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Segregation of Granules by tapping
Kimio Kawakita, Professer

Yuhbun Tsutsumi, Professer

Chihiro Ikeda, Assistant

Avbstract

Experiments were carried out in which larger particles of glass bead
were fed in a glass cylinder and finer particles were poured above them then
the cylinder was tapped on a tapping machine, so that the layers of larger and
finer particles reversed the place. The variables investigated were the size
ratio of the particles, the weight ratio and the total thickness of the particle
layers.

When a mi ture of different kinds of particles was tapped, the particles
of heavier material moved upwards. A single large or heavy particle or
euen various shaped (other than sphere) substance could be made to rise to

the surface through a mass of fine particles.
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Fig. 2: Schematic diagram of apparatus used.

Fig. 1: Photograph of experimental A: Glass mess cylinder.
apparatus. B: Steel cylinder.
C: Electric magnet.
D: Cam.
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Fig. 3: Mixing and segregation phenomena of glass beads by tapping.

size ratio  size (mm)

A a: 2.1 2.0, 1.0
B.b: 5:1 1.0, 0.2
Ce: 10:1 2.0, 0.2
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Fig. 4: Effect of size ratio.
Variation of porosity is plotted as a function of the tapping
number. Larger particles 96g and smaller 24g.

size ratio size (mm)
A: 10:1 2.0, 0.2
B: 5:1 1.0, 0.2
C: 4.1 2.0, 0.5
D: 3:1 1.0, 0.34
E: 2:1 2.0, 1.0
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Fig. 5: Effect of weight ratio.

A—H show the weight ratio of larger particles to smaller.
Size ratio is 4 © 1

A: 7.1 E: 2:1
B: 5:1 F: 1:1
C: 4:1 G 1:3
D: 3:1 H: 1:5
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Fig. 6: Effect of weight ratio.
A—H are similar to those of Fig. 5. ratio is 10: 1,
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Fig. 7: Thickness dependence of particle layer.

® indicates the point appearing the first large particle on
the surface of smaller particle layer.
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Table 1. Segregation of granules of different specific gravity.

TRTCOBFCKBHOI S AR ER AR T-AE LT 5.
BNy = 4em, KRFE

Sample . . Size Tapping Total
Size ratio .
upper bottom (mm) number weight (g)

Glass bead Steel ball 1:2 5.35, 11.0 300 120
v Copper bal‘] 1:3 0.07, 0.20 1500 80
Copper ball L.ead ball 1:10 0.2, 2.0 5—6 80
Glass bead Lead ball 1:14 0.07, 2.0 130 80
1:2 1.50, 3.0 600 120

Tapping number shows when segregation is carried out.
Weight ratiois 1 © 1,
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Table 2 Movement upwards of a single large or heavy particle.

Si:
Sample Size ratio e Tapping number
upper bottom {mm)
1 : 26.8 0.20, 5.35 850
1:16.0 0.34, 5.35 600— 800
Glass bead Glass bead 1 :10.7 0.50, 5.35 500— 600
1: 5.35 | 1.00, 5.35 400—500
1: 5.50 | 2.00, 11.0 1000
" Steel ball 1: 2.0 5.35, 11.0 600
1: 2.25 | 2.00. 4.5 750
p d ball
Lead ba 101 4.76, 4.5 1000
1 :50.0 0.20. 10.0 500
" Rubber b
ubber ball 1 :10.0 1.00, 10.0 200
1 : 3.4 3.25, 11.0 1000
" Solder ball 1: 550 | 2.00, 11.0 500
1 :31.4 0.35. 11.0 100
1: 6.00 [ 2.00, 12.0 1000
” Cork ball 1 :24.0 0.50, 12.0 don’t rise
1:60.0 0.20, 12.0 don’t rise

Tapping number shows when the particle rises to the surface.
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Table 3 Movement upwards of a nonspherical substance.

Sample (bottom) C}Sl?zses(ml:ne)ads(u(pl‘?eor? Tapping unmber
1.0 don't rise
2.0 don’t rise
One yen Aluminum coin 1.0 460
0.5 385
0.2 688
2.0 610
Steel plate: *0, 4mm thick 1.0 298
1.3X1.6em? 0.5 598
0.34 477
Stainless steel box: 2.6g 5.35 380
1.4X1.6X1. 3 (em) 2.0 379
Iron stick: 0.6g 5.35 518
length 1. 6cm, diameter 3mm 2.0 462
Gl::is,s pipe: lf:ng.th 2.1cm 5.35 102
tameter, inside 5mm
. 2.0 253
outside 7 mm

Tapping number shows when the substance rises to the surface.
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Fig. 8: Diagramatic representation of riding effect of larger particle
over smaller one.
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