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Comprehensive utilization of
copper, tungsten and tin polymetallic tailings in Bolivia
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Abstracts: Tin tailings in Bolivia contains Cu (grade of 0.84%), WO; (grade of 0.64%) and Sn (grade of 0.84%), the
copper mineral is predominately present in chrysocolla, but some copper minerals are output in form of solid solution
with tungsten and tin mineral. Tungsten is predominately present in wolframite. Tin is predominately present in cassiterite.
Adopting chlorination segregation method makes copper mineral phase change, but tungsten and tin mineral phases don’t
be changed, thus the copper mineral is separated from tungsten and tin minerals. After the chlorination
segregation-flotation-high intensity magnetic separation-gravity separation, and metallurgy process condition experiment
of comprehensive utilization of copper, tungsten and tin, the optimal technological parameters are obtained as follows:
the segregation temperature is 950 °C, segregation time is 45 min, calcium chloride dosage is 3%, coke dosage is 3%,
primary grinding fineness <74 um occupies 95%, magnetic field intensity of high intensity magnetic separation HA=1.0T,
and secondary grinding fineness <<38 um occupies 95%. Under the optimal conditions, the copper concentrate with Cu
grade of 25.04% and copper recovery of 83.19%, tungsten concentrate with WO; grade of 60.22% and tungsten recovery
of 64.26%, tin concentrate with Sn grade of 40.11% and tin recovery of 65.59% are gotten, respectively, which realizes
the comprehensive utilization of valuable metals of copper, tungsten and tin from tin tailings in Bolivia.
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Table 1 Spectrum analysis results of samples
Element fralc\:/tliaostj/% Element fralcz/tlii)stj/%
Ag 0.002 Mn 0.4
Al >8 Mo 0.60
As 0.03 Ni 0.02
B <<0.001 P <0.1
Ba <<0.04 Pb 0.06
Be <<0.001 Cr 0.05
Bi <<0.001 Si >>10
Ca 4 Sn 0.25
Cd <<0.001 Ti 0.3
Co 0.005 \Y% 0.06
Cu 0.5 w 0.4
Fe 2 Zn 0.08
Ga 0.001 In <<0.01
Ge <<0.001 Ta <<0.003
Mg 2 Nb <<0.01
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Table 2 Chemical composition analysis results of samples

Composition M_a 58 Composition M.a 58
fraction/% fraction/%

Cu 0.86 MgO 5.56

WO; 0.64 SiO, 28.12

Sn 0.26 Al,O4 12.63

Fe 5.26 CaO 8.12
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Table 3 Copper mineralogical phase analysis results of
samples
Composition Mass fraction/ Percentage/
% %
TCu 0.86 100.00
Dissociation copper oxide 0.063 7.33
Combination copper oxide 0.78 90.70
Protogenesis copper sulphide 0.01 1.16
Secondary copper sulphide 0.007 0.81
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Table 4 Tungsten mineralogical phase results of samples Table S Tin mineralogical phase analysis results of samples

Composition Mass fraction/% Percentage/% Composition Mass fraction/% Percentage/%
TWO 0.64 100.00
’ TSn 0.26 100.00
Tungstite 0 0
. Cassiterite 0.254 97.69
Wolframite 0.62 96.88
Scheelite 0.02 3.12 Acid tin 0.006 231
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Table 6 Embedded characteristics and content analysis results of ore and gangue

Mineral Molecular formula Granularity/mm Mass fraction/%
Chrysocolla (Cu, Al),H,S1,05(OH)4nH,0 0.003-0.02 14
Wolframite (Mn, Fe)WO, 0.005-0.06 5
ore Cassiterite SnO, 0.006—0.08 2
Limonite Fe,O5;:nH,O 0.02—0.08 2
Quartz SiO, 0.1-1 43
White mica KAI,[Si;Al0;(](OH,F), 0.1-3 16
Sericite Kos5-1(Al, Fe, Mg),(SiAl),0,o(OH),-nH,O 0.08-1 4
Gangue
Anorthite CaAl,SiOg 0.5-2 5
Calcite CaCO;, 0.1-1 6
Fluorite CaF, 0.1-0.6 2
RT R HT
Table 7 Granularity analysis results of samples
Size distribution/ Production rate/ Grade /% Distribution rate/%
pm % Cu WO, Sn Cu WO, Sn
154-300 5.26 0.84 0.49 0.22 5.14 4.03 4.44
100-154 7.12 0.79 0.58 0.25 6.55 6.46 6.83
74-100 4.68 0.86 0.62 0.26 4.68 4.54 4.67
45-74 12.84 0.81 0.64 0.26 12.10 12.85 12.81
3845 19.68 0.85 0.66 0.27 19.47 20.31 20.40
19-38 32.15 0.88 0.65 0.27 32.92 32.68 33.32
0-19 18.27 0.90 0.67 0.25 19.14 19.13 17.53
Total 100.00 0.86 0.64 0.26 100.00 100.00 100.00
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Fig. 1 Mineral separation and metallurgical combination flowsheet of chlorination segregation-flotation-high intensity magnetic

separation-gravity separation
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Fig. 2 Experimental flowsheet of copper flotation
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Fig. 3 Experimental results of segregation temperature
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Table 8 Experimental results of optimizing condition of copper flotation
Product Productivity Gradelv. Recovery/%
Cu WO; Sn Cu WO; Sn
Copper concentrate 2.86 25.04 0.06 0.04 83.09 0.27 0.43
Tailings 97.14 0.15 0.66 0.27 16.91 99.73 99.57
Total 100.00 0.86 0.64 0.26 100.00 100.00 100.00
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Fig.8 Experimental flowsheet of recovering tungsten and tin from flotation tailings
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Table 9 Experimental results for grinding fineness of recovering tungsten and tin from flotation tailings
Grade/% Recovery/%
Grinding fineness Product Productivity/%
Cu WO; Sn Cu WO; Sn
Copper concentrate 2.86 25.04 0.06 0.04 83.33 0.27 0.44
Tungsten concentrate 0.87 0.06 46.22 0.08 0.06 63.08 0.27
<74 ym Tin concentrate 0.55 0.05 11.22 30.78 0.03 9.68 65.20
occupying 95% Middlings 1.20 0.06 9.60 2.65 0.08 18.07 12.25
Tailings 94.52 0.15 0.06 0.06 16.50 8.90 21.84
Total 100.00 0.86 0.64 0.26 100.00 100.00 100.00
Copper concentrate 2.86 25.04 0.06 0.04 83.34 0.26 0.44
Tungsten concentrate 0.72 0.06 54.67 0.07 0.05 61.69 0.19
<45 pm Tin concentrate 0.46 0.06 10.98 35.16 0.03 7.92 62.23
occupying 95% Middlings 1.51 0.05 8.98 3.89 0.09 21.25 22.60
Tailings 94.45 0.15 0.06 0.04 16.49 8.88 14.54
Total 100.00 0.86 0.64 0.26 100.00 100.00 100.00
Copper concentrate 2.86 25.04 0.06 0.04 83.36 0.27 0.43
Tungsten concentrate 0.62 0.06 61.56 0.06 0.04 59.64 0.14
<38 um Tin concentrate 0.39 0.05 10.03 40.22 0.02 6.11 59.63
occupying 95% Middlings 1.81 0.05 8.89 4.22 0.11 25.14 29.04
Tailings 94.32 0.15 0.06 0.03 16.47 8.84 10.76
Total 100.00 0.86 0.64 0.26 100.00 100.00 100.00
Copper concentrate 2.86 25.04 0.06 0.04 83.36 0.27 0.44
Tungsten concentrate 0.54 0.06 62.04 0.05 0.04 52.12 0.10
<19 um Tin concentrate 0.31 0.06 9.86 41.55 0.02 4.75 49.70
occupying 95% Middlings 2.01 0.05 7.61 5.01 0.12 23.80 38.85
Tailings 94.28 0.15 0.13 0.03 16.46 19.06 10.91
Total 100.00 0.86 0.64 0.26 100.00 100.00 100.00
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Table 10 Experimental results of magnetic field intensity of recovering tungsten and tin from flotation tailings

Magnetic field Product Productivity/% Oradelt Recovery™
intensity/T Cu WO, Sn Cu WO, Sn
Copper concentrate 2.86 25.04 0.06 0.04 83.28 0.27 0.44
Tungsten concentrate 0.55 0.05 62.11 0.04 0.03 53.58 0.08
Tin concentrate 0.42 0.05 11.22 39.26 0.02 7.39 63.50
06 Middlings 1.56 0.04 8.52 4.16 0.07 20.85 24.99
Tailings 95.16 0.15 0.12 0.03 16.60 17.91 10.99
Total 100.00 0.86 0.64 0.26 100.00 100.00 100.00
Copper concentrate 2.86 25.04 0.06 0.04 83.36 0.27 0.43
Tungsten concentrate 0.62 0.06 61.56 0.06 0.04 59.64 0.14
Tin concentrate 0.39 0.05 10.03 40.22 0.02 6.11 59.63
08 Middlings 1.81 0.05 8.89 4.22 0.11 25.14 29.04
Tailings 94.32 0.15 0.06 0.03 16.47 8.84 10.76
Total 100.00 0.86 0.64 0.26 100.00 100.00 100.00
Copper concentrate 2.86 25.04 0.06 0.04 83.37 0.27 0.44
Tungsten concentrate 0.67 0.05 60.45 0.07 0.04 63.29 0.18
Tin concentrate 0.40 0.06 1.24 40.64 0.02 0.77 62.73
b0 Middlings 1.83 0.05 9.90 4.16 0.11 28.31 29.38
Tailings 94.24 0.15 0.05 0.02 16.46 7.36 7.27
Total 100.00 0.86 0.64 0.26 100.00 100.00 100.00
Copper concentrate 2.86 25.04 0.06 0.04 83.37 0.27 0.43
Tungsten concentrate 0.72 0.05 58.22 0.08 0.04 65.91 0.22
Tin concentrate 0.41 0.05 7.65 40.01 0.02 4.93 62.37
b2 Middlings 1.72 0.05 9.04 4.01 0.10 24.45 26.22
Tailings 94.29 0.15 0.03 0.03 16.46 4.44 10.76
Total 100.00 0.86 0.64 0.26 100.00 100.00 100.00
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Table 11 Experimental separation indexes of whole flowsheet

Grade/% Recovery/%
Product Productivity/%
Cu WO, Sn Cu WO, Sn
Copper concentrate 2.86 25.04 0.06 0.04 83.19 0.27 0.45
Tungsten concentrate 0.68 0.07 60.22 0.06 0.06 64.26 0.16
Tin concentrate 0.42 0.04 1.22 40.11 0.02 0.80 65.69
Tailings 96.04 0.15 0.23 0.09 16.73 34.67 33.70

Total 100.00 0.86 0.64 0.26 100.00 100.00 100.00
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Fig.9 Whole experimental flowsheet of comprehensive recovering copper, tungsten and tin
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Table 12 Electron probe composition analysis results of Cu

products mineral before and after roasting (mass fraction, %)

Wolframite Cassiterite
Composition  gefore After Before After
roasting  roasting roasting  roasting

Cu 0.261 0.023 0.237 0.041

Sn 0.006 0.009 5.563 6.332

W 12.632 14.783 0.032 0.056

Fe 8.162 8.325 1.042 1.156

Mn 1.061 1.226 0.009 0.012
Total 22.122 24.336 6.883 7.597

B 10 WA K SEM 14

Fig.10 SEM images of phase change of Cu mineral: (a), (b) Before roasting; (c), (d) After roasting
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