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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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PHYSICAL-AND-CHEMICAL REGULARITIES
OF FORMING CHRYSOCOLLA MINERAL
IN METASILICATE SOLUTIONS

Abstract. The chrysocolla mineral takes a unique place among the minerals found in the complex oxidized
copper ores. For developing the newest efficient methods of processing such ores it is necessary study comprehen-
sively the properties of the chrysocolla mineral. The difficulty is in distinguishing between monomineral fractions
from the ore. In literature there are no data of obtaining chrysocolla artificially, there are only different authors’
suppositions regarding the mineral formation in the earth crust by means of copper adsorption from solutions by
silica. In this connection we for the first time by the method of voltammetry have established the mechanism of
forming the chrysocolla mineral during anodic polarization of the electrode in the sodium metasilicate solution.
There has been shown a possibility to obtain chrysocolla by means of electrolysis from the water solution of sodium
metasilicate. There has been studied the effect of the current density, the concentration of sodium metasilicate, the
solution temperature and the duration of electrolysis on the chrysocolla current yield. In optimal conditions the
current yield is 78.5 %. There has been carried out a comparative analysis of the obtained by electrolysis chrysocolla
with its natural analogue. There have been used methods of IR spectroscopy, differential-thermal and chemical
analyses that confirm the identification of the electrolysis chrysocolla with chrysocolla taken as the reference.

Keywords: chrysocolla mineral, voltammetry, electrolysis, sodium metasilicate.

Introduction. The involvement in poor anthropogenic dump oxidized complex copper ores could
make a real prognosis for a significant copper production and improvements in the ecological environment
in the Republic of Kazakhstan.

Copper mineral chrysocolla (CuSiO;-nH,0) alongside with malachite and azurite make the basis of
the oxidized ore and is not practically subject to flotation methods of dressing [1-5]. The first task in the
development of efficient methods of such ores processing is studying physical-and-chemical properties of
chrysocolla. The difficulty consists in separating monomineral fractions of the specified mineral from the
oxidized copper ore [6]. It should be noted that there are no information of artificial obtaining chrysocolla
in literature, there are only different authors’ suppositions regarding the formation of chrysocolla but their
opinions vary. For example, academician S. S. Smirnov connects chrysocolla forming with the pheno-
menon of copper absorption from silica solutions [7], others indicate the possibility of the mineral
occurrence be means of processing with the bicarbonate-phosphate copper solution with sodium silicate at
certain values of the solution pH [8].

For the first time we have studied the electrochemical mechanism of chrysocolla formation and
shown the possibility of the mineral electrolytic synthesis. On the mineral obtained there has been carried
out a comparative analysis with its natural analog.
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Experiment methodology. The studies have been carried out by the method of taking polarization
curves in sodium metasilicate solution. Polarization curves have been taken using a special clamping
electrodes of the specific design [9]. Voltammetric measurements have been made at the temperatures of
25-750 °C, the potential sweep rate of 10 mV/s and the concentration of electrolyte of 0.5-7.5 g/1.

The electrolysis has been carried out in a thermostated electrolysis cell of 500 mL capacity, the
electrodes have been made of cathodic copper. For preparing the electrolyte there has been used distilled
water and sodium metasilicate solution (Na,SiOs3). The duration of the experiments has been 15-180
minutes. When electrolyzed, chrysocolla precipitate have been washed with distilled water, filtered and
dried in the atmospheric air. The copper content have been determined by a chemical analysis [10]. The
synthesized product has also been investigated by the IR spectroscopy and differential-thermal analysis
methods.

Discussing results. It is known that when dissolved in water sodium metasilicate is hydrolyzed and
its solution possesses an alkali reaction [11]:

On the anodic polarization curve of the copper electrode there are observed two waves.

Na,Si0; + H,O — 2NaOH + SiO,. )
The first weakly pronounced wave corresponds to the process of forming cuprous copper oxide [12]:
2Cu° + H,0 — Cu,0 + 2H + ¢ E’=+0,570, B )

The second wave corresponds to the process of cuprous copper active transition into copper hydro-
xide [13]:

Cu,0 + 3H,0 — 2Cu(OH), + 2H" + ¢, E° = 40,669, B 3)

Copper hydroxide formed [14] reacts with sodium silicate and forms a new phase: the chrysocolla
mineral

Cu(OH), + Na,SiO; — CuSiO; + 2 NaOH. 4)

Based on the voltammetric studies carried out for the first time has been shown the posssiblity of
obtaining the chrysocolla mineral by the electrolytic method [15].

There has been studied the current density, the concentration of sodium metasilicate, the temperature
of the solution and the duration of electrolysis effect on the chrysocolla yield.

The essence of the process consists in the following:

- firstly, in the process of electrolysis on the cathode there is separated goes hydrogen

2H,0 + 2e —» H, + 20H~ €))
- on the anode there is observed the copper electrode dissolution
Cu® - Cu?t + 2e 2)

The cupric copper ions formed in the electrolyte capacity interact with the present in the solution
silicate-ions (Si0%™) and form chrysocolla of bright-blue color in the reaction:

Cu?* + Si0%~ - CuSiO; 3)

The experimental data show (figure 1, curve 1) that with the gradual increasing the current density in
the range of 25 to 100 A/m’, there is observed the current yield growth from 18 to 78.5 %, respectively.
The current density increasing over 100 A/m” leads to a significant decreasing the current yield of the
chrysocolla formation.

A significant effect on the product current yield is made by the initial concentration of sodium
metasilicate. As it is seen in figure 2, chrysocolla is formed only in a restricted area with concentrations
ranging from 0.5 to 5 g/l. The maximum yield (78.5 %) has already been reached at the 0.5 g/l concen-
tration. The concentration increasing up to 5 g/l will result in a sharp stopping of chrysocolla formation,
the current yield will decrease up to zero.

The solution temperature effect has been studied in the range of 20-800 °C; with the temperature
increasing the chrysocolla current yield gradually decreases (figure 3, curve 1).
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Figure 1 — Current density effect on the chrysocolla current yield:
sodium metasilicate concentration 0.5 g/1, temperature 20 oc, electrolysis duration 60 min.
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Figure 2 — Current density effect on the chrysocolla current yield:
current density 100 A/m?, temperature 20 °C, electrolysis duration 60 min.
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Figure 3 — Temperature effect on the chrysocolla current yield:
current density 100 A/m?, sodium metasilicate concentration 0.5 g/1, electrolysis duration 60 min.
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Figure 4 — Electrolysis duration effect on the chrysocolla current yield:
current density 100 A/m’, sodium silicate concentration 0.5 g/l, temperature 20 °C

With increasing the duration of electrolysis (figure 4), the chrysocolla current yield reaches the
maximal value (78.5 %). The further increasing of the duration leads to decreasing the current yield.

To ensure the purity of the synthesized chrysocolla during electrolysis, the pH value of the electrolyte
solution must be maintained in the range of 11.5...12.0

The precipitate of the chrysocolla obtained has been analyzed by the chemical, IR-spectroscopy and
differential-thermal analysis methods.

The data of the chemical composition of chrysocolla in literature are very scarce, which is explained
by the difficulty of obtaining sufficient quantities of a homogeneous material that does not contain
impurities. The chemical composition of chrysocolla that does not contain aluminum can be expressed by
the formula of copper metasilicate CuSiO;-nH,O [6]. According to [17], the color of pure chrysocolla is
predominantly blue, it is easily decomposed by acids and ammonia. F. V. Chukhrov [6] published the
analysis of a light blue chrysocolla from the Zlatoust area of the Zhezkazgan deposit. When viewing this
chrysocolla under the microscope it turns out that it is microscopically homogeneous and can be treated
as. monomineral corresponding to the formula CuO-SiO,-1,5H,0.

The aggregates of chrysocolla obtained have a light blue color and are decomposed by acids and
ammonia.

The chemical analysis of the synthesized chrysocolla has been carried out for copper and silica
according to the well-known techniques [18]. According to the results of the analysis, the copper content
in the precipitate is 44.81 %, and silicon 20.13 %; when converted to chrysocolla CuSiO;-nH,0, there has
been established compliance with the formula CuSiO;-3,6H,0.

The IR spectra of the resulting light blue precipitate have been recorded in the UR-20 type spectro-
meter in the 500-1600 cm'region.

Figure 5 shows the IR spectra of monomineral chrysocolla adopted as the reference [19] and chryso-
colla synthesized by electrolysis. As it can be seen in the Figure, the absorption bands and intensities of
chrysocolla obtained by electrolysis are identical with the corresponding values of the reference
chrysocolla.

Figure 6 shows the curves of heating chrysocolla from Zhezkazgan (a) and synthesized by us (b). The
differential-thermal analysis of the studied product has been carried out in a derivatograph of Q-1000
design at a rate of 10 deg/min to 1000 °C. On the curves of heating chrysocolla from Zhezkazgan (a) there
are several distinctly pronounced thermal effects, in the author's opinion [20] caused by the separation of
weakly bound water (120-140 °C) from the mineral, the lattice decay (450-530 °C), the formation of a new
crystalline phase (690-700 °C) and sintering the substance (1040 °C). If we compare the curves of heating
synthesized chrysocolla (b) with the DTA mineral curves, their similarity is generally noticeable, but it
should be taken into account that the electrochemical synthesis is carried out in an aqueous medium.
Therefore, in this case the effects are somewhat blurred, which is in good agreement with the theoretical
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Figure 5 — Chrysocolla IR spectra:
a — chrysocolla taken as the reference [19]; b — chrysocolla synthesized by electrolysis
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Figure 6 — DTA curves for chrysocolla: Figure 7 — Photomicrograph
a — chrysocolla of the Zhezkazgan deposit; of the chrysocolla mineral obtained by electrolysis
b — chrysocolla obtained by electrolysis (x 7000)

provisions of DTA. On the heating curves of synthetic chrysocolla the effects at 60-160 °C and at 240-
300 °C are similar in nature to the effects of the mineral. At the temperatures of 570-600 °C and 660-
770 °C there is observed superposition of the exoeffect with the endoeffect, which is explained by forming
the crystalline phase and its thermal transformation, respectively. A small number of effects and their
minor values on the DTA curves of synthetic chrysocolla testifies to its purity, which agrees well with the
conclusions of [20].

Conclusions. By the method of taking voltammetric polarization curves it has been established that
two waves are observed on the anodic polarization curve of the copper electrode in the solution of sodium
metasilicate. The first weakly expressed wave is referred to the process of forming cuprous oxide, the
second wave corresponds to the process of transition of cuprous oxide to copper hydroxide, the formed
copper hydroxide reacts with sodium metasilicate and forms the chrysocolla mineral.

For the first time there has been shown the possibility of obtaining chrysocolla by electrolysis from
the aqueous solution of sodium metasilicate and it has been established that the current yield of the
mineral depends on the condition of carrying out electrolysis, i.e. on the solution initial pH, the current
density, the concentration of sodium metasilicate, the temperature and the duration of electrolysis. A
comparative analysis of electrochemically synthesized chrysocolla with its natural analogue has been
carried out using IR spectroscopy and chemical and differential analysis methods.

The results of analytical studies confirm the identity of electrolyzed chrysocolla with that taken as the
reference.
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METACHUJIMKAT EPTIHAIJIEPIHAE XPU30KOJIJIA MUHEPAJIBIHBIH
KAJIBIIITACYBIHBIH ®U3UKA-XUMHUAJIBIK 3AHJbIJIBIKTAPBI

Annoranusi. KusiHOAWBITHIIATEIH TOTHIKKAH MBIC KEHIHIH KYpaMmbIHa KipeTiH MUHEpaTapAbIH IMIHIE XpH-
30K0JITa MHHEPAJIBl epeKine OpbiH ananbl. OChHAaW KeHASp i OHASY IiH KaHa THIM/L 9MIICTEePiH XkKacay YIIiH XpH30-
KOJIJIa MUHEPAJIbIHBIH KaCHETTEPIH JKaHXKaKThl 3epTTey KaxeT. by skarnalina eH Heri3ri KMbIHABIK 0J1 KeHHEH MUHe-
paJabIH MOHOMUHEPALABIK (pakuusiapbH Oemin any. FeutbiMu opebuerTepae XpU30KOUIaHbl JKacaH bl KOJIBIMEH
aly Typajibl MOJIIMET XKOK, TeK dPTYpIIi aBTOPIIApbIH OJ MHHEPAJLIBIH XKep KbIPTHICHIHIA KPEMHE3eM epTiHIiIepiHeH
a7IcopOIMsT apKbUIbl KAIBIITACY Typasibl skopamaiaapbl 0ap. OckifaH OailylaHBICTBI 013 ajFall PeT BOJIBTAMIIEPO-
METpHs SICIMEH Kalui METacWJIMKAThl €PTIHAICIHIE MBIC DJIEKTPOJIBIH aHOITHIK IOJsIpU3alysiay Ke3iHae Xpu3o-
KOJUIa MHMHEPAJIBIHBIH TY31Jly MeXaHM3IMIH aHBIKTHIBIK. Kaiuii MeTacuivkarel Cyibl €pTiHAICIHEH 3JEKTPOJIU3
apKbUIBl XPU30KOJIJIAHBI aly MYMKIHAIr KepceTinai. XpHU30KOJUIaHbIH TOK IIBIFEIMBIHA TOK THIFBI3JBIFBIHBIH, KaluH
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METACHIMKATHl KOHIEHTPAIMACHIHBIH, CPTiHAI TeMIIEpaTypachIHBIH XOHE JJICKTPOIN3 Y3aKTHIFBIHBIH 9cepi 3epT-
TeNi. DIEKTPONU3IIH THIMAL KaFrgalbIHAA TOK IIBIFBIMBEI 78,5%-Ti Kypalasl. DIeKTponn30eH ajJblHFaH XPH30KOJI-
JIaHBI OHBIH TAaOWFHM aHAJOTIMEH CalbICTHIPY aHamm3i otkizinmi. [Maiinamansmran UK-cnexrpockonmst, auddepun-
LAIIBI-TEPMUSUIIBIK JKOHE XUMUSJIBIK aHAIN3 OAICTepl, AJIEKTPOaH30eH alblHFaH XPH30KOJUIAHBIH ATAJOH PETiHe
KaOBUIIaHFaH XPHU30KOJIITAMEH YKCACTBIFBIH JOJIEIAe I

TyiiiH ce3aep: XpU30KoJUIa MUHEPAJbl, BOJBTAMIIEPOMETPHUS, IISKTPOIIN3, KPEMHUHKHIIIKBUIIBI HATPHA.

M. M. I[ocnaenl, A. Baemonz, M. XK. )Kypmlonz, A.C. )KyMaKaHOBaz,
A. K. Baemosa®, B. B. Cbi3apikoBa’, 1. M. I[ocnaeB", K. C. KakeHoB’

' Xumuko-meTamtyprudeckuii macTuTyT HM. JK. A6uiresa, Kaparanna, Kasaxcran,

2 WuctutyT TOtUMBAa, KaTtanm3a u snekrpoxumun uM. [1. B. Cokonbsckoro, Anmarsl, Kazaxcras,
Kazaxckuil HAMOHANbHbIH yHHBEpCHTET UM. anb-Papadu, Anmatsl, Kasaxcran,
*KaparasguHCKuil rocy/1apcTBEHHbIH TeXHHUecKuil yauBepentet, Kaparana, Kasaxcran,
°KaparaHIMHCKHi1 5KOHOMHUYECKHi1 yHHBEPCHTET KasnoTpeOcoro3a, Kaparana, Kasaxcras.

OU3NKO-XUMHNYECKHUE 3AKOHOMEPHOCTH
DOOPMUPOBAHUSA MUHEPAJIA XPU30KOJIJIbI BMETACUJIMKATHBIX PACTBOPAX

AnHOTanus. MuHepana XpU30KOoJUIa 3aHIMAaeT 0CO00e MECTO CPeJM MIHEPAJIOB, BXOAAIINX B COCTAB TPYIIHO-
000raTHMBIX OKHCICHHBIX MEIHBIX pyn. Jis co3maHus HOBBIX 3((EKTHBHBIX METOJOB MEpepabOTKHU TaKuX Py
HEOOXOJUMO BCECTOPOHHE H3YYUTh CBONCTBA MHUHEpaNa XPU30KOJUIBL. TPYTHOCTH NPH 3TOM 3aKIOYAETCS B
BEIJICIICHUH U3 PYAbl MOHOMHHEPAIbHBIX Ppakiuii. CBeICHUH O MONyYeHHH XPU30KOJIIBl HCKYCCTBEHHBIM ITyTEM B
JTUTEpaType HET, JHIIb BCTPEUAIOTCS MPEATIONOKEHIS Pa3IMYHBIX aBTOPOB O ()OPMHUPOBAHWU MHHEpaja B 3€MHON
KOpe IyTeM afcopOIMK MEIW W3 PACTBOPOB KPEMHE3eMOM. B CBS3M ¢ 3TWM HaMH BIEPBBIE METOJOM BOJIbTaMIIC-
POMETpHH YCTAaHOBJIEH MEXaHH3M OOpa30BaHHMA MHUHEpaja XPHU30KOJUIBI NPH AHOJHOM MOJIIPH3alMN METHOTO
ANEKTpPOAa B pacTBOpe MeTacmiukara Kamus. [IokazaHa BO3MOXHOCTh HMOJTYYECHHUS XPH30KOJUIBI 3JIEKTPOIH30M H3
BOJIHOTO PacTBOpA METaCHWIMKaTa Kanud. V3ydeHo BIUSHHE TUNIOTHOCTH TOKA, KOHIICHTPALMN METaCHINKATa KaJus,
TEMIIEPATYpPhl pacTBOpa U HNPOAOJIKUTECIBHOCTH JJICKTPOJIM3a Ha BbIXOA MO TOKY XPU30KOJUIBIL. B onTumanbHBIX
YCIIOBUSAX D3JEKTPOJN3a BBIXOJ MO TOKY cocTamisier 78,5%. [IpoBeneH comocTaBUTENbHBIA aHAIW3 MOJYyYEHHOM
3JIEKTPOJIM30M XPH30KOJUIBI C €€ MPUPOAHBIM aHasioroM. Vcnosb3oBansl Metoasl UK-ciekrpockomnuu, auddepen-
LUATbHO-TEPMUYECKOT0 U XUMHUYECKOTO aHAJIU30B, KOTOpPbIE MOATBEPKIAIOT UACHTUYHOCTD MOJIYYEHHOH 3JIEKTPO-
JIN30M XPU30KOJIJIBI C XPU30KOJIJION, IPUHATOM B KAaUECTBE ATAJIOHA.

KuioueBble ci10Ba: MUHEpaN XpU30KOJIa, BOJILTAMIEPOMETPHUS, JIEKTPOJIU3, KPEMHEKUCIIBINA HATPUH.
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