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Experimental Study on the Recovery of Useful Minerals Using
High Voltage Discharge Shock Pulse

Sangho Cho, Sangsun Jeong

Abstract Flectrical pulse disintegration(ED) is known as an efficient technology for recovering valuable
resources by inducing dielectric breakdown in solids to separate mineral interfaces in ores among the
crushing technologies by high voltage discharge. In this study, ED crushing experiment and mechanical
crushing experiment of sulfide minerals were performed, and SEM analysis and Microfocus X-Ray CT of
the crushed product were performed in order to analyze the disintegration characteristics of zinc minerals
exist in the sulfide minerals by the shock wave generated in the solid by high voltage discharge.

Key words High voltage pulse discharge, Dielectric fracture, SEM, Microfocus X-ray CT, Electric pulse
disintegration
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2. Electrical Pulse Disintegration(ED)
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3. Experiments
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(a) High voltage pulse discharge system

Fig. 1. Schematic diagram of high voltage pulse discharge system

(b) Discharge chamber
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(a) Impulse voltage generator
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(c) Typical high voltage and current waveforms

Fig. 2. High voltage pulse discharge equipment and roll crusher and generated pulse waveforms
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4, Liberation analyses of ore fragments

4.1 Definition of the degree of liberation(DOL)
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Fig. 3. Definition of the degree of liberation
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(a) SEM-BSE image

(b) Particles of sulfide mineral

(c) Particles of liberated sulfide mineral

Fig. 4. The density analysis of SEM and Microfocus X-ray CT image
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4,2 Estimation of DOL based on SEM—BSE images
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4.3 Estimation of DOL based on Microfocus X-ray
CT image
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(a) 14 mesh(-2~1.4 mm)

(b) 25 mesh(-1.0~0.71 mm)

(c) 45 mesh(-0.5~0.35 mm)

(d) 80 mesh(-0.25~0.18 mm)

Fig. 5. SEM-BSE images of roll crusher and ED samples(left: roll crusher, right: ED 3 layer)
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Table 1. Summary of the degree of liberation for roll crusher products

Mesh Particle size Area of sulfide mineral Area of liberated sulfide Degree of
(mm) (cm?) mineral (cm?) liberation (%)
14 2~14 4.013 0 0
18 -14~1.0 2.069 0 0
25 -1.0~0.71 2.388 0.314 13.14
35 -0.71~0.5 4.083 0.719 17.60
45 -0.5~0.35 5.349 2.800 52.34
60 -0.35~0.25 7.932 5.342 67.34
30 -0.25~0.18 3.832 2.901 75.70
120 -0.18~0.12 6.083 5.556 91.33
-120 -0.12 - - -

Table 2. Summary of the degree of liberation for ED products (3 layer)

Mesh Particle size Area of sulfide mineral Area of liberated sulfide Degree of liberation
(mm) (cm?) mineral (cm?) 0 (%)
14 2~14 22.907 8.905 38.87
18 -1.4~1.0 19.384 9.258 47.76
25 -1.0~0.71 18.514 9.631 52.02
35 -0.71~0.5 21.897 14.042 64.12
45 -0.5~0.35 18.560 14.455 77.88
60 -0.35~0.25 11.204 9.330 83.27
30 -0.25~0.18 8.605 7.891 91.70
120 -0.18~0.12 16.347 15.829 96.83
-120 -0.12 - -

(a) 3D image (b) XY axis image
ﬁ N - "

(¢) YZ axis image (d) XZ axis image

Fig. 6. Selected cross-sectional images from a 3 dimensional microfocus X-ray CT image
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Particles of liberated sulfide mineral

Particles of sulfide mineral

Microfocus X-ray CT image
(a) Slice number 52(height 1.95 mm)
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(e) Slice number 32(height 1.2 mm)

Fig. 7. Separation of liberated sulfide mineral particles for roll crusher products(25 mesh)
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(e) Slice number 42(height 1.58 mm)

Fig. 8. Separation of liberated sulfide mineral particles for ED 2 layered products(25 mesh)

s



“@a
-.-_"'i.- “
P T
g R
- SR

. L= e A
o el
L T

R
- h-"‘;-ul'\l "'
- &

(a) Slice number 72(height 2.70 mm)
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(d) Slice number 57(height 2.14 mm)
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(e) Slice number 52(height 1.95 mm)

Fig. 9. Separation of liberated sulfide mineral particles for ED 3 layered products(25 mesh)
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(e) Slice number 176(height 6.60 mm)

Fig. 10. Separation of liberated sulfide mineral particles for ED 4 layered products(25 mesh)



4.4 Comparison of DOL
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Fig. 11. Degree of average sulfide liberation with sieve size

Table 3. Summary of the degree of liberation
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5. Conclusions
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Degree of liberation (%)

Microfocus X-ray CT

Mesh
Roll crusher ED ED ED

2 layer 3 layer 4 layer
14 0 27.67 21.56 21.47
18 0 29.31 29.44 28.30
25 20.62 34.48 40.74 35.34
35 38.02 49.97 43.74 72.20
45 55.56 69.23 57.02 81.86
60 64.67 81.37 65.25 92.87
80 79.27 93.17 85.52 98.55
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