
o b a e  A H H ~ H H ~ I R  
HHCTHTY T  

- 

RAePHblX 
n c c n e A o B a H H i i  

AY d H a  



~ ~ C H T ~ ~ H O  BbICOKaFI J'It?TYtleCTb BbICWHX &~BOCIH~IX XnOpUCTbIX 

C O ~ A U H ~ H ~  LIUPKOHHR. II T ~ @ H H R  HeOHHOKPaTHO HCnOnb30B8naCb B -0- 

XHMHH: 6b1cTpo H CeneKTHBHO BbIAenRJXU pMUOH30TOn 972r H3 npo~ymOB 
neneHnfi ypana ' 11,  pa3pa60TaHhI T a m e  M~TOWKH ~ K C ~ ~ ~ C C H O ~ O  pmene- 
HHR n e p e x o m b r x  ~ ~ ~ M ~ H T O B  ~l H IV rpynn /*5! ~ ~ c U I ~ A O B ~ H ~ I  ~ ~ K O H O -  

MepHocrH  O ~ ~ ~ ~ O B I L H H R  Moneqn n e v e r 0  mopma 2r n ycnoem HX ne- 
peHoca B ~ P H C ~ T C T B H H  p a 3 ~ 0 0 6 ~ 8 3 ~ b ~  n q m x  xnopwumx ~ocmeneii ' 6  /. 
X 0 p o l l l 0  H3yqeHO T ~ ~ M O X ~ M ~ T O ~ ~ @ H ~ ~ C K O ~  llOBeAeHUe Zr C14 H Hf C1 4 ,  
a T a m e  NbC15, paccrMTarih1 smanbm mix  coemeiwfi Ha nosepmocrn 
creKna H mapua/ 3* 7' 8 1. Pesyna~a~bx pa6o~ / +316*71@ fnernu e ocnoey 
sKcnepnMemos, n a n p a e n e m b r x  H a  x m n n e c q m  m m @ ~ ~ a r p o o  H ewene- 
HHe aTOMOB KYPqaTOBHR. H ~ H n b ~ 6 0 p W I  (3neMeHTbx 104 H 106) KBK 3Ka- 

r a @ m  H 3 ~ a ~ a ~ ~ a n a  m CMWH rrponyxToe mepHbm pea- c ycmpes- 
HbIMH TFDKenbIMH HOHBMH' 14/. 

Omoii ~3 oc06emoc~eii 6emo~~lbn  I I I O ~ ~ O B  WPKOHHR, r a @ ~ m  
H H H O ~ H R :  R B ~ I I ~ C R .  HX nerKaa rmpom3ye~ocrb. ~ O W O M Y  rawiocmenb 
TUaTenbHO O m W f H  OT CneAOB BJlmH, HWpHMep W T e M  BblMOpaXHBillMR 

BOARH~IX n a p e  nnn nporryc- qepe3 @ m b ~ p b x ,  sanomembxe Y @C104) 
H P2 0 ,. A o n o n m e n b ~ m  o c y w c a  rma nonmia nponcxoma non neiic~- 
BHeM XllOPHpyIOI4iX UeHTOB - KOMIIOHeHTOB ra38-HOCUTeJIH, HalTPHMeP 

SOCl, H TiCl,, KoropbIe sneprnwio pearnpym c eonoii. 
C yqeTOM AaHHbIX 'I5- l7 Y K a 3 h I B W U H X  H a  B03MOXHOCTb o6pmosa- 

MR. npn onpenenenHbIx yuroemx k o m x  oKaixnopnnoe UHPKOHHR. 

r a @ m  H HMO~HII ,  ra3-~0cmenb O P Z I U ~ ~ ~ H  T B K ~  OT npmeceii muropona. 
Hanpn~ep,  L U ~ R  ouicrm a3oTa OT npmeceii ncnanmoeann @ n n a ~ p  M WH- 

B H ~ ~ B ~ H H O ~ ~  M e n ,  narpbxii  no 400°C; e pe3ynaTaTe ocraTomoe conep 
xcame 0 B r a 3 e ,  onpenenennoe c n o l r r o r u a m  x p o ~ a ~ o r p a @ n n ,  He npeebx- 
V l M O  0 , 0 8 5 ~  Is/. O ~ ~ K O  10 HacTomqero BpeMeHU T ~ P M O X ~ ~ M * T O ~ P ~ @ H -  
I recKoe  noseneme n p o n y r c r o e  xnopuposmm Z r ,  H f  H Nb B rrpncy-rcr- 
BHH KHUlOpona  cneunanbno H e  usyuanocb. 

U e n b m  ~ a c ~ o ~ u r e n  pi160Tbl ~ ~ L ' I O  nsyqeane s n n R H n R  Kncnopoaa B m n -  
P K U X  np6?AI?JIaX KOHUeHTPUHH 0 2 H a  X J I O p H p o B M e  ~ ~ ~ H O C H T ~ ~ H ~ I X  

paniion3o~ono~ 2r. Hf n Xb, a TaKxe H a  s b r x o n  H noseneiuie o6pasym- 

B PaBHOBeCIlH c HUM 9 5 ~ b  ( .I I/ = 3 5 , 1 5  c y ~ . ) ,  a T a K x e  nonysaeMbIe 
B R E e P H b I x  peaKumx Sm ,,, ( ' z N ~ .  m) H a  LWKJIOTpoHe Y - 3 0 0  OMRM 
' 7 0 ~ f ( ~ ~  = 16s).  l7 l ~ f (  '1% = 12 q )  n 1 7 3 ~ f ( T I , 5 =  2 3 , 6  q )  . A ~ o T -  
H O K I I C ~ ~ I ~ ~  PaCTBOP p a 4 U 0 3 n e M e H T O B  HWOCMSIU H a  nOBePXHOCTb KBaPUeBOTO 
necKa c p a 3 ~ e p a ~ n  qaCTnU 150-200 M K M  n BbIcymnBann ero H a  ~ o s n y x e  

; npn 200°C B TeqeHne 1 q. npensapn~enb~o necoK nonseprann r n y 6 o ~ o f i  
O W C T K e  OT n p k i ~ e c e f i  ( K H I l f i q e H ~ e  B u a p c K 0 f i  BOAKe, n p o M b I B K a  AHCTMSIJ'IH- 

p o B a H H 0 f i  B 0 ~ 0 f i  A 0  HefiTpaJIbHofi  peaKl&HH, BbICymHBaHHe H npOKtUIUB2lHHe 

. npn 1000°C B TeqeHne 2 qacoB B noToKe Bonopona n s a ~ e ~  ~ o s n y x a )  . Fa- 
 OM-~ocn~ene~ c n y m a  cMecb a p r o a a ,  Kncnopona n napoB SOC1 . 

C X ~ ? M ~  ~ K C ~ ~ ~ H M ~ H T ~ J I ~ H O ~ ~  YCTiLHOBKU nOKa3Wa H a  pllc.1. C M ~ C ~  
Ar + o2 nOAaBaJIH C O ~ % ~ M H ~ I M  paCXOAOM 20 CM 3 ~ ~ ~ -  ' ( n p n  HOpMaJIb-  

H b I X  ~ C T I O B W R X )  . OCYU~KY Ar H 0 OCyI4eCTBJIHJlH B J l O B y ~ K a X  C Mg(C104) 
(4 )  n p z O  ( 5 )  . Conepxanne Kncnopona B npenenax 0 , 0 0 1 - 5 0 %  06- be^- 

H ~ I X  PerynnpoBann c rIOMOI4bm s e ~ ~ n n e f i  ( 7 ) .  O q e ~ b  q n c ~ b ~ i i  aproH c conep 
xanneM Kncnopona I % n o n y s a n n  nyTeM n p o r r y c K a H n R  ra3a qepes 
T I ~ T ~ H O B ~ I ~ ~  reTTep ( 6 ) .  H a r p e T b I f i  A 0  900°C. K o H ~ ~ H T ~ ~ ~ H H ,  B 3TOM Cny.lae 
Il3MepFLnH C nOMOwbH) ~ a J I b B a l 4 ~ q e ~ ~ 0 f i  R q e f i K n  C TBepnbIM 3neI'XponHTOM 

H a  ocHose 210 2 /  CaO. B KasecTse x n o p n p y m w e r o  arema ncnonbso~ann na- 
PbI  m C l Z  C n a p U H W b H b I M  AaBneHUeM PS0cl = 1 3 , 3  ~ n a ,  KOTOPbIM 

ra3 H a c b r w a n n  B 6ap6o~epe ( 1 0 )  H a  sxone B ~ e p ~ o x p o ~ a ~ o r p a @ n q e c ~ y m  
K o n o H K y  ( T X K )  . K o n o ~ ~ a  npencTaBnRna c o 6 o f i  n o n y m  K s a p u e B y m  
~ p y 6 ~ y  C BHYTPeHHHM AHaMeTpOM 3 MM, A ~ U H O ~ ~  80 CM. TeMnepaTypH~e 
pacnpeneneHne Bnonb O C H O B H O ~ ~  qacTn T X K  ( c  rpa4neHToM -10 C O - C M - ~ )  
nonnepmsann 3 n e ~ ~ p n q e c ~ o f i  n e q b m  conpoTnsneHnR ( 1 3 )  . 

11 - nevb m o p u p o e a n u ,  12 - nevb crap~osoi i  30nb1 TXK, 1 3  - TepM02pduenT~a~ 
nevb, 14 - fl06yUKU C UKTU6UpO6WdHbLU yz/lt?M. 



T e ~ n e p a ~ y p y  CT~PTOBO# ~ O H ~ I  TXK B npenenax 350-450 OC perynwposans 
n e l t b m  (12) .  Xnop~po~amie p a A H o a K T w s m r x  n p e n a p a T o B  H a  y q a c T K e  new 
(11) sena B c e r n a  n p  T e M n e p a T y p e  375OC. f l p o n o n x ~ ~ e n b ~ o c n  s K c n e p H -  

MeHTa COCTt3BJIRna 90 MHH. 

fl0cne OnbITa KOnOHKY pa3pe3aJIH H a  PaBHbIe  OTpe3KH, llPOBOAUJIH 

y -CneKTpoMeTpHKl U OnpeAenJUIH l lOJl0XeHHe ; ~ ~ C O P ~ I J H O H H ~ I X  nHKOB. f l p H  

0 6 p a 6 0 ~ ~ e  pe3ynbTaTOB CyMMaPHYKl aKTHBHOCn pa4HOH30TOna H a  KOnOHKe 

(6e3 Y W T a  B 3 0 H e  XJIOPHPOB~HUR) npHHHMaJIH 3a 100%. 

k c . 2 .  T ~ ~ M O X ~ O M I I T O ~ ~ ~ M M ~ ~  fieTyrux coedunenuii Z r  , H f  
u N b  npu TeMnepmype n a r m b ~ o u  30nb1 TXK400°C ( A  - 
npo y e w  aKTusnocm na 1.0 CM dilunbl KOJIOHKU) . 

k c . 3 .  ~ U ~ U C U M O C T ~  cTenenu pamoxerrw ileTyrux Zr - I  
U H f -  I  OT TeMnepUTypbl H U V M ~ H O ~  30Hbl TXK. 

Ta6nuya I .  X U M U V ~ C K U ~ ~  sbzxod neTyuux coedufiefiuir Zr ,  Hf u N b  s 3asu- 
CUMOCTU OT U C X O ~ H O ~ ~  KonuefiTpauuu 0 e 2 a ~ e - ~ o c u ~ e n e  ( ~ e ~ n e p a ~ y p a  
X/IOPUPO6aHUA 375OC) 

O c a m e ~ ~ e  Zr H Hf npn 400°C, no-BH~HMOMY, CBRS~HO c T e p M n -  

WCKOG H ~ Y C T O ~ M B O C T ~ K ~  nOIIYYf?HHbIX C O ~ A H H ~ H ~  ZtnH HX B ~ ~ H M O A ~ # C T -  

BHeM C KBapUeM,  YTO llOATBePm9aeTCR CHCTeMaTH'leCKUMH AaHHbIMH 0 38- 

BHCHMOCTH c T e n e H n  O c a x n e H m  Zr  H Hf B C T ~ P T O B O ~ ~  3 o ~ e  TXK OT ee TeM- 

n e p a T y p b 1  to ( p~c .3 )  . B w o ,  YTO o c a m H e H H e  H a c T y n a e T  n p H  T e M n e p a T y p a x  

s b r u e  355OC, n o 3 T o M y  OnbITbI no nsyseww ~ e p ~ o x p o ~ a ~ o r p a @ ~ l r e c ~ o r o  
n o s e n e t u i R  n e T y w i x  @OPM Zr H Hf npu p a m a w b ~ x  K o H q e H T p a u m x  KH- 

cnopona n p o a o n u m c b  n p H  to = 350°C. OTM~THM, YTO O c a x a e H u e  ~b  
B Y K a 3 M H O M  UHTepBaJIe to  H e  I I p O H C X O n ~ .  

H ~ M H  H-~HO, YTO C YMeHbLIleHHeM KOHIJeHTpaIJUH K H C n O p o m  BbIXOA 

PaCCMaTPHBaeMbIX 3ReMeHTOB H3 30HbI XIIOPHPOBSLHIIII H a  KOnOHKY PaCTeT. 

Aanee HaMH YCTaHOBneHO, YTO n p H  CHHXeHHH KOHUeHTpWHH KkfCnOpO- 

na, HawiHaFI c 2-5% 0 2 ,  ~ ~ M ~ T H ~ F I  n o n R  Zr Hf o c w a e T c R  npn 6onee 
HH3KHX T e M n e p a T y p a X  - 110 ? l o  OC H 100 ? l o  O C COOTBeTCTBeHHO. 

O T M ~ Y ~ H O  T a K X e  nORBJIeHHe BTOpOrO E U ( C O ~ ~ I ~ H O H H O ~ O  n H K a  N b  C UeHTPOM 

c n p H  60 O C. C O ~ ? A U H ~ H H R ,  OTBeTCTBeHHbIe 3a 3TH nHKkf, 0 6 0 3 ~ a Y e ~ b l  

y e p e 3  Zr-II , H f - I 1  H N b - I 1  . 
K ~ K  B W H O  H 3  AaHHbIX ~a6n .2  H p H c . 4 ,  C YMeHbllleHHeM KOHWHTPWHH 

KHCnOpoAa BbIXOA Zr  - 11 , Hf - 11 H N b  - 11 H e n P P b I B H O  BO3paCTa- 

e T ,  npHYeM n p H  fiOCTaTOYH0 MWIbIX KOHUeHTPaIlHRX KHCnOpoAa ( p H c . 4 ~  

H 4r) B OCHOBHOM 0 6 p a 3 y K l ~ ~ R  TOnbKO ~ P i 3 K O T e M n e p a T y p H b I e  30HbI  ~ C O P ~ -  

UHH. 
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PUc.5. TepM0~p3~~~02pahtMbt coedunenuir Hf npU KOHyeHTPUZ4UU 
K~Olopoda 1% 06amn. U npu pU3flUrHbtX TeMnepUTypUX ~arlaflb~oli 
30nbt TXK: 350°C, 400°Cu 450°C. 

HY 6onee B ~ I C O K H X  T e M n e p a T y p  r n ~  K 06pa3osa~m A B ~ X  ~ U C O P ~ ~ O H H ~ I X  

nHKOB. M ~ I  npOBeJIH T a K X e  OnbITbI C H3MeHeHHeM T e M n e p a T y p b I  C T a p T 0 ~ 0 f i  

3OHbI TXK B ycnosmx, K O r A a  0 6 p a 3 y m ~ c ~  06a ~ U C O ~ ~ U A O H H ~ I X  n H K a  ra@- 
HHR (1% K H c J I o ~ O A ~ ) .  P e 3 y n b ~ a ~ b 1  nOKa3aHbI  H a  pHc.5 .  n p H  T e M n e p a T y p a X  

350 O ,  400 O H 450' C B CT~PTOBO# 3 0 H e  OCaXAaeTCR COOTBeTCTBeHHO 3%, 
12% H 27% r a @ ~ m ,  H 3 T 0  COnpOBOXA&lIOCb YMeHbUleHHeM aKTkiBHOCTH B 30- 

H e  ~f - I a ~ ~ M ~ T H ~ I M  ee y s e n n s e H H e M  B s o ~ e  Hf - 11. T a ~ o e  n o s e n e H n e  

~ ~ @ H H R  T a K X e  COBMeCTHMO C IIpeACTaBJIeHHeM 0 CYUeCTBOBElHEIH B A E l H ~ o f i  

.2 CHCTeMe Hf 0 C12. 
T ~ K H M  06pa30~,  x n o p a n b I  Zr  a Hf M O ~ O  O W C T H T ~  OT npeanonarae- 

M ~ I X  OKCHXJIO~HAOB ny-reM n p o n y c K m m  ra30~0ro n o T o K a ,  coaepxauero 
3TH KOMnOHeHTbI, Wpe3 YWCTOK TXK, ~arp€!Tb~# A 0  T e M n e p a T y p b I  > 450°C. - 
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~ O M W O B  B.n.. KHM Y ~ H H  ~6-88-56 
TepM~~poMrt~orpa@wpec~~e  H3yYWUe IlpoAymOB XJlOplrWBalMR 
YJIbTpaMHKpoKOnHYeCTB 21 , Hf H N b  B npHCyTCTBW 
KHmopna 

Wccneno~ano BnwRHHe npnMeaoro wccrropona Ha ~poUeCCb1 m o p n p o ~ e n m  knoclr renb-  
H ~ I I  P P ~ U ( O H ~ O T O ~ O B  21. H f  H N b  napam SOCI ?. a ra=e Ha sblxon n noeeneiine 06 
p3ylOlwXCfl n p  3TOM UlMHYeCKHX @OPM C nOMOULK) T ~ P M o x ~ M ~ T o ~ ~ @ H ~ ~ C K O ~ J  MeTOaa. 
I b o ~ - ~ o c u r e n e ~  m y m  apron, c o n e p x m i i  SOC1 c napuiianbHh.M namenneM 13,3 ~ n a ;  
Kowuen~paruw O, ~ e n m n  B npenenax OT 10-6 L/; no 50% (ooaeunwx).  H W ~ H O .  mo B npn- 
C~TCTBHH 0 XnopnpoBaUHe npenapaToB npw 375" C npmonn-r K O ~ P ~ O B J ~ H I ~  ne rywr  coe- 
m e m i i  Zr H HI c u e m p a m   OH ~ ~ C O ~ ~ L I H H  npn 150 2 1 0 ~ ~ .  a H H O ~ H B  ~ A C J ~ ~ H P Y ~ T C R  npn 
100 + l o  O C .  n p  ~paKTUYeCKOM OTC~TCTBHH micTopona ancop6uno~~a1e  30HM 06p83ylOT~~ 

n p  &nee W H ~ K H X  TeMneparypax: Zr - npn 110 + I 0  'C. H r  - npn l O O f  1 0  O C, ~b - 
npn 60 + 10 O C, H no eceM namiarM C B R ~ ~ H M  c ocamneHneM B yKa3aHHbrX SOH= B ~ I C U H X  k- 
BOAHUX m o p ~ n o e .  O t i c y m a e t c ~  cocrarc coenmiemiii, 0 6 p a 3 y ~ o l ~ x c n  B npncy-rmm (12. 
Me~bUafI IIe'IyWCT% B 3THx ycrIOBHRx N b  CBR3bIBaeTCR C 0 6 p a 3 0 ~ a m e ~  ?dhOCIS. C o e o ~ y n -  
H O C ~  g- M O ~ O  O ~ W I C H H T ~ ,  a n  nomynHponaTb 06pa308amie nerylmx OKCHXJlOpHnOB 
ZrOC1, n HlnCI,. 

Pq6ora e m a n s e n a  B n a 6 0 p a r o p ~ ~  w e p m  p e d  O U m .  

llparpmrr w e s m o r o  mcnnyra mnepnhu ~ccnenommdi.  & h a  1988 

Domanov VP.. Kim U Zin 
Thermochronutographic Investigation of Chlorination Roducts 
of Ultmmicroamounts of Zr, Hf and Nb in the Presence of Oxygen 

The intluenoe of dd i t iond  oxygem on the processes of chlorination of carrier-* radioactive 
Zr, Hf .ad Nb by 80Qe npoun ss nell as on the yield and behaviour of chemical l o r n  by ther- 
mochromUojpphic m&od aar investigated. The carrier gas was argon with SOCl e vapour under 
the 13.3 kPa p-, the conaatration of O2 within the10-~-50%was varied. It has been found 
that in tbe m n o e  of 0, the chlorination of the preparates under 3 7 5 ' ~  leads to  the pmduc- 
tion of Zr and Hf volntile compounds with the centers of adsorption zones at 150 +lO°C and 
niobium is adsorbed at 100 2 1 0 ~ ~ .  With 0 practically absent the adsorption zones under lower 
temperatures are c o m p o d :  Zr at 110 210°C, Hf at 1 0 0 + 1 0 ' ~ ,  Nb at 6 0 + 1 0 ' ~ , a ? d  aredue to  
adsorption of hlgher anhydrom chlorides in these zones according to  the data available. The com- 
position of compounds formed in the presence of 0 e is discussed. Minor volatdity of Nb under 
these conmtions is associated with formation of NbOCI,. Postulat~on of the volatile oxychlori- 
des ZrOCle and HfOCl composition can illustrate the data obtained. 

The investigation has been performed at the L a b o r a ~ o ~  of Nuclear Reactions, J I N R  

Preprint of the Joint Institute for Nuclear Research. Dubna 1988 


