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Background

Primary Crushers Secondary Crushers
Run of -
mine ore
>1000 mm <100mm <10 mm
Microwave 173 kWh/t
treatment - —_— SO
Metals recovery / \
e Concentration [ Tertiary Crushers \
Flotation, Gravity concentration <100 pm
* Hydrometallurgy <

Leaching, Electrolysis, Precipitation

* Pyrometallurgy
Smelting, Refining

* |nduced micro fractures and cracks in the ore
* |ncreased liberation

 Reduction of the work index
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Proposed flow sheet
o |
L_“m!\

Jaw Crusher

-25mm + Smm

Coarse heap leaching

Heap Leach

Pregnant solution

”——-~~

e ~71~3 kWh/t ~

Dissolved metal
recovery

* Develop optimal energy efficient flow sheet for exploiting microwave induced

grain boundary fractures
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Objectives

1. Ascertain the microwave treatment response of

Gamsberg Zinc ore

2. Develop and apply methods to measure and quantify

microwave induced damage

3. Determine the downstream heap leaching benefits of

microwave treatment




Methodology- QEMSCAN

] Absorbent

- Poorly_heated

|:| Transparent
Mineral (wt. %) MT (Haque,1999)
Sphalerite 16.0 Difficult to heat
Pyrite 34.2 Heats readily
Gangue 45.7 Does not heat
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Microwave treatment

MT material
Microwaves
=, i .
/
. /
E-field \
~Ag
Size (mm) | Forwardapplied Reflected power |Time | Actualenergyinputintoore
power (kW) (kW) (sec) sample (kKkWh/t)
(-25+19) 5.92 0.93 1 211
(-16+9.5) 5.50 0.53 1 2.65
(-5+4.75) 5.56 0.71 1 2.37

e 6 kW power supply,
* 2.45 GHz microwave transmission system
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Methodology- X-ray CT

X-Ray Microtomography System

Specimen

Micro-focus
X-Ray Source
2D Detector

Rnlm.innal
Axis
Density g/cm3 Effective atomic
number Ze
Pyrite 5.01 22.06
Sphalerite 4.05 27.15
Quartz 2.62 14.42
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X-ray CT results

Gangue Pyrite Sphalerite

Left (-5+4.75) mm HPGR crushed, right 3D crack view, (A- untreated, B-microwave treated)
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X-ray CT results

. Gangue D Pyrite D Sphalerite
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X-ray CT results

Connected
cracks
(yellow)

Small Medium Large
(-5+4.75) mm (-16+9.5) mm (-25+19) mm
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X-ray CT results

interphase
cracks

Macro fracture
from dehydration

grain boundary
fracture




Crack volume %

X-ray CT results

B Before microwave treatment B After microwave treatment
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(-5+4.75) mm (-16+9.5) mm (-25+19) mm

HPGR crushed particles

Mean crack volume values and standard deviation for HPGR
crushed particles before and after microwave treatment
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Leaching results
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E 40% leaching
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0%
0 50 100 150 200 250 300
Time (Day)
Microwave untreated —= Microwave treated

Cumulative Zn recovery of HPGR (-5+4.75)mm crushed particles
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Leaching results

B Microwave untreated B Microwave treated

100%
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Zn recovery

(-5+4.75) mm HPGR  (-16+9.5) mm HPGR  (-25+19) mm HPGR

Overall Zn extraction after 270 days of column leaching

1 XXVl Intermational Mineral

Processing Congress




Conclusions

 Gamsberg Zinc ore is amenable to microwave treatment

at economical microwave treatment levels (1~*3KWh/t)

* A methodology for quantifying microwave induced

damage has been developed.

* Significant improvement in coarse heap leaching
mineral recovery due to microwave treatment (15% to

20% increase in heap leach recovery)
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Thank you

“The most efficient way to break rock, is not to break rock at al

IH

Dr Rob Morrison, JKMRC

Source: Elizabeth Lewis-Gray, Chairman, CEEC Presentation to SAIMM, February 2012
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