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1. BBEnEHME 

'I'epsroxporaarorparpan MeTàJIJIH1JecKHX 3JIeMeHTOB aa MeTaJIJIWleCKHX 

KOJIOHKax OTKphIBaeT aoasre axcnepasrenrarrsasre B03MO:IKHOCTH nJIH 

p3.3neJIeHHH H 01JHCTKH pa.nHOaKTHBHhlX 3JIeMeHTOB. 

B 0630pax /1.5,6/ rrpaseneasr paCC1JHTaHHhle H 3KCnepHMeHTaJIbHble 

naaasre no 3HTaJIbtnfH anCOp6IJ,HH r3.3006pa3HhIX MeTaJIJIOB na MeTaJIJIH

1JeCKHX nOBepXHocTHX, xoropsre He06xonHMhI nJIH oueaxa B03MO:iKHOCTeH 

repraoxpoeaaror-parpavécxor-o pa3AeJIeHHH 3JIeMeHTOB. OnhITHbIX n8HHhIX 

noxa H~eeTCH MaJIO. B paôorax /1.2/ rrpezrrroxcen nOJIY3MnlfpMtleCKHH 

cnocoõ pacxera 3HTaJIbnHH ancopõuaa, OCHOBaHHhIH aa HCnOJIb30Ba

HHH MeTO)J;OB CTaTHCTH1JeCKOH TepMOnHHaMHKH. BhI1JHCJIeHhI 3Ha1Je

HHH nJIH pana KOM6HHaUHH ancopõar - ancopõenr /3/, B TOM 1JHCJIe 

nJIH ancopõuaa rHnOTeTMtlecKHX cBepXTH)f(eJIhIX 3JIeMeHTOB/ 4, 71. B na

CTOHIUeH paõore 3THM cnocoõosr paCC1JHTaHhI 3HTaJIbnHH ancopõuaa 

nJUI 60JIbIllerO aaõopa KOM6HHaUHH. Bsrecre c pe3YJIbTaTaMH rrpesc

HHX pa60T, xoropsre snecs raxsce npasonarca, OHH, no-BH):(HMoMY, 

OXBaThIB8lOT 60JIblllHHCTBO cnyxaea, xoropsre MorYT HMeTb npaxra

1JeCKOe 3Ha1JeHHe. HaMH oueneasr raroxe rexmeparypsr OCR)f()J;eHHH 

"CTaH,lJ,apTIlhIX" YCJIOBHH ornara, 1JTO zraer HarJIHAHoe npencraarreaae O B03

MO:iKHQCTHX pa3neJIeHWI H MO)f(eT nosrom. rrpn BhI60pe OnTHMaJIbHhIX 

.c 3TOH TOqKH 3peHH.!I ancopõearoa nJIH sanaaastx csreceã. 

2. OCHOBHWEnOnO~EHHR 

2.1. PaC1JeT 3HTaJIbnHH ancopõuaa 

3HTaJIbIlHH ancopõuaa ra3006pa3HOrO ~eTaJIna aa nonepxaocra ztpyro

ro MeTaJIJIa npa HYJIeBOM "3anOJIHeHHH 6H ~ paCCMaTpl1BaeTCH HaMH KaI( 

cYMMa 3HTaJIbIrnH necy6JIHMaUHH H nH<p<pepeHUHaJIbHOH MonHpHOH HeTTo

3HT8J1bIlHH ancopõuaa, KOTOpaR asrseneaa KaK 3MnHpWleCKaR cPYHKUHH 

3HTaJIbIIHH pacraopeaaa ancopõara B raepnosr MeTaJIJIe-a.u.cop6eHTe H ae

06xonHMOH 3HeprHH BhITecHeHHH. nOcneJJ;HIDI3aBHCHT OT OTHocwreJIbHOrO 

aToMHoro 06DeMa paCTBopeHHoro KoMnOHeHTa H 3HeprHH 06pa30BaHHH 

ne<PeKTOB B TBepnOM MeTanne. 6 fi O paCC1JHThlBaeTcH no ypaBHeHHIO /1/a 
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eCJIH ,nH<p<pepeHUMaJlbHaJI MOJIHpHaJI 3HTaJIbIIHH paCTBOpeHHH TBep,nOrO 

ancopõara A B rnepnora ancopõenre B npa õecxoaeanosr pa36aBJIeHHH 

60JIbIlle 5 K,UJKjr-aToM. 

ECJIH JKe ~Ho < 50 K,UJKjr-aToM, TO HCnOJIb3yeTcH ypanneaae

LS
 

-O ' O - V AL - V A L 
~Ha2= - ~HD + 0,9 (~HLS- -- . ~HvJ + -- ~Hov. (2)

VB VB 
OB 3THX ,nBYX ypasaeaaax ~H D - CTaH,napTHaJI MOJIHpHaH snransnaa cy6

13 /,
JIHMaUHH llHCToro ancopõeara A 1 VAL - MOJIHpHblH 06õeM KOMno~ 
HeHTa A B T..Bep,nOM pacrnope B, VB - MOJIHpHblH 06õeM llHCToro KOMno

HeHTa B, ~Hvv - aaransrraa 06pa30BaIIlliI 06õeMHblx zrerpexroa B peiuer
Ke_ B H ~Hov - 3HTanbnHR 06pa30BaHHH nerpercroa na nOBepXHOCTH B. 
~H L S HaxO,nHT no Mo,neJIH Maânesia 19 - 121
 

213
 
- 2 VAL' p. N * 2 Q 1/3- 2 R m
 

~HLS= ------------ (-e(~cp) - (~TJ WS) - - ) , (3)
 
( A r 11.3+ (TJB r 1l3 P P


TJ ws ws 
a VAL páCCllHTbIBaeTCH no <POPMYJIe 

2 / 3 
V V2/3 (1 (* .+.*)) (4)AL = A + a cp A - 'f' B • 

3.neCb cp Â. B -- napar-rerpsr 3JIeKTpOOTpHuaTeJIbHOCTH KOMnOHeHTOB A 
H B, T1 A •B - nJIOTHOCTb 3neKTpOHOB na rpaaaue HlleHKH Barnepa 
3eHTua 

WH,JIH KoMnoHeHTOB A H B, VA - MOJIHpHblH 06õeM llHCToro KOMno

HeHTa A, a P, Q H R - 3MnHpWleCKHe napar-rerpsr 111/.m 
B Ta6JI.l npaaeneasr HYJKHbIe acxornnae cPH3HllecKHe H TepMo,nHHaMH

xecxae KOHCTaHTbl, a B Ta6JI.2 - 3HaqeHHR P, li Rm .n;JIH paanasasrx 
THnOB 3JIeMeHTOB npa pa3JIHl{HbIX KOM6HHaUHRX ancopõerrrsr-ancopõa
Thl ;'9- 12/. 

2.2. YpaBHeHHe AJIH TeMnepaTypbl ocaxcneana 

YpaBHeHHe, caassmaromee anrarrsnmo a6cop6UHH H napar-rerpsr, xa

paxrepaayroutae YCJIOBHH H peayrrsrarsr onsrra 12< HMeeT naa BapHaIITa, 
. t 

COOTBeTcTByromHX ABYM Mo.n;eJIHM ancopõuaa - nOABHJKHOH H JIOKaJlH30

B8.HHOH: 

-O -O 
t . v . g . " -~Ha ) -~H1 O----------- fEi*(RT - Ei*(-~ )l (5), RTV ~-SO ,mob A s s 1 . To' - exp (_.JL:. ) 

}~A R 
H 

t".j v1 · g . "O 
-O _~HO 

fE i*C~!.I a E i*( __a )]. (6)
-~-.-l-v---- (~s~ ,loc . RT--) 

RTss 1· T . exp ----'_IL--_, A
 

O A(1-00) R
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3.n;eCb t - BpeMH onsrra, g - rpanaear TeMrrepaTypbI (g < O). nOCTo

HHHbIH ~.n;Onb KOnOHKH; Uo - pacxon ra3a-HOCHTenH npa CTaH.n;apTHbIX 

ycrroanax; s 1 - cB060.n;HaH rronepxaocrs. na e.n;HHHUY znraasr KonoHKH; 

v 1 - cB060.n;HbIH 06õeM KonOHKH na e.n;HHHUY .n;nHHLI; TA - TeMnepa

TY"'pa oCIDK,D;eHHH, T S - TeMnepaTypa CTapToBOH n03Hu;HH; T = 298 K; 
~H~ - .n;HcP<pepeHUHanbHaH MonHpHaH CTaH.n;apTHaH 3HTanbITIDI ancopõ
UHH; V - MonHpHbIH 06õeM raaooôpasaoro azicopõara B cTaH,D;apTHOM 

COCTOHHHH; A - rrnomans onaoro MOJlH, a.n;COp6HpOBaHHOrO na 1I0BepX

HOCTH B CTaH.n;apTHOM COCTOHHHH, 00 - CTaH.n;apTHaH creneas rroKpbITIDI, 

E i:l'(x) - mrrerpansaaa noxaaarensaas cPYHKI:UiH. 

CTaH,D;apTHOe COCToHHHe B cnyxae IIO.n;BH)KHOH ~COp6UHH y.n;06HO BbI

õpars KaK VI A = 1 CM. 

B cnysae nOKanH30BaHHOH a.n;CQp6I:UiH He06xo.n;HMO onpenemrrs CTaH

napraoe 3HatIeHHe ornem-ao .n;nH V H A. B KatIeCTBe CTaH,IJ;apTHbIX npHHHTbI 

YCJlOBHH, V = 2,4775xt010 CM3 , tITO COOTBeTcTByeT MOnHjHOMY 06õeMY 

nneansaoro rasa IIpH T = 298 K H naaneaaa 1 .n;HH/CM ,H A=2,4775x 

x10 10 CM 2. 
MonHpHYIO IIJlOIIJ;a.n;b ancopõara B COCTOHHHH IInOTHO yrraKOHaHHOrO 

CJlOH A orrpenenana IIO cP0pMyne 

7 2/3- 2 (7)
A m = 2J 3 . N . rA(8) = 6,463 x 10 VA L • 

KOTopaH nonpasysreaaer, tITO aTOMbI ancopêara HMelOT nnorayro yrraxoaxy 
c KOOp.n;HHau;HOHHbIM tIHCnOM 8 /8/, a panayc aTOMOB r A(8) MeIJH~TCf 
scnencraae IIepeHOCa sapana B6nH3H MeTanJlHtIeCKorO ap;cop6eHTa 9 10 . 

Torna CTaH,D;apTHaH crenens 1I0KpbITIDI OO = AI Am • 

3~TPOlImo IIO.n;BH:>KHOH H nOKanH30BaHHOH Mcop6I.J;HH paCCtIHTbIBanH 

IIO ypaBHeHIDIM, COOTHeTCTBeHHO, 

_ 1 KT Y2 (8)~Sa,mob = RIu r----- (--) J + ih R 
1(eM)· v 211m 

H 

N ~) (~T_) 
3/2 

+ 3/2 R. (9)
~Sa,lob RIn (~M)-•. A V 211mm 

rne m - Macca MoneKYnbI ancopõara, K - KOHCTaHTa BOJILUMaHa, N 
tIHCnO Anoranpo, v - OCHOBHaH ~cToTa Kone6aHIDI aTOMOB MeTannHtIe

cicoro a.n;cop6eHTa, KOTOpaH paccsarsmaerca aa oCHOBe 3HalJeHHH xapax
TepHCTHtIeCKHX TeMlIepaTYP ,Ue6aH O~, v = K· OB I h (h - nOCTOHHHaH 

Ilnaaxa). . 
C~rJIaCHO paõore /3/, IIO.n;HH:>KHaH a.n;cop6u;HH aaõrnonaerca npa ycnona

HX ~HLS > 50 K,UJK/r-aTOM H TA I T SB > 0,37 (T~ - TeMrrepaTypa 

nnaaneaaa ancopõeara) , H nOKanH30HaHHaH - ecrra ~HLg: 50·K.lVK/r-aTOM 

H TA ITSB ~ 0,37. 

6 

Ilpa paClJeT3X sarponaa B 06eHX Mo.u;errJIX npennorraraerca, tITO ancop
6aT Haxo.n;HTCH B COCTOHHHH H)J;ea.JThHOrO rasa. 

B ancopõapoaaaaosr cocroaaaa H cnysae nOKaJlH30HaHHOH a.n;COp6UHH 

aTOMbI ancopõara HivIeIOT TpH rcorreêarerrsnsre H ae HMeIOT nOCTYlIaTenbHbIX 

crerreneã CBo60JJ;bl, aa cnysae nOJJ;BIDidioH: ancopõnaa - O)J;HY Kone6aTeJIL

Hyro H zrse nocrynarerrsnsre CTeneHH CB060,IJ.bI, oêecnesaaarouiae cB060.n;

aoe rrepesreuteaae IIO nOBepXHoCTH. 

3. PE3ynhTAThl BbIQWCnEHHH H OBCY)K,UEHIDI 

Ha 3BM nponezteasr BblllHCJIeHIDI.rum 48 ancopõaron na 10 ancopõea
Tax: Ti, Fe, Ni, Zr, Nb, Mo, Pd, Ta, W, Cu. 

Ha pac.I npencraarrensr l\H~ lia Ti, Pd H Ta B 3aBHCHMOCTH OT HOMepa 

ancoptiapyroureroca 3JIeMeHTa. 

BbI60p KOM6HlU~.nmf a.u.COp6eHT - ancopõar BIDKeH na IIpaKTHKe ,IJ,JlH 

3<p<peKTHBHoro paanerreaaa csseceá 3JIeMeHTOB. C 3TOH: TOtIKH 3peHIDI eme 
õorree aarepecasr H HarnH,IJ.HbI 3HaqeHIDI TeMnepaTypbl OCIDK.,neHHH ancop
6aTOB. Ilpa BbI6paHHOH KOM6HHaItHH a,n;COp6eHT - ancopõar, c ee onpene
JIeHHbIM 3HalJeHHeM ~H~ , TeMnepaTypa 'OCIDI("J];eHIDI TA MOJKeT.n;o HeKO

TOpOR creneaa aapsapoaersca, ecJIH BbI60pOM yc.llOBHM OrIbITa MOJKHO 

H3MeHIITL THII a,n;COp6UHH (rpaaasasre 3HaqeHHH l\HLS H TA/TSB ). Hano, 
oztaaxo, ytIHThIBaTh, tITO KpHTep~ onpeneneaaa nma a,n;COp6I:UiH BeCLMa 

YCJIOBHbU1:, TaK KaK MO)J;eJIH OIIHCbIBaIOT TOJIbKO npenensasre crryxaa an
COp6UHH. 

Ha pac.ã noxasaasr TeMrrepaTypbI ~IDK,I:(,eHHH B 3aBHCHMOCTH OT aTOM

aoro aosrepa ancopõapyromeroca 3JIeMeHTa npa "CT~a~THbIx"axcnepa
MeHTaJIbHbIX YCJlOBIDIX TepMoxpOMaTorpa<pHpOBaHHH' 1 /, ecrra rorrsxo 
pacseraaa rewmeparypa ne npeasnuaer TeMnepaTypbI ilJIaBJIeHIDI ancop
6eHTa. WCnOJIb30BaJIHCb 06e MO,IJ.eilll ancopõnaa. 

B Ta6n.~ npencraarreasr pacserasre 3lITaJIbnHH (lACOP6UHH H TeMnepa

TypbI OCIDK)J.eHIDI aa 10 a.n;COp6eHTaX, Hau60JIee mapoxo HCnOJlL3yroI..I.J;HXCH 

aa IIpaKTHKe. 

no pac.ã H Ta6n.3 y,IJ.06HO npencrcassraars OllTHMaJThHbIe YCJlOBIDI 

pa3,IJ;eJIeHHH 3JIeMeHTOB Qepe3 OTHOmeHHe TeMrreparyp oCIDKAeHIDI. O,lUIaKo 

BbIBO.n; YPaBHeHHH OCHOBbmaeTCH na p33JIHtIHbIX. JJ;0IIYJ.UeHIDIX H npH6JIH

)KeHIDIX, HeJIL3H TaKJKe TOtffiO onpenenars 3MIIHpWlecKHe KOHCTaHTbI. 

n03TOMY MO)KHO rOHOpHTh nHIlIL o IIpH6JIH:>KeHHbIX. oneaxax a6COJIIOTHbIX 

3HatIeHHH l\H~ H ra3006pa3HbIX MeTaJIJIOB na MeTammqeCKHX nOBepXHO

CTHx. 

C ztpyroã CTOpOHhI, aa OCH(.>BalnnI YPaBHeHHH (5) MO)KHO .n;OBOJIbHO 

XOpOIllO rrpencxasars H3MeHeHHe TA B 3aBHCHMOCTH OT YCJlOBHH OIlbITa 
. :/15/

H BJlHHHHe nOCne,IUlHX na 3cP<peKTHBHOCTL pasneneaaa 3JIeMeHTOB 

'I'esmeparypa CTapTOBOH nosanaa HBJIHeTCH O)J;HHM H3 BIDKHbIX q>aKTO

pOB. no Ta6J1.3 MO)KHO nO,IJ.6waTh MHHHMaJIbHO He06xoJUlMOe Ts ' HCXO.n;H 

\13 YCJIOBIDI T s 2: TA + 100 /15/. . 
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Ha pac.S norcaaana KOppeJUIUHOHHaH 3aBHCHMOCTb paCtIeTHbIX TA ~JUI' 
22 raaooõpasasrx MeTaJIJIOB na 10 ancopõearax (npa JIOKaJIH30BaHHOH 

~COp6UHH) or Ô.H
-o 

. YpaBHeHHe npasroã MMeeT BHn
a 

-o 
TA	 (K) = (26,4±5,8) ~Ha (K,U)l(/r·aToM) - (0,69±O,09). 

K03cllcllHUHeHT KOppeJIHUHH panea 0,96, cpezraarr rcaanparaxaaa ouraõ
Ka- 35K. 

TIpHqIDIOH OTKJIOHeHHH HBJIHIOTCH paanasasre annasanyansasre 3Ha

qeHHH sarponaa a.n;COp6UHH H np. 

ABTOphI npHHOCHT rJIy60KYIO 6JIarOnapHOCTb nneny-xoppecnonneary 
AR lICC,P I1.3Bape aa noneansre COBeThI H 06CY:>K,I:(eHIDI, a TaIOKe C.H.TH

MOXHHY sa IIOMOIIJ;b ~ no~rOTOBKe pa60TpI. 
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PYKonHCb nOCTYIlliJIa B H3~aTeJIbCKHH ornen 
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HET nM npOBEnOB 8 BAlliEH BHBR"OTEKE? 

BbI MO:lllCeTC no.nY'InTb no nosre nepe'lKCJleHHble HKJKe KHKrH, 

eCJJH OHI( H~ 6bl.nK aaxaaasu paaee, 
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TEMATHqECKHE KATErOPHH nYBnHKAUHR 

OB~E~EHHOrO HHCTHTYTA ~EPHYX 

HCCJIE_nOBAHHR 

H~meKc TeMaTMKa 

1. 3KcnepHMeHTaflbHaR ~H3HKa BWCOKHX 3HeprH~ 

2. TeopeTH4eCKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTaflbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4eCKaR ~H3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

7. ~H3HKa TR*eflWX HOHOB 

R. Kn ... nrP~141C~ 

9. YcKopHTenH 

10. AaToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHwx 

11. BW4HCflHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePAWX Ten H *HAKOcTeH 
RAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~HSHKa RAepHwx peaK~H~ 
npH HH3KHX 3HeprHRX 

16. AoaHMeTpHR H ~H3HKa aa~HTW 

17. TeopHA KOHAeHCHpOBaHHOrO COCTORHHA 

18. HcnonbaoaaHHe peaynbTaToa H MeTOAOB 

~YHAaMeHTaflbHWX ~H3H4eCKHX HCCfleAOBaHHH 
B CMe*HWX o6naCTAX HayKH H TeXHHKH 

19. bH~H3HKa 

KHM Y 3HH, AHxJiep B. P6-86-229 
Pac'leT 3HTaJibllHH aACop6UHH ra30o6pa3HblX MeTaJIJios 
ua pa3JlH'IHbiX MeTanJIH1JecKHX nosepXHOCT.RX H TeMnepaTyphi ocaJKAeHHH 
npH TepMOXpoMaTorpa<J>HH 

3uTaJibnWI aAcop6QHH ra3oo6pa3Horo MeTanna ua nosepXHoCTH npyro
ro MeTaJIJia paCC'IHTblBa.JiaCb KaK CyMMa 3HTaJibllliH .o;ecy6JlHMaJUIH H HeTT0-
3HTaJibllHH llACOpfiQl'lH, KOTOpiUI npe,D;CTaB.1VIeT 3MI1HpH1JeCKyiD <J>ynKUHJO 
OT 3HTaJibnHH paCTBOpeHWI llACOp6aTa B TBep,D;OM MeTan.Jie llACOpfieHTa 
H 3HeprHH BhiTeCHeHWI. ,Jl;m HeKOTOpbiX CTaH,D;apTHbiX yc.JIOBHH 3KCnepH
MeHTa Bhi'IHCJieHbl TeMnepaTypbi OCaJK,IJ;eHHH ra300fipa3HbiX MeTaJIJIOB Ha 
MeTanJlH'IecKHX TepMoxpoMaTorpa<J>H'IeCKHX KOJIOHKax. HcnoJih3osanocb 
OCHOBHOe ypaBHeHHe JIHHeHHOH H,D;eaJibHOH TepMOXpoMaTorpa<J>HH ,D;.1VI KO
JIOHOK c noCTOHHHhiM TeMnepaTypHhiM rpaAHeHToM. Pac'leThi 3HTaJibllHH 
aACOpfiUHH H TeMnepaTypbi OCaJK,IJ;eHWI nposeJJ;eHbi ,lJ;JlJl 48 MeTaJIJIOB -
aACOpfiaTOB II 10 MeTaJIJIOB - llACOpfieHTOB - ,li;JlH BCeX npaKTH'IeCKH BIDK
HbiX I\:OMfiHHanHH. 3TO D03B0.1VIeT OUeHHBaTb B03MO:>KHOCTH pa3,D;eJieHWI 
KOHKpeTHhiX CMeceii 3JleMeHTOB H no.o;6Hp8Tb ODTHMaJibHhie YCJIOBWI. 

Pa6oTa Bhmonueua B lla6opaTopHH Jl,ll;epHhlX peaK~H OHHH. 

Coo6llleHHe Ofu.e.D,HHeHHoro HHcTHTyra JrAepuwx HCcnenosauuii • .lly6ua 1986 

Ilepeson asTopos 

Kim U Jin, Eichler B. P6-86-229 
Evaluation of the Adsorption Enthalpies of Gaseous Metals 
on Metallic Surfaces and of the Deposition Temperatures 
in Thermochromatography 

The enthalpy of adsorption of a gaseous metal on the surfaces of diffe
rent metals have been calculated as the sum of the enthalpy of desublima
tion and of neAo adsorption enthalpy. The last term is a function of the so
lution enthalpy of the adsorbate in the solid adsorbent metal and of the 
displacement energy. For certain standard experimental conditions the depo
sition temperature of gaseous metals in metallic thermochromatographic 
columns were calculated from the equation of linear ideal thermochroma
tography in columns with a stationary constant temperature gradient. The 
adsorption enthalpies and the deposition temperatures were calculated for 
48 metallic adsorbates on 10 metallic adsorbent& - so that. most cases of 
practical interest are covered. These data allow one to estimate the possibi
lities of separating concrete mixtures of elements and to predict optimal 
conditions. 

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