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3arpsi3HEHHE Ha3eMHBIX BOJOSMOB MPUBEIO K HEOOXOIUMOCTH HMCIIOJIb30BaHUS ISl TUTHEBBIX IIe-
Jiel MOA3EMHBIX BOJ, XapaKTEPU3YIOLIUXCSI BHICOKUM COACPXKAHUEM COJIEH TSDKENbIX MeTauioB [1]. B
HACTOSIIIIee BPeMsS OJHOW W3 OCTPHIX MPOOJIeM TEXHOJOTHH BOJOIOATOTOBKH SBIISICTCS pa3paboTKa
3¢ (HEeKTUBHBIX COPOLIMOHHBIX CIIOCOOOB U3BJICUCHHS PACTBOPUMBIX MTPUMECEH TSHKENBIX METAILIOB,

CymiectByeT OOJNBIION KIacc MPUPOIHBIX COPOCHTOB-MUHEPATIOB, KOTOPBIC U3-3a HEJIOCTATOYHOM
M3YYEHHOCTH HE HAIIIU MTUPOKOTO TPOMBINIJICHHOTO IpUMEeHEHHSI [2-4]. Mexy TeM, BBICOKHE copO-
IIMOHHBIC CBOMCTBA, JACIICBU3HA U IMIMPOKAsI PACIPOCTPAHEHHOCTh B IIPUPOJIE ACIAIOT UX SYKOHOMHYE-
CKU 1IeJIECO00pa3HBbIM CHIPhEM B TEXHOJIOTHUSX BOJOMOATOTOBKH [5,6].

B nanHoif pabote i n3ydeHus (PU3NKO-XUMUIECKHUX, B TOM YHCIIE U COPOIIMOHHBIX CBOMCTB ObI-
T BEIOpaHbI TPHUPOIHEBIC KaabIIMH-MarHueBble MUHEPATBI KapOOHATHRIX W CHIMKATHBIX MTOPOJ. 3HA-
YUTEIBHOE CPOJICTBO KAPOOHATOB U CUIMKATOB K KaTHOHAM TSDKEJIBIX METAJIOB MO3BOJISIET paccMar-
pHUBaTh STH MPUPOIHBIE MUHEPAJBl B KAYECTBE MOTEHIIMATBHBIX COPOCHTOB-HOHOOOMEHHUKOB.

IKCcnepuMeHTAIBHAS YaCTh

MuHepaibl Al UCCIIEAOBaHUN MOATOTABIMBAINCH ONPEACICHHBIM 00pa3oM, AJS 4ero KycKd Io-
poa moaBepraiuch IpobieHuto. 3ateM otoOpanHas ¢pakuus (1-3 MM) KaXIOro MHHEpajga OTMbIBA-
JIaCh JUCTUJUIMPOBAHHOW BOJOW OT NMBUIEBUAHON COCTAaBIISIOLIEH M BBICYLIMBAIACH IIPU TEMIIEpaType
100°C (£5°C.

g xapakTepUCTUKH CTPYKTYPHBIX, MEXaHUYECKHX M COPOLIMOHHBIX CBOMCTB 00pa3lloB MUHEpa-
JIOB IPUMEHSAJICS PsiZl HE3aBUCUMBIX METOJOB HccienoBaHus. Pa3oBblii cocTaB MoOpoa UACHTHGUITUPO-
BaJICS C TOMOIIBIO pPEHTTeHOo(a30BoOro aHaimsza, KoTopbli mpoBogmics Ha JPOH-3M (CuK,-
U3ITy4YeHHEM).

Omnpenenenne MUKPOCTPYKTYPHBIX XapakTEPUCTHK IOBEPXHOCTH MMHEPAIOB NPOU3BOIWIOCH C
MTOMOIIBI0 CKAaHUPYIOIIETO 3JIEKTPOHHOTO MUKpockona JSM-840 ¢upmsl «Jeol» (Smonus) (yBemmde-
aue 200, 1000 u 5000 pa3), cHaO>)keHHOTO PEHTTeHOBCKMM MuKpoaHanm3aropoMm LINK, Ha koTtopom
OIIPEIEIISUIN 3JIEMEHTHBIM COCTaB IIOBEPXHOCTHOI'O CJI0S YaCTHUII.

g oreHKM MeXaHHMYeCKOH MPOYHOCTH MHUHEPANOB ONpeaessiack ucTupaeMocThb. C 3TOH Lebio
obpasen maccoit 10 2 (ppakmms 1,0 + 3,0 mm) momemancs B cocyn co 100 iz TUCTHIIIPOBAHHON BO-
JIl ¥ BCTpSIXUBAICS (yactoTa koneOanwmii 50 [y) B TeueHue 10 mun. 3aTeM OT MHHEPAJIOB, BHICYIIICH-
#bIx pu 100°C 10 OCTOSIHHOTO Beca, 0TOMpanach (GpakIus ¢ pasMepoM dacTuil Menee 0,5 ym — Hc-
THUPAEMOCTb.

Jiist pacdera BOJIOIOTIIONICHHSI MUHEPATIOB TTOATOTOBJICHHBIE 00pa3iibl (CM. BBIIIE) B3BSIIUBAIUCH,
KUISTWINCH B JUCTUUIMPOBAHHOM BOAE B TeueHHe yaca. [1o mpomecTBUu CyTOK oOpasibl BHIHHIMA-
JIMCh U3 BOABI, NOACYIINBAINCH 5 MUHYT ISl yIAJICHHSI TOBEPXHOCTHOM BJIard ¥ B3BEIINBAIUCH.

TBepaodaszHble MPeBpalICHUs MOPOJ H3YHAIHCH NP oMoy AuddepeHnaIbHOr0 TePMIUUYECKO-
ro aHanusa Ha gepusarorpape Q-1500D (ckopocts Harpesa 10°C/MHH, 4yBCTBHTEIBHOCTS 3aIlHCH
kpusoit DTA 1/10) B unTeppane temmeparyp 20°C—1000°C. ITpegBapuTenbHbIi aHATH3 PE3yIbTATOB
TEPMOIPaBUMETPUYECKOTO HCCIIEIOBAHUS U JUTEPATYPHBIX JAHHBIX IOKAa3al LEJIecO00pasHbIM IpPo-
BOJUTH 00pab0OTKYy MHUHEPAJIOB MPOKATHUBAaHKEM 00pa3iioB B atMocdepe Bo3ayxa mpu 500, 600, 700 u
800 °C B TeueHHe 2-X YACOB.

OKCIEpUMEHT 110 U3YUYCHHIO IMOTJIOIIAOIIMX CBOMCTB IPOBOAWIM NPH KOMHATHOHM TeMmepaType.
O6menHyr0 emKocTh MuHepaioB (N) onenuBanu no copbuuu nonoB xenesa (II) u mapranna (II) us3
cyabdatHbix pactBopoB. K 100 a1 MogensHOro pactsopa pobasisim 0,5 2 TOATOTOBICHHOTO U3MEIb-
YEeHHOro o0pasla M, MEePUOAMYHO IEepPEeMEIINBasi, BBIACPKUBAIN OBOE CYTOK (BpeMsl HACTYIJICHUS
paBHOBECHS ), TIOCIIE YeTro OTOMpaau mpoly Boabl. ConepkaHue Kene3a U MapraHiia B BOAC ONPEACIIs-
71 (POTOKOJIOPUMETPHUECKH B BU/IC OKPAILICHHBIX KOMIUIEKCOB.



Benuuuny yaenbHON cCOpOLMOHHON eMKOCTH N (Me/2) pacCUMTHIBAIIU 110 YPABHCHHIO:
C, -C
N=_1 2
V. -m

rae C; — ucxoJHass KOHICHTpaIs MeTaia B pacTBope, me/1; C, — KOHLIEHTpaNXs METajlla B BOA-
HOM PacTBOPE B PaBHOBECHBIX YCIOBHSAX, M2/1; V — 00BEM PacTBOPA, M7, M — Macca COpOeHTa, 2.

O0cy:kaeHune pe3yjbTaToB

B Tabn.1 npuBeneHb HEKOTOPHIE XapaKTEPUCTUKU UCCIICAYEMBIX MUHEPAJIOB.

YcraHoBiIeHO, 94TO 3P GEKTHBHO MPOIECC COPOITMN HAYMHACT MPOTEKATh MPH CIACAYIOMNX 3HaUe-
uusx pH Boxer: s Fe — pH=6,5-7,5 na cunukatHbIx mopoaax, pH=2,5-3,0 Ha kapOOHATHBIX TIOPOIaX
u s Mn — pH>6 — Ha cumkartax, pH>7 — Ha kapOoHarax. Takas 3aBHCHMOCTh OOBSCHSICTCS TEM, UTO
yeM MeHblle 3HadeHue pH, TeM Ooible MOBEPXHOCTHOTO CIIOSI EPEXOAUT B PacTBOP (IIPOUCXOIUT
pactBopeHne MuHepaia). [Iporecc BEIMBIBaHHS Ha CHITMKATHBIX TIOPOJaX MPEMSTCTBYEeT HOHHOMY 00-
MeHY, a Ha KapOOHATHBIX — YMEPEHHOE PACTBOPEHHE COMPOBOXKAAETCS CBA3BIBAHUEM HMOHOB TSKEIBIX
METaJIIOB Ha MMOBEPXHOCTH.

Tabmuua 1
CocTtaB 1 (U3NKO-XUMUYECKHE XaPaKTEPUCTHKHU HCCIEyeMbIX MUHEPAIOB

OcHoBHas (aza CocraB IOBEpXHO- Bomomo- Uctupa-
Munepan (mpumech) CTH MPOKAJICHHBIX | TJOUICHHE, MOCTb,
OpOJ % %
Kgapi SiO, SiO, 1,37 0,06
Bommactoaur CaO’Si0O, CaSi0;, SiO, 1,39 0,58
(Si0y)
Juorncun Ca0O’Mg0O’28Si0, CaSiO;, MgSiO;, 1,60 0,24
(Si0,) SiO,
Tpemoaut 2Ca0’5Mg0’8Si0,’H,0 CaSi0;, CaCO;, 5,44 1,02
(CaCO3) CaO
Jonomut CaCO;’MgCOs; CaCO;, MgO 2,79 0,83
(Mg(OH),)
Mpamop CaCO; CaCOQ3;, CaO 1,07 0,30

Pe3ynbraThl MpOBEICHHBIX SKCIIEPUMEHTOB MO COPOLMM HAa HEoOpaOOTaHHBIX 00pa3lax MOKa3bl-
BalOT, YTO BCE MUHEPAJIBI COPOUPYIOT MPUMECH XKelle3a U MapraHiia, HO B Pa3M4HON cTerneHu. OTim-
Yusi OOBSCHSIOTCS PA3IMYHBIM COCTABOM W CTPOCHHEM MHHEpasioB. [0 JMaHHBIM MUKpOaHAJIM3a Ha
MOBEPXHOCTH OTMBITHIX 00pa3IOB BCEX MUHEPAIIOB UMeeTcs 3eMeHT Fe u Mn, mpuyeM Ha J0JIOMUTE
¥ BOJUTACTOHUTE HAOIIOAAETCs MajeHre OTHOCUTENBHOTO conepkaHus Ca B MOBEPXHOCTHOM CIIO€.
OTH NaHHBIE AIOT OCHOBAaHHWE MPEATIONIOKUTE, YTO COPOIUS MPOTEKAET YACTUYIHO 10 CXeMe MOHHOTO
obmeHna:

Ca, Mg(CO;3), + 2MeSO4 = 2MeCO; + CaSO,4 + MgSOy
CaSiO; + MeSO4 = MeSiO; + CaSO4
Me: Fe, Mn

B cnydae ¢ MpaMopoM HMMeEET MECTO OCAKICHUE THIAPOOKUCEH HCCIECAYyEeMBIX METaJUIOB 3a CYET
yBenuuenus pH: nna xenesa — 3,0-3,5, nnsg mapranua — 8,5-9,1 [7].

OcaxeHre METaJUIOB Ha MTOBEPXHOCTH KBapIla M IUOTICHIA POUCXOANT B PE3YIbTATE KOATYIISAIINH
Ha aKTHUBHBIX LIEHTpPaX MOBEPXHOCTH, T.K. OCAXKJCHHBIC MPUMECH HE YICP>KUBAIOTCS HA MOBEPXHOCTH
npu mpombiBKe. [Iporecc mpoTekaeT mo cxeme: MpPUMECh OCaXIaeTcsl Ha paHee OCAKICHHYIO TpH-
MECh, T.€. IIOBEPXHOCTh KBapIla M TUOICHAA paboTaeT, Kak MEXaHWYeCKHH (PHUIbTp, yIep>KuBas oca-
TTOK.

Ha tpemoinute HabmoaeTcs, mo-BUIMMOMY, KapTHHA, CXOXKask C KBaplEM U JTUOTICHUOM, HO HAJU-
gue B (hazoBoM coctaBe CaCO; 00ycitaBmuBaeT OOJBIIYIO CTEIICHD U3BJICUCHUS U3 PacTBOPA.

W3 Tabn.2 BUAHO, YTO COPOIIMOHHBIC CBONCTBA 3aBHCAT OT MPEABAPUTEILHON 00pabOTKU MUHEpa-
na. MI3MeHeHne 3Ha4eHUH eMKOCTH OOBSCHICTCS XUMUYCCKUMU TIPEBPAICHUSIMH, TIPOUCXO/IAIIMMU B
MOBEPXHOCTHOM ClIoe MpHU 00paboTke. Tepmudeckas o0paboTKa CIIOCOOCTBYET YIYUIICHUIO CBOMCTB
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KapOOHATHBIX TMOPOJ, YTO CBSA3aHO C MPOIECCaMH, NMPOUCXOISAIIMNMHU B TOBEPXHOCTH OOpasloOB MPHU
TEPMHUUYECKOM BO3JICHCTBUMU.

Tabmuna 2
3HayeHue cTaTHIeCKo 0OMeHHOM emKkocTH 1o Fe m Mn
CraTtuueckas 0OMEHHAs! EMKOCTb, M2/2
Nge — eMKOCTE IO KaTHOHAM JKeJIe3a;
MUHEPAIJI Ny — €MKOCTb 110 KaTHOHAM MapraHia.
Hcxonabie O6pas3ipl, 00paboTaHHbIe IPK TemrepaTypax, 'C
00pa3sisl
500 600 700 800
JIOJIOMHUT Nre 1,13 1,30 1,57 2,50 4,00
Nmn 2,21 2,60 2,65 3,00 3,50
JIHOTICH]T Nge 0,95 1,12 0,65 0,18 0,03
Nuin 0,18 0,08 0,00 0,00 0,01
BOJJIACTOHUT Nree 0,34 0,65 0,50 0,20 0,05
N 0,00 0,00 0,01 0,00 0,07
Mpamop Nre 1,00 1,30 1,54 2,56 2,72
N 1,20 1,25 1,27 1,80 2,03
TPEMOJIUT Nge 0,53 0,58 1,06 0,59 2,50
Nain 0,00 0,06 0,20 1,83 3,00
KBapI[ Nre 0,20 0,25 0,04 0,04 0,02
Niin 0,06 0,07 0,03 0,01 0,01

[IpokannBanne KapOOHATOB CIIOCOOCTBYET Pa3phIXJICHHIO MOPOIBI C 00pa30BaHHEM CTPYKTYp C
0O0JIbIIIEl TOPHUCTOCTHIO M YIENBbHOW MOBEPXHOCTHIO (CM. puCYHOK). [lo manuBIM muddepennmansHo-
TEPMHUYECKOTO W PEHTreHO(])a30BOTr0 aHaIM3a B MPOIECCE TEPMOOOPAOOTKU MPOUCKOIAT U XUMHUYE-
CKHe TIPEBPAICHUs, B Pe3yJIbTaTe KOTOPHIX 00pa3yroTcss aMOpHBINA KapOOHAT KaIbIMs M OKCHJI Mar-
Hus. [ToaToMy mporecc HOHHOTO 0OMEHA COMPOBOXKIACTCS COOCAKICHUEM THIPOKCHUIIOB METAJIIIOB:

MgO+H,0 — Mg(OH),{,
Mg(OH), + FeSO; — Fe(OH),d + MgSO0,,
2Fe(OH), + O, + H,0 — 2Fe(OH)s!.
Mg(OH), + MnSO, — Mn(OH),| + MgSO,.

Puc.1 TToBepXHOCTh HCXOAHOTO AOJIOMHUTA Puc.2 TloBepxHOCTh ToOMHUTa, 00PabOTaHHOTO
npu 800°C

VMEHBIIICHUE CTCIICHU M3BJICUCHUS HAa CHIIMKATHBIX mopoagax CBA3aHO KaK ¢ YMCHBIICHUEM BCJIU-
YHUHBI YHGHBHOﬁ MNOBCPXHOCTHU, TaAK U C BBICBO60)K,[[CHI/I€M Ha NOBEPXHOCTHb YaCTHUI] IO JaHHBIM POA
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IIPH TPOKAIMBAHUN THOKCHIA KPEMHUS, KOTOPBIH MPENATCTBYET HOHHOMY 0OMeHy. M ckimoueHue co-
CTaBJIIECT TPEMOJIUT, MOBEPXHOCTh KOTOPOTO IMOC/Ie 00pabOTKH B OCHOBHOM COJICPIKUT MPUMECHh Kap-
OoHAaTa KaJIbIHA.

BoIBOaBI

Taxum 00pa3om, U3 IMIECTH U3YUYCHHBIX MPUPOTHBIX MHHEPATIOB JOJIOMHT SBJISIETCS B YCIOBHUSIX DKCIIEPH-
MEHTa Han0oJee MEPCIEKTUBHBIM JJIi OYUCTKH MOA3EMHBIX BOJ OT MOHOB JBYXBAJICHTHOTO jKejie3a U Map-
rafua.
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