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[ Introduction @ }

« Comminution consumes up to 50% of concentrator energy

* It is challenging to prediction its performance due to heterogeneous ore mineralogy, texture

and breakage behaviour

» Conventional comminution models rely on trial-and-error lab tests, ignoring mineralogical

effects

« Therefore, we aim to link mineralogy, comminution and Monte Carlo simulation to forecast

energy requirements and mineral liberation
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{ °° Geological Context @ }

a b

» Drill cores were collected from Impala Bafokeng and subjected them into multi-stage mineralogical and

chemical analysis
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oo Workflow
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o Automated Mineralogy: TIMA Results

(a) Bulk Mineralogy (b) Pre-comminution mineralogy (c) Post-comminution mineralogy
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» Pyroxenes and feldspar are the most dominant silicates, accounting for 91.2 wt.%, 87.4.0 wt.% in Ore A and Ore B,

respectively.
* Pre-comminution mineralogy provides inherent ore texture and shows that PGMs are hosted in sulphide minerals.

» Post-comminution mineralogy shows that sulphide minerals are liberated.

UNIVERSITY OF THE (")
WlTWATERSRAND,l%% s Mﬁmw

JOHANNESBURG 6 . . ..




Mineral Properties and Their Influence in Comminution

(a) Mineral Properties Comparison (b) Correlation Map of Mineral Properties
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 Influence of mineral properties in comminution in decreasing order: Fracture Toughness > Mohs

Hardness > Specific Gravity
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» Unsupervised ML mineral grain segmentation accurately mapped ore texture (green contours) and used BGMM auto-K

to cluster grains based on there Boundary gradient < 0.10; Intensity difference < 0.05 and LBP texture difference <
0.08
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Mineral Morphometric Analysis
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* Ore Ahave wider ECD (10—350) and more circularity index compared to Ore B with ECD ranging from 10 to 260
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Comminution Laboratory Tests

(a) Ore A (b) Ore B
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« Ore Ais more resistant to comminution than Ore B, with 75% vs 85% passing 75 pm in 40 min
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{ Calculated Rod-Work Index }
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Monte Carlo Simulation

Monte Carlo: Specific Energy vs Pgg
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Monte Carlo: Liberation vs Pgg
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[ Mineralogy-Comminution Insights ]

Microscopic observations allows for prediction of large-scale comminution behaviour

Uniform and circular grains in Ore A promote consistent breakage; Ore B’s irregular grains promotes

selective fracture
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{ Conclusion & Takeaways }

Integrating mineralogy, comminution and probabilistic modelling enables data-driven
optimisation of energy use and metal recovery

‘ o The approach promotes accurate comminution prediction and informs downstream ore
processing
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