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RESEARCH OF THE POSSIBILITY OF THE USING OF WASTES
ENRICHMENT OF GOLD-CONTAINING ORES IN THE PROCESS OF
RECEIVING SILICOPHOSPHATE FERTILIZERS BY
MECHANOCHEMICAL ACTIVATION

Abstract. The material and phase composition of the wastes enrichment of the gold-bearing ore of the
Pustynoye deposit were studied and it was shown that quartz and silicon compounds are their main productive phase,
their content in recalculate on silicon dioxide is 75.13 mass.%. With the using of the mechanochemical activation
(MCA)method by dry process a silicon-phosphate material was obtained with the component ratio of Karatau
phosphorite: enrichment waste = 1: 1. It has been established that mechanically activated phosphorite mixture with
wastes of ore enrichment of "Pustynoye" deposit contains 1.4% of water-soluble form of phosphorus pentoxide and
51.7% of citrate-soluble P,Os. In this case, the product is completely soluble in citric acid. While the original
phosphorus does not contain a water-soluble form of phosphorus pentoxide, and the content of citrate- and citron-
soluble forms of P,Os is (rel. %) 8.6 and 58.5, accordingly. Mechanochemical activation of mixtures of natural
phosphates with waste of enrichment of gold-bearing ore promotes the appearance in the aqueous extract of
assimilable compounds of silicon in the form of monosilicic acid in the amount of 62.5 mg / 1, whereas in the original
phosphorus these compounds are absent. Also it has been shown that in the silicophosphative-containing product
after MCA the fluorine content significantly reduces, from 3.11 to 1.21 wt%. The carried out researches have shown
the possibility of using of wastes enrichment of gold-bearing ore of "Pustynoye" deposit in the processes of obtaining
silicophosphate fertilizers by the method of mechanochemical activation.

Keywords: silicophosphate fertilizers, wastes of enrichment, mechanochemical method.

Introduction

Over the past century, the population of the Earth has increased from 1.5 to 5.5 billion people and it is
expected that by 2020 it will reach 8 milliards. The feed of so many people is the most important problem
that has arisen before humanity [1]. Therefore, recently the priority scientific direction in the whole world
is the intensification of agricultural production with the using of new science intensive technologies of the
application of mineral fertilizers, which are improve the structure of the soil and increasing its fertility and
quality of agricultural products. The existing technologies for the production of mineral fertilizers, in
particular phosphorus fertilizers, lead to the formation of a huge amount of wastes (phosphogypsum, off-
balance ores, waste rock), overphosphating and salinization of soil in the regions of the location of
phosphate plants, which lead not only to the loss of a large number of valuable components that remain in
the waste, but also it worse the environmental conditions of these areas.

In addition, currently produced single- and two-component mineral fertilizers have a relatively low
coefficient of use of nutrients by plants. Thus, the authors of [2-4] showed that the coefficient of nitrogen
using of single-component fertilizers does not exceed 40%, phosphorus pentoxide 20%, and potassium
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dioxide 50-60%. Consequently, from 1000 kilograms of inputed nutrients from 400 to 850 kilograms
pollute the soil, water and atmosphere, and also it increase economic costs for the production of
agricultural products.

It should also be noted that with the existing acid methods of natural phosphate raw materials
processing, the degree of utilization of fluorine compounds in the production of superphosphate does not
exceed 20-50%, and it is even less in the production of complex fertilizers. The content of fluorine in
superphosphate reaches 1-1.5, in ammophos 3-5%. On average, with each ton of necessary for plants
phosphorus about 160 kg of fluorine is fed to the fields [4]. In addition, in fertilizers, unlike natural
phosphate ores, fluorine is in the form of soluble compounds and easily enters the plant. Increased
accumulation of fluorine in plants disrupts metabolism, enzymatic activity (inhibits the effect of
phosphatase, etc.), negatively affects the photo and biosynthesis of the protein, the development of fruits.

Based on the aforesaid, certain scientific and practical interest in this regard is development of
technologies of production of new and effective fertilizers, which are decide question of increasing of soil
fertility and improve of the environmental situation of agricultural regions. In our view, a promising
technological solution for the production of new phosphoric fertilizers is the mechanochemical activation
of natural phosphates with various additives associated with solid-phase reactions in grinding machines
[5-10]. This method contains a huge innovative potential, as it provides a comparative simplicity of the
process and the ability to conduct reactions in the absence of aggressive liquid reagents - mineral acids,
alkalis, which in turn is important from an environmental point of view.

As additives that increase the effectiveness of phosphate fertilizers, we proposed to use silicon-
containing wastes of the enrichment of ore raw materials of Kazakhstan, since it is known that silica-
phosphate fertilizers introduced into the soil significantly improve its structure and increase fertility [12-
15]. It is also known that the presence in the soil of available forms of silicon is very important for plants,
as it enhances the assimilability of phosphorus, potassium, magnesium, influencing the growth and
metabolic processes of the plant, creates conditions for expanding the feeding zone, strengthening drought
resistance, increases resistance to frost, radiation, toxic substances, pest damage [11]. It is also known that
the presence in the soil of available forms of silicon is very important for plants, as it enhances the
assimilability of phosphorus, potassium, magnesium, influencing the growth and metabolic processes of
the plant, creates conditions for expanding the feeding zone, strengthening resistance to frosts, increases
resistance to frost, radiation, toxic substances, pest damage [11].

Methods

The research objects in this work are Karatau phosphorites (phosphate component) and wastes of
enrichment of gold-bearing ore of the “Pustynoye” deposit, which are a light-yellow material without any
inclusions. A study of the material composition of the enrichment wastes and the initial Karatau
phosphorites was carried out by electron-probe analysis with using of electron microscope of JEOL-733
firm with X-ray analyzer. The phase composition was studied by X-ray diffractometric analysis, which
was carried out on an automated diffronometer DRON-3 with CuK, radiation, B-filter. X-ray phase
analysis on the semi-quantitative basis was carried out according to diffractograms of powder samples
using the method of equal weights and artificial mixtures. Quantitative ratios of crystalline phases were
determined. Interpretation of the diffractograms was carried out using the ICDD file data: powder
diffractometry database PDF2 (Powder Diffraction File) and diffractograms of minerals free of impurities.

Results

The average material composition of Karatau phosphorites and ore wastes from the "Pustynoye"
deposit are presented in Tables 1-2, and the results of semi-quantitative X-ray phase analysis of crystalline
phases of the objects of investigation are given in Tables 3-4.

Table 1 — The average material composition of the initial phosphatites of Karatau

Content of component in reculculations on oxides, wt.%
F MgO A1203 SIOZ P205 SO3 Kzo CaO MnO FeO total
3.17 4.14 3.53 20.83 25.17 0.94 1.12 38.58 0.47 2.05 100.00
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From the results it follows that the wastes of the gravity concentration of the ore at the "Pustynoye"
deposit are mainly represented by silicon compounds, whose content in terms of SiO, is 75.13% by
weight. There are no harmful impurities (plumbum, cadmium, arsenic, antimony, barium) in the wastes
studied, which allows us to recommend them as an initial silicon-containing component for the production
of silicophosphate fertilizers.

Table 2 — The average material composition of wastes of gravitational enrichment
of gold-bearing ore of the “Pustynoye” deposit

Content of component in reculculations on oxides, wt.%
NHQO MgO A1203 SIOZ Kzo CaO T102 FeO Total
2.13 0.74 12.22 75.13 3.19 2.11 0.58 3.90 100.00
Table 3 — Results of semi-quantitative X-ray phase analysis of Karatau samples
Phase name Chemical formula Content, wt.%
Fluoropatite Cas(PO,);F 51.6
Quartz SiO, 20.0
Dolomite CaMg(COs3), 22.9
Albite Na(AlSi;0g) 2.0
Muscovite KAIL(AISi;0,0)(OH), 2.1
Calcite CaCO;, 1.3

Table 4 — Results of semi-quantitative X-ray phase analysis
of crystalline phases of wastes of gravity concentration of gold-bearing ore of "Pustynnoe" deposit

Mineral Chemical formula Content, wt.%
Quartz SiO, 79.1
Albite Na(AlSi;Oyg) 9.4
Calcite CaCO; 6.9
Mica KAlz(Alsl3010)(OH)2 4.6

Silicophosphate fertilizers were obtained by the dry process by mechanochemical activation of
mixtures of initial phosphorites with silicon-containing wastes with the ratio of components 1: 1. The
activation was carried out in a planetary ball mill of the "Activator 2S" type for 5 minutes. For
comparison, a known fertilizer, phosphorite flour, was used. The phosphorus content available for plants
(water-soluble, citrate- and citric-soluble P,Os) was carried out in accordance with standard methods [16].
Extraction of the assimilable silicon compounds was carried out with distilled water with stirring and a
ratio S: L = 1: 100. The concentration of monosilicic acids in the filtrates was determined by a known
method [17]. The results are shown in Table 5.

Table 5 — Results of analytical determination of phosphorus and silicon compounds assimilated
by plants in silicophosphate fertilizers, obtained by dry method MCA

The content of assimilable forms of P,Os, rel.% Content of assimilable

Composition of fertilizer

water-soluble citrate-soluble citron-soluble | silicon compounds, mg /1
The initial phosphorite of
Karatau (phosphorus) 0.0 8.6 >8.5 0.0
Mechanoactivated Phosphorite of 12 305 65.8 205
Karatau
Mechanoactivated mixture of
phosphorite w1tl'1‘ wastes of f')re 14 517 100.0 625
enreachment of "Pustynoye
deposit with component ratio 1: 1
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From the obtained results, it follows that the mechanically activated phosphorite mixture with the ore
enreachment wastes of "Pustynoye" deposit at component ratio equal to 1: 1 contains 1.4% by weight of
the water-soluble form of phosphorus pentoxide and 51.7% by weight of citrate-soluble P,Os. In this case,
the product is completely soluble in citric acid. While the original phosphorus does not contain a water-
soluble form of phosphorus pentoxide, the content of citrate- and citron-soluble forms of P,Os is (rel.%)
8.6 and 58.5, respectively. In mechanically activated phosphoryte, a water-soluble form of P,Os (1.2
rel.%) appears, the content of citrate-soluble form increases 3.5 times and the content of citrate-soluble
phosphates slightly increases. The main difference between the mechanically activated phosphorite
mixture and the wastes of ore ereachment of "Pustynoye" deposit from mechanoactivated and initial
phosphorite is the presence of assimilable silicon compounds 62.5 mg/l in the form of monosilicic acid,
whereas in the original phosphate flour these compounds are absent, and after mechanochemical activation
their content in the aqueous extract is 20.5 mg / 1. In addition, as follows from the results of the physical
analysis of the mechanically activated (MCA) mixture of the Karatau phosphorite with wastes of gold-
containing ore enrichment of "Pustynoye" deposit (Table 6), the fluorine content decreased significantly
from 3.11 to 1.21 mass.% in the silicon phosphate product.

Table 6 — The average material composition of mechanically activated (MCA) Karatau phosphorite
and its mixture with wastes of enrichment of gold-bearing ore of "Pustynoye" deposit

Content of component in reculculations on oxides, mass.%

F MgO A1203 8102 P205 503 Kzo CaO MnO | FeO T102
MCA
phosphorite 3.11 3.82 2.53 25.53 24.06 0.90 0.97 36.82 0.39 1.82 | 0.0
MCA
mixture of
phosphorite
with wastes 1.21 2.98 8.84 46.87 12.49 0.51 2.50 10.12 0.27 | 2.28 | 0.36

Thus, the conducted studies showed that the mechanochemical activation of mixtures of Karatau
phosphorites with wastes of gold-containing ore enrichment of "Pustynoye" deposit leads to destruction of
the initial phosphorite, accompanied by defluorination of MCA products and the appearance in the
solution of not only assimilable forms of P,Os, but also the formation of silicon compounds assimilated by
plants. In addition, involving large-tonnage siliceous wastes from the enrichment of ore raw materials into
the production of silicophosphate fertilizers will not only expand the range of phosphate fertilizers, but it
will also solve the problem of solid waste storage and environmental protection.

The results of the research presented in this article were carried out within the framework of a
scientific project funded by the Ministry of Education and Science of the Republic of Kazakhstan under
the targeted financing program Ne BR05236302 "Scientific and technical rationale for the innovation of
the chemical cluster in the development of new materials and technologies for increasing the efficiency
and environmental sustainability of industrial production ", issued by the KazNITU named after K.I.
Satpayev.

Discussion

The carried out researches have shown the possibility of using wastes of enrichment of gold-bearing
ore of "Pustynoye" deposit in the processes of obtaining of silicophosphate fertilizers by the method of
mechanochemical activation. In this process, natural phosphates are degraded, resulting in the reduction in
the fluorine content of the final product. Acid-free method of used ultrafine grinding allows obtaining
completely soluble in citric acid silicophosphate materials containing water (1.4% by weight) and citrate-
soluble (51.7 rel.%) forms of P,Os, as well as plants assimilated by silicon compounds (62.5 mg/l).

—— 4 ——
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B.]. Kanpauosa', III.H. Ky6exosa', I'.T. H6panmosa’,
M.K. KycannoBa', A.C. Panmbexosa', K.Illapunos®

1K.I/I. CorbaeB aTeiHAarsl Ka3ak YITTHIK TEXHUKAJIBIK 3€pTTEy YHUBEpCUTeTi, AnmaTsl, KasakcTan;
2COK. AcdenauspoB arbiHnarel Kazak yITThIK MeAMHHULIA YHUBepCUTETI, Anmatsl, Ka3akcran

MEXAHOXMMSILIBIK AKTUBAIIUAJIAY TOCIIMEH KPEMHE®OC®ATTHI
TBIHAUTKBIIITAP AJTY YPAICIHAE AJITBIH KYPAM/bI KEHJAEPIHIH BAUBITY
KAJIABIKTAPBIH KOJIJAHBLIY MYMKIHJITI'TH 3EPTTEY

Annotanus. bepinren xympicta «[lycThIHHOE» KEHOPBIHBIH alTHIH KYpaMIbl KeHiH OalbITY KaJJIbIKTapbIHBIH
3aTTHIK JKoHE (Pa3alibIK KypaMBbl 3epTTENTeH JKOHE OJapIblH HETi3ri ¢a3achl - KBapIl MeH KPEMHHHA KOCBHUIBICTAPEI
(kpemHUI OWOKcHAiHE Kaita ecentereHae 75.13 macc.% ) OoNBI KeNeTiHI AONeNIeHreH. MeXaHOXUMISITBIK,
aktuBamsuiay omic (MXO) kommanymen Kapartay docdoputi:0aiibiTy KangsIKTapbl KOMIIOHEHTTepAiH 1:1 Tey
KaTblHacTa KpeMHHHKypamzasl (ocdarTblk Matepuan ansiHFaH. Dochoput sxoHe «IlycTBIHHOE» KEHOPBIHAAFHI
ANTBIHKYPaMbl KeHiHIH OalbITy KalJbIKTapblHAH TYpaThiH MexaHoOesceHaipiireH Kocnana Gochop neHTaoCKu I
cyna eputiH Typinge 1.4 cam.% >xoHe mwmrpar epirimm TypiHme 51.7 cam.% P,Os Gap. AnplHFaH 6HIM JHMOH
KBIIIKBUIBIH/IA TOJIBIK epui. Ajaiina 6actankbl (pochopHuT YHI IEHTAOKCHITIH Cy/la ePUMEHTIH Gopmaiap jKOK, aj
P,Os mutparThl- XoHE JIMMOHIBI-epirim Qopmanapsel (can.%) 8,6 xoHe 58,5 colikecinme Kypaiiasl. TaOuru
(ocaTTapsl MEH aNTHIHKYpaM/bl KeHiHIH 0allbITy KaJIbIKTapbIHBIH KOCIIAJIAPbl MEXaHOXUMHMSUIIBIK aKTHBALUsIIAY
Ke31H/Ie CYJIbI CY3iH/Iile MOHOKPEMHHI KBIIIKBUIEL 62,5 M/ MeJepae 0onaThiH KpEMHUIIII CiHIpiMAl KOCBUIBICTAap
maiina Oomamer, an Oacramkbl (ochopuTti yHma Oy KockuteicTap kOK. CoHbIMeH KaTap, MXA-maH KeHiH
kpemHedocharTel eHimueri ¢ropaslH Memmepi aWrtapabiktait — 3,11-men 1,21 wmacc.%-ra gelliH  asasisbl.
Kyprizinren 3eprreynep «IlycTBIHHOE» KEHOPBIHBIH QITBIH Kypamjabl KeHiH OaiblTy  KalIbIKTapblH
MEXaHOXUMHUSIIBIK aKTHBAIUS apKBUTBI KpeMHe(pochHaTThl THIHAUTKEIITAp aly YPpAiCiHAe KOMAAHBLUTY MYMKIHAIKTEpP1
KOPCETIITeH.

B.]. Kanpasosa', IIL.H. Ky6exosa', I'.T. U6panmona’,
M.XK. Kycannosa', A.C. Panmbexona', K.Illapunos®

'HAO Kazaxckuii HallMOHAJIbHBIN UccieoBaTeNbckuil Texunueckui yuupepeuteT uM.K.M. CarnaeBa, AnmMarsl,
Kazaxcran
*KazaxcKuit HALMOHATbHBIH MEHIMHCKUI YHUBEPCUTET HMeHH Achennusaposa, Anmarsl, Kasaxcran

NCCIEJOBAHHUE BO3SMOKHOCTHU UCITOJIB30BAHHUA OTXO10B OBOI'AIIIEHUS
30JI0TOCOJIEPXKAIIUX PY/I B ITPOLIECCE MOJYUYEHUS KPEMHE®OC®ATHHIX YIOBPEHUI
MEXAHOXUMHUYECKHUM CIIOCOBOM

AnHotanusi. B paGore n3yueH BeriecTBeHHbIH U (a30BbIil cOCTAaB OTXOA0B OOOTAILEHUS 30J0TOCOAEpIKALICH
pyabl MectopokaeHus «IlyCThIHHOe» M MOKa3aHO, YTO UX OCHOBHOW INPOAYKTHBHOHM (ha30i SIBISIOTCS KBapll W
COEIUHEHUS KPEMHMUsI, COAEp:KaHHE KOTOPBIX B IepecdyeTe Ha JUOKCHJ KpeMmHHs cocTaBiseT 75.13 macc.%. C
UCIIOJIb30BaHMEM METO/a MeXaHoXMMHueckoi aktuBaiuu (MXA) cyxum crocoboM mosrydeH KpemHedochaTHBINH
MaTepuall C COOTHOLIEHHEM KOMIOHEHTOB Qocdoput Kaparay:orxomsl oboramenuss = 1:1. YcraHoBieHO, 4TO
MEXaHOaKTHBUPOBaHHasl cMech (ocoputa ¢ oTxogamu oboramenns pyas! M. «llycteiHHOE» comepxut 1,4 oTH.%
BOJIOpacTBOpUMON (opmbl nieHTaokcuaa dochopa u 51,7 orH.% murparHopacTBopumoii P,Os. IIpu 3ToM mpoaykr
MOJHOCTBIO PACTBOPUM B JIMMOHHOW KHcioTe. Torma kak ncxofgHas (ocMyKa HE COAEPXKHT BOJOPACTBOPHMON
¢dopmel neHtaokcuaa Gocdopa, a cogeprkaHue HUTPATHO- U TMMOHHOpacTBOpUMOM (opm P,Os coctaBnsier (oTH.%)
8,6 m 58,5 cooTBeTcTBeHHO. MeXaHOXMMHYCCKAss AaKTHBALMSA CMECed NpUpOAHBIX (ocharoB ¢ OTXOmaMH
oOoramieHust 30J0TOCOAEPKALIEH PyAbl CIIOCOOCTBYET IMOSIBICHUIO B BOJHON BBITSDKKE YCBOSIEMBIX COCTHMHEHHN
KPEMHHsI B BHJE MOHOKPEMHHEBOH KHCIIOTHI B KOJIM4ecTBEe 62,5 Mr/im, Toraa Kak B UCXOAHOHW (ocMyke 3TH
coefrHEeHUs] OTCyTCTBYIOT. Takxke moka3aHo, 4ro B KpemHedochaTHOM mpoaykre nocie MXA cyliecTBeHHO
cHIDKaeTcs conepxkanue ¢ropa — ¢ 3,11 mo 1,21 macc.%. [IpoBeneHHbIe HCCICIOBAHUS MOKA3adl BO3MOXKHOCTh
WCIIOJIb30BAaHMs OTXOAOB O0OOTAIlleHHsl 30JI0TOcoepKameid pyasl M. «[lycTelHHOe» B mpolreccax HOIydYeHHs
kpeMHedochaTHbIX ynoOpeHuii crrocoOoM MEXaHOXMMHUYECKOH aKTHBALIIH.
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