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Table 1 Effects of functionals on crystal lattice parameters of
CuFeS, and PbS

Mineral Functional ~ Crystal lattice parameter/A
GGA-PWI1 a=b=5.21, ¢=10.25
GGA-PBE a=b=5.21, ¢=10.24
Chalcopyrite
GGA-RPBE a=b=5.33, c=10.24
GGA-BLYP a=b=5.37, ¢=9.99
GGA-PWI1 a=b=c=5.933
GGA-PBE a=b=c=5.939
Galena
GGA-RPBE a=b=c=6.013
GGA-BLYP a=b=c=6.072
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Fig. 1 Band structure(a) and partial density of states (PDOS)(b) of chalcopyrite
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Fig. 2 Band structure(a) and partial density of states (PDOS)(b) of galena
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Fig. 3 Comparison of PDOS of atoms on chalcopyrite (101)

surface: (a) S atom; (b) Fe atom; (c) Cu atom



846 hEA SR R

2017 4F 4 A

3
e (a) Ey
> 2 —S-3s
= A —S-3p
o] Galena crystal [/ \p |
g 1y 7o
2 J \ v
9 o J \ - \
5 0 : o
Q -
5 3
% — S-3s
S 2t Surface A S-3p
z A
2 1t '
o /
A - 7 "

0 " i . g A _ ey

-15 -10 -5 0 5 10
Energy/eV

~3 '
L (b) 20
¢ 2t —— Pb-6s
5 Galena cry starl\ gy Pb-6p
§ H :{ v
< 7l f WJ\/\/\,},M
20 : /it
g3
ez —— Pb-6s
; 2+ e Pb-6p
g 1 Surface ."j\““‘\».
2 M)

0 N N Vs UV APRAUN

=15 =10 <=5 0 5 10 15 20
Energy/eV

4 7N A (100) 21 i1 73 A R LR

Fig. 4 Comparison of PDOS of atoms on galena (100) surface:

(a) S atom; (b) Pb atom
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Table 2 Mulliken atomic population of chalcopyrite and

galena

Mineral ~ Species s/e ple d/e Total/e Charge/e

S 1.82 436 0 6.19 -0.19
Chalcopyrite  Fe 037 053 691 7.8l 0.19
Cu 058 050 9.73 1081 0.19

S 1.93 4.74 0 6.67 —0.67
Galena

Pb 191 142 10.00 1333 0.67

0.67e; Pb Jii 1 ERHLFHCY 1333, Hrp s B’k 2%
0.09¢, p HiEKZ: 0.58¢, FHilK2: 0.67e. £ 3 sl
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A4 031, 048, 0.42, IXUEHHLERAIN ik, S—
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Table 4 Frontier orbital energy of mineral and thioglycolic

acid
Mineral Frontier Orbital AE\/  AEy/
reagent orbit energy/eV eV eV
HOMO —5.880
Chalcopyrite 4.397 0.683
LUMO -5.072
HOMO —6.950
Galena 5.467 4.806
LUMO -0.949
HOMO —5.755
TGA - -
LUMO —1.483

3 BTN BT R Mulliken A fi %L
Table 3 Mulliken bond population of chalcopyrite and galena

Mineral Bond Population Length/A
S—Fe 0.48 2.178
Chalcopyrite
S—Cu 0.31 2.390
Galena S—Pb 0.42 3.009
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) HOMO #UE % 240 ¥) ) LUMO #UiE, TGA 2%
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Table 5 Fermi energies of mineral and thioglycolic acid

Mineral reagent Fermi energy/eV

Chalcopyrite —5.789
Galena —4.035
TGA —3.985
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Depressing mechanism of copper-lead separation by
density functional theory method

ZHANG Xing-rong, LIU Chong-jun, ZHU Yang-ge, ZHENG Gui-bing, SHANG Yan-bo, HAN Long, Al Jing

(State Key Laboratory of Mineral Processing, Beijing General Research Institute of Mining and Metallurgy,
Beijing 102600, China)

Abstracts: In order to discuss the separation mechanism of copper-lead ore, the crystal and surface electronic structures
of chalcopyrite and galena were studied, by density functional theory (DFT), based on quantum chemistry. The results
show that differences of the electronic structure of chalcopyrite and galena could directly affect their floatabilities, such
as band structure, density of states, Mulliken populations, and so on. And the frontier orbitals of chalcopyrite and galena
were also calculated, from which the interaction energies between minerals and TGA were obtained and compared. So,
the essence of flotation separation of copper and galena were well revealed.

Key words: density functional theory; chalcopyrite; galena; depressant; separation
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