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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 TanakA 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 0.2~0.5g¢.

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

The main results are as follows:

(1) If the grain sice 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. ERFE -
Type Electro-Hydraulic Servo System
2.1 FEGIERIICK ZEERHEER Direction of Vibration Lateral
(1) BUBHR L Max. Loading Wt. 500 kg
BECIRE D L DR LR A I 5 2 5 % R Max. Acc. 1-0g
72 ORENLILIRROERI TR RO b o 2 BRI D Size of Table 1.0x1.0m
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Table 1 Sample concentrates &
T6 T7 . T5 [Ti~4
H la | Musoshi
Concentrate u%?lza a ucsﬁs ''| Kuga Fe
Appa\r/\c}lggigemﬁc 1.74 [1.24~1.30  2.08 £
Fe 4.86 9.02 44.0 150 S
Cu 2.57 33.5 0.31 P THERMO
SWITCH ACC. METER
Zn 52.18 0.04 7.12 ) ‘ P
Pb 4.38 0.25 0.02 !
Mu 0.70 0.02 0.03 ? i P PRESSURE TRANSDUCER
Chemical | SiO: 1.36 17.9 5.94 P gl AIR TEMP. &
Contents | Al;Os 0.08 1.87 1.27 @ o 8 HUMIDITY
0 g T3 | O |conTRoL
(%) CaO 0.11 0.01 2.45 Sid1a l EQUIPMENT
MgO 0.22 0.03 0.22 ¥ § }I\\L COMPRESSOR
S 30.96 16.0 32.5 = ] N T HERMO-coUPLE
ca THERMAL INSULATOR
0.15 _ - Fig. 1 Test vessel
KO — 4.17 —_—
NayO — 0.13 f —
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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 950 mm

(above Rolling Axis) Fig. 2 Heating apprtu
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Fig. 3 Thermo-couple attached to test vessel

Fig. 4 Pressure gauge attached to test vessel
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Fig. 6 Vibratory waves of accelerations and
pressures

Fig. 7 Granulation of pyrrhotite
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Fig. 8 Relation between settlement and
acceleration
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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 5 //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 9% 705 70£5 632 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
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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 RS s2 $3 s4
Frequency cpm 6 . 6 12 12 12 — — —
Amplitude +deg 20 30 20 30 20 — — S
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 % 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. V1 V2 V3 V4 Vs | V6 V7 | V8
Frequency Hz | 6 6 12 12 18 i1 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 1 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 % | 7242 | 68+3 | 70+10| 67+3 | 63 | 66+2 | 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 i ;
Table 5.2 Results of vibration test
Test 1 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 o v vs | va Vs | V6 V1 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+4 7942 77+£3 72.5 69+5 | 69+2 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
(156)
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Fig. 9 Example of variation in temperature (Vibration test V 1~2)
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Table 6 Change of water soluble components
Unit: mg/g/day (Except ¥)

Concentrate Huapzala Musoshi
Zinc Copper
Water Soluble SO, Zn SO; | Cu
T. No. R 1-2 1.09| 0.7110.45 | 0.28
» 3-4 — — | 0.06 | 0.06
” 5-6 0.53 0.53| — —
T. No. V 1-2 1.77 1.1110.13 ] 0.14
” 3-4 0.62 ] 0.40|0.07 | 0.03
” 5-6 0.44 0.22] — 0.02
” 8-8 1.06 ¢ 0.71| — —
T. No. S 0.19| 0.1070.18 1 0.10

#Ratios of T. No. R | ;3 | 2:2 | 0.3610.17

2 2 ) )
and Vo T. No. S 1 g5 1 111 |25 | 2.7

= AR T ORENTEIE L 7, Table 6 1T
InE, Fbo ORI FHEEROES, NAMIRER
A3y 0.2 mgfg/day, /Kt 4B 52 0.1 mg/g/day
OEIETHEINLTWw5, L LEINERDOEE, VvV
B Z REARE A D VA METRER AR X BfE T3 0.53~1.09
mg/g/day, IREHTIE 0.44~1.77 mg/g/day THLHL,
HEEROBE ST HATELRR 2.3~9.3 fEiThiK
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Table 7 Comparison of granular properties®
Load Concentrate Musoshi Cu Huanzala Zn
(kg/em?) hdomt““’Ck“%gzg 0 2.19 | 5.55 |10.37 | 0 2.94 | 5.45| 9.24 |11.08

Bu“‘])e“?gﬁnn3> 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
(%102 con?fem?) | B4-2 [ 30.0 [ 15.4 7.2 |24.7 |10.7 4.4 — —
Ave. Particle -
D, (om) | 11 20 39 84 24 56 136 — —
S
o
{ O 4Zn
> )
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o
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O
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0 | 1 | |
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Frequency (Hz)

Fig. 12 Relation between variation rate and Fig. 13 Movement on slope (Vibration test)

frequency of vibration
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Fig. 15 Results of stability test for slope
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Fig. 16 Relation between a and rest angle
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X omb D LEKIXND,

Wiz w3 Table 9 i3 EIRM T 1) 5 EREERZ R
L7ed DT, * Elaf) 727 — F X TEBINRATE
B ORIEED 25/l b D TH b, ZDOER
BB EAKGROWIMC X - THERENRKE LD,
F 7ok (EBR TR 3% RIE/KTRA) 2mL 2%
BiE, BRI OF— KRB EIT S A
WhIL7Z EBRBDOBNE, COERTHLNEE
HOFHEZ Fig. 17 LRT, GKTDEVWIC XSGR
DOEFFEBRAETOBRERIICIEDN TR D, K
I SAC X BB AT L WILEROBRETh o 2
ZEERTWLTVA,

B DI DITFESL & MERAY IR ORI L T 5 3
HTOMM OBRIGERTFZ2F~5 &, BEZX, HF

Table 8 Results of corrosion test

Temp. Depth Initial Moisture | Corrosion Rate Test Period
Concentrate °c cm o% 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 trat Temp. Depth Initial Moisture | Corrosion Rate Test Period
oncentrate °C cm % mm/year day
40 8 6.3 1.1 15~30
” ” 12.6 1.25 4
” ” 12.0 1.56 ”
Musoshi C
usosh “ (with Sea Water)
” 10 7.3 1.64 = 18
” 5 ” 1.07 ES "
10. 1.1 * 1
Kuga Fe 40 10 0.6 3
" 5 V4 1.0 ¥ ”
40 10 6.8 1.08 = 18
Bougainville Cu
” 5 ” 1.06 * 4
40 10 7.6 1.6 * 18
Gibraltar Cu
” 5 ” 1.1 * ”
40 10 7.9 0.4 * 18
Huanzala Zn
” 5 ” 0.3 * ”
(161)
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Fig. 17 Appearance of corroded specimens
(a) 6% moisture, (b) 12% moisture,
(c) 129 moisture (with sea water)
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Table 9 (R ERMHF TR 7 — & T2
L, ML 1.0~1.6mm/yr, REFEEEESLE 1.0
HRERNESE2Y 0.4 mmfyr DFREETH 5,
ZOXSWHEMICEEERD 5 ERO—2F pH iZ
I5dprEz5N%, Table 9 OFFLOFH 5 3§k
Mo pH 2RI U 2akE Ri, &Y VEEeins 3.7
& =T IR L, RO TRARERFE LD 5.0, FREAKS
$R1x 5.5 & 3 BORTRH—FBESRTHVI EEIRL
720 E7- pH OEEOMIT/KIEEOELE A 4 v b E%
LTWbbDEELZBNS, Tibb, Cu? A4V
IR RS A Ol Zntt A F ViR EMR
309 LRDOLNTHEY, REBRIRCS T D DY)
BB DEHELLND,

mm/yr,

(162)

4. H LM Z

AW IMCO (BURfvEE it o/
FEELTIHEINZLDOTHY, ThEZIF TR
MT23% 0 BV, WIRHEN % TN AT B IRIAZE
FREUFFTHELIZd D TH Do ARSI YN EY
U7 MRS & BRI D 5 LR BEOR 2 E LD
b DTHD. RUEDHINE, B A EERIILHE
BN D EISTIROME NS T 52 TH
o Te AL TE D BWF R LOMILREIR S, 28)
R, BEARCZOWCHFOREWIRIRE1G5 72D
IR D Xk 2 B E 355, 2 TR
FeFEBREIRGHT X 0 BTV R SR O Bk T R B [
HRZIBCCERIDEE LD, BONHEREPE
T 2EmDE>1TH B,

(1) BEs XCIREIDHSILORRILIC 5 2 5 &

i, FREEIC X - TREZD, KEOKEWLOD
T LEE O LAPRD B,

(2) Hoks®Es? TML BT ThhlE, K%
DEWEBREEPRI VW EE2R LT,
(3) SRRESLIBEMRL, KOYBOBINZ X -

CTHIM O EFEE I L 72 FRITHFRKDUEA
ML WEBRZO &,

DI, AROEBCE Y EFARE S R EEH
%, FIZEESEE, RRmEpRFmLLRE&Ece
RS EE, EBRMECERE L L CAELIEN
TIRNEERRCIE R B E2HV T, X5,
EERFE IO R OE TR FTBEREN O T 215
oo CTWHESHMBERTOIRETH %,

Z £ X #

1) HE—E fii, RBHEO M EmMED Relkic
B3 5 EMER, MAEATHIETHIE, 16% 45,
HEFIS54 427 B

2) HILOWEEIRIC 3515 A RIC T B AT
KRRIREE, BT, FR54483 1

3) HE—E fh, $ELIHEIC S MO BRI
W, AT, 13% 2%, W5l
43 1

4) WEREL, IRABEERIC X BRRIE T B O BF
%, AMFEKRETERE, 16565

5) GBI, @EBRHBAE, nTTEN
Biltk

NI | -El ectronic Library Service



