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Fig. 1 XRD patterns of hemimorphite(a) and quartz(b)
samples
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Table 1 Chemical composition analysis results of

hemimorphite and quartz samples

Mass fraction/%

Hemi- -
) Zn SiO, Fe Al,O4 CaO
morphite
52.81 2.26 0.22 0.18 0.08
Mass fraction/%
Quartz SiO, Fe ALO; CaO Other

99.52 0.14 0.11 0.08 0.15

1.2 FEiRIe

IR IR XFGCI B Rl L, iz
BUN 40 mL. BRXRARESED P 2.00 g B TiFiEME S,
BN 30 mL ZE0B/K B HE, 75 BN A R A VA
TAEHE 5 min, BEJGJCEIMANBRAGEN. AHERET. FIK
FEZ5(1X 10 mol/L). MIBC(1X10™* mol/L)¥&
S EERE 5. 3. 2 1 1 min, #/5 F3hE)E 3 min, ¥F
ERAREWTE 2 Fraa. BeHbi 5, FikidiE
H BT B AL AR R AT 0 5 1 B L 101 7%
WG, KT I e, I IE TR SRR,
THEH R .

Hemimorphite/Quartz

Smin X Pb(NOs), (if necessary)
5min X Na,S-9H,0
3 min Pb(NO;),

2 min NalX
1 min MIBC
3 min
Concentrate Tailings

B2 iR K

Fig. 2 Flowsheet of single-mineral flotation

1.3 BFRHMHAE

BB T RS K 1.00 g BLFE N 45~105 pm )
SRR B AT AN E] 20 mL RN 5x107
mol/L FHBRETE W, W13 5 min J5iFE, B EIE
WLy, #Id ICP-OES(iCAP 7000 plus series, Thermo
Fisher Scientific, USA)ll H: Pb? 7R 43¢ .

B S TR B EG s HH BS F TIUA BR A A HE
[ 1.00 g B H(45~105 pm), FRHE %6 1R 58 24 7701
N B — W E AR, B Smin EHE,
H I 0, 83T ICP-AES(ICPS—100011, Shimadzu,
Japan)JlliAE W R ST HRATIRE

1.4 FHEBEFEMBSEM)EN

W FUBRAL S5 AT P> AL B S A B AL 1) S AR A
R 1 Y 30 A Ak i 49 4 F 8% (Quanta 250, Thermo
Fisher Scientific, USA)WLI . Bl #2575 —
0, HApTAE Pb> &N 5X 107 mol/L, Na,S
N 1X107 mol/L, iHfkidfEs Po* &N 1X107°
mol/L. YEHSH G, (M aiK e MR, %
B 5 BTA (1) S A5 POS UUIE, 25T 168 .
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1.5 X St E FReiE(XPS) 4
XPS(ESCALAB250 , Thermo Fisher Scientific,
USA)Z T BT - RE [ Ab B D7 0A0 SEM AR TA] . 3G Hm T
ZHIRL, DA BT +PL(5X 107 mol/L).
W™ +Na,S(1X 107 mol/L) Al 57 #% § +Pb> (5X 107°
mol/L)+Na,S(1 X 107 mol/L). #KH avantage %X} %t
PEHEATAEER, DL C 1s 1K 284.8 eV SRAZ IEFTA i .

2 SRS
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Fig. 3 Floatability of hemimorphite with respect to Pb*"

concentration for pretreatment (pH=10.5)
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Fig. 4 Effect of Na,S concentration on flotation behavior of

hemimorphite and quartz (pH=10.5)
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Fig. 5 Relationship between distribution coefficient of lead in

solution and pH value
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Fig. 6 Comparison of Pb-ion adsorptivity on surface of

hemimorphite and quartz
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Fig. 7 Comparison of S-ion adsorption capacity on surface of

hemimorphite and quartz
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P NS B SEM 1%, A B bR Xt AT
EDS Z3#r, REME C. O. Si. Zn TTHE(LE 2), iF
BT RS . B 8(b) TR N MR AK(Na,S+Pb,
1 X107 mol/L+1X 107> mol/L) 5 ARH ™ 2 1 75 B 5
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Fig. 8 SEM images and EDS patterns of hemimorphite under different treatments: (a), (a") Hemimorphite; (b), (b") Hemimorphite+

Na,S-9H,0+Pb*"; (¢), (¢’) Hemimorphite+Pb* +Na,S-9H,0+Pb*"
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Table 2 EDS analysis results of hemimorphite surface

Mole fraction/%
Area
(0] Si Zn S Pb
a 14.02 5046 13.16 22.36 - -

19.00 44.64 9.49 2459 012 216
c 21.78 46.50 9.07 1931 029  3.05

B9 AFKEET T A% SEM 4

Fig. 9 SEM images of quartz under different treatments:
(a) Quartz; (b) Quartz+Na,S-9H,0+Pb*>"; (¢) Quartz+Pb*'+
Na,S-9H,0+Pb*"
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Fig. 10 XRD patterns of hemimorphite samples: (a)

Hemimorphite+Na,S+Pb>"; (b) Hemimorphite
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Wl R MG FALEEL B 7 Pb™", FTREHUR TR 1
Zn R T BB TE AL AT . BEA E A F 2R 4y
) A S MR 4 1 E BT 1 (Na,S+Pb™) A 58 4k B 14
(Pb”"+Na,S+Pb> AR 41 ], H A FES: E 1) Pb Al
S S EDHI 0.40%F1 9.46%, LS Fdh Pb & EA
S EEHIE 5.46%F1 12.05%, XitHILT Po> ikt
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Fig. 11  XPS spectra of hemimorphite under different
treatments: (a) Sample 4, hemimorphite; (b) Sample B,
hemimorphite+Pb®"; (c) Sample C, hemimorphite+Na,S;
(d) Sample D, hemimorphite+Pb*+Na,S; (¢) Sample E,
hemimorphite+Na,S+Pb**; (f) Sample F, hemimorphite+
Pb*"+Na,S+Pb*"

®3 AW ERE TSR

Table 3 Semiquantitative atomic concentrations of

hemimorphite samples

Mole fraction/%
Sample

C (¢} Si Zn S Pb
A 4378 3644 989  9.89 - -
B 4373 3750 7.65 10.92 - 0.20
C 45.13 25,63 586 1397 94l -
D 31.08 37.80 11.21 823 750 4.18
E 27.85 3245 769 2215 946 040
F 3423 27.60 590 14.77 12.05 546

T BRI TR S AR R AR LI, R
M S, Pb o s AT 22 X HH . B 12(a)/2 ik Ak
PR A 3R T S 2p & XFHEE, AL T 161.34 eV 1
FHIEIES ZnS 'S 2p3/2 WE—51), X ULBAN R
W Bt T AR Tt HAE R T ZnS P B 12(b) I S 2p
W] DA i B 4L 5 B EE A 2:1 F' S 2p3—S 2p1 AU,
RO S0 V)R A PR A R,
AT 16139 eV SRR HIRFIEIES ZnS 1 S 2p3
WEARTE, 1A T 160.58 eV 53 IR S PbS PR
('S 2p3 Wt R, B 12(b)H ZnS 5K 12(a) )
MLk, ZnS &K, XULPBLE I P> (ER
5> ZnS FEALRL T PbS. B 12(c) 2 Akl & id s i
AL PR R S 2p A8 XA, SEfultth, PR BUEST
T 161.35 eV 1 160.70 eV HIRFAEWE S 5% ZnS Al
PbS Pt S 2p3 I, HE 12(b)MHLL, PbS P& &
BT, X RS 2 SRR AR B S5 AR SR TH
S RCE £ 1) PbS Wik .

13(a) i N R & it Po> Ab B (¥ S A B 26 1
Pb 4f FX K, BEA XN 4:3 1 Pb 4f XL
Ve, 13913 eV I RE A U XN B A2 K I 4 R
Zn(4-»Pb,Si,0,(OH), H,0 1] Pb 4f7 i1, X W] 5 4%
W& A RERM THE T, RETUWTR
@[14, 16]:

Zn,Si,07(OH),-H,0+xPbOH —>
Zny-Pb,Si,07(OH), H,0+xZnOH" (1)

230 PO> TALH 5 B R AL AR R TH Pb 4f A2
XA 25 R 13(b) A7, Pb 4f AT DL i Bl 5 Xt
W, Horp—3HiF 139.05 eV KIS IEIE 8 T8k
IR Zngs-Pb,Si,0,(OH), - H,0 (1] Pb 4f7 &, 57—
XPARLT 137.50 eV [ERIE S PbS #1511 Pb 417 UEX}
S v G {3 /< N < S T (1 L TS S A
Zn4 Pb,Si,0,(OH), H,O & AR 2 i B B AL i 1k
B e, AT LS ERALEA RN AE R PbS P05, OB

Zn(47x)Pbei207(OH)2 . HzO‘bCHSi—)
[Zn(47x)Si207(OH)(272x) . HzO] (PbS)x+XOH7+XH20 (2)

2, B 13T 139.15 eV Fl 137.57 eV
(AR AE I 43 % B Zingy—y Pb,Si,0,(OH),-H,O Fl PbS #)
JB 1) Pb4f7 U, Ty H. PbS XU AR LE I 13(b) A ) 5E
K Wi BB AL G N EE A 25 A K E Y PbS Pk
2i LTIk, B4t Por AR, RSk
BHT BRSO 55 Zn - Pb,Si,04(OH),-H,0, A Al
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Fig. 12 XPS spectra of S 2p of hemimorphite after different
treatments: (a) Hemimorphite+Na,S; (b) Hemimorphite+Na,S+
Pb*"; (¢) Hemimorphite+Pb**+Na,S+Pb*"
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Fig. 13 XPS spectra of Pb 4f of hemimorphite after different
treatments: (a) Hemimorphite+Pb>"; (b) Hemimorphite+Pb*'+
Na,S; (¢) Hemimorphite+Pb* +Na,S+Pb*"
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Lead ions induced strengthening sulfidation-flotation of
hemimorphite in xanthate system and its mechanism

HUANG Yu-ging', DENG Rong-dong'2, YIN Wan-zhong" * XING Ding-quan’

(1. School of Zijin Mining, Fuzhou University, Fuzhou 350108, China;
2. Fuzhou University-Zijin Mining Group Joint Research Center for Comprehensive Utilization of Mineral Resources,

Fuzhou 350108, China)

Abstract: In view of the difficulty in sulfidation of hemimorphite, lead ions were used to pre-activate it. The flotation
behavior and strengthening sulfidation mechanism in xanthate system were studied. The results show that, compared with
conventional sulfidation (sulfidation + activation by heavy metal), the pretreatment of appropriate amount of Pb*" can
strengthen the sulfidation of hemimorphite, which not only improves the recovery, but also reduces the dosages of sodium
sulfide, while the gangue mineral (quartz) is almost unaffected. The activation mechanism of lead ions is as follows: lead
ions can be adsorbed on the surface of hemimorphite to increase the sulfidation active sites. When sodium sulfide is
added, lead sulfide can be rapidly generated which has the effect of induced crystallization for the subsequent formation
of lead sulfide. Thus more PbS crystals can be formed on the surface, so as to achieve the purpose of strengthening
sulfidation.

Key words: hemimorphite; lead ions; strengthening sulfidation; induced crystallization
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