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AHHOTaNus

OOBeKTaMH HACTOSIIINX HCCIIENOBAHUN SIBIISFOTCSI COCTABIISIFOIIIE MHOTOKOMITOHEHTHOTO TIOJMMETAILTNIECKOTrO
MHUHEpAITLHOTO ChIpbs Al,Oz, CaO, MOy, Fe,03, NiO, CuO. Pe3ynbraThl TepMOTrpaBUMETPHUYECKHX UCCIICIOBAHUI
XAUMHYECKHUX PEAKINA B3aNMOIEHCTBHS (PTOPHUIOB AaMMOHUS C OKCHIAMF AITFOMIHWS, KAITBIHS, MapraHIla, JKee3a,
HUKEJSI © MEJJ MOTYT OBITh HCTIOIF30BaHbI IPH Pa3padOTKe TEXHOJIOTHH TepepadOTKU OKCHIHOTO MHHEPAITEHOTO
CBIPBsI YKa3aHHBIX DIIEMEHTOB /ISl pacuéra MaTepUaJbHBIX U TEIUIOBBIX OAJIAHCOB MPOMBIIUICHHBIX MPOIECCOB.
MertooM TepMOTrpaBUMETPUIECKOTO aHAIK3a OTIPEIeIeHO, YTo B3anMoeiicTere okcruaoB Al, Ca, Mn, Fe, Ni, Cu c
JGTOPUIOM aMMOHUSI TIPOTEKAIOT Yepe3 00pa3oBaHUs MPOMEKYTOUHBIX (PTOPOMETAILIATOB aMMOHHMSI, KOTOPEIC
TIPY HATPEeBaHHM JIECTPYKTUPYIOT A0 MPOCTHIX (DTOPUIOB, YTO TIO3BOJISIET BHIYUCIHTH HEOOXOIMMOE KOJTMIECTBO
(TOpUIOB aMMOHWUSI JUISI TIOJTHOTO pearripoBaHus. Ha OCHOBaHWM TEPMOTPaBHMETPHUYECKUX aHAIM30B HAMCHBI
TeMIIepaTypbl Pa3IoKeHHUs PTOPUTHBIX COSTUHEHHH, 00pa3yIoIIMXCs B pe3y IbTaTe THApo(TOPHPOBAHUS B pacIlyiaBe
ruapoaudropuaa ammonus. [lokazaHo, 4To onTUMaNbHas TeMIleparypa Ui THIPOPTOPHPOBAHHS MHOTOKOMITO-
HEHTHBIX OKCHIHBIX cucTeM cocrapisier 500+20 K. Temmneparypbl mojydeHus MpOCThIX (TOPUIOB MPU B3aUMO-
JISVCTBUM OKCHJIOB C TU(TOPUIOM aMMOHHS Pa3iTUUHbIL: TpU(DTOPHU/T AITFOMIHUS 00paszyeTcs pH Temrieparype 335
°C, nudropua kansiws npu 240 °C, terpadropua mapranua mpu 215 °C, tpudropua xenesa npu 365 °C, nudgropun
Hukens — npu 295 °C, mudropun menu ipu 260 °C, [Ipu 3ToM HEKOTOpbIe GTOPHIBI PH HATPEBAHWUH B aTMOchepe
BO3/[yXa HE YCTOWYMBHI U ITPH HArPEBAHUH 32 CUET TUPOTUAPOIIN3a aTMOC(HEPHOH BIIATOM MEPEXOIAT B OKCUJIBL, TAK
TpUQTOPU/T ATFOMUHHS TIEPEXOIUT B OKCHJI TPH Temriepatype 665 °C, tpudropun sxemnesa mpu 365 °C, qudropua
aukesst pu 295 °C. IlpensoxeHsl MOCIEI0BATENFHOCTH XUMHYECKUX PEaKIMi, TTO3BOJIAIONINE MTOMYYHUTh, KaK
WHIUBUIyaJIbHBIE (PTOPHUABI YKa3aHHBIX SJIEMEHTOB, TaK M (PTOPOMETAIUIATHl aMMOHHS YKA3aHHBIX 3JIEMEHTOB.
[Noyyenre MPOMeKyTOYHBIX POAYKTOB PEaKInii — (HTOpOMETAIIIATOB aMMOHHSI, UMEET TPAKTHUYECKOE 3HAUCHHUE
B CBSI3H C BEICOKOH PaCTBOPHMOCTBIO (PTOPOMETAIIIATOB AMMOHHUS B OTJIMYME OT UCTUHHBIX (hTOpHIoB. Pazmudms B
CBOICTBaxX (DTOPUIIOB MO3BOJISIIOT Pa3eIUTh MHOTOKOMIIOHEHTHbIE TTOJIMMETAJUTHYECKUEe MIUHEPATIbHBIE CMECH Ha
VHINBHUyaJIbHBIE BEIIECTBA.
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Abstract

The objects of this research are the components of multicomponent polymetallic mineral raw materials: Al,Os,
Ca0, MnOy, Fe;0s, NiO, and CuO. The results of thermogravimetric studies of the chemical reactions of
ammonium fluorides with oxides of aluminum, calcium, manganese, iron, nickel, and copper can be used in the
development of technologies for processing oxide mineral raw materials of these elements to calculate material
and heat balances for industrial processes. Thermogravimetric analysis revealed that the interaction of Al, Ca,
Mn, Fe, Ni, and Cu oxides with ammonium difluoride proceeds through the formation of intermediate
ammonium fluorometalates, which decompose to simple fluorides upon heating. This allows the calculation of
the required amount of ammonium fluorides for a complete reaction. Based on thermogravimetric analysis, the
decomposition temperatures of the fluoride compounds formed during hydrofluorination in molten ammonium
bifluoride were determined. It has been shown that the optimum temperature for hydrofluorination of
multicomponent oxide systems is 500+20 K. The temperatures for obtaining simple fluorides during the
interaction of oxides with ammonium difluoride are different: aluminum trifluoride is formed at a temperature
of 335 °C, calcium difluoride at 240 °C, manganese tetrafluoride at 215 °C, iron trifluoride at 365 °C, nickel
difluoride at 295 °C, copper difluoride at 260 °C. At the same time, some fluorides are unstable when heated in
an air atmosphere and when heated due to pyrohydrolysis by atmospheric moisture they turn into oxides, so
aluminum trifluoride turns into oxide at a temperature of 665 °C, iron trifluoride at 365 °C, nickel difluoride at
295 °C. Chemical reaction sequences are proposed that allow the production of both individual fluorides of the
elements listed above and ammonium fluorometallates of these elements. The production of intermediate
reaction products — ammonium fluorometallates — is of practical importance due to the high solubility of
ammonium fluorometallates, unlike true fluorides. Differences in the properties of fluorides allow the separation
of multicomponent polymetallic mineral mixtures into individual substances.
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