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Fig. 1 Solubility product of metal site on sulfide ore surface with
xanthate and hydroxide ion
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Table 1 Relationship of the periodic table distribution of metal ions in sulfide crystal lattice and the depressing performance order of

sodium cyanide
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Table 2 Solubility product of metal-ethylxanthate and metal
sulfide
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Table 3 Chemical formula and its nonpolar structure
255 5 R'C(S)NHC(0O)OR? 2R R'C(S)SC(O)OR’
IBECTC R'=CH,CH,, R’=CH,CH(CH,), EXF R'=CH,CH,, R’=CH,CH,
NBECTC R'=CH,CH,, R’=(CH,); CH, PXF R'=CH;(CH,),, R’=CH,CH,
AECTC R'=CH,CH,, R’=(CH,),CH, BXF R'=CH,(CH,);, R’=CH,CH,
IPECTC R'=CH,;CH,, R’=CH(CH,), IBXF R'=(CH,),CHCH,, R’=(CH,);CH,
EECTC R'=CH;CH,, R*=CH,CH, BeXF R'=C(H,CH,, R*=CH,CH,
SsBSF R' =CH,CH,CH(CH,), R’=CH,CH,
XBF R'=(CH,),CH, R*=(CH,),CH,
IPXF R'=(CH,),CH, R’=CH,CH,

® 4 EEUREE AN (CTC) 2557 T & LB RE 9L 5 e Bt R 4L
Table 4 Frontier orbital energy level and selectivity index of CTC-type reagents
] i 44 /%
R R HOMO/eV LUMO/eV - R Ael%
4 A WA
EECTC —6.7247 ~1.6149 83.2 38.2 2.178 (1) 45 (1)
NBECTC —6.7230 -1.6124 88.2 49.6 1.778 (2) 38.6(2)
AECTC -6.7217 -1.6121 91.1 583 1.563 (3) 32.8(3)
IPECTC —6.683 9 —1.5896 90.8 67.3 1.349 (4) 23.5(4)
IBECTC —6.7132 -1.607 2 90.6 81.3 1.114 (5) 9.3 (5)
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Table 5 Frontier orbital energy level and selectivity index of EXF-type reagents

R/ B R L R
RN HOMO/eV LUMO/eV oS oIS DHo8s SH103

EXF —6.884 6 —1.9872 1.692 (2) - 35 (3) 29 (4) 100 (3)
PXF —6.847 6 —2.0555 / 24 (4) 49 (3) 199 (1)
BXF —6.8427 —2.0607 / 3.7 (2) 50 (1) 102 (2)
IBXF —6.8367 —2.0533 2224 (1) ° / / /
BeXF —6.8182 —2.0949 / 8.0 (1) 50 (1) 73 (4)
sBSF —6.8057 —2.0136 / 1.8 (5) 1.5 (7) 24 (6)
IPXF —6.803 0 —2.0248 1316 (4) ° 13 (7) 19 (5) 24 (6)
XBF —6.8014 —2.0272 1373 (3)° 15 (6) 19 (5) 52 (5)
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Fig. 2 Frontier molecular orbital energy level of xanthate and
solubility product of metal-xanthate
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Theoretical Analysis of Flotation Reagent Performance
WANG Jizhen, JING Maochen, LIU Ruihua, HAN Shuo

College of Chemistry and Chemical Engineering, Xi’an University of Science and Technology, Xi’an 710054, China

Abstract: The influence of flotation regulators (such as lime, sodium sulfide, sodium cyanide and metal ion activator) on
mineral flotation and the relationship between collector structure and performance were studied. The results showed that
solubility product criterion and frontier orbital energy level parameters could be used to analyze the properties or structure-
activity relationship of flotation reagents, but should be paid attention to the study of mineral surface properties, non-
valence bond factors of flotation reagent properties and mineral-reagent interaction mechanism. By examining mineral
surface features, it has been determined that selective depression or activation of minerals by flotation regulator (such as
sodium sulfide, sodium cyanide, copper and lead metal ions) had a certain relationship with the valence electron
configuration of mineral lattice metal, which was consistent with or supplementary to the results of solubility product
criterion analysis. The interaction mechanism between minerals and reagents was examined using the solubility product
criterion and frontier orbital energy level parameters were used to study the relationship between hydrocarbon group
structure and xanthate properties. As a result, the primary and secondary relationships of hydrophobic factors, valence bond
factors and spatial geometric effects of xanthate ’s alkyl group structure on collecting performance were obtained. In
conclusion, it is difficult to fully explain the performance of flotation reagents with a single theoretical parameter. The
establishment of the coupled theoretical analysis system for reagent performance should be one of the key focuses of future
research.

Keywords: flotation reagent performance; solubility product; frontier molecular orbital theory; valence electron
configuration
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