serves to dilute the slurry in 
this section. 

It has been found in practice that the process of the 
present invention is often capable of retaining at least 
99%, of the grinding medium particles from the slurry 
which passes from the ?rst or grinding zone to the sec 
ond zone, and that the amount of grinding medium par 
ticles passing from the second zone may generally be 
a few parts‘ per million. 
The invention is illustrated by the accompanying draw 
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ing which is a partial cross-sectional view of lower and 
upper sections. ‘ ‘ I 

The following example illustrates the present invention. . 
Example 1 

The‘appa-ratus shown in FIG. 1 was set It com- ' 
prised ‘a mild steel vessel having a cylindrical lower sec 
tion 1 191/2” in diameter and 4' 3" in height, and an in 
verted frnsto-conical upper section 2 2’ 6" in height, the 
lower —end of which had a diameter‘of 191/2" and the 
upper end of 6’ 6".‘ A ‘4" diameter inlet pipe 3 was pro 
vided in the base of the‘cylindrical lower section of the 
vessel. ‘ > 

In the vessel ‘was placed a shaft 4, ?ve inches in di 
ameter, carrying five‘ polyurethane rubber impellers, “ ‘ 
each 171/2” in diameter and 11/2” thick. The lower im 
peller‘ 5 was provided with dependent blades 5a and was 
positioned 4" above the base of ‘the vessel 1, and the 
remaininglimpellers 6‘were in ‘the —form of ‘discs and 
were supported 4” apart by means of spacers 7 51/2" 
in outsidd‘diameter. ‘The blades 5a acted as a type of 
propeller and gave -a rotary motion to ‘the slurry in the 
vessel. ' 

The‘ shaft was supported in bearings (not shown) and 
was driven through a belt by a 47.5 HP.‘ electric motor 
(not shown)‘. ' _ ‘ 

Around the outer rim of the upper section of the 
vessel 2 there‘ was provided a collecting channel 8 from 
which led collecting pipes 9. 
The portion of the shaft in theupper section of the‘ 

vessel was surrounded by a collar 10 carrying four verti 
cal ba?ies 11, each 11” in height, to minimise vortex 
tormation in the upper section of the vessel. 

Four‘water inlets 12 were‘ provided in the sides of the 
upper section of the vessel. ‘(These were connected by 1" 
internal diameter pipes .13toa water supply (not shown). 

In ‘the operation of the apparatus, a charge of 2,200 lbs. 
of Ottawa sand (particle size: 75.8% .in the range ~16 
+22 British Standard} Sieve mesh; 23.8% in the range 
—22 +30 British Standard Sieve mesh; the remainder in 
the range —30 +44 British Standard Sieve mesh) was 
placed in the vessel’ and the shaft 4 was rotated at a speed 
of 560 rpm. (peripheral speed of the impellers: 2,570 ft./ 
min). 

Calcined titanium dioxide slurried in water at a con 
centration of about 300—900 grams/ litre was then supplied 
by the gravity feed through the inlet 3 into the lower sec 
tion 1 at rates between about 0.516 and about 1.8 cu. 
metres per hour. These concentrations and rates repre 
sented throughputs of pigment of from 10.8 to 39 tons 
per day at residence times in the vessel of from 14.8 to 
4.2 minutes. 7 ; ¢ ‘ . ‘ 

Additional water was‘ supplied through the inlets 12 
to adjust the slurry concentration in the upper section 
2 to about 450 grams/litre (the amount of water added 
varied between 0.3 and 1.5 cu. metres per hour). 
As the titanium dioxide/ water slurry was fed through 

the inlet 3 into the base of the lower section of the vessel 
1, the liquid rose in the conical upper section’ 2 and over 
?owed into the collecting channel 8. No vortices formed 
around the upper pontion of the impeller shaft, and sep 
aration of the sand from the ground solid/water slurry 

‘ was excellent (the material collecting in the channel be 
ing substantially free from sand and believed in ‘fact to 
contain less than 10-6 gramis/ilitre of sand). 

Example 2 
The apparatus used was similar to that of Example 1. 

The shaft was rotated at 625 r.p.m., giving a peripheral 
‘ speed of 2870 feet per minute. 
A titanium dioxide slurry containing 404‘ grams per 

litre of titanium dioxide was fed to the device at a rate 
of 0.192 cubic metre per hour. The slurry contained 
1.65% of sodium ‘silicate as a dispersing agent (ex 
pressed as Si02 on titanium dioxide) and su?icient water 
was added to the second zone to give a product discharge 
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having ‘a ‘concentration of 213 grams per litre. The 
average residence time of the titanium dioxide in the 
grinding zone was 39.8 minutes‘. 

Example 
The apparatus used was similar to that of Example 1. 
A titanium dioxide slurry containing 438 grams‘per 

litre of titanium dioxide was fed to the apparatus at a 
rate of 0.36 cubic metre per hour. The titanium dioxide 
slurry fed contained 1.65% sodium silicate (as SiO2) on 
the titanium dioxide. Sufficient water was added to 
the second zone to give a product containing 334 grams 

" ‘per litre and the average residence time was 21.2 min 
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Iutes. . 

The amount of sand in the ground solid/water slurry 
recovered from the processes of Examples 2 and 3 was 
similar to that in the case of Example 1. ’ 

In addition to the ready separation of the grinding 
medium from the solid/water slurry, the ground mate 
rial in all three examples increased in tinting strength, 
improved in texture, and had excellent brightness. 

What is claimed is: 
1. A process for the grinding of solids in liquid, com 

prising supplying solid particles to be ground and a liquid 
to a grinding zone containing agitated particulate grind 
ing medium; passing the resulting slurry of solid par 
ticles to be ground and particulate grinding medium with 

‘substantially unimpeded ?ow upward through a sepa 
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rating zone; reducing the vertical velocity of said slurry 
prior to the out?ow of solid-liquid slurry'l from said 
separating zone to a value substantially less‘than the 
velocity of said slurry in said grinding zone and sub 
stantially less than the suspending velocity of said grind 
ing medium but above the suspending velocity of the 
ground solid particles, whereby entrained particles of 
grinding medium setle out of said slurry in preference 
to the ground solid particles; and thereafter remov 
ing from the upper portion of said separating zone said 
liquid and the ground solid particles free from at least 
most of the grindingmedium. 

2. A process according to claim 1 in which the grind 
ing medium is thereafter returned from the separating 
zone to the grinding zone. 1 ' 

‘i . 3. A process according to claim 1 in which the sepa 
rating ‘zone is located immediately above the outlet of 
the grinding zone, the slurry of solid particles to be 
‘ground and particulate grinding medium continuously 
passing upwards into the separating zone and the grind 
ing medium continuously falling downwards from the 
separating zone back into the grinding zone. 

4. A process according to claim 3 in which the 
volume of grinding medium is in excess of the 'free 
volume of the ?rst zone. 

5. A process according to claim 3 in which a liquid 
is introduced into the separating zone separately from 
the slurry from the grinding zone, the liquid serving to 
dilute the slurry in the separating zone so as .to facilitate 
the separation of the mixture of grinding medium and 
solid-liquid slurry by reducing the viscosity of the mix 
ture. 
. 6. A process according to claim 5 in which the liquid 
is water. 

7. A process for the grinding of solids in liquid, com 
prising the steps of : 

(a) providing an agitated grinding zone containing a 
particulate grinding medium; 

(b) introducing solid particles to be ground and a 
liquid into said agitated grinding zone, said solid 
particles being brought into grinding contact with 
said particulate grinding medium; ' 

(c) maintaining said solid particles and said particu 
late grinding medium in said grinding contact to 
form a slurry in said liquid of said solid particles 
wherein said solid particles are of substantially re 

duced particle size; 
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(d) removing said slurry together with entrained par 
ticulate grinding medium from said grinding zone; 

(e) introducing said slurry with substantially unim 
peded ?ow into a settling zone in a manner to cause 
said slurry to pass through said settling zone in a 
generally vertically upward direction; 

(1‘) reducing the vertical velocity of said slurry prior 
to the substantial out?ow of said slurry to a value be 
low its velocity in said grinding zone, and below 
the suspending velocity of said particulate grinding 
medium but above the suspending velocity of said 
solid particles of substantially reduced particle size, 
whereby particles of said entrained grinding me 
dium settle from said slurry; 

(g) recovering settled particulate grinding medium 
from the lower region of said settling zone and 

(h) recovering .slurry substantially free from particu 
late grinding medium from the upper region of said 
settling zone. 

‘8. Apparatus for the grinding of solids in liquids com 
prising a ?rst chamber having an inlet and an exit; means 
for agitating the contents of said ?rst chamber; a sec 
ond chamber having an inlet and an exit, the horizontal 
cross-sectional area of at least the upper part of said 
chamber being greater than that of said first chamber, 
said second chamber being disposed with its said exit 
above its said inlet, the walls de?ning at least the lower 
portion of said chamber and including at least a sub 
stantial part of the chamber of greater horizontal cross 
sectional area being substantially impermeable to the 
outflow of liquids substantially unimpeded conduit means 
connecting said exit of said ?rst chamber and said inlet of 
said second chamber; means for passing a substantial por 
tion of the contents of said ?rst chamber through said con 
duit means into said second chamber and for eifecting the 
upward movement of materials in said second chamber; 
and means above said part of said second chamber of 
greater cross-sectional area for collecting materials from 
the upper part of said second chamber. 

9. Apparatus for the grinding of solids in liquids com 
prising a ?rst cylindrical chamber having an inlet in 
the lower portion thereof and an exit in the upper por 
tion thereof; a second chamber having a general form 
of an inverted frusto-cone and having an inlet in the 
lower portion thereof and an exit in the upper portion 
thereof; slurry conduit means connecting said exit 
of said ?rst chamber and said inlet of said second cham 
ber; means for passing slurry from said first chamber 
through said slurry conduit means into said second 
chamber and for effecting the upward movement of 
slurry in said second chamber; and means for collect 
ing slurry from the upper part of said second chamber. 
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10. An apparatus according to claim 9 in which the 

?rst and second chambers are, respectively, lower and 
upper sections of a single vessel, the conduit means con 
necting said chamber being formed by the super posi 
tion of said inlet of said second chamber on the exit of 
said ?rst chamber. 

11. Apparatus according to claim 8 in which the 
second chamber is disposed vertically above the ?rst 
chamber. 

'12. Apparatus according to claim 11 in which the 
?rst and second chambers are lower and upper sections 
of a vessel, respectively, the conduit means connecting 
said chambers being formed by the super position of 
said inlet of said chamber on the exit of said ?rst cham 
ber. 

-13. Apparatus according to claim 8 in which the 
second chamber has a wall outwardly inclined. 

14. Apparatus according to claim 8 in which the sec 
ond chamber has the form of an inverted frusto-cone. 

15. Apparatus according to claim 10 in which the 
means for agitating the contents of the ?rst chamber 
comprises a rotatable shaft extending into this chamber 
carrying impellers in this chamber. 

16. Apparatus according to claim 15 in which the 
impellers are discs ?xed to the shaft and concentric with 
its longitudinal axis. 

17. Apparatus according to claim 16 in which the 
discs are of such diameter that only a relatively small 
space exists between the periphery of the discs and the 
walls of the ?rst chamber. 

18. Apparatus according to claim 17 in which the 
distance between the periphery of each disc and the near 
est wall is 0.5-1.5 inches. 

19. Apparatus according to claim 18 in which the 
distance apart of the impellers is 1-10 inches. 

20. Apparatus according to claim 19 in which the 
means for collecting a solid-liquid slurry from the upper 
part of the second chamber comprises a channel sur 
rounding the upper edge of the mouth of the second 
chamber. 
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