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BBelleHHe 

DpH o6nyqeHHH Hllep THJKenbiX aneMeHTOB rrpoToHaMH c aueprHeA 660 

Mas B pe3ynhTaTe peaKUHH rny6oKoro pacmerrneHHSI o6pa3yeTCSI cnoJKHaH 

CMeCb HeiiTpOHOile!jJHUHTHbiX Slllep. llnSI H3MepeHHSI SlllepHblX CIIeKTpOB KOpOT

KO)I(HBYliiHX H30TOIIOB He06XOilHMO 6biCTpoe Bb!lleneHHe Tpe6yeMoro aneMeH

Ta. XHMH'!eCKoe pa31leneHHe rrpoHCXOilHT, KaK rrpaBHno, rro cnellyiOmeA cxeMe: 

1) yllaneuHe MaTepHana MHllleHH, 

2) BbiileneHHe MHKpOKOMIIOHeHTbi, 

3) pallHOXHMH'!eCKSSI O'IHCTK8o 

YllaneuHe MaTepHana MHllleHH rrpellCTasnHeT caMyiO 6onh-

liiYIO qaCTb XHMH'!eCKOit o6pa60TKH, II03TOMY MeTOilbi, II03BOnSIIOliiHe 6b!CTpoe 

OTLieneHHe MaTepHana MHllleHH, 38Cny)I(HB8IOT OC06oro BHHMSHHSI. Yllo6Hb!M 

IU!SI BbiLieneHHSI KOMIIOHeHTbl H3 MaTepHana MHllleHH SIBnSieTCSI HCIIOnh30B8HHe 

a~¢eKTa CuHnnaplla-4anMepca. 

Ill 8 nHTepaType OIIHCSH CIIOC06 IIpHMeHeHHSI KOMIIneKCOHSTOB MeTannOB llnSI 

3TOit uenH, HO OH OK83biBaeTCSI Yll06HbiM He BCerna, B OCHOBHOM H3-38 

Manoit paLIHSUHOHHOit yCTOit'IHBOCTH COellHHeHHit, COLiep)l(8liiHX opraHH'!eCKHH 

nwraun. 
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3~exr Cuannapaa-4anMepca aaer 6onbWHe B03MO~HOCTH rrpa pe

aKUHSIX aeneHHSI H rny6oxoro pacwerrneHHSI BBH.!ly 6onbwoll: 9Hepr-HH o'f'.!lS'IH, 

KOTopaSI .[lnSI rrpO.!lYKTOB rny6oxoro pacmerrneHHSI Mo~er aoxoaHTb 

ao 10 M 9B, 'ITO cooreercreyer rrpo6ery 
c. 2,3,4) 

~1,u MKM B reepaoll: <j>ase 

( B 38BHCHMOCTH OT THTIS peaKUHH, rrnOTHOCTH MHWeHH H 8TOMHOrO HOMepa 
5-10) 

'18CTHUbl ), 

TaxHM o6pasoM, rrpa o6ny'leHHH MHweHH B BH.!le cycneHsHH c pasMe

poM 'ISCTHU TB~p.!l0J!: <jia3bl TOll: ~e B8nH'IHHbl 1 'ITO H cpe.!lHHA rrpo6er npo

AYKTOB peaKUHH rny60KOrO pacmerrneHHSI 1 3H8'1HTenbH8SI 'ISCTb o6pasyiDIIIHX

CSI S!ABP .[lOn~Ha rrepell:TH B BOAHYID <j>asy, KonH'IBCTBO SI.!lep, nepeWe.[lWHX B 

~HAKYID <j>asy 1 38BHCHT B OCHOBHOM OT pa3Mepa 'ISCTHU MSTepaana MHWBHH. 

Yaaneaae aroro Marepaana MO~Ho ocymecTBHTb rrpocroll: <j>HnbrpauHell:, anSI 

qero rpe6yeTCS! M8Hblli8 O.!lHOJ!: MHHYThl, nng <j>ranOUHSHHHOBOrO KOMTI-

nexca .!1Hcnpo3HSI (pasMep sepeH 0,5-1,5 MKM) 6bm rrony<~eH cpe.!lHHll: BbiXO.!l 

20%. HeaocrarxoM rrpaMeHeHHSI <j>ranouHaHHHOBbiX KOMnnexcoa S!BnSieTCSI ax 

ManaS! pa.[lHSUHOHHSSI yCTOJ!:'IHBOCTb H OTHOCHTenbHO HH3KOe CO.!lep~aHHe Me-
/ 111 

ranna • B HacTOSIIIIeA pa6ore rrpeacraeneHbi pesynbTSTbi orrbiTOB, npH 

KOTOpb!X B KS'IeCTBe MHWeHeJ!: HCTIOnb30B8nHCb rrpoKaneHHbie OKHCnbJ W 1 

Ta J1 Hf , rrpHrO.!lHbJe .!lnSI yxasaHHoll: uena BBH.!lY ax ManoA pacreopHMOCTH 

B pas6aaneHHhlX pacreopax KHcnor H oTHoCHTenbHO 6onbworo coaep~aHHSI 

·. 
Meranna, 

06pa3yiDIIIHeCSI B pesynbTaTe S!.!lepHbiX peaKUHA C rrpOTOHSMH Bb!COKHX 

9HeprHA uell:rpoHo.!le<j>HuHTHbie HsororrbJ Hf, Lu, Yb, Tm 

nSIIDT 3H8'1HTBnbHbiJ!: HHTepec .[lnSI SI.[lepHOJ!: CTIBKTpOCKOTIHH, 

3xcnepHM8HTanbH8S! '18CTb 

H T,.[l, rrpe.[lCTSB-

PeaxrHBbi. fH.!lpooKHCH ra<j>HHH H TaHrana 6bmH rrpHrorosneHhl rryreM 
0 

OC8~.!18HHH 830THOKHCnbiX H <j>ropH.[lHblX ConeJ!: 8MMH8KOM TipH 80 C, nony-

'18HHbl8 OCS.!lKH rrpOMbJBanHCb BO.!lOA, aueTOHOM H 9<j>HpOM H npoKanaeanHCb 

4 

J, 

II 
I 

•\ 

~~ 

0 
24 qaca np11 reMneparype 800 C. TpexoxHcb eonbcppaMa ( MapxH x,q,) rrpo-

o 
KanHsanacb 24 qaca rrpH 800 C, PasMep sepeH npoxaneHHhiX OKHC~ onpe-

nenSincH TIO.[l MHKpOCKOTIOM H COCTSBnSin 0,5-2 MKM, 

J.130TOTibl, nnSI H3Y'IBHHSI COpOUHH HS TIOB8pXHOCTH OKHCBJ!: B K8'18CTB8 

paDHoaKTHBHbiX HHAHKaropoe npnMeHH nHCb tHee + 144 Pr a 14
1 Hf BbiCoxoll: 

yaenbHOA 8KTHBHOCTH. 

06nyqeHH8 TipOTOHSMH rrpoBOAHnOCb Ha BbiBeaeHHOM rry'IKe CHHXpOUHKno

TpoHa OYIHYI ( ny6Ha) ( 9HeprHSI rrpOTOHOB 660 M9B). nnSI ObiCTpoA rpaHC-

nopTHpOBKH oony'ICHHOA MHlliBHH HCTIOnb30Banacb TIHeBM8TH'ICCK8SI-rrO'IT8, 

CycneH3HH o6ny•ranncb B unnn HAPH'IeCKHX aMnynax ns re<!>noaa ( o6'beM ~n). 

Qnpe.[leneHHB cop6UHH HS TIOBepXHOCTH OKHCH MeTanna 

50-500 MKr OKHCH MSTanna KOHTSKTHpo~anHCb rrpH nepeMelliHBSHHH B 

T8'18HH8 5 'ISCOB C 2 Mn COnSIHOA KHCnOTbi pa3HbiX KOHU8HTp8UHA B TipHCYT-
144 144 lll 

cTBHH MllKpoxonnqecrB paaHoaKTHBHbiX HHaHxaropoe Ce + Pr H Hf. 

Koa<j><j>nunear pacnpeaeneHHSI Meranna Me~ay ocaaxoM H pacraopoM 

onpeaenHncH nyreM nsMepeHHSI aKTHBHOCTH eoaaoll: <j>ashl ao H nocne KOHTSK-

THpOBSHHH, 

OnreAeneHHe rrepexoAa SIAep orga<~H B sogHyiD pasy rrpJ o6ny<~eHHH 

cycrreH3HH 

CyCTI8H3HSI
0 

COCTOSilll8SI H3 100-200 MKr OKHCH TSHTana HnH BOnb<j>pa-

Ma sHCI ·( O,lH HCI B cny<~ae Ta 2 0 5 H 0,57H HCI - wo s - COOTHO-

!lleHHe <j>as 0,5 r/Mn, o6nyqanaCb 5 MHHYT npOTOHSMH HS BbiBeAeHHOM TIY'I

Ke CHHXPOUHKnOTpOHS, HeMBAnBHHO rrocne KOBUS o6ny'leHHSI TB8pA8SI <j>aaa 

ornenSinacb <j>nnbrpaunell: qepes crexnSIHHbxll: <!>nnbTp N94, 

Onpeneneane penxoseMenbHhiX 9neMeHTOB B <j>nnbrpare nponaBoAHnOCb 

nyreM oca~ABHHSI naHTBHB (10 Mr La 3 +). nnSI onpeaeneHHSI peAK03eMenb

HblX <meMeHTOB B TBepnoA <j>ase '18CTb Ta 2 0 s. pacTBOpSinaCb B CMeCH 
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HF -HNO 3 Jl cooca)l(aanacb c La F s • TpexoKHCh aonh$paMa pacTBopsmacb 

3+ 
8 ropH'!eM pacTBope NaOH , rrpH6aanHnHCh HF H HNO 

31 
aocnTenh La , n 

oca)l(aancH LaF 3 

Pe3ynhTaTw n o6cy)l(aeHHH 

06mee KOIIH'!eCTBO HJlep OTJl8'IH 0 rreperneaWHX B pe3yiihT8Te peaKUHH 

gaepnoro pacmerrneHHII B BOJlHYIO $a3y, 38BHCHT K8K OT p83Mepa 3epeH MaTepu

ana MI!UleHH, TaK H OT CTpeMneHHII o6pa3yiOlliHXCII HOHOB COp6HpOB8TbCII Ha 

nonepXHOCTH OKHCH MeTanna, 

Cop6uHH HOHOB H8 OKHCH MeTanna, B CBOIO O'lepeJlb, MeHHeTCII B 38BH-

CHMOCTH OT ee OTHOCHTerrbHOH OCHOBHOCTH H YCnOBHi! rrony'!eHHSI, OT KOH'-

ueaTpanuu H+ -HOHOB, 38pSIJl8 HOHOB, IIpHCyTCTBYIOlliHX B pacTBOpe, H 

T,Jl, BBIIJlY TOro, '!TO eMKOCTb OKHCeti H Koa$$HUHeHT pacrrpe)leneHHSI yMeHb-

uraeTC51 B 38BHCHMOCTH OT TeMrrepaTypbl IIpOK8IIHB8HHSI, OKHCH IIpOK8IIHBa

O 
nl!Cb 24 qaca II pH 800 C, t.fTo6bi Il0Jl06paTb IlOJlXOJl51lliYIO cpe)ly t B KOTOpOti 

IIOTepn 3ll C'!eT Cop6UHH 6binH 6bi He3H8'IHTenbHbl, Mbl HCCneJlOB8nH Cop6UHIO 

144 144 181 fO 
. Ce + Pr n Hf na WO -; Ta2 0 5 11 H 2 a 38BHCHMOCTH oT KOHueHTpa-

UIIH COnHHOI KHCIIOTW, 

P~~ynhTllThi, rrpuaeJleHHbie B Ta6nuue 1, rro3BonHIOT caenaTb cneJlyiO-

rrr11e BhiBOJlbi: 

1) .Cop5UHH Celll B KucnoA cpeJle yaenH'!HBaeTCSI B pHJlY HfO 2<Ta 20 5<WO 3 

2).Koa~~nuueHT pacrrpeJleneuuH o6paTHO rrporropunoaanen KonueHTpauun 

HC1• 

3). HfiV cop6HpyeTCII 6onbme, '!eM Ce m . 
4). ITpncyTCTBI!e maaeneaoi! KHcnoTbi yMeHbrnaeT cop6un10 Hf IV. 

Yla rrepnoro rryHKTa BbiBOJlOB BbiTeKaeT, 'ITO, ao-rrepBbiX, HfO 
2 

HaJlO 

BKIIIO'!I!Tb B rpyrrny OCHOBI;b!X OKI!Cei\
1 
T8KHX KaK Ti0

2 
t ZJ:O 

2 
, Sn0

2 
nTh0 2,Ko-

TOpbie HMeiOT B KHCIIOH cpeJle CBOHCTB8 8HHOHHT8, H, BO-BTOpbiX, 'ITO Tpex

/12,13,14/ 
OKHCb BOIIbqrpaMa B o6naCTH pH 1-2 IIBIISieTCII K8Tll0Hl1TOM • 

6 

~,'JI.i 
I' 

.
! i!!' 

li 

~~ 

,~··. '•' ,, ' 

4~, 

;;~ 
'1:1 

;:1 
i: .. 

:~ji 

f 

:t 

Ta6nnua I 

Cop6UHSI Ce m Jl Hf IV Ha rrpoKaneHHblX wo 3 ' Ta2 0 5 

H Hf0 2 B 38BHCHMOCTH OT KOHUeHTpaUHH HCJ 

HCI Ko~~nuueHT pacrrpeneneHHSI K d Mn/r 

H I ! I 

W03-HfiV I Ta 0 -Celli Hf0
2

- Cern wo
3 

-Celli 1 2 5 

7,94.I02 ' ! 
I ,88 • .1.01 I. 0,0106 ' H.O. -50 ,l i 

I ,99.102 I 

2. 0,0186 I 0 
·~ 0,1 H.o. 4,07.10 

s ,9l.10I ' 
I ,22.10° 3. 0,0375 i H.O. ! :: O,I 

3,54.IOI 
I 

4. 0,0695 ' H.O. 0,4 :::0 ,l 
' 

5. 0,0965 I,26.10I ; 4,95,I03 I ~ 0,1 -=- 0,1 

6. 0,28 I ,26 H.O. :6- O,I 
I 

~ 0 ,I 

7. 0,5? 0,5 7. 42 · o1 
~ O,I -;:: 0 ,I .J' .1 

tl. 1,0 ~0 ,I ' 2, ?4.lOI ' II,O, /' 
H.O. 

' 9. 5,0 ~O,I 7 ,05.I0° ' ·::; 0 ,I H.O. 

~0. O,IM(COOH) 2 ! H.O. 1,26.101 I H.o. H.o. 
I 

i 

a.o. - He orrpenenSinOCh 

Ta
2

0 
5 

/13,15/ 
aaHHMaeT cpennee Mecro Me)l(ny o6eHMH rpyrrnaMH OKHcnos 

YMeHbiJJeHHe aaaqeautl K d c rroBbillleHHeM KoHuenrpauuu H+ noKa3biBaer, 

'ITO cop6UHSI HOCHT xapaKTep HOHHOI'O o6MeHa, llsa IIOCIIeUHHX IIYHKTa IIOA

TBep)I(U8IOT uccnenosaHHSI o cop6uuu Hf IV , Zr IV H uoaos penKux aeMenh 

na cunnKarene 
116,17/ 

VIa OIIblTOB no cop6unn MO)I(HO aaKniO'IHTh, 'ITO cycneu;:mu WO 
3 

- ~ 

~0,57a HCI, Ta20
5 

nnn HfO 2_ 0,1 H HCI snonuo npnronHhl nm1 rronyqeunSI 
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penKo3eMeJibHbiX ::JneMeHTOB H T~0 5-0,5 M(COOHlz, a TaK)Ke nns1 nony"'!eHHH 

ra¢HH51 npH ycnoBHH, "'TO OTHO!ll9HH9 BeCa MHIII9HH K paCTBOpy 6yneT •1 :2. 

npH TSKOM OTH01119HHH tl>a3 H Kd "'0,1 (Mr/n) Cop6HpyeTC51 Ha llOB9pXHOCTH 

MaTepHana MHII!eHH acero 5% Hnep, o6paayro1I!HXCH B pe3yJibTaTe HnepHofi 

peaKUHH. B Ta6nHue ll 

pa3HUX cycneH3HA. 

llp9ACT8BJieHbl npaKTH"'!eCKH9 BbiXOllbl o6ny"''9HHfi 

Ta6JIHU8 n 
BbiXOA penKoaeMeJibHbiX 9JieMeHTOB npH o6ny"'!eHHH cycneH3Hil: 

Ta 0 - Hd', WO -Hd npoToHaMH 660 M9B 
2 5 3 

MHIII9Hb PacTBOP BbiX(lA % 

1. Ta 
2

0 5 
0,1 H H(;l 44,5 

2. Ta 2 0 $ 0,1 H HCl 34,7 

3. Ta
2

0 5 
0,1 H HCl 48,3 

4. Ta 2 0 5 
0,1 H HCl 38,1 

5. wo3 
0,1H HC1 27,3 

6. wo
3 

0,1 H HCl 23,5 

CpenHHe Bhtxona - 41% nnH Ta2 0 5 H 25% - AJIH WO 3 H8XOA51TC51 B 

llOJIHOM cornacHH C pe3yJibT8T8MH o6Jiy"'!eHH51 ti>TaJIOUH8HHHOBbiX KOMTIJ19KCOB 

/11 I 
nHcnpo3HH • nony"'!eHHhie naHHbie cornacyroTcH H c peaynbTaTaMH o6ny-

'leHHH nopomKoB, rne noTepH H3-38 cop6uHH He HrparoT ponH. Pas6poc ae

JIH'lHH Bb!XOAOB o6yCJIOBJieH OTKJIOHeHHHMH cpenHero p83Mepa aepeH MaTepHa-

/18/ na MH!lleHH • ilm1 Bb!AeJI9HH51 KOpOTKO)KHByii!HX 51A9p BbiXOll 20-40% BllOJl-

He YAOBJieTBOpHTeJieH, 9CJIH Y'lHTbiB8Tb 0 "'TO yBeJIH"'!eHHe seca MHII!eHH He 

BJie"'!eT 38 co6oA npHHUifllH8JlbHO HHKSKHX orpaHH"'!eHHfi nJIH 6hlCTpOThl o6pa-

60TKH. 

8 

-,-

PaCCMOTp9HHYID T9XHHKy pa60Tbl Mbl npHHHJIH npH HCCJ19llOB8HH51X KO-

poTKO)KHBymHx HefiTpoHoneti>HuHTHbiX H30TonoB Hf Lu H Tm • ilnH 

nony"'!eHHH HsoTonoB Hf o6ny"'anacb cycneH3HH Ta 20 5-0,5M - mase-

neBaH KKCnoTa. nocne KoHua o6ny"''eHHH oaa onpenenHnacb ti>HnbTpanHeA qe-

pea cTeKnHHHbiA ti>HJibTp No 4 H npoMbiBanacb pacTBopoM 0, 25 H C1 B 

TSKOM KOJIH"'!eCTB9 0 "''T06bi KOHU9HTp8UH51 ti>HJibTpaTa COCT8BJ151J18 0,1 M 

(COOH)
2
- 0,2 M HCl Hf H3 pacTBopa aKcTparHposancH Ha 99,5% 0,1 M 

TpH-H-QKTHJ18MHHOM B 6eH30J19. ilJIH O"''HCTKH rati>HH9BOfi ti>paKUHH llpOBOAHJIHCb 

nse npoMbiBKH 0,1 M (COOH) 2 - 0,2 H Bet • t:fHcTaH tl>paxuHH 

nony"'!eHa "'!epe3 3,5 MHHYTbi nocne KOHua o6nyqeHHH. 

Hf 6btna 

ilnH 6biCTporo BbiA9J19HH51 peAJt039M9JlbHblX aneMeHTOB HCll0Jlb30B8J18.Cb 

B K8"'!9CTB9 MHIII9HH cycneH3H51 Ta 
2 

0 
5 

-0, 1 M HCl • nocne ti>HJibTpa-

UHH H npoMhiBKH penxoaeMenbHbte 9JieMeHTbi cop6HpoaanHCb H3 0, 1 M H C1 

H8 K8THOHHT9 ilayaKC 50x8, HSHOCHJIHCb Ha xpoMaTorpa<jJH"'!9CKYID KOJIOHKY C 

T9M )1{9 KSTHOHHTOM H aJIIDHPOiilfJIHCb a -OKCHH3o6yTHp8TOM 8MMOHHH. 

PanHoXHMH"'!eCKH "''HCTbie tl>paKUHH Lu ,Yb HTm B aTOM cnyqae 

6biJ1H nonyqeHbl qepe3 18-20 MHHYT llOCJie KOHU8 o6ny'I9HHH. npHM9p T8KO

ro paaneneHHH noxaaaH Ha pHc. 1. 

YKa38HHbiM M9TOAOM 6biJ1H OTKpb!Tbl HOBble KOpOTKO)KHBYIIIH9 Hnpa 

U7Hf , 188 Hf • 18& Lu H npOB9l19Hhl HA9pHOCll9KTpOCKOllH'I9CK~9 H3M9pe-

HHH 188 Lu /19/ r 
T l/2 "'7 MHH) • 

Hsno)KeHHoe npHMeHeHHe cycneaaHA He orpaHH"'!eHo OKHCJiaMH W 

Ta H Hf • B npHHUHlle MO)KHO HCllOJlb30B8Tb BCe TpynHopaCTBOpH-

Mbl9 H90praHH'I9CKH9 C09llHH9HH51 0 H3 KOTOpbiX OC069HHO IIOAXOAHIIIHMH MO-

ryT OK838TbC51 OKHCH n Zr , S n IV, Tb , U HnH Mo , MeTan-

Jlbl B M9JIKOAHCIIepCHOM COCTOHHHH Hi:IH tl>octi>aTbl H cynbti>Hllbl rrepeXOAHbiX 

MeTannoB. 

nepcneKTHBHbiM aTOT M9T0ll M0)1(9T OK838TbC51 H AJIH 6b!CTpOrO 

BhlA9J19HH51 nponyKTOB A9J19HH51 0 KOrna BBHny· 60JibiiiOfi aHeprHH OTAS'IH o6-

p83YIDIIIHXC51 Hnep (no 100 Mas) BbiXOAbi Hx MoryT 6biTb 3Ha"''HT9JibHO 

9 
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/5.20/ 
6onhwe, , 'leM a cnyqae peaKUHtt rny6oKoro pacmerrneHHH. 

BbiBOLibi 

Paapa6oTaH MeTOLl 6biCTporo BbiLleneHHH rrpoayKTOB peaKuHH rny6o'{oro 

pacmerrneHHH H3 MHmeaH, o6nyqeaaott rrpoToHaMH BbiCOKolt saeprHH ( 660 M 9B), 

OCHOB8HHbit1: H8 IlpHMeHeHHH B KB'IeCTBe MHWeHH MenKOLlHCIIepCHOt1: cycneH3HH. 

l.faCTh 06pa3yJOiliHXCS! SILlep OTLl8'1H BbiXOLlHT B BOLlHYIO <jlaay 
1 

H OT MaTepHana 

MHWeHH OTLlenSieTCS! IIpOCTOt1: tPHllhTp8UHet1:. 

HccneaoaaaHe cop6uHH Ce Ul H HfiV Ha rrpoKanea•n.r-v: W0 
3 

, Ta
2
0

5 

H wo3 IlOKaaano, 'ITO cycneH3HH wo, -_::0,57aHCJ. Ta205HllHH102- 0,1MHCJ 

rrparoaHhi anH rrony'l,eHHH TlOKenhiX peaKo3eMenhHbiX sneMeHTOB, a cycnea-

31HI Ta2 0 5 -0,5 M (COOH ) 2 - ans rrony'leHHH ra<jJHHSI. 3<jJ¢eKTHBHbie BbiXo

Llbi npH o6nyqeHHH cocTaanHJOT 41% anSI Ta2 0 5 H 25% ans WO 
3 

( paaMep 

aepeH OKHCH - 0,5-2 MKM) • fa<jJHHti nony<ieH qepe3 3,5 MHHYTbi
1 

Lu , Yb 

11 Tm - qepea 13-20 MHHYT rrocne o6ny'leHHH. YKaaaHHbiM MeToaoM 
188 

yaanoch accneaoaaTb HOBbie KopoTKO)I(HaymHe SILlpa 181 Hf Hf 

188 Lu rae Lu. 
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