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AAHn6HW M. H AD· P6 - 12746 
YneTy4HBaHHe H3 pacnnaaa cepe6pa 
H TepMoxpoMaTorpa¢H4ecKoe pa3AeneHHe oKHcnoa 
ynbTpaMHKpOKOnH4eCTB MOnH6AeHa, TeXHe~HA 

H pyTeHHA npH HH3KHX AaBneHHAX KHCnOPOACOAep*a~HX 
ra3oB 

H3y4eHo yneTy4HBaHHe ynbTpaMHKPOKOnH4eCTB Mo , Tc H 
Ru npH HH3KHX AaBneHHAX KHCnOPOACOAep*a~HX ra30B H3 pacn
naaa cepe~pa, o6ny4eHHOro npoToHaMH c 3HeprHeA 660 M3B, H 
HX pacnpeAeneHHe B TepMOXPOMaTorpa¢H4ecKoA KOnOHKe /TXK/. 
HccneAoBaHo BnHAHHe Ha 3TH npo~eCCbl MaTepHana KOHTeAHepa 
AnA MHWeHH H TXK /¢ap¢op, KBap~/, COCTa9a H AaBneHHA ra30B 
/KHcnopoA, napbl BOAbl; 10-2 + 10-3 Top/, apeMeHH ao3rOHKH. 
TaK*e H3y4eHo BnHAHHe ycnoaHA 3KCnepHMeHTa Ha CKopoCTb Hc
napeHHA MaTepHana MHWeHH /cepe6pa/. Pe3ynbTaTbl noKa3anH, 
4TO npH TeMnepaType 1 080+20° C a napax BOAbl Ru He H3BneKa
eTcR, Tc H Mo BeAyT ce6A-OAHHaKOBo; B cpeAe KHCnOPOAa CTe
neHb yneTy4HBaHHA 3neMeHTOB yMeHbwaeTCA a PRAY Ru > Tc > Mo. 
Cepe6po HCnapAeTCA CO CKOPOCTbiO 0 ,096~0 ,020 Mr/cM 2 • C He3a
BHCHMO OT COCTaBa H AaBneHHA ra3a-peareHTa.MO*HO nOA0-
6paTb ycnOBHA OTAeneHHA ABYX 3neMeHTOB OT TpeTbero. 

Pa6oTa BblnonHeHa B na6opaTOPHH AAePHbiX npo6neM OHfH1. 
Coo6WeHHe 06hellHHeHHOI'O HHCTHTyTa HllepHbiX HCCnellOBSHHil, lly6Ha 1979 

Adilbish M. et al. P6 - 12746 
Volatilization from Ag Melts and Thermochromatographic 
Separation of Ultramicroamounts of Mo,Tc and Ru 
Oxides at Low Pressures of Oxigenate Gases 

Volati 1 ization of ul tramicroamounts of Mo, Tc and Ru from 
the Ag me 1 ts irradiated with 660 MeV protons and their se
paration in a thermochromatographic column at low pressures 
of oxygenate gases are studied.The influence of the materi
al for the target container and the column,the ~as composi
tion ( 0 2 , H2 0 ) and their pressures (10- 2 -10- Torr) ,the 
time of sublimation are investigated.The influence of expe
rimental parameters on the velocity of Ag evaporation are 
studied. It is shown thatRu does not volatilize from Ag 
melt in water vapors at 1080 ± 20°C,the behaviour of Mo 
and Tc is similar. In the oxygene atmosphere degree of vo
latility of elements decreases asRu>Tc>Mo.The velocity ofAg 
evaporation is 0.099 ± 0.020 mg/cm 2 ·s independently on the 
composition and pressure of gas-reagent.Proceeding from 
the results obtained,it is possible to choose the conditions 
of separation of two elements from the third one. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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BBEAEHHE 

Pe3yll bT aTbl 11CClleAoBaHI1ill BbiCOKoTeMnepaTypHoro yneTy411 ea
HI1R YllbTpaMI1KpOKOJ1114eCTB 3JleMeHTOB 113 pa3Jli14H~X MaTepl1aJlOB 
HaXOART Wl1pOKOe npi1MeHeH11e np11 pa3pa60TKe MeTOAOB 6biCTporo 
Bb1AeJleHI1R paAI10aKT11 BHbiX 1130TOnOB 113 CJlOlKH~X CMeceil! I 1-3/ . 

B nocneAHee epeMR oco6oe BHI1MaHI1e o6pa~aeTcR Ha co3AaHI1e 
MeTOAOB, OCHOBaHH~X Ha BaKyyMHOM 11CnapeHI111 3JleMeHTOB 11 HX 
coeAI1HeHI1ill, oco6eHHO e CBR311 c pa6oToill Ha ycTaHOBKax ISOL~ 1 4 1 

4TO Tpe6yeT W11pOKOrO 11CCJleAOBaHHR YCJ10BI1ill KOJ1114eCTBeHHOrO 
BbiAeJleHHR 11 pa3AeJleHHR 3JleMeHTOB. 

C 3TOill uenbiO 6blllO 113y4eHo yneTy411BaHI1e YllbTpaMI1KPOKOJ111-
4ecTB Re 11 Os 113 pacnnaea o6ny4eHHoro 30llOTa 11 TepMoxpoMa
Torpa$114ecKoe pa3AeJleHI1e 11X np11 HI13KI1X AaBJleHI1RX KHCllOPOA
COAep>Ka~HX ra3oe l 5/ . HacToR~aR pa6oTa npeACTaBnReT npoAon
>KeHI1e 3TI1X 3KCnepi1MeHTOB 11 noCBR~eHa 113y4eHI110 noBeAeHHR 
yllbTpaMI1KpOKOJ1114eCTB MOJ1116AeHa, TeXHeU11R 11 pyTeHI1R, paA110-
aKT11BHble 1130TOnbl KOTOPbiX o6pa3yiOTCR np11 06Jly4eHI111 cepe6pa 
npoToHaM11 c 3Heprl1eill 660 M3B. 

3KCnEPI-1MEHTAnbHA~ ~ACTb 

MeTallll114ecKoe cepe6po e B11Ae $onbrl1 o6ny4anocb npoTOHaM11 
C 3Heprl1eill 660 M3B Ha CI1HXPOUI1KJlOTPOHe 01-1~1-1 B Te4eHI1e OAHO
rO-ABYX 4acoB 11 B~AeP>KI1BaJlOCb nOCJle KOHUa 06Jly4eHI1R He Me
Hee 5 4aCoB, 4T06~ pacnaJ111Cb KOpOTKOlKI1BY~I1e 1130TOnbl C T~ S: 

:::.;: 40 MI1H. 
YcTaHOBKa 11 MeTOA11Ka 3Kcnepi1MeHTa no eo3roHKe yllbTpa-

MI1 KpOKOJ1114ecn3 3JleMeHTOB on11caHbl paHee 151• MaTep11anoM KOJloH
KI1 11 THrllR-KOHTeii!Hepa CllYlKI1Jll1 $ap$Op 11 KBapu. ra30M-peareH
TOM 6~Jll1 KI1CllOPOA, nap~ BOA~ 11 11X CMeCI1, AaBJleHHe KOTOP~X 
113MeHRllOCb e npeAenax 10- 3 7 lo-2 Top. Bo3rOHKa npoBOAHllaCb 
3a epeMR OT 0,5 AO 5 MI1H np11 TeMnepaType 1080+20°C. B npeA
eapi1TellbHbiX onbiTax 6~no o6Hapy>KeHo, 4TO e npo!i"ecce eo3roH
KI1 He o6pa3yiOTCR TaKI1e nerKOJleTy411e COeA11HeHI1R, KOTOp~e 

nOK11Aalll1 6~ TepMOXPOMaTorpa$114eCKYIO KOJlOHKY /TXK/, no3TOMy 
AOnOJlHHTellbHaR noeywKa He npeAYCMaTpl1eanacb. 

-*-!SOL- Isotope SeparatorO~-Line. 
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B Ka>K.QOM OT.QeJlbHOM OnbiTe HCnOJl b30BallOC b 10-15 Mr o5ny-
4eHHOrO cepe6pa. Co.Qep>KaHHe pa.QHOaKTHBHbiX npo.QyKTOB R.QepHoro 
pac111enneHHR cepe6pa - Mo , Tc H Ru- e o6pa3~ax onpe.QenRllOC b 
MeTOAOM y -cneKTPOMeTpHH c Hcnonb3<"'BaHHeM Ge(Li) -AeTeKTopa 
138 cM 3 I H MHoroKaHallbHoro aHanH3aTopa. 1-1AeHTH$HKa~HR 
pa.QHOaKTHBH~X H30TOnOB 3THX 3JleMeHTOB npO BO.QHJlaCb no y -nH
HHRM c 3HeprHeH ~~): 122 H 257 K3B I 90

Mo, Ty. = 5,6 41; 
263 H 685 K3B 1

9 
Mo, T112=6,9 41; 871 K3B i 94 Tc,T1;2 =4,9 41; 

95 97 88 765K3BI Tc,T,h=204I;215K3BI Ru,TJf2=2, AH.I. 
Bee 3TH y -nHHHH xapaKTepH~e H He cMewaH~ c 6nH3KHMH JlHHHRMH 
APYrHx o6pa3y~IJ1HXCR e o6ny4eHHOM cepe6pe H30Tonoe. 06pa6oTKa 

y -cneKTPOB npOBO.QHJlaCb Ha 3BM C nOMOIJ1b~ nporpaMM~ 
3noc-1 16 ' 

PE3YnbTATbl 1-1 1-'!X 05CYlK,Q EHI-1E 

1. YneTy4HBaHHe yn bTpaMHKPOK011H4eCTB Mo , Tc H Ru 
H HX oca>K.QeHHe e TXK 

Ha pHc. 1 npe.QcTaeneHa epeMeHHaR 3aBHCHMOCTb yneTy4HBaHHR 
pa.QHOaKTHBHbiX npo.QyKTOB Mo , Tc H Ru H3 pacnnaea o6ny4eH
Horo cepe6pa npH pa311H4H~x .QaeneHHRX napo e BOA~. a Ha pHc. 2 -
KHCllOPOAa. 

B napax BOAbl Ru He H3BneKaeTCR H3 cepe6pa, a cTeneHb 
yneTy4HBaHHR Mo eo ecex cny4aRx HeCKOllbKO Bblwe, 4eM Tc 
lpHc. 1 I. KpoMe Toro, cTeneHb yneTy4H eaHHR Mo H Tc npH 
Hcnonb3oeaHHH THrnR H3 $ap$opa 6onbwe, 4eM e cny4ae KBap~a. 

B npHcyTCTBHH KHCllOPOAa lp~c. 21 noBeAeHHe YllbTpaMHKpo
K011H4ecTB Ru , Tc H Mo HMeeT HHY~ KapTHHY. 5biCTpee ecero H3 
pacnnaea cepe6pa HcnapReTCR Ru IAOCTHraeTCR no4TH 100 %-Hoe 
era H3Blle4eHHe e Te4eHHe nepe~x 3-4 MHH I, 3aTeM no cTeneHH 
y6biBaHHR cneAy~T Tc H Mo. KpoMe Taro, BHAHO, 4TO cTeneHb yne
Ty4HBaHHR Mo cnyCTfl 3-5 MHHYT nocne Ha4aJla 3KCnepHMeHTa 
Bblwe e cny4ae Hcnonb3oeaHHR $ap$opoeoro TH rnR. 

Ha pHc. 3 H 4 noKa3aHo pacnpeAeneHHe Mo , Tc H Ru, oca>K
AaeMbiX Ha cTeHKax TXK e HanpaeneHHH ABH>KeHHR ra3a npH .Qae
neHHH 3 .10-3 Top. BH~Ho, 4TO ~eHTP TR>KeCTH aAcop6~HOHHOH 
30Hbl Mo e npHcyTCTBHH napoe BOAbl lpHc. 31 HaXOAHTCR B npe
Aenax TeMnepaTyp 950-1050°C He3aBHCHMO oT MaTepHana TXK; 
Tc >Ke e $ap$opoeoH KOllOHKe oca>KAaeTCR BMecTe c Mo. a e 
KBap~eBOH - npeHMy1J1eCTBeHHO npH 6onee HH3KOH TeMnepaType 
1650-850 ° CI. B npHcyTcTBHH KHcnopo.Qa lpHc. 41 Mo aACOP6HpyeT
CR TaK ll>e, KaK H e napax BO.Qbl; Tc oca>KAaeTCR Ha $ap$ope 
e npe.Qenax TeMnepaTyp 530-720 ° C, a Ha KBap~e- npH 430-620 °C. 
Ru aACOp6HpyeTCR Ha noeepxHOCTH $ap$opOBOH KOJlOHK~ B ABYX 
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PHc . 1. YneTy4HBaHHe Mo H Tc H3 pacnnaea o6ny4e HHoro cepe6pa 
npH pa3JlH4HbiX AaBJleHHRX napoB BOAbl B 3aBHCHMOCTH OT BpeMeHH 
H MaTepHana THrnR. T = 1080~20°C; 6 -Mo , x- Tc. · 

30Hax: npH 550-750° H 950-1050~, aHa KBap~eBOH KOJlOHKe 
B 30He 450-650°C. 

PacnpeAeneHHe 3THX 3neMeHTOB no TXK npH APYrHx 3Ha4eHHRX 
.QaBJleHHfl TaK>Ke H3y4aJlOCb, HO 3AeCb He npeACTaBJleHO, nOCKOJlb
KY OHO HMeeT aHanorH4H~H xapaKTep . l-iCKI1~4eHHeM 6bi!l0 IlHWb 
noee.QeHHe Ru npH p 02 ,.10-2 Top, e 3TOM cny4ae Ha $ap$QpoeoH 
KO!lOHKe nORBJlRJlaCb npoMe>KyT04HaR aACOp6~HOHHaR 30Ha npH 
800-900~ KpoMe Taro, H B KBap~eBOH, H B $ap$OpOBOH KO!lOHKe 
He3Ha4HTe!lbHOe KO!lH4eCTBO Ru OCa>K.QaJlOCb B OTAe!lbHOH 30He 
npH 50-100°C. 

2. H.QeHTH¢HKa~HR xHMH4eCKHX $QpM neTy4HX npOAYKTOB 

EcnH npHHRTb BO BHHMaHHe, 4TO Te4eHHe ra3a B HaWHX 3KCne
PHMeHTaJlbHbiX yCJlOBHRX HOCHT MOJleKyllRPHbfH xapaKTep 1 7 1 , T. e . 
coy.QapeHHR MoneKyn co cTeHKaMH TXK npoHcxo.QRT 4a111e , 4eM 
C MO!leKynaMH B ra30BOH $a3e , OC06eHHO npH BbfCOKHX TeMnepa
Typax , TOr.Qa MO>KHO npe.QnO!lO>KHTb, 4TO XHMH4eCKHe peaK~H H 
npoTeKa~T Ha noeepxHOCTRX pacnnaea cepe6pa , THrnR H KOllOHKH, 
a He B ra30BOH $a3e. npH OKHC!leHHH YllbtpaMHKpOKOJ1H4eCTB Ru , 
Tc H Mo Ha noeepxHOCTRX MoryT o6pa3oBaTbCR TO!lb KO npoCTbfe 
OKHC!lbl THna MeO x . 
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P~c. 2. YneTy4~BaH~e Mo , Tc ~ Ru ~3 pacnnaea o6ny4eHHoro 
cepe6pa np~ pa3n~4HbiX AaeneH~Rx K~cnopoAa e 3ae~c~MOCT~ oT 
epeMeH~ ~ MaTep~ana T~rnR. T =1080:t_20°C; A- Mo. x - Tc. • -Ru. 

Mo • KaK noKa3an~ nony4eHHble pe3ynbTaTbl, Mo aAcop6~py

eTCRB OAHOi:1 BbiCOKOTeMnepaTypHoi:1 30He. no n~TepaTypHblM 
AaHHbiM 3TO ero coeA~HeH~e cooTeeTcTeyeT MoO 3

18 ·9 1 . 3HTanbn~R 
aAcop64~~ Mo03 Ha Keap4e e B03Ayxe np~ AaeneH~~ 1 aTM 6blna 
pasHa - 72+3 KKan/Monb 19 1• a onpeAeneHHaR HaM~ no M~rpa4~J 101 

aACOp64~0H~Of:1 30Hbl Mo - 100~10 KKan/MOnb He3aB~C~MO OT B~-
Aa ~ AaeneH~fl ra3a-peareHTa ~ MaTep~ana KonoHK~. 3To ~ nocne
AYIOU\~e 3Ha4eH~f1 flH aAC. np~6n~3~TenbHbl, TaK KaK B pac4eTaX 

npeAnonaraeTcR TOnbKO M~rpal!~fl aAcop6l!~OHHbiX 30H no TXK, 
a Ha CaMOM Aene B OnblTaX, KpOMe 3TOro, npO~CXOA~T HeKOTOpOe 
TOPMO~eH~e 30H, Bbl3BaHHOe KOHe4HOf:1 CKOpOCTbiO ~cnapeH~f:1 coe-

A~HeH~fl ~3 oGpa31..1a. 

Tc . B cpeAe K~cnopoAa Tc eo3rOHRnCR ~ oca~AancR Ha 
noeepxHocT~ TXK, eepoRTHO, e B~Ae Tc03 . TeMnepaTypa ero 
oca~AeH~R /-500 °C/ ~ 3HTanbn~R aAcop61..1~~ Ha Keap4e 
/-30+5 KKan/MOnb/ COOTBeTCTByiOT AaHHbiM, nony4eHHbiM B pa6o
Te / 9/; AnR ¢ap¢opa 3T~ 3Ha4eH~f1 HeMHOrO BbiWe /-600 °C ~ 
- 38+6 KKan/ Mon b/. B nap ax BOAbl TeMnepaTypa oca>KAeH~fl Tc 
3Ha4~TenbHO H~>Ke ~ 3ae~c~T oT MaTep~ana TXK, cooTBeTCTBeHHO 
~ 3HTanbn~R aAcop61..1~~ ~MeeT pa3n~4Hble sen~4~Hbl: Ha KBap1..1e -
-50~7 KKan/MOnb ~ Ha ¢ap¢ope - 71+10 KKan/Monb. Oca>KAatOfl\~-

'·' ) 
• 

'PAP'POP KBAPU P~c. 3. PacnpeAene
H~e Mo ~ Tc no An~- x 
He TXK e 3ae~c~Mo- 20 

MoTcRu 

CT~ OT epeMeH~ ~ 

B03rOHK~ ~ MaTep~a

na KonoHK~. T = 
10 

•nt> 
0 

= 1080+20 ° C; •-Mo, 
o-Tc;- Ag- OCTa

TOK Mo , Tc ~ Ru 

01 ~ ., 
20 ~ A'1h •••u I 

e cepe6pe nocne 
803 roH K~; PH2 0 
= 3 • 10 -3 Top • 

15 

10 

M~Cfl OK~CHbiM~ COeA~HeH~flM~ MoryT 6b1Tb, eepORTHO, TeO ~n~ 

Tc02 ,Ho ~3-3a oTcyTCTB~fl Heo6xoA~MbiX n~TepaTypHblX AaHHbiX 

~AeHT~<!>~l!~POBaTb ~x 6onee onpeAeneHHO TPYAHO. 

Ru . 4eTblpe aACOP6l!~OHHbiX 30Hbl, KOTOpble Ha6ntOAan~Cb 
Ha ¢ap¢opoeoi:1 KonoHKe np~ eo3roHKe Ru ~3 o6ny4eHHoro cepe6-
pa np~ AaeneH~~ K~cnopoAa 10-2 Top, cooTeeTCTBYIOT oca>KAeH~tO 
ecex B03MO>KHbiX npOCTbiX OK~cnoe, OT . RuO AO Ru04 . np~ AaB
neH~~ 3 ·1 0-3 ~ 1 o-3 Top nony4~n~cb TOnbKO ABe 30Hbl, e Ko
TOPbiX, CYAR no ~X TeMnepaTypaM / - 1000°C ~ -650°C/, aACOp6~
poean~Cb RuO ~ RuO 3 . 0THOC~TenbHoe Kon~4eCTBO Ru03 pacTeT 
c yeen~4eH~eM AaeneH~fl K~cnopoAa. B KBapl!eBoi:1 TXK noRBnReT-
CR n~wb 3oHa Ru03 ~ np~ AaeneH~~ 10-2 Top e He6onbwOM 
Kon~4ecTee - Ru0 4 . 3Kcnep~MeHTanbHble TeMnepaTypbl oca>KAeH~R 
RuO 3 ~ RuO 4 cooTBeTcTeytOT n~TepaTypHblM AaHHbiM 1 1 ~ ; Hai:1AeHHaR 
3HTanbn~R aAcop61..1~~ Ru03 Ha Keap1..1e, paeHaR -30+7 KKan/Monb, 
TO>Ke xopowo coenaAaeT c n~TepaTypHbiM~ 3Ha4eH~f1M; 1 91

. Ha 
¢ap¢opoeoi:1 TXK TeMnepaTypa oca>KAeH~fl ~ 3HTanbn~R aAcop61..1~~ 

Ru03 HeMHoro BbiWe, 4eM Ha Keap1..1e. ,[\aHHble o noeeAeH~~ RuO 
~ Ru02 B n~TepaType OTCYTCTBYIOT. 
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KBAPU. P~c. 4. PacnpeAene
H~e Mo , Tc ~ Ru no 
An~He TXK a 3aa~c~ 

MOCT~ OT BpeMe H~ 

B03rOHK~ ~ MaTep~a

Ila KOnOHK~, .T = 

so 
40 

30 

20 

10 

ol Al'R1fW ' 'lu ' SO •< ... _. I ..d H.. l l.l.l1...j 

= 1080_:t20 °C; ·-Mo, 
0 - Tc , ~ - P.u; 

Ag - ocTaToK Mo , 
Tc ~ Ru a cepe6pe 
nocne ao3rOHK~ ; P02 = 
= 3· 10-3 Top. 
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3. Pa3AeileHI1e Mo , Tc ~ Ru 

PaccMaTp~Bafl B03MOlKHOCTI1 pa3AeneHI1fl Ru , Mo 11 Tc, yneTy-
4~Ba~~~XCfl ~3 pacnnaea o6ny4eHHoro e~coK03HepreT~4ecK~MI1 
npoToHaM~ MeTann~4ecKoro cepe6pa /p~c. 3 11 ~/, MOlKHO CAenaTb 
cneAY~~~e BbiBOAbl. 

a/ np~ eo3rOHKe e BOAflH~x napax /T - 1080+20 °C/ ~3 cepe6-
pa ~3BneKa~TCfl Tc ~ · Mo , OTAenflflCb OT Ru, KOTopbi.:i nonHOCTb~ 
ocTaeTCfl a pacnnaee cepe6pa. 0AHaKo xopowero pa3AeneHI1fl Tc 
~ Mo np~ ~X OCalKAeH~~ B KBap~eBOH ~ $ap$OpOBOH KOnOHKaX He 

non y4aeTCfl 11 3-3a pa3MbiTOCT~ 30Hbl MoO 3 . 3Kcnep~MeHTbl lKe, 
npoeeAeHH~e np ~ 6one e e~coKo.:i TeMne paType /1140+20 ° C/ , 
P H

2 0 = 10-2 Top, ep eMeH~ eo3 roH K~ 5 M~ H, noKa3an~, 4To np~ 
TaK~x y cnoa~ flx HacTynaeT nonHoe pa3Aen eH~ e Tc ~ Mo I Mo aA
cop6~ pyeTCfl B BbiCOKOTeMnepaTypHOH 30He/, HO OAHOBpeMeHHO 
~ cnapf!eTCfl Ru, KOTOpbiH OCalKAaeTCR BMeCTe C Tc. 

8 
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6 / H3 eneKa~~~eCfl B aTMOC$epe K~CnOPOAa np~ TeMnepaType 
1 080_:t20 °C Ru ~ Tc ocalKAa~TCfl BMecTe Ha K Ba p~e ~ Ha $ap$o
pe, XOPOWO OTAenflRCb OT Mo, KOTOP~H aACOp6~pyeTCfl np~ 6onee 
BbiCOKOH TeMnepaType. 0THoweH~e coAeplKaH~R Tc ~ Ru e ~x 
aAcop6~~0HHOH 30He Ha $ap$opoao.:1 TXK yeen~4~eaeTCR c yMeHb 
weH~eM AaBneH~R K~CnOPOAa, a Ha KBap~eBOH KOnOHKe, He3aB~

C~MO oT AaaneH~R, npeo6naAaeT Ru. C yeen~4eH~eM TeMnepaTyp~ 
AO 1140+20°C KapT~Ha He MeHReTCR ~ B~XOA 3neMeHTOB B 3T~ 
aAcop6~-;0HHble 30Hbl B03pacTaeT He3Ha4~TenbHO. EcTb np~H~~n~
anbHaR 803MOlKHOCTb nonHoro pa3AeneH~R Ru ~ Tc. nocKonbKy 
Ru0 4 ,aAcopo~py~~~HCR 8 xonoAHOH 3oHe TXK, o6pa3yeTCR 8 He-
3Ha4~Ten b HOM KOn~4eCTBe TOnbKO np~ Aa8neH~~ K~CnOPOAa 10-2, 
TO, y8en~4~BaR ero Aa8neH~e, MOlKHO neperOHflTb B 3TY 30HY 
OCH08HY~ 4aCTb Ru. 0AHaKO ~cnonb30BaTb 3TY 803MOlKHOCTb npaK
T~4eCK~ 8 !SOL -ycTaH08Ke Heil b3fl, TaK KaK BepXH~H npeAen 
Aa8neH~R a ~OHHOM ~CT04H~Ke Macc-cenapaTopa pa8eH 10-2 Top. 

a/ npoBOA~Mble B no~cKaX ycnoB~H pa3AeneH~R 3IleMeHT08 
3KCnep~MeHT~ no B03rOHKe 8 CMeC~ K~CnOPOAa ~ napoa BOA~ 
/np~ cooTHoweH~~ 1:3 ~ 1:9 ~ o6~eM Aa8neH~~ 10 - 2 Top/ noKa-
3an~. 4TO aACOp6~~0HH~e 30H~ 6~n~ TaK~M~ lKe, KaK 8 4~CTOM 
K~cnopoAe. Ha6n~Aanocb He6onbwoe yny4WeH~e ceneKT~BHOCT~ 
pa3AeileH~R Ha $ap$Op080H KOilOHKe, KOrAa OCHOBHOe KOn~4eCT80 
Ru OCTaeTCR B 8~COKOTeMnepaTiPHOH 30He ~ n~Wb MeHee 
AeCRTOH 4aCT~ ero, ~cnap~8werocfl 8 8~Ae Ru0 3. 3arpR3HReT Tc. 

TaK~M o6pa30M, B on~CaHH~X ycno8~RX TPYAHO AOCT~4b OAH0-
8peMeHHoro pa3AeneH~R 8CeX Tpex 3IleMeHT08, OAHaKO MOlKHO 
nOA06paTb ycnoa~R nonHoro OTAeileH~fl ABYX 3neMeHTOB OT TpeTb
ero: 8 nap ax BOAbl - Tc ~ Mo OT Ru, 8 cpeAe K~cnopoAa - Ru 
~ Tc OT Mo. a B CMeC~ 3T~X ra30B MOlKHO 8b!Aen~Tb Tc, COAeplKa
~~H He3Ha4~TenbH~e np~Mec~ Ru. 

4. no8eAeH~e ynbTpaM~KPOKOn~4eCT8 APYr~x 3neMeHT08 

0AH08peMeHHO ~ccneAo8anocb noaeAeH~e APYr~x 3neMeHT08 
I Se , Rb , Sr , Y , Zr , Nb , Pd , Rh I, YilbTpaM~KpoKon~-
4eCT8a KOTOPbiX o6pa3y~TCR np~ o6ny4eH~~ MeTann~'-leCKoro ce
pe6pa 8~COK03HepreT~'-lecK~M~ npoToHaM~. He3a8~C~Mo OT ra3a
peareHTa nonHoCTb~ ocTa~TCR a cepe6pe Pd ~ Rh, HeKoTopaR 

4aCTb Zr , Y ~ Sr /4-25 %/ aAcop6~pyeTCfl Ha CTeHKax T~rnR 
~ He TpaHcnopT~pyeTCR no TXK, Nb co apeMeHeM nepexoA~T Ha 
no8epX i!OCTb T~rnR /p~c. 5/, ~ TOnbKO He3Ha4~TenbHaR 4aCTb 
ero 8o3roHReTCR 1-1 ocalKAaeTCR a TXK np~ - 800 °C. 

EionbwaR 4aCTb Rb o6HapylK~8aeTCfl a T~rne. B cpeAe K~cno
POAa MeHee 2% ero ocalKAaeTCfl a 30He TXK np~ TeMnepaType 
-1000° C, a C napaM~ BOA~ OH He 803rOHReTCR COECeM. 
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BAKl::ll:lM - c=:~ 

PHc. 5. YcTaHOBKa AnH H3MepeHHH cKo
pocTH yneTy4HBaHHH cepe6pa. 1 - anna
paTypa H3 KBap4a, 2 - THrenb c cepe6-
poM, 3 - 3neKTpone4b, 4 - TennoH30nH
PY~~He nnacTHHKH, 5 - TepMonapa, 6 -
HrOnb4aT~H BeHTHnb, 7 - MHnnHBOnbTMeTp, 

3 

Xopowo eo3roHH~~HMCH 3neMeHTOM e npHCYTCTBHH H napoe 
BOAbl, H KHcnopoAa oKa3ancH Se. 6onbwaH 4aCTb ero oca>KAanacb 
B xonOAHOH 4aCTH TXK I < 1 00°C/' a B THrne He o6Hapy>KHBanHCb 
Aa>Ke ero cneAbl. /npH Macc-cenapHpoeaHHH npHCYTCTBHe Se 
He 6yAeT MewaTb H3-3a 6onbworo pa3nH4HH Mace Me>KAY Se H Ru, 
Tc ' Mo /. noeeAeHHe As ' Br H Kr He npocne)I{HBanoCb H3-3a 
OTCYTCTBHH npH 3KCnepHMeHTanbHbiX ycnOBHHX nOAXOAH~HX AnH 
HAeHTH$HKa4HH H3oTonoe. 

5. ~cnapeHHe cepe6pa 

HapHAY c APYrHMH 3neMeHTaMH Heo6xOAHMO 6bmo 04eHIHb yne
TY4HBaHHe MaKpOKOnH4eCTB MaTepHana MHWeHH - MeTannH4eCKOro 
cepe6pa, nocKonbKY nony4eHH~e pe3ynbTaT~ no yneTy4HBaHH~ Mo, 
Tc H Ru H3 o6ny4eHHoro cepe6pa. MoryT 6b1Tb Hcnonb3oBaHbl 
npH pa6oTe ycTaHOBKH ISOL c rpaMMOBbiMH KOnH4eCTBaMH ce
pe6pa. OnpeAeneHHe cKopocrH HcnapeHHH cepe6pa npoBOAHnocb 
B ycTaHOBKe, noKa3aHHOH Ha PHC. 5. 

I -2 1 -3 T nocne C03AaHHH He06XOAHMOro AaBneHHH 10 ~ 0 Op 0 2 
HnH napoe BOA~/ B CHCTeMe THrenb, COAep>Ka~HH 7-8 r cepe6pa, 
HarpeeancH AO 970°C /cKopocTb HCnapeHHH Ag no pac4eTaM 
npHMepHo e 8 pa3 MeHbwe, 4eM npH 1080°C 1121 /. 3aTeM e Te4e-
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HHe OAHOH MHHYTbl TeMnepaTypy, H3MepHeMy~ B 4eHTpe THrnH, 
nOAHHManH AO 1080 °C H HCnapeHHe npOBOAHnH B Te4eHHe 30 MHHyT. 
nocne OKOH4aHHH onbiTa ne4b BbiKn~4anH, eeHTHnb noAa4H ra3a
peareHTa 3aKpbiBanH . H nocne nonHoro oxna>KAeHHH CHCTeMy pa36H
panH. CKopocTb HcnapeHHH 6~na onpeAeneHa no noTepe eeca ce
pe6pa e TH rne. 

MaTepHanoM THrnH-KOHTeRHepa cny>KHn rpa$HT. noTepH eeca 
caMoro THrnH, onpeAeneHHaR e KOHTponbHOM on~Te, He npee~wana 
1 Mr 3a 30 MHH He3aBHCHMO OT Ka4eCTBa H AaBneHHH ra3a-peareH
Ta, 4TO COCTaBnHeT MeHbWe 1% OT noTepb cepe6pa 3a 3TO BpeMH 
H HaMHOrO MeHbWe, 4eM norpeWHOCTb CaMHX H3MepeHHH, n03TOMy 
KoppeK4H~ Ha noTep~ eeca cepe6pa e pac4eTax He BBOAHnH. 

MaTepHan~, COAep>Ka~He W02 /$ap$op H KBap4/, He npHrOAH~ 
AnH THrnH KOHTeHHepa, nOTOMy 4TO Cepe6po npH oxna>KAeHHH npH
nHnaeT K CTeHKaM H THrnH H3 3THX MaTepHanoB TpeCKa~TCH . 

.QaHHble 0 CKOpOCTH HCnapeHHH Cepe6pa, nony4eHHble npH pa3-
nH4HbiX ycnOBHHX 3KCnepHMeHTa, npHBeAeHbl B Ta6nH4e. 

CKopocTb HcnapeHHH cepe6pa npH 1080°C oKa3anacb He3aeH
CHMoR OT ycnOBHH AHHaMH4eCKOro BaKyyMa /10- 4 ~ 10-2 Top/ 

-4 2 
H paBHOH -10 r/CM •C, 4TO COBnaAaeT CO 3Ha4eHHHMH, nony4eH-
HbiMH paHee AnH 1 o-6 Top 1 121 . 

Ta6nH4a 

ra3-peareHT KHCJlOPOA napw BOAbl 

AaeneH><e 10-3 3·1o-3 10-2 10-3 3· 10-3 10-2 10 -•. 

CKopocTb 0,099+ 0 ,097+ 0,092+ 0 ,089!;_ 0,099+ 0,095+ 0. 109!:_ - 0,007- 0,016- 0,019- 0,020-\o1CnapeHHA 0,032 0,019 0,031 
/Mr/cM2 ·C/ 

CKOPOCTb 0,356+ 0,349+ 0,332+ 0,320+ 0,356+ 0. 342.+ 0,392!:_ - 0,025- 0,058- 0,068- 0,068- 0,072-~ootcnapeHHA 0,115 0,112 
/r/CM2 •4/ 

nap~ cepe6pa /e OnbiTax no yneTy4HBaHH~ Mo 'Tc H Ru I 
oca>KAa~TCH Ha noeepxHOCTH TXK B .TeMnepaTypHoM HHTepeane 
800-950°C e 3aBHCHMOCTH OT ycnoeHR on~Ta. B PHAe cny4aee, 
KOrAa npH B03rOHKe B napax BOAbl Mo H Tc OCa)I{Aa~TCH B 6onee 
rOpH4eH 30He, He06XOAHMO 6yAeT C4HTaTbCH C He6onbWHMH, HO 
nOCTOHHHbiMH npHMeCHMH cepe6pa, KOTOPble, AOCTH raH HOHHOro 
HCT04HHKa, C03AaAyT HeKOTOp~e npo6neMbl, Kaca~~HeCH yCTOH-
4HBOH pa60Tbl caMoro HOHHOro HCT04HHKa H Tpe6y~~He AanbHeRwero 
HCCneAOBaHHH, 
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BbiBOAbl 

1. l-13y4eHo yneTy4HBaHHe ynbTpaMHKpoKonH4eCTB Mo , Tc 11 
Ru npH HI13KHX AaBneHHRX KHCnOpOACOAepma~HX ra30B 113 pacnna
sa MeTannH4ecKoro cepe6pa, o6ny4eHHoro npoToHaMH c 3HeprHe~ 
660 MaB Ha CHHxpo~HKnOTPOHe OHRH, 11 HX pacnpeAeneHHe np11 
ocamAeHHH a TepMoxpoMBTorpa$H4ecKo~ KonoHKe /TXK/. Hccne
AOBaHo BnHRHHe Ha 3TH npo~eCC~ MaTepHana KOHTe~Hepa AnR 
MHweHH 11 TXK /$ap$op, Ksap~/, cocTasa 11 AaBneHHR ra3os /KHc
nopoA, nap~ BOA~: 10-2 + 10-a Top/, speMeHI1 so3rOHKI1. H3y-
4eHo TaKme HcnapeHHe MaTepHana MI1WeHI1-cepe6pa np11 HI13KI1X 
AasneHI1RX 11cnonb3yeM~x ra3os-peareHTOB. 

2. Pe3ynbTaTbl noKa3anl1, 4TO np11 TeMnepaType 1 080.:!:_20° C 
a napax BOAbl Ru He 113BneKaeTCR, Bb1AeneHI1e Tc e ra3osyl0 
$a3y npOI1CXOA11T aHanOri14HO MOn116AeHy, B cpeAe me KI1CnOpOAa 
cTeneHb yneTy411BaH11R aneMeHTOB yMeHbwaeTCR s PRAY Ru > Tc>Mo. 

~ 113y4eHH~X ycnOBHRX TPYAHO AOCTI14b nonHero pa3AeneHI1R 
BCeX yneTy4HBW11XCR 3neMeHTOB, OAHaKO MOmHO nOA06paTb ycnOBI1R 
OTAeneHI1R ABYX 3neMeHTOB OT TpeTbero: B cpeAe K11CnOpOAa -
Ru 11 Tc OT Mo, a BOARHbiX napax - Tc 11 Mo oT Ru , a s cMec11 
3TI1X ra30B MOmHO BbiAenRTb Tc, COAep>+<a~l1~ Mance KOnl14eCTBO Ru. 

3. nony4eHH~e pe3ynbTaT~ no 11cnapeH1110 cepe6pa noKa3anl1, 
4TO 113 rpa$11TOBOrO Tl1rnR cepe6po 11CnapReTCR CO CKOpOCTbiO 
0,096.:!:_0,020 Mr/cM2•c /0,346.:!:_0,072 r/cM2 .4/ He3aBHCI1MO OT 
Ka4ecTsa 11 AaBneHI1R ra3a-peareHTa. 
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