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PREFACE

On behalf of the Organizing Committee, it is a great honor and pleasure to welcome all
esteemed participants of the 54" International October Conference on Mining and Metallurgy
(10C 2023), scheduled to take place at the picturesque Bor Lake, Serbia, from October18™ to 21%
2023.

The collaborative efforts of the University of Belgrade, the Technical Faculty in Bor, and
the Mining and Metallurgy Institute Bor have meticulously organized this year's IOC. Our focus
remains unwavering on showcasing the latest research findings and advancements in geology,
mining, metallurgy, materials science, technology, environmental protection, and other
engineering disciplines. Our primary objective is to foster a dynamic environment where
academics, researchers, and industry professionals can come together to share their knowledge,
experiences, and innovative ideas while exploring opportunities for collaborative research
endeavors.

Our conference agenda is rich and diverse, encompassing plenary sessions, engaging
invited lectures, technical presentations, enlightening oral and poster sessions, informative
technical tours, a diverse exhibition, and memorable social gatherings. At the heart of this event
lies our strong commitment to sustainable development within the mining and metallurgy sector.
We are dedicated to exploring ecologically conscious methodologies, responsible resource
extraction practices, and cutting-edge technologies that reduce the industry's environmental impact
and enhance the well-being of local communities.

The conference proceedings comprise 129 papers authored by individuals from
universities, research institutes, and industries in 22 countries. We are proud to welcome
participants from Bosnia and Herzegovina, Bulgaria, Canada, China, Croatia, Germany, Greece,
India, Iran, Kazakhstan, Libya, North Macedonia, Montenegro, Morocco, Romania, Russia,
Slovakia, South Africa, Spain, Turkey, United States, and, of course, Serbia.

We are excited to host the 8" International Student Conference on Technical Sciences (ISC
2023) as part of I0C 2023. This event offers students from Serbia and the wider region a unique
chance to showcase their research and discuss the future of their fields with experts.

We sincerely thank the Ministry of Science, Technological Development, and Innovation
of the Republic of Serbia for their generous financial support. In addition, we express our profound
gratitude to all our sponsors, exhibitors, and friends of the Conference for their contributions and
unwavering support for playing a pivotal role in ensuring the success of 10C 2023.

We would like to express our heartfelt thanks to all authors, committees, reviewers,
speakers, and chairpersons for their invaluable contributions in shaping 10C 2023.

We look forward to welcoming you to the 55th International October Conference on
Mining and Metallurgy (10C 2024), which will be held in October 2024.

On behalf of the 54" IOC Organizing Committee,
Prof. dr Ljubisa Balanovi¢
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A SIMPLE METHOD OF DETERMINING OF
BOND WORK INDEX FOR FINER SAMPLES

Vladimir Nikoli¢, Milan Trumié
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Abstract

The Bond’s method is based on the experimental determination of the Bond work index which represents a
measure of ore resistance to grinding and its denotation is W_i. The conditions for performing the test and
initial sample size are precisely defined within Bond’s standard test. The procedure for the determination
of the Bond work index for finer samples was presented in this paper. These finer samples are usually seen
as a problem for practitioners who work on the design and optimization of a plant.

Keywords: (Finer Samples, Bond Work Index, Grindability)

1. INTRODUCTION

The ball mill grindability test sometimes referred to as “the Bond test” was developed in the 1930s
by the Allis Chalmers company to help them perform ore hardness characterisation testing to assist
in industrial mill sizing [1]. It was extended by Bond (1952) [2] to provide a ‘work index’ result
that was empirically calibrated to make a laboratory work index match the corresponding work
index measured in an industrial grinding mill. The fitted equation, in metric form, is given as
Equation (1).

445
w,=1.1- (D
p.023. 082, <£_ 10 )
(o
vV P80 vV FBO
where in:

P. -closing screen size (um),

G - net mass (grams) of undersize product per unit revolution of the mill, in g/rev,
Pg, - the 80 % passing product particle size (um),

Fg, - the 80 % passing feed particle size (um).

The Bond method consists in the experimental determination of the Bond work index, which
expresses the resistance of the raw material to comminution and is denoted by W;. In Bond's
standard test, the test performance conditions are precisely defined. The starting size of the sample
is also defined. Due to the sheer scope of the test, many researchers have conducted research with
the aim of shortening the test and finding alternative methods of determining Bond work index [3-
12]. However, very few researchers have dealt with the determination of Bond work index
obtained from the test based on finer samples.

Levin (1989) [13] proposed a method for determining the grindability of fine material that included
the estimation of energy necessary for the grinding. Magdalinovic et al. (2012) [14] determined
the Bond work index on samples of non-standard size. Nikoli¢ and Trumi¢ (2021) [15] provided
the procedure for determination of Bond work index for finer samples. This paper represents a
continuation of the research published by Nikoli¢ and Trumi¢ (2021) [15].
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2. EXPERIMENTAL

The samples used in the study were prepared by crushing in a jaw crusher and then sieved through
a sieve with an opening size of -3.35 mm. Two monomineralic types of raw material, zeolite and
dacite, were used in the study. Five 10 kg samples with different initial sizes (-3.35+
0 mm; - 236 + 0 mm; - 1.70 + 0 mm; - 1.18 + 0 mm; - 0.850 + 0 mm) were formed for each
individual type of raw material for grinding test based on the standard Bond procedure. The dry
grinding was used, simulating a closed grinding cycle, until a circulating load of 250 % was
established [17]. A 75 um closing screen size was used. The Bond work index was calculated by
Equation (1).

3. RESULTS AND DISCUSSION

The obtained results for the Bond work index for samples of zeolite and dacite, on fine size classes
are shown in Table 1.

Table 1 - Parameters Fg,, Pgo, G and value of W; for samples of zeolite and dacit used on fine material

Sample Class size P.=75um
(mm) Fgo (um) Pgg (um) G (g/rev) W; (KWhft)

-335+0 2440 65.72 2.03 9.834
-2.36+0 1652 66.40 2.13 10.010

Zeolite -1.70+0 1090 66.48 2.20 10.197
-1.18+0 727 66.84 2.35 10.371
-0.850+0 544 67.12 2.57 10.572
-3.35+0 2646 64.70 0.96 17.800
-2.36+0 1729 64.76 1.00 18.130

Dacite -1.70+0 1253 65.76 1.05 18.333
-1.18+0 807 65.20 1.10 18.827
-0.850+0 609 65.64 1.12 19.196

The authors Nikoli¢ and Trumi¢ (2021) [15] provided the equation for the determination of the
Bond work index for fine materials, and it is presented by Equation (2). The Equation (2) was
tested on a zeolite sample, and further research was conducted on sample dacite.

005 (2)

where in:

Wem - BWI for fine materials, (KWh/t);

W; - BWI for a standard size sample (- 3.35 + 0) mm, (kWh/t);
Frp, - the 80 % passing fine material particle size, (um),

k - value of coefficient k was given in table 2.

Table 2 - Value of coefficient k
Value of coefficient k k=147 k=148 k=149
BWI (kWht) 10 - 17 18- 20 >21

The comparative results of the Bond work index for finer materials obtained experimentally by
(W;) and Equation (2) (Wgp), as well as the results found in literature, are shown in Table 3.
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Table 3 - Results obtained with experiments and equation (2)

Class size Fao P. =75 pm
Sample References (mm) (nm) W; K Wem Error
(KWht) (KWh/t) | A (%)
-3.35+0 2440 9.834 - -
-2.36+0 1652 10.010 9.980 | +0.30
Zeolite [15] -1.70+0 1090 10.197 10.190 | +0.07
-1.18+0 727 10.371 10.399 | -0.27
-0.850+0 544 10.572 10.550 | +0.21
-3.327+0 2468 12.70 - -
-2.356+0 1662 12.91 12.89 | +0.15
Dolomite [14] -1.651+0 1090 13.16 13.16 0.00
-1.168+0 727 13.38 147 1343 | -0.37
-0.833+0 544 13.69 ' 13.63 | +0.44
Commercial [17] -3.35+0 2134 15.0 - -
aggregate -236+0 1492 15.3 15.3 0.00
-3.327+0 2646 15.67 - -
-2.356+0 1729 15.70 15.97 -1.72
Copper ore [14] -1.651+0 1253 15.84 16.24 -2.53
-1.168+0 807 16.19 1654 | -2.16
-0.833+0 609 16.79 16.84 | -0.30
-3.35+0 2646 17.800 - -
-236+0 1729 18.130 18.146 | -0.88
Dacite -1.70+0 1253 18.333 148 | 18.441 | -0.60
-1.18+0 807 18.827 18.851 | -0.13
-0.850+0 609 19.196 19.118 | +041
-3.327+0 2650 22.63 - -
-2.356+0 1790 23.17 23.19 | -0.09
Quartzite [14] -1.651+0 1240 23.52 149 | 23.62 -0.43
-1.168+0 870 24.14 24.04 | +0.41
-0.833+0 610 24.72 2447 | +1.01

Based on the obtained results presented in Table 3, it can be concluded that when the Bond work
index for finer samples is calculated by Equation (2), the reliable results are obtained and the error
is not greater than 2.50 %. This fact confirms the accuracy and validity of Equation (2).

4. CONCLUSION

The determination of Bond work index for finer samples is possible if the value of Bond work
index for the standard size sample is known and using the Equation (2). This procedure offered
the maximum error of -2.53 % for ;. Such a small error obtained this way confirms the accuracy
and validity of the suggested procedure for the determination of Bond work index for finer
samples.
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