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Abstract. Technological parameters of opening refractory ores by mechanical activation which determine re-
maining and the morphology of the samples after mechanical activation, SHS synthesis and the leaching process has
been defined. Mechanical and chemical activation of arsenopyrite in different modes increases process have been de-
Jined. Optimal conditions for activation: time — 30 minutes at a ratio of grinding media and mineral is 2:1. Leaching
rate was higher for the activated samples the same amount of time than the original. Extraction of gold for the chosen
optimum conditions is 93,2-95 %.

Keywords: mechanical activation, arsenopyrite, extraction of gold, sulphide ores.

Introduction

Kazakhstan has rich mineral resource base but most of the gold deposit, more than 50% of these deposits are
stubborn ores. Important scientific and technological challenge for the gold mining industry is the problem of extracting
gold from the technically hard materials. Such raw materials include gold-bearing ores and concentrate the processing
of which under normal conditions of cyanide leaching does not provide a sufficiently high extract gold and accompa-
nied by increased costs for the individual process steps [1]. The presence of such ores of sulfur, arsenic, cyanide and
carbonaceous causes difficulties in the metallurgical processes. Fine disseminations of gold is the most common cause
persistence of gold ore, it took place mainly pyrite and arsenopyrite. Gold in these ores is in close mineral association
[2, 3] in addition there is the so-called micro invisible gold [4]. Special persistence of gold is that it is part of the arse-
nopyrite replacing iron in it and getting the ionic form [5]. There are various tours: kiln technology opening the sulphide
ores, autoclave, bacterial leaching. The most common way of opening refractory ores is kiln. Before firing after hydro-
metallurgical concentration slurry to thicken, dry, and after firing before cyanide leaching and regrind moisten with
water [1, 6]. As we know the rate of leaching depends on the nature of the solvent and the solid dispersion of the solid
phase mixing intensity. Leaching rate and completeness of extraction of soluble cation depends not only on the degree
of dispersion of the solid phase but also on the free surface. With the help of mechanochemical method superfine grind-
ing can dramatically influence the reactivity of solids, accelerate heterogeneous reactions to the synthesis and decompo-
sition of substances, as well as to intensify the processes of dissolution and leaching [7]. The aim of the work done at
this stage was to investigate the factors affecting the degree of opening of hard materials (arsenopyrite) and selection of
optimal regimes of mechanical activation, providing a more complete exiraction of gold leaching.

Results

Investigation of technological parameters autopsy refractory ores by mechanical activation

Most ore deposits of gold are due to persistent fine disseminations of gold in sulfides. Arsenopyrite in sulﬁde
ores is the matrix material. Gold, part of the structure of arsenopyrite replaces the iron in it, takes the form of ions Au®
[4, 5]. Replacing Fe** on Au™* in the lattice of arsenopyrite proved experimentally. From this it follows that this type of
gold-bearing material in which the gold is chemically bound to the mineral matrix, cannot be processed in the usual
way. As shown, without opening the mineral extraction of gold from refractory concentrates such is possible only in the
range from 10-15 to 60-70%, depending on the composition of raw materials 3, 8, 9]. The most common method is the
oxidative roasting followed by cyanidation of candle. Below is the overall reaction of oxidative roasting of arsenopyrite:

2 FeAsS + 5 Oy —Fey03+ 2 SO, T+ As;051 (1)

With this opening of the sulfur and arsenic remain in the calcine (up to 1,21-1,8 %) [1]. For a more complete
extraction of precious metals from refractory ores and intensify the process of opening the autoclave is used autopsy
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110, 11). Recently, biological methods have been developed expansions and the opening thrust of arsenic sulfide ores
‘and concentrates {12, 13] in which gold-bearing sulfides are oxidized by oxygen. Under the influence of mechanical
activation, acting on the real structure of a rigid body, then its defects, that is part of the crystal lattice changes within
‘he region of homogeneity of the compound [17]. A measure of the activity of a crystalline body which is in good con-
dition and deficiency which is caused by disordering of the lattice of its own, which is a unique function of state para-
‘meters [17,18] is the excess (AG,,.) free energy with respect to the phase of identical composition [ 19]:

AGy:=G, -G, 2)

where G, and G, - free energy, the phases in a normal and active states. respectively.

Reactivity of real crystals is higher, the higher the energy of the lattice is different from the ideal crystal lattice
gy [20]. For experimental studies of hard materials by opening the mechanical activation using planetary centrifug-
mill (PCM), shown in Figure 1. Grinding bodies in the working drum PCM are in ihe field of action of three forces:
centrifugal force due to rotation of the carrier around the main axis of the planetary mecianism, the centrifugal force
d by rotation of the drum and its own forces of Kariolisa — the result of a relative and t2nslational motion. Ro-
n of the carrier, which is working the drums around the main axis of the planetary mechanism, creates a centrifugal
. which replaces the PTM in the force of gravity to be used in conventional ball mills.

Fig. 1. General view of the planetary centrifugal mill: I - drum, 2 - motor, 3 - platform

It is in the process of ultrafine grinding of the deformation and fracture of solids and the accumulation of de-
1s of various kinds. The resulting defects, dispersion, and the associated formation of new surface, is the main factor
sing changes in the reactivity of solids. The main phases of the feedstock are FeAsS, FeS,, SiO,. To determine the
ses arising in the studied minerals during mechanical and chemical treatment, samples of arsenopyrite was acti-
ed in PCM. The speed of rotation of the platform is 700 rev/min, the grinding vessels is 1200 rev/min. The volume
the grinding vessel is 300 ml, treatment was carried out in different modes from 5 to 35 minutes at various ratios of
The size of grinding balls is from 0.3 to 15 mm. The process of getting the finest powders is determined by a nar-
notion is dispersion [7]. Parameters that characterize the degree of dispersion, are the specific surface area and par-
size distribution of powder, which is defined generally as a function of the particle distribution by fractions. To
acterize the specific surface area is the most convenient, since it is relatively easy to measure applied by different
hods of gas adsorption.
Granulometric composition is determined by sieving. The test arsenopyrite in the initial state is a polydisperse
er, mechanical activation contributes to the equalization of particle size.
Figure 2 shows a graphic representation of changes in dispersion of activation time. The most monodisperse
e is when you activate for 30 minutes. (83.1% particle size is of 12-23 pm).
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Fig. 2. Change the dispersion of activation time: 1 - Source arsenopyrite, 2 - MCA activation
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Fig. 3. Specific surface of arsenopyrite after mechanical activation

Such behavior is typical for the activation of minerals with a layered structure [21].

To change the properties of the samples allow us to judge the data of differential thermal analysis (DTA). Fig-
ure 4 shows the DTA data of the initial sample at 15 minutes of activation. On the lines of the DTA is not activated and
activated samples clearly shows a change in the properties of the activated samples. As a result of mechanical activation
lowered the temperature threshold of the beginning of the oxidation of arsenopyrite and reduced the time of oxidation.

The temperature range in which the oxidation is not activated arsenopyrite 450-640°C (line 1, Figure 4).
Processing in a planetary mill leads to a change in the DTA data (line 2, Figure 4) in the initial section in the tempera-
ture range 160-320°C, which is related to the conversion of elemental sulfur formed during treatment [21].
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Fig. 4 - DTA - curves of arsenopyrite and products of mechanical activation
1 - not activated, 2 - activated in the air 15 minutes

The study of the characteristics of the influence of preliminary mechanical activation on the properties of the
samples was performed by XRF, XRD and DTA. Figures 5.6 X-ray source are arsenopyrite, arsenopyrite after mechan-
ical activation. These phase composition of samples and the sulfur content in XRD data shown in Table 1.
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Fig. 5. X-ray of the original arsemopyrize
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Fig. 6. X-ray of arsenopyrite activated 30 min

Table 1

Phase composition of products of activation, the sulfur content in arsenopyrite

: A S " - Sulfur content,%, X-ra
Eavironment Activation Activation time, min Phase composition, XRD data diffraction data Y
= Si0,, FeAsS, 14,2
10 FeAsS, Si0; 14,2
Mechanical activation 20 FeS,. FeAsS, As,0;, SiO, 122
30 FeAsS, Fe 04, Si0,, As,04 11,8

Determination of the composition and morphology after mechanical activation, SHS synthesis and the leaching
5

Influence of preliminary mechanical treatment on the reactivity of processed ores and concentrates sufficiently
[14]. With the help of mechanical and chemical activation methods can dramatically affect the reactivity of sol-
accelerate heterogeneous reactions to the synthesis and decomposition of solids, as well as intensify the processes
leaching. Experiments were performed with the use of preliminary mechanical activation of arsenopyrite before fir-
firing and subsequent leaching. In the traditional roasting of arsenopyrite oxidation in cinder remains to 1.5-1.8 %
arsenic and sulfur [1].

For removal of arsenic and sulfur were carried out repeated firing. Excess oxygen can cause oxidation of arsenic
As,0s (nonvolatile) and the burning of sulfur can raise the temperature of the process at which the melting of the candle.

It is known that the mechanical activation lowers the melting point, sintering and thermal decomposition of
s in the 100-2000 and may also change the phase composition [22].

In order to reduce the firing temperature, porous cinders and receive the maximum possible removal of arsenic
aad sulfur were carried out mechanical activation of arsenopyrite. To avoid the formation of arsenic pentoxide and of
Snng in oxidation-reduction mode, arsenopyrite activated before firing with a reducing agent. Activation of arsenopy-
e was carried out at different time regimes during loading of 2:1 and 4:1 (ratio of balls and minerals). After the activa-
won phase of the investigated samples, Table 2. When you activate the 10-minute loading and 2:1 there is no change in
phase composition. Increasing the intensity of the impact on work patterns leads to the formation of new phases of Fe,.
.S and As,0;. Before activating the charge injected reductant for firing in oxidation-reduction mode. In carrying out the
wxidation- reconstruct - activated samples fired indeed, the heat liberated in the system when the chemical reaction can
cause a transition from the regime of the mechanical mode of synthesis in the self-propagating high synthesis (SHS) [22].

When using mechanical activation of initial charge it is possible for IFOR. In carrying out the process in this
regime can be achieved to address such adverse effects as a combustion sintering and melting [23], which affects the
subsequent calcine leaching process of arsenopyrite.

Table 2

Conditions of activation and the phase composition is not activated and activated arsenopyrite
Weight loaded,g O I i Phase composition of samples,%
balls arsenopyrite FeAsS FeS, Fe,, S Si0, As; O3
30 15 10 69.0 0,9 - 30,1 -
30 15 20 - 0,9 29,0 0,7
30 15 30 - 14,3 29,1 1.4
60 15 10 08 0,7 28,7 0,5
60 15 20 - 8.2 289 1.2
60 15 30 - 1231 30 1,6
60 15 40 42,1 - 174 32,0 1,8

61



ISSN 2308-4804. Science and world. 2013. Ne 1 (1).

During the experiments as a reducing agent used aluminum grade -4 and powdered coal technology. Selection
of the composition of the charge carried by experiment, as predicted amount of peroxide formed arsenic is not possible,
it depends on various factors that affect the burning process (amount of oxygen, the process rate, temperature, etc.). The
optimum content of the reducing agent must ensure the flow of the oxidation-reduction burning in a temperature- time
regime in which the oxidation of arsenic to volatile compounds and to obtain a porous cinder. Excess aluminum in the
charge could lead to the restoration of iron trioxide to the metal and silicon oxide to silicon. Activation of the charge
carried by the relation of balls and arsenopyrite 2-1. Charge composition and phase composition of the activated sam-
ples are shown in Table 3.

Table 3
Compositions of activated mixtures and the phase composition after activation

Composition of the charge , % x S
: Phase composition after activation
Arsenopyrite Carbon Aluminum
96 2 2 FeAsS, SiO; Fe; Sg, Al C
92 6 2 FeAsS, SiO, Fe,, S, Al, FeAs
90 4 6 FeAsS, SiO, Fe; Sg, Al, C
88 6 6 FeAsS, SiO; Fe,, S, AlLFeAs
90 10 - FeAsS, 8i0, Fe, , S, Al.FeAs
90 - 10 FeAsS, Si0,, Al, FeAs

The activation time is 20-30 minutes, it is chosen from the results of the activation of arsenopyrite with no ad-
ditives. XRD data showed the change of phase composition in comparison with the initial sample. Activated samples
without the reducing agent, with a reducing agent and is not activated, the samples were fired. To commit changes in
temperature using a thermocouple and oscilloscope mode P- 0716m, the relative error in determining the temperature of
- 5% [24]. Macrokinetic combustion characteristics of the system FeAsS-Al-C at different ratios of the components is
shown in Table 4, Kinetic characteristics which are obtained by roasting arsenopyrite mechanoactivated additives vary
greatly with the characteristics of the activated samples without the reducing agent. The heat in the system during a
chemical reaction as well as due to relaxation of the stress field in mechanical activation may be the cause of the transi-
tion process in SHS [25,26]. When the firing decreases the induction period of ignition of the samples activated with a
reducing agent as well as decreasing the temperature of the process ( in particular the content of components in the sys-
tem ). The nature of the combustion mode is not activated and activated samples without additives and with additions of
the reducing agent can be judged from the temperature profiles of combustion (Figure 7). 'The temperature profiles are
not activated and activated samples without additives are observed endothermic areas. For samples with reducing agents
such processes are not typical. The system burns in the SHS mode. The resulting cinders were analyzed for phase com-
position by XRD (Table 5).

Table 4
Macrokinetic combustion characteristics of the system FeAsS, Al, C
Fe Spggeonat e 5 The parameters of combustion
arge Proces-sing,

FeAsS | Al | C e, g, Flash point, °C Burning time, sec ;[éle maximum combustion temperature,
100 - - - 450 380 800

100 - - 30 330 340 750

96 2 2 30 280 360 760

96 2 2 - 400 370 800

92 4 4 30 180 820

92 4 4 - 410 340 800

90 6 4 30 280 20 820

90 b 6 30 300 180 810

88 6 6 30 280 120 780

88 6 6 - 360 300 800

88 12 30 290 £ 850

88 12 30 340 780
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Fig. 7 - Temperature profiles of combustion of arsenopyrite: I - activated 2 - not activated; 3 - activated with 6 % Al and 4% carbon

Table 5
Phase composition stubs
N The composition of the | Phase composition
charge, %
FeAsS Al <
1 100 - - | FeAsS, FeS, Fe;0,, y-Fe,0; SiO,,
2 90 6 4 | Fe, S, ,y-Fe, Os, FeS, . SiO,
3 90 4 6 | Al, O, Fes0Oy, SiO,, v-Fe,04
] 92 4 4 | Al,O;, Fes0q, Si0,, y-Fe,Os-traces arsenate

Cinders turned porous are fairly loose. In figure 8 shows the cinder obtained from the activated sample 4. This
spectral analysis of this sample show almost complete removal of arsenic and sulfur in the calcine. Table 6 shows the
composition of the feedstock and cinders. The use of activated before firing contributes to the intensification of the fir-
=g process (process temperature, time of firing) and enhances the removal of sulfur and arsenic from the candle. Cya-

madation is the primary method of extraction of fine gold [1, 5].

Fig. 8. The calcine samples (4), arsenopyrite

Table 6
Composition of the feedstock and cinders
sample Content of elements,% g/t
Si0, Cu | Pb Fe FeO, Al S As Zn Ag | Au
initial 30,1 02 |05 |2225 - - 13,1 31.18 0,29 15 23
~ activated 30,1 02 4 0.5..4 2225 - B 13.1 31,18 0,29 15 2.3
_ activated annealed 60 02 (0.1 - 344 LSie | = 0,130 0,32 90 20
Activated annealed | 60.5 03 |01l - 37.0 1.5, 1< 0.128 0,38 90 20
with a reducing agent j } } /
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The process of dissolution of soble metals s cyamide solutions is diffusive in nature [5, 6]. In this regard, fac-
tors that accelerate the diffusion should be comsidered as possible ways to intensify the process of cyanidation.

One way of intensifying the process of refractory ores is cyanidation hyperfine blending which allows more in-
depth dissection of hard materials, resulting in significantly increased surface area of raw materials thus increasing con-
tact with the gold cyanide solution. Leaching of gold from cinders was carried out by conventional cyanide method of
mixing with all the technological requirements: mixing, aeration, pH 11, the ratio of M: T-4: 1, cyanide concentration
0.05%. Time cyanide is 2,4,6,8 hours.

Figure 9 shows the kinetics of extraction of gold depending on the methods of preparing samples for cyanide
leaching. Gold recovery from a pre- activated samples above - 94,4-95,0 %. Data on the degree of extraction of gold
from cinders, activated with additives and without additives, for 8 hours of leaching. are no different. An indicator of
autopsy materials is hard to extract gold in the fullness of cyanidation.

1001
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extract, %

8 10
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Fig. 9. The kinetics of gold extraction depending on the method of preparation for cyanidation of arsenopyrite: 1- source,
2- annealed non-activated, 3- annealed activated, 4- annealed activated with a reducing agent

Conclusion

Mechanical and chemical activation of arsenopyrite in various modes leads to an increase in specific surface
area of the mineral being processed, and hence to increase the reactivity of arsenopyrite and its value depends on the
time of activation. Optimal conditions for activation: time - 30 minutes at a ratio of grinding media and mineral 2:1.
Increasing the mechanical activation leads to adhesion of the particles of the mineral which reduces the rate of the spe-
cific surface. It is established that the activation of the sample leads to an increase in the reactivity of the mineral, which
is expressed in the temperature of thermal oxidation. As a result of preliminary mechanical and chemical activation to
obtain new phases FexSx- 1, FeS, and As203, and the firing of redox SHS mode reduces the firing temperature. Arsen-
ic and sulfur in the calcine - 0,10-0,39 %. Cinder obtained friable and porous. On increasing the chemical activity of the
samples obtained by mechanical activation of said kinetics and extent of cyanide leaching gold recovery. Leaching rate
was higher for the activated samples the same amount of time than the original. Extraction of gold for the chosen opti-
mum conditions of 93,2-95 %.
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MEXAHOAKTHUBAIIHA H CBC YITIOPHBIX (TPY/JHOU3BJIEKAEMbIX) PV /]

CX. Axuazapon H.IO. lonosuenxo’, 0.C. Baiipakosa®, O. IO I'oaosuenxo’
! ren. Jlupexrop, * noktop qmnocodma CTAPHIHMIA HAYHKIA COTPYIHEK, ° BE/YIIMA HEXKeHeD,
* Kauanaar XHMHYECKHX HaykK
!4 Kasaxckuit HanMoBaTbHbIH yHusepcHTeT uMenn amb-dapatu
123 YucruryT npobrem ropenus, Kazaxcrau

Annomawus. Bviiu onpedenensl mexHonozu4eckue napamempel OMKpuINUA YRoOpHsX pyo Rymem Mexanudye-
CXOU aKMUBaYUU, KOMOPLIE ONPeOentom cocmas npodykma u mMopgoaozuio 06pasyoe nocie MexaHuveckol aKkmusa-
wuu, CBC-cunmesa u npoyecca sviyenavusanus. beuiu onpedenens napamempsl MeXaHOXUMUYECKOU akmusayuu ap-
CEHONUPUMA 8 PANUHHBIX pedcumMax npoyecca. Onmumanvhble yeno6us 01 akmusayuu: epema — 30 muxym npu coom-
moweruy Memowue mena u muxepansiole — 2:1. Jlng axmusuposannbix 06pazyos epems blujenayusanun 6uilio evluie,
oM OnA ucxooHozo. Hseneyenue 3010ma O 6blI6PanHbIX ONMUMANbHYIX Yea06uax cocmasasem 93,2-95%.

Kniouessie c106a: MexaHuyeckas aKkmueayus, GpCeHonUpum, UseieveHue 3010ma, cyispuonas pyoa.
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