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HN3BJEYEHHUE NPOAYKIIUU U3 TUTAHCOAEPKALINX MUHEPAJIOB

O0aacTh TEXHHKH
HN3obpereHne OTHOCUTCS K TMPOIECCYy M3BJICUEHUS METAJIOB H  COJied U3
TUTAHCONEPKAIIUX MHUHEPAJIOB M, B YACTHOCTH, XOTS M HE HCKIIOYUTEIBHO, K HM3BJICUECHUIO
OUOKCHa THUTaHA W B HEKOTOPBIX CIy4asiXx IPYIUX COEMUHEHUH W3 TUIABHJIBHOTO IIJIaKa,

MOJIy4aeMOTO B MTPOLIECCE MOJTYUSHHs YyTyHa.

YpoBeHb TeXHUKH

CylecTByIOT MHOTOYHMCIIEHHBIE 3amachl MOJIE3HbIX MCKOMAEMbIX, U3 KOTOPBIX LIEHHbIE
KOMIIOHEHTHI B HACTOSINEE BPEMsi HE MOTYT OBITh W3BJIEUE€Hbl YKOHOMUYECKH OOOCHOBAHHBIMHU
cnocobamu. OCHOBHOH MPUYMHOM 3TOTO SIBISIETCS TO, YTO COJAEPKAHME TAKUX KOMIIOHEHTOB B
MOJIE3HBIX MCKOTAEMBIX SIBIISIETCS CIUIIKOM HU3KUM U UX M3BJICYEHHE MPUBOAMUT K OOJBIIOMY
KOJINYECTBY KUIKUX MPOMBIIIIEHHBIX OTXOOB HJIH MOOOYHBIX MPOAYKTOB.

[InaBunbHBIA [UTAK, MOJy4aeMbli B KadecTBE MMOOOYHOTO TPOAYKTa BO BpeMs
MIPOU3BOJICTBA CTall U 4YyTryHa, sABJAETCS OJHUM M3 BUAOB CBIpbS, KOTOPbIH HMeeT HHU3KOe
coJlep>)KaHHe KOMMEPYECKHU LIEHHbIX KOMIIOHEHTOB, BKJIIOYasl TUTaH, alfoMuHuil u maruui. Ilpu
MIPOU3BOJCTBE PACIJIABJIEHHOIO JOMEHHOTO 4yI'yHa NMPUMECH YIAISKOTCS B BUAE MIABUIBHOIO
miaka. [ HEKOTOpBIX MIJIAKOB 3TO B TEPBYIO OYepenb MEPOBCKUT (TUTAHAT KaJbLHs),
KOTOPBI 00b14HO conepkut oT 20 1o 40% nuokcuaa TUTAHA.

HsBecTHBIE NpOLIECCHI BBINEAEHUS LIEHHBIX KOMIIOHEHTOB W3 IUIABUJIBHOIO IILJIAKA
COCPENOTOYEHbl Ha UW3BJIEUEHUH THTaHA OJjarojapst €ro IIEHHOCTH W CaMOW BBICOKOM
KOHLIEHTPAallMl B IUIABWJIBHOM Ljlake. TUTaH SBJSIETCS LIEHHBIM IHUIMEHTOM, KOTOpPbIN
UCTIOJNIB3YETCS B PsANE OTpaciei MPOMBIIUIEHHOCTH, TAKUX KakK MPOU3BOJACTBO KPacok, Oymarm,
LIEMEHTAa U MOJIUMEPOB.

B mnaBuibHOM HUTaKe TUTAH MPHUCYTCTBYET B (JOpPME NMEPOBCKUTA, TUTAHATA KAJIbIIUS
KPHUCTAJUTHYECKON CTPYKTYPBI, YTO 3aTPYAHSET ero m3miedeHue. llpumep m3BecTHOro crocobda
W3BJICUYCHMS] TUTAHA U3 NMEPOBCKUTA BKIIOYAET PEAKLIUI0 MEPOBCKUTA C YIJIEPOAOM MPU BBICOKUX
TEMIEpaTypax B JEKTPUUYECKON Meuu A MoJdyueHus kapOuna turaHa. KapOun Turana 3atem
XJIOPUPYETCs ISl TOJIYUEHUs] TeTpaxyiopuaa TUTaHa. K coKaleHHIo, 3TOT CHOCOO SIBJISETCS
SHEPrOeMKHM, a TMpPOU3BOIUMBIA KapOHI HUMeEeT 4Ype3BbUANHO BBICOKYID TEMIIEpPaTypy
TJIABJICHUS, YTO CO3/1aeT MpodieMbl 0OpabOTKH B MEYH.

Jpyrum  cnocoOOM  M3BJIEYEHHS TUTaHA W3 [EPOBCKUTA  SIBIIIETCS  CIOCOO,

onybnukoBanHbiii B CA1052581. B aToMm criocobe mepoBCKUT mepepadaThiBA€TCs MyTeM O0KHTra
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npu Temneparype 1200°C B razoo0pa3HbIii CEpOBOIOPOA. 32 3TUM CIIEAYET BhIIIETaYUBAHUE IS
ynaJeHus: CyJb(pUAOB KaJIbLUS U Kejle3a, MOCIe KOTOPOro OCTAa&TCsl THUTAH B BHIE OKCHIIOB
tutana. HepocraTkamu 3TOro mpouecca siBasitoTCs BBICOKAsi TeMIlepaTypa U UCMOJb30BaHUE ra3a
BBICOKOH TOKCUYHOCTH.

Jlaxxe He3HauWTeNbHbIC YIYYIICHUs MPOLECCa M3BJICYEHUS TOBAPHOM MNPOAYKLHUH U3
MUHEPAJbHOTO ChIPbSl MOTYT OKa3aTh CYIIECTBEHHOE BIHUsHME Ha 3(PQEeKTHBHOCTb, W B
YaCTHOCTH, Ha PEHTA0ENbHOCTh TAKOro mpornecca. ONMUCaHHbIE BBIIIE COCOObI 3KOHOMHYECKH
He3(h(EeKTUBHBI M3-3a HCIIOJIb30BAHMS BBICOKHX TEMIIEPATyp, M C MOMOIIBIO 3THUX MPOLECCOB
U3BJIEKAeTCs TONBKO TUTaH. OOBEKTOM HACTOSAIIEr0 U300PETEHHs SBISIETCS CIIOCOO M3BICUEHHS
NPOAYKLUUHA W3 THUTAHCOAEPKAIMEro MHHEpana WIM KaKk MHHHMYM IPEIOCTaBJIEHUE

obmecTBeHHOCTH 3 PEeKTUBHOTO BbIOOpPA.

CymHocTh H3o0pereHust

Hacrosmee nzoOpereHue npenycMaTpuBaeT OTBET HA 3ampoc YpoBHA TeXHUKH. OHO
npenocTaBisieT coO00H crmocoObl IUIs W3BJIEUEHUs] LIEHHBIX MPOAYKTOB W3 TUTAHCOIEPIKAIINX
MUHEPAJIOB.

B mnepBom acnekre u3oOpeTeHHe NpeayCMaTPUBAET CIOCOO U3BIEUEHHs] AMOKCHIA
THUTAHA U 110 MEHbLIEH Mepe OAHOTO IPYroro MpoAyKTa M3 TUCIEPCHOTO MaTepHala, MpU 3TOM
yKa3aHHbBIH CIIOCO0 BKIIIOYAET:

a) KOHTaKT AMUCIEPCHOTO Marepuaja ¢ CEPHOM KUCIOTOH W HarpeB Uil oOpa3oBaHUS
CEPHOKHCJION CMeCH;

b) QUIBTpaUIO CEPHOKUCIONW CMeCH MJisl MOJy4eHUs OT(HIBTPOBAHHOTO OCaIKa U
nepBOro QPrIIbTpaTa, COAEPIKAIEro CEPHYIO KHCIOTY,

C) KOHTakT OT(HMIBTPOBAHHOIO OCaaKa C BOAOW sl OOpa3OBaHUS CEPHOKUCION
CYCHEH3HH, cozeprKaieii cynbpar TUTAaHHIIA,

d) GuIbTpaLUIO0 CEPHOKHUCIION CYCTIEH3UH IS MOyYeHUsT (PUIbTPATa, COAEPIKAIIEro IO
MeHbIIeH Mepe Cyab(aT THTAHWIIA U KOHLIEHTPAT, COAepKAIUN HEPaCTBOPUMBIN OCTATOK;

€) KOHTaKT (pUIIbTPATa, COAEPIKAIIEro MO MEHbINeH Mepe Cynb(aT TUTaHWIIAa C BOAOH IS
MIOJIY9E€HHUS THAPOJIM3HOTO PacTBOPA,;

) runponms cynedara THTaHWIA; U

g) OTHeNeHNe TUIpaTa IMOKCHIa TUTAHA OT THAPOIIM3HOTO PacTBopa ,

IIPU 3TOM TI0 MEHbBIIEH Mepe OUH APYrod MPOAYKT BBIOMPAETCS U3 TPYIMIIBI, COCTOSIIEH
u3 cynb(dara KanbLus, THOKCHIA KPEMHUS, Cyib(]aTa afOMUHUS WU CyJb(paTa MarHus.

B HekoTOpBIX BapHaHTax pealn3aluy U300peTeHNUsT AUOKCUA TUTAHA OTACISIETCS MyTeM

¢unbTpauMy THOPOJM3HOTO pacTBOpa NS  MOJydeHHs (uiabTpaTa ¥ KOHLEHTpATa,
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BKIIOUAKOIIECI0O AOUOKCHUA THUTAHA. B AJIBTCPHATUBHBIX BapHUaHTAX peain3allui I/1306peTeHI/I$I
TUIpAT TUOKCUIA TUTAHA OTAEISETCS MyTéM HeHTpU(pyrupoBanus u cbopa ocanuka.

B KOHKpETHBIX BapHaHTax pean3aluy N300peTeHNsT HEPACTBOPUMBIN OCTATOK COAEPIKHUT
[0 MEHbLICH Mepe OIWH MPOIYKT, KOTOPBIA BbIOMpaeTcs M3 cyibdaTa KajbLUs U AHOKCHAA
KPEMHUS.

B KkOHKpeTHBIX BapHaHTaX peau3aluu H300peTeHrue MpenycMaTpuBaeT Crocod
W3BJICUEHHS] TUOKCHIA THTAHA U MO MEHbINEH Mepe OJHOrO IPYroro MpoAyKTa U3 AUCIIEPCHOTO
MaTepuaja, BKIr4aromero oosnee yem 8 % macc., 6onee yem 10 % macc., 6onee uem 15 % macce.,
oonee uem 20 % wmacc., Oosee uem 25 % macc. quokcuma tutaHa, u Oosee yem 10 % macc.,
bornee yem 15 % macc. mnu Oonee yem 20 % macc. aAuokcuaa kpemMHusi. B napyrux BapuaHTax
peanuzaiy H300peTeHHe TNpeayCMaTpUBaeT CIOCOO W3BJICUYEHUS TUOKCHAA THTAHA U IO
MeHbIIEH Mepe OIHOTO APYroro MpPOAyKTa M3 AMCIIEPCHOTO MaTepHalia, BKIFOYAIoIIero OoJjee
ueM 8 % macc., bonee uem 10 % macc., 6onee uem 15 % macc., 6osee uem 20 % macc. uiu 6osee
yeM 25 % macc. IUOKCcUaa TUTaHa, 1 Oobiie Oojiee yeM 15 % macc., 6osee yem 20 % macc. unu
bonee yem 25 % Macc. OKCHIA KaJIbLIMSL.

B HeKOTOpBHIX BapuaHTaXx peanu3aldd H300peTeHHe MNpenyCMaTpUBaeT Crocod
W3BJICUEHHS] TUOKCHIA THTAHA U MO MEHbINEH MEpe OHOTO IPYroro MpoAyKTa U3 AUCIIEPCHOTO
MaTepuaja, BKIr4aromero oosnee yem 8 % macc., 6onee yem 10 % macc., 6onee uem 15 % macce.,
oonee uem 20 % macc. uiu 6osee ueM 25 % macc. guokcuaa tTuraHa u 6ojaee yem 10 % macc.,
oonee uem 15 % macc., 6osee uem 20 % macc. unu 6osee yem 25 % Macc. OKCHIA KaJIbLIHSL.

B HeKOTOpBHIX BapuaHTaXx peanu3aldd H300peTeHHe MNpenyCMaTpUBaeT Crocod
W3BJICUEHHS] TUOKCHIA THTAHA U MO MEHbINEH MEpe OJHOTO IPYroro MpoAyKTa U3 AUCIIEPCHOTO
Marepuaa, coepKamero AMOKCH TUTaHa 1 okcuy kKanblus B cootHomeHnn (Ti02:Ca0) ot 0,2
1o 3,0, npuuém HanboJiee MPeANOYTHTENbHBIM SIBJIIETCS] COOTHOIIeHHe Mexkay 0,3 u 2,5.

B KOHKpeTHBIX BapHaHTaX peajn3aiuu U300peTeHHs Croco0 MOTOTHUTENBHO BKITFOYAET
oTneneHne cynbdara Kambldsi OT HEPACTBOPUMOIO OCTaTKa C HCIOJB30BAaHHEM IMPOIECCa
daoTanuu.

B 01HOM U3 BapMaHTOB peanu3aliii H300peTeHre MpeayCcMaTPUBaET Criocod U3BIeYeHUs
IVOKCUA TUTaHa U Cyibdara aTiOMUHHA W3 AMCIEPCHOTO MaTepuasa, MPU 3TOM YKa3aHHBIHN
croco0 BKJIFOYAET:

a) KOHTaKT JMUCIEPCHOTO Marepuaja ¢ CEPHOM KUCIOTONH W HarpeB IUisi 0Opa3oBaHWUsI
CEPHOKHCJION CMeCH;

b) QUIBTpaUIO CEPHOKUCIONW CMeCH MJisl MOJy4eHUs OT(HIBTPOBAHHOTO OCaIKa U
nepBoro GpuIbTpaTa, COAEPIKAIIETO CEPHYIO KUCIIOTY,

C) KOHTakT OT(HMIBTPOBAHHOIO OCaaKa C BOAOW sl OOpa3OBaHUS CEPHOKUCION



CYCHEH3HH, cozeprKaieii cynbpar TUTAaHHIIA,

d) GuIbTpaLUIO0 CEPHOKHUCIION CYCTIEH3UH IS MOyYeHUsT (PUIbTPATa, COAEPIKAIIEro IO
MeHbIIeH Mepe Cyab(aT THTAHWIIA U KOHLIEHTPAT, COAepKAIUN HEPaCTBOPUMBIN OCTATOK;

€) KOHTaKT (pUIIbTPATa, COAEPIKAIIEro MO MEHbINeH Mepe Cynb(aT TUTaHWIIAa C BOAOH IS
MIOJIY9E€HHUS THAPOJIM3HOTO PacTBOPA,;

) runponms cynedara THTaHWIA; U

g) OTHAeJeHUE THApaTa AMOKCHAA THTAaHa OT THAPOJU3HOTO PAacTBOPA UIS IOJTYUYEHHS
¢dunbTpara, cogepramero cynb}ar aJIOMUHHS U KOHLIEHTPATa, COIEPIKaIIero rHapaT AHOKCHAA
TUTAHA, U

OCaX/ICHUE OcanKa Cyib(ara aFOMUHUS U3 QUIbTpPaTa;

mpu 5TOM dTan h) MOXKeT BBIMONHATLCS nochie 3tana d) win sTana g).

B KOHKpEeTHBIX BapUaHTAaX peasu3alud H300peTeHust crnocod Mo MEPBOMY AacIeKTy
JOTIOJIHUTENIPHO BKJIFOUAET STall BBIACICHHS OCalka CyJbdara aJlOMHHHA IMocie sTana g). B
OTHOM H3 BApUAHTOB pPEATU3ALMH HACTOSAIIET0 HM300PETEHHsI OCAKIACHHME OCaaKa BKIIFOYAET
STAarbl:

o OXJIAXEeHUs1 (puiabTpaTa, NOJYYEHHOTO W3 THIAPOJMU3HOTO pacTBopa s
MOJIYYEHHUS OXJIAXKIEHHOTO PacTBOPA, CONEPIKAIIEro OCAKIEHHBIN Cyab(aT aJIOMUHUS, U

o bunbTpauMy  OXJAKAEHHOTO  pacTBOpa [UIA  MOJYy4YEHHs  KOHIEHTpATa,
CoZepIKAIEero OCAKAEHHBIN Cynbdar amoMuHus U GuiabTpar.

B KOHKpEeTHBIX BapUaHTAaX peasu3alud H300peTeHust crnocod Mo MEPBOMY AacIeKTy
JOTIOJIHUTENIPHO BKJIFOYAET 3TAll OCAXKIEHHs OCa/Ka CyJb(ara aTfOMHHHA IOCE dTana g), Mpu
3TOM IHCIIEPCHBIN MaTepualn coaepxut dosee uem 8 % macc., bonee yem 10 % macc., Oonee yem
15 % macc., bonee uem 20 % macc. wnu Oosee yem 25 % Macc. mUoKcuaa TuTaHa u dojiee yeM 10
% macc. uu 6onee ueM 13 % macc. okcHa aTFOMHHUS.

B KOHKpEeTHBIX BapUaHTAaX peasu3alud H300peTeHust crnocod Mo MEPBOMY AacIeKTy
JOTIOJIHUTENIPHO BKJIFOYAET 3TAll OCAXKIEHHs OCa/Ka CyJb(ara aTfOMHHHA IOCE dTana g), Mpu
5TOM IUCIIEPCHBIM MaTepuasl CONEPXKUT IUOKCHA TUTAaHA W OKCUJ AJIOMHHHUS B IHCIIEPCHOM
matepuaje B cootHomenuu (Ti02:AlLOs) ot 0,2 go 2,6, mpuyuém HauboJiee MPEANOYTUTETHHBIM
SIBJIAETCS] COOTHOLIEeHUE Mexkay 0,25 u 2, 1.

B KOHKpEeTHBIX BapUaHTAaX peasu3alud H300peTeHust crnocod Mo MEPBOMY AacIeKTy
JOTIOJIHUTENIPHO BKIJIFOYAET 3Tall BBIIEICHUS OcCangka Cyibdara amoMuHHUs nepen stanom f). B
OJTHOM M3 BapPUAHTOB PeaM3alUU H300PETEHHS OCAXKACHUE OCA/IKa BKIIIOYAET:

o oxXJlaXxieHue (PrIbTpaTa, COAEPIKAIIEero Mo MEHbIIeH Mepe CyibdaT TUTaHHUIIA,
IUISL IOJTYYEHUS OXJIAXKIEHHOTO PACTBOPA, COMEPIKALIETO OCAKIEHHBIN CyIb(aT aMFOMUHUS, 1

. GUIbTpaLMIO OXNAXKIEHHOTO PAcTBOPA, COAEPIKAINEro CyabdaT aTFOMUHHS, IS
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MOJIY4EHHUST KOHIIEHTPATA, COMIEPIKAINero OCAXKIEHHBIN CyIb(aT aJlOMUHNASA U (PUIIBTPAT.

B KOHKpeTHBIX BapHaHTaX peaJn3alud H300pETeHUs S5Tanm OCAKACHUS Cylbdara
AIOMUHUSL BKJIOYAET OXJaxnaeHwe QuubTpata 1o temmeparypsl Mmexay 10°C u 4°C, B
pe3yibTaTe uero Cynb(ar aMOMHUHHS KPHUCTALUTU3yeTcsl. B mpeamodTuTenbHBIX BapHaHTaX
peanu3zanmnu  U300peTeHus QUIbTpaT, comepikamui  cynb(ar aTIOMUHUS, OXJIAXKAAETCS
npubnusurensHo 10 S°C.

B KOHKpeTHBIX BapHaHTaX peanu3anuy n3odperenus B 6onee yem 90% cnydaes cyabdar
AJFOMUHMS], TPUCYTCTBYIOLIUI B CEPHOKUCIION CYCIIEH3UH, U3BJIEKAETCSI.

B KOHKpEeTHBIX BapUaHTAaX peasu3alud H300peTeHust crnocod Mo MEPBOMY AacIeKTy
JOTIOJIHUTENIPHO BKJIFOYAET 3Tal OCAKACHUS Cyibdara MarHus U3 (QUIbTpaTa, COIAEPIKALIETO
cynbar MarHus, npu 3TOM (QHUIBTPAT, COAEPKAIIMHA Cyiabpar MarHus, sBiIsgeTcs Judo
THIPOJIM3HBIM PAacTBOPOM (TIOCHE OTAENEHHs THapaTa AHMOKCHUAA TUTaHa), JH00 (PUiIbTpaTrom,
MOJIYY€HHBIM TMOCIIENYIOLUTUM OCAKICHUEM Cylb(aTa alFOMHUHUSL.

B ogHOM U3 BapHaHTOB peanu3alii H300peTeHne NpeayCcMaTPUBAET CrOco0 N3BJICUEHHUS
IVOKCHZA TUTAHA U CyJb(ara MarHus U3 IUCIEPCHOTO MaTepHhala, MPU 3TOM BbIIIEYKa3aHHBIH
CHoco0 BKIFOUAET:

a) KOHTaKT AMUCIEPCHOTO Marepuaja ¢ CEPHOM KUCIOTOH W HarpeB Uil oOpa3oBaHUS
CEPHOKHCJION CMeCH;

b) QUIBTpaUIO CEPHOKUCIONW CMeCH MJisl MOJy4eHUs OT(HIBTPOBAHHOTO OCaIKa U
nepBOro QPrIIbTpaTa, COAEPIKAIEro CEPHYIO KHCIOTY,

C) KOHTakT OT(HMIBTPOBAHHOTO OCAJKa C BOJIOW [UIA TOJYYEHUS CEPHOKUCION
CYCHEH3HH, cozeprKaieii cynbpar TUTAaHHIIA,

d) GuIbTpaLUIO0 CEPHOKHUCIION CYCTIEH3UH IS MOyYeHUsT (PUIbTPATa, COAEPIKAIIEro IO
MeHbIIeH Mepe Cyab(aT THTAHWIIA U KOHLIEHTPAT, COAepKAIUN HEPaCTBOPUMBIN OCTATOK;

€) KOHTaKT (pUIIbTPATa, COAEPIKAIIEro MO MEHbINeH Mepe Cynb(aT TUTaHWIIAa C BOAOH IS
MIOJIY9E€HHUS THAPOJIM3HOTO PacTBOPA,;

) runponms cynedara THTaHWIA; U

g) OTHAeJeHUE THApaTa AMOKCHAA TUTaHa OT TUAPOJU3HOTO PAacTBOPA UIS IMOJTYUYEHHS
¢unbTpara, comep:kamero cyiabhaT MarHusS U KOHIEHTpPATa, COAEPIKAIlero rHapaT AHMOKCHAA
TUTaHA; U

h) ocasknenue ocaaka cyibdara Maraus U3 QUIbTPaTa;

B omHOM u3 BapuaHTOB peanu3auuu H300peTeHus: Cynb(aT MarHus OCaKAaeTcs
CJIEAYIOIIMMH 3TANaMH:

o NOBBIIIEHUEM KOHLIEHTPALMM KHUCIOTHI B (uibTpare, coaepkamem cyiabdar

Marauvs OJisd CO3AaHuA IOAKHUCICHHOIO pacTBopa, U



o ¢unpTpauyell MOAKHCIEHHOTO pacTBOpa JJisl  IOJYyYeHHs KOHLEHTPATa,
COZIepIKAIIEero OCAKAEHHBIN Cynb(aT MarHus.

B KOHKpeTHBIX BapHaHTax pealu3aluud H300peTeHUs KOHLEHTPALUS KHCIOTHI B
¢unbTpare, copepikameM Cyib(ar MarHus, YBEIMYUBAETCS NYTEM NOOABJICHHUS CEPHOMU
kucinotel. pH ¢unerpara, comepkaimmero cyib(ar MarHus, NMPEeONOYTHTENBHO CHIXKAETCS IO
3HaueHuss MeHee, ueM okoso pH=1 myrém nobaBneHust cepHOl KHCIOTBL B KOHKpETHBIX
BApPMAHTAX peaTN3alud H300peTeHUs] KOHLEHTPALHs KHUCIOThI B (UIbTpaTe, COAepsKalleM
cynbar MarHus, yBENMUMBAETCS NyTEM HarpeBa (uibTpara Ul YOAJICHHS BOMBL
IIpeanoyTuTensHO HAarpeB OCYILIECTBISIETCS NPU TeMIlepaType KUIIeHUs WIIN MpU TemrepaType
cbine 130°C. Harpes ocyluecTBisieTCsl NPEUMYILIECTBEHHO Ui JOCTHXKEHUs] OKOHYATEJIbHOM
KOHLIEHTpaLMU KUCIOThI, paBHONH 90% unu 1o pH, paBHoro menee uem oxoJio pH=1.

B KOHKpEeTHBIX BapUaHTAaX peasu3alud H300peTeHust crnocod Mo MEPBOMY AacIeKTy
JOTIOJIHUTENPHO BKJIFOYAET 3Tal OCAKACHUS Cyibdara MarHus U3 (UiIbTpara, COIAEPIKALIETO
cynb(dar MarHus, Nmpu 3TOM CHoco0 BKIKOYAET H3BJICYCHHE MPONYKTA AHOKCHAA MAarHusi |
npoAyKTa cyibdara MarHus U3 AMCIIEPCHOTO MaTepuaia, comepskamero Oonee yem 8 % macc,,
oonee uem 10 % macc., Oosee uem 15 % macc., Obonee uem 20 % macc. uiu Oojee uem 25 %
Macc. TUOKCHa TUTaHa u bonee dem 7 % macc. mu oosee ueM 10 % macc. okcuaa Maraus.

B KOHKpEeTHBIX BapUaHTAaX peasu3alud H300peTeHust crnocod Mo MEPBOMY AacIeKTy
JOTIOJIHUTENPHO BKJIFOYAET 3Tal OCAKACHUS Cyibdara MarHus U3 (UiIbTpara, COIAEPIKALIETO
cynbar maramsa. Ilpu sToM crmoco® BKIIFOYAET W3BJIEUEHUE MPOAYKTA TUOKCHIOA MAarHusi |
npoaykTa Cyibdara MarHus W3 AUCIEPCHOTO MaTepuasa, COAEPIKAIlero AMOKCHA THTAaHA |
okcun Maraust B cootHomenuu (T102:MgO) B gactHocTH ot 0,5 mo 3,0, mpuuém B Haubojee
MPEANOYTUTEBHOM cOoOoTHOLEeHnH ot 0,8 1o 2,8.

B opgHOM M3 BapMaHTOB peanu3aliil U300PETeHUS 3Tall OCAKICHHs Cyib(ara MarHus
BKJIFOYAET OXJAKICHHE MOIKHUCICHHOTO pacTBopa MM (HIbTpaTa, COAepKamero cyabgpar
Mar"usi 10 TeMIlepaTyphbl, KOTAa CKOPOCTb OCAKIEHHUS YBEIMUNBAETCS.

B npyrom BapuanTe peanmzannu H300peTEHUs 3Tall OCAKIACHHA Cyib(ara MarHus
BKJIOYAET:

o oxXJaxaeHue (UIbTpaTa, CoAepKamero cyiab(aT MarHus Uil TOJNTyYeHUs
OXJIXKIEHHOTO PacTBOPA, COEPIKAIIEro CyIb(paT MarHus;, u

o GUIbTpaLMIO OXNAXKIEHHOTO PAcTBOPA, COAEPIKAINEro CyabdaT aTFOMUHHS, IS
MOJIYYE€HHUST KOHIIEHTPATA, CONEPIKaIIero OCaXIEHHBIN Cyab(aT Maraus U PUIbTpar.

B mpenmourHTenbHBIX BapHUaHTAX peaM3alMU HACTOSINEro H300peTeHust (UiIbTpar,
comepKamuil cyabhaT MarHusl WM MOAKHCIEHHbIH pacTBOp, Ooxyaxaaercs 10 MeHee deMm 4°C,

mexay 0°C u 4°C unu oxodio 3°C.
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B kOHKpeTHBIX BapHaHTax peanu3aluu nzodpereHus 6omnee yem 90% cynbdara Maraus,
KOTOPBI MPUCYTCTBYET B CEPHOKUCIION CYCIIEH3UH, U3BJIEKAETCS MOCe (PUIBTPALIUH.

B KOHKpETHBIX BapHaHTaX peaju3aliu H300peTeHHs Crocod Mo MepBOMY acCIeKTy
JOTOJHUTEIBHO BKITFOYAET:

o ocCaxkJeHue Cyibdara aTFOMUHUS, KaK 3TO OBLJIO OMUCAHO BbIe, JHOO mepen
THIAPOJIN30M, JIHOO MOCIe THAPOIH3A; U

. KOHLICHTPAT, MOJYYEHHBbIM M3 CEPHOKHUCION CYCNEH3UH, COAEp>Kalled Mo
MEeHbLIeH Mepe OJUH MPOAYKT U3 CyJb(aTa KajabLUs MU JUOKCHIA KPEMHHUSL.

B KOHKpETHBIX BapHaHTaX peaju3aliu H300peTeHHs Crocod Mo MepBOMY acCIeKTy
JOTOJHUTEIBHO BKITFOYAET:

o ocakaeHue cyJb(aTa MarHus Kak 5To ObLIO OMHCAHO BBILIE; U

. KOHLICHTPAT, MOJYYEHHBbIM M3 CEPHOKHUCION CYCNEH3UH, COAEp>Kalled Mo
MEeHbLIeH Mepe OJMH MPOAYKT U3 CyJb(ara KaabLMs WIH OKCHIA KPEMHHUSL.

B KOHKpETHBIX BapHaHTaX peaju3aliu H300peTeHHs Crocod Mo MepBOMY acCIeKTy
JOTOJHUTEIBHO BKITFOYAET:

o OCaxKJeHue Cynb(ara aTIOMHUHHS KakK 3TO OBLUIO OMUCAHO BbIIE JUOO mepen
THIAPOJIN30M, JIHOO MOCIe THAPOIH3A; U

o ocakaeHue cyJb(aTa MarHus Kak 5To ObLIO OMHCAHO BBILIE; U

. KOHLICHTPAT, MOJYYEHHBbIM M3 CEPHOKHUCION CYCNEH3UH, COAEp>Kalled Mo

MEeHbLIeH Mepe OJUH MPOAYKT U3 CyJb(ara KaJbLHs WIN JHOKCHIA KPEMHUS.

B KOHKpETHBIX BapHaHTaX peaju3aliu H300peTeHHs Crocod Mo MepBOMY acCIeKTy
JOTOJHUTEIBHO BKITFOYAET:

o OCaxKJeHue Cynb(ara aTIOMHUHHS KakK 3TO OBLUIO OMUCAHO BbIIE JUOO mepen
THIAPOJIN30M, JIHOO MOCIe THAPOIH3A; U

o OcakIeHue CyJb(aTa MarHus Kak 5TO ObLIO OMUCAHO BBILIE.

B KkOHKpeTHBIX BapHaHTaX peau3aluu H300peTeHrue MpenycMaTpuBaeT Crocod
U3BJIEYCHHUsS] JAUOKCHUIA TUTaHA, cyJb(ara amoMuHus u CyibdaTa MarHus U3 JUCTIEPCHOrO
Marepuaa, Mpyu 3TOM BbILICYTOMSHYThIH CIOCO0 BKJIIOYAET:

a) KOHTaKT AUCIEPCHOTO MaTepHaja C CepHON KHCJIOTOW M HarpeB Ajisi oOpa3oBaHUsI
CEPHOKHCJION CMeCH;

b) QUIBTpaUIO CEPHOKUCIONW CMeCH MJisl MOJy4eHUs OT(HIBTPOBAHHOTO OCaIKa U
nepBOro QPrIIbTpaTa, COAEPIKAIEro CEPHYIO KHCIOTY,

C) KOHTAaKT OT(QUIBTPOBAHHOIO OCAJKAa € BOIOW MJisi TIOJY4YEHUS CEPHOKHCIOM
CYCIEH31H, conepikarieii cyab(aT TuTaHuIa,;

d) GuIbTpaLUIO0 CEPHOKHUCIION CYCTIEH3UH IS MOyYeHUsT (PUIbTPATa, COAEPIKAIIEro IO
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MeHbIIeH Mepe Cyab(aT THTAHWIIA U KOHLIEHTPAT, COAepKAIUN HEPaCTBOPUMBIN OCTATOK;

€) KOHTaKT (pUIIbTPATa, COAEPIKAIIEro MO MEHbINeH Mepe Cynb(aT TUTaHWIIAa C BOAOH IS
MOJTy4eHUs] THIPOJU3HOTO PacTBOPA,;

f) runponms cynpdara TuTaHUIA;

g) OTHAeJeHUE THApaTa AMOKCHAA TUTaHa OT TUAPOJU3HOTO PAacTBOPA UIS IMOJTYUYEHHS
¢dunbTpara, cogeprkaero Cyiab(par aqtOMHHUS, U KOHLEHTPATA, COAEP KAIIEro ruApaT JMOKCHAA
TUTAHA; U

h) ocasknenue cynbdara amomMuHus U3 QUIBTPATA;, U

1) ocaxxneHue cyibdara Maraus U3 QuIbTpaTa,

mpu 5ToM dTan h) MoxkeT ObITh BBITIOJIHEH TOCHIe Tana d) wiu nocie sramna g).

B KOHKpeTHBIX BapHaHTaxX pean3aliy N300pEeTEeHUs MO MEePBOMY aCIeKTy TUCTIEPCHBIN
MaTepuas SIBJISETCS YYTYHHBIM IIJIAKOM MM MOJYy4YeH W3 YyT'yHHOro nuiaka. B KOHKpeTHBIX
BapHAHTAX peau3aluy U300peTeHNs JUCTIEPCHBIA MaTepua MPeACTaBIsieT COOOM TIABIIIbHBIHI
LIJIAK, MOJIy4aeMbIil B Mpoliecce MPOU3BOJCTBA YyT'yHa. B KOHKpeTHBIX BapuaHTax peaju3aluu
U300peTeHNsT AUCTIEPCHBIN MaTepua MPeACTaBisieT cOOOW TUIABWIIBHBIN IIJIAK, MOJy4aeMbIid B
IpolLecce NPOU3BOACTBA CTAIIH.

B KOHKpEeTHBIX BapuaHTaxX peasu3aliil M300peTeHHs TUCTIIEPCHBIN MaTepHall COAECPIKHUT

i) IMOKCH]] TUTAHA U TI0 MEHbIIEH Mepe OJ1H U3 CISAYIOLIUX KOMIIOHEHTOB!
i) OKCHUJ KPEMHUS,

ii1) OKCHJI KaJIbLIMS,

iv) OKCHJ AJTFOMUHUS, U

V) OKCHJ MarHusl.

B KOHKpEeTHBIX BapuaHTax pealu3aluu HU300peTeHus: Ccrnocod Mo MEepPBOMY AacIeKTy
JOTNOJIHUTEIBHO BKJIIOYAET JTal IOMOJA CBIPBEBOIO MaTepuasa, KOTOPBIA BKJIKYAET
KOMIIOHEHTBI OT 1) tO0 V) ANl MOJYYEeHUs MaTepuajia dTamna a). B KOHKpeTHBIX BapHaHTaX
peanm3anu H300peTeHnst TUCTIEPCHBII MaTepHral UMeeT pa3Mep yactull Mmeree yem 180 mxkm. B
NPEANOYTHTENBHBIX BAPUAHTAX Pean3alii H300pETeHUs AUCTIEPCHBIH MaTepUal UMEET pa3Mep
gactuyy oT 10 mo 180 Mxm mmu or 40 mo 110 Mxm. B npeanmodTuTeNnbHBIX BapUAHTax
IUCTIEPCHBIN MaTtepuan uMeer pasmep vactul 30 mxm, 45 mkm, 60 mkm, 70 MxMm, 80 MM, 90
MKM win 100 MxkMm.

B KOHKpeTHBIX BapHaHTaxX peaju3aliy N300pEeTEeHHs MO MEePBOMY aCMeKTy AHCIIEPCHBIH
MarepHua conep:kuT donee yeMm 8 % macc. TMOKCcHIa THTaHA. B npyrux BapuaHTax peajn3anuu
HACTOSIIEro M300peTeHus] TUCIePCHBIN MaTepral coaep:kut Oosee ueM 10 % macc. auokcuna
ThTaHa, Oojee yem 15 % macc. Gonee yem 20 % macc. miu Oonee yem 25 % macc. AUOKCUAA

TUTAaHA.
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B KOHKpETHBIX BapUaHTax peajn3aliy H300pETeHHUs 10 NEPBOMY aCIeKTy, JHUCIIEPCHBIH
MarepHua Al BBIIOJHEHHUS 3Tana a) MPUBOIUTCA B KOHTAKT C CEPHOH KHCJIOTOH, KOJHMYECTBO
KOTOpOH B 4-10 Gosblire €€ CTEXHOMETPUIECKOTO KOJIMYeCTBa. B mpennodTuTenbHbIX BApHAHTaX
peanmzanyu HM300pETeHUs] OWCIEPCHBIM MaTepuan 3Tama b) BXOOUT B KOHTAKT C CEPHOM
KHCJIOTOH, KOJIMYECTBO KOTOPOH B 5-6 pa3 mim 0koJio B 6 pa3 Ooubliie €€ CTEXHOMETPUIECKOTO
KOJIMYeCTBa.

B KOHKpeTHBIX BapHaHTaX peasu3aliil HM300pEeTeHHsT KOHLIEHTPALWs CEPHON KHUCIOTHI
cocrasisgeT no MeHbuieil Mepe 50 % wmacc. B apyrux BapuaHTax peaiu3allMM HACTOSIIEro
n300peTeHNs] KOHLEHTPALUS CEPHOI KUCIIOTHI COCTABIISACT MO MeHbeil mepe 60 % wmacc., 70 %
Mmacc., 80 % macc., 90 % macc. umu 98 % macc.

B KOHKpeTHBIX BapHaHTaX peayn3alui U300PETeHHUs 10 MEPBOMY aCIIeKTy CEPHOKHUCHAs
CMeChb HarpeBaeTcsl Uil JOCTHXKCHMS MPAKTUYECKH IOJHOTO CyJIb(paTHUPOBAHUS HMEIOLIUXCS
OKCHJIIOB (B YaCTHOCTH, AMOKCHAA THTAHA WM TUTaHATA KaJbLMsl). B KOHKpPETHBIX BapHaHTax
peanu3ann N300peTeHns CEPHOKUCIIAs CMECh HArpeBaeTcs 0 MeHbIIEH Mepe 10 TeMIepaTyphl
100°C ¢ mocnenyroomUM KOHTAKTOM C CEpHOIl KUCJIOTOW. B mpeamodTurenbHBIX BapUaHTax
peanm3ai HACTOSIIIEro M300pPETeHNsl CEPHOKHCIAas CMECh HArpeBaeTcsi MAaKCUMYM JI0 OKOJIO
250°C.

B KOHKpeTHBIX BapuaHTaX peaju3aliH U300pPETeHUs CEPHOKHCIAs CMECh HarpeBaeTcs
no temnepatypsl ot 130°C mo 200°C, mpum 3TOM HamOojiee MTPEANOYTHUTENbHBIM SIBJISIETCS
uHTepBan temneparyp okojio oT 150°C go 160°C. B KOHKpETHBIX BapHaHTaxX pean3aluu
n300peTeHUs] CEPHOKHUCHIAs CMeCh IOABEPraeTcss HarpeBy B TeUEHHE BPEMEHH, KOTOpPOe
MO3BOJISIET OCYIIECTBUTDH MPAKTUYECKU TMOJIHOE CyJb(aTHPOBAaHUE TUOKCHIA THTaHA (M B psine
cJlydaeB APYTUX KOMIIOHEHTOB). B OHOM U3 BapHaHTOB peasu3aliii HACTOSIIETO H300pETEHHS
BpEMs1 HarpeBa COCTABJISIECT MO MEHBbIIEH Mepe 3Ha4YeHHE B MHTepBaje OT 30 MUHYT OO OAHOIO
yaca. B KOHKpETHBIX BapHaHTax peaju3aluyd H300pETEeHHs] MEePHOJA HarpeBa COCTABISIET MO
MeHblIed Mepe 30 MuHYT unu 0kojao 40 MuHYT. B KOHKpDETHBIX BapHaHTax pealu3aLuu
U300pETeHUs 3Tall ) OCYLIECTBIISIETCS B PEaKTOpe.

B KOHKpeTHBIX BapHaHTaX peaNu3alud H300peTeHHs] MO IEPBOMY AacHeKTy JTall
(buIbTpaLMK CEPHOKUCION CMECH MOMOJHHUTEIBHO BKIIFOYAET KOHTAKT CMECH CO CXKAaThIM
BoznyxoM. [lpemmoururenpHasi Temmeparypa CKaToro Bo3ayxa cocrasjsieT Hmwke 85°C. B
KOHKPETHBIX BAPHAHTAX PeaM3aLlH HM300pETeHHsI TeMIlepaTypa CKaTOro BO3/AyXa COCTAaBIISIET
ot 10°C go 85°C. IlpeanouturenpHas TeMmeparypa CxKaToro Boznyxa cocrasisier ot 30°C no
85°C nnm oxono 50°C, 60°C, 70°C umm 80°C.

B KOHKpeTHBIX BapUaHTAaX peaNnu3aluu H300pETeHHs MO IMEePBOMY AacCIeKTy CepHas

KHCJIOTa, yaajdeMas 13 CGpHOKHCJ’IOfI CMECH, CO6I/IpaeTC$I AJisE IOBTOPHOI'O UCIOJB30BAHUA Ha
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JTamne a).

B KOHKpeTHBIX BapHaHTaxX peaju3aliH W300pPETEeHHs! 1O TMEPBOMY aclekTy (puibTpar,
comepXKaluii 1O MeHbLIeH Mepe cynbdaT THTAHWIA, NOABEPraercs AETHIpaTaludl ¢
UCTIOJIB30BAHUEM MeMOpaHbl I MOJYYEHUS! KOHLEHTPUPOBAHHOTO (PHIIBTPATA, COAEPIKALIETO
1o MeHbIIel Mepe Cyab(aT THTAaHUIA, B KOTOPOM KOHLIEHTPUPYIOTCS CYIb(aThl METAIIOB.

B KOHKpeTHBIX BapHaHTaxX peaju3aliH W300pPETEeHHs! 1O TMEPBOMY aclekTy (puibTpar,
conep Kalui o MeHbIIel Mepe cynbhaT THTAHWIA, IOABEPraeTCs HarpeBy AJIs YAAICHUS BOJIBI
U YBEJMUEHUs COAep KaHusl CBOOOAHOM KUCIOTHOCTU. [IpennouTHTe bHbIM SBIseTCs QUIBTPAT,
conep Kaluil Mo MEHbIIeH Mepe Cynb(aT THTaHWIA, KOTOPbIH HarpeBaeTcs A0 TeMIIepaTyphl
6osnee uem 100°C, mpu 3TOM HamOoJiee MPENNOYTHTEIBHBIM SIBJISIETCSI HATPEB 10 TEMIEPATypPhl
6onee, uem 130°C u camMbIM NPEANOYTHTENBHBI BAPHAHTOM SIBIISIETCS HArpeB 0 TEMIIEPaTyphl
bonee, ueM 160°C mmu 1o KUMNEHUS. B KOHKPETHBIX BapHUaHTAax pealn3alud H300peTeHHs,
HArpeTbiil QUIbTpaT, coneprKaluii Mo MeHbLIeH Mepe Cyiab(parT THUTAHWIA, MOIBEPraeTCs
(UNIbTPOBAHUIO  JUISI  YAQJIEHUS  OCTATOYHOHW CEepHOW  KHCJIOTBL, a  oOpasyrommiics
OT(UIBTPOBAHHBIA OCATOK (KOTOPBIH COAEPIKUT OCAXKAEHHBIA Cynb(aT THTAHWIA U JAPYrHe
OCaXIEHHBIE CYTb(aThl) MPUBOANUTCS B KOHTAKT C BOAOH VIS MOJNYyYEHHUs] KOHLIEHTPUPOBAHHOTO
¢dunbTpara, ComepIKaIlero o MeHbllel Mepe cynb(ar THTaHWIA. DTOT QUIBTPAT 3aTEM MOXKET
OBITh MOJBEPTHYT IMOCIEAYIOMINM 3TaraM IMPOLecca, BKIOYAs THAPOJIH3 M B psAE CiIydaeB
OCaXJeHHe aTFOMUHUS WJIW MarHusl.

B KOHKpeTHBIX BapHaHTax peaju3alu H300peTeHHs COoAep)KaHue CBOOOTHOU
KHUCJIOTHOCTH B THJPOJHM3HOM pacTBope coctasisieT oT 8% no 25%. B npyrux BapuaHTtax
peanu3anuu M300peTeHHst CoAep’KaHWe CBOOOJAHON KHCIOTHOCTH B THUAPOIM3HOM PAacTBOpE
cocrasiseT oT 9% no 15%.

B KOHKpETHBIX BapHaHTaX peau3aLii H300PETeHUS 110 TIEPBOMY ACMEKTY THAPOIU3HBINA
pacTBOp MOABEpraeTcst HarpeBy A0 TemnepaTypsl Mexay 85 u 140°C. 80 u 140°C, 90°C u 120°C
wm mexay 105°C u 110°C. TlpeanouTuTenbHO MMAPOIU3HBIN pacTBOP MOJBEPraeTcs HarpeBy B
TE€YECHHE TMEepUOsia BPEMEHHM, INPH KOTOPOM MpopearupoBai Obl MPAKTUYECKH BEChb CyabdaT
TuTaHuia. [lpennouruTenbHON NPOAOIKUTENBHOCTHIO HArpeBa SIBJISAETCS MEPUOJ OT OJHOIO JI0
Tpéx yacoB. Hanbosee mpeanoYTHTENbHON MPOIOIDKUTENBHOCTBIO HArPeBa SIBIISIETCS MEPHOA OT
90 MuHyT 10 ABYyX 4acoB wiM Okono 100 MuHYT. B KOHKpETHBIX BapuaHTax pealn3aluu
n300peTeHNs] pacTBOP MOABEPraeTcs HarpeBy B TEUEHHE OKOJIO ABYX HacOB NMPU TEMIEpaType
cebitie 85°C auis 3aBepIICHUs THIPOJIN3A.

B KOHKpETHBIX BapHaHTaX peau3aLii H300PETeHUS 110 TIEPBOMY ACMEKTY THAPOIU3HBINA
pacTBOpP TMOJBEPraercss KOHTAKTY C BOAOH, COAEp>Kaled 4YacTULbl AUOKCHUAA TUTAaHA.

HpeI[HOLITI/ITeJ'IbHO JaCTHLaMU JUOKCHAAa TUTAHA SABJIAIOTCA HAHOYACTHUIIBI. HpeI[HOLITI/ITeJ'IbeIM
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SIBJIIETCSI, YTOObI KOJIMYECTBO YaCTHUI] AMOKCHAA THTaHA, AOOABIEHHBIX K THAPOJIUIHOMY
PacTBOPY, HAXOIUJIOCH B mpeaeax Mexnay 2 % macc. u 30 % macc. OT MacChl IMOKCHIA TUTAHA,
KOTOpasi MO pacyeTy JOJDKHA MPHCYTCTBOBaTh B pacTBope. Hambonee mpennoyruTenbHBIM
SIBJISIETCST KOJIM4YeCTBO Mexkny 2 % macc. u 15 % macc. u mpennoyTuTenbHo Mexkay S % mace. u 9
% wmacc. IIpeanodTuTeNnbHbId pasMep YacTHL JUOKCHAA TUTaHA, TOOABISIEMbIX K THAPOIM3HOMY
pacTBopy, coctasisieT OT 2 HM 110 10 HM, 1 OoJiee MpeanOYTHTEIbHBIM SIBJISIETCS] pa3Mep OT 3 HM
o 6 HM.

B KOHKpEeTHBIX BapUaHTAaX peasu3aludl HU300pETEeHUs] MO IMEePBOMY AaCIEKTy CIOco0
JOTIOJIHUTENIbHO BKJIKOYAaeT JTall AUCIEPTHPOBAaHUsA TUAPOJIM3HOIO pacTBOpa € IOMOLIBIO
yJNbTpPa3ByKa ANl OCAKIAEHUs MUOKCUAA THUTaHa U3 pacTtBopa. IlpeanodTurenbHbIM SBISETCS
AUCIeprupoBaHre THAPOJIM3HOIO pacTBOpa MpU OTCYTCTBUM Harpesa.

B onHOM M3 BapuaHTOB peanu3auny M300PETeHHUs! CIOCOO MOMOJHHUTEIBHO BKIFOUAET
sTan 0OKUra ruapaTa TMOKCHIa THTaHA. [IpeanoYTHTEIbHBIM SBJISIETCS OCYIIECTBICHNE 00XKHIra
npu temneparype Mexay 800°C u 1100°C, mexxay 850°C u 950°C unu mexay 890°C u 910°C.

Bo BTOpOM acrmekTe HacTOSIIEro M300peTeHHs MPenNyCMaTPUBAETCS MO MEHbIIeH Mepe
OJIUH MPOAYKT, MOJYUYEHHBIH CIIOCOOOM IO MEPBOMY aCIEKTy, IPHU 3TOM MPOAYKT BBIOMpAETCs U3
CJIEYIOIIUX BEIeCTB: TUOKCH TUTAHA,

a) OKCHJT KPEMHUS,

b) Cyab(aT KaJIbIIHs,

c) Cynb(aT aTIOMUHUS;, HIIH

d) cynbdar mMaraus.

B TperpeM acmekTe HACTOSINETO HM300pETEHHs NPEAYCMATPUBAETCS CHCTEMA IS
U3BJIEUEHUS] MPOJIYKTa U3 AUCIIEPCHOIO MaTepHaa, pu 3TOM CHCTeMa BKJIIOUYAET:

a) peakTop Cyiab(paTUPOBAHUS, BBINOJHEHHBI C BO3MOJKHOCTBIO TMOJIYYEHUS U
HarpeBa CEpPHOM KUCJIOThI M JUCIIEPCHOTO MaTepuaia, CoAepKallero o MeHbliel Mmepe JUOKCHUL
TUTAHA, U C BO3MO>KHOCTBIO MOJYYeHUs] CEpHOKUCIION CMeCH,

b) y3eJ TepBOM (PUIBTPALUY, BBIMOJHEHHBI C BO3MOXHOCTBIO MOJIYYECHUS
CEpHOKHCIION CMeCH M TMOJIydeHHs NepBOro (uibTpaTa, ComeprKamero mo MeEHbIIeH Mepe
CEepHYIO KHCJIOTY W OT(UIBTPOBAHHBIM OCANOK, COIEPKAIIMA MO MEHBIIeH Mepe Cyiabdar
TUTAHUJIA;

c) peaKTop THIPOJN3a, BBIMOJHEHHBINI C BO3MOXHOCTBIO [MOJYYEHHS pacTBoOpa
cynb(ata THTAHWIA M HArpeBa BBIMIEYKA3aHHOTO pPACTBOpA U MOJYYEHHUS THAPOJIU3IHOTO
pacTBopa,

d) CernapaTop, BBIIIOJHEHHBIN C BO3MOKHOCTBIO MOJIY4YEeHUs THIPOJIU3HOTO pacTBopa

" OTACICHUA rupata JUOKCHUAA TUTAHA.
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B KOHKpETHBIX BapHaHTAaX peaju3alul H300pPEeTeHUs] MO TPEThbeMy AaclekTy y3el
cermapaTopa COIEPKUT BTOPOHl CemapaTop, BBIMOJHEHHBI € BO3MOXHOCTBIO TOJIY4EHHsI
TMIPOJIM3HOTO pacTBOpa M TMOJy4YeHHs KOHLIEHTpATa, COAEpIKAalero TUOKCHI THTaHAa. B
aNbTEPHATUBHBIX ~ BapHaHTaX peanu3auud W300peTeHHs  CenapaTtop COOEPKUT  y3el
LHeHTPpU(QYTUPOBAHHSI, BBIMOJHEHHBII C BO3MOMHOCTBIO OTHEJCHHS OCAKIEHHOrO THapaTa
JIMOKCHIA TUTAHA.

B KOHKpETHBIX BapHaHTaX pealu3alld H300peTeHHUs] MO TPETbeMy AacleKTy CHUCTeMa
JOTOJHUTEHO COIAEPIKUT MO MEHbIIEH Mepe OOUH pe3epByap Uil OCAKAEHUs, KOTOPBIH
obecrieunBaeT OCaXKACHNE CyNb(aTa ATFOMUHHUS WIH CyJb(haTa MarHusL.

B KOHKpeTHBIX BapHaHTaxX peaju3alud H300pETeHUs TUCMIEPCHBIA  MaTepual
IOTOJHUTEbHO COAEPKHUT MO MEHbLIeH Mepe ONMH MPOAYKT M3 OKCHJAA AFOMHHUS, OKCHAA
MarHusi, OKCH/Ia KaJIbLHsl WK OKCHIA KPEMHUS.

B KOHKpETHBIX BapHaHTaX pealu3alld H300peTeHHUs] MO TPETbeMy AacleKTy CHUCTeMa
JOTIOJIHUTENIPHO COAEPIKUT MO MEHbIIEH Mepe IOMOJHUTENbHBIN y3en (QUIbTPalnuu, KOTOPBIH
ofecrieunBaeT OTHENEHHE OCAKACHHOIO CyibdaTa aTFOMHUHHS WIH OCAXKIEHHOTO Cyibdara
MarHwsi.

B deTBépTOM acmekTe HacTosilee W300pETeHHE MPEeNyCMAaTPUBAET CIOCOO M3BJICYEHUS
MPOAYKTOB U3 AUCTIEPCHOTO MaTepUaa, COAEPIKALIEero CEAYIOLIHe KOMIOHEHTHI:

1) JUOKCHUJ TUTAHA,

i) OKCHUJ KPEMHUS,

ill)  OKCHZ KaJIbLus,

V)  OKCHJ aIFOMHUHUS, U

V) OKCHJ MarHusl.

BerimeykasaHHbIH CcIOCO0 BKITIOYAET:

a) KOHTAaKT JMCIIEPCHOTO MaTepuaia ¢ CEpHON KHCIOTOH M HArpeB Ui MOJy4YeHHs
CEPHOKHCJION CMeCH;

b) (GUIBTPALIUIO0 CEPHOKHUCIION CMECH ISl TIOJy4eHUs] OT(QUIBTPOBAHHOTO OCalKa W
NepBOro PrIIbTpaTa, COAEPIKAIEro CEPHYIO KHCIIOTY,

c) KOHTaKT OT(UIBTPOBAHHOIO OCalKa C BOAOH Iisi OOpa3oBaHUS CEPHOKHUCIOHN
CYCIEH31H, conepikarieii cyab(aT TuTaHuIa,;

d) (UIBTPALIMI0  CEPHOKUCIION  CYCNEeH3WHM JJisi  TOJYYEeHUs  KOHIIGHTpaTa,
COZepIKAaIero OKCHI KpeMHHUs U Cyjib(aT KajblMs, a TaKxke A MOJyueHHs (PUIbTpara,
COZIepIKaLLEero Mo MeHblIeH Mepe Cyib(aT THTAHWIIA,

e) KOHTakKT (pUIbTpaTa, CoAepsKallero no MeHblluel Mepe CyJb(aT TUTAHUIIA C BOAOH

1151 0Opa30BaHUs THAPOJIM3HOTO PacTBOPA;
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f) HarpeB THAPOJM3HOTO PACTBOpA AJIsi THAPOJIH3A CyJb(aTa TUTAHUIIA,

g) OTIeJIeHHe TUApaTa AUOKCHIA TUTAHA, COAEPIKALIEero ruApaT AMOKCHIA TUTAHA,
buapTpaTa, comepKamero CyabpaT aTFOMIHUS U CYJIb(paT MarHus;

h) OocaKeHue Cynb(dara aTIOMHUHUS M OTACJCHHUE Ocajgka MyTéM (UIBTPOBAHUS
pacTBopa AJisl MOJyYeHHs KOHLIEHTPATa, COIEPIKAIero OCAXKIEHHBIH Cyab(arT aJrOMHHUS, U
¢unpTpara, comepKaliero cyabpar MarHusi;

1) OocaKeHue Ccyib(ara MarHMs W OTHENIEHHE Ocaaka NyTéM (UIBTPOBAHUS
pacTBOpa IS MOJIy4eHHsI KOHIIEHTPATa, COAEPIKALIEro OCAKAEHHBIN Cyab(aT MarHus.

[IpeamodtutenabHO 3Tan OCAXKIACHHUS Cyjb(aTa aqlOMUHHS B CHOCOOE MO YETBEPTOMY
aCTeKTy BKJIIOYAET OXJaXKIeHHe (UIbTpaTa, COAepsKallero cyab(ar aioMUHHA U CyibdaT
MarHusi AJsi TOJYyYeHUs OXJAXKIEHHOTO pPacTBOPA, CONEPIKALIErO OCAKAEHHBIH Cyab(at
ATIOMHUHMS, W (QUIBTPALHUIO OXJAXKIEHHOTO pacTBOpa Ul TMOJy4YeHHs KOHLEHTpATa,
COZEPIKALIEro OCAKAEHHDIH CybpaT aTIOMUHUS, 1 QUIBTPATA, COAEPIKALIErO CYyIb(paT MarHus.

[IpeamodtutenabHO 3Tan OCAXKIACHHUS Cyjb(aTa aqlOMUHHS B CHOCOOE MO YETBEPTOMY
ACTIEKTy BKJIFOYAET YBEJIMYEeHHE KOHLEHTPALUH KHCJIOThl (UIIbTpaTa, COAEPKAIlero Cyibdpar
MarHusi, JJsi MOJy4eHHs MOJKUCISHHOTO PacTBOpa M (PHIIBTPALMIO MOAKHCIEHHOrO pacTBopa
IS TIOJTyYEeHHUsT KOHLICHTPATa, COAEPIKAILEro OCAXKIEHHbINH CyJIb(paT MarHus.

Uzo0pereHne Takxke BKIOYAET B CeOsl YaCTH, SJIEMEHThl U OTJIMYUTEJbHbIE MPHU3HAKY,
YIOMSIHYTbIE WJIM YKa3aHHble B OMHCAHUM 3asBKH, B HMHAMBUAYAJbHOM TMOPSAKE WM
KOJUIEKTUBHO, B JIFOOOM MJIM BO BCeX KOMOMHALIMAX U3 ABYX MK Oo0Jiee BbIIEYKA3aHHbIX YacTeH,
HJIEMEHTOB WJIH OTJIMYUTENIbHBIX MPU3HAKOB, U [ KOHKPETHbBIE LeJble YHCIIA, YIOMSHYTbHIC B
HACTOSIIEM JOKYMEHTe, MMEIOT HW3BECTHbI€ SKBHBAJCHTHl B OOJACTU TEXHUKH, K KOTOPOH
OTHOCHTCS HACTOsllee U300peTeHHe, TO TaKhe U3BECTHbIE OKBUBAJICHTHI CUUTAIOTCS
BKJIFOUEHHBIMU B HACTOSILUI JOKYMEHT, KaK OyATO Obl OHU ObLIN OTAENBHO H3JI0KEHBI.

JlanpHelne acnekThl HW300peTeHus, KOTOpOoe ClIeNyeT pacCMaTpuBaThb BO BCEX €ro
HOBBIX ACMEKTaX, CTAHYT OYEBHIHBIMH AJisl CIELHAIMCTOB B AaHHOH OONACTH TEXHUKH MpPH
MPOYTEHUH HIKECIEAYIOLIEro OMUCAHUs, KOTOPOe MpeJiaraet no MeHbIIeld Mepe OAUH IpuMep

MPAKTUYICCKOIO MPUMCHCHUSA I/1306peTeHI/I$I.

Kpatkoe onucanue rpadgpuueckux MaTepuaion

BapuanTtbl peanuzanun HacTOsIIEro H300peTeHHst OyOyT OIMUCAaHBl HIDKE TOJIBKO B
KauecTBe MpUMepa CO CChUIKOH Ha COMPOBOKAAIOIINE YSPTEIKH, HA KOTOPBIX:

Ha ¢ur. 1 mpommmocTpupoBaHa OJNOK-CXeMa Mpormecca, H300pakaromasi BapHaHT
peanusany n300peTeHusI.

Ha ¢ur. 2 npomnmrocTpupoBaH XUMHUECKUI COCTaB Pa3IMYHBIX OOPA3IOB INJIaKa, Kak
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OIMHCAHO B mpuMepe 2.

Ha ¢wur. 3 npomumocTpupoBaH XUMHUYECKHH COCTaB pa3jMYHBIX O0pasLOB IIJIAKa,
OTIpeNIeIEHHBI METOJIOM PEHTTeHOBCKOHN Quyopecuenimn PPA B mpumepe 2 (ans Hosoid
3enannuu 1 FOAP) u nony4eHHbIH U3 TUTEPaTypHBIX UCTOYHUKOB B mpuMmepe | (s Kuras u
Poccun).

Ha ¢ur. 4a npoMuTIOCTPUPOBAHO KOJHMYECTBO AMOKCHIA THTAHA, OIpEHeNEéHHOE B
¢dunbTpare, comepraieM CyiabpaT THTAHWIA, ONPEAETIEHHOE CIOCOOOM TUTPOBAaHUS B IPUMEpE
3. Ha ¢ur. 4b npommrocTpupOBaHO KOJIMYECTBO TUTAHA, ONPEAEIEHHOE B (PHIIBTPATE METOIOM
ONTUYECKOH 3MHCCHOHHON CIIEKTPOMETPUH C MHAYKTUBHO-CBs3aHHON mutazmoit (MCII-02C) B
npumepe 3.

Ha ¢wur. 5 npommmrocTpupoBaHbl ONPENENIeHNsT KOJINIECTBA TUTAHA, KBNS, aJTFOMHHUS

u Maraus B punsrpare meronom UCIT-OOC.

IToapoGHoe onucaHue NpeANOYTHTEIbHBIX BAPDUAHTOB peau3alui n3o0peTeHust

Omnpenenenus

Ecnu He yka3zaHO MHOE, TO CIEAYIOIIME TEPMHUHBI B JaHHOM OIHCAHUU H300pETEHUs
OTIpENIEJICHBI CIENYIOLTUM 00pa3oMm.

TepmuH “TpoAyKT’ WM HEUTO MOAOOHOE TMpeaHA3HAYEeH Ui TOro, YTOOBI OXBATHUTH
MOJIE3HbIE MCKONAeMble, W3BJIEUEHHBIE U3 ChIPbsl WJIM JUCIEPCHOTO MaTepuaja B BHUJE YaCTHLI,
UCTIOJIB3YEMOTr0 B OIMMCAHHOM Ipoliecce. B KOHKPETHBIX BapHaHTaX peajn3alid M300peTeHus
NPOAYKTHI SIBJSIFOTCA TUOKCHIOM THTaHA M 1O MEHbIIEH Mepe OIHO BELIeCTBO M3 Cyjbdara
MarHus, cyiabdaTa adIOMHUHHS, Cyib(ara Kajdpuus W JABYOKHCH KPEMHHs, WIH UX
COOTBETCTBYIOLIUX COJIEH (B COOTBETCTBYIOIIHX CIYYasix).

TepmuH “aucnepcHblil MaTepuan’ MpeaHa3HaueH ISl TOrO, YTOOBI OXBATUTH ChIPbEBOM
MarepHual, U3MEJbYEHHBIH O MEJKHX YacTHIL, YTOOBI 00EeCIIeUnTh KOHTAKT CEPHOM KHUCIOTHI C
KQXAbIM BHMJIOM OKCHJAa MeTanja. B KOHKpeTHbIX BapuaHTax pealn3allud HaCTOSIIEro
u300peTeHusl JUCTEPCHBIH MaTtepuan umMeeT pasmep dactun wMeHee 180 wkm. B
NPEANOYTUTENBHBIX BapUAHTAX peaTH3aluyd H300pEeTEeHHs] YacTULbl AMCIIEPCHOTO MaTrepuaia
uMeroT pasmep ot 10 1o 180 mxm nunu o1 40 1o 110 MxM. B KOHKpETHBIX BapHaHTax pean3anuu
U300pETeHNs YaCTUIIbI TUCTIEPCHOTO MaTepuaja UMEIT pa3Mep okojio 30 MkMm, 45 MM, 60 MKM,
70 mMxMm, 80 mrm, 90 mxm unu 100 MrmM.

Tepmun “OTGUIBTPOBAHHBIA OCATOK~ WM “OCaAOK W HEUTO MOAOOHOE OTHOCHTCS K
TBEPIOMY MaTepuay, KOTOPbIH HAXOIUTCS HA pUIbTpe WM MeMOpaHe B Pe3yNIbTaTe yOaJleHHs
JKUJIKOCTH (Yalile BCero KUCJIOThI) 3 CMECH. B KOHKPETHBIX BapHAHTAX PeaTU3alii HACTOSLIETO

n300peTeHus] OT(QPHUIBTPOBAHHBIA OCANOK CONEPKHUT Cyib(aT TUTAHWIA M 1O MEHbLIEH Mepe



15

OIWH TPOAYKT M3 cyibdara MarHus, cyibdara altOMUHUS, Cyib(ara KajdbLUsg W OKCHAA
KPEMHHUS.

TepmuH “ocTaToK’ mMpeAHA3HAYEH I TOrO, YTOObI OXBATUTH TBEPABIN MaTepHal, W3
KOTOpOro ObUTH U3BJIEUEHBI PACTBOPUMBIE B BOJE CYJIb(AThl METAJUIOB B PE3YJIbTATE IMpOLEcca
BbIIETAYNBaHNs. B KOHKPETHBIX BapHaHTaX peasM3allii HACTOSINEro HM300peTeHHs OCTAaTOK
COIEPKUT CyIb(aT KaJubIHs (TUIIC) WIIK OKCUI KPEMHHUS. B KOHKPETHBIX BapHaHTax pealn3aluu
HACTOSIIIEr0 M300pPETeHHsT OCTATOK IOTOJIHUTENbHO COAEPKUT HE BCTYNHBIIME B PEAKLIUIO
OKCHUJbl METAJIJIOB.

Tepmun “cBOOOIHAS KHUCJIOTHOCTH OTHOCUTCSI K TOHW YacTH OOINEH KHUCIOTHOCTH,
KOTOpast CyIlecTByeT B (JOpMe KHCIOTBI KaK B HOHHU3MPOBAHHOM BHJIE, TaK M B He
NOHU3UPOBAHHOM BHJIE.

Tepmun “peakrop” BKIIIOYAaET J000O€ YCTPOWCTBO, COCTOsIINEE M3 OAHOM miM Ooiee
E€MKOCTEH W/WIM KOJIOHH WJIU TpPyOONPOBOIAHBIX OOBSI30K, B KOTOPBIX MaTepHabl MOTYT
oOpabaTbIBaThCsl, CMEIIMBATBCS W/WJIM HArpeBaTbCs COTrJacHO wu3o0pereHuio. Ilpumepsr
pPEaKTOPOB COTJACHO M300PETEHHIO BKJIOYAIOT PEAKTOPbl HEMPEPBIBHOTO JEHCTBHA |
UH(Y3UOHHBIE PEAKTOPBI EPHOANUYECKOTO NEHCTBUS.

B omucarnn n3o0pereHus UCMONB3YIOTC TEPMUHBI “‘cMech’, “pacTBop” | “pumibTpar’,
IpU 3TOM HX Ha3BaHUS MEHSIOTCS B 3aBUCUMOCTM OT CTaJAMM IIpoliecca, B KOTOpOH
UCIIOJIb3YIOTCSl 3TH TepMUHBL Tam, rie 5T0 yMeCTHO, TePMHUH “‘CMeCh’ OTHOCHUTCSI K JKHAKOCTHU
M0 MeHbIlIeH Mepe C OJTHUM TBEPJbIM BELIECTBOM B CyCleH3uu. TepMuH “pacTBOpP” OTHOCHUTCS K
BOHOM cyOcranumu. Tepmun “QuibTpar’ OTHOCHTCS K SKMIAKOCTH, TOJYYEHHOH B pe3yJbTare
npouecca GuiIbTpaumy.

Bo BcéMm ommcannm u3oOpereHus U B cienymolieil nanee GopMyse, eciii KOHTEKCT He
TpeOyeT WHOro, cioBa “BKJIIOYAET , “BKIIOYAIOLINN’, “COAEep:KHT’, “COomepKaliuii’ W T.IL
JIOJIKHBI TOJIKOBATHCS B IIMPOKOM CMBIC/IE KAK NMPOTUBOIONOKHOCTD UCKIIOYAIOLIEMY CMBICITY,
roBOpsl IPyTMMHU CJIOBaMHU, B CMBbICIIE “BKJIFOYasl, HO HE OTPaHUYUBAsICH .

“TIepoBCKUT” OTHOCHUTCSI K MHHEpaNly, MNPENCTaBJSIIOLIEMy COOOH CIIOKHBIH OKCUA
TUTaHa W KaJblus — TUTaHat Kajgpuusa ¢ gopmynoit CaTiOs. IlepoBckuT, Kak MpaBUIIO, HMEET
KyOUYeCKYI0 KPUCTAJUIMYECKYIO CTPYKTYPY, XOTSI TEPMHUH, HCIIOJIb3YEMBIH B 3TOM JOKYMEHTE,
npeaHa3HadeH sl 0003HaueHUs 000 (pOpMBI TUTaHATA KaibLUUs. TEepPMUHBI MEPOBCKUT U
TUTAHAT KaJbLUs UCTIONB3YIOTCS HA PABHBIX OCHOBAHMSIX KAK CHHOHUMBL

TepmuH “kUAKOCTH WM “pacTBOP’ OTHOCUTCS K MaTepuajy, COAepKalleMy OJHO HIIH
0oJiee coemMHEHUH, KOTOPhIE CIIOCOOHBI T€4Yb. JTOT TEPMHUH TAK)KE MOXKET BKJIIOUYATh OJHY U
OoJee JKUIKOCTEH, pACTBOPEHHBIX BEIECTB, B3BELICHHBIX BEIIECTB MJIM TBEPbIX BEIIECTB.

TepmuH “00xHUr” 03HA4YaeT MPOLIECC, MPH KOTOPOM BELIECTBO HArpeBaeTCsl IO BBICOKOM



16

TEMIEpPaTypbl, HO HIKE TOYKM IUIABJICHUS, W KOTOPBIH TNPUBOAUT K TIOTEpEe BIArH,
BOCCTAHOBJICHHIO MJIH OKHCIIEHHIO, a TAK)KE PA3JIOKEHHUIO KapOOHATOB M APYTUX COCAMHEHUH.

Tepmun “runc” ozHadaer CaSO4 2H>O. Dot TepmuH u “cynbdart kaipius’ wim CaSO4
UCTIOJIB3YIOTCS] B3AUMO3aMEHSIEMO B 3TOM JIOKYMEHTE.

Tepmun “cynpdar TuTaHWIA® TPEAHA3HAYEH MJII TOro, 4YTOObI OXBATUTH JPYrHe
cynbdarHbie (HOpPMBI THTaHA, KOTOPBIE TakXkKe OBITH MOTYT HMETb MECTO B pe3yJbTare
cynb(daTupoBaHus U KOTOpbIE OYyAYT MOHATHBI CHIELUAINCTAM B JAHHOH 00JaCTH TEXHHUKHL.

TepmuH “ruapaT OuUOKCHIA TUTAaHA , WCIOJb30BAHHBIM B HACTOSINIEM JOKYMEHTE,
NpeaHa3Ha4deH Ui TOrO, YTOOBI OXBATHTh PACTBOPHI, COAEPIKAIINe KaK AMOKCHUA TUTaHA, TaK U
THOPAaT OWOKCHUAA THTAaHA, a TaKKe JHOKCHI THTaHa JrOOOH CTemeHu THapaTaluu.
CrenmanmucraM B JaHHOHN 00JaCTH TEXHUKU OyIET MOHSTHO, YTO MPOAYKT THIAPOJH3a Cyibdara
TUTaHWIA OyAET MPEeNCTaBIATh COOON CMeCh TUOKCHIA TUTAHA M THApATa AUOKCHIA THUTaHA. 3a
UCKJIFOUEHHEM CITy4aeB, KOTZa KOHTEKCTOM IOJPa3yMeBaeTCsl MHOE, KOra TEPMHH JIHOKCHI
TUTaHa OTHOCHUTCSl K HACTOSIIIEMY JOKYMEHTY, OyIeT MOHSTHO, YTO THAPAT AUOKCHAA THTaHA
TAKXK€ MOJKET NMPHUCYTCTBOBATH B JIFOOOH MPOMOPLHH. AHAJOIHYHBIM 00pPa30oM 32 HCKIIFOYEHHUEM
CJIy4aeB, KOTrZa KOHTEKCTOM IOAPAa3yMEBAeTCss MHOE, KOrJa TEPMUH THAPAT AUOKCHIA TUTaHA
OTHOCHTCSl K HACTOSIIIEMY JOKYMEHTY, OyIeT IMOHSATHO, YTO JUOKCHJ THUTaHA TaKKE MOXKET
NPUCYTCTBOBAaTh B JEOOOH mpomnopimu. Tam, rae MpOMOpIHs, COOTHOIIEHHWE WM IMPOLEHT
IVOKCHA TUTaHA B UCXOIHOM ChIPb€ OTHOCUTCSI K HACTOALIEMY JOKYMEHTY, CICLHAINUCTY B
TaHHOHN 00JacTH TEXHUKH OyIeT MOHSTHO, YTO (PaKTHUYECKH CYLIECTBYIOLINE (OPMbI JTHOKCHAA
THUTaHa MOTYT He ObITh B popMe, MOAXOISIIEH sl ero BeigeNneHns. Hanpumep, B MepoBCKUTE
OUOKCUJ THTaHA MPEUMYIIECTBEHHO cymecTByeT B (opme Tturtanara kambims (CaTiOs). B
CJIy4asix, KOTJa MPEIOCTABISIOTCS aHAJUTUYECKUE NaHHBIC, OTHOCSIINECS K TUOKCHIY THUTaHA,
5TH JaHHBIE JAIOT KOJIMYECTBO IHUOKCHIA THTAHA, KOTOPOE MOXKET OBITh CBSI3aHO C APYTHMH
3JIEMEHTaMH, HallpuMep B TUTAHATE KaJIbIIUSL.

TepmuH “ycTpOWCTBO A TUIABJIEHUS OTHOCHTCS K JIFOOOMY ammapary, MOAXOISIeMY
IUI  HMCTIOJIb30BAHUSI BBICOKHMX TEMIIEpatyp i NpeoOpa3oBaHUsl TBEPIOTO MHUHEpaja B
pacIlaBieHHOE COCTOSIHME. OJTOT TEePMUH TakKXkKe MpenHa3sHadeH il OOBENUHEHUS TaKhX
MOHATHUH, KaK yCTPOHCTBA JUIA IIJIABJICHHS U [IAXTHBIE MEYN MIIH JTOMHBL

XOTsI HIDKECIEAYIoIee ONHMCAHHE COCPENOTOYEHO HAa KOHKPETHBIX BapUaHTax
peanm3anyu M300peTeHHs, a UMEHHO Ha TOJYYeHWU AMOKCHAA TUTaHA U MO MEHbLIeH Mepe
OJIHOTO JAPYrOoTo MPOAYKTa W3 CyJb(aTa MarHus, CyjbdpaTa aTIOMHUHUS, Cyibdara KalblUus U
OKCHJIa KPEMHHsI C HUCIOJIb30BAHUEM IUIABUJIBHOTO ILTAKa MpoIlecca MPOU3BOACTBA CTAJIH B
Ka4eCTBE OCHOBHOTO CBIPBsi, CIENyET IOHUMATh, YTO H300pETEHNE MOKET OBITh IPUMEHUMO IS

MPOU3BOACTBA AJIBTCPHATHUBHBIX BHUJAOB MHHCPAJOB W HCIOJIb3OBAHHA AJIbBTEPHATUBHBIX BHUIOB
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CBIPBsI, KAK M3BECTHO CIELHMAJIICTaM CPEIHEr0 YPOBHS B JaHHOH OOJNACTH TEXHHUKH, K KOTOPOU
OTHOCHUTCSI U300peTeHME.

Tepmun “cucrema” BkitO4YaeT B cedst TpyOONPOBOMHYIO OOBSI3KY U JPYTHE 3JIEMEHTBI,
KOTOpble OOBIMHO MOTYT HCIOJB30BATbCA Ui 00ECreueHus: BO3MOXKHOCTH H3BJICUEHHS
MHUHEpAJIOB U3 IEepPBOHAYANIbHOIO AMCIEPCHOrO Mmartepuana. B kadectse mpumepa “cucrema’
MOJKET BKJIIOYaTh B ceOsl KJAlaHbl PEryJUPOBAHUS AABJICHHS, TETUIOOOMEHHHUKH, (HIBTPHI,
KOHTPOJIbHO-U3MEPHUTENbHbIE IPUOOPHI (JAaTUYUKK NABJICHUS, JaTYMKH pacxona, natdyuku pH) u
CMECUTEJNIbHbIE TPOHHHUKH (CTATUYECKUE CMECUTEIH).

Kak Opuio ykazano Beilie, u3oOperaTenu pa3padoTaiu METOABl M3BJICUEHHS LEHHBIX
NPOAYKTOB M3 TUTAHCOAEPKAIIUX MHHEPAJIOB, TAKHX KaK THTAHAT KaJbLUS WM NEPOBCKUT,
KoMMepueckn >PQeKTHBHBIM NyTéM. B dYacTHOCTH, HacTosliee H300peTeHHe mpenjaraer
CHOCOOBI AJIsT U3BJICUEHHUS TUOKCHUIA TUTAHA M 110 MEHBIIEH Mepe OIHOIO APYroro MpoAyKTa U3
cynbara wmarHus, cynbdara amOMHUHHS, Cyib(ara KaJbLus HIM OKCHIA KPEMHHS U3
IUIABUJIBHOTO  INJIaKa, MPENNOYTHTENIbHO Ipolecca NPOM3BOACTBA UyryHa. B ciyuae
IUTABUJIBHOTO IIJIAKa TPOLecC Ha yauBieHHe 3((eKkTHBeH TeMm, 4TO M3 Marepuala MOXKHO
U3BJIEUb LEbINA PSA LEHHBIX MHHEPAJIOB, KOTOPBIH 0e3 yuéra 3TOro o0CTOSTENbCTBA CUUTACTCS
orxogoM. Kpome Toro, nzobpereHue npenycMaTpuBaeT CrocoObl U U3BJICUEHHS YKa3aHHBIX
MUHEPAJIOB, KOTOPBIC SIBISIOTCS SKOHOMHUYECKH 3(PQPEeKTUBHBIMU (HAIIPUMEP, HE SBISIIOTCS
SHEPrOEMKUMH U He TPeOyIOT TOTONHUTENBHBIX STAllOB HArPEBAa) IO CPABHEHHIO C METOAAMH,
U3BECTHBIMU B TAHHOH 00JIACTH TEXHUKH.

B oxHOM M3 BapHaHTOB M300peTaTeNny MPEANararoT CIIoco0 U U3BJICUEHHUS TPOIYKTOB
IVOKCUAA THUTaHa, Cyibdara aJlOMUHHS, Cyibdara MarHus, cyiabdara KajdbLUsi W OKCHAA
KPEMHHUSI U3 OTXOJOB IPOM3BOJCTBA, MUCIOJB3YS HKOJOTHYECKH O€30MacHbIe CIOCOOBI, B TOM
qrciie MepepadOTKy BBIAENEHHBIX KUCJIOT. JIOCTH)KEHHE YCIEIHOTO M3BJICYEHUS] 3THX
NPOAYKTOB 00eCIeunBaeT KOMMEPUECKHUE MPEUMYIIECTBA MTYyTEM MPEAOCTABIEHHUS] BO3MOKHOCTH
JOTIOJIHUTENIbHON BBITOJIbI M3BJIECUEHHs LIEHHOTO M3 TOTO, YTO B HACTOSIIEE BPEMS SIBJISETCS
oTxomoM mpousBoacTBa (mepoBckuT). COOTBETCTBEHHO B  JOMOJHHUTEIBHOM  ACIHEKTe
n300peTeHne MpenycMaTpUBaeT CIoco0 YMEHBLIEHHsS KOJUYECTBA OTXOIOB M3 COJEPIKAIIUX
OVOKCUZ TUTAaHA, MPOAYKTOB MpOLECcCa MPOU3BOJACTBA 4YyryHa. MUHUMH3ALMS KOJHYECTBA
OTXOJIOB TaKXK€ HMEET HKOJIOTMYECKHE MPEHMYIIECTBa, BKIIOYAs YMEHbIIEHUE 3arpsi3HEHHs
OKpY’KaroIlel Cpenbl M COKpAIleHHE HCIIOIBb30BAHMS 3€MENbHBIX YYacTKOB JJIsI Pa3MEIICHUs
OTXOJI0B YYT'YHHOTO IIIJIaKa.

Ha ¢ur. 1 npowmmrocTpupoBaH BapHaHT peAIHU3ALUN H300PETEHHs, B KOTOPOM
MUuHepasibl 1 u3Menb4yaroTcs B ApOOHIIKE TOHKOTO U3MENBbUYEHHs 2 10 TOJYyYeHHs JTUCTIEPCHOTO

Marepuana. /lucnepcHplil MaTepuail OPUBOAUTCA B KOHTAKT C CEPHON KHUCJIOTOMW, MOCTYNAOLIEH
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U3 PaCXOAHOH EMKOCTH KHCIIOTHI 3 B peaktop 4 nepen gpuibTparueil B y3sie nepBoii GpriibTpaniu
5 nns nony4yenus GuabTpaTa, ComEpIKAIIEro CEPHYIO KUCIOTY 6, M OTQIIBTPOBAHHBIA OCaoK 7.
OTdunpTpoBaHHBII OCATOK MPUBOAUTCS B KOHTAKT C BOJOW 8 AN MOJyYEHUs] CEPHOKHCION
cycneH3uu B peakrope 9. CepHOKHCIAs CYCIEeH3Hs (PHIBTPYETCS BO BTOPOM OJIoke puibTpariu
10 ansg mosydeHUsT KOHLEHTpATa, COAEpKallero HepacTBOPUMBIN octatok 11 u ¢unbrpara,
cozepskalero mo MeHblneld Mepe cynbdar tutaHwna. Boma 12 nmobasnsercs B QuubTpar,
KOTOPBIH 3aTeM nojaércs B peaktop ruaposusa 13. Ilocne runponnsa »KUAKOCTh PUIBTPyETCs B
TpeTbeM OJoke punbrpanyn 14 u ocaxkneHHbIH MaTepual (MPEeUMYIIeCTBEHHO THAPAT JUOKCHIA
TUTAaHA) yAAJSIETCs B BUAE KOHIEHTpara 15. @uibTpaT mocTynaer B OTCTOWHHUK 16, B KOTOpOM
cynb(dar amOMHMHUS BBIMAJaeT B OCANOK. 3aTéM OCamOK OTAeNsieTcsl (HIBTPOBAHHEM B
yerBepToM Onoke unbrpanym 17. KoHueHTpar, conepkamuil cyibdaT alOMUAHUS, YAAISIETCS
(18), a ¢unpTpaT HampasisieTcss Ha BTOpoil orcToiiHuk 19. ITocne ocakaeHus: pacTBOPEHHOTO
cynb(ara MarHus >KUAKOCTb (QUIBTpyeTcss B msiToM Onoke ¢unbtpauuu 20, rae cobupaercs
KOHIIEHTpAT, conepxamuii cynbdar Maraus 21. @unbTpar (B OCHOBHOM COAEPIKALIMA KHUCIIOTY)
HAKATUTUBAETCSA U MOXKET ObITh nepepadoTaH (22) B yCTAHOBKE pereHepauy KUCIOThI 23.

B cBs3m ¢ 3TUM B OAHOM U3 aCHEKTOB H300peTeHHEe TNpPeayCMaTpHUBAEeT CIocod
U3BJIEUEHUS] TUOKCHUIA TUTAHA U MO0 MEHBLIEN Mepe OAHOIO JpYyroro MpoAyKTa U3 JHUCIEPCHOIO
Marepuaa, Mpu 3TOM YKa3aHHBIA CIIOCO0 BKIIIOYAET:

a) KOHTaKT JUCIIEPCHOIO MaTepuaja C CEpHON KUCJIOTOM M Harpes AJis MOJy4YeHUs
CEPHOKHCJION CMeCH;

b) (GUIBTPALIUIO CEPHOKHUCIION CMECH ISl TIOJy4eHUs] OT(QUIBTPOBAHHOTO OCaAKa U
nepBOro GpriIbTpaTa, CoAepKaIero CEPHyI0 KIUCIOTY,

c) KOHTaKT OT(UIBTPOBAHHOIO OCaIKa ¢ BOIOH i OOpa3oBaHUS CEPHOKHUCION
CYCHEH3HH, cozeprKaieii cynbpar TUTAaHHIIA,

d) (UIBTPALIUIO CEPHOKUCION CYCTIEH3UU TSI TIOJYYeHUs (PUIbTPaTa, COASPIKAIIEero
10 MeHbIIelH Mepe Cyab(ar THTAHWIA U KOHIIEHTPAT, COAEP KAIINA HEPACTBOPUMBII OCTATOK;

e) KOHTaKT (PHIIbTPATa, COAEPIKAIIEero IO MeHbIIeH Mepe cyiabdar THTaHWIA, C
BOJIOM AJIS MOJIydeHUs] THAPOJIU3HOTO pacTBOPa,;

) TUIPOJIN3 CyJib(aTa THTAHUIIA, U

g) OTJleJIeHHe rupaTa JUOKCH1a TUTaHa OT THAPOJIM3HOIO PacTBOpa,

IIPU 3TOM TI0 MEHbBIIEH Mepe OUH APYrod MPOAYKT BBIOMPAETCS U3 TPYIMIIBI, COCTOSIIEH
u3 cynb(dara KanbLus, OKCUAA KPEMHHS, CyJb(daTa aTFOMUHIS WK CyJb(ara MarHus.

Ecnu He yka3aHO WHOE, TO MOPSAOK STamoB, ONHCAHHBIA B CrHoco0ax COTJIAaCHO
HACTOSIIEMY OTIMCAHUIO N300pETEeHUs, SIBIIAETCS HanOOoJiee MPEeNOYTHTEIbHBIM, TAK KaK OH ObLI

ONTUMH3HUPOBAH NIYyTEM I/ICHbITaHHfI, MPOBEACHHBIX I/1306peTaTeJ'I$IMI/I, 4TOOBI rapaHTupoOBaThb, YTO
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npouecc obecrneunBaeT 3((EKTUBHBIA BBIXOI MPOAYKTA M 3KOHOMHUYECKH OOOCHOBAHHBIM
croco0 ero U3BJICUYCHUSI.

Cripbé

ChIppé, uCTONB3yeMOE B 3TOM MPOIECCE, SBISIETCS THUTAHCOIEPIKAIUM MHHEPAJIOM.
Onnako ans obnerdeHusi OMUCAHMS TPOLIECCA, MPEIACTABIEHHOE B KAUeCTBE NPUMeEpPa ChIPbE
SIBJIIETCS TIJIABMJIBHBIM IIJIAKOM, KOTOPBIH oOpasyercs B mpollecce MPOM3BOJACTBA UYI'YHA.
[TnaBunbHBINA HIAK OOBIMHO SIBJIAETCS] TOOOYHBIM MPOIYKTOM IpoIlecca MPOU3BOICTBA YyTyHA
WIN CTaIM, KOTOPbIi oOpa3yercs Ha craanu rutaBieHus. OObIMHO OH HUCTOJB3YETCS B Ka4eCTBE
3aIOJHUTENS AJISt TOPOKHOTO CTPOUTENBCTBA M ISl OTACIKH TOBEPXHOCTEHA.

B KOHKpETHBIX BapHaHTax peajn3aliy U300pETEHHs] MaTePHAJOM SIBJIIETCS] UyTYHHBIH
1Iak. B KOHKPETHBIX BapHaHTaX peau3alui H300PEeTEHHsI MAaTEPHAJIOM SIBJISIETCS] TUIABUJIBHBIH
miak, oOpa3yrolIMiics B MpOLEcce MPOU3BOACTBA YYryHa. B KOHKPETHBIX BapHaHTax
peanu3zanuu  U300pETEHUsST MAaTEPHAJiOM SIBJIIETCSl TUIABHMJIbHBIM IIJIaK, OOpasyrouuiics B
nporecce MPOU3BOJACTBA CTaiH. IIMaBHIBHBIN IUTAK B OCHOBHOM COCTOMT H3 TEPOBCKHUTA IO
macce (CaTiOs) B ¢dopme cmecHu OKCHIOB MeTauioB. [IpuMep COCTaBISIOIUX MJIABUIBHOTO
[laKka npezacTasieH Hiwke B Tabmune 1, KoTopas AeTanu3HpPyeT KOMIIOHEHTHI IUIABHIJIBHOTO
1iaka, nmosydeHHoro B Hosoii 3enannuu B rporecce Ipon3BOACTBA CTaNH.

Tabmuua 1. IlnaBunpHBIA muTak, nodydeHHbIH B HoBol 3emanamm B mpouecce

MNPOU3BOACTBA CTAIN

KomnoHeHT Macca, %
TiO, 32,1
ALO3 17,8
MgO 13,3
CaO 15,9
Si0; 15,2
Fe O3 2.34
V105 0,2

Jlnist Toro 4ToOB!I MOATOTOBUTH CBHIPBE JJIsI UCIIOJIB30BAHMSA B MPOLIECCE, MAaTEPHAIl ChIPbS
NPEATIOYUTUTECIIBHO pa3MalibIBaACTCA B I[PICHGpCHbeI MaTepHrall .]'II-O6]:;IM CHOCO6OM, HU3BECCTHBIM
CHeLHAINCTaM B JaHHOH oOnact TexHUKU. CKOpocTh 1 3 (PEeKTUBHOCTD M3BJICUEHUSI MUHEpPaa
N3 MCPOBCKUTA 3aBUCUT OT CTCNCHU €0 U3MEJIbYCHUSA. B KOHKPETHBIX BapHUaHTax pe€ain3allui
u300peTeHns Martepuan pasMaibiBaeTcs A0 dYacThi  pasmepom Menee 180 wmkm. B
NPEANOYTUTENBHBIX BAPHAHTAX PeATU3aLii M300pETEHHsI MaTeprall pa3MalibIBaeTCsl 0 OKOJIO
45 MKM.

B cBsi31 ¢ 3THM B KOHKPETHBIX BApHAHTAX PeaTU3aLH U300peTeHus 1000 U3 crocoOoB

HU3BJICUCHUA MMPpOAYKTaA, OIMMCAaHHBIX B HaCTOALEM AOKYMEHTE, MOXKET BKJIFOYATb
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JOTIOJIHUTENbHBIA 3Tall TIOMOJIa CBIPHEBOTO MaTepuasia, COAEpIKallero OOUH WM OoJee
KOMIIOHEHTOB, MNpPUBEACHHbIX B Tabmuue 1, mia mojydeHus OHCIEepcHOro Marepuana. B
KOHKPETHBIX BApUAHTAX peai3aliy H300peTeHUs TUCTIEPCHBII MaTeprall UMEET pa3Mep 4acTHI
meHee 180 MkM, koTopbIii obecneunBaeT >¢dexTuBHOE CyibparupoBanue okcuaos. OmHako,
UCTIOJIB3YST CIOCOOBI, OMHMCAHHBIE B HACTOSIIEM JOKYMEHTE, M300peTarenn OOHAPYIKHIIH, HUTO
MEHBIIUI pa3Mep YacCTHI] BBIFOJIEH TOJIKO IO ONpeAeNéHHOH creneHn. Ecmm pasmep dacTun
CIIMIIKOM MaJ, Harpumep, okojio Menee 10 MkM, 3¢ (eKTUBHOCTD dTana (GUIBTPALUN C IENTBIO
yIaJeHUusl KUCIOThI CHIkaercsi. CuuTaercs, 4Tto 3TO CHIKEHHE 3((EKTUBHOCTH BBI3BIBAETCS
TeM, 4TO 3abmBaercst GpuiabTp. B CBA3M € 3TUM B NMPEONOYTHTEIBHBIX BAPHUAHTAX PEATH3ALIH
n300peTeHNs YacTUILlbl MaTepuana uMeroT pasmep ot 10 no 180 mxwm, mmu ot 40 no 110 mxm. B
KOHKPETHBIX BapUAHTAX peai3aliy H300peTeHus! TUCTIEPCHBIN MaTepHal UMEET pa3Mep YacTHI
okoJio 30 MM, 45 mxm, 60 mkm, 70 MM, 80 MM, 90 MM wiau 100 MkM.

OnbITHBIN CHENHUATHCT IO JOCTOUHCTBY OLIEHUT CIIOCOOBI [UIsl JOCTIKEHHS] YMEHbBIICHHS
pa3mepa vacTuil. B omHOM M3 BapuaHTOB peajn3alnyd M300pPETEHUs MMOMOJ OCYIIECTBIISIETCS B
IapoBoii MenbHUIE. Pazmep yacTuil MOXKET OBITh M3MEPEH B COOTBETCTBUU CO CIIOCOOaMH,
U3BECTHBIMHU CIIELUAINCTAM B JAHHOH OOJACTH TEXHWUKH, HApUMep C HCIHOJb30BAaHHEM
Ja3epHOU AudpaKium.

Hzobperareny 0OHAPYKHUIH, YTO OTHOCUTEIBHO BBICOKOE COZIEp KaHNe TUOKCHIA TUTaHA
U JPYyruX MaTepuajoB B I[UIABHJIBHOM MUIAKE [ENAT €ro MOIXOAALIUM ChIpbeM JUIs
UCTIOJB30BaHUSI B crnoco0ax  WM3BJICUEHMs, OIMCAHHBIX B  HACTOSIIIEM JIOKYMEHTE.
CoOTBETCTBEHHO B KOHKPETHBIX BAPHAHTAX peaji3aliy H300peTeHne npeaycMaTpuBaeT crnocod
U3BJICUEHUs] 10 MEHBbIIEH Mepe OJHOTO MPOAYKTa W3 AUCIEPCHOTO MaTephana, COIep Kalero
oonee 8 % macc., bosee 10 % macc., 6osee 15 % macc. 6onee 20 % macc. niu dosee 25 % macc.
auokcuaa TutaHa. Kak mpaBuiio, yeM BbIlIe CONEpKaHUE TUOKCHIA THTAHA, TEM OoJiee LIEHHbIM
SIBJIIETCS] TUCTIEPCHBIA MaTepuas U 0oJjiee S5KOHOMHYECKH LeNIeCOOOPa3HbIM SIBIISIETCS MPOLIECC
U3BJICUEHUs.. B CBA3M C 3TUM MPEANOYTHTENBLHO, YTO IUCHEPCHBIH MaTephall COIEPKUT Kak
MUHUMYM 15 % Macc. 1uokcuaa TUTaHa.

OnHUM M3 KITFOYEBBIX MPEUMYINECTB CIIOCOOOB peaNn3alnui H300peTeHNs, ONMCAHHBIX B
JAHHOM JTIOKYMEHTE, SIBJISIETCS] CIIOCOOHOCTD U3BJIEKATh 00JIee OAHOTO MPAKTHYECKH OYHIIIEHHOTO
NPOAYKTA, MOJYYEHHOTO U3 TUCIIEPCHOrO MaTepuana. IIpu 3TOM KOJIMYECTBO OTXOOB MpOLecca
CHIDKAETCS, & MPOAYKIHS MOYKET UCIOJIb30BATHCS MIIM MPOIABATHCS OTHENBHO. JTO MOBBILIAET
SKOHOMHUYECKYIO 3(()EeKTUBHOCTh TMpOLECCa W COKPAIAeT HCIOJb30BAHUE 3E€MENb  JUIS
CKJIagupoBaHust 0TX0A0B. COOTBETCTBEHHO M300pETEHUE MPENyCMaTPHBAET CIIOCOO M3BICUEHHS
IMOKCHA TUTaHAa M MO MEHbIIEH Mepe OIHOro APYroro MPOAYKTa BBIOPAHHOTO W3 TPYIIIBI,

COCTOSIIIEN U3 OKCHIIAa KPEMHHUS, Cyb(ara KaJbLysl, CyIb(ara afOMUHUSA U CyIb(aTra Maraus.
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Hzobperarenn 0OHAPY KWK, YTO TIOPSAOK 3TAIOB B CHOCO0E, OMMCAHHOM B HACTOSIIIEM
JIOKYMEHTE, SIBISIETCS BaXXHBIM (DAaKTOPOM B ONTHMHM3AaLMK BBIXOAA HauOojee LEeHHBIX
marepuanoB. B Hauane wucneitanmii (cM. mpumep 3, obpasuel 7, 8, 9 u 10) mzobperarenu
nonpoOOBaiy BBIMOJHUTE 3Tall OCAKACHUS Cynb(dara aqfOMHUHHS TMEPed STaroM MOJy4eHUs
IVOKCHAA THTAHA U €ro W3BJeueHHus (Hampumep, TMAPOJN30M). Beixon amokcupa ThTaHa B
ciy4ae, Korja THapoiu3 ObLT MMPOBEIEH MOCIe OCAKACHUS CysbdaTa amFOMUHHS, ObLT HUXKE, YeM
KOTJIa THAPOJIN3 ObUT MPOBENEH A0 OCAKACHUS, YTO BEPOSTHO CTAJIO PE3YJIBTATOM COBMECTHOTO
OCaXK/ICHUS IByX KOMIIOHEHTOB. B CBsI31 C 3TUM NpennouTHUTENbHO MPOBOANTD THAPOJIN3 TUTAHA
nepen OCakIeHHeM cyibdara amOMUHHSI. JTO OCOOEHHO OTHOCHUTCS K CIy4ar, KOraa
COOTHOIIEHHE IMOKCHAA TUTAaHA W OKCHIA AJTIOMHHUS SIBJIIETCSI CPABHUTEIBHO HM3KUM (CM.
npumep 1 B Tabn. 3). Kpome toro, stan ocaxneHus: cynbdaTa MarHusl BBIMOJHAETCS TOCHE
OocaXIeHusl cynb(dara aMOMHUHUS W AWOKcuaa TutaHa. Ecnm ocakaeHue cynbdara MarHus
BBITIOJTHSIETCST IO W3BJeueHus: Jjubo cynbdara amoMuHus, JuOO AHOKCHIA THTaHA, TO
COBMECTHOE OCKICHHE 3TUX KOMIIOHEHTOB C CyJb(paTOM MarHusi MOXKET CHIKAThb
SKOHOMUYECKYIO 3 (HEeKTUBHOCTH CrIOCc00a U YUCTOTY MOJYYEHHOTO TPOIYKTA.

B KkOHKpeTHBIX BapHaHTaX peau3aluu H300peTeHrue MpenycMaTpuBaeT Crocod
U3BJICUEHUS TUOKCHAA THTAHA U IO MEHBIIEH Mepe OJHOTO JPYroro MpOAyKTa U3 AMCIEPCHOTO
MaTepuaja, conep;kamiero donee 8 % wmacc., 6osee 10 % macc., bonee 15 % macc., 6onee 20 %
macc. i Oonee 25 % macc. nuokcuna TutaHa u Oonee 10 % macc. mmm Oonee 13 % wmacc.
okcuma amoMuHus. OCOOEHHO MNpPEenmoOuYTUTENBPHO HCIOJb30BATh CBHIPHE, COAEpIKallee o
MeHbIeil mepe Oonee 15 % macc. nquokcuna tutaHa u Oosiee 13 % Macc. OKCUAa aTOMUHHS.
Criocob mpeArnoYTUTENBHO BKIFOYAET STAl BHIMOJHEHUS THAPOJIH3a TUTaHA Mepel OCAKISHHEM
cynb(dara amOMHMHUS B CIydae, KOTAAa COOTHOLIEHHWE AMOKCHAA TUTaHA W OKCHIA ATFOMUHHS
(Ti02:ALOs) cocrasnser ot 0,2 nmo 2,6, mpudyeM Haubojee MPEANOYTHTENbHBIM SIBJISETCS
cootHomenue ot 0,25 no 2,1.

CyabdaTupoBaHue Merajia

JlucniepcHbIl MaTepuan BBOAUTCS B COOTBETCTBYIOLIUM PEAKTOP, TAKOM Kak PEAKTOp
CHHTE3a, IZleé MaTephuasl COENUHSETCS C HYXXHBIM KOJHYECTBOM CEPHOM KHCIOTBI B BHUAE
CEpHOKHCIION cMecH. XOTsI B OOJIBIIMHCTBE CIIy4aeB CUMTAETCS, YTO HUCIOJIb30BaHHE OOJBIIOTO
CTEXUOMETPUYECKOTO M30bITKAa peareHToB B peaknuu He dddexTuBHO, uU300peTaTenu
OOHApPYKWIH, YTO CYLIECTBEHHBIH U30BITOK CEPHOM KHCIOTHI MPUBOIUT K CHH)KEHHUIO BSI3KOCTH
CEepHOKHCIIOW cMecHn. B dacTHOCTH, OBUIO  YCTaHOBJEHO, YTO  HCIOJb30BaHHUE
CTEXHOMETPUIECKOTO U30BITKA B IBA Pa3a MM MEHbLIE MPUBOANT K 0OPa30BAHUIO OYEHb BSI3KOM
CMeCH, KOTOPYIO TPYIOHO MepeKaunBaTh. B CBSI3M ¢ 5TUM B KOHKPETHBIX BapPUAHTAX PeaTU3aLIH

n300peTeHNs] ANCTIEPCHBIN MaTepHuaj KOHTAaKTHPYET ¢ OoJiee 4eM IBOMHBIM M MPEANIOYTHTEIBHO
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co crexuomerpuuecku 4-10 kpaTHbIM M30BITKOM KOJIMYECTBA CEPHOH KHUCIOTHL. B
NPEANOYTUTENBHBIX BAPUAHTAX Pean3alui U300peTeHNs IUCTIEPCHBIN MaTepHall MPUBOAUTCS B
KOHTAKT C KOJIMYECTBOM CEPHOH KHCIIOTBL, KOTOPOE OT 5 10 6 pa3 wiH NpuOIU3UTENBHO B 6 pas
0oJBIIE €r0 CTEXHOMETPUIECKOTO KOJMYECTBA.

KnroueBbIMU  peaklUsIMH, KOTOpbIE OTHOCATCS K OTHUM IIpolieccaM U KOTOpbIe
UCTIOJB3YIOTCST  M300peTaTeNsiMu  JUIsl  ONpPENENIeHUs  CTEXHOMETPHUYECKOTO  KOJHYECTBA
KOMIIOHEHTOB PEaKLMH, SBISAIOTCS CIEAYIOIINE PEaKLUu.

CaTiOs + 2H,S04 — CaSO4 + TiOSO4 + 2H,0

MgO + H>SO4 — MgSO4 + H,0

AlLOs 3H2S0s — AL(SO4); + 3H,0

B KOHKpEeTHBIX BapHaHTaX peaiu3alii H300PETEHUsI CEPHYIO KUCIIOTY BBOIST B PEAKTOP
cynb(darupoBaHusl B BUAE KOHIEHTPUPOBAHHOTO PACTBOPA, NMPH STOM AMCIIEPCHBIH MaTepua
KOHTAKTHPYeT C PacTBOPOM KHCIOTBI C OOpa3oBaHMEM BOJHOW CEPHOKHUCIIOH CMECH.
Hzobperarenn oOHApYKWIIM, YTO €CIM KOHLIEHTPALUS PAacTBOPAa KHUCJIOTHI SIBJISCTCS] CIHIIKOM
HU3KOH (T. €. xomuuecTBo Mosiekyad HoSO4 mo macce B pacTBOpe KHUCIOTHI SIBISIETCS CIIHMLIKOM
HU3KHUM), TO PEaKLusl MPOAOIDKAThCA HE OyaeT, Win OyleT mpoTeKaTh CO CKOPOCTBIO, KOTOpast
CJIMIIKOM MaJia, 4TOOBbI OBITh SKOHOMHYECKH OOOCHOBAHHOW. B CBSI3M € 3TUM B KOHKPETHBIX
BApPHAHTAX peau3alii N300PETeHNsT KOHLEHTPALHsI CEPHOM KHUCIIOTBI COCTABIISIET MO MEHbLIEH
mepe 50 % macc. Huskasi KOHLIEHTpanusi KACIOThI TAK)Ke BIIHMSIET Ha OOMIMK BBIXOJ AMOKCHIA
tutana. [loaToMy mpeanodTuTeNbHAS KOHLEHTPALUs KUCIOTHI cocTaBisier bonee 70%, a Oonee
npeanoururensHas — 90%. B mpyrux BapmaHTax peanu3zalud U300pETeHHs KOHLEHTpaLus
KHCJIOTBI COCTaBJisieT o MeHbluel mepe 60 % macc., 70 % macc., 80 % macc., 90 % macc. win
98 % macc.

B KOHKpeTHBIX BapHaHTaxX peayn3aluy U300PETeHHUs 10 MEPBOMY aCIIeKTy CEPHOKHUCIAsS
CMeChb HarpeBaeTcs Ui NOCTIKEHUS IMPAKTHYECKH IOJHOTO CyNb(aTHPOBAHHUS OKCHAOB (B
YaCTHOCTH, AUOKCU/IA TUTaHA WJIM THTaHATa KaJblus). B KOHKPETHBIX BapHaHTaX peaiu3aliiu
n300peTeHNs] CEPHOKHCIIAst CMECh ITOCIIE KOHTAKTa ¢ CEPHOM KMCIOTON HarpeBaeTcs 10 MEHbLIEH
Mepe no temnepatypsl 100°C. B mpeAamouTHTENbHBIX BapHAHTAX peau3alud U300peTeHus
CMECh HArpeBaeTCsl B peakTope Cyiab(paTUPOBAHUS MO MEHbIIeH Mepe a0 Temmnepatypsl 250°C.
Hzobperarenn 0OHAPYKHUIIH, YTO MCIIOJB30BaHUE TeMIepaTypsl cBriie 250°C, kak nmpaBuiio, He
JKENATeNIbHO BCIENCTBHE OTrpaHHYeHH OOOpPYNOBAHHS IO HCIOJB30BAHUIO OYEHb Topsiueit
kuciotsl. IIpennouturenbHoil sBisiercss Temmeparypa B uHTepBajie oT 130°C nmo 200°C, a
HanboJiee MpeanouTHTENbHOH — okoso 150-160°C.

B KOHKpETHBIX BapUaHTaxX pealn3alluy M300pETeHUs MPEeIBAPUTEIBHO HArpeThIi BO3IYX

WK niap BBOAUTCA B PEAKTOP MNPEANIOYTUTCIIBHO YEPE3 €ro JHO. BOSI[YX HJIN nap MOAHUMAECTCA
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4yepe3 CMeCh JJISl TOTO, YTOOBI HATPeTh €€ 10 TOYKH, B KOTOPOi MHUIMupyeTcs peakuus. Llensro
STOTO JTama HarpeBa sIBJSIETCSl YMEHBLIEHHE BPEMEHU peakLuu IpeBpallleHus OKCUIOB
METAJUIOB B CyNb(aThl U MCMAPEHNE BBIAEISIOLICHCS BOABI MO Mepe MPOXOXKACHUS PEaKiuu,
yTOOBl MOJAEPIKATh BBICOKOE CoAep:kaHue cBOOOAHOW kucioTel. Ilommep:kaHue BBICOKOTO
conepKaHus CBOOOAHON KUCIOTHI JKENATEeIbHO AJISI TOTO, YTOOBI OCAAUTh COJIM CEPHOM KHCIIOTHI
U TIOCJIE 3TOTO BBITIOJIHHUTD (PUIIBTPALIUIO.

B KOHKpeTHBIX BapHaHTaX peajH3aliHu U300pPETeHUs] CEPHOKUCIAs CMeCh HAarpeBaeTcs
70 OCYIIECTBJICHUS] MPAKTUYECKU MMOJHOTO CYJIb(PaTUPOBAHUS THTAHATA KAJIBLHS M JHOKCHAA
TuTaHa. Bo BpeMs HarpeBa yBENIUYHBAETCS BS3KOCTb CMECH Kak (PYHKIUS yMEHbBIIEHHS
COJlep>KaHUsl KUJIKOCTU MO Mepe TOro, Kak HUCHapsieTcsl BbLAENAIOLIAsACS BoAad. B KOHKpeTHBIX
BApMAHTAX pealn3aluyd H300pPETeHHs] CMeCh HAarpeBaeTcs B TEYEHWH NepHUOJa BPEMEHH,
KOTOPBII TO3BOJIIET OCYIIECTBUTH IPAKTHUECKH TIIOJHOE CyJIb(paTHPOBAaHHE OKCHIOB (B
YaCTHOCTH, TUTAHATa KajblMsl W IOUOKCHIA TUTaHA). B OZHOM W3 BApHAHTOB peasU3aLiH
n300peTeHns] MEepHoA HarpeBa BBIOMpaeTcss MexAy 15 MuHyTaMH W OAHMM dYacoM. B
KOHKPETHBIX BapUaHTaX pealn3aluy H300peTeHHs] MEepHOJ HarpeBa COCTABISIET IO MEHbLIEH
Mepe 30 MUHYT Uu OKOJIo 40 MUHYT.

B KOHKpeTHBIX BapHaHTax peajH3aliu H300peTeHHs IIOCiIe STara HarpeBa CMech
JOTIOJIHUTENIBHO O0E€3BOKMBAETCSA C HMCIOJIbB30BAHHEM MEMOpaHbl Uil TOTO, YTOOBI YBEIHYHUTH
conepKaHne CBOOOTHOM KUCIIOTHI B CMECH. B KOHKPETHBIX BapHaHTaX peaH3aluy H300peTeHus
conepKaHne CBOOOJHON KUCIIOTHOCTH B CMECH TI0Cie 00e3BOKHUBaHMsI npesbiaet 70%.

CrnenmanmucraM B TaHHOW 00JIACTH TEXHUKU OYyAET MOHSTHO, YTO HArpeB CMECH MOKET
OBITH OCTUTHYT JIIOOBIM COOTBETCTBYIOIIMM CHocoOoM. B OHOM M3 BapHaHTOB peasn3aliu
n300pereHust oauH Wi Oojiee KOMIIOHEHTOB CMECH MOTYT IPEIBAPHUTENbHO HArpeBaThCs U
TEIJIO MOXKET MepeNaBaTbCsi CMeCH BO BpeMs cMemnBaHus. CCblIKM Ha “HarpeB” CMecH B
JAaHHOM JOKYMEHTE NPEeIHA3HAYEHbI U1 TOrO, YTOOBI OXBATHThb HArPEeB OJHOTO MWK Oojee
KOMIIOHEHTOB 3TOH CMECH Nepesl CMeLINBaHUEM.

BbimenauuBanue

3areM CepHOKHCIasi CMECh ITO/IBEPTAETCSI ATAIy NMEPBOH (PUIBTPALNH (TaKKE U3BECTHOMY
KaK BBIIIEJIaYMBAHUE) Ui TOTO, YTOOBI YAAUTh CEPHYIO KUCIOTy. TakuMm oOpa3om, crocod
U3BJICUEHUS TPOAYKIIMH U3 JUCIIEPCHOTO MaTephalia BKIIFOYAET STan (PHIbTPALUN CEPHOKUCIION
CMECH B COOTBETCTBYIOLIEM OJiOKe (PMIbTPALUU AJIsl MOJNYyYeHHUsT OTQHIBTPOBAHHOTO OCaIKa U
¢dunbTpara, cogepKamero cepHyro kucioty. M3obperarenn BO BpeMsl HCIIBITAHUN OOHAPYIKUIIH,
yro OoJiee BBICOKOE COEpIKaHUE KUCIOTHI B OT(PHIBTPOBAHHOM OCaIKe MMEJO MHruOMpyrolee
BIMSIHME HAa TOCJEAYIOIIHME 3Tambl MpOLecca, BKIOYAs THAPOJIM3 M OCAKICHHE CyJb(aTroB

MeTaJUIOB. B ¢Bsi3u ¢ 3TUM ObLI BBECACH 3Tall U3BJICUHCHHA KHUCJIOTHI C UCITIOJIB30BAHHUEM HepBOfI
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¢bunbTpauny. ITO CHU3MIIO KOHLIEHTPALMIO KHCIOThI U O0ECIIeYHIO HEOKHIAHHOE YBEINYCHNE
3¢ PEKTUBHOCTH TOCIEAYIOMNX 3TAMOB IMPOLIECCa, BKIIOYAs THAPOJHM3 U OCAKACHUE, T. €.
MOBBICUJIO BBIXOJ MPOJYKTA.

CrnenmanmucraM B JaHHOW OOJNACTH TEXHUKU OyAET MOHATHO, YTO ISl 3TOM LU MOXKET
OBITh UCIOJB30BaH JIEOOOH COOTBETCTBYIOLINK ONOK ¢unbTpaunu (QUIBTP), © UM HU3BECTHBI
TUTIOBBIE ONIOKM (uibTpauui. B KOHKpETHBIX BapHaHTaX peann3aluu H300peTeHus: OJoK
¢buapTpanuy BKIItOUaeT B cedst punmbTp-npecc. B oqHOM U3 BapuaHTOB peanu3ainu u300peTeHus
Omox ¢unbTpaunu cHaOXeH TpagueHTOM Tepernanga JAaBlIeHus 10 BceMy (uibTpy.
[IpennouturensHO, YTOOBI TMepenaja AaBJIEHHs] COCTABISI MO MeHbliedr mepe 1 Oap. B
KOHKPETHBIX BapHaHTaxX pealn3alid H300peTeHHss CMeCh LUPKYJIHpPYeT depe3 OJOK
¢unbTpauny, KOTOPBIH MO3BOJIIET TMPOWTH KHUCJIOTaM, B TO BpeMs Kak TBEPHABIHA
OT(pUIBTPOBAHHBIA OCAAOK COOMPAETCS HA TMOBEPXHOCTH (PUiIbTpa. B KOHKPETHBIX BapHaHTaX
peanuzannu U300peTeHHs Tepenaa AaBJieHus Mo Bcemy (UIbTpy cocraeisier oT 2 g0 10 Oap.
[IpennouTurensHo, 4YTOOBI MeEpenaja IaBJICHUS COCTaBsUT Okojo 6 Oap. Mcnonb3oBaHue
OT(pUIBTPOBAHHOTO OCaKa OCOOEHHO BBITOJHO AJISI JOCTHIKEHUS MAKCHUMAJBHOTO U3BJICUEHHS
KUCJIOTBI M3 CEepHOKHCIONH cMecn. Ha nmaHHOM sTame OT()HIBTPOBAHHBIN OCAAOK COCTOUT M3
cynb(dara TUTAaHUIIA ¥ TIO MEHbIIEH Mepe M3 OJHOrO APYroro MpOayKTa U3 Cyib(ara Maramus,
cynb(dara amoMUHUS, Cyabdara KaJblHs UIH OKCHIA KPEMHHUS.

KenatenbHO Kak MOXKHO CHJIbHEE YMEHBLIUTb COJEp)KaHUE KHUCIOThl B OCaJKe Ha
¢unbTpe. IlpennoururenbHo, YTOOBI COAepKaHWE BJard B OTQUIBTPOBAHHOM OCaIKe
CHWXANOCh 10 MeHee ueM 30%, Oonee mpeamouTtutensHo a0 Menee 20% wumu ot 15 mo 20%.
OcraBmasicst )KMOKOCTb B OT(UIBTPOBAHHOM OCaIKe B OCHOBHOM IIPEICTABISET KUCIOTY. B
KOHKPETHBIX BapHaHTaX peaJn3alid H300peTeHHss 3TOT TMepBbId dSTan  (UIBTPaLHuU
JOTIOJIHUTENIBHO BKJIFOYAET KOHTAKT OT(UIBTPOBAHHOTO OCA/IKA CO CXKAThIM BO3AyXOoM. CiKaThlIii
BO3YX BBICTYIAET B KAYECTBE CPENCTBA MEPEMELINBAHUS JJIs1 U3BJICUEHHS] KUCIOThI U3 (PUIIbTpa
U OT(QHUIBTPOBAHHOIO OCAAKa W JOTIOJHHUTENBHO BBICYLIMBAECT OT(WIBTPOBAHHBIN OCAIOK.
Temmepatypa cXaToro BO3AyXa MPENNOUYTUTENBHO JOJKHA ObiTh Hibke 85°C  mns
NPEAOTBPAIEHHS NPEKIEBPEMEHHOIO THAPOJH3a Cyiabdara THTAHWIA. B KOHKpPETHBIX
BapHAHTAaX peajn3alnyd M300peTeHHs TeMIlepaTypa CKaroro Bo3ayxa cocrasisier ot 10°C mo
85°C. HecMmoTps Ha OKMIAHHE, YTO CXKATBIA BO3AYX MOKET MOMOYb CYIIKE OCaaKa Ha (PUIbTpe
npu 000 Temmeparype, n3oOperaTenu 0OHAPYKUIH, YTO HUCIOJIb30BAHUE HATPETOTO TOTOKA
C)KaTOTO BO3JyXa IMOMOTaeT B MOIAEPIKAHUU TEMIIepaTypbl OT(PMIBTPOBAHHOIO OCajgka M
MOJTy4ArOIIEeHCs 1ajiee CEPHOKHCIION CYCIeH3WU. B CBSI3U ¢ 3TUM KeNaTelbHO, YTOOBI CXKATHIN
BO3ayx uMmen temneparypy ot 30°C mo 85°C, wnm npubnusurensHo S0°C, 60°C, 70°C u 80°C.

Ecnu Ttemmeparypa c:kaToro BO3ayxa CIUIIKOM Hu3Kas (T.e. Hmwke 35°C), BSA3KOCTH
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CEpHOKHCIION CYCTIEH3MH MOBBILIAETCS, YTO MOXKET NaryOHO OTPAa3UThCS HA MOTOKE JKUIKOCTH.

CepHast kucCyoTa, U3BJIECUEHHAS W3 CMECH, NMPEANOUYTUTENFHO MOCTYNAaeT Ha YCTAHOBKY
pereHepanyu KUCJIOTHL. B kauecTBe BapuaHTa coOpaHHast CepHasi KUCJIOTAa 3aTEM MOKET OBITh
MOBTOPHO HCIIOJIB30BaHA HA dTame Cyab(paTHPOBAHMS MeETallIa, KOTOPbIH OBLI OMUCAH paHee.
IIpn sTOoM BTOpHYHas mnepepaboTKa CEPHOW KHCIOTHI MPEAOCTABISET SKOHOMUYECKOE U
SKOJIOTHYECKOE MPEeNMYIIecTBO. B KOHKpPETHBIX BapHaHTaX peau3aluu H300peTeHUus! cepHast
KHCJIOTa OOpabaTbIBaeTcss MyTEM IMOBTOPHOW mepepaboOTKU Ui HCIONBb30BAHUS HAa JTare
Cylb(haTUPOBAHUS METAJLIA.

Teneps oOTHUIBTPOBAHHBIA OCANOK, OCTABIIMICS HA (UIBTPE, UMEET MHUHUMAJIbHOE
conepkaHue KUCIOThl. Boma mmpkynmpyer depe3 OoTMIBTPOBAHHBI OCATOK U TOTO, YTOOBI
pPacTBOPUTb PACTBOPHMBIE COJIM, KOTOpbIE conepKarci B OT(QUIBTPOBAHHOM OCAJKe.
[IpennoyTuTensHO, YTO OTPHIBTPOBAHHBIN OCAIOK MPOMBIBAETCS Ha (PUIIBTpPE, & BOJA MPOXOIUT
yepe3 ¢puibTp. B kauecTBe BapmaHTa OTPHIBTPOBAHHBIA OCAIOK MPOMBIBAETCS HA (UIBTPE, a
BOJIa HE POXOIUT uepe3 GpribTp. B kauecTBe BapranTa OTGUIBTPOBAHHBIA OCATOK YIAIAETCS C
buapTpa U MOETCS B OTHENIbHOU éMkocTH. IIpombiBKa Ha MecTe (T.e. Ha (UIBTPE) CHIKAET
noTpeOHOCTh B JIOTIOJIHUTENBHOW €MKOCTH. IIpenamodTurensHO, €Ciu BO BpeMs IMPOMBIBKH
OT(UIBTPOBAHHBIA OCANOK MEPEMEIINBACTCS € IMOMOIIBIO BHOpPALMM WJIM MEXaHUYECKOTO
nepemMemnBanus. [IpennodTuTenbHo, ecy TeMneparypa OTQHIBTPOBAHHOTO OCaaKa BO BpeMs
npoMbiBku MeHblne, yem 80°C. M3o0peraTenn OOHAPYKWJIH, YTO €CJIM HUCIOJNB3YVIOTCS OoJiee
BBICOKHE TEMITEPATYPBI, TO MPOUCXOANT YACTUYHBIA UJIH MOJIHBIA THAPOJIN3 CyJIb(ara THTAHUIA,
TakuM 00pa3oM coKpaiasi BbIXOJ AMOKCHAA TUTaHa. Boma moxer ObITh mosydeHa u3 Jr000TO
NOJXOAALIET0 MCTOYHHKA. JTOT 3Tall TMO3BOJSIET MOJYYUTh PACTBOpP, COAEpKaIIMi cyibpar
TUTAHWJIA U 110 MEHbIIEH Mepe OIUH MPOAYKT U3 Cyibdara MarHus u cyibdarta amomuHus. B
KOHKPETHBIX BAapUaHTaX pealn3alui H300peTeHUs] HepacTBOPHMBIA OCTAaTOK, COAEPKALIHI
cynb(dar KaabIHs U OKCUI KPEMHUS, OCTaeTCsl Ha (puibTpe.

PactBop, comepkammii cynbdaT THTAHWIA U MO KpalHEH Mepe OOUH MpPOAYKT H3
cynbara MarHus u cynbdara aJIOMHHHS JOMOJHHUTEIBHO MOCTYMAeT HA MEeMOpaHy, KOTopas
00e3B0OKMBAET PACTBOP ISl MOJYYECHUSI KOHLEHTPHUPOBAHHOTO PACTBOPA CyJIb(paTOB METAJIIOB.
[TonyueHne KOHLIEHTPUPOBAHHOIO PAacTBOpPA C IMOMOIIBID MEMOpPaHbl H3BECTHO Kak CIIOCOO
MeMOPaHHOTO KOHLIEHTPHUPOBAHUS, BKJIIOUasi OOpaTHBINA OCMOC.

Crioco® w3BNedeHUs MNPOAYKLUUH IOTOJHUTENBHO BKIKOYAeT dTan (puibTpanuu
CEpHOKHCIION CYCIIEH3MH UIsl TIOJYYEHUs] KOHLIEHTPaTa B COCTaBe HEPACTBOPHMOIO OCTaTKa U
¢dunbTpara, comepikamero mo MeHsled mMepe cynbdar TUTaHWIAa. B KOHKPETHBIX BapHaHTax
peanu3anuu U300pETeHNsT HEPACTBOPUMBIN OCTATOK KOHLEHTPATa COIAEPKHUT OKCHI KPEMHHS U

cynbdar kampius. B KOHKpPETHBIX BapHaHTax peajn3alnud H300peTeHUus: (PUIbTPAT CONEPIKHUT
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cynbdar TuTaHumIa, CynbdaT aTOMUHUS U CYIb(aT Maraus.

OraelieHne OKCHAA KPEMHHS U CYJIb(ATA KAJbLHSA

Hzobperarenn OOHAPYKWIIM, YTO MPOIAYKT MEPOBCKHT, MOJYYEHHBIH M3 TUIABUIBHOTO
IIJlaKa, YacTO HMMEET TMOBBIIIEHHOE COAEpKaHHWE OKCHIOA KPEMHHUS M OKCHUIA KalbIus. OTH
KOMIIOHEHTBI SIBIITIOTCS OTHOCHTENIbHO MAJIOIIEHHBIMU M 4acTO pPacCMaTPHUBAKOTCS —Kak
npoOIeMHbIE OTXOJIbI, KOTOPbIE 3arPS3HSIIOT MHHEPAJIbHBIE MOPOJBI, COAEPIKAIHe MaTepHaIbI
BBICOKOM IIEHHOCTH, Takhe Kak muokcun tutaHa. OmHAKO B pe3ysbTaTe MTHPOKOMACIITAOHBIX
UCTIbITAHUN H300peTaTend OOHAPYKUJIM, YTO OTH KOMIIOHEHTHI MOTYT OBbITh W3BJIEYEHBI B
ouuIeHHOU (OpMe B BHJIE OKCHIA KpeMHUS U cyibdara kanblys. O0a mpoayKTa UCTIOIb3YOTCS
B TPOMBIIIJIEHHOCTH, HATIPUMEP B MPOU3BOJCTBE IIMH W TUIICOBBIX CTPOUTENBbHBIX MATEPHAIIOB,
COOTBETCTBEHHO. M300peraTenu oOHApy»HM, 4TO Cyib(aTUPOBAHHE OKCHAA KAaJbIHS U €ro
ylnajeHue B BHAE HEPACTBOPUMOrO OCaaka 10 THApOJu3a Cyibdara TUTaHa oOecrevYnBaeT
0coOeHHO 3 PeKTUBHBIN U peHTadebHBIN CIOCOO M3BJICUEHUS STUX KOMIOHEHTOB. Kpome Toro,
KOTJIa JUCTIEPCHBIN MaTepHall Tak»Ke COAEPIKUT OINMpeNeiEéHHOE KOJMYECTBO MO MEHbIIeH Mepe
OJTHOTO MPOJYKTA U3 OKCHUIA aIFOMUHUS U OKCHIIAa MAarHus, yaajleHHe HEPacTBOPUMOTO OCTATKa,
CONIEpPIKAIEr0 OKCHI KPeMHUsS M Cyab(aT Kalblus, TMO3BOJSET H3BIEYEHHE MPAKTUYECKU
YHCTOTO JAMOKCHA THUTAaHA, U MO MEHbIIEeH Mepe OIHOTO MPOAYKTa M3 Cyib(ara ajtOMHHUS U
cynb(dara MarHus Ha TMOCJEOYIONIMX dTarax peanu3aluu crnocoda. B 1iesom 3TH dTambl U HX
MOPSZIOK CITOCOOCTBYIOT OOECIEYSHHUIO MAaTeHTOCIOCOOHOTO, peHTAabeIbHOTO W MPOMBIIIJICHHO
3¢ dEKTUBHOTO CrOCco0a U3BJIEUEHHsI YKa3aHHOMN MPOAYKIIMH ¢ MUHUMAJIbHBIMU OTXOMaMU.

B KkOHKpeTHBIX BapHaHTaX peau3aluu H300peTeHrue MpenycMaTpuBaeT Crocod
W3BJICUEHHS] TUOKCHIA THTAHA U MO MEHbINEH MEpe OHOTO IPYroro MpoAyKTa U3 AUCIIEPCHOTO
MaTepuaja, couepkamero donee 8 % macc., 6onee 10 % macc., bonee 15 % macc. Gonee 20 %
Macc. unu oosee 25 % macc. muokcuma tutaHa, u 6osnee 10 % macc., donee 15 % macc. wnu
bonee 20 % wm™acc. okcuaa KpeMHHsA. B Apyrux BapuaHTax peanuzauud H300peTeHHe
npeaycMaTpuBaeT Crocod W3BIEUEHHUs THOKCHIA TUTAHA U 10 MEHbIIEH Mepe OHOrO APYroro
NPOAYKTa M3 JAUCIEPCHOro Marepuaia, conepkamero 6onee 8 % wmacc., 6onee 10 % macc,,
bonee 15 % macc. 6omaee 20 % macc. unu Gonee 25 % macc. TMOKCUAA THTaHa, U Oosee 15 %
Mmacc., 6omaee 20 % macc., bosee 25 % mMacc. OKCHIa KaJbLIMSI.

B HeKOTOpBHIX BapuaHTaXx peanu3aldd H300peTeHHe MNpenyCMaTpUBaeT Crocod
W3BJICUEHHS] TUOKCHIA THTAHA U MO MEHbINEH MEpe OJHOTO IPYroro MpoAyKTa U3 AUCIIEPCHOTO
MaTepuaja, couepkamero donee 8 % macc., 6onee 10 % macc., bonee 15 % macc. Gonee 20 %
Macc. unu oonaee 25 % macc. nuokcuaa tutana, 6onee 10% macc., bosee 15 % macc. uiau 6osee
20 % wmacc. okcuna kpemHusi u Oonee 15 % macc. Gomnee 20 % macc. wim Gonee 25 % macc.

nuokcuma tutana, u Oonee 15 % macc., donee 20 % wmacc. uiau Oonee 25 % macc. okcunaa
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KaJIbLIUA.

Tam, roe cmoco0 BKIIIOYAET 3TAl U3BJIEUEHUS Cysb(aTa KalbLus /KN OKCHIA KPEMHHUS,
HEPaCTBOPUMBII OCTATOK MOXET ObITh 00paOOTaH Ui TOJYYEHHUs] 3THX NPOIYKTOB. JTOT
OCTaTOK OOBIYHO COCTOMT U3 Cysib(aTa Kalbll¥si B PE3yJIbTaTe PACIIEIIEHUs] TUTAHATA KaJbIUs
n Cyan)aTI/IpOBaHI/Iﬂ OKCHUAa KaJibliisd U OKCUAAa KPEMHUS. OHpeI[eJ'IéHHbIe KOoJIM4yecTBa OKCUI0B
HEC BCTYINUBLICIO B PEAKLUIO MCETAJJId, KaK MPABHUIIO, TAaKXE MNPUCYTCTBYHOT B PE3YJIbLTATC
HWHKAIICYJIUPOBAHUSA TYTOIIJIABKUM MATEPUAJIOM.

B oxgHOM M3 BapuaHTOB peann3alii n300peTeHNsT HePaCTBOPUMBII OCTaTOK KOHLIEHTPATa
OT 3Tana GuIbTpauy CEPHOKKUCIION CYCIIEH3HH MOCTYNAaeT B éMKOCTh ()JIOTAIMU U 11O MEHbIIEH
MEpPE OAUH U3 MPOAYKTOB, Cy.]'[b(baT KaJblUA UJIW OKCUA KPEMHUS, OTACTACTCA B COOTBETCTBUU C
U3BECTHBIMH CTIOCOOAMHU.

B onHOM M3 acmekTOB H300peTEHHs MPEIOKEH CIOCO0 M3BIICUEHHUS] MPOAYKIIUU W3
ChIPpbs, COACPKALLCTO NEPOBCKUT, OKCUA KPEMHUA, OKCU AJIFOMHUHUA U OKCU MarHus, IIpyu 3TOM
yKa3aHHbBIH CIIOCOO BKIIIOYAET:

a) u3MeJIbYEHHE MaTepuaia, COAEpIKAIEro TMEPOBCKUT, OKCHI KPEMHHS, OKCHI
AIOMHUHUA U OKCUIA Mardusa AJid NMOJIY4Y€HUA JUCIIEPCHOrO MaTe€pHraia,

b) KOHTAKT YaCTHIl ¢ CEPHOU KUCJIOTOH ¢ oOpa3oBaHHEM CMECH, COoAep:Kaliel cynbdar
TUTAHWJIA, THIIC, OKCUA KPEMHUSI, CYJIb(aT amOMUHUS U CyIb(paT MarHus;

¢) unbTpoBaHME CMECH ISl YAAICHUS CEPHOU KHUCIIOTHI,

d) KOHTaKT CMeCH ¢ BOJIOW Uil PacTBOPEHUSI CMECH U pas3[esieHHe CMECHU C MOMOLIBIO
buIbTpalIuU AJIS OJYYEHHs PaCTBOPA, COAEPIKALIETO CYIb(paT THTAHUIA, CYJIb(AT ATFOMUHUS U
cynbdar Maraus, u 0cagaKa, COAEPsKaINero I'UIc U OKCHT KPEMHUS,

€) OXJIaXIeHHe pacTBOpa IO TEMIEPaTypbl, NPU KOTOPOH Cyjbdar amroMHHS
KPUCTAJUTU3YETCSI, U M3BJICUCHHE TIOTyYeHHOTO KPUCTAJUTHUECKOTO CyJib(aTa aFOMHHUS,

f) ocasknenue pacTBopa IS MOJYyYeHUs] TUOKCHIA TUTAHA,

g) OXJIaKJICHHE OCTABIIErOCs PACTBOPA 10 TEMIIEPATyPhI, IPU KOTOPOH Cysb(aT MarHus
HAYUHACT KPUCTAJIIU3UPOBATHCA U U3BJICUCHUEC KPUCTAJIIIMYICCKOTO cynb(baTa MarHus; 1

h) O6)KI/IF AUOKCHUAA TUTAaHA JJIA YAAJCHUA OCTATOYHOM KHUCJIOTHI U BOJBI JIA TMMOJIYUCHUSA
MPAKTUYICCKU YUCTOIO JMOKCHUAA TUTAHA.

Hs-3a padHULbI B TIUIOTHOCTU MECKAY Cy.]'[b(baTOM KaJbllUd U OKCHUIOM KPEMHUA U
ruAPOGUIIBHON MPHUPOIBI OKCHAA KPEMHHS, CYIb(aT KaJblHsg MOXKET ObITh OTHAENEH OT OKCHAA
KPEMHHA U U3BJICHYCH C IOMOLIBIO ITponecca q)HOTaL[I/II/I. B KOHKPETHBIX BapHUaHTaxX peaau3alnu
u3o0pereHus: Ccynbdar KaiblUsl HW3BJEKAETCS M3 OCTaTKa C IOMOIIBI MPOLIECCa MEHHOH
¢daotauuu. B KOHKPETHBIX BapUaHTaX peau3aliil U300PETeHHs] OCTATOK M3MENIbYaeTcst U/Win

OUHMINaeTcss 1O Ipolecca NeHHOW ¢uoranuu. B KOHKpETHBIX BapHaHTaxX pealH3aluu
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n300peTeHNs] OCTATOK MOABEPralOT 3TAINy MpenBapUTeIbHON (uotanun 10 npouecca (IoOTaLHH
IUI. TOTO, YTOOBI W3BJIeUb HE BCTYNHBINHME B PEAKLUIO OKCHUABI METAUIOB. B KOHKpPETHBIX
BApMAHTAX pean3aliy W300pETeHUs] OCTATOK TMOIBEPraroT J3Tamy NOCT-QIOTauuu IS
U3BJICUEHUs] HE BCTYNHMBIIUX B PEAKIHI0O OKCHIAOB MeETayla. JTam nocT-(QIoTaruu
NPEANOYTHTENBHO BKIIIOYaeT B ceOs mpouecc (uoTauMu C  HCMOJB30BAHHEM COJIeH
KCAaHTOT'€HOBOW KHUCIOTHI /MM THAPOKCAMOBOM KHCIIOTBI JJII OYMCTKH HE BCTYNHUBIIUX B
pPEaKUMI0 OKCHIOB MeTajula. JTan MOCT-(QJIOTAUU MOXKET TaKke OBITb HCIIOJNBb30BaH IS
U3BJICUEHUS CyJIb(paTOB, KOTOPbIE HE PACTBOPHIINCH B MPOLIECCE BBILIEIAYHBAHUS.

B anpTepHATHBHBIX BapHaHTaX peasu3alii H300peTeHHs CyNbpaT KaIbLUs MOXKET OBITh
U3BJIEYEH U3 HEPAacCTBOPUMOIO OCTaTKa C MCIOJb30BAHUEM METOJOB OCAXKJEHHUS H3BECTHBIX
CHEeLUAINCTaM B JAaHHOH 00JIaCTH TEXHUKH.

Konuentpanust puiabTpara, cogepxamero cyab@ar TuTaHuIa

Huskoe conepxanne CcBOOOAHOW KHCIOTHOCTH JKejaTteabHO st 3(dexTuBHOrO
NPOTeKaHWs peakuuu Truaposusa TuTaHa. CopepikaHue CBOOOAHON KHCIOTHOCTH TIOCHE
BbIIETAYNBAHUS (T.€. TEepPBbI (UIBTPAT), OCAKACHUS WM KPUCTAJUIM3ALUS COENUHEHHH
AIFOMUHUS, KaK MMPAaBHIIO, CIMIIKOM BBICOKO, YTOOBI MO3BOJIUTh MPSMOE MPHUMEHEHUE BOIHOTO
pactBopa. Tak kak Kuciota oOpa3yercss B pe3yJbTaTe peakluu THIPOJH3a, H300peTaTeiu
OOHApPYKWJIM, YTO >KEJIAaTeIbHO MHHHUMH3HUPOBATh MOTOK KHCIOTHI M3 OoJiee paHHero sTara
cynbdarupoBaHus. DTO MHUHUMH3HPYET OTPAHUYEHUs IO OOOPYAOBAHWIO W 3aTpaThl Ha
HCIOJIb30BAHUE KUCJIOT C BBICOKON KOHLIEHTpALUEH.

Hzobperarenun oOHapyxkmiu, 9T0 3((EKTHBHBIM CHOCOOOM MHMHHUMHU3ALUUA TMOTOKA
KHCJIOTBI TIPU PEAaKIHH THAPOJHU3a B TEPBYID OUEPEnb SIBISETCS YBEIMUYEHHE COIEpIKaHUS
cBOOOIHOW KHCJIOTHOCTH MyTeM YAAJISHHsS BOIBI M3 PACTBOPA, a 3aT€M OCAKACHUE CYIb(aToB
METAJUIOB M OTAEJEHHE MX OT KHCJIOThL. B KOHKPETHBIX BapHaHTaX pean3alud H300peTeHHS
conepKaHue CBOOOJHOW KHCIIOTHOCTH B (UIBTparTe, coaepikameM Cyib(par TUTaHWIA U
HeoO0s13aTeNIbHO TI0 MEHBLIEH Mepe OAUH MPOAYKT U3 Cyibdara MarHus U cyibdara aJrOMUHHSA,
M3HAYaJbHO TOBBIIIEHO TaKUM 00pa3oM, YTO Cyib(aTsl MeTajula BBIMAAA0T B OCATOK U Jierie
OTHENSAIOTCS OT KHCJOTBHL. B KOHKPETHBIX BapHaHTaxX peau3aliil H300pETeHUs COAepiKaHue
CcBOOOJTHOW KHCJIOTHOCTH TMOBBILIAETCS NPH HArPEBAHWU pPACTBOpPA 1O TEMIIEPATYpPbl, IPH
KOTOpOH Bojaa mcmapsercs. IIpeanodYTuTensHbIM SIBISIETCST HarpeB (DUIIbTpaTa, ConepIKaiero
cynbdar Turanmuia, 1o donee yem 100°C, Gonee nmpeanoutuTenbHbM — 10 6onee yem 130°C u
CaMbIM MPEANOYTHTEIbHBIM — 10 OoJiee ueM 160°C unu 1o Touku kunenus. [IockoIbKy pacTBOp
UMeeT BBICOKYIO KOHIIEHTPALIMIO KHCIOTBI, TEMIIEPATYpPa KUIIEHUSI COCTABJISET MPHOIU3UTEIBHO
160°C. B anpTepHATUBHBIX BapHaHTax peaIM3alUu H300peTeHus: coiep:kaHue CBOOOTHON

KHCJIOTHOCTH TOBBIIIAETCS MyTEM KOHTAaKTa PacTBOpPa ¢ MEMOpPaHOMH, criocoOHOH 00e3BOXKHIBATH
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pacTBOp, NPUUEM XKeNaTeIbHO YAAIUTh IPAKTHUYECKU BCIO BOJY.

Kak Ttonpko coxep:kaHue CBOOOJHOW KHCIOTHOCTH B PacTBOPE OKa3bIBAETCS
MIOBBIIIEHHBIM, PAaCTBOP (PUIBTPYETCS Al TOTO, YTOOB! YIAIUTh MPAKTHYECKH BCE KHUCIOTHI U
MOJIYYUTh Ha TOBEPXHOCTH (uibTpa OTPMIbTpoBaHHBIN ocanok. Ilocne ¢unprpanmy Boxa
LUPKyIupyer depe3 (uubTp s TOro, uToOBl OTMBITh PACTBOPHMBIE COJH  OT
OT(pUIBTPOBAHHOIO OCagKa. DTOT 3TAll MO CBOEMY XapaKTepy aHAJIOTM4YeH ONMUCAHHOW paHee
CTaguM BBIIIEJAUYNBAHMS, W OH OOECIeYHMBAeT HHU3KOE COAEp’KaHHEe CBOOOMHOW KHCIOTHI
¢unbTpara, copepkamero cyiabpar TUTaHWIA W HEOOA3aTeIbHO 1O MEHbIIEH Mepe OAMH
NpoAyKT w3 cynbdara marHus W cynbdara amoMuHUs. B 5TOM BapuaHTe peanuzanuu
n3o0pereHust GuibTpar (GUIABTPYETCS AN YOAJEHUS OCTATOYHBIX KHUCIOT M TOJYYEHHBINA
OT(UIBTPOBAHHBIA OCATOK NPUBOIUTCS B KOHTAKT € BOAOH Al TOro, YTOOBI MOJYYHUTh
KOHIIEHTPUPOBAHHBIN (PHIIBTPAT, CONEpIKAIIUi 10 MEHbLIEH Mepe Cyib(aT TUTaHWIIA.

I'mapoaus cyabdara turana

I'mnponu3 TUTaHa NPUBOIUT K OTAENEHHIO Cyibdara OT THTaHA. Peakiusi BBITJISAUT
cnenyromum obpasom: TiOSO4 + H,O > TiO2 + H,SO4

OKCIIepUMEHTHI, TPOBENEHHbIE H300peTaTeNsiMy, IOKA3bIBAIOT, YTO ONTHMAJbHOE
conepskaHue CBOOOAHON KHCJIOTHOCTH B TUAPOJIM3HOM pactBope kojiebnercs ot 8% no 25%.
OKCNEepUMEHThl TIOKa3alld, 4YTO TMpPH COMEPKAHUU CBOOOAHON KHCIOTHOCTH Huke 8%
THIPOJIM3HBIA PAaCTBOP HECTAOWJIEH, YTO HEXKEJaTeNbHO. Bo-MepBbIX, 3TO OOYCIOBJIEHO TeM,
YTO TUAPOJU3 CysbdaTa TUTAHWUIA MOXKET CAMOIPOU3BOJBHO MPOUCXOAUTH NMPH KOMHATHOM
TeMIlepaType BO BpeMsl OTCTauBaHUs. BoO-BTOpBIX, CKOPOCTb THAPOJIM3A  CJOKHO
KOHTposaupoBaThb. [lpu rugposnse ero CKOpOCTb YAaCTUYHO KOHTPOJMPYETCS COJEp:KaHueM
cBOOOITHOM KHCIIOTHOCTH B pacTBope. Eciam ckopocTh ruaposin3a MpeBbIaeT OKoJo 1 mporeHTa
B MUHYTY, TO B PacTBOpE CO3JAI0TCs] HOBbIE LIEHTPhI KPUCTANIM3ALUU B PE3yJbTaTe LIHPOKOrO
pacrlpoOCTpaHEHUs  arperupoBaHHbIX  COEQUHEHUIl JAMOKCHAA THUTaHa, 4YTO  SIBJISIETCS
HEe)XXeNaTeNbHbIM JJIs1 TMPOU3BOACTBA MUIMeHTA. B CBsI3U C STUM B HEKOTOPBIX BapUaHTax
peanm3anu U300peTeHHs] COAepKaHWe CBOOOAHON KHUCIOTHOCTH B THAPOJIH3HOM pacTBOpPE
cocraByisier o MeHbineli mepe 8%. Conepskanue CBOOOAHON KHUCJIOTHOCTH B THUAPOJU3HOM
pactBope Oosee ueM 25% HekenaTeabHO, IMOTOMY YTO MPH 3TOM PEaKLUUs THMAPOIN3a HE UAET
0 KOHLA Jake IpH HAarpeBaHWH W BHECEHHM 3aTpaBku. [ wmaponus cynbdaTa THUTaHWIIA
HAXOJUTCSI B COCTOSIHUM PABHOBECUS B CHJIy TOTO, YTO CyJib(aT TUTAHWIA THAPOIHU3YETCS C
oOpa3oBaHHeM CBOOOJHBIX MOHOB Cysb(aTa, B PE3yJIbTaTe€ Yero YBEJIUYHBACTCS CONEpPKAHHE
cBOOOITHON KHCJIIOTHOCTH B THIAPOJU3HOM pactBope. I1o npunimmy Jle-Illarense kOHIEHTpauus
BemecTBa (CBOOOOHOH KHCJIOTBI) HETOCPEACTBEHHO KOHTPOJHUPYET HANbHEHINYI0 CKOPOCThb

peaknuun. B cCBsI3u ¢ 3TUM BBICOKOE HCXOIHOE COACpKaHUEC CBO6OI[HOI\/'I KHUCJIIOTHOCTH B
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THIPOJIM3HOM PAacTBOPE MOXKET 3aMEJIUTh WJIM TOJHOCTBIO OCTAHOBUTH THAPOJH3 CyJbdara
tuTaHmwia. Takum 00pa3oM B HEKOTOPBIX BapHaHTAaX peasM3allii H300pEeTeHUs CoaeprkaHue
cBOOOJTHON KHCIIOTHOCTH B THIPOJIM3HOM pPAacTBOpe cocrasisieT MeHee 25%. B HekoTopbIx
BApMAHTAX pealn3aluu H300peTeHus: copepskaHhue CBOOOAHON KHUCIOTHOCTH B THAPOJIU3HOM
pactBope cocrasisieT oT 8% no 25%. B mpenenax ykasaHHOTO auama3oHa THAPOJN3 Cyiibdara
TUTAHWJIA MOXET HITH YIPABISEMBbIM CIIOCOOOM /IO IMOJIHOTO 3aBEPLICHHUS, B PE3yJIbTaTe 4Yero
noJiy4aeTcsi ruapaTtHas ¢opMa AMOKCHIA THTAHA, KOTOpash MMEET OCOOEHHO MOAXOISMIINN
rpaHyJIOMETPUYECKHIl COCTaB AJis MPOU3BOJCTBA IUTMEHTA.

Oran rugponusa cynbdara TUTAHWIA UHULHUPYETCS NMPU HAJIMYUU PacTBOPA, KOTOPBIH
UMeeT TMOIXOMALINI YpPOBEHb COAEP)KaHUS CBOOOAHON KHCIOTHOCTH, M B KOTOPOM
NPEANOYTUTENBHO CKOHIIEHTPHPOBaH cyibdar TtHTaHwia. [uaponm3 Brmouyaer B cebs
nobasyieHue BOIBI B (pUIbTpaT, comepkamui cyiab(ar TuTaHmIa (MU KaKk BapUaHT 1O MEHbLIEH
Mepe OJWH TpPOAYKT U3 cyinbdata MarHus W Cyiabdara amOMUHHUS) Ui TTOJYYEHUs
TUJIPOJIM3HOTO pacTBOpa U ero HarpesBa. ['maposin3 NMpOBOAUTCS B peakTope TUAPOJU3a, B
KOTOPOM MO>KHO IPOBOAUTDH peaKLMH, OMMCAHHbIE B HACTOsIIEM JoKyMeHTe. IIpennoururentHo
TUJIPOJIM3HBIN pacTBOp HarpeBaroT 10 TemmepaTypbl B uHTepsane oT 80°C mo 140°C, ot 85°C
no 140°C wm ot 85°C no 120°C. M3obperarenu yCTaHOBWIIM, YTO MHHHUMAJIbHAS SHEPTHS
aKTUBALMH JUIsI PEAKLUU THIPOJIM3a IOJDKHA OBITh JOCTUTHYTA IyTEM HarpeBa pactsopa. B
KOHKPETHOM BapUaHTE peajn3allyd H300peTeHHs THAPOJIM3HBIM pPacTBOp  HArpeBarOT 10
temnepatypsl B uHTepBasie Mexxay 90°C u 120°C. H3o0perarenn oOHApYKHIH, YTO OCOOEHHO
3¢ EeKTUBHON TeMIepaTypol, KOTopas OBICTPO WHHLHMUPYET PEAKLUUI MPH COXPaHEHHH
3¢(HeKTUBHOCTH HCIIOIB30BAHMS SHEPTHH, SBISIETCS Temmeparypa B uHTepBaje ot 105°C no
110°C.

IIpeanoyTuTeNnsHO TUAPOJIM3HBIA PacTBOpP HArpeBaeTcsi B TEeUEHHE TaKOro Iepuoja
BPEMEHH, KOTOPBIH OOECHeuMBAET pearupoBaHHE NPAKTUYECKU BCEro Cyib(ara THUTAHWIA.
Hzo0perarens CMOXKET ONpeneNnnuTh, KOrJa IpopearupoBall Bech cyinbdar TutaHmma. B
KOHKPETHBIX BapHaHTaX peasn3alui H300peTeHus MePUoJl HarpeBa COCTABISIET OT OAHOTO Yaca
10 Tpex 4yacoB. boJiee npeAnoyYTUTENbHBIM sIBJIsIETCS BpeMs Harpesa oT 90 MUHYT 10 ABYX 4acOB
i npuomm3uTeabHo 100 MUHYT. B KOHKpETHBIX BapUaHTax peainu3alny H300peTeHus: pacTBOp
HarpeBaeTcsi B TEUEHHE OKOJIO ABYX 4HacoB Ipu TemriepaType Briuie 85°C ¢ Lieablo MOJHOIO
3aBepLIEHUs THIPOIN3a.

B KOHKpETHBIX BapHaHTaX peajnu3alrdy H300pPETeHHs MPOLECC THAPOJU3a BKIOYAET
KOHTAaKT PacTBOpa C BOAOH, conxepsKalled AHMOKCHI THUTaHA WJIH €ro MOIU(UKALHIO PYTHIL
Kpome Toro mpouecc ruapojusa Takke BKJIIOYaeT HarpeB pacTBopa A0 TeMIlepaTypbl B

unTepBase ot 85°C mo 120°C. B mpeamodTuTeNnbHbIX BapHaHTaX pean3aldd H300peTeHHs K
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THIOPOJIM3HOMY PAacTBOPY MOOABISIFOTCS YaCTULIBI MUIM HAHOYACTHUIBI JHOKCHAA TUTAaHA, TaKXKe
U3BECTHbIE KAaK 3aTPaBOYHbIE YaCTHULIbI MJIM LEHTPbl KpUCTaUIM3auuu. YacTuipl AUOKCHIA
THUTaHa JEHCTBYIOT KaK 3apOAbIIN OOpa30BaHUsl KPUCTAJUIOB Ui TOCTIKEHUS PAaBHOMEPHOTO
¢dopmupoBanus yacTHL. YacTHULIbI IUOKCHIA TUTaHA MOTYT ObITh HOOABIEHBI K THIPOIU3HOMY
pacTBOpy WM K BOAE, KoTopas nodasisiercst At (GOpMUPOBAHUS YKa3aHHOTO pacTBopa. Ilocne
no0aByieHUs] YaCTULl TUOKCHUIA THUTAHA THAPOJHM3HBIA PAacTBOP MOXKET ObITh HAarper 10 00O
TeMIlepaTypbl B JHMala3OHax, OMNMCAHHBIX B HacTosieM JAokymeHTe. IlpeamourturensHoe
KOJINYECTBO YACTHUI[ TUOKCHIA TUTAaHA, NOOABJIEHHBIX K THAPOJIU3HOMY PAaCTBOPY, COCTABIIAET
mexay 1 % macc. u 30 % macc. OT MacChl JUOKCHAA THTaHA, KOTOpas MO PacdeTy AOJKHA
NPUCYTCTBOBATH B PACTBOPE, MPUUEM O0JIee PEATIOYTUTENBHBIM SIBIISIETCS KOJIMYECTBO MEXAY 2
% macc. u 15 % macc. u npeanouturensbHo Mexay 5 % macc. u 8 % macc. IlpennodyrurenbHbIM
pa3MepoM HacTHI JUOKCHIA THUTAaHA, AO0AaBJIEHHBIX B PACTBOP, SABJSIETCS pasmep oT 2 HM 110 10
HM, OoJiee MPEenNnOUTUTENBHBIM — OT 3 HM 10 6 HM WJIH OKOJIO 5 HM. YacTHIIBI JUOKCHIA TUTAHA
MOTYT OBITh OKTa3APUTAMH, WM TIOJYYEHHBIMU U3 HUX.

Otnenenue ruapara TUOKCUA THTAHA MOKET OBITh JOCTHTHYTO C MOMOIIBIO CIIOCOOOB,
U3BECTHBIX CIEIHMAICTaM B JaHHOH 00JacTH TEXHUKH. B KOHKPETHBIX BapHaHTaX peajn3aluu
n300peTeHNs] OTNENIEHHE MTPOBOAUTCS B CEMaparope, BBHIIOJHEHHOM C BO3MOKHOCTBIO MpHUEMa
TUAPOJIM3HOTO PacTBOPa M OTHAEJIEHUsS FMApATa AUOKCUAA TUTAHA.

B KOHKpeTHBIX BapHaHTaX peayn3aluy U300pPETeHNUs cenapaTop COAEPIKUT BTOPOH OJIOK
(unbTpaLny, BEIMOJHEHHBIH ¢ BO3MOXXHOCTBIO TMPHEMa THIPOJIHM3HOTO PAacTBOpPA U MOJYYEHUS
KOHLIEHTpAaTa, CoJAepKalllero TuapaT [HOKCHAa TUTaHa. B  anbTepHaTUBHBIX BapUaHTax
peanm3anuu M300PETEHUsT CEemnapaTop CONEPXKUT B CBOEM cocTaBe OJIOK HEHTPU(YTHPOBAHUS,
BBINIOJIHEHHBIN C BO3MOXKHOCTBIO OTAEJIEHUS OCAXKIEHHOTO THApaTa ABYOKUCH TUTaHA.

B BapuanTe peanusauuu U300peTEHUs, aNbTEPHATHBHOM IO OTHOIIEHHUIO K IPOLECCY
THIOPOJIN3a, ONMHMCAHHOMY BBIIIE, THIAPOJIM3HBIA pAcTBOP  MOXKET OBITh aJbTEPHATHBHO
MOJIBEPTHYT MPOLIECCY Pa3pYIICHUS YIBTPA3BYKOM AJISL TOTO, YTOOBI OCAIUTh TUAPAT ABYOKHCH
THUTaHa U3 pacTBopa. B 3TOM BapuaHTe peanm3auuy H300peTEeHHs OCHOBHAs Macca JKUAKOCTH
TpeOyeT MeHbIIIe HarpeBa Wil He TpedyeT ero.

IIpeanmoyturensHO, YTO 3Talm  OTAENEHUs TuApaTa [AMOKCHAA TUTaHa MOXKET
OCYILIECTBIIATECS MYyTEM (PUIBTPALIM THAPOJHM3HOTO PAcTBOpa [UIA MOJydeHHs (UibTpara u
KOHLIEHTpaTa, COJAep)Kalllero TruapaT [AWOKCHAAa TUTaHa. B  anbTepHaTUBHBIX BapUaHTax
peanu3anyy n300peTeHUs] TUOKCH]] THTAHA yIAIAeTCsl HEeHTpU(yrupoBaHueM 1 cOOPOM OcajKa.

QOunpTpanus TUAPOJUZHOTO PACTBOPA  OCYIIECTBISIETCS B COOTBETCTBYIOIIEM OJIOKe
¢unbTpaunu Ans TOro, 4roObl M3BJIEYh THAPAT OHOKCHAA TUTaHA. B MpennouTHTENbHBIX

BAPMAHTAX pealn3aldd M300peTeHHs] THAPOJM3HBI pacTBOP OCTAeTCs HArpPeThIM 10
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TeMIepaTypsl MakCUMyM okoJio 80°C s Toro, 4ToOBl COXPAaHUTh YaCTHULIbI TUOKCHIAA THTAHA
JIOCTAaTOYHO KPYMHBIMU C LEJIbI0 VJIABIMBaHMUSA (UIBTPYIOIIUM MarepuaioM. Puibrpar
NPEANOYTUTENBHO CONEPIKUT CYTb(AT AMFOMUHUS U CyIb(paT MarHHsL.

Jlnokcua TUTaHa, W3BJIEUEHHBIH B pe3ysibTaTe TUAPOIM3a WIM Mpoliecca pa3pyLIeHUs
YJIBTPA3BYKOM, MOXET ObITh MPOKaNEH (HarpeT) B OKUCIUTENbHON Cpele MyTéM MPOIYCKaHHS
yepe3 Hero Harperoro BO3AyXa, KOTOPBIM yhanseT JroOble OCTaTOYHBbIE KOJHYECTBA CEPHOMU
KHCJIOTBI ¥ BOJBL B MpenmnouTUTeNbHbIX BAPUAHTAX peau3aliil H300pETeHNsT THOKCH] TUTaHA
Harpesaercs 10 950°C B peakTope B TeueHHE OKOJIO yaca. B apyrux BapuaHTax peanuzaluu
n300peTeHusl mepuo] HarpeBa cocTaByiseT OoT 30 MUHYT [0 JABYX 4YacoB. B KOHKpETHBIX
BapHAHTAX pean3aliy H300peTeH s OOKUT OCYIIECTBIIAETCS PH TeMnepaType mexxay 800°C u
1050°C, mexnay 850°C u 950°C ummn mexnay 890°C u 910°C. M3BneuéHHas cepHas KUCIOTa
MOJKeT OBITh HCIOJB30BaHA HA 3Tare CynbhaTHPOBAHHs, KOTOpBIH Obul ommcaH paHee. s
MOJIydYeHUs T[OTOBOTO IMpPOAYKTa JAMOKCHJA TUTaHa, IMPOKAJEHHbIH JUOKCUJ TUTaHA
u3MenbpyaeTcs, 3anuBaeTcss U Moercs. Takue mnpoliecchl M3BECTHBI CIELUANIMCTaM B JaHHOMN
00J1aCTH TEXHHUKH.

H3Bneuyenue cyabdara aTlOMHHHS

Cynpdar amOMHUHHS OCAKAAETCS W3 pacTBOpa HAa COOTBETCTBYIOIIEM STarle.
Hzobperarenn oOHapykwmiu, 4To OO0Jiee BBICOKUN BBIXOJ THOKCHAA THTAHA MOXKET OBITh
OOCTUTHYT NyTEM OCaXAEHUs Cynb(dara alfOMUHHUS TOCTE THAPOJN3a M YAAJCHHS AMOKCHAA
tutana (cM. mpumep 3, obpasusl 7, 8, 9 u 10). Cumraercs, 4TO €CiIM OCAXKIACHHE CyJbdara
AFOMUHUSL OCYLIECTBISIETCS O THUAPOJN3a, TO HEKOTOPOE KOJHYECTBO Cysb(dara THUTaHMIA
OCaKIAETCsl BMECTE C CYJIb(PaTOM aTFOMUHUS, TaKKUM 00pa3oM cHUkast Bbrxox T10;.

B onHOM M3 BapuaHTOB peajH3aliy M300peTeHHs Cyib(aT aJFOMUHHS OCAXKNAETCS U3
¢unbTpara, comepkamero cynbpar TUTaHMIA. B npyrom BapuaHTe peanuzalid H300peTeHHS
cynb(dar amoMUHUS Ocakmaercs W3 (PUIbTpaTa, COAepKaliero cyibdaT MarHus U cyibdar
AMOMUHUS. DTH (PUIBTPATHI, KaK MPABUJIO, TOJYYAOTCS MOcie Cyab(aTHPOBAHUS U yIAJICHUS
HepacTBopuUMoOro ocratka. Kpome Toro, ecnu cynbdar altoMuHUS He TpeOyeTcs OTHENATb OT
HEpaCTBOPUMOIO OCTaTKa, TO OTOT JTall OCAXKIEHUs Cyiab(ara aIIOMHUHUS MOXKET
OCYILECTBIATHCA A0 YAAIEHUs HEPaCTBOPUMOTO OCTATKa.

IIpouecc ocaxkaeHus: cynbdara ATIOMHHUS NPEATNOYTHUTENFHO BKIIOYAET OXJIAKICHHE
¢unbTpata 10 TEMIEpaTypbl, NPH KOTOPOH Cynb(aT aJOMUHHUS BBINAAAET B OCANOK H
KPHUCTALTU3yeTCsl. B KOHKpETHBIX BapUaHTax peaju3aliy H300peTeHHs pacTBOP OXJIAKAAETCs B
TOH ’X€ CaMOH €eMKOCTH, B KOTOPOHW OCYINECTBIJISICS MNpenbinymuii stan ¢uiabTpauun. B
ANbTEPHATHUBHBIX BapHUAHTaX peaN3aluu HM300peTeHHsT PACTBOP TNOCTYMAaeT B OTHENbHBIN

pe3epByap I OXJIAXKICHUS.
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Kpucraniudyeckuii cynbdpar aJlOMUHHUs H3BJIEKAIOT U3 PAcTBOpPA C MOMOLIBIO JIFOOOro
croco0a, M3BECTHOrO CIEIHANUCTaM B HaHHOW OO0NaCTH TEXHUKW. OTanm OCAXKAEHUS U
U3BJICUEHUS] MOYKET OCYIIECTBIIATHCS C HCIOJIb30BAHHEM pAaCTBOpPA, COAEPIKAIIEro cyibpar
ANIOMUHUSI, HAlpUMeEp pacTBOpa, KOTOPBIA TMOJNY4aeTCsl ¢ HCIOJb30BAHHEM CIOCOOOB,
onucaHHbIX B mpumepe 3. OcoOeHHO MPeAnouTHTEIBHON sABsieTcs: GuibTparvst. B KOHKpETHBIX
BApMAHTAX pealn3aly H300peTeHUs Ha 3TOM JTane wu3Biekaercss Oonee 90% cymbdara
ANFOMUHUS, HaXOJSIINErocsi B pacTBope. B KOHKPETHBIX BapHaHTaX peaju3alvu M300peTeHuUs
pPacTBOpP OXJIAXKAAETCsl 10 TeMmmeparypsl B uHTepBaje Mexay 10°C u 4°C, B pe3ynbrare 4ero
cynbdar aqOMHHUS ~KPUCTAUTU3yeTcsl. B MpenmouTHUTENbHBIX BapHaHTaX —peaju3aiuu
n300peTeHus pacTBOP OXJIAXKAAIOT 10 okojo 5°C.

B KkOHKpeTHBIX BapHaHTaX peau3alud H300peTeHrue MpenycMaTpuBaeT Crocod
U3BJICUEHHS [0 MEHbINEH Mepe OJHOTO MPOAYKTa M3 AUCIEPCHOTO MaTepuana, COIEpPIKaIlero
oonee 8 % macc., bosnee 10 % macc., O6onee 15 % macc., 6onee 20 % macc. umu Oogaee 25 %
Macc. aMokcuma turaHa, U Oosee 10 % macc. uau Oosee 13 % macc. OKCHOa AJTFOMHHMUSI.
Hzobperarenn oOHapyKUiIH, 4TO Crocod odecrieunBaeT 3JKOHOMUYECKH OOOCHOBAHHBINH CHIOCOO
U3BJICUEHHS], KOT/IA ChIPbE OTBEYAET STUM MPOIOPIHSIM KOMIIOHEHTOB.

IMpumepst 1 u 2 moka3biBarOT 0000IEHNE COOTHOLIEHUH KOMIIOHEHTOB B OTAEJbHBIX
BUZAX ChIPbsi. B KOHKPETHBIX BapHaHTaX peaNu3allid M300peTeHue MpeayCMaTpUBAET CIoCco0
U3BJICUEHHS TIPOIYKTOB AUOKCHIA THUTaHA U Cysibdara aJIOMHHHS U3 JUCIIEPCHOTO Marepuala,
KOTOPBI UMeeT COOTHOIIeHHe Auokcuna tutaHa u okcupa amomuaus (T102:A1,03) ot okono
0,2 no 2,6, npuuém Oonee mpenmourureabro ot 0,25 mo 2,1. B sTom BapuwanTe peanusanuu
n3zo0OperaTenu OOHAPYXKWJIM, YTO OTambl MJAaHHOTO crocoba o0ecneunBarOT OCOOEHHO
SKOHOMUYECKH OOOCHOBAaHHOE H3BJIEUEHHME MUOKCHIA THTaHA W CyibdaTa ajfOMUHUS. ITarlbl
THIPOJIM3a TUTAHA, OCYIECTBIIIEMbIE IO OCAXKIEHHS CyJib(ara aJlOMHHUS, SIBIISIOTCS 0COOEHHO
NPEANOYTUTENILHBIMUA B 3TOM JMana3oHe CooTHomeHui. KpoMe Toro B ciydae, korma Takke
OCYILIECTBIISIETCST OCaKIEHWE Cyjb(ara MarHusi, 3Tan TUAPOJN3A TUTAHA, BBINOJHSIEMbIH 0
OCaXIeHus1 Cyjb(ara aJfOMHHHS, KOTOPbIH B CBOK OYEpPEelb BBIMOJHAETCS 10 OCAKIECHUS
cysnbdara Maruus, sIBISIETCS OCOOEHHO MPEANIOYTHTENBHBIM B 3TOM JHUANAa30He COOTHOIIEHHH.

B KOHKpETHOM BapHaHTe peanu3allii U300peTeHHs MPeayCMOTPEH COCO0 U3BJIEYEHUS
NPOAYKTOB W3 ChIPbs, COAEPIKAINEro MEPOBCKUT M OKCHI aJFOMHHHS, TP STOM YKa3aHHBIN
Croco0 BKJTFOYAET:

a) u3MeJbueHHE MaTepuala, COIEPIKaIlero MEPOBCKUT M OKCHA AJTIOMHHUS IS
MOJIyYEHUsT TUCTIEPCHOTO MaTepUaa,;

b) KOHTaKT OUCMEPCHOTO MaTepuana C CEPHOW KHUCIOTOW ajisi OOpa3OBaHUS CMECH,

conepxateii cyapar THTAaHWIA U CYIb(aT aTtOMHUHNS,
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¢) GunbTpoBaHUE CMECH JIJISl YAAJIEHUSI CEPHON KHUCIIOTHI,

d) KOHTaKT CMeCH C BOJOW C LIENBbI0O PACTBOPEHHUS U PA3[ENIeHHs] CMECH C MOMOIIBIO
(bunbTpauny A MONYYEHHs PaCTBOPA, COAEPIKALIEro CyIb(aT TUTAHUIA U CYJIb(AT ATFOMUHUS,

€) OXJAKIEHHE pacTBOpa IO TEMIIEPaTyphl, MPH KOTOPOH Cyib(ar alOMUHUSI
KPHUCTAJUTU3YETCs], U U3BJIEUEHUE MOJYYEHHOTO KPUCTAIUTMYECKOTO Cyb(ara aloMUHUS,

f) ocaxxnenue pacTBopa IS MOJYYEHHUS! TUOKCUIA TUTAHA, U

g) OOKUT TUOKCUZA THUTAHA JJIsl YAAJEHUs OCTATKOB KHCJOTBHI M BOZBI JUISA TOJTyYEHHS
NPAKTUYECKU YHCTOTO JTUOKCHIA TUTAHA.

H3Bneuyenue cyabdara Marous

PactBop, ocraBImiicss mocie THAPONIN3A WM MpoIecca pa3pyLIeHUs] YIbTPAa3BYKOM H B
psine ciay4aeB yHaleHus cyibdara aqIOMHHHUS, KaK TMPAaBHIIO, COIEPXKHUT Cynb(aT MarHus,
KOTOPBIH TaKkke MOKET ObIThb M3BNeuéH. M3o0perarenn OOHAPYKHIIK, YTO MPEATNIOYTHUTENHBHO
U3BJIEKaTh CyJab(paT MaraHus IMOCHEe H3BJICUEHHS APYIHX MPOAYKTOB, MOTOMY YTO YHCTOTa
MOJIYHAKOLIEroCsl B pe3yJbTaTe OcCajika Cyib(ara MarHus YBEIHMYUBAETCS, €CIH OCTaJIbHBIC
KOMIIOHEHTHI OBUTH YAAJEHBbI IO 3TOro. JTO MPOUCXOIUT IOTOMY, YTO CIIOCOOBI, OMHCAHHBIE
HIDKE, Ui OCAXIEHMs cCylibdaTa MarHusi MOTYT BBI3BATh TaKXKE OCAXKACHUE Cyibdara
AFOMUHUS, cynb(aTa THTAHIIIA U APYTHX KOMIOHEHTOB. Ecnn ocaxknenne cyibdara Maraus He
BBITMIOJIHSJIOCh TIOCJIE HM3BJICUEHHs] APYTrUX KOMIIOHEHTOB, TO JUIs TOJIYYeHUS Ha BBIXOAE
NPAKTUYECKH YHUCTBIX KOMIIOHEHTOB OTJENATh OCAXKIEHHYID CMeCh OyAeT CIIOKHO U He
penrabenpHO. [lonydaemoe B pe3ynbraTe 3TOrO OTCYTCTBHE IIEHHOTO B CMECH YBEIMYHBAET
BEPOSATHOCTh TOTO, YTO OT He€ M30aBATCS HEKOHTPOJIUPYEMBIM U HEPETYJIUPYyEeMbIM 00pasom,
TEM CaMbIM BBI3bIBasl YXYAIIEHUE COCTOSHUS OKPYKAIOIIEH Cperbl.

JTtan oCakAeHUs M U3BJICYEHUS MOXKET OCYIIECTBIIATHCS C UCIIOJIB30BAHUEM PACTBOPOB,
cofepKalux cyabpaT MarHus, HalpUMep TeX, KOTOPbIe TIOMYYaIOTCs IO METOAMKE, OMUCAHHOM
B npumepe 3.

B KOHKpETHBIX BapHaHTaxX peajn3aluu H300PETeHUs CIOCO0 H3BIIEUEHUS MPOAYKTOB
BKJIFOYAET 3Tall YBEIMYEHHs KOHLIEHTPALWU KHCJIOTBI B (PHIIBTpaTe, coaepskamieM cyiabpar
MarHusi B BHUAE TOAKHCIEHHOTO pacTBOpPa, COMEPIKAIIEro OCAKACHHBIH CylbhaT MarHus.
[ToBbIIeHHAs  KHUCJIOTHOCTh  BBI3BIBAET  BBINAJEHHE Ccyibdara MarHus B OCaloOK.
[IpennouTurenbHO Crocod MTOMOIHHUTENBHO COMNEPIKHUT (PHIIBTPALIUIO MMOAKHCICHHOTO PacTBOpa
IUIS1 TIOJTY9EHHUST KOHIIEHTPATA, BKIIFOYAIOLIET0 OCAKIACHHBIN CyIb(aT Maraus.

B KOHKpeTHBIX BapHaHTax peajH3alud H300PETeHHs KOHLEHTPALMs KHCIOTHI B
¢dunbTpare, copepkaeM Cyib(aT MarHus, yBeIUIUBACTCS MPH JOOABICHUH CEPHOH KHCIIOTHL
[IpennouturensHo pH ¢unbTpara, comepxamero cynb(aT Maraus, CHHXKAETCS A0 3HAYSHHS

MeHee yeM okojio pH=1 nmyrem nobaBneHust CEpHONM KUCIOTHL.
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B kOHKpeTHBIX BapHWaHTaX pealu3alii H300PETeHUs KOHLIEHTPAMU KHUCJIOTHI B
bunpTpaTe, comepskameM cyib(ar MarHus, yBEJIMYMBAETCS MyTéM HarpeBa (uubTpara st
ynaneHust BoAbl. [IpenmnodTurebHO HarpeB OCYMECTBIISIFOT MPH TeMIepaType KUMIEHUS UITH TIPH
Ttemreparype Bbitie 130°C.

Hzobperarenu Takke OOHAPYKUIH, YTO OCAKIEHUE Cyib(aTa MarHus MPEeNnOYTHTEIHFHO
MPOBOANTH TIOCE OCAKICHUs CyibdaTra aqroMuHUsA. bojiee HU3Kas Temmepatypa OCaKIeHUs
cyiabaTta MarHusi TPUBOAUT K TOMY, YTO CYJib(paT ATIOMHHHUS OCAXKIAETCS IMEPBbIM TMPU
OXJIAKJICHUH pPacTBOpa, COJEpPKAIIero KaK pPacTBOPEHHBIH CynbdaT allOMHHHS, TaK U
pacTBOpEHHbINH Cynb(ar Maraus. B CBs3M ¢ 3TUM NPEATNIOYTHTENTHHO TPOBOAHTH OCAMKICHUE
cyiapara MarHusi TOCHe OcCaxkAeHus cyibdara amoMuHuUs. B KOHKPETHBIX BapHaHTax
peanu3anuu U300peTeHHe MPenyCMaTPUBAET CIIOCO0 M3BJICYSHHS XOTs Obl OJHOTO MPOAYKTA U3
OUCTIEPCHOTO MaTepuaa, comepskamero domnee 8 % macc., 6osee 10 % macc., 6onee 15 % macce.,
oonee 20 % macc. unu 6onee 25 % macc. nMokcuaa TuTaHa u bonee 7 % macc. unu 6omee 10 %
Macc. okcuna MarHusi. OCOOEHHO MPEenroYTUTENbHO HCIOJNb30BATh ChIPbE, CONEpIKallee Io
MeHbuIeil Mepe 15 % macc. Anokcuaa TuTaHa u no MeHeluei Mepe 10 % Macc. okcuaa Maraus.

B HekoTOphIX BapuaHTax pealu3alud H300peTeHHe NpPEeayCcMaTpUBaeT Crocod
U3BJICYCHUS TUOKCHUIA THTAHA U MO MEHBIIEH Mepe OIHOTO IPYroro MpoAyKTa U3 IUCIEPCHOTO
MaTepuaja, conep;kamiero donee 8 % macc., bonee 10 % macc., bonee 15 % macc., 6onee 20 %
Macc. uiu 6onee 25 % Macc. quokcuaa TutaHa u 6ogaee 7 % macc. uu 6onee 10 % macc. okcunaa
marHusi. OCOOEHHO MPEAOUTUTENILHO HCIIONB30BATh ChIPbE, ColeprKalee o MeHbInel mepe 15
% macc. uokcHuaa TuTaHa u o MeHsblueit mepe 10 % macc. okcuma Marxus.

Croco0 mpeArnoYTUTENIbHO BKIIIOYAET MPOBEACHUWE JTana TUAPOJIN3a THTaHA [0
ocaxkneHus: cynbdara MarHus. OTO JaéT BO3MOXKHOCTH YBEJIHYHUTH IO MAKCHMyMa BBIXOJ
OUOKCHIa THUTaHA W YMEHBIIUTH MOTEPU COBMECTHOIO OCAKIACHHS TUOKCHAA TUTaHa (WU
cyibaTa THTAaHA), YTO MOKET MPOUCXOIUTh, €CIM OCAKIEHUE Cyyb(ara MarHusi MPOBOIUIIOCH
10 HW3BJeUeHHs] AMOKcHzaa TutaHa. [lpumeper 1 u 2 moka3piBalOT 0OOOLIEHHE COOTHOLIEHHS
KOMITIOHEHTOB B OTAEJBHBIX BHIAX ChIpbsi. Croco0 MPeAnoYTHTENbHO BKJIFOYAET MPOBEACHUE
sTama THAPOJW3a TUTaHA MO OCAXAECHHs Cysibdara MarHusi, KOrga COOTHOIIEHHE TUOKCHIA
tutaHa u okcuga marHus Ti02:MgO B TBepapix yactunax cocrasister oT 0,5 mo 3,0 u Oonee
npeanoyTuTenasHo ot 0,8 10 2,8.

B HekoTOpBIX BapuaHTax pealu3alnd HU300peTeHHe NpeAycMaTpUBaeT Crocod
U3BJICYCHUS] TUOKCUA THTAHA U TIO MEHbIIEH Mepe OJHOTO APYroro MpOAYKT U3 JUCIEPCHOTO
MaTepuaja, conep;kamiero donee 8 % macc., bonee 10 % macc., bonee 15 % macc., 6onee 20 %
Macc. uiu 6onee 25 % Macc. quokcuaa TutaHa u 6ogaee 7 % macc. uu 6onee 10 % macc. okcunaa

maraust u Oosnee 10 % wmacc., u Oomee 13 % wmacc. oxcuma amomunus. OcoOeHHO
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MPEANOYTUTENBHO UCIIONb30BaTh ChIphE, CozeprKaliee o MeHblie mepe 15 % macc. anokcuna
TUTaHAa, M0 MeHblel Mepe 13 % macc. Auokcuaa amoMHUHUA U o MeHbluel mepe 10 % macc.
OKCHJIa MarHus.

B HekoTOpBIX BapuaHTaX peanuzalud H300peTeHHe MpeayCMaTpUBaeT Crnocod
U3BJICYCHUS IMOKCHIA THTaHA U 10 MEHbLIeH Mepe OAHOTO IPYroro MPOAYKTa U3 AMCIEPCHOTO
MaTepuaja, conep;kamiero donee 8 % macc., bonee 10 % macc., bonee 15 % macc., 6onee 20 %
Macc. uau bonee 25 % macc. guokcuaa tutana, bomnee 10 % macc., 6onee 15 % macc. unu Oosee
20 % wmacc. okcuna kpeMHust u 6onee 15% macc., Oonee 20 % macc. wim Oonee 25 % macc.
okcua kanbLus u 0onee 7 % macc. nim 6onee 10 % macc. okcuna MarHusi.

B HekoTOpBIX BapuaHTaX peanuzalud H300peTeHHe MpeayCMaTpUBaeT Crnocod
U3BJICYCHUS IMOKCHIA THTaHA U 10 MEHbLIEH Mepe OJHOTO IPYroro MPOAYKTa U3 AMCIEPCHOTO
MaTepuaja, conep;kamiero donee 8 % macc., bonee 10 % macc., bonee 15 % macc., 6onee 20 %
Macc. uau bonee 25 % macc. guokcuaa tutana, bomnee 10 % macc., 6onee 15 % macc. unu Oosee
20 % wmacc. okcuna kpemuusi, 6onee 15 % wmacc., 6onee 20 % macc. wim Oonee 25 % wmacc.
okcuma kajbis, 6ojee 10 % macc. wim 6onee 13 % macc. okcuma amoMuHus U Oonee 7 %
macc. mim 6oxee 10 % Macc. OKcHIa MarHus.

B KOHKpETHBIX BapuaHTaX peasu3aluy U300peTeHre obecneunBaeT crnocod U3BJICUSHHs
AMOKCHA TUTAHA U MO MEHbIIEH Mepe OJHOrO APYroro MpoayKTa U3 AUCIEPCHOTO MaTrepHuana,
comepxatero 6onee 8 acc. % nuokcuna TutaHa, bonee 10 % macc. okcuna kpemHus, oosee 15
% macc. okcuaa kaiablus, 60onee 10 % macc. okcupma amomubus U Oojiee 7 % macc. okcuaa
MarHus. B sToMm BapmaHTe peanmsanuu u3oOpereHHs criocod odecrieunBaeT peHTaOeIbHBIN U
TMOJIE3HbIH METOJ JIsl U3BJICUSHHSI 3TUX COEANHEHUH 13 TOTO, YTO PAHBIIE PACCMATPUBAJIOCH KaK
OTXOJ MPOU3BOJCTBA.

B anbTepHaTHBHOM BapHaHTE pealu3alld H300peTeHHe MpeayCMaTpUBaeT Crocod
U3BJICYCHUs MOKCHIA THTAHA M TI0 MEHbLIEH Mepe OIHOrO APYroro MpPOAyKTa U3 AUCIEPCHOrO
Mmarepuana, comepxamero 6onee 15 % wmacc. nuokcmma TuraHa, 6onee 10 % macc. okcupaa
kpemHus1, 6onee 15 % macc. okcuna kanbuus, donee 10 % macc. okcnna amomMuHus 1 6onee 7 %o
Macc. OKCHIa MarHusl.

B KOHKpETHBIX BapuaHTaX peasu3aluy U300peTeHre obecneunBaeT crnocod U3BJICUSHHs
IMOKCHIA TUTaHA W MPOIYKTA CyJb(aTa MarHusi U3 AMCIEPCHOTO MaTepuaia, KOTOPbIA HMeeT
COOTHOIIEHHE TBEPABIX YACTHUI] TUOKcHIa THTaHa U okcuzaa maruus (Ti02:MgO) oxoiso ot 0,5
no 3,0, mpuuém Oonee mnpennouturensHo ot 0,8 no 2,8, B »TOoM BapuaHTe peammzanuu
uzobperarenu OOHAPYKWIM, YTO STambl crocoda 00ecredynBarOT OCOOEHHO SKOHOMHYECKU
3(pQeKTUBHOE H3BJIEYEHHE AMOKCHUAA THTaHAa M CyJib(ara MarHus. DTam THAPOJH3A THTAHA,

KOTOPBI  MPOBOAWUTCS 1O  OCAKAEHUS  Ccynbdara  MarHus, SBISIETCS  OCOOEHHO
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NPEANOYTHTENbHBIM MPH TaKOM COOTHOIIEHHH. Kpome TOro, Koraa OCYINECTBISICTCS TaKiKe
OCakIeHue Cynib(ara aJIOMUHUS, STal TUAPOJIN3a MPOBOIAMTCS OO OCAKIACHHUS CysbdaTa
AIFOMHHMS, KOTOPBIA B CBOK OuepeAb MPOBOIAMUTCS OO OCAKAEHHUs Cyiab(ara MarHus, 4TO
SIBJISIETCS] OCOOEHHO MPENNOYTUTEbHBIM B 3TOM JHANa30He COOTHOLICHHI.

B onmHOM M3 BapuaHTOB peanu3aluy H300peTaTesu MpemIaraloT Crnoco0 H3BIICUEHHS
MPOAYKLUH U3 ChIPbs, COAEPIKAIIEro MEPOBCKUT M OKCUJ MArHHUS, MPH 3TOM yYKa3aHHBINH CrOCO0
BKJIFOYAET:

a) U3MeNlbueHIe MaTepuaa, COIepIKallero MepoOBCKUT M OKCHJ MAarHus [Uisl TOJyYeHHs
JHMCIIEPCHOTO MaTepHala;

b) KOHTaKT OUCMEPCHOTO MaTepuana C CEPHOW KHUCIOTOW ajisi OOpa3OBaHUS CMECH,
comepskaiuei cyabdaTt TuTaHWIA U CYJIb(aT MArHuUS,

¢) unbTpoBaHME CMECH ISl YAAICHUS CEPHOU KHUCIIOTHI,

d) KOHTaKT CMeCH ¢ BOJIOW Uil PacTBOPEHHs] CMECH U pasfesieHHe CMECU C MOMOLIBIO
(unpTpanmu A1t NOJIYyYEHHsT PACTBOPA, CONEPIKALIEro Cyab(paT TUTAHIIA U CYJIb(aT MarHusi;

€) OCaKIeHHE PacTBOpa ISl MOTYYeHHUs JHOKCUIA THTAHA,

f) oxnaxkneHne OcTaBLIErocss pacTBOPa A0 TEMIIEPATyphl, IPHU KOTOPOH CysibdaT MarHus
KPUCTAJUTU3YETCS U M3BJIEYEHHE KPUCTAJUTUUECKOTO CyJib(aTa MarHus; 1

g) OOKHT IMOKCHAA TUTAHA AJIsl YAAJeHUsS] OCTATOYHON KHUCJIOThI U BOJBI IS MOJy4EHHsI
MPaKTHYECKU YUCTOTO JHOKCHIA TUTAHA.

B KOHKpeTHbIX BapHaHTaX peajJu3alul H300pETeHUs] MOIKUCIEHHbIH pPacTBOD,
colepskaliui cynbpar MarHus Wik (QUIbTpaT, COAepKALUi CyIb(aT MarHus, OXJIAXKAAIOT O
TEMIIepaTypbl, MPHU KOTOPOW Cyab(paT MarHus KPUCTAIM3yeTCsi. B KOHKPETHBIX BapHaHTax
peanu3ali  M300pETeHUs] pacTBOP OXJIAXKIAETCS B TOM JKE€ pEakTope, B KOTOPOM
OCYLIECTBJISIOCh MpPEAbIAyIIee OCAKAEHHe, MPOLEeCC THAPOJM3a WM MPOLECC paspyluieHHs
yJIBTPa3BYKOM. B anbTepHATHBHBIX BapHaHTaX peau3ally H300peTeHHsl PacTBOP MOCTYMAET B
OTZEJbHBIN Pe3epByap ISl OXJIAKACHUSL.

B KOHKpeTHBIX BapHaHTax peanusanuu u3o0pereHus: QUIbTPAT, comep:Kaluii CynbdaT
MarHusi WA TOAKUCIEHHOH pacTBOp, COIEp:KAIMH Cyab(par MarHus, OXJKIAIT, YTOObI
BBI3BATh OCAKICHUE MITH KPUCTAJUTH3ALMIO CyibdaTa MarHus. B mpeanouTuTeNnbHbIX BapuaHTax
peanuzaiuu  u300peTeHuss (QUIBTPAT, COAEpKAIUil Ccyiab(aT MarHus WIM TOAKHCICHHOH
pacTBop, coaepkaiuii cynb(ar Maraus, oxjaxknaercs 10 temmneparypbl Hike 4°C umu ot 0°C
1o 4°C, npuuém OoJiee mpeAnoOYTUTENBHO OXJakaeHne npuomu3nTenbHo 10 3°C. B KOHKpeTHBIX
BapUAaHTaX peanu3aluu HW300peTeHus: BO Bpemsi (uibTpauuu wusBiekaercs Oosee 90%
KOJIMUeCTBa CyibdaTa MarHus, KOTOPO€ MPUCYTCTBYET B IMOJKUCIEHHOM pacTBOpE HIIH

¢dunbTpare, conepxkamem cynbdar maraus. KpucrammmszoBaHHbll CynbdaT MarHust U3BJIEKaeTCs
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U3 pacTBOpa € TMOMOIIBIO JFOOOro crmocoba, M3BECTHOrO CIENHAUCTaM B JAaHHOH oOjactw
TEXHUKH.

Kpome Toro, cucrembl WM MPOLECCHl JAHHOTO H300pPETEHUs] MOTYT AOMOJHUTENBHO
BKJIFOYATh CPECTBA [UIsl PEryJIUPOBAHUS M/MJIM KOHTPOJISI APYTUX MAPaMETPOB JJIs MOBBILICHHUS
obmeilt s¢pdexkruBHOCTH Tponiecca. OanH wiam OoJiee MPOLIECCOPOB MOKET OBITH BKJIIOYEH B
CHCTEMYy Uil pEryJUpOBAaHUS W/WJIM KOHTPOJsSI OTpPENeNieHHbIX MapaMeTpoB IMpoLecca.
Hampumep, KOHKpETHbIE BapHaHThl peaju3aldl H300pETeHHs MOTYT BKIHOYaTh CPEACTBA
ompeneNieHusl Uil KOHTPOJII COCTaBa CMeceil WM pacTBOpoB. Kpome TOro, KOHKpETHbIE
BapUAHThl peaju3alud H300peTeHHss MOTYT BKJIKOYaTh B ce0si CpeacTBa AJsl YIpaBieHHs
JOCTaBKOM CMECH WJIM pacTBOpa Ha KOHKPETHbIE 3TAIbl WM 3JIEMEHThI B PAMKAaX KOHKPETHOMH
CHCTEMBI, €CJTU CPEACTBA ONpenesieHuss OOHAPYKUBAIOT, YTO CMECh MJIM PACTBOP MMEET COCTAB,
MOJXOSIIUH [JI1 KOHKPETHOI'O STana.

Kpome Toro, MoxeT ObITh HEOOXOAMM HArpeB MJIM OXJIAXKICHUE ONpPEeeHHON CUCTEMbI
KOMITIOHEHTOB HJTH CMECEeH, paCTBOPOB I JOOABOK A0 HJIM BO BPEMs OZHOTO MK DoJiee STanoB
npouecca. B Takux ciiydasix MOTYT ObITh HCIOJIb30BaHbI U3BECTHBIE CPEACTBA IJIsl HATPEeBa HJIH
OXJIJKICHUSI.

bosnee Toro, cucremMa MOKET BKJIIOYATb OAMH WM 0OoOJjiee MPeABAPUTENbHBIX HJIH
MOCIIENYIOLINX 3TANOB OOPa0OTKU Uil YAyYIIeHUs] (PYHKIHOHMPOBAHUS N 3(PPEeKTUBHOCTH
KOHKpPETHOro stama. Hampumep, OAMH U3 3TAloOB MpenBapuUTENbHON 0O0paboTKH MOKET
BKJIOUYATh B ceOsl CpeAcTBa ISl yIaNIeHHs HeXXelaTeIbHbIX TBEPAbIX YaCTHUIl U3 U3MEJIbYEHHOTO
ChIpbsi A0 Tpouecca Cyab(aTtupoBaHus Meraia. J[pyrue BO3MOKHBbIE MpeaBapUTESbHbIE WIH
MOCIIENYIOLTHE OMEpalry BKIOYAIOT OCAKICHHE TpeOyeMoro MNpoAyKTa(OB) B pe3yJbTare
OCYILIECTBJIEHHSI KOHKPETHBIX STAIOB.

UzobpereHne ObUIO OMMCAHO B JAHHOM [OKYMEHTE€ CO CCBUIKOW HAa HEKOTOpbIE
NPEANOYTHTENbHbIC BAPHUAHTHI PeaTH3aLUK Il TOTO, YTOOBI MO3BOJIKUTH YUTATENIO HA MPAKTHUKE
peanu3oBaTh U300peTeHus Oe3 MPOBEAEHHS U3UILIHUX 3KCepuMeHTOB. CrelHaiucTbl B JaHHOH
o0JIacTH TEXHUKH TOUMYT, YTO H300peTeHHe MOKeT OBITh OCYIIECTBJIIEHO B OOJBIIOM
KOJIMYECTBE Bapuauuii v MoaupUKaLMi KpPOMe CIeLUalbHO OomucaHHbIX. Clenyer MmOHUMATh,
4T0 M300peTeHHe BKJIIOYAeT BCe Takue Bapuaumu v moaudukaiuu. bonee Toro, Ha3BaHws,
3arojOBKM HJIM HEYTO MOJOOHOE MPENOCTaBJIAIOTCS IJIsi TOTO, YTOObI MOMOYbL YHUTATEIsIM B
MOHUMAHUK 3TOTO JOKYMEHTA, U He IOJDKHBI PaCCMATPUBATBHCS KaK OTPAHUUYMBAIOLIHE OOBEM
HacTosero u3oOpereHusi. IlojHble OMUCAaHUST BCeX 3asBOK, MMATEHTOB M IMyOJHKALUH,
MPOLUTHPOBAHHBIE B HACTOSIIEM JJOKYMEHTE, BKIIOYEHbI B HETO MIOCPEICTBOM CCBHLIKH.

boJiee KOHKPETHO, KaK 3TO MOHSITHO CIELHUATICTY B JAHHOH 00JaCTH TEXHUKH, BAPUAHTBI

peanu3annu H300peTeHHss MOTYT BKJIOYaTh OAWH WM OOJiee JOTOJNHUTEIBHBIX 3JIEMEHTOB.
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Tonbko Te 37eMEeHThI, KOTOpble HEOOXOAUMBI JJisi IOHUMAaHUs M300PETEHHs] B €ro Pa3jIMuHbIX
aCmeKTaX, MOTYT ObITh MOKa3aHbl B KOHKPETHOM mpumepe mwin omucaHuu. OmHako o0beM
U300peTeHNs] He OTPAHUYUBACTCS] OTTMCAHHBIMU BAPUAHTAMH M BKJIFOYAET CIIOCOOBI, B TOM YHUCJIE
OIMH WIA 0O0JIee MOIMOJHUTENBHBIX STAlOB W/WINH OOUH WiIH 0ojiee 3aMEHEHHBIX 3TAIlOB W/HIIA
Croco0OB, OTMyCKast OAMH UM HECKOJIBKO STAIOB.

Ccbuika Ha J0OOH MpenIIecTBYIOIUN ypPOBEHb TEXHHKH B JTAHHOM OITMCAHUU HE
SIBJISIETCS. U HE JTOJDKHA PacCMATPHUBATHCS KaK MOATBEp:KIeHUEe win Jrodas Gopma ykazaHus Ha
TO, YTO MPEIIIECTBYIOIINI YPOBEHb TEXHUKH SIBJISIETCS YaCThIO O0INero 3HaHUs B TaHHOU cepe
NesITeIbHOCTH B JIFOOOM CTpaHe.

IIpumeps!

Ipumep 1. Onpedeiienue cocmasa WLAKA U3 PU3HBIX UCHIOYHUKOS

Cocras miaka ObLT MOJyYeH OT 3aBOJIOB O MPOU3BOJCTBY CTAJIH.

Pesynomamui

Tabmuua 2. CoctaB ChIpbs

Komnonent (% macc.)

HcTounuk maka TiO, SiO; Ca0 | ALO; | MgO | Cymma
Hosas 3emanns 34,8 14,1 16,3 19,0 13,8 98,0
IOAP 28,2 16,5 16,6 13,6 14 99,2
Kwuraii 1 21,5 15,55 24,6 14,11 | 7,65 83,84
Kwuraii 2 16,03 | 24,94 32,12 14,89 | 7,47 96,02
Poccust 9 29 31 14,5 12 96,54

Tabnmua 3. CooTHOIIEHHE KOMIIOHEHTOB CHIPbSI U AUOKCH/A TUTAHA

CooTHOIIEHNE KOMIIOHEHTOB
HcTounnk nuiaka Ti02:ALO; | Ti02:Mg0O | Ti01:Si0; | Ti02:CaO
Hogsas 3enannus 1,8 2,5 2.5 2.1
IOAP 2,1 2,0 1,7 1,7
Kuraii 1 1,5 2,8 1,4 0,9
Kuraii 2 1,1 2,1 0,6 0,5
Poccus 0,6 0,8 0,3 0,3

Ha puc. 3 mnpomsumrocTpupoBaH COCTaB NPEACTABICHHBIX BbIIE OOpPA3LOB IIJIAKA,
onpenenéHHbli n3odperarensamu (st Hooii 3enannum) v MoJy4eHHbIH U3 PUBEACHHBIX Jajiee
nautepaTypHbIx uctouHuKkoB 111 FOAP, Kutas u Poccun.

FOAP - Ympasnenue oTkpeiTol nutakoBoit Bannoi neun "Highveld Steel" u "Vanadium
Ltd": Pazpabortka pykoBomsmmx Tabmun pnst omepartopa. Ilreitnbepr u Ilucropuyc.

UyryHOJIUTEHHOE U CTaleIIaBUIIbHOE MPOU3BOACTBO. 2009, T. 36, Ne 7.
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Kurait 1 u Kurain 2 — 3-ii MexayHapOAHbIl CUMIIO3UYM IO BBICOKOTEMIEPATYPHOHN
MeTatyprudeckoit oopadorke. Tao LzstH u np. 9 Mas 2012,

Poccust — Cnioco0 o6paboTku TuTaHcoaepskamux nurakos. [larenr RU 2295582,

3arnrouenue
Bce msiTh HCTOYHHUKOB TIO COCTABY IIJIAKA, JJISI KOTOPBIX ObLTH MOJTYyYEHBI JaHHBIC, UMEJTH
pa3jIMuYHbIE JTOJM OKCHUIOB METAJUIOB, KOTOPbIE MOTYT OBITh WM3BJICUYEHBI C HCIONIB30BAHHEM

ONMCAHHBIX B HACTOAIIEM JOKYMCHTC CII0CO0O0B.

IHpumep 2

Mamepuansr u cnocotor

Illects 00pa3LoB, copep:KaUX CMECH AMOKCHIA TUTAaHA, OKCHAA AJFOMHHUS, OKCHIA
MarHusi, OKCHJa KPEMHHS M OKCHAA KaibLius ObUIM MPOAHAIM3HPOBAHBI C HCIOJIb30BAHHUEM
PEHTreHO(ITYOPECLIEHTHBIX CIIEKTPOMETPOB. bbuT onpenesnéH cocta 3TUX 00pa3LOB B MACCOBBIX

MMpoLCHTax U ObLIH pacCunTaHbl COOTHOIICHUA TUOKCHUIAa TUTaHA U BTOPOIr0 KOMIIOHCHTA.

Pesynomamui

Tabmuma 4. CocTaBel W COOTHOIIEHHsSI KOMIIOHEHTOB B 00paslax, ONpEeAeNEHHbIE C

UCTIOJIb30BAHUEM PEHTTEHO(ITYOPECLIEHTHBIX CIIEKTPOMETPOB.

Komnonent (% macc.) CooTHomeHue

Hcrounuk . . TIO;: TiO»: TiO»: TiO»:
IaKa TiO; | Si0; | CaO | ALO; | MgO ALO; MgO SiO, CaO

1-NZ-P112-Ti: | 3438 [ 14,1 [ 16,3 [ 190 |[13,8 | 1,84 2,52 2,47 2.14
Ca=2,1

2 -ZA-P114-Ti: | 30,3 | 19,3 | 158 | 150 |12,0 |2,02 2,53 1,57 1,92
Al=21

3 - L108-Ti : Al

~ 03 16,1 |60 |77 |61,5 |67 0,26 2,40 |2,68 | 2,09
16;109% Calis3 160 581 (89 |77 | 1L72 1,08 255 026
i(')};“o'Ti Alliso leo |77 617 |67 |o026 2,38 2,65 |2,06
ib’glll'ﬁ Cali93 176 491 [112 |92 | 172 2,11 2,54 0,39

Qur. 2 WUTIOCTPUpPYET cOcTaB 00pas3os 1-6.

3arnrouenue

Bbrimn mony4yensl oOpasnbl psiia COCTABOB. JTH COCTaBbI SIBJISIOTCS NPEACTABUTEISIMU

psAaa NPOMBILIJICHHBIX HIJIAKOB U COOTHOIIIEHNI OCHOBHBLIX KOMIIOHEHTOB
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Ilpumep 3. Cyrvpamuposanue uiiaxa, cooepiicaniezo OUOKCUO MUMAHA

Mamepuansr u cnocotor

CyabdpaTruposanue u ruapoauns (oopasusi 1 u 3-6)

1. 100r oOpa3oB TUCTIEPCHOTO MaTepuaa, OTBevarInero obpasuam 1-6 u3 npumepa 2,
OBLITN TIOMEIIEHBI B KPYTJIOAOHHYIO KOJIOY 00BEMOM 1 I1;

2. bout no6asnen 1 kr 98% cepHON KUCIIOTSI,

3. Cmech Obla Harpera, nepemMerneHa u Bbiepkana npu temneparype 200°C B TedeHue
OKOJIO 4 4acoB,

4. TlonmyueHHass CepHOKHCNAs CMeCh Oblla OXJAXKAeHa M Npo(UIBTPOBAHA YeEpe3
¢$unbTpoBaNBHYIO TKaHb 46K 1ox BakyymMoM;

5. OtdunpTpoBaHHBI OCamOK ObUI MEPEHECeH B KOHMYECKYI0 KoJOy oObéMoMm 1 1 u
IPOMBIT CTEXHOMETPHUYECKUM KosindecTBOM (1:1 mo macce) BOABL, OYMINEHHOW MPH TOMOIIH
o0paTHOro 0OCMOCa U HOHHOTO 0OMeHa B Teuenne 2 yacos npu 70°C;

6. Cmech ObljIa mepeMelieHa B TedeHHe OKOJIo 15 9acoB, a 3aTeM npoduIbTPOBaHA Yepes
¢bunbTpoBaNBHYI0 TKaHb 46K monm BakyymMOM ISl MOJydeHHs (UIBTpaTa, COAEPIKAIIero o
MeHbIIeH Mepe Cylab(aT THTAHUIIA,

7. bbutn oToOpanbl mpoObI ¢uibTpaTa (COmEprKalero Mo MeHbIIeH Mepe Cyibdar
TUTaHWIA) U 00pasubl ObUIM MOABEPTHYTHl AHAIHM3Y C HCIMOJB30BAHHEM METOJA ONTHYECKOH
SMHUCCHOHHOH CHEKTPOMETPUU C HHAYKTUBHO-CBs3aHHOW mminasmoi (MCII-O3C) Ha TtHTaH,
Kanpuud, amoMuHuii u MarHuil. CopepikaHue [HMOKCHIAa TUTaHa B oOpasuax ObUIO
NPOAHATU3UPOBAHO C MMOMOIIBIO JA0OPATOPHOTO TUTPOBAHMS,

8. ®@uibpTpar, comepKallMi 1O MEHbIIeH Mepe Cyib(ar THTaHWIa, OBLT MOMELIEH B
KPYIJIONOHHYIO KoJOy oObémoM | 11 1 pazOaBieH BOIOH, OYHMIEHHOHN MPH MOMOIIN OOpaTHOTrO
OCMOCa M MOHHOTO OOMEHa, B CTEXHOMETPUYECKOM COOTHOIIeHnu 1:2 mo macce (3-kpaTHoe
pa3baBiieHHe) 1Jisl TPOBEACHISI TUAPOIIH3a PACTBOPA,

9. I'moponu3HBIA pacTBOP OBLI HArpeT A0 TOUKU KuneHus (npudnmsurensao no 104°C)
U KUISITHJIM B TEYEHUE 5 4aCOB NPU MepeMEIINBAaHUN JJISl THAPOJIN3a Cysb(daTa TUTAHWIIA,

10. OcaxnaeHHbIi AHOKCHUI TUTaHa OBUT OTHEJEH OT THUAPOJM3HOIO pacTBOpa
neHTpudyrupoBanueM mnpu ckopoctu BpameHus 8000 o6/mMuH B Teuenme 20 MUHYT 710
MOJIy4eHUs] KPYIIUHOK FHpaTa TUOKCUAA TUTAHA,

11. OcraBmuiics TUAPONU3HBIA pacTBOp Obl1 mpoaHamusupoBaH meronom HMCIT-O2C
IUIL ONPEAENICHUsT OCTABINErOoCs] KOJMYECTBA TUTAHA, AJOMUHUS W MarHusi B Mr/n. Beixon
IVOKCHA THTaHA ObUI PAacCUMTAaH, UCXOAS U3 pe3yibTaToB aHanu3a. OcTaBiueecss KOJIUYECTBO

aMIOMUHUS U MarHus (B opme cynb(aTHBIX cojieil) ObLIO TakKe U3MEPEHO ISl TIOCIEAYIOIIETO
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U3BJICUEHUS.

Copnepxanue CBOOOTHON KHCIOTHOCTH B PEAKIMOHHOM pPacTBOpEe OBUIO H3MEPEHO Ha
CJIEAYIOIINX STarax: yaaleHus: OTQUIBTPOBAHHON KHCIOTHI MOCIIE MEPBON (PHIIbTPALINY,

a) noyiyueHuss (QuiIbTpaTa, CoOAepKalero CyibpaT THTAHWJIA OT BTOPOU
¢bunbTpauny; u

b) THIPOJIM3a PAcCTBOPA, OCTABIIErOCs IIOCHE TOTO, KaK IOHOKCHI THUTaHa ObLI
OCaX/IEH U MOJBEPTHYT UEHTPU(YTUPOBAHUIO.

Cnoco6 cyab(paTuposanus u ruaposusa (o6pasen 2)

1. 1,5 kr nmpoba obpaszua 2-(P114) (cM. nmpumep 2) Obla U3MeIbUEHA 1T 00pa30BaHUs
JUCIIEPCHOTO MaTepuaa ¢ pa3MepOM YacTHUL OKOJIO X MKM C TIOMOILBIO IIAPOBOI MENBHUIIBL,

2. beuto nobasneno 8 1 98% cepHO KHCIOTHI,

3. Cmecp Obuta Harpera u BblnepkaHa npu temneparype 200°C oxoso 4,5 4acoB mpu
naByieHUH 2 0ap U mepeMelInBaHuy co CKopocThio 300 00/mMuH;

4. TlonmyueHHass CepHOKHCNAs CMeCh Oblla OXJAXKAeHa M Npo(UIBTPOBAHA YeEpe3
¢unbTpoBanbHyO TKaHb 46K mpu Temneparype S0°C;

5. @unbprpanys NpoOBOAWJIACH NMPU AABICHMHU 5 0ap W NMPOAYBKE CKATHIM BO3AYXOM B
teueHue 30-40 MUHYT;

6. U3 punbTpara (comeprkainero no MeHblIeil Mepe cyib(aT TUTaHUIA) ObLTH OTOOPAHBI
npoOsl 1 0o0pas3ubl ObUTHM MOABEPTHYTHI aHanu3y ¢ ucnoib3oBanneM merona MCII-O3C Ha
TUTAH, KajblWi, amroMuHuii u MarHuil. Copxep:kaHue IUOKCHAA THUTAHA U CBOOOIHOM
KHUCJIOTHOCTH B 00pasmax Tak:ke ObLIO MPOaHAIM3HUPOBAHO C HCIOJB30BAHHEM JIAOOPATOPHOTO
TUTPOBAHUS IO METOJIUKE, OMTMCAHHON B MpUMeEpe 3.

7. OTdunbTpoBaHHBIA OCaNOK OBLI MOABEPTHYT BBIMEIAYMBAHUIO BOAOH, OUYMIIECHHON
IPU MOMOINY OOPAaTHOrO OCMOCA M MOHHOTO OOMEHa B CTEXHOMETPUYECKOM COOTHOmeHuH 1:1
o Macce B Teuenue 2,5 yacos nipu 70°C, T. e. 3028 r OTPUIBTPOBAHHOTO OCAAKa MOABEPTIIOCH
BBILIEIAYUBAHUIO ¢ HCNOJb30BaHueM 3000 r oUnIEeHHON BOABI [JIs MOJIY4YeHUs] TUAPOIU3HOIO
pacTBopa,;

8. 3areM ruapONIM3HBIN pacTBOP ObUT MPOPUIBTPOBAH Uepe3 (UIBTPYIOIYIO TKaHb 46K
B TeueHHe |5 MUHYT MpU HArHETAHHWU BO3/AyXa MOA AaBjeHueM 1-3 Oap B TeueHue 20 MUHYT;

9. 3aTteM rHOPOIM3HBIN pacTBOP ObLT MEPEHOCEH B KPYTIIOAOHHYIO KOJOY 00bEMOM 3 11 1
pa3baBiieH BOJAOH, OYHMINEHHOW MPHU MOMOIMM OOPAaTHOTO OCMOCa U HOHHOTO OOMeHa, B
CTEXHOMETPUIEeCKOM cooTHowmeHnHu 1:1 mo macce (3-x kpaTHOE pazOaBieHue);

10. Tlocne sToro paszOaBieHHBIA pPAacTBOP OBLT HArpeT OO KHUIEHUS I MPOBEICHUS
THIPONN3a Cyib(daTa THTAHIIA B TEUEHHE 5 9acOB MPH MEePEMELTNBAHNY,

11. T'uppar aquokcuaa Tutana ObUT MOABEPTHYT LeHTpUdyruposanuo npu 8000 06/MuH B
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TeyeHre 20 MUHYT 1O MOJYYEHUs] KPYMIUHOK TUApaTa TUOKCHUIA THTAHA,

12. OcraBmmiicss THAPOJU3HBIA PACTBOP OBLT MPOAHATM3HPOBAH C TOMOLIBI0 METOIA
HUCTI-O2C nnst onpeaeneHust OCTaBLIETOCA KOJIMYECTBA TUTAHA, aFOMUHHS U MarHus. Berxon
IVOKCHA TUTaHa ObUTM PacCUMTaH, UCXO M3 pe3ybTaToB aHajm3a. Ocraslieecs KOJIUIECTBO
aMIOMUHUS U MarHus (B opme cynb(aTHBIX cojieil) ObLIO TakKe U3MEPEHO ISl TIOCIEAYIOIIETO
U3BJICUCHUSI.

Ocaxagenue cyabdara aTlOMHHHS

1. Tlocne rupponmsa KUCIOTHOCTh PACTBOPA, COAEpIKalIero CynbpaT aTrOMHHMA, ObLia
yBesmueHa 10 okoJio 40% (mmo Becy) mobasnenuem 98% cepHOUN KUCTOTHL

2. 3areM pacTBOpP C BBICOKOW KHUCIOTHOCTBIO LEHTpU(yruposamu co ckopoctero 8000
o6/muH u nipu temmneparype 20°C B TedeHHe 3 4acOB ISl OCAKACHUS CyJb(aTa aJIOMUHUS U
IPaHyJIMPOBAHUS ISl PA3ICTICHHSL.

MeToa TUTPOBaHHS JIsI ONIPeAesIeHUs] KOHIEHTPALIMHU JHOKCHIA THTAHA

1. Orobpano numnetkoii okono 1 M obpasua B konly Dpaermeriepa od0bémom 500 M1 u
oTIpenieieHa TOYHast Macca oopasna.

2. Hobasneno 60 mn 10% pacteopa HCI, 20 M 98% H>SO4 u oxoso 1,3 T amoMuHueBoH
¢onbru.

3. Tlocne 3aBepiIeHUs] peakMu PacTBOP OBbLT OCTABJIEH HEMHOIO OCTHITh. [Ipu 3TOM
HekoTopeie komdecTBo NaHCO3 3acocanock obpatHo B k0j0y u obpasoano OydepHbIi Cion
CO..

4. JloGaBneHo 6 Kamenb HHIMKATOPa METHJIGHOBOTO TOJIyOOTO IMOKa PacTBOp ermé
TETUIbIN.

5. BemmosHeHo TuTpoBaHue moakucieHHbM 0,1 M cTaHZapTHBIM pacTBOPOM cyiib(dara
Lepusl.

6. KoHeuHas TOuka TUTPOBAHUS COOTBETCTBYET M3MEHEHHUIO LIBETA OT OJIETHO-JKENTOrO
10 OJeHO-3eNIeHOTO.

Onpenenenue copep:kaHusi CBOOOAHOH KUCJIOTHI

1. Orobpano numnetkoii okono 1 M obpasua B konly Dpaermeriepa od0bémom 500 M1 u
oTIpenieieHa TOYHast Macca oopasna.

2. Jlo6aBneno B konOy 100 M BOABI, OYUINEHHOW MPH MOMOIIH OOPATHOTO OCMOCA H
HOHHOTO OOMeHa.

4. TobasneHo 4 karum (peHondraaenHOBOro HHANKATOPA.

5. BeinmonHeHo TuTpoBaHue cravaapTHeiM 0,1 M pacTBOpOM €IKOro Hartpa.

6. Koneynast Touka THTPOBAaHHUSI COOTBETCTBYET M3MEHEHHUIO LIBETA OT OECIBETHOTO IO

pPO30BaToOro.
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Pesynomamui

OO0pa3upl, TOABEPTHYTbIE METOAY CYib(aTHPOBAHUS, ONHMCAHHOMY BbIIIE, OBLIH
NPOAHATU3UPOBAHBI M OBLIM UCCIIEIOBAHbI COCTaBhI (PHUIIbTPATa, MpUBENeHHbIE B Tabmuie S:

Tabnuua 5. PesynbraTe! aHamm3a GUIbTpaTa, MOJYYEHHOTO MOCHE (PUIBTPALUN

PesyabTaTsl
JabopaTopHoro
TUTPOBAHHUSA PesyabTaTel UCII-O2C (mr/a)
Conepxanue
Jnorkcern cBOOOTHOM Kaas- | Amo- | Mar-
Homep o0pa3zna THTAHA Tutan . . .
(F/Kl") KHCJIOTHOCTH IHUH MHHHH | HUH
(%)
; N NZ-PT2-Ti - Ca =1 43 4 31,54 30379 | 159 13103 | 10429
; ; ZAPHATE - Al =154 5 29,47 37835 | 478 19492 | 18099
3-L108-Ti: Al=0,3 22,53 32,44 18063 110 26012 | 6287
4-L109-Ti: Ca=0,2 16,64 31,06 11297 144 5068 4799
5-L110-Ti: Al=0,3 20,66 32,97 15723 107 24542 | 5539
6-L111-Ti: Ca=03 24,29 29,07 19852 | 233 8341 | 8332

Copnepsxanue cBOOOIHOM KHCIOTHOCTH ObLIO B mpenenax ot 29% no 33%

Ha ®ur. 4a npowmrOCTpUPOBAHO KOJIMYECTBO AMOKCHAA TUTAHA, ONPENENEHHOIO B
¢bunbTpare, comeprkaieM Cyib(paT THTAHUIA, OTIPENENEHHBIN MeTonoM TiuTpoBanus. Ha @ur. 4b
NPOMJLTIOCTPUPOBAHO KOJHMYECTBO THUTaHa, M3MepeHHoe B (QuubTpate meromom HCIT-OOC.
XOopomo BUIHO, YTO PE3YJIbTaThl U3MEPEHHH, MOJYYEHHBIX C TIOMOIIBI0 METO/1a JTJa00OPaTOPHOTO
TUTPOBAHHS TECHO KOPPEIHPYIOT ¢ U3MEPEHUSIMH, TOJyUYeHHBIMU MpH nomouru merona MCII-
O32C. Ha ®ur. 5 npoWuIIOCTPUPOBAHBI PE3YJIbTaThl OMPEAEICHUS TUTAHA, KAJIbLUs, ATFOMUHUS
u Maraus B pussrpare no merony MCIT-O2C.

Tabmuuna 6. Pesymprater  MCII-O3C, mnokasbiBalOIIWe  KOJUYECTBO  THTAHA,
NPUCYTCTBYIOLIETO B (puibTpare, comepikamieM cyib(ar TUTaHWIa (IO THAPOIN3a) U THUTAHA,
OCTaBLIErOCs B OTPAOOTAHHOM THAPOJHM3HOM pPacTBOpe (MOCHe OCAKIEHHs] TUOKCHIA THTAHA U

HeHTpUuGyrupoBaHus WK (GUIBTPOBAHUS C LEJBIO YAAICHUS OCaIKa)

Turan B Turan B
Homep o0pa3ua punbTparte 0TpadoTanHoM
(Mr/1) THAPOJIH3HOM
pacTBope (Mr/J) Boixoa (%)

1 -NZ-P112-Ti: Ca=2,1 30379 1546 95
2 -ZA-P114-Ti: Al=2,1 37835 4199 89
3-L108-Ti: Al=0,3 18063 1612 91
4-L109-Ti: Ca=0,2 11297 292 97
5-L110-Ti: Al=0,3 15723 1022 93
6-L111-Ti: Ca=0,3 19852 1415 93
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Tabmuua 7. Pesynbratet UCII-OO3C, mokasbIBarolye KOJWYECTBA TUTAHA M MarHus,

MPUCYTCTBYIOLIME B TMIPOJU3HOM PACTBOpE NOCHe yAaJeHUs TUOKCHU A TUTaHa

PesyabTaTer HCITI-ODC
(oTpaboTaHHbII
THAPOJIU3HBIH PACTBOP), MI/J
Homep o0pa3ua AnroMuHHHA Maruumii
1 -NZ-P112-Ti: Ca=2,1 5069 3126
2 -ZA-P114-Ti: Al=2,1 3167 2821
3-L108-Ti: Al=0,3 6280 1552
4-L109-Ti: Ca=0,2 1250 1253
5-L110-Ti: Al=0,3 5362 1307
6-L111-Ti: Ca=0,3 2377 2124

Tabmuua 8. Coneprkanne cBOOOTHON KHCIOTHOCTH B PaCTBOPE PEAKIIMH Ha KOHKPETHBIX

CTagusax peakKuu

Coaepxanue cB000aH0I KHCI0THOCTH (%0)
duabTpar,
Homep o6pasua IIpo¢puneTpoBan | coaepxkamuii | I'mapoausHbIi
Hasl KHCJIOTA cyandar pacTBop
THTAHWJIA
1 -NZ-P112-Ti: Ca=2,1 85,53 31,54 10,7
2-ZA-P114-Ti: Al=2,1 90,85 29,47 9,52
3-L108-Ti: Al=0,3 85,23 32,44 10,85
4-1109-Ti: Ca=0,2 86,73 31,06 10,03
5-L110-Ti: Al=0,3 84,27 32,97 9,52
6-L111-Ti: Ca=0,3 83,98 29,07 9,34
B cnyusae, xorma cymbdar aqIOMHHHS ~ BBIIAAAET B OCANOK

MEePBbIM

u

OT(UIBTPOBBIBAETCS, MMEIOTCS MOTEPH Cyib(ara THUTAHWIA B STOT MAaTEPHAIBHBINA IOTOK.

Tabnmuna 9 onmuceiBaeT moTepu CyjabdaTa TUTAHWUIA B OCAKIACHHBIN CyIb(paT aFOMUHUS 33 CUET

yaep:KkaHus cyib(ara TUTAaHWIA B CyJb(aTe ATFOMUHHS TIPU €ro OCaxaeHuu (copOLus).

Tabmuua 9. DkBHBaJeHTHbIE TOTEPU AMOKCHIA THTAHA TPU M3BJICYCHUH Cyibdara

AJFOMHUHUA 00 TUAPOJIN3a

Pe3yabTaTsl 1abopaTopHOro
THTPOBAHHS Pacuérbl Mmaccel

Huoxcug Copepxanue Macca | Macca | Iloreps o

Homep o0pa3zna THTAHA cBoOoaHOM pacteopa | TiO2 TiO: °
(r/kr) kucaoTHocTH (%) (r) (r) (r) norepu

7-L112-Ti: Al=
0,3 PactBOp
BoImenaunpanust | 16,11 27,81 678 10,92
8-LI112-Ti: Al=
0,3 PactBOp
nocsie ocaxaeHus | 14,01 38,43 533 7,47 3,45 31,6
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cynbdara
AJJTFOMUHUA

9—-ZA-P114-Ti :
Al = 2,1 PactBOp
BhImenaunBanust | 39,15 29,47 630 24,66

10 - ZA-P114-Ti :
Al 2,1 PactBop
NIOCIIE OCAXKACHUS
cynbdara
AIFOMUHUS 29,05 35,22 588 17,08 7,58 30,7

2 2

3arnrouenue

Pesynbrater MCII-OOC B Tabmuiue 5 mOKa3bIBalOT, YTO 3HAYMTEJbHBIE KOJIUYECTBA
TUTaHA, ATFOMUHUS U MarHusl HAXOSTCS B PACTBOPEHHOM COCTOSIHUH | ITPOXOAAT depe3 QuibTp,
CBOOOIHBINA OT HEPACTBOPUMBIX OCTATKOB M JAPYI'HMX HEXKEJIATEIbHBIX MOCTOPOHHHUX MPUMECEH.
Turan, amomMuHMl 1 Maraui B QuibTpaTe HaxomATcsi B (opMe Cyiab(aTHBIX COJEH M MOTYT
OBITH OTZENBHO OCAKICHBI COMJIACHO CIOCOOaM, OITUCAHHBIM B HACTOSIIIIEM JTOKYMEHTE.

Usmepennst conepkaHust CBOOOJHOW KHCIOTHOCTH TOKAa3bIBAKOT, YTO (DUIIBTPAT,
comepKamui cynb(aT TUTAHWUJIA, UMEET COAepIKaHHe CBOOOIHONW KHCIOTHOCTH B MpeAeiax OT
29% no 33%.

KomnuectBo kanpuusi B ananuze MCII-OOC sBnsieTcss O4eHb HU3KUM, YKa3bIBas, YTO
OKCHJI KaJIbIIVsI, TPUCYTCTBYIOIIUH B UCXOAHBIX npodax (cMm. @ur. 2 u 3 u Tabn. 4) peinanaer B
OCaJIOK U yAaJsieTCsl B BUJE CyJb(ara Kadblus Ha STare QUIbTPalHH.

Usmepenns BpIXOAa MPOAYKTOB, MOKa3aHHBIE B TAONHIIE 6, CBUIETEIBCTBYIOT O BBICOKOH
3¢ dexkTUBHOCTH u3BNedueHUs1 coneil TuraHa (3¢dexktuBHOCTE 89-97%). M3MmepeHus BbIXOna
TAKXKE€ YKa3bIBAIOT HA TO, YTO CIOCOOBI, OMHCAHHBIE B HACTOSIIEM IOKYMEHTE, SIBIISFOTCS
NEWCTBEHHBIMH M BBICOKO3((EKTUBHBIMH Ul psAga TBEPAbIX YACTHL KOMIIO3MLUU H
COOTHOIIEHUI KOMIIOHEHTOB (CM. TaOnuLy 4 U PUCYHOK 2).

Tabnuua 7 moOKa3bpIBaeT, YTO CYIIECTBYET 3HAYMTEIbHOE KOJUYECTBO ATIOMHHHUS U
MAarHusi, MPHUCYTCTBYIOIIUX B PAaCTBOPE IMOCJE THAPOJHN3a U YAAJCHHUS AUOKCHUAA THUTAHA. JTU
Apyrue KOMIIOHEHTHI (IPUCYTCTBYIOLIHE B BHIE CYJIb(ATHBIX COJEH) TOCTYITHBI ISl U3BJICUECHUS
Ha MOCJIEAYIOLIeM 3Tale CIoco0a OCaXICHHUS.

Tabmnua 8 moOKas3bIBaeT, YTO COAepKaHWE CBOOOAHON KHCIOTHOCTH B mpodax
OT(pUIBTPOBAHHON KUCIIOTHI OYEHb BBICOKA. PUIBTPAT, COAEPIKAIIMN CyIb(paT THTAHUIIA, UMEET
MOHIKEHHOE COJNepsKaHue CBOOOMHON KHUCIOTHI, a THIAPOJU3HBbIA pacTBop — okoio 10%
cBOOOIHOW KHCIOTHOCTH. J{OTIOJTHUTENbHBIE 3KCIEPUMEHTBI, NPOBENEHHBIE H300peTaTeNsiMu,
MOKa3aJId, 4YTO €CJU COJep’KaHHe CBOOOAHOH KHUCJIOTHOCTH B THAPOJH3HOM pacTBOpE
cocrasJsier 6onee 25%, TO peakuust THAPOIIN3a SBJSIETCS SHEPTreTHUECKN HeOIaronpusiTHON U He

NPOTEKAaeT, WM HEe TMpoTekaeT A0 koHua. Kpome Ttoro, m3oOperarenn OOHAPYXKIIH, HYTO
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NPEANOYTHTENbHO THAPOJH3HBIH pacTBOp COAep:kuT Oosiee yeM 8% CBOOOAHOW KHMCIOTHOCTH
st o0ecriedeHns MOJTHOTO THAPOIIN3a Cysb(daTa TUTaHA.

Tabnuia 9 mokasbiBaeT, 4TO B Cliydae, KOTAa CyJab(ar aqOMUHHS OCAKAAETCS [0
ruapojin3a, HUMEHTCA 3HAYUUTCIIBHBIC TMOTCPU B JSKBUBAJICHTC AUWOKCHIA TUTAaHA, KOTOPBLIC B
MNPOTUBHOM CJiydac 6I:;IJ'II/I 6bI AOCTYIIHBI JIA THAPOJIN3a. Ot NMOTEPU BO MHOI'OM IPOUCXOIAT
u3-3a cynbdaTa TUTAHWIIA, KOTOPBIM MOMJIOMAETCS KPYMHO3EPHUCTBIME KPUCTAIAaMH Cyiibdara
ATIOMUHUS, OOpa3yIOIMUMHUCS TpH ocaxiaeHuH. llpu pa3paloTke TEXHOJOTHH THIAPOJIN3A
cynbaTa THUTAHWJIA B JHOKCUI THTaHAa A0 OCAKAEHUs CyJb(ara aqrOMHUHUS H300peTaTesnu
YIYYIIAIA SKOHOMHYECKYIO 3 (EeKTHBHOCTD MpOLIEcca.

CpaBHeHHe ABYX CHOCO00B CybhaTHPOBAHUS M THAPOJU3A CBUAETENBLCTBYET O TOM, YTO
OHH JalOT CONOCTaBUMbIE pE3yJbTaTbl. B  TEXHMYECKOM KOHTEKCTe BTOPOH crmocod
(ucronb3oBaHHBIN At oOpasna 2) B OOJNBIIMHCTBE CIy4aeB MPEANIOYTHUTENbHEE U3-3a OoJjee
BBICOKOH mpoun3BoauTenbHoCTH. Kpome Toro, nsobperaresy NpearnoiaraiT, YTO ¢ TEXHUYECKOH
TOYKH 3PEHHUSl 3Tal LEeHTPU(YTrUPOBAHUS MOXKET OBITh 3aMEHEH aJbTEPHATUBHBIM C Ooiee
BBICOKOM MPOU3ZBOAUTCIIBHOCTBIO TCXHHUKU PA3ACICHUA, TAKUM KaK (1)I/IJ'IpraL[I/I$I. CHeL[I/IaJ'II/ICTaM
B I[aHHOI\/'I O6J'IaCTI/I TEXHUKHU OYCBUIHO, 4YTO TaKUC MECTOAbI pa3aciiCHus MOryT 6bITb
HCIIOJIb30BAHbI AJIA MOJYUCHUA YKA3aHHbIX B HACTOALIEM JOKYMEHTEC MPOAYKTOB U3 q)HHpraTa,

COZEpKaLIEro YKa3aHHbIE MPOAYKTHIL.

Ilpumep 4. H3eneuenue cyrvhpama maznun

Mamepuansr u cnocotor

H3Bneuyenue cyabdara Marous

1. 1000 mn pacTBOpa MOJy4arOT B Pe3yJbTaTe PEakLUU rHAposn3a (Kak BapHAaHT MOCHE
U3BJICUEHUs CynbdaTa amoMuHus). PacTBop, comepskammii Cyap(ar Maraust U CEPHYIO KUCIOTY,
HarpeBaroT 10 Temneparypel Bbile 180°C myTéM nomelleHUss B HarpeTblii pesepByap C
MELIAJIKON.

2. Korza pacTBOp AOCTHraeT TOUkM KuneHus npu temmneparype 180°C, xoHueHTpaLus
KUCJIOTBI B HEM COCTaBUT OKOJIO 75%.

3. PactBop BhIAEpkUBatOT npu Temnepatype 180°C B TeueHune 60 MUHYT.

4. Cynpdar mMarHus B pacTBope OyZeT BBINAAATh B OCANOK MO MEpE MOBBIIIEHHS
KOHLICHTPAaLlUH KHUCJIOTBL

5. PacTBOpY HarOT OCTBITh 0 TEMIIEPATYPhI OKPYKAOLIEH CPEbI.

6. PactBop 1 ocanok QUIBTPYIOT HA BaKYYyMHOM (UIBTpE Yepe3 (UIBTPYIOIIYIO TKaHb

46K.

7. KoHueHTpaT yaanisioT, BBICYIIMBAIOT M aHAJM3UPYIOT Ul ONpeAesieHus cocTaBa C
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UCTIOJIb30BAHUEM PEHTTEHOBCKOM (IIyOpECIeHIINY.

8. @unbTpar OyAeT UMETh BBICOKYIO KOHIIEHTPALMIO CepHOM KuciaoTel. OOpasusl OynyT
IIPOaHAJIU3UPOBaHbl Ha OIpeneseHne cocraBa ¢ ucnonb3oBanueMm Merona MCII-O9C u macc-
CHEKTPOMETPHUH C UHAYKLIMOHHON MJIa3MOM.

9. OOpasen (¢unabTpaTa TaKKe TUTPYIOT IS OMPENENICHUs COIEp:KaHus CBOOOTHOMU

KHUCJIOTHOCTH.

IHpumep 5

OTOT mpuUMep OMNUCHIBAET NPEMJIOKEHHBIN Croco0 sl NOCTHXKEHUs 0ojiee BBICOKOH
KOHIIEHTpAaLIMU KHUCJIOTBI B (uibTpare, comepkameM cyiabpaT MarHus. ITOT Crocod
00e3BOKMBAET pPACTBOP, TeM cambiM cHikas pH. bonee BbICOKas KOHLIEHTpALUsl CEpHOU
KHCJIOTBI IPUBOJIUT K OCAKACHUIO Cyib(aTa MarHus u3 GpuibTpara.

OunbTpaT, comepiKaluii CynbhaT MarHus, IMOJY4YaeTcs C HCIOJIb30BAaHHEM CIIocoOa
W3BJICYCHMs] MPOAYKLIMH U3 AUCIEPCHOrO MaTepuaja Kak 3TO ONMMCAHO B npumepe 3. PunbTpar
NoJAéTcsl B YCTAHOBKY OOPAaTHOTO OCMOCA, COAEPIKAIIYIO IO MEHbIIEH Mepe OfHy MeMOpaHy
obpatHoro ocmoca. @UIbTpPAaT MOCTYyNAaeT B YCTAHOBKY MOJ IaBJICHHEM, MPEBbIIAIIINM
JaBJIeHHE C APYroi CTopoHbl MeMOpaHbl, Harpumep 1,5 Oap.

Konnentpar cobupaercs u emy naroT otcrosithes. OcaxkaeHue cynbdara MarHus
NPOMCXOOUT CAaMOINPOU3BOJIBHO WM € TIOMOLIBK  OXJKISHWs WIH A00aBJIeHUEM
JOTIOJIHUTENIPHOTO  KOJNWYeCTBA KHUCIOTBL. OCaXAEHHBbIM cynbpar MarHusi coOupaercst ¢

MIOMOIIBIO (PUITBTPALIUN.
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DOPMVYJIA U3OBPETEHHUSA

1. Croco® wu3BneueHUs] OUOKCHUAA THTAHA U Cyib(ara amTOMUHHUS W3 AUCIEPCHOTO
MarepHaa, pu 3TOM YKa3aHHBIA CrIoco0 BKIFOYAET CTAANH, HA KOTOPBIX:

a) KOHTAKTHPYIOT IUCIEPCHBIH Marepuaj ¢ CepHOW KHUCJIOTOW M HArpeBarOT IUis
00pa3oBaHus CEPHOKUCIION CMecH;

b) (UIBTPYIOT CEPHOKHUCIIYIO CMECh JJISl TOJydeHUsT OT(QUIBTPOBAHHOTO OCanKa U
nepBOro GpriIbTpaTa, CoAepKaIero CEPHyI0 KIUCIOTY,

c) KOHTaKTUPYIOT OTQUIBTPOBAHHBIA OCAZOK C BOIOW s oOpa3oBaHUs
CEPHOKHCJIION CYCIIeH3HH, COepKaIlel CyabhaT THTAHUIA,

d) (UIBTPYIOT CEPHOKHUCITYIO CYCIIEH3UIO IS TIOJTyueHusl PuiibTpara, coaepsKamero
1o MeHbIIel Mepe Cyab(aT THTAHWIIA U KOHIIEHTPATA, COEPIKAIIero HepaCTBOPHMBIH OCTATOK;

e) KOHTAKTHPYIOT (PUIIBTPAT, COAEP AU MO MeHbIIeH Mepe CynbdaT TUTAHHUIA, C
BOJIOH JUIsl OJIy4EHUS TUAPOJIU3HOTO PacTBOPA,;

f) THIOPOJU3YIOT CYJb(aT TUTAHUIIA,

g) OTHEJNSIOT TUAPAT TUOKCHIA TUTaHA OT TUAPOJUZHOTO PAacTBOpA IS MOJTYIESHUS
¢dunbTpara, cogepramero cynb}ar aJIOMUHHS U KOHLIEHTPATa, COIEPIKaIIero rHapaT AHOKCHAA
TUTaHA; U

h) OCXKIAIOT Cyb(ar alrOMUHUS U3 QUIBTPATA;

npuydeM CTaauio h) BBIMOJHSIOT MOCe CTanuu d) Win nocyie CTaiuu g).

2. Cnoco0 no 1. 1, OTIIUYAOLIHMIACS TEM, UYTO KOHLEHTPAT, COACPIKAIIUN HEPACTBOPHMBII
OCTaTOK, COIEPIKHUT IO MEHbIICH Mepe OAMH MPOIYKT, BBIOMpaeMblii U3 Cyib(ara KanbLus H
OKCHJIAa KPEMHHUSL.

3. Coco6 mo m.m. 1 win 2, OTIMYAIOIIMNACS TeM, YTO OCaXKIeHHe Cyib(ara aqtOMHHUS
BKJIFOUAET:

a) oxJlakaeHue (uibTpara, MOJY4YeHHOTro Ha ctaamu d) WM HA CTaguu g) JUIs
MOJIYYEHHUS OXJIAXKIEHHOTO PaCcTBOPA, CONEPIKAIIEro OCAKIEHHBIN Cyab(aT aJIOMUHUS; U

b) GunbTpaLMI0  OXJAKAEHHOTO  pacTBOpa Uil MOJYYEHHMS  KOHLEHTPATa,
COJIepIKAIEero OCAKAEHHBIN CyIb(aT amtoMUHUS U QUIbTpaTAa.

4. Cnoco6 mo moboMy w3 1m.m. 1-3, OTIMYAOIUIiCS TeM, YTO AMCIEPCHBIH MaTepua
conepsxkut donee 8 % macc. quokcuna TutaHa u 6osnee 10 % macc. okCuaa aJFOMUHUS.

5. Criocob mo 1. 4, OTAMYAOIIUNCS TeM, YTO AUCIIEPCHBIN MaTepuai coaep:xut donee 15
% Macc. quokcuma tutana, oosee 10 % Macc. OKCUa aTFOMUHHUSL,

6. Crocob mo mobomMy u3 m.u. 1-5, oTiuyaromuiicss TeM, YTO AUCTIEPCHBIH MaTepha
UMeeT COOTHOIIEHUE TUOKcHaa TuTana u okcuaa amoMunus (T102: AL Os) okono ot 0,2 1o 2,6.

7. Cnoco® mno jgrobomy u3 mm. 1-0, OTIMYAIOUIUICS TEeM, 4YTO CTaiusl OCaXKIACHHS
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cynb(ara aMOMUHUS BKIIOYAET OXJIaXKAeHHEe PrbTparta 1o Temnepatypbl Mexay 10°C u 4°C.

8. Cnocob mo nmrobomMy u3 I.I. 1-7, HOMOJHUTENBHO BKITIOYAKOIIUN CTaJHI0 OCAMXKIACHHUS
cynb(dara Maruus Wi u3:

a) ubTpara, MOJY4eHHOTO M3 TUAPOIM3HOTO PacTBOPA; UITH

b) punbTpara, MONY4EHHOTO MOCHE OCAKIEHUS CYIb(aTa aTFOMHHHS.

9. Cnocob mo mobomy u3 m.u. 1-8, oTnuMYaromuiics TeM, YTO AUCTEPCHBIH MaTepha
BBIOMPAIOT M3 TPYMIBI, COCTOSIINEH M3 YYI'YHHOIO IIJIaKa, IJIABMJIBHOTO INJIaKa, Marepuana,
MOJIY4eHHOTO M3 YYyT'YHHOTO [IJIAKa, Marephaja, IOJyYEeHHOrO0 W3 IUIABUJIBHOTO IIJIAKa,
MaTepuasa, MOJy4YeHHOIO U3 Ipoliecca IMPOU3BOACTBA YYI'yHAa U MaTepualia, MOJy4eHHOIO U3
npoLecca NpOU3BOACTBA CTAJH.

10. Cnoco6 mo mobomy u3 m.m. 1-9, OTIUYAIOIMUICS TEM, YTO OH JOTOJHHTEIHHO
BKJIFOYAET CTAAMIO U3MEJIbUEHUS ChIPbs AJIs1 OOpa30BaHMsI JUCTIEPCHOTO MaTepHaja Ha CTaJNH a.

11. Cnoco6 no n. 10, oTnUYaromuUiCs TeM, YTO AUCIEPCHBIA MaTepHaj UMeeT pa3Mep
gactuy Mexay 10 u 180 Mxm.

12. Cnoco6 no mobdomy u3 m.m. 1-11, oTnuyaromuiicst TeM, 4TO AUCTIEPCHBIN MaTepua
NPUBOASAT B KOHTAaKT C CEPHOM KHUCJIOTOH, B3ATOH B KOJMYECTBE, IPEBBILAIOLIEM
crexuoMmerpuueckoe B 4-10 pas.

13. Cnoco6 mo mobomy u3 mm. 1-12, oTnuyaromuiicss TeM, 4To craaus (QUIbTPaLIH
CEPHOKHCIION CMECH AOTIOIHHUTENBHO BKJIIOYAET KOHTAKTHPOBAHNE CMECH CO CXKATBIM BO3JYXOM.

14. Cmocob6 mo m. 13 oTiMyaroImuiicss TeM, YTO TeMIepaTrypa CKaToro BO3AyXa
cocrasiisier ot 10°C no 85°C.

15. Cnoco6 no mobomy u3 m.m. 1-14, oTnuyarommiicss TeM, 9To PUIbTparT, Coaep KaIIHii
no MeHbIIeH Mepe cyiabpar TUTAHWIA, HATPEBAalOT Ui YOAJEHUs BOAbl M TOBBIIICHUS
conepskaHust CBOOOTHOM KUCIIOTHI.

16. Cnoco® mo mobomy m3 mm. 1-15, oTnmyaromuiicss TeM, 4TO PacTBOP THIAPOJIN3A
NPUBOJAT B KOHTAKT C BOAOH, coleprKaliell YaCTHIbI TUOKCHIA TUTAHA.

17. TIpoayKT, NOJMYYEHHBIH CIOCOOOM MO Jr000My U3 ILIL. 1-16, KOTOPBII BEIOMPAIOT U3:

a) IUOKCHU/IA TUTAHA,

b) OKCHJIa KPEMHUS,

c) cynbhaTa KajabIus,

d) cyibhaTa aFOMHHHS, HITH
e) cyibdaTa MarHus.

18. Cucrema nns u3BJEUEHHUS] NPOAYKTOB M3 JHCIEPCHOrO Marepuaja, KoTopas

BKJIFOYACT !

a) PEeaKTop, BBINOJIHEHHBIN ¢ BO3MOXHOCTBK) NIPUEMA U HATPEBA CEPHONU KHUCJIOTHI U
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IVCTIEPCHOTO MaTepuaja, COAEepIKallero 1Mo MEHbLIeH Mepe OHUOKCHUA TUTAaHa, U TOJYYeHHS
CEPHOKHCJION CMeCH;

b) y3eJ TepBOH (UIBTPALMH, BBINOJHEHHBIH C BO3MOXHOCTBIO TOJIYYEHUS
CEpHOKHCIION CMeCH M TMOJIydeHHs NepBOro (uibTpaTa, ComeprKamero mo MeEHbIIeH Mepe
CEepHYIO KHCJIOTY W OTQUIBTPOBAHHBIM OCANOK, COAEpKAIMMNA TO MEHBIIeH Mepe Cyiabdar
TUTAHWIIA,

c) PEaKTOp, BBIMOJHEHHBIH C BO3MOKHOCTBIO TOJYYEHUS PAacTBOPA, COAEPIKAIIEro
cynb(dar TUTaHUIIA, U HArpeBa YKA3aHHOTO PacTBOPA ISl MOJTYYEHHsI THAPOJIM3HOTO PacTBOPA;

d) y3€J OTAEJCHUS, BBINOJHEHHBIH C BO3MOXHOCTBIO TIPUEMA THUAPOJIUIHOTO
pacTBOpa W OTHENIEHUs rUpaTa JHOKCHAA TUTAHA,

e) 10 MEHbIIEH Mepe OAMH OTCTONHBIN pe3epByap C LENbI0 00eCeueH s OCaKICHUS
cyibhaTa aTFOMUHMS, 1

f) [0 MEHbLIEH Mepe OIWH JONOJHHUTEIBHBIN y3en (UIbTpauuu I oOecriedeHus

OTHAEJIEHUs] OCAKAEHHOTO CyIb(haTa aMIOMUHMS.
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