Pecny0simka Y30ekucran
HaBouiickuil rOPHO-METAJIYPrU4eCKUA KOMOMHAT
HaBouiickuii rocyapcTBeHHbI TOPHbIA HHCTUTYT

Kadenpa «Mertanayprus»

JladbopaTopHbIA NPAKTUKYM

AJIS1 BBINNOJIHECHUA NPAKTHYICCKUX paﬁoT 110 MpeaAMETY .
«MeTa.meprnﬂ THRKEJIBIX IBETHBIX METAJNJIOB»

1o HanpasJaeHusM 0akanaspuara 5520400—«Meraaaypruspy

Hasou — 2007 r.



Xonuxynos /I.b.

CocTraBuTeb:
XosukyJaos /.b.

JlaGopaTopHbIil MPAaKTUKYM JJiS BBIIIOJHEHHUS MPAKTHYECKUX padboT 1o
Kypcy «MeTtamutyprusi TSKENbIX IIBETHBIX MeTayuioB»/ HaB. roc. rop. wuHC.
Cocr. Xonukynos /1.b.

Meroanueckue ykazaHus MpeaHazHayueH sl CTYIEHTOB 00YyYaromuxcs
no Harnpasyiennn 5520400 — «Metamnyprus»

Kadenpa «Meraryprus»

ITedaTtaercs o pemIEeHUIO HAYYHO-METOAUYECKOTO coBeTa HaBouiickoro
rOCy1apCTBEHHOTO TOPHOTO UHCTUTYTA IpOTOKOJ No

Peuenzentsl: k.T.H. BanueB X.P. (Taml'TV),
1n.T.H. mpod. Adoaypaxmonos D.(HI'TH)

© Xonukynos /.b., 2007 r.



JlabopamopHulit nPAKMUKYM RO_Kypcy «Memaniypeus mayceablX _UeemHbIX MeMajiios)

HPEIUCJ/IOBUE

Kypc «Mertamtyprusi TsDKENbIX IBETHBIX METAJJIOB» CUUTAETCS
OJIHUM M3 HEOOXOAMMBIX MPEAMETOB JJIA CTYACHTOB OOyYaroUIuxcs IO
HampaBieHuto 5520400 «Meramnyprusi». Ilo  yueOHOMy 1muiaHy
IPEAYCMOTPEHBI JIEKIIMOHHBIE, 1a00PATOPHBIE U IPAKTUYECKUE 3aHATHU.

Kypc «Metamnyprusi TSKENbIX IIBETHBIX METAJIOB» OXBATHIBACT B
ceOsl TEXHOJOTMIO TMPOU3BOJCTBA  TSDKENbIX LBETHBIX METaJUIOB,
XapaKTEPUCTUKY CHIPhS M UX MEPepabOTKy, IMJIaBKy, MOJyYeHHUE IITEHHA,
[laka, orapka H arjiiomepara, KOHBEPTHPOBAHHUE, BhIIIEIAUYMBaHUE,
OTHEBOE U AJIEKTPOJIUTHYECKOE padUHUPOBAHUE.

B npenocraBneHHOM J1a0OpaTOPHOM MPAKTUKYME MPEICTaBICHBI
cieaymrnme jadopaTopHble pabOThl MO METAUIYPrUd MEAW U IHMHKA:
BBIIIIEJITAYMBAHUE MeIU U3 OOOXOKEHHOTO KOHIleHTpaTa (orapka),
OCAKJEHWE MEeAM W3 PAcCTBOPOB METOJOM LIEMEHTALMH, HW3y4YEHUE
BO3MOKHOCTM U3BJICUECHUSI MEIM W3 PANIMYHBIX MEAbCOJAEPHKAIINX
NPOIYKTOB,  OOXHUT  IIMHKOBOTO  KOHIICHTpATa,  BBINIECTAYMBAHUC
000X’KEHHOTO IIMHKOBOTO KOHIIEHTpaTa B pPacTBOPE CEPHOM KHCIIOTHI,
THAPOJIMTHYECKAs! OYUCTKA CyJIb(PaTHOTO IIMHKOBOTO pacTBOPA OT JKeje3a.

JlaHHBI TPAKTUKyM COCTAaBJIEH IO WHAWBHAYaJIbHOMY IUIAHY IO
Kypcy «MeTamtyprust TSKEIbIX LIBETHBIX METAIIIIOBY.

Kypc «Metamnyprust TAXKenbIX LBETHBIX METAJIOB» 0a3upyeTcsl Ha
paHee TPOUICHHBIX Kypcax «OCHOBBI METAJLTypPrUN», «AHAUTMTUYECKUN
KOHTPOJIb B METAJLTypPTru4€CKOM MIPOU3BOJICTBEY, «Teopus
MUPOMETAITYPTUYECKUX  MPOLIECCOBY, «Teopus ~u  amnmaparsl
TUAPOMETAIUTYPIrHYECKUX TPOLECCOBY.
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BBEJIEHUE

[IBeTHass MeTayulyprus MNPEACTaBISIET B  HACTOSILEE BpeMs
CaAMOCTOSITEJIbHYIO, KPYIHYI0O U OYEHb BAXKHYI OTpACiab TKEIOU
npombinuieHHocTH  CHIY, koropas maer mnpowmsBoacTtBo okoio 60
pa3IMYHBIX LBETHBIX METAJJIOB, KOTOPOE€ BCE BpeMs 3HAYUTEIBHO

BO3pACTAET.
XapakTepHas  OCOOCHHOCTh  IIBETHOW  METaJUIypruu,  pe3Ko
oTiiMyaronias €€ OT YEepHOW — OTO Ype3BbIYAMHBIE pPa3sHOOOpa3HBIC

TEXHOJIOTMYECKUE TPOIIECChl U TEYM, KOTOpPhle HACUMTHIBAIOT Oosee 60
pa3HOBUIHOCTEW. TEXHOJIOTrMYECKUE MPOLECCHl, MPOTEKAOIIUE B IEYax
LIBETHOM METALUTYPIHH, SIBISIIOTCS OJHOBPEMEHHO W JHEPrETHUYECKUMU
npoleccaM, OOEeClEeYMBAIOIIMMU HEoO0XoAuMoe st paboThl medeit
MOCTYIUICHUE TEMJIOBOM SHEPTHH.

MenHasi, IMHKOBasE W CBUHIIOBAas  MPOMBIIIJICHHOCTh SIBISETCS
OJIHUM W3 BEAYIIMX MOAOTpaciel IBETHOU MeTautypruu, B ctpanax CHI'
U 3apyOeKbsl.

B  o6mem, o00béMe  mpou3BOACTBA  MEAM, Ha  JOJIO
MUPOMETALTYPTUYECKUX CITOCOO0B mpuxoautcs 85 % MHUPOBOTO BHIMTyCKa
Metaia. ['mapomeramnypruto s noaydenuss meau B CHI, nmpumensitoT
3HAYUTEILHO B MEHBIIIUX MaCIITa0ax, 4eM 3a pyoexKoMm.

Haunbonee pacnpocTpanéHHas 10 HACTOSIIETO BPEMEHU TEXHOJIOTHS,
MPECTABISACTCS 00s13aTeJIbHBIM UCIIOJIb30BAaHUEM (1 (137270011170'¢
METAJUTYPrUYE€CKUX TMPOLECCOB: IUIABKA HA IITEH, KOHBEPTUPOBAHUE
MEIHOTO IITE€iiHA, OTHEBOE W JJIeKTpuUeckoe paduHUpoBaHuE Menu. B
pale  ciaydyaeB  Iepel  IUIaBKOM — OPOBOAST  MOpeABapUTEIbHbBIN
OKUCTUTENbHBI 00ur. CyliecTByeT MHOTO Pa3HOBHUJIHOCTEH TUIaBKU
MEIHBIX pPYyJd M KOHIICHTPAaTOB Ha IITCHH, OTJIMYAIOUIUXCA KakK
TEXHOJOTUYECKUMHU, TaK U anmnapaTypHbIMU OKOPMIICHUSMHU.

Hanbonee pacnpocTpaHeHHBIM B HACTOsIIEEe BpEeMs B MEIHOM
MPOM3BOJICTBE, SIBIIETCA METOJl IUIABKM Ha INTEHH B OTPAXKATEIbHBIX
nevyax, KOTOPBIN MPUTOJICH TOJIBKO IJIs MePepadOTKN MEJIKUX MaTEepHAJIOB.
biu3kuM  aHamoOroM OTpPaXKATENbHOM TUIABKM  SIBJISIETCS IJIaBKa B
ANeKTpUuUeckux rmnedax. llepedncieHHble CMOCOOBI TMJABKU Ha IITEWH
JAJIEKO HE YIOBJIETBOPSIOT TpeOOBaHUSIM COBpPEeMEHHOCTH. OCHOBHBIM
HaIpaBJICHUEM Pa3BUTHS TEXHOJOTUU MEPEepabOTKU CYJIb(UIHOTO CHIPhS
SBJISIETCS pa3pabOTKa HOBBIX, 00JE€ COBPEMEHHBIX M 00JIe€ BBITOIHBIX
PKOHOMHMYECKUX CXEM, MOCTPOCHHBIX Ha 0a3e aBTOTEHHBIX MPOIIECCOB.
BHenpeHnne aBTOT€HHBIX MPOIIECCOB MO3BOJISIET YIPOCTUTH TEXHOJIOTHIO, 32
CUYET COBMENICHUS MPOIECCOB OOXKWIra, MIABKM Ha IITEHH YaCTUYHO U
MOJIHOCTBIO, TMPOLIECC KOHBEPTHUPOBAHHUS B OJHOM LMKIE. OTO JAAeT
BO3MOXHOCTh ~ TMOBBICUTh  KOMIUIEKCHOCTh  HCIIOJIb30BAHUSI  CBIPHS,
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VCKJIFOYUTh PacXo]i TOIUIMBA, YJIYUYIIUTh MHOTUE TEXHUKO-3KOHOMUYECKUE
MOKA3aTeIM U MPEJOTBPATUTH 3arPsI3HEHNUE OKPYIKAOIIEN CPELBI.

VY nensusiii Bec Menu B CHI ipu pa3nuyHbIX croco0ax BhIpayKaeTcs
clenyomuMu udpaMu: oTpaxartenbHas miaaBka — 60-65 %; miaxtHas
mwiaBka — 12-18 %; anmexTtpormaska - 10-15 %; ruapomeramtyprus — 0,1-
0,2 %.

OnHrM W3  OCHOBHBIX YCJIOBUM  JAJbHEWIETO PaCIIMPEHUs
OTEYECTBEHHOT0 MPOU3BOACTBA IIBETHBIX METAJUIOB U B TOM YHCJIE MEIH,
ABJISIETCA YCOBEPLICHCTBOBAHHUE [ICUCTBYIOIIUX M BHEJIPEHUE HOBBIX
TEXHOJOTMYECKMX TMpoleccoB. B 3ToM 1wUiaHe 3ajgaya CO3JaHUs
pallMOHAJIBHOM W KOMIUIGKCHOM  TIepepadOTKU  CJIOXKHBIX B
TEXHOJOTMYECKOM OTHOILICHUU MOJIMMETANIMYECKUX TPOMIIPOIYKTOB,
ABJISIETCSI BECbMa aKTyaJIbHOM.

B Hacrosmiee BpeMs [HMHK TOJy4YaeTcsl JBYMsS OCHOBHBIMU
cnocobamMu  —  MNUPOMETAUTYPTHYECKUM  (IUCTWUIALIMOHHBIM) |
TUAPOMETAIUTYPTUUECKUM (JIEKTPOIUTHBIM).

HcxoHBIM CHIpbEM [IJIs1 TIONYYECHHS ITUHKA, SBISETCS CyIb(UIHBIC
LIWHKOBBIE KOHIIEHTPAThI. TpauIIMOHHO METAJUTMYECKUI IUHK MTOTY4aeTCs
0 CIEAYIOIIEH TEXHOJIOTUYECKOM CXeMe: OKHCIUTEIbHBIN OOXHT —
CEPHOKHCIIOTHOE BBIIICIIAYNBAHUE — OUUCTKA OT MPUMECEN — BIIEKTPOJIU3
CyJib()aTHOT'O IIMHKOBOTO PacTBOpA.

ITo kypcy «Meraiuryprust TsOKEIbIX LBETHBIX METAJUIOB» COIVIACHO
o y4eOHOMY IJIaHy MPEAYCMOTPEHO MPOBEACHUE JTA00PATOPHBIX 3aHATUN
B oO0beme 20 wacoB. B cCBs3m C 3TUM And Jydliero yCBOEHUSA
TEOPETHYECKOTO MaTepuaja COCTAaBUTENSIMH pa3paboTaH J1abopaTOPHBIM
NPAKTUKYM [JIsi CTYA€HTOB METALTyproB. B pyKOBOACTBO BKIHOYEHBI
onucanue / paboT coleprKalue CIEeaYIOIINe pa3/ebl:

- 11eb paboThI;

- TEOPETHYECKHUE OCHOBBI MPOLIECCA;

- HEeo0XOJMMbIE€ MaTepuaibl 1 000PYyI0BAHMUE;

- METOAMKA MPOBEACHUS PaOOTHI;

- aHamu3 pe3yJbTaTOB PabOTHI;

- KOHTPOJIbHBIE BOIPOCHL.

Ha BbimonHeHWe KaxJa0M pabOThl OTBEICHO ONpPEACIEHHOE
KOJIMYECTBO Y4eOHOTO BpPEMEHH, 3a OTO BpeMS CTYACHT JOJDKEH
BBITIOJTHUTH paboty, odopmuth u craatb otdeT. [lo 3aBepiieHuto
HKCIIEPUMEHTa, B COOTBETCTBUM C YKa3aHHbBIM B OINKHCAaHUU pPabOT
TpeOOBaHUSM, CTYJIEHT JOJKEH HABOJUTH MOPAIOK Ha pabodyeM MecTe,
akkypatHo o¢opmuTh oT4eT. OT4eT MAOKEH COAEpKaTh KpaTKyIo
CYLUIHOCTb IIpOIIecca, CXEMy YCTaHOBKM H OOOpYJIOBaHMs, a TaKkKe
pe3yabTarel, opopMIICHHBIE B BUJe TaOmmi u rpadukos. Ilpu 3amure
OTYeTa CTYJEHT JOJKEH B COBEPIIECHCTBE 3HATh XOJI BBHIMIOJIHEHHUS BCEX
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ofepalnii, BBIMOJHEHHON UM JabopaTOpHOM pabOTHl U MO €ro UTOoTram
cleNlaTh MpaBWIbHBIE BBIBOABI, a TakKe€ YMETb OOBACHHUTH CYIIHOCTb
MPOTEKAIOIIMX MPOLIECCOB U XUMUYECKUX PEAKIIHA.

MMOJIOKEHUE O MPOBEJIEHUU JIABOPATOPHBIX
3AHSITUIA

[Ipexkne uveM mnpecTynmuTh K JaOOPATOPHBIM 3aHSATUSAM CTYIEHT
JOJDKEH O3HAKOMHTBCS C MHCTPYKIMEH IO TEXHUKE O€30MacHOCTH B
XUMHUYECKUX JlabopaTopusix oOOpyJOBaHMEM M YMETh OOpamarbcs C
peakTMBaMU B YAaCTHOCTH, C TOPIOYMMH JIETKOBOCILUIAMEHSIOMIUMHUCS
KUIKOCTSMH, SITTOBUTHIMA M B3pPBIBYATHIMH BelecTBamMH. JlabopaTopHbie
paboOTHl BBITIONHAIOTCS OpuragaMud CTYACHTOB 1Mo 3-4 deloBeKa, M
pe3yabTaThl JKCIEpUMEHTa OQOPMIISIOTCS B (opMe oOT4eTa KaxIbiM
CTYJICHTOM B OTACIIBHOCTH.

Ha nabGopaTopHBIX 3aHATHUSX CTYIEHTHI JOJDKHBI TPUXOJIUTH
MOJATOTOBJICHHBIMH K BBITIOJIHEHHUIO SKCIIEPUMEHTAIBHBIX padoT, T.€. 3HATH
TEOPETHUYECKHE OCHOBBI COOTBETCTBYIOIIETO pasjelia Kypca, CXemMy
YCTPOKCTBA J1a0OPATOPHOTO 000PYIOBAHUS, TIOPSIOK BBHITIOJIHEHHS PAOOTHI
U HeoOxXoamMmble pacdeTsl s odopmieHHs otdera. lloaAroToBneHHBIC
CTYJEHTBI TPOBEPSIOTCS MPETO/IaBaTEIEM ITyTEM COOECeOBAHMSI.

He moaroToBiaeHHBIM K 7a00OpaTOPHBIM 3aHATHAM CTYJISHT HeE
JOTTYCKAETCs K BBIMOJTHEHUIO TA00OPaTOPHBIX PabOT.

INPABUJIA TEXHUKU BE3OITACHOCTMU I1PH
IHPOBEAEHHNU JTABOPATOPHbLIX PABOT

[Ipn BBIMOMHEHMHM JA0OPATOPHBIX pabOT MO  CHENHUATBLHBIM
npeaMeTam «MeTajuryprusi IIBETHBIX METAIOB» HEOOXOIUMO COOJIFOIaTh
CJIETyIOIME TTPaBUiia TEXHUKHA 0€30MMaCHOCTH

1) B nmaboparopun  HEOOXOAMMO  COONIOAATH  TPYIOBYIO
TUCIUTIIMHY ~ (CBOGBPEMEHHO  TOCemath  3aHsATue,  3PQPEeKTUBHO
UCIIOJIB30BaTh  3aHATHE, BHUMATEIBHO CIEIUTh 3a  yKa3aHUSAMH
pernoiaBaTes).

2) Bo Bpems mnpoBeicHHUS Ja0OpPaTOPHBIX padOT HEOOXOIUMO
CJICTUTH 32 COCTOSTHUEM M YHCTOTON 000pYI0BaHUA.

3) Heobxomumo coOogaTh TPYAOBYIO THIHEHY, COOJIOAAThH
MepbI MPOTUBOTIOKAPHON OE30TTaCHOCTH.

4) Ilpm BBIIOJIHEGHUH JTA0OPATOPHBIX  PabOT  HEOOXOIUMO
MOJIH30BaThCS CIICIIMATLHON BEPXHEH OJICKION U CIICIIUaIbHONW 00YBBIO.
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5) Kaxaplii CTYyJAGHT JOJDKEH BBITIOJHSATH CBOE 3aJlaHue
BBIJJAHHOE MPETI0IaBATEIIEM.

6) Hapymienre npaBui TEXHUKHA OC30IACHOCTH MOXKET IMPHBECTH
K HECUACTHBIM CIIy4asiM. DTO HaJI0 MIOMHUTH KaXKIOMY

Kpome 53TOro, HeoOXoAMMO Yy4YecTh, YTO HApYyIICHUE TPYAOBOMI
TUCIUTIIMHBL W TIpaBUJ TEXHUKH O€30MacHOCTH MOKET TIOBJIEYh K
aIMUHUCTPATUBHONW OTBETCTBEHHOCTH, HWHOTJA JaKE€ MPHUBIEKAIOTCA K
Cy/1€0HOM OTBETCTBEHHOCTH.

YyuteiBass 3TO, BCE€ CTYJIEGHTBI M  PA0OTHHUKU  JOJIKHBI
OE3MPUKACTIOBHO BBITIOJHATh M COOJIIOJAaTh TPeOOBaHWS YyKa3aHHBIC Ha
IlaKaTax, npeaynpeauTeNbHbIC 3aiCH U YKa3aHUs.

Kpome 3TOro, cryaeHT npu 1abOpaTOPHBIX 3aHATHUAX  JOJDKEH
coOJiroaTh paBUia TPYy/1a, CBOEBPEMEHHO U TOYHO BBIMOJIHATH 3aJaHus,
KOTOpBIE JIaHBl BO BpEeMsS OKCIEPHUMEHTa, KOHKPETHO BBITIOJHATH
TpeOOBaHUS TEXHUKU 0€30TmacHOCTH, TPYIOBOM TUTHCHBI,
MPOTUBOIIOXKAPHON OE30MacHOCTM U JIOJKEH TMOJIb30BaThCs  CIIEII.
OJICKION.

Jnst  mpenoTBpalieHUs  MOPAXEHUS  AJICKTPUYECKUM  TOKOM
HEO0OXOJIMMO 3HAThH CIICIYIOIICE:

a) JEKTpUYeCcKui Tok cuiior 0,1 Ammep onacHo JJisl )KU3HHU;

0) Bce 00OpyAOBaHUS HampsokeHUeM 42 BOJBT JIOJDKHBI OBITH
3a3€MJICHBI;

B) HM B KOEM CJIyyae He MpUKacaThCs K OrojIiEHHBIM nipoBogaM. [1pu
OOHapy>XCHHUM  OTOJIEHHBIX  TPOBOJOB  HEMEIJICHHO  OIOBEIIATh
MIPETo/1aBaTells.

SAnoBUTHIE XUMUYECKHE BEIIECTBA JOKHBI XPAHUTCS B OTAEIBHBIX
MOMEMICHUSAX C MPETyIPEKIAIOIMMHI HAATUCIMHU.

B takue nmomenieHus BX0/1 IOCTOPOHHUM 3alpeIiacTcs.

Kaxnplii cTyneHT 00si3aH 3HaTh W COOJIIOJATh MpaBWjia MOXKAPHOU
oe3omnacHocT. [Ipy BO3BHMKHOBEHHHM MOXapa B AJIEKTPO CETH CTYJECHT
JOJDKEH OBICTPO BBIKIIOYHTH NMHUTAaHUE B CETH W HEMEUICHHO BBI3BATH
nokapuyto oxpaHy. [Ipy BO3HUKHOBEHHH TIOKapa B OJJIEKTPO CETH
3ampeniaeTcs TYIIUTh BOJOW M TIEHHBIM OTHETyIIuTeneM. Paspemraercs
TYIIATHh OTOHBb TIECKOM WJIM KUCIOTHBIM OTHETYIIIUTEIIEM.

Ha pabouyem wmecte 00s3aTelbHO JO/DKHA HAXOAUTHCS amnTeyka
MEPBOM MEIUIITUHCKOMN MOMOIIH.

[Ipu HecuacTHOM cilydae MOCTpaJaBIlee JHUIO0 WIA CBUAETEIb ITOTO
COOBITHSI JIOJIKEH OIOBECTUTh PYKOBOJUTENS U MHCIEKTOpA IO OXpaHe
Tpyaa. WHxeHep 1O TexHUKe O€30MacHOCTH JIOJKEH pacclieloBaTh
MPUYHHY BO3HUKHOBEHHS! HECYACTHOTO Cy4yas U COCTaBHTh IMPOTOKOI H-
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[lepen BbIOJIHEHHEM JAOOPATOPHBIX PabOT BCE CTYACHTHI JOJHKHBI
POUTH MHCTPYKTAX MO TEXHUKE O0€30MaCHOCTU M PaciucaThCs B KypHale
Ne 2. Kpome BblllIeyKa3aHHBIX MPAaBWI CTYIEHT JOJDKEH COOJIIOAATh
CJIeIyIOIIKE MTPaBUIa;

1) s mpenoTBpamieHUs] KOXKaHBIX 3a00JCBAaHUN BO3HUKAFOIIMX
IIpU BO3JICHCTBUU PACTBOPUTEIICH, KUCIIOT U APYTUX BEIIECTB HEOOXOAUMO
WCIIOJIB30BaTh 3allIUTHBIE TACTHI U CMAa30YHbIE MacJa.

2)  UYenoBeka, MOPAKEHHOTO JJICKTPUYCCKHUM TOKOM HEOOXOIUMO
OCBOOOJUTh OT BO3JICUCTBUA DJICKTPUUECKOTOo Toka. Ecmm Her
BO3MOKHOCTH OBICTPO OTKJIIOUUTH YCTAaHOBKY, TO HAJ0 HEMEJICHHO
O0CBOOOJUTH MOCTPAAABIIETO OT MCTOYHMKA TOKa. JlJIE 3TOTO HYXHO HE
pUKacasCh K TEIy MOCTPAJABIIEr0 aKKypaTHO B3STh 32 CyXO€ MECTO
OJICK]Ibl U OTTAIIUTH €TO0.

JIns mpenoTBpAIllEHUs] HECUACTHBIX CIIy4yaeB IIPU  BBINOJIHEHUU
7a00paTOpHBIX  pabOT, CTYIEHTHl 00si3aHBl  CTPOro  coOJaaTh
BBIIIICYKAa3aHHbIC MPaBUjIa TEXHUKU O€30MaCHOCTH.
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JIABOPATOPHAS PABOTA Nel.
OKUCJIUTEJBbHBIA OBXKUT MEJHOI'O CYJIB®UIHOI'O
KOHIIEHTPATA
(4 gaca)

Heab padoTsl

O3HAKOMUTH CTYAECHTOB C MPOLECCAMU OKHUCIUTEIBHOTO O0KHra
MEAHOr0 CYJIb(UIHOTO KOHLEHTpaTa, W3yYUThb BIIUSAHUE OCHOBHBIX
TE€XHOJOTUYECKUX MapaMeTPOB Ha MPOLIECC OKUCICHUS.

KpaTlcoe TCOPETUHICCKOE OIIMCAHUEC paﬁoTbl

CynbhuaHple MeaHble pyabl M KOHLEHTpAThl TMepen  HX
IMAPOMETAJUTYPrUYECKOU nepepaboTKON BO MHOTHUX ciyyJasx
NOJBEPralOTCs  OKUCIUTEIbHOMY OOXury. llenbio OKHCIUTENBbHOIO
o0Xura SBJISETCS YaCTUYHOE YAAJIEHWE Cepbl M3 MaTepuaja U NEPEeBOJ
Cyab(UIOB JKeje3a B OKHUCIHBI, JIETKO LUIAKYeMble IpPU MOCIETYIOIIeH
IUIaBKE.

[Ipy nmoaroroBke Marepuanga, TMNOpU TUAPOMETALTYPrUYECKON
nepepaboTKe MpUMEHSIETCs CyJb(aTu3upyrommi o0Xur, B MpoLecce
KOTOpPOTO H3BJIEKAEMBIM METAUI TMEPEBOAST B  JIETKOPACTBOPUMBIE
coenuHeHus (cynb(darbl U OKUCIBI), a TaKXKE€ B TPYAHO PaCTBOPHUMBIE
OKUCJIBI.

OKHUCAUTENbHBIN 00U MOXKET OCYLIECTBISATHCS B MHOTOIOJIOBBIX
ne4yax C MEXaHMYEeCKUM MeperpedaHueM, B KHUISIIEM CJIO€ U BO
B3BEIIEHHOM cocTosiHuM. [locneanue Buabl oOxkura siBisieTcss HauOouee
WHTEHCHUBHBIMU Y 3KOHOMHUYHBIMHU.

B 0GoJbLIMHCTBE CIy4aeB OKUCIMUTEIbHBIM OOKHUIOM CYJIb()UAHBIN
Marepuan  MOJArOTABIMBAETCAs  JUIsi  TOCHIENYIOIEed  IJIaBKU B
OTpa)kaTeIbHBIX W AJNEKTPUUYECKUX Nevax. B menax myumieil moAroToBKU
MaTepUajJoB K IUJIaBKE OOXKWUTY TMOJBEpPraercs BCsS IIMXTa, B COCTaB
KOTOPBIH, KpoMe CyJIb(PUIHBIX Py U KOHLEHTPATOB, BXOAAT TaKhe (IIOCHI
KaK KBapll U U3BECTHSIK.

B mponecce o0xura OTAeNbHbIE KOMIIOHEHTBI HIMXTHI TIIATEIBHO
NepeMEIINBACTCA, U TEOPETUUYECKU MOJAroTaBiuBaroTcs K riaBke. [lluxra
OKHCJIUTENBHOTO OOKHWra COACPKUT CyIb(UIbI PA3TUUYHBIX METAJUIOB
(MUpUT, XaTbKOMUPUT, XaJIbKO3WH, KOBEJJIMH, OOPHUT, caliepuT, rajieHUT,
WHOT/Ia apCEHONUPUT, CYPbMSIHBIM OJeCK W Jp.), MOPOA00Opa3yHOLIUX
MUHEPAJIOB (KBapll, U3BECTHSK, TNIMHO3EM U Jp.), HEOOJIbIIOE KOJIUYECTBO
cynb(haToB, 0JaropoHbIe METaJUIbI, BIIATY U JP.



Xonuxynos /I.b.

B OTJINYME oT OKHUCIIUTEIIBHOTO o0xwura IUXTa
CyJb(aTU3UPYIOIIETO 00KUTa HE COAEPKUT (PIIFOCOB U COCTOUT TOJBKO U3
pyAbl WIIA KOHLEHTpATA.

B npouecce o0xura B IMIKUXTE MNPOUCXOAAT Pa3iIMYHOTO poOAa
(U3UKO-XUMUYECKUE TIPEBPAILICHHS], CBSI3aHHbIE C BO3JEHCTBUEM BBICOKOU
TEMIIepaTypbl, ra30BOM (a3bl W B3aMMHBIM BO3JEHCTBUEM OTIEIbHBIX
KOMIIOHEHTOB, 4YTO IIPUBOJUT K M3MEHEHUIO COCTaBa HWCXOAHOTO
Marepuana. YToObl 3TO HM3MEHEHHE MPOUCXOAUIO B  IKEIAEMOM
HAIpaBJICHUU, B OOKWIOBOW IM€YM MOJAEpPKUBAETCA HeoOxoaumas
TEMIIEpaTypa U COCTaB ra3oBoM (ha3bl.

[Toctynast B 00>)KMrOBBIN arperar, MIMXTa HarpeBaeTcs, BOCIPUHUMAs
Te1o (yTEepOBKU NEYM U TOPSUYMX MEUYHbIX Ta3oB. st TOro, 4yToOBI
IpoTeKan OOXHUI, MaTephall JIOJDKEH ObITh HAarpeT A0 TEeMIEepaTyphbl
BOCIIJIAaMEHEHHUS OCHOBHBIX CYIb(UIOB.

[Ton TteMneparypoii BOCIUIAMEHEHMS MOAPA3yMEBAETCA TakKas
TEeMIlepaTypa, MpU JAOCTUKEHUH KOTOPOM OKHCIIEHHUE Cylbpuia HAET
HACTOJIBKO MHTEHCUBHO, YTO BBIACIIIONIECECS MPU 3TOM TEIUIO CTAHOBUTCS
JNOCTAaTOYHBIM [UJII CAMOIIPOM3BOJIBHOIO PACIpPOCTPAHEHHMs IIpolecca BO
BCEM Macce Marepualna.

Temneparypa BOCIUIaMEHEHUSI OTAENbHBIX CYyJIb()HUIOB paziuyHa.
OHa He sBIAETCS HEU3MEHHOW (PU3MKO-XMMHUYECKON KOHCTAaHTOH, a
MEHSETCSI B 3aBUCUMOCTH OT CBOMCTB CyJb(HIa U U3MEHEHHUs] BHEITHUX
yCIOBHUM (KPYIMHOCTH 3€peH CyJb(puaa, CKOPOCTH €ro HarpeBa, BIaXKHOCTH
BO3/yXa U T.1.).

[Tokazarenn  oOxkwura (MPOU3BOAUTENBHOCTh  II€YH, CTENEHb
BBITOPAHUSI CEPhI U T.J.) 3aBUCAT OT LEJNOro psaa (akTopoB, BaXHEHIIUMU
U3 KOTOPBIX SBJAIOTCSA: MHUHEPAJOTMYECKMH COCTaB  Marepuana,
TEMIIEpaTypa IMPOLECCa, CKOPOCTh MOAAYM yThs, KOHLUEHTpPAUUs B HEM
KUCJIOpOAa, KPYHNHOCTh YaCTUL IIMXTbl W  HWHTEHCUBHOCTH €€
NEpEMEILINBAHUS.

OOpa3oBaHus OKHUCIOB WU Cylb(haToOB MpU 00XHUre CylabGuI0B
IIPOMCXOJHUT MO CIEIYIOIHNM KOHEUYHBIM PEAKLUSM:

2MeS + 30, = 2MeO + 2S0,, (1-1)
250, + 0,= 2S0;, (1-2)
MeO + SO, = MeSO,. (1-3)

W3 meTamioB cyiab(}aroB HaMMeHee CTOMKUMU SBISIFOTCS CYIb(aThl
&Keje3a, KOTOpble 3aMETHO JMCCOLMMUPYIOT yxke mpu Temneparypax 480-
520°C B armocdepe Bo3ayxa; cyiabdar Meau 6oiee YCTOMYNB 1 HAUNHACT
3aMETHO paslaraThcs MpH Temmeparypax 600-650°C. B mpucyrcTBHE
JIPYTUX BeEmeCTB (Cyab(PUIOB, OKHCIOB JKeile3a, KpeMHe3EéMa) JaBIICHUE
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JlabopamopHulit nPAKMUKYM RO_Kypcy «Memaniypeus mayceablX _UeemHbIX MeMajiios)

JUCCOIMAIMU CyNb(aTOB 3HAYUTENIBHO YBENWYUBaeTcs. B cBsI3u ¢ 3TUM
Cylb(aTU3upyroImMil 00KUT METHBIX KOHIEHTPATOB OOBIYHO BEAYT MpU
temmeparype 600°C. B yclOBHSX MOBBIIICHHOH KOHIEHTPALHMH OKHCIOB
ceppl B TMEUYHBIX Tra3ax (HampuMep, B TI€YM KHUIIAIIETO  CJIOA)
TeMIEpaTypHBIN MpeJiesl 00KUTa MOXKET ObITh HECKOJIBKO TOBBIIIIECH.

3agadeil Hacrosmied pabOThl  SIBISETCS HW3YUYECHHE  BIUSHUN
TEMIIEpaTypbl U COCTAB T'a30BOM (pa3bl HA XapaKTEp 00XKUTA.

Heo0xoanMeble MmaTepuajibl 1 000py10BaHUSA

OnBITHl OKUCITUTEIBLHOTO OO0XKHUra MEAHOTO KOHIEHTpaTa (LIHUXTHhI)
MPOBOAATCS B JabopatopHor MydenbHOM neun. s paboTel HE0OX0UMO
MIPUTOTOBHUTD:

1. Komnpeccop.

2. CexyHaomep.

3. Peomerp.

4. MenHblil KOHUEHTpPAT PAa3JIMYHONW KPYIMHOCTBIO M HM3BECTHBIM
XUMUYECKUM COCTABOM.

5. Beckl TexHuueckue.

[Ipu BbIMOSHEHUM PAOOTHI TEPEMEHHBIMHU SBISIOTCS CIIETYIOLINE
napameTpshl:

1. IlpoaomxkurenbHocTh 00xkura (10,20,30 muH.).

2. KpymHocts kontenrpara (-0,074mm, +0,074mm).

MeToauka BbINOJHEHUSI PA00ThI

OnbITEl OKUCIUTENIBHOTO OOKHWTa TMPOBOISATCA MPU TeMmIepaTrype
nipu 800°C.

1. KonmeHTpaT  ToJABEpraercs  CUTOBOMY  aHaIM3y |
noArorasnuBaercs ¢pakius mo S50 r.

2. KoHmeHTpar pa3HbIX pa3MEpOB B3BEIIMBACTCS HAa TEXHUYCCKUX
Becax B HEOOXOJMMOM KoJuyecTBe (MO 3aJaHHi0 TMperojaBaTeis) |
3aChINMACTCS B TUT€JNIb, 3aTEM THUT€JIb MMOMEIIACTCS B ME€Yb Pa30oTrPeTyro J0
HEOOXOIMMOM TEMITepaTyPhI.

3. Tlocne 3arpy3ku, B 1e4Ub MOCTyHAET BO3yX O] TaBICHUEM.

4. dukcupyercs Bpemsi Hadanma JjabopatopHou pabotel. [locrme
OKOHYAHHS BPEMEHH 3aJaHHOTO MperojaBaTeieM, 00pa3ell BRIHUMAETCS
U3 MEeUYU U OXJIAKIaeTcs, 3aTeM Oepercsa 1 r. oOpasia u omnpenensercs
COJZIEpKaHUE CEPbI B HEM.

5. B meus 3arpyskaercs HOBas IMOPIUS KOHIICHTPATA, U SKCIIEPUMEHT
MIPOIOJIKAETCS 3aHOBO, HO TIPU JPYTrOM BPEMEHHU.
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6. B npoTskeHnr BpeMEHU U MPU MOCTOSIHHOW TeMIiepaType 00KUr
BEJIETCS HA MMOBEPXHOCTHU KOHIIEHTPATOB JIPYTrOil KPYMHOCTH.

7. Tlocne 3aBepuieHUs KaXKIOTO JKCIEPUMEHTA, OTKPBIBACTCS
IIUKJIOH U U3MEPSAETCS] KOJIMYECTBO IMBUTH.

AHaJIU3 pe3yJIbTATOB IKCIIEPUMEHTA

1. TlomyuyeHHbIE pe3yJIbTAThl IKCIIEPUMEHTA BHOCSTCS B Ta0I. 1.

Tabmnua 1.
Pe3ysibTaThl OKHCJIUTEILHOTO 00KUTA
3HAYUMOCTh 00XKHUTA [IpoomKUTENBHOCTD KpynHocts
npolecca, MUH. YacTHUIl, MM
1. Macca orapka, T. 10 20 30 |-0,074 |+0,074
2. Beixon orapka, %
3. KonuuectBo cepsl, %
- B KOHIIEHTpaTe
- B Orapke
4. Crenens aecynbhypusaiuu, %
2. Ha ocHOBe TMOJy4YEHHBIX  JAHHBIX  PACCUUTHIBACTCS

pallMOHAIBHBIM  COCTaB  MEAHOTO KOHLEHTparta (mpuioxeHue 1),
pe3yabTaThl 00KUTA U PACUET MIUXTHI (MMPUTOKEHHE 2).

3.  H3ywaercs BiMsSHUE Pa3IMYHBIX MMapaMeTPOB Ha PE3yJIbTAThI
OKHUCIIUTEIIBHOTO 00KHUTa.

KoHTpoJIbHBIE BONPOCHI

1. 3auem HEOO0XO0IMMO MOJIBEPraTh Cybdu MeIH
OKHCIUTEIHHOMY OOXKHUTY?

2.  lenu m 3amaum gaHHOM TaOOpaTOPHOM PabOTHI?

3. Kakue HeoOxoaumbl MaTepuanbl W 00OpPYAOBAHUS ISt
BBITIOJIHEHUS TAHHOU paboThI?

4. OOpsAcHUTE NOpUHIMN PpabOThl YCTAaHOBKM JaOOpaTOPHOMU
paboThI?

5.  Pacckaxute NOpsI0K BBIIOJHEHUSI pa0OThI?

6.  Kak paccumThiBaeTCs CTEICHb AeCYIb(pypHu3anum?

7. Kakue neuu NpuMEeHSIIOTCS IpU 00KuUTe?

8.  IIpeumymiecTBa 06kHTra B MeYax KUISAIIETO CIIOS?

9. Kak paccuuThIBaeTCs palMoHaIbHOE COJAEpPKaHUE MEIHOTO
KOHIIEHTpaTa?
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10. B uém pasHuia ycioBHH MEXIy Cyab()aTU3UPYIOIMUM U
OKHUCJIUTEIHLHBIM 00KUTOM?

Jluteparypa

1. IOcynxomxkaeB A.A., XomukynoB [[.b., Xynospo C.P. «Orup
paHIiii MeTajulap METAJUIyprusich» (QaHugaH Taxpuda HWIUIApUHU
Oa)kapull y4yH METOAMK KyJutauma. Tour. naB. TexH. yH-TH; 2003. 62 0.

2. lOcynxomxaes  A.A., XomumkynoB J.b., Bame X.P.
JlaGopaTopHBIN MPAKTUKYM MO Kypcy «MeTauTyprusi TSKEIbIX IIBETHBIX
MeTauioBy. Tomik. roc. TexH. yH-T. Tunorpadus Taml TY. 2001. 20 c.

3.CmupunoB B.M., TuxonoB A.M. OOKur MeaHblx pyad u
KOHIEHTpaTOB. M., «Metamnyprus», 1976.

4. I'ymuma H.B. u np. TexHomormyeckue pacyersl B METAJULYpPrUu
TSDKEJBIX [IBETHBIX METAIIOB. M.: Meramnyprus, 1977, 255 c.
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JIABOPATOPHAS PABOTA Ne 2
BBIIIEJAYUBAHUE ME/IN U3 OBOX)KEHHOT O
KOHIIEHTPATA (OTAPKA)
(4 gaca)

Heab padoTsl

O3HaKOMUTH CTYACHTOB C IIPOOCCCOM BLIIIC/IAYMBAHUA MCIU U3
000 KKEHHOTO KOHIICHTpATa, N3Yy4UTH BJIMAHUNC OCHOBHBIX
TCXHOJIOTHYCCKUX ITapaMCTPOB Ha IIPOLCCC BbINICIIAYNBAHMA.

KpaTlcoe TCOPETUHICCKOE OIIMCAHUEC paﬁoTbl

B Hacrostiee Bpems okoso 15 % Bcel MpoOu3BOAMMON B MUPE MEAU
NOJIy4aroT MyTEM THAPOMETAJUyprHUecKoil mepepadoTKh Py, OTBaJOB,
3a0aJaHCOBBIX Pyl M MOJ3EMHBIM BbILIEIAYMBAHUEM OTPAOOTaHHBIX
Y4aCTKOB MECTOPOKICHHUM.

B cBsf3u ¢ HasMuMeM B pyKax YeEJIOBEYECTBA MOIIHBIX CPEACTB
pa3pyllICHHUs] TOPHBIX MOPOJ (aTOMHBIE U TEPMOSIAEPHBIE B3PHIBbI) U
COBEpUICHHOW COPOLMOHHONW TEXHHKU HM3BJICYEHMS] METAJJIOB M3 O€IHBIX
pacTBOpPOB (MOHHBIM OOMEH, PKCTpaKIys U HOHHas (JioTalus) CO3JaHbl
YCIIOBHSI Ji Mepexona K A00buM Menu Oe3 BBIEMKHM TOPHOM MacChl, €€
oOoraitenus 1 T.11. B Onuxaiinime roJpl NOJ36MHOE BhIILIETaYMBAHUE MEIN
CTaHET OCHOBHBIM CIIOCOOOM MPOU3BO/ICTBA.

CyIHOCTh THAPOMETAJUTYPTHUECKOIO CIoco0a MOJIyYeHHsS] Meau
3aKII0YaeTcss B 00paboTKe pa3ApoOICHHOW PYIbl  CEIEKTUBHBIM
pactBoputeneM. Ilpu KuciaplX BMemalOUX NOpoJax B  KAadyecTBE
CEJICKTUBHOT'O  PAaCTBOPUTENS NPHUMEHSIOT pa30aBICHHbIE PACTBOPHI
CEepHOW KHUCIOTHI (MEIb MPEACTaBIE€HA OKHCICHHBIMM MUHEpalIaMH) WIH
NOJKUCIICHHBIE PACTBOPHI Cylb(aTa OKHCH Keye3a ([Jis pacTBOPEHUs
CyIb(UAHBIX MEAHBIX MHUHEpaNoB). B ciydae OCHOBHBIX BMEILAIOIIMX
NOpoJ JUIsl PAcTBOPEHUS MenHu (camopoiHass M OKHCJIEHHAas MENb)
NPUMEHSIOT PacTBOPbl aMMHUAKa 1 aMMHAYHbBIX COJIEH.

PacTtBopeHne MeAHBIX MHUHEPATIOB CEPHOM KHCJIOTOM MPOTEKAET IO
CJIETYIOLLUM PEAKIUSIM:

CUO + H,S0, = CuSO, + H,0, 2-1)
CU,0 + 2H,S0, + 1/20,= 2CuSO, + 2H,0, 2-2)
CuCO; - CU(OH)Z + 2H,S0O,=2CuSO,+ 2H,0 + CO,. (2'3)

Hapsiny ¢ sTumMu peakuusiMi Ipy BBIIETAYMBAHUE MEINA MPOTEKAET
psAn MOOOYHBIX PEaKIi, B YaCTHOCTH, PACTBOPEHHE B MPECYTCTBYIOMICH
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pylie OKHUCH *keje3a ¢ o0pa3zoBaHUEM Cyib(aTa TPEXBAJIEHTHOIO XKeje3a.
DTO coequHEHHUE CIOCOOHO BBINIETAYMBATH BTOPUYHbBIE CYIb(DUABI MEIH,
NPUCYTCTBYIOIIME B pyle (CMEUIaHHBbIE PyHAbl), YTO  BbBI3BIBAET
JOIIOJIHUTENBHOE U3BJICUEHUE METAJLIA:

CuS + Fey(S04)3 = CuSO,4 + 2FeSO,. (2-4)

PactBopsl, oOpa3yroniuecsi Mpyu CEPHOKUCIOTHOM BbIIIETaYMBAHUT
orapka ¢ cojaepxaHueM oOT 25 1o 45 r1/n HanpaBisgOTCS Ha
NEKTPOOCAKACHUE MEIU. OJEKTPOJIM3 MEIu MPOBOASIT B BaHHE C
HEPaCTBOPUMBIMHU aHOJAaMU (CYpbMSIHUCTBHIM cBuHeEN). OTpaOoTaHHBIMI
ANEKTPOIUT, coaepxantuii 60-70 r/m cBoOO HOM cepHOM KUCIOTH U 14-16
I/1 MeIU, UCIOJB3YETCsl NJI BbIIIEIAYMBAHUS HOBBIX MAapTUM orapka u
OKHUCJIEHHOU PYJBbI.

Ecnu npu BeIEnauvMBaHUM PYyAbl MOJy4aroTCsl O€IHBIE MO MEAu
pactBopbl (5-10 1/1), TO BBIIEICHHE U3 HUX METaJlJIa OCYIIECTBISACTCS
CIIOCOOOM IIEMEHTAIIUU, KEITE3HBIM CKPAIIOM:

CuSQO, + Fe = FeSO, + Cu. (2-5)

XUMU3M TIpOIeCcCa BBINICIAYMBAHUS HAYMHACTCS C PEaKUUsIMU
OKHUCJICHUS CYJIb(UIOB MEIH U jKeJie3a (XaTbKOUPUT U TUPUT):

2FeS, + 70, +H,0 = 2FeS0O, + 2H,S0O,, (2-6)
CuFeS, + 40, = CuS0O, + FeSO,. (2-7)

Cepookucnsitoniue OakTepUH, >KUBYIIME B MEAHBIX M JKEJIE3HBIX
Kapbepax, MHTEHCUBHO OKUCISIOT CYJb(aThl jKeJe3a M0 PeaKluu:

2FeSO, + 2H,S0, + 0,50, = Fe,(SO,)s. (2-8)

PactBop Fe,(SO4); — sBIIgeTCS XOPOIIUM PaCTBOPUTEIEM BTOPUUHBIX
CyJb(HUI0B JKelle3a U MEJIH:

CuS + Fez(SO4)3 = CuSO, + FeSO, + So, (2'9)
CU,S + Fe,(SO,)s = CuSO, + 2FeSO; + CuS, (2-10)
FeS, + 7Fe,(SO,); + 8H,0 = 15FeS0, + 8H,SO,. (2-11)

Cepo n KCIC300KUCIIAIOMINC 6aKT€pI/II/I OKHCJIAOT, TAKIKEC KdK H
XAJIBbKOIIUPHT:

CuFeS,+2 Fez(SO4)3+2 H,0+30,=CuS0,+5FeS0O,+H,S0O,. (2'12)
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Heo0xoqumbie MaTepuaJjbl H OﬁOpYIlOBaHI/IH

1. Orapok (MpoAYKT U3 TpeAbIaylIeld TadopaTOpHOM padoOThI) C
U3BECTHBIM XUMHUYECKUM COCTaBOM.
2. PactBop, coneprkamuit 50 /11 CEpHOM KUCIOTHI.
3. PactBop, conepxkamuii 50 /1 cynbhaTHOM KUCIOTHI U 2,5 T/11.
4. CneumanpHas jabopaTopHas ycTaHOBKa (puc.2).
5.  ®apdopoBslii crakaH 00bEMOM 250 M.
6. MepHbIi HUIMHIP WIK MEH3YpKa.
7. KomnycHas konba.
8. [Ilumerka.
9. DnexkTpuyeckas IIuTa.
10. ITepekuch BomopoJa.
11. PactBOp ammuaka.
12. JluctrimupoBaHHas BOJA.
13. budropug ammoHwus.
14. Bechl TEXHUYECKHE.

IpuHuMn padéoTsl 1a00PATOPHOM YCTAHOBKH

[Tpunuun paboTel 1abopaTopHOil ycTaHOBKH (puc.l.), 3akimtouaercs
B CJIEAYIOIIEM.

1. IIpoBepsieTcsi TOAHOCTh YCTAHOBKHU K padoTe;

2. CHauaja B TPEXTOpJIOBYIO KOJOy MOMEIIAETCsl TOUHO B3BEIICHHAs
HABECKa, a 3aT€M BBOJUTCS HEOOXOIMMOE KOJIMUYECTBO PACTBOPUTEIIA.

3. IlpuroToBieHHass Macca HarpeBaeTrcss [0  HEOOXOIUMOU
TEMIEPATYPbI C TOMOIIbIO TUIUTHI.

4. TlepememnBaHue BeIETCS OJHOBPEMEHHO C HATPEBAHUEM.

5. Dta onepauus BeAETCS B TEYEHUU ONPEIEIEHHOTO BPEMEHHU.

6. Ilocine oxoHuaHusi pabOTHI OMpEAEsIeTCS KOJUYECTBO OCTaTKa
CEpPHOM KUCIIOTHI B pacTBOpe (npuiioxkeHue 4) u npoueHT 3PpheKTHBHOCTH
VCITOJIb30BaHUSI.

MeToauka BbINOJHEHHSI PA00THI

BrimenaunBanue TPOW3BOJAUTCS B CIEIUAILHOM JIaOOpaTOPHOM
yctaHoBke. B dapdopoBeiii crakan €MkocThi0 250 M1 HachITIaeTcs
HaBecka orapka paBHas 20 T. W 3aIMBAETCA  PaCTBOPUTEID.
BrlienaunBanue Meau MPOU3BOAUTCS MPU MHTEHCUBHOM MEPEMEITUBAHUT
MyJBIBl TTOCPEICTBOM MEIIAJTKA C PETYJIUPYEMBIM YHCJIOM OOOpPOTOB
MOCPEACTBOM 71a00paTOPHOTO aBTOTpaHchopmaropa (JIATP).
BrimenaunBanue BeAyT NpHu 3agaHHoK TemmnepaTrype. @apdopoBrlii cTakaH
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N
OXOJOXY
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Puc.1. YcraHoBKa JIM BBIIIEJIAYUBAHUA 000X KEHHOT0 MEIHOTO

KOHIIEHTpAaTA.

1.TBepnas da3za; 7. JIATP;

2. TpexropJiioBas koJba; 8. XO0JI0UIIbHUK;

3. Tepmomertp; 9. KOHTakTHBIN TEPMOMETD;

4. YKperuIromni MTaTHuB; 10.2nekTpoaBUraresns TEpMOCTaTA;
5.Memanka; 11. Tepmocrar.

6.27EeKTPOABUTATEND;
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HarpeBalOT Ha DJIGKTPUYECKON IIJIUTKE, TIUIMTKA BKJIIOYAETCAd W
BBIKJIIOYAETCSI BPYYHYI0 B 3aBHUCUMOCTH OT TIOKa3aHHUS TEPMOIAPHI
OIMYLIEHHOTO B MYJbITy.3Hasl COJIEpKAHUE MEIU B Orapke, BEIECTBEHHBIN
COCTaB COCIMHEHMM MEIM OIpeAessieTCs CTEXMOMETPUUYECKUM pacxon
CEpHOW KUCIOThI, COOTBETCTBYIOIIMI MOJIHOMY MEPEBOY MEU B PACTBODP.
[lo xonuuecTBY pacTBOpUTENS BO B3SITOM O0BEME pacTBOpa H
CTEXMOMETPUYECKOMY  KOJIMYECTBY, HAaXOASAT BO  CKOJIBKO  pa3
MPAKTUYECKUI pacXo/l KUCIOTHI MPEBBIIIAET, TEOPETUUECKHUH.

B mnpouecce mnpoBeneHHS ONBITOB MOXKHO BBISICHUTH BJIUSIHUE
cienyromux GakTopoB Ha MOJHOTY U3BJICYEHUS MEJIU B PACTBOP:

1.  Temneparypa myJbIIbl.

2.  IlpoaomKuTenbHOCTD BBIIETAYHBAHUA.

3. OTHOIIEHUE KUJIKOTO K TBEPIAOMY.

4.  BBeneHue B pacTBOP KUCJIOTHI CyJib(paTa OKUCH Kee3a.

[IpenonaBaTenb B KaXJAOM KOHKPETHOM Ciydyae 3aJaeT YCIIOBUS
NpOBEJICHUS BblleNauynBaHuss. OOBIUHO OMBITHI BEAYT IMPHU TEMIIEpaType
45-50 °C, orHomrerne JK:T=6:1 (c JOMyIIEHUEM, UTO yACTbHBINA BEC PaBEH
1), B Teuenuu 45 MuH.

ITocne oxkOHYaHUA OmbITa MEMAIKY M IUIATY OTKIIOYarT. [locne
OTCTaWBaHUs MYJbIBI B KOJOE OKOJO TMOJIOBUHBI OCBETIEHHOT'O PAacTBOpa
JNEKOHTUPYIOT U (QUIbTPYyIOT 4epe3 Oymaxkubli puibtp. U3 duiabTpara
nuneTkon orouparoT 10 My pacTBOpa U MEPEHOCIT MPOOY B KOHUYECKYIO
KoJI0y. B koHMYeckyro koyiOy mJis ONpeAesICHUs] KOHILEHTpPAIlUU MEIH,
nepemenmuii B pactBop noodasistor 0,5 mi mepekucu Bogopoaa, 10 mu
pactBopa ammuaka (1:1), 50 M AUCTHIIMPOBAHHON BOABI U KUIMSTAT Ha
IJIMTKE B TeyeHUu 20 MUHYT ISl TIOJIHOTO PAa3joXKEHUs Mepekucu (10
NPEKPAIICHUST BBIACICHUS MEIKUX IMYy3bIPbKOB Ta3a U3 PacTBOpa).
[lepexkuch Bomopona [00aBisieTCss C LEIbI0 MEpeBOjJia Kejle3a B
TPEXBAJICHTHYI0 (opMy, a TakKe 4YacTh OJHOBAJICHTHOW Meau B
JIBYXBAJICHTHOE COCTOSIHUE.

[Tocne oxnaxaeHus: W MEepeBOJa B pacTBOP BBIAEIMBUIEIOCS OCaJKa
ruapookucu sxkemeza  (lll) k mpobe moGaBmsaoT OudTOpUA aMMOHUS
(pacTBOp MOJDKEH UMEThH ClieTKa TOayOOoW IBET WU OBITh OECIIBETHBIM)
HEMPEPHIBHO MEpEMEITUBast KOJIOY ¢ MPOOOii.

Onpenenenve Meau B pacTBOPE MPOU3BOJUTCS MOIOMETPUUECKUM
METOAO0M.

AHaJM3 pe3yJibTATOB IKCIIEPUMEHTA

Pacder u3BnedeHuss Meau B pacTBOP MPOU3BOAMUTCS IO CIIECIYIOMICH
dbopmyie:
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~100xV xT x Ax100 y
Hxa

E

100

rjae, E - uzBneuenue meau B pactsop, %;

V - 00BéM pacTBOpa TUNOCYJIbGUTA, TOMIEAINIET0 Ha TUuTpoBanue 10
MJI MEIbCOJIEPAKAIIETO PAaCTBOPA;

T - TuTp pactBopa runocyiabdura no Meau, r/mi;

A - coJiep;kaHue Meau B orapke, %o;

H - xonuuecTBO orapka, Jijisi IPOBEICHUS 1a00paTOPHOM paboTHI, T;

a - coZepxKaHue MeIu B orapke, %o.

KonTpoabHbie BOPOCHI

1.  Ilenp n 3amaun JaHHOU PaOOTHI.

2.  llens BEIIICTAYMBAHUS OTapKa.

3.  HeobxomuMmble maTepualibl B 000OpyAOBaHUE JJIsi TIPOBEIACHUS
71a00paTOpHON PabOTHI.

4, Mertoauka npoBeeHust paboTHI.

5. Pacder pe3ysbpTaToOB SKCIIEPUMEHTA.

6. U3 kakumx yacTei COCTOMT YCTaHOBKA.

7. Ilpunanum paGoThl YCTAaHOBKH.

8.  CyTb ruApPOMETAILTYPTrUYCKOTO TIOTYUSHUS MEIH.

9. Kakue peakuuu NOPOUCXOJAT TMPHU BHINIEITAYMBAHUU OTrapkKa

CEPHOM KHUCIIOTOM.
10. Kakue mapaMeTpbl BIHUSIOT Ha CKOPOCTh IMEpexXoJa MEIu B
pacTBop.

Jluteparypa

1.  HKOcymxomxaeB A.A., Xonukynos J[.b., Xynospos C.P. «Orup
paHIIM  MeTajulap MeTaTyprusicu» (paHugaH Taxpuba HILIAPUHU
Oa)kapulll y4yH METOAMK KyJutauma. Tour. naB. TexH. yH-TH; 2003. 62 6.

2. Ocynxomxaes A.A., XomwkynoB JI.b., Bamues X.P.
JlaGopaTopHbIl MPAKTUKYM MO Kypcy «MeTajutyprusi TSXKEIbIX LBETHBIX
MeTauioBy. Tomik. roc. TexH. yH-T. Tunorpadus Taml TY. 2001. 20 c.

3.  HOcymxomxkaer A.A., XommkynoB [[.b., Paxmonor H. M.
Taxmumaunr ¢pusznka-kumeBnii yeymiapu. Tomkent. 2001 #. 24 6.

4.  CmupHOB N.N. I'mopomeramtyprus MEJIH. M.,
Merannyprusgar, 1978. 221 c.
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JIABOPATOPHAS PABOTA Ne 3
OCAXKJIEHUE ME/IU U3 PACTBOPOB METOAOM
HEMEHTAIIUA
(2 yaca)

Leab padoThl

O3HaKOMUTBH CTYAEHTOB C MPOLIECCOM  OCAXKJICHHUS MEOU U3
pacTBOPOB  METOJIOM  LIEMEHTAIlMHA, UW3YYUTh BJIMUSHUE OCHOBHBIX
TEXHOJIOTUYECKUX MAPAMETPOB Ha MPOLIECC IEMEHTALIMU MEJIH.

KpaTkoe TeopeTuueckoe onucanue padoTnl

[lemeHTanMst MEIU KEJIE3HOU CTPYKKOU MIUPOKO NMPUMEHAECTCSA IJIsS
OCQXJIEHUSI MEAU U3 PACTBOPOB, MOJYYEHHBIX MPU KYYHOM U MOJ3EMHOM
BBIIICITAYMBAHUU OKHUCJIEHHBIX M CMEIIAHHBIX MPOMBIIUICHHBIX U
3a0aJaHCOBBIX pyJ. PacTBopsl mouTH Bcerga CoOAEpKaT HEKOTOPOe
KOJIMUECTBO CBOOOAHOM cepHOM KucioThl (0,5-3,0 /1), cCepHOKHUCIOro
okucHoro (0,5-2,5 r/m) u 3akucuoro (0,5-1,5 r/m) xene3a u 0,5-1,5 r/n
ME/IH.

B mporecce 1neMeHTanMM aHOAOM SBJISIETCS METAJUT - OCAIUTENhb
(>kene30), a KaToJIoM OCa)XAaeMbIi U3 pacTBopa Metaill (Meas). CKopocTh
LEMEHTAIMH, MIOJIHOTA OCAXKJICHUS MEJIH, XapaKTep OCaJKa, pacxXo/l *Kee3a
U JIpyrde TmapaMeTphbl MpoIlecca 3aBUCAT OT IENOoro psiga (HakTOpOB:
KUCJIOTHOCTh PAacTBOpa, pacxoji coOuparessi, BIUSHUE HEOPraHUUYECKUX
BEIIIECTB, TEMIIEPATYPHI U TPOIOTKUTEILHOCTHU Mpoliecca.

Boinenstomascs npu OKUCICHUHU CYJIb(PUI0B MEIU U MUPUTA CEpHAS
KHCJIOTa PACTBOPSET OKUCICHHBIE MHUHEPAIbl MEAU IO PEaKIUsIMH,
MPUBEJICHHBIM TIPHU OMMUCAHUH PaOOThI Ne3.

Boinenenue Menu U3 NpOAyKIIMOHHBIX PACTBOPOB OCYIIECTBIISIETCS C
MOMONIBI0 JKEJIE3HOT0 CKparna (XKEeJIe3HbIM JIOM, CTPYXkKa, KOHCEPBHbBIC
Oanku, ryOuaToe jKeyne30, MarHuTHas (pakius KIMHKEepa TUHKOBBIX
3aBOJIOB U T.J.). LlemeHTanus Meau »eae30M NPOUCXOIUT M0 PEAKITUU:

CuSQO, + Fe = FeSO, + Cu. (3-1)

Hannure B mMpoAyKIIMOHHBIX pacTBOpax MpHUMeEcCE 00yCIOBIMBAET
MPOTEKAHUE TOOOUYHBIX PEAKIINM, BHI3BIBAIOIIUX JTOMOJHUTEIbHBIA PACXO/
OCAIUTEINS:

Fe,(SO,)s + Cu = CuSO, + 2FeSO,, (3-2)
Fe,(SOy); + Fe = 3FeSO,. (3-3)
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YacTpe ocaxxieHHON Meau 00paTHO pacTBOPSETCS] CBOOOIHON CEPHOM
KHCJIOTOM, (IIEMEHTamusi BEAeTCS B cpeae, coaepkamied mo 5-10 r/n
CEPHOU KHUCIIOTHI) B IPUCYTCTBUU PACTBOPEHHOTO KUCIOPOJA:

Cu + H,S0, + 0,50, = CuSO, + H,O. (3-4)

[Ipu HenmoctaTke CBOOOJHOW CEpPHOM KHUCIOTHI OCAJOK LEMEHTHOMN
MEAM 3arps3HSETCS OCHOBHBIM CyJb(aToM M THUIPATOM Kele3a,
00pa3yroIIUXCS MO PEaKIHU:

2F€2(SO4)3 + 3H,0 = Fez(SO4)3.Fezog + 3H,S0,, (3'5)
FQQ(SO4)3‘F€203 + 9H,0 = 4Fe(OH)3 + 3H,S0,. (3'6)

N3Bneuenne Meau B [IEMEHTHBIN 0CA0K OOBIYHO COCTAaBJIAET OKOJIO
90%. IlemenTHBIN Ocanok, comepxamuii 60-65% menu, HaNpaBISIIOT HA
OTpaXkaTeIbHYIO IUIABKY WJIM TIOCJE IOJCYIIKH, B KauyeCTBE XOJOJIHOU
MPUCAJKU B ONEPaIi0O KOHBEPTUPOBAHUSI MEAHBIX IIITCHHOB.

Heo0xogumpble maTepuasbl 1 000pyA0BaAHUS

1.  PactBop, coxepxamuid Menb (pe3yabTaThl MNPOWIECHHON
J1ab0paTopHON PabOThI).
MarnurtHas meuanka.
CexyHaomep.
CTeKJsIHHBIA CTaKaH.
dapdopoBrIii cTakaH.
N3meputenbHbIi TUIUHIP.
Metanmnueckui CKparl.
Crymka.
Tepmomerp.
0. Ilumerka oO0béMoM 10 mi .
11. Kon6a BMecTumMocThIO 250 M.

BHOoOoNOORAWN

MeTtoauka npoBeeHUus padoThl

Hcxoanelit pactBop Meau couaepkut (r/m): meau - 1,5-2,0, cepHoit
KUCIOTHI - 3,0-5,0 1 cepHOKHUCIOro OKMCHOTO kene3a - 1,5-2,5. Oréuparot
IBe mpoOBI pacTBopa oObemMoM 1o 250 MII Kaxpaas W 3aJUBalOT B
CTEKJISIHHBIN cTakaH. K pacTBopy B TepBOM CTakaHe J0OABIISIIOT
CTEXMOMETPUUYECKOE KOJUYECTBO ocaauTens (AeJIe3Hbll cKpam), K
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pacTBOpPy BO BTOPOM CTakaHe — JOOABJISIIOT KOJMYECTBO OCATUTENS,
paccyMTaHHOE C y4eTOM MOOOYHBIX peakiuil (3-3) u HUXKe MPUBEICHHON
peaKIuu:

Fe + H,SO, = FeSO, + H,. (3'7)

[lemeHTaIMIO BEIyT IPH MEXaHUYECKOM MEPEMEIIMBAHUN B TEUCHHE
20-25 munH. Yepe3 kaxknaple 5 MHUHYT OTOMpAeTcs M3 KaXKJOTO CTakaHa
npoba o6bemom 10 MI B KOTOpOH MOJOMETPUUYECKHM CIIOCOOOM
oTpeensieTcs: cojepkanue Meau (cM. onrcanue padoTel No 2).

O0padoTKa pe3yJIbTATOB ONBLITOB

B oTdere mo pabore maercs KpaTkoe OMHCAHHWE CYIIHOCTH KY4YHOTO,
OTBJIBHOTO W IIOJ3EMHOTO BBIIICIIAYNBAHUS MEIW W3 OKHCICHHBIX W
CMEIIAHHBIX Py W 0oJiee MOAPOOHO OCaXJEHUE MEAW M3 pacTBoOpa
METOJOM IIEMEHTAIUH.

[To conepkanuio mMeau B MpoOax, OTOOPAHHBIX MO XOJYy OIbITa,
CTpouTcs rpaduk B KOOpJMHATAX: BpeMsl - U3BJICUCHUE MeAu B ocanok. Ha
OCHOBaHMHM  aHalU3a  OMNBITHBIX  KPUBBIX  JIa€TCI  OMNpe/eNieHUe
HEOOXOJIMMOTO pacxojia OCaIUTENsl, a TakXKe 3aKIIOUEeHHE O BIIUSHUU
U30BITKA JKETIE3HOTO CKpamna Ha CKOPOCTh MpoIiecca.

KonTpoabHbIie BOPOCHI

1. lenp u 3amaun JaHHOM paOOTHI.

2. lenb ocaxaeHust MeIM U3 paCTBOPOB METOJIOM LIEMEHTALIUH.

3. HeoOxonumbie MaTtepuaibl U 000pyAOBaHUE IS TPOBEACHUS
71a00paTOpHO PabOTHI.

4. Metouka npoBeIeHHs pabOTHl.

5. Pacuer pe3ynbTaToOB 9KCIIEpUMEHTA.

6. XuMu3M npoiiecca OCaxIeHUs MEIU U3 PACTBOPOB METOIOM
LEMEHTAIIH.

7. Kakue ¢akTopbl BAUSIOT Ha MOJTHOTY OCAXACHUS MEJIU U3
pPacTBOpOB.

8. CyTb THIPOMETAUTYPTUYEKOTO TIOTyUCHUS MEIH.

9. Kakue peakuuu MpoOUCXOAST MPU OCAKICHUHA METU U3 PACTBOPOB.
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JIABOPATOPHAS PABOTA Ne 4
N3YUYEHUE BOSMOXHOCTHU U3BJEYEHUSA MEJIU U3
PA3JIMYMHBIX MEJIBCOAEPKAIIUX ITPOAYKTOB
(4 gaca)

eab padoThI
O3HaKOMUTH CTYJICHTOB METOJaMHU U3BJICUCHUSI MEU U3 PA3IUUHBIX
MeJIbCOJIepKAIUX TPOAYKTOB.

KpaTlcoe TCOPETUHICCKOE OIIMCAHUEC paﬁoTbl

OnHrM W3 OCHOBHBIX YCJIOBUM  JAJbHEWIETO PacUIMpEHUs
OTEYECTBEHHOT'0 MPOM3BOACTBA LBETHBIX METAJUIOB U B TOM YHCIIE MEJH,
ABJISIETCA yCOBEPUIEHCTBOBAHHUE JCHUCTBYIOIIUX M BHEIPEHUE HOBBIX
TEXHOJOTHMYECKUX IPOLECCOB. B 3TOM 1IUIaHe 3amaya  CO3JaHHS
palMoOHANIbHOM M KOMIUIEKCHOW  MepepadOTKM  CIOXKHBIX B
TEXHOJIOTUYECKOM OTHOLICHUU IOJUMETAJUIMYECKUX IPOMIPOIYKTOB,
ABJISIETCS BECbMA aKTyaJIbHOM.

B nacrosmee Bpems B Y30ekucTaHe M3 MEIHO — MOJIMOJICHOBOTO
MPOAYKTAa HE W3BJIEKACTCS MeEIb H3-3a OTCYTCTBUA IPUEMIIEMOU
TEXHOJOTHM. 3ajJada CO3JaHUs PAUUOHAIBHOW, KOMIUIEKCHOM |
0€30TXOHON TEXHOJIOTUU W3BJICUYEHUS MEIU U3 MEAHO — MOJUOJIEHOBOIO
NPOAYKTAa C YYETOM OXpaHbl OKPYXKAIOUIEH CpPEAbI, SABISETCS BECbMa
aKTyallbHOW. OTUM ONPEAENSIETCS aKTyallbHOCTh ITOCTaBJICHHBIX B
nabopaTopHoi pabote mpobeM U 0TBEYaET OCHOBHBIM HAMPABICHUSIMHU TIO
CO3JJaHHI0 HAy4YHBIX OCHOB KOMIUIEKCHOTO OCBOCHMS MECTOPOXKIACHUN
ITOJIE3HBIX UCKONIAEMBIX M OXPaHbI HEAP.

ens paboThl 3aknroyaercss B pa3paboTke  3OPEKTUBHBIX
YKOHOMMYECKUX U DKOJIOTMYECKHM O€3BPEIHbIX TEXHOJIOTHYECKUX
IIPOLIECCOB MU3BJICUYECHUS LIEHHBIX COCTABIISIIOLIMX MEIHO — MOJIMOJIEHOBOIO
OpOJyKTa B YCIOBUSX TEpPMOMapooOpadOTKH, BbILIETAYMBAHUE B
pPa3IMYHBIX cpefax U HOHHOM (IoTaIuei.

[Ipu  TepmomapooOpabOTKe  MEAHO-MOJHMOJAEHOBOTO  IPOAYKTA
IIPOTEKAECT Psii XUMHUYECKUX PEAKIHMM, KOTOPBIE IOAPA3JEIICHbl Ha
CJIEYIOLUE TPYIIIIBI:

1. Bo3roHka JIETKOJIETy4HX BEILIECTB, B TOM YHUCIIE (IOTOMACIO.

2. Pa3noxkeHne CepoCOAEpKAMUX MHUHEPATIOB: XaJbKOIUPUTA,
MAPUTA, TOJTYCEPHUCTON MEJIA, APCEHONUPUTA U JIP.

3. OkucneHue OCHOBHBIX MUHEPAIOB B MPUCYTCTBUM BOJSIHOTO Mapa
(U3 TEpMOJMHAMUYECKUX PACUETOB BUIHO, YTO MpsMas B3aUMOJECHUCTBUS
MOMMOIEHNTa, Cylnb(UIOB MEIM | JKelie3a C BOJSHBIM IapOM HE
BO3MOJKHO, B3auMoielicTBre uiaet ¢ SO,).
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Vnanenne cepbl Haumnaercs ot 150°C. VBennmdenme pacxona
BOJSTHOTO Tapa CIOCOOCTBYET YCKOPEHHIO yIalleHHUs CEepbl U3 MPOJIYKTA.
[Ipy  OTHOCHTENIBHO  HHU3KOM  TEMIIEpaType  OHO  BO3pACTaeT
IPOMOPIMOHANIBHO, & TPHU BBICOKUX TEeMIEpaTrypax, KOJIWYECTBEHHOE
yIajJeHue CBOOOJIHOM cepbl MOXKET ObITh JOCTUTHYTO NMPU OTHOCHUTEIHHO
HU3KHUX pacxojax BOASHOTO Iapa.

Eme oaHa mojoXWUTElbHAs CTOPOHA TEPMOOOPAOOTKM - OYHMCTKA
IpOJyKTa OT BpeaHbix npumeceil. Kak ObU1o ckazaHo BbIlE, HAUWHAS C
400°C mpu TepmomapooOpaGoTKe METHO-MOIMOICHOBOTO —MPOIYKTA
MPOUCXOAUT YJAJICHUS CEPhI U3 COCTaBa CYIb(MUIHBIX MUHEPAJIOB: MUPUTA,
MOJTyCepHHUCTOM Meu, cynbbua xenesa (I1) u ap.

VYcraHoBneHO, 4TO Cyib(UIbl METAIOB B MPUCYTCTBUU BOJSHOTO
napa oKucisieTcs o popmyiie:

MeS + H;0y,, = MeO + HyS, (4-1)
MeS + 3H,0y,p = MeO + H, +SO,,, (4-2)

Camo co0oit pazymeercs, 4YTO TOCTOPOHHHE CYJIb(QUIHBIE U
HECyJNb(UIHBIE COCTABIAIONINE OCJOXHSIOT Tpolecc oOxwura. B
YaCTHOCTH, OYEBHJHO, YTO YEM MEHBIIE OTH COCTABJISIONINE B
nepepabaTeiBaeMOM  MaTepualie, TEeM OTrpaHWYCHHEE BO3MOXKHOCTH
oOpa3zoBanus MoiauOaaToB. PerymmpoBaHuwe Temmeparypsl Iporiecca B
y3KOM WHTEpBaJie 3aTPYIHUTEIHLHO Kak caMo I0 cebe, TaKk M BCIICICTBHE
HEM30€KHBIX MECTHBIX MEPErpeBOB Ha MOBEPXHOCTH TOPSIIUX YaCTHIL
Cynb(HUI0B, BBIICICHUS TEIUIAa OT CTOpPaHUsS yIiiepoJa M CEephbl, a TaKkKe
COpOMPOBaHHBIX MPH (IOTAIMH OPTAHUYECKUX (PIOTOPEAreHTOB.

[TomHOTa OKMCIIEHUS MPOIYKTA MPH TEPMOIMAPOOOpPabOTKE 3aBUCUT
OT HEKOTOPBIX IMapaMeTPOB: OT KPYMHOCTH YACTHI] MPOMIPOIYKTa, OT
TEMITepaTypbl, OT MPOJAOJKUTEITHFHOCTH OIBITOB, OT CKOPOCTH IOJa4H Tapa
U CKOPOCTH BpamieHus Tmedd. YUeM MeHbIIe CcoJaepXaHue Ccephl B
OCTaTOYHOM KOJHMYECTBE Orapka, TEM BBIIIE TIOJHOTA OKHCICHUS
POJIYKTA.

B 3aBucHMOCTH OT TeMIepaTypbl, IPOIODKUTEILHOCTH MpoIecca U
pacxoaa BOASHOTO Mapa, BBIXOJ orapka coctasiisieT ot 65 1o 75 %.

TepmomapoobpaboTka KOHIICHTpaTa npu ONTHUMATBHOM
TEMIIEpaTypPHOM PEKHME BO BPEMEHHU IMPHUBOJIUT K YMCHBIICHUIO MAacChI
HAaBECKU TIPOJIYyKTa W POCTY COJEpKaHWUS MOJHMOJEHAa W MEId B HEM.
Opnako, 4yepe3 OIpEACIICHHOE BPEMs COJICP)KaHME METaUIOB B OTapKe
CHI)KACTCS, YTO YKa3blBa€T HAa BO3MOXKHOCTh YACTHYHOW BO3TOHKHU
nponyktoB mpu 800°C, mpM [IIHTEIBHON TepMHUYECKOH 00paGoTKe
IPOJIYKTA.
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TepmomnapooOpaboTka oOecrieunBaeT MOJIyYEHUE OTapKOB C HU3KUM
conepxkanueM oomen cepol (<1,1 %), 4TO TPyOHO HOCTUTHYTH MpHU
00XHuTe ¢ TpaAUIIMOHHBIMU MeTogamMu. KpoMe Toro, B orapke OTCyTCTBYET
CuMoQ,, kOTOpbBI Bcerga MPENsITCTBOBAI Pa3JEiICHUI0 MOJUOJEHA OT
MEIU B IMOCJHEAYIOIIeM LuKie. JTo o0bscHaercss TeM, 4uto CuMoO,
pasmaraercs Boimre 700°C ¢ 06pa3oBaHIeM OKCHIOB MEIH H MOJTHOLCHA.

Jns monrBepkaeHuss AG(PEKTUBHOCTH MW OLEHKH KadecTBa
MPOJAYKTOB TEPMOIApO0OpabOTKH MPOOBI OXJIaXKAAIOT B IKCHUKATOPE H
Jajnee MmoJBepraoT ruApOMEeTaLTypruiecKkoi nepepadboTke.

[Ipu BbIOOpE pacTBOpUTENs, AJsi BBIIIETAYUBAHUS MPOTYKTa
TEpMOTIapOOOPaOOTKH, YITECHBI MHOTHE (aKTOPHI, U3 KOTOPHIX TJIABHBIMU
SIBIISTFOTCSI:

1) xuMuueckas ¥ puznueckast Ipupoa NpoIyKTa TepMOOOpPadOTKY;

2) CTOMMOCTb PaCTBOPUTEIIS;

3) KOPPO3HOHHOE JIEMCTBHUE PACTBOPUTEIISI HA allllaparypy;

4) CeNeKTUBHOCTb JCHUCTBUS PACTBOPHUTENS] IO OTHOUIEHUIO K
BBINIEIIAYNBAEMOMY MPOAYKTY;

5) BO3MOXKHOCTh pereHepaliyi pacTBOPUTEIIS.

JIns  BBINIEIAYUBAHUSI TPOAYKTa TEPMONApPOOOPAOOTKH MEIHO-
MOJIMOACHOBOTO MPOAYyKTa Hanbosee MoIXoauT cepHas kucioTa. CepHas
KHCIIOTa, SIBJISETCS XOPOIIMM PAaCTBOPUTEIEM OKHCICHHBIX MEIHBIX
muHepasioB  (CuyO, CuO), mnpu 3ToM pactBopuMOCTh Mo0Oj3
He3HauuTenbHa, a MoO, KaTeropudecku He pacTBopsieTcs. Takke cepHas
KHCJIOTa OTJIMYACTCS HHU3KOW CTOMMOCTBHIO M OKa3bIBAET CPABHUTEIHHO
cmaboe  KOPpPO3UOHHOE  JIEWCTBHE HAa  TUIAPOMETAILUTYPTHYECKOMY
anmaparypy.

[Ipy BbllIETAYUBAHUN TPOAYKTA TEPMOIAPOOOPaOOTKU CEepHOI
KHCIIOTOM TMPOTEKAIOT PEaKIWH C YydYacTHeM OCHOBHBIX MHUHEPAJOB H
npumeceii (FeO, ZnO, PbO, Fe,053):

CUZO + 2H2804 + 0,502 - 2CUSO4 + 2H20 (4-3)
Cu,0 + H,S0, = Cu’+ CuSO, + H,0 (4-4)
CUO + H,S0, = CuSO, + H,0. (4-5)
MoO; + H,SO,= mMoO3; nH,SO,4 nH,0. (4-6)
Cu,S+ Fez(SO4)3 = CuSQ, + CuS + 2FeS0O, (4-7)
CuS+ Fez(SO4)3 = CuSQ, + 2FeSO, + 1/282 (4-8)
Cu,S+ 2F92(SO4)3 = 2CuSO, + 4FeSO,+ 1/282 (4'9)
Zn0O + H,S0O, = ZnS0O, + H,0 (4-10)
PbO + HzSO4 = PbSO4 + HZO (4-11)
Takne IMPUMECCH KaK OKHCH KECJIC3a TAKIKE PACTBOPATOTCA:

Fe,O3 + 3H,SO, —» Feg(SO4)3 + 3H,0 (4-12)
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obpazyromuiics Fey(SO,4); B3auMoAeHCTBYET ¢ COSMHCHUSIMU MEJIH:

CUS + Fey(SO4)s = CuSO, + 2FeS0, + S° (4-13)
Cu,S + 2F€2(SO4)3 = 2CuSQO, + 4FeS0O, + SO (4-14)
3CuO + Fey(SOy); + 3H,0= 3CuSO,4 + 2Fe(OH); (4-15)

Merannnueckass Melb XOpOIIO PAacTBOPSAETCS B IPUCYTCTBUU
Cyab(aTa TPEXBaJIEHTHOIO JKeje3a B MOJKUCIECHHBIX pacTBOpax:

Cu + Fey(SO,); = CuSO, + 2FeSO,. (4-16)

3aKuCHOE JKeJIe30 IIp HAJIWYWMKU B IIYJIBIIC KHCIOpOAd CHOBA
OKHUCJIACTCA 10 OKHCHOI'O JKCJIC3a 110 pCaKIIUU

4FeSO, + O, + H,SO, =2 F92(804)3 + 2H,0 (4-17)

cynb(ar TpexXBaJICHTHOTO ejie3a BoccTaHaBiauBaercs A0 FeSO,.
Ooparnoe okucienue FeSO, nmo Fe3(SO4)s; ¢ 1enplo pereHepanuu
PACTBOPUTEIIS OCYIIECTBIISIETCS MTPOIYBKOU BO3TYXOM.

Takum oOpazom, B MyJibII€ BCErja UMEETCS HEKOTOPOE KOJIUYECTBO
CEpPHOKHUCIJIOTO TPEXBAJEHTHOIO Je€Je3a — OKUCIUTENS CYyJIb(PUIAOB, HO
pacTBOpeHHe  CyJb(pUIOB TMPOTEKAET MEIJIECHHEEe, YeM  peaKlus
pacTBOPEHUSI OKCHUIOB. JTO JA€T BO3MOXKHOCTh JOMOJHUTEIHHOTO
OKHCJICHHS] MUHEPAJIOB MEJIH.

Jnst  ¢noTtanmu  MOHOB W3 CEPHOKHUCIOTO pacTBOpa BbIOpaH
cobuparenb AudTUIAnOoKapoamoBast kuciiota Hatpust JIOTKH.

JOJATKH - wusBectHwiii IIAB cobupatenb, OH SIBISETCS COJIbIO
c1a00¥ TUATUIAMOKAPOAMOBOM KUCIIOTHI HATPUS U aBHO MCIIOJIb3YyETCS B
OOBIYHBIX  (PIOTALIMOHHBIX  Mpolleccax W HMEET  CIeayHoUue
MpPEUMYLIECTBA!

- I9JATKH obpa3yer BechMa MpOYHBIC, YCTOWYUBBIE B KHCIBIX
cpenax, HEpaCTBOPUMbBIE COEAUHEHHS] CO BCEMH TSKEJIBIMU METAJLUIAaMHU U
JIOCTAaTOYHO YCTOWMYMB B paCTBOPAX C HU3KKUM 3HadueHueMm pH;

- pEareHT JI0CTYIICH,;

- cpaBHUTENBbHO HeToKcuueH, [TJIK coctasser 0,5 Mr/)1M3;

- p€areHT CpaBHUTEIBLHO HEJIOPOT.

N3BneueHne MOHOB METAJUIOB 3aBUCUT OT pacxoja coouparTess, TUIa
coOupares, OT MpUpoJia ra3a u pacxof rasa.

Heo0xoxumbie MmaTepuaabl 1 000pyA10BaAHUS

1. Menno—monu01eHoBbIN npoaykT AT MK;
2.Y craHOBKa JuIsl TepMOoIapooopadoTku (puc. 2);
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3. YcraHOBKa JJI BBIIEIAYUBAHUS TIPOIYKTa TEPMOIIapooOpadoTKu

(puc. 1);
4, YcTtaHOBKAa JJIi M3BJIICKAHWS METAJUIOB HMOHHOHW (uoTamueit

(puc. 3).
5. PactBop, coaepxamuit 150 /1 cepHOI KUCTOTHI.
6. ®apdopoBslii crakan 06bEMOM 250 mit.
7. MepHblii UIUJIMHIP WIA MEH3YpKa.
8. Konycnas xoun0a.
9.Ilunerka.
10. Dnextpuueckas miura.
11. JIucTunaupoBaHHas BOJA.

12. Becbl TEXHUYECKUE.
13. I2TKH.

MeToauka npoBeeHUus Ja00paTOPHOM PadoThI

Meroauka SKCHEpUMEHTA 3aKIIOYAeTCsl B CIEIYIOMIEM: MPOMYKT
kpynHoctsio  -0,074 MM cymmTtes mpu  temmeparype 105°C  mo
MOCTOSIHHOTO Beca, Toclie dYero mpolOy TMEpPEeHoCAT B TpyoOudaryro
BpAIAIONIyIOCs medb. Korma temmneparypa meun gocruraer 250°C, B meun
IOJIAI0T CyXOM Iap OT nmaporeHeparopa. [locie okoHUYaHUs SKCIIEPUMEHTA
YCTAHOBKY OXJIQXKJIAlOT, HABECKY M3BJIEKAIOT U B3BEUIMBAIOT, OMPEICISIOT
pPa3sHUIlY HUCXOAHOM M KOHEYHOM MACCHI, MO KOTOPOW CYIAT O CTEIEHHU
okcuupoBaHus. OTXOASIIUE Ta3bl MOCIE0BATEIIBHO MPOXOIIT Yepe3 Ba
MOTJIOTUTENIBHBIX COCYJIa, COJEPIKAIINE PACTBOPHI CEPHOKUCION MEAU U
MEPEKUCh BOJOPOJA, COOTBETCTBEHHO. Ilocne OokoHYaHUs SKCIEPUMEHTA
U3 TOMJIOTUTENEH oTOMparoT nmpoly Juis aHanu3a Ha cojaepxanue HoS u
SO,. Ilo coxepxaHuiO cepbl B MNOTJOTUTEIBHBIX PAaCTBOPAX CYAIT O
CTEIICHU Pa3JIOkKEHUsI MEIHO-MOJNOIeHOBOro npoaykra. OOpaboTaHHbIM
TakKuM 00pa3oM TMPOAYKT SBJISETCA UCXOJHBIM MPOAYKTOM  JIst
aruTalMOHHOTO BBIIICIAYUBAHUS METH.

[IpuHiMn paboThl YCTAHOBKU JJI BBINICIAYUBAHUS TTPOJTYKTA
npuBeaeH B sabopatopHom padore Ne 2. Bo Bpems skcmepuMeHTa
3amanHoe otHomenue JK:T mopaepxkuBatoT moOaBieHWeM oObeMa
IIPOMBOJIBI, PABHOTO 00bEMa aJIMKBOTHOW YacTH, B3SITOU JJIsi MIPOBEIACHUS
aHaAJIM30B Yepe3 OMPeACTICHHBIC TPOMEKYTKH BpPEMEHHU.

doTaruoo HOHOB MEIU U MOJIMOACHA U3 PACTBOPOB OCYIIECTBIISIOT
Bo ¢draoromamuHe emkocTthio 200 mu. droTokamepa HU3TOTOBJICHA U3
OpPTraHUYECKOT0, UMIICIIJIEP U CTaTOp — U3 OOBIKHOBEHHOTO cTekiia. [logada
BO3/lyXa IPOU3BOJUTCS uyepe3 TPYyOKy, BHYTPHU KOTOPOU Bpallaercsi Baj
uMIiesiepa.
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Puc. 3. Cxema ycTaHOBKM /151 (DJIOTALMM HOHOB.

1 — dpnoTokamepa; 5 — MOTOD;

2 — craprep; 6- mTaTus;

3 — uMmIesep; 7 — dbapdopoBbIe YAIKH
4 — tpy0Oa i1 mojicoca BO3ayXa; U KTIIEHKHY.
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N3menenne pH pactBopa mnpoBoAMTCS NTyTeM JT00ABKH CEpHOMU
KHUCIIOTHL. J[711 KOHTpOJS KOHLEHTpPAllMd MOHOB BOJOPOJAa HCIOIb3YyeTCA
nabopaTopHblii  yHuUBepcaibHbli  pH-merp  wmapku  JIIIY-01 ¢
XJIOPCEPEOSHHBIM JIEKTPOJIOM.

Pacxon Bo3ayxa peryivpoBayiCsi U3MEHEHUEM CKOPOCTH BpalllCHUS
umrneiepa. OO0 W3BICUEHUM MEIM W MOJIMOJEHA B MEHKY (MeHKa —
NPOAYKT WOHHOM (DJIOTAllMM COCTOSIIEH U3 XUMHUYECKOTO COEIUHEHUS
cobuparensi ¢ HMOHAMH METAJIOB U M3 HEKOTOPOTO KOJIMYECTBA, HE
IpOpearupoBaBIIer0 C HOHAMHM MeETajlla) CYIAT IO €€ OCTaTOYHOU
KOHIIEHTpALIUK B pacTBOpE, nocie GaoTaiuu.

AHaJIN3 pe3yJIbTATOB IKCIIEPUMEHTA
1. Pe3ynpTathl TEpMOIIapooOpabOTKH 3aHECTH B Ta0J. 2.

Tabnuna 2 .
Pe3ysabTarhl JKCIEPUMEHTOB TEPMONIAPO0OPAOOTKH
[IponomxurensHocTh|Temneparypa,| YObUIb B Macce | Y ajaeHUe Cephl,
npolecca, yac °C MPOAYKTA %
r % San S06

600
0,5 700
800
600
1 700
800
600
1,5 700
800

2. Pe3ynbTathl BhINICIaYMBAHUS 3aHECTH B Ta0I. 3.

TaoOmuma 3.
CocraB ocagka
No Konuentpanust | [IponomxurensHocts, | KommoneHTsl, %
OITBITA H,SOy, 1/1 MHH Mo Cu
1
2
3
4
5
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3. HOCTpOI/ITB r‘pacpmc 3aBUCUMOCTHN H3BJIICHCHUA HOHOB MCIHN OT
MPOAOJDKUTCIBHOCTH U pacxoaa CO6I/IpaT€J'IH.

KoHTpoJibHBIE BOIIPOCHI

Ienpb u 3agaua mabopaTropHOit pabOTHI?
[enb Tepmommapoo6padboTKu poayKTa’?
[lenpb BBIMIETaYUBAHUS MPOTYKTA TEPMOTIAPOOOPAOOTKH?
[{enb MOHHOM (QIIOTAIIMN METAJIOB U3 CEPHOKHUCIBIX PACTBOPOB?
Kakoi1 coctas orapka?
HeoOxomumbie maTepuasibl M1 00OpYJIOBaHUS ISl MPOBEICHUS
1abopaTopHON pabOThI?
7. Meroauka npoBeaeHus: padboThI?
8. Pacuer pe3ynbpTaToB 3KCIIEpUMEHTA?
9. Kakue peakuuu npoucxosr, Mpu TepMonapooopadoTKu?
10. Kakwue peakiiuu NpoUCXOsT, TP BhIIIETAYMBAHUN?

ook whE
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JIABOPATOPHAS PABOTA Ne 5
OBKUTI' HUHKOBOI'O KOHIHIEHTPATA
(2 yaca)

Heab padoTbl
N3yueHne BIUSAHUS OCHOBHBIX TEXHOJIOTMYECKUX MapamMeTpoB Ha
nokaszaresii 00kura cyJib(UIHBIX ITMHKOBBIX KOHIIEHTPATOB.

KpaTKne TCOPETHYECCKUE CBECACHUS

B Hactosimee BpemMsi [MHK MOJydaeTcss JABYMSI OCHOBHBIMU
cnocobaMu  —  TUPOMETALIYPrudeckuM  (AUCTWIUIALMOHHBIM) U
TUAPOMETAIUTYPTUUECKUM (JIEKTPOIUTHBIM).

W cXoaHbIM ChIpbEM ISl TIOJIYYEHUSI IIUHKA, SIBJSETCS CYJIb(UIHbBIC
IIMHKOBBIC  KOHIIEHTpaThl. He3aBucuMo 0T cmoco0a  MOJMy4YEHHS
METAJJTMYECKOTO IIMHKa IMEepPBOM omepaiue nepepadoTKU KOHIICHTPAaTOB
SIBJISIETCS] UX OKHCIIUTEIbHBINA OOKUT.

JI71st MUpoMeTaTypruuecKoro crnocoda mojaydeHus [UHKA, HapAIy C
OKUCJIUTENbHBIM OOXXHIOM KOHIIGHTPATOB Takke TpeOyeTcs emie ux
armomepanus. Ha mnupomeTammyprudeckux 3aBojax OIepanuud OOXKHT U
arJioMepalfio KOHIIEHTpaTa HWHOTJA COBMENIAIOT, W MPOBOMASTCS Ha
arJIOMEpallMOHHOM MallMHE TpU MaKCHUMaJbHOW Temmeparype 1250-
1300°C.

JI1si TUAPOMETAITYPrUYecKOro Croco0a MOMydeHUs: IUHKA OO0XKUT
MHKOBBIX KOHIICHTPATOB y HAC OCYIIECTBISETCS B M€YaX C KUIISIINM CI0€
npu TeMneparype 800-900°C, c MOJTy4YEHUEM YaCTUYHO
CyIb()aTU3UPOBAHHOTO TOPOIIKOOOPA3HOTO TMPOAYKTa, KOTOPBIM Ha
3aBOJaX OOBIYHO HA3bIBAIOT OTAPKOM.

[IpakTuKOI yCTaHOBJIEHO, YTO OKOJIO 3 % Cynb(aTHOMN cepbl BIIOTHE
JOCTaTOYHO JUIsl TOTO, YTOOBI 32 CYET HEOOJIBILIOTO KOJIMYECTBA CYyJb(aToB
KOMIIEHCUPOBATh BCE TMOTEPU CEPHOM KHUCIOTHI B 3aMKHYTOM IIUKJIE
BBINIEC/IAYMBAHUS 000KEHHOTO KOHIICHTpATa M SJEKTPOJIH3a CYIb(HaTHOTO
LMHKOBOI'O pacTBOpA.

Takum o00pa3om, Hapsgy ¢ o0Opa3oBaHHMEM CBOOOJHBIX OKHCIIOB
METaJUIOB B TIpolecce OOXWra KOHIIGHTPATOB MOTYT IOTydYaThCs
cyJbdatbl, GeppUTHI U CUITUKATHI.

OcHOBHBIE peakIui 00XKUTa IIMHKOBOT'O KOHIICHTpaTa:

ZnS + 20, = ZnSO,, (5-1)
ZnS + 1,50, =7Zn0 + SO,, (5'2)
250, + 0, = 250, (5-3)
Zn0O + 803 = 7ZnS0O,, (5'4)
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ZnS + 3ZnS0O4 = 4Zn0 + 4S0,, (5-5)
ZnS + 0, = Zn + SO, (5-6)
ZnFe, 0, + SOg = 27ZnS0O, + Fe,04, (5'7)
3Zn0 + 250, = ZNOx2ZnS0,, (5-8)
3ZnFe, 0, + 2505 = Zn0Ox2ZnS0O, + 3Fe,0s. (5'9)

Ecnu o6pazoBanue cynbduaa B HEKOTOPOM KOJIUYECTBE TIPU O0KHUTE
JKeJaTeabHO, TO oOpa3oBaHue ¢eppuTa U CUJIMKATAa OKUCU I[MHKA KpalHe
HexenarenbHo. DeppuT LMHKA HE pacTBOpsiETCS B C€Ia0OM pacTBOpE
cepHOU KHCIOTH. CHIMKaT T[MHKA XOTS W  PAcTBOPSIETCS TpHU
BBIICJIAYMBAHUM  Orapka, OJHAKO TpH  3TOM  OCBOOOKJaeMas
KPEMHEKHUCJI0Ta MOIY4YaeTcsl B KOJUIOUAalbHOU (hopme.

Perynupys temmneparypy o0Oxkura v cocTaBa razoBoul (a3bl, MOKHO
MoJIy4aTh B Orapke HY»KHOE KOJUYECTBO Cynb(aTHO# ceprl. Kpome TorO,
CYIIECTBEHHOE  BJIHMSHUE Ha  Cylab(}arooOpa3oBaHWE  OKa3bIBAIOT
KaTaJn3aTopbl (OKUCIBI XkKejie3a, MEIW, HarpeTble CTCHKU Te4Yu U Jp.),
criocoocTByromue okuciaeHuro SO, B SOs.

Jlis  ymeHblneHus ¢epputa M CHIMKATOOOpa30BaHUS CIEIyeT
MPOBOJIUTh OOKWT HWHTCHCHMBHO TIPM  MAaKCHMAaJbHO  JIOITyCTHMOM
TEMIIepaType, CUYHUTAasCh JHIIb C pPa3MATYCHUEM UM OKOMKOBAaHHUEM
KOHIICHTpaTa.

OAHOBpPEMEHHO CJeAyeT MIMXTOBAaTh pa3IMYHbIE KOHIICHTPATHI
TaKuM 00pa3oM, 4TOObI CMECh COJEpKajia MEHBIIEe KOJIMYECTBO JKelesa,
CBUHIIA I KpEMHE3eMa.

OOXUTI' NMHKOBOTO KOHIIGHTpaTa [UIsl THUAPOMETAILTyprHYe€CKOTO
npoliecca npeaycMaTpUBaeT CleayIolee:

1) Mo BO3MOXXHOCTH TOJTHOCTHIO OKUCIIHUTH BCE CYIb(UIBI METALIIOB
Y TIOJIYYUTh B OTaPKE OKHCIIBI 1 HEMHOTO CYyJIb(aTOB;

2) OKHUCITUTH MBIIIBSIK U CYPbMY M YIAQIUTh UX KOHIIEHTPAThl B BUJIC
JIETYYUX COCITUHEHUM;

3) mosy4uTh HpHU OOXKHUre KaK MOKHO MeHble (EeppUTOB LIMHKA,
CHJIMKATOB ITMHKA, CHJINKATOB CBUHIIA U JIP.

4) TNONYyYHTh KOHIEHTPUPOBaHHBIE 1O cojepkanuio  SO;,
O0HUTOBBIE Ta3bl ISl HMCIOJIB30BaHWS HMX HA MPOM3BOJACTBO CEPHOMU
KHCIIOTHI;

5) MOMy4YuTh OrapoK B BHUAEC MEJIKOTO MOPOIIKA JJIs JYYIIEro €ro
BBITICITAYMBAHUSI.

Heo0xoaumpbie MaTepHuasbl 1 000PYA0BAHUSA

1. MydenbHas neys.
2. IInockog0oHHBIE JIOJOUKH (2 TITYKA).
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3. AHAJINTUYECKHUE BECHI.
4. CrexysiHHAs MaJ04Ka, JJIsl IepeMelTiBaHusl.
5. CnenanbHOE 000pyI0BaHUE IS aHATIM3a COJICPIKAHUS CEPBI.

MeToauka npoBeaeHus1 padoThl

B naGopaTopHbIX yCIOBUSIX OOWUI IIMHKOBOTO KOHIIEHTpaTa
MPOBOJAUTCS C MOPOIIKOM B IMJIOCKOJOHHBIX JO/I0YKaX, B My(eIbHOMU MEUH.

Jlns mpoBeneHuss paboOTbl OepyTcs JBE HAaBECKHM KOHIIEHTpaTa
U3BECTHOTO XUMHUYECKOro cocrara, mo 50 r. Kaxknas mopuust 3aceimaercs
POBHBIM CJOE€M B OTACIbHYIO JOA0YKY. OOXHUr MNPOBOAUTCS TMpHU
temmeparype 850°C. IIpomOKHUTENIBHOCTE OOXKHIra B OIHOM CIIydae
cocraBisieT 90 muHyT, a B apyrom — 150 munyr. IlepememmnBanue
KOHIICHTpaTa JOJKHO OCYLIECTBIATHCA uepe3 Kaxible 10 MUHYT, OUYEHb
OCTOPOXHO, YTOOBI N30€KaTh MOTEPU KOHIICHTpaTa Yepe3 Kpail JIOJOUKHU.

[locne o0xwura JIOJOYKM €  OOOXKEHHBIM  KOHIICHTPATOM
OXJIQXKJAIOTCS, a 3aTEM MOJYYEHHBIM Orapok B3BemHBaercs. OT XOpouio
pacTepToro 00O0KEHHOTO KOHIIEHTpaTa OepyTcsl IB€ HABECKU IO S5 T s
aHaJu3a Ha COJICP)KAHUE CEPBI.

O0padoTKa pe3yJabTAaTOB ONBITA

[Toce mpoBeneHMs OMbITa MO OOKWTY ITMHKOBOTO KOHIIGHTpaTa U
MOJYYCHHS PE3YyJbTaTOB aHajn3a Ha COJIEpKAHWE CEephl B Orapkax
MIPOBOSATCS CIICTYIOIINE PACUCTHI.

1. Onpenensiercst BbIXO, B % MO OTHOIIEHUIO K UCXOJHOM HaBECKE
IIMHKOBOT'O KOHIICHTpATA.

2. PaccunteiBaeTcs MpOIIEHTHOE COJIepKaHUE B OTapKe IMHKA.

Omnpenensercst creneHb aecyiabdypuszauuu npu obOxure. Bbixon
orapka pacCYMTBIBACTCS U3 COOTHOIIICHHUS

Macca orapka,r
n= P x100, %.
Macca KOHICHTpara,r

[IpoueHTHOE coOaepk’aHUWE ILIMHKA B OTApKEe pPacCUUTHIBACTCS MPHU
JOTMYIIEHWH TOTO, YTO MPHU OOKWTE KOHIIEHTpaTa He OBLJIO MOTeph IIWHKA,
KaK 4yepe3 yJIeTyuyMBaHUE, TaK M 3a CYET MEXaHUYECKHX MOTEPh CaMOro
KOHIIEHTpaTa. B 3ToMm ciydae Bech ITMHK W3 KOHIICHTpaTa TepenseT B
Orapok.

3Has BeC B3ATOro i OO0XUra KOHILIEHTpaTa M MPOLIEHTHOE
COJICp>KaHUE B HEM I[MHKA, a TAK)KE 3Hasl pe3yJIbTaThl MOJYYEHHOI'O Orapka,
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OTIpe/ICIIeTCS TPOIEHTHOE COJIep)KaHWe IMHKa B orapke. KommdectBo
1rHKa (T) B KoHueHTpate (B),

_ Axa

100

rae, A — Bec B3STOr0 KOHILIEHTpATa, B T;
a — MPOIICHTHOE COJIEPKaHKe IIMHKA B KOHIIEHTpate, Y%.
[IpouieHTHOE CconEepkaHKe IIMHKA B orapke, %o

_ 100xB
b

P

rie, b — Bec mosyuenHoro orapka u3 50 r KOHIIEHTpATa, B T.
Crenenb necyabGupu3aini MOKET ObITh HalJIeHa U3 COOTHOIIICHUHN:

(C-)x100 o,

rae, C — konuyecTBO cepbl B 50 T KOHIIEHTpATa, B T;
C — KOJIMYECTBO CEPhI, OCTABIICHCS B Orapke «b», T.
B cBOIO ouepenn «c», onpeaenasaeTcss U3 BhIPKEHUS:

I'xb
c= .
100

rie, [ - mporeHTHOe cofiepKaHue CEPhI B OrapKe.

KoHTpoJIbHBIE BONPOCHI

1. Iens u 3ama4n 1a00paTOPHON pabOTHI?

2. llens 0Oxura MMHKOBOTO KOHIICHTpaTa?

3. Kaxkos coctaB orapka u raza?

4. Kakme MeTonbl 00XKHTa IIMPOKO HCITONB3YIOTCS B ITMHKOBOM
MPOM3BOJICTBE?

5. Heob0xoauMbie MmaTepuansl 1 000pyI0BaHUE VIS IPOBEICHHS
1a00paTOpHON PabOTHI?

6. Meroauka npoBeaeHUs padbOTHI?

7. Pacuer pe3ynabTaTroB 3KCIiepUuMeHTa?

8. XwuMu3M mporiecca npu miaBke?

9. Kak paccunrarh U3BJIeUeHHE MEIN B MTEHH?

10. Kakue BuIBI arperatroB, IpeAHA3HAYCHHBIC IS IIJIaBKU

MCIHBIX KOHIICHTPATOB, BbI 3HaeTre”?
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JIABOPATOPHAS PABOTA Ne6
BBIEJJAUYNBAHUE OBOXXEHHOI'O IUHKOBOI'O
KOHIIEHTPATA B PACTBOPE CEPHOI KHCJIOTBI

(2 gaca)

Heab padoTsl
O3HaKOMHThH CTYJIEHTOB C MPOIIECCOM BBIIECTAYNBAHUS ITUHKA W3
0004KEHHOTO KOHIICHTpATa, U3YUYUTh BIIUSIHUE OCHOBHBIX
TEXHOJIOTMYECKUX MapaMeTPOB Ha MPOIIECC BhIIETaUNBAHU.

KpaTlcoe TCOPETHICCKOE OIIMCAHUEC paﬁoTbl

BriienaunBanvem, Ha3bIBa€TCsl MPOILIECC PACTBOPECHUS B KHUJIKOM
pacTBOPUTEIIC OJHOIO WJIM HECKOJBKUX KOMIIOHEHTOB M3 MAacChl TBEPAOTO
Marepuana.

Ha 3/1eKTpONUTHBIX IUHKOBBIX 3aBOJIaX OOOMKEHHBIA ITUHKOBBIN
KOHIIEHTpAT (Orapok) IMOJIBEPTracTCs BhIIICIAYMBAHUIO B BOJHOM PacTBOPE
CepHOM KHUCHOThI. [IpakThdecku TakoW pacTBOp IMOJy4aeTcss MpHU
AJIEKTPOOCAKIACHUY [IMHKA U3 BOJHBIX PACTBOPOB CEPHOKHUCIIOTO IIMHKA.

[lenpro BBIIETAYMBAHKS SBISCTCS OBICTPBIM W TIOJHBIN TIEPEBOJT
BCEX IIMHKOBBIX COCIMHEHHI U3 OrapkoB B pacTBOp. OJHAKO MOJHOCTHIO
pacTBOPUTH LIMHKOBBIE COEAMHEHUS Ha MPAKTUKE HE ymaercs. TBepiable
OCTaTKH OT BBINIEIAYMBAHUA OTapKa - IMHKOBBIE KEKU - HE coaepxar 15-
20% 1uHKa, ¥ MOJBEPraroTcs NadbHenIen nepepaboTke AJig U3BICUCHUS
Y3 IMHKA HEKOTOPBIX CIIYTHUKOB.

B pesynbprare BblICIaYMBaHUS OTApPKOB MOJYYaeTCs HACTOJIKO
3arpsI3HCHHBIC PACTBOPBI, YTO HMX MPEABAPUTEIIBHAS OYMCTKA OT BCEX
3arps3HAIONIMX NpuUMecei (Kese3a, MbIIIbSIKA, CYypbMbl, KPEMHEKUCIIOTHI,
MeJld, KaaMus, KoOaJIbTa) COBEPIIEHHO 00s13aTelIbHA.

Kak mnpu BblllleTaUMBAHUUA OTapKOB, TaK M MNPU BCEX OMNEpaALMAIX
OYMCTKU PACTBOPOB OT 3arpsi3HAIOIINX MPUMECEH, MOJy4yaeTcs MyJbla,
HYXJAIOIIAsICs B OTACICHUM TBEPJIOrO OT KUJKOTO. ITO OCYIIECTBISETCS
JIBYMsI yTSMU: CTYIIEHUEM U (DUIIbTPAILIUCH.

[Iporecc BBIIIEJIaUMBAHUS CKJIaJIbIBACTCS u3 JIBYX
MMOCJIE€JOBATCIIbHBIX CTaIUN:

1. X¥MUYECKOTO NIEMCTBUSI PACTBOPUTEIISI HA COCTUHEHUS] METAJIOB
B Orapke, B pe3yJibTaTe 4ero 00pa3yercss paCTBOPUMOE COCIUHEHHUE;

2. PacTtBOopeHust 00pa30BaBIIETOCS COCIMHEHUS B paCTBOPUTEIIE.

OO0o0XeHHBbIE IMHKOBBIE KOHIIEHTpaThl coctoaTr u3 Zn0O, ZnSQOy,
Zn0O-Fe,05, ZnO-Si0, okcuaoB U CcynbhaToB APYrUX KOMIIOHCHTOB
UCXOJAHOTO  KOHIIEHTpara, a Takke  HEOOJBIIOro  KOJUYeCTBa
HEOKUCIIMBIIUXCS MPU 00KUTE CYTh(HUIOB.
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CKopoCTh pacTBOPEHHUS] MPSIMO MPONOPUHUOHAIBHA IMOBEPXHOCTH
3epeH 000KEHHOr0 KOHIIEHTpaTa. YeM 3TH 3epHa MEHbIIE, TeM 0OJIbIlIe X
oOmiass moBepXHOCTh. CKOPOCTh PACTBOPEHMS] B UHUCTOM PACTBOPUTEIIE
Oomnpllle, YeM B pacTBOpPE, COJEpXKAllleM HEKOTOpPOE KOJIMYECTBO
pPacTBOPSIONIETOCS BEIIECTBA; B HACBIILIEHHOM pPAacTBOPE pPacTBOPEHUE
MpEKpamaercsi, TaK KakK CKOPOCTH pa3pylI€HHs] W BOCCTAHOBJICHHS
KPUCTAJUTMYECKUX  PEIIETOK  CTAaHOBATCS  paBHbIMH.  CKOpPOCTh
BBIIIEIAYMBAHUS YCKOPSIETCS C MOBBIIIEHUEM TeMIIEpaTyphl (YMEHBIIACTCS
BSI3KOCTb  CpE€llbl) H OT DHEPrUYHOTO TMEPEMELIMBAHUS  ITYJIBIIBI
(ymenspIaercst  ToimmHa AUGQPY3MOHHOTO CIIOS W YPaBHUBAIOTCS
KOHIICHTpAallMd pacTBopa BO BCeM Macce Myiblbl). B mpouecce
BBINICJIAYMBAHUS  O0O0XIKEHHOTO0 IIMHKOBOTO KOHIIEHTpaTa MpPOTEKAET
0O0JIbIIIOE KOJWYECTBO PEAKIMM, TJIABHEHITUMU U3 KOTOPBIX, SIBISIOTCS
CIE Ly IOLIHE:

ZnO+ H,S0; = ZnS0, + H,0. (6-1)
ZnS + H,SO, = ZnS0O,+ H,0. (6-2)
CdO + HZSO4 = CdSO4 + HQO (6-3)
F9203 + H,S0, = Feg(SO4)3 + 3H,0. (6-4)
ZnS + Feg(SO4) 3= ZnSO, + 2FeSO, + S. (6-5)
PbSiO; + HpSO, = PASO + H,SiOs, (6-6)
MeO + H,S0, = MeSO, + H,0. (6-7)

Cynpdar nmHKA XOpOIIO pacTBOpSETCS B BOJAEC, OCOOCHHO B
MOJOTPETOM.

Peakiiuu pacTBOpEHUS OKUCIIOB B CEPHOM KUCIOTE COMPOBOXKIAIOTCS
BBIZICICHMEM TEIUIa, T03TOMY CIHEIMAIbHOTO TIOJOTpeBa IyJbIIBI HE
TpeOyercs. 3a cyUeT TeIula PacTBOPSHHUS TEMIEPaTyphl  ITYJIBIIBI
noauumaercs 10 50-60°C.

Heo0xogumble maTepuasibl 1 000pyA0BaAHUS

1. Orapok (OpOAYKT W3 Mpeablaylied jgabopaTopHOW paboOThHI) C
W3BECTHBIM XUMHYECKHUM COCTaBOM.

2. PactBop, coaepkauuit 100 /11 cepHOIl KUCTOTHI.

3. CnenmanbHas gaboparopHas yctaHoBKa (puc.l).

4. dapdopossriii ctakan 06bEMoM 250 M.
5. MepHblil HUANHIP WK MEH3YpKa.
6. JlucTummpoBaHHas BOA.
7. Becbl TexHUYECKHUE
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MeTtoauka NMPOBCIACHUSA paﬁoTLI

Jlnst paboThl OepyTCs 1BE HABECKU 1O 5 T OT 2 MPOOBI 000KKEHHOTO
LIMHKOBOT'O0 KOHIIEHTPATAa H3BECTHOTO XMMHYECKOT'O COCTABA.

[IpoObl 000AKEHHOTO KOHLIEHTpaTa JOJDKHBI ObITh IOJIYYEHBI B
OpeablIylIuX pabdoTrax B pe3yiabrare oOOXKWra KOHIIEHTpara Mpu
TeMIeparype 800°C wm 850°C, MPU PA3TUYHOU MPOJIOTIKUTEIBHOCTH
oOxwura 90 u 150 MuHyT.

HaBecka orapka 3aceimaercs B papdopoBsIil cTakaH eMKOCTbIO 250-
300 My, B KOTOpBIM 3aJMBA€TCSd BOJHBIA PACTBOP CEPHOM KHUCIIOTHI,
coaepxxamuii 100 1/m.

Cootnomenue X:T Oepercs paBubim  20:1. BelenaunBanue
TPOBOUTCS ¢ MOAOTPeBOM yibmbl 10 50-60°C M HpH HMHTEHCHBHOM ee
nepeMemnBaHun. [IpogoIDKATENBHOCTh OmbITa cOCTaBisieT oT 45 mo 60
MuHyT. [lynbna mocne onsiTa nojBepraeTcs GUIbTPALMU O] BaKYYMOM C
OJIHOPa30BbI IPOMBIBKON K€Ka Ha (QUIbTpe ropsuyeid BOJOHM, B3ATOW B
konmuecte 10-15 m.

OO61mmit 00BeM MOTyYEeHHOTO (GUITbTPaTa 3aMEPSETCS] MEH3YPKOU UITU
MEPHBIM CTaKaHOM.

Kex mpocymmBaeTcss B CymIMIbHOM IIKade, a 3aTeM B3BEIIUBACTCS
HA TEXHUYECKUX BECax.

O0paboTKa pe3yJibTATOB ONBITA

[Tocne onbiTa NPOBOASITCS CAEAYIOIINE AHAIU3BI U PACUETHI.

1. TloncunteiBaeTCS W30BITOK B3ATOM KUCIOTHI B HCXOAHOM PacTBOPE
110 OTHOIIICHHUIO K IIMHKY B HaBECKE Orapka, corjacHo peakmuu (6-1),(6-7).

2. OnpenensieTcsi KOJMYECTBO OCTABIICKHCA KHUCIOTHI B PaCTBOPE
nocie oneita (mpuiokeHue 4) U PacCUMTHIBACTCS MPOLIEHT €€
WCIIOJIb30BaHUS.

3. C nmoMmoIpl0 XMMHYECKOTO aHajau3a (QuibTpaTra Ha COJAEp KaHHE
LMHKA, OMPENEIIIeTCSl €ro KOJIMYECTBO, MEPEIIE/IIIEe U3 Orapka B pacTBOp
Y PacCUUTHIBAETCS, MPOLIEHTHOE U3BJICYEHUE [IUHKA.

4. 3Has Bec HMHKA (B 5 I orapka), a TakKe BO BCeM 0Obeme
dbunpTpaTa Mocae BHINICTAYUBAHMS OTapKa, PACCUUTHIBACTCS KOJIWYECTBO
IIMHKA, OCTAaBIIIEECs B KEKE, U MPOLIEHTHOE COJIEP)KaHKE ITUHKA B KEKE.

5. Cocrapisiercst O0ajaHC MO IUHKY B MPOIIECCE BHINEIAYMBaHUS 2
npod O000XKEHHOTO0 KOHIIGHTpaTa ¢ TMPOU3BOJMUTCS COIMOCTABJICHHUE
MOJTYYCHHBIX PE3YJIbTATOB.

HeoOxonnmble aHamu3bl U pacueThl MPOBOJATCS MPU KOHCYJIbTALIMU
PYKOBOAUTEISI TA0OPATOPHOU pabOTHI.
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KOHTpOJI])HLIe BOIIPOCHI

1. Ilenp u 3a7a4n JAaHHOU PaOOTHI.

2. llenb BblleauMBaHUs OTapKa.

3. HeoOxonmumple Matepuaibl M 00OpPYyAOBaHHWE sl TPOBEACHUS
71a00paTOpHON PabOTHI.

4. Meroauka npoBeAeHUs PabOTHI.

5. Pacuer pe3ynbpTaToOB 3KCIIEPUMEHTA.

6. CyTb rUIPOMETAILTYPTUYEKOTO MMOTYYEHHUS [IMHKA.

7. Kakue peakuuyd TMPOUCXOJAT TMPH BHIIIEIAYUBAHUU OTapKa
CEPHOM KHUCIIOTOM.

8. Kakue mapameTpsl BIUAIOT Ha CKOpPOCTh MepexoJa ILHUHKa B
pacTBop.

9. Ilouemy B KauecTBE pPACTBOPUTENS IIMHKOBBIX  OrapKOB
UCIIOJIB3YETCS CEpHasi KUcIoTa?

10. Kakue s1eMEHTBHl KpOME ILMHKa NEPEeXOAsST B pacTBOp MpHU
BBIIICIAYMBAHUH [ITHKOBOTO Orapka?
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JIABOPATOPHAS PABOTA Ne 7/
IT'NMAPOJIMTUYECKAS OUYNUCTKA CYJb®ATHOI'O
IHUHKOBOI'O PACTBOPA OT KEJIE3A
(2 yaca)

Heab padoTsl
N3yunuth BIMSHUE OCHOBHBIX TEXHOJOTHMUYECKHUX IMapaMETPOB Ha
nokaszaresii 00kura cyJib(UIHBIX ITMHKOBBIX KOHIIEHTPATOB.

KpaTKne TCOPETHYECCKUE CBECACHUS

B  ruapomeramiypruueckoM — CrnocoOe  MPOM3BOJACTBA  IIMHKA
HaONIOZaeTCsT  HEMpephIBHOE  YAydlleHWe  KadecTBa  pacTBOpa
MOCTYIMAOIIME  Ha  JJeKTponu3.  Pa3pabaThIBalOTCS  HOBBIE U
COBEPIIICHCTBYIOTCSI CTaphble CIIOCOOBI OYMCTKH PACTBOPOB, MO3BOJISIONINE
HalpaBIsATh B OJEKTPOJWTHBIE BaHHBI HEUTPAIBHBIH pacTBOp C
MUHUMAJIBHBIM COJIEpKaHUEM BpEeAHBIX mpumeceil. YumcTtora pacTBOpa
UMEET cCaMOe€ BaXKHOE 3HAUCHHUE JJIsI BCETrO MpoIlecca MPOU3BOJICTBA ITUHKA.
[Ipu pabGoTe 3aBoga HA YHCTBIX PACTBOpPAX CHIDKACTCS  PacXoj
AJNIEKTPOSHEPTUU HA TOHHY IIMHKA, YBEIWYUBAETCS BBIXOJ IO TOKY H
MIPOU3BOAUTEIHHOCTh AJIEKTPOJUTHBIX BaHH, CHIDKACTCSI HANpsHKECHUE Ha
BaHHAX, YMEHBIIIAETCS PACX0] BOABI Ha OXJIAXKICHUE JICKTPOJIUTA U T.1I.

TmarenbHOEe W TIOJIHOE TPOBEJACHHE OIepaliii OYMCTKH pPacTBOpa
cyib(ara IMHKA OT NpPUMECEH — 3aJ0r YCHEIIHOW padOThI BCETO
PEANPUSITHS.

Kaxapiii TuApOMeTaIUTyprudyeCKuii IMHKOBBINM 3aBOJ YIEIIAET 3TOMY
OTBETCTBEHHOMY y4YacCTKy pabOThl 0CO00 CEepbe3HOE BHUMAHHE.

B pesynbrare Kucioro BhIeIad4uBaHmus 000X KEHHOTO KOHIIGHTpaTa
pacTBOP KHCJIOTO CIIMBA CTYCTHUTENS IOJIYy4YaeTCs CHUIBHO 3arps3HECHHBIM
MPUMECSMH, YTO BUIHO U3 CIICTYIOMNX JAHHBIX:

CBOOOJHOM CEPHOM KUCIIOTHI, I/11 - 1-2;

TBepaoro, r/a — 30-40;

nuHKa, /1 - 100-200;

menu, mr/n - 1500-3000;

xenesa (obmero), mr/i - 700-2500;

xenesa (3akucHoro), mr/a — 200-600;

MbIIbsIKa, mr/i - 20-80;

cypbma, mr/in - 5-20;

kpemHuit kucioracu, mr/in — 200-300 u np.

Bce mpucyTcTByronme B IIMHKOBBIX PACTBOpPax MPUMECH YCIOBHO
MO>KHO Pa3/IeNuTh Ha CICAYIOIINE YEThIPE TPYIIIHI:

1-rpymma: Fe, Al, Nu, As, Sb, Ge, Jn, SiO,.
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2-rpymma: Nu, Nd, Ni, Ta.

3-rpymma: No, NI, F.

4-rpynmna: K, Na, Mg, Mn.

Takoe nenenue mpuMeceid Ha IPYMIBI OOBACHICTCS HATUYHEM Y HUX
HEKOTOPBIX CXOJHBIX CBOWCTB IO3BOJISIONIMX MPHUMEHATh OJHUH CIOCO0
OYHUCTKH JIJISI HECKOJIBKUX IIPUMECEH.

Tak, Hampumep, OT JKejie3a, AJTIOMHHMS, MBIIIbIKA, CYPbMBI,
KPEMHHMSI M YaCTHYHO OT MEIU MOKHO OYHCTHUTH PAcCTBOP B HEUTPaIbHOM

CTaJNM BBIIIETAYUBAHUS, JTOBOJS MYJbIYy 1O ONPEIACICHHOTO 3HAYEHUs
pH.

Menp W KaaIMHU BBITECHAETCA HOOABIICHUEM METAIUTUUYECKOUN
OUHKOBOU MBUIH.

Jlnst ouncTKu OT KobanbTa, Xjopa U (ropa HEOOXOAMMO BBOAUTH B
pacTBOp CHEIUANIbHBIC PEareHThl, CBA3bIBAIOIIME UX B MaJOPACTBOPUMBIE
xumudeckue coenuHenus. [locnennsis, 4 rpynna npuMece He MOJIAeTCs
U3BECTHBIM B THAPOMETALTYPTUM ITUHKA CIIOCO0aM OYMCTKHU M HYXKJIaeTCs
TSl TIOHVDKCHUS KOHIICHTPAIIUK KaJIvs, MarHus M MapraHiia B OOHOBJIICHUHU
UPKYJUPYIOMHUX PACTBOPOB IYyTEM YaCTUYHOI'O OE3BO3BPATHOTO BBIBOJAA
WX U3 MPOLECCOB.

Bce mpumecn MOXHO ObUIO OBl Tak)Ke YCJIOBHO pa3OUTh Ha JBE
IpYIIbl B 3aBUCUMOCTH OT TOTO, HAKAIUIMBAIOTCS OHU B PAcTBOpax WU
Her. K 4Wciy HE HakamiMBarmoIIUXCS MPUMECEH OTHOCATCS: JKEJE30,
MBIIIBSAK,  CypbMa,  QJIIOMUHMH, KpemHe3eM. [IpencraBurensmu
HaKaIIMBAIOIIUXCS TTPUMEce Hanbosiee TUITMYHBIMHE, SBIISIIOTCS: KOOAIIBT,
XJIOp, KaJvii, HATpUH, MarHuii, MapraHell.

[Tocne Tak Ha3bIBAEMOI'0 HEUTPAJIBHOI'O BBIIIECIAYMBAHUS OTrapka
pacTBOp HEWUTPAIBHOTO CJIMBA CTYCTUTENIEW COJEp)KAHUE IPUMECEU
MPEJICTABIIACTCA B CIEAYIONMINX KOJIUYECTBAX:

TBEpaoro, r/a— 1-2;

nuHKa, r/in - 105-125;

mean, mr/i - 600-1500;

kaamus, Mr/in — 200-500;

x)enesa (3akucHoro), mr/ia — 30-100;

MbIbska, mr/i — 0,8-2,0;

cypbma, mr/n - 0,2-0,3;

KpeMHueBas kuciota, mr/in — 200-300 u np.

VYenbHbI BEC CIMBAa TAaKOTO COCTaBa KojeoOsercs B mpenena 1,3 —
1,37, a pH uame Bcero cocrammsier 5,2 — 5,4.

[Tpu HEUTpaTITLHOM BBIIIEJIAYMBAHUA OCYIIECTBJISIETCS
TUJPOJIMTHYECKAs] OUYHUCTKA PacTBOpa OT psijia BhINICyKa3aHHBIX MPUMECEH.
['maponuTHyueckass OYHMCTKAa OCHOBAaHAa Ha THIPOJM3E — IMpoliecca
pA3JI0KEHUSI BOAOM HAXOJSIIEKHCSs B PacTBOpPE COJMM WM Ipoliecca
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B3aMMOJICHCTBHS HOHOB BOJBI C MOHAMU coiH. I[logHOTa OYMCTKU 3aBUCUT
OT CTENEHW HEWUTpAIM3alMU TYJIbIbl, KOTOpAas XapaKTEpU3YyeTCs
KOHILICHTPAlME B  pacTBOpPE BOJOPOJAHBIX HOHOB. Iloka3zarenem
KOHIICHTpAIlMid MOHOB Boj1opoa ciykuT pH.

[Ipu nocrenenHoMm mnoBbiieHUM pH pacTBOpoB o00pasyrorca u
BBIMAJAIOT B OCAJOK THAPAThl T€X WM WHBIX METAJUIOB. MOBbIATh pH
MOKHO JIMIIb JO0 HayaJla BBIMAJCHUS THUAPOOKHCH LHMHKA. Tak kak B
IPOMBILIEHHBIX pacTBopax o0buHO coaepxkurcs, 100-120 r/n nuHka TO
MaKcUMaJIbHOE 3HaueHue pH MoXXeT, ObITh JOMYIIEHO NMPU HEUTPaIbHOM
BBIIIECJIAYMBAHUY OrapKa COOTBETCTBEHHO 5,6 — 5,5.

Tabnuua 4.
Ocaxknenne ruApoOKCUAOB B 3aBucumoctu ot pH.

MeTtaiibel Konnenrpanus, r\i pH
Oxcup xene3a 2,0 1,7
AJTIOMUHUI 1,0 4.0
Okcua Meau 2,0 4.4
3aKuce MeIU 0,5 5,0
ymak 100-120 5,6-5,5
Kaamuii 0,3 7,5
3aKuCh Keje3a 0,5 8,5
KobanbT 0,05 8,5
Mapraseiy 5,0 9

XKeneszo B pacTBOpe MocCie KUCIOTO BBIIIEIAYMBAHUS OTapKa MOXKET
npucyTcTBoBaTh B BUe F€,(SO4); u FeSO,.

OcaxaeHue TuapaTa 3aKUCH KeJie3a MOXKET MPOUCXOIUTh, WU TIPU
BechMa Oonbiiom pH (mopsinka 8,5), WM T1pU  HE3HAYUTEIBHOU
KOHIICHTPAIlUA IIMHKA B PacTBOpe M OOJBINONW KOHIICHTPAIIMHM 3aKUCHOTO
xKelesa.

B npombinennsix pactsopax FeSO, He rumponusupyercs.

YtoO0BI OCyIIecTBUTH 00JIee TTOTHYIO OYHUCTKY pPacTBOpa OT JKejie3a —
3aKUCHYI0 ero (opMy TMepeBOIAT B OKHCHYIO. OTO JOCTHTACTCS
OKHCJICHHEM  JKejle3a  KaKuM-JH0o OKHCITUTENIEM: BO3TyXOM,
NIepMaHTaHaTOM KaJIMsl MUJIM MapraHIoBOW pynou. OKHUCICHHUE KeaaTeIbHO
IPOBOJIUTh B KHUCJIOW BETBH, UYTOOBI B HEUTPAIbHYI CTaIHIO
BBITICITAYMBAHMS TTOCTYTIMIIO JKEJIe30, MTOATOTOBICHHOE K THIPOJIN3Y, T.€. B
OKHCHOM (hopme.

HaunnydmmM okuciuTeneM B KUCJION CpeJie OKa3bIBAJICS MUPOJTIO3HT,
WIM TIEPEKHCh MapraHila, HaxoJsmIascs B MapradmoBol pymne. Ilpu
JIEHCTBUM CEPHOM KUCIOTHI HA TEPEKUCHh MapraHila MPOUCXOIUT PEAKITHS:
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MnO, + H,SO, = MnSO, + H,0 + 0,50, (7-1)

[To xoTOpOI1 MapraHel] B BUJE CEPHOKHCIIOrO, MEPEXOJUT B PACTBOP
IIPU ATOM BBIJIEISIETCSI KUCIOPO/I — AaKTUBHBIM OKUCIUTENh Kee3a.
Peakuusi okuciieHus: cyiab(dara 3aKUCH Kejle3a B MPUCYTCTBUU
MEPEKUCH MapraHila U CBOOOJIHOW CEpPHON KHCIOTHI MUMEET CJICIYIOIIHNI
BU/I:

2FeSO, + MnO; + 2H,S0, = Fey(SO4); + MnSO, + 2H,0.  (7-2)

CKOpOCTh W TOJIHOTA PEAKIMH 3aBUCST, OT KOHIICHTPALIUU CEPHOMN
KACIOTBI W TeMmrepaTypbl.  [IpakTWkoil  yCTaHOBJIEHO,  4YTO
yAOBIICTBOPUTEIbHBIC  PE3YJbTAaThl  OKHCICHHSI  IOJYyYarOTCsS  TIpH
KHCIIOTHOCTH 5-8 T/ cepHOit KicIoTs! U Temmeparype 40-60°C.

[TomydyeHHass CepHOKHCIAasg OKHCh JKelle3a THUAPOIU3UYETCS TI0
peaKIuu:

FEQ(SO4)3 + 6H,0 = 2FC(OH)3 + 3H,S0,. (7-3)

Beimensromasicss 1o peakiuu CEpHas KHUCIOTa HEWTPaIu3yeTcs
OKHCBIO IIMHKA, MMEIIeics B 000XkeHHOM KoHLeHTpaTe. CymMmapHas
peakus TUAPOIUTUIECKOTO OCAKICHUS ITPUBOIUTCS HUXKE:

Feg(SO4)3 + 3H,0 + 3Zn0O = 2F€(OH)3 + 3ZnS0,. (7-4)

OIHOBPEMEHHO C OCaXJICHHEM JKejie3a B OCaJIOK MEePEeXOoasT
MBIIIBSK, CYypbMa U KPEMHEKHUCIIOTa:

Asy(SO4)s + 3H,0 + 3Zn0 = As, - 3H,0 + 3ZnS0, (7-5)
Sb2(804)3 + 3H,0 + 3Zn0O = Sb2 - 3H,0 + 3ZnS0.,. (7-6)

[Ipy HaMMUYKUKM TUAPOOKUCH KEJE3a MOCIEIHAS MOXKET PEArupoBaTh C
MBILIBAKOBUCTON KUCIIOTOM I10 PEAKIIUH:

4Fe(OH); + H,AsO; = Fe,O5(OH)sAs + 5H,0, (7-7)
oOpa3yromascs Ipu 3TOM JBOMHAS COJb KEJIe3a M MBIIMIbSIK BBINATACT B
OCaJoK.

YKCThIi MBIIIBIK U CypbMa MOTYT yIAISThCS U3 PAacTBOpa B BHJIE
OCHOBHBIX COJICH IIJI0XO pacTBOPUMBIX B Bojie (AS;03-2503 u Sh,03-2503),
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a TaKXKe 3a CueT aJAcopOIMU MBIIIbSKAa W CYpbMbl CHUJIBHO pa3BUBas
MTOBEPXHOCTh TMpaTa OKHUCH JKEJIe3a.

[IpakTyeckre HaHHBIE MOKA3BIBAIOT, YTO ISl yIOBIETBOPUTEIBHON
OUYHCTKH PACTBOPOB OT MBIIIbsIKa HEOOXOAMMO UMETh B HUX >kefne3a B 10
pa3 Oousblle, 4YeM MbllbsKa. JlJIsI OYMCTKH JKeje3a OT CYPbMBbI,
HE0OXOAMMO MMETh B pacTBope emie Oonbiie: 20-40 enuHuil xeneza Ha
eAuHUIly CcypbMbl. IHOT/Ia, TpU HEAOCTATKE »Keje3a B pacTBOpPE, K HEMY
CHEIUAIBHO JOOABISAIOT JKEJE3HBbIA CKpal C IeJiblo 0oJiee TriyOoKoi
OUYHCTKH OT MBIIIBSKA U CYPbMBI.

B pacTBOpe KHCIIOW BETBU BBIIIETAYMBAHUS MOKET HAXOJIUTHCS 10
2-3 /1 KpeMHEKHMCIOThl. B mpoliecce HeWTpanu3aluu pacTBOPOB B
HEUTPAJIbHOW BETBU KPEMHEKHCIOTHI MPOUCXOJIUT KOATryJIUPOBAHUE, T.C.
YaCTHUIIBl €€ YKPYMHSIOTCS W BCJECACTBHE YBEIMYEHHUS BeCa OCENAOT B
CTYCTUTEJISIX Ha JTHO BMECTE C TUJipaTaMu METaJIJIOB.

Pe3kast koarymsiusi KpEMHEKUCIOThl HAUMHAETCs Mpy 3HaueHusix pH
B mipenenax 4,8-5,0 u ocobenno npu pH = 5,2-5,4. nmonorpeB pacTBOpPOB
CIIOCOOCTBYET YKPYIMHEHUIO W OCAKICHUIO YaCTHUI[ KPEMHEKHUCIIOTHI.
ConepxaHue€ KpPEMHEKHUCIOTHI B CIMBE HEUTPAIBHBIX CryCTUTENEH
nocturaercsa 200-300 mr/m.

OcaxaeHne TUAPATOB IKEJIE€3a, MbIIbsIKA, CYpPbMbl, MEIH U
KPEMHEKHCJIOTHl B HEUTPAJIbHOU BETBU €IIIE€ HE 03HAYAET MOJIHOTO BHIBOJA
ITUX TMPUMECEd U3 [MKJIa BbIIECIAYMBAaHUA. HWXKHUIA DOPOAYKT
HEUTPAJIbHBIX CT'YCTUTENCH, B KOTOPOM KOHILIEHTPUPYIOTCS MPUMECH MPU
TUAPOJIUTUYECKON OYKMCTKE, IMOCTYINAeT Ha BBIINICIAYUBAHUE B KHUCIIYIO
BETBb. 3/1eCh BCE OCAXKJICHHBIC paHee MPUMECH B OOJIbIIEH WU MEHbIIEH
CTEIIEHH CHOBA MEPEXOAAT B PACTBOP IMOJ AEHCTBUEM CEPHOM KUCIIOTHI.

BcenenctBue n3oupaTebHOTO CBOMCTBA CEPHOM KUCIOTHI PaCTBOPSTH
MPEUMYIIECTBEHHO OKHUCh IIMHKA B CTaJUU KHUCJOTO BBIIICIAUUBAHUSI,
MOJTHOTO OOpaTHOTO pPAcTBOPEHUsI TNpUMEced He HaOmoIaercs. OTUM
oOecrieunBaeTCsl BBIBOJ IMPUMECEH W3 Mpolecca C IMHKOBBIMU KEKaMH
(KUCITBIMU KEKaMH).

OOpatHOE pacTBOPEHUE MTPUMECEH 3aBUCUT OT KUCIOTHOTO PEXUMA,
MPOJIOJDKUTEIILHOCTH  BBHIIIEIAYMBAHUST M, OCOOCHHO OT KOHEYHOMU
KUCJIOTHOCTH IYJIbIbI, MOCTYyMAalolEel Ha cryuenue. Jlerdye Bcero
pacTBOPSIIOTCST TUIIPATHl MEIU, 3aTEM COEAUHEHMSI MBIIIbAKA, THAPATHI
xKeje3a U KPEMHEKHUCIIoTa.

CrnenoBaresbHO, I8 TOTO YTOOBI MPEAyNpPEaUTh HAKOIJICHUE ATHUX
npuUMeceil B mpoliecce W 00ecreunTh HauOosiee TOJHBIM WX BBIBOJ U3
IIMHKOBOT'O BBINICIAYMBAHUSI, HEOOXOJUMO HMETh B KHCJIOW BETBH
MUHAMAJIBHYIO ~ KHCIOTHOCTh. JTa  KHCJIOTHOCTh JOJDKHA  OBITH
JIOCTATOYHOM JJIsl U3BJICUEHUSI PACTBOPUMOTO IIMHKA B PACTBOP.
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Heo0xoqumbie maTepuasbl 1 000py10BaAHUS

1. PacTBOp, moTyueHHBIN B IpeABIAYIICH JabopaTopHOi padoTe.
2. YUCTBIN OKCHUI IIUHKA.

3. MepHbIi IWIIMHAP.

4. CTeKJISIHHBIC CTAaKAHBI.

5. pH-meTp.

6. CTEKJISIHHBIN NIEPEMEIINBATETD.

7. Ilunietka.

MeTtoauka NMpoBECACHUA paﬁoTbl

beperca cynb@aTHbII LMHKOBBIA pacTBOp, coaepxkammii 100 1/n
nuHka, 1,5-2 r/n xenesza B hopme cepHokucioro okucHoro u 0,3-0,4 r/n
xene3a B (oOpME CEpPHOKHUCIOrO 3aKuMCHOro. PacTBop colepkut
CBOOOJHYIO CEPHYIO KHUCIOTY OKOJIO 5 T/11.

Bnauane ocyniecTBisieTcss omepanus IEpeBOJa HAXOIALIErocs B
pacTBOpE ABYXBAJIGHTHOIO JKeJie3a B TpexBajeHTHOe. /{715 ombiTa GepeTcs
0,51 pacTBOpa, KOTOPBIM 3aJIMBAETCS B  CTEKJISHHBIM  CTaKaH.
PaccunthiBaeTcss HE0OXOoaUMoOe TeopeThdeckoe KommdectBo MnO, wu
CEPHOM KHUCIIOTHI COTJIACHO HM3BECTHOM pPEAKUUMU OKUCICHUA Xenesza. [
MOJIHOTHI OKUCJIEHUS XKelie3a Oepercs 3 — KpaTHbIN u30bTok MNO,.

OxuciieHre Keje3a MPOBOAUTCS C MepEMEIINBAaHUEM U MOAOTPEBOM
10 50°C pactBopa B TeueHne 60 MUHYT.

3aTeM 4acTh pacTBOpa 3aJIMBAETCS B CTEKIIIHHBIN KPUCTAILIA3ATOP, B
KOTOPBIA OIYCKAKOTCs CTEKJISIHHAS MEIIAJIKA U CTEKJISIHHBIN 3ekTpoa pH-
Mmetpa. [IpousBoautcsa nepseii 3amep nokazanusa pH- merpa. [locne aToro
Npyu TEpeMEelIMBaHUM PACTBOpPA, IMPOU3BOJAMUTCS J0OaBKa K HEMY
HEOOJIBIIMMH MOPUUAMHM 4YHUCTOM OKucH IuHKa. Ilpu stom pH Oyger
BO3pacTaTh, 3TO CIEAyeT HAOMI01aTh MO IIKaJe TalbBAaHOMETpA.

[Ipu mokazanusix Ha mkane pH = 1,5-2,0; 3,0-3,5; 4,0-4,5; 5,0-5,5 ot
pacTtBopa oTOMpaercs nmuneTkoi mpoosl mo 10 M. PactBop momxkeH ObITh
cpa3y ke TpoQuIbTPOBaH, a 3aTeéM B HEM OMpPEACNSICTCS COACp>KaHUE
XKene3a, KOTOpOoe EPECUNTHIBACTCS B T/1I.

O0paboTka pe3yabTaTOB OIbITA
[Tocne ompeneneHus cojAep)KaHUsS >Kejle3a B MpoOax pacTBopa,
OTOOpAaHHOTO TMPH pa3MYHBIX 3HadYeHusx pH, crTpoutcs rpaduk

3aBUCUMOCTH COJIepKaHus >kene3a oT pH pacTtBopa M OJHOBPEMEHHO
yCTaHABIMBACTCS KOHCYHOE COJICp)KaHHME jKelle3a B pPAacTBOPE B MIYIL

47



Xonuxynos /I.b.

N3BecTHO, UTO cojiepKaHue kKejle3a B pacTBope cyibdara UHKA, UAYIIEro
B DJIEKTPOJIUTHBIC BaHHBI, TomyckaeTcs He 6omee 20-30 mr/.

KOHTpOJ’IbH])Ie BOIIPOCHI

1. [enb u 3a1aum 1aOOPaTOPHOM padOTHI?
2. Jlst yero HeoOX0IMMO OYUINATH CYJIb(aT IIMHKA OT Kee3a?

3. Kakne TpeOyroTcss HEOOXOIMMBIC MaTepHallbl B 000pYJIOBaHHE
IIPHU BBITIOJTHEHUH JIA0OPATOPHOU padOThI?

4. PacckaXuTe X0 BBITIOJIHCHHS JTA0OpaTOPHOU pabOTHI?

5. O0bsicHUTE, KaK HAYEPTHTh T'paPUK 3aBUCUMOCTH COACPKAHUS
’KeJe3a B pactBope ot pH?

6. O0BsicHUTE 00pa30BaHKE JIEMEHTOB M pa3JIeIICHUE HX IO Ki1accaM
B pacTBOpe cyib(dara nuHKa?
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HPUJIOKEHHUE 1. PACYHET PAIIMOHAJIBHOI'O
COCTABA MEJHOI'O KOHIIEHTPATA

XVWMHUYECKUN COCTAaB PACCUUTHIBAEMOTO PAIMOHAIBHOTO COCTaBa
MEJHOTO KOHIIeHTpaTa, ciexytommi, %: Cu - 17; Fe - 34; S - 36; Zn - 5;
SiO; - 4; AlLO; - 1 u mpyrume smemeHTH - 3. B OCHOBHBIE MUHEpAJBI
BxoT: Xanpkonuput CuFeS,, mupur FeS,, mupporun Fe;Sg, chanepur
ZnS, cuiaukatel W Apyrue (37ech, NUPPOTHH YYacTBYeT B BHJE
MOHOKJIMTHOU (POPMBI).

Pacuetnl Benem Ha 100 KT HIUXTHI.

[TepBOoHaYABHO, PACCYNUTHIBAEM KOJUYECTBO CEPHI B Chajepure:

X1(S)=32%x5:65=2,45«kr
Hcxons u3 3Toro, odI11ee KOJIMIeCTBO ChaepuTa PaBHICTCS:
(ZnS)=5+2,45=17,45kr

PaccuuteiBaem COACPIKAaHUC KEJIC3a U CCPLI B XAJIbKOIIUPUTC:
OTHOIICHUC KOJIUYICCTBA CCPLI K KOJIUMYCCTBY MEIAU, T.C. paBHACTCA, 17 KI', a4
KOJIMYCCTBO KCJIC3Aa.

X,(Fe) =56 x 17 : 64 = 14,9 kr
OO111ee KOJIMYECTBO XaIbKOMUPUTA PABHIETCS:
(CuFeS,;) =17+ 149+ 17 =489 xr
HAXOJMM OCTaTOYHOE KOJMYECTBO CEPbI U JKeJe3a:

(S) =36 - 17 - 2,45 = 16,55 kr;
(Fe) = 34 - 14,9 = 19,1 kr.

O06o3HauMM, coJepkKaHUE Keje3a B MHUPUTE uepe3 Xz K- U
cogepxkanne B nupporuHe uyepe3 19,1-X;3 xr. ConepxkaHue cepbl
CBsI3aHHOU B muputTe X3 x 64 : 56, a comepxanue cepol B nuppotune (19,1
- X3) x (32 x 8) : (56 x 7) kr.

OO6masi cymMMa TMOJIYYUBIIUXCS PE3yJIbTAaTOB PaBHSETCS OOIIEMY
OCTaTKy CEpBI:

Xa % 64156 + (19,1 - Xa) x (32 x 8) : (56 x 7) = 16,54 kr
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PemmmB ypaBHEeHHME, HaxoauMm, 4YTO X3=8,3 KI. 34€Ch, HaXOJUM
KOJIMYECTBO CEPHI B MMUPUTE:

(S) =8,3%x 64 :56=09,5 xr.

OO6mree konuuecTBO nupuTa paBHo: 8,3 +9,5 = 17,8 kr.

Conepxanue xenesza B nupporune Fe = 19,1 - X3 = 19,15 - 8,3 =
10,8 kr, a comepxkanue ceppl S = 256 x 10,8 : 392 = 7,05 kr. U3 atoro
BBIXOJIUT, YTO OOIllee KOJIMYECTBO muppotuHa paBuserca 10,8 + 7,05 =
17,85 kr. [lonyuyeHHbIE pe3yJIbTaThl PACYETOB BHOCUM B TaOJIHILY 5.

Tabnuua 5.
PauunoHaibHbIN COCTAB MEIHOI0 KOHIIEHTPaTa, %

HaumenoBanue Cu Fe S Zn npoyue Bcero
MUHEPAJIOB

XaJIbKOMUPHUT 17 14,9 17 - - 48,9
[Tupur - 8,3 9,5 - - 17,8
ITuppotrn - 10,8 | 7,05 - - 17,85
Cdenepur - - 2,45 5 - 7,45
SiO, 4 4
Al,O3 1 1
ITpoune - - - - 3 3
Bceero 17 34 36 5 8 100
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HPUJIOKEHMUE 2. PACUHET HIUXTHI UIA ITPOLHECCA
IJTABKHA

Pacyer mmMXTHl Ui MEOHOrO Orapka CBOJMTCS K OIPEICICHUIO
KOJINYECTBAa KOHBEPTEPHOTO MIJIaKa, TaK Kak (IIOCYIOIIUE KOMIOHEHTHI —
KBapI[ U U3BECTHSK YK€ COJEPKATCs B 000KEHHOM KOHIICHTpATE.

IIpu maske:

U3Bneuenne meau B mreiid - 96 %;
Ussneuenue nuuka - 20 %;
CyMmMma oOT cojaepkaHUs >Kejie3a, MEId, CEephbl, IIMHKAa B IITCHH

cocrasiseT - 90 %;

Hecynsdypuzarus - 30 %.
JlomyctuM, 4YTO B IUIaBKy I[IOCTYyHaeT Marepuan CIeAyIOIIero
XUMHUYECKOIo cocTaBa (Ta0i. 6).
Pacuer BenyT Ha 100 KT 000%€HHOTO KOHILIEHTpaTa. [IpuHsB cTeneHsb
necynbdypusaiuu npu miaBke, paBHou 30 % HaX0auM KOJUYECTBO CEPHI,
MEPEXOAAIICH B IITCHH:

KOJIMYCCTBO CCPLBI =

16,2 x (100 - 30)

100

=11,34 xr

rae, 16,2 — cogepkanue cepbl B 000)KEHHOM KOHIIEHTpATe.
[Ipn miaBke coaep:kaHue cepbl B mTedHe 25 %, Toraa Macca

IIITEHHA COCTABUT;

B mreitn nepener,
meau: 15 x 0,95 =14,25 kr
nuHKa: 6 x 0,2 =1,2 xr

xkenesa: 44,4 x 0,9 - (11,34 + 14,25+ 1,2) = 12,17 k.
Pe3ynbTaThl CBOUM B TabIUIy 7.

111x100

25

— 44.4 kr.

TaoOmuma 6.
XUMHYECKHI COCTAaB MATEPUAJIOB LI IVIABKH.
Marepuaibl Conepxanue, %
MEJIM [KEJI€3a[IMHKA|CEPhl| KPEM- |[TJIMHO-| OKCHUJI [IPOYUX|BCETO
He3eMa| 3eMa |[KaJIbIus
Oooxoxenunn | 15 | 36,1 | 6,0 |16,2 20 2,0 15 3,2 |100
KOHIIEHTPAT
Kounseptepnsiii| 2,0 | 50,0 | 2,5 (1,0 25 7,0 1,0 11,5 |100
1J1aK
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CocTaB mITEHHA

Tabnuua 7.

CocraBigronye 3JIeMeHTHI IIITeHa

ConepxaHue |Menb | IMHK |’KEJIe30| cepa | KUCIOPO |[IpoYne| BCEro
B kunorpammax (14,25 1,2 | 12,17 (11,34 1,8 3,64 44 4
B mporenTax 32,1 2,7 | 27,4 |2555 4.05 8,2 100

[Ipu omnpeneneHnn MacCchl KOHBEPTEPHOTO IILUIAKA, ITOCTYMHAKOIIETO B
IUIABKY, UCXOJUM M3 TOTO, YTO BECh KOHBEPTEPHBIN IIJIAK BO3BPAIIACTCS B
OTPa)KaTEJIbHYIO TUIABKY M BCE JKEJIE30 IITEHHA MPU €10 KOHBEPTUPOBAHUHU
B OTBAJILHBIN IJIAK:

Takum 00pa3zoM, COCTaB IMIUXTHI IJIABKU OYAET CIICYIOIIUM:

orapok - 100 kr
KOHBEPTOPHBIN 1IIaK - 24,34 Kr

Bcero - 124,34 xr

_ 100x1217
X =

12,17 - 50 %
x - 100
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HPUJIOKEHMUE 3. CXEMA YIIPOLIEHHOI'O PACYETA
HIUXTbI JJI5A IVIABKHU CBIPOI'O MEITHOT'O KOHIHEHTPATA

Honyctum, uto npu 1miaBke B nedax KOOIl B ycinoBusix AI'MK
necynbdypuzanus gocturaet 40-75 %, coaepkaHue cepbl B IITETHE
usmensiercs ot 20 mo 30 %, B mreiin nepexoaut 97-99 % menu u 50-60 %
IWHKA, IITEUH CcOoaepkUT okoino 3-4 % xucnopoma. CyMmapHoe
coJiep>kaHue xenesa, Mmeau, cepsl — 90 %.

Ha ocHOBaHUM 3TUX JTaHHBIX PACCUUTHIBAETCS COCTaB IITEHHA.

Pacuer Benerca Ha 100 Kr KOHIIEHTpaTa C COACPKAHUEM:

mens - 18 %;

*)eie3o - 30 %;

cepa - 35 %;

IUHK - 3 %;

KpeMHeseM - 4 %);

Kanenui - 1 %;

npouue — 9 %.

Hecynbdypuzanus npu miaske - 40 %.

Tornma ocratouHOE COAEP)KAHUE CEPBI B IITEHHE COCTABIISIET:

35x(100-40) _ 5
100
Macca mreliHa ¢ coaepxanueM 25 %, cepbl ompenenseTrcs u3
COOTHOILICHHUS:
21-25%
x - 100 %
_ 21x100 _ 84 KT
25

X

B mreitn nepener:

meau: 18 x 0,38=17,64 xr,

muHKa: 3 x 0,55 =1,65 xr.

YuuteiBas, 4TO CymMMa TpeX KOMIIOHEHTOB IITEHHA — MEJU, CepPhl U
xKeseza — cocTtaiisieT B cpeaneM 90 % ot Beca miTeliHa, T.e. (84 x x 0,9 =
75,6 xr).

Haxonum Maccy xenesa B IITEUHE:

76,6 - 21 - 27,64 = 36, 96 «r.

Conepxkanue KUCI0poa B IITEHE MpUHUMaeM paBHbIM 3 %. Torma
Macca KMCJIopo/ia B HEM COCTaBUT:

84.0,03 = 2,52 kr.

PesynbTaThl pacuera mreitHa cCBOASTCS B Ta0. 8.

Tenepsp onpenenseM KOIUYECTBO KOHBEPTEPHOIO IIAKA, BXOISILETO
B IIMXTY IUJIABKU: JJIsI JAHHOTO MPUMEPA BO3bMEM CPEIHUN XUMHUYECKUI
COCTaB KOHBEPTEPHOTrO IHIIaKa AJMAJIBIKCKOIO MEJEIUIaBUIILHOTO 3aBOJIa,
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%: Menb-2,3; IBYOKHCH KpeMHus - 24,8; okcua UHKA - 2,5; xkene3o - 29;
okcua Kanbuus - 2,0; mpouux - 19,4 (mpouwe MOKHO BKIJIIOUHTH
CIIEAYIOIINE XUMUUYEeCKUe coequueHus: okcua maruus, Al,0z, cepa u T.11.).

Tabnura 8.
Pe3yabTaThl pacuera mrenHa.

Conepxanue CocraB mreiiHa

MCIb [7KCJIC30(CCPa | HUHK | KUCJIOPOA | IIPOYHC Bcero

B xunorpammax |17,64| 36,96 | 21 | 1,65 2,52 4,23 84
B nmpouenrax 21 44 | 25 2 3 5 100

Hcxons w3 3TOro, Bce Kene30 IITeWHA MpU KOHBEPTUPOBAHUU
NIEPEXOUT B KOHBEPTEPHBIN 1UIAK, OIPEAEIIIEM €T0 MacCy:

36,96 xr - 49 %
x - 100 %

X= 100*43696 = 75,42 ~ 75,5 kr.

B 75,5 Kr KOHBEpTEpHOTO NUTaKa OYJIET COACPIKATHCA:

MEIb
75,5 - 100
x-2,3

X= 755x23 =1,74 kr,
100

KPEMHE3EM = 75"23024’8 = 18,72 xr,

OKCHJ LIMHKA = 755x25 _ 1,88 kr,

100
kenesa = 20490 37,0 kr,
100
_755x151
OKCHUJI KaJIBIINS = T 1,51 kr,

[IPOYME COCIUHEHUS = 75‘1:;94 = 14,65 kr.

CocraB ¢atoca B % yKas3bpIBaeTCS IEPEIO1aBaTEICM.

JlomycTrM, 4TO B KBapLEBOU PyJI€ COJIECPKUTCS CICTYIOIINN COCTAB,
%: muokcu kpemHus - 70, sxenesa - 7, Al,O3- 15 u nmpoune — 8. U3BECTHIK
conepkuT, %: okcua Kanpluda - 50, fuoKcua KpemHus - 7, xenesa - 0,5 u
npouue - 42,5.

Jns pacuera (IarOCOB 3amaeMcsi COCTaBOM OTBAJIbHOIO IIUTAKA.
Jomyctum, 4TO IJIaBKY BEAYT HA LUJIAK CJIEAYIOIIETO COCTaBa, %: OKCHU]L
x)enesa - 42,0; nuokcu kpemuus - 38,0; okcu kanbius - 7,0.
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CocrtaBuM Ta0JMIy OCHOBHBIX IIJIakooOpasoBaTeneit (Tadi. 9), yuutsiBas
Py ATOM, YTO YacTh Keje3a IIUXThl MEePEXOIUT MpHU IJIaBKE B IITEHH.
Y CII0BHO IIPUMEM, YTO B IITEHH MEPEXOAUT BCE XKeEIE30 KOHBEPTEPHOIO
IIaKa.

Tabnuna 9.

Tabsauna 0CHOBHBIX HIJIAKO00OPA3YIOIIIMX KOMIIOHEHTOB.

KomnonenTs! muxrsl |Beero, CopnepxaHue, KT
KT KEIE30 KPEMHE3EeM | OKCHJI KaJIbIIUsI
Konmentpar 100 30,0 4.0 1,0
KonBepTepHbIil nIuiak | 75,5 - 18,72 1,51
KBapuesas pyna X 0,07x 0,7x -
I13BEeCTHAK Y 0,005y 0,07y 0,5y
Bcero 30+0,07x+ | 22,72+0,7x+ | 2,51+0,5y
+0,005y +0,07y

Ha ocnoBanun JaHHBIX Taba. 9 sl OIIPCACIICHUA HCHU3BCCTHBIX
COCTaBJIXICM IBA YPABHCHUA !

325 _ 30+0,07x+0,005y .
380  22,72+0,7x+0,07y’

32,5 _ 30+0,07x+0,005y
7 251+05y

riae, 32,5 — 6epercs oT niaka, coaepxariero 42 % FeO.

Pemiasi COBMECTHO 3TH ypaBHEHUSI, HAXOJAUM X U Y:
x=11,2 kr; y=10,5 kr.
Brixon nutaka onpenensieM no KpeMHe3eMy, COAEPHKAHUE KOTOPOro

B I1J1aK€ COCTABJIACT.
22,72+0,7x11,2+0,07

10,5
riae, 22,72 - 6epeTcs OT nuiaka, cojepsxariero 38 % okcuaa KpeMHHUS.
CrnenoBartenbHO, Macca Iutaka OyeT paBHa:

31,25)(100 — 82’28 KT.
38,0

CocTaB MIUXTHI JJ1 TUIABKU:
ceiporo koHuentpara — 100 xr,
KOHBEPTEPHOTO LLIAKA - 75,5 KT,
kBapua - 11,2 xr;
u3BecTHska — 10,5 kr.

=31,25 kr
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MPUJIOKEHUE 4. ONPEJAEJEHUE KOHLEHTPALIUM
CEPHOI KMCJOTHI TATPOMETPUUYECKUM
METO/IOM M PACUYET Ei PACXOJIA ITPH
BBILEJIAUYMBAHUM

AHanu3upyeMblid pacTBOp, ONPEAEICHHOTO KOJINYECTBA MIOMEIIAETCS
B KOJOY, 3aT€éM B PacTBOp A00aBISIOT MHAUKATOp. Pabounil mienodHoit
PacTBOp TUTPYETCS C MOMOIIBIO OIOPETKH.

Pabounii meao4HoM pacTBOp, TOTOBUTCS CIICIYIOIIMM 00pa3oM:

1) BepeTcs cnienManbHbIH MIEI0YHOM CTaHaapT;

2) INepemenuBaercs C OIIPEEIICHHBIM KOJINYECTBOM
TUCTUWITMPOBAHHOW BOJION (eciii, HEO0OXOIWMO NPHUTOTOBHUTH paboduit
menoyHou pactBop 0,1 Hopmamu, TO B 1 JUTp AUCTUIMPOBAHHOW BOIbI
NepeMEeIInBalOT cienualibHb ctanaapT 0,1 Hopmann).

TutpoBaHHE CEPHOU KUCIIOTHI BEIETCS 10 U3MEHEHUs OKpacku. B
CBSI3U C 3TUM BBITEKAET CJICAYIOIIEE PABEHCTBO:

N1Vi =NV,
rae, N; — HopMasib 1IeJI04H,
V| — pacxoIHOE KOJIMYECTBO IIEI0YH,
N, — HOpMaJb KUTCIIOTHI,
V;,— pacxo/IHO€ KOJIMYECTBO KUCIIOTHI.
[Ipy AOCTHKEHHHM STOTO PABEHCTBA WHIUKATOP MEHSAET LBET
pacTBOpa U HOpMaJlb KUCJIOThI ONpeesieTcs 1o cleayoniei Gpopmyie:

N2 = N1V1 /V2

Enuanna w3MepeHHs MOJMyYEHHBIX PE3YyJbTaTOB B  HOPMALIX,
O3TOMY HEOOXOJMMO NEPEeBECTH MX B T/JI. AJISI 3TOTO MOJYyYEHHBIN
pe3yJIbTaT YMHOKAETCSl HA TPaMM-)KBUBAJIEHT CEPHOM KUCIIOTHI.

Pacyer kosmmuecTBa UCIOIB3yEMOU CEPHOM KUCIIOTHI, BEIETCS BBIIIE
YIOMSHYTBIM METOZOM, KOHIIEHTPALMsI CEPHOU KHUCIJIOTHI ONPEAEIAETCS 10
U Tociie BbllenaynBaHus. Mcnonb3ys o0a MOMyYeHHBIX pe3ynbTara, ¢
IIOMOILIBIO  CJIIEAYIOLIETO PAaBEHCTBA MOXHO pacCuuTaTbh KOJIUYECTBO
MCIIOJIb3YEMOM CEPHOU KHUCIIOTHI:

pacxox H,SO,= 100 — (%xloo), %

0

rac, Cc — KOHIOCHTpAaus CCpHOfI KHUCJIOTHI, 10 BbIHICIaYNBaAHUA, F/J'I;
CO - KOHOCHTPALWA CepHOfI KHCJIOTBI, ITOCJIC BBIIIICIa4YBaHUA, F/J'I;.
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MPUJIOKEHHUE 5. PACUET PALIUOHAJIbHOT'O COCTABA
LUHKOBOI'O KOHLEHTPATA

PaccunThiBaeM panuoHaNIbHBIM COCTAaB ILMHKOBOTO KOHIIEHTpaTa
clenyromiero coaepxanus, %: Zn-51; Pb-1,5; Cu-0,7; Fe-7,43; S-31,0;
Ca0-1,0; MgO-0,5; SiO, -3,0; Al,O3 -1,1; CO, — 1,33; apyrue-1,44. B
OCHOBHOH COCTaB MHUHEpAIOB BXOIAT cdanepur ZNS, XaabKOTHUPUT
CuFeS,, ranenur PbS, mupur FeS,, kBapu u npyrue. B stom mpumepe
KEJIE30 BCTPEUAETCs B MUHEPAJIaX: XaIbKOMUPUT, MUPUT, TUPPOTHUH.

OmnpenenseM coJepkaHUe jkelle3a M cepbl B xajbkonupute. [lo
XUMUYECKON (DOopMyIie B COCTaBE XAIbKOMUPUTA COJIEPKAaHUE CEPBI U MEJIU
OJIMHAKOBO, 3HAYUT, B Haliem ciydae 3To coctaBut 0,7 kr. Omnpeznensem
COoJIepKaHue XKelle3a B XaIbKOIUPUTE:

X=0,7-56:64=0,61 xr

O6mee komuuecTBo xanmpkonupura: 0,7 + 0,61 + 0,7 =2,01 kr.

CopeprxaHue cepbl B COCTaBe TajieHuTa OyJeT cienyromuMm: 1,5 - 32 :
207 = 0,23 kr.

OO6mee xonmuecTBo rajennTa 1,5 + 0,23 = 1,73 xr.

HaxoguMm copepkanue cepwl B coctaBe chanepura: 51 - 32 : 65 =
25,1 xr. OOmee konauvecTBo canepura 25,1 + 51,0 =76,1 kr.

B cocraBe cdaneputa BcTpedaercs: onpeeIeHHOM KoaudyecTBe FeS
CBSI3AHHOM BHUJIE.

OmnpenenseM 0CTaATOYHOE KOJMYECTBO CEPHI U JKelle3a:

cepa=31,0-0,7-0,23 - 25,1 =4,97 kr;

xkene3o = 7,43 - 0,61 = 6,82 xr.

O6o3HaunM conepxanue cyiabduae >xeneza B chamepure X Kr U
cojepkanue B nupure uepes (6,82 — X) u cocTaBUM ypaBHEHUE:

X -32:56+(6,82-X)-64:56=4,97 kr.

PaccuntsiBaeM ypaBHEHUE U HaxoauM X = 4,94 kr.

Haxonum comep:kaHue cepbl CBA3aHHOTO C xene3om 4,94 - 32 1 56 =
2,82 xr. O6mee kommuecTBO muputa: 2,82 + 4,97 = 7,79 kr. 210
KOJIN4eCTBO coctasisier 7,79 - 100 : 76,1 = 10,24 npouieHTOB OT Macchl
canepura.

OTOT ToOKa3aTeldb COOTBETCTBYET JIUTEPATYPHBIM HCTOYHUKAM
MUHEPAJIOTUU U YKa3bIBaET, yTO cojaepkanue FeS B cdanepure paBHAeTCA
20 %. Vcxons u3 3TOTO, BHITEKAET, YTO B COCTaBe chajaepuTa CoAepKaHnue
CBA3aHHOTO >kene3a 4,94 kr u cepa 2,82 kr.

Hcxons u3 aToro odriee Kom4yecTBa cepsl B canepure paBHo: 25,1
+ 2,82 = 27,92 k.

KosmmuectBo nuputa B KOHUEHTpaTe cocTtaBisier 1,88 + 2,15 = 4,03
kr. Conepxanue xenesa B nupure 6,82 - 4,94 = 1,88 kr, conepxkanue cepol
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4,97 -2,82 =215 kr.

KommuectBo CaCOj3 B xonnentpare 1 - 100 : 56,1 = 1,78 kr, Bmecte
¢ atuM coaepxkarane CO, pasusercs 1,78 — 1 = 0,78 kr.

Komnuecteo MgCO3; 0,5 - 84,3 : 40,3 = 1,05 kr, BMecTe C 3THM
kosmmuectBo CO, pasusiercs 1,05 - 0,5 = 0,55 kr.

[To pe3ynbTaTam pacueToB coctaBisieMm Tabmuiy 10.

Tabsmma 10.
PannoHaJbHBIN COCTAaB HIMHKOBOI0 KOHLIEHTPaTa, %o.
HaumenoBanue Zn| Cu|Pb| S | Fe | CaOMgO| CO;, (ITpoune| Bcero
MUHEpaJia

Chanepur 51 27,92 4,94 83,86
X ATbKOTUPUT 0,7 0,7 10,61 2,01
["amenuTt 1,5/0,23 1,73
[ Tuput 2,1511,88 4,03
CaCO; 1 0,78 1,78
MgCO; 0,5 (0,55 1,05
S0, 3,0 3,0
Al,O3 1,1 1,1
poyue 1,44 1,44
Bcero 51(0,7(1,5|31,0007,43| 1 |05 1,33| 554 100
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HPUJIOKEHHUE 6. OITPEAEJIEHUE KOJIMYECTBA KEJIE3A B
PACTBOPE

B xoHnueckyro kon0y HamuBaeM 10 M1 MCCIeayeMOTo pacTBOpa JIs
aHanu3a. B pactBop noGaBiasieM 5 M KOHUEHTPUPOBAHHOW COJIIHOU
kuciaorel HCI, 3arem 50-60 M JUCTHUTMPOBAHHOW BOABI WM BCE 3TO
IIEPEMEIINBAEM.

B koHuyeckyroo koi0y TIOMEIIaeéM CHEUUaJbHYI0  CIHPAb,
U3TOTOBJICHHYIO U3 AJIIOMUHUSA, 3aTEM KOJIOYy CTaBUM Ha BOJSIHYIO OaHIO Ha
3-5 MUH MOKa pacTBOp HE mepenseT B OeciiBeTHOE cocTosHue. Crupalb
BBIHUMAETCS U MPOMBIBAETCS BOJIOM, KOJIOY OXJIaK1aeM.

B oxnaxaeHHbIN pacTBOp MpY KOMHATHOW TeMIepaType 100aBiseM
10 mn cmecu Knonmbi, 3-4 kamiu audeHuaMuHa, B 3TOXKE BpeMs C
NOMOIIIbIO OMXpomaTa Kalausi TUTPYEM PacTBOpP 10 IMEpexojla pacTBOpa B
cunui uBer. llomyuuB pe3ynbTaThl, oOmpeAenseM oO0llee KOJUYECTBO
’Kese3a B pacTBoOpe no popmyie:

T xV x1000 /

Feoom = I/MII

rae, - TuTp Ouxpomara Kayius, /Ml
V- KoIrM4ecTBO OUxpomara Kajiaus, Ipu TUTPOBAHUU, MJIT
A- KOIMYECTBO pacTBOpa B3SITOTO JJisi 00pasiia, MIL.

60



JlabopamopHulit nPAKMUKYM RO_Kypcy «Memaniypeus mayceablX _UeemHbIX MeMajiios)

HPUJIOKEHMUE 7 - COCTABJIEHUE TUTYJBHOI'O JIMCTA
IS OTYUETA

PECIIYBJIMKA Y3BEKUCTAH

HABOMUCKHUU TOPHO-METAJLJIYPTUUECKHUHA
KOMBUHAT

HABOUHNCKHNHN I'OCYJAPCTBEHHbBIN 'OPHBIN
HHCTUTYT
XUMHUKO-METAJITYPTHYECKUU ®PAKYJIbTET
KA®EJIPA «<METAJLIYPTHSI»

JIABOPATOPHAS PABOTA I10 KYPCY:

“METAJUIYPI'UA TAKEJIBIX
IHBETHbBIX METAJLJIOB "

BbINOJHWI: CTYAEHT rPyNibl
®.1.0.

Hpunsan: k.1.H. Xoaukyjaos /1.b.

Hasou 2007 r.
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