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PEHTTEHOCHEKTPAJIBHBIN MUKPOAHAJIN3 MUHEPAJIbPHOH
CTPYKTYPEI I XUMHUYECKOI'O COCTABA MAPTAHIITEBOTI'O
ATJIOMEPATA C IPUMEHEHUEM B ATJIOIIUXTE KOHIIEHTPATA
BBICOKOMHTEHCHBHOM MATHHUTHOM CEIIAPAIINU
IMJIAMOB OBOTANIIEHUS MAPTAHIIEBOHU PYIBI

Anomayia. Ilpoananizoéano craadu OKUCHUX i KAPOOHAMHUX MAPZAHYEBUX
KOHUYeHnmpamia, 8upobseHux Ha 306azauysanrvhux ¢adpuxax ITAT OI'SK, 6 momy ducai
8UCOK02PAJiEHMHO020 MOKPO2ZO MAzHIMHO020 30A2aueHHsA WLIAMIE, PEeKOMEeHO08aAHUX 0N
OMPUMAHHSA MAPZAHUEB020 azaomepamy copmy AM-2. Po3pobneHo memoduky ma
BUKOHAHO  Oocai0xienHs  3a  00nOMO2010  eleKmMpPOHHOL  Mmikpockonii  PCMA
Mikpocmpykmypu i xiMmiuHozo cKAA0Y MIHEPANbHUX (a3 MapzarHuesozo aznomepamy,
ompumanozo Ha Bozdanoscvkiil aznomepauyiiiniii abpuyi (BOAD). YsazaavHeni ma
npoananizoéani  MiHepaavHi Ga3u 6 cmpykmypi azaomepamy 3a  OAGHUMU
MIKPO30HOYBAHHS MamepianibHUX wecmu mouox ((pas), NO3HAUEeHUX HA eJeKMPOHHUX
0eox npedcmasaenux Gomozpadiax MIKPDOCMPYKMYPU 3 NOPAOKOSUMU HOMEPAMU
cnekmpie. Ompumani 6 pobGomi pe3dysabmamu 00CAiONeHH MiKpocmpykmypu i
ha30minepaIbHUX YMBOPEHb NPU CRIKAHHL A2A0WUXM 3 CYMIULl PISHUX KOHUeHRmpamie
i KOHUeHmpamy BUCOKOIHMEHCUBHOI MAzHUMHOL cenapayiil € meopemuuHow i
eKCNepuUMeHMAalbHO nepedymosory O0as 600CKOHANEHHA CKAAGOHUX MAPeAHUEBUX
KOHYenmpamie, 6nposadxenns 6 CckaAadi azaowuxm npu cnikauni 0a306020
azaomepamy AM-2 0as eunaasxku gepocuniromapzanyio mapku MuC17.

Knrwouoei cnoea. MapzaHnuyesi KOHUeHMPAMU, BUCOKOIHMEHCUBHE MOKpe MazHimHe
30azaiueHHs WAAMIE, Mapearuesuil azaomepam AM-2, enekmponHa mirkpockonis, PCMA
MiKpocmpyrmypa, pa3ominepanvii ymaeopenns, peppocunuromapzarneyvb MnCI17.

Anomayusn. IIpoanaau3upo6ausv. cOCMABbL OKUCHBLLX U KAPOOHAMHBIX MAPZAHUEBbLLX
KOHUeHmpamos, npou3godumvix Ha ob6ozamumenvrbulx Gabpurkax ITAO OI'OK, 8 mom
uucne 8blCOK02pA0UEeHMHO020  MOKPO20  MAZHUMHOZO0 060zawenus Waamos,
pexomendyemoix  OAsl  NOAYYEHUS  MAP2AHUe80z20  azaomepama  copma AM-2.
Paspabomana memodurka U 6bINOLHEHO UCCLe006GHUE NPU NOMOWU ITEKMPOHHOU
muxpockonuu u PCMA muxpocmpykmypv. U Xumcocmasa MUHEPALbHblX (a3
Mapzanyesozo azaomepama, noayiernnozo Ha BOAP. O6006uieHbl. U NPOAHANUSUPOBAHbL
MUHepaibHble (as3v. 8 cmpykmype azaomepama no OAHHbLM MUKPOIOHOUPOBAHUS
mamepuanvHuvlx wecmu mouex (pai), 0003HAYEHHLLX HA INLEKMPOHHLLX O08YX
npedcmaéienHblx (Qomozpaduax MUKPOCMPYKMYPbL. C NOPAOKOSLIMU  HOMEPAMU
cnexmpos. IlonyyenHvle 6 pabome pe3yrbmambsl UCCAEO08AHUS MUKPOCMPYKMYPbL U
GasomunepanvHblX 00pPA306AHUIL NPU CNEKAHUU Q2A0WUXM U3 CMeCU pPA3NULHBLY
KOHUeHmpamos U KOHUeHRmpama 6blCOKOUHMEHCUBHOU MAZHUMHOL Cenapayuu,
sAeasemcs meopemuyecKum u dKCNepuMeRmaibHblm npednocovlakoil ons
COBEPULEHCMBOBAHUSA CLONCHLLX MAPZAHUEBbLX KOHUEHMpPAamos, 6HedpeHue 6 COCmasvl
azaowuxm  npu  cnekanHuu  6a3060z0 azaomepama AM-2 0Oasa  evinaasku
geppocunuromapzanya maprku MuC17.

Knwoueevie cnosa. Mapzanuegbie KOHUEHMPAMbL, 6bLCOKOUHMEHCUBHOE MOKPOe
MazHUumMHoe o000zauleHue WaAAMO8, MapzaHyesvlii azaomepam AM-2, anexmpoHHAS
MUKPOCKONUSL, PCMA MUKpOCMPpYyKkmypa, daszomunepanrvrvLe 00pa3068anus,
@eppocunuromapzaney MnC17.
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Summary. The compositions of oxide and carbonate manganese concentrates produced
at the PJSC OGOK, including high-gradient magnetic separation of wet sludge, which
recommended for producing of manganese sinter grade AM-2, has been analyzed. The
technique was developed and research was performed for microstructure and chemical
composition of mineral phases of manganese sinter which obtained in BOAF with using
of electron microscopy and EPMA. Summarized and analyzed the mineral phases in
the agglomerate structure according to microprobe of six material points (phases),
marked on two presented electronic photographs of the microstructure with serial
numbers of the spectra. The obtained results of research of microstructure and mineral
phase formations during sintering of sinter charge from a mixture of various
concentrates and high-intensity magnetic separation concentrate is a theoretical and
experimental prerequisite for improving the complex of manganese concentrates,
introduction in the compositions of sinter charges during sintering of base agglomerate
AM-2 for the ferrosilicon manganese brand SiMnl7 smelting.

Key words. Manganese concentrates; high-intensity wet magnetic separation of sludge,
manganese sinter AM-2, electron microscopy, EPMA microstructure, mineral phase
formations, ferrosilicon manganese brand SiMnl17.

ITlocTaHoBKaA 3agauu MCCJIETOBAHUA

B pamkax pemrenus pecypcocOGeperaioineii KOHIENIINY  IIOBBIIIIEHUA
WCIOJIb30BAaHUSI  JOOBIBAE€MOM  MapraHIleBOoii  pyAbl Ha  CTaguUsgX  ee
rPaBUTAIMOHHOIO ¥ MATHHUTHOrO oOOOralleHus, ¢ BOBJIEUEHHEM IILJIaMOB
oTpabOTaHHLIX IMIJAaMOHAKOIMUTEJEH MOJs BLICOKOIPDAAMEHTHON MAarHUTHOM
cemapaiuu, aKTyaJbHOU 3amaueir B ycaoBuax IIAO «OI'OK» saBiaserca
COBEPINEHCTBOBaHNE MOCTAAMUHBIX MIPOIECCOB CKBO3HOW TEeXHOJOTHMYECKOU
cxeMbl oOoraimfeHus pPyAbl W IIJIaMa C IIOJyYeHMeM TOBAPHBIX MapraHIIeBbIX
KOHIIEHTPATOB 1 OTPabOTKA COCTABOB AarJIOIMIMXThI M IIapaMeTPOB CIIEeKAHUS
arJIOIINXThI C OI[EHKOI ero KauecTBa.

B Teuenme Bcero mepuoma mpousBoacTBeHHOUN nesaresbHocTH IIAO «OI'OK»
Mo m00bIue 1 OOOTAIleHWI0 MAapraHIeBOll pPYAbl TI'PaBUTAIMOHHBIM CIIOCOOOM,
HapsAAy ¢ TOBAapHBIMH MAapraHIeBBIMU KOHIIEHTpaTaMu, 00pasoBBIBAJIUCH
IIIJIaMbI, KOTOpPbIe HAKAILJIMBAJKCh B OTPa0OTAHHBLIX IIIJIAMOXPaHUJIUINAX. B
HACcTosIllee BpeMs ILJIaMbl IIPOJOJIKAIOT HAKAIJIMBATHCA B JEMCTBYIOIIUX
nuiamoxpanmiauinax «Kpusbsle Jlyku» u  «UkamoBckas obOoraTuTesbHas
dabpura», rae mo cocrosuuio Ha 01.10.2016 r. Bcero s3ackjagupoBano 129 muH.
T. muiama. IllnamMbl paHHero IepuoAa IIPOM3BOJACTBEHHOM [IeATEJIbHOCTHU
KOMOMHATa 0 00OraIlleHUI0 OKCHUIHOW MapraHIleBOll PyAbl MMEIOT IIOBBLIIIIEHHOE
comep:xanme wmaprauia (13-19%), uTo BhIllle IO CPABHEHHUIO CO IILJIAMaMMK
JIelicTByIoleii HbIHe TexHogoruu (9-12%).

IMeas uccaexoBanusa

C 1esibI0 TOBBINIEHUS KO3((pUIIMEeHTa MOJIe3HOTO M3BJIEUEHUA MapraHiia oT
CLIPOII PYABI OO0 TOBApPHBLIX MAapraHIEBBIX KOHIIEHTPATOB BCE€X COPTOB, B
70-80-pIX romax aKTHUBHO BeJIHCh Pas3pabOTKU II0 COBEPIIEHCTBOBAHHUIO KaMKIOU
cTaAuM  TPABUTAIMOHHO-MATHUTHOI  CKBO3HOM  TEXHOJOTHMYECKON  CXEeMBI
oborammeHusi wucxXomHOW pyabl gpobwiBaemoir Ha IIAO «OI'OK» wma cemnu
JNIECTBYIOIMX HBIHE Kapbepax OTKpPbITOH no0brum. B 2011 romy Owlia
OKOHUYAaTeJhHO c(hOpMyJaMpoOBaHa, padpaboTaHa U HAYIYHO 0OOCHOBAaHA KOHIIEIIIIUA

ISSN 1991-7848 103



“CyuacHi nmpodaemu meraayprii”’, Ne 20 — 2017

oboramieHUsT W BOBJIEUEHMSA B IIPOM3BOJCTBO MAapraHIIEBBIX KOHIEHTPATOB,
IIIJIaMOB, OTPAOOTAHHBLIX IIIJIAMOHAKONHTEJEH MeTOIOM BBICOKOMHTEHCUBHON
MOKPOM MAarHuTHOH cemapanuu. Ha oOCHOBe IIOJIy4aeMBIX KOHIIEHTPATOB
BBICOKOMHTEHCUBHOI cemapanuu 1nmamMoB Ha BOA® B Hacroseii paborte
paspaborana u TIPOMBIIIJIEHHO OCBO€HA TEXHOJOTUA MOJYYEeHUsI OKCHUIHOTO
MmapramieBoro araomepara AM-2 2-ro copra. Kommenrparsr YMC
XapaKTepusylioTcd Pa3JNUYHBIMU KJjaccaMU KPYIHOCTU U HMeIOT cJenyiolee
obozHaueHme: 2-oii copr YMC +1(dpaxmum 10-1mm) m 2-oit copr YMC-1
(bparmuu 1-OMmm).

IIo xummMuuyecKOMy ¥  OCOOEHHO  TpPaHYJOMETPUUYECKOMY  COCTaBY
KoHIleHTpaTbl YMC MOTYyT HCIOJB30BATHLCA B AaIJIOIIMXTE MIPU OIpeleJeHHOM
COOTHOIIEHNN C KOHIEHTpaTaMU TPASUIIMOHHBIX COPTOB, IIOJIydaeMbIX Ha
YxkasoBcKo# oboraturenabHoi padpuke (HOD) (Tada.1).

Ta6aumna 1

PekomMeHIyeMble XMMCOCTaBbl MapraHIleBbIX KOHIIEHTPATOB PasJUUYHBIX COPTOB U MX
colleps;KaHUe B COCTaBe arJIOMIMXTHI AJIA MOJYyUeHUs MapraHieBoro aramomepara AM-2

Copr IToxasaTenn kauectBa, % Kosnnuectso B

KOHIIeHTPAaThI Mn P Biaara I1.I1.11. cocTaBe
ATJIOMINXTEI,
%

1-w1ii coptr HOD 45,3 0,21 15,2 12,2 11,45

2-oi1 copt HOD 38,0 0,20 10,0 16,2 49,10

Kapb6ouaTusiii 29,4 0,25 9,8 30,0 26,0

2-oi1 coptr YMC+1 37,4 0,16 13,2 10,6 6,32

2-oi1 copt YMC-1 37,4 0,16 15,2 10,6 7,13

Panmonanbuable mapaMeTpbl  IIOJYYEeHUSA  MapraHIEBOro  arJjioMepara
orpabaThIBaJIUCh B IIPOMBINLIEHHBIX YycaoBusax DBOAD® Ha arjgomamuHe C
IJoImagbio cluexkaHusa 62,5 m2.  OcobeHHOCTH TPASUIIMOHHOA TEXHOJIOTHUU
IIpou3BOACTBa Maprauiensoro arsomepara AM-2 ma BOA® ¢ mpumeneHHmeM
TPAAUIIOHHO IIPUMEHSAEMBIX KOHIIEHTPATOB JIOCTaTOYHO TIOJIHO
[IpoaHaJM3UpoBaHbl B omyOsuKoBaHHBIX cTaTbax C.II. IllyBaeBa ¢ coaBTOpamu
[1,2].

C menbi0 MaJbHEHIIEro COBEPIIEHCTBOBAHMSA TEeXHOJIOTHMM IIPOM3BOJCTBA
MapraHIleBOI'0 arjioMepaTa U IIOBBIIIEHUSA €ero MeTaJIypruyecKoro KadecTBa
IIoTpeboBaJIOCH IIpoBeJleHIe SKCIePUMEHTAJIbHBIX HCCJIeIOBaHUI
MUKPOCTPYKTYPHI arjioMepara ¢ IIpUMeHEeHUeM BJJIEKTPOHHON MHUKDPOCKOIHUU U
peHTTreHOCIIeKTpabHOTO Mukpoananusa (PCMA). KommiekcHOMY mMcCaeq0BaHUIO
ObLIM IIOABEPTHYTHI IIPEACTABUTEJILHLIE 00pasmbl argomepara coprta AM-2
TUTIOBOM ONBITHO-ITPOMBITIJIEHHOM KPYIHOTOHHAXKHOM’ napTuun C
HUCIIOJIb30BaHUEM KOHIIEHTPATOB.

Mn SiO, CaO MgO P Fe Al,O;

41,6 23,1 5,7 2,3 0,22 2,9 3,0

WccnenoBanusa MUKPOCTPYKTYPHI M MUHEPAJbHOTO COCTaBa arJyioMmepara
METO/JIOM 3JIEKTPOHHOU MUKPOCKOIINY ¥ PEHTTeHOCIEKTPAJILHOTO MUKPOAHAIN3a
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Hnsa nccJIeJOBaHU A MUKPOCTPYKTYPHI MeTOAaAMU AJIEKTPOHHOM
mukpockonuu u PCMA o6paser arjgomepara IIOMeIIIAJICS B CTAJLHYIO
KoJIbIleBYyI0 oOoiimy mumamerpoM 20 MM u BweicoTOoH 15 MM. OcCHOBHOCTB
arJaomepara ((CaO0+% Mg0)/%Si0z) paBua 0,246, ypembHOe coJep;KaHUe
docdopa (% P)/(% Mn) = 52:10%. IIpome:xyTKU Meskay oOpasIioM arjiomepara u
KOJIBITIEBOHM 0001MO# 3asuBajsiuch cmiaBoM Byaa (CmmaB Byma mmeer xmmcocTas
(% wmace.): 25,0 Pb, 12,5 Sn, 12,5 Cd, 50 Bi, remneparypa niaaBaeuus 69°C).

ITogroroBseHHble TaKUM oOpasoM 00pPasIlbl MOABEPTraJUCh IMIIU(POBAHUIO U
nmoJaupoBaHUioo. MUKPOCTPYKTypa arJjoMepara wusydyajach C I[IpUMeHEHUeM
9JIeKTPOHHOTO BOJIHOBOTO MUKpocKoma ¢ mpucrtaBkoii PCMA dupmer “SUPRA”
IIpu ycKopsArotieM Hanps:xeHuu 20 xB.

IlepBoHauaIbHO MHUKPOCTPYKTYPY arjioMepaTra H3ydaaud IOIPU Pa3TUIYHOM
YBeJIUUYEHUN JJIeKTPOHHOTO M300pakeHus. BbIsBIeHHbIe HauboJgee XapaKTepHbIe
M 3HAYUMble [JiA IeJell BKCIepUMeHTa MHKDPOCTPYKTYPHI arjomMepara
noaBepraauchk ucciaegoBanuio PCMA c¢ moiaydueHueM JaHHBIX O XKMMCOCTaBaXxX
(ha30BO-MUHEPAJIBHBIX 00pasoBaHMil, a TaKyKe pacipeieseHUe 3JIEMEHTOB MEXKIY
STUMU 00Pa30BaHUSAMH B PeKUMeE IIBETHOT'O IT03JIEMEHTHOTO KapTUPOBAHUA.

Pe3y.]'IBTaTBI IKCIIEPDUMEHTOB U UX aHAJU3

Ha puc.1 npezncraBiena HauboJsiee xapakTepHas MHUKPOCTPYKTypa ydacTKa
(monst) mamda arsiomepara, JJIEKTPOHHOTO M300pa'KeHUs C yYKa3aHUEM TOUYeK
(CIeKTpPOB) MUKPO3OHAMPOBAHHBIX MHHEPAJbHBIX (Das.

a0mEm SNeKTROHHOE M30fpakeHve 1

Pucyuok 1 - O1eKTpoHHOE M300paKeHe MUKPOCTPYKTYPEI MapraHiieBoro arjomMepara
AM-2 ¢ yxasaHNeM MUKPO3OHANPOBAHUA 3JIEKTPOHHLIM Jy4oM (ha30MUHEPATIbHBIX
obpasoBaHUil (cuexTpsI 1......6)
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W3 mpencraBiaeHHBIX HUMKe B Tabjn. 2 MaHHBIX CJeAyeT, YTO YKa3aHHBbIe
MecTa Ha CIeKTpax (asoMUHepaJbHble 00pa30BaHUA CYIIECTBEHHO Pa3JINYAIOTCS
110 BUAY U XMMUUYECKOMY COCTaBaM.

Ta6aumna 2

XumMuuecKue cocTaBbl (Da30MUHEPATIbHBIX 00Pa30BaAHUU B CTPYKTYpPE MapraHIleBOTO
aryioMepaTa, THUIIOBOM OIIBITHO-IIPOMBINIJIEHHON mapTuu Ha araoMarinae BOAD

ITopsan- CopepsxaHuve sjaeMeHTa, % Macc.

KOBBIN

HOMep

CHeKTDPa | F Na | Mg | Al |si P S K |Ca |Ti |Mn |Fe o
[

1 43,28 | - 1,52 | 0,40 | 2,21 | 21,41 | 0,46 | 0,19 | 2,62 | 7,96 | 0,33 | 18,94 | 0,68 | 100

2 36,24 | 4,59 | - 2,63 | - 14,68 | - - - 2,06 | - 39,80 | - 100

3 28,47 | 2,12 | - 0,38 | 0,64 | 0,90 - - - 0,35 | - 64,47 | 2,67 | 100

4 30,08 | 3,22 | - 1,93 | - 11,70 | - - - 2,01 | - 51,06 | - 100

5 41,06 | 2,05 | 1,15 | 1,02 | 1,55 | 18,57 | 0,39 | - 1,79 | 5,57 | 0,24 | 26,08 | 0,53 | 100

6 27,83 | 3,85 | - 0,93 | 0,72 | 5,89 - - - 1,20 | - 57,87 | 1,71 | 100

Makec. 43,28 | 4,59 | 1,52 | 2,63 | 2,21 | 21,41 | 0,46 | 0,19 | 2,62 | 7,96 | 0,33 | 64,567 | 2,67 | -

MusH. 27,83 | 2,05 | 1,15 | 0,38 | 0,64 | 0,90 0,39 |1 0,19 | 1,79 | 0,35 | 0,24 | 18,94 | 0,53 | -

MenkosepHuUcCTass MUKPOCTPYKTypa MHUHEPAJILHBIX (a3 9JIEeKTPOHHOTO
n300pakKeHnsl PacIlooKeHHas C JeBOH CTOPOHEI (pOTO MUKPOCTPYKTYPHI IILIH(PA
mo mamabiIM PCMA wumeer 6auskue comepskanusi mapranma (% macc.): 64,37
(cmexTp 3), 51,06 (cekTp 4) u 57,87 (cuexTp 6). 1A cpaBHEHUSA cOoAep:KaHUeE
Maprauila B XHMHYECKUX COeIUHEeHHAX ero c¢ kKucaopogom MngO4, MnyOs u
MnO; cocraBasger (% macc.): 72,05, 69,60 u 63,20. C yuyeTroM HaJIUUYUA B
OKCHJIHOI MapraHmeBoil (dase xenesza (2,67%, cuektp 3), meTporpaduueckue
XapaKTEepUCTUKMU, a TaKiKe U OKHUCJIUTEIbHO-BOCCTAHOBUTEIbLHBIE YCJIOBUS
dopMupoBaHuA B CTPYKType arjomepara, ee MOMKHO OTHECTH K TrayCMaHHUTY.
IIpuponublii MuHepasl raycMaHUT uMeeT (OPMYJbHBIN BUL Mn2+Mn23+O4*),
IUTETPArOHAJILHYI0O — [IUINPAMHUAAJIBHYI0O KPHCTAJLINYECKYI0 CTPYKTYPY U
KopuuyHeBaTo-uepHBIA IBeT [3]. ['aycMaHMTy B pymax CONyTCTBYIOT HPUPOIHBIE
MUHepaJbl: OpayHUT M112+Mn64+ [Og SiO4], marueTur (Fe3+, Fe2+)Fe3+O4, Oapur
Ba[SO4], marranur Yy - MnO-OH, axobcur MnsFe;O4. B cTpykType arsiomepara
raycMaHUTHas MUHepajdbHassi @Qasa MOKeT OBITh MIPOAYKTOM  peaKIluii
BOCCTAHOBJIEHUS PYAHBIX MMHEPAJOB MapraHiia: MUPOJIO3UTA, T'MAPOOKCUIHBIX
(mcusomMeHJIaHa, MaHTaHUTA U OP.).

3Mny;03 + CO = 2Mn304 + COq
AG’y = - 331279 + 37,1 T J:x/Mo0ib

CocraBbl MHHEpPAJbHBLIX (pa3 MCCIeTOBAHHOI'O yuacTKa Huamda arjomMepara
(cmekTpel 1 m 5) B 00IIleM IIPEACTABJSIOT CJIOMKHBIE KOMILIEKCHBIE CUJINKATHBIE
cucteMbl ¢ BxomamuMu KommoueHTamu Si02-CaO-MnO-MgO u Al;O3. O6parmaer
BHMMAHME, UYTO B COCTaBe o00eux (a3 COAEpPKUTCA IOBLIINIEHHOE HAJHUYNE
docdopa 0,46% (cumextp 1) u 0,39% (cmeKTp 5), IPU OTCYTCTBUU €r0 B APYTIUX
30HIVPOBAHHBIX MHHEpPaJbHBIX (pasax. CummbaTHO cozep:xkanuio @Gocdopa
U3MEHATCA KOHIEHTPAIIMK KaJablusa B Kamumou dase (0,46% P u 7,96% Ca,
cuektp 1) u (0,39%P u 5,57%Ca, cmektp 5). OTmeueHHas B3aMMOCBA3b
CBUJIETEIBCTBYET, UTO HAaJWUYHe 3TUX MHNHepaJbHBIX (as docdopa ABIAETCA
CJIeJCTBMEM pPaCTBOPEHUA WHAWBUAYAJIN3UPOBAHHBIX (ochaToB KaJbIlud,
comepxkamuuMu B cBoeM coctase Al (6,254%), a TakKe IeJOuHbIe MeTaJibl Na
(2,742%), K (7,192%). IlomeleHHBIe B JIBYX HUKHHUX CTPOKax Taba. 2
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MaKCUMaJbHOTO ¥ MHUHUMAJIbHOTO COJepP;KaHUsA 3JIeMeHTOB (OKCHUAOB) B
MUKPO30OHIUPOBAHHBLIX (azax wuma3yyaeMoro oOpasita arjoMepaTa IIOKa3bIBaeT
HEOOHOPOAHOCThL €r0 MHUKPOCTPYKTYPhI, UTO CBOWMCTBEHHO KakK IIPaBUJIO
cOOCTBEHHO TIPOIleccaM arjioMepariuy arjolluXT CJI0XKHOTO COCTaBa.

Ha puc. 2 npuBeneHO 3JIEKTPOHHOE u300parkeHNe MUKDPOCTPYKTYDHI
IPyroro TIIOJsS OTOTo Ke muam@a ¢ yKasaHueM HoMepoB crnekTpoB PCMA
¢azoMuHEpPAIBHBIX 00pPa30OBAHUM, XMMCOCTAaB KOTOPBIX ITPpUBEAeH B Ta0J.3.

r -

3MNeKTROHHOR WE0BpaeHHe 1

aomEm !

Pucynok 2 - 9mekTporHOe 1300parKkeHre MUKPOCTPYKTYPEI MapraHIiieBoro arjaomepara
cepuu AM-2 ¢ yKasaHueM MUKPO3OHAMPOBAHUSA 3JIEKTPOHHBIM JYyUOM
dasomuuepaabHbIX oOpasoBanuil (cmekTp 1...9)

ITpu TIIATeJIbHOM paccMOTpeHUHn 3JIEKTPOHHOT'O n300paKeHnus
MHUKDPOCTPYKTYPBI IIOJHpPOBaHHOro Imamda arjoMepara oOpaliaeT BHUMaHUeE
«KPYIIHOOJIOUHOE» PAaCIIOJIOJKEHHE MeJKO3ePHICTOM MapraHell CcojJepiKalrei
¢aswl, IO BHENIHEMY BUAY aHaJorTMuHOIi Ha puc.l. MwuHepajbl, OTMeUYeHHBIEe
cuektpamu 1, 2 m 8 (Tabn.3) UAEHTUUYHLI MaTepHaJy TayCMaHUTOBOU (hase
(cmexTpoB 3, 4 u 6) Tabsm.2. OTCcyTCTBHE B rayCMaHUTOBOU (hase pacTBOPEHHOTO
docdhopa (B mpemenmax BosMoxkHOU TouHocTu PCMA moarsep:KaaeT paHee
YCTAaHOBJIEHHOTO HaMMU IIOJIO}KEHHA, UYTO IIPH KPHUCTAJJIMBAIUM COJEePIKAIUX
¢dochop MapreHIEeBOCUJIMKATHBIX  pPAacIJiaBOB, AaHAJOTMUYHBI IO COCTaBY
npuBeaeHHLIM B Taba. 2 ( cumekTpel 1 m 5), dochop B raycmanuToBO# (hase He
o0Hapy KUBaeTCA.

Cogmep:xanue ¢docdopa mposasiasgerca B (pasoMHUHEPATLHOM 00pa3soBaHUU
(cmexktTp 5). Kax m B (ochopcomep:kamux ¢dasax puc. 2, a B aHAJIOTHUYHBIX
dazax puc. 2 Hapany c¢ GochopoM HMeeT MeCTO KOHIEHTPHPOBAaHMNE OKCHUIOB
mregouyHbsIX MeTtarinoB KO u NasO.

B oTmenpHBIX MHUHEpaJbHBIX (hazaxX OTMEUYeHO KOHIeHTPUPOBAHUE

asnemeHToB K u Na (K20, NagO) B coueranuu c saemeHTamu Si u Al (oKcumamu
SiOg n A1203).

ISSN 1991-7848 107



“CyuacHi mpo6semu meraxyprii’, Ne 20 — 2017

"BAIDE [ MEDedA ¢ gunadnao] sisad sy ‘HABH THXII "IM00 WINIOVERL D MHIHENONINE FOHBEOLIII0T

106 829 | S6°0 | T19'0 |96°'T | F'0 | 950 | ¥8'0 | T¥'0 | 120 | 0'2 [29°0 | 92°0 |SF'0 | 029 |FL'Z | T0'0 | 6°T “HHTY
e6'22 | ST'6 | €19 | 190 |96°'T | SF'SZ | S2'6F | 0€'8S | LF'0 | 9L'F |FI1'L | 29°0 | 19'96 [ 25’0 |09'C |FL°C |FLF | FE'QT | oMCIY
00T - : - - - 0F'0 | 260 | ¥8°0 - - - - G8'¢6 | €F'0 : : : 121 6
00T 3 : 3 3 3 00°L | OF'SF : 3 8.1 3 3 S0'el | 259 : : : Sl'6e 8
00T |00°Z2 |ST'6 | 21'9 - 96°1 | SF'SZ | e2'C | IEF - - - - ¥F6'0 |EF'0 |FEC : 222 | 281 A
001 106 : 560 | 190 ) 05°S : 0Z°'gs | LF'0 ) ) ) 62°0 : : : : 18FC 9
00T - : - - - Se'T | 9F'T : IF'0 |9.F |61°2L |29°0 | T2'QT (299 [0E'0 [FL'E : ¥e'ge g
00T ) : ) ) ) SF'0 | ¥O'1 : ) ) ) ) 19°96 : : : : 06°1 ¥
00T i« 86°18|1= 82'd «F9°C ) ) 561 | 8L | 9F'e ) ) ) ) 05°1 : : : : 9T £
00T - - - 160 | 0S'SF : - 92’z - - ZeF1 : 09°'¢ : FLF | 06'6C (4
00T - - - 0S'TT | 22'6F : LF'0 | 12°0 - - 92’0 | 29°C | 201 : ¥O'0 | ¥F'TE !
% ad ug PD no TN 24 U 1D TL eD p d IS v B | N A 8] dixaiy
01090 Q0N 0 ‘dOLHINWALE aHHE:Hdar0)) LI 3

HOWP LT HHmedenad HOHLHHIYKW TOHLHIACedIo4o019d doLed lHSTHO LY IO I
H HHLdeI HoHHSLTMFKOdN eredomorie orodanHeddeW adAr18des a puHedosedoo XMMHIredaHIWOsR]) 1992100 SHHISLHNHTY
e PIOHLOv],

g NaHHUHOEAUonal 9 ()9 2HIONNCNO LI

ISSN 1991-7848

108



“CyuacHi nmpodaemu meraayprii”’, Ne 20 — 2017

IlpuposHble ™ CHUHTETHUYECKHE  AaJIIOMOCUJIUKATHI  IPEJACTABJIE€HBI B
KPUCTAJIMYECKUX CTPYKTypax KOMILJIEKCHBIMU AaHWOHAMU AaJIOMUHUSA U
kpemuusa. Ilo pamapim B. 3irena [3], B.U. CrpaxoBa [4] TUDUYHBIMU
IIpuMepaMy KOMILJIEKCHBIX AHWOHOB SBJISAIOTCS [AlSiO4]1', [AlSigOg]l', [AlSiy
010]1', [AlgSi3010]2'. YacTuuHoe 3amelneHume atromMoB Si aromammu Al cosmaer
BCJIEACTBUU WX Pa3JUUYHBIX BaJIeHTHOCTEH Si** uw  AI*"  wus6wrrounsit
OTPUIIATEIbHBIN 3apsAl, KOMIIEHCUDPYEMblli BHeAPEHUEM B KPUCTAIIUYECKYIO
pemerky xarmonoB Na', K, Ca®"Ba?", Lil"). K menounbiM amooMocuImiaram
OTHOCATCS B TIIepByI0 ouepenb oprokaasd K[AlSizOg], ansbur Na[AlSizOg],
Hedenaun Na [AlSiO4], catonsl, Hanmpumep, MmuckoBuT KAly[AlSisOq0] (OH) u ap.

BHegpeHre B KPUCTANINUYECKYIO CTPYKTYPY HOPUPOAHOTO AJIOMOCHJIMKATA
karmonoB Ca®’’  compoBoskzgaercs (OPMUpPOBAHMEM  MOJEKYJBl AHOPTHUTA
CaAlySigOg, B KOTOPOM MOKeET comep:kaTbea oKoJsio 10% ainb0uTOBOM MOJEKYJIBI
Na[AlSisOg]. AmaomocuaIuKaTbl, CcoAep:Kalllie B CBOEM COCTaBe IIEeJIOUHBIEe
metasibl Na um K mo gamaeiMm I'. IlItpiobena u 3.X. I[lummepa [5] oTHOCATCA K
TpyIlle IMeJOYHBIX IIIIATOB, I'NIABHBIMU UJe€HAMU KOTOPBHIX SABJIAIOTCS OPTOKJA3
K[AlSi3Og] u ans6ut Na[AlSizOg].

Takum o00pa3oM, IPUPOSHBIE IeJOYHBIE INNATHI MIPEACTABJISAIOT TPYIITY
CMEIIIaHHBIX KPUCTAJIJINYECKUX MUHEPaJOB — HaTpUeBble M KaJiieBble IOJIeBLIe
mmaTel. B mpollecce arsioMepanuy arjONIMXT IPU IMOJYUYEHUM MapTraHIIeBBIX
arjioMepaToB C  HCHOJIB30BAaHMEM  PABJMYHBLIX [0  XUMWUYECKOMY U
MUHEPAJOTMYECKOMY COCTaBaM MapraHIEeBBIX KOHIIEHTPATOB o00pa3yoTcsa
«CUHTEeTUYECKHE» IIeJIOUHBble AaJIIOMOCUJINKATHBIE O00pa3soBaHUA  CJIOMKHOIO
XUMHYECKOTO cocTaBa, lIpumMepom, IIOATBEP:KIAIOIMUM U3JI0KEHHOe BHIIIIe,
SIBJISIIOTCA XMMCOCTaBbl MUHEPAJbHBIX (pa3 MapraHIileBoOro arjomepaTra CIeKTp 1
(2,62% K, 1,52% Na) (taba. 2) u cunexrp 5 (7,194% K, 2,74% Na) (Tabu. 3).

KomniekcHBIE IIeJ0YHBIE aJIOMOCUINKATHbBIE MUHEPaJIbHbIe 00pa30BaHUA B
HCXOMHBIX MapraHIIeBbIX KOHIIEHTPATaX, 30J€ TBEPJOro TOILIMBa (KOKCUKA) IIpU
BHIILIaBKe  (eppOoCUIMKOMApraHIla  MOOHMIKAIT  TeMIepaTypy  mepexomna
arjiomepara B TBeP/J0-pasMATYeHHOE COCTOSHIE C IOCJIeNVIOIUM oO0pa3oBaHUEM
JKUAKO(MA3HOTO  COCTOSAHHS, M3-3a  I[IPEUMMYIIECTBEHHOTO  PaCIOJIOMKEeHUSA
IIeJIOYHBIX MUHEPaJbHBIX 00pa3oBaHMIl II0 TIpaHUIAM 3€peH MapraHIeBbIX
OKCHJHBIX MHHepasJoB. BmecTe ¢ TeM HajJnyme B XMMCOCTaBaX IEYHBIX IIJIAKOB
nmpu BeImIaBKe (eppocunaukomaprania MaC17 oKcuIOB IEJOYHBIX METAJIJIOB B
OIlpeJieJIEHHOM KOJIMUeCTBe OKAa3bIBaeT BJMUSHNE Ha CHUKEHUe BA3KOCTU
KpeMHe3eMHUCTbIX ILIakoB (48-50% SiOz), UYTO cmocoGCTBYyeT YJIYYIIIEHUIO
YCIOBUH  TI'PABUTAI[MOHHOTO  OCAMKAEHUS  <«KOPOJBKOB»  BOCCTAHOBJIECHHOI'O
(heppocusnKoMaprauiia U CHUMKEH!US IOTePh CILJIaBa C OTBAJBLHBIM IILJIAKOM.

Takum 00pa3oM, BBLIABJIECHHBIE ITPU IIOMOIIHN 3JEKTPOHHON MHUKPOCKOIHUU U
PEHTTeHOCIIEKTPAJIbHOTO MUKPOaHAaN3a OCOOEHHOCTM MUHEPAJTBHOU CTPYKTYPBI
MapraHIieBoro aryiomeparta 0asoBoii mapku AM-2 ¢ mcmosib30BaHMEM B COCTaBe
arJIOMIUXT PAa3JUYHBIX II0 XWMUYECKOMY ¥ TI'PAHYJIOMETPUUECKOMY COCTaBaM
MapraHIeBbIX KOHIEHTPATOB B TOM UYKCJ€ U KOHIIEHTPATOB BLICOKOTPAAMEHTHOMR
MATHUTHOM ceIllapamuy IIJIaMOB OTPAabOTAHHBIX IIIJIAMOHAKOMUTEJEH, MOKET
ObITh KCHOJIL30BAHBI IIPU BHIOOPE pAaIMOHAJIBHBIX COCTABOB ATJIOMINXT MIJISA
MIOJIyUeHUsT MapTraHIleBOrO arjoMepara.
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BriBoabI

IIpoananmsupoBaHbl COCTABbI OKWCHBIX UM KapOOHATHOTO MapraHIIeBOTO
KOHIIEHTPaTOB, NPOM3BOAMMEBIX Ha oboraTtuTeabHbIX (adpuxax ITAO OI'OK, B
TOM UYMCJIE ¥ BBICOKOTPAAUEHTHOTO MOKPOTO MArHUTHOTO O0OTaIlleHus IJIaMOB,
PEeKOMEeHAYeMbIH IJiA MOJYyUeHUs MapraHiieBoro arjaoMmepara copra AM-2.

Paspaborana wMeTogWKA W BBIIOJHEHO WCCJAEIOBaHME TIPU ITOMOIIU
9JIeKTPOHHON MuKpockonuum u PCMA MUKDPOCTPYKTYPBI U XMMCOCTaBa
MUHEepaJbHBIX (pa3 MapraHIleBOTO arjioMepara, moayueHHoro Ha BOAD.

O06001IeHBI ¥ IIPOAHAJIM3UPOBAHBI MHHEpPAJbHBIE (a3bl B CTPYKTypE
arjioMepara IO MAHHBIM MUKPO3OHAUPOBAHUA MAaTEPHAJLHBIX IIIECTH TOUYEK
(dbas),0603HaUEHHBIX Ha 3YJEKTPOHHBIX [OBYX IIPEJCTAaBJIEHHBIX (oTorpadpuax
MUKPOCTPYKTYPHI C MMOPATKOBLIMU HOMEPaMU CIEKTPOB.

Ha ocumoBammm pamapix PCMA wu TepMOZWHAMHUYECKUM pacueTaM
MapraHIiieBble MUHEePAaJIbI B KOHKPETHOM obpasiie aryiomepara
UAeHTU(PUIINPOBAHBI TAYCMaHUTOM.

BriaBieHHBIE W HCCIeNOBAaHHBIE  XMMCOCTaBbI  (ocdopcoaeprralime
MUHepaJibHble 0o0pa3oBaHMSA B  MHUKPOCTPYKType  arjaomepara  CJlenyer
UAeHTUPUIIUPOBATh KaK IMIPOAYKT AaCCUMUJIANNYN WHINBUIYAJTU3UPOBAHHBIX
docdharoB KaIbIMA, MapraHIEBLIX KOHIIEHTPATOB pPacCIJIaBaMM IIEJOYHBIX
QJIIOMOCUJIMKATOB CJIOXKHBIX cOCTaBOB (Tabu.2, criekTp 1, Taba.3, ciexkTp 5).

Ilonyuyennbpie B paboTe pe3yJsbTaThl HCCIEAOBAHUS MHUKPOCTPYKTYPHI U
(hazoMuHEpPAJBHBIX 00PAa30BAaHUU IIPU CIEKAHUU aTJIOMINXT U3 CMECU Pa3IMUHBIX

KOHIIEHTPaToOB rpaBUTAIIIOHHOTO oboramreHuA u KOHIIEHTPaTOB
BBICOKOUHTEHCUBHOM MAarHUTHOU cemnapainuu 1JIaMOB oTpaboTaHHBIX
IIJIAMOHAKOIIUTEJIe,  ABJIAETCA  TEOPeTHYEeCKOM U  9KCHEePUMEHTAJIbHON

MIPEeANOCHLIKON AJIs IMOJyUeHUs MapraHIleBbIX KOHIIEHTPATOB U BHEApPEHHEe B UX
COCTaBbl AarJIOIIUXT IIPU CcIeKaHuu arjgomepara AM-2 [iasa BBIILIABKU
deppocuiunkomaprauiia mapku MuC17.
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