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Effects of mechanical activation on alkaline leaching and
physicochemical properties of hemimorphite
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Abstract: In order to accelerate the leaching rate of zinc in alkaline solutions, QM-1SP type planetary ball mill was used
to enhance the leaching of hemimorphite from Lanping, Yunan Province in NH;-NH4Cl solutions. The influence of
mechanical activation on the crystal structure and leaching behavior of hemimorphite was investigated by SEM, particle
distribution analysis, TG-DSC analysis and XRD analysis. The results indicate that, by mechanical activation the size of
the ore particles decrease, the surface crystal layer of the ore transfers to amorphous, the lattice distortion increases
obviously and the hemimorphite is in an activated metastable state. The accumulation of the insoluble products on the ore
is blocked, the stagnation period in non-milled leaching process is eliminated and the leaching rate of zinc increases
rapidly. In non-milled leaching process, it needs 6h to get extraction ratio of 80.5%, while in the milled-leaching process
with 15 min dry-milled treatment, it just needs 3 h to get the same extraction ratio. It is also found that the effect of the
mechano-chemical process is prior to that of the dry-milled process.

Key words: hemimorphite; mechanical activation; ammonia-ammonium chloride solution; lattice distortion

[1-3]

Zn,Si,0,(OH),"H,0
[4-6]

(2007CB613600-1) (NCET.05.0691)
2009-02-17 2009-09-16
0731-88877364 E-mail: cqy@mail.csu.edu.cn



19 2 355
(1]
1)
[7-10] 2)
MULAKA
10 min 1.3%
44% ACHIMOVICOVA 3)
30 min
29% 1ol
13
200 pm
65 5h M-ISP
8 cm 7 cm 400
(Dry milling and leaching) r/min
(Mechano-chemical leaching)
(Dry milling and leaching)
20.00 g 400.0 g 7 (
29 g) 9 ( 3.8g) (
0.5~0.6 g)
1 15.00 g ((30x2) ) 150
mL
11 (Mechano-chemical)
X 15.00 g 300.0 g ( 5 9
(PDF No.74-1129) )
49.13%
ALO; As,0; P05 14
EDTA
1 GB/T8151.1—2000"*! JEOL
Table 1 Chemical compositions of natural hemimorphite JSM-5600LV
(mass fraction, %) Mastersize 2000
Zn (0] Si Na Al
49.81 29.9 12.33 5.17 1.20 Mettler Toledo TGA/SDTA 851
Mg Ca P K Fe 10 K/min 25~980
0287 0089 0136 028 0379 20 mL/min
Rigaku Rigaku
12 D/max2550VB+18 kW X (Cu K,
4=0.154 06 nm 10°~90° 0.02°%)
(D) (&
Zn,Si,0,(0OH), -H,O + (4i —8)NH; +8NH =
4[Zn(NH;),]** +2Si0, + 6H,0 n 92
i 1 23 4
21

2.1.1



356

2009 2

( 12:1) 1

2~3 h
3h

90

()
80+

70+ (b)
50+ (a)

401

Leaching ratio of zinc/%

30f

0 100 200 300 400 500
Leaching time/min

Fig.1 Zinc leaching curves of hemimorphite in solutions with
different concentrations: (a) c(NH4C1)=3.0 mol/L, c¢(NH;
H,0)=1.5 mol/L; (b) ¢(NH4C1)=4.0 mol/L, ¢(NH;-H,0)=2.0
mol/L; (¢) c((NH4CI)=5.0 mol/L, ¢c(NH;3-H,0)=2.5 mol/L
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Table 2 Change of size with time during direct leaching

process
Time/min 20 40 60 80
Size/um 11.046 12.255 13.093 13.838
Time/min 120 180 240 300
Size/um 14.417 11.625 10.415 9.146
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Fig.2 Effects of milling time on leaching ratio of zinc for
hemimorphite
(0 min)
6 h
80.56% 15 45 90 180 min
82.5% 85.2% 86.5% 88.2%
6 h
80.46% 15 min 3h
1) (15min )
2)2~3h



357
2.14
10:1 c¢(NH4,CD=5.0
mol/L  ¢(NH;-H,0)=2.5 mol/L
4
1.5h
10:1 80.3%
15:1 20:1 81.1%
87.51%
2.13
90
c¢(NH4,CD=5.0 mol/L,
¢(NH3-H,0)=2.5 mol/L 12:1 85+
=
2
3 S 80y
S
=
g 75}
100 &0
=
£ 70F
< 90f 8 - 10:1
“g 65F o— 15:1
E a—20:1
5 80f 60 1 . . .
e 0 40 80 120 160 200
E Leaching time/min
%‘3 70+ 4
g Fig.4 Zinc leaching curves of hemimorphite with leaching
= 60f = — Unmilled ore time under different ball/material ratios
°©— Dry milled
4 — Mechano-chemical
50 1 L 1 L
0 100 200 300 400 22
Leaching time/min 221
3 2.2.1.1
Fig.3 Zinc leaching curves with leaching time under different 5 SEM
activation modes 5
3
2~3 h
[14]
BALAZ U
5(e)
Na28 .
60 min
( 5()
180 min

[15-16]



358 2009 2

5 SEM
Fig.5 SEM images of hemimorphite after dry and wet milled for different times (mass ratio of ball to material is 20:1):
(a) Original ore; (b) Wet milling, 15 min; (c) Wet milling, 180 min; (d) Dry milling, 15 min; (e) Dry milling, 60 min; (f) Dry

milling, 180 min

SiO, 3]
22.12 222
6 2221
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6 60 min SEM
Fig.6 SEM images of hemimorphite for milling 60 min under different mass ratios of ball to material: (a) Dry, 10:1; (b) Dry, 20:1;

(c) Wet, 10:1; (d) Wet, 20:1

3 (So) (dos)
Table 3  Effect of milling time and mode on Sg and d s of hemimorphite
Milling period/min Specific surface area/(m*g ') dys/um
Dry milling Wet milling Dry milling Wet milling
0 0.662 0.662 35.535 35.535
15 7.04 1.26 7.501 5.970
45 6.47 1.47 10.218 4.937
90 6.54 1.41 10.021 5.233
3 45 min 6.47 m*/g
(7 10.218 um
90 min
7
7
3
(16]
15 min 7.04 20%
m’/g 35.535 um 7.501 um 1 um
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