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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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TRANSFORMATION OF THE RARE EARTH ELEMENTS
AND IMPURITY ELEMENTS COMBINATIONS IN THE COURSE
OF pH PREGNANT SOLUTION MODIFICATION

Abstract. Currently, the scientific and engineering progress is mainly associated with the rare earth elements
application. A lot of spheres of effective REEs use are numbered as in military so the civil industries. Additional raw
materials sources of the REEs concentration and probable extraction are explored due to the increased demand in the
last two decades. The man-made mineral formations (MMF) after phosphate ores processing is one of them. The
REEs’ content reaches 5.0%. The MMF processing technology consists of the following stages: a feedstock
development; pregnant solutions treatment from impurities; and the REEs concentrate extraction. A loss of 30% of
REEs at the second stage is the main failure, which is due to their co-precipitation with the impurity elements at pH
pregnant solution adjustment. To find means and methods of making the REEs co-precipitation lower the solutions
and residues generated in the course of pH standardized test solutions modification set based on the REEs and
impurity elements content in the pregnant solutions have been studied by the physical and chemical methods. As part
of studies, the pH initial solutions were improved within the values range of 1.7-4.0 pH by sodium hydroxide and
ammonia. According to a counteracting solution, the various ways of combinations transformation of the REEs and
impurity elements are provided. Appropriate conditions of pregnant solutions treatment are determined at driving to
the least of the REEs co-precipitation based on the results.

Key words: rare earth elements, man-made mineral formations (MMF), pH solution, physical and chemical
researches.

Introduction. Increasing demand for the REEs is explained by its application in various spheres. The
rare grounds are the major asset to the production of the material for the high technology spheres of
consumption, such as electron and electro-optic branches, information technology, biomedicine,
environment protection, energy-saving [1-3].

Increased demand for the REEs in the last two decades forces them to find out the new raw sources
containing the REEs and to improve the methods of their extraction [4-11]. Among these are the man-
made mineral formations after the phosphate uranium ores processing the REEs concentrate is acquired
from in SARECO LLP — an affiliate of Kazatomprom NAC [12-14].

Research procedure. The standardized test solutions of the following composition were used as the
feedstock, g/dm?: Fe-5.5; P - 7.2; La -2.1 and Fe-5.5; P - 7.2; CE -2.1. pH value of the solutions equaled 0.6.

The REEs sulphates of chemically pure qualification, state standard 6-09-4676-83 and sodium
orthophosphate reagent grade qualification, state standard 245-76 were used to prepare the standardized
test solution. Considering the feedstock contains Fe in various modifications we have synthesized and
identified oxide ferrum hydroxide and the standardized test solution of the above composition has been
prepared based on it.

X-ray phase analysis identified the synthesized substance as a mixture of Fe,Os; ¢ H,O and
Fe304 ° HzO.
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Sodium hydroxide of the reagent grade qualification, state standard 4328-77, 25% of ammonia, of
reagent grade qualification, state standard 3760-79 were used as the reagents to counteract the standar-
dized test solution. Sulfuric acid was used as well of chemically pure qualification in this study, state
standard 4204-77.

The standardized test solution adjustment to the determined pH values was carried out with sodium
hydroxide and ammonia. The adjusted solution at a certain pH, after 0.5 hours, was filtered; the filtrate
and the precipitate were analyzed to have components by physical and chemical methods.

Methods of analysis. The REEs quantitative content was determined using an atomic emission
spectrometer with an inductively coupled plasma Optima 8300DV, and phosphorus and iron according to
the generally accepted methods [15]. The solutions spectra were obtained by Infrared Fourier spectrometer
“ALPHA” in the spectral range of 4000400 cm™ PLATINUMATR module. The precipitation spectra of
the 1st and the 2nd series of the experiments were obtained using Infrared Fourier spectrometer ALPHA,
ALPHA-T module (pellets with KBr) and Avatar 370 (Nujol Mull) in the 4000-400cm' spectral range.

The X-ray phase analysis method data were obtained using a D8 ADVANCE (Bruker) Set of Cu Ka
radiation, a tube voltage of 40 kV, a current of 40 mA. The processing of the obtained diffractogram data
and the calculation of the interplanar distances were carried out using the EVA software. The
Search/match program with the powder diffractometric database of PDF-2 was used to sample decoding
and phase search.

The results of researches. The REEs content within the man-made mineral formations used by
SARECO LLP to obtain a concentrate exceeds 5.0% and may well compete with the mineral. The light
group elements are predominate. The main impurities are iron, phosphorus, magnesium, calcium,
aluminum in a smaller amount.

The technology of Man-made Mineral Formations (MMF) processing with obtaining the REEs
concentrate includes the following processing stages: raw materials development; pregnant solutions
treatment from impurities; obtaining the REEs concentrate.

The REEs lost is mostly remarkable at the second stage - pregnant solutions treatment from
impurities. This stage involves the ferric iron and phosphorus precipitation, the most representative
impurity elements, as well as, to a lesser extent, aluminum, calcium and magnesium. Up to 30% of the
REEs are co-precipitated together with the above elements, which are subsequently difficult to separate
from impurities and isolate from the sediment. In this regard, the REEs co-precipitation reducing issue
during the pregnant solutions treatment from impurities is challenging for production.

In order to find a method of the REEs co-precipitation reducing of the rare-earth elements with
impurities, their performance in the process of pH change of the pregnant solution is necessary to be studied.

After examining the statistical data of the individual elements content in the pregnant solutions over
the year, we have prepared the standardized test solutions that, by the main components (iron, phosphorus,
REEs total), duplicate the original pregnant from sulfuric acid leaching of MMF. The lanthanum
concentration in the first solution and cerium in the second was equal to the REEs total. These elements
were chosen to take into account the REEs composition in the pregnant solution, where the light group
prevails.

Considering that the main components of the pregnant and standardized test solutions are iron,
phosphorus and the REEs, the iron orthophosphates and the REEs can be assumed to be produced while
adjusting the pH values. The literature references speak of pH orthophosphates formation of the individual
REEs varies widely. Thus, the pH formation of praseodymium orthophosphate —PrPO4 * nH,O — is 1.5, the
samarium orthophosphate — SmPO,4 * nH,O — 1.7; gadolinium orthophosphates — GAPO, * nH,O and ytterbium
-YbPO4 * nH,O. At the same time, the iron phosphates formation is observed at pH 1.5-1.7 [16-18]. Based on
the literature data, we have chosen the alteration range of pH solution varying from 1.7-4.0.

As part of the study, the initial standardized test solutions were successively counteracted to pH
values of 1.7; 2.5; 3.2; 4.0 by sodium hydroxide in the first set of experiments and ammonia in the second.
As mentioned above, the improved solution was filtered, the filtrate and sediment were analyzed for the
content of the component by chemical method, and the states of their availability were analyzed by IR
spectroscopic and X-ray diffraction methods. The results of chemical analysis of the initial solutions and
after improving the pH values by sodium hydroxide are provided in table 1.




ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2020

Table 1 — Precipitation rate of rare earth and impurity elements by the sodium hydroxide depending on pH solution

) A precipitation rate,% A precipitation rate,%
pH solution
Fe P La Fe P Ce
1.7 89.0 44.7 25.0 90.0 40.7 22.8
2.5 91.9 48.3 79.8 93.9 473 80.9
32 95.2 49.9 85.7 94.1 50.9 91.7
4.0 99.0 51.1 98.1 98.9 58.1 95.0

As of the table as far as the pH values of standardized test solutions increase from 1.7 to 4.0, the iron
sedimentation rate increases to almost 98—99%, phosphorus increases to 45—50%, the rare earth's sediment
intensively in the 1.7-3.2 pH range, then the sedimentation process slows down. At a pH value of 1.7, the
degree of co-precipitation of the REEs is 25-26%, and at 2.5 is over 80%.

IR spectroscopic studies of the initial lanthanum-containing solution and adjusted at different
pH values have testified that in the spectrum of the initial solution (a) there are absorption bands of
v (OH) - 3359 cm™ valences, bending SHOH-1632 cm™ fluctuations of molecular water. The ion
hydrosulfate — HSO4", coordinated by the metal — 1175, 1045, 880, 579 cm™ [19].

b
Figure 1 — IR spectra of the initial standardized test solution (a) and adjusted at 1.7 pH (b)

The solution spectrum obtained at 1.7 pH differs from the previous one. The spectrum shows
absorption bands of v (OH) - 3354 cm™ valence, and bending SHOH-1640 cm™ fluctuations of the
molecular water [20].

An ion sulfate - [SO4]* - 1085, 981, 604 cm™ [18, 19] prevails over an ion hydrosulfate -
HSO, - 1189, 887, 587 cm™ [18]. Phosphate absorption band appears: a [PO4] *> group - 1085 cm™ [21].

The spectra of improved at pH 2.5; 3.2; 4.0 solutions should be noted to have a similar profile, a shift
of the v3 [SO4] * band to the long-wavelength region is observed with increasing content of [PO4] * ions,
which indicates a change in the concentration of the component. The v [OH] ~ and v3 [SO4] * band
intensity redistribution give evidence of the salt background change of the solution.

IR spectroscopic studies of precipitations obtained in the process of pH changing of the initial
standardized test lanthanum-containing solution are provided in figure 2 and table 2.

An analysis of the studies performed the sediment spectrum obtained at pH standardized test
lanthanum-containing solution adjusting to pH = 1.7 one fluctuation band v3 (F») and two bands v4 (F>) of
the tetrahedral ion [SO4]* describing the sulfate symmetry phase ion D2, which corresponds to
Na,SO, thenardite is traced. As the pH of the initial solution changes from 1.7 to 4.0, the intensity of the
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fluctuation band v3 (F2) increases and at 3.2 and 4.0 pH it splits into two (figure 2), its intensity increases
3 times (table 2), respectively another sulfate phase dominates.

An increase of the v3 band intensity may indicate both an increase in the sulfate content and the
formation of a new sulfate phase, for example, REE double sulfates. If a phase can be stated as an
impurity at 1.7 and 1.8pH, then at 3.2 and 4.0pH is as an established independent phase.

Figure 2 — IR spectra of a sediment obtained at 4.0 pH precipitation by sodium hydroxide

Table 2 — Bands intensity values of the IR spectra of sediments obtained by pH standardized test solution adjustment

pH value Fluctuation frequencies v3 Relative intensity Fluctuation frequencies va Relative intensity
10-10 1.7 1128.67 1.194 638.24 0.107
616.94 0.560
13-13 1.8 1128.55 1.391 637.96 0.127
616.71 0.623
14-142.5 1129.97 1.555 638.21 0.143
617.04 0.669
15-153.2 1148.40 3.852 638.36 0.425
1106.35 0.933 616.98 1.210
16-16 4.0 1154.78 3.936 638.41 0.464
1104.06 1.118 616.94 1.289

The double salt availability is confirmed by the X-ray phase analysis according to which the main
components of the lanthanum-containing sediment are the double salt of NaLa(SOs), and sodium sulphate
- Thenardite - Na,SOs.

X-ray diffraction data maintain that the iron in the sediment is Iron Oxide Sulhate Hydrate -
Fei403 (S04) 18 * HyO; Iron Phosphate - FePO4 and Iron Oxide - Fe,Os, i.e. in the process of pH solution
adjustment, iron is partially transformed into ferric iron phosphate and sulfate of a complex composition.

The study of cerium-containing solutions with comparable concentrations of components and
pH values has demonstrated the similar results.

Thus, the data obtained speak of that in the course of pH initial solution (pH = 0.6) process
adjustment the hydrosulfates are transformed into sulfates with the subsequent formation of double
sulfates of the rare-earth elements, phosphates from hydro and dihydrogen phosphates into
orthophosphates, with the formation of iron orthophosphate. The iron is present also in the form of sulfate
of complex composition.

At the second stage of the research, the initial lanthanum and cerium containing solutions were
adjusted with ammonia.

Changes in the composition of the precipitate obtained in the process of adjusting the initial solution
with ammonia are most clearly seen in the example of cerium-containing solutions.

Figure 3 shows the precipitation spectra obtained in the process of improving the pH of the initial
cerium-containing standardized test solution.

It follows from the figure that an increase in the intensity of the absorption bands is observed in the
ranges of sulfate ion and phosphate ion fluctuations with increasing pH values in the range of 1.7-4.0. In
view of overlapping the absorption areas of the sulfate ion and the phosphate ion, an increase in the total
90
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content of the compounds that comprise these groups is possible to observe. A redistribution of the
intensities of the bands was observed at wavenumbers of 1148, 1107, 1063, 615, 596, 574 cm™', which is
due to the ratio variation of the salts present in the samples. In the long-wavelength area of all spectra, a
peak at 596 cm™ was recorded corresponding to the NaCe (SO4)22(H20) compound. In the spectra of the
samples obtained during precipitation, in the pH range of 2.2-4.0, a peak is observed at a wavenumber of
615 cm™, which falls within the range of fluctuation of v4 sulfate-ion in sodium sulfate, ammonium sulfate
and v4 phosphate-ion fluctuation is in the CePO4 compound [19-23].

According to X-ray phase analysis, in all samples of cerium-containing sediments a double salt of
NaCe (SO4)2¢(H,0) compound, cerium orthophosphate CeOs, and iron in the form of FeO (OH)
compound are available.
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Figure 3 — IR precipitate spectrum obtained at 1.7 pH by ammonia precipitation of 1-4 pH values, respectively: 1.7; 2.2; 3.2; 4.0

By the ammonia precipitation the double salt is may be assumed to be formed due to sodium ions of a
standartized test solution introduced in the form of sodium orthophosphate and its amount is limited by the
sodium concentration in the solution. Double salt of lanthanum or cerium with ammonia under these
conditions is not formed. Excess REEs is mixed with phosphorus into the REEs orthophosphate.

Thus, according to the researches and the results, the transformation of the compound of the rare-
earth elements can be assumed to proceed not in the same manner when pH values are adjusted by sodium
hydroxide and ammonia. Provided that in the first case, the formation of double salts prevails, in the
second is REEs orthophosphate.

At the same time, the literary sources [17] reveal the solubility of the double salts of rare-earth
elements increases with a decrease in the temperature of their precipitation. In this regard, we carried out
the precipitation of the impurity elements from the pregnant solution at 1.7 pH by sodium hydroxide under
standard conditions and during cooling. The results are provided in table 3 and in figure 4.

Table 3 — Source data of the REEs content in the pregnant solution

Content mg / 1
pH La Ce Dy Er Eu Gd Ho Lu
102 103 58.0 27.0 3.9 65.0 13.1 5.1
0,6 Nd Pr Sm Tb Tm Y Yb
132 41.3 34.0 9.9 4.7 43.6 26.6
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Figure 4 — Individual REEs precipitation, depending on the conditions

The given results make it clear the solution is under cooling within the precipitation of impurity
elements process, leads to the solubility of the rare-earth elements sulfates increase, and their co-
precipitation with sediment decreases. The data provided demonstrate the content of all rare-earth
elements in the solution in the process of pH solution values improvement under the cooling conditions is
higher than under standard conditions, but to the different extent. This is especially evident as concerns
cerium and yttrium and, to a lesser extent, lanthanum, dysprosium, gadolinium and praseodymium. This
effect is not observed when improving the pH solution values with ammonia.

Thus, using this technique in production to achieve the desired results, the precipitation is preferably
carried out with sodium hydroxide, or in the 2 stages with sodium hydroxide to 1.0 pH and then ammonia
to 1.7 pH.

Conclusion. The development and improvement of technology in the metallurgy for the production
of rare and rare earth metals for different industries has been carried out by Kazakhstani scientists [24-28].
These studies of standardized test solutions were conducted to resolve co-precipitation issue of the REEs,
which compound is mainly duplicate the initial pregnant MMF after sulfuric acid leaching. The
improvement of pH standardized test solutions was in the range of 1.7-4.0 by sodium hydroxide and
ammonia.

The sediment and filtrate after the standardized test solutions adjustment were analyzed to have
components content by chemical method and the states of their availability were analyzed by
IR spectroscopic and X-ray diffraction methods. Irregular combinations were observed in the process of
pH improvement by various counteracting reagent as the results provided. Double salts prevail affected by
sodium hydroxide, and ammonia is the REEs orthophosphate is prevailed.

Considering the double sulphates of the REEs possess abnormal properties, their solubility increases
when the solution temperature decrease (Figure 4) — the impurity elements precipitation when cooling in
production will result in the REEs co-precipitation decrease. To reach the result precipitation is preferable
by sodium hydroxide or in the second stage by sodium hydroxide to 1.0 pH value and further by ammonia
to 1.7 pH value.
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YPAICTE OHIM/I EPITIHAIJIEIT pH ©3TEPYIHE KAPAM, CHPEK KE3/IECETIH
7KOHE KIPME 3JIEMEHTTEP KOCBIJIBICTAPBIHBIH O3I'EPTLIY1

Annoranus. Cuperxxep amementrepine (CXKD) >xorapel CypaHBIC OHBIH TYpJIl canaia HaiganiaHbLTyBIMEH
6aiinanbicTel. C)KO KOMAAHBICTBIH >KOFAPBITEXHONOTHSNIBIK - 3JIEKTPOHIBIK JKOHE 3JIEKTPONTUKAIIBIK, aKIapaTThIK
TEXHOJIOTUsUIap, OMOMEANINHA, KOpIIaraH OpPTaHbl KOPFay, 3HEPTHSHBI YHEMJEY CHSIKTHI cajlajapblHa apHalIFaH
MaTepuanaap eHIipiCiHae Heri3ri akTHB OOJIBIT Ta0bLIA b

Counrbl xubIpMa KbULAbIH iminae CXKD nereH cypaHbICTBIH apTybIHA OaiiIaHBICThI, OJIap/bl KOHLIEHTPIIEY JKOHE
MYMKIiHZIrHIIE OeJlin ajy YUIIH KOCHIMIIA MIMKI3aTTap 13JeCTipiIin Kenedi, ojapabl Oexim aimy amicrepi
xerinaipityne. OcwutapabiH OipiHe, (ocdaTThl ypaH KeHAEpiH KaiTa eHIercHue maiina OoJaThIH TEXHOTCHII
musepanas! Ty3imimaep (TMT) xaranel, onap «SARECO» XKIIC — «Kazarommnpom» ¥AK dunmansHga ansiHaIbL.
Onparel CXKD-in yneci 5,0 %-apl Kypaiiapl )oHe MHHEPAJIMEH TOJIBIKTal Oocekenece anaabl. KypamblHIa sKeHiT
AIIEMEHTTEPIiH TonTapsl O6ackiM. Herisri kocnamapsr 6omeIm TeMip, ¢pochop, MarHuiA, KaIbIUA KoHE a3 MeJIIepIe
amfoMuHuN TaObuTagel. TMT TEXHONOTHSACHIH KalTamaH eHAEY, Kelecimeil: OacTamkpl IMIMKIi3aTTHI amry; ©HIMIl
epitiHminepai Kocnamapgad Ttasanay; CXKD KOHIEHTpaIWsICHIH alny CHSAKTBI OexiMmuepiHeH Typaabl. byr TexHO-
JIOTHSIHBIH HEeTI3ri KeMUIUTIKTepiHiH Oipi, eKiHmi carblga, AemMek eHimui epitiHmiHiH pH perrey kesiHme Kocma
2JIEMEHTTEpIMEH Koca oapbiH Oipre merinyine 6ainanpicTsl mamamen 30 % CXKD xoranazpl.

CXD-Hiy Oipre merityiHiH TOMEHIETY TICUIIEPI MEH OJIap.IbIH JKOJIAPbIH 13/1ey YIIiH, OHIM/II epiTiHaiiepaeri
CUPEK)KEp JKOHE KOCIa 3JIEMEHTTEPIIiH YJECTIK KOpceTKilTepiMeH, api Moaenbl epiTiHaineri ypaicrep pH esre-
PYIHEH KaJIBINTACKAH LIOTIHALIEp MEH epITIHAUIEPAIH KYpambl, (GU3NKAIBIK-XUMUSUIIBIK SA1CTEPMEH 3epTTENiHII.

3eptTey OaphichiHAa, Oactankel epiTinmiiepain pH mexreiii 1,7 — 4,0 apanblFbIHIAFb], AMMHUAK YKOHE HATPUH
THIPOTOTHIFBIMEH peTTeninni. belirapanray—epiTiHaicCiMEH CHpEKKep »oHE KOCMa 3JIEMEHTTEP KOCHUIBICTAPBIHBIH
©3TepTYJIEPIHACT] OPTYPIIi JKOJIAApbl KepceTulal. AJbIHFaH 3epTTey HaTmkenepimen, CXKO anarypibiM TemeH Oipre
HIerUAipreHAeTi OHIM/II epITIHAICpPAl Ta3anay bIH OHTAMIIBI XKaF aibl AaHBIKTAJIIBL.

KenripinreH KOpBITBIHABUIApOAH epiTiHAIHI TyHOanay kesinme cybiTy CXKD cymbdarTtapblHBIH epirimTiria
apTTBIPYFa JKOHE OJIapIBIH TYHOaMeH Oipre IIeryiH TeMEHIETyre OKEeJNeTiHIH TyciHyre Oonambl. AJBIHFAH
mamimerTep pH MoHIH kakcapTy kesiHae epitiamige Oapisik CXKD O0NyBIHBIH CTaHOAPTTHI MIAPTTAapFa KaparaHiaa
CYBITY Ke3iHJe TYpJIl Aopexelie )KOFaphl ekeHiH kepceteni. by, acipece, nepuil MeH HTTpuiire, xoHe a3 MeJLIepe
JIAaHTaH, TUCIIPO3HH, TaJI0JIMHHUI KOHE PA3e0IUMIe KaTHICThI aHbIK. By kepiHic amuuarsl 6ap epitinainig pH MoHIH
KaKcapTy Ke3iHae OaiKaaIManbl.

Ocpunaiiina, OyJ1 TEXHOJOTUSHBI KQKETTI HOTHXKEIre JKeTy YLIIH OHJIpiCTe KOJIAaHFaHIA, TYHIBIPYIbl HATPHHA
THJPOTOTBHIFBIMEH HeMece 2-111i Ke3eH e HaTpuii runporoteirbiMer 1,0 pH-ka aeitin, an keitin ammuakneH 1,7 pH-ka
JKYPri3y KaKeT.

Tyiiin ce3aep: cupekkesgeceTiH 3JIeMeHTTepi, TexHoreHai MuHepaxasl tysutimaep (TMT), pH epitingici,
(hM3UKATTBIK-XUMHUSUIBIK 3€PTTEY.
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TPAHC®OPMAIIUA COEJIAHEHUM PEJIKO3EMEJBHBIX U IPUMECHBIX JIEMEHTOB
B MPOLHECCE U3BMEHEHUSA pH IPOAYKTUBHOI'O PACTBOPA

AnHotanus. Pactymmii cripoc Ha peako3emernbHBIE dMeMeHTH (P3D) oOBsSCHsAETCS ero IpUMEHEHHEM B
paznu4HbIX cepax. P3D sBIAIOTCS OCHOBHBIM aKTHBOM B IPOM3BOJCTBE MAaTEPHAJIOB ISl BEICOKOTEXHOJIOTUYHBIX
chep moTpeOIeHMs, TAKHX KakK 3JICKTPOHHAs M 3JIEKTPOONTHYECKas OTpaciH, HH(OPMALUOHHBIE TEXHOJIOTHH,
OmoOMeUITNHA, 3aIIUTa OKPY/KAIOIIEH Cpebl, SHEProcOepeKeHHE.
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B cBs3u ¢ Bo3pocHIMM B TOCHEIHHE ABA ACCATHICTHsS cpocoM Ha P33, M3BICKMBAIOTCS ONOJIHUTEIbHBIC
CBIPbEBBIE HCTOYHUKHM MX KOHIEHTPUPOBAHUS U BO3MOKHOTO M3BIICUCHHUS, COBEPLICHTCBYETCSI METOMBI UX IOyde-
Huss. OZHUM M3 HHX SIBISIIOTCS TEXHOT€HHble MHHepaibHble oOpasoBanus (TMO) ot mepepaborku QocdaTHbix
ypaHOBbIX pya, kotopsie mpuobperarorcst B TOO «SARECO» — dunmnan HAK «Kazaromnpom». Conepskanue B HUX
P33 mocturaer 5,0 % u BIOSHE MOXET KOHKYPHUPOBATh C MUHEPAIOM. [ pymma JIerKuX 3JEMEHTOB MPeoOJiaIaroT.
OCHOBHBIMH TIPUMECSIMU SIBIISIIOTCS JKeJe30, (ocdop, MarHuWi, KajabLuil, aTIOMHHAN B MEHBIIEM KOJINYECTBE.
Texnonorus nepepadotkn TMO BKIroUaeT cieaylomue nepeiesbl: BCKPhITHE HCXOAHOTO ChIPhsI; OYMCTKA MPOIYK-
TUBHBIX PAacTBOPOB OT IPHMeECEH; MOJy4YeHHE KOHLEHTpATa PEAKO3eMENbHBIX 3JeMeHTOB. OJIHUM M3 OCHOBHBIX
HEIOCTAaTKOB TaHHOHM TEXHOJIOTUH siBIsieTcs motepst mout 30% P35 Ha BTOpOIi cTammm, B CBSI3U C COOCAKACHUEM HX
C IPUMECHBIMH JIEMEHTaMH ITPH KOPPEKTHPOBKE pH MPOIyKTUBHOTO pacTBopa.

s moncka myTeit 1 cnocoOOB CHIKEHHUS CoOocaxaeHus P33 Opun n3ydeHbl GU3NKO-XUMAYSCKIMA METOTaMHU
COCTaBBl PAaCTBOPOB M OCAIKOB, 00pasyloIMxcs B Ipouecce n3MeHeHus pH MonenbHBIX pacTBOPOB, cHopMHUpO-
BaHHBIX HAa OCHOBE JJAHHBIX O COJEPKAHHM PEJKO3EMENbHBIX U IPHMECHBIX 3JIEMEHTOB B NPOAYKTHBHBIX. B xome
nccnenoBanuii pH HCXOTHBIX PacCTBOPOB KOPPEKTHPOBAIM B auana3one 3HaueHudd pH 1.7-4.0 ruapokcuoM HaTpus
n aMmmuakoM. [loka3aHbl pasHble MyTH TpaHC(HOPMALMK COETMHEHHI PEJKO3EMENIbHBIX U IPUMECHBIX JJIEMEHTOB B
3aBUCUMOCTU OT pacTBOpa-HeuTpanu3aTopa. Ha OCHOBaHMU IOJIy4EHHBIX PE3yJIbTATOB OIPEIEJICHBI ONITUMAJbHbIE
YCIJIOBHSI OUHCTKH MPOAYKTUBHBIX PACTBOPOB ITPU MUHUMHU3UPOBAHUU coocakaeHus P3D.

[IpuBeneHHbIE pe3yabTATHl NAIOT HOHATH, YTO PACTBOP IIPU OXJIAXKIEHHU B IPOLECCE OCAXKICHUS TPUMECHBIX
3JIEMEHTOB NPUBOANT K YBEIMUYCHUIO PACTBOPUMOCTH Cyib(haToB P30 1 yMEHBIIEHNIO UX COOCAXKICHUS C OCAJIKOM.
[IpencraBneHHbIe TaHHBIE JEMOHCTPHPYIOT cojiepykaHue Bcex P33 B pacTBOpe B mpoliecce yinydieHns 3HaueHui pH
pacTBOpa B YCIOBHSX OXJIaXICHHUS BBINIE, YeM B CTAaHOAPTHBIX YCJIOBHSAX, HO B Pa3HOH CTENEHH. DTO OCOOEHHO
OUYEBHJHO B OTHOIICHWM LEPUS M UTTPUS W, B MECHBIIEH CTENEHH, JIAHTaHa, JUCIPO3Hs, TaIOJIMHUS U MPa3eo uMa.
10T 3 ekt He HabmogaeTCs NpH yIydlleHnH 3HadeHui pH pacTBopa ¢ aMMuaKoM.

Takum 00pa3om, HCHONB3Ysl 3Ty TEXHOJOTUIO B HMPOM3BOJACTBE Al AOCTIDXKEHMS SKEJIAEMBIX PE3YJIbTAaTOB,
OCa)KJICHUE MPEANOYTHTENBHO MPOBOAAT THAPOKCHIOM HATPUS WIIM Ha 2-i cTaguu ruapokcunoM Harpus 1o 1,0 pH,
a 3aTeM ammuakom o 1,7 pH.

KoueBble ciioBa: pejko3eMesnbHBIE 3JEMEHTHI, TEXHOTEHHbIE MUHepaibHble oOpasoBanus (TMO), pH
pacTBopa, PU3NKO-XHUMHUYECKHE HCCIIETOBAHMSL.
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