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EaSip 5,, BouanKa H., 3ailueaa H,r., 
HoaropollOB A,<Jl, 

5biCTpoe r'830TepMOXpOMSTOr'pS«<!H'IeCKOe BbllleneHBe 
HeilTpOROile«<!MURTRWX H30TODOB pyTeHRH H3 xnopBilS 
cepe6pa 

P6 - 10305 

HccnellOBSH npouecc aaane'leHHH ynbTpaMHKpoxonaqecra pyTeHHH aa 
pacnnaaa o6ny'lennoro xnopalla cepe6pa H BbiileneHKH a raaoay10 «Paay npa 
paana'IHbiX TeMneparypax H cocraaax raaa (0 2 + Cl 2>, a TSKJKe pacnpelleneHHe 
KX B TepMOXpOMSTOr'pa«<!K'IeCKOil KOnOHKe B 38BKCHMOCTH OT 3THX napaMeTpoe, 
06cyJKilSeTCH B03MOJKHOCTb o6pa30BSHHH neTy'IHX COellBHeHHil pyTeHHH pa3-
nH'IHOr'O COCTSBS, OnpelleneHbl ycnOBHH 6biCTpOr'O r'830TepMOXpOM8TOr'pa«<!H'Ie
CKOr'O BbllleneHHH cnanoreHHbiX K30TODOB pyTeHHH H3 XnOpHilS cepe6pa, o6ny
'leHHOr"O npoTOHSMH c anepraeR 660 MaB. 

Pa6oTa Bbmonaeaa a fla6opaTOpHH HllepHbiX npo6neM OHfiH, 

OpenpMHT 06be~HeHHOrO MHCTMTyTa .R~epHNX MCCAe~OBaHM~ 

,ll,y6Ha 1976 

Bayar B., Vocilka I., 
P6 - 10305 

Zaitseva N.G., Novgorodov A.F. 

Rapid Gas-Thermochromatographic Separation 
of RuNeutron-Deficient Isotopes from 
Silver Chloride 

The separation of ultra-micro amount of ruthenium 
from the irradiated silver chloride melt and evolution 
into a gaseous phase at various temperatures and<0 2 + Cl 2> 
gas composition have been investigated. The dependence of 
Ru distribution in the thermochromatographic column on 
these parameters has been studied too. The possibility 
of the formation of Ru compounds of various composition 
is discussed. The conditions have been found for the rapid 
gas-thermochromatographic separation of spallation Ru iso
topes from the silver chloride melt irradiated with 
660 MeV protons. 

Preprint of the Joint lnBtitute for Nuclear ReBearch 
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BBE;:(EHHE 

Ilony'leHHe KOpOTKO)I(HBYIUHX cnanoreHHLIX pa.LJ.HOHyKnH

.LJ.OB, o6pa3yiOIUHXC.R npH o6ny'leHHH TOnCThiX MHllieHeH qa

CTHI.I,aMH BhiCOKHX 3HeprHH, MO)I(HO OCyll.l,eCTBn.RTh .U.OCTaTo'I

HO nerKO, 6LICTpO H ceneKTHBHO, ecnH O.U.HOBpeMeHHO Hc

ITOnh30BaTL .u.aa MeTo.na: 

a/ BhiCOKOTeMnepaTypHOe BLI.LJ.eneHHe ITPO.LJ.YKTOB .R.LJ.ep

HhlX peaKI.I,HH B ra30BYIO 4Ja3y, 

6/ ra3oTepMoxpoMaTorpa4JH'IecKoe pa3.neneHHe neTy

'IHX COe.U.HHeHHH. 

J.iJy'leHHlo BhiCOKOTeMITepaTypHOrO yneTy'IHBaHH.R pa

.LJ.HOaKTHBHhlX H30TOITOB pyTeHH.R H3 CaMLIX pa3H006pa3HhiX 

Bell.l,eCTB, co.u.ep)l(amHx, KaK npaBHno, .u.en.Rli.I,Hec.R 3neMeHTLI, 

ITOCB.Rll.l,eHO 6onLmoe KOnH'IeCTBO pa60T /1-5/, B TO )l(e BpeM.R 

Bhi.LJ.eneHHe B ra30BYIO 4Ja3y neTy'IHX COe.U.HHeHHH HeHTpOHO

.U.e4JHU.HTHhiX cnanoreHHLIX H30TOITOB pyTeHH.R H3 TOnCTLIX 

MHllieHeH B nHTepaType He OITHCaHO. 

ra3oTepMoxpoMaTorpa4JH'IecKoe noae.u.eHHe neTy'IHX 

COe.U.HHeHHH pyTeHH.R, cny)l(all.l,ee OCHOBOH .U.n.R npoBe.U.eHH.R 

6LICTphiX pa3.neneHHH, HCCne.U.OBaHO cpaBHHTenLHO ITOnHO 

B a TMoc4Jepe xnopa H KHcnopo.u.a/6- 161. B ony6nHKOBaHHLIX 

He.naaHo pa6oTax K . .63xMaHa c COTPY.U.HHKaMH I 11- 161 6na

ro.u.ap.R MHOronnaHOBOMY H3y'leHHIO BnH.RHH.R HeKOTOphiX 

napaMeTpOB /TeMnepaTyphl H30TepMH'IeCKOH TpaHCITOpTHOH 

Tpy6KH, MaTepHana ee CTeHOK, COCTaBa H CKOpOCTH ra3a

HOCHTen.R HnH pearHpyiOmero ra3a, TeMnepaTypw xono.n.Hoii 

nOBYlliKH/ Ha nepeHOC pa.U.HOH30TOITOB pyTeHH.R B ra30BOH 

4Ja3e ITOKa3aHa B03MO)I(HOCTh 6LICTporo BLI.U.eneHH.R HX H3 

cnO)I(HOH CMeCH npO.LJ.YKTOB .u.eneHH.R. IlpH HC.ITOnh30BaHHH 
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HCTO'iHHKa 252CfiTOHKaH MHUleHLI H HaH,IJ,eHHbiX OllTHMaJib" 
HbiX YCJIOBHH nepeHOCa H3y'ieH pacna,IJ, HeKOTOpbiX KOpOTKO" 
:>KHBYmHX HeHTpOHOH36biTO'iHbiX H30TOIIOB pyTeHHH C nepuo
,IJ,aMH nonypacna,IJ,a .IJ.O l c. 

B npe.IJ.bi.IJ.YmHx HaUIHX pa6oTax 117• 181 6blno uccne,IJ,oBaHo 
BJIHHHHe TeMnepaTypLI H cocTaBa raJa I HCl + 0 2 B pa3-
JIH'iHbiX COOTHOUieHHHXI Ha H3BJie'ieHHe H3 TOJICTOH MHUieHH 
AgCl 1- 5 zl H ra3oTepMoxpoMaTorpa$uqecKoe noBe,IJ,eHHe 
neTy'iHX coe,IJ,HHeHHH cnanoreHHbiX npo,IJ,yKTOB - Zr ,Nb H Mo . 
IlpH 3TOM He 6Lmo o6Hapy:>KeHo yneTy'iHBaHHH Ru B UIHPOKOM 
,IJ,uanaJoHe KOHUeHTpauuil HCl. BepoHTHee Bcero, o6pa3yiO
muilcH npu o6ny'ieHHH xnopu,IJ,a cepe6pa npoToHaMH c 3Hep
rueil 660 M:JB pyTeHHH cTa6HnH3HpyeTcH a MaTpuue AgCl 
B BH,IJ,e reTanna HJIH HeJieTy'iHX cy6xnopH,!J,OB I RuCl ' 
RuCl2 1 117 • 3To no,IJ,TBep:>K,IJ,aeTCH TeM, 'iTO Bbi,IJ,eneHue 
ero B ra3oay10 $a3y H3 pacnnaBa o6nyqeHHoro xnopu,IJ,a 
cepe6pa Ha6niO,IJ,anocL JIHlllb B aTMoccl>epe KHcnopo,IJ,a, cno
co6Horo OKHCJIHTb MeT ann unu cy6xnopH.IJ. .IJ.O neTy'IHX coe
.IJ.HHeHHH. TaKHMH coe,IJ,HHeHHHMH .IJ.JIH aecoMLIX KOJIH'ieCTB 
pyTeHHH B ra30BOH cpe,IJ,e, CO,IJ,ep:>Kameif XJIOp H KHCJIOpO,IJ,, 
JIBJIHIOTCH RuCl 3, RuCl 4, Ru 2 0Cl6 , RuO 3 H RuO 4 , npu'IeM 
RuCl 4 H RuO 4 TepMH'leCKH HeycTOH'IHBbi. 06pa3oBaHue nonu
H,IJ,epHoro OKCHXJIOpH,IJ,a pyTeHHH npH pa6oTe C YJibTpa
MHKpOKOJIH'leCTBaMH ero pa,IJ,HOaKTHBHbiX H30TOIIOB npaK· 
TH'leCKH HeB03MO:>KHO H3·3a KpaHHe HH3KOH KOHIJ;eHTpaiJ;HH 
Ru. EcTL JIHlllb O.IJ.HO yKa3aHue Ha cymecTBOBaHue neTyqero 
MOHOH,IJ,epHOrO OKCHXJIOpH,IJ,a pyTeHHH HeH3BeCTHOrO CO" 
CTaBa ll 41, 

B HacToHmeil pa6oTe uJyqancH npouecc yneTy'luBaHHH 
ynLTpaMHKPOKOJIH'leCTB cnanoreHHoro pyTeHHH H3 pac
nnaBa o6ny'ieHHoro xnopu,IJ,a cepe6pa H O.IJ.HOBpeMeHHO raJo· 
TepMoxpoMaTorpa$uqecKoe noBe,IJ,eHHe ero neTy'IHX co
e,IJ,HHeHHH B aTMOC$epe XJIOpa, KHCJIOpO,IJ,a H HX CMeCeH 
c uenLIO coJ,IJ,aHHH MeTo,IJ,a 6blcTporo nonyqeHHH npenapa
TOB KOpOTKO:>KHBymux HeHTpOHO,IJ,e$HUHTHblX pa,IJ,HOH30TOIIOB 
3TOrO 3JieMeHTa ,!J,JIH H,IJ,epHOCIIeKTpOCKOllH'ieCKHX HCCJie,IJ,O· 

BaHHH. 

3KCIIEPHMEHTAJibHA.H qACTb 

AnnapaTypa 6Lma onucaHa paHee I 17 • 191, cxeMaTH'leCKH 
oHa noKa3aHa Ha puc. 1. 
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0 
0 2,C\2, • c! ~ • I TEPIIOXPOMATOrPA~WlECKAfl KOJIOHKA I 

~+Cl2 VIWWA 
AgCl 

Puc. 1. CxeMamu<JecKoe uao6paJKeHue :JKcnepuMeHmaAbHbiX 
YCA06UU. 

Xnopu.IJ. cepe6pa IMapKH 'l.,IJ,.a.l npe,IJ,BapuTeJILHO oqu
mancH nepeoca:>K,IJ,eHHeM H3 25<1o- ro BO,IJ,Horo pacTBopa aMMH· 
aKa, CYUIHJICH H nepeHOCHJICH B KBapn;eable Tpy6KH, 3aKpbl" 
aaeMbie C o6eHX CTOpOH TaMIIOHaMH H3 KBapn;eBOH BaTbl. 
)J,JIH O'IHCTKH OT JieTy'IHX 3arpH3HeHHH XJIOpH,!J, cepe6pa 
nnaauncH, H npu 800° C Ha.IJ. pacnnaBOM nponycKanHCb B 
Te'leHHe 10 MUH CHa'laJia XJIOp, a3aTeMXJIOpHCTbiHBO,!J,OpO,IJ,. 
Henocpe.IJ.CTBeHHO nepe.IJ. o6ny'leHHeM AgCl BHOBb no,IJ,Bep
rancH IIJiaBJieHHIO H B Te'ieHHe 10 MUH Bbi,IJ,ep:>KHBaJICH B TeX 
YCJIOBHHX ITeMnepaTypa, COCTaB ra30BOH $a3LII, B KOTOpbiX 
uJyqanocb noBe,IJ,eHue cnanoreHHbiX npo,IJ,yKTOB nocne o6-

ny'leHHH. 
Kucnopo.IJ. 199,6 - 99,70/ol cyUIHJICH nponycKaHHeM qepe3 

cnoil P20 5, a xnop, rronyqaeMLIH B3aHMO,IJ,eHcTBHeM KMnO 4 c 
KOHU. HCl , - 6ap6oTHpoBaHHeM qepe3 KOHU. H2 SO 4.YcnoBHH 
o6ny'leHHH xnopu,IJ,a cepe6pa npoToHaMH c 3Heprueil 660 M :JB 
H npoBe,IJ,eHHH CaMHX OllbiTOB, onpe)J.eJieHHe o6meif ,!J,OJIH 
yneTy'IHBaHHH ynLTpaMHKPOKOJIH'leCTB 3JieMeHTOB oT Zr .D.O 
Ru H ux pacnpe,IJ,eneHHe B.IJ.OJib TepMoxpoMaTorpa$uqecKHX 
KOJIOHOK ITXKI Ha OCHOBe y·cneKTpOMeTpH'ieCKOro aHa· 
JIH3a onucaHbl B I 171. 

PE3YJibTATbl H OECY)f(,l(EHHE 

B ma6A. 1 npuBe,IJ,eHLI ,IJ,aHHble o BpeMeHHOH H TeMnepa
TYPHOH JaBHCHMOCTHX yneTy'IHBaHHH Ru H HeKoTOpblx .IJ.py-
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YneTyquaaHHe ynLTpaMHKpoKonuqecTB /0/o/ HeKoTopLIX 
3neMeHTOB H3 pacnnaaa xnopu.na cepe6pa B TOKe KHc-
nopo,na. AgCl - 7 2, V 0 2 =30 cM 3/MuH 

B p e M R , M II H 
3neMeH'l' 

I I I 3 5 IO 20 

6~o0c 
Zr,Nb,Mo - - - -

Tc - - - -
Ru 2,311 ,o 6,111,8 21 1 8 41 t. 6 

720°C 
Zr,Nb,Mo - - - -

Tc - - I,1t.o,4 r ,5t.o ,s 
Ru 5 ,111 ,9 9,ot2,2 34 t 7 64 t 8 

fmoC 
Zr,Nb,Mo - - - -

Tc - 0,6to,4 I,4to,5 2,9to,6 
Ru 7,~-2,5 16 1 5 45 1 8 83 t 5 

870°C 
Zr, Nb,Mo - - - -I 

Tc 0,4to,3 I,oto,7 I ,5to ,5 2,2t1,0 
Ru 33 t 6 45 t 8 73 t 7 95 t 5 

--

rux cnanoreHHLIX npo,nyKTOB H3 pacnnaaa o6nyqeHHoro AgCl 
B TOKe KHCnopo,na. KonHqecTBeHHOe BLI,neneHHe pyTeHHR 
,D:OCTHraeTCR ,na:>Ke npH MaKCHManLHOH TeMnepaType 
/870°C/ nHWL 3a cpaBHHTenLHO npo,non:>KHTenLHoe apeMR 

/20 MUH/. KpoMe TOrO, KaK BH,D:HO H3 puc. 2, B TOKe KHCno
po,na pyTeHHii: a.ncop6upyeTCR Ha cTeHKax Kaapueaoii: TXK 
wupoKoii: 30Hoii: a o6nacTH TeMnepaTyp oT 400 .no 20°C. 
3TO CBR3aHO, BepORTHO, C yqacTHeM B TpaHCllOpTe nerKo
neTyqeii:, HO TepMHqecKH HeycToii:qHBOH qeThlpCXOKHCH. AHa
noruqHoe pacnpe.neneHHe Ru Ha6mo.nanocL H npu C:>KHraHHH 

6 

-I -I Vr--~ ---

vv 
300-

-,...._ 

'"1 
// 

v/ 100 

j/ 

3 

2 

0 

14 

12 

10 

8 

& 

200 4 

100~ 2 

0 
48 40 32 24 16 8 0 
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Puc. 2. PacnpeoeAeHue no TKX yAbmpaMuKpOKOAU'lecme 
paOUOQKJIU6HbiX cnaA02eHHbiX npoOyKJI06, U36AeKaeMbiX U3 
pacnAaea o6Ay'leHHozo AgCl KucAopoooM, Vo 230 cM3/MUH, 
r =10 MUH, 1 - T =630°C; 2- T =870°C. 

ypaHa B TOKe KHCnopo,na/::D/.Hcxo,ng H3 TepMO,D:HHaMHqe
CKHX pacqeTOB / 21/ B 3KCnepBMeHTanLHbiX ,naHHbiX 0 ,naa
neHBB napOB OKBCnOB pyTeHBB npB pa3nBqHbiX TeMnepa
Typax a napuaanLHLIX .naaneHBBX KBcnopo.na I 22/, MO:>KHO 
npe.nnonaraTL, qTo B ycnoaasx Hawux onLITOB pyTeHHH 
.non:>KeH cymecTBOBaTL a cllopMe nerKoneTyqeii: Ru04 . 
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Pe3yJihTaThi, npHBe,IJ,eHHhie Ha puc. 2, TaKHM o6pa3oM 

n03BOJIHIOT C,IJ,eJiaTh BhiBO,IJ, 0 TOM, 'ITO nOBC,IJ,CHHe YJihTpa

MHKpOKOJIH'ICCTB 'ICThlpCXOKHCH OTJIH'IaCTCH OT noBe,IJ,CHHH 

ee MaKpOKOJIH'ICCTB, H 'ITO peaKUHH o6pa30BaHHH H pac

na,IJ,a JToro coe,IJ,HHeHHH, onpe,IJ,eJIHIO~ero nepeHoc ynhrpa

MHKPOKOJIH'IeCTB pyreHHH no TXK KHCJiopo,IJ,oM, Ha'IHHaKlT 

JaMeTHO KOHKYPHPOBaTh npu TeMneparypax HH*e 500°C. 
KpoMe roro, ecnH conocraBHTh Harnu ,IJ,aHHhie o rpaHcnopre 

/'>0 I 
pyreHHH B arMocctJepe 'IHCToro KHcnopo,IJ,a /eM. TaK*e,- 1 I 

I I 
c pe3yJihTaTaMH li .AH:xnepa !Br , Harne,IJ,Illero, 'ITO nery'IHe 

KHCJIOpO,IJ,Hhie COC,IJ,HHCHHH pyTeHHH a,IJ,COp6upyiOTCH Ha KBap

UCBOH TXK H3 noroKa BOJ,IJ,yxa npH 730" C, TO MO*HO 

C,IJ,eJiaTh 3aKJIIO'ICHHe 0 TOM, 'ITO BCpOHTHOCTh o6pa30BaHHH 

TCX HJIH HHhlX OKHCJIOB pyTeHHH CHJihHO 3aBHCHT OT nap

UHaJihHOrO ,IJ,aBJieHHH KHcnopo,IJ,a B raJoBoii ct>aJe. HeJHa

'IHTeJihHhie KOJIH'ICCTBa XJIOpa, o6pa3yiO~erOCH 3a C'ICT 

'laCTH'IHOrO npespa~eHH>I XJIOpH,IJ,a cepe6pa B OKHCh, TaK/KC 

Moryr npHHHMan, y'lacrue B nepeHoce pyreHnH no TXK. 

IlpHCYTCTBHC XJIOpa B KHCJIOpO,II,C, OC06CHHO npH BhiCOKHX 

TeMneparypax pacnnasa AgCl , O,IJ,H03Ha'IHO ,IJ,OKa3hiBaercH 

o6pa30BaHHeM JierKOJieTy'IHX OKCHXJIOpH,II,OB TCXHCUHH, Ko

TOphie 3ap,ep*HBaiOTCH TOJihKO aKTHBHpOBaHHhlM yr

JICM I AY I /lB/. 

Ta6A. 2 noKa3hiBaeT BpeMeHHYIO H reMneparypHyiO Ja

BHCHMOCTH ynery'IHBaHHH Zr, Nh , Mo , Tc H Hu H3 pacnnaBa 

xnopH,IJ,a cepe6pa B ToKe xnopa. lf3 ma6A. 1 H 2 BU,IJ,Ho, 

'ITO ynery'IHBaHHe pyrenHH npH rex *e reMneparypax u 

llpO)J.OJl*HTeJihHOCTH OllhiTOB Bhiille B XJIOpe, 'I eM B KHCJIO

po,IJ,e, O,IJ,HaKO O,IJ,HOBpeMeHHO B ra30BYIO ctJa3y Bhi)J,eJIHIOTCH 

see nepe'IHCJieHHhie JJieMeHThi /or Zr ,IJ,O Ru/, 'ITO, ecrecr

seuuo, Jarpy,IJ,HHeT )J.aJILHeiilllee raJorepMoxpoMarorpactJH

'IeCKOe paJ)J.eneuHe. Pacnpe,IJ,eneuHe JJieMeHTOB B,IJ,OJih TXK, 

npe,IJ,crasneuuoe B ma6A. 3, noKa3hiBaer, 'ITO pyTeHHH, a,IJ,

cop6HpyiO~HHCH B .D.OBOJihHO yJKoii JoHe, Jarp>~.Jueu JIH6o 

MOJIH6,IJ,eHoM I T AgCI = 630 H 720° C/, JIH6o UHPKOHHeM 

H HH06HeM IT A Cl = 800 H 870° C/. IIHTepecuo, 'ITO cpe,IJ,HJIH 
g v 

TeMnepaTypa OCa*,IJ,eHHJI JieTy'IHX COe,IJ,HHeHHH pyTeHHH Ha 

KBapue pe3KO yBeJIH'IHBaeTCH C pOCTOM TeMneparyphl pac

ITJiaBa AgCl COOTBeTCTBeHHO: 160 - 180°C )J.JIH T 1~-g,~:l = 
= 630 H 720°C H 320-360° C )J.JIH T AaCI = 800 H 8/U°C. 

~~ 
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Ta6nHua 2 
YneTy'IHBaHHe yJibTpaMHKPOKOJIH'IeCTB /%/ ueKoTopblx 

JJieMeHTOB H3 pacnnasa xnopu,IJ,a cepe6pa B TOKe xnopa. 

AgCl = 7 2, V c1 2 =30 CM
3
/MUH 

BpeiiR, II I R 
3JielleH,. 

I I l 3 5 IO 20 

630°C 
Zr - - I ,sto,6 5 ,41I ,5 
Nb 2,3to,? 4,o1I ,3 8,¢2,8 25 t 4 
Mo 29 1 3 67 t 4 88 1 4 96 1 4 
Tc :s4 1 5 74 1 6 94 1 3 99 1 I 
Ru 22 1 7 50 1 10 691 8 84 1 4 

720°C 
Zr 0,4to,2 2,1to,s 7,311,5 24 1 4 
Nb 3,411 ,I 7,612,1 23 1 3 64 1 5 
Mo 67 1 6 79 t 7 94 t 2 95 1 5 
Tc 59 16 79 1 9 97 1 2 98 1 2 
Ru 32 1 4 51 1 6 73 !. 3 89 12 

m 0c 
Zr I ,I1I ,0 26 t 4 40 t 3 00 t 3 
Nb I? 1 4 48 t 6 66 1 IO 92 1 5 
Mo 83 t 3 94 t 4 99 t I 99 1 I 
Tc 76 t 4 88 t 5 97 t 2 99 t I 
Ru 46 t 8 65 t 3 87 t 4 99 1 I 

R?0°C 
Zr 9,at2 ,4 45 t 5 73 1 6 97 t 3 
Nb 45 t. 7 79 t. 8 92 t. 4 98 t. 2 
Mo 97 t I 98 t I 99 t I 99 t I 
Tc 92 t. 6 95 t 4 99 t I 99 t I 
Ru 57 t 7 7? t. 7 95 t. 3 'J':l t I 

'" 
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Ta6nHua 3 
Pacnpe.neneHHe ynhTpaMHKpoKonHlfeCTB 10/ol 
JneMeHTOB, H3BJ1eKaeMhlX TOKOM xnopa H3 
xnopH.na cepe6pa, no 30HaM TXK, AgCl - 7 2, 

30 CM·1/MUH, r = 5 MUll, .LJ.JIHHa 30H 
aKTHBHpOBaHHhiH yronh 

HeKOTOphlX 
o6nylfeHHoro 

v Cl 2 ~ 
- 4 CM, AY -

, 3;~~~";ne-h- 3 o ~-u- -~ ax c P_ e ;a _H ~ ~ _ T e v n e p _a T ~~a ( °C ). ~e~!~~pa 
'I'Y":·~··· r T2 T 3 14Ts r 61-? 1 81 9-1 ro Til Ti2 1-.111 ~;~~::::· 

35 22 ,\~ Zr ( - ) - - - - -
Nb ( 4, B) - - - - -
Mo ( 66,9) 27,8 31,? - - -
Tc ( ?1,3) - - 20,? 19,? 28,2 
Au ( 50,4) 25,2 19,2 - - -

-
392 
160 

2B 
161 

375 J1s 1 zssJ-!~
20

[
0

~45 1 l1o 

1
84 -6!]_40_~-25t·r _20_ Z r ( 2,6) - - - - - - - - - -

Nb ( 7,3) 3,3 - - - - - - - - - -
M1( 79,0) - - - 1,3 33,5 44,?1 - - - -
Tc ( 78,2) - - - - - - 6,3 7,3 2S,O 14,2 ?5,4 

Ru ( 50,7) 0,2 1 0,7\5,6 19,6 24,61 - I - - - - -

486 
41? 
liB 

36 

roo 

l
---1? 4so- ]:8z:1j!_O~ T4:rn;IIB2L!_lll_~ __ 9~j- 7I~j4_4 - 28 20 

Zr ( 26 5) 20 7 0 3 - - - - j - - - - - -
Nb ( 48:3) o:, 3:6 1,8 4,0 6,5 27,61 3,1l - - I - - -
Mo ( 95,5) - - - - - - 24,3 50,1 13,1 B,O - -
Tc ( 87,8) - - - - - - - - 2,2

1

31,2 17,8 %,6 
Ru ( 65,6) - 0,2 30,3 20,1 12,81 1,1 1,Ji - - - 1 - i -

525 
?38 

98 
31 

3?5 

64M-S6B 478~ 3~ 29:
700

~5 -!55 112178:"1' 51 -,13j2 20-Zr ( 44,5) 0,3 0,2-0:2 -O:Si9.s 17:0 16,2 ---:.-T-----=-- -~---- -_-
Nb ( 74 ,5) - - - - - 0,5 1,6 10,5 20,1 29,8 12,0 - -

Mo ( 99,0) - I - - - - - - - - - 90,6 8,4 -
Tc ( 9B,7) - - - - - - - - - - 19,5 15,7 61,5 
Ru ( 7l,B) - I 0,1 I o,, 1,1 so,J 19,0 O,B 0,21 -~- - - I -

2?4 
98 
49 
?B 

364 

06bHCHHTh ,IJ,aHHhiH <tJaKT MO)I(HO CMeiUCHHCM lfYBCTBHTellhHO
ro K H3MeHCHHIO TCMIICpaTyphl paBHOSeCHH peaKUHH 

HuCl 
3 

+ 1/2 Cl 2 HuCl 4 • 111 

llo .naHHhiM pa6oTbi I 23 1, OTHorneHHC napuHanhHbiX .nasneHHH 
Pnuci/Pnucl

3 
s aTMoc¢epe xnopa na.naeT s TeMnepa

TypHOM HHTepsane 570 - 850° C OT 210 .LJ.O 3, T_aK 'ITO S 
HaiUHX OIIblTaX IIpH HH3KHX TeMnepaTypax pacnnasa AgCl 
sepo.RTeH npe.nno'nHTenbHbiH nepeHoc H a.ncop6UHH RuCl 4 , 

a npH sbiCOKHX - HuCl 3 . 3To npe.nnono)l(eHHe no.nTsep)I(,D,a
eTCH TeM, 'ITO cpe,IJ,H.R.R TeMnepaTypa OCa)I(,IJ,eHH.R pyTeHH.R 
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I 

' 

\ 
I 

lnpo.nyKTa .neneHHH 252 Cf I Ha KBapue npH HH3KOH TeM
nepaType xnopHposaHHH I 400°CI 6bwa pasHa 185 cc /I I/, 
a B ycnOBH.RX BblCOKOTeMnepaTypHOrO XllOpHposaHHH 
I 1000°CI cMeChiO Cl 2+ CC1 4 - 310°C 1 7~ O.nHaKo pa6oThi 
A.B . .[I,ashi.LJ.OSa c coTpy.nuHKaMH /9,101 noKaJanH, 'ITO cpe.n
HHH TeMnepaTypa OCa)I(,IJ,eHH.R Hu Ha KSapue npaKTHlfeCKH 
He MeH.RnaCh IIpH xnop:u..posaHHH HH,IJ,HKa TOpHhiX KOllHlfCCTB 
pyTeHHH SOC1 2 s o6nacTH cTapTOShiX TeMnepaTyp 550 -
960°C H COCTasn.Rna 435°C. 3TO MO)I(eT 6biTh Bbl3SaHO TeM, 
'ITO II pH S3aHMO,IJ,eHCTBHH pyTeHH.R C THOHHnxnopH,IJ,OM He 3a
SHCHMO OT TeMIIepaTyphl o6pa3yeTC.R llHIUh O,IJ,HO COC,IJ,HHC
HHe, sepoHTHO, RuCl 3 . TaKyiO )I(C reMnepaTypy oca)I(.LJ.CHHH 
I430±65°CI MO)I(HO O)I(H,IJ,aTh .Ll.ll.R HuCl1 , HCXO.LJ..R H3 HaH,IJ,eH
HOH I> .AiixnepoM 17 I JMIIHPHlfeCKOH JaBHCHMOCTH TeMnepa

Typhl a.ncop6UHH xnopH.LJ.OB OT 1\11 cy6, 
TeM He MeHee, ecTh eme o.nHo so3MO)I(HOe o6bHCHCHHc 

Ha6niO.naeMoro HaMH pe3Koro H3MeHeHHH TeMneparypw 
oca)I(,IJ,eHHH pyrenHH B a TMoc¢epe xnopa I -170 HnH 
-360° Cl B JaBHCHMOCTH oT TeMnepaTyphi pacnnasa AgCI , 
a HMCHHO- o6pa30SaHHe OKCHXnopH,IJ,a pyTCHH.R IIpH BhiCOKHX 
TeMneparypax s KBapuesou annaparype, KOTopoe Ha6niO
.nanoch B pa6oTe /241 npH xnopHposaHHH MaKpoKonHlfCCTs 

pyTCHHH B TOKe xnopa: 

4Hu + SiO 
2 

+ 8Cl
2 

.... 2Hu 20Cl fi I SiC\4 . 121 

EcnH aHanorHlfHa.R peaKUHH npHSO.LJ.HT K o6pa3osaHHIO npH 
SbiCOKHX TCMIICpaTypaX MOHOJI,IJ,CpHOrO OKCHXnopH,IJ,a py
TCHHH, TO TCMnepaTypa OCa)I(,IJ,eHHH ero ynhTpaMHKpOKO
llHlfCCTS S HaiUHX OIIbiTaX .LJ.Oll)I(Ha 6biTh paBHOH - 360"C. 
.[l,nH nposepKH JToro npe.nnono)l(eHHH 6wna npose.neHa cepH.R 
OIIhiTOS IIO H3YlfCHHIO yneTylfHSaHHJI CIIanoreHHbiX IIpO.LJ.YKTOS 
H3 pacnnasa xnopH.na cepe6pa s cMecHx xnopa H KHcnopo.na. 
llonylfeHHhie peJynhTaTbi npe.ncTasneHbi s ma6A. 4, OTKy.na 
SH.LJ.HO, 'ITO H3SnelfeHHe Ru CMCCbiO ra30S B IUHpOKHX npe
,IJ,enax KOHUeHTpaUHH 0 2112-88 MOA o/ol SbllUC, lfCM lfHCTbiMH 
Cl 2 H 0 2 • KpoMe Toro, cpe.LJ.HHH TeMnepaTypa oca)I(,IJ,eHHH 
neTylfero coe.nHHeHHH pyTeHHH lsepo.RTHO, OKCHxnopH.nal 
TaK)I(e OTllHlfaCTC.R, OHa OTHOCHTCllbHO HH3Ka H paSHa 175 -
210°C. TaKHM o6pa30M, Ha OCHOSaHHH scero :noro MO)I(HO 
nonaraTb, 'ITO pe3Koe ysenH'leHHe TeMnepaTyphl oca>K.neHHH 
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Ta6rruu;a 4 
3aBHCHMOCTL yrreTy'IHBaHHJI yrrLTpaMHKPOKOJIH'IeCTB lo/ol 
HeKOTOpMX 3JieMeHTOB H3 pacrrJiaBa XJIOpH~a C~pe6pa OT 

co~ep)l(aHHJI KHcrropo~a B cMecu ra30B (0 2+ Cl 2 ) • T = 
8oooc, Vo 2 +ct 2=30 cM 3/MuH, r =5 MUH, AgCl- 7 z 

.liOJIII yJie1'Y'il'BaHBR ( % ) B CPEUIHRR S'eiiDepa~pa OC&QeBBJI 
Co.llepaaHBe 3JielleHS"OB ( 0c ). 

~ Zr Nb Mo Tc Ru 110.1 % 
% T ' % T % T -% T J T 

0 26,5 525 48,3 240 95,5 98 87,8 31 65,6 325 
12 - - 35,1 415 8I,5 50 95,1 20 77,2 208 
25 - - 16,8 416 72,2 30 93,, 20 a.- ,o 174 
50 - - 0,5 .-oo 6",1 37 86,3 20 73,6 178 
75 - - - - 66,2 42 roo 20 B.-,2 185 
88 - - - - 68,8 70 95,7 20 90,4 200 

100 - - - - - - 0,6 20 24,6 70-
400 

pyTeHHJI B aTMOC$epe XJIOpa BM3BaHO CMe~eHHeM paBHO

BeCHJI peaKu;HH I 11, a He peaKu;ue:H 121. 
,lJ;aHHMe, npe,IJ;CTaBJieHHhle B 11106/1. 5 H 6, I10Ka3MBaiOT 

pacnpe~erreHue rreTy'IHX coe~HHeHHH 3JieMeHTOB OT Zr ~o 

Ru B~o.riL TXK B cMecu Cl2 u 0 2, o6ora~eHHo:H rru6o xrropoM 

I ma6A. 51, rru6o KHcrropo~oM I ma6A. 61. IIocTOJIHCTBO TeM

nepaTypM OCa)I(,IJ;eHHJI pyTeHHJI MO)I(eT CJIY)I(HTh, C O~HOH 

CTOpOHhl, ~OKa3a TeJibCTBOM o6pa30BaHHJI MOHOJI~epHoro OK

CHXJIOpH~a pyTeHHJI HeH3BeCTHOrO COCTaBa (Ru0 Cl ) 
u u X y 

c ~pyrou - OCHOBOH MeTo~a BM~erreHHJI cnarroreHHoro pyTe-

HHJI H3 o6rryqeHHoro xrropu~a cepe6pa. BMecTe c TeM 6orree 

6LICTpoe yrreTy'IHBaH:J:e pyTeHHJI B CMecHx 0 2 + Cl 2, 'leM B 

'IHCTMX ra3ax I ma6A. 41, HaBo~HT Ha MMCJIL, 'ITO oKcu

xrropu~ o6pa3yeTCJI, BepoJITHO, y)J(e B pacnrraBrreHHOM AgCl, 
H 'ITO 3To coe~HHeHue TepMH'IeCKH ycTOH'IHBO. YcTOH'IHBOCTL 

OKCHXJIOpH~a pyTeHHJI llO~TBep)J(~aeTCJI TaK)J(e pe3yJILTaTa

MH, rrpe~CTaBJieHHMMH B 11106/1. 7 H Ha puc. 3. 0HH 6MJIH 
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Ta6rruu.a 5 

Pacrrpe~erreHHe yrrLTpaMHKPOKOJIH'IeCTB /o/o/ HeKoTopbiX 

:JJieMeHTOB, H3BJieKaeMLIX cMeCLIO ra3oB (0 2 -+ Cl 2 ) c 

CO,!l.ep)l(aHHeM KHCJIOpO,!l.a 12 MOJI o/o H3 o6Jiy'leHHOrO XJIOpH,!l.a 

cepe6pa, no 30HaM TXK. AgCl - 7 2, T = 800"C, 

Yo , u =30 cM 1/MuH 
ry ·) 

Zr ( - )I - -
! I 

Nb(2I,I)i 4,2 o,J: 
Mo ( so ,s): - - 1 

Tc ( €2 ,6) - - : 
Ru ( 54,3) - - I 

Zr ( - )i - . 
"b ( 35,1)1 3,7 6,21 
Mo ( 81,5) I - - , 

Tc(95,I)- -

Ru ( 77,2)l - -

Zr ( 4,8) I ,9 
~<b ( 43,2) 0,7 
Mo1 ( 89,7) -

I ,9
1 I ,01 

Tc ( 91 4) - -

L!!....!U! 

- I -- -
0,2 

- i -

~~.II : 
- I -

- ! - 2,Ij 27,61 23,2 

LlUU! 

; II 
_. I 
- I 

r~ ~.2! ;,21 = 
- - I - 0,4 

- - I - I -
- - II ,s[ 21,8 38,4 

lL!L.!!....!! 
I 0! - -
I:s: 7,9 26,61 5,01 0,2 
- I - -
-· I - -

- 1 - 3,sl Ir,71 67,6 Ru ( 93:3) I - - ! 
I 20MHR 

Zr ( 23,7Ji 8,8

1

' B,6j 5,1 I,2 - I - I -
Nb ( 76,9)1 !,3 I,'; 2,3 7,3 37,4 24,9 2,3 

Mo ( IOO ) , - - 1 - - - - I -
Tc ( 9'>,0) - - I - - - - -I Ru ( 97,0)1 - , - 1 - - 2,41 I2,8 70,3 

Cpe.llHRR 
AY TeiiTiepaTypa 

ocaa.zt,eHHfl 

20 3Jie»eH'!'a • 

, ' I 
- I : , : I : 
=·5tl~,5 ~,2 1 I~,I 
I ,4 - - -

= I 
=·81 
4,7 

0,4 
8,0 

~.8[2~,912~,8 
o,sj -

~.41!~,014~,9 
r ,sl o,4 

- I -

3,01 -
0,6 62 ,o 

9,8 
95 ,I 

3~,01 = 
- 9I ,4 

- I -

O,I 
o,s 3,1 I B,6 2I ,81 26,41 34,6 

- - 95 ,o 
9,4 I ,81 0,3 - I -

481 59 
20 

209 

4I4 
50 
20 

208 

507 
322 

51 
20 

I84 

499 
295 
30 
20 

I 82 

ITOJiy'leHbl B cepHH OllhiTOB, npoBe~eHHhiX B YCJIOBHJIX, CXeMa

TH'IeCKH I10Ka3aHHhiX Ha pUC. J6. JleTy'IHe XJIOpH,!l.hl HJIH 

OKHCJlhl pyTeHHJI H3BJieKaJIHCh H3 XJIOpH,!l.a cepe6pa rrpH 

870" C TOKOM xrropa HJIH KHcrropo~a H HanpaBJIJIJIHCL B TXK 

npH O,!l.HOBpeMeHHOM BBe~eHHH B Hee paBHhiX 06'beMOB, 

COOTBeTCTBeHHO, KHCJIOpo~a HJIH XJIOpa. Cpe~HJIJI TeMne

pa Typa OCa)l(,!l.eHHJI OKCHXJIOpH,!l.a OCTaBaJiaCL B 3THX OllMTaX 

I10CTOJIHHOH He3aBHCHMO OT nepBOHa'laJibHO BBO~HMOH B 

TXK rreTy'leil xHMH'IecKoil riJopMhi pyTeHHJI - xrropu~a HJIH 

OKHCH H paBHOH, KaK H B CJiyqae HCI10Jlh30BaHHJI CMeCH 

ra30B (0 2 + Cl 2 ) , 165 - 195°C. ,LJ;aHHLie ma6A. 4-7 H puc.3 
roBOpJIT 06 YCTOH'IHBOCTH MOHOJI,!l.epHOrO OKCHXJIOpH,!l.a py

TeHHJI B IUHpOKOM ~Harra30He TeMnepaTyp /870 - 160°CI. 
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Ta6nuua 7 
Pacnpe.IJ.eneaue ynhTpaMHKpoKonuqecTB /U/o/ aeKorophiX 
3neMeHTOB, H3BneKaeMhlx xnopoM H3 o6nyqeaaoro xnopH.IJ.a 
cepe6pa, no 30HaM TXK npu )J,ononaurenhHOM BBe.IJ.eHHH 
B aeeKucnopo.IJ.a. AgCl -7 2, T = 870°C, Vu~2 v0 ;15 cM 3/MUH 

3J!e•eu 9 0 BY • It X Cp6)lRRR ~ e • n e p a ~ 1 p a (°C ) • CpQBJIR ~ 
( llOllll J~&- I 2 3 4 5 6 7 8 9 IO II I2 A1 

~e.nepe~pe, 

"l')"'II=~BBJI, OCUJl8BD i 
655 570 460 360 275 2IO I45 87 50 35 25 20 20 ••e•eata. 

3 MIt H 
Zr ( I2,I) I2,I - - - - - - - - - - - - 655 
Nb ( 41,7) 39,2 I,? ll,B - - - - - - - - - - 648 
Mo ( 82,6) - - - 0,2 0,4 I,? 2,8 4,6 I6,7 50,6 5,6 - - 50 
Tc ( 84 13) - - - - - - - - - - - - 84,3 20 
Ru ( 65,5) - - - 0,4 I ,8 42,2 I9,7 I 14 - - - - - I9I 

2 M B B 
Zr ( 40 17) 40,7 - - - - - - - - - - - - 655 
Nb ( 00,6) 73,I 6,8 0,7 - - - - - - - - - . - 6-\6 
Mo ( 93,6) - - - - - 0,2 I,l! 5,8 I4,3 42,5 26,4 3,0 - 39 
Tc ( 90,I) - - - - - - - - - - - I,I 89,0 20 
Ru ( 74,3) - - - 0,2 I ,I 32,2 38,I 2,7 - - - - - 174 

Zr ( 64 15) 64,5 - -
IO 1 • 6 - - - - - - - - - - 655 

Nb ( 85 12) 28,1 28,4 28,0 0,7 - - - - .- - - - - 560 
M~ ( 98,2) - - - - - - - I 14 II,3 42,0 4I,7 I ,2 0,6 33 
Tc ( 97,2) - - - - - - - - - - - - 97,2 20 
Ru ( 96,2) - - - - !,3 38,2 52,I 2,8 I,8 - - - - 169 

i:!l 1111 
Zr ( 86,6) 86,6 - - - - - - - - ~ - - - 655 
Nb ( 95,8) 29,4 24,7 35,8 5,9 - - - - - - - - - 542 
Mo ( 99,4) - - - - - - - 0,6 2,5 2I ,8 47,2 2I,9 5,4 27 
Tc ( 98 14) - - - - - - - - - - - - 98,4 20 
Ru ( 97 10) - - - - I ,4 30,8 57,3 6,2 I 13 - - - - 162 

puc. 3; 3a 20 MUH nonyqanHCh npenapaThi, co.IJ.ep)l(all.J,He 
He3Ha'IHTellhHhie 3arpH3HeHHH: - 0,02U/o 73 Se H -0,03Ufo 95 Tc 
/no aKTHBHOCTH, OTHeCeHHOH K KOHI.J,Y ofinyqeHHH/. 

Bb/BOJ{bl 

1. llccne)J,oBaH npouecc ynery'IHBaHHH H3 pacnnaaa 
xnopH.IJ.a cepe6pa H repMoxpoMarorpa~uqecKoe noae)J,eHue 
neTy'IHX COe)J,HHeHHH ynhTpaMHKpOKOllH'IeCTB cnanoreHHOrO 
pyTeHH.H B a TMOC~epe, CO)J,ep)l(all.J,eH xnop H KHCllOpO)J,. 

2. Ha ocaoaaHHH nonyqeHHhiX pe3ynhraroa npe.IJ.nona
raercH, 'ITO ynhTpaMHKpOKOllH'IeCTBa pyTeHHH B ra30BOH 

16 

~a3e nepeHOCHTCH no TepMOXpOMaTorpa~H'IeCKOH KOllOHKe 
B BH)J,e YCTOH'IHBOrO MOHOH)J,epaoro OKCHXllOpH)J,a, TeMrrepa· 
rypa oca)I()J,eHHH KOToporo Ha KBapue paaaa 180±20°C. 

3. llpe.IJ.nO)I(eHhl ycnoBHH raJorepMoxpoMarorpa~uqe
cKoro Bhi)J,eneHH.H CIIanoreHHhiX H30TOIIOB pyTeHHH H3 ofiny

'leHHOrO xnopH.IJ.a cepe6pa. 
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