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Mechanism of reverse flotation desilication for
bauxite by quaternary ammonium salt collector

YUE Tong, SUN Wei, CHEN Pan

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The flotation behavior and interaction mechanism of dodecyl trimethyl ammonium chloride (DTAC) and
tetrabutylammonium chloride (TBAC) with bauxite in the process of reverse flotation desilication were studied using
single mineral flotation test, the adsoption of reagents and molecular dynamics simulation. The results show that
compared with DTAC, TBAC can separate kaolinite and diaspore effectively at lower concentration and wider pH range.
Based on the molecular dynamics simulation, the adsorption models of TBAC and DTAC on kaolinite (001) plane were
constructed and optimized. Owing to the bigger head group and shorter hydrophobic group of TBAC, the contact area of
TBAC on kaolinite (001) plane is larger and the CH--O hydrogen bond is stronger than DTAC. In addition, higher
adsorption energy will be released when TBAC is adsorbed on kaolinte surface. The theoretical computations match
remarkably well with the experimental results. Therefore, it can provide a theoretical basis for exploring new reagent in
reverse flotation desilication for bauxite.
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Table 1 Chemical analytical result of pure mineral samples

Mass fraction/%

Sample ore
AlLO; SiO, Fe,0; TiO, CaO
Diaspore  80.98 0.78 0.29 2.84 0.01
Kaolinite 39.2 4367 032 198 0.01
Mass fraction/%
Sample ore
MgO K,O Na,0O H,O Ignition loss
Diaspore  0.046 0.007 0.025 14.06 14.500
Kaolinite  0.068 0.094 0.028 13.65 13.98
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Fig. 1 Size distribution curve (a) and XRD patterns (b) of

sample ore
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Fig. 2 Effect of pH value on flotation recovery rates of
kaolinite and diaspore with DTAC (a) and TBAC (b)
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Fig. 3 Effect of DTAC(a) and TBAC (b) concentrations on

flotation recovery rates of kaolinite and diasporein range of pH
5.0-5.5
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Fig. 4 Adsorption isotherms of DTAC and TBAC on

kaolinite and diaspore surface at pH 5.5 and 25 'C
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U AT (00 1) 1H PRI B A F BE 430 —1899.6 kJ/mol Al
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Fig. 5 Optimized adsorption models of DTAC (a) and TBAC

(b) molecules on kaolinite (001) plane

Table 2 Contacted area of DTAC and TBAC on kaolinite (001) plane and hydrogen bond length

Interaction distance of dipole/A

Collector Contacted area/nm’

H...O H...Si C...O C...Si N...Si
1.871 3.072 2.584 3.317 3.387

1.939 2.941 2.883 3.44 -

2.004 2.889 2.314 3.197 -

DTAC 0.3398 2.118 2.984 2.904 3.761 -

- 3.096 - - -

- 2.963 - - -

- 2.651 - - -

2.019 3.157 2.826 3.689 -

2.26 3.007 3.065 3.521 -

2.275 2.854 3.075 3.676 -

TBAC 1.1642 2.285 3.031 2.833 3.783 -

2.346 3.026 - 3.783 -

2.391 2.883 - 3.763 -

- 3.092 - 3.77 -
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Fig. 6 Hydrogen bonding interaction of DTAC (a) and TBAC (b) on

kaolinite (001) plane

%3 DTAC 1 TBAC X it A7(001) i W B FH g
Table 3 Interaction energies DTAC and TBAC on kaolinite
(001) plane

Ecomplex/ Ereagent/ Esurface/ AE/
Collector 4 4 4 4
(kJmol ") (kJmol ") (kJmol ") (kJ-mol )
DTAC —242271 —-179.451 243991 —1899.6
TBAC —241892  —118335 —243991 —2217.14
Ecomplex: Ereagent and Esurface stand for energies of

surfactant—mineral system, surfactant molecular and mineral,
respectively, and AFE is interaction adsorption energy of
collectors on mineral surface in energy becomes stable

condition.

56T DTAC W BT w41 (00 1) [T o PRI, TBAC X i
VAT RE 758 T DTAC

LEN F 2R, TBAC £ Bl A7 1 i I e
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DTAC ¥ 3.4 % HA 7= WA B P50, Tl TBAC 18
2 11 ROV B /N T DTAC LR )3 1 R B 4t
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