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ABSTRACT : To understand the effects of the powdered manganese nodule and sea bottom sediment
pumped up with nodules on the mining process, the shattering ratio of manganese nodule and their
physical properties are ananlyzed. The self shattering ratio and crushing shattering ratio are about 27%
and about 3%, respectively. Then total shattering ratio is about 30%. The initial turbidity of the pow-
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dered manganese nodule and the bottom sediment show high, i.e., about 3,100 and 1,850 respectively.
But their turbidities decrease rapidly with time. After 1 hour, turbidity of the powdered manganese
nodule drops to about 1,570 and that of the bottom sediment to 1,310. The turbidity of Na-bentonite
changes from 820 to 730 after 1 h and to 700 after 2 h. The viscosity of powdered manganese nodule
is 1.4~1.5 cP, and the viscosity of bottom sediment is less than 1 cP. The viscosity fo Na-bentonite
is initially 37.2 and increase with time to 86.4 cP after 30 min. The high initial turbidity of powdered
manganese nodule is due to dark color of the powder. The high specific gravity makes rapid
precipitation and then decreases the turbidity rapidly. The bottom sediment shows high initial turbidity
because of easy suspension with very fine particle size. But it cannot be hydrated and formed gel in
suspension, then it is easily precipitated. However Na-bentonite is hydrated to the expended state and
makes gel state, then it shows high turbidity and high viscosity. These physical properties of the
powdered manganese nodule suggest that the powder of manganese nodule should not make scaling
inside of lifting pipe or pump. And the bottom sediment lifted up with manganese nodule should not

play the role of drilling mud shch as Na-bentonite.

Key words : manganese nodule, deepsea sediment, shattering ratio, physical properties
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Table 1. Chemistry of manganese nodule and sea bottom sediment

Si0, ALO; TiO,

P205 Fe;O; MnO MgO CaO NazO

K0 LOI Cu Ni Co Zn

manganese

nodule 17.05

552 061 033 891 3506

sea bottom o, 3 1544 059

. 041 744
sediment

1.73

3.16

3.32

2.19 316 1.50 1488 0.69 1.04 021 0.10

1.40 526 279 1214 0.09 0.05 000 0.02

Na-Smectite

Cristobsite

Na-bentonite

L

Organic free Sediment

intensity

Raw Sediment

L 1 L H i 1l
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Fig. 1. X-ray diffraction patterns of sea bottoom
sediments and Na-bentonite.
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Table 2. Self shattering ratio by rotary mill

4 fAHHEY 295

J(m
oX

operating weight volumetric bulk size fracion (%) shattering

time (min) (g)  density (%) >4 mm 4~0.35 mm 0.35~0.088 mm <0.088 mm ratio (%)
R-01 13 1,233 10.75 75.42 0.45 0.36 23.76 24.13
R-12 15 1,224 10.75 71.10 0.16 025 28.49 28.73
R-15 15 1,248 1111 71.57 0.20 0.16 28.07 28.23
R-21 15 1,216 10.57 77.28 0.16 0.29 2227 22.56
R-02 13 1,943 18.06 73.08 1.16 1.18 24.57 25.76
R-13 15 2,049 17.65 70.05 0.32 0.44 29.19 29.63
R-16 15 1,931 17.24 73.53 0.31 0.65 25.51 26.16
R-22 15 1,947 18.06 76.00 0.51 0.33 23.15 23.48
R-03 15 2,470 24.09 70.12 0.20 0.67 29.01 29.68
R-14 18 2,602 23.64 67.25 0.40 0.79 31.56 32.35
R-26 15 2,718 24.54 73.40 0.61 0.57 25.42 25.99
R-04 25 1,187 10.75 75.82 0.29 0.34 23.55 23.89
R-10 25 1,282 11.11 89.73 0.39 0.27 9.60 9.88
R-24 25 1,262 10.57 72.53 0.36 0.28 26.84 27.11
R-05 25 1,817 17.65 79.23 0.41 0.69 19.67 2036
R-11 25 2,018 17.24 66.24 0.20 0.05 33.51 33.56
R-25 25 2,048 18.06 66.90 0.44 0.49 32.17 32.66
R-09 25 2,414 23.64 86.99 0.99 0.97 11.04 12.01
R-20 25 2,489 24.09 66.56 0.34 0.72 32.37 33.10
R-07 35 1,246 11.11 77.07 0.20 0.32 2241 22.73
R-18 35 1,306 10.75 72.74 0.31 0.23 26.72 26.95
R-27 35 1,282 10.57 69.40 0.16 0.19 30.25 3044
R-08 35 2,012 17.24 72.08 0.22 0.60 27.10 27.70
R-19 35 2,055 17.65 68.02 0.32 0.24 31.42 31.67
R-28 35 2,089 18.06 70.24 0.55 0.74 28.47 29.21
R-06 35 2,478 24.54 79.31 0.69 0.38 19.62 20.00
R-17 35 2,477 23.64 66.41 0.24 0.87 32.48 33.35
R-23 35 2,686 24.09 6291 047 0.86 35.77 36.62
average 0.40 0.50 26.21 26.71
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Table 3. Self shattering ratio by vibrating mill
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operating weight volumetric bulk size fraction (%) shattering
time (min) (g) density (%) >4 mm 4~0.35 mm 0.35~0.088 mm <0.088 mm ratio (%)
V-01 15 727 1145 7427 0.21 0.34 25.18 25.53
V-10 15 722 10.78 69.27 0.14 0.28 30.31 30.59
V-19 15 683 1045 71.78 0.15 0.29 27.78 28.08
V-28 15 672 11.11 67.70 0.30 0.37 31.63 32.00
V-04 15 1,078 17.83 69.12 0.14 0.23 30.51 30.74
V-13 15 1,103 19.35 70.73 0.18 0.41 28.68 29.09
V-22 15 1,054 18.59 84.48 0.24 0.62 14.67 15.29
V-31 15 1,003 17.46 75.81 0.15 0.20 23.84 24.04
V-07 15 1,476 26.71 79.95 0.10 0.61 19.34 19.95
V-16 15 1,411 25.85 77.24 0.11 0.32 22.34 22.66
V-25 15 1,519 27.59 71.44 0.07 0.46 28.03 28.50
V-02 25 696 11.45 72.12 0.22 0.50 27.17 27.67
V-11 25 725 10.78 71.55 0.14 0.14 28.18 28.32
V-20 25 607 10.45 75.84 0.25 0.41 23.50 23.91
V-29 25 697 11.11 78.95 0.22 0.29 20.55 20.83
V-05 25 1,143 17.83 66.03 0.13 0.35 3349 33.84
V-14 25 1,213 19.35 65.29 0.16 0.16 34.38 34.54
V-23 25 1,094 18.59 73.56 0.18 0.41 25.85 26.26
V-32 25 1,038 17.46 79.21 0.10 0.05 20.65 20.70
V-08 25 1,551 26.71 75.69 0.16 0.58 23.57 24.15
V-17 25 1,480 25.85 74.94 0.14 0.30 24.62 24.93
V-26 25 1,617 27.59 42.05 0.12 0.28 57.55 57.83
V-03 35 770 11.45 68.22 0.39 045 30.93 31.39
V-12 35 685 10.78 75.81 0.15 0.37 23.68 24.04
V-21 35 642 10.45 71.94 0.23 047 27.36 27.83
V-30 35 650 11.11 79.87 0.23 0.38 19.51 19.90
V-06 35 1,071 17.83 71.36 0.19 0.14 28.31 28.45
V-15 35 1,147 19.35 77.18 0.17 0.44 22.21 22.64
V-24 35 1,022 18.59 80.79 0.54 0.20 18.47 18.67
V-33 35 1,055 17.46 67.17 0.95 0.24 31.64 31.88
V-9 35 1,471 26.71 72.87 0.17 0.27 26.68 26.96
V-18 35 1,436 25.85 75.57 0.17 0.24 24.01 24.25
V-27 35 1,412 27.59 79.30 0.07 0.18 20.46 20.63
average 0.21 0.33 26.52 26.85
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Table 4. Crushing shattering ratio

P9 AgAEY 24 54

nodule size . size fraction (%) shattering
(mm) weight () — 4 mm  4~035 mm 035~0.088 mm < 0.088 mm ratio (%)
1 4,474 92.21 5.84 1.30 0.65 1.95
2 4,540 90.71 748 1.10 0.71 1.81
20~40 3 4,422 90.54 7.35 1.41 0.70 2.11
4 4,550 89.00 8.78 1.49 0.73 2.22
5 4,474 91.89 6.27 1.22 0.61 1.83
average 4,492 90.87 7.14 1.30 0.68 1.98
1 4,560 85.92 10.23 2.86 0.99 3.85
2 4,504 86.12 10.24 2.64 1.01 3.65
40~ 80 4,457 88.16 8.96 2.02 0.84 2.86
4,495 87.61 9.06 2.34 0.98 3.32
S 4,450 86.34 10.42 2.33 0.91 3.24
average 4,493 86.83 9.78 2.44 0.95 3.38
1 4,437 88.89 8.23 2.04 0.84 2.88
2 4,576 89.18 7.99 2.05 0.79 2.84
20~ 80 4,628 89.33 8.19 1.77 0.70 2.47
4,607 89.00 8.30 1.89 0.80 2.69
5 4,651 91.04 6.76 1.54 0.66 2.20
average 4,580 89.50 7.89 1.86 0.76 2.62
AR ASE 0 #A 2.6%2 R
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Fig. 3. Crushing shattering ratio with particle.
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Table 5. Acidity of powdered manganese nodule and sea bottom sediment

Acidity (pH)

initial value after stabilization after 24 h
powdered manganese nodule 8.2 8.9 8.9
raw sediments 8.4 8.4 7.7
organic free sediments 72 7.2 72
Na-bentonite 10.8 10.6 10.3
Table 6. Viscosity of powdered manganese nodule and sea bottom sediment
viscosity (cP : centi Poise)
initial 5 min 10 min 30 min
powdered manganese nodule 1.38 1.48
raw sediments less than detection limit (1 cP)
organic free sediments less than detection limit (1 cP)
Na-bentonite 37.2 40.8 72.0 86.4
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Fig. 5. Size distribution of sea bottom sediment.
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Fig. 6. Turbidity of powdered manganese nodules
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