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Fig. 1 XRD pattern of pure mineral samples of malachite
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Table 1

malachite (mass fraction, %)

XRF analysis of pure mineral samples of

Cu Fe 7n Hf
56.592 0.078 0.146 3.001

Others
40.183
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FIAVEBRAGT s Tl T J 3 24 R R B 7 4 ) FH A 4
WFI R SRR HCH A A B (NaOH) I 1F
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BN 140 mL )25 55 1 /KB HE 1 min J5 FEIIAGE G
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FRES DA SR T S B 2 B4 1 min, B S5 N2 VR 7
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Malachite 6.0 g + Deionized water

Adjust 1 min %

Adding activator 1 min %
Adding Na,S 2min ¥
Adjust pH *

Adding collector 2min ¥

Flotation 4min ¥

v
Tailings

v
Concentrate

B2 2 i i

Fig. 2 flow chart for pure mineral flotation tests
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flotation recovery of malachite
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Fig. 4 Relationship between BX concentrations and

flotation recovery of malachite
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Fig. 5 Relationship between pulp pH and flotation

recovery of malachite
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Fig. 7 Distribution of sulfur components in pulp under

different pH conditions
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and after sulfidization
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Fig. 9 Atomic force microscope images of malachite raw ore(a) and its sodium sulfide treatment(b) and ammonium sulfate+

sodium sulfide treatment(c)
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Fig. 10 S 2p spectra on surface of malachite after sulfidization(a) and sulfidization activation(b)
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Table 2 Analysis of S component on surface of malachite

after sulfidization and sulfidization activation

Content before Content after

Species . .
activation, x/% activation, x/%
s* 30.65 19.81
S/S™ 26.99 33.21
SO3~ 8.66 13.63
SO;~ 33.70 3335
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Fig. 11

sulfidization(a) and sulfidization activation(b)

Cu 2p spectra on surface of malachite after
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Table 3

malachite after sulfidization and sulfidization activation

Analysis of Cu component on surface of

Content without Content after

Species L .
activation, x/% activation, x/%
Cu(T) 2.68 492
Cu(II) 97.32 95.08

R 3 seih g D, A (NH,),SO, 1 55
fLEA AL, FLEARTN Cu(DREESE I, i
Cu(ID) B TR, X R 2 1 Cu(ID) L R
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B 5V
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Table 4 Chemical multi-element analysis of SICOMINES copper ore (mass fraction, %)
Cu Co S MgO CaO TFe As Ni
3.25 0.06 0.43 9.89 12.54 1.61 0.024 0.004
Ti ALO, Sio, Mn Zn Pb Ag" AuV
0.05 4.08 51.88 0.093 0.01 0.029 3.29 0.03

1) g/t.

&S5 SICOMINES Hill fb 5= ¥ AH 73t
Table 5 Chemical phase analysis of SICOMINES copper ore

Copper phase Content, Distribution

x/% rate/%

Free copper oxide 1.92 59.08

Combined copper oxide 0.61 18.77
Natural copper 0.14 4.31

Secondary copper sulfide 0.54 16.62
Primary copper sulfide 0.04 1.23
Total copper 3.25 100

76 SICOMINES i ¥ 53 4t
Table 6 Analysis of mineral composition of SICOMINES

copper ore

Mineral Content, Mineral Content,
x/% x/%
Chalcocite 0.828 Hematite 0.266
Cuprite 0.213 Co-Dolomite 0.138
Malachite 2.01 Pyrite 0.005
Fa-Malachite 0.122 Quartz 25.566
Chrysocolla 0.623 Siltstone 43.647
Covellite 0.015 Calcite 2.112
Bornite 0.014 Dolomite 20.929
Chalcopyrite 0.002 Ilmenite 0.014
Carrollite 0.005 Rutile 0.31
Hydrocobaltite 0.011 Apatite 0.28
Stainierite 0.004 Zircon 0.032
Silliconite 0.06 Monazite 0.017
Psilomelane 0.026 Scheelite 0.003
Volborthite 0.001 Barite 0.008
Descloizite 0.001 Plaster 0.001
Tangeite 0.002 Others 0.053
Goethite 1.324 Total 100
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Sulfide ore tailings
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Fig. 12 Mineral flotation workflow of copper oxide
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Fig. 13

recovery and grade of copper during rough separation of

Influence of amount of ammonium sulfate on

Sicomines copper oxide

T 48.52%. A % 1 56 DAL R 4 A D9 B A0 0 A5
BRALARIE NBRALH], 5 pH T2 8~9, W25 &1
WO e AT, 3RAS 75 35.69% ) ey i A 4
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YERA ARG, W A o a2 HE b PR A A SR
IRAF 8 6.92% (AR Al AL HRAS 1, S5 K PR FE Hb A =
W RS . AR P RIS R DL 14, 25
R, PAFHTE A 89.53%
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Table 7 Closed circuit flotation index

2016 FEEE R T EALEE 450 J7 t FIELARLIRE S, T
b A P4 BT UACR R 85% L B, o 3R EE %
FF OB A Bt AR SV TR X R IE, Jemi
Ja SR FE TS A R AR e D P kA AR 1 i 1k
IR SR T, EE IR (<) oA i 26 )4 ) e i

Product Yield/% Grade/% Recovery/%
Copper sulfide concentrate 2.67 60.25 48.27
High-grade copper oxide concentrate 3.30 35.6 35.25
Low-grade copper oxide concentrate 241 6.92 5.01
Tailings 91.03 0.42 11.47
Raw ore 100.00 3.3326 100.00
Raw ore

Grinding: 72.5% -0.074mm

Pharmaceutical unit: g/t

Time: min
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Activated sulfidization flotation mechanism of
copper oxide ore and its industrial application

CHEN Dai-xiong', LIU Meng-fei®, LI Song-jiang', DONG Yan-hong', ZHANG Chen-yang®, ZHU Jian-yu®

(1. Hunan Provincal Key Laboratory of Complex Copper Lead Zinc Associated Metal Resources Comprehensive
Utilization, Hunan Research Institute for Nonferrous Metals, Changsha 410001, China;
2. School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: Complex and refractory copper oxide ore is characterized by high oxidation rate, high binding rate, and
complex mineral composition, making it extremely difficult to beneficiate. Malachite is a typical copper oxide ore.
It will attract the dipoles of water in the slurry to form a oriented hydrophilic hydration film, which is not
conducive to flotation. During the sulfidization flotation process, the sulfide film formed by malachite and the
sulfurizing agent is small, unstable and easy to fall off. In this paper, a systematic study on the enhanced
sulfidation effect of ammonium sulfate was carried out, and it is found that ammonium salt has a strong activation
and activation effect on the flotation of copper sulfide oxide ore, and can effectively improve the recovery rate of
malachite sulfide flotation. According the analysis of the S element in the solution, it is found that HS™ is the main
sulfur component in the optimal flotation pH range, and it is speculated that HS™ is the main sulfide substance of
malachite sulfide. Zeta potential results show that the addition of ammonium sulfate can promote the adsorption of
negative ions, such as HS7/S*" on the surface of minerals. Atomic force microscopy (AFM) test analysis shows
that ammonium sulfate improves the stability and sulfur content of the sulfide on the surface of malachite. X-ray
photoelectron spectroscopy (XPS) results show that the sulfide process is the oxidation-reduction of sulfide ions
and copper on the surface of minerals. Adding ammonium sulfate can promote this reaction and improve the
sulfidization efficiency. And the successful application of ammonium sulfate to promote sulfidization activation in
the production practice of Huagang Mining. It has greatly improved the recovery of copper oxide ore flotation.

Key words: copper oxide ore; activation; sulfidization; flotation; surface adsorption
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