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Effect of substitution in dodecyl- cationic collectors on
flotation of aluminosilicates

XIA Liu-yin, ZHONG Hong, LIU Guang-yi

(School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: Flotation behaviors of gangue aluminosilicates was studied with four dodecyl-cationic collectors, which have
an N-containing polar group with different substitutions. Density functional theory (DFT) with B3lyp method at 6-31G(d)
level was also employed for optimizing the geometries of collector cations and calculating the atomic charges. The results
show that methyl group strengthens the electrostatic attractions, but reduces the H-bonds effect, while benzyl group can
make both electrostatic and H-bond effects strong. The theoretical results are identical with the results of the collectors
flotation tests. Collecting ability of the quaternary amine salts is better than that of dodecylamine and dodecyl bimethyl
amine. The quaternary amine salt containing benzyl group performs best, and it is little affected by pH value. Substitution
of N-containing polar group in amine collectors can impact the aluminosulicate minerals flotation.
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1
Table1 Chemical compositions of kaolinite, illite and
pyrophyllite 1%
SiO, 44.220 50.86 61.570
AL O3 37.660 32.93 31.100
MgO 0.093 0.30 0.013
CaO 0.074 0.80 0.810
TFe 0.540 0.29 0.180
TiO, 0.220 0.36 0.190
K,0 0.064 7.52 0.049
Na,O 0.049 0.18 0.120
1.190 0.63 0.350
14.790 5.04 6.530
12
XFG5-35 (
) 1 550 r/min
30 g 40 mL 30 mL
1 min HCl NaOH pH

3 min 5 min
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Fig.1 Structures of collector model with substitutions and molecular structures of four collectors
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Fig.3 Optimization geometries of four collectors with B3lyp method at 6-31G(d) level

2 4
Table 2 Optimized geometries of four collectors’ molecules /nm
N H
N—¥*C N—R' N—R? R! R?
DDA 0.153 5 0.102 8 0.102 8
0C—*H: 0.109 1
DMA 0.153 5 0.150 6 0.102 6 0C—*H: 0.108 9
0C—SH: 0.109 1
2C—SH: 0.109 1 FC—PH: 0.109 1
DTAC 0.153 9 0.150 7 0.1509 2C—*H:0.108 9 FC—H: 0.109 1
2C—SH: 0.109 1 ¥C—*H:0.108 9
¥C—H:0.109 3
HC—H: 0.109 2 SIC—"H: 0.108 8
DBDAC 0.153 4 0.150 3 0.1558 HC—SH: 0.108 9 B3C—"H: 0.108 6
HC—*H:0.108 9 IC—H: 0.108 6
2C—"H: 0.108 8
C 3 3 DDA DMA R!
R H ( 0.428 9 0.338 1 R’
) H 0.433 4 04085 N
DDA DMA DTAC DBDAC 0.731 8 0.483 1 N e
35C 36H
R' R? R!
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3

Table 3  Atomatic charges on substitutions and some selected atoms

R! R? N C H
DDA 0.559 4 0.428 9 0.433 4 -0.7318 35C: -0.226 5 °H: 0.231 4
3C:-0.177 3 3H: 0.206 8
DMA 0.601 6 0.338 1 0.408 5 -0.483 1 w0 o
C: -0.348 5 H: 0.234 2
3C: -0.153 3 H: 0.198 9
DTAC 0.610 4 0.3257 0.328 2 -0.369 2 4C:-0.3352 “H: 0.2253
38C:-0.3307 ¥H: 0.220 4
3C:-0.144 6 H: 0.193 7
8C:-0.254 5 ¥H:0.206 1
DBDAC 0.623 8 0.307 8 0.3822 -0.374 0 o o
C:-0.3398 H: 0.224 6
S71C: -0.116 6 H: 0.1752
I/NIY
0.102 8 nm 0.102 6 nm 3
C—H 0.109 1 nm C—H
( 0.109 8 nm) DMA
DDA [18] (1)
DMA DTAC R? H 4
2 1 4
R R N
N C C H
DDA DMA
RZ
pH pK.
DMA DBDAC
R? H
pH
DTAC DBDAC )
DTAC H (
C H ) DDA
¥Cc—*H DMA DTAC DBDAC
0.109 1 0.109 3 nm H
R? N
Rl
pH
R2
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