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Ore Competency and the Simulation and  Design of Comminution Circuits





This paper presents observations made during the conduct and analysis of eleven separate autogenous and semi-autogenous pilot plant trials. These trials were  conducted using different ores for various projects over the past five years. The ores tested include relatively competent porphyry, diorite, chlorite and serpentine ores with Bond ball mill work indices ranging between 15 kWh/t and 18 kWh/t. However, Bond ball mill work index alone was not an effective determinate of primary mill power requirement.





The circuits piloted have ranged from single stage autogenous circuits to two stage autogenous and more typical SAG / ball mill circuits. A common theme through all of these trials on relatively competent ores has been the use of pebble porting and pebble crushing to improve the power efficiency of the primary stage of milling.





The Bond ball mill, rod mill, and impact work indices provide industry recognised standards for the determination of ore “hardness” and “competency”. The JKTech Dropweight test also provides a determination of competency and can be combined with the autoabrasion test to provide parameters for circuit modelling using JKSimmet. 





These benchscale methods and data have been used in parallel with the pilot trials to determine effective plant alternatives. The majority of the trial data has been modelled either by JKTech or “in-house”. However, despite the production of effective models of the data, and the application of JKTech scaling parameters to prepare simulations of plant scale circuits, the single greatest deficiency encountered in the JKSimmet package  has been the lack of capability to determine the impact of varying the rock load mass and size distribution on autogenous and semi-autogenous mill performance. Over the past five years, much discussion has occurred between the JKMRC and the authors of this paper regarding the impact of varying mill rock load and size distribution on mill performance. These issues have been critical in determining the optimum design of the Cadia SABC circuit for Newcrest Mining Limited and various single stage autogenous circuits. 





For two stage circuits, the actual load of rock in the mill impacts not only on primary mill power draw, but on mill product size and throughput. The outcome of this relationship is that, for competent ores, increasing mill rock load may result in a higher net power draw by the primary mill, but the actual throughput may drop due to the production of a finer product size distribution and a higher specific power requirement.





The rock load size distribution in a single stage mill is the function of the inherent ore competency (resistance to both abrasive and impact breakage), the ball load, the feed size distribution and mill discharge arrangement (classification and recycle system). Of these, ball load, feed size, cyclone parameters and recycle crusher operation present limited “operating variables” in controlling mill performance.





This paper will present data that describes how:


ore competency, as determined by benchscale methods, is related to the power requirement in the primary stage of SAG milling in two stage SABC circuits;


rock load in an AG or SAG mill is related to fines production and how pebble porting and pebble crushing impacts on this relationship; and


 how in single stage autogenous milling, control of mill charge through pebble crushing impacts on mill performance.





Ore Competency and Benchscale Methods





Pilot plant trials have been conducted on ores with similar Bond work indices with very different outcomes. To illustrate the trends noted during the trials, the specific power required to produce a grinding circuit product of 80% passing 150 microns was determined and the proportion of power consumed by the AG or SAG mill determined using standard operating conditions (1.8 m Hardinge mill with nominal 10 mm trommel and closed by pebble crusher).





The best data was available for autogenous milling with pebble crushing. Data for SAC milling was available but was complicated by the varying ball loads, ball sizes and mill operating loads. The relationship between the percentage of grinding circuit power required by an autogenous mill with pebble crusher as a function of the difference between Bond ball mill and rod mill work indices in illustrated in the following chart. The points come from five different competent ores as per the following table.
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Ore Type�
Bond Ball Mill WI (kWh/t)�
Bond Rod Mill WI (kWh/t)�
AG Mill Specific Power


(kWh/t)�
% Circuit Power to AG Mill�
�
Diorite�
16.5�
22.5�
10.2�
71�
�
Monzonite�
17.4�
19.9�
7.9�
53�
�
Diorite�
15.6�
21.9�
14.2�
77�
�
Porphyry�
16.8�
19.8�
9.3�
57�
�
Chlorite/Qtz�
16.8�
20.8�
8.6�
61�
�
�
�
�
�
�
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Relationship Between Rock Load and Fines Production





The relationship between rock load and fines production appears consistent for a given ore type. Data for one ore with ball load varying from 0% to 12% is given in the following chart for pilot trials on the Cadia monzonite ore. Grate size, pebble porting and crushing and rock load in the mill were the significant factors in determining the quantity of - 150 micron fines in the trommel undersize (primary mill product). Similar data will be presented for a number of other ore types.
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The Impact of Mill Charge Size Distribution on Single Stage SAG Mill Performance.





Ore competency, feed size distribution and pebble crushing rate impact on the size distribution of the rock load in an a single stage autogenous mill. The rock load defines the circulating load about the cyclones and the final product size (cyclone overflow).





Data will be presented that ties the proportion of various size fractions in the mill load with the amount of breakage in particular size fractions. The variation in mill performance (circulating load about the cyclones and product size) as pebble crushing rate is varied is able to be explained as a function of mill load size distribution variation.





The impact of ore competency and feed size distribution will also be demonstrated.











