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Actual Ship Tests on the Safety of the Special
Bulk Cargo Transport at Sea
——On the Spontaneous Heating of the Sulphide Concentrates——

By
Kazuhiko OHNAGA, Masayuki TSUCHIYA
and Kunihiko TANAKA

Summary

With regard to the spontaneous heating of the Sulphide Concentrates at the sea
transport, the surveys were carried out by the actual ship tests, and the effects of the
prevention of heating were discussed.

The temperature in concentrates, the temperature and the humidity of air, and the
gas components of O;, CO;, CO and SO, were measured in the holds loading concentrates
in the three tests of the two different type ships. Compaction of the concentrate piles
by bulldozer, and covering the concentrates by plastic sheets were conducted in order to
confirm the prevention of heating in the 2nd test.

It is recognized that the spontaneous heating of the concentrates changes with the
condition of the navigation and the kinds of concentrates. Especially, it is assumed that
the movements of concentrates particles on the slope of the pile oxidize the concentrates,
and accelerate heating. Accordingly, the compaction method has the best effects of the
prevention of heating, and the covering method is the second. It shall be appreciated
that compaction, covering and close of the ventilators are used at the same time.

Although the temperature of concentrates at about 25 cm depth is maximum, the
phenomena of heating of concentrates are irregular, the probability density function of
the temperature is logarithmic normal distribution.

1. ¥ZMNE

Wk bk 8L (Sulphide Concentrate) %, #i, 3
8, &, XISSOWREAEBEL, FRiki &
STHRONIEMETH Z, < ORI T D OFfHE
Zad, EIEYRNCREESHEROSD EEN
Zicd, MBI S L TR N 2 G TRILR

* BRER

JRRSSEAT  BRFN544E 3 H22H

ZHEL, BLOBAICERKTZC EBHEND L
DUTD, ABIFEIE, EEOREILEX S OREEN
AR U CRRCRARE AR T 2 & & bic, Rk
HUBEK, MORTRRESSRERG R DRR%S
DOTHRHENA L BDTH %,

TEHRDREER & HEFIT L D, MR OREIEORLF
REBIGIEERE, MERTEITL, BREEMEKIcBOLTX
SREDAEL, FBBIEEHEDISH 50 REIC
Lo TRETLZELEEONIBBERBD Y 7 v 7 DT

(209)




42

PERERIEZODPTY, b T3, LichiaTH
BRRESH, BESH, RUORENB~0ERDOR
BEEFCIVBIRBEARDPERASNLHDELED
N3,
TIOMMAEOREPIEAREE LT, RERIIBEE
HEOIeHIGEEAE X T HESRESNTED, 4l
ZRBRICHRE LI AROBERRK ALY 5720
REEBRADORERES T EBTON TN LI TH
%o L L, BERDLABIEDPEEZB STedicy
— METHEELICY, EAENACHEEST 2 5%E05%
B2 EENTVD, MEADHILICOWTHER
DT EBTFREN, BEETI LV IGER & 28
U, 35098, BEEATIFSRESLTENS
P, Zh o OEBHIPLHRAITELSED TSI, B

REBEASLTHIIN, 58, EEOBLHLOD
i, a—na—n, RESEZEEYSLDENHEE
HEShiBlbH 39,

2. EBRAE

FHEORRE LI T —4 v EvEiEeE, 7 v
H 5 DES KR VENEILTH - T, Tablel it/RTE3
BlOEMEREIT >, TH O DRESLIZOBEICEA
SN AWEORKRABODTH 5035, 135~ EHR
g cHmXsh, BIESENEEDNE 00,
LEY, POKRICELFEDEAMTHE SN
B4 TH 5, Tablel it IFWEMOFERZHEYD, X
S OBEBESOMEERL, ¥/ Fig. 1 Kid#H
EMOEKREE %, Fig. 2 KREEORKER LI,

Table 1 Principal Items of Ship Tests

1st Voyage 2nd Voyage 3rd Voyage
Name Bougainville-Maru Norway-Maru
Type Bulk Carrier (Single Decker) Flash Decker (Third Decker)
M M
Lpp 158. 00 141. 00
B 23.50 21.00
Ship D 12.80 12.50
d 9.42 8.87
G.T. 14, 397 8,858
D.W. 22,150 10, 825
Main Eng. Diesel 8,300 PS x 144 RPM Diesel 10,000 PS x 120 RPM
Owner Sanyu Kisen, Ltd. Kawsaki Kisen, Ltd.
Papua New-guinea _ South America _
Course (Bougainville) Japan (Peru) Japan
50.12. 7 51. 3.21 ~
Dates* ~50.12. 16 ~51. 3.30 51.11.28~52. 1. 4
Kind Bougainville Copper Huanzala Zinc | Huanzala Lead
g | Loading Amount 21,434 21,376 3,505 1,002
S (ton)
i
3} Number of Holds
g Loaded 4 4 1 1
S
fapacities of Holds 14,769 14,769 1,933 1,004
Remarks

* Dates of Measuring from Loading to Unloading
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Table 2 Holds Dimensions and Loading Conditions

A No. of Dimensions (m) Capacities| Wt. of
Voyage Ships’ Name Hold LXBXD Concentrate(ton) Remarks
1st Bougainville- 1 26.4%13.0,711.2X10.5 3,561 5,397.73 Cu
Maru 2 | 28.0%x v | 3,73 5,381. 03 "
3 ” ” ” ” 5,473.21 ”
4 ” ” ” ” 5,183. 34 ”
Total — 14,769 21,435. 31 —
2nd Dito 1 5, 405. 19 Cu
2 Dito Dito 5, 425.62 ”
3 5, 268. 95 ”
4 5, 276. 47 ”
Total — 14, 769 21,376. 23 —
3rd Norway-Maru 1 17.8X — X — 1,004 1,001.9 Pb
4 22.5%21.0X — 1,933 3,504.6 Zn
Total — 3,027 4,506.5 —

Table 3 Trimming Conditions of
Concentrate (2nd Voyage)

No. of Conditions at 2nd. Voy.
Hold Trimming Ventilators

1 open

1 no 1 close

2 no 2 close

3 covered 1 open

compacted under
4 hatchway _ 2 close
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V Flg. '8 Pile of Concentrate in Hold
(1st Voyage)

g 9 Sheet Coermg of Concentrate

(2nd Voyage, No. 3 Hold)

Fig. 10 Compacting of Concntrate
(2nd Voyage, No. 4 Hold)

Fig. 11 Compacting of Concentrate

(8rd Voyage, No. 1 Hold)
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Table 4 Basic Characteristics of Concentrates

\ Concentrate Bougainville Cu Huanzala Zn Huanzala Pb
Mineral Species (%)\\ (porphyry copper) (vein type) (vein type)
Chalcopyrite CuFeS, 72.6 3.0 4.4
Bornite CusFeS; 2.5 0.5 1.8
Covellite CuS 0.6 0.2 0.3
Chalcocite Cu,S 0.3 — -
Enargite Cu3AsS, <0.1 — 0.2
Tenantite CugAsS; <0.1 0.2 0.5
Molybdenite MoS, 0.3 - -
Sphalerite ZnS 0.1 82.9 35.3
Pyrite FeS, 7.5 6.1 2.6
Hematite Fe 04 <0.1 — -
Galena PbS — 1.1 53.2
Gangue Minerals 16.1 6.0 1.7

Total 100. 0 100.0 100. 0
Chemical Component (%)
Cu 28.15 2.57 2.20
Fe 26.97 4.86 2.30
Zn 0.13 52.18 8.21
Pb 0.020 4.38 63. 44
S 30.90 30. 96 16. 98
Mn 0.007 0.70 0.07
S{0N 6.18 1.36 1.17
Al,O, 1.10 0.08 0.15
CaO 0.60 0.11 0.03
MgO 0.42 0.22 0.02
Cd ’ — 0.15 0.03
Other Components Mo, K, Ti, Ni, K, Ni, Ag, W,
(by X-ray Fluorescence Analysis) Ag, Sr, Cr,
Specific Heat (cal/g+deg) 20°C. 0.107 20°C 0.117 25C 0.0704
60 0.112 30 0.121 50 0.0734
50 0.124 75  0.0759
70 0.126
Heat Conductivity 20°C 0.18 20°C 0.18 50°C 0.23
(Kcal/m-<hr«deg) 60 0.22 60 0.16
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Fig. 23 Pile of Concentrate in Hold
(Right; After Loadiong, before Navigation)
Left; Before Unloading, after Navigation
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