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Abstract: The reserves of
nickel-molybdenum ore

resources are very rich in China.
However, the existing processes

suffer from lots of shortcomings,

Leachate

such as low recovery rate of

valuable metals, environment 1000°C

pollution of sulfur dioxide and —

Smelting product

large reagent consumption. A

new clean metallurgical process
that Ni—-Mo ore
alkaline-reduction smelting and

Resistance furnace

water leaching was proposed in

this paper. Under the conditions of alkaline medium and strong reducing atmosphere, nickel in nickel-molybdenum
ore was reduced to high grade nickel—iron alloy and molybdenum was converted to soluble molybdate. On the basis
of theoretical analysis, a new clean metallurgical process with two steps of alkaline-reduction smelting and water
leaching was proposed to recover Mo and Ni from nickel-molybdenum ores adopted from Zunyi city of Guizhou
province. The effects of various parameters, including the dosage of sodium carbonate, smelting temperature, the
dosage of reducing agent and smelting time, on the direct recovery rate of nickel and leaching rate of molybdenum
were investigated by single-factor experiments. Under the optimum conditions, the enlargement experiment was
carried out. The results showed that under the conditions of alkaline medium and strong reducing atmosphere, nickel
in nickel-molybdenum ore was reduced to high grade nickel—iron alloy while molybdenum was converted to soluble
molybdate. The optimum conditions were obtained as follows: the Na,CO3 consumption was double of the theoretical
amount, the smelting temperature of 1000 ‘C, the reductant consumption of 5wt% equal to Ni-Mo ore dosage and the
reaction time of 90 min. The recovery rate of nickel reached up to 94.92%, the volatilization rate of molybdenum was
9.36%, the leaching rate of molybdenum was 99.94% and the sulfur capture capacity was close to 100%. Finally,
nickel-iron alloy and molybdenum leaching solution were obtained and nickel and molybdenum were separated
effectively.
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Table 1 Chemical composition of Ni-Mo ore
Component Mo Ni S O Fe Si Ca Al Zn P As C
Content/wt% 5.46 3.78 29.0 16.78 18.3 10.23 3.18 1.53 3.17 1.20 0.89 6.46
500 R2 EMHNLERS
M m FeS, Table 2 Chemical composition of coke powder
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Fig.1 XRD pattern of Ni-Mo ore
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Fig.2 Principle flow sheet of separation nickel and molybdenum
from Ni—Mo ore by alkaline-reduction smelting
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Fig.3 The relationship of Gibbs free energy change and temperature for relative reactions
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Table 3 Input-output balance of main elements in the process
Element Input/g Output/g Error of input and output
Concentrate  Soda Total Alloy  Leaching residue Leaching solution Total Absolute deviation/g Relative deviation/%
Ni 75.6 - 75.6 71.8 4.1 0.1 76.0 0.4 +0.56
Mo 109.2 - 109.2 0.02 0.1 98.9 99.0 -10.2 -9.36
S 580.0 - 580.0 0.5 290.0 3175 607.5 27.5 +4.74
Fe 366.0 - 366.0 28.7 366.5 0.3 365.5 -0.5 —-0.13
Na 1.1 17358 17369 - 132.7 1460.2 1592.9 -144.0 -8.29
As 17.8 - 17.8 15.3 0.5 1.5 17.3 -0.5 -2.92
Si 204.6 - 204.6 - 88.8 111.7 200.5 —4.1 -1.98
Ca 63.6 - 63.6 — 64.0 0.2 64.2 0.6 +0.91
x4 AENUERD
Table 4 Chemical composition of alloy
Component Ni Fe As P S Mo Co
Content/wt% 61.59 24.61 13.10 0.004 0.41 0.025 0.26
*® 5 RHMENFAR
Table 5 Chemical composition of leaching residue
Component Mo Ni Zn Fe S Na Si Ca Al As
Content/wt% 0.004 0.234 2.818 19.10 16.46 7.529 5.040 3.630 0.463 0.030
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Table 6 Chemical composition of leaching solution

Component Mo S Si Na Ni K As Fe Ca
Content/(g/L) 4.54 15.56 5.26 71.83 0.007 0.41 0.07 0.01 0.01
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Fig.8 XRD pattern of smelting slag
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