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the accuracy, completeness, or usefulness of any information, apparatus, product, or process dis-

closed, or represents that its use would not infringe privately owned rights.  Reference herein to

any specific commercial product, process, or service by trade name, trademark, manufacturer, or

otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring

by the United States Government or any agency thereof.  The views and opinions of authors

expressed herein do not necessarily state or reflect those of the United States Government or any

agency thereof.



Abstract

The goal of this project is  to improve the energy efficiency of industrial crushing and grinding

operations (comminution).   Mathematical models of the comminution process are being used  to

study methods for optimizing the product size distribution, so that the amount of excessively fine

material produced can be minimized.  This will save energy by reducing the amount of material

that is ground to below the target size, and will also reduce the quantity of material wasted as

“slimes” that are too fine to be useful.  This will be accomplished by: (1) modelling alternative

circuit arrangements to determine methods for minimizing overgrinding, and (2) determining

whether new technologies, such as high-pressure roll crushing, can be used to alter particle

breakage behavior to minimize fines production.

In the second quarter of this project, the model completed in the first quarter was validated to

ensure that it could predict accurately the performance of a mill grinding a realistic distribution of

feed particles.  Validation was successful.  Sampling and data collection were also begun at the

plants operated by the industrial co-sponsors of this project.
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Introduction

Crushing and grinding (comminution) of various feedstocks is a critical operation in mining, as

well as in a range of other industries.  However, comminution is both energy-intensive and

expensive, with tremendous room for improvement. A neglected route in optimizing the

comminution process is the minimization of overgrinding.  Since grinding particles to finer than

the target size both wastes energy and produces unusable product, such overgrinding must be

minimized in order to improve energy efficiency.

Optimization of full-scale comminution processes by direct experiment is difficult and expensive

because of the cost of modifying and operating the circuits to conduct these experiments.

Mathematical simulation of the process is therefore necessary in order to make a preliminary

determination of the most promising routes for optimizing the processes. The research needed to

develop the models will also determine what effects can be used to alter not just breakage rate, but

also the manner in which breakage occurs, and to use this information to improve control over

product size.

Executive Summary

The goal of this project is to use comminution modelling to study methods for optimizing the

product size distribution, so that the amount of excessively fine material produced can be mini-

mized. This will be accomplished by: (1) modelling alternative circuit arrangements to determine

methods for minimizing overgrinding, and (2) determining whether new technologies, such as

high-pressure roll crushing, can be used to alter particle breakage behavior to minimize fines pro-

duction.

In the first quarter of this project, a mathematical model was completed and implemented as an

Excel spreadsheet.  The model is applicable to two classes of comminution machines that  are

widely used in industrial practice:

• A Roll mill, consisting of two counter-rotating steel rollers with variable spacing, and

• A Ball mill, consisting of a cylindrical shell filled with steel grinding media.

In the current quarter, validation of  the model results against results from actual comminution

testwork was completed.  The model successfully predicts the product size distribution from a

pulverization process, based on mill settings and feedrates.

Project personnel met with professional staff an the Cleveland Cliffs Iron Co. to plan plant stud-

ies. These studies will include sampling of the grinding circuit of an operating iron ore concentra-

tor, thorough analysis (chemical and physical) of plant products, and analysis of historic data

collected from the concentrator.  Project personnel also worked with personnel from J. M. Huber

Inc. and Badger Mining Co. to develop details of the research plan, and to prepare samples and

plant operating data from their respective operations.

Experimental

The model completed in the previous quarter was validated by preparing feeds of known particle

size, passing them through the laboratory grinding process, and comparing them with the results

predicted by the comminution model.  The feeds examined were prepared by making a synthetic

mixture of the monosized feeds that had been used to determine breakage and selection functions.



Results and Discussion

Two examples of predicted particle size distributions are presented in Figure 1 using the pulver-

izer model developed to date in this project.  The curves represent cumulative percent of the

weight of the material that is coarser than a particular size.

Experimental vs. Theoretical results

0
10
20
30
40
50
60
70
80
90

100

0 500 1000 1500 2000 2500

Size (microns)

P
er

ce
n

t

Cum % Theoretical Cum % Exp FeedExperimental vs. Theoretical results

0
10
20
30
40
50
60
70
80
90

100

0 500 1000 1500 2000 2500

Size (microns)

P
er

ce
n

t

Cum % Theoretical Cum % Exp Feed

Figure 1: Comparison of comminution results predicted by the model (Cum % Theoretical)

with actual performance of a comminution device (Cum % Exp), for two different feed sizes

and two sets of machine operating settings.



The red curve is the size distribution of the feed, the purple curve is the predicted product size dis-

tribution, and the black curve is the actual product size distribution as determined by experiment.

The upper graph represents the results of an experiment where the pulverizer was set to produce a

coarse product, and therefore there was relatively little breakage occurring.  The lower graph rep-

resents results when the pulverizer was set to produce a fine product, and so a great deal of break-

age was occurring.

In both cases, the product size distribution predicted by the model was in very close agreement

with the actual product as determined by experiment, showing that the model can accurately pre-

dict product size distributions based on pulverizer operating conditions.

Planning of plant sampling procedures for the next step of the project is currently underway.

Conclusions

The model completed in the first quarter has been successfully validated, and the model and

procedures developed will be applied to the plant studies that will be carried out in the remainder

of this project.  These plant studies are currently in the planning stages.
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