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Fig. 1 Cell structure model of monazite™”!
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Fig. 2 XRD pattern of single monazite sample
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Table 1 Broken bond density of monazite crystal with different surfaces

Surface Formula of unit area, S S/nm’ N, Dy/nm*
(100) 8§=0.7020 X 0.6467 X sin 90° 0.4540 6 13.22
(111) 8§=0.9767X0.9545 Xsin 114.81° 0.8462 15 17.73
(120) §=0.6467 X 1.5288 X sin 101.86° 0.9676 12 12.40
(012) 8§=0.6790 X 1.5459 X sin 84.44° 1.0447 19 18.19
(110) $=0.6467X0.9767 X sin 99.26° 0.6234 10 16.04
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Table 2 Surface energy of monazite crystal with different

surfaces
Surface Surface energy/(J-m )
(100) 0.62
(111) 1.29
(120) 0.85
(012) 1.95
(110) 1.09
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Fig. 3 Structure model of monazite (100) surface
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Fig.4 Energy band structure of monazite
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Fig. 5 State density of monazite
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Table 3 Mulliken charge population analysis of different

atoms in monazite

Population value/e
S p d f Total
Ce 217  6.03 098 121 10.40 1.60
P 096 196 000 0.00 292 2.08
0] 1.85 5.07 000 0.00 692 —0.92

Atom
Charge

Sy AAJEEREE 0, WE-FRAIEREERY. E
A1) Mulliken $8A7 JEH W12 4 Fis.

FHEE 4 ATA1, SR A P—O B8 Ai SR 5 K,
N 0.66, BAEEHRKILMME. O—O0 M EEA
—0.14, EIHETMREEH . Ce—O BMANEE
B/, 8 0.09, BT RBRIE I,
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Table 4 Mulliken bond population analysis of different

chemical bonds in monazite

Bond Population value/e Bond length/nm
Ce—0O 0.09 0.270
P—0O 0.66 0.155
0—0 —0.14 0.253
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Fig.6 Different adsorption forms of OHA on monazite
(100) surface: (a), (b) Mononuclear single coordination;
(¢), (d) Binuclear double coordination; (e), (f) Mononuclear

double coordination
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Table 5 Adsorption energy of OHA and H,O on monazite

(100) surface

Adsorbate Adsorption form enel::g(ils/c()gfizlfl)
Monodentate —287.453
OHA Bidentate —431.760
Bridged —466.863
H,O - —76.154
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W B A R A R T 2 SR 7K. B 6 BT [ XU XL
L T B A U A7 S Y ) W B R 43 Sl 2 —431.760
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Table 6 Mulliken charge population value of O and Ce atoms before and after adsorption
Population value/e
Atom State S 0 p P Charge
o1 Before adsorption 1.83 4.89 0.00 0.00 —-0.73
After adsorption 1.88 5.04 0.00 0.00 —0.85
Cel Before adsorption 2.15 6.00 1.02 1.26 1.59
After adsorption 2.12 6.04 0.99 1.22 1.65
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Fig.7 State density changes of Ol and Cel atoms before
and after adsorption: (a), (b) Density of states of O1 before
and after adsorption; (c), (d) Density of states of Cel before
and after adsorption; (¢) Density of states of O1 and Cel

after adsorption
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Electronic structure of monazite and adsorption mechanism of
octyl hydroxamic acid on its (100) plane

SHI Xin-zhang', WANG Jie-liang', CAO Zhao"***

(1. School of Mining and Coal Engineering, Inner Mongolia University of Science and Technology,
Baotou 014010, China;
2. State Key Laboratory of Mineral Processing, Beijing 100160, China;
3. Inner Mongolia Key Laboratory of Mining Engineering, Baotou 014010, China;
4. School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The surface and electronic structure properties of monazite and the adsorption mechanism of octyl
hydroxamic acid (OHA) on the (100) plane of monazite were studied by density functional theory (DFT)
calculations from the atomic level. The results show that the (100) plane of monazite is easy to cleave and exist
stably during crushing and grinding. The band gap of monazite is 3.87 eV, which is a non-conductive mineral. Ce
atom is an electron donor, O atom is an electron acceptor, P—O bond exhibits strong covalent properties, and Ce—
O bond exhibits strong ionic properties. OHA can replace water molecules to form a stable five-membered ring
adsorption on the (100) plane of monazite via bidentate configuration. A chemical bond is formed between O and
Ce atoms after adsorption. Its formation is mainly due to the contribution of 2p orbital electrons of O atom and 6s,
5d orbital electrons of Ce atom.
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