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Table 1 Calculation of exchange correlation energy and truncation energy parameters of ZnO
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GGA(RPBE) 3.319 5.358 2.15 2.92 0.836 -4296.55
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350 3.191 5.158 1.78 0.922 0.794 -4300.24
400 3.289 5.309 1.23 1.98 0.733 -4294.54
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Table 3  Effect of atomic layer number on surface energy

SE A i ELTH R R JR 4 KIHHE/(J/m?)
2 8 1.5438
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Fig.1 Optimal configuration of complete cleavage surface of zinc oxide
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Fig.2 Band contrast diagram of zinc oxide
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Fig.3 Zinc oxide state density contrast
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Fig.4 Optimization model of choline deep eutectic solvents
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Fig.5 Phonon spectra of choline deep eutectic solvents
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Fig.6 Adsorption configuration construction of deep eutectic solvents and ZnO(001)
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Table 4 Frontline molecular orbital energy

HOMO  LUMO AE, AE,
ZnO(001)  -0.1625  -0.0221
Chcl-Eg -0.1828  0.0342  0.1607  0.1283
Chcl-Urea  -0.1851  -0.7605  0.1630  0.09230
Chc-MA 02077  -0.1064  0.1856  0.0564

J41AE,=HOMO s — LUMOZnO(001) | +
AE,=HOMOZn0(001)— LUMO |
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BETE LA BAE FBUE At WU R K AR H
RIZPL. HoA Chel-MA 5 ZnO #H H.1E F &% 5% ,
Chcl-Urea X 2, Chcl-Eg £:55. X 5A74k 7 T35
TR 45 R — 2
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Table 5 Interaction energy between deep eutectic solvents
and ZnO(001) adsorption configuration

DES Zn0O(001) Energy AE
Chel-Eg  92.2259 -253287.6632 -253366.6631 -171.2258

Chcl-Urea -84.1064 -253287.6632 -253722.4735 -350.7039
Chcl-MA  -35.4970 -253287.6632 -254162.7930 -839.6328
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1% 1A 4> 46 B % RDF ( Radial Distribution
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Fig.7 Radial distribution of deep eutectic solvents and ZnO(001) adsorption model
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Fig.8 Leaching rate of zinc oxide under different leaching conditions
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First Principles Calculation and Analysis of Adsorption of
Choline Deep with Zinc Oxide

ZHANG Jinxia', YANG Chao', GAO Shuling?, NIU Fusheng', XIN Xiaofei’

(1.College of Mining Engineering, North China University of Science and Technology, Tangshan 063009,
Hebei, China; 2.School of Resources and Civil Engineering, Northeastern University, Shenyang 110819,
Liaoning, China; 3.No.2 Geological Brigade of Hebei Geology and Mineral Exploration Bureau, Tangshan
063000, Hebei, China)

Abstract: This is an article in the field of metallurgical engineering. In order to better realize the leaching of
zinc oxide from zinc-containing dust, Materials Studio software based on density functional theory was used
to simulate and optimize the crystal structure of zinc oxide and the structure of three kinds of choline deep
eutectic solvents, and the mutual adsorption model of the two was calculated. The calculated results show
that the ZnO(001) plane is a complete cleavage plane, and the highest occupied state near the Fermi level
shifts to the left, and the peak of the highest occupies state increases, and the p orbital of O and the d orbital
of Zn are more active, which are the active sites of the ZnO(001) plane. Optimization of three choline hyper
eutectic solvent shows that choline chloride forms multiple intermolecular hydrogen bonds with three
different hydrogen bond donors centered on chlorine atom. The adsorption model of deep eutectic solvents
and zinc oxide was calculated using Forcite module. The results shows that the interaction strength of zinc
oxide with three choline deep eutectic solvent is Chcl-MA >Chcl-Urea>Chcl-Eg. The radial distribution
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Comprehensive Utilization Technology of Laterite Nickel Ore Residue

PAN Zhengxian', JIANG Jiagi’, CAO Xin', WEI Yanhong', HE Yazi'

(1.Guangxi Academy of Environmental Protection, Nanning 530022, Guangxi, China; 2.Guangxi Liseke
Resources Comprehensive Utilization Technology Co., Ltd., Nanning 530000, Guangxi, China)
Abstract: This is an article in the field of ceramics and composites. In order to effectively treat and resource
utilize lateritic nickel slag, this study used lateritic nickel slags as raw materials and measured the pH value
of leaching solution, metal leaching concentration, material unconfined compressive strength, dry shrinkage,
elastic modulus, permeability coefficient and other indexes of the cementing material formed by cement
solidification, and analyzed the feasibility of using it as backfill material for construction land or highway
construction engineering materials. The results show that the cementitious material is made of waste slag
(dry basis) 92%, PO42.5 cement 5%, bentonite 3%, PAC 0.5% and water, the pH value of leaching solution
is about 8.45, the concentration of leaching metal ions is less than 0.1 mg/L, the unconfined compressive
strength is 1.47 MPa, the modulus of elasticity is 1196 MPa, the permeability coefficient is 8.77x107 cm/s,
and the dry shrinkage resistance is good. It can be used as backfill material for construction land or highway
construction engineering. The raw soil cementitious material made of 92% raw soil (dry basis), 5% PO42.5
cement, 3% bentonite, 0.02% additional CHF and 5%~ 8% water has better dry shrinkage resistance. It can
be used as the surface layer of large volume cementitious material to resist dry shrinkage cracks caused by
long-term contact with dry air, protect the waste slag cementitious material in the lower layer and ensure the
overall stability of cementitious materials. The above research provides a new way for the comprehensive
utilization of laterite nickel slags, and lays a theoretical foundation for the research and engineering practice

of waste slag as backfill materials or highway building materials.
Keywords: Ceramics and composites; Laterite nickel ore; Waste residue; Cement; Composite cementing
material
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function shows that malonic acid makes it easier for Cl in choline chloride to chemisorb with Zn. In the three
kinds of hydrogen bond donors, the activity of oxygen atomic functional groups forming chemical bonds
with Zn is C=0, N-O and C-O, indicating that C=0 in malonic acid makes the combination of Chcl-MA and
ZnO more stable. Results show that the leaching temperature of Chcl-MA is 70 ‘C and the liquid-solid ratio
is 10:1. Under the condition of leaching time of 1 h for 60 min, single mineral zinc oxide can be almost
completely leached, and the leaching effect is far greater than that of Chcl-Urea and Chcl-Eg, thus proving
the accuracy of molecular simulation and providing theoretical guidance for the leaching of zinc-containing
dust in choline deep eutectic solvent.

Keywords: Metallurgical engineering; Deepeutectic solvent; Zinc oxide; Complete cleavage plane;
Interaction energy; Chemisorption



