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3,008,656 
GRINDING 

David Weston, Toronto, Ontario, Canada, assignor to 
Fred H. Jowsey, Toronto, Ontario, Canada 

Filed Oct. 7, 1958, Ser. No. 765,821 
4 Claims. (C. 241-30) 

This invention relates to fine grinding of particulate 
materials, and more particularly to an improved method 
of fine grinding wherein a ball mill containing a charge 
of balls of less than 1' in diameter is used to reduce 
particulate material from a particular size range predomi 
nantly in the 10 to 200 mesh size range and down to 
the -325 mesh size range and lower. 

Fine grinding ball mills may be either wet or dry de 
pending upon the material which is being reduced. The 
widest application of fine grinding in the dry state is 
in clinker mills in the production of cement. There are 
many applications of fine grinding in the wet state which 
may be exemplified mainly by the regrinding of metallic 
ores of which examples are copper and iron. 
As fine grinding in most cases is a secondary operation 

which follows the primary production milling units in the 
plant and as the material which is fine ground represents 
only a fraction of the tonnage treated by the primary 
units, less attention has been paid to accomplishing 
efficiency of grinding in fine grinding equipment than has 
been paid to the achievement of efficiency in primary 
grinding units. In general, the current theory of grinding 
has been developed essentially in accordance with the 
conditions prevailing in primary ball mills and other pri 
mary milling units whose efficiency of operation directly 
affects the capacity of the milling plant as a whole. 

It has, however, been generally recognized that to 
maintain reasonable efficiency in secondary or wet ball 
mills, it is necessary to operate at a lower pulp density 
than is the case with primary ball mills. At the same 
time, based on experience obtained in pebble mills on 
the one hand, and ball mills on the other, the theory 
has evolved that the useful work input to the material is 
a linear function of the difference in specific gravity 
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between the grinding medium and the feed material. 
Thus, it has already been proposed to increase the pro 
‘ductive capacity of primary ball mills by using a reduc 
tion medium or high specific gravity, and I am aware 
that heavy grinding media such as steel balls having 
a lead core and balls consisting of compacted tungsten 
carbide of high specific gravity have been proposed for 
this purpose. Despite such proposals, the use of heavy 
reduction media has not had any wire acceptance mainly 
because the increases in efficiency obtainable as compared 
with the use of steel balls has not been sufficient to offset 
the comparatively large additional capital cost of charges 
of special heavy reduction media. 

I have now found that whereas the above-mentioned 
current theory of work input in relation to the differ. 
ence in specific gravity between the grinding media and 
the feed material holds true for primary ball mills and 
the like, the most surprising additional increases in ef 
ficiency are made possible by the correct use of heavy 
grinding media in fine grinding mills. Such increases in 
efficiency are completely unforeseen in view of the above 
expressed current theory, and enable not only most sur 
prising increases in productive capacity and efficiency, 
but also enable the production of fine grains resulting in 
greater mineral liberation or surface area than is possible 
in similar equipment using conventional steel balls. 

I have found, contrary to existing knowledge, that the 
increase in capacity and surface area is not linearly cor 
related to the difference in density between the material 
and the grinding media but that there is a critical mini 
mum density difference, below which there is a marked 
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2 
falling off in efficiency and above which substantially high 
efficiency and capacity can be maintained. 

It is therefore the object of the present invention to 
provide a method of fine grinding characterized by high 
mineral recovery and improved capacity. 
Another object is to provide a method of fine grinding 

whereby increased grinding capacity is achieved with con 
comitant increase in surface area of the resultant product. 
A further object is to provide a grinding system with 

the aim of fulfilling the foregoing objectives. 
These and other objects will more clearly appear from 

the following description taken in conjunction with the 
accompanying drawings wherein: 
FIGURE 1 illustrates diagrammatically two adjacent 

balls within an operating fine grinding mill; 
FIGURES 2 to 4 depict the results obtained in the 

recovery of iron from a taconite ore by using grinding 
media of various specific gravities below and above the 
critical minimum; 
FIGURE 5 shows the effect of pulp density and time 

on the recovery of iron from a taconite ore at a specified 
specific gravity above the critical minimum; 
FIGURE 6 depicts the relation between the mesh size 

of the finally ground product and the iron content of 
the concentrate produced from said final product; 
FIGURES 7 to 9 show the affect of grinding media of 

specific gravity below and above the critical minimum on 
the amount of minus 200 mesh obtained in the final 
product; 
FIGURES 10 to 15 are illustrative of similar grinding 

data obtained on dry feed as compared to results obtained 
on pulp containing 70% solids. 
According to the method of my invention, a fine grind 

ing ball mill is charged with balls of preferably less than 
1' diameter of specific gravity at least seven specific 
gravity points higher than the material making up the 
charge. In this connection, I use the word "charge' 
to include the material worked on whether in the dry or 
wet state. When the material is mentioned as having a 
certain specific gravity, reference is had to the absolute 
specific gravity of the material itself and it is this specific 
gravity which is used for reference purposes with that of 
the grinding media. The term "specific gravity points' 
is used herein in the relative sense and means the differ 
ence in the number of specific gravity units between the 
absolute specific gravity of the grinding balls and the 
specific gravity of the particulate material to be ground. 
While it is difficult to attribute the surprising results of 
the invention to any particular theory, it is believed the 
results can be rationalized if regard is had to the com 
minuting forces at work within a fine grinding mill sys 
tem and the effect which the viscosity of the charge may 
be considered to have upon these forces. 
To assist in this consideration, reference will be had to 

FIGURE 1 which illustrates diagrammatically two adja 
cent balls within an operating fine grinding ball mill. As 
is well known, during operation each ball within a ball 
charge (e.g. balls 1 and 2) tends to rotate upon an axis 
(e.g. axes A and B) parallel to that of the mill, and it is 
the rotation of the balls which is considered to have the 
principal grinding effect upon the particles of material 
(e.g. particle 3) which are nipped between adjacent ball 
Surfaces. The grinding force applied between the two 
adjacent ball surfaces varies with the weight of the balls. 
In addition to the aforesaid forces, an inertia effect is 
created when the balls cascade and particles are reduced 
by the crushing effect of two balls being brought together 
in this manner. In a fine grinding mill, due to the rela 
tively high surface area of the material undergoing com 
minution, the viscosity of the material is substantially 
higher than that in a primary ball mill, and such viscosity 
With its attendant, "stickiness' tends to increase as the 
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surface area of the feed material is increased due to the 
action of the mill. At the same time, the diameter of 
the balls in a fine grinding mill is much less than that of 
balls in a primary mill, and consequently the ball charge 
per unit volume has a much greater surface area. As a 
result of this, the drag opposing rotation of the balls which 
is caused by the viscosity of the pulp is very much greater 
than is the case in a primary mill with the result that 
the free rotation of the balls which produces the principal 
comminution action in the mill is substantially retarded. 
Secondly, as particles of feed material become smaller in 
size, they become truly suspended and form a heavy 
medium producing a substantial flotation action on the 
balls, thus effectively reducing the force with which the 
balls by reason of their weight can grind against each 
other. Furthermore, this flotation action hinders the nor 
mal circulation of the balls and the material, further ad 
versely affecting the efficiency of grinding. 

I believe that, when in accordance with my present in 
vention, the specific gravity of the balls is maintained at 
at least seven specific gravity points above that of the 
material, such resistance produced by the viscosity is 
overcome. It will be observed that the theory above ex 
pressed applies equally well to dry ball mills as to wet 
ball mills inasmuch as an agitated mass of very finely 
divided dry solids acts in many respects like a fluid when 
in a state of agitation such as exists within a mill, and I 
believe that the phenomena both of flotation and resist 
ance to movement are present in very finely divided dry 
solids in a mill as well as in a pulp formed from suspend 
ing such fine solids in a liquid. 

For the purposes of illustrating the surprising advan 
tages which may be achieved in accordance with the pres 
ent invention, the following examples are provided. It is 
to be understood that the examples are illustrative only, 
and are not intended to be construed as a limitation upon 
the scope of the invention as it will be obvious that the 
invention may be applied otherwise than as specifically 
set forth. 

EXAMPLE 1. 

Fine wet grinding tests were conducted on a Minnesota 
taconite which had already been subjected to primary 
grinding followed by magnetic concentration. The con 
centrate which exhibited a head assay of 43.73% iron 
had the following screen (Tyler Standard) analysis: 

Percetti 
by weight 

Percept 
by weight Mesh size 

--150 
?-200 
-200 : 

Using the foregoing concentrate, a series of ore charges 
was made up comprising mixing 2000 grams of the con 
centrate with sufficient water to produce pulp densities of 
60, 75, 80 and 85 percent solids by weight. Each of these 
charges was subjected to fine grinding in a batch type 
ball mill having an internal diameter of 7.5 inches and a 
total volume of about 275 cubic inches (mill manufac 
tured by Abbe). The mill in each case contained 500 
grinding balls of a specified density and having an aver 
age diameter of about one-half inch. The details con 
cerning the types of balls employed in the tests are as 
follows: 

Weight, 
grams 

(500 balls) 

Steel.--------------------------------------- 
30% tungsten 2. 
50% tungston 2. 
70% tungsten 2 

Specific 
Type gravity 

7,710 
9,945 
1,202 
12, 358 

1 These balls are made of cast steel. 
2 These balls were made of tungsten-iron alloy. 
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4 
The grinding characteristics for each type of ball charge 

was determined for each pulp density at times of 10, 20, 
and 40 minutes. The mill was operated at 73 rp.m. or 
75% of critical speed. After completion of each grind, 
the reground concentrate was removed from the mill and 
reconcentrated in a wet magnetic concentrator to produce 
a final concentrate which was then analyzed for iron con 
tent. The increase in the iron content of the concentrate 
was taken as indicative of the increased efficiency in 
grinding in liberating the metal values from the ore. Sim 
ilarly, the increase in minus 200 mesh product was taken 
as indicative of the increase in surface area. The particu 
lars of each test and the results are tabulated as follows: 

Table II 

Ball charge Percent Time Percent Conc. Conc. 
spec. grav. Solids by mins. IninlIS percent percent 

weight 200 mesh Fe totall. Fe 

7.8 85 10 47.9 53.4 92.6 
10.0 85 O 44.5 53.5 93.2 
11.3 85 O 49.8 57.5 93. 
12.5 85 10 57.2 58.3 91.0 
7.8 80 10 58.1 56.9 90.7 
0.0 80 10 61.9 59.1 90.2 
1.3 80 10 67. 60.7 89.3 

12.5 80 10 70.5 60.9 88.4 
7.8 75 0 57.3 57.1 90.3 

10. 0 75 10 65.0 60.3 89.5 
1.3 75 0. 71.3 6.0 89.2 
12.5 75 0 74.2 61.9 87.9 
7.8 60 10 56.6 57.4 90.0 
0.0 60 10 65.3 60. 89.6 
11.3 60 10 (59.8 61.0 88.9 
2.5 60 0 70.9 60.9 88.8 

Table 2 

Ball charge Percent Time Percent OOI??. Conc. 
Spec. grav. Solids by mins. IminuS percent percent 

weight 200 mesh Fe totall. Fe 

7.8 85 20 45.6 53.0 93.3 
10.0 85 20 49.5 54.1 92.0 
11.3 85 20 55.5 55.9 91.3 
2.5 85 20 59.4 56. 90.6 
7.8 80 20 70.2 60. 9 89.8 
10.0 80 20 78.3 63.4 88.0 
11.3 80 20 83.3 63.9 88.0 
2.5 80 20 85. 4. 64.4 87.2 
7.8 75 20 70.2 60.4 89.4 
10.0 75 20 83.9 63.8 87.8 
11.3 75 20 87.5 65.6 87.8 
12.5 75 20 90.2 65.4 88.0 
7.8 60 20 69.5 6i. 4 88.4 
10.0 60 20 81.9 63.2 88.1 

... 3 60 20 87.6 64.0 87.1 
12.5 60 20 89. 63.8 87.9 

Table 3 

Ball charge Percent Time Percent Conc. Conc. 
spec. grav. Solids by mins. minus percent percent 

weight 200 mesh Fe totall. Fe 

7.8 85 40 52.2 54.5 92. 
0.0 85 40 54.9 57.6 90.9 
ii. 3 85 40 63.9 58.0 89.8 
12.5 85 40 62.8 57.6 90.3 
7.8 80 40 82.6 64.5 87.8 

10. 0 80 40 88.6 65.5 87.7 
1.3 80 40 92.6 66.6 88, 4 
12.5 80 40 96.1 66.0 87.3 
7.8 75 40 87.3 64,7 88, 2 
10. 0 75 40 97.0 66.2 87.7 
11. 3 75 40 98.6 65.9 87.2 
2.5 75 40 98.4 66.1 87.2 
7.8 60 40 88.3 64.4 87.5 
0.0 60 40 96.1 65.8 87.3 
1.3 60 40 97.4 65.4 87.0 
2.5 60 40 98.2 65.5 86.9 

It will be noted from the data of Tables 1 to 3 that 
concentrates of markedly improved iron content of over 
60% are obtained more easily at the higher range of the 
specific gravities of the grinding medium. This will be 
more clearly evident by referring to FIGURES 2 to 4 
which show the effect of the difference in specific gravity 
between the material being ground and the grinding med 
ium on the yield of concentrate. Taking 3.7 as the 
specific gravity of the taconite concentrate, the difference 
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It is particularly significant that the results obtained by 
dry grinding, while varying below those obtained at pulp 
densities between 60 to 80% solids, are markedly Superior 
to the results obtained for pulp containing 85% solids. 
For optimum dry grinding results, it is preferred that the 
grinding media have a specific gravity of at least about 8 
points higher than the material to be ground. 

In applying the inventive concept to the fine grinding 
of ores in a ball mill, it is to be understood that the usual 
ball milling practice will prevail as to ranges in charge 
volume of the material, whether wet or dry, and as to 
ranges in charge volume of the grinding balls used. In 
other words, whatever is deemed good practice in the con 
ventional use of a ball mill will apply to the carrying 
out of the invention. For example, according to the art 
the ball charge volume may range from about 35% to as 
high as 50% of the mill volume including voids, the ca 
pacity of the mill generally increasing proportionately 
with the increase in volume of the ball charge up to the 
latter figure. Likewise, usual mill practice will prevail 
as to the speed of rotation of the mill. In normal prac 
tice, as pointed out in Taggart's Handbook of Mineral 
Ore Dressing at page 5-08 (3rd ed. 1948), the mills are 
run at about 50% to 90% of critical speed. 

According to current practice in dry grinding, the nor 
mal total volume occupied by the material undergoing 
comminution and the ball charge is of the order of about 
45 to about 50% of mill volume. The ideal charge is 
one that completely occupies the voids between the balls, 
a slight excess being desired in order to assure all voids 
are occupied by the material. 

In current practice, the angle of "nip” between two 
balls basically determines the size of feed particle which 
will be efficiently reduced and thus the size of the balls re 
quired to give efficient results will normally be deter 
mined by the particle size of the feed. Thus, in the fine 
grinding of feed having particle sizes predominantly with 
in the range of 10 down to 200 mesh or lower, it is pre 
ferred the size of balls used not exceed substantially one 
inch in diameter. The comminution of materials em 
ploying conventional practice is described in some detail 
by Taggart (Handbook of Mineral Dressing, 3rd ed., 
1948). 
While the present invention has been described with re 

spect to the fine grinding of taconite ore concentrate, it 
is also applicable to the fine grinding of any materials re 
quiring fine comminution for metallurgical or large sur 
face area purposes, such as for instance cement clinker 
and talc, and as mentioned hereinbefore cement clinker. 

0. 

5 

20 

30 

35 

40 

45 

8 
Although the present invention has been described in 

conjunction with preferred embodiments, it is to be 
understood that modifications and variations may be re 
sorted to without departing from the spirit and scope of 
the invention as those skilled in the art will readily under 
stand. Such modifications and variations are considered 
to be within the purview and scope of the invention and 
appended claims. 
What I claim as my invention is: 
1. A method of fine grinding particulate feed material 

of taconite of particle size predominantly between the 
range of 10 mesh and 200 mesh in a ball mill which com 
prises maintaining a ball charge of maximum diameter 
not exceeding about one inch and of specific gravity 
ranging from about seven to about 9 integers higher than 
the specific gravity of the material to be ground, said ball 
charge constituting about 35% to about 50% of the mill 
volume including voids, forming a mill charge of said 
material and said balls, and subjecting the charge to the 
action of said ball mill at a speed of rotation within the 
range of about 50% to 90% of the critical speed of the 
mill. 

2. The method of claim 1 wherein the particulate feed 
material is ground in the dry state. 

3. The method of claim 1 wherein the partticulate feed 
material is ground in the wet state and has a pulp density 
of about 65% to 80% solids. 

4. A method of fine grinding particulate feed material 
of particle size predominantly between the range of 10 
mesh to 200 mesh in a ball mill which comprises main 
taining a ball charge of maximum diameter not exceed 
ing about one inch and of specific gravity at least seven 
integers higher than the specific gravity of the material 
to be ground, said ball charge constituting a substantial 
portion of the mill charge, forming the mill charge of 
said material and said balls, and subjecting the charge to 
the action of said ball mill. 
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