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EpyxepTaae~ep X. H ap. P7 - 12280 

BbiaeneHHe aneMeHroa - npoayKTOB HaepHbiX peaKUHH 
H3 aniDMHHHesoro c6opHHKa c ucnonbaoaaHHeM HX neryqecrH 

AnJOMHHHeaaH ~onbra - c6opHHK aroMoa OTUB'IH H3 HaepHblX peaKUHII 

flOll J].eACTBH9M TSI.>KenhiX HOHOB, UOM9lll9HH8SI H8 llOpOlllOK rpa4JHT8, Harpe

aanaCb a Kaapueaoe annaparype a TOKe renHH npH paanH'IHbiX TeMneparypax, 

annoTb ao 1170°C. npH aTOM aocrHranocb npaKTH'leCKH nonHoe ( > 80%) 
BbiaeneHHe nery'IHX aneMeHToa ( Hg , Tl , Pb , Bi , Po H ap.) Ha 
xono.uaoM rauranoaoM c6opHHKe. B anJOMKHHH ocraiOTCH rrnaTHHOBbie, naa

TaHHUHbie H apyrHe HeneTy'IHe aneMeHTbi. 

Pa6oTa Bb!U011HeHa B na6oparopHH !laepHblX peaKUHII OIHII1. 

npenpHHT 06beUHH9HHOrO HHCTHTyTa HaepHblX HCC1leUOB8HHII, ay6Ha 1979 

Bruchertseifer H. et at. P7 - 12280 
Separation of Elements Produced in Nuclear Reactions 
from an Aluminium Catcher Foil by Volatilization 

An aluminium foil serving as a catcher for recoil atoms from 
nuclear reactions induced by heavy ions was placed on graphite 
powdet and heated in a quartz equipment in helium stream at 
different temperatures up to ll70° C. As a result, almost quanti
tative ( > 80%) separation of volatile elements ( Hg , T1 , Pb , Bi 
Po and others) has been achieved on a cold tantalum collector 
foil. Platinum, lanthanides and other non-volatile elements are 

retained in aluminium. 

The investigation has been performed at the Laboratory 

of Nuclear Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

BBE,llEHHE 

llpB BCCne~OBaBBB npo~yKTOB B~epHWX peaKU8H, BW3WBaeMWX 

TBJKenWM8 BOHaM8, B Ka'leCTBe c6opH8KOB aTOMOB OT~a'l8 /c6op

H8KOM MOJKeT cnyJK8Tb 8 llO~nOlKKa M8WeH8/ 'faCTO llp8MeHBIOTCB 

aniOM8H8eBWe l)on&r8, 8MeiOJUBe pB~ npe8MYIUeCTB C TO'IK8 3peH8B 

1)83B'Iecxoro 3Kcnep8MeHTa. O~uaxo np8 pa~80X8M8'1ecxoM auan8-

3e TaK8X c60pH8KOB MeTO~Il;M8 X8M88 paCTBOpOB C nen&IO BW~ene

H8B o6pa30BaBW8XCB B B~epHWX peaKU8BX MHOr8X TBJKenwx Jne

MeHTOB, a TaKJKe B03MOJKHWX CBepXTBJKenwx 3neMeHTOB BCTpeqa

IOTCB Tpy~HOCT8, CBB3aHHble C np8CYTCTB8eM 3Ha'I8TenbHWX KOnB

'IeCTB an10M8H8B B paCTBOpax /np8X0~8TCB 8CITOnb30BaTb l)on&r8 

~ooon&uo 6on&woA TOnut8HW, 'IT06bl o6ecne'I8Tb nonuoe nornome

H8e npo~yKTOB B~epublx peaxnaA/. 

B uacToBmeA pa6oTe npe~naraeTCB MeTo~ 6blcTporo Bbl~eneH8B 

pB~a neTy'I8X 3neMeHTOB npo~yKTOB peaxn8H 83 anwM8H8eowx 

c6opn8KOB 8cnapen8eM, no~o6uwA MeTo~y 83Bne'leH8B 3T8X 3ne

MeHTOB 83 Cu , Ni , Au 8 rpai)8Ta 111
. llp8 3TOM ~an&neAwyro 

o6pa6oTJcy c6opuaxa c nEm&ro ow~eneH8B ManoneTy'I8X 3neMeHTOB 

Y.Z.06HO llp083B0~8Tb ITO MeT0~8KaM pa3~eneB8B B BO~HWX pacT

BOpax. 

3KCIIEPHMEHTAJlhHA.Jl IJACTh 

OnbiTbl npooo~8n8c& c anroM8HBeooA l)on&roHjTonut8Ha -

10-15 MKM, pa3Mep-10x25 .w.w 2 I, xoTopaB cnyJK8na c6opH8KOM 

np8 o6ny'leH8BX 30nOTOH /6 MKM/ 8 ra~OnBH8eBOH /1 MKM/ MHWe

HeH 80HaM8 12 c c 3Hepr8eH 110 M3B ua naxnoTpoue Y-300 
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Jla6opaTopHH JI.D;epHbiX peax~Hi OHJIH. AnnapaTypa ,D;nJI Bbi,D;ene

HHJI neTy'IHX 3neMeHTOB H3 Al I puc. 11 cocToJina H3 KBap~eBoi 

Tpy6KH BHyTpeHHHM ,D;HaMeTpOM 5 MM H ,D;BYX ne'leB ConpOTHBneHHJI 

C Pt·- Pt(Rh) -TepMonapaMH. lJepe3 Tpy6Ky CO CKOpOCTbiO 20 MA/MUH 

nponycxancJI rena&, KOTOpbiB npe.D;BapaTen&Ho oqamancJI Ha.D; Ha

rpeToi ,II;O 800 ° C UHPKOHHeBOB CTpy)I(KOB, JaBepHyTOB B TaHTa

noByro ll!on&ry. CBepHyTaJI anroMHHHeBaJI ll!on&ra noMemanac& BO 

BTOpyro ne'lb B pa3nH'IHbiX OnbiTaX nH6o Henocpe,D;CTBeHHO Ha KBap

UeBOe CTexno, na6o Ha cnoa nopowxa H3 'IHCToro peaxTopHoro 

rpall!aTa. JleTy'IHe npo,D;yKTbl oca)I(JJ.anac& Ha TaHTanoBoi ll!on&re 

B xono,D;Hoi 'laCTH Tpy6xa. HarpeBaHHe npoHJBO.D;Hnoc& Hecxon&xo 

pa3 no 15 MHHYT, npH 3TOM TeMnepa Typa Ka)I(,II;biB pa3 nOBbiWa

naCb npH6nH3HTenbHO Ha 100°, BnnOTb ,II;O 1170° C, npH'IeM TaH

TanoBaJI ll!on&ra Ka)I(,D;biB pa3 cMeHJinac&. 

. . e--~-·•:! He~ :·· .( •• • • • .. ~ 3 f. I 

.......... j I 

Puc. 1. YcmaH06Ka OA.R 6biOeAeHU.R Aellly'iux 3Ae..weHmoa U3 aAIO..wu
HU.R: 1 - ne'iu conpo•uaAeHu.R; 2 - Pt (Rh)-Pt 111ep..wonapbl; 3 - ze•
•ep- ijUpKOHUe6a.R ClllpyJICKa, 3a6epHylla.R 6 JfQHIIIQA06YIO (JoA&zy; 
4 - nopowoK zpa(Juma; 5 - aAIOMUHueaa.R (JoA&za- c6opHuK; 6 -
llaMnOH U3 K6apije60U 6QJfbl; 7 - IIQHJfQA06a.R (JOAbZa- c6opHUK Aellly
'iUX 3AeMeHII06. 

fiocne OKOH'IaHHJI OnbiTa C nOMOmbro cneKTpOMeTpa }' - H3ny'le

HHJI H3MepJinOCb pacnpe,D;eneHHe 3neMeHTOB Me)I(,D;y noBepXHOCTbiO 

KBapua, rpall!aTa, anroMHHHJI H TaHTanoBoro c6opHHKa. Hcnon&Jo

BanCJI Ge (Li) - ,D;eTe.KTop o6'beMoM 35 c..w 3 c paJpeweHHeM 2,5 K3B 

,D;nJI 3HeprHH 661 K3B. 

PB3YJibTATM H OECY)J(,l(BHHB 

B nepBbiX onbiTax no Bbi.D;eneuaro neTy'IHX 3neMeHTOB H3 anro

MHHHeBbiX C6opHHKOB, npoBe,D;eHHbiX 6e3 HCnOnb30BaHHJI rpall!HTO" 
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Boro nopowxa, anroMHHHeBaJI ll!on&ra pacnnaBnJinac&, pacTeKaJICb 

no KBapueBOMy CTeKny, npH 3TOM npOHCXO,D;Hno 'laCTH'IHOe cnexa

HHe anroMHHHJI c xBapueM. Bhi.D;eneHHe ,D;a)l(e HaH6onee neTy'IHX 

JneMeHTOB - Hg , Po H Tl - npa TeMnepaType "' 1200" C Ja 

15 MHHYT B 3TOM cnyqae He npeBbiWano 30~. BH.D;HMO, cnoB 

OKHCH HnH CHnHKaTa Al, B KOTOpOM ,II;H4l41Y3HJI 3aTpy,D;HeHa, npe

nJITCTByeT BbiXO,D;y neTy'IHX JneMeHTOB Ha noBepXHOCTb /2/. 

B TOM cnyqae, xor,D;a ll!on&ra noMemanac& Ha rpall!HTOBbiB 

nopowox, pacnnaBneHHbiB Al o6pa30BbiBan wapax, He cMa'IHBaJI 

rpall!HT. fi03TOMY He npOHCXO,D;HnO, nO-BH,II;HMOMy, cymeCTBeHHOf'O 

o6pa30BaHHJI Kap6H,D;a Al, XOTJI OHO TepMO,II;HHaMH'IeCKH B03M0)1(" 
H0/3,4/. 

llpa pacnnaBneHHH ll!on&rH npaMeCHble aTOMblpacnpe,D;enJIIOTCJI 

B o6'beMe xanna anroMHHHJI B cpe,D;HeM Ha JHa'IHTen&Ho 6on&weM oT 

noBepXHOCTH paCCTOJIHHH, 'leM B TBep,D;biX MeTannH'IeCKHX c6op

HHKax·ll!on&rax, 'ITO, O,D;HaKO, no OUeHKaM 
15 ~ KOMneHCHpyeTCJI 

6on&WeB CKOpOCTbiO ,II;H4l41Y3HH B )I(H,II;KOM MeTanne 16-B/ . 

HJ puc. 2 BH,D;Ho, 'ITO Hg , Tl , Po Bbi,D;enJIIDTCJI JHa'IHTen&Ho 

6blcTpee, 'leM Pb H Bi. TeMnepaTypbl ,D;nJI 50~-Horo yneTy'IHBa

HHJI JTHX 3neMeHTOB npaBe,D;eHbl B Ta6n. 1. Hx cpaBHeHHe c auano-
/11 f'H'IHbiMH ,D;aHHbiMH no Bbi,D;eneHHJO H3 rpall!HTa noKa3biBaeT, 

'ITO TeMnepaTypbl yneTy'IHBaHHJI H3 Al cymecTBeHHO BbiWe, H noJ

TOMY a.D;cop6UHH Ha rpall!HTOBOM nopOWKe He ,D;O~HO 6b1Tb. 

XapaxTep JaBHCHMOCTH cyMMapHoro Bbi,D;eneHHJI F oT TeMne

pa Typbl I puc. 21 noxaJbiBaeT, 'ITO B cnyqae Hg , Po , Tl. cxopo-

Ta6Auija 1 
TeMnepaTypbl ,D;nJI .D;OCTH)I(eHHJI 50~-Horo yneTy'IHBaHHJI Hg, Tl 
Pb , Bi , Po H3 anroMHHHJI H rpall!HTa 

3neMeHT 

Hg 
Tl 
Po 
Pb 

Bi 

TeMnepaTypa nm1 nocTHMeHHSI 50%-aoro 
yneTy'IHBBHHSI B ° C 

113 anJOMHHHSI aa rpaqmTe 113 rpa$HTa 

780 
780 580 
770 450 
960 680 

1030 730 
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Puc. 2. 3aaucu.woc•b cy.w.wapHozo 6biOeAeHU.R Hg • Tl 

Po o• •e.wnepa•YPI>I. 
• Pb • Bi • 

CTH Bbl,neJieHHJI KOTOpbiX H3 )I(B,nKoro Al npaKTB'IeCKH O,nBHaKOBbl 

B CJia6o 3aBHCJIT OT TeMnepaTypbl, npouecc Bbl,neJieHHJI, BB,nBMO, 

JIHMBTBpyeTCJI ,nu4Jc)y3Heii B amoMHHBB, B TO BpeMJI KaK Ha CKO

pOCTL Bbl,neneHBJI Pb B Bi. KOTOpble 3Ha'IHTeJILHO MeHee neTy'IB, 

6onLwoe BJIHJIHBe oKa3biBaeT TaK)I(e ,11,ecop6uuJ1 c noaepxHocTll Al . 

TaKBM o6pa30M, no BHTerpaJILHOH 3aBBCHMOCTB Bbl,ll,eJieHBJI F OT 

TeMnepaTypbl MO)I(HO Ka'leCTBeHHO OUeHBTL JieTy'leCTL Bbl,ll,eJIJieMbiX 

3JieMeHTOB. 3TO npe,ncTaBJIJieT 60JILWOH HHTepec B CBJI3B C pa6o

TaMH no noBCKY B CBHTe 3Y CBepXTJI)I(eJibiX 3JieMeHTOB /CT3/. 

Ta6A. 2 noKa3biBaeT pacnpe,ll,eJieHHe HeKOTOPLIX JJieMeHTOB 

nocne OKOH'IaHBJI onLITa. HeneTy'IBe 3JieMeHTLI Sc , Zr , Tb ,Er 

Tm , Pt , Au , a TaK)I(e, O'leBB,nHo, nerKHe aKTBHB,II,bl ocTaJOTCJI 

nocJie HarpeBaHBJI B aJIJOMHHBB. Ha rpa4JBTOBOM nopowKe o6Ha

py)l(eHa He3Ha'IHTeJILHaJI 'laCTL MHOrBX 3JieMeHTOB, 'ITO MO)I(eT 

6LITL CBJI3aHO C npHCYTCTBBeM MeJIKBX Kanem, aJDOMBHBJI HJIH CJie

,11,08 Kap6B,na aJIJOMHHBJI. H TOJILKO MapraHeU, BMe10UUIH OTHOCB

TeJILHO Bb1COKY10 JieTy'leCTL B B TO )l(e BpeMJI 60JILWYiO CKJIOHHOCTL 

K o6pa30BaHH10 Kap6B,nOB, OCTaeTCJI Ha rpa4JHTe B 3Ha'IBTeJILHOM 

KOJIB'IeCTBe I oKoJio 30~/. 

Henocpe,II,CTBeHHO Ha KBapueaoii noaepxaocTB oca)l(,ll,a10TCJI B 

3THX YCJIOBHJIX 3JieMeHTbl, HMeJOUUie O,nHOBpeMeHHO BbiCOKY10 Jie

Ty'leCTL B CKJIOHHOCTL K o6pa3oBaHH10 HeJieTy'IBX OKHCJIOB BJIH 

CBJIHKaToB. 3To npe)l(,ll,e acero Na, KOTOpblii a.ncop6upoaancJI aa 
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KBapue B KOJIB'IeCTBe 6oJiee 90~, TaKBM )l(e o6pa30M MOryT BeCTH 

ce6JI ,npyrue IUeJIO'IHble, TJI)I(eJible ll(eJIO'IHo- JeMeJILHble B, B03MO)I(

Ho, JierKOJieTy'IBe JiaHTaHOB,nHLie (Yb ,Eu) B aKTBHOB,nHble (Cf-Md) 

3JieMeHTbl B TOM CJiy'lae, eCJIB ORB He 6y,nyT a,ncop6BpOBaTLCJI y)l(e 

aa rpa4JuTe. 

)l.JIJI y - cneKTpOMeTpH'IeCKBX B3MepeHHH Cyll(eCTBeHHO, 'ITO 

B amoMHHHB H Ha TaHTanoaoii 4JonLre oKa3biBaeTCJI JIHWL He3Ha

'IHTeJILHaJI ,noJIJI 
24 Na, aKTHBHOCTL KOToporo o6LI'IHO BeJIHKa. 

JleTy'IHe 3JieMeHTbl, He o6pa3y10UUie yCTOH'IHBLIX HeJieTy'IHX 

OKHCJIOB, CHJIHKaTOB H Kap6H,II,OB, OCa)l(,ll,a10TCJI Ha TaHTaJIOBOH 

4JonLre B xono.nHoii 'laCTH Tpy6KH. 3To npe)l(,ll,e acero 3JieMeHTLI 

Hg , Tl , Pb , Bi , Po. 3,necL, no-BH,II,HMOMy, MO)I(HO oca,II,HTL 

Zn , Cd) ranoreHLI, a TaK)I(e runoTeTH'IeCKHe JJieMeHTLI 112-118, 
T .K. 3KCTpanoJIJIUHH u pac'leTbl yKa3biBa10T, 'ITO 3TH CT3 _noJI)I(HLI 

6 - /9 10/ 
0 Jia,ll,aTL BbiCOKOH JieTy'leCTL10 ' · 

CJie,ll,yeT OTMeTHTL, 'ITO nocJie,nHJIJI 4JpaKI(HJI HMeeT O'leHL 

BLICOKY10 CTeneHL O'IHCTKH OT aKTHHOH,II,OB /no OUeHKaM > 109 
lllf, 

Ta6AU11a 2 

Pacnpe.neneHue JJieMeHTOB B ycTaHOBKe nocne HarpeaaHHJI 

.no 1170°C B~ 

3neMeHT AmoMHHHH fpaqmT KBapu TaRTan 

Na - 1,8 92,9 5,3 

Sc 92,4 7,6 
Mn 67,3 32,7 
Zr 91,2 8,8 
Tb 90,5 9,5 
Er 91,9 8,1 
Tm 95,2 4,8 
Au 98,5 1,5 
Pt 95,1 4,9 
Hg 4,2 6,4 - 89,4 
Tl 3,7 2,8 3,1 90,4 

Pb 9,8 4,2 0,8 85,2 

Bi 5,8 10,5 1,7 82,0 

Po - - - 100,0 
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OnbiTbl noKa3anu, 'ITO nocne TepMB'IecKoii: o6pa6oTKB wapBK 

amoMBHBR nerKO paCTBOpReTCR 6e3 OCTaTKa y~e B pa36aBneHHbiX 

pacTBopax ranoreHOBo~opo~HbiX KBcnoT. Pa3~eneuue nnaTHHOBbiX 

:meMeHTOB H aKTBHOH~OB B OT~eneHBe BX OT Al MO~O ycneWHO 

npoBeCTH C npHMeHeHHeM 3KCTpaKUHOHHOH xpoMaTorpa~HH C TpH-

6yTHn~oc~aTOM B cooca~~eHHeM c La(OH)
8

• CooTBeTCTBeHHO~anb

ueilwyiO O'IBCTKY, ecnB 3TO llOTpe6yeTCR, MO~HO BblllOnHHTb flO 

CTaH~apTHbiM aHanHTB'IeCKHM MeTO~HKaM. 

Y~aneuHe pa~Bo3neMeHTOB c rpa~HTa npoH3BO~HTCR c Tpy~oM; 
~a~e ropR'IaR "uapcKaR BO~Ka" paCTBOpReT HX nHWb He3Ha'IHTenbHO. 

0~HaKO 3TO He CTOnb cy~eCTBeHHO, T.K. Ha rpa~HTOBOM llOpOWKe 

a~cop6upyeTcR ue6onbwoe KOnH'IeCTBO 3neMeHTOB. 

TaKHM o6pa3oM, ~aHHaR MeTo~HKa RBnReTcR yHHBepcanbHOH 

~R 6biCTporo H llO'ITH nonuoro Bbl~eneHHR 60nbWHHCTBa 3neMeHTOB 

H3 amoMHHHeBoro c6opHHKa. 

ABTOpbl Bblpa~aiOT 6naro~apHOCTb aKa~eMHKY r .H.f!lnepOBy 

B npo~. IO.U..OrauecRHY 3a HHTepec K pa6oTe. 
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