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Introduction
The purpose of this research was to statistically evaluate comparative BWi determinations 

using two different commercial ball mill testing apparatus. These experiments were run based 
the Bond Ball Mill Grindability Test. The main difference that was being investigated was the 
impact of using a testing mill with a 4-inchX8-inch hand hole door in the shell versus a mill with 
the inside completely smooth. The materials, experimental procedure, and all other variables 
were kept constant in the testing and the results were statistically analyzed and verified. 

Background
The crushing and grinding circuit are the most energy intensive process in a mining project. 

Improvements in predicting the energy required to crush a given material, and therefore the 
cost of comminution, would help to mitigate cost overruns in mining. The Bond Grindability 
Work Index Test is an empirical way to predict this energy cost. According to Fred Bond, “the 
work index is the comminution parameter which expresses the resistance of the material 
to crushing and grinding” [1-3]. Recently there have been any number of evaluations and 
comparisons of comminution testing method [4-10]. However, the literature is devoid of any 
direct comparison of the actual testing apparatus used for Bond Work Index determinations. 
While the Bond Work Index and procedure have become a world standard for measuring the 
energy required to grind material and designing grinding circuits, the test is highly empirical 
and can vary significantly as a result. According to one isolated study, the Bond Work Index 
measured by three different mills that were side by side varied as low as 4.2% and up to 8.6%. 
Even variations within the distribution of the ball charge will result in differences between 
2.9% and 8 6.9% [11]. Thus, even though there are difficulties in reproducing Bond Work 
Indices and there is variability in the results, the quantity is one of the better measures of the 
energy required in a grinding circuit and persists in engineering design. 
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Abstract
Research was performed to make an objective comparison of Bond Ball Mill Grindability Work Index 
results derived from using two commercial testing apparatus, from BICO and Sepor respectively, each with 
a different mill shell design. Six tests were carefully performed with both mills using the same aggregate 
rock sample and with the same method of grindability testing based on Fred Bond’s Ball Mill Grindability 
Work Index (BWi) testing methods. After the tests were completed, statistical analysis using the Q test, 
p values, the F test and the student t test were used to confirm and compare the data sets derived from 
both commercially available testing equipment. The result of this testing indicates that the design of the 
Sepor ball mill delivers less variable BWi results than the BICO ball mill. As well, the Sepor mill returned a 
significantly higher and more reproducible mean BWi value of 12.238kWhr/t versus the BICO BWi mean 
value of 10.786kWhr/t in testing of the same material. It is postulated that the differing shell design on the 
BICO mill is the root cause of these differences. 
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In 2016 the Sepor mill was evaluated against an older BICO mill 
with two reference materials, one used by Dr. Husni Usman for his 
PhD thesis and the other one was a standard reference material 
from JKTech in Australia and was sent around the world to compare 
the Bond Grindability Work Indices [12,13]. The Bond Work Test 
was run in duplicate on each mill for each material. The Bond Work 
Indices from Dr. Usman’s material were calculated to be, 13.39kWh/
mt and 14.87kWh/mt for the BICO and Sepor mills, respectively. 
The Bond Work Indices for the Australian material were calculated 
to be 13.01kWh/mt and 14.71kWh/mt for the BICO and Sepor mills, 
respectively. A student-t test was calculated for each set of tests 
with a 95% confidence interval. The data from Dr. Usman’s material 
suggested that there was no statistical difference between the two 
mills, but the data from the Australian reference material suggested 
that there was. The data from the Sepor mill was still slightly lower 
than the reported reference material value which was 15.39kWh/
mt, but it was much closer than the BICO mill. An economic analysis 
was conducted, and it was found that the calculated Bond Work 
Indices resulted in large discrepancies in capital and operating cost. 
The difference between the values from the BICO and Sepor mills 
from the Australian material resulted in an estimated $5.1 million 
dollar difference in power operational costs for a year for 80,000 
tonnes feed per day. Given this initial outcome, a more focused 
follow up effort as detailed in this publication was conducted. 

Testing Procedure
Since this work was a continuation and an objective statistical 

verification of previous work done by students at the School of 
Mines in their Senior Design course work, the same conditions that 
they used were replicated as closely as possible [12]. First, material 
was collected and crushed to 100% passing-6 Tyler mesh. This 
material was blended and split using a jones type riffle splitter to 
obtain all samples used throughout the testing. A compaction test 
was executed to determine the feed volume by obtaining sample 
and using it to fill a 1000ml graduated cylinder. This was compacted 
as it was filled until it reached the 700-cc mark. This volume’s mass 
was used to calculate the mass of undersize for a 250% circulating 
load. Then a size analysis was done on three samples of approx. 
400g. This size analysis was used to find the 80% passing size of 
the feed. This is one of inputs for the BWi equation which is shown 
in Equation 1. The grindability testing occurred next. The correct 
mass of sample was placed in the mill with the ball charge and first 
run was 100 revolutions. The ground sample was then ro-tapped 
to the plus and minus fractions, both of which were weighed. The 
undersize was segregated and the oversize had new feed added to 
it until it was the same as the first sample. This new feed was added 
to the mill and run the calculated number of revolutions and then 
screened and weighed. The tests were run until there was a closure 
of the gbp value determination that was indicated by a reverse 
trend. The reversal was to be within 3% to be considered valid, 
with at least 5 cycles run. The grams of product per revolution is 
calculated and plugged into Equation 1. An equal mass composite 
was made of the undersize product of the final 3 runs of each test. 

These were wet screened at 400 micron and then the oversize was 
dried and screened to get a distribution for the 80% passing size of 
the product which is plugged into Equation 1. 
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Results and Discussion
A P-value test was run on the Particle Size Analysis (PSA) of 

the feed and a value greater than 0.05 was found indicating that a 
standard polynomial regression analysis was acceptable to use to 
fit the data and determine the 80% passing size, F80, for the feed. 
This analysis can be found in Table1 and Figure 1. Three tests were 
run, the results were highly consistent, and the average value was 
used for the F80. There were 12 Bond Work Index tests run in total. 
Six tests were performed on a BICO model ball mill (which has 
a noted hand hole door area) and six on a Sepor model ball mill 
which has a completely smooth inside chamber. A diagram is shown 
in Figure 2 highlights these differences. Tests 1-6 were performed 
using the BICO BWi mill and tests 7-12 were performed using the 
Sepor BWi mill. The results of the product particle size P80 analysis 
derived from each test can be found in Table 2. This information, 
along with the grams per revolution (gbp) from each test was input 
into BWi Equation 1. The results can be seen in Table 3 with the 
statistical analysis summary in Table 4.

Table 1: Feed particle size analysis in Microns.

Test F80

1 2714.76

2 2770.20

3 2773.61

F80 Average 2752.85

Table 2: Product particle size analysis in Microns.

Test P80

1 120.8343

2 120.4021

3 122.175

4 122.0552

5 121.3311

6 123.7982

7 122.8923

8 123.0727

9 122.4039

10 121.5482

11 121.1715

12 121.196
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Figure 1: Feed Particle Size Analysis (PSA) in Microns.

Figure 2: BICO BWi testing mill design on left and Sepor BWi testing mill design on right.

Table 3: Bond work index comparative testing apparatus determinations.

Bond Work Indices

Test kw-hr/st KW-hr/mt

1-6 on BICO

1 11.1 12.2

2 10.8 11.9

3 10.6 11.6

4 10.7 11.8

5 10.9 12.1

6 10.7 11.7

7-12 on Sep

7 12.1 13.3

8 12.2 13.4

9 12.4 13.7

10 12.3 13.5

11 12.0 13.3

12 12.5 13.8
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Table 4: Statistical analysis and comparison of different BWi testing apparatus.

BICO SEPOR

Mean 10.786 12.238

s 0.204 0.192

n 6 6

Coefficeint of variation 1.888 1.568

Confidence limit Diff 0.399 0.376

Confidence limit Diff 10.786±399 12.238±.376

Percent C Diff 3.701 3.074

P-value 0.613 0.702

F calculated 1.1259

t tabulated (0.05) 5.0503

t calculated 12.7083

t tabulated (0.05) 2.2281

sp 0.1979

Conclusion
From the analysis of the student t test, it can be concluded that 

there is a distinct objectively and statistically confirmed difference 
between the two-ball mill grindability testing apparatus. In addition, 
the BWi mean value generated by the Sepor mill is distinctly higher 
and more consistent than that generated with the BICO mill. This is 
consistent with the more extensive underlying comparative testing 
previously conducted in 2016. Then, the derived Sepor BWi value 
was also consistently and significantly higher than that derived with 
the BICO apparatus even when evaluated on standard BWi reference 
materials supplied from JKTEch in Australia. Statistically, the Sepor 
mill has a smaller coefficient of variation, a smaller confidence limit 
diff and a higher P-value. Based on these factors, the statistical 
review of the data seems to indicate that the Sepor ball mill returns 
a BWi with better reproducibility and repeatability. This is due to 
the difference in the way that the grinding media and sample are 
interacting during revolutions. When the BICO apparatus revolves 
there is an audible lull while the materials settle into the hand hole, 
and it can be inferred that during this lull there is a change in the 
way that the grinding media and sample are interacting. The Sepor 
mill is smooth and does not have the prominent hand hole in its 
shell design. The settling difference described here has previously 
been illustrated in Figure 2. This BICO apparatus settling ends when 
the material is dumped back into the cylinder due to the rotation. 
This irregularity, in an otherwise regular process, is the main 
contributor to a larger variation noted in the BWi as determined by 
the BICO ball mill.
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