


AHHoOTauusi: B pabore wuccienyercs HPQPEKTUBHOCTh TBEPAONOIMMEPHBIX MeMOpaH u
COCTaBa aHOJIHOTO KaTalIM3aTopa U3 HEIIATMHOBBIX COCTUHEHUN A1t OOPOTUAPUAHOTO TOTIUBHOTO
aneMeHTa. MemOpaHbl M3rOTaBIMBAIOTCA M3 IOJMBHHWIOBOTO CIUpTa C J100aBICHUEM
cynb(haMHUHOBOM, CYTH(OCATHITUIOBON U CYJIb(PaHUIOBOU KUCIIOT.

KuroueBble cjioBa: G0pOruapuIHbINA TOITUBHBIA 3JIEMEHT, TBEpAONOIMMepHas MmeMOpaHa,
MOJINBUHUJIOBBIN CIIUPT, LIEOJIUT, MarHui, cyiabhaMUHOBAas KUCIO0TA, CyIb(OCcaTuIuiIoBas KUCIOTa,
cyib(haHUIOBas KUCIOTA, aHOIHBIM KaTamu3arop.

1. BBeaenmune

B Hacrosiee BpemMsi 0lHUMHU U3 HanboJiee aKTyalbHBIX MPOOJIEM COBPEMEHHOTO 00IIEeCTBa
ABIISIIOTCSL DHEpPreTHUYecKass M HJKoJormuyeckas mnpoOieMbl. bonpmiol Bkiag B 3arps3HEHHE
OKpY>Kalomiel cpesibl BHOCUT TPAHCIOPT Ha JBUTATENSAX BHYTPEHHEIO CTOPaHUs, a TaKKe OOBEKTHI
TeHEpaLuu 3JEKTPUYECTBa, paboTarolle Ha OCHOBE ropeHust TommBa. OJHMM HX CIIOCOOOB
CHMIKEHMSI BO3JICHCTBHS Ha OKPY’KAIOIIYIO CPEy, a TAK)KE MOBBIIEHUS 3(PPEKTUBHOCTH FeHEepaluu
JIEKTPUUECTBA SBISIOTCS TOIUIMBHBIE 3JeMeHTHl (TD), KOTOpble MNpeBpaIlaloT XUMHUYECKYIO
SHEPIUI0 TOIUIMBA M OKUCIIUTEINSA, MOJBOJUMBIM K 3JIEKTPOAAM, B DIIEKTPUUECKYIO SHEpruro 0e3
MIPOMEKYTOUYHOM TEHEpaluu TeIUla M €ro IMPeBpaIleHUS B MEXaHWYECKYI0 U DIEKTPUUYECKYIO
sHepruu. TO paboTaroT Ha BOJOPOJIE U KUIKUX TOIUIMBAX (METaHOJ, STAHOJI, PACTBOPHI THIPUIOB
MeTaiioB U 1p.). Knaccuueckuit Bapuant TO OCHOBaH Ha 3JIEKTPOXMMHUYECKOM KaTaJIUTUYECKOM
OKHCJICHHH BOJIOPOJIA, KOTOPOE COIPOBOXKAACTCS TCHEPUPOBAHUEM DIICKTPUIECKOM SHEPTUH.

2. AKTYaJIbHOCTHh TEMATHKH MPOEKTA

Haumnas ¢ 2005 r. o BbITyCKE MOPTATUBHBIX TOIJIMBHBIX AJIEMEHTOB OOBSBUIIN cpazy 16
KOMITAaHU MHPOBOTO ypoBHs, Takux kak Toshiba, NEC, General Motors Corp., Samsung, Nokia u
apyrue. MHOTMMH U3 HUX YK€ BBINYIIEHBI CBOM MPOTOTUNBI T3, B ToM yucie paboTarouiyue Ha
MetaHose. HecMoTpss Ha mpuBieKaTeNbHbIE MEPCHEKTUBBI BOJOPOIHBIX T3, OHUM HMEIOT psA
CYIICCTBCHHBIX HCAOCTATKOB: CJIO)KHOCTHU IMOJYYCHUSA YHUCTOrO BOAOpPOAAa, €ro XpaHCHHUC U
TPAHCIIOPTHPOBKA, B3PHIBOOMACHOCTh BOJOPOJA, BBICOKHE pabouue TeMIEepaTyphl, HOPOTHE
IUIATUHOBBIE KaTaJM3aTopbl U Ap. B CBSA3M ¢ 3TUM IIMPOKO M3y4daroTCsl M Apyrue Tumsl TO.
KOHKypeHI_[I/IIO MCTAHOJIbHBIM MOT'YT COCTAaBUTBH J3JICMCHTLI, UCIIOJL3YIOIINUC B KAa4YCCTBC TOILIMBA
pacTBOpbsl OOPOTUIPHUIIOB METAIJIOB — OOPOTHAPUAHBIE TOIJIUBHBIE 3JeMeHThl. O0e cucTeMsl
MMEIOT KaK JIOCTOWHCTBA, Tak U HeAocTaTKu. B umncie nocrouncTB Goporuapunnbsix TO — BeIcOKast
ANEKTPOXUMUYECKAsi aKTUBHOCTb, ITMPOKUH AUATNa30H TeMIepaTypbl padOThl TOIJIMBHOTO 3JIEMEHTA
(ot 0°C o 70°C), Heroprovee TOIUTMBO (OOPOTHAPHU HATPHS ), HETOKCUYHOCTH MPOAYKTOB PEaKIINH,
BO3MOXHOCTBb UX BOCCTAHOBJICHUA O HUCXOJHOI'O 60p0r1/11[p1/1;[a. Takke IMEHHO 3TOT TOIJIMBHBIN
AJIEMEHT TO3BOJISIET OTKA3aThCsI OT HCIIOJIH30BAHMS KATAIM3aTOPOB HA OCHOBE JOPOTHX OJIaropo HbIX
METaJUIOB B MOJIb3y MEHEE JOpOrux M Oojiee pacrnpocTpaHeHHbIX. Bce 3T (GakTOpbl MOBBIIIAIOT
KOHKYPEHTHOCTIOCOOHOCTh OOpOTHAPUAHBIX TD Kak MCTOYHUKOB SJIEKTPOIHEPTHH, HECMOTPS Ha
BBICOKYIO CTOMMOCTBH OOpOrHApua.

3. leau u 3agaun

Ilenpto maHHOW pabOTHI sABISETCS HccheaoBaHUuE 3(PGEKTHBHOCTH TBEPIAOMOIUMEPHBIX
MeMOpaH 1151 GoporuapuaHoro TO, CO31aHHBIX HA OCHOBE MOJIMBUHUIOBOTO CITUPTA C TOOABICHHEM



[[E0JIUTA, B 3aBUCHMOCTH OT KOHIIEHTpaluu cyib(okucnor. Takxke B pabore ucCiemyercs
3¢ (HEeKTHBHOCTH HETUIATHHOBBIX KATAIM3aTOPOB JJIsi COOPAHHOTO TOITMBHOTO JJIEMEHTA.

B XOJI€ PCIICHUA 3TOM 3aga4uu OBLIN ITOCTABJICHEI CJICAYIOIUC 3aavn:

1. Tlpoanamu3upoBarh W TMOA00OpaTh ONTHMAJIBHBIA COCTAaB TOIUIMBA M KAaTOJTHOTO
KatanmzaTopa st OoporuapumHoro TJ. Ilpu 3TOM Bce KOMIOHEHTHI JOJIKHBI OBITh
HETOKCHUYHBIMH U JOCTYIMHBIMH 10 CTOUMOCTH (KaTaJlu3aTophl U3 0JaropoHbIX METAIIJIOB
HCKJTFOYArOTCH ).

2. TlpoaHanu3upoBaTh CYIIECTBYIOIINE PEIICHHS B 0OJIACTH CO3/IaHUS TBEPIOTOIUMEPHBIX
MeMOpaH M 1oxo0paTh ONTHMAJIbHOE M JOCTYMHOE JUIA MPAaKTUYECKOH peaau3aluu
pelieHue.

3. UzroroButrh MeMOpaHbl BBIOpDAaHHBIM METOJAOM C  pa3IMYHBIM  COJEPKAHUEM
CyJb(OKHUCIIOT.

4. CoOpaTh TOIUTMBHBIN JIEMEHT, UCCIe0BaTh 3G(HEKTUBHOCT, MEMOpPaH B 3aBUCUMOCTH OT
UX COCTaBa.

5. TlomoGpath mMeTon oreHKH 3P (HEKTUBHOCTH aHOHBIX KaTaJIM3aTOPOB M MCCIEIOBATh UX
3((PEeKTUBHOCTD B COCTAaBE TOTUTMBHOTO JJICMEHTA.

4. Teopernyeckasi 4acTh

B nannoit pabote paccmartpuBaics TD mpsMoro IeicTBHs, MOCKOJIbKY OH JaeT Ooisee
Boicokuit KI1/]. [Togo0HbIi 3IeMEeHT IPEICTaBIsIeT COO0M AIEKTPOXUMUIECKYIO CUCTEMY, B KOTOPO
XUMHYecKass SHeprus OOporuapuia HANpsSMYyIO MEPEeXOJUT B DIEKTPUYECKYI0 B TNPUCYTCTBUU
Kuciopoaa uim Bozayxa. Teopernuecknit KIT/I Takoit cuctemsl coctaisieT 91%.

[Tpouecc oxuciaenuss OoporuApuaa MOXKET MPOTeKaTb C Pa3IUYHOW  CTENEHBIO
3aBEPIICHHOCTH — C TIepeHOCOM OT 1 710 8 351eKTpOoHOB. /{7151 8 27eKTPOHOB peakiuu Oy1yT BBHITIISIICTh
CJIETYIOIIUM 00pa3oM.

AHOJHAs TTOTypeaKLust:
NaBH, + 80H™ — 8e = NaBO, + 6H,0
Karonnas nonypeakuusi:
20, + 4H,0 + 8é = 80H™
CymmapHas peakusi:
NaBH, + 20, = NaBO, + 2H,0

OnHako B peaNbHbIX YCIOBUAX §-3JEKTPOHHOIO OKUCIIEHUS OOpOruapuaa He MPOUCXOAMT.
KonnyectBo 3J€KTPOHOB, TEHEPUPYEMBIX OOpPOTHMAPUAHBIM HOHOM, 3aBHUCHUT OT aHOJHOMU
KaTaJIUTUYECKON cucTtembl. M3BecTHO [S], 4TO mpH MCHOIB30BaHUM AU-KaTajlu3aTopa KOJWYECTBO
aKTUBHBIX 3JIEKTPOHOB paBHO 6.9; Pd-kaTanu3aTop ciocoOcTByeT BbipaboTKe 6€, Ni-KaTtannuzatop —
4e, Ag-xatamuzatop — 6e, AgNi-katanuzarop — 7é€.



YMeHblIEHHE KOJIMYECTBA IEKTPOHOB MPUBOIUT C OJHOM CTOPOHBI, K yBenuueHuto DJ(C
nenu ¢ 1.64 B (8¢) no 1.78 B (6€) u nanee no 2.05 B (4€), a ¢ aApyroii cTOpoHBI, — K CHIKEHUIO
TEOPETUYECKON IIIOTHOCTH YHEPTHUH.

B kauecTBe HEMIaATUHOBOTO KAaTOJHOTO KaTalu3aTopa ObLIO PEIIEHO UCIIONIb30BaTh TMOKCU
Mapraniia MnO; — 3To JOCTYIHBIN U HEAOPOToi MaTepuai. M XOTsd OH yCTymaeT KaTajiu3aropaMm U3
OaropoJIHBIX METAJUIOB, TEM HE MEHEee JaeT NpuemiieMyio 3(QQEeKTHBHOCTb M BOJbTaMIECpPHBIC
XapaKTEPUCTUKHU.

Ha cremens okwucneHust Ooporuapuja Takke BIHSET COCTaB TorumBa. OTMEUYEHO, UTO
OKHCJIEHUE C YYaCTHUEM J10 8 3JIEKTPOHOB BO3MOKHO TOJIBKO TP UCII0NIb30BaHUU pacTBopa NaBH4 ¢
KOHIIEHTpanuei Menee 1,5M. VYBenumdeHue KOHICHTpamuu Ooporuapuaa a0 2M NpuUBOIUT K
CHIDKEHHUIO YHCIIa TOKOOOPA3yIOIIUX AMEKTPOHOB /10 6 (B IPUCYTCTBUU TUIATUHOBOTO KaTalu3aTopa).
N3 stix cooOpakeHui 1151 DKCIIEpUMEHTa B TaHHOH paboTe B3aT 1,5M pactBop 6oporuapuia.

TonnuBHBIE 3JIEMEHTHI TAKKE PasaCiIAOT B 3aBUCUMOCTH OT MPUMEHACMOI'O SJICKTPOJIUTA:

1. lllemounsie (mepenoc nonoB OH™ ot karoaa k aHOAY)

2. C annonoobMeHHoi MeMOpaHoii (mepeHoc nonos OH™ ot kaTona k aHoy)
3. C KaTHOHOOOMEHHOI MeMOpaHoH (epeHoc HoHOB Na' 0T aHoa K KaToy)
4. Nubie

Kaxxaplii TUN 57€MEHTOB HMMEET CBOM IMPEUMYIIECTBA M HENOCTAaTKH, OJHAKO Haumbosee
a¢dexTuBHA cHCTeMa ¢ KaTHOHOOOMEHHOM MeMOpaHOU BCJIEICTBHE YMEHBIICHHS KpOoccoBepa
Oooporuapuza ¢ aHoJa B KAaTOJHOE MPOCTPAHCTBO. Takke Takue MeMOpaHbl HMMEIOT JIy4dIlue
MEXaHWYECKHE CBOWCTBA M OOJIBIIYIO YCTOWYMBOCTHh K arpeCCMBHOMY BO3ACHCTBHIO IIEIOYHOMN
cpenbl TO.

[TosToMy B pamkax JaHHOW pabOThI OBUIM BEIOPAHBI TBEPIOTIOIMMEPHBIE KATHOHOOOMEHHBIE
MemOpanbl. Ilpu BeIOOpe Marepuana uis MeMOpaHbI, YYMTHIBAJIOCh, YTO OH JIOJDKEH oO0Jajarh
BBICOKOM IPOTOHHOW MPOBOJUMOCTHIO, HMOHOOOMEHHON EMKOCTBIO, HU3KHUM KO3((HUIHMEHTOM
HaOyXaHUs ¥ IPOHULIAEMOCTBIO JUIs TOTIJIMBA, XOPOIIEH XMMUYECKONH M MEXaHUYECKOM CTOUKOCTBIO.

W3 naunbonee nocTymHOro maTtepuaia Ajisi MeMOpaHbl, MOKHO BBIJECIUThH MOIMBUHUIOBBIH
crupt (ITBC) — MmeMOpanb! 13 HET0 MOXKHO opMupoBaTh MeTo1oM JTuThs. [IBC npencrasisier coboit
BOJOPACTBOPUMBIN,  MOJYKPUCTAUIMYECKUH,  HETOKCHYHBIM  TMONUMEP C  OTJIMYHBIMH
MJIEHKOOOpa3yomuMe cBoricTBamu. OTHaKo HU3Kas XxuMmu4deckas croikocth [IBC, HemocTtaTounas
MPOYHOCTh U TEPMOCTOMKOCTh, HEAOCTATOYHAsl MPOTOHHAs MPOBOJUMOCTH HE IO3BOJIIIOT
UCIIOJIb30BaTh €r0 B YHCTOM BHJE B KadeCTBE MATPHIII HOHOOOMEHHBIX MeMOpaH. YIydIlIHTh
coiictea [IBC MOXHO wuCHoib3yss XHMHUYECKOE CIHIMBAHUWE KHUCIOTaMH, COJEPKAIIUMHU
cynbdorpymisl (Cynb(osHTapHas!, KOHIICHTPUPOBAaHHAs cepHas, Cynb(odTanesas, U Ap. KUCIOTHI).

B nanHo#t pabGoTe wHCMOAB30BaHBI HamOoJiee IOCTYIHBIE KHCIOTHI - CyJIb(aMHUHOBAS,
cynbocanuiuimoBass u cyiabhaHmioBas. B nuTeparype BCTpedaroTcs yIIOMHHAHHS 00
UCCIIEIOBAaHUSAX TMPOTOHHOM MPOBOAMMOCTH MeMOpaH Ha OCHOBE CYyiIb(aMHUHOBOW H
cyab(hocanuuiIoBoi kucaoT. Hannmydmuii pe3ynbrar JocTUraics Npu KOHIEHTPAUH 3TUX KUCIOT
0K0J10 7%. JIaHHBIX O MPUMEHEHHUH CYIb(aHIIOBON KUCIOTH HAMTH HE yaanock. B mannoii padorte
uccnenoBaiics TO ¢ KoHIEHTpauuei cyabpoKUCIoT oT 5% U BhILIE.



Jnst ynydieHus: MeXaHU4eCKUX, MPOTOHONPOBOAAIINX CBOWCTB MEMOpaH, B HUX BHOCSTCS

N00aBKM Ha OCHOBE KPEMHHsI WIH JUOKCHUIA IUpKOHMs. B [4] moka3aHO, YTO 3HAYUTEIHLHOE

yIy4lieHne cBoicTB MeMOpanbl Ha ocHoBe [IBC BO3MOXKHO pu J0OABIECHUH B HCXOHBIN pacTBOP

1eosMTa B KomnuectBe A0 25% macc. B manHo# paboTe meoauT go0aBisiics B KonudecTtBe 25% u
50% u ounenuBanach 3pdexTuBHOCTH TD, a Takke MeXxaHHMYEeCKHE CBOWCTBa MeMOpaHbl B

3aBUCHUMOCTH OT KOHICHTpalOH LECOJIUTA.

5. UcciienoBanue cocraBa MeMOpaH

5.1. IIpoBeaeHue IKCIEPHMEHTA

OTnuBKa MEMOpaH MPOU3BOIUIACH METOIOM, ONTMCAHHBIM B [4]:

Puc. 1. Ilpueomosnenue pacmeopa noauguHUIO8020
cnupma

[Heomut AKTUBHPOBAJICS 0,5M
pacTBOPOM  CEpHOM  KHCIOTBl  IpH
temneparype 70°C B TeueHue 4 4acos.

10%-it  pactBop IIBC roroBumics
pacTBOpeHUEM npemnapara B
auctuupoBanHoi Boje npu 90°C B
TeYeHHEe O 4YacoB TPH IOCTOSHHOM
nepeMenTnBaHuH.

Hanee pactBop IIBC cmemmBanca c
CYyTb(OKUCIOTAMH W K TOJy4EeHHOU
cMecu ao6asisics 1eoaut (25%, 50%
Mmacc.) u nepeMeLInuBancs hi(s)
OJTHOPOJHOM MacCBhl.

MeMOpaHbl  (POPMUPOBATHCH METOJIOM
JUThS. U BBICYIIUBAJIUCH B TEUYCHHE 2
cyTok 1nipu temneparype 40°C.

B skcniepuMenTe uccienoBaluch Cynb(paMuHOBasA, Cyab(OCaTUINIOBAs U CyIb(paHUIOBas

KHUCJIOTHI B KOHLIEHTpausix oT 5% 10 60% ot obuieit maccsl cmecu [1BC, eosnta v KUCIOTHI.



LAY

Puc. 2. Omausxa memopan ¢ yeorumom



AHO[OHbIN

KATAJIN3ATOP KATOLABIV

KATAJIM3ATOP MnO, + C

MEOHAA
MNIACTUHA
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NEP®OPNPOBAHHAA

AHOOHAA MNACTVHA

CETKA
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KATOOHAA
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Puc. 3. Cxema coopxu 60peudpudro20 monaueHoco sjiemenma

Hns onenku sddexkTuBHOCTH MeMOpaH ObLI
COOpaH TOIUTMBHBIA JIIEMEHT ¢ paboueit
MOBEPXHOCTBIO 5X5 cM. COOpKa TOIUTMBHOTO
JJ€MEHTa  OCYUIECTBJSIAch  CIEIYIOLIUM
crocobom: MEXIy  IOBYMs MEIHBIMU
IJIACTUHAMU TOJIIUHOW 3MM 3aKPEIUISICS aHO
(MemHas ceTka), MeMOpaHa, ¢ IPyroil CTOPOHBI
OT MeMOpaHbl 3aKpervisics KaTonx (MemHas
ceTka). Ha Hero HaHocwiics CJIOM KaTOHOTO
Katanmu3aTopa B Buge mactel (MnO2,
CMEIIAHHBIM € JUCTUJUIMPOBAHHOW BOJOM H
aKTUBUPOBAHHBIM yriieM). Co CTOpPOHBI aHOAA
Ha MeMOpaHy HaHOCHJICS AHOJTHBIA
katranmuzaTtop. K aHomy wu karomy uepes
Harpy3ky (pesuctop 22 OM) MHOIKIIOYAINUCH
amMIepMeTp U BOJIBTMETP, C IOMOILbIO KOTOPBIX
CHUMAJIUCh TOKAa3aHUsl HANpSKEHUS M CUJIBI
TOKa.

Puc. 4. Paboma monausnozo snemeHma 60 8pems
9KCHepumenma



5.2. Tloay4eHHble pe3yJabTAThl

B pesynbTare skcriepuMenTa Obljia JOCTUTHYTA CHJIa TOKa OT 68 — 240 MA, HanpsDKEHHE OT
1,75 — 2.05 B u momHocTh 119 — 494 MBT B 3aBHCHMMOCTH OT cojaepaHUs CYJIb()OKUCIOT B
MeMOpaHe, a TakXKe OT COCTaBa aHOHOTO KaTalu3aTropa.

JlaHHBIE HKCIIEpUMEHTA CBEJICHBI B Tpa(UKH.
CyabpamuHOBasi KHCJI0TA

UccnenoBanuce MemOpanbl ¢ coaepxanueM oT 5% no 40%. CHATble XapaKTepUCTUKU
npeAcTaBieHbl Ha Tpaduke (puc.5).
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Puc. 5. I'pagux 3asucumocmu MowHoCmu MoKa Om KOHYEHMPayuu Cyrb@amutoso KUCiomyl



Hawmnyumme BAX 6butn ocTUrHyTHI Ipu KOHLEHTpanusx okoio 30%. Ilanenne BAX npu
KOHIIeHTpauusax cBbime 30%, O4eBUAHO, CBSI3aHBI C IMPENEIOM PACTBOPUMOCTU CYyIb(aMUHOBON
KHUCJIOTHl M YXYALICHHEM MEXaHMYECKHUX CBOWCTB MEMOpaHbl — MpHU OOJBIINX KOHIICHTPALUIX
KHCJIOTBl OHA CTAHOBUTCS XPYIIKOM.

CyJabpocaaninuioBas KHCJI0TA

B okcnepuMeHTe wHcmosnb3oBaluch MeMOpaHbl ¢ cogepxkaHuem ot 2,5% no 30%
Cyab(hOCATUIUIOBON KUCIOTHL. bojbline KOHUEHTpAalUKW KHCIOTHI YK€ HE HUMENIH CMBbICIa,
MOCKOJIBKY C UX POCTOM MeMOpaHa TepsieT MIPOYHOCTh U MpeBpaliaeTcs B reib. Makcumyma BAX
JOCTUTIIA TIPH KOHIIEHTpauu okoyio 9% - okono 445 mBT. Jlanee HaOmomanochk pe3koe majacHue
BOJIbTAMIIEPHBIX XapaKTEPUCTUK.
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Puc. 6. I'pagpux 3as8ucumocmu mowHocmu moxka om KOHYeHmpayuu cyibpocaruyunosou
KUCTIOM bl



CyabgpaHuinoBast KHCJIOTA

B skcnepuMeHTax HcCiIenoBAIMCh MEMOPAHBI C COJEPIKAHUEM CYIb(aHUIOBON KUCIOTHI B
npenenax oT 5% mo 60%. Cambie Beicokue BAX ObUTH TOMTy4eHBI IPU KOHIICHTPAIUU 0KoJio 15% -
nopsiika 494 MBT. DTo HamTydIIHi pe3ybTar cpeau Bcex MeMOpaH. Jlanee ¢ pocToM KOHIIEHTpaIu|
KUCIOTHl 3¢ (EeKTUBHOCT, MeMOpaHbl MajaeT, HO Mpu KoHUeHTpauusx cBeime 40% cHoBa
HaOmogaeTcst poct BAX, 0HaKO MPAaKTHYECKOTO CMBICIA ATOT PE3yabTaT HE MMEET, MOCKOJIbKY
MeMOpaHa MpU TaKUX KOHIIEHTPALUSIX KHCIOTHI TEPSET MEXaHUYECKYIO MPOYHOCTb.
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Puc. 7. I'pagpuk 3a8ucumocmu MowHocmu moka om KOHYEHmMpayuu cyab@aHuiosoll
KUC10mul



6. UccaenoBaHue cOCTaBa aHOJHOTO KaTaJIM3aTopa

6.1. TIloadop kaTaau3zaTopos

B pamkax manHOW pabOTHI cTaBUTCS 3aaada cOOopku TD Ha HEAOPOTUX KOMIIOHEHTaxX 0Oe3
MCIOJIb30BaHUs OJIaropoaHbIX MeTauioB. [1oaToMy KaTanu3aTopsl U3 OIATOPOTHBIX METAIIIOB U UX
COeMHEHMH ncKiIouaroTcs. B [7] moka3aHo, 4TO BMECTO MCIIOJIb30BAHUS KJIACCHYECKOTO0 aHOHOTO
KaTaJlu3aTopa, MOKHO HCIIOJIb30BATh MOPOIIKKM MarHusi. DTO BO3MOXKHO MpPH HMCIOJb30BaHUU
HaHOpa3MEepPHBIX MOPOIIKOB ¢ pazMepoM vactull 10—-50 Mxm. Takke B kKauecTBe KaTaIM3aToOpa MOTYT
WCIIOJIh30BaThCS TIOPOIIKY HUKENS U koOanbTa. Karanus peakiiuu OKUCICHHUS OOpOTHAPHUIA HATPHS
MeTaJUlaMH OCHOBaH Ha CIIOCOOHOCTH METAUIOB aJIcOPOMpPOBATH peareHThI, aKTUBUPOBATh UX H
o0Jieryath MEPEeHOC AJICKTPOHOB M MPOTOHOB, YTO MPUBOAUT K 00JIe€ aKTUBHOMY OKHCJICHHUIO
Ooporunpua.

B xadecTBe KaTaIM3aTOPOB YACTO UCIIONIB3YIOTCS OKCH bl MeTaiuioB IV-IX noarpynn [9]. s
3TOTO JYYIEe BCEro MOAXOAAT OKCUIBI C HOHHOM CTPYKTYpoil. OKCHUIBI aIcOPOUPYIOT peareHThl Ha
CBOEH TMOBEPXHOCTH M AKTUBUPYIOT CBA3M B HUX. Ha MOBEpPXHOCTH MPOUCXOAUT OOpazoBaHHE
NPOAYKTOB, a 3areM uX JecopOuusi. B maHHO#l paboTe OBLTM MOCTaBJIEHBI SKCIEPUMEHTHI CO
CIIEAYIOIIMMU OKCHJAMH:

e TiO>
® V205
e FexO3
e CuO
e 7rO2
e MnO>
o Crn0s
e MoO:

6.2. TlpoBeneHue 3KCIIEpHUMEHTA

Jlnst axcniepuMenTa ObUT cOOpaH HEMMPOTOYHBIN TOTJIMBHBIN AJIEMEHT: B OT/IM4uue oT 1O B 1.4
aHOJHASI ¥ KaTOJHAs IUIACTHHBI ObUIA BBHIMIOJHEHBI M3 OPICTEKIIAa M PACIIOIOKEHBI TOPH3OHTAIBHO,
TOIUIMBO TMOJaBajoch mnopuueil B konudectBe V=0,IMa yepe3 oTBepcTHE BEpXHEW aHOAHOU
IUTACTUHBI. AHOJ M Karol ObUIM MOACOENMHEHBI uepe3 Harpy3ky (pesucrop R=22 Owm) k
ocuusuiorpady, KOTOPIM CHUMAJ MOKA3aHMs HAIPSKCHHUS.

Jns  oskcnepuMeHTa ObUIM  OTJIMTBI  MeMOpaHbl, B KOTOPBIX cojepxkaioch 9%
CyIb(hOCATUIIUIOBOIN KUCIOTHI. AHOAHBIN KaTaau3aTop HAHOCUIICS HEMOCPEACTBEHHO Ha MeMOpaHy.
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Puc. 8. Cmenooswiti monnuguwiii 3nemenm 0Jisl UCCIe008AHUS AKMUBHOCTU AHOOHO20 KAMAAU3amopda
3amepbl BEIUCh OT MOMEHTA MoAauu TOIUIMBA /10 oJiHoro ero pacxoaa (U=0 B). 3atem B TO

rmoJaBaach HOBas MOPIIHS TOIUTMBA TOTO ke oO0beMa. Oneparus moBTopsiack 4-5 pa3 10 MOJTHOTO
pacxojia TOTUIMBA, MTOCTIE YeT0 MEMOpaHa ¢ KaTaJlu3aTOpOM 3aMEHsIach Ha HOBYIO.

W.MBT 3aeucumocTb W(t), V=0.1Mn

— bes KaTannsaTopa

20 A

15 4

10 ~

0 5 10 15 20 25 30
t, MUH

Puc. 9. I'pagpux W(t) 6 meuenue oonozo yukia pabomor T3 6e3 kamaruzamopa



[To pe3ynbraTam 3KCIIEPUMEHTOB OBUIM MOCTPOEHBI TPapUKH 3aBUCUMOCTH MOIIHOCTH TOKa

UZ
ot Bpemenu W (t) = — t. [Tnomans mox rpagukoM — 310 cyMMapHasi paboTa, KOTopasi COBEpIIaeTCs

TOTUIMBHBIM 3JIEMEHTOM B TE€UCHHE IMKJIA pa0OTHI ¢ MOJHBIM okucieHueM 0,1Mi TormmuBa — A =
fw(t)dt. B naHHOM KOHTEKCTE MBI MOXEM TOBOPHTH O TOM, YTO 3TO CyMMapHas JHEPIUS,
npousBoguMasi TD u3 maHHOro oObeMa TorumBa. Takum 00pazom, 4em OOJbIIE TUIOMIATL IO
rpaduxom W (t), Tem Gonbliie 3HEPTUU MPOU3BOAUT TO ¢ HCHOIB30BAHNUEM TEKYIIETO KaTalu3aTopa.

6.3. Pe3yJbTarhl JKCIIEPUMEHTA

s ouenku 3¢p(GEeKTUBHOCTH KaTtainu3atopoB Obul moctpoeH rpadpuxk W(t) mis TO 6e3
katanmzaTtopa (rpaduk c cepoit 3anmuBkoid). [ToBepx 3Toro rpaduka CTpOMIUCH TpahUKH TEX Ke
XapakTePUCTUK 11 TO ¢ pa3uyHbIMU KaTaau3aTOpaMH.

3aBucumocTb W(t), V=0.1mn

W,MBT
6e3 KaTanniaTopa
-0 — o
—— MoO;
15 -
10 -
5 -
0 -
T T T T T T T
0 5 10 15 20 25 30

t, MUH
Puc.10. I'pagpux W(t) ons TO be3 kamaruzamopa u ¢ dobasnenuem CuQO

DkcnepuMeHT mokasai, uto okcun meau (I1) u okcun momubaena (IV) yckopsieT oKuciaeHue
MOYTH BJBOE, HO MPHU 3TOM MAKCHUMAJbHOE 3HAUYEHHUE MOIIHOCTH YMEHBIIACTCS WU OCTaeTCs
npuMepHo TeMm ke. CrenoBaTeNbHO, SHEPTHs, MPOU3BOJIMMAS C HCIOJIH30BAHUEM JTAHHBIX
COCIMHECHMH, OKAa3bIBAETCS MEHbINE, YeM 0e3 Hero, M KaTajau3aTopamu i JaHHOTO TD oHM He
sBisitoTcs. CKopee BCEro, 3TO CBSI3aHO C TEM, UYTO MPOUCXOJUT OKHCICHHE C Y9aCTHEM MEHBIIIETO
KOJIMYECTBA DJICKTPOHOB.



W,MBT 3aBucumocTb W(t), V=0.1mn

40 7 fe3 kaTanusaTopa
Cra03
TiO;

— V205

— Fe;03

35 A

30 A
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0 5 10 15 20 25 30 35 40
t, MUH

Puc.11. T'paghux W(t) ons TO be3 kamanuzamopa u ¢ dobasnenuem Cr:0s, TiOs, V>0s, Fe;Os3

I'paduku nis okcuaa Banaaust (V), okcuna tutana (IV), okcuaa xpoma (I11) u okcnaa sxenesa
(IIT) nemoHCTpHPYIOT OOJIeE aKTUBHOE OKUCIECHHE — YHEPTUsl 3HAYUTEIBHO yBETHUUBaeTcsa — ot 1,2
1o 3,1 pa3. IIpu 3TOM MOSBISIOTCS YIaCTKH CTAOMIBLHOTO 3HAYSHHS MOIIHOCTH Ha MPOTSHKEHUH OT
14 no 20 munyT. TO €CTh 3a CYET HCIONIH30BAHUS ITUX KATATH3aTOPOB MOXKHO TIOOUTHCS HE TOJIBKO
MOBBIIICHUST HANIPSDKEHUST U MOITHOCTH, HO M YMEHBIIIUTh PAacXo] TOIUIMBA, TOCKOIBKY Jaxke 0e3
M0/1a4M HOBBIX MOPUUH TOIUIMBA, TD JOCTATOYHO JIOJITO yIEPKUBAET MAaKCUMaJIbHOE HANPsKEHNUE.

3asucumocTb W(t), V=0.1mMmn

W mMBT
bes kaTanwszaTopa
0 — Ni
1 —— Mno;
Zro;
40 - Mg
30 A
20 4
10
0 -
T T T T T T T T T
0 5 10 15 20 25 30 35 40
t, MuH

Puc.12. I'pagux W(t) ona T3 6e3 xamanuzamopa u ¢ oodasaenuem Ni, ZrO,, MnO;, Mg



[opouku Maraus, HUKeNs, KoOaabTa U TUOKCHUIA MapraHiia MOKa3bIBalOT YHEpruio ot 1.7 10

2,8 pa3 6onbiue, uem T 6e3 karanuzaropa. Ilpu nCHOIB30BAHNY ITUX KATAIU3aTOPOB MAaKCUMYMBI

MOIITHOCTHU U HAIIPSKCHUA Ooiee BBICOKHC, YCM IIPU UCIIOJIBb30BAHU OCTAJIbHBIX KATAJIU3aTOPOB.

BT 3aBucumocTb W(t), V=0.1mn UB 3asucnmocTb U(L), V=0.1mn
— Co — Co
2501 bes KaTannsaTopa bes KaTannsaTopa
— Ni — Ni
—— MnO3 — MnO;z
Zro; Zr0;
— Mg 2.0 — Mg

200 A

150 ~

100 ~

0.0 A
T T T T T T T T T T

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

t, MUH t, MUH

Puc.13. I'pagux W(t) ons TD be3 kamanuzamopa u
¢ 0obasnenuem Co, Ni, ZrO;, MnQO,, Mg

Puc.14. I'pagux U(t) ora T3 6e3 kamanuzamopa u
¢ 0obasnenuem Co, Ni, ZrO;, MnQO,, Mg

Jns mopoika kodanbTa MaKCUMYM HarnpsbkeHus B 3,4 pasa Bblille, 4eM 0e3 UCIOIb30BaHUs
karanu3aropa. OHaKo, Hocie JOCTUKEHUS MAKCUMYMa MOLTHOCTH IPUMEPHO Yepe3 1 MUHYTY UaeT
ee mageHue. AHamormdHo Ni, ZrO>, MnO>, Mg naroT ObICTpoe TajeHHUE HAMPSHKEHHS IOCIe
JTOCTIDKCHHSI MaKCHUMyMa HampsbkeHus. V3 3Toro MOXXKHO cZeNiaTh BBIBOJ, YTO MPHU MCIOIb30BAaHUHU
ATUX KaTaJu3aTOPOB BO3MOXKHO Oo0jiee BBICOKOE HampspkeHne T3, OAHAKO IS JOCTHXKCHHS
CTAaOMIJIPHOTO 3HAYCHUS HATTPSHKCHUS TIPHUIETCS CYIIECTBEHHO YBEIIMUUTD PAaCcX0/] TOTLIMBA.

Poct cymmapnoii sHeprum, BbpabaThiBaeMoil TD, MOXeT OBITh CBS3aH C YBEIUYCHHEM
TITyOWHBI OKHCIICHUS ¥ YBETHUECHUEM KOJIMYECTBA YIACTBYIOIIUX YJICKTPOHOB.



7. UTOrM U BLIBO/BI

B pamkax paGotel Obu1 coOpaH OOpOTUAPUAHBIA TOIUIMBHBIA 3JIEMEHT, aKTUBHAs 00J1acTh

KOTOporo umena pasmep 5x5 cMm. B pesynbrare skcnepumenTa 3TOT T Moka3an MaKCUMaJIbHYIO

cuny Toka 10 240MA u Hanpspkenue a0 2.05 B, uto coorBercTByeT MomiHOCTH 494 MBT. Takue
BOJIbTAMIIEPHBIE XapPAKTEPUCTUKN ObUIM JOCTUTHYTHI B TOIUIMBHOM 3JIEMEHTE, MEMOpaHa KOTOPOIo
comepxkana 8.5% cynbdanmnoBoit kucinoTsel. CynbdamMuHOBas U CyiIb(OCATUIUIOBbIE KHUCIOTHI
okazanuch MeHee d()(PeKTUBHBIMHU. TaKOro TOIUIMBHOTO 3JIEMEHTA JOCTAaTOYHO, YTOOBI 3alMTATh

cBeToauoa. Ecnu yBenwuuTh TUIOMIAas TOIUIHMBHOTO 3neMeHTa 10 10x10cM, To MomHOCTh Oymer

COCTaBIIATH MopsiaKa 2 BT. /IByX Takux 3JIEeMEHTOB JJOCTATOUHO IS 3apsIKU MOOUIIBHOTO TenedoHa.

3KCHepI/IMGHTBI C pa3JIMYHBIMHU KaTaJIU3aTOpaMu IMO3BOJIAIOT CACJIAaTh BBIBOJ O TOM, YTO 3a

CUCT MCIIOJIb30BAHHA OKCHUIOB ICPCXOJHBIX MCTAJIJIOB M HUX IMOPOMIKOB MOXHO JOCTUYb Ooiee

BBICOKOH TJTyOMHBI OKUCIICHUS U YBEIMYUTH HAMpsOKeHUe 10 3,4 pas.

S
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