Quarterly Scientific Journal of Technical and Vocational University

Spring 2024, Vol. 21, No. 1, p. 565-586
Journal Homepage: https://karafan.tvu.ac.ir/?lang=en TVU

""""" el 1:10.48301/KSSA.2024.415494.27

The Impact of Key Operating Conditions on Grinding Media
Consumption in the SAG Mill of Sungun Copper Complex

Behzad Nemati Akhgar!*®, Mehdi Soleymani2®®, Ramin Feyzi3"’, Parviz
Pourghahramani4"”, Abolfazl Danesh5

1Assistant Professor, Mining Engineering Department, Engineering Faculty, Urmia University,
Urmia, Iran.

2Assistant Professor, Department of Civil Engineering, Technical and Vocational University (TVU),
Tehran, Iran.

3MSc, Mining Engineering Department, Engineering Faculty, Urmia University, Urmia, Iran.

4Professor, Faculty of Mining Engineering, Sahand University of Technology, Tabriz, Iran.

5MSc, Mineral Processing Plant, Sungun copper complex, Tabriz, Iran.

ARTICLE INFO ABSTRACT
Article Type: The industrial data gathered from the control room of the Phase 2
Original Research plant and the initial processing of the data were utilized in the

SIMKA software which determined 13 parameters affecting the
consumption of media in semi-autogenous grinding. Based on the

Received: 10.23.2023 results, it was found that in multivariate analysis methods, the
Revised: 02.16.2024 amount of filling increases with increasing input tonnage. The filling
Accepted: 03.10.2024 is directly related to input tonnage and power and is associated with

ball charge, which increases with increasing ball charge. By
Keyword: increasing the level of the grinding load, the amount of mineral-
Sungun Copper Complex mineral collision decreases, and the ball-ball collision increases,
Comminution causing the consumption of grinding media. The simulation results
Semi-autogenous Grinding clearly showed that in the face of the problems created, instead of
Grinding Media changing the size of the balls and enlarging them, which leads to the

breaking of liners and nets, it is recommended to increase the
percentage of ball accumulation to its maximum (%15), particularly
*Corresponding Author: in hard feed. This study clearly shows that the effect of particle size

Behzad Nemati Akhgar is even greater than the effect of particle hardness.
Email: b.n.akhgar@urmia.ac.ir

~N @ @ @ ©2024 the authors. Published by National University of Skills, E-ISSN: 2538-4430

Tehran, Iran. This article is an open-access article distributed ISSN: 2382-9796
under the terms and conditions of the Creative Commons

Attribution-Noncommercial 4.0 International (CCBY-NC License)
(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://karafan.tvu.ac.ir/?lang=en
https://www.doi.org/10.48301/KSSA.2024.415494.2700
https://orcid.org/0000-0003-3161-5932
https://orcid.org/0000-0003-0899-6714
https://orcid.org/0000-0002-5870-0638
https://orcid.org/0000-0002-7956-9501
https://orcid.org/0000-0003-0742-1003

Behzad Nemati Akhgar and et al. The Impact of Key Operating Conditions on...

EXTENDED ABSTRACT

Introduction

The assigned project had a completely case-by-case view of SAG mill of Sungun and was
carried out in order to investigate the key operating conditions in the amount of
consumption of the cutting agent in SAG mill, Phase 2 of Sungun Copper Complex. Therefore,
first, an overview of the goals and results obtained from previous research was conducted.

In 2018, Paul W. Cleary and colleagues conducted research on the development of
models related to the shape and load of the charge to the performance parameters of SAG
mill bearings and their use in the design of milling systems to calculate liner wear [1-4]. In
2020, Kiyoshi et al. conducted studies on the analysis of the operation of SAG mill under
different conditions based on DEM and failure energy method. In order to obtain the optimal
performance parameters of a SAG mill, in this paper, the Discrete Element Method (DEM)
was used to simulate the particle breaking process by controlling three parameters, namely
the mill speed ratio, mill filling level and steel ball ratio [9]. Previous studies show that the
total energy distribution among different types of collisions changes only slightly with the
increase in the speed of the collision. There is a slight decrease in total energy from stone to
stone and stone to stone, while stone to stone is constant. The structure of the spectrum
changes slightly with the location of the modal peak, and the energy dissipation rate also
increases slowly. The rate of energy loss in the middle and upper parts of the collision energy
range also increases.

Methodology

Initially, the operating parameters effective in the working conditions of the SAG mill
were identified. The operating parameters of the SAG mill were input tonnage, power, speed,
input torque, output torque, reject tension, solid percentage, filling percentage, bullet
charge, liner profile, input feed granulation, pH and water consumption, and metallurgical
data which were collected for 6 months (from the first of April to the end of September).
Then, initial processing was carried out on the data.

Based on the investigations, there were two locations for the preparation of suitable
samples of the feed entering the factory. The first location was next to the feeding bar for
the SAG mill inside the factory shed. The second location to prepare this sample was the
tunnel located under the mine's coarse stone warehouse after the belt feeders (apron
feeder and vibrating feeder). The value of the bond ball work index was calculated using
the following equation:
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Considering the obtained apparent density, the weight equivalent to 207 cubic
centimeters of the mineral was determined and after transferring the materials and bullets
into Asia for a certain number of rounds, it started at 86 rpm.

Impact fracture testing

To perform this test, stones with different dimensions were selected and placed under
different energies to break. To apply different energies, a drop-load device was used. Using
the following relationship, the height of the weight can be calculated as below:

e - 0/0272M, (h, ~h ) )
m

Semi-autonomous power index test (SPI)

The main goal of this experiment was to obtain a relationship to determine the specific
energy in an industrial SAG mill according to the size of the final product (P80) and the
hardness of the stone. Specific energy was the power required to crush one ton per hour of
mineral material in a certain size. Using the following empirical relationship, the required
power for an industrial SAG mill was calculated as follows:

(Kwh /t) = (P,) ®®(2/2+0/1t) 3)

Results and discussion

Multivariate modeling and principal components showed that the metallurgical data
obtained from the performance of the SAG mill can be modeled with two principal
components, which can include the variance of the existing data with (R2=0.741) and fit
them well and predict with power (Q?=0.495).

The reason for the low values of Q% was probably due to some measurement parameters
not being well described by the model. By checking the parameters such as profile liner and
granularity well by the model indicates that it is as low as the fit indices of the model.
However, based on the values obtained for the modeling indices of the fitted model, the
model was evaluated as acceptable and at the level of a good model.

Weighted chart analyses

Input tonnage, input tranion, filling percentage, and solid percentage were directly
related to each other and had opposite relationships with liner profile and input feed
granulation. On the other hand, the grouping of the data shows that the relationship of the
data such as the input tranion pressure with the percentage of filling was positive, which
increased with the increase of the tranion pressure and vice versa. Bullet charge had a
positive relationship with output tranion pressure and power consumption. The more the
bullet charge increased, the greater the power consumption.

Low power consumption is a sign of low input tonnage or low filling percentage, which
increases with the increase of input tonnage of power consumption. By changing
operational parameters such as increasing and decreasing the speed of grinding, the
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dominant method changes, as the speed increases acts abrasively and the amount of bullets
increases. The results of the data analysis with the greatest effect on the consumption of the
crushing medium (factors such as the density, the amount of filling, the liner profile, and the
granulation of the input feed) had the greatest effect on the consumption of pellets.

Conclusion

According to the results of the bond index, impact fracture, and SAG mill power index
(SPI) tests, the feed is hard in terms of impact crushing and soft in terms of abrasion
crushing, and increased power consumption. However, due to the lack of proportion in the
input granularity, a huge difference in energy consumption was observed. Therefore, this
study clearly demonstrates that the effect of particle size is even greater than the effect of
particle hardness.
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