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Pedepar
Otuer 39c., 14., 9puc., 1tabdn., 8ucroun., O mpui.

aJIMa3HbI UHCTPYMEHT, U3BJICUCHUE alIMA30B U3 TBEPIOCILIABHOMN
MAaTpUIIbl, PEKyINepanus OTPa0OTAHHBIX U OpaKOBaHHBIX aAJIMA3HbBIX
WHCTPYMEHTOB, KaTaJau3aTopbl ruipoodeccepuBaHus 17|
He(dTenepepaboTKU, MIOHHO-COJIEBBIE PACIIIIABbI

B ordere mpexncraBieHbl pe3ynbTaThl WCCIEIOBAaHUM, BBIMOJIHEHHBIX MO 3
stray [ocynmapctBeHHoro kouTpakta No 16.740.11.0523 Phaspabotka
DKOJIOTMUECKA YHUCTBIX TEXHOJOTUH peKynepanuud oTpaboTaHHBIX alMa3HbIX
WHCTPYMEHTOB U KaTaju3aTopoB HedTernepepabOTKH B MIETOYHO-COIEBOM
pacruiaBe” (mmdp "2011-1.2.1-220-010") or 16 mas 2011 mo HampaBiieHHIO
"IlpoBenenne Hay4YHBIX HCCIIEIOBAHWN HAYYHBIMHU T'PYIIaMU O] PYKOBOJCTBOM
JIOKTOPOB HAyK B CIEAYIOIIMX OOJACTAX:- MOHUTOPUHI W TPOTHO3UPOBAHUE
COCTOSIHMSI aTMochepbl U TUAPOCHEpH;- OLIEHKA PEeCypcoB M IMPOTHO3UPOBAHUE
COCTOSIHMSI TUTOC(epbl U Onochepsl;- nepepadoTka U yTHUIM3ALU TEXHOTEHHBIX
o0pa3oBaHMiI W OTXOJOB;- CHHXXEHUE pHUCKa M YMEHbIIEHHE IOCIIeCTBUN
MPUPOIHBIX U TEXHOTEHHBIX KaTacTpod;- KOJIOrHMUecKu Oe3omacHble pa3padoTKu
MECTOPOXKIEHUN 1 J00bIYa MOJIE3HBIX MCKOMAeMbIX;- SKOJIOTHYECKH Oe30IacHbIe
pecypcocOeperaromiye MpoU3BOJICTBA U TepepaboTKU CeNbCKOXO03SHCTBEHHOTO
CBIpbSl W TPOAYKTOB MHUTaHMA B pamkax wmepormpustus 1.2.1  Tlposenenwue
HAYYHBIX HCCJIEIOBAaHUN HAyYHBIMH TpyNIaMH TOJ PYKOBOJACTBOM JOKTOPOB
Hayk.", meponpustus 1.2 'lTlpoBenmeHune HaydHBIX HCCIENOBAaHUN HAyIHBIMU
rpynIaMy Moj pyKOBOJACTBOM JOKTOPOB HAayK M KaHAMIATOB HayK' , HAllpaBJICHUS
1 "CtumynupoBaHue 3aKperuieHHs MOJIoJie)ku B cdepe Hayku, oOpazoBaHHs U
BBICOKHMX TEeXHOJOTHN." deepanbHOl 11eJIeBOM MporpaMmel 'Hay4dHble U Hay4dHO-
nejarornuyeckue  Kaapbl uHHOBanMoHHOW Poccun” Ha 2009-2013 ropsr.

Llens pabotet - Co3maHWe SKOJOTMYECKH YHCTBIX 0€30TXOJHBIX
pecypcocbeperaromux 3QPEeKTUBHBIX TEXHOJIOTHU PEKyIepalud OTPaOOTaHHBIX U
OpaKOBaHHBIX AJMa3HBIX HWHCTPYMEHTOB, KaTaU3aTOPOB THIpooOecCepUBaHMs U
THJIPOOYHCTKH He(TENPOAYKTOB, W3BJEUYEHUE allMa30B W IIEHHBIX  IIBETHBIX
METAJIJIOB, COJIEPIKAIUXCS B HUX, U UX IOBTOPHOE HUCITOJIb30BaHHUE.

PazpaboTka mpolieccoB aHOHOTO PAcTBOPEHHUS TBEPAOCIIJIABHON MAaTpPHULIbI
aJIMa3HOTO MHCTPYMEHTA B LIEJIOYHO-COJIEBOM pacIljiaBe.

Pa3zpaboTka mponeccoB BCKpPBITHUS OTpaOOTaHHBIX KaTaau3aTOpOB B
LIeJIOYHO-COJIEBOM pacIljiaBe.

Pa3paboTka mporeccoB BbIllleIauMBaHUsl aHOJHOTO IjlaMa, MOJTYYE€HHOTO
Py DIEKTPOXUMHYECKOM OKHUCIEHUU TBEPIOCIUIABHOW MATPHUIBl ajJIMa3HOIo
WHCTPYMEHTA.

PazpaboTka mpolieccoB BbillleTauMBaHUs 1J1aBa, MOJYYEHHOTO BCKPBITHEM
Karajau3aTopa B IIeJIOYHO-COJIEBOM pacIliaBe.



CocraBnenue IMPOMEKYTOYHOI'O OTUETA.

NsyueHue mnporecca 3J1€KTPOXUMHUYECKOIO PAaCTBOPEHUS! TBEPAOCIIIaBHOMN
MaTpulbl alMa3HOro0 HHCTPYMEHTa B ILIEJIOYHO-COJIEBOM pacIulaBe MEeTOAOM
LUKJINYECKON BOJIbTAMIIEPOMETPHUH, IaJIbBAHOCTATUYECKOTO AJIEKTPOIIHU3A.

NsyueHue mpouecca BCKPBITUS OTPAOOTAHHBIX KATalW3aTOPOB B IIEJIOYHO-
COJIEBOM pacIuiaBe METOJIOM 3JIEMEHTHOIO XUMUYECKOTO aHaJIU3a.

NzyueHune nporiecca BbIlIeTaYMBaHNs aHOJHOTO LUIaMa, MOJIYYEHHOTO MpH
ANEKTPOXUMUYECKOM  OKHCIIEHMM  TBEpAOCIUIaBHOM  MaTpULIBl  aJIMa3HOro
MHCTPYMEHTA.

N3ydyenue npouecca BblllleJaudBaHUs IUIaBa, MOJTYYEHHOIO BCKPBITHEM
KaTajn3aTopa B IeJ0YHO-COJIEBOM pacIliaBe.

[TapameTpsl aHOAHOTO PAaCTBOPEHHMS TBEPAOCILNIABHOW MAaTpPHULBI AJIMa3HOIO
MHCTPYMEHTA B IEJIOYHO-COJIEBOM PACILIABE.

PesynbTarel Mo moadopy ONTHMAalbHBIX yCIOBUN BCKPBITHS OTPaOOTaHHBIX
KaTaJIM3aTOPOB B IIEJI0YHO-COJIEBOM PaCIUIABE.

PesynbTaTsl o noadopy onTUMasbHBIX YCIOBUI Mpoliecca BblllleIauiBaHUs
AQHOJHOIO  IJIaMa, TIOJYYEHHOIO0 TPU  AJIEKTPOXUMUYECKOM  OKHUCIIEHUH
TBEPJOCILIABHOM MaTpULbl aJIMa3HOIO HHCTPYMEHTA.

PesynbTarsl o noadopy onTUMasbHBIX YCIOBUM Mpoliecca BhlllleIauiBaHUs
IJ1aBa, MOJyYEHHOIO0 BCKPBITMEM KAaTaJIM3aTOpa B IIEJI0YHO-COJIEBOM pPacIUIaBe.

IIpoMexxyTOUHBIN OTYET.
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BBenenue

PacnnaBel THAPOKCHIOB WIEJIOYHBIX METAJUIOB B HACTosIlee BpeMs
ABIAIOTCS pabodeil cpegod MAiisi MPOBENEHUS pPa3IUYHBIX TEXHOJIOTUYECKUX
nporeccoB (OYMCTKAa OTJIMBOK OT MpHrapa W OKAIWHBI, AJIEKTPOXUMHYECKOE
paguHUpOBaHWEe  TEIUIBIX IIBETHBIX METaUIOB W Jp.). OZHAKO BO3MOXHOCTH
MPAaKTUYECKOTO  HWCIOJB30BaHUS  PACIUIABICHHBIX  TUAPOKCHUIOB  JAJIEKO
UCcYepIaHbl.

Orpanu4eHHOCTh M JOPOTOBHU3HAa CBIPHEBBIX PECYpPCOB, IHEPrOEMKOCTh
IIPOLIECCOB MOJIyYeHUs HEOOXOAUMBIX MaTepHUajoB JUIsl MIPOU3BOJCTBA aIMa3HbIX
UHCTpyMeHTOB (aima3a, Bosb(ppaMa, KoOanbTa, HHUKeNs, Meau) JelaeT B
HacTosilliee BpeMs akTyalbHOW mpoOjiemMy yTWIHM3aUUMU U HepepadoTKu
O0TpabOTaHHOTO aJIMa3HOIO0 MHCTPYMEHTA, H3BJICUEHUS COJAEp)KalUXCs B HeM
[IEHHBIX KOMIIOHEHTOB U WX MOBTOPHOTO MCIIOIH30BAHMSI.

OTtpaboTaHHbII alMa3HBIA WHCTPYMEHT SIBISICTCSI UCTOYHUKOM TPUPOIHBIX
U TEXHMYECKHX alMa3oB, a Takxke Bojb(ppama, koOanbTa, Menu, Hukens. K
HACTOSIIEMY BPEMEHHM B CTpaHe U 3a pyO0e oM XOpoIIo pa3paboTaHbl METOIbI
pa3ioXKeHUs  KyCKOBBIX  BOJIb(PaM-KOOANbTOBBIX  TBEPIbIX  CIUIABOB:
OKHUCJIUTEJIbHBIA OOXMWI, CIUIaBJIeHHe ¢ LIMHKOM. B TexHonoruu Gosee ciloKHBIX
KOMIIO3UTOB, HCIONb3yeMbIX B YacCTHOCTH TMPH HW3TOTOBJICHUH aJMa3HOTO
MHCTPYMEHTA, 3TU METO/Ibl M0 Pa3IMYHbIM IPUYMHAM He MOTYT ObITh IPUMEHEHHBI,
U TPaKTUKyeTCs  KHCIOTHOe  (XMMHUYecKoe U DICKTPOXUMHUYECKOe)
TBEPAOCIUIaBHONM MaTpHlbl, CONMPOBOXKIarolleecs 3HAUUTEIbHbIMU BBIOpOCAMHU B
atMocepy OkHCIIOB azora U (ropoBogopona. Ilpu 3ToM wH3BIEKarOTCs JIMILb
amMasbl, B TO BpeMsi Kak BOJNb(GpaM U Jpyrue IeHHbIe KOMIIOHEHTHI (HUKEb,
KOOaNbT, MeIb)  OCTAIOTCS B OTXOJaX, MepepadoTKa KOTOPBIX COCTaBISIeT
CaMOCTOSITENIbHYIO ITPoOIIeMy.

Ha mnpotsoxkennn 30 jmer OAO «Tepexanmas» (KBP) ocymecTsisier
nepepaboTKy OTpaOOTaHHOIO ajIMa3HOTO0 MHCTPYMEHTa Pa3IMYHOIO Ha3HA4YeHUs

KHCJIOTHBIM OJJICKTPOXUMHNYECKHM Pa3JIOKCHUCM. TexHoTOrn4YeCKuit mponecc
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COIMPOBOXKIAETCS CEPhE3HBIMH SKOJIOTHUECKUMH TOCIEACTBUAMHU  (BBIOpOCOM
TUOKcHaa a3oTa W (PTopoBomoposa B aTMocdepy U KHUCIOTHBIMA CTOKAaMH B
BOAHBI OacceiiH peku Tepeka). 3aBoa MNPOU3BOIUT IEPepabOTKy OTXOIOB
OTOOpPaHHOTO ajIMa3HOTO HWHCTPYMEHTa MPAKTHYECKH CO BCEX IMPeIIpHUSTHIA-
MoJIb30BaTeNie aama3Horo uHcTpyMeHTa P®. CoOTBETCTBEHHO He TPYAHO
MPEeJCTaBUTh  Mepy  SKOJIOTMYECKHUX IIOCIENCTBHH H  00BEeMBI  IOTEph
JOPOTOCTOSIINX Je(GHUIIMTHBIX KOMIIOHEHTOB TBEpABIX CIUIaBOB (Bosib(dpama,
KobOanbTa, Mean). PelieHre 3o mpobieMbl KIMEET He TOJIBKO pErHOHAIBHOE, HO U
oTpacjeBoe 3HaYCHUE.

Pekymeparusi  amMa3zHoOro  HMHCTpyMeHTa  (M3BJeUeHHE aliMa3oB U3
OTpabOTaHHOr0O K  OpaKOBAaHHOIO  HWHCTPYMEHTA) MOXKHO  OCYIIECTBHUTH
ANIEKTPOXUMUYECKAM OKHUCJIEHHeM KapOuja BoibdpamMa H MeTaNTHYeCKUX
KOMITOHEHTOB TBEPJIOCTUIABHOM MATPHIILI B YCIOBHSX, TIPH KOTOPBIX MPaKTUYECKU
HE TIOJBEPraroTCs OKHUCIICHWIO ajMa3bl W CTajbHasi OCHOBa MHCTPYMEHTA. JTH
YCIIOBHSI, HEOOXOIUMO 00ECTIeUUTh MOI0OPOM COOTBETCTBYIOIIECH JKUIKOW CpPEeIIhI
(smexTponuTa), pabodyeit TeMIiepaTyphbl U MIIOTHOCTH TOKA.

Ha nam B3misn Hawbolsiee MOAXOMSIIAMH C TOYKHA 3PEHHS] MPOTEKAHUS
AQHOJIHBIX peaKIUi SBISAIOTCS PACIUIaBbl THAPOKCHIOB IEIOYHBIX METaJIOB.
CuHTeTHYeCKHEe W TPUPOJHBIE aiMa3bl O00Jaaf0T JOCTATOYHONH XMMHYECKOU
YCTOWYMBOCTBIO B paciijiaBax Iresiodeil B TemrepatypHoMm maTepBaie 400-600€,
HanOoJlee MpUeMJIEMOH 3KCIUTyaTalluy pacIiaBJIeHHBIX IIiesiodei. B To ke Bpems,
OCHOBa TBEPJOCIUIABHOW MaTpHIlbl — KapOw Bodb(hpamMa JOJKEH TMOIBEpraThCs
aHOJTHOMY OKHCIJIEHWIO 0e3 BbIIeJICHUS TOKCUYHBIX Ta30B. [Ipu 3ToM BoJbbhpam n
yIAEPOJ JOJIKHBI TEePEXOJUTh B HOHBI BBICIIEH CTEIEHW OKHCJCHUS B BHJIE
Bob()pamMaTOB M KapOoHATa IEIOYHBIX METAIOB XOPOIIO PacTBOPHUMBIX B
IIeJIOYHOM pacIljiaBe.

Heckonbko TpyaHee, HO ¢ JIOCTATOYHOH HWHTEHCHUBHOCTBIO OyIeT
OKHUCJIATBCS Melb, ABJSIOMIASACS OCHOBHBIM MPOMUTOYHBIM MaTepHATIOM MaTPHIIBI.
KoGaiabT 1 HUKeNIb BeCbMa YCTOWYMBHI B IIEJIOYHBIX paciuiaBaX, HO OHH He OyIyT

ONpEACIIATE XapaKTEp aHOAHOI'0O IIpouecca. B 10 3Xxe BpeMs, IIOBEPXHOCTH
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CTaJbHOIO KOpIlyca aJMa3HOTO0 MWHCTPyYMEHTa JOJDKHAa IIaCCUBUPOBAThCS B
I11eJI0YHOM paciulaBe U He OyzAeT pa3pyluarbcs. BrlenaunBanus u nepepaboTka
aHOJIHOTO LITaMa OyJIeT OCYyIECTBIATHCS METOAAMU TUAPOMETaUTy Pruu.

3a OTYEeTHBIN Nepuol OBUTN PEILIeHbI CIEeIyIOLIUe 3aJaUu:

1. Pa3pabGoTka MpoIECCOB aHOAHOTO PACTBOPEHHUS TBEPIOCILUIABHOW MAaTPUIIbI
aJIMa3HOI'0 MHCTPYMEHTA B ILIE€JIOYHO-COJIEBOM pacIljiaBe.

2. Pa3paboTka mporeccoB BCKPBITHSL OTPaOOTAHHBIX KAaTAIM3aTOPOB B MIEIOYHO —
COJICBOM pacIlIaBe.

3. Pa3paboTka mpoiieccoB BBIIIeNaYMBAHUS aHOJHOTO LUTaMa, MOJYYeHHOro Mpu
AIIEKTPOXUMHYECKOM  OKUCIICHHHM  TBEPAOCIUIABHOW  MATpHIBI  alMa3HOIO
WHCTPYMEHTA.

4. Pa3paboTka MpOIECCOB BBINICTAYMBAHUS [UIABA, TOJIYYEHHOTO BCKPBITHEM

KaTajm3aTopa B IEJIOYHO-COJIEBOM pacIiuiaBe.



OcHoBHAasl 4YaCTh. HpOBeneHne IKCIIEPUMCHTAJTbHBIX HCCJIeIOBAHUI

1. Pa3paboTka mnpoueccoB AHOAHOIO PACTBOPEHHUS] TBePAOCIIABHOM
MAaTpHIbI AJIMA3HOTO0 HHCTPYMEHTA B 1LEJIOYHO-COJIEBOM paciljiaBe

[IpoBeneHHBI HAMHU  TEPMOJWHAMHMYECKHH  aHajgW3  IoOKas3aj, dTO
B3aMMOJICCTBHE  KOMITOHEHTOB  TBEpJOCIUIABHOW  MATpPHUIBI  ajJIMa3HOTO
WHCTPYMEHTa C paclllaBaMH THUIPOKCHIOB IIEJIOYHBIX METANIOB BO3MOXEH B
aTMocdepe Bo3ayxa ¢ oOpa3oBaHWEM OKCHIOB BoJibPpama, KoOambTa, HUKEI,
MeJd, yriiepoaa v Boabl. OHaKo HanboJiee BEPOSITHBIM OKa3bIBACTCS PEaKIIus:

WC + 5/2Q + 4MeOH - Me,WO, + Me,CO; +2H,0 (1)

C mpakTU4uecKod TOUKH 3peHHs, a UMEHHO JOCTYITHOCTH W JICIICBU3HBI B
KauecTBe PEaKIIMOHHON CpeJlbl HaMH BBIOpaH pacilyiaB TUAPOKCH 1A HATPHSI.

[IpuBeneHHbIE WCCIIEIOBAHUS PEAKIMA XHUMHYECKOTO B3aWMOJICHCTBUS
paciiaBa THIPOKCHUIA HATPUS C TBEPJOCIUIABHOW MAaTpHIEH  aliMa3HOro
WHCTPYMEHTa TIOKa3alid, YTO OKHCJIeHWe KapOwma BoJibPpamMa KHUCIOPOIAOM
BO3/IyXa, XOTS W MallOMHTeHCuBHoe, mpoucxomaut mnpu 450-500°C, a
CHHTETHYECKHE ayiMa3bl YCTOWYMBHI, MO KpaitHed Mmepe, no 550°C. IIpomykTsl
okucinenuss WO; u CO, B3aUMOJEHCTBYIOT C pacIUIaBIEHHBIM THIPOKCHIOM
HaTpus, oOpa3ys BojbhpaMaT M KapOOHAT HATPHS, XOPOIIO PacTBOPUMEIC B
IIEJIOYHOM pacIljiaBe.

[Tponyxtel okucienuss WC He 3KpaHHPYIOT PEaKIIMOHHYIO ITOBEPXHOCTbh, U
CKOPOCTh peaKIuu JTUMHUTHPYETCS TOCTaBKOW KHCJIOpoJia yepe3 paciuiaB. B Bumy
TOTO, YTO PAacCTBOPUMOCTH MOJIEKYJSIPHOTO KHCJIOpOJia B paciuiaBe THUIPOKCHIA
HaTpHs Majia, COOTBETCTBYIOIIAsl CKOPOCTh paCTBOPEHUS KapOuaa BoJIb(PpaM Malia.
[Tepexonss oT 4ncTOrO BONb(pamMa K TBEPAOCILIABHBIM KOMITO3HUIIHSIM, CIIeTyeT
UMETh B BHJy, YTO B MX COCTaB BXOJUT METAJUTMUECKHN KOOANbT, HHUKEIh W
Marepuasyl TMPOMUTKH — Melb. OTH METaUIbl TaKXe IPUHUMAIOT ydacTHE B

npoliecce TEPMUYECKOTO OKUCIIEHUs, 00pa3ysi B 30He KOHTaKTa C XHUAKOH (hazoif
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3alUTHBIA CIIOM MPAaKTHYECKHM HEPAaCTBOPUMBIX B paciljlaBé OKCHAOB KOOaibTa,
HUKeJIs, MeJIH.

2M + 2MeOH + 3/2Q - 2MO + MeO + H,O (2)

AHOJHAas ANEKTPOXUMUYECKas MOJSPU3aLUs TBEPAOCIUIABHOTO KOMIIO3UTA B
LIeJIOYHOM pacIUIaBe I03BOJIAET JOCTUYb KAaYECTBEHHOIO U3MEHEHMS Xapakrepa U
WHTEHCUBHOCTU MPOTEKAOIIEro OKUCIUTENbHOro mpouecca. B 3Ttom ciyuae
YCTPaHSIETCSl €r0 3aBUCUMOCTb OT CKOPOCTH JOCTaBKM KUCJIOPOJA, T.K. aHOIHBIN
MPOLIECC MOXKET MPOTeKaTh U Oe3 y4acTHsl MOCIeTHETO!

WC + 140H-106 = WO,* + CO5* + TH,O (3)

[Ipy 53TOM HWHTEHCHUBHOCTH PA3JIOKEHUS TBEPAOCIUIABHONM MAaTpPUILIbI
aHOJIHOTO MHCTPYMEHTA JIMHEWHO CBSI3aHO C MJIOTHOCTBIO aHOAHOrO ToKa. B cBsi3n
C MaJIoll pacTBOPUMOCTBIO KHCJIOpOJa B TUPAOKCHIHOM paciuiaBe u Oolnee
MIOJIOXKUTETHHBIMU TToTeHIanamMu pactBopenus Co, Ni, Cumo cpaBaenuto ¢ W u
WC  mertamnuueckre  KOMIIOHEHTHl  TBEPAOCIUIABHOW  KOMIIO3UIIMH  HE
MOJIBEPraloTCsl OKUCIIEHUIO U BMECTe C aJiMa3zaMH o0pa3yroT aHOAHbIN mutam. Ha
KaTojie MOKeT 00pa3oBaThCsl METANIMYECKU HATPUH IO peaKLIMU:

Na' +&- Na° (4)

KOTOPBIM XOPOLIO PACTBOPSAETCS B IIETOYHOM paCIUIaBe C MOJyYEeHUEM THapuaa 1
okcyzaa. [lpm Hanuuumm Haj pacliiaBoM KHUCJIOpoJcolepkalleil aTtmocdepsl
(Bo31yX) B TOBEPXHOCTHOM CJIO€ MIPOUCXOAMT OKHCIICHHE PACTBOPEHHOTO HATPHSI:

4Na + Q = 2NaO (5)

B cnydae Hepa3neneHHBIX JJIEKTPOAHBIX HPOCTPAHCTB MPU YYaCTUH
pEaKLMOHHOM BOJIBI pereHepupyeTcs TUAPOKCHI:

Na,O + H,O = 2NaOH (6)

Ecmu npeneOpeub mpoTekaHWeM TOOOYHBIX peakiuH (dJIEKTPOJIA3 BOIBI,
oOpa3oBaHMe THIPHUIOM Tepokcuaa Hatpus, B3anmoaeiictBue Naun NaH ¢ Booit),
TO CyMMapHBI#i ITpoliecc OMMchIBaeTcs TeM ke ypaBHeHueM (1).

AHOJHOE 3IIEKTPOXMMHUYECKOE pPacTBOPEHHE TBEPAOCIUIABHON MAaTpHULbI
alMa3HOrO0 MHCTPYMEHTa B  pacIulaBe THMAPOKCHMIA HaTpus  I03BOJSET

OCYHICCTBIIATE pa3spymIi€cHUC aJIMa3HOI'O HHCTPYMCHTA C BBICOKOM CKOPOCThIO,
11



OJIHAKO TIOBBIIEHWE CKOPOCTH AaHOJHOTO pa3lIOKEHUs  TBepAOCIUIaBHON
KOMITO3UIIMM B U3BECTHOM Mepe MPHBOJIUT K 00pa30BaHUIO Ha KaToJe aKTHBHOIO
MeTaia — Hatpus. Eciau ckopocTh KaTomHo# peakumu (4) OoJibllie CKOPOCTH
xumMHudeckoil peakiuu (5) B MOBEPXHOCTHOM CJIO€ pacIuiaBa, TO KOHIIEHTpAIIHs
PacTBOPEHHOT0 HATPUSI CO BPEMEHEM JIOCTUTAaeT BEJIMYMHBI PaCTBOPUMOCTH. [Ipu
ATOM Ha KaToJie HaOJro1aeTcs MosIBJICHUE KUIKOH a3kl METaUIMYECKOT0 HATPHS,
KOTOPBIM BCIUIBIBAs Ha IMOBEPXHOCTh, OKHUCJISETCS KHCIOPOJIOM BO3AyXa CO
BCIIBIIIIKaMU. Takoit 3ddexT sBIseTcs HeXeNnaTeJdbHbIM, ITO3TOMY peaibHas
WHTEHCHBHOCTh aHOJHOTO TIpollecca OrpaHuYeHa CKOPOCTBIO IOTJIOIIEHHUS
KHCJIOPOJIa MTOBEPXHOCTHIO PACIIIIABIIEHHOTO AJIEKTPOJITA U 3aBUCUT OT BEJIMYUHBI
ATOM TMOBEPXHOCTH W TeMmIepaTypbl. JIeHCTBUTETbHO TMpPU  TOBBIIICHUH
temriepatypbl ot 400 no 500C cymecTBeHHO BO3pacTaeT CKOPOCTh OKHCIICHUS
HaTPHS paCTBOPEHHOTO B IIIEJIOYHOM pacIlIaBe.

B mporecce anekTponmza MEX3IEKTPOAHOE IPOCTPAHCTBO 3aIOJIHSIETCS
MEeTaJIOCO/IepKalllUM aHOAHBIM IiamMoM. OH TpejcTaBiseT co0od 00bEeMHYIO
rpyOyr0o Maccy ¢ BKIIOYEHHSMH aJiIMa30B, IpUYeM MeTajuindeckas Qas3a
coctaBisieT 1o 20% (vacc.). Ileproaruecku 1mocie pas3ioKeHUs OINpeaesIeHHOTO
KOJIMYeCTBa TBEPJOCIUIABHOTO KOMIIO3WTa, HEOOXOJMMO WU3BJIeKaTh IIJIaM H
KOPPEKTUPOBATh BAHHY CBEXKHM 3JIEKTPOJIUTOM.

C ydeToM BBIlIE H3JIOKEHHOTO, ONTHUMAJBHBIMH YCIOBUSMHU TIpolecca
AHOJHOTO PAa3JIOKEHUS TBEPJOCIUIABHOM MaTpPHIBl ajIMa3HOTO HWHCTPYMEHTA
SBIIIOTCS. PEaKIMOHHAs cpella — paciilaB THAPOKCHIA HATpHs, TeMIleparypa
nporecca — 520-540C, aHomHas TIOTHOCTH TOKA — 0,9-1,A/cMm?, kaTomHas
mwIoTHOCTh Toka — 0,4-0,3\/cM% OTHOLIEHWE TUIOIIAIH 3epKajila paciuiaBa K

[uIoIaay Kkaroga — 2:3.

1.1. U3mepeHue NoTeHIHAJIA CTAJU-3 B pacnjaBe THAPOKCHAA HATPUSA

I/IBBGCTHO, YTO JKCJIC30 B THAPOKCHIAHBIX pacilliaBaX ITaCCUBUPYCTCA.

CJ'Ie,Z[OBaTeJ'IBHO, OH OOJDKCH HpI/IO6peTaTB MNOTEHIHUAaJI KHUCJIOPOJHOI'O 3JICKTpOAA.
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B cBs3u ¢ 3THM MpoBeAEHO W3ydeHHE MOTEHLHajda 3JeKTpojJa M3 CTanu-3 Ha
ocHoBaHuM U3MepeHus DJIC crenyronieil 3neKTpOXUMUYECKON LIeTH:

Ni / Ct-3 /PactimaB NaOH / NiO, Ni

DNeKTpOX W3 CTamM-3 MpeicTaBmsul coboll rmractuEKy (S = FmP).
TokomnoaBogOM cily’XWJla NPOBOJIOKAa M3 CTalIM-3. DJIEKTPOJOM CpPaBHEHUs B
TIOTEHLIMOCTATUYEeCKUX HccienoBanusx ciyxui nomysiaemeHT Ni / NiO, pacrnnas
NaOH olpaTtumblii Mo noHaM KHclopoaa. PacrmiaB snekTpona cpaBHEHHs ObLT
OTJIeJIeH OT UCCIIelyeMOro paciiiaBa alTyHI0BON AnadparmMo.

Pe3ynbpTaThl MOTEHIIMOMETPUYECKUX W3MEpPEHUil mpeicTaBieHsl Ha puc. 1.
DTH W3MepeHus MOKa3bIBAIOT, YTO B MOMEHT MOTPY’KEHHUs 3JEKTPoa U3 CTajin-3 B
pacrutaB DJIC 1enn uMeeT J0BOJBHO Oounblnoe 3HavyeHue (mopsaka 1,0 B). C
teuenneM Bpemenu DJIC nenu pesko naaaet u uepe3 10 MUHYT cocTaBisieT Bcero
20 mB. Usmepenus yepe3 1,54yaca nokazanu, yro DJIC uenu mpakTUyecKu paBHA
Hymto. CreoBaTeNbHO, JKENEe3HbI W HUKeNeBbI JJIeKTpoAbl BenyT, cels
OIMHAKOBO M Ha JKEJIe3HOM DJJIEKTPOoJe TaKXKe YCTaHABIMBAeTCS MOTEHIHAI
KHCJIOPOJIHOTO 3JIEKTPO/a.

3Ic,
B

1.0 1

09 1

03 -
0.7 1
06

0.5 7

0.01 4

T ,MHH

Puc. 1. 3aBucumocts DJIC nenu Cu/Cr-3/NaOH/NIO, Ni/Cuot Bpemenu B
pacriae NaOHnpu T=773K.
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1.2. Tloasipu3anioHHbIE W3MePeHHS] Ha JJIeKTpPode H3 CTadu-3 B
paciiaBe rHIpOKCHIAa HATPHS

Y4uuTeIBas, 94TO AJIEKTpOAHBIE mpoiecchl B pactuiaBe NaOH nporekator Ha
(b oHe IITEKTPOXUMHUYECKUX MPEBPAIleHNH KHCIOPOIHbIX coenuHeHuit (noHoB O, n
0,%), KOTOpble MOIYyT OKa3bBaTh CYIIECTBEHHOE BIMSHHE HA [IOBEICHHE
MaTepuaga dJeKTpoAa, a TaKKe HEeJOCTATOYHOCTh JIMTePaTypPHBIX JaHHBIX IO
ATOMY BOIMPOCY, HaMH OBUTH TOJyYeHbI W NMPOAHATU3UPOBAHbI TMOJISPHU3AIlMOHHBIE
KpUBBIe Ha 3JiekTpoje u3 cranu - 3 B paciae NaOHnpu 773 K. Kak noka3ano
Bhlllle, B oOe3BokeHHOM pacmiaBe NaOH sxenesnbie anektpoasl  (Ct-3)
MACCUBHUPYIOTCS U IPUOOPETAIOT MOTSHITHANT KHCJIIOPOTHOTO JIEKTPOA.

Ha pucynkax 2, 4, 3npezacraBieHa MOISpU3allMOHHAS KPUBAs KEJIE3HOTO
anektponaa (Cr-3).

Kax BugHO 13 monsipu3anuoHHbIX KpuBbIX (puc. 2) mpu 773K Kpome BOJH,
KOTOpPBhIE COOTBETCTBYIOT aHOJHOMY OKHCJICHHIO THAPOKCUIHBIX HWOHOB C
BbIIesieHreM kuciiopoaa (1)

40H — O, + 2H,0+ 4 (7)
¥ KaTOJTHOMY BBIJIEJICHHIO IIleJI0uHOro Metaia (2)

Na" +& — Na (8)

B obnactu noteHnuanoB (0,8 + 12B) umeroTcst MUKH, OTBEYAIOIIME OKHUCIIEHUIO
kene3a (aHOMHBIM THUK 3-4) U BOCCTAHOBJIECHUIO TPOAYKTOB €ro OKHCJICHHS
(xatomuble muku 5-6). Kpome toro, B obmactu morennmaios — (0,3 — 0,33
HaOJFOMArOTCS JBa HEOOJBINX MOJAbeMa TOKa, KOTOpPbhIE MPAKTUYECKH MCUE3al0T
IIpH YMEHBIIIEHUN CKOPOCTH mojspusanuu (puc. 4) C yBelWYeHUEM CKOPOCTH
TIOJIIPU3AIIMU BBICOTHI NMHUKOB PACTyT. YBEJMYEHHE TOKA B HAYAIbHBIA MOMEHT
MOJIIpU3alMU  OOYCIIOBJIEHO BOCCTAHOBJICEHMEM Kuciopojga B Iupdy3noHHOM

pexume.
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i,
. 2
Aicm

0,03

0.2 0.2 4 0,6 0,8 1,0 ¢ 1.4 1.6 -E,B

Puc. 2. BonpTammepHbie 3aBUCUMOCTH CTaJbHOTO DJIEKTPOJA B pacluiaBe

NaOH.Ckopocts nonspuszanuu 80MB/C T=77XK.
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i,
Aiem’ (‘

0,03

e,
Aem’

Puc.3. BombramMiiepHbie 3aBUCHMOCTH CTalbHOTO 3JIEKTPOJA B pacIiliaBe

NaOH.Cxkopocts nomnsipuzaiuun 40 Ms/C T=773K.
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I,
2
Aem

) = N i ) ) ) 5
+0,2 i 0,4\_/ \/ -E.B

iq,
. 2
Aem

Puc. 4. BOJ'IBTaMl'[epHBIe 3aBUCHUMOCTH CTAJIBHOI'O 3JICKTpOAa B pacCIljiaBe
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NaOH.Ckopoctb nonspuzaiuu — 20mMB/C. T=773K.

I[J'I?I HHTCPpIPCTAllU IIOJIYUYCHHBIX HOAaHHBIX HWCIIOJIb30BaHbl PE3YJIbTAThI

TEPMOANHAMUICCKHUX PACYCTOB U, B HaCTHOCTH, CTaHAAPTHBIC ITPOLIECCOB

Fe+F - FeO+2 E’°=-15B (9)

2Fe + 3G — Fe0O; + 66 E,°=-1,55B (10)
Fe +20H— Fe(OH}+ 2 E’=-0,57B (11)
Fe + 30H— Fe(OH) + 5% E’=-0,23B (12)
2Fe + 4G — 2FeQ E°=-2,12B (13)

[ToTeHIMAIBI TPUBEACHBI OTHOCHTEIHLHO KHCIIOPOIHOTO 3JIEKTPO/IA.

[Ipy HaNOXEeHWW BHEIIHEH Moispu3alui Ha (pOoHEe BOCCTAHOBJICHHS WOHOB
O, u 022' u obnactu noternuaios - (0,2-0,6B mnpossisiroTcs npomecchl (11) n
(12) B Buae HeOONBIIMX IMOIBEMOB TOKa, M MOXHO IPEINONOKNUTh, YTO
nacCUBUpYIOIas mieHka yactuuHo coctout u3 Fe(CH), u  Fe(H)s.

BoccranoBiieHre KHCIOpOJia COMPOBOXKAaeTCs 00pa30BaHUEM HOHOB 0% u
MOBBIIIIEHHEM OCHOBHOCTH IMPHUAJIEKTPOIHOTO cliosi. B 06acTu mpeaenbHOro Toka
y TIOBEpPXHOCTH KaTofa HocTHrarores 3Hadennss PO” = - Ig [O°]  xapakrtepHble
JUTS CHJIBHOOCHOBHBIX pacIiaBoB. 1103TOMy BOJIM3M TIOTEHIIMAJIOB BBIEIICHHE
IIeJIOYHOT0 MeTajlla OOHAPY)KHUBAeTCs BO3MOXKHBIM B OCHOBHBIX CpejiaX Ipolece
BOCCTAHOBJICHHSI ITOBEPXHOCTHBIX OKCHJIOB JKejie3a (MOTeHIHMaIbl 00pa3oBaHMS U
karoaHoro BoccraHoBienus FeO, F&,0s;, Fes0O, Becbma Onn3ku). YIOMSHYTHIM
AHOJHBIN MUK HA 0OPaTHOM XO/Ie MOJSPU3AIMOHHON KPUBOM OTBEYAET OKUCICHUIO
MeTajia ¢ 00pa3oBaHUEM yKa3aHHBIX OKcHIoB. OH pacroiaraeTcsi B OCHOBHOM B
oOnacTi KaTogHbIX TOKOB. Cama (opma THKa CBUICTENBCTBYET O TOM, YTO
OKHCJIEHWE MeTajlla CONMpPOBOXKIaeTcs  maccuBaieil. OJHAKO IMOCenHss He
MPUBOJIUT K TOPMOXKEHUIO KaTOJHOTO BOCCTAHOBJIEHHUS KHCIIOPO/JIa, ITO-BUIUMOMY,
U3-32  BBICOKOW  BJIEKTPOIPOBOJIHOCTH okcugoB. Ha 3amaccupoBaHHOM
MOBEPXHOCTH TepMOJIMHAMUYECKH  Bo3MoXkHble mporecchl (11) u (12) He
MPOTEKAIOT B 3aMETHOW CTENeHW BIUIOTH JO TOTEHIMAIOB, IPH KOTOPBIX

Ha4YMHaECTCA BBIACIICHUE KUCIIOPO/a. OTHn MpOoUEeCChbl pa3BUBAIOTCA ITOJIOKUTCIIBHEES
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MOTeHITMANa  KUCJIOPOJHOTO  BJIEKTPOJid, COMPOBOXKIASICH  CYIIESCTBEHHBIM
MOAKUCIIEHHEM MpudJieKTpoaHoro ciosi. O0 00pa3oBaHMM TUIPOKCUA Keje3a
CBUJIETEILCTBYET OOJNBIINON KaTOAHBIM TOK, KOTOPBIH OTBeYaeT BOCCTAHOBJICHHUIO

Fe(COH); B pacruiaBax, HachIIIEHHBIX COeTUHEHUSIMHU JKeJle3a.

1.3. lMoasipuzauuoHHble H3MEPEeHHs HA JJIEKTpojae U3 TBEPAOro cijiaBa
BK-6 B pacniaBe NaOH

Marpuia anmMa3zHoOro HHCTpyMeHTa COCTOUT U3 TBepJIoro ciuiaBa kiacca BK,
T.e. CIUIaBa KapOuj Bodbppama - kKobanbT. [ToaToMy HamMu OBLIM HCCIIEIOBAHBI
ANEKTPOXUMHUYECKOE ToBeeHrne TBepaoro cruiaBa BK-6 B pacrutaBe rugpokcuma
Hatpus nipu /73 K. PaGotr 1o mossipu3aiuu 35eKTpoja U3 TBEpJOro cluiaBa B
TUIPOKCUTHBIX paciuiaBaX HaM He W3BECTHO.

B pacnnase rugpokcuaa Hatpus npu /73K snekTpoa U3 TBepaoro cruiaBa
BK-6 wumeer cramuonapusiii norenuuan - (1,3 — 1,4B oTHOCHTENBHO
KHCIIOPOJTHOTO 3JieKTpona. [Ipu morpykeHnn TBepAOro CIjlaBa B THIPOKCHIHBIN
pacriaB  HaOJIOJaeTcsl WHTEHCHUBHAs KOPPO3Ws, BbIJENEHHE Tra3000pa3HoOro
Bojopona. Ilomumo Toro, kapOuj BoibPpamMa MOXKET BOCCTaHABIMBATH
MePEeKCUIHbIE HOHBI.

Katonnyto u aHomHyro momsipusanuio aektpoga uz BK-6 mpowusBonunu
OTHOCHUTENFHO  CTallMOHApHOTO  moTeHmuasa - 1,3 OTHOCUTEIHHO
KuciaopoaHoro sjiektpona (puc. 1.5, 1.6). M3 pUCYHKOB BHIHO, YTO Ha 3THX
BOJIbTAMIIEPHBIX 3aBHUCUMOCTSIX He HaOJIO/aeTcs CYIeCTBEHHBIX OCOOCHHOCTEH.
[Ipu cMmelmeHnn NOTEHIMAIA B aHOJHYIO 00JIaCTh OTHOCHUTEIHHO CTAIlMOHAPHOTO
NnoTeHI[Mana HaOJIoJaeTcss aHOJHOe pacTBOpeHHe KapOujga Bosbdppama T0
YpaBHEHUIO

WC - 1 + 707 < WO,” + CO

[Ipomiecc aHomgHOrOo pacTBOpeHMs MpoTekaeT B AUG(Y3MOHHOM peKUMe.
[Ipn xaromnoit momnsipm3anuu Koppo3usi BK-6 u no moreHuumana BelneideHHS
HIeJIOYHOT0 MeTalljla Ha BOJbTaMIIEPHOW 3aBUCHMOCTH HE HaOofaeTcsl APYTrHX

IIPOIIECCOB.
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Alew ®

0,02

s
Aem®

Puc. 5. Bonwsramnepnsle 3aBucumoctu anekrpona u3z BK-6 B pacrase
NaOH.T=773. Cxopocts nonsipuzanuu — 8OMB/C.
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1.4. U3y4yeHue CKOpPOCTH KATOJHOIO H AHOJAHOI0 PacTBOPEHHS CTAJIU-3

u TBepaoro cmiasa BK-6 B ruapokcuanom pacniiase

1.4.1. Uzmepenue cxopocmu xopposuu cmanu-3 u BK-6 npu cmayuonaprom
nomeHnyuane

Ckopocth Koppo3uu crann-3 u BK-6 npu cranmmonapHOM moTeHIMale B
pacriaBe NaOH u cmecu NaOH - KCl (10 macc. %) ompenersuii BeCOBBIM
MetogoM. Obpasiibl ctanu-3 1 BK-6 BblnepuBajii B 06CTOKOBOM COCTOSIHUU B
paciuiaBe Tpy pa3IndHbIX MpoMexyTkax BpeMeHH (1o 104.) u o pa3HocTH Macc
OTIpeJIeIISUTH CKOPOCTh Koppo3un.  Ha puc. 6. TmpeacTaBieHbl 3aBUCHUMOCTH
ckopoctu Kopposuu cranu-3 u BK-6 ot Bpemenu B pacrmaBe NaOH u NaOH -
KCI (10 macc.%). [Ipu BpemeHH BBIIEpKKH 00jiee 5 4acoB CKOPOCTh KOppa3uH B
OECTOKOBOM COCTOSIHUM CTAHOBHUTCSI TIOCTOSTHHBIM W COCTABIISIET JJISI CTAIHA-3 U
BK-6 (8,0 = 1,0)10V4 rleM’r  u (5,3+£0,2) 10° r/cM?.4 COOTBETCTBEHHO.

N3 comocTaBienus 3TUX AaHHBIX CIeAyeT, 9TO CKOpOCcTh Koppo3uu BK-6 Ha
nopsioK Beime ckopocTr kopposuu CT-3. DTo 00BsCHsSETCS TeMm, 4YTO Ha
noBepxHocth BK-6 He oOpa3yercs maccuBHpyrolnas TIUICHKA, TOABISIETCS

npoIiecc KOPPO3HH.

1.4.2. Bruanue niomHocmu moxa HA CKOPOCMb KAMOOHO20 U AHOOHO20
pacmeoperus cmanu-3 8 pacniase NaOH u okucu NaOH - KCl (10 macc. %)

DnekTpoxummudeckoe  pactBopeHue ctanmn-3 u BK-6 B rumpoxcumgHOM
paciiaBe OCYIISCTBISUIM C TOMOIIslo moTeHimoctata [1-5848, 3anasas
MOCTOSTHHBIE 3HAYeHHUs] TOKa (KATOIHBIM M aHOIHBIM) B TEUEHHE OINpeaesIeHHOrO
Bpemenu (30 muH.). [To BennmuuHe moTepu Macc OMpeAeNsid CKOPOCTh KOPPO3UH.
[TnotHOCTh KaTtomHoro Toka usMeHsiii B uHTepBane (0,01 - 0,3) A/CMZ, a
KaTogHOro Toka B uuTepsaie (0,01 -0,5)A/cm>.

Ha puc. 7. npezacTaBieHa 3aBUCHMOCTh CKOPOCTH KaTOAHOTO PacTBOPEHUS
2

OT KaTOJHOW TUIOTHOCTH TOKa. B mHTepBase miotHoctei Toka (0,01 - 0,3)A/cm

HaGHIOI[aeTCH IMOBBIIICHUE CKOPOCTU KOPPO3HU C POCTOM INNIOTHOCTHU KaTOJHOI'O
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2
toka. [Tpu mmotHocTH ToKa 0,3 A/cM” CKOPOCTh KaTOJHOTO pacTBOpeHHUs OoJiee Ha

MOPSIIOK BBIIIIE CKOPOCTH KOPPO3HUH CTATU-3 B 0ECTOKOBOM COCTOSHUMU.

L
Ir/cM -1

3
s0 4 . NaOH

BK

10

12 4

11 1

10 A

NaOH
CT-3

: _SN*.IOH-I{(‘I

Puc. 6. 3aBucumocts ckopoctu kopposuu Ct-3 (1,2) u BK (3) ot Bpemenu mpu

cranmoHapHoM noteHimane B paciiase NaOH (1,3), ND\OH - KCI (2) T=77X

Ha pHuc. 8. npeacTraBjicHa 3aBUCUMOCTb CKOPOCTH aHOAHOT'O PaCTBOPCHUA

cranu-3 B pacmiaBe NaOH 1 NaOH-KCI (10macc. %) oT mI0THOCTH  aHOJIHOTO
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ToKa. M3 3TUX MaHHBIX CIENYET, YTO CKOPOCTh aHOAHOTO PACTBOPEHUS MPU MAITBIX
TUIOTHOCTSIX TOKAa HHUXE CKOPOCTH pacTBOpeHHs: B OecTokoBoM coctossHun. C
MOBBIIIIEHWEM IIJIOTHOCTH aHOJHOTO TOKAa CKOPOCTh KOPPO3WH YBEJIUYHMBACTCA.
[Ipu mmoTHOCcTH aHomHOrOo TOKa mopsaka 0,1 Alem? CKOpPOCTh  aHOJIHOTO
pacTBOpPEHHMSI CTAHOBHTCS PaBHBIM CKOPOCTH PAcCTBOPEHHUS B OECTOKOBOM
COCTOSIHMM, T.e. CKOPOCTH pACTBOPEHHMS IPpU CTallMOHAPHOM IIOTEHIIHAJIE.
Beenenune xmopuna xamus g0 10 macc.% Taxke TOHMKAaeT CKOPOCTh aHOIHOTO
pactBopenus. CienyeT OTMETHTh KaK aHOMallbHOe SBJIGHWE, a HWMEHHO, YTO
CKOpPOCTh KaTOJTHOTO PAaCTBOPEHUS 3HAYUTETHHO BBIMIE CKOPOCTA aHOJIHOTO

y 2
pacTBOpeHHMS Jajee ISl BRICOKUX II0THOCTel anoxHoro Toka (0,5 - 0,A/cm?).

1.4.3. Bruanue niomHocmu moxa HA CKOPOCMb KAMOOHO20 U AHOOHO20
pacmeopenust BK-6 ¢ pacnnase NaOH u cmece NaOH - KCI - (10 macc. %)

W3 BonpTamMmepHBIX M3MEpeHUil ciedyeT, uTo aHoAHbIA pacTBop BK- 6 B

TUAPOKCUTHOM pacilyiaBe MpoTeKaeT ¢ AU Py3nOHHBIM KOHTPOJIEM.

v, +10°

rfl:Mz* 9

50,0

25,0 4 -

0,1 02 i, Aem® 03

Puc. 7. 3aBucuMOCTb CKOPOCTH KOPPO3UU CTANK-3 OT KaTOAHOW TMJIOTHOCTH

tToka B pactuiae NaOHT=77.
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DTO cienyeT TakXke U3 puc. 6, moKa3bIBaroIIas MPsIMO-TMPOTIOPIIHOHATBHYIO
3aBUCUMOCTh MEXJy CKOPOCThIO aHojHoro pactBopeHuss BK-6 u anomHOI
MJIOTHOCTBIO TOoKa. CkopocTh aHomHoro pactBopenuss BK-6 Gosee uem Ha 1Ba
MOpsIJIKa BEIIIE CKOPOCTH aHOIAHOTO M KaTOJAHOTO pacTBOpeHUs cranu-3. iMeHHO
Ha 3TOM JKCIEPHMMEHTAIIbHOM (aKTe OCHOBBIBAE€TCS TEXHOJIOTHS peKyIlepaluu
OTpabOTaHHOTO aJIMa3HOro WHCTPYMEHTA, AHOIHBIM pacTBOpEHHEM
TBEPJOCIUIABHON MaTpHIlbl. [Ipr 3TOM cTanpHOUM KOpIyC aaMa3HOTO0 WHCTPYMEHTa
MaCCUBHUPYETCS M HE pa3pyliaeTcs.

Beenenue xmopuaa kammmsg 1o 10 macc.% He3HAYUTENBPHO ITOHWKAET
cKopocTh aHomHoro pactBopeHus BK-6. B ornmwmume ot cranmm-3 kaTtomHas
MoJIsIpU3alvsl yMeHbIaeT cKopocTh Koppo3uu BK-6. O6 3ToM cBUIETEIbCTBYET

3aBUCUMOCTH 3 Ha puc. 6.

1.4.4. Mexanuzm pacmeopenus cmanu-3 u BK-6 npu kamoonoii u anooHoti
NOAAPUZAYUU 8 CUOPOKCUOHBIX PACNIABAX

KaK y>1<e OTMEYaJIoCh, IIOCJIC HOpr)KeHI/IH B FI/II[pOKCI/I,Z[HBIe pacnnaBH
ctanu-3 (Keje30) B pe3ysbTare MPOTEKaHHS KOPPO3HOHHOI'O Ipoliecca, aHOHOM
COl'[prKGHHOfI peaKL[I/Ieﬁ KOTOPOTO ABJIACTCA pCaKA

Fe + G -2— Fe (14)

Ha IMMOBCPXHOCTU CTaAIU 06pa3yeTCﬂ 3alllUTHadA OKCHUIHAA ITIJICHKA. Y CcTOMYHBOCTD
TaKoM IJIEHKH, a CJIeIoBaTeIbHO U CTalu, 00yCIOBIIeHa, Ha HAIll B3TJISA]l TeM, UYTO B
pacIiuiaBe T'MApOKCHUIa HaTpu:Ad YCTaHaBJIMBACTCA HHU3Kas PaBHOBECHAA
KOHLCHTpaluusa HOHOB 02_,KOTOpBIe HCO6XO,Z[PIMI>I I TIEPEBOAa MAJIOPACTBOPHUMBIX

OKCHIOB B PACTBOPHMBbIE MPOAYKTHI, Hanpumep B FeQ” mo peaxiuu

FeO + G — FeQ” (15)
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e
r/eM -4

40

20

X 2
0.2 0.4 0.6 i, AleM

Puc. 8. 3aBucumocThb CKOPOCTHU KOPpPO3UHn CcTan-3 OT INIOTHOCTHU AHOIHOTI'O

toka B paciiaBe NaOH (I)u NaOH — KCI (2). T=77X.

[lpuBenennble 3aech CcoOOpa)keHHMsSl CIpaBeJIUBBI W ISl Ciyvas
obOpazoBanms apyrux okcunoB — FeO; FeO, B crammonapHoM cocTosHUN
CKOPOCTh pacTBOpeHUs1 MeTauta tuMmutupyetcs nporeccamu (14) u (15) wiu, uto
TO K€ caMoe, aHOJAHOM Moypeakineit

Fe + 20 -2% — FeQ? (16)

Kak mokazano B mepBOdl TJaBe TMpH KaTOAHOW TMOJSpU3AllMA B
00€3BOKEHHBIX THJPOKCUJIHBIX paciiaBax B pe3yJibTaTe BOCCTAHOBJIEHUSI NOHOB
0,, O~ MIPOMCXOJIUT HAKOIUICHHE HOHOB O B MPUAJIEKTPOAHOM CJIoe U K
MOBBIIIICHAIO €r0 OCHOBHOCTH. [IpW TMOBBIIEHW OCHOBHOCTH TPHUAJIEKTPOIHOTO
CJIOS CO3/IAIOTCS YCIIOBHUS JIJISl YBEJIMUEHHUS CKOPOCTH XuMudeckoi peakuun (15) u
aHomHo¥ mosypeakiuud (16), ciemoBaTeNbHO, CYMMapHOrO KOPPO3HOHHOIO
npoiecca. CorjacHo 3TOM cXxeme, pojib KaTOAHOW MOJSIpU3alli CBOJUTCA K
obecrnieyeHr0 B MPUAJISKTPOIHOM CJIO€ JTIOCTATOYHOM KOHIICHTPAIMU O, 1e. K
MOBBIIIEHHWIO OCHOBHOCTH TpuKatogHoro cios. [IpucyrcTByromuii B pacriase
KATOJIHBIN JIEMOISIpU3aTOp pacXoyeTcs o ABYyM cTaTbsiM. C OZHOI CTOPOHBI, OH
pacxoayercsi Ha 00Opa3oBaHKWE HMOHOB O” B KaTOIHOM mporiecce, a JIpyrou —

Y4aCTBYECT B Ka4CCTBC OKHCIUTEISA B KOPPO3MOHHOM ITPOLECCE.
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[IpuurHHO-CNIEICTBEHHBIE CBSI3U MEXKIAY OTACIbHBIMU SBICHUSIMU, KOTOPBIE
MMEIOT MECTO TMpU CMEIIeHUM TMOTeHIMana »dJIEKTpoJa OT CTalUOHAPHOIO
3HA4YeHUs B OTPULIATEIbHOM HaIpaBJIEHUH, MOKHO HarJsiIHO MPOWLTIOCTPUPOBATH
C WCIIOJB30BaHUEM CXeMbl, TMpuBeAeHHONW Ha puC. 9. OCHOBOW ATOW CXeMbl
SBIISIETCS MPUOJMKEHHas auarpamma E — pd' JUISL CUCTEMBI JKeJIe30-KUCIOPOI,
Ha KOTOPOW CIUIOIIHBIMU JIMHUSIMU 1-3 BeICNICHBI 00JIACTH YCTOWYHMBOCTH
MeTajla U €ro COEJWHEHWW Npu aKTUBHOCTA HOHOB FeQ z paBHoit 1.
[IyHKTHpHBIC TUHUW HA AWArpaMMe pa3rpaHUYMBAIOT aHAJIOTHYHBIE 00JIaCTH TPH
aktmBHOCTH woHOoB FeQ? = 103 10° 10° moms/cm®. Ha cxeme Tarke
n300pakeHa JuHUS 4, XapakTepusyrolias n3MeHeHNe P[OZ']S Ha rpaHulle pazjena

- 2-
3a CHET KaTOAHOI'O BOCCTAHOBJICHUS MOHOB 02 51 02 .
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FeO

10° 10° 10°

1.
FeO,

Fe 3

10 s 0
po*

Puc. 9. Vmpomennas aumarpamma E — pG s cHCTeMBbl Kemeso —

KHUCJIOPOA

Kak BHIHO W3 puUCyHKa MpU  CMEIIEHUM IOTEHLHala B OTPULATEIBHOM
HaIlpaBJICHUM NPOUCXOJUT IMOBBIIIEHHE OCHOBHOCTH HPHUIJIEKTPOIHOIO CJIOS
(mBMOKEHUe 1O CTpelike BOIb JTHHHUU 4) CONTPOBOXKIACTCS IEPEX0A0M IIEKTPOIa B
061acTh ¢ Gojee BHICOKOW PAaBHOBECHOM KOHIEHTpamueil noHoB O,° CKOPOCTH
pacTBopeHHs MeTaia Vi MOXHO TIPeACTaBUTh Kak (YHKIHIO TpagueHTa

2-
KOHLCHTpaluu HMOHOB FeQ WK TIpU OTCYTCTBHHU OTHUX HOHOB B o0BeMe
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pacruraBa Kak (yHKITUIO UX TTIOBEPXHOCTHOW KOHIICHTPAIIUN

V. =D/8 [FeO*]s
rae D - koaddunment nuddysuu, 6 - TommuHa 1udGy3HOHHOTO CIOS.

[ToaToMy TpM CMelleHWH MOTEHIMajda B OTPUIATEIHPHOM HaIpaBICHUH
cnexyer oxunath yBenmdernue Vy. [Tossimenne [FeO’]° n Vi mpoHcXoguT 10
YCTAHOBJICHUSI  TIPEJIEIbHOTO  TOKA, COOTBETCTBYIOIIETO  BOCCTAHOBIICHUIO
KaTOXHOTo eromspusaropa. YeM Bbime koHmenTpamus noroB O, n O, B
oObeMe pacIUIaBa, TeM H COOTBeTCTBeHHO Hmke p [O° ] ° B oOmactu
MpeeIbHOTO TOKa, TeM Oojiee BBICOKMX 3HAUYEHWW JOJKHA JOCTUTATh CKOPOCTH
KaTOJ/JHOTO PacTBOPEHUS METalIa.

[Tpun AQHOJTHOW TOJNSPU3AlANA KEJe3HOTO dJIEKTPOJa OTHOCUTEIHHO
CTaIlMOHAPHOTO MOTEeHIIMANIA TTPOTEKAST AIEKTPOXUMUYECKAsT PEaKIUsl OKUCIICHHUS
THJIPOKCH]T MOHOB C 00pa30BaHUe BOJBI.

40H - 48 — O, + 2H,0 (17)

B CBOIO Ouepesb BOJA BCTYIAeT B KHCIOTHO-OCHOBHOE B3amMoneiictaue ¢ O u
MOBBIIIAET KUCIOTHOCTH CPEIBI

H,O + O < 20H (18)

Takum oOpa3oMm, cMellleHHe TIOTEHIMANa Keje3a  IOJOXHUTelbHee
CTAI[MOHAPHOTO HE YCKOPSET ero paspyiieHue Vi, 9TO THUMUYHO JJIsi TTAaCCUBHBIX
AJIEKTPOOB. DTO U CJIEyeT U3 HAIINX IKCIIEPUMEHTAIbHBIX Pe3yJIbTaTOB.

CoBceM TMO-APYroMy MEXaHHW3My TPOUCXOIUT  DIEKTPOXUMHYECKOE
pacTBOpeHHe TBepaoro cruiaBa. CTanMoOHApHBIA MOTEHITHAN KapOuaa Boib(pama
oTpuIaTelibHee TOTEHIMaTa KHCIOPOAHOTO ayekTpona Oonee dem Ha 1,0 B.
[TosToMy mnpu monspuzaldd 3JEKTpoJa U3 KapOujga B aHOJHYKO 00JacTh
OTHOCHUTEIIFHO €ro CTallMOHApHOTO IMOTCHIMANA IPOUCXOIUT OKHCJICHHE TI0
CIIeTyFOIIIel AIeKTPOXUMUYECKON peakiinu

WC - 1@ + 140H— WO,* + CO” + TH,0 (19)

Ipoxykre! anogHoro okucinerus WO,” u COs® (Bonsdpomar u kapGOHAT

HATpUs) XOPOIIO PAacTBOPUMBI B IIEJIOYHOM paciuiaBe. [103ToMy MOBEpXHOCTH
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TBEpIOr0 CIUIaBa HE NACCUBUPYETCSI M AaHONHBIA IPOLECC JUMUTHPYETCS
npoleccaMu MacconepeHoca. TakuM oOGpa3oMm, aHOAHOE PACTBOPEHHE TBEPAOIO
cruiaa BK-6 MokHO ommcarh ¢ MOMOIIBIO 3aKOHOMepHOCTed nud@y3noHHON
KUHETHUKH.

[Ipy monsipuzanuu >MEKTpPOJa M3 TBEPAOro CIulaBa B KaTOJIHYHO OOJacTh
OTHOCHUTEJIBHO CTAallMOHAPHOTO MOTEHLHANIa MPOUCXOIUT HEKOTOpOEe MOAABIEHUE
AHOJHOM TOJypeakUMM W yMEHBIIeHWEe CKOpocTH Koppo3un. Ha kartone
oOpazyeTcsi HaTpHii:

Na' +& — Na (20)

KoTopelli B 3HaYyMTENBHBIX KOJIMYECTBAX pPAaCTBOPSAETCS B IHEJIOYHOM
pacruiaBe ¢ MoJlydeHHeM TUJpuaa U okcuna. B cBsa3u ¢ geduuutoM Kuciopoaa u
Ooiee TONOXKHUTENBHBIMU dIleKTpoaHbIME moTeHnuanamu Co, Ni, Cu mo
cpaBHenuto ¢ W u WC metannnyeckrie KOMIOHEHThI TBEPIOCIUIABHON MaTpHIIbI
HEe TIOJIBepraeTcsi OKMCJIEHUI0 W BMECTe C ajMazaMHu O0pa3yroT aHOMIHBIN IIIaM.
[Ipy Hamuuuu Hax  paciylaBOM  KHUCJIOpoJcojepkamieli  arMocdepbl B
MTOBEPXHOCTHOM CJIO€ IMPOUCXOAUT OKUCIIEHNE PACTBOPEHHOIO HATPHSL:

10Na + 2,5Q= 5Ng0 (21)

B cnyuyae Hepas3geneHHBIX SIEKTPOAHBIX MPOCTPAHCTB NPU YYACTHUH
PeaKLUMOHHOM BOJbI pereHepupyeTcsl TUAPOKCULL!

Na,O + H,O = 2Na + 20H (22)

Ecnu npeneOpedb mpoTekaHWeM MOOOYHBIX peakiuil (3JIEKTPOIHU3 BOIHI,
oOpa3oBaHHe TUIAPUJIA U TIEpOKCHIa HaTpus, B3anMoerictBue Nau NaH ¢ Bomoii),
TO CYMMAapHBII IIPOLIECC OMUCHIBAETCS YPaBHEHUEM

WC + 2,5Q + 4NaOH = NaWOQO, + Na&CO; + 2H,0 (23)

[Ipumenenne WOHHBIX pacIIaBoB MTO3BOJISIET OCYILECTBIISITh
ANIEKTPOXMUMUYECKHE TIPOIIECChl B HWHTEHCUBHBIX pexumax (IpuU  BBICOKUX
IUIOTHOCTSIX TOKA4), OJHAKO B JA@HHOM ClIydae BO3MOXKHOCTH HHTEHCU(PHUKAIH
QHOJHOIO pa3JIOKeHUs TBEPAOCIJIABHOM KOMIIO3UIMA B U3BECTHOM Mepe
ompeJeNstoTcss o0pa3oBaHMEM Ha KaToJle aKTMBHOTO MeTajia — HaTpus. Ecnu

CKOpOCTh KaTonHou peakinuu (20) mpeBbIIaeT CKOPOCTh XUMHYECKON peaKiuy
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(19) B mOBEepXHOCTHOM CJIO€ paciliiaBa, TO KOHIEHTPAIWsl paCTBOPEHHOTO HATPUS
CO BpEMEHEM JOCTUraeT BEeJIWYMHBI pacTBOpMMOCTH. [Ipm sTOM Ha Katome
HaOMoaeTCcsl MOSBICHUE JKUIAKOM (ha3bl MeTaJUIMYECKOro HaTpus, KOTOpPBIH,
BCIUIBIBasI HA TIOBEPXHOCTH, OKHUCIISIETCSI BO3LyXOM CO BCHBILIKaMU. Takoil a ekt
ABJIIETCSI HEXKENATEeJIbHBIM, II03TOMY peajbHas WHTEHCHUBHOCTH aHOJIHOIO
mpolecca OrpaHUYeHa CKOPOCTBIO IOTJIOIIEHHSI KHCIOPOAA IOBEPXHOCTHIO
3JMIEKTPOJIUTA W 3aBUCUT OT BEJIMYMHBI 3TOM MOBEPXHOCTU W TeMIIepaTyphl.
JIeCTBUTEIBHO C NOBBILIEHUEM TEMIIEPATYPhl CYIIECTBEHHO BO3PacTaeT CKOPOCTh

OKHUCIIEHUS] HATpUsl, PACTBOPEHHOTO B I1IEJIOYHOM pacIljiaBe.
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2. PazpaGoTka mpoueccoB BCKPBHITHSI OTPA0OTAHHBIX KaTaJIH3aTOPOB B

IEJI0YHO — COJIEBOM paciliiaBe

Ha ocHOBe npoBeIEHHBIX TEPMOAMHAMHUECKUX pacdeéToB (OTYET 3a 2-3Tam)
MU C YYEeTOM JOCTYIIHOCTU M CTOMKOCTM THUAPOKCUAOB IIECIOYHBIX U
HIeJIOYHO3EMENbHBIX MEeTaUIOB Haubojee 3KOHOMHYECKH BBITOJIHBIM SIBIISIETCA
WCIIOJIb30BaHUs pacIjlaBa THAPOKCHIA HATPUsl B KA4eCTBE PEAKLUMOHHOW Cpelbl
JUIsT  pa3pabOTKA  DKOJOTHYECKH  YUCTOrO  TEXHOJIOTMYECKOTo  Ipoliecca

nepepaboTKu OTpabOTaHHBIX KaTaNIU3aTOPOB HedTenepepaboTKH.

2.1. llpeaBapuTesbHbIi (pa30BbIii U Ka4eCTBEHHBI 3J1eMEHTAPHBIH aHAJIH3
KaTaJu3aTopoOB

[TpoBenenHslii peHTreHoazoBbli aHanmu3 Ha audpakromerpe JIPOH-6
MoKa3aj, 4YTO KaTalu3arop IMpeAcTaBiseT coboil amopdryro dazy. Omxur
katanuzaropa 1m0 600°C He mnpuBea K Tmepexomy oOT amophHOW ¢as3bl K
KPUCTAITHYECKOH. KauecTBeHHbIi AJIEMEHTHBIN aHaIN3 Ha
peHTreHodumoopucieHTHOM crniektpoMeTpe Crnektpockan MAKC — GV moxkazan
HAJIMYUE BJIEMEHTOB. HHKENs, MOJUOIeHa, aTfOMUHUS, HEOOJBIINX KOJUYECTB
CepBI, CIIeI0B TUTAHA.

PeHntrenodas3oBelii  aHajgM3 o00pa3loB KATOMHBIX OCAJKOB  (IBOWHBIX
KapOHIIOB BOJb(GpamMa M METaJIOB TpUaIbl jkelie3a (JKeine30, HUKENb, KOOAJbT))
IpoBOAMIM Ha peHTreHoBckoM audpakrometpe JPOH-6.0 ma megnom K, -
u3nydenuu ¢ amuHoi BosHBI 1,5405MA. Chemka Benmach B MHTepBaje yrios O -
10+90° ¢ 3amannbiM marom 0,3 B MHHYTY MPU TOYHOCTH HU3MEPEHUS YIJIOB
mudppakun 0,005 rpagyca. Jlns yTouHeHHs] mapaMeTpOB PeIIeTKH OTAeNbHBIC
oTpakeHHs ObLTH TiepecHATHI TTpH ckopoctu 0,03 /muH. Bpems axcnozuruu 1 cek.

[Tomy4yeHHBbIEe peHTreHOTPAaMMBbI UICHTHPHUITUPOBAIN, UCTIONIB3YSI KAPTOTEKY
stanoHHbIx oOpasioB (PDWIN). Beisienue (a3 oCyIIecTBIsIIOCh CpaBHEHHEM
MOJIYYEeHHOTO psAJia MEXIUIOCKOCTHBIX PACCTOSHUN C TaONWYHBIMHU 3HAYSHUSMU

anektponHoii Oubmmorekn PDWIN. ConocrtaBnenue (B mpenenax OIIMOKH
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BKCHepI/IMeHTa) ONBITHBIX M TAOJMYHBIX 3HAYEHHH MEKIUIOCKOCTHBIX paCCTOHHI/Iﬁ
u OTHOCHUTEJIbHOMU HWHTCHCHUBHOCTHU JIMHUHI IIO3BOJIMIIN OOHO3HA4YHO

ueHTU(GUIIMPOBATH MMOJTyUYeHHY0 ¢a3y [1-8] .

2.2.Pa3paboTka mpoiecca BCKPbITHsSI OTPA0OTAHHBIX KATAJIN3aTOPOB B
IeJIOYHO-COJIEBOM paciljiaBe

Cy1iecTByrolasi B HacTosIIee BpeMsl TEXHOJOTHSl M3BJEUYEHUs MOJUOIeHa
U3 OTpabOTaHHBIX KaTalu3aTOpOB OCHOBaHa Ha wucnapeann MO0O; mnpu
BBICOKOTEMIIEpPaTypHOM HarpeBe KaraiuzaTopa. CTereHb M3BJCUYEHUs MOJIUOICHA
B TakoMm Tiporiecce cocrtapiser He Oonee 60%. Comepxarniuecss B KaTaau3aTope
IIEHHbIE KOMIIOHEHTHI HE U3BJIEKAIOTCS U HE TiepepadaThIBAIOTCH.

Hamu nmnpepiaraercs TpUHIOMIUAATBHO HOBBIM TOIXOJ K  TIPOIECCY
nepepadoTKH OTPabOTaHHBIX KaTaJlu3aTOPOB M M3BJICYSHUS IIEHHBIX KOMIIOHEHTOB.
CyTh mpejaraeMoro HaMH CIIOcO0a 3aKIOYaeTcs B TOM, YTO BCKPBITHE
OTpabOTaHHBIX MOJIMOJCHCOEPXKAIINX KaTaJlu3aTOPOB IMPOBOJAT B IIEJIOYHO-
cosneBoMm pacruiase npu 400-450C.

PacruiaBiieHHBIH THAPOKCH] HATPHS B3aMMOJICHCTBYET C KOMITOHEHTaMHU
KaTaJu3aTopa 1o CJIeIYIOIAM PEaKIUsIM:

2NaOH + MoQ = NaaMoO, + H,O

2NaOH + AbLO; = 2NaAlO, + H,O

2NaOH + SiQ = NaSiO; + H,O
OKCHJIbI HUKEJSI M K0OaIbTa C pacIlylaBOM IIeJIOYH He pearrupyer.

Ecnu mpenmosiokuth, 4YTO Bech KaTamuzatop coctouT u3 Al,Oz TO
KOJIMYECTBO MOJIeH HEOOXO0IMMOM ISl BCKPBITHS III€JIOYH B JIBa pasa JIOJDKHO OBITh
oonsire kommyectBa BemectBa Al,O;. B MaccoBoM OTHOIIEHMH IIETOYH K
karanuzatopy 0,8 : 1,0.

Tak kak Bce coeauHEHUs, OOpa3yoOIIUecs B pe3yJibTaTe B3aMMOJICHCTBHS
menoueld ¢ kommoHeHTamu Kartaiuzatopa (N&MoO,; NaAlO,, NaSiOs;NiO,
CoO) umeror temmeparypy miaBienus Boiiie /0PC To HeoOXO0mMMO 3a7aBaTh

U30bITOK 1ienour. [Ipu Hanumuuu wu30bITKA JKUAKOW ¢a3el  (pacruiaBieHHOM
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IEeJIOYM) peaklus B3aWMOIEHCTBHSI IIEJIOYH C KaTalu3aToOpoOM IPOTEKaeT B
T Gy3nOHHOM peKUMeE.

Hamu wuccnenoBan mpoliecc BCKPBITHS KaTaluzaTopa MpU  Pa3IUdHBIX
MacCOBBIX COOTHOIICHMSX IIeJo4Yd U Karaiauzatopa oT 1:1 no 3:1.mpu s3ToM, Yem
Oonblie M30BITOK MIENIOYM, TeM Jiydllle W ObICTpee BCKpPBIBAETCS KaTalu3aTop.
Onnako 6oJbIION KM30BITOK IIEIOYM HE >KelaTeleH He TOJIBKO C TOYKH 3peHHus
nepepacxoja IIeour, HO U 7S TOCIeyIOINX CTauii U3BJIeUeHUs AIIOMUHUS U
MOJIMOIeHA.

Hamu yctaHoBieHO, UTO BBeACHHE B LIEIOYH XJIOPUIA KAJIKs B KOJUYECTBE
no 8+10% wmacc. IloBblmaer CKOPOCTh PacTBOPEHHUS TMOYTH Ha MOPSIOK H
COKpalllaeT BpeMs IMOJIHOI'O0 BCKPBITUS JO0 2 4acoB. YBEJIMYECHHE TeMIIepaTyphl C
400°C mo 50C°C, Ttakke NPHUBOAUT K BO3PACTAHUIO CKOPOCTH PAaCTBOPEHHS.
Opnnaxo Beire 5S0PC, 3HaYMTENBHO BO3pacTaeT yNPYrocTh Mapa Haj paciiaBoM
TUAPOKCU]IA U TIPOUCXOJIUT YBEJIMUEHHUE PACcX0/ia IIeJIOUH.

OnTuManpHBIMU TapaMeTpaMHu BCKPBITUS KaTajiu3aropa B IIEJIOYHO-
COJIEBOM pacIlIaBe SIBIISETCS:

- Coctas pacmiaa NaOH-KCI (10macc%).

-CooTHouleHne Macchl paciuiaBa 1,5:1k macce karanuzaropa.

-Temnepatypa pacmiasa 400-500C.

-Bpems BckpbiThs — 10 2,049acos.

Haubonee noaxonsimum KOHTEHHEPOM JUisl paciiaBa siBiisieTcs: ctaib 45. B
THJIPOKCHIHOM paciiiaBe cTaiib 45 MOKphIBaeTCsl MACCUBHOM IMJICHKOM M3 OKCUIOB

KeJesa MmpeoTBpallas ee paspylienue (pacTBOpeHue).
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3. Pa3zpaGorka mipomeccoB BbIIIEJAYNBAHUS AHOAHOr0 ILJIaMa,
MOJIyYEHHOr0 TMPH IJIeKTPOXHMHYECKOM OKHCJIEHHH TBEPAOCIIABHOI
MAaTpHIIbI AJIMA3HOTO HHCTPYMEHTA

B mpomecce anekTponm3a MeXd3JIEKTPOJAHOE IMPOCTPAHCTBO 3aIOTHSIIETCS
MeTaJUICOJIePKAIUM aHOAHBIM TutamMoM. OH TIpelcTaBiseT co0oi 00BEeMUCTYIO
ryouaTtyro Maccy C BKIIOYSHHSMH aiMa3oB, MNPUYEM MeTaundeckas ¢aza
cocraBiusier g0 20%f@vacc.). Illmam, mnomy4deHHBII B pe3yjibTaTe aHOIHOM
00paboTKH ajMa3HOTO MHCTPYMEHTA, yIOOHOM ISl KX CEJICKTUBHOTO M3BIICUYCHUSI.
AHOIHBIN TJIaM BCKPBIBAJIW BHINIEJIAYNBAHHEM TOpsSiUed JHUCTHUILTAPOBAHHOM
BOZIOW B TedeHWe 3-49 W TOCJe OTACJICHWs] HEepPacTBOPEHHOTO OCTaTKa
GuIbTpaIMelt onpeaeNsi COCTaBbl pacTBOpPa U Ocaika. Menb, Kene30, KOOallbT U
HUKENIb OMNpeeNsiId METOJIOM aTOMHO-a0COpOIIMOHHOW CHEKTPOCKONMU Ha
npubope AAS-6800u mMeTomoM peHTreHOMIOOPECIIEHTHON CIIEKTPOCKOIUM Ha
npudbope MAKC-GV, Bonbdpam-dhoTOMETpUIECKUM METOJIOM C NMPUMEHEHHUEM B
kadecTBe BoccTtaHoBUTeNss 11Cl3 W peHTreHO(II00peCeHTHOW CITeKTPOCKOITHHA.
Cognepxanrie CBOOOJHON WIENOYM B pacTBOpe OMNpenessuid TUTpoBaHueM. [lis
onpezieNieHUs] MPOJOJIKUTEILHOCTH TIOJHOTO BBIIIEIAYUBaHUs Obllla HW3y4YeHa
KHHETHKA PACTBOpeHHsI aHOHOro mnuiama ¢ cootHoinennem T:0K=1:5 mpu 90°C
(6e3 mepeMenuBaHusN).

[Ipy  TPOJOKMTETHLHOCTA  BBIIIEIAYMBAHUS  /SMHUH  KOHIIEHTpPALIHS
BoJIb(hpama B pactBope cocrasiseT 7,5/, 105vun — 15,5/n, 150umua — 18,5/,
210vuH. — 18,42/1, 1.e. 3a 2,5-3,51. ConeBas (aza mutama MoJHOCTBIO TEPEXOINUT
B PacTBOp.

B tab6n. IlpuBenen cocraB pactBopoB (% (Macc.)), MOJydYeHHBIX IIpH

BhIleaunBanuu 1tama ropstaeit Boasl (T=90°C), o cepusim onbiToB 1-6.
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Taomuma 1
CoctaB pactBopoB (% (Macc.)), MOXy4YeHHBIX NPH BBIIIEIaYMBAHUH TIaMa

ropstueit Bogpl (T=90°C), o cepusim onbiToB 1-6.

KOMIIOHEHT 1 2 3 4 5 6
BombQpam | 15,52 15,41 13,2 16,00 14,94 14,74
MeIb 3,510° |[3,410° |4,810° |3,710° [1,210° |2,310°

KeIeso 2.810* |1,010* |4,610° |3,910° |2,110*° |1,410"

KOOANBT 1,010* |1,710* |e6,610* |8,810° |4,010° |2,610"

HUKENb 7,310° |1,510° |e6,610* |7,210° |2,510° |3,010"

TakuM 00pa3oM, W3 METATUYECKHMX KOMIIOHEHTOB B PAcTBOP IEPEXOIUT
JWIIG  BOJbppaM — TpoaykT aHomHoro okucienus WC. OcranbHble
COCTABIISFOLIE MaTPHILIBI HAXOSITCS B PacTBOpax Ha ypoBHe mpumeceii 10° + 10%
% (mac.). Kpome »otoro, mpm T:)K=1:3 pacTtBopbl, TNOJIy4YeHHbIE TpU
BBIIIEIaYMBaHNHM 11aMa, cogepxat 10 15% NaOH.

Kak moxasanm pe3ynbTaThl peHTeHO(})a30BOro aHallv3a, HepacTBOpHMas B
BOJIe YacTh IIamMa MpejcTaBiseT coboit cMmech MetammoB Cu, Co, Ni, Fen ux
OKCHJIOB C BKJIFOYECHHUEM OCBOOOXKICHHBIX W3 MATPHIBI alIMa30B. YKa3aHHbBbIE
METaIbl 06pa3ylOTCsS B pe3ylbTaTe KATOJHOTO BOCCTAHOBIEHHST HOHOB CUFY,
Co™*, Ni¥*, Fé" u3 pacmuaBa, Kyia OHH MONAJAKOT [PH AHOXHOM OKHCICHHH
MaTepuania TponuTKH MaTpuibl. CojaepkaHue HEPACTBOPUMOM dYacTH IiaMa
coctaBiusier 5-20%  fsacc.), ocranbHas-coieBas 4YacTh, COCTOSIIAs U3
BOJIb(ppoMaTOB W KapOOHATOB HaTpus (Kanus), OoOpa3yOIIUXCS MPU aHOTHOM
okucnennn WC u yHOcmMoro ¢ TBepaoit ¢aszoii anekrponuta NaOH-KCI. [lns
U3BJICUECHHSI ajiMa3a CHaJaya ClielyeT OTJCIUTh KaTOJHBIN OCaJoK C aiMa3aMU OT
BOJIOPACTBOPMMOM YacTH IIJIaMa, a 3aTeM pa3JIeIuTh KaTOJIHBIN 0CaJIOK U ajMa3bl.

OT TOHKOIHCIIEPCHBIX MOPOLIKOB (10 6M°/T), B BUIE KOTOPHIX HAXOISTCS B
IlaMe MeTaJlIbl M WX OKCHJBI, ajJiMa3bl MOTYT OBITh OTAENIEHbBl MOKpPOU
cemapaliieii Ha ceTke B BaHHE ¢ BOJIOH. TOHKHE IMOPOIIKH MPOXOIAT CKBO3b CETKY,

d Ha CETKE OCTarOTCA aJiMa3bl MOT'YT OBITH OTACIICHBI MOKpOfI cenapauneﬁ Ha CCTKE
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B BaHHE ¢ BOJIOW. TOHKME TTOPOIIKU MPOXOASIT CKBO3b CETKY, a Ha CETKE OCTAIOTCS
anMasbl, TOJ/JIeXKAIe OCBETIICHHWIO, T.€. OYMCTKE OT TMPWINNIIAX K HUM
MeTaJUIMYeCKUX YaCTHII.

st ocBeTyieHUs: alnMa3oB UX 00pabaThIBaIM XJIOPOBOJOPOTHON KHUCIOTOM ¢
JABJICHUEM OKUCIIUTENS 11l PAaCTBOPEHUS MEJIN:

2Cu + 4HCI + 4HO, — 2CuC} +6H,0 + G

N3 coobpaxkeHunil 3K0JI0THUECKOl OE30KOCHOCTH B KadeCTBE OKHUCIUTENS
BbIOpaH mepokcu Bojopoja. Ilocime obpaborku anmmazoB cmecho HCl u H,O,
(HCI-15-18, HO, — 27-31% fracc.) T=50-7FC) ux mnpombiBaId BOJOH H
BBICYIIIMBAIIA. PekymnepupoBaHHbIe aliMa3bl MOTYT OBITh BHOBH MCIIOJIB30BaHbI JIJIS

U3TrOTOBJICHUS OyPOBOTO WJIH PEXKYIIEero MHCTPYMEHTA.
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4. Pa3paboTka mnpoueccoB BbIIIEJAYMBAHHUA MJIaBa, MOJYYE€HHOIO
BCKPbITHEM KATAJHM3aTOPa B IIEJI0YHO-COJIeBOM pacijiaBe

ITocite BCKpBITHS KaTaJIW3aTOPOB IPOBOJMM TIPOIECC BHIIIETaYHBAHHMS
iaBa. B eMKOCTb, Iie HaxoIuJyICs 3aCTHIBIINH TUTAB 3aTMBANIA JUCTHIUTHPOBAHHON
BOJION M3 pacueta 1o Macce oT 1:5 no 1:3.1lpu HenmpephIBHOM MepeMelnBaHuy 1
Harpese 10 90 miaB pactBopsiercs 3a 0,549aca. B pacTBop mepexonut MmonubaeH
B BHJIe MOJMOaTa HATPHS, AFOMUHUAN B BUJE TETPAaruApOKCOATIOMUHATA HATPHSI,
XJIOPUIBI HATpUs W Kajus. PacTBOp IMOCie BBIMIETAYNBAHUS IIaBa COMEPKHUT
B3BeCH 4acTHIl YepHoro 1Bera. pH pactBopa m3mensiercs 12,3+12,4equnun. [lpu
OTCTaWBaHWU pacTBOpa BHIMANaeT OCANOK dYepHoro I1Bera. s ompeerneHus
BpEMEHH, HEOOXOJMMOTO JUIsl TIOJHOTO BBIMIETAYWBaHUs IIaBa Oblla W3y4eHa
KknHeTHka pactBopenus miasa npu 90 C.

B pactBope KOHTpONHMpoBanM W3MEHEHHe cojepKaHusi MoynoaeHa. [Tpoosr
oTOMpaTu Ha OJHOM M TOM J>K€ YpOBHE pacTBOpa uepe3 OIpefelieHHbIe
MIPOMEXKYTKH BPEMEHHU.

Coortromenune mace T:2K=1:3.91u nccienosanus rnokasanu, uro 3a 0,5yaca

IJI1aB IMOJTHOCTBIO PACTBOPACTCA.
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3akjouyeHue

B pe3yiibTaTe IMPOBCACHHBIX JKCIICPHUMCHTAJIIBHBIX HCCIIeJOBaHUI ObLIN

IIOJIYYCHBI CIICAYIOIINUE PE3YIbTATHI.

- I/IBMepeHLI mapaMeTpbl aHOJHOT'O PaCTBOPCHUA TBCp,Z[OCHHaBHOfI MaTpHUILbI

AJIMa3zHOI'O MHCTPYMEHTA B IICJIOYHO-COJICBOM pacIliaBe.

- [Tomy4eHsl pe3ynbTaThl MO MOAOOPY ONTHUMAJBHBIX YCIOBUN BCKPBITHSA

OTpa6OTaHHBIX KaTaJin3aToOpoOB B MICJIIOTHO-COJICBOM pacIlIaBe.

- Tlomydensl pe3yabpTaThl MO NOAO0OPY ONTUMAJbHBIX YCJIOBUH Mpolecca
BBIIIEJIAYMBAHNUS AHOJHOIO 1UIaMa, IIOJYYEHHOIO IIPU 3JIEKTPOXMUMHUYECKOM

OKHUCJICHHUHA TBCpI[OCHJ'[&BHOﬁ MaTpHLbI aJIMa3HOTI'O MHCTPYMCHTA.

- IlonmyueHbl pe3ynbTaTbl MO MOAOOPY ONTHUMAJBHBIX YCJIOBHH Tpoliecca
BBIIIIEJIaYMBaHUsl TUIaBa, MOJYYEHHOTO BCKPBITHEM KaTajau3aTropa B IIEJIOYHO-

COJIEBOM pacIlIaBe.
- CocTaBlieH HayYHO-TEXHUYECKUI OTYer.

IlocTaBneHHbie 3aJaduu Ha JTallc 3 BBINOJHEHBEI B IOJHOM OOBEME B

YCTaHOBJICHHBIN CPOK.
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