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To design grinding circuits or evaluate their performance
the Bond Theory of comrninution is used. Equation (1) is
the mathematical statement of the Third Theory:
(1)

where
W = the energy input to the mill,
(kwh/t)
Wi

Work Indéx,

(kwh/t)

P

square sieve opening which 80%
of the product passes, (microns)

F

square sieve opening which 80%
of the feed passes, (microns).

Numerically, the work index is the energy required in
kwh/t to reduce a given material from theoretically
infinite feed size to 80% passing 100 microns.
The work index of a particular material is determined in
the laboratory by conducting the standard Bond
grindability test. Bond developed separate tests for
the rod mill and the ball mill.
The simplified test
method described in this paper is an alternative
procedure to the ball mill grindability test.
The work index is computed using the following empirical
equation revised by Bond in 1960,
(2)

where
the sieve opening at which the test is
made, (microns)
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Gb

p

Bond's standard ball mill grindability, net grams
of ball mill product passing sieve size P produced
1
per mill rev olution.

The rest of the terms are defined as in Equation (1).
The work index obtained following the standard Bond
grindability test described above predicts the energy
requirement for a 2.44 meter (8ft.) inside liners
diameter, prototype ball mill under the following
conditions:
1.

Wet closed circuit grinding.

2.

Energy predicted is at the pinionshaft which includes
mill bearings as well as gear and pinion losses.
Motor losses and other losses due to other components
in the drive train are not included.

There are six different efficiency fact9rs that are
applied to this reference energy requirement to translate
it to a particular commercial grinding circuit
installation (Rowland, 1975).
A number of attempts have been made in the past to
d etermine Bond's grindability or his work index by means
,, .ç abbreviatcé\ procedures.
'l'hey are listed below:
l.
2.
3.
4.
5.
6.

Method
Method
Method
Method
Method
Method

of
of
of
of
of
of

Berry and Bruce
Smith and T_,e e
Kapur
Yashima and co-workers
Horst and Bassarear
Karra

1966
1968
1970
1970
1976
1981

SIMPLIFIED METHOD
This method, like the methods described by Eerry and
Bruce (1966) and by Horst and Bassarear (1976), makes
use of a batch grinding test performed in a regular
laboratory ba11 mi11.
Unlike the other procedures, this
method does not require a reference ore for comparison
every time the test is performed.
Instead, it uses a
mi11 tha t has been calibrateà using severa1 ores whose
work ir:d e x is known. The basis for the method is the
ca1cu1a t ion of a batch operating work ind ex which is
assumed to be directly related to the work index
determined by the standard procedure.
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If the sarne feed size distribution is used for different
ores and the sarne specific energy is provided in each
case, relative hardness of the ores will be reflected by
the displacement of the product size distributions away
from the feed size distribution. The larger the
displacement the softer the ore and vice versa.
Since
the batch test is performed under well controlled
conditions, very good reproducibility is obtained.
Therefore, the method reflects accurately material
relative hardness.
Test Equipment. The laboratory ball mill used for the
test is a regular Galigher mill, 21.0 cm (8-1/4 in.)
long by 25.1 cm (9-7/8 in.) in diameter.
The mill is
charged with cast steel balls varying in size from
3.81 to 2.22 cm (1-1/2 to 7/8 in.). The mill is driven
by a regular Galigher ball mill driving unit and is
operated at a speed of 92 RPM, which represents 96
percent of ｣ｲｾｴｩ｡ｬＮ＠
Test Sample.

Feed material for the test is prepared by
crushing to -10 mesh and then removing the
-100 mesh fraction by screening. If done properly, dry
screening will suffice.
Care must be exercised in
keeping the -100 mesh material in the feed as low as
possible; one containing less than 3 percent is ideal.
ｦｾｲｳｴＭ｡ｧ･＠

Test Procedure. One kilogram of the s i zed feed is
ground at 50 percent solids for a period of 10 minutes.
Screen analyses are performed on the sized feed and the
ground product to determine the respective F and P
values.
If the Bond work index is assumed to be
proportional to the batch operating Bond work index,
W.
ｾ＠

=OC:W.
ｾｯ＠

cc'E

Tõ

(
ｾＭ＠

1

1,-1.o

( 3)

where
c(

E

proportionality constant
net specific energy provided during the batch
test, (kwh/t)

If A = oe'E , the work index can be computed dir e ctly from
10
\'Ji =

lJ -1. o
A(-..!
ｾ＠
- .:y'f

(4)
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where, A is the ca1ibration mi11 constant (kwh/t), P and
F are the 80 percent passing sizes of the product and feed
distribution respective1y (microns), and W. is the work
1
index (kwh/t).
For the mi11 used the va1ue for A was determined to be
0.5031 (kwh/t) using the ca1ibration procedure described
next.
Equation (4) becomes,

Equation (5) has been used for a11 the work índices
predicted through the simp1ified method included in this
paper.
Equation (5) is on1y va1id to predict work
índices determined using the 100 mesh as the mesh of
grind.
Method Ca1ibration.
Ca1ibration procedures involve the
determination of the constant A, Equation (4), based on
the information provided by several ores analyzed by the
standard and the simplified methods.
Tab1e I presents
the data gathered from nineteen different materials
which were ground according to the batch test procedures
and Bond's standard locked-cycle test.
The constant A
can be determined by minimizing the square of the error
between experimental observations and those predicted by
Equation (4).
The following expression for A is obtained:
n
A

L
'=1

wij (1/{P - 1/'\ÍF) -:1

E

( 1/-{P - 1/..{F) -:

n

j=l

J

( 6)

2

J

Using the data of Table I and Equation (6), avalue of
A= 0.5031 (kwh/t) was determined.
Alternativejy, A could be determined from a plot of w.
1
versus ＨＱＯｾｐ＠
- 1/iF)-1 using a log-log chart.
According to Equation (4), this plot should result in a
straight line with a slope of 1.0.
If such a line is
fitted to the experimental data, its intercept at any
given value of (1/IP- 1/VF)-1 should allow determination
of A.
The intercept at (l/1P- 1/{F)-l = 10 was found to be
W.J_ = 5. Hence, from Equation (4), A= 0.5 (kwh/t).
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The following example illustrates how to use the method
after calibration.
A sample of Mexican porphyry copper
ore was stage-crushed to -10 mesh and then the -100 me sh
material removed by dry screening .
The -10 +100 mesh
material thus obtained was size-analyzed using a set of
sieves.
One kilogram was charged to the mill together
with one liter of water and a 10 minute grind was carried
out under the conditions specified before.
Product and
feed size distributions for the test are shown in
Table II and they have been plotted in Figure 1. From
this plot 1 the values for F and P were determined as
1320 and 177 microns respectively.
From Equation (5) 1

w.l =

o.5031

1
1
-1. o
CvrnV'l-32'0)

or
wi = 10.56 (kwh/tl

( 7)

For comparative purposes 1 about 10 kilos of -6 mesh
material were prepared by stage-crushing out of the sarne
original sample te determine the work ｩｾ､･ｸ＠
according to
Bond's standard procedure. The work index obtained
through the standard procedure was Wi = 10.62 (kwh/ t) 1
which compares quite well with the value calculated by
the simplified method.
SELECTED APPLICATION EXAMPLES
Different illustrative examples on the application of the
simplified method are presented in this section. They
have been chosen because they point out some of the
advantages of using the method as well as some of the
precautions that La ve to b e taken when using it.
Case 1.
Onl y 2 kilograms of Chilean copper ore were
available for work index d e termination. The ore h .o.d
already been stage-crushed to -10 mesh to be used ｾ＠
b Enc h
scale flotation tests.
Even under these restri c ti c:H.s, it
"''" still possible to calculate a work index for ｴｨｾﾷ＠
Ｌ ＮＬｾ
ｬ･＠
using the simplified proc e dure.
The -lO C mes .h
maLe rial was removed and one kiloa ram of the -10 + l GG
me s h fraction was ground according to procedure speci ..
fi cations.
A value of Wi = 11.80 (kwh/t) was obtained.
Case 2.
For the example sho11m here 1 there was sor..e
material remaining of a Chilean ore sample prepared for
standard Bond work index determination 1 L e. 1 had been
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stage-crush ed to -6 mesh.
Work index was determined in
two different ways us:i.ng the simplif:i.ed method. For the
first detenninat:i.on, the -10 +100 mesh material needed for
the test wa s prepared by screening the -6 mesh ore
available on the 10 mesh sieve and 100 mesh sieve
respectively.
A work index, Wi = 11.48 (kwh/t), was
obtained in this case from the batch test results.
For .
the second àetermination the -10 +100 mesh feed material
was prepared by pre-crushing the -6 mesh material to -10
mesh prior to removal of the -100 mesh fraction.
In this
case the work index determined by the simplified method
was Wi = 13.45 (kwh/t). This second value resembles much
better that obtained through the standard Bond procedure,
which was Wi = 13.66 (kwh/t).
Results indicate that, in order to get reliable results,
it is necessary to insure participation of each one of the
material classes of different strength (haràness) to the
feed material used for the analysis. Otherwise, as it
seems to be the case in this example, the -10 mesh
fraction produced during the first stages of crushing may
preferentially be representative of the softer
constituents of the ore.
This behavior is expected to be
most frequent for sarnples of great heterogenuity.
Although for some other ores no major effect on the feed
preparation procedure has been observed, it is recommended
that, when using the simplified method, the material
sarnple which is going to be analyzed be stage-crushed to
-10 mesh in its entirety prior to performing the analysis.
Case 3. To correlate plant throughput with ore hardness
ｾｴ＠
was necessary to have available at the plant site a
simplified technique to determine ore hardness.
The work
index of the feed to the rod mills was chosen to be an
appropriate indicator of ore hardness; therefore, the
simplified method seemed to be appropriate to accomplish
this task.
To determine work index at plant site, a new mill of the
sarne type as the one used in our laboratory was purchased
and provided with the sarne ball charge.
The mill would
also operate at the sarne tumbling speed. Under these
conditions, the sarne calibration constant, A = 0.5031
(kwh/t), can be used.
Several ore samples were used to
perform parallel experiments in both mills.
It was
demonstrated that the sarne work index value could be
obtained in either mill, as expected.
One week's operation composite samples are being analyzed
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on a regular basis. Preliminary results indicate that the
technique reflects changes in ore hardness accurately.
Work índices calculated in this way will be correlated to
plant throughput.
As reported in+Table 1, the accuracy of the method is
approximately -5 %, i.e., predicted work index values are
in the average within ±5 percent of the value determined
by the standard Bond procedure.
Since the simplified method is based on a single batch
grinding test performed under very well controlled
conditions, excellent reproducibility is achieved for a
given ore sample, 'tlhich makes the method a very precise
technique.

｣｡ｬｩ｢ｲｾｴｯｮ＠

Data

TABLE I
for the Simplified Metrod
wi
1 -1 Bond

1

ｓｾＱ･＠

M:>ntana cu Ore 1
M:>ntana CU Ore 2
M:)ntana CU Ore 3
Nevada Mo Ore 1
Nevada Mo Ore 2
Nevada Mo Ore 3
Nevada Mo Ore 4
Nevada M:) Ore 5
Nevada M:) Ore 6
Nevada M:) Ore 7
Arizona Cu Ore 1
Arizona Cu Ore 2
Arizona Cu Ore 6
Jl.rizona CU Ore 7
Arizona Cu Ore 8
Lhile cu Ore 1
C'hi1e CU Ore 2
Chile Cu Ore 3
Oil Sha1e 1

F(M)

1310
1320
1300
1300
1200
1120
1175
1140
1140
1180
1430
1370
1320
1170
1250
1350
1350
1350
1440

P(r.1)

194
205
225
143
192
162
185
188
188
185
215
224
210
200
210
200
200
195
550
ｾ＠

wi
Simplified

(-\]V -#

(kwh/t)

(kwh/t)

Relative
Error(%)

22.6414
23.6301
25.6860
17.8925
23.0940
20.5395
22.5487
23.0867
23.0867
22.5173
23.9491
25.1268
24.1066
24.1107
24.5566
22.9916
22.9916
22.5251
61.3955

11.69
11.36
12.19
8. 77
12.00
10.84
11.17
11.83
11.57
12.12
11.26
12.00
12.82
12.32
12.18
11.47
10.96
11.91
31.11

11.39
11.89
12.92
9.00
11.62
10.33
11.34
11.61
11.61
11.31
12.05
12.64
12.13
12.13
12.35
11.57
11.57
11.33
30.89

2.57
-4.67
-5.99
-2.62
3.17
4.70
-1.52
1.86
-0.35
6.52
-7.02
-5.33
5.38
1.54
-1.40
-0.87
-5.57
4.87
0.71

Squa.re of Relative Errors
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4.09

TABLE II
Bc ro<1

Work Index Determination by Simplified Method

Date:
Sample:
Amount:
Grinding Time:
Mesh Size
10
14
20
28
35
48
65
100
150
200

9-16-81
Mexican Porphyry Copper Ore
1000 grams
10 minutes

Size
Opening ｾｭＩ＠

•

Feed Size
Distribution

Product Size
Distribution

1. 0000
o. 7223
0.4907
0.3420
0.2307
0.1399
0.0791
o. 0254

1. 0000
1.0000
1. 0000
0.9997
0.9965
0.9623
0.8738
o. 7295
0.5904
0.4950

1680
1190
841
595
420
297
210
149
105
74
F

1320)'- m

p

177Jim

SUMMARY AND CONCLUSIONS
Several approximate methods for the calculation of Bond
work index using a 1aboratory mil1 operated on a batch
mede have been deve1oped. Empirica1 methods which a11ow
for a direct ca1cu1ation of the work index using a
straightforward procedure are more practical and better
suited for plant application.
In particular, the
simplified method has proven very useful, practical, and
flexible in a number of different applications, providing
a degree of accuracy and precision comparable or better
than other more refined methods. Comparative results
obtained on over twenty different ores between the
standard Bond grindability test and the simplified method
show an average accuracy of ±5%. Work index estimated by
this me t hod may be used to supplement ore grade data in
controlling daily plant throughput and metal production.
Major a dvantages of the method are the use of an ordinary
laboratory ball mill, on1y 2 kilograms of sample are
required, and it can be performed in about two to three
hours.
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Figure 1 - Feed and product size distributions obtained
after ana1yzing a sarnp1e of Mexican porphyry copper ore
according to the sirnp1ified rnethod.
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