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HanpaBneao B )!{ypaan "Kernenergie" 

• HI!CTIITYT npnKnaaHoll paanoaKTIIBHOCTII AH f.llP, nellnunr. 



B npeAbiAYmnx pa6oTax obrno noKaaauo, '!To npn o6nyqeuna BOAHbiX 

' cycneusnit ManopacTBopnMbiX coeAnueanu npoToHaMn saeprna 660 Msa 

OOJJbiiUlSI 0AOJJSI llPOAYKTOB, OopaaoBaBru HXCSI B peaKUHSIX rny6oKoro pacruen

JJElHIISI, BCJJe,[{CTBUe RX BbiCOKOU SHeprnn OT,[laqn nepeXOAUT B BOAHyro 4Jaay, 

11x OTAeneune OT MaTepnana ·Mnrueun YAaeTcSI ocymecTBRTb c noMoruhro 
I 1-41 . npocTou 4JnnhTpaunn • 

Hac n.HTepecosann KopoTKO:lKnsymne ueuTpOHOAe4JnunTHbre naoTonbr 

Gd Eu , Sm n Pm , AnSI nonyqeHnSI KOTOpbrx B KaqecTae Mnrue-
un HY:lKHO ncnonhaosaTb p,a,s, 

flpn OOJJy'!eHnn 4JT8JJOUH8HHHOB p,a,s, 4JaKTOpbi ooorarueHnSI AOCTUI'8IOT 

. na-aa ue6onhruou paAnaunouuou yc1-ouqnsocTn sTnx KoMnneKcoa TonbKo . /2/ 

3HaqeunSI 20 • flpn ncnonhaosauan B KaqecTae Mnrueun 6onee CTa6nnb

llblX KOMnneKcoa ObiJJII ualiAeiibi 4JaKTOpbr o6orameunSI oT 300 Ao 450151• 

0AH8KO. fl8AO OTMeTUTb1 'ITO B CJJy'!ae OOJJbiiiHX HaBeCoK MIIrueun ( > 1 r) 
ROHb! + . 

NH 4 
, KOTOpbre COAep:lKnT KoMnneKc, MeruaroT KonnqecTseuuou cop6-

unn npoAyKTOB OTAaqn Ha KaTIIO.frnTe, Mbr nosToMy nccneAoBamr. B03MO:lK

IIocTb npnMeueunJt cycneuanu ManopacTBopnMnrx coeAnueunu ·p.a,s, B Ka

qecTBe .Mnrueun AnSI nonyqeung · HeftTpouoAe<flnn:nTHbiX naoTonos. nerKnx 

. P·~· s. c xoporunM BbiXOAo~ n 6onbruou YAenbHou aKTnsaocThro, 

_3 



P .s.a. o5pasyiOT pSIJl ManopacTBOpiiMbiX coeJliiHeHIIH, KaK HallpiiMep, 
. /6/ 

$TOpiiJlblo I'IIJlpOOKCII 1 IIO]l8Tbl1 OKCanaTbl ·II <floc<flaTbl • noJlXOJlSlllll!MII 

JlnSI HallleH uenii SIBnSIIOTCSI coeJlHHeHIISI co cneJlyiOllliiMH cBqiicTBaMn: 

1) 5onblllOe coJlep:m:aHIIe p.s.a.; 

2) He5onbllloe co]lep:m:aHIIe TSI:m:enbiX aneMeHTOB, o5pasyiOlllliX· B .peaK-
1 

UIIII rny50KOI'O paclllellneHIISl p8Jlii08KTIIBHbie llpiil\feCIIi 

3 )..J'He3H8'1IITenbH8Sl paCTBOpiiMOCTb B Ml!HepanbHblX KIICnOT8Xi 

4) 5onblll8Sl yCTOH'IIIBOCTb llpii o5ny'leHIIlli 

5) ManaSI COp5IIpyeMOCTb ]lnSI IIOHOB p.s.a. 

no HallleMy MHeHIIIO, <floc<flaTbl p.s.a. ny'lllle Bcero .COOTBeTCTBYJOT 

aTIIM Tpe50B8HIISlMo 0]lH8KIJ paCTBOpiiMOCTb <jloc<flaTOB p.s.a. Mano IISY

/7-9/ 
'leHa ·

1 
II o cop5.UIIII Ha HIIX , KpoMe OJlHOH pa5oTbi rro Ce( IV) -

<floc<flaTy, Boo5llle 
- 1101 • 

HeT ]laHHbiX • M bi IIccneJlOBanii B HaCTOSillleii pa5oTe 

pacTBOpiiMOCTb CePO 4 , DyPO 4 II YbPO 4 B HCf II cop5UIIIO MIIKpOKO-

144 
nii'IeCTB Ce Ha aTIIX <floc<flaTax. 

8KcrrepiiMeHTanhHBSl 'laCTb 

non y 'I e H II e n pen a paT o a._ ~4 , KIICnblit, KpiicTannii'IeCKIIii: . 

K ropSI'IeH pas5aBneHHOH <floc<flopHOH KIICnOTe llpii5aBnSIIOT Me]lneHHO paCTBOp 

CeQ 
3 

B. BOlle. Bblll8]laeT KpiiCTannii'IeCKIIil: OC8JlOK 1 KOTOpblH OTqmnbTpO

BbiB!liOT, npOMblB8~T BO]lOil: JlO Heil:TpanbHOil: peaKUIIII II CylllaT llpii 120°C. 

DyP0
4 

·, KIICnbtil:: Dy 
2
0 

3 
pacTBOpSIIOT B HCI II rrpH5aBnRIOT K ro-

pSI'IeMy paCTBOPY H~5onbliiO.il: ns5biTOK. H3 PO 4 • llaiOT nocT.OSlTb 2 JlHSl, 
. 0 

$IInbTpyiOT OC8JlOK 0 llpOMbiB810T BO]lOil: II CyliiaT llpll 120 C. 

CePO 
4 

, Heil:TpanbHbiH: K ropSI:eMy pacTBopy CeCI 3 B BOlle rrpii5aBnSI,.-

eTCSI rts5hiTOK (NH 
4

) 
3 

PO 
4 

JlO pH9. OcaJloK 4mnbTpyiOT, npoMbiBaiOT 

BO]loil:, aueTOHOM II a<flupOM H CyliiaT llpii 120°C. -~4 II YbP04 

Heil:TpanbHbie rrony'laiOTCSl TaKIIM :m:e MeTOJlOM1 KaK CePO 4 . 

4 

I 
I 

,J 

1 

.I 

qaCTb rrperrapaTOB llpOKaniiBanac 

~2: paCTBOpSliOT B BOlle (NH 4 h ( 
HarpeBaiOT ]lo'KIIneHIISI II npii6aBnsriOT 

$IInbTpyiOT1 llp0MbiB810T. BOJlOil:1 .. CyliiaT 
. 0 

HIIe 2 llHeil: npu 800 C. 

AHaniis. Onpe]leneHne <Po 

nacb B II35biTKe aSOTHOil: KIICnOTblo 'B 

<floc<flop B BUlle <floc<flopMonu5JlaTa aMMt 
0 

HarpeBaHIISI rrpii 160 C. B HeKOTOPbiX 

]lancsr B BIIJle NH 4 MgPO 4 ,, Pesynh' 

]laMII I COBlla]lanii. 

0 n p e Jl en e H II e p. s. a. 4>oc<fla 

B _asoTHoil: KIIcnoTe. PacTBop BbmapiiE 

p11ncsr B Bolle II $IInbTpoBancsr 'lepes 

Bo<P Knc. Cop5IIpoBaHHbte Ha KaTHOHJ 

nocne y]laneHl!Sl l!35biTKa HNO 3 p.s. a 

TopoM apceHaso III • CoJlep:m:aHIIe 

npu rrpoKaniiBaHl!II <floc<jlaTOB B Te'leHn 

Onpe]leneHIIe pacTBopul\1 

paJlliOMeTpll'leCKIIM MeTOJlOM. CePO 4 
144 Ce , a YbPO 4 n DyPO 4 ,.... IIso 

J1 C C n e Jl.O BaH II e C 0 p 5 U II IIo i 

Bopa rrepeMeliiiiBaniiCb IIHTeHCIIBHO 1• 

nocne ycTaHoBneHIISI paBHoBecnsr copt 

onpe]lensrnaCb aKTIIBHOCTb IIH]liiKaTop~ 



pSHl ManopaCTBOpiiMbiX coeniiHeHIIH, K8K HaiTpiiMep, 
. /6/ 

HonaThi, oKcanaTbi ·II lfloc$aThi • llonxonsmmMII 

coeniiHeHIIR CO cnenyiDlliliMII CBqii:cTB8MU: 

a.-nan=.<~HIIe TR)KenbiX aneMeHTOB, o6pa3yiDlliliX· B peaK-

paniioaKTIIBHbie npnMecn; 

. paCTBOpllMOCTb B MllHepanbHbiX KllCn~TaX; 

llOHOB p,3,8, 

p,3,9, ny<nne Bcero .COOTBeTCTByiDT 

paCTBOpllMOCTb <lJoc!flaTOB p,3,9, Mano II3y-

' KpoMe onHOH paooTbi no Ce(IV) -

• Mbt HccnenoBann B aacTo51meii: paooTe 

DyPO 4n YbPO 4 B HCf ll COpOUlliD MIIKpOKO-

3KcrrepnMeHTanhH851 qacTb 

p e IT a paT 0 B, ~4 1 KllCnbiH1 KpiiCTannnqecKllH: . 

ii: !floc!flopaoii: KncnoTe npn6aBn51IDT Menneaao pacTBop 

KpiicTannnqecKnii: ocanoK, KoTopbiH oTqmnbTpo

no aeii:TpanbHOH peaKunn n cymaT rrpn 120°C. 

II npiioaBnmoT K ro

.,uJibiliOii: II30biToK H3 PO 4 • llaiDT rrocT.ORTb 2 nag, 
0 

cymaT rrpii 120 C. 

ropgqeMy pacTBopy CeCl 3 B Bone rrpii6aBn51,..-

no pH9. OcanoK $IInbTPYIDT, rrpoMhiBaiDT 
0 

cymaT rrpii 120 C, Dy PO 4 n YbP04 

5I TaKIIM )Ke MeTonoM, KaK CePO 4 · 

4. 

j 

.] 
\ 

4acTb nperrapaToB npoKaniiBanac6 B Te'leHIIe 2-x nHeii: npii 800°C, 

~2: pacTBOpRIDT B. Bone (NH 4 h Ce(NO'a )e. ;\ rrony'leHHblH pacTBOp 
·-. l 

HarpeBaiDT no KIIITeHIIR II ITpiioaBn51IDT K HeMy II30biTOK aMMIIaKa; ocanoK 

$IInbTpyiDT, npoMbiBaiDT. Bonoii:; cymaT npii 120°G II npoKaniiBaiDT B Teqe-
. . 0 

HIIe 2 nHeii: rrpii 800 C. 

AHa n ll3. 0 n pen en e H II e <Po c <Pop a, HaBecKa !floclflaTa pacTBOpR

nacb B II3obiTKe a30THoii: KIICnOTb_I, B rronyqeHHOM pacTBope oca)Knancg 

!floc!flop B BIIne lfloc!flopMonii6naTa aMMOHII51, OcanoK B3BeiliiiBancg rrocne 
0 . 

HarpeBaHIIR rrpii 160 C, B HeKOTOpbiX cnyqagx oH pacTBOp51nC51 II rrepeoca)K-

nancg B BIIne NH 
4
MgPO 4 ,, 

naMII 
1
coBrrananii. 

Pe3ynbT8Tbi, rrony'leHHbie. aTIIMII nBYM51 MeTo-

0 rr pen en e H n e p. 3, a. c!>octiJaTbi pacTBOp51nncb, KaK Bbtme orrncaHo, 

B a30THOH KIICnOTe, PaCTBOp BbiiiapUBanC51 ITO'ITII nocyxa,. OCTaTOK paCTBO.,.-

p51nCR B Bone ll tPIInbTpOBanC51 qepe3 KOnOHKy, 38IIOnHeHHyiD K8TIIOHUTOM 

Bo$ KllC, Cop6IIpoBaHHbte Ha KaTn:oanTe p,3,9, 9niDIIpoBaniicb 5N HNO 
3

• 

nocne ynaneHII51 II30blTKa HNO 3 p.3. 9, TIITpoBaniiCb 0,1 N" EDTA c IIHniiKa

TOpOM apceHa30 ill , Conep)KaHIIe BOnhi onpenen51nOCb IIO IIOTepe Beca 

rrpii rrpoKaniiBaHIIII !floc¢aToB B Teqe~IIe 2 naeii: rrpii 800°C, 

0 n pen en e H II e pacT Bop n M ocT II, PacTBOpiiMOCTb. orrpenenRnacb 

pannoMeTpii'leCKUM MeTonoM, CePO 
4 

II Ce02 Obinii Me'leHbl II30TOITOM 
144 32 

Ce , a YbPO 4 II DyPO 4 - II30TOITOM p 

11ccnenoBaHIIe cop6unii, 50-100 Mr ¢oc4JaTa p.3,9,·n 5 Mn pacT-
: 144 

Bopa rrepeMemiiBaniiCb IIHTeHCIIBHO 1'1 B rrpncyTCTBH:U: MIIKpoKonnqecTB Ce. 

ITocne ycTaHoBneHIIR paBHoBeCIIR cop6eHT. ueaTpnlflyriipoBanc51 n B pacTBope 

orrpenengnacb aKTIIBHOCTb nannKaTopa. 

5 



H 

I 

2 

3 

4 

5 

6 

7 

KoacpcpuuueHT pacnpeneneHHSI k d pacc"'HTbi.BancSI no cpopMyne 

k = 
d 

% coo6uuu 
% B paCTBOpe X 

o6'beM PBCTBOPB 
Mn/r • 

HBBeCKa cop6eHTa 

0 6 n y"' e H HSI, 0 II p e Jl en e H He B bl X 0 Jl a. CycrreH3HH H3 cpoccpaTOB 

p.a.a. nnn CeO 2 n 0,28 HCI o6ny"'annch Ha cuHxpo~nKnoTpoHe OI1HI1 

npoToHaMn' aHeprnu 660 MaB. Cpaay rrocne. KoHua o6ny"'eHHSI MaTepnan 

·MmueHH oTnenSinCSI, oT pacTBopa ¢nnhTpauueil',. PannoaKTHBHOCTh p.a;a. 
,_~ - . 

orrpenenSinaCh B OCB)lKe H B paCTBOpe C IIOMOillhiO CUHHTHnnSIUHOHHOI'O 

y -c"'eT"'HKa. 

PeaynhTaTbi H o6cy:m:neHHe 

B Ta6n. 1 IIpHBeJleH CIIHCOK BCeX HCIIOnh30BaHHbiX cpoccpaTOBo KaK 

cnenyeT ua Ta6nHUhi, cocTaB Bcex cpoccpaToB, KpoMe KHcnoro CePO 4", co-

OTBeTCTByeT cocTaBy opTocpoccpaTa. 

\ 
Ta6nuua 

CnucoK Bcex ucrronhaoBaHHhiX cpoccpaToB 

.. 
MaTepuan TeMnep. Conepx<aHI!e · ( %) · 0THOm. H

2
0 

cyw.(°C) p.3,9. (%) p p.3.a.l P ( %) 

CePO 
4 

, KIICnbtfi 120 53,1 12,5 1:1,067· 9,5 

CeP0 4 'KUCnbifi 800 59,9 13,4 1:1,0! -
CeP04 

, : uefiTpanhH. 800 59,15 12,76 !:0,975 -
DyP06 , uefiTpanhH. 800 62,7 II,6 1:0,97 

DyP0 4 ,:KuCnbifi 120 60,3 1!,51 1:1,003 5,2 

YbP04 ,.uefiTpanbH. 120 57,3 10,5 I:I,02 9,8 

YbPO 4 , uefiTpanhH. 800 64,4 II,53 I:I,OO 

6 

I 
I 
t.. 
,1/ 

·l 
I ., 
•· 

B Ta6n. 2 rrpnBeneHbi JlBHHhie n 

nyeT, "'TO paCTBOpHMOCTh IIOBbimaeTCS 

CePO 4 <DyP0 4 < YbP04 .• 

HCI 

Monln 

0,0106 

0;0375 

0,0695 

0,096 

0,28 

0,565 

0,965 

Ta6nnua 

PacTBopnMOCTb. cpoccpaTol 

CePO 4 

MI' Ce/Mn Monln MfDy/11 

0,019 1,35.10-4 0,093~ 

o,0927 6,6r.1o-4 o,458 

0,185 -3 1,32.IO · 0,9~ 

0,293 2,09.I0-3 1,38 

. 1,14 8,12.10-3 5,02 

2,32 1,66.10-2 II,24 

5,71 4,07.10-2 18,2 

naHHbie no paCTBOpHMOCTH. ErPO 4 . HG 

cornacnn c naHHhiMH Ta6n. 2 • 

113 nony'l:eHHbiX HBMH peaynhTBTO 

paCTBOpHMOCTH : 

-TIPc .. Pe ~ {1~13:!:_0,36}.1( 
4 

TIPDyPo = . {3,6 :!:_1,3).10" 
. 4 • 

TIPYbPo =. {8,2 :!:_1,2) .10 
4 

TaK KaK npn nccnenoBaHnn Kopo1 

HHSI B o6meM COCTaBnSieT 10 MHH H Ml 

7 



pacc'IHTbiBancSI no <flopMyne 

o6'beM pacTBoQa 
Mnlr. X HanecKa cop6eHTa 

o n p e Jl e n e H n e B bi x o Jl a. 

n.0,28 HCl o6nyqanncb Ha 

CycneH3HH H3 ~oc~aToB 

cnHxpounKnoTpoHe OH.HH 

660 ~an. Cpa3y nocne_KoHua o6~yqeHHSI:MaTepnan 

pacTBopa ~nnbTpauneft.. PaJlnoaKTMBHOCTb p,3;a. 
- . ' 

Ke ll B paCTBOpe C noMOIUbiO CUliHTIIlllliUHOHHOI'O 

Pe3ynbTaTbi n o6cy)KJleHne 

cniiCOK BC9X IICnonb30BaHHbiX ~OC~BTOBo KaK 

COCTaB BCeX ~oc~aTOB, KpoMe KIICnoro CePQ .t 1 co

opTO~oc~aTa, 

\ 
Ta6nnua 

BCeX IICnOnb30BBHHb!X ~OC~aTOB 

TeMnep. ConeplKaHlle · ( %) · 0Taouf, H
2
0 

cyrn.(°C) p.3,3. (%) p p,3,s,/ p ( %) 

120 53,1 12,5 1:1,067 9,5 

800 59,9 13,4 1:1,01 -
800 59,15 12,76 1:0,975 -
800 62,7 II,6 1:0,97 

120 60,3 II,51 1:1,003 5,2. 

120 57,3 10,5 !:1,02 9,8 

800 64,4 II,53 1:1,00 

6 

I 
l l. 

I 

''i 

J > I 

r 
l 

B Ta6n. 2 npnBeJleHbi JlaHHbie no pacTBopnMocTn~ 113 Ta6niiUbi cne-

JlyeT, 'ITO pacTBopnMOCTb noBbimaeTcSI c KOHUeHTpaun~ti: HCI 
CePO 4 <DyP0 4 < YbP04 .• 

Ta6nnua 2 
0 

PacTnopnMoCTb. ~oc«PaToB p.3,a, B HCl npn 25 C 

B pSIJlY 

HCI CePO 4 DyPO 4 
YbP04 

Monln 

0,0106 

0;0375 

0,0695 

0,096 

0,28 

0,565 

0,965 

i.ir CeiMn Monln Mr' Dy/Mn 

0,019 1,35.10-4 0,0935 

o,0927 6,61~1o-4 0,458 

0,185 1,32.I0-3 · 0,98 

0,293 2,09.10-3 1,38 

1,14 8,12.10-3 5,02 

2,32 1,66.10-2 11,24 

5,71 4,07.1o-2 18,2 

Monln 

5,75.1o-4 

2,82.10-3 

6,02.10-3 

8,51.10-3 

3,09.l:o-2 

6,92.1o-2 

1,12.10-1 

MrYb IMn (Monln) 

0,125 7 ,25.1o-4 

0,599 3,4·6.10-3 

1,25 7,19.ro-3 

1,99 o-2 1,1;5.1 . 

7,22 4,17.10..:2 

15,1 a, 7~.10-2 

26,8 1,55.10-1 

naHHbie no pacTBOpllMOCTn. ErPO 4 

cornacnn· c JlBHHbiMn Ta6n. 2. 

171 
ll3 pa60Tbl He HaXOJlSITCSI B XOpOIUeM 

l13 nonyqeHHbiX HaMn pe3ynbTaToB Mbi ·onpeJlennnn npon3BeJleHMSI 

paCTBOpllMOCTII ; 

·.npcePe
4 
~ 

llPDyPo4 

fip Yb Po
4 

{ 1, 13:!:_0,36).10-24 , 
{3,6 :!:_1,3) .10-23 , 
{8,2 :!:_1,2).10-23 . 

TaK KaK npu IICCll9JlOB8HHII KOpOT~O*IIBYIUHX II30TOnOB BpeMSI o6nyqe

HHSI B 06IUeM COCTaBnSieT 10 MHH ll MHIU9Hb 6biCTpO o6pa6aTblB89TCSI
1 

TO 

tJ 

7 



UHTepeCHa He TOnhKO paCTBOpllMOCTb1 HO ll KllH9TUKa paCTBOp9HllHo Pe-

aynbT8Tbi ITO KllH9TUK9 paCTBopeHUH llBYX npenapaTOB CePQ 4 npoKaneH-

0 0 . ' 
HbiX npn 800 n 120 C, npnae.llekhi B Ta6n. 3. 

Ta6nnua 3 

KnHeTnKa pacTBopeHUH 
144

CeP04 B 0,1NHCI npn 25°C 

No 

I 

2 

3 

4 

5 

6 

7 

8 

. .J 

B.PeMSI 
(MHH) 

5 

IO 

15 

lO 

30 

40 

50 

60 

./ 

· 'Ha Ta6n.3 

CePO 4 (!20°C) 

JJJoc' 

0,22 

Q,38 

0,542 

0,65 

0,762 

0,85 

0,95 

!,00 

MI" Ce /Mn 

0,0645 

O,III 

0,159 

0,190 

0,224 

0,249 

0,278 

0,293 

CePO 
4 

• Jt/Joc .) 

1,36.10-2 

. !,82.10-2 

1,37.10-2 

I, 76.10-2 

1,37.10-2 

1,18.10-2 

'1,39.10-2 

I,42.ro-2 

C8oo0c) 

Mr Ce IMn 

3,98.10-3 

5,34.10-3 

4,02.10-3 

5,!5.!0-3 

3,98.10.0:.3 

3,46.10-3 

4,07.10-3 

4,16.1:0-3 

BllllH0
1 

qTO B cnyqae B03llYlliHO-CYXOrO CePQ 4 paBHOBecne 

llOCTnraeTCH qepea qa_c nocne Haqana nepeMelllnBaHnst f cycneH3U:H , a 3ll aTo 

speMst npoKaneHHbiii: CePO 4 pacTso_P.S!:eTcst HeaHaqnTenbHo. · 3ToT 
\ 

¢aKT oqeHb c~mecTBeHeH ~nst npnMeHeHnst cycneHanii: npoKaneHHhlX ¢oc¢a-

TOB p.a.a. B KaqeCTB9 Mlllli9Hll Ha C!IHXpOUUKnOTpOH7• CooTB9TCTBYIOlllll9 ll8H-· 

Hbie o paCTBopnMoCTII CeO 2 B HCI co6paHbi B Ta6n. 4. 'Ha-aa caoeii: Ma-

noii: pacTsopiiMOCTH CeO 
2 

stBnsteTcst nonxonstmnM MaTepiianoM llnst MRllleHR. 

llonst npOilYKTOB rny6oKoro pacmenneHHSl1 ITOKHil810lliHX MHlli9Hb1 38BHCHT 

8 

''i 

~ 

r 
;I 

1' :{1 

t 
\ 

~. 
I, 
l 
! 

J 

i 
!: ~I 
i1 
·~ 

. 1 
. I'll 

:rJ 

r 
1.. 

! 

No 

I. 
2. 

3. 

4. 

5. 

6 • 

1 • 

8. 

9. 

• cymecTBeHHO oT cop6unn MUKpoKonnqec 

B KaqecTBe MO.llenbHoro noHa .llnH nay~ 
144 . . 

6pamx Ce(ID) n nccne.llOBann ero ct 

n Ce02 B 38BllCllMOCTll OT KOHU9HTp 

aaHbi Ha puc. 1. 

Ta6nnua • 
144 

PacTaopnMoCTb CeO 2 

HCI 

Monln 

O,OI9 

0,096 

0,28 

0,565 

0,965 

2,_86 

4,85 

6,70 

9,20 

KonnqecTBO 

144 
_ce_ 
UMIT/MUH 

254 

359 

462 

557 

932 

'232I 

.IO. II,25 

II. 3ranoH I 

I2. 3TaJIOH 2 

42I9. 

5078 

7843 

9I34 

I337 

1~63 
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ocTb, HD n KHHeTnKa pacTBopeHnsr. Pe-

HHSI .r:IBYX npenapaTOB CePO 4 npoKaneH-

' !>I B ·Ta6no 3. 

'a6nnua 3 
I44CeP04 B O,lNHCl 

0 
npn 25 C 

(I20°C) CeP0 4 C8oo0c) 
Mr Ce /Mn • Jt/Joo ) Mr Ce IMn 

0,0645 1,36.10-2 3,98.10-3 

O,III . -2 1,82.10 5,34.10-3 

0,159 !,37.10-2 4,02.10-3 

0,190 I, 76.10~2 5,15.!0-3 

0,224 1,37.10-2 '3 3,98.10- . 

0,249 1,18.10-2 3,46.10-3 

0,278 . 1,39.!0-2 4,07.10-3 

0,293 1,42.10-2 4,16.1:0-3 

e B03.nyrnao-cyxoro CePO 4 pasaosecne 

Ha'iana nepeMernnsaansr I· cycneH3MH , a 3a 9TO 

4 paCTBOpH9TCSI H93H8'iMTenbHOo . 3TOT 

' PMM9H9HHSI cycneH3HH npoKaneHHbiX ljloc<iJa- . 

Ha c~axpounKnoTpoae. CooTBeTcTByromne nan-· . . 

B HCI co6paHbi B Ta6n. 4. l13-3a csoefi Ma-

nonxonsrmnM MaTepnanoM jJ.nsr Mnrnean. 

acmenneansr. IIOKHnaromnx MHU19Hb, 38BHCHT 

8 

I 
l 
L 
X 
.\~ 
I. 
1 

l . • 

.I 

! 
I 
ii ., 

1: 
,'jl 

ltl 

. t 
fi' 
~~ 
f 
l 
\ 

No 

I. 

2. 

3. 

4. 

5. 

6 • 

7. 

8. 

' . CYUI9CTB9HHO OT Cop6UHH MMKpOKOnH'i9CTBa po3o9o Ha MaTepnane Mlllli9Hllo 

B Ka'ieCTBe MonenbHoro noaa nnsr n3y'ieHnsr no~e.neansr. p.a.9. Mbi Bhi-
144 . 

6pann CeQll) n nccnenosann ero cop6unro aa paann'iHbiX <Poc<PaTax 

n Ce02 B 38BHCHMOCTH OT .KDHU9HTpaUHH HCI • PeaynbT8Tbl IIOKa-

3aHbi Ha pnc. 1. 

Ta6nnua 4 
144 

PacTsopnMOCTb CeO 2 B HCI 

HCI 

Monln 

0,0!9 

0,096 

0,28 

0,565 

0,965 

2,_86 

4,85 

6 70 ' . 

Konn'ieCTBO Ce 
144 

_Ce . 
HMiifMHH Ce ( Mr/Mn) 

254 

359 

462 

557 

932 

rrpn 25°C 

B pacTBOpe 

Ce (Monln) 

1,I5.I0-4 

I,63. 10-4 

2,I0.10-4-
1 

2,53.!0-4 

4,25.10.;.;4 

1,05.10-3-

I-,92.10-3 

2,31.!0-3 

9. 9,20 

232I 

42I9 

5078 

7843 

9!34 

I337 

!563 

!,62~!0-2 
2,29.!0-2 

2,95.Io-2· 

3,55.10-i 

5,95~1o-2 
1,48.10-I 

2,69.10-1 

3;24.I0-1 

5 ,oo.· 10--:1 

5,8o.1o-1 

8,60.Io-2 

9.32.10-2 

. 3,56.10-3. 

. 4,13.Io-3· 

6,14.Io-4. 

6,65.Io-4 

.IO. II~25 

II. 3taJIOH I 

I2. 3taJIOH 2 

9 



Hail:JleHHhie BhiCOKne Koa!fJ!fJnuneHThi pacrrpe}leneHnSI nopSIJlKa 10
4 
Mn/r 

( 

rrpn KOHUeHTpaunn 0,01N HCI DOJl'IepKnBaroT, 'ITO !fJoc!fJaTbi p.a.a. SIBnSIIOTCSI 

llOH006MeHHHK8MH. B CBOeM IIOBe}leHHH OHH COOTBeTCTBYIOT IIOJlp06HO 

nccneJloBaHHhiM B nnTepaType !fJoc!fJaTaM Zr , Sn , Ti ,. Ce n Th. 

PeaynhTBThi rroaBonSIIOT CJlenaTb cne}lyromne BhiBOJlhi: 
t 

1) kd yMeHbiiiaeTcSI ~~ noBhiiiieHneM Ki:>HueHTpaunn HCI (eM. pncy-

HOK) j .A 

2) !fJoc!fJaThi, rrony'IeHHbie B Kncnoii cpene, MeHbiiie cop6npyroT MnKpo-

KonnqeCTBa Ce(III) , qeM HeiiTpanhHhie !fJoc!fJaThii 

3) cop5unSI MnKpoKonn'IeCTBa Ce III Ha Heil:TpanbHhiX !fJoc!fJaTax He 
·o 

MeHSieTCSI nocne rrpoKannBaHHSI rrpn 800 C; 

4) cop5unoHHhie cBoiicTBa Heil:TpanhHbiX CePO 4, DyPO n YbPO . 4 4 

npaKTH'IeCKH 0JlHH8KOBhle 

Ha cna6oKncnoM- Ce0 2 Ha5nro}laeTcSI TonhKO He3Ha'InTenhHaSI cop5unSI 

na KHCJ:Ibix p·acTBopoB. Ha peaynbTaToB, xapaKTepnayromnx -pacTBopnMoCTb . 

n cop5unro p.a.a., cnenyeT, 'ITO HY)I(HaSI KoHueHTpaunSI HCI JlnSI cycneHanii 

>-. 0,28NHCI. TioaToMy Mhi ~rrpoBenn pSin o5nyqeHnii cycrreHanii paaHhiX 

!fJoc!fJaToB p.a.a •. n Ce0 2 c 0,28 N HQ. llaHHbie aTnx o5ny'IeHnii rrpnBe-

neHhi B Ta5n. 5. 

KaK BHJlHO na Ta5n. 5, BhiXOJl MeHSieTcSI B }lnarraaoHe 12,3% -+ 43,7 %. 

llnSI CeO 2 . BhiXOJl He aaBncnT · oT conep)KaHnSI TBepnoii ¢aahi B cycrreHann 

JlO 2 r/Mn. TioJl05Hbie BbiXOJlbl Mbl paHbiiie Ha5nro}lann npn o5ny'IeHHll 

. u • u .1-. 11,2/ 05 
cycneH3HH ManopacTBOpHMhiX oKncen n 'I'TanounaHnHa JlHCnpoanSI • 'be!}-

THBHO cpaBHHTb pa3Hbie M9TOJlhl o5ny'IeHHSI II03BOn~eT tPBKTOp o5orameHHSI 

F 
1 

KOTOpbiii SIBnSie_TCSI OTH,OIIIeHneM nony'I9HHOil: ·ynenbHOii 8KTHBHOCTH 

aneMeHTa MHIII9HH K y}lenhHOii 8KTHBHOCTH 8TanoHa 1 o5ny'IeHHOI"O B T9X )Ke 

C8MbiX ycnOBHSIX. 

10 

Ta6m 

BbiXOJl rrponyKTOB rny5oKo 

cycneHanii. ManopacTBOpHMhiX cc 

o5ny'I9HHSI 5 MHH 1 05'heM paCTB 
) 

MmueHh TeMn. HaBec- Co.ll. E 
H cyrnKn Ka p.3.a. 1 XI 

(OC) (Mr) (%) ( 

I CeP04 Kncn. , !20 163 53,1 I~ 

2 CeP0 4 KHCn. 800 138,2 59,9 II 

3 CeP0 4 aefiTp. 800 122,4 59,2 3: 

4 DyP0 4 " 800 roo 62,7 2' 

5 DyPO 4 " 120 97,8 60,3 4: 

6 YbP0 4 " 120 !50 57,3 2' 

7 YbP0 4 " 800 72 64,4 2' 

8 YbP0 4 " 800 roo 64,4 2 

9 Ce02 800 2JI 8!,4 I 

IO Ce02 800 200,5 8!,4 I 

II Ce02 800 500,2 8!,4 I 

F aaBncnT rrpu o5nyqeHnn cycn 

MaTepnana MniiieHn, oT cocTaBa cycrr 

IIIeHn. Oco5oe aHa'IeHne nMeeT ¢a 

KO)KHBYIIIHX H30TOIIOB p.a.a., T8K ·KaK 

qeCKH 'IHCTbiX _!fJpaKUHii p.a.a., · HaDplU 

'I9CTBO HOCHTenSI He }:(On)KHO 6biTb 5o 



KOS~~nuneHThl pacrrpeaeneHnH 
4 

rropHaKa 10 Mn/r 
t 

rroiP:IepKllB8JOT0 'ITO ~OC~8Tbl p.s.s. HBnHJOTCH 

ITOBeaeHllll OHll COOTBeTCTByJOT rroapo6HO 

, Sn , Ti ,. Ce n Th. 

caenaTb cneay10mne BbiBOahr: 

2- rroBhrUieHneM KOHUeHTpaunn HCI (c~. pncy-

~ 

B Kncnoil cpeae, MeHbUie cop6npyJOT MHKpo-

Ce III Ha HeilTpanhHbiX ~oc~aTax He· 

800°C; 

HeilTpanhHhiX CePO 4, DyPO 4 n YbPO 4 

2 Ha6nJOaae~cH TonhKO HeaHa"'nTenhHaH cop6unH 

pesynhT8TOB 0 xapaKTepll3YJOUillX -paCTBOpllMOCTb . 

'ITo HY*HaH KoHueHTpaunH HCI anH cycrreHsnil 

Mhi rrpoBenn pSia o6ny"'eHnil cycrreHsnil. pa3HhiX 

c 0,28 NHO. LlaHHbie aTnx o6ny"'eHnil · rrpnBe~ 

5, Bhrxoa MeHHeTcSI B anarrasoHe 12,3% + 43,7 %. · 

OT coaep*aHllH TBepaoif ~83bl B cycrreH3UM 

Mhi paHhiiie Ha6n10aann rrpn o6ny"'eHnn: 
u I 1 2/ 

oKnceu n ~TanounaHnHa ancrrpoanH ' • 06~eK-

Toahl o6ny"'eHnH rroaBonHeT ~aKTop o6orameHnSI · 

HoUieHneM rrony"'eHHOH yaenhHOH aKTllBHOCTn 

aKTllBHOCTll 8TanoHa, o6ny"'eHHO'f'O B TeX *e 

10 

Ta6nnua 5 

Bbrxoa rrpoayKTOB rny6oKoro pacmerineHnH rrpn o6ny"'eRnn 

cycrreRanif· ManopacTBopnMhiX coeanHeHnif p.a.a. Y cnoBnH: BpeMH 

o6ny"'eHHH 5 MnH, o6~eM pacTBopa 0,25 Mn; HCI - 0,28 Mon/r • 

MmneHb TeMn. HaBec- Co.n. Bbi- PacTBo-

F F 9cp cymKn Ka p.a.9., xo.n piiMOCTb 
(°C) (Mr) (%) (%) (Mr/Mn) 

H 

20 I 2 I CeP04 Kilen., I 163 53,1 19,4 I,I4 5,90.10 2,68.!0 
± 3 2 CeP0 4 Kilen. 800 !38,2 59,9 !6,4 I,I4 4,80.!0 3,34.10 
I - 3 3 CeP0 4 aefiTp. 800 !22,4 59,2 32,4 I,I4 8,20.10 5,70.10 

4 DyP04 

5 DyPO 4 

6 YbP0 4 

" 7 YbP04 

8 YbPO 4 

9 

·10 

II 

Ce02 

Ce02 

Ce0 2 

" 
" 
" 
" 
" 

800 

120 

120 

800 

800 

800 

roo 62,7 

97,8 60,3 

150 

72 

roo 
231 

57,3 

64,4 

64,4 

81,4 

800 200,5 81,4 

800 500,2 81,4 

27,8 

43,7 

27,9 

27,2 

5,02 

5,02 

7,22 

7,22 

25,9 7,22 

12,3 0,0295 

14,9 

14,5 

0,0295 

0,0295 

I 2 I,35.IO 9,45.10 

2,o5.1o1 · 9,3r.roi 
I I I,33.IO 6,05.10 

6,98.10° 

9,24.!0° 
'3 3,14.!0 • 

3,29.103 

7,99.103 

2 4,88.10 
2 6,45.10 

F aaBHCllT rrpn o6ny"'eHllll cycrreH3llll OT paCTBOpllMOCTll ll paauonnaa 

MaTepnana MHUieHH, OT COCTaBa cycrreH3llll ll peTeHUHH . rrpoayKTOB B MH-

UieHH. Oco6oe aHa "'eRne HMeeT ~aKTOP o6orameHnSI npu . BbtaeneHnH KopoT-

KO*HBymux naoTorroB p.a.a., TaK ·KaK nnH 6biCTporo oTneneHHSI pannoxnMn-. 

qecKn "'HCThiX ~paKuuif p.a.a., · HarrpuMep MeTOilOM xpoMaTorpa~uu, Konn

qecTBO HOCHTenH He llOn*HO 6biTb 6onbUie "'eM 2-3 Mr. 

11 
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Ecnn Mhi rrpeilrrono)KnM, <ITO BhrxonoM o6nyqeHnli liBnSieTcli nonli 

rrponyKTOB rny6oKoro pacmerrneHnli, KOTOpbie rroKnnaroT MnrneHb. acnencTime 

6onhlliOH ::meprllll OTnaqn llt KOTOpbi€ MO)KHO OTnenllTb OT Mlliii€Hll tflnnbTpa

Ull€H1 trorna 

F BhiXOn % X HaBeCKa 
100 X ( 06'beM paCTBOpa) • ( paCTBOpllMOCTbf 

_,J 

KaK rroKa3bJBaeT Ta6n. 5, ¢aKTOpbi o6orameHnli nMeroT 3Ha<IeHne 

nnli tfloctflaTOB B ycnOBllliX paBHOB€CHOH paCTBOpllMOCTll OT 7. no 82. f1 pll 

KOpOTKllX o6nyqe}II!liX (no 5 MllHYT) MQ)K}IO llCXOnllTb Il3 TOr01 'ITO paCTBO

pllMOCTb nnli BbiCyiiieHHbiX tfloctflaTOB COCTaBnlieT 22% OT paBHOB€CHOH1 a nnli 

rrpoKaneHHhiX ¢oc¢aToB < 1,5%. C yqeTOM !3TllX pe3ynbT8TOB 6binll IIOny-

qeHbi TaK Ha3hiBaeMhie npaKTn<IecKne ¢aKTOpbi o6orameHnli, rrpnaeneHHbie B KO-
. . . 3 

noHKe 8 Ta6n. 5. 0Hn cocTaBnliiOT nnli rrpoKaneHHhiX ¢oc¢aTOB no 5, 7.10 • 

3TH 3H8'l€HllSI ne)KaT Ha naa IIOplinKa Bbiiii€ 0 'l€M IIpli o6ny<IeHllll tflTanO-• 

unaHnHoa
1 

11 Ha rropSinoK Bbrrne, qeM rrpn o6nyqeHJill DTPA - KoMrrneKcoB. 

KpoMe Toro, Hano nMe;b B Bnny, 'ITO B cnyqae !JTPA - KOMIIneKCOB tflaK

TOpbl o6orameHnsr Henb3l1 ncrronb30BaTb rronHOCTbi01 TaK KaK JIOHhi NH: 
KOMrrneKca MeiiiaiOT cop6un·n p.3.a. Ha KaTnoHnTe. B cnyqae ¢oc¢aToB 

TOnbKO paCTBOpllMOCTbiO orpaHll'lllB8€TCli KOnnqeCTBO MaTepnana Mlliii€Hll1 

KOTopoe MO)KHO ncrronb30BaTb nmr o6nyqeHJisr. B onHoM OIIhiTe. Bnaronapsr 

aToMy cycrr~H3llll rrpoKaneHHhiX ¢oc¢aToB p.3.a. B pacTBope 0,28 NHO 
} . 

liBnSIIOTCSI O'l€Hb IIepciieKTllBHhlMll Mlliii€HliMll nnli ll3Y'l€HJISI He~TpOHone¢~-

UllTHhiX ll3!?TOIIOB nerKJIX Po3o9o 

ABTophr Bbrpa)KaiOT 6naronapHoCTb B.A.XanKnHy aa nHTepec K pa6oTe 

n o6cy)K)leHne pe3ynbTaToB. 

12 

n 

1. 3.Mane~, f.f1¢perrrrep. f1pe 

2.· f.f1q1perrrrep1 ll.XpiiCTOB. 3. 

. 3~ P.ApnbT1 f.IO.Bauep, r.M~ 

HbiH, n.XpllCTOB. f1perrimw 
) 

4. K • .H.fpoMoB, JK.JKenea, B. 

rrep,: f.lliTpycHbiH. f1perrp111 

5. f.IO.Eauep, B.A.XanKnH, i 

Ol1.Hl1, P12-3887r lly6Ha, 

B. n~l1 •. PSI6'lllKOB, B.A.Psr6yxJ 

sneMeHTOB II IIT.Tplllio _M OC 

7. H.C.BarnHa. JK. Heopr. XI 

8. B.H.CaernHnKoBa, . B.n.rnH; 

9 •. H.B. TaHaHaea, C.M.f1eTyn 

10. K.-H. Konig, E.Meyn~ J 

1 i.. r.lliapno. MeTOllLI aHann1 

· HeoprannqecKnx ·coennHeJ 

12. c. A M¢neTT. H eopraHn<Iec 

13. S.C.Churms. South Afr 
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'ITO Bb!XO!lOM o6ny'l9HIISI SIBJISI9TCSI !lOJISI 

KOTOpbl9 TIOKII!laJOT MIIIII9Hb BCJI9!lCTBIIe 

MO~HO OT!l9JIIITb OT MIIIII9HH ~HJibTpa~ 

paCTBOpiiMOCTb 

,.,;. 

5, ~aKTOpbl o6oraiii9HHSI HM9JOT 3Ha'l9HH9 

aaoBeCHOH paCTBOpHMOCTH OT 7. !lO 82. n pH 

MO~HO HCXO!lHTb H3 Taro, 'ITO paCTBO-. 

COCTaBnSieT 2~~ OT paBHOB9CHOH, a !lJISI 

,5%. C y'leTOM 8THX pe3yJibTaTOB 6btnll nony-

9CKH9 ~aKTOpbl o6orallleHIISI 1 npHB9!l9HHbi9 B KO-
.' . . . 3 

JOT anSI npoKaneHHhiX ~occ!JaToB no 5, 7.10 • 

pSinKa Bhtiiie, '19M npn o6ny'leHHH ~Tano-, 

o6ny'lenuu DTPA - KOMnneKcoB. 

, 'ITO B cny'lae DTPA - KoMnneKcoB ~aK
+ 

HOHbl NH4 

a.a. aa· KaTIIOHIITe. B cny'lae ~oc~aTOB 

a. 

IIBaeTCSI KOJIH'l9CTBO M8T9pll8JI8 MIIIII9HII1 

onnoM onhtTe. EnaronapSI 

B pacTBope 0,28 NHO 

MIIIII9HSIMII !lJISI II3Y'l9HIISI H9HTpOHO!l9~ll-

onapnocTb B.A.XanKIIHY aa IIHTepec K pa6oTe 

12 
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,.,I 

~ 

log ktt 

3 

2 

1 

0~ 

Copouii.II Ce III 
ueHTpaUIIII HCI 

\ \ \ 
. \ \ \ \ \ \ 

',, \ 

-2 -1 ~ 

log.{IIC!} 

· Ha 4Joc4JaTax p.a.s. n aa CeOa. B aaBHCIIMocTII oT KoH-

• KpiiBa.ll 1 - Ce02 : KpiiBa.ll 2 - CePO 4 , KHcnbiii, 
0 . . 

BbiCYilleHHbiii npii 120 C; KpiiBa.ll 3 - DyPO 4 , KIICnhifi: KpiiBa.ll 4 - Yb.PO 4 
CeP04 II DyPO 

4
, HefiTpanbHbie,BbiCy!lleHHb!e npii 120°C II 800°C •.. • 

14 

I 
. 
.. 


