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Fig. 4 Density of states( DOS) of atoms before and after Ca’* ad-
sorption on clean smithsonite (101 ) surface
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Table 1 Mulliken charge of atoms before and after Ca>* adsorp-

tion on clean smithsonite( 101 ) surface

FEES BBHAE G /e
Ca % B iy 7.56 12.00 0.44
% Bt I 6.08 12.10 1.56
0, 05 F Al 3.91 4.68 -0.59
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0,5 05 B i 3.83 4.72 -0.58
% Fff IS 3.85 4.86 -0.75
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Fig. 5 Density of states (DOS) of atoms before and after Mg’ *
adsorption on clean smithsonite (101 ) surface
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Table 2 Mulliken charge of atoms before and after Mg>* adsorp-

tion on clean smithsonite ( 101 ) surface

TRk

RFTS % BFER S : L fif/ e
Mg 0% R i 5.69 6.00 0.31
Ui 4.25 6.39 1.13
02f1 % BT 3.91 4.68 -0.59
U 3.85 5.02 -0.89
022 % B iy 3.91 4.68 -0.59
VAR 3.82 4.84 ~0.68
03f1 % BT 3.83 4.72 -0.49
U 3.84 4.83 -0.70

2.2 JKAAMERIT SRR (101) RE AW

SEER ) SR ZE R N B T E T B B R K
0 T 5T, AR A s i AR K T — 1, B
R TR W 2 5K e A s W G R A 5
FEHERGE 16 HEF B K AL )2 . Meng Liu 25 i 1
DFTB + {13848l & 30, 7K 53 IR A7 AE 2 08055 B I - 1Y)
SRR DTS 0 24 740 5 32 B R T AW . Ye Chen
4 2R ] DFTB + BP9 & B, 28 4% 0 K Ak i i v ok 43
TAEZE R R4y OH f H JFEH OH &5
SEAT S T B IR T A LA R O AR 1 K L 2 4
(I

N T HFFEARAGAE FA 45 (85 ) B T e 35400 K
W R A S0, B S TE B S A (101) R 6 4
OH ™ SR Hg HE K A6 35 43 2 1T, 0 AL 19 JLAnT 4 750 4 [
6 i/, O™ FYSRJE T 0, 53588 (101) & 1 14 5
T Zn WOV BB 2.03 A, R AR T 5 AR T
JEFER 2 (2. 14 A) A F A OH - 52545
FETE AR B RE S - 50. 91 kJ/mol, 5 H] OH ™ 535475
(101) REBFF T &4 T M, OH™ 538 %
TH B D W B, 3 18T Y A7 9 8 B -6 = Bl 7y 1) il
BT 2.71% . EHIKALE Sk AR SR A i 2
TATZE A4, DT 52 T 5 P 79 85— 2R TR A4 I o

B 6 IJK{LZEE(101) FH
Fig. 6 Hydrated surface of smithsonite(101)

2.3 5(8) BFEKMEFEY (101) R &% K

R T RIS B AR B X KRBT T 22 BV 1
ISR, 2558 T 45 B FIEE B - 1E /K AL 2888 (101) &
TR R, DL AR IS B LT A AL &L 7 (a) 1 (b) BT 7R o
B 5K ZE R R R E R (0,
0,) LA Ko —A~ e 1H 8 5 Oy 1E T, A IR 25 43 501
2.37 A2.44 A F12.22 A, /N T4 E T Y JE T2k
2 A1(2.40 A) HHAS N IRE A - 340.32 kJ/mol,
VS B FTEK AL Z2 BE 0 (101) i o 23 A A A2
Mo BT R, S BUK M FES (101) R TR
FEMNLE R T MU R AT 0,.0, .0, HEF7E
B T -0.33 A, -0.25 A, +0.17 A, [
BH7E x Bl iR sh T +1.00 AL -0.50 A, —0.78 A, M
i Zn — O S A 2,03 A 54 /%) 2.08 A fHA8R/IN
FHAR T IR TR 22 f(2.14 A) BB BRI WA
MEEEE (101) % T B B A 0%

BB 5K R R AR T (0,
M 0,) LA —A 3R AR O A A IR B 23 51
1.99 A 2.01 A F12.02 A, /N FEEE R 1Y 7 25
ZAI(2.10 A) HHEEAG BRI RE A - 246.77 kJ/mol
VLR B 5K AL 22 BF (101) RTi 23 A AR AL~ IR I
A KACZE FER (101 ) T 1 W B A4 28 A [ 1)
S BRSO ZE B (101) KT 1 W R IA {2 1
MRS B, IR B T 5K Ak 22 B (101) SR Y W
RRFAE FH i B 555

P W\ A 8

B7(a) 557 S5KRZERE (101 ) % AL 2
Fig. 7(a) Configuration of Ca®* adsorption on hydrated smith-
sonite( 101 ) surface

B 7(b)
Fig. 7(b)

BB TR A2 R (101) 2 R fff 49 78
Configuration of Mg®* adsorption on hydrated smith-
sonite( 101 ) surface



1 SRR, AF G (B B TR ZE TR R R T A A AR ©25-

Pl 8 JIT 7R 8% B8 AE /K AL Z2 B (101 ) 35 181 W Fff
Jii ISR I A AN 7 Ak (B e 2 s IR AE TR OK AR G A
(EF)) o ZKALZE R 32100 10 0 25 15 45 5 1 WL B S 7
-3.1 eV BERATEIN — AR, I HAE -4.9 ~
-0.1 eV fEEAL Cads 5 O 2p WL FHESMZAL
YEF . BB FAERALZERER (101) 2% 1 WK B e i e
THASBEAMWME 9 Fin. KAZERED 115
S TS TE -5.3 ~ —0.1 eV fEfEAb Mg 35 75
HT502p B TFHKRBMAER. WSS T
BT 5K Er R0 & A T A=W b . X H A
(BE) B 7 SR E 22 RE0 (101) T /Y W B A 25 %% B2
P KA 22 B 3R 1 AU T S 85 (B8 ) 251 HOA T
B A AR AR T, T 9 3% 22 B 3 T 1Y) S0 T 7 B OK BE )
ARG R, O 2p A5 HL P A6 8 T8 1 A 9
U R SRy St S 5

Ca before adsorption Er | [
'
L Ca 3p
2 Ca4s : |
)
S0 1. H L
3 O before adsorption .
5 !
3 2} !
ig 02s 02p ’
8 ol o JL_L ;
a] L}
Ca-0 after adsorption )
o Z’Pf\ ' Cads
21 '
i N \
Cads l Cadp
0 ' (P (P T

-2018161412108—64- 246810
Energy /eV

8 LB TIEAKALZE R (101) R R B AT S 5 7 i A8 %
BE

Fig. 8 Density of state of atoms before and after Ca®*
on hydrated smithsonite( 101 ) surface

adsorption

o N
T
ETl
«
L W
2]
m—

L i Mg after adsorption
i Mg 2p

r : Mg 3s /\

T T A S o s AT et s e ST

O before adsorption

LT oy ——

- O after adsorption
025 o2% /k N \ [0 atter adsorption]
= '
N (R ] WPl 1. O a1 A [
Mg-O after adsorption

it i
L 020f '

J o W
AN e N
20-18-16-14-12-10 -8 -6 4 2 0 2 4 6 8 10 12 14 16 18 20
Energy /eV

9 BEE TR (101) 2K 1 W B AT JS S ) 25
J&

Fig. 9 Density of states of atoms before and after Mg>*
tion on hydrated smithsonite (101 ) surface

DOS /electron-eV"

O N A ONAONSBON A

adsorp-

3 #ik
(L) 5 (B ) B9 6 T 28 S S T 010 OO, DAL

(BB rH5REM =R RSN, 58S T
AHEG 55 B 1) OB 1 F S i [R]85 (B ) B 11
ST P I B 2 RS2 B T RE R T Zn - O BEMT S,
S BB ST LA B A, DT (5 35 A 3 T R
D 1R 05 T 3 i

(2) F5 B TR T 551 22 800 (101) 26 K
A 1 25 5 32 R R A 2 B 43 BT 96 B 5 B8 T RIIBE 5 T8
H5REMWEETEETHTNER, 2S5 R
SRR 2p HLFORIES BT 4s L FIEE B 110 3s
HT .

(3) 5 FMEE 72 5KEHT (101) %
T A AR W I SRR P A LG, 45 7 K AL i
(AP PR S 5 o () B, 5 8 1 1 W R 1 355 3k
TXF 2R 2 B KA FE o

(4) 5z 2 m M L, 45 (B8 ) B FoE K1k
R B A . KRR B R R R TS
5 (6 ) B FUR TS B 2 AR PR, U 28 A R 1hT 1Y
IKARRIIN, AN ) T 45 5 1 F0BE B8 178 28 B 0 3 1T A W
8

S 3k

(1] MIRTIE, R A AR, P IR BRI BB (1], A (g
J& ,2016(6) :11 - 18.

SHANG Y B, CHEN J H, HE F Y. The new progress of Chinas lead —
zinc mineral processing technology [ J]. World Nonferrous Metal, 2016
(6): 11 -18.

I, XUSE , B9 8 , 4. 3 = B BT P e 34 R SR i [T ] BUR
#Hl,2015,31(4) :5 -9.

TIAN Y, LIU T, ZENG X T, et al. Situation and suggestion of Chinas

[2

[a

zinc resources industry [ J]. Express Information of Mining Industry,
2015, 31(4):5-9.
KN I A R SR ST BT R AL ] 877
5 M A ,2017(1) ;113 - 118.
LIU H Z, YANG H P, FENG A S. The distribution and utilization of
global zinc resource [ J]. Conservation and Utilization of Mineral Re-
sources, 2017(1) . 113 -118.
FECR BRORT, AR, S AL BT AY ik
[J]. 5755 F M, 2016 (4) : 11 - 15.
DU W X, DATH X, HE D X, et al. Research status and progress of be-
neficiation for a lead — zinc oxide ore[ J]. Multipurpose Utilization of
Mineral Resources, 2016(4): 11 —15.
LIU C, ZHANG W, SONG S, et al. Flotation separation of smithsonite
from calcite using 2 — phosphonobutane — 1,2 ,4 — tricarboxylic acid as a
depressant[ J]. Powder Technology, 2019, 352. 11 —15.
[6] DRI, AR Jute, RS, 45 AALBFT PR L BT 50T S R AT
ZER[T]. &R 10 ,2020(6) 24 -30.
LUO L P, XU L H, WU H Q, et al. A review on the relationship be-

[3

[

[4

[

W HF 5 DR % 0t

[5

[

tween surface properties and flotation of zinc oxide ore[ J]. Metal Mine,
2020(6) : 24 -30.

A OMRTRES, MR, L SRR A R R R ()], &R,
2018(10) :98 - 103.

LI X, LIN S H, CHEN J, et al. Research status of zinc oxide ore flota-
tion[ J]. Metal Mine, 2018(10) : 98 - 103.

(8] v s, skille, rfid, . 28w RGO Sk [V ]. ()R (1%

[7

[



- 26 -

BRI S H

2022 4

BHB43) ,2021(1) :37 —46 +59.
SHEN Z H, ZHANG Q, FANG J, et al. Research progress in surface
sulfidization of smithsonite [ J]. Nonferrous Metals ( Mineral processing
section) , 2021(1) : 37 =46 +59.

[9] X hvar, ik, R0 B AL e Mot [V ] R Ak 50 4 TR,
2013,41(6) :30 - 35.

LIU X Q, ZHANG X. Flotation basic theory research of smithsonite[ J].
Metal Materials and Metallurgy Engineering, 2013, 41(6) : 30 - 35.
[10] e, A0S0, IVR TS, 45 AL e BORBUR S HERE [T ]. 57k

WFoR 57 % ,2019,39(9) : 105 - 109.

FENG C, QI Z X, SUND Y, et al. Current status and overview of zinc
oxide ore beneficiation technology[ J]. Mining Research and Develop-
ment, 2019, 39(9) . 105 - 109.

Mg, EOCRE, & 1, 55 ZE0E0 0 A0 1 1A 45 4 2 S 0 H
SrEtERSEIaL)]. 976 ,2018,27(6) 122 - 25.

YANG L Y, HUANG G Y, CAO Y C, et al. Influence of crystal
sctructure of hemimorphite and smithsonite on their floatability [ J].
Mining and Metallurgy, 2018, 27(6) : 22 -25.

FEMG , TRV, W KR, 45 R B TN SRR AL T R W T 5T
[J]. A GG )m (™ #65)) ,2016(2) :23 - 28.

JIANG S P, ZHANG G F, CHANG Y Q, et al. Effect of metal ions on

(11

[}

(12

—

sulfiding flotation of smithsonite [ J ]. Nonferrous Metals ( Mineral pro-
cessing section) , 2016(2) . 23 -28.

ANA CAROLINA ARANTES ARA@JO, ROSA MALENA FERNANDES
LIMA. TInfluence of cations Ca’*, Mg’* and Zn’* on the flotation and

[13

—

surface charge of smithsonite and dolomite with sodium oleate and sodi-
um silicate[ J]. International Journal of Mineral Processing, 2017 35
-41

AL EPE 5 U7 A I 2 KRR T ML [ D] R
LB B T K2 ,2018.

HAN Y G. Experimental study and mechanism of flotation separation of

[14

[

calcite from zinc ore[ D]. Kunming: Kunming University of Science and
Technology, 2018.

[15] SHI Q, ZHANG G, FENG Q, et al. Effect of solution chemistry on the

[

flotation system of smithsonite and calcite[ J]. International Journal of
Mineral Processing, 2013, 119 34 -39.
[16] ek, EA, BT 4. KB ~ (= 0 R B8 T a2
FrRBEFELT]. §7iR TR ,2015,35(3) 155 =57 +62.
HE X T, WANG J, CUI W Y, et al. Solution chemistry of dissolved i-
ons in collophane — dolomite system[ J]. Mining and Metallurgical Engi-
neering, 2015, 35(3): 55 -57 +62.
XUBSC. 5w B TR ZE R R 7 41 20 AT B AT 22 [ D). 4
M- FE KA, 2019.

LIU Z Y. Study on the influence of metal ions on dispersion of smithson-

—
2
[

ite and calcite[ D]. Xuzhou:China University of Mining and Technolo-
gy, 2019.

BT, 2P A0 EIF 03 B S TR SBR[ D ). K
K 2012,

CUI M M. Effect and elimination of inevitable ions in selective flotation

[18

—

between smithsonite and quartz[ D]. Changsha; Central South Universi-
ty, 2012.
[19] #/de. 220 PRI BIE 5 T 2O D] Kb g%, 2010.
YANG S Y. Study on theory and process of flotation of calamine[ D ].
Changsha: Central South University, 2010.
X BT TR R R BB B T i e T e [ D . 1k
M E R ,2017.

LIU C Q. Effect of ions on mineral flotation behavior in zinc oxide min-

[20

—

eral flotation system [ D ]. Xuzhou: China University of Mining and

Technology, 2017.

[21] JBAR. B 00 P s TAEAEAT A B ML ST [ D] B
FE B3 TR "#,2015.

DENG R D. Study on the existence behavior and adsorption mechanism
of ions in zinc oxide ore pulp[ D]. Kunming: Kunming University of
Science and Technology, 2015.

[22] POPOV SR, VUINI DR, KAANIK JV. Floatability and adsorption of
ethyl xanthate on sphalerite in an alkaline medium in the presence of
dissolved lead ions [ J]. International Journal of Mineral Processing,
1989, 27(3/4) ; 205 -219.

[23] A. HUNG, J. MUSCAT, I. YAROVSKY, et al. Density functional
theory studies of pyrite FeS, (100) and(110) surfaces[ J]. Surf. Sci. ,
2002, 520; 111 -119.

[24] C.H. ZHAO, J.H. CHEN, Y. Q. Li, et al. DFT study of interactions
between calcium hydroxyl ions and pyrite, marcasite, pyrrhotite sur-
faces, Appl. Surf. Sci., 2015, 355;: 577 -581.

[25] Y. CHEN, J. H. CHEN. The first — principle study of the effect of lat-
tice impurity on adsorption of CN on sphalerite surface [ J]. Miner.
Eng. , 2010 23 676 - 684.

[26] REICH M, Becker U. First — principles calculations of the thermody-

namic mixing properties of arsenic incorporation into pyrite and marca-

site[ J]. Chemical Geology, 2006, 225(3/4) : 278 —290.

JAUK. R TACEIETEA YR W R BT [ D ] b o [ 3t 5

K2,2006.

ZHOU Y. Applicafion of mineral surface studying by quantum chemistry

[27

[

method[ D]. Beijing: China University of Geosciences, 2006.
DANIEL JOUBERT. Density functionals: theory and applications[ M ].
Springer Berlin Heidelberg; Springer, Berlin, Heidelberg: 2007 —05 -
[UN

HOSSEINI S H, FORSSBERG E. Smithsonite flotation using potassium

[28

—

—
N
K=}

[t}

amyl xanthate and hexylmercaptan[ J]. Mineral Processing and Extrac-
tive Metallurgy, 2006, 115(2) . 107 - 112.

[30] NUNES A P L, PERES A E C, DE ARAUJO A C, et al. Electrokinet-

[t}

ic properties of wavellite and its floatability with cationic and anionic
collectors[ J ]. Journal of Colloid and Interface Science, 2011, 361(2) ;
632 - 638.

[31] L. ROTTMANNOVa, J. RIMARik, T. VESELY, et al. Applicability
of DFTB + method for the calculations of O — H bond dissociation en-
thalpies of phenols[ J]. Acta Chimica Slovaca, 2010, 3 12 - 19.

[32] SUN F, ZHANG J X, TIAN Y. Calculation of alloying effect of rutheni-

[}

um in Ni - based single — crystal super alloys [ J]. Computational
Mate — rials Science,2012,60(10) ;: 163 —167.

[33] XU SHUN, WANG GANG, LIU HONGMIN, et al. A DMol3 study on
the reaction between trans — resveratrol and hydroperoxyl radical ; dis-
similarity of antioxidant activity among O — H groups of trans — resvera-
trol[ J]. Journal of Molecular Structure ; Theochem,2007,809(1) : 79 —
85.

[34] PERDEW J P, CHEVARY J A, VOSKO S H, et al. Atoms, mole-

[

cules, solids, and surfaces: applications of the generalized gradient ap-
proximation for exchange and correlation [ J ]. Physical Review B,
1992, 46(11) : 6671 - 6687.

MONKHORST H J, PACK J D. Special points for brillouin — zone inte-
grations| J]. Physical Review B, 1976, 13(12); 5188 —5192.

[36] Z. WANG, L.H. XU, J. M. WANG, et al. A comparison study of ad-

[35

[

sorption of benzohydroxamic acid and amyl xanthate on smithsonite with
dodecylamine as co — collector [ J]. Appl. Swrf. Sci., 2017, 426.
1141 - 1147.

[37] HAN C, LI T, ZHANG W, et al. Density functional theory study on the



1 AR, S B (R ) B TR ZE BT 2 1A IR B 0 A2 S 27 -

surface properties and floatability of hemimorphite and smith sonite[ J]. sulfidization of smithsonite[ J]. Nonferrous Metals ( Mineral processing
Minerals, 2018, 8(12) : 56 —60. section) , 2021(1) : 37 =46 +59.

[38] N. H. MOREIRA, G. DOLGONOS, B. ARADI, A. L. DA ROSA. [41] LIU M, CHEN J H, CHEN Y, et al. Interaction between smithsonite
Frauenheim Th. Toward an accurate density — functional tight — binding and carboxyl collectors with different molecular structure in the presence
description of zinc — containing compounds, J. Chem. Theory Comput. , of water: a theoretical and experimental study[ J]. Applied Surface Sci-
2009(5) : 605 -614. ence, 2020, 510: 145410. 1 —145410. 10.

[39] H.J. MONKHORST, J. D. PACK. Special points for Brillouin — zone [42] CHEN Y, LIU M, CHEN J H, et al. A density functional based tight
integrations[ J]. Phys. Rev. B, 1976,13. 5188 —5192. binding( DFTB + ) study on the sulfidization — amine flotation mecha-

[40] b ge, ok, Jrfd, . B Rt (] s nism of smithsonite[ J]. Applied Surface Science, 2018, 458 454 —
(W FR4) ,2021(1) :37 =46 +59. 463.

SHEN Z H, ZHANG Q, FANG ], et al. Research progress in surface

Quantum Chemical Study of Adsorption of Calcium ( Magnesium ) Ions on
Smithsonite Surface
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Abstract: The high soluble carbonate minerals calcite and dolomite associated with the smithsonite will lead to amounts of
calcium ( magnesium) ions in the pulp, which will affect the flotation of smithsonite. In this work, Density Functional
Theory calculations are conducted to investigate the adsorption of calcium ( magnesium) ions on smithsonite (101) sur-
face. The calculation results indicate that calcium ions and magnesium ions have strong chemisorption with the surface of
clean smithsonite (101), and the adsorption of calcium ions is stronger than magnesium ions. The hydrated smithsonite
(101) surface also adsorbed calcium and magnesium ions, but the adsorption intensity was obviously weakened. In addi-
tion, the adsorption of calcium ions on hydrated smithsonite surface (101) weakens the hydration of smithsonite (101).
The results can provide theoretical guidance for eliminating the influence of unavoidable ions in the flotation process of
smithsonite.
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