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Abstract 

In this research, three different Powder Factors (PF 0.72, PF 0.88 and PF 0.96) were used in blasting to determine the best 

powder factor for blasting CUT 4 A-Zone pit. Sometimes, the blast product consists of boulders which require secondary 

handling which comes with an extra cost. This research seeks to select which powder factor gives the best fragmentation and 

could be used for blasting a continuous block at CUT 4 A-zone Pit. . The comminution behaviour, energy usage and grinding 

cost following blasting with different Powder Factors were estimated from Bond index investigation. The abrasive index test 

was also determined by using the JK method. Bond index test results obtained for PF 0.72, PF 0.88 and PF 0.96 were 15.7 

kWh/t, 15.3 kWh/t and 15.1 kWh/t respectively. The energy consumed and cost incurred for PF 0.72, PF 0.88 and PF 0.96 

were 9060.3 kW and Ghȼ10 326.0, 8 868.9 kW and Ghȼ10 107.9 and 8 741.3 kW and Ghȼ9 962.5. From study, it was 

observed that, using PF 0.88 has the potential to increase production, reduce downtimes on the crusher plant and also reduce 

general cost incurred by the mine. It is recommended that for a better fragmentation to be obtained at CUT 4 A-Zone pit, 

Powder Factor of 0.88 could be used. 
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1 Introduction 

Rock breakage is an essential part of the mining 

cycle and in hard rock, this is effected by drilling 

and blasting. Blasting involves fracturing material 

by the use of specific amounts of explosives so 

that a predetermined volume of material is broken. 

Good blast design and execution are essential to 

successful mining operations since blasting 

efficiency impacts significantly on the economics 

of a mine (Anon., 2016). 

  

AngloGold Ashanti Iduapriem Limited has been 

employing three common powder factors which 

are 0.96, 0.88 and 0.72 in their blasting 

operations over the past three years. It has been 

observed that the mine produces boulders after 

blasting. The boulders need to be reduced into 

smaller fragments before being sent to the 

primary crusher. Sometimes, the boulders that are 

not well reduced, end up blocking the crusher 

causing frequent breakdowns of the crushing 

plant. It has been reported that downstream 

processes such as crushing and grinding are not 

efficient as attempts to mill rocks fine enough for 

gravity concentration leads to issues of low 

tonnage. Hence, this study seeks to determine the 

right powder factor to select in other to reduce 

cost. 

 

1.1 Geological Mineralization of AAIL 

The Banket Series of rocks in the mine area form 

prominent, ridges extending southwards from 

Tarkwa, westwards through Iduapriem and 

northwards through Teberebie to Mantraim. There 

are seven major ridge segments within the 

Iduapriem mining lease and the Banket Series 
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rocks. These ridge segments extend over a total 

strike length of about 15km. The ridge segments 

are supported by a massive lithological unit 

known as the ‘Footwall Quartzite’, which is a 

strongly-bedded rock of blue-grey colour 

exhibiting a sub-parallel haematitic/black sand 

banding and which locally forms the basal 

stratigraphic unit to the Banket Reef Zone (BRZ). 

In Ghana, the Tarkwaian is considered to be of 

shallow water continental origin derived from the 

Birimian and associated granitoids (Moon and 

Mason, 1967). 

 

The Banket Reef Zone (BRZ) comprises a 

sequence of individual beds of quartz pebble 

conglomerates, breccia conglomerates and meta-

sandstones (also called quartzite and grits).  All 

known gold mineralization within the Banket 

Formation is associated with the conglomerate 

which is found within the matrix that binds the 

pebbles together (Nesbitt, 1979). Gold content is a 

function of the size and amount of quartz pebbles 

present within a conglomeratic unit, hence the 

bigger and or more pebbles present the higher the 

amount of gold. In some localities, no angular 

unconformity can be observed at all (Woodfield, 

1966). Fig 1 shows the Geology of West Africa. 
 

 

Figure 1 Geology of West Africa 

 

2 Materials and Methods Used  

 
Rock samples were taken from AngloGold 

Ashanti Iduapriem Mine. These samples were 

subjected to lab work such as; Bond Index, 

Abrasive Index, Gravity Recoverable Gold and 

Cost Analysis was carried out. Bond work index is 

a basic measure of rock hardness and it helps to 

determine the standard work index which is 

defined as the specific power required (Kwh/t) to 

reduce material from notional infinite size to P80 

size of 100 µm. The gravity concentration was 

carried out to determine the amount of gold that is 

gravity recoverable. Micro crack generation helps 
to reduce the strength that would be needed in 

releasing the gold at a coarse size and hence aid 

gravity. 

 

2.2 Bond Index 

According to Bond’s Third Theory of 

Comminution, the energy input is proportional to 

the crack tip length created during particle 

breakage and equivalent to the work represented 

by the product. A general theory of comminution 

should consist of two parts, one that deals with the 

energy required to break mineral particles and 

another that examines how this energy is 

distributed to the particles generated after 

breakage (Stamboliasdis, 2006). Others have 

successfully developed other theories and have 

presented compelling narratives to the 

applicability and accuracy of these theories and 

their ability to provide better analysis. The Bond 

equation determines the energy required to 

produce a required particle size reduction 

(Michaud, 2015).  Equation 3.7 below states the 

Bond’s Equation. 
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The particle size reduction function is fairly 

straight forward and easily measured from 

samples taken from the feed material to the 

comminution vessel and from the product 

material. The samples are processed for a standard 

particle size distribution analysis and an 80% 

passing size noted. The 80% passing size is 

reported in micron units. The relationship of 

particle size on the power consumption is non-

linear due to the inverse of the square root, with 

the finer sizes having a more significant impact on 

power consumption.  The desired degree of 

particle size reduction is ultimately determined by 

the liberation characteristics of the mineral and the 

separation techniques applied (Evertsson, 1995). 

The various crushing and grinding equipment 

employed is determined by the effectiveness of the 

equipment on the particle size at the various stages 

of reduction. The work index is a different kind of 

function than particle size and is dependent on the 

hardness and/or toughness on the material. 

    

                                                      

2.3 Abrasive Index 

Abrasive index is a laboratory test to measure the 

breakage parameters of a rock sample. Low 
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energy (abrasion) breakage is characterised by 

using a tumbling test of selected single size 

fractions. The standard abrasion test tumbles 3 kg 

of -55 +38 mm particles for 10 minutes at 70% 

critical speed in a 305mm by 305mm laboratory 

mill fitted with 4 x 6mm lifter bars. The breakage 

products of all the rocks or particles for each 

size/energy combination are collected and sized. 

The size distribution produced is normalised with 

respect to original particle size (Anon., 2013). 

 

2.4       Gravity Recoverable Gold 

The gravity concentration was carried out to 

determine the amount of gold that is gravity 

recoverable. Micro crack generation helps to 

reduce the strength that would be needed in 

releasing the gold at a coarse size and hence aid 

gravity. The more micro crack generation in a 

rock sample, the more gold can be recovered 

through gravity. The 5 kg sample taken from each 

of the ground sample was made to pass through a 

Knelson concentrator.  
The concentrate retained in the bowl of the 

Knelson was washed out with a reasonable 

amount of water. The concentrate was dried in an 

oven and the weight was measured to know the 

amount of concentrate gotten from gravity for 

each of the samples. 200 g of -1.18 mm size of 

head grade was removed from each of the samples 

before passing the material through a Knelson 

concentrator. The concentrate together with the 

head grade was sent to Intertek for further 

experiment to be carried out to determine the 

actual amount of gold in each of the samples. 

 

3.0    Results and Discussion 

Samples were taken from AngloGold Ashanti 

Iduapriem Mine and each of the samples were 

subjected to the lab for analysis. The results and 

discussions of the lab results gotten from abrasive 

index, bond index and gravity recoverable gold 

that was carried out would be discussed below 

. 

3.1      Abrasive Index 

This results were gotten after carrying out abrasive 

index on the rock material taken from AngloGold 

Ashanti Iduapriem Mine. 

 

 

Table 1 Abrasive Index of each PF Used 

Sample Pf 0.72 Pf 0.88 Pf 0.96 

Bottom 0.53 0.54 0.61 

Middle 0.47 0.48 0.54 

Top 0.32 0.42 0.45 

 

 

Figure 2 Abrasive Index Values against Layers 

 

PF 0.96 has the highest abrasive index with an 

abrasive average value of 0.53 which implies that, 

it is the softest rock among the other two rock 

samples taken.  PF 0.88 has a comparative lower 

average abrasive index of 0.48 which makes the 

rock to be relatively hard. PF 0.72 has the lowest 

average abrasive index of 0.44 which makes the 

rock harder than the other two rock samples taken. 

Hence, for a better fragmentation to be obtained, 

the block blasted with PF 0.72 should have been 

blasted with a higher powder factor because, from 

the lab work conducted, it clearly showed that the 

rock was hard. 

 

3.2  Bond Index 

The table below shows the Bond index value 

against layers that were gotten from the laboratory 

test conducted. 
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 Figure 3 Bond Index Values against Layers at 

Different PFs 

Table 2 The PF values and Bond Index Values 

Sample 
Bond 

Index 

Powder Factor  

0.72 

Top 16.0 

Middle 13.6 

Bottom 13.1 

Powder Factor 

0.88 

Top 15.3 

Middle 13.6 

Bottom 12.8 

Powder Factor 

0.96 

Top 15.1 

Middle 13.4 

Bottom 12.6 

 

From the graph, it can be seen that PF 0.72 has the 

highest Bond index value which implies that the 

energy required for crushing the rock would be 

very high as compared to using PF 0.88 and PF 

0.96. The average bond index for PF 0.72, PF 0.88 

and PF 0.96 were 14.2 kWh/t, 13.9 kWh/t and 

13.7 kWh/t. From the data collected, it was seen 

that crusher availability was much better, the plant 

could run for a longer time without unnecessary 

breakdowns and no blockages when PF 0.88 was 

used. Some few calculations was done to 

determine the energy consumed and the cost 

involved for each of the powder factors used. 

AAIL has two Circuits but circuit one P80 and F80 

values would be used for the energy consumptions 

and cost involved calculations. 

 

From the calculations deduced, using PF 0.72, the 

energy consumed and cost involved per hour 

would be 9 060.3 kW and Ghȼ10 326.0, using PF 

0.88, the energy consumed and cost involved 

would be 8 868.9 kW and Ghȼ10 107.9 and using 

PF 0.96, the energy consumed and cost involved 

would be 8 741.3 kW and Ghȼ9 962.5.  

 

From the results, PF 0.96 consumed the least 

energy. PF 0.96 has 1.8% energy consumption less 

than using PF 0.72 and PF 0.96 also has 0.72% 

energy consumption less than using PF 0.88. Since 

the energy consumption between PF 0.96 and PF 

0.88 is less than 1%, the energy consumption and 

cost incurred for PF 0.88 is said to be reasonably 

good. Also, PF 0.96 has the lowest bond index due 

to the soft nature of the rock which made it easier 

for crushing and grinding the rock materials into 

fines. 
 

3.3       Gravity Concentration 

Gravity Concentration was conducted to 

determine the amount of gold recovered for each 

of the PF’s used. Table 3 shows the gold 

recoveries for each of the PF’s used. 

 

Table 3 Gold Recoveries using the three different 

Powder Factors 

Sample Powder 

Factor PF 0.96 

PF 

0.88 

PF 

0.72 

Feed grade, g/t 0.94 1.16 0.8 

Feed weight, g/t 5000 5000 5000 

Conc. Weight, g 79.1 78.3 72.1 

Conc. grade, g 26.8 27.9 5.8 

Mass Pull %   1.6 1.6 1.4 

 

From the Gravity Concentration carried out, PF 

0.88 which is Table 3 recovered the highest amount 

of gold with 42.8% of gold recovered through 

gravity. Also, the macro-crack on the rocks 

contains pebble quartzite which indicates that the 

rock contains an amount of gold 

 

Table 4 Summary of Results obtained 

Summary PF 0.72 PF 0.88 
PF 

0.96 

Abrasive Index 0.44 0.48 0.53 

Bond Index 
14.2 

kWh/t 

13.9 

kWh/t 

13.7 

kWh/t 
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Cost 
Ghȼ10 

326.0 

Ghȼ10 

107.9 

Ghȼ9 

962.5 

Gravity 

Concentration 
33.7% 42.8% 11.1% 

 

In general, considering the values on Table 4, PF 

0.88 will reduce the general cost incurred by the 

mine, reduce downtimes on the crusher plant and 

increase production. For the next continuous block 

to be mined at A-ZONE CUT 4, powder factor of 

0.88 could be used because it would bring great 

benefit to AngloGold Ashanti Iduapriem mine. 

 

4 Conclusions 

This research was carried out at AngloGold 

Ashanti Iduapriem Mine. The change in rock 

strength parameters induced by changes in powder 

factor during blasting and its effect on 

comminution circuit performance was considered. 

With respect to energy consumption cost and 

during grinding, using PF 0.72, PF 0.88 and PF 

0.96, the energies consumed and costs involved 

would be 9060.3 kW and Ghȼ10 326.0, 8 868.9 

kW and Ghȼ10 107.9 and 8 741.3 kW and Ghȼ9 

962.5. Since the energy consumption between PF 

0.96 and PF 0.88 is less than 1%, the energy 

consumption and cost incurred for PF 0.88 is said 

to be reasonably good With regards to abrasive 

index, PF 0.96, PF 0.88 and PF 0.72 were 0.53, 

0.48 and 0.44. This showed that the rock that was 

blasted with PF 0.72 was the hardest rock and 

should have been blasted with higher PF or the 

blasting parameters changed for a good 

fragmentation to be achieved. 

 

There was 2% decrease in primary crusher 

downtimes when PF 0.88 was used compared to 

using PF 0.96 and 8% decrease in primary crusher 

downtimes compared with PF 0.72. The crusher 

was more available and utilized better with less 

breakdowns for PF 0.88 and gravity recoverable 

gold was highest for PF 0.88 with 42.8%. Using 

PF 0.88 will also reduce general cost incurred by 

the mine and increase production. It recommended 

that, for continuous block at A-ZONE CUT 4 pit, 

powder factor of 0.88 could be used for optimum 

fragmentation to be achieved and this will as well 

prevent secondary handling. Also, Blasted and 

insitu rock materials should be regularly sent to 

the lab for analysis, to easily determine when to 

vary the powder factor for good fragmentation to 

be maintained. 
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