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Experiments on the Spontaneous Heating of the

Sulphide Concentrates

—The Safety of the Special Bulk Cargo Transport at Sea—

Shoichi Narro, Kunihiko TaANAKA and Toshiaki SHIBATA

Summary

In order to investigate the effect of ship motion on the oxidation and the shifting of con-
centrates, the experiments were carried out by using the rolling and the vibration testing appratus.
In these experiments, concentrates were subject to the condition with an acceleration of 0.2~0.5¢.

Corrosion tests in concentrates were also made by using steel specimens.

The main results are as follows:

(1) 1If the grain size of concentrate is large, the oxidation of concentrate is influenced con-

siderably by rolling and vibration.

(2) When moisture content increases, the steel in copper concentrate is corroded severely.
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Table 3 Specifications of vibration test appratus

2. RBAE
Type Electro-Hydraulic Servo System
2.1 BRESITERBICL IBIERBER Direction of Vibration Lateral
(1) R Max. Loading Wt. 500 kg
B IRE S S DI LB 5 2 D E R L Max. Acc. 1.0g
I 72 OFAPHT BRI TR D bbb S BRI D Size of Table 1.0x1.0m
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Concentrate uazrillza a ngs ! | Kuga Fe
Apparent Specific &
Weight 1.74 11.24~1.30 2.08 Y
Fe 4.86 9.02 44.0
HEATER
Cu 2.57 33.5 0.31 ACC. METER
Zn 52.18 0.04 7.12 AR = '
Pb 4.38 0.25 0.02 =1
Mu 0.70 0.02 0.03 PRESSURE TRANSDUCER
Chemical | Si02 1.36 17.9 5.94 C‘> AR TEMP &
Contents | Al,O; 0.08 1.87 1.27 HUMIDITY
(%) O/ [conTROL
CaO 0.11 0.01 2.45 il |EQuiPMENT
MgO 0.22 0.03 0.22 \L COMPRESSOR
S 30.96 16.0 32.5 B\\ : THERMO=-COUPLE
THERMAL INSULATOR
Cd 0.15 - - Fig. 1 Test vessel
K.O — 4.17 — N
NaO — .13 —
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Table 2 Specifications of rolling test appratus

Type Electro-Hydraulic Servo System
Max. Loading Wt. 300 kg
Max. Rolling Angle +45 deg.
Rolling Period 2~20 sec
Size of Rolling Table 1.5x1.2m

Height of Table

(above Rolling Axis) 250 mm

Fig. 2 Heating appratus
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Fig. 4 Pressure gauge attached to test vessel
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Fig. 5 Model slope
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Fig. 6 Vibratory waves of accelerations and
pressures

Fig. 7 Granulation of pyrrhotite
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Table 4.1 Results of rolling test

Test Rolling (R) and Static Condition (S)
Concentrate Huanzala Zinc
Apparent Density : 1.74
Supplied Air 51/min
T. No. R1 R2 R3 R5 R6 R7 RS S1
Frequency cpm 6 12 20 6 12 12 12 —
Amplitude +deg 20 20 20 30 30 20 30 —
Initial Moisture % 1.1 1.1 1.1 2.6 — 5.2 5.2 2.5
Temp. in Vessel °C 38.0 37.4 40.6 41.7 40.3 41.0 41.4 40.0
Humidity in Vessel % 70+5 705 6312 65+5 69+4 68+3 66+3 65£5
Max. Temp. in Ore °C 36.2 36.1 42.2 37.4 41.7 40.8 41.6 42.2
Remarks

(155)



68

Table 4.2 Results of rolling test

Test Rolling (R) and Static Condition (S)
Concentrate Musoshi Copper
Apparent Density : 1.24~1.30
Supplied Air 5 /min

T. No. R1 R2 R3 R4 R5 S2 S3 S4
Frequency cpm 6 6 12 12 12 — — —
Amplitude +deg 20 30 20 30 20 — — —
Initial Moisture % 7.4 7.4 7.3 7.3 6.3 7.3 7.3 7.3
Temp. in Vessel °C 41.8 43.0 34.8 35.7 50.2 41.3 16.2 50.1
Humidity in Vessel 9% 72.6 61.9 76.6 74.2 —_ 71.7 54.7 —
Maq. Temp. in Ore °C 39.2 39.9 33.6 33.1 52.6 40.0 19.6 55.0

No Air
Remarks Supplied
Table 5.1 Results of viblation test

Test Vibration (V)
Concentrate Huanzala Zinc
Apparent Density : 1.74
Supplied Air 5.5//min

T. No. Vi V2 V3 v4 V5 V6 V7 V8
Frequency Hz 6 6 12 12 18 18 6 6
Lateral Ace. g 0.2 0.4 0.2 0.4 0.2 0.4 0.2 0.4
Initial Moisture % 3.4 3.4 3.5 3.5 3.3 3.3 4.6 4.6
Temp. in Vessel °C 40.0 41.9 40.8 41.1 40.9 40.8 40.2 40.8
Humidity in Vessel 9% 7212 68+3 7010 ¢ 673 63 662 69+2 65+2
Max. Temp. in Ore °C 39.0 41.9 40.4 43.3 40.2 41.6 39.8 40.5

Remarks

Table 5.2 Results of vibration test
Test Vibration (V)
Concentrate and Apparent Density: Musoshi Cu  1.24
Kuga Fe 2.08
Supplied Air 5 //min
Concentrate Musoshi Cu Kuga Fe

T. No. Vi V2 V3 V4 V5 V6 Vi V2
Frequency Hz 6 6 12 12 18 18 6 6
Lateral Acc. g 0.2 0.4 0.2 0.4 0.2 0.4 0.2 0.4
Initial Moisture % 7.2 7.2 7.5 7.5 7.1 7.6 10.0 10.0
Temp. in Vessel °C 38.7 39.4 40.1 41.5 39.1 43.1 30.5 31.2
Humidity in Vessel % 76+t4 79+2 77+3 72.5 69+5 692 64.2 64.7
Max. Temp. in Ore °C 41.2 41.4 40.5 41.6 40.1 42.8 30.0 34.3

Remarks
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Unit: mg/g/day (Except ¥)
Concentrate Huanzala Musoshi
Zinc Copper
Water Soluble SO, Zn SO; | Cu
T. No. R 1-2 1.09 0.71] 0.45 | 0.28
” 3-4 — — [0.06 | 0.06
” 5-6 0.53 0.53| — —
T. No. V 1-2 1.77 1.1110.13 1 0.14
” 3-4 0.62 0.40) 0.07 | 0.03
” 5-6 0.44 0.22, — 0.02
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*Ratios of T. No. R | 2,3 | £2 | 0-3610.17
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Table 7 Comparison of granular properties

Load Concentrate Musoshi Cu Huanzala Zn
(kg/fem?)| Moisture conzgzg 0 2.19 | 5.55 [10.37 | 0 2.94 | 5.45| 9.24 |11.08
Bulk Density
(g/cm®) 1.57 1.41 1.41 1.37 2.16 1.93 1.85 2.02 2.23
Void Ratio 0.550 | 0.574 | 0.534 | 0.506 { 0.473 | 0.490 0.477) 0.369 | 0.272
0.21
Surface Area
(10 comtfomsy | 542 [80.0 | 15.4 7.2 247 [10.7 4.4 | — —
Ave. Particle
Diam. (pm) 11 20 39 84 24 56 136 — -
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Fig. 12 Relation between variation rate and Fig. 13 Movement on slope (Vibration test)
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Table 8 Results of corrosion test

C trat Temp. Depth Initial Moisture | Corrosion Rate Test Period
oncentrate °C cm % mm/year day
40 10 — 1.7 11
Musoshi Cu 37 20 — 1.55 ”
36 30 — 1.05 ”
34 10 — 2.3 11
Kuga Fe 32 20 — 15 ”
29.5 30 — 1.0 ”
Table 9 Results of corrosion test
C trate Temp. Depth Initial Moisture | Corrosion Rate Test Period
oncentra °c cm % mm/year day
40 8 6.3 1.1 15~30
” ” 12.6 1.25 ”
» ” 12.0 1.56 ”
Musoshi C
Hsosi " (with Sea Water)
4 10 7.3 1.64 % 18
” 5 ” 1.07 EY ”
40 10 10.6 1.1 * 18
Kuga Fe
” 5 ” 1.0 * ”
40 10 6.8 1.08 * 1
Bougainville Cu 8
” 5 ” 1.06 =* ”
40 10 7.6 1.6 *®
Gibraltar Cu 18
” 5 ” 1.1 * ”
4 1 . .
Huanzala Zn 0 0 79 0.4 * 18
” 5 ” 0.3 * ”

(161)
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Fig. 17 Appearance of corroded specimens
(a) 6% moisture, (b) 129 moisture,
(c) 1295 moisture (with sea water)
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