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Optimization of operational parameters for
flash smelting process based on orthogonal experiment
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Abstract: With an continuous increasing in the productivity and smelting intensity of the copper flash smelting furnace,
distributions of physical fields, such as the temperature field and concentration field in the reaction shaft change
significantly, and the matching scheme of operational parameters for different air flows becomes more and more
important. Based on the orthogonal design method, the simulation study was carried out to investigate the effects of
operational parameters of the main three air flows (i.e. the process air, the distribution air and the central oxygen) on the
mixing and reaction process in the reaction shaft. The simulation results show that the distribution air velocity has more
significant effect on the mixing and reaction process compared to the other two air flows. The smelting efficiency of the
optimal case is further improved, of which the dust generation rate can be controlled around 3.2%, and the residual
oxygen in the flue is nearly zero.
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Fig. 1 Schematic diagram of simulation model of copper
flash smelting furnace: (a) Geometry of copper flash smelting

furnace; (b) Geometry of CJD burner
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Fig. 2 Schematic diagram of grid division of copper flash

smelting furnace
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Table 1 Results of gas temperature and residual oxygen at different grid sizes

Average gas temperature in

Convergence

Gas temperature at Mass fraction of

; reaction shaft outlet residual oxygen
r/D Tgflillbgz ;d time for
calculation/h Value/K Relative Value/K Relative Value/% Relative
error/% error/% error/%
0.0723 131 709 62 1 857 5.27 1743 2.05 2.32 11.54
0.054 2 164 115 68 1 786 1.25 1715 0.41 2.10 0.96
0.0362 251762 83 1813 2.78 1723 0.88 2.03 2.40
0.027 1 359504 98 1 764 0 1 708 0 2.08 0
r: Grid size; D: Diameter of reaction tower.
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Table 2 General equation in form of Cartesian coordinate Table 3 Constants in equations
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Table 4 Particle distribution and mean diameter

Minimum Maximum  Mean e Distributed
. . . Distribution
diameter/ diameter/ diameter/ index interval
pm pm pm number
11 240 132.5 1.35 10
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CuFeS;. CuS. FeS. Fe;04v SiOy, 2FeO-Si0, 5%, H
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Table 5 Composition of concentrate fed into reaction shaft
(mass fraction, %)
CuFeS, Cu,S FeS Si0, 2Fe0-Si0,
62.9 1.3 5.6 15.8 14.0
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Table 6 Reactions model of flash smelting process

Smelting process Number Reaction

Decomposition of

1 2CUF€Sz+Oz—>CUZS+2F€S+SOZ
concentrate

2 3F€S+502—>F€304+3SOZ

Oxidizationand ~ 3~ 2CuST30:22Cw0+280,
reduction 4 FeS+3Fe;0,—10Fe0+S0,

5 3Cu,0+FeS—6Cut+FeO+S0O,

Slagging reaction 6 2FeO+Si0,—Fe,Si0,
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Table 7 Orthogonal experiment table

Test Process air Distribution air ~ Central oxygen
No. speed/(m's ") speed/(m's ") speed/(m's ")

1 70 215 110

2 70 184 88

3 70 154 66

4 70 123 44

5 80 215 88

6 80 184 110

7 80 154 44

8 80 123 66

9 90 215 66

10 90 184 44

11 90 154 110

12 90 123 88

13 100 215 44

14 100 184 66

15 100 154 88

16 100 123 110

RO RAEMZE T

Table 9 Range analysis of residual oxygen

R8T RETTED L

Table 8 Mass fraction of residual oxygen in flue at outlet

Test Mass fraction of Test Mass fraction of
No. residual oxygen/% No. residual oxygen/%

1 0.77 9 1.42

2 2.74 10 1.03

3 2.88 11 5.49

4 3.01 12 5.84

5 1.75 13 0.71

6 3.49 14 3.55

7 1.55 15 4.70

8 431 16 5.30
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Fig. 3 Change of O, mass fraction in outlet flue under three

P1 P2 P3P4

factor-settings

. Mass fraction of residual oxygen/% Range/
Technique — — — — o
L L Ls Ly Ly L, Ly Ly &
Process air speed 9.40 11.10 13.78 14.26 2.35 2.78 3.45 3.57 1.22
Distribution air speed 18.46 14.62 10.81 4.65 4.62 3.66 2.70 1.16 3.45
Central oxygen speed 6.30 12.16 15.03 15.05 1.58 3.04 3.75 3.76 2.18
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Table 10  Operational parameters of two simulation cases

Test Feeding Process air Distribution Central oxygen

capacity/  velocity/  air velocity/  velocity/

(th™  (ms™) (ms™) (ms™)
SC 182 90 184 88
oC 182 70 215 44

R AR TLURE R RO

Table 11 Diameter of gas column at different cases

Height away from Diameter of gas column/m
shaft roof/m SC ocC
2 2.4 2.6
3 3.0 32
4 33 3.5
5 3.7 3.7
6 3.7 3.7
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Fig. 4 Velocity contours of gaseous phase in cross-section of reaction shaft: (a) SC; (b) OC
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Fig. 5 Temperature contours of gaseous phase in cross-section of reaction shaft: (a) SC; (b) OC
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