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Fig. 1 Chemical structures of OHA(a) and OA(b)
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Fig.2 Molecular and anion optimized models for OHA and OA: (a) OHA; (b) OHA; (c) OA; (d) OA™
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Table 1 Structural parameters of OHA molecule and anion

) Bond distance/A Bond angle/(°)
Specie
01=C3 02—N4 N4—C3 C6—C3 02—N4—C3 N4—C3—01 02—N4—C3—01

CgH;7NO, 1.23 1.40 1.37 115.37 119.46 13.06

CgH,(NO;, 1.26 1.32 1.34 128.99 127.02 1.39
&2 OA T MHIIE TR ZE
Table 2 Structural parameters of OA molecule and anion

Bond distance/A Bond angle/(°)
Specie
049—C47 048=C47 C47—C44 049—C47—0438
CisH340, 1.359 1.211 1.513 122.292
C,sH4;NO, 1.259 1.255 1.581 129.778
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Table 3 Orbital energy parameters for different forms of

OHA and OA

Specie Epomo/au.  Epgmo/a.u. Enomo-Lumo/a.u.
CgH|;NO,  —0.23688 0.00885 0.24573
CgH (NO,  0.04985 0.19338 0.14353

CisH3,0,  —0.23356 0.01231 0.24587
C,sH;;NO;  —0.00470 0.08646 0.09116
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Fig.3 Molecular orbital diagrams for different forms of OHA and OA
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Table 4 Dipole moments for different forms of OHA and OA

OHA/OA molecular or anion Dipole moment, x/Debye

CgHNO, 3.12
C4H,(NO; 12.23
C18H3402 1.51
C,gH;3NO; 42.42
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Table 5 Mulliken charge values for different forms of OHA and OA

Mulliken charge value Mulliken charge value
Specie Specie
CgH;7NO, CgH({NO; CisH340, C,sH3;;NO;
10 —0.533624 —0.663089 22C —0.101632 —0.107250
20 —0.520149 —0.651439 23 H 0.115711 0.104529
3C 0.580806 0.537517 24C —0.103861 —0.097077
4N —0.324042 —0.247428 47C 0.576448 0.535380
5H 0.345307 0.237943 480 —0.461866 —0.643476
28 H 0.425583 490 —0.571506 —0.633729

@

Zl4 OHA. OA 5 Ca®/Ce’ B T S o7 Jig i At fh 45 A i 3
Fig. 4 Optimized model of OHA, OA combined with Ca**/Ce** ions: (a) OHA+Ca?"; (b) OHA+Ce*"; (c) OA+Ca*"; (d) OA+Ce**

#£ 6 OHA 5 Ca¥/Ce™ RBiT G L 2 5381k

Table 6 Geometric parameters changes of OHA before and after reaction with Ca®"/Ce’*

Bond length/A Bond angle/(°)
OHA State
O1—C3 02—N4 C(C3—N4 Ol——Ce/Ca 02—Ce/Ca N4—C3—01 02—N4—C3

Before reaction 1.26 1.32 1.34 127.02 128.99
CgH,(NCaO;

After reaction 1.29 1.36 1.32 223 2.19 119.41 122.86

Before reaction 1.26 1.32 1.34 127.02 128.99
CgH,(NCeO3"

After reaction 1.31 1.37 1.32 2.16 2.09 112.56 115.50

7 OA L Ca'/Ce’ BTG LI S HUE
Table 7 Geometric parameters changes of OA before and after reaction with Ca®"/Ce**

Bond length/A Bond angle/(°)

OHA State
048—C47 049—C47 048—Ce/Ca 049—Ce/Ca 049—C47—048
Before reaction 1.255 1.259 129.78
C,gH;,Ca0;
After reaction 1.285 1.29 2.277 2.254 119.84
Before reaction 1.255 1.259 129.78

CgH3;Ce03"
After reaction 1.294 1.30 2.249 2.245 116.00
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WIS A Re 2Rk OA HIK, I WA 47
e oy B kB L OA 55 .

# 8 OHA. OA 5 Ca®'/Ce¥ B T4 &g
Table 8 Binding energy between OHA, OA and Ca**/Ce**

ions

. Interaction
Interaction
Ton Total energy/ enerav/ energy
(kJ-mol ™) (kJ~m§¥l) difference,
AE/(kJ-mol ™)
Ca®! —1777113.94
ce*t —1243612.27
CgH (NO3™  —1364337.40
CgH,(NCaO}  —3142911.16  —1459.81
2 1516.05
CgH (NCeO3*  —2610925.53  —2975.86
C,gHy;NO;  —2248188.92
CgH3;3Ca0;  —4026946.55  —1643.69 S0124
CgH33Ce03"  —3494246.12 —2444.93 '
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Fig. 5 Effects of OHA and OA dosage on flotation recoveries
of bastnasite and fluorite (pH=9)
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DFT calculation of octyl hydroxamic acid and oleic acid and their
flotation performance comparison on bastnasite and fluorite

WANG Peng', CAO Zhao">** WANG Jie-liang', CAO Yong-dan'

(1. Institute of Mining Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China;

2. Guangdong Institute of Resources Comprehensive Utilization, Guangzhou 510650, China;

3. State Key Laboratory of Rare Metals Separation and Comprehensive Utilization, Guangzhou 510650, China

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

Abstract: The density functional theory (DFT/B3LYP) calculation was carried out to analyze the geometric structure,

frontier molecular orbital and Mulliken charge values of octyl hydroxamic acid (OHA) and oleic acid (OA) as well

as their respective binding energy with Ca*" and Ce** ions. Besides, pure mineral flotation was used to compare the

flotation performances of OHA and OA for bastnasite and fluorite. The DFT calculation results show that OHA anion

has the highest binding atom charge, the strongest HOMO energy and the lowest Epomo.rumo energy gap, thus

performing stronger electron donating ability and reactivity than OA; the binding energy strength decreases in such order
as OHA-Ce, OA-Ce, OA-Ca and OHA-Ca. In other words, OHA has the biggest binding energy with Ce®" and largest

binding energy difference for Ca”" and Ce’ ions. The flotation results show that OHA behaves stronger collection

capacity and selectivity than OA, which is consistent with the DFT calculation results.
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