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ABSTRACT METHOD Considering a full-size mill of diameter 12m,
In this study, the Discrete Element Method (DEM) 1s employed to investigate DISCRETE ELEMENT METHOD (DEM) V,=53 m/s, Vg =14 mls, Py, =~ 85 — 140kpa

the dynamics of granular flow in a ball mill under varying operational DEM 1is a computational method that simulates the rotations, displacements, and E.; =100J/kg (0.03kwh/t)
conditions. The stress distribution within the mill is analyzed to provide insights contacts of discrete bodies/particles. This method can be used to study the i __ Kinetic and Blastic Strain Energy over Time _
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into regions of high-stress concentration that are critical for particle breakage. A motion of the charge (media and ore particles) In any commipution devi.ce. The | et Svei Energy| |
particle breakage probability function is developed based on the von Mises method tracks the motion ot each particle and models all particle-to-particle and 4 e ; | |
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breakage events. The results can inform the design of more efficient mills and Tompentil vieation
contribute to a deeper understanding of particle breakage mechanisms 1n model F.
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Global demand for net-zero energy transition requires more mining activities, of DETERMINE FORCES AND MOMENTS ' - | Soecific eneEffeCitn the mill 11001/530K Kinetic energy = 800J

which most of the ores are low-grade, so they need to be fine ground to liberate 2 P = 2 Fomt + ) Pt = n % THIing s ] P sy 5 Elastic strain Energy =300J
; : ; : . . =2.075J/Kg = 0.000576kwh/t

the desired minerals. However, as a unit operation, grinding and comminution l Sliding
contribute one of the highest energy consumption rates; the mining sector alone wmourestss ] F.i
was responsible for an estimated 1.8% of global electrical consumption in 2015. frow Tt T e PR T e
However, efficiency value can be as poor as 1%-2%, so reducing energy use l principal
Whlle. maximizing .grmdlng quality 1s of paramognt interest to the industry, — CONTACT MODEL N B <tresses
especially considering the current global economic and energy climate. Ball | | i
media milling is an extensively used grinding technique. To improve the Normal ForceF, = K,,S, + C,S, Tangential Force FT = min(Ft,|,

efﬁciency and performance of the mlll, Ww¢e Stlldy the grinding Proccss In this K, is the normal contact stiffness, defined previously for the linear hysteretic spring model in equation C,, is the normal
work usin g the Discrete element method. damping coefficient, S, is the contact normal overlap, S,, is the time derivative of the contact normal overlap
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F! is the contact normal force at time (t), Uy is the friction coefficient.

Stresss Distribution ) Distribution of Frictional and Collisional Work in the Mill
Critical minerals for the energy transition ' ' I i ; ; ;
el Frictional Work

Large gaps in the race to reach net zero =iy VON MISES, MAXIMUM AND MINIMUM PRINCIPAL STRESES e O —#— Collisional Work

. | i , R , generation
The world will need to substantially increase the production of critical minerals fo meet clean-energy demand.
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f 100 Infrastructure for the energy transition
The transition will require enormous volumes of traditional infrastructure commodities, such as N

Q020 2082 2044 2026 2028 2030 220 2072 2024 20E6 2028 AUE 2020 2022 2094 2026 2028 2080 steel, copper and aluminium. CONCLUSIOIJ
Parameter Symbol Value

S | R 4 1S stu emonstrates that particles are more likely to break due to grindin
S Dy T | e A This study d trates that particl likely to break due to grinding
o Mill Speed O 29 RPM | ——— I S | within the bulk of the flow, rather than from 1mpact at the surface of the charge.

Australia === Country - Single — blasting

+ oo comty- i Mill Filling f 40% | | B S N el The velocity profile across the charge reveals the coexistence of active and

+ Papua New Guinea ===Deposit - Single digging
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—Wordhverge  ==-Moel Mean il B Particle size X +32mm-50 mm | [ RSN o= passive regions, which influence potential breakage patterns. The active regions
— Particle density r S0k, TSI primarily drive surface impacts, while the passive regions are dominated by
e - ::::1’; i ?i\;:iensﬂe _ ' | — L frictional forces from grinding within the charge. DEM simulation results
Tranport | mMinerals strength strength) - —_— support hand calculation predictions, indicating that breakage is unlikely to
L e e - occur through impact. Instead, we propose that the stress conditions within the

soctiton| RESULTS AND DISCUSSIONS mill are the key drivers of particle breakage. [_
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Posesng) Hand calculations example of an ore in a mill b
separations | | V — T nmill®Wmill — 2 m/s FUTURE WORK - ]
More research will be conducted to calculate the b s
Viar =V (V127 +2gs) stresses and frlctlonal shear work 1n the mill: @

OBJECTIVES =5m/s * As the mill content changes. |
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* At various operational speed.
* Study stress distribution in the mill at different operational conditions. e At various mill filline rate SCAN ME
“ Develop a particle breakage probability function based on von mises stress
criteria and frictional shear work.
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