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TOTBIKCHI3/IAHFBIIITHIFGIH TOMEHT1 OKH/IKE JeHiH TOMEH/ETe i, OHbI KMbIH TOTHIKCHI3aHATBIH HATPHI
TUTaHAThIHA OaliTaHBICTHIPATHIHBI OSNTITCHII.

Tyifingi ce3mep: THTAaHMAarHeTHTTI KOHIEHTpAT, KATTHI()A3aibIK TOTBHIKCHI3AHIBIPY,
KaJIBIMIJICHT€H COJIa, apThUIail KOKC, MUKIKYpaM, KbI3JBIPY KUCHIKTAPhI, TEMIIEpaTypa, TePMIUSIIBIK
s dexT, HaTpHilney ypaeci, HaTpuid Gpeppurti

Summary

Influence of the calcinated soda additives on phase transformations at solid phase reduction of
titaniferrous magnetite concentrate wais studied in the interval of temperatures 200-1450°C. Thermo-
gravimetric researches of process of titaniferrous magnetite concentrate carbothermic reduction at the
ratio of Fe/C=0,25, in flux-free mode and with addition of the calcinated soda showed catalytic influ-
ence of soda. So the temperature of the rapid stage of reduction decreased from 790 down to 658°C,
i.e. for 132°C, and the depth of iron metallization considerably increased. It is shown that at the in-
crease of calcinated soda consumption (Na,O) up to 10% and at consumption of 18,3% of semicoke
all of solid phase iron metallization process flows within an interval 672-956°C, thereupon joint re-
duction of iron and titanium from a slag phase and successive melting of eutectic compositions of slag
phase take place. It is established that the calcinated soda decreases reducibility of TiO, down to low-
er oxides and binds it into more hard reducing sodium titanates.

Keywords: titaniferrous magnetite concentrate, solid phase reduction, soda calcinated, semi-
coke, charge, thermoeffects, sodium, sodium ferrite
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DEVELOPMENT OF BIOTECHNOLOGY FOR GOLD RECOVERY
FROM RESISTANT ORES AND SLIMES BY USING MINERAL ACIDS

Possibility in principle of gold recovery from resistant ores and slimes of one of Kazakhstani
deposits (gold content - 5.6 and 2.6 g /t respectively) is discussed in the article. Bioleaching method
was used in the investigation for resistant sulfide ores and production’s waste processing. This me-
thod has significant advantages, because it is characterized by simple process scheme due to cancella-
tion of high temperatures and pressures and more complete opening of ores by bio-reagents. Complex
inorganic solvent (H,SO,) with an organic additive (timber fungi of Phellinus genus) were used in the
experiments for gold recovery. Experiments showed that at bioleaching of slime samples with sulfuric
acid and an organic additive (timber fungi of Phellinus genus) - 75,0 % of Au was extracted into solu-
tion at 20 °C. At bioleaching of samples of Akbakaj resistant sulfide gold-bearing ores - 70,0 % of Au
was extracted into solution at same conditions. Thus, the presented results of the studies show that the
introduction of organic additives into the solution of sulfuric acid intensifies the leaching of gold
without using high temperatures and the pressure.

Key words: slime, sulfuric acid, Phellinus genus fungi, resistant sulfide ores, gold-bearing
ores, bioleaching, organic additives
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Introduction. Substantial composition and natural forms of gold-bearing ores are
varied in wide range. The individual technology of their processing is necessary in each
concrete case. Characteristic feature of gold-bearing ores is the lowest content of the basic
valuable component in them. Even ultrafine milling of a material does not allow getting
necessary degree of opening.

Hydrometallurgy of processing gold-bearing ores with transferring of noble metals
into a solution in the form of soluble salts and complexes is complicated heterogeneous
process [1-3]. The scope of gold solvents is very wide, more than 20. However not all of
them are interesting in view of technology i.e. simultaneously meet such requirements, as
nontoxicity, selectivity in relation to the noble metals, the moderate cost, an opportunity of
commercial operation.

One of actual problems of a modern gold mining is involving into production low-
grade raw material and raw material with complicated composition (complex, persistent,
overburden, stale slime of benefication, etc.). That allows essentially increase a raw-
material base and gold production guantity in the country. The standard methods of gold
recovery from such kind of the raw material, based on processes of mechanical, gravita-
tional or flotation benefication are inefficient in this case. Thus, for this problem solving the
nonconventional approach with essentially new scientific and technical developments is
required.

Now bioleaching technology becomes widespread due to its effectiveness for resis-
tant sulfide ores and production’s waste processing. This technology has significant advan-
tages providing an increase of gold recovery, and the economic efficiency of ores
processing. Also this technology is characterized by simple process scheme because of can-
cellation of high temperatures and pressures use due to more complete opening of ores by
bio-reagents. Application of bioleaching processes allows achieving high degree of gold
dissolution during cyanidation [4].

Now works on finding and application of cheap and widely accessible waste of the
microbiological industry are conducted. One of perspective directions of increasing effi-
ciency of noble metals recovery from depleted ores is use of bioreagents such as biological
liquid, containing amino acids, on the base of products of life processes of yeasts of Sac-
charomyces, Klupxoromycos or Pichiaspecies [5].

The purpose of the work was determination of technological methods for
processing Kazakhstani persistent gold-bearing ores in dependence on their phase and
chemical composition and choice optimal conditions for their effective using, including
selection of a solvent.

Structurally-phase transformations of the basic components of gold-silver-bearing
raw materials in mineral acids at leaching are studied with use of a complex of modern
physical and chemical methods of the analysis.

Experiments. Leaching of noble metals from persistent ore and slimes after flotati-
on. Persistent gold-bearing ore from vein "Main" of Akbakaj deposit with composition,
mass. %: SiO, - 56,8; Al,O; - 11,5; Fe,O3 - 6,7; Ca0 - 0,51; Siga- 1,2; MgO - 1,98; Zn -
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0,016; Cu- 0,10 and Au - 5,6 g/t, Ag - 3,8 g/t was used for leaching. Ore was averaged and
crushed up to 0,071 mm. Granulometric composition of ore, %: (1,0 mm) - 13,65; (0,5 mm)
- 37,84; (0,4 mm) - 10,52; (0,2 mm) - 8,79; (0,1 mm) - 8,35; (0,071 mm) - 20,85.

Chemical composition of quartering and crushed up to size 0,074 mm samples of
slimes after flotation was as follow, mass. %: SiO, - 60,11; Al,O; - 6,2; Zn - 0,016; Cu
0,10; Fe - 2,5; S-0,50; Au - 2,6 r/T, Ag - 3,2 g/t.

The ore bodies of deposit Akbakai are folded from various quartz- rocks on which
the thin crack-interspersed sulfide mineralization is imposed. Total amount of sulfides (ta-
ble 1) does not exceed 5-15 %.

Table 1 - Mineralogical structure of raw material of Akbakai deposit

Minerals | Main | Minor | Rare |
Hypogenic
Ore P);]r(l)te, ﬁzze' Gold, sphalerite, gray copper ore, marcasite,
Py chalcopyrite, pyrrhotite rutile, scheelite, electrum
Nonmetallic Quartz Sericite, chlorite, calcite biotite, muscovite
Hypergenic
Ore limonite chalcocite, malachite, covellite
Nonmetallic | Clay minerals Calcite gypsum

Physical and chemical researches of initial raw material have shown that among sul-
fides pyrite and arsenopyrite sharply prevail. Ores contain 70-75 % of silica, 10-12 % of
alumina, 0,5 % of sulfide sulfur. The content of copper, zinc, lead, antimony is very low —
minor part of percent. Substantial composition of the deposit is classed as gold-quartz mod-
erately sulfide formation.

Sulfides often contain gold, and evolving native gold in quartz is seldom. Concretion
of gold with sphalerite, gray copper ore, pyrite, arsenopyrite, and also location in intervals
between arsenopyrite crystals without forming concretions are most widespread. The grains
size is 0,001-0,05 mm. Gold in the form of electrum is frequently observed in the form of
inclusions with size of 0,001-0,003 mm inside pyrite. In quartz gold is observed in the form
of octahedral crystals.

In researches on persistent ore and slimes after flotation leaching the inorganic sol-
vent (H,SO, - 75,0 g/dm®) and the organic additive (timber fungi of Phellinus genus) at
ratio S:L = 1:3 were used as solvents of gold and silver. Experiments were carried out in
flask with mechanical stirrer (by the agitation method), speed of mixing was 300 rev/min.

Results and discussions. Experiments have shown, that at leaching by a solution of
a sulfuric acid with the organic additive (timber fungi) from flotation slimes into a solution
of 75,0 % Au and 68,0 % Ag were recovered, and from persistent sulfide ore of Akbakai
gold-bearing deposits 70,0 % Au and 65,5 Ag were recovered into a solution (table 2).

In figure 1 (a, b) thermogravimetric curves JITA- change of enthalpy, dJITA - speed
of weights change received during sample cooling are resulted. On curve JITA is one peak
of crystallization - at 1159 °C. On dJITA curve it is possible to see already three peaks.
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Table 2 — Recovery of noble metals from Akbakaj deposit persistent sulfide ore and slimes after flota-
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Leaching agent Concenr;r;;:jorgsAu/Ag, Recover% Au/Ag,
Persistent sulfide ore
H,S0, 0,69/0,61 65,7/60,2
H,SO, + fungi 0,75/0,70 70,0/65,5
slimes after flotation
H,S0, 0,71/0,67 68,9/61,0
H,SO, + fungi 0,82/0,78 75,0/68,0

Figure 1 - Thermogram of samples (a) initial sample and (b) cake after leaching by sulfuric solution
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On a curve dJITA even more peaks of crystallization of primarily molten phases ap-
pear. In figure 1 curves TT - change of weight and dTT" together with change of weight dur-
ing heating in percentage, according to minima on dTI" are shown. Effects in curves ITA
and dITA in the field of temperatures 500 - 600 °C reflect processes of pyrite decomposi-
tion. Weak endothermal effect with an extremum at 344 °C, probably, reflects polymorphic
transformation of a small amount of pyrrhotite. Effects on curves JITA and dJITA in the
field of temperatures 700 - 800 °C display of calcite decomposition. Weak endothermal
effect with an extremum at 671 °C on a curve d/ITA, possibly, reflects process of polymor-
phic transformation of hematite. Hematite could contain in sample initially besides it is an
end-product of pyrite decomposition. Weak endothermal effect with the maximal develop-
ment at 839 °C on a curve dITA can reflect smelting small quantity of argentite - Ag,S.
Exoenergic effect on a curve dITA with peak at 935 °C can display crystallization of a
small amount of metamictorthite - (Ca, TR), (Al, Fe**, Fe*"); [SiO]4 [Si,0;]O(OH) or a
clay mineral collyrite - mAI,OsnSiO,pH,O. Minima on a curve dTT at 1038 and 1097 °C
can display dehydration and decomposition of small amounts of micaceous minerals or
rhombic and alkaline amphiboles (alkaline hornblende, anthophyllite).

Endothermal effects on a curve dATA in the field of temperatures 1100 - 1250 °C
(b) reflect stage-by-stage sample smelting. Not strongly expressed endothermal effect on
curve ITA with the maximal development at 1217 °C is probably resulting effect of low-
intensity effects reflected on d/ITA.

Gold recovery from flotation slimes dependence on leaching time is presented in
figure 2. So the maximal values of recovery are observed during the first 8 hours.
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Figure 2 —Dependence of gold recovery from slimes on leaching time

Thus, the presented results shown, that introduction of organic additives into a solu-
tion of a sulfuric acid intensifies process of noble metals leaching [6]. It occurs due to pass-
ing of concomitant metals sulfides into soluble sulfates and the subsequent chelation of
gold with formation of organic-mineral soluble complexes under the influence of a bioor-
ganic reagent and a sulfuric acid. These processes proceed with participation of the amino
acids capable to complexing with gold and containing in a biomass of crushed timber fungi
of Phellinus genus. It is known, that amino acid composition of fungi (timber fungi) is al-
most identical and variates within the limits from 7 up to 18 and includes representatives of
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replaceable and irreplaceable amino acids, among which: leucine, serine, etc. It is known,
that use of amino acids in hydrometallurgy leads to substantial increase of noble metals
recovery. However, pure amino acids are very expensive reagent. Therefore crushed timber
fungi - a rich source of a mix of amino acids — are applied instead of them. So this biomass
- cheap reagent - has allowed to achieve simplification of a method at a high degree of
noble metals recovery. As result efficiency of one-phase without cyanide gold leaching
increases up to 75 % and silver up to 68 % and ecological safety of process raises, also the
technological scheme of persistent gold-silver ore processing becomes considerably simp-
ler.

In figure 3 IR-spectra of cake after leaching by a sulfuric acid are presented on
which all changes are well visible. Quartz a-SiO, - 1163, 1082, 798, 779, 694, 518, 470,
397, 371 sm™ [6, 7]. Albite type plagioclase Na [AlSizOg] - 1163, 649, 470 sm™. Muscovite
KAI, [(OH, F) ; | AlSiz01] - 3614, 1620, 1031, 694 sm™. Calcite CaCOj; - 1798, 1422, 876,
713 sm™. Absorption bands of valent fluctuations v (OH) - 3614, 3551, 3401 sm™, defor-
mation fluctuations 8 HOH - 1620 sm™. In long-wave area where links Me-O Me - S, Me -
X were observed absorption bands at wave numbers 371, 320, 278 sm™ are fixed, conformi-
ty to valent fluctuations of links of type Fe®*-O (in oxide) - 371 sm™ is possible.
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Figure 3 - IR-spectrum of cake after leaching flotation slimes by sulfuric solution

Valent fluctuations Fe** - O are shown in a range of 400-300 sm™. There is a band
of valent fluctuations v (OH) - 3401 on a spectral curve that indicates formation of its sul-
furic salt.

The IR-spectral analysis in a solution after leaching by sulfuric acid at presence of
timber fungi (figure 4) bands of stretching vibrations v (OH) - 3408 sm™1, deformation
6HOH-1651 sm™1 and libration vL. H,O - 682 sm™1 fluctuations of molecular water are
fixed. The wide dim band with a maximum at 1212 sm'', possibly, relates to fluctuation v,
(O ... H ...) of proton HsO, "dehydrate [7, 8]. The IR-spectroscopic analysis of sulfuric
solutions at presence of timber fungi after leaching has shown increase of such oxygen and
hydrogen-containing groups, as carboxyl and hydroxyls.
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Figure 4 - IR-spectrum of sulfuric solutions after leaching flotation slimes at presence of timber fungi

Conclusions. The comparative analysis of the received results has shown that at
leaching of flotation slimes and persistent ores by complex bio-reagent intensive destruc-
tion of crystal lattices of pyrite and arsenopyrite minerals is observed and depending on
medium pH is distributed between liquid and solid phases. Finally favorable conditions for
noble metals recovery by sulfuric solution are created. Thus, these results demonstrated that
the introduction of organic additives into the solution of sulfuric acid increases gold recov-
ery by the leaching without using high temperatures and the pressure.
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Pe3rome

B craTbe paccMOTpeHa NPHHIMITHANBHAS BO3MOXKHOCTD H3BJIEUEHHS 30J0Ta U3 YIOPHOU PyIbI
U XBOCTOB (JIOTAIU OJJHOTO U3 Ka3aXCTAHCKUX MECTOPOXKAeHHUil (comepxaHue 3o0i0Ta — 5,6 u 2,6
r/T). B nccnenoBanusx OBUT HCHONBE30BaH MeTO]] OMOBBINIETAYNBAHUS Kak HanbOosee 3((eKTUBHEIN
JUTst IepepaboTKU YHOPHBIX CYNb(QUIHBIX PYS M OTXOJO0B MPOU3BOJCTB. DTOT METOH 00IafaeT CyIe-
CTBEHHBIMH IPEHMYIIECTBAMU U XapaKTEPU3YeTCsl MPOCTOTOH TEXHOJIOTHUECKOH CXEMBI 33 CUET OT-
Ka3a OT BBICOKHX TeMIIepaTyp H JaBJIeHHUH Omarogapst 0ojiee MOIHOMY BCKPBHITHIO Py OHMopeareHTa-
MH. JIJIs1 IpOBEICHHS SKCIIEPUMEHTOB B Ka4eCTBE PACTBOPHUTENIEH 30JI0TA UCIIOIH30BAJICS HEOPTaHH-
ueckuii pactBopureib (H,SOy4) 1 opranmdeckas nobaska (apesecusie rpudbl poxa Phellinus). Dxkcre-
PHMEHTHI IOKa3aJIH, YTO MPH BbINIETAYNBAHUN PACTBOPOM CEPHOI KHCIOTHI C OpraHUYecKoil 100aB-
KOii (ipeBecHble TPUOBI) U3 IPOOBI XBOCTOB U3BNeKaeTcs B pactop 75,0 % Au npu 20°C, a u3 npoOsl
YIOPHO# CyiabGUAHOH pyabl akOakalCKOro 30JI0TOPYIHOTO MECTOPOXKACHUS B 3THX )K€ YCIOBHAX
n3Biekaercs 70,0 % Au. Takum oOpazoM, mpencTaBlIeHHBIE Pe3yJIbTAaThl MCCIEIOBAHUI MOKa3aiH,
9TO BBEJICHHE OPTraHUYECKHX N00ABOK B PACTBOP CEPHOM KHUCIOTHI HHTEHCH(HIMPYET MPOIECC BEI-
IIeNaYUBaHNs 30J10Ta O€3 HCII0Ib30BaHMUS BBICOKMX TEMIIEPaTyp U JaBICHHI.

KuroueBble ciioBa: XBOCTHI (JIOTAlMK, CEpHAs KUCIOTa, ApeBecHble rpudbl poaa Phellinus,
yHopHas cynb(uaHas pya, 30J0TOHOCHAs Py/a, BbILIEIa4YMBaHIEe, OPraHu4ecKue 100aBKU

Tyiiingeme

Crarpsiia Ka3akCTaH JKepiHiH (aNTBIHHBIH Kypambl-5,6 /T, 2,6 T/T) ©Hjaenyl KHBIH JKOHE
Grotanusi KanAbIKTapblHAH aNThIH adyIblH TikeJded MYMKIHOIKTepi KapacTelpburran. Toxipubene
anTHIHIBI epiTyre Gellopranukaiblk epitkint peringe (H,SO,), opranukansik kocna (Phellinus aram
MKAHKACHI) KOIIaHAbl. ToxipnOe HOTIDKECIHE KaJIBIKTapJaH KYKIPT KBIIIKBUIBI MEH OpTaHUKAaJbIK
kocrameH (Phellinus aramn »xaHkacel) Imaiimanayzia epitinai OoiiblHIna anTeiH any -75%, akbakaii
OHJIeNyi KUBIH anThIHIbl Cyabuari keHiner 20 °C- ta 70 % antsia ansiapl. COHBIMEH, TOXIpHOEe
KOPBITHIHABICHI JKOFapFbl TEMIIEpaTypa MEH KbICBIMCBI3 , KYKIPT KBIIIKBUIBI MEH OpTraHUKAJIBIK
KOCIIaMeH I1aiiMajayia ajaThlH ajly MeJIepi >KOFapblIaiiibl.

Tyiiin ce3mep: KamablkTap, KYKipT KbluKeUibl, Phellinus aramn jxkaHKachl, eHAETYi KHUBIH
CynbGUATI KeH, KYpPaMbIH/A aITHIHEI 0ap KeH
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TEPMOJUHAMHUYECKOE MOJIEJIMPOBAHUE OBPA30BAHMSI CH-
JIMIIUJOB JKEJE3A (Fe,Siy) B CUCTEME SiO,-Fe,C-C

HccnenoBanus B JaHHOW CTaThe HANpaBlIEHBl Ha pa3pabOTKy pecypco- M HeprocOeperaro-
IIeH TeXHOJIOTMH MPOU3BOACTBA (HEPPOCHIIMIMS C COKPALICHUEM 10 MUHUMYMa PacXo/0B Je(HIHT-
HBIX COCTaBIISIFOLIIMX CBHIPBS - KOKCA H KENE3HOH CTPYXKKH, a TAKXKe Ha pelIeHHe 3KOJIOTHUECcKOH mpo-
6JeMBI - Ha YTUIN3ALHUIO OTXOAOB LHHKOBOM MPOMBINUIEHHOCTH. [IpruBeeHbl TepMOJUHAMUUECKHE
MCCIIeJOBaHUS Mpolecca 06pa3oBaHus pasandHbix Moaudukanmii heppocmnasa (FeSi, FesSis, FesSi,)
B cucreme SiO,-Fe;C-C. ITokazana npuHIMNIHAIBHAS BO3MOXKHOCTE 00pa30oBaHMs peppOCHININS IPpU
B3anmopeticteun FesC u SiO, B puCyTCTBHU yriiepoJa B YCIOBHSX dJIEKTPOTEPMHIECKON IIABKH.
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