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Abstract— For the flash-smelting process for copper production, a fundamental optimization model pre-
dicting the minimum operating cost and optimum operating conditions was developed. The model is
based on the Outokumpu process, which includes mass and heat balances with energy and cost equation.
The effects of the amount of industrial oxygen input, hydrocarbon fuel, the percentage of copper in
concentrates, the matte grade, and the cost of electricity on the operating cost can be determined from
the model. The model predictions showed that for the flash-smelting of 25%Cu concentrates the minimum
operating cost is $ 9.22/(ton concentrate) with the optimum matte grade of 65%Cu, and with the optimum

concentration of 53.4% O of the blast.
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Fig. 1. Flow sheet of flash smelting®.
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Table 1. The temperatures of feeds and products
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Cncentrate 298
Flux 298
Recycle dust 298
Matte 1,500
Slag 1,550
Off-gas 1,600
Dust out 1,600
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Table 2. The compostions of dusts.

Table 3. Recoverable heat in Off-gas(MJ/kg).

dust leaving dust recycled to

furnace furnace
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% Fe 16 (as Fe;0,) 8 (as Fex(SO0y)0)
% S - 19
% Si0, 20 10
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1714 X;=Cu,S in matte
XJ#FeS in matte
X,=FeO in slag
X;=Si0; in slag
X,=S8i0; in Flux
Xs=recycle dust into furnace
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o17] 4, Xx»=Cu leaving the converter
X,=mass of FeO generated in the converter
Xs=mass of the silica entering the converter
Xx=mass of the silica leaving the converter
X»=0, entering the converter
X%=N, entering the converter
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Xss=heat generated in converter and availa-
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o§7]4, Xy=flash furnace off-gas
Xa=flash furnace infiltration
X =converter off-gas
Xa:2= converter infiltration
Xis=the energy required to clean the off-gas
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Fig. 2. Conceptual structure of the optimization model®.
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Table 4. The example of optimum condition obtained
by the optimization model.

Variable Valve (1/ton  Variable Value(1/ton
concentrate) concentrate)
Cu,S 39250 kg FeS 90.31 kg
MATTE 482.81 kg FEO 284.75 kg
SISLG 15333 kg  SLAG 438.07 kg
SIFLX 8233 kg DUSTIN 69.07 kg
DUSTOUT 3453 kg  FFO, 27844 kg
FFN:IN 24252 kg FFN,OUT 24252 kg
FFSO, 44817 kg  CO, 0.00 kg
H,0 0.00 MJ] FUEL 0.00 kg
HBLAST 0.00 M] FFHL 353.60 kg
FFIND 219.11 M]  FFOG 690.68 kg
FFINF 17267 M] OGHEAT 625.30 kg
CVCU 31400 MJ] CVFEO 74.06 kg
CVSIIN 2890 MJ  CVSIOT 2890 kg
CVO, 12817 MJ  CVSQ, 22383 kg
CVN, 35504 MJ CVBLST 48321 kg
- CVOG 57887 M] CVINF 1157.14 kg
CVHL 96.64 M] REVTO 193.13 kg
CVMJRV 19313 M] CVREV 193.13 kg
EXREV 0.00 M] CVIND 21.76 kg
TOTIN 24087 MJ TOTOG 2711.61 kg
0,0G 336.00 M]  AIRADD 111.65 kg
KWHO, 84.30 kwh KWHCV 17.75 kwh
KWHESP 15.60 kwh KWHACD 116.78 kwh
KWHTOT 23443 kwh CSTKWH 11.72 &
CSTFUL 0.00 $ CSTBST 000 $
CSTREV 0.00 $ CSTTOT 1172 §
COST 922 §
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U= Ashe shae] okdl ARl G Fu Z

20

Cost, $/Ton Concentrat

Motte Grode, Mass®% Cu

Fig. 3. The effect of matte grade on the processing
costs.
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Fig. 5. Effects of the Cu% in concentrate on the proce-

ssing costs.
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Fig. 6. Effects of industrial oxygen input on the fuel
consumption.
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