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Abstract: Creating radically new technologies for highly efficient processing of «persistent» and «dual persistent» ores, which include
Bakyrchik ore deposit, with high recovery of gold and other metals in matte, is very actual. Under the experimental conditions showed the
possibility of melting persistent rich gold ore deposit Bakyrchik for getting mattes, contained up to 80.26 g/t gold and up to 56.3 g/t silver
and slag, contained 0,12 - 0 18 g/t gold and 0,26 - 0,48 g/t silver. The influence of temperature on amount and composition of smelting
products was studied. It was established, that the change in the temperature range 1350 — 1450 °C does not have influence on outputs
products of experimental smelting, constituted 11.5 - 12.5 % for matte and 71.5 - 72.0 % for slag. Increasing temperature to 1450 °C had
a marked effect on the reduction of metal contents in the slag: from 3.3 to 1.4 g/t for gold and 0.6 to 0.4 g/t for silver. In the conditions of
pilot smelting held at 1450 °C, the possibility of formation of a matte without addition sulphidizer flux and produce slag with a minimum
content of gold and silver was showed. Recovery of gold and silver in matte under optimal conditions of smelting was 98.7 - 99.1 % and

79.9 - 98.3 %, respectively.

Keywords: persistent gold ore, sulfide copper concentrate, flux, matte smelting, slag.

The article is published in line with the project 0855/GF4 of researches grant funding programs for 2015-2017.

Introduction. It is known that more than
50 % of the available active gold reserves are
characterized as hard for benefaction and containing
contaminants, i.e. arsenic, antimony and carbon. In
gold metallurgy, these ores can be included into
refractory ores [1-5]. A number of Kazakh large
deposits of gold-bearing ores is characterized with
a large number of the ore harmful impurities listed
above, as well as their joint presence resulting in
double refractoriness, and is the main cause of
the current lack of an enterprise for extraction of
gold from these raw materials. Among the fields of
the East Kazakhstan region, the largest and most
unique in gold reserves is the Bakyrchik deposit,
which is a mineralized zone of gold-sulphide
type [6]. Contractile pyrometallurgy selection
method for rich gold-containing refractory ore
rational technological parameters determination
of Bakyrchik deposit is actual for other refractory
gold-containing ores of this region. Experimental
data will complement the existing two innovative
patents for the CPS-process, resulting in a direct
pyrometallurgical smelting of “refractory” gold ore
and gold-cobalt-arsenic concentrates [7, 8].

Experimental Part and Results Discussion.
The object of the study was refractory ledge ore
from the Bakyrchik deposit rich in gold. As a flux
were used cuprous sulphide concentrate for matte
formation, calcium oxide qualified as “purified”

with mass fraction of base material not less than
97.5 % for matte formation. The composition of the
starting materials and melts products were analyzed
by chemical methods, gold and silver at big
smelting slags were analyzed by fire assay method.
The experiments were performed with the help
of high temperature units, i.e. batch furnace NTS
08/16 made by Nabertherm GmbH and induction
smelting unit UIP-16-10-0.005 at 1500 °C.
Melting in electrical muffle was conducted with
heating at a predetermined temperature for 1
hour, with the charge sample of 400 g in alundum
crucibles which were covered with a graphite
lid to prevent secondary oxidation of the charge.
Crucibles with the sample were put into a cold
furnace chamber and heated for 2 hours to achieve
the given melting temperature. For smelting in
induction furnace we used the alundum crucibles
placed inside the graphite ones also covered with a
graphite lid with a hole for removing resurgent gas.
The crucibles with 500 g of charge was put into a
cold graphite crucible, and the system was heated
until complete charge melting followed by addition
of another 500 g of charge. After complete melting
of the whole volume of the charge and achievement
of predetermined temperature, the crucibles with
the sample to be tested were maintained at a
melting temperature for 30 min, then the furnace
was switched off. As there is an intensive bubbling
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in the induction furnace, the crucibles with fusion
cooled down in the furnace during ~ 10 min. before
complete cessation of bubbling then the crucibles
were taken from the furnace and cooled on air.

There were studied influence of calcium flux,
sulfide copper concentrate consumption and influence
of temperature on gold, silver and copper distribution
at smelting products. All series of experiments were
performed with a charge consisting of gold rich
ore from the Bakyrchik deposit, matte- and slag-
forming fluxes. The charge was calculated with the
help of computing program named ‘“Shtabel” under
the condition of silicon oxide content in the slag at
the rate of 50 - 56 %. The composition of starting
materials is shown in Table 1.

Table 1 — Chemical composition of starting materials

Composition

Material: glt %

Au| Ag | Cu|Fe| S | As | C |SiO,|CaO|ALO

Ore
from the
Bakyrchik

deposit

12011 ] — |95| 7.9 |2.05(1.48(51.6|2.2|11.2

Copper
sulphide
concen-

trate

1.64|61.05/20.5|27.5|36.67|0.09| — | 3.6 [1.52]|1.54

Calcium

oxide 95| -

In the first series of experiments at a constant
amount of the copper sulfide concentrate in the
charge the amounts of ore and calcium oxide
varied. In the second series, the amount of sulfide
copper concentrate and ore changed at a constant
amount of calcium oxide. Composition of charges,
smelting output of products from the first and
second series of experiments are specified in Table
2, and chemical compositions of slags and mattes
are in Table 3.

From Table 2 it is obvious that, change of the
calcium oxide content in the charge within 23 - 15 %
naturally reduces the output of slag melts from
55.0 to 48.9 % at practically constant yields of gold
mattes. By changing the sulfide copper concentrate
flow rate gold matte output can be adjusted from
charge weight within 12.7 - 23.7 %. Moreover, for
this type of ore, minimum matte output (12.7 %) was
obtained without use of matte forming flux. Based
on these considerations, and bearing in mind that the
predetermined range of the slag content of SiO, is
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50 - 56 %, the optimum value of calcium flux additive
is 15 % from the charge weight.

Table 2 — Composition of the charge, its output of smelting products

E ) Smelting output of a
Xperi- Charge Charge weight | product from charge
ment ) . o

No mixture weight, %
g |% matte | slag
First series of experiments
Ore 208.0 | 52.0
Concentrate | 100.0 | 25.0
! CaO 92.0 23.0 $17 %50
Total| 400.0 | 100.0
Ore 220.0 | 55.0
Concentrate | 100.0 | 25.0
2 CaO 80.0 20.0 293 501
Total 400.0 | 100.0
Ore 240.0 | 60.0
Concentrate | 100.0 | 25.0
3 CaO 60.0 15.0 292 48.9
Total| 400.0 | 100.0
Second series of experiments
Ore 136.0 (68.0
Concentrate | 34.0 |17.0
4 CaO 30.0 [15.0 237 513
Total| 200.0 |100.0
Ore 154.0 |77.0
Concentrate 16.0 (8.0
° CaO 30.0 [15.0 18.0 o471
Total| 200.0 |100.0
Ore 170.0 (85.0
Concentrate 0.0 |0.0
6 CaO 30.0 [15.0 12.7 633
Total| 200.0 |100.0

Table 3 — Chemical compositions of derived slags and mattes

Ex- Composition
peri- | Pro- glt %
ment| duet 7y | Ag | Cu | Fe| s | As |3io2 Al,O, | Ca0
First series of experiments
1 Slag (1.14|3.26/0.8 |2.9 |1.18 |0.140|45.9|13.2 |24.6
Matte|30.2|52.1(16.6 |37.7|33,4 |0.90 |- |- -
9 Slag (1.02|2.10(0.3 |1.7 |0.62 |0.046|50.3|13.2 |23.8
Matte|30.7|51.2(16.8 |40.6|33.1 |0.86 |- |- -

3 Slag (1.12|1.70(0.6 |2.2 |1.10 |0.040|55.6|12.9 |18.3
Matte|33.2|51.3(16.5 |40.6|34.0 |0.84 |- |- -
Second series of experiments
4 Slag {1.0 |0.86 |0.5 |2.5 |- - 56.5|11.8 |17.23
Matte|37.2|49.1 |13.2(47.8|33.87(0.74 |- |- -

5 Slag (1,4 |0.62 |0.3 |2.2 |- - 58.8|11.2 |15.58
Matte|53.8|31.8 |8.2 |50.7|34.95|0.70 |- |- -

6 Slag (2.0 |0.24 |- |3.0 |- - 57,4110.15|14.35
Matte|76,4|24.8 |- |57.9|35.3 |0,46 |- |- -

In first series of experiments, gold contents in
matte was, g/t: 30.2-33.2 and silver — 51.2-52.1;
in slags, g/t: Au — 1.02-1.14, Ag — 1.70-3.26.
For second series: in mattes, g/t: Au — 37.2-76.4,
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Ag—24.8-49.1,inslags,g/t: Au—1.0-2.0,Ag—0.24-0.86.
It is obvious that in the conditions of small smelting
samples (200 - 400 g) we obtained slags quite rich in
gold due to insufficient conditions for separation of
the melt into slag and matte.

Low residual arsenic contents in the products (in
mattes 0.46 - 0.90 %, in slags 0.04 - 0.14 %) indicate
a high degree of its transition into the gas phase, at
the conditions of high temperature charge smelting all
carbon also will transfer into the gas phase in the form
of oxides.

To study the effect of temperature on compositions

containing 35.97 % S and 59.4 % Fe. As described
above, process does not require any supplements of
matte forming flux.

As expected, the conditions of melting of charge
samples with 1000 g results in low content of precious
metals in slags: 0.12 - 0.18 g/t Au and 0.26 - 0,48 g/t
Ag. Thus, according to the coarse melting results, the
gold recovery into matte amounted to 98.7 - 99.1 %,
silver - 79.9 - 98.3 %.

Table 6 — Composition, weight and outputs of the product coarse
melting

of smelting products at optimum flux flow we Weight Product composition
performed the experiments with 200 g charge sample and glt %
with the following composition, i.e. 170 g ore (85 %), | pro- °?f§r‘;ts
9 i i duct
concentrate 0, flux 30 g (15 /o).. Weight and smelt.mg charge | au [Ag| F | s | As |sio,|AL0,| caO
yield of products are shown in Table 4, chemical weight
compositions of slags and mattes — in Table 5. g | %
Charge, %: ore — 60, copper sulphide concentrate — 25, Calcium
oxide — 15
Table 4 — Matte and slag outputs temperature influence Matte|278.0127.81 27.0 [56.3[47.8]17.75]0.38 | — _ _
Slag |556.0|55.6] 0.18 10,48/ 2.6 | - — |51.0/12.97|18.16
Experiment Outputs of a product from charge Charge, %: ore — 85, Calcium oxide — 15
Temperature, ight. %
No oc weight, % Matte|126.0(12.6|80.26|5.93|59,4/35.97|0.33| — | - | -
matte slag Slag [723.0(72.3[ 0.12 [0.26] 13| - | - [55.0] 13,4 [14.22
7 1350 11.5 72.0
8 1400 12.5 5 Conclusions. Decreasing of calcium oxide in feed
9 1450 12.5 715

Table 5 — Chemical compositions of derived slags and mattes

Expe- Compositions of smelting products
riment| Product g/t %
No Au |Ag| Cu | Fe | S [SiO,|ALO,| CaO
7 Slag |3.3[0.6(<0.1|26.1| - |60.0|<0.1|16.5
Matte |87.5(9.5/ 0.9 |52.9 36,4 | - - -
8 Slag |24 |05(<0.1|188| - |59.5|<0.1| 16.5
Matte |90.9/4.8]0.85|52.15|37.0| - - -
9 Slag |14|04(<0.1|16.7| - |59.5| 3.6 | 16.5
Matte |83.0({3.3| 0.7 | 53.6 |37.0| - - -

From the data of Tables 4, 5 we can see that out-
puts of smelting products are: mattes — 11.5-12.5 %
and slags — 71.5-72.0 %. The temperature rise from
1350 to 1450 °C has positive influence on lowering of
metal content in slags within the following limits, i.e.
gold 3.3-1.1 g/t and silver 0.6-0.4 g/t.

To clarify the obtained results the content of the
gold and silver experimental melting products we
performed coarse crucible melting’s under the above-
mentioned procedure with the charge weight of
1000 grams of two optimal compositions at 1450 °C.
Results are listed in Table 6.

Second charge, that has not sulfide copper
concentrate, because of 7.9 % sulfur and 9.5 % iron
of Bakyrchik deposit ore, there is formed matte,

based on gold containing refractory ore of Bakyrchik
ore deposit promotes decreasing of slag output and
doesn’t change matte output; wherein gold content in
slag is 1.02 — 1.14 g/t and silver decreases from 3.26
to 1.7 g/t; in matte gold and silver content changes
insignificantly: 30.2 — 33.2 g/t and 52.1 — 51.3 g/t
respectively.

Change of sulfide copper concentrate content in
feed from 17 % to 0 from charge’s mass allows to
control matte yield from 23.7 to 12.7 % and gold
content from 37.2 to 76.4 g/t and silver content from
49.1 t024.8 g/t.

After coarse laboratory melting were found
that at 1450 °C feed with 85 % Bakyrchik ore
and 15 % CaO there is forming matte, containing
80.26 g/t Au and 5.93 g/t Ag and slag, containing
0.12 g/t Au and 0.26 g/t Ag, with sulfide copper
concentrate gold content in matte decreases to
27 g/t, and silver content increases to 56.3 g/t;
recovery gold inmatte when meltingis 98.7-99.1 %
and silver — 79.9-91.3 %.
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TYWIHOEME

¥cTaHbIMAbl KaHa TEXHOMOTUsIHbI Kypy «Bepik» aHe «eki ece Gepik» KeHaepai Xofapbl acepsi eHAeyMeH KaMTaMachl3 eTeTiH,

BakbIpLUbIK KEHOPHbLI KEHAEPIHIH e KaTbiCbl 6ap anTbiH xaHe 6acka Aa MeTangapabl WTeHre XofFapbl apexene eTkidy Macerneci ete
e3ekTi. Kaxblpnbl 6ar anTblH KeHi xafgaribiHaa bakbIpLubIK KeHiHIH KocnaMeH cynbhUATI MbIC KOHLEHTpaTTapbl peTiHae cynbduansatopra
apHarnFaH Taxipubenep MymkiHAir kepceTingi, WwrenHai kamTuTtbiH 80,26 r/T AeriH anTbiH, 56,3 r/T AeniH Kymic xaHe Kox KypambiHaa 0,12-
0,18 r/T anTbiH xaHe 0,26-0,48 r/T kymic. Banksimanap 1350-1450 °C Temnepatypa MHTepBanbiHAa LWbIFynap MeH Kypamaap eHimaepi
acepni 3eptTengi. Texipubeni GankbiManapablH TemnepaTypacbiHblH ©3repyi KepceTinreH LieriHge emec, KyHAepaiH esiHae eneyni
CepiHeH LWbIFaTblH eHIMAEepPAi KypanTbiHbl aHbikTanFaH, 11,5-12,5 % wreiH ywiH xaHe 71,5-72,0 % kox yLwiH. Anaiga TemnepaTypaHbiH
1450 °C peMmiH xofapbinaybl MeTangapablH KypamaactapbliHa TUrisinreH eneyni acepiH TemeHaeTy, koxaapaa 3,3 TeH 1,4 r/1 peniH
anTblH xoaHe 0,6 faH 0,4 r/T gewiH kymic. Texipubeni kaTTbinaxnraH 6ankpiTy xarganbiHaa 1450 °C Temnepatypana KoxaamaHbiH Kypambi
TypakTbl 60Ny MyMKiHAir KepceTingi, WTenH Kocnachl3 LUTENHKYPaNUTbIH KOCna arny XaHe KOXAapAblH €H TOMEHTi KypamblHAa anTbiH MeH
Kymic 6onagbl. bankbITy xafaanbiHAA anTbiH XXeHe KYMIC LUTENHIH any 6apbiCbiHAa OHTaNmbl KOXAbIH KypaMbl THiciHLWe 98,7-99,1 % xoHe
79,9-98,3 % Kypaabl.

TyuiH ce3pep: Tynki 6epik anTbiH KeHi, CynbUATI MbIC KOHLEHTPaTbI, KOCMa, NMPOMETanyprusi, LWTENH, KOX.
PE3IOME

CospaHne NpYHUMNNanbHO HOBbIX TEXHOMOMMI, obecneunBatoLMx BbICOKOAMdEKTUBHY0 NepepaboTKy «yNOPHbLIX» U «ABONHON
YNOPHOCTU» PYA, K KOTOPbIM OTHOCATCA W pyAbl MECTOPOXAEHUsT BakbIpumnk, C BbICOKMM M3BNEYeHWem 3o5oTa U ApYrnx MeTannos
B LUTENH, BeCbMa akTyanbHO. B ycnoBmsx akCnepuMMeHTOB MnokasaHa BO3MOXHOCTb MnaBkv yrnopHoW GoraToil 30moToMm pyabl
MecTopoxaeHus bakbipymk ¢ 4ob6aBKow CynbMUAHbLIX MeOHbIX KOHLLEHTPaTOB B KayecTBe CynbduansaTopa Ha LWTelHbl, coaepxatime
no 80,26 r/T 3onota, go 56,3 r/T cepebpa u wnaku, cogepxatwme 0,12-0,18 r/T 3onota n 0,26-0,48 r/T cepebpa. M3yyeHo BnusHne
TemnepaTtypbl B MHTepBane 1350-1450 °C Ha BbIxoAbl ¥ COCTaBbl NPOAYKTOB MMaBOK. YCTAHOBMNEHO, YTO N3MEHEHME TeMNepaTypbl B
yKasaHHbIX Npejenax He okasblBano 3aMeTHOro BMUSHWA Ha BbIXOAbl MPOAYKTOB OMbITHLIX NMaBok, cocTasnsaswne 11,5-12,5 % ans
wrenHoB 1 71,5-72,0 % ans wnakoB. OgHako, nosbiweHne Temnepatypbl Ao 1450 °C okasano 3amMeTHOe BMUSIHWE Ha CHUXEHMWe
copepxaHuin MeTannos B Wwnakax: ot 3,3 go 1,4 r/T 3onota n ot 0,6 o 0,4 r/T cepebpa. B ycnoBusix yKpynHEHHbIX OMbITHLIX MI1aBOK
LUMXTbI MOCTOSIHHOTO COCTaBa, NpoBeAeHHbIX Npu TemnepaTtype 1450 °C, noka3aHa BO3MOXHOCTb 06pa3oBaHus WTeHa 6e3 fobaBku
LwTenHoobpasytowero drtoca M NonyyYeHUs LINakoB C MUHMMarbHbIM CoAepXaHuem 3onota u cepebpa. M3snevenve 3onota u
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cepebpa B LWITENH Npu ONTUManbHbIX YCNOBUAX MMaBKM U ONTMManbHOM cocTaBe Lnaka coctasuno 98,7-99,1 % n 79,9-98,3 %,
COOTBETCTBEHHO.

KntouyeBble cnoBa: KopeHHas ynopHasa pyna 3o5orta, CyJ'IbeM,EI,HbIVI MeaHbIV KOHLEHTPaT, droc, NNaBka Ha LUTeNH, Lnak.
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COMPLEX FERROALLOY OBTAINING from SILICON- and ALUMINUM-
CONTAINING SILICA CLAY

Abstract. For increase of technological efficiency of raw materials in manufacture of silicon-containing alloys it is necessary to raise
reactivity of SiO, in the raw materials. The silica clay, which contains to 90 % of SiO, in amorphous, high active state, can be used as such
the raw material. The given article contains the research results of thermodynamic modelling and electrosmelting the Darbaza deposit
silica clay with obtaining a complex ferroalloy. The thermodynamic modelling has been performed by means of a software package
Outokumpu, and the electrosmelting — in an arc furnace. Temperature (from 500 to 2500°C) and iron amount (from 20 to 120 % from
the silica clay weight) effect on Si and Al distribution degree in a system silica clay-C-Fe has been determined. It has been found the
positive influence of iron on silicon extraction in an alloy (as FeSi, Fe,Si, Fe,Si,, Si) and reduction of silicon loss as SiO(g). From the
thermodynamic point of view the Darbaza silica clay can be applied for obtaining a ferroalloy FS45A10 (40 % of Si, 7.5-10 % of Al) at
2048-2100°C in the presence of 20-45 % of iron and 36 % of carbon from the silica clay weight. At the experimental electrosmelting a
charge contained 54 % of the silica clay, 22 % of coke and 24 % of steel shavings in an arc ore-thermal furnace the formation of a complex
ferroalloy contained 46-52.8 % of > Si+Al has been observed. In accordance with this parameter the ferroalloy obtained corresponds to

ferrosilicoaluminum of a grade of FS45A10.

Keywords: silica clay, silicon, aluminum, reduction, thermodynamic modelling, electrosmelting, ferrosilicoaluminum.

Introduction. Ferrosilicoaluminum applies
to the complex ferroalloys [1], which are
used for steel deoxidation and reduction of
content of nonmetallic inclusions in it. The
ferrosilicoaluminum requirement in the CIS
countries in the beginning of XXI century made 200
ths t a year [2]. Ferrosilicoaluminum is produced
from bauxites, high-ash coal, ash of thermal power
stations, carbonaceous rock [1-3]. In these raw
materials silicon is in a crystalline state. Increase
of intensity of smelting silicon-containing alloys
including ferrosilicoaluminum is possible at use
of the siliceous raw materials, which have raised
reactivity. Silica clay, which contains to 90 % of
silicon in the amorphous, high reactionary state (in
comparison with crystalline Si0,) can be used as
such the raw material. The basis of this statement is
the fact that AG®,, (SiO, amorph) =-849.8 kJ/mol, and
for Si0,(B-quartz) AG®,,, is more negative: -854.7
kJ/mol [4]. Presence of Al,O, in silica clay expands
its possibilities as the raw material; in particular
silica clay can become a potential material for

ferrosilicoaluminum manufacture. The given
article contains the research results on obtaining
ferrosilicoaluminum from the silica clay of the
Darbaza deposit (South Kazakhstan area).

Experimental Part. The researches have been
performed by means of a thermodynamic modelling
method and electrosmelting the silica clay in a mixture
with coke and iron shavings. The thermodynamic
modelling of interaction of the silica clay with
carbon and iron has been carried out with use of a
software package HSC-5.1, developed by the Finnish
metallurgical company Outokumpu [5]. This program
allows describing in detail the processes of ferroalloy
manufacture [6-8]. The modelling has been fulfilled
in a temperature interval of 500-2500°C. The carbon
amount has made 100 % from the amount theoretically
necessary for the full reduction of silicon, aluminium
and iron (36 % from the silica clay weight), and the
iron amount — from 20 to 120 % from the silica clay
weight. The equilibrium distribution of silicon and
aluminium between the initial substances and reaction
products has been determined.
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