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Abstract; Monomineral flotation tests have been carried out for investigating the flotability of
hemimorphite and smithsonite in dodecylamine ( DDA ) system. Flotation test results show that
flotability of hemimorphite is higher than smithsonite, both of them have the best flotability in the
range of pH 10 ~11. Solution chemistry calculation and zeta potential measurement results show
that DDA adsorbs on hemimorphite and smithsonite surface mainly through the electrostatic
interaction, and the association reactions between DDA molecular and DDA cationic can enhance
the collecting capacity. Zeta potential measurement, X-ray photoelectron spectroscopy ( XPS)
detection and solution chemistry calculation results show that the point of zero charge (PZC) of
hemimorphite is less than that of smithsonite. The first-principles calculations and contact angle
measurement results show that hemimorphite is more hydrophobic than smithsonite.
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smithsonite

(a) =505 (b) —Z25E0.
F1 BT NEETREATESWER

Table 1 Surface element analysis result of
hemimorphite and smithsonite
_ T4 e AT
v R Hhk/ev ik T HE 5350/ %
Cls 282.5 +4 62.57
Ols 529.6 -2 27.63
SERA
Zn2p 1020.2 +2 4.56
Si2p 100. 5 +4 5.23
Cls 283.0 +4 50.03
ZEW Ols 530.0 -2 40. 36
Zn2p 1020.9 +2 9.61

3.3 RWRFMEEV XELEER Muliken %5
B 5

Mulliken 7fi J& & H1 Mulliken #2 H #9—Fp H T
A D[] L f 43 A1 R ) o S A O 1
1, 244k A4 B Mulliken A3 J5 508 1E (I, 2R
JE [0 s, Sk BRI, R D B) Bl s . 24
T[] BT, A R ERE AR | 2R e R o] FL F
RHESMA, A S R | BERE R
2, AR (] LT s AN A R S
M Eibiss , SRR/,

& 7 s 0 S FIZ2 BE0 Mulliken £2%
A& AL, AR SR, R D7 1) ) Zn—
O HEAI Si—O FEA LN PEAFAE 22 5%, L ) b
PRTE AR SR B 2L P d5e /N B Zn—O B (A S8 8K
0.37) F1 Si—O B (1 J&41 0. 55) 1 SeWr I IE
ffRBE . FEZEEEDT T, T Zn—O B A JE 4K
(0.24)/NF C - O 4 AR 5 £ (0. 92) , Bl Zn—O
I /N T C—O i, PRI 7E A R B IR e
Zn—ORHE Je KR4I T2 n Ak 31



1586 ARRXFFR(BAFFIR)

%37 %

E7 SRy HNESETHNEEENSEE
Fig. 7 Cleavage planes of hemimorphite and
smithsonite

(a)—F W (110); (b)—ZE=5EH7(101).

W) KRR AT I 2 B 0 ) 2% 11 14 17
VPR FNET W2 K ACAE A5RS89 1007 4 2 T X
KA FAE AR S5, OB T8 ) 2 TH T 2 AN 1
FRIVEHE 7 ) P SO RI R 559 1T T O e A R B 1
J 558 55 S5 AR B PR Rk R R R T i
T B AL EE YA 6, B B TR, ) R T
AR P R 2 6 T i | XoF K 43 —F 5 | g s
WA TR, 74 22 1T 2 B /K R, SRk M, R
SRATTEPEZEN . IR T w2 S TSR R R
A RTE 25 RS R SRS S TN 28 B R 1
ST A1 AR Zn—O, Si—O #E fil Zn—0
BT SR R AR AR Zn—O0 1 Si—O
(A JE 45 (0. 37 F10.55) B KF 22600 2 i A
1 Zn—O FAY A FEEL (0. 22) , BCSEAR  H Af
T B PR 2N T 2280, BV S 1 R AR
ALV T2, Y AR [R] FH a Z%
TEIE SR A FIZE B0 B, SR 0 NS R 2K
SRR, 3 5 TR R IR IR 1 5 SR A — B
3.4 R MEETHEMA

et FHE 325 2 I A9 A 2 flle o7y BF Y0 VA
R EBE R (Ap) SHHE  FEE(2) FZm ¢
A (K8).

(Ap)* = Bcosh-t . (2)
Horbr.g oy 51 W R RN B L 3R IK T A O E
B0 kb,

= ZEEER=0.9645
o BiRH" R’=0.9776 .

12r /
6 1 1 1

100 200 300 4(/)0 500 600 700
t/s

8 EBFKERRYT MEHET MEHZEE
TR ((Ap)®) SREIRIX &
Fig. 8 Relationship between ( Ap)? and time of deionized
water in hemimorphite and smithsonite sample

HI Pl 8 AT, 25 B 1 /K TR 22 BT L S A

R (Ap)® 5 t ERMEXRR 5
(Apl)z =0.035 %107t + 9.56 x107,
(Ap,)*=0.017 x107¢ + 4.17 x10".

N 4, Bcosh,/Becoshd, = 0.035/0.017, K
cos,/cos8, > 1, Hp o, F1 6, 435 M 22 BE 0 Fl 5
WA B2 il . T AR 5% SR REE 0 ~ 180° X [H]
SRy B e PR R, WA 6, /NTF 0, BRI SR Y B
IKPE R T 2250

4 4 ik

1) + X AR R ZE R Y B B
ST e A o AR R B AE S i
FIZZPER™ R . 75 pH E2h 10 ~ 11 BYFEE N, 5+
W PR R A VR M e i, e A+
JHe BH 5 - 2 [0] 1) 25 RE A 15 5 T e X S A 4
FEEERT IO, FEAR R SRR T TR 28 R0 T ity
() e FH R T IR SR BT A )

2) SR FNZE BT % 1 4 JE BH B % B
FHA X % BE (T M /X 0% ) 430l 0,17,
0. 24 BN AR 2 BE 2 S 3 A i /N T
SRR A Y S R e R A B L
pH =7. 1 FEm Sl Z f S pH = 5. 95, Z2 880"
ARG L 5l pH = 7.3, FE i S
pH =8.0.

3) SRR AN T SRR Il A
W PR AR Zn—O 4N Si—O 8 (fii &
O 0.37 F10.55) B85 /N T 22 B0 fi B 10
AT Zn—O B (AR JEE0.22) BB T, A
T B R TR 7K ST A AR FH 2N T 22
BER S SR B KR R T 2R R () S A

SE

[1] Rey M,Sitia G, Raffinot P, et al. The flotation of oxidized
zinc ore[ J]. Transactions AIME ;1954 ,199 :416 —420.

[2] Ejtemaei M, Gharabaghi M, Irannajad M. A review of zinc
oxide mineral beneficiation using flotation method [ J ].
Advances in Colloid and Interface Science, 2014, 206,
68 —78.

[3] LiuC,Feng Q M,Zhang G F,et al. Effects of lead ions on
the flotation of hemimorphite using sodium oleate [ J ].
Minerals Engineering ,2016,89(8) :163 - 167.

[4] WuDD,WenS M,Deng]J S,et al. Study on the sulfidantion
behavior of smithsonite [ J ]. Applied Surface Science,2015,
329(2) :315 -320.

[5] Irannajad M, Ejtemaei M, Gharabaghi M. The effect of

reagents on selective flotation of smithsonite-calcite-quartz



%11 # %

B, TRk RV A Ao AR IRAT A

1587

(6]

(7]

[8]

[10]

[11]

[12]

[J]. Minerals Engineering ,2009,22(9/10) ;766 —771.
IRREE . [H 5 1 I SRR WAL P e S b 4 4 A B S AR T AL
FFE[D]. BT PR, 2006.

(Chen Ye. The study of flotation of hemimorphite zinc oxide
by using cation amine collector and it’ s mechanism[ D].
Nanning ; Guangxi University,2006. )

SRAEE. AT IR R I 5 TR D] Kb e R
2 ,2012.

(Zhang Xiang-feng. Study on theory and process of floatation
of hemimorphite [ D ]. Changsha: Central South University,
2012.)

WRzatle  IME SR, R 77 244 22 h 38 R 07 T S AR ™ ) 37
TFERTIELT]. A (i (L 3853) , 2006(2) 145 - 47.

( Chen Jing-hua, Sun Chuan-yao. The research on floatability
of mithsonite and hemimorphite in the flotation system of
laurylamine [ J |. Nonferrous Metals ( Mineral Processing
Section) ,2006(2) ;45 —47.)

Fuerstenau D W. Zeta potentials in the flotation of oxide and
silicate minerals [ J ]. Advances in Colloid and Interface
Science ,2005,114/115(1) ;9 -26.

Takeuchi Y, Sasaki S, Joswig W, et al. X-ray and neutron
diffraction study of hemimorphite [ J ]. Proceedings of the
Japan Academy ;Serie B ,1978 ,54 .577 —582.
Effenberger H, Mereiter K, Zemann J. Crystal structure
refinements of magnesite, calcite, rhodochrosite, siderite,
smithonite,, and dolomite, with the discussion of some spects
of the stereochemistry of calcite type carbonates [ J ].
Zeitschriftfuer Kristallographie ;1981 (156) :233 —243.
Perdew J P, Wang Y. Accurate and

simple analytic

[13]

[14]

[15]

[16]

[17]

[18]

representation of the electron-gas correlation energy [ J .
Physical Review B,1992 ,45(23) :13244 - 13249.

Perdew J P,Ruzsinszky A, Csonka G I, et al. Restoring the
density-gradient expansion for exchange in solids and surfaces
[J]. Physical Review Letters,2008 ,100:13640613.
Wu-Zcohen R E.  More accurate generalized gradient
approximation for solids [ J ]. Physical Review B, 2006, 73
(23) :235116.

EREAL, R, R AL [ M]. KU W R AR
At , 1988 :132 - 134,

( Wang Dian-zuo, Hu Yue-hua. Solution chemistry of
flotation [ M ].
Press, 1988 :132 —134. )

RS ME, VPR, O R R IR B
WAATRLI]. ) RA G A, 1992,2(2) 83 - 88.

(Liang Dong-yun, Zhang Zhi-xiong, Xu Zhi-hua. Relation

Changsha: Hunan Science & Technology

between the crystallochemical properties and sulphurized
behaviours of cerussite and smithsonite [ J ]. Journal of
Guangdong Nonferrous Metals 1992 ,2(2) .83 —88.)

. LT AL B S B T LTSS [ D] T AL
K2,2011.

(Li Qiang. Research on magnesium minerals flotation based
on crystal chemistry[ D]. Shenyang ; Northeastern University,
2011.)

wERgE SRR, B L. BRI S T2 IM]. KPR
Tl KA A, 1991 112 - 15.

(Hu Xi-geng, Hang He-wei, Mao Ju-fan. Theory and
technology of flotation [ M ]. Changsha; Central South

University of Technology Press,1991:12 —15.)



