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Fig .1 Cell model of hemimorphite
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Fig. 2 Flotation recovery of hemimorphite as function of pH
with 3X 10 mol/L sodium oleate (Replotted from LIU et
al1l)

20
——(a)
—o—(b)
z of
=
5
2 20
(o9
s
Q
o
N a0t
[9)
-60

0 2 4 6 8 10 12
pH value
3 RIA) pH {E R A 1 Zeta HALP!

Fig. 3 Zeta potential of hemimorphite as function of pH
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value (a) Hemimorphite without sodium olate; (b)

Hemimorphite with 2 X 10™* mol/L sodium olate
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Fig. 4 Species distribution diagram of oleic acid with

c1=3.0X 107 mol/L¥? (Replotted from SOMASUNDARAN et
al[42])
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Table 1 Possible locating ions for zinc oxide!*!

Possible locating ion

Mineral
Low pH value High pH value
. . H', Zn*", CO;™, OH ', CO;*", HZnO",
Smithsonite - >
HCO3 ZH(OH)4
Hemimorphite ~ H', Zn**, $i,0,°°  OH’, HZnO"", Si,0,°
Willemite H', Zn*", Si0,* OH ", HZnO?*, Si0,*

0 I B N AR B F o EE s fE pH {H)E
9.0~10.5 Ju[l N, Sl IR IEARLE 75%LL F, itk
A )2 e A B T AR 7o 3, AR T ekl
WL R s (HBEZE pH (B IE— 0K, e 2ELh
DT ARAEAE, R YR A7 KB S T iR
SRAPERI T, e R R

N T A S AR R A —NH, Ak
BRI VE R, 10503k T2 Bz s BR S — P
PRIV e o 5 e AT 2 TR PR A T
TR, S5 HRW], WPEAEH—NH, 1 N. H
JR 5 S LI Zo. Siv O+ H %551+ A] () 92 b i
B KT SR IR AN 2 R T LR 2), SRR
RIFF B IHBAAWERTE R, 256 FIREIRIAN,
T A T T A S, SRR
SERA T LA R B A S, 3 ] BEAAE R S
TEF™,

(il BRI F BET XAl fEEED EL 2 1m

%3 FIFH BET W& RERREE . SeARh ™ AH G2 i)

F2 —NH P N H 75 A i a5 1) B A g
AL
Table 2 Atomic spacing and bonding situation between N and

H atoms of —NH, groups and surface atom of hemimorphite!*’ !

Bonding Atomic covalent Actual atomic  Bonding states

atoms radius/A spacing/A (Yes/No)
N—~Zn 2 3.556 No
N—Si 1.86 3.947 No
N—O 1.48 3.252 No
N—H 1.07 3.229 No
H—Zn 1.57 2.938 No
H—Si 1.43 3.420 No
H—O 1.05 2.451 No

L LB EAR ST T e (B R WK 3), R
WA EE R mAR, L NayS A8 T i a) 2 Lh ek i
K, R HEIEBIMIE Za® WS BT F A I 18] K24
RERED s N i) 2 £521. LA Na,S 1ERR Ak 7% 44k
BER AT VR ORI S B b N O B R A i R
(W3R 4), FHLLT NaHS 17, Na,S M&HE, 1E4
pH {EL VA5 BE AT pH B A48 51(10.5~12.0) 3 [
PBT2L X — pH {E G R3S A S B 77 3,
=R, d & NapS FfF AN SR ERREE .
B (R m 7 R 3 s i, (E R ST A SRR )
VI 3 AR5,

Table 3 Physical properties of willemite and hemimorphite measured by BET>"

Average pore diameter/

External specific surface Microporous specific surface

Mineral Density/(g-cm i -
fnera ensity/(g-cm °) A area/(m>g ") area/(m>g ")
Willemite 33 115 2.16 0.25
Hemimorphite 3.0 90 7.74 0.51

R4 GA-HGEAEA R T H N L

Table 4 Comparison between different research projects by sulfidizing—amine flotation method

Feed(Zn)/% pH w(Na,S)/10° Collector/10° w(Zn)/% R/% Dgo/pm Reference
7.68 11.5 2000 300(DDA) 24.5 84.5 140 [56]
10.76 11 3500 18-carbon amine 36.28 56.66 74 [53]

8.2 11.5 3000 300(Armac C) 38.8 84 ~200 [57]
8.2 11.5 4500 1000(Armac C) 26.4 78 ~100 [57]
12.64 11 3000 800(Armac C) 23 87 90 [3]
16.16 11 3400 356(Amine) 40 70 100—-150 [58]
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Research status of metallogenic regularity of hemimorphite and
mechanism of flotation reagents

ZHANG Xiao-lin"?, WANG Qi-hong" %, JING Man®, RAO Fei’, WU Lu-qing?®, LI Kang-kang?,
CAO Shi-ming4, LIU Dian-wen'2

(1. National Key Laboratory for Clean Application of Complex Non-ferrous Metal Resources,
Kunming University of Science and Technology, Kunming 650093, China;
2. Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming 650000, China;
3. School of Foreign Languages, Northwest University, Xi’an, Shaanxi 710069, China;
4. School of Chemical Engineering & Technology, China University of Mining and Technology, Xuzhou 221000, China)

Abstract: Metallogenic regularity and structural characteristics of hemimorphite and action regularity between
hemimorphite and flotation reagents were studied. The important factors affecting the floatability of hemimorphite were
analyzed in details and interaction rules between hemimorphite and reagents were summarized. The results show that the
hemimorphite mix easily with clay minerals in the early stage of mineralization, which leads to the fact that zinc
containing mineral losts in the slime when the flotation method is used and the recovery rate of hemimorphite is low. No
chemical bonds are formed between N and H atoms in polar group -NH, of amine collectors and Zn, Si, O, H on the
surface of hemimorphite, and the acting way between hemimorphite and collectors is electrostatic adsorption only. The
mineral surface of Zn*" is often shielded by SiO4* because the volume of SiO4*" is larger than that of Zn*". When they
act with flotation reagents, the solubility of minerals is reduced and the sulfurication ion such as S*~ and HS are difficult
to combine with Zn** and more sulfurization time is needed. Chelating agent method is expected to become the high
efficient separation method of the flotation of hemimorphite.

Key words: hemimorphite; metallogenic regularity; floatability; mechanism
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