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«Cop6Hiis HHpKOHHa H »;ejie3a OKCH^aMH rpa<J)eHa H n o j i y n e H H e rpa^eHOB&ix 
o6o j ioHeK AJIS 3JieKTpocop6HHH», npeACTaBjieHHyio Ha c o n c K a H H e yneHOH 

CTeneHH KaHZHUjaTa XHMHHCCKHX HayK n o cnenHajiBHOCTH 0 5 . 1 7 . 0 2 -
TeXHOJIOrHfl p e ^ K H X , paCCeJIHHBIX H paAHOaKTHBH&IX 3JISMCHTOB 

C p e A H HOBBIX MaTepHanoB, npHBJieKaiomHX BHHMaHHe cneHHajiHCTOB 
p a 3 H o r o HanpaBJieHHfl, HaxoA5iTc;i rpac^eHBi H npo,zryKTBi HX OKHCJICHHA -
OKCHABI rpa(J>eHa (Or) H nacTHHHO BoccTaHOBJieHHBie OKCHABI rpa(J )eHa ( H B O I " ) . 
ECJIH nacTHH&i rpacJDeHOB oTj inna iOTca JIHLUB pa3MepaMH H HHCJIOM c u o e B , TO 
OF H HBOF HMeK)T MH05KeCTBO pa3HOBHAHOCTeH, OTJIHHaiOIHHXCfl nOMHMO 
pa3MepoB H HHCJia c u o e B n o c o c T a B y H KOHHeHTpaHHH (JDyHKHHOHajiBHBix r p y n n . 
CBOHCTBa T p e x r p y n n MaTepHanoB (rpacj)eHBi, O r H H B O F ) TaK^ce 3aMeTHO 
pa3Hsrrc5i: rpa(J)eHBi s j ieKTponpoBOflHBi H HepacTBOpHMBi, O r JIBJI5IK)TC5I 
AH3JieKTpHKaMH H CnOCoSHBI o6pa30BBIBaTB yCTOHHHBBie A H c n e p c H H B B o ^ e H 
opraHHHecKHx pacTBopHTe j i ax , H B O F 3aHHMaK)T n p o M O K y r o H H o e noj ioaceHHe 
MQTKffy rpa(J)eHaMH H O r , M o r y T o6jia,a,aTB s j ieKTponpoBOAHocTBio H 
cnoco6HOCTBK> AHcneprnpoBaTBCH. 
P a c c M a T p H B a e M a a AHCcepTaHHOHHaa p a 6 o T a H a H H r M H H T y H a nocBflxneHa 
no j iyneHHR) H HCCJieAOBaHHio HeKOTopBix CBOHCTB H royneHHio BO3MO>KHBIX 
n y T e n n p H M e H e m i a B TexHOjiorHH p e ^ K H x MeTajuioB MaTepHanoB AByx KjiaccoB 
- r p a ^ e H a H OKCHAOB rpa(J)eHa. Tpac[)eH B BH^e HaHOpa3MepHBix c<|)epHHecKHX 
o6oj ioHeK HcnBiTaH B n p o n e c c e 3JieKTpocop6n,HH, a OKCHA rpa4)eHa BnepBBie 
flerajiBHO HCCJieAOBaH B n p o n e c c a x HOHOO6M6HHOH c o p 6 n H H c o j i e n AByx 
sjieMeHTOB - HHPKOHH;I H ace j iesa . 

AKTyanBHocTB pa6oT&i onpe^ej iJ ieTCJi pa3pa6oTKOH HOBBIX cnocoGoB 
CHHTe3a rpa(])eHOB nyTeM n H p o n H 3 a MeTaHa ( r o p o A C K o r o r a 3 a ) Ha 
TOHKOAHCnepCHBIX OKCHAaX MeTaJIJIOB, B03M05KHOCTBK) HCnOJIB30BaHHiI 3THX 
rpa4>eHOB AJIH 3JieKTpocop6HHOHHBix n p o n e c c o B , a T a o K e n o j i y n e H H e M H3 
rpa t j ieHa OKCHAOB rpacj ieHa - MaTepHanoB c BBICOKOH COP6HHOHHOH CMKOCTBIO 
n o OTHOHieHHK) K HOHaM MeTaJIJIOB. 

HoBH3Ha pe3yjiBTaTOB HCCJieAOBaHHH 3aKnioHaeTca B onpeAej i eHHH p a H e e 
He nOJiyneHHOH 3aBHCHMOCTH «paCTBOpHMOCTH» (cnOC06HOCTH o6pa30BBIBaTB 
yCTOHHHBBie A H c n e p c H H ) OKCHAOB rpa(JDeHa B BOAHBLX pacTBOpax OT HX 
KHCJIOTHOCTH; B HCnOJTB30BaHHH HaHOpa3MepHBIX OKCHAOB MeTaJIJIOB H 
c4>epHHecKoro OKCHAa KpeMHHfl AJia no j iyneHHH r p a ^ e H O B B i x OGOJIOHCK; B 
HCnOJIB30BaHHH 060JI0HeK, nOJiyHeHHBIX Ha OKCH,fl,e KpeMHHJI RJIZ HCnBITaHHH 
3JieKTpOCOp6HHH; AeMOHCTpaHHH Heo6&IHHO BBICOKOH eMKOCTH OKCHAOB 



rpa( j )eHa n o HOHaM HHpKOHHJia, HTO MOJKCT 6BITB n c n o j n . 3 0 B a H O fljia nojiyHeHHfl 
KOMno3HTOB flHOKCHfla HHPKOHHA c rpa(j)eHOM; npoBefleHHH CHHTe3a 
KOMno3HTOB o K c n ^ a rpac{)eHa c c y n e p n a p a M a m n T H B i M H HaHonacTHHaMH 
M a m e m T a . 

J lHTepaTypHBifi o 6 3 o p flHccepTaHHH H3Ji03KeH B raaBe 1 H n o c B ^ n i e H 
HecKOJiBKHM TeMaM. B HeM o6o6meHBi ocHOBHBie CBCztemra o C T p o e H n n , 
GBoncTBax n n o j i y n e H H H O K c n ^ a rpa(])eHa, o n n c a H B i ony6jiHKOBaHHBie .naHHBie 
o c o p G n n n HOHOB MeTajuioB Ha OKCH^e rpa(J)eHa, n o K a 3 a H a BO3MOXCHOCTB 
AocTnaceHHfl: Ha STOM M a T e p n a j i e oneHB BBICOKHX 3HaneHHH COPGHHOHHOH 
eMKOCTH. OxapaKTepH30BaHO CTpoeHHe H cj ioacHoe n o B e f l e m i e OKcnx j iopnAa 
HHpKOHna B BOAHBIX p a c T B O p a x . ^eTaj iBHO o n n c a H B i H npoaHajiH3HpOBaHBi 
xHMHHeeKHe MeTO^bi no j iyneHKH 0KCH,na rpa(|)eHa. OiyjejiBHO paccMOTpeHBi 
oco6eHHOCTH nponecca 3J ieKTpocop6HHH H npHMeHeHHe /UIH H e r o 3JieKTpo,n,OB 
H3 rpa(J)eHa. B o 6 3 0 p e HHTHpyeTca 156 nySjiHKaHHH. 

B 3aKJiK)HeHHH n o o63opy jiHTepaTypBi OTMeneH He^ocTaroK OKCH^a 
rpa t | ) eHa KaK HOHOo6MeHHoro cop6eHTa - e r o B&icoKaa «pacTBopHMocTB» B 
B o ^ e , HTO n p e n ^ T C T B y e T pa3jjejieHHK) TBep^OH H >KHAKOH fya3, a TSUOKQ 
3aBHCHMOCTB <<paCTBOpHMOCTH» OT KHCJIOTHOCTH paCTBOpa. ITpe,ZniOJI05KeHO, 
HTO o6e npo6jieMBi M o r y T 6BITB peiueHBi n y T e M npHAaHHa copSenry 
MarHHTHBIX CBOHCTB. OTMeHeHO TaKtfCe, HTO BBICOKafl KOHHeHTpaHHJI 
(J)yHKHHOHajiBHBix r p y n n no3BOjraeT paccnnTBiBaTB Ha #ocTH)KeHHe OKCH^OM 
rpa(j)eHa BBICOKHX 3HaneHHH COP6HHOHHOH CMKOCTH. 

Bbi6op nponecca HOHOOGMCHHOH copSnHH HHpKOfflia B KanecTBe 
MOAGJIBHOrO 060CH0BaH B03MO)KHOCTBK) C03,ZjaHH5I TaKHM nyTCM KOMn03HTOB 
Zr02 H OKCH^a rpac^eHa HJIH rpa( | )eHa , a HcnBiTaHHe HOHoo6MeHHOH copGnHH 
coj ief i Fe2+ H Fe3+ - CHHTC3OM cop6eHTa c MarHHTHBiMH cBOHCTBaMH. 

B raaBe 2 npHBe^eHO onncaHHe MeTOJiOB BKcnepHMenra H aHanH3a. 
Pl3JIO)KeH flOCTaTOHHO OpHTHHaJIBHBIH MeTOfl MHKpOBOJIHOBOrO OKHCJieHHJI 
rpa( |)eHOB; MeTOA C H n r e 3 a rpa(|)eHOBBix oGononeK Ha OKCH^ax MeTajuioB, 
nojiyHeHHBix MeTO^OM «MOKporo c)KHraHHii»; MeTOflbi onpe^ejieHHii 
«pacTBopHMOCTH» H COP6HHOHHOH eMKOCTH OKCH.ua rpac[)eHa, H3MepeHHa 
y^ejiBHOH noBepxHOCTH, 3JieKTponpoBOflHocTH yrjiepo^HBix (J)a3 H pacTBopoB, 
3JieKTpOHHBIX MHKpOCHHMKOB. CoHeTaHHe pa3JIHHHBIX MeTO^OB aHaJIH3a 
no3BOJiaeT roBOpHTB o ,nocTaTOHHo nojiHOH x a p a K T e p n c T H K e MeTo^oB 
nojiyneHKM H CBOHCTB MaTepna j ioB ,ZJJLS (JDopMyjiHpoBaHHa H oSocHOBaHHa 
BBIBO^,OB. 

TjiaBa 3 nocBinneHa H3MepeHHJiM «pacTBopHMOCTH» 16 o6pa3HOB oKCH^a 
r p a ^ e H a n p n pa3JiHHHBix 3 H a n e H H a x KHCJIOTHOCTH BO^HBIX pacTBopoB. 
IIpe^CTaBJieHbl 3aBHCHMOCTH «paCTBOpHMOCTH» TpeX 0 6 p a 3 H 0 B OKCH â 
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rpa(j)eHa c pa3JiHHH0H cTeneH&io oKHCJieHHJi B £ H a n a 3 0 H e pH OT 2 flo 12. 
E[OKa3aHO, HTO «paCTBOpHMOCTB» IUiaBHO yBeJIHHHBaeTCH n p H pocTe pH OT 2 
AO 7, 3aTeM CTaHOBHTCfl nocTOHHHoii HJIH c j i e r x a noHHacaeTca . X a p a i e r e p 
3aBHCHMOCTH OTjiHHaeTca OT CBOHCTBeHHoro y r a e p o A H B i M HaHOTpyGxaM, y 
KOTOpBIX «paCTBOpHMOCTB» pe3KO paCTeT npH nOBBIHieHHH KHCJIOTHOCTH (pH 1 
- 2). F lpe i ino j ioaceHO, HTO 3aBHCHMOCTH JJJLS oKCH,n,a rpa(J)eHa CB5i3aHBi c 
(J)opMOH nacTHH H HajiHHHeM Ha n a c T H H a x OKCH^a rpacf)eHa 4>P A R M E H T O B 

OKHCJieHHH. 
B r n a B e 4 onncaHBi Hccjie^OBaHHJi c OKCHXJiopnflOM HHPKOHHX. 

H3MepeHHJi, npoBe^eHHbie B TeneHHe 224 cyTOK, noKa3ajiH, HTO BO^HBIC 
paCTBOpBI 3T0T0 COeflHHeHHX n p H KOHHCHTpaHHH AO 15 Mr/MJI HeyCTOHHHBBI H 
Me ĴieHHO MeHXIOT CBOIO KHCJIOTHOCTB. I l p H KOHHCHTpaHHH OKOJIO 17.5 Mr/MJI H 
BBime pacTBopBi onajiecHHpyioT. 

H c c j i e ^ o B a H M M H HOHOO6MCHHOH cop6nHH ZrOCl2 H3 BO^HBIX p a c T B o p o B 
ycTaHOBJieHO, HTO n p n onpe j je j ieHHBix 3HaneHHS[x c o o T H o m e H H a cop6eHTa H 
p a c T B o p a M o r y T 6BITB ^ocTHrHyTBi BBICOKHC 3HaneHH5i paBHOBecHOH 
cop6nHOHHOH e M K o c r a (,n;o 10-16 r Z r 0 2 / r OKCH^a rpa(J)eHa). 3 T O 
o6ycjiOBJieHO noJiHMepH&IM x a p a K T e p o M HOHOB HHPKOHHJI H no3BOJiHJio cuej iaTB 
BBIBOA o B03MoacHOCTH nojryHeHHJi copGHHOHHBiM n y T e M KOMno3HTOB Z r 0 2 -
OKCHA rpa(J)eHa H Z r 0 2 - r p a 4 ) e H . 

TjiaBa 5 nocBJimeHa nojiy*ieHHio MarHHTHBTx cop6eHTOB OKcmia rpa(J)eHa c 
cynepnapaMarHHTH&iMH HaHonacTHHaMH Fe 3 0 4 MeTOflOM HOHOO6M6HHOH 
cop6nHH. Jlflx. 3Toro 6Buia H 3 y n e H a cop6nH5 FeS0 4 H Fe(N03)3 , onpe^e j i eHO 
BpeMX flOCTHaceHHfl paBHOBeCHJI H H3MepeHa COp6HHOHHa« eMKOCTB Ha 
HecKOJiBKHX o 6 p a 3 H a x OKCH^a rpa( | ) eHa . 

FtojiyHeHHBie pe3yjiBTaTBi no3BOJiHjiH c^opMyrrapoBaTb HeKOTopBie 
o6m,He 3aKOHOMepHOCTH cop6nHH co j ien Fe(II) H Fe(III) Ha OKCH^e r p a ^ e H a . 
YcTaHOBJieHO, B HaCTHOCTH, HTO nOBBIHieHHe BeJIHHHHBI pH B yCJIOBHHX 
OTCyTCTBHH THflpOJIHTHHeCKOrO OCaHCfleHHfl npHBO^HT K pOCTy COp6HHOHHOH 
eMKOCTH, KOTOpaa npn pH > 3 MoaceT ^ocTHraTB 2500-2700 Mr Fe203 / r OKCH^a 
rpacj)eHa flaace npH He6oji&Hrax (MeHee 1.8 r/n) K O H H e m p a H i r a x coj ief i Fe. B 
KOHeHHOM c n e T e a B T o p y yzjajiocB H a i r m ycjiOBHii n o j i y n e H H a H3 p a c T B o p o B 
FeCl3 H FeS0 4 M a r a H T H o r o cop6eHTa Ha ocHOBe OKCHfla rpa^eHa. 

B raaBe 6 onncaHBi 3KcnepHMeHT&i no CHHTe3y OKCH^OB Zr, Y, Zr-Y H Al c 
HH3KOH HaCbinHOH nJIOTHOCTBK) MeTOflOM «MOKpOTO CaCHraHH5I» HHTpaTOB 3THX 
MeTajuioB c raHHHHOM. H 3 y n e H a reKCTypa no j iyneHHBix n p o ^ y K T O B . 3 T H 
OKCHABI, a Taxace noj iyneHHBiH njia3MeHHBiM MCTOAOM H a H o n o p o n i O K Si02 , 
peaKTHBHBra T i0 2 H MgO 6&uiH HcnojiB30BaH&i B KanecTBe MaTpHH&i RJIZ 
n o j i y n e H H a rpa(J)eHOBBix H rpa(])HTOBBix OGOJIOHCK nHpoj iH30M MeTaHa. 



PfeyqeHO BJIHAHHC p a c x o ^ a MeTaHa, T e M n e p a T y p t i H /JJIHTCJILHOCTH 
npoiiecca Ha n p H p o c T MaccBi y r n e p o j i a H BejiHHHHy ynejiBHOH noBepxHOCTH 
no j i yneHBix nHpoj iH30M rpa^eHOBBix H rpacf)HTOB&rx o6o j ioHeK Ha O K C H ^ a x . 
i l oKa3aHO, HTO HapacTaHHe y r a e p o f l H O H O6OJIOHKH Ha O K C H ^ a x 3aMeAJifleTca BO 
BpeMeHH. Han^eHBi ycjiOBHii noj iyneHHJi Ha MgO yrj iepo,n,Horo noKpBiTHH c 
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yjieJIBHOH nOBepXHOCTBK) 6ojiee 1300 .itIT: 

ITpOBe^eHBI H3MepeHHH 3JieKTponpOBOflHOCTH MTH 0 6 p a 3 H 0 B OKCHflOB 
MeTajuioB c yrj iepoAHBiM noKpBiTHeM H noKa3aHO, HTO e e 3HaneHHa BO B c e x 
c j rynaj ix , KpoMe A1203, j\oCTaTOHHO BCJIHKH. 3 T O no3BOJiHJio npe^JioacHTB 
MeTOA n o j i y n e H H a rpa(|>eHOBBix o 6 o n o n e K JIJIX. HccjieflOBaHHa 3J ieKTpocop6HHH. 

0 6 p a 3 H B i , nojiyHeHHBie n H p o n H 3 0 M MeTaHa Ha Si02 , 6BIJIH Hccj ie^oBaHBi 
6 o j i e e jj;eTajiBHO, n e M y nocB^nieHa raaBa 7 ,zi,HCcepTan,HH. Hcxo^HBie nacTHHBi 
c^epHHecKofi 4>opMBi HMejiH cpe^HHH ^ H a M e T p 50-70 HM, npnneM nocjie 
npoBejjeHHH n H p o n H 3 a H pacTBopeHHH Si02 BHyTpeHHHH ijHaMeTp yrjiepo^HOH 
OGOJIOHKH o c T a B a n c a TaKHM ace, KaK y HCXOJJHOH nacTHHBi Si02 . TojiDXHHa 
o b o j i o n e K B 3aBHCHMOCTH OT TeMnepaTypBi n n p o j i r o a BapBHpoBana OT 0.5 j\o 
8.9 HM. C j i e ^ y e T OTMCTHTB, HTO O6OJIOHKH .naace npH CTOJIB M a n o i i HX TOJiniHHe, 
Cyj\K n o np.HBefleHHBIM MHKp O CHHMKaM, OCTaBajIHCB HejIBIMH H He 
(J3parMeHTHp0BajiHCb. 

3 T H yrjiepo,n,HBie HaHOcdpepBi c noMoiHBio y3-B03fleicTBH5i yzjanocB 
BnepBbie nepeBecTH B BO,n,H&ie /jncnepcHH c n o M o n i B i o IIAB Triton X-100. Etpn 
3TOM 6BIJIO nOKa3aHO, HTO «paCTBOpHMOCTB» HaHOC(J3ep 3aBHCHT OT HX 
yCJIOBHOH HaHaJIBHOH KOHHeHTpaHHH H A-TEHTeJIBHOCTH 03ByHHBaHHX. 

HcnBITaHHeM H3rOTOBJieHHBIX H3 HaHOC(J)ep npOCTeHHIHX SJieRTpO^OB Ha 
n p H M e p e 3JieKTpocop6HHH NaCl BnepBbie noKa3aHO, HTO HX CMKOCTB 
^ocraraeT 10-11 Mr/ r . TlpH STOM ,zi,ecop6n,HJi n p n OTKjnoHeHHH TOKa npoTexaeT 
6biCTpee cop6nHH. 

B pa6oTe BnepBBie 6BIJIO npoBe^eHO HcnbiTaHHe 3JieKTpocop6HHH Ha 
rpa(|)eHOBBix 3JieKTpo^ax H3 p a c T B o p o B ZrOCl2. MaKCHMajiBHo ^ocTHTHyTaa 
eMKocTB cocTaBHJia 96 Mr Zr02 /r . Hccj ie^OBaHHH n o s j i e i e r p o c o p S H H H 
HBJI5HOTCH JIHHIB HanajiBHBiM 3TanoM H M o r y T 6BITB npo^ojiaceHBi npn 
ycoBepmeHCTBOBaHHH KOHCTpyKHHH 3JieKTpoAOB H cnoco6a HX 06TeKaHHM 
p a c T B o p o M . 

ripe,zi;cTaBjnieTCfl, HTO BBIBO^BI n o pa6oTe ,o;ocTaTOHHO oSocHOBaHBi H 
noflTBepac^eHbi SKcnepHMeHTajiBHO. 

3HaHHM0CTB pa6oTBi # j ra HayKH H npoH3BO^CTBa onpe^ejiaeTCH TeM, HTO B 
H e n H3yneHBi BBicoKoeMKHe cop6eHTBi HOBOTO rana Ha ocHOBe OKCH â rpacJteHa 
c MarHHTH&iMH CBOHCTBaMH, a TaKace nonyneHBi H HcnBiTaHBi 3JieKTpocop6eHTBi 
Ha ocHOBe rpa<|>eHa XIJIJI npHMeHeHHji B TexHOj io raH p e ^ K H x MeTajuioB c nej iBio 
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