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Fig. 4 Partial density of states (PDOS) of hematite and its (001) surface: (a) O atom; (b) Fe atom
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Table 1 Mulliken atomic populations of hametite and its (001)

surface
Mineral Species s/e  p/e  d/e Total/e Charge/e
Fe 042 055 591 6.88 1.12
Hametite

1.87 487 0.00 6.74 —-0.74

Fe(1) 0.58 043 6.11 7.12 0.88

O2) 190 479 000 6.69 —0.69

(001) cleavage O(3) 1.89 483 0.00 6.72 -0.72
surface Fe(4) 0.46 0.51 6.09 7.06 0.94
O(5) 1.88 4.89 000 676 —0.76

Fe(6) 039 050 6.00 6.90 1.10
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Fig. 6 Adsorption models of molecules on (001)surface of hematite: (a) Starch; (b) H,O; (c) OH
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Table 2  Adsorption energy of molecule on (001) surface of hematite

Energy before adsorption/(kJ-mol ") Energy after adsorption/(kJ-mol ") Adsorption energy/
Reagent Mineral Reagent Mineral+Reagent (kJ-mol )
Starch 62367.998 336.433 62677.552 —26.879
Water 62367.998 0.0192 62362.237 —5.780
OH™ 62367.998 0.00373 62363.443 —4.559
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Table 3 Frontier orbital energy of hematite with starch, H,O
and OH"

Minerals or Frontier Orbital AE,/ AE,/

reagents orbital energy/eV eV eV
HOMO —5.002

Hematite - -
LUMO —4.682
HOMO =5.370

Starch 5.282 0.688
LUMO 0.280
HOMO —6.825

H,0 5963 2413
LUMO 0.961
HOMO 4.780

OH 14.760  9.462
LUMO 9.758

AE= |E(HOMOmineral)_E(LUMoreagem)| ; AE= ‘E(HOMOreagent)_
E(LUMOmineral) | .
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amylose and amylopectin on the depression of

First-principles of depressing mechanism of starch in
reverse-flotation of hematite

ZHANG Xing-rong, ZHENG Gui-bing, Al Jing, LIU Chong-jun, SHANG Yan-bo

(State Key Laboratory of Mineral Processing, Beijing General Research Institute of Mining and Metallurgy,
Beijing 100160, China)

Abstract: The crystal structure of hematite and its (001) cleave surface were studied, and their electronic structure

calculation were carried out by Materials Studio (MS) based on density functional theory (DFT). The effects of electronic

structure on the adsorption of depressant were investigated. And the competitive adsorptions of starch fragment, water

and hydroxyl ions on (001) surface of hematite were discussed. The results show that starch fragment is easier to adsorb

on the hematite surface than water and hydroxyl ions, and the adsorption of starch on hematite surface is mainly hydrogen

bonding, which matches with experiment results. The calculating results provide a fundamental theoretical basis for the

further development of new hematite depressants.
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