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PREFACE

Beginning in the mid-50's, grinding models have been devel oped from numerous investigations, the
aim of which have been to help the engineer predict the performance of grinding circuits. Another goal has been
to offer amodel by which grinding circuits may be controlled through the use of an on-line computer. Models
presented to date have not been entirely satisfactory as evidenced by the continued work in this area. The model
presented in this circular isthe result of initial work done at the New Mexico Bureau of Mines and Mineral Resources
to develop aredlistic grinding model, the logical starting point of which is the development of a batch grinding
model. From this point the model can be made more sophisticated by incorporating factors for each of the vari-
ables deemed important. Finally, amodel of a complete grinding circuit will be developed by combining a model
of a continuous grinding mill together with that of a classifier.

The authors are indebted to Geoffrey Purcell of the College Division of New Mexico Institute of Mining
and Technology for his critical review of the manuscript and his helpful suggestions.

Ronald J. Roman
Chief Research Metallurgist
New Mexico Bureau of Mines and Mineral Resources

George W. Becker
Socorro, New Mexico Student Assistant
July 1971 New Mexico Ingtitute of Mining and Technology



ABSTRACT

A grinding model has been developed which can be used to predict the product size distribution at
any retention time in a batch grinding mill, given the feed size distribution and product size distribution at any other
retention time. This model differs from other models published in that (1) the breakage function is completely
specified through the Schuhmann equation and a mass balance, and (2) the apparent selection function is assumed
to be dependent on the size distribution of the material in the mill, as well as the particle size being considered.
These two factors have been used to develop a model which can make use of data obtained from grinding asize
distribution to predict the results of grinding over a 10-fold change in size modulus.

INTRODUCTION

The development of most grinding models starts with a general equation which relates the massin any
size fraction, by means of a mass balance to the time of grinding, based on the observation that grinding exhibits
first-order kinetics. Equation (1) is such an equation.*









EXPERIMENTAL VERIFICATION OF THE MODEL

Quartz from the Harding mine near Dixon, New Mexico, was selected for the grinding tests. All of the
grinding tests were run in a12" x 12" Bico ball mill with the ball charge recommended by Bond for work index
determinations. The feed was stage crushed in rolls to pass a 6-mesh screen and then split into 1,200-gram samples
(equivalent to avolume of 700 cc). The mill speed was 70 rpm.

Duplicate screen analyses were run on 300-gram samples of the feed and product from each grinding
test and average results are reported in this paper. The 300-gram samples were first washed of slimes by decantation
through a 400-mesh screen. The sands were dried, then screened on a RoTap. The weight of the -400-mesh fraction
was obtained by difference. Table 1 lists the screen analyses for the feed and products from 1, 2, 4, 8, 16 and 32
minutes of grinding.

In matching the experimental data to equation (17), n (the number of size fractions) was equal to 14
with the pan (-400-mesh) fraction calculated by difference. The distribution modulus (&) was measured from the
size distribution of the product of the 4-minute grind. The value for a used was 0.88. A selection function for the
first size fraction (+8-mesh) was determined by measurement from afirst-order plot: log percentage of the plus
8-mesh remaining in the product versustime. Initial guesses were then made for the values of S(2)* to S(13)* and
the model predictions compared to the experimental datafor a4-minute grind. A computer was used to facilitate
the calculations. Because material in the pan fraction that is broken still remainsin the pan fraction S(14)* = a
S(2)* was then adjusted to give the best agreement with the experimental data for size fraction 2. Next, S(3)*
was adjusted until the model prediction agreed with the experimental datafor size fraction 3. This process of
adjusting the sel ection function was continued until S(13)* was determined. The final values for the selection
functions are shown in Figure 1. Table |1 lists the predicted screen analyses of products from 1, 2, 4, 8, 16, and
32-minute grinds. Figure 2 shows both the experimental and predicted size analyses of the different grinds.

The selection functions appear to obey the relation

for the finer sizes, where X (i) = average particle sizein the i*" fraction. It also appears that the selection function
goes through a maximum. This suggests the existence of an optimum particle size which may be a function of the
grinding equipment, material being ground, or both.

CONCLUSIONS

The model for batch grinding proposed appears to accurately predict the product size analysis for batch
grinding over a 10-fold change in size modulus. The data needed to determine the constants for the model are data
that would normally be available or could be easily obtained from plant data. The application of this model to con-
tinuous grinding appears feasible and work is underway to demonstrate this. A major obstacle is translating results
from alab-size grinding mill to full size mills. Because of this, an effort will be made to keep the model in aform
which can use plant data.
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