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MeTOA rasosoR TepMOXpOMaTorpa¢HH /rTX/ 8 H8CTOA~ee BpeMA 
AOBOnbHO WHPOKO HCnOnb3yeTCA B paAHOXHMH4eCKO~ npaKTHKe/1-7~ 
HaH6onee ycnewHo OH npHMeHAncA AnA pasgeneHHA neTy4HX coeAH
HeHHR, 3H84HTenbHO OTnH48~~HXCA no TennoTaM 8ACOp6~HH (~H~)/~/ 
~3 npoBeAeHH~X paHee/B/ TeopeTH4eCKHX paCCMOTpeHHR cneAOBano, 
4TO npH onTHManbH~X ycnOBHAX ceneKTHBHOCTb MeTOAa rTX MOmHO 
cy~ecTBeHHO ysenH4HTb. PasAenHTenbHaA cnoco6HOCTb MeTOAa rTX 
xapaKTepH3yeTCA KpHTepHeM p83AeneHHA ABYX Be~eCT8: 
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- TeMnepaTypbl ~eHTp08 TAmecTH aACOp6~HH 8e~eCT8 

] H 2 8 TepMOXpOMaTorpa¢H4eCKOR KOnOHKe /TXK/; a1 H a 2 - CTaH
A8PTH~e OTKnOHeHHA HX pacnpeAeneHHR B KOnOHKe. YpaBHeHHe AHC
nepCHH AnA pacnpeAeneHHA 8e~eCT8a 8 rTX HMeeT cneAY~~HR 8HA: 
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R - raso8aA nocTOAHHaA /Kan.Monb.- K /; TH- CTapTo8aA 
TeMnepaTypa /K/; g- rpaAHeHT TeMnepaTypbl 8 TXK /K.cM -1 /; 
~Ha- 3HTanbnHA aAcop6~HR /Kan.Monb -t I; D~33 - K03¢¢H~HeHT 

AH¢¢Y3HH 8e~ecTBa B rase-HOCHTene HnH B rase-peareHTe/cM~ c- 1; 
npH CTaHAapTHbiX ycnoBHAX I T0 ~ 298, 15 K H p ~ 1 aTM/; d - AHa
MeTp TXK /eM/; V0 - o6beMHaA cKopocTb rasa-HocHTenA HnH rasa
peareHTa npH CTaHA8PTHbiX ycn08HAX /cM 3.c-1/. 

OnTHManbHaA cKopocTb rasa-HocHTenA V0 (onT) onpeAenAeTCA 
no ypa8HeHH~ BaH-AHMTepa 1101: 
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CornaCHO 04eHKe, CAenaHHOR Ha OCH08aHHH AaHH~X 0 KOppenA
~HH Ta AnA MHKpOKOJlH4eCTB H 3HTanbnHR cy6nHMa~HH MaKpOKOnH-
4eCTB xnopHA08 MHOrHx 3neMeHT08/1l-t3/ TpHXllOPHAbl La, Gd H Lu 
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AOillKHbl aAcop61-1poeaTbCfl e Keap1..1eeo~ 'TXK e aoHax c Ta. paBHbiMI-1 
1060, 1020 1-1 915 K cooTBeTCTBeHHO. 3Kcnepi-1MeHTanbHO onpeAeneH
Hoe i\Ta AI1fl TPI-1XI10PHAOB La 1-1 Lu 11 1. 12•14- 171 xopowo cosnaAa
no C TaKO~ Ol..leHKO~ 1-1 COCTaBnfii10 150-200 K. npl-1 MFHOBeHHOM 
BBOAe Be~eCTBa B KOI10HKy CTaHAapTHOe OTKIIOHeHI'!e ero pacnpeAe
neHI'Ifl (u) B 30He aAcop61..11-11-1 AI1fl TXK Al-1aMeTpoM d -· T MM, T 11 = 
= 1373 K, D~a3 =0,1 cM2·.c-1 1-1i\Ha=57 Kan.Monb- 1 ,Ta= 11131< 

/121 
/nocneAHI'Ie ABa 3Ha4eHI-1fl OTHOCfiTCA K LaC13 I 6yAeT paBHO 
2, 5 K. CneAOBaTenbHO, ecmt i\Ta = 1 0-15 K, V!MeeM R = 1 +1 , 5, 
4TO yKa3~BaeT Ha B03MOlKHOCTb pa3,(1eneHI-1R COCeAHI-1X peAK03eMenb
H~X 3I1eMeHTOB /P33/. 

B HaCTOR~eA pa6oTe npeAnPVIHRTa non~TKa ocy~ecTBI'ITb rTX
paaAeneHI'IR cMeCI-1 Tpl-1xnopi-1AOB scex naHTaHI'IAOB. B ni'!TepaType 
paHee coo6~anocb 0 pa3AeneHHI-1 3TI-1M MeTOAOM TOilbKO ABYX nap 
coceAH11X aneMeHTOB La-Ce114• 161 1-1 Nd-Pm /18/, 

C 1..1enb~ onTI-1MI-13ai..II-1V1 rTX-pa3AeneHI-1R pe3K03eMei1bH~X 3JleMeHTOB 
M~ MCCJleAOBanl-1 BI1MRHI-1e CTapTOBOH TeMnepaTyp~ (T11 ), COCTaBa 1-1 
paCXOAa pa3I11-14H~X XI10pHpy~~I-1X rasos-peareHTOB Ha npo1..1eCC TepMo
XpOMaTorpa¢11pOBaHI-1R, npl-14eM 8 COOTBBTCTBVIH C B~BOAaMI-1 pa6oT~/D/ 
M~ nonaran1-1, 4TO ceneKTHBHOCTb MBTOAa 6yAeT Hai-160~bWBH, ecnH: 

a/ npH XIIOpl'lpOBaHI-111 o6pa31..10B 6yAeT o6pa30BbiBaTbCR I11-1Wb OAHO 
COBAVIHBHI'Ie P33, a I'!MeHHO: Tpi-1XI10PMA, He npespa~a~~I'IHCfl B TXK 
B KaKoe-nl-160 APYroe neTy4ee I-1I1H TeM 6onee HeneTy4ee coeAI-1He
HI-1e; 

6/ noeepXHOCTb TXK 6yABT KaK MOlKHO 6onee 41-1CTOH 1-1 OAHOPOA
Hoi:i; 

B/ XI10PI-1POBaHI-1e o6pa31..10B 1-1 yneTy41-1BaHI-18 Tp11XI10PI-1AOB 6YABT 
npOI'ICXOAI'ITb HacTOilbKO 6~cTpo, 4TO npo¢1-1nb BBOAa npo6~ a TXK 
9YAeT np1-16I11-1!KaTbCR B o-¢yHK1..11-11-1; 

r/ paCXOA raaa-peareHTa 6yAeT ORTI'!ManbHWM H, cneAOBaTenbHO, 
6yABT MI-1HI-1Mai1bHOH B~COTa, 3KBI-1BaneHTHaR TeopeTI-14BCKOH TapenKe. 

3KCnEPHMEHTAnbHAR 4ACTb 

HccneAOBaHI'Ie npoBOAI'Inocb c paAI'!OaKTI'IBHWMI-1 H30TonaMI-1 P33: 
140La , 144ce , t47Nd , 153sm , t56Eu , 151. 153Gd , t69Yb 
1-1 172Lu, KOTOpwe 041-1~ai111Cb Ha XpOMaTorpa$114eCKOH KOI10HKe, aa
nonHBHHOH KaTI'IOHI'ITOM, C nOMOUlbPl pacTBOpOB a - OKCI-11-1306yTI-1paTa 
aMMOHI'IR. 3aTeM I'IX nepe80AI-1I1H Ha KaTI-10H006MeHHO~ KOJlOHKB Mano
ro o6oeMa B xnopi'IAHYIO ¢opMy. ConRHOKI'ICllble pacTBOPbl naHTaHI'IAOB 
ynap1-1Ban1-1 B M1-1Kponpo61-1pKax I~ = 2 MM, f = 10 MM/ noA I-1H¢pa
KpacHoA naMnoA 1-1 OCaAKVI CYWVIJlVI npl-1 520+10 K 8 8aKyyMe. 

bOI1bWI-1HCT80 3KCnepVIM8HTOB 6b1Jl0 BbtnOJlHeHO C naHTaHOM-140 
/T~ = 40 4acos/. B~6op 3JleMeHTa onpeAenRnCR npe!KAe ecero 
TeM, 4TO y naHTaHa aHa41-1TellbHO s~we, 4eM y APYFV~x P33, 3Hepri-1R 
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CBR31-1 C KI-1CI10POAOM, TOrga KaK 3HepFI-1R CBA31-1 C XI10pOM npaKTI-1-
4eCKI-1 TaKaR !Ke, KaK 1-1 y gpyr111x naHTaHV~AOB 113•19 ·201 CneAosa-
TeilbHO, npV~MeCM KMCI10pOAa 1-1 BOA~ 8 raaax-peareHTaX AOillKH~ 

Ha1-16onee aaMeTHO BilVIRTb Ha era noBeAeHMe B npo1..1eccax xnopV~

poBaHI'IR M TepMOXpOMaTorpa¢11pOBaHI-1R. 04eBI-1AHO, 4TO 8Cill1 H·aAAe
Hbl YCI10BI-1R, B KOTOpbiX nony4aiOTCR XOpOWO BOCnpOM3BOAI-1Mble pe-
3YI1bTaTbl C LaC1 3 , TO OHI1 nOJ1HOCTbiO nOAXOART VI AilR 3Kcnepi1-
MeHTOB c APYFHMH naHTaHI'!AaMM. KpoM~ Toro, 140La YA06Ho nony-
4aTb reHepaTopHbiM MeT9J:10M, l'!cnonb3YR 140Ba IT~ • T2, 8 AHR/. 

Ha p1-1c. 1 noKaaaHa cxeMa 3KcnepMMeHTanbHOA ycTaH08KVI. raaa
MM-pea~MM ·cnylKMnl-1 xnopi'ICTbiH BOAOPO,(I 1-1 xnop. OHI-1 nony4ai11-1Cb 
B pe3YI1bTaTe B3aMMOAeHCTBI-1R KOHI..IeHTpMp08aHHOH COilRHOH KMCI10Tbl 
/1/ c ~S0 4 11 KMn0 4 /2/ cooT8eTcT8eHHo. Bogopog, KoTopbli:i 
go6asnRnl-1 K HCl, nony4anM aneKTPOili-130M paCT8opa KOHI91 .AaoT 
/99,99%/ M KMCilOpOP, 199,98%/ 6Will1 T8XHI14eCK11MI1 VI OT611pa1111Cb 
113 6annoHoB 16 11 191. · 

Bee raa~ nepeg noga4ei:1 a rTX-KonoHKY T~aTenbHO cywV~nl1. AnR 
3Toro HCl nponycKanM cHa4ana 4epea cepHyiO K11cnoTy 131, a sa
TeA 4epe3 Tpy6Ky, aanonHeHHYIO MOJ1VI6geHO~OH lKBCTbiO 11IlVI np080-
J10KOH 11 HarpeTyiO AO 6702:_10 K aneKTpone4biO 141. Cnegbl npl1cyTCT
so8a8wHx 8 HCl snar11 11 K11CJ10poga C8R3~BaJli1Cb, o6pa3yR C MO
Jli16AeHOM OKC11XJ10PI1A~, KOTqp~e YAaJ1RJ1MCb 113 ra3080FO nOTOKa 
8 J108YWKe 151, aanonHeHHOA KBapl..leBoA saToi:i. Pacxog raaa 113Me
PR11CR peoMeTpOM 171. B ~MeCMTene 181 np11 Heo6xOAI-1MOCTI1 I!Cl Mor 
CMBWHBaTbCR C KaKHM-nl-160 gpyr11M ra30M. np11 I-1CnOJ1b30BaHI111 xno
pa B Ka4eCT8e ra3a-peareHTa ero CYWI1Ill1 TOilbKO cepHOH KVICJlOTOH. 

BoAopog 0411Ll4ClJ111 oT ocH08HbiX KOJ1H4ec T B 80Abl B T py6Ke I 1 01, 
aanonHeHHoi:i rpaHynHpo8aHHoi:1 KOH. OcTaTKH snar11 8~Mopa!KH8a

Ili1Cb B J108YWKax I 11-13/ npH 7] K. no8yWK11 C08AI1HRJ111Cb HarpeTbi-
MI-1 go 600 K TpyGKaMH 114 11 151, 3anonHeHH~MH aKTH81-1po8aH-
H~M Me,(lbiO CI1J111KareneM. 06pa3yiO~aRCR 113 CJ18A08 KI'ICilOpOAa Hag 
3THM KaTanl13aTopoM soga 8~Mopa*HBanacb. AnR oKOH4aTeilbHO~ · 
04HCTKI1 BOAOPOA npOXOAHil 4epe3 cepHyiO KHCilOTy 11q1 11 a30THyiO 
IlOBYWKY 1181. nocne 113MepeHHR peoMeTpO.M 1201 pacxoga H2 ero 
noga9an11 8 cMeCHTenb 18/. 

'n p11 pa6oTe co cMeCRMH HCl + 0 2 HilH C 12 +0 2 Kl1cnopoA 1-13 
6annoHa 1191 nocTynan 4epe3 CVICTeMy, COCTOR~YIO 113 pegyKTOpa 
11 BeHT~JleH, 8 peoMeTp 120/ 11 ganee B CM8CI-1TeJ1b 181. nnR npl-1-
FOTOBJleHHR Cl2 + c2 Cla 11Ill1 N 2+ SOC12 XIlOPHPYKl~He a reHTbl c2 Cl6 
11Il11 soc1 2 noMe~anHCb s cMeCHTenb 18'1, 8 KoTopoM npoHcxoAHno 
HaC~~eHHe 11Ill1 XJlOpa HnVIr COOTB8TCT8eHHO, a30Ta. 

TXK npegcTa8nRna co6oA K8apl..le8yl0 Tpy6Ky c BHyTpeHHI'IM AHa
MeTpoM 1 ,25 MM H gnHHOH 650 MM, K KOTOpoi:\ CO CTOpOH~ BBOga 
o6pa3~a 6~na npHnaRHa KBap~e8aR Tpy6Ka C BHyTpeHHVIM Al'laMeTpOM 
4 MM 11 Ail11HOi:1 200 MM. nnR 0411CTK11 TXK BblgeplKI1BaJ111 B T848HI1e 
cyToK s KOH1..18HTPI1POBaHHOH HN0 3 , aaTeM T~aTeilbHO npoM~8an1-1 
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, AIIICTIIIJlJli-1POBaHHOH BOAOH, 3H1Jl0BbiM CnlllpTOM 11, HaKOHel.l', cyWI1Jll1 
np11 520+10 K e eaKyyMe. TXK BCTaBnHnacb e 3JleKTpone4b /21/, 
rAe noAAepm11Banacb TeMnepaTypa e A11anaaoHe 670~1370 K. AnH 
nony4eHI1H nocTOHHHOro TeMnepaTypHoro rpaAI1eHTa o6MoTKa 3neKTpo
ne411 AJ111HOH 600 MM BblnOJlHHJlaCb HIIIXPOMOBOH npOBOJlOKOH C nepe
MeHHWM warOM BI1TKOB. 

nepeA onwTOM ne4b c BBeAeHHoA e Hee TXK ycTaHaBnl1eanacb 
rOpi130HTaJlbHO, MI1KpOnp0611pKa C o6pa3~0M BBO~I1JlaCb B y4aCTOK 
KonoHK11, HaXOAH~IIIHCH BHe ne411, 11 4epea TXK e Te4eHI1e 20-30 MI1H 
AnH YAaneHIIIH B03AYXa nponycKan~t~ raa-peareHT. 3aTeM AJlH nony4e
HIIIH OAHOPOAHOH noeepXHOCT~1 KBap~eByiD KOJlOHKy paBHOMepHO npOTH
r~t~san~t~, He npeKpa~aH nponycKaH~t~H raaa-peareHTa, 4epea aoHy 
MaKCIIIMaJlbHOCi TeMnepaTypbl CO CKOpOCTbiD 0,3 MM/C, nocne 4ero 
OHa B03Bpa~anacb B IIICXOAHOe nonomeH~t~e. fiWCTpWM HaKJlOHOM ne411 
MIIIKponpo6~t~pKa BBOAIIIJlaCb B 30HY MaKCIIIMaJlbHOCi TeMnepaTypbl, rAe 
OHa aaAep}l{~t~Banacb cne~~t~anbHO CAenaHHbiM ycTynoM /p11c. 1 I. C no
MO~biD AaT4111Ka /22/ /C~I1HTIIIJlJlH~IIIOHHWH C4eT411K C Kpi1CTaJlJlOM 
Na(Tl)J I no cnaAY aKTIIIBHOCTI-1, KOTOpbiH per~t~CTpl1posancH Ha 
nepec4eTHOM, ne4aTaiD~eM 11n11 aan~t~cwsaiD~eM ycTpoAcTeax /23/, 
onpeAeJlHJlaCb CKOpOCTb yneTy4MBaHI1H JlaHTaHIIIAOB. nocne onwTa 
TXK ~aeneKanacb 1113 ne4~t~ co cTopoHw HM3KI1X TeMnepaTyp 11 paape
aanacb Ha 4aCTIII AJ111HOH no 5-10 MM, aKTIIIBHOCTb KOTOpWX 113MepH
Jll1 C~IIIHTIIIJlJlH~MOHHWM 111Jll1 nonynpoBOAHMKOBWM AeTeKTopaMI1. 

PE3YJlbTATbl Y1 OECY)l{AEHY1E 

1. Xnop~t~posaH~t~e 111 111cnapeH11e ynbTpaM~t~KpoKon~t~4ecTB 

XJlOPIIIAOB P33 

YnbTpaM11KpoKOJll14ecTea xnopi1AOB naHTaHHAOB yneTy4~t~san~t~Cb 

e noToKe HCl TeM 6wcTpee, 4eM ewwe 6wna TeMnepaTypa npo~ecca 
/pl-1c.2/. np111 TH= 1370+10 K aa 120 c nepeXOA11JlO e raaosyiD $aay 
6onee 95% 1113y4aeMbiX 3JleMeHTOB. PeaynbTaTbl, npaKT114eCKIII aHano
r~t~4Hwe noKa3aHHWM Ha p111c.2, 6wn11 nony4BHW np11 111CnOJlb30BaHIIII-1 
B Ka4eCTBe raaoe-peareHTOB xnopa, HaCbl~eHHoro napaMI-1 CC1 4 , 
C2Cl6 , 111 aaoTa, HaCbl~eHHor·o SOCl2. CKopocTb npo~ecca aaMeA
JlHnacb, eCJll-1 XJlOplllpOBaH~t~e npOBOAIIIJlOCb CMeCbiD 30%HCl + 70%H 2 : 
np1-1 1370+10 K aa 300 c yneTy4~t~Banocb HeMHOri1M 6onee 90% xno
PIIIAOB naHTaH~t~AOB. MaKCIIIManbHaH TeMnepaTypa xnop~t~poeaHI1R e Ha
WIIIX onwTax orpaH~t~4~t~Banacb TeMnepaTypoA pa3MRr4eHHH Keap~a • 

CKopocTb yneTy4~t~BaH~t~R ynbTpaMHKPOKOJlH4eCTB P33 peaKo naAa
na ,ecn111 a raaax- peareHTax 6wn K~t~cnopoA /pHc.3/. 04eBI-1AHO, 
3TO CBR3aHO C npO~BCCaMIII, np~t~BOAIIIBWIIIMI-1 K o6pa30BaHIIIID HeJleTy-
4111X OKIIICJlOB Ill TPYAHO JlBTY4111X OKCIIIXJlOPI-1AOB. 
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PHc.3. 3aBHCHMOCTH CKOpOCTeH XnOpHpOBai!HH H yneTyqHBaHHH 140
La npH 1370 K OT CKopocTH noTOKa HCl H OT co~ep~aHHH 

KHcnopo~a B rjisOBOH cMecH HCl + 02 : I I 4 cM 3 /MHH; 
2/ 10. CM 3/MHH; 3/ 20 CM 3/MHH, HC1+02, 20 .CM 3/MHH; 
4/ 85% 02; 5/ 50%02; 6/ 15%02 . 

2. TepMoxpoMaTorpa¢11H ynbTpaM11KpOKOnl14ecTa P33 
B noToKax Cl2 11 H Cl ' 

np11 TepMOXpOMaTorpa¢11pOBaHI111 ynbTpaM11KpOKOnl14eCTB naHTaH11-
AOB B noTOKax Cl2 11 HCl /20 Mn/MI1H/ 11ccneAyeMbl~ 3neMeHT ,Ha
npi1Mep naHTaH, npaKTI14eCK11 nonHOCTb~ aACOp611pOBancH B TeMnepa
TypHOH aoHe 845+10 K /pl1c.4 11 5/. 04eBHAHO, 4To B 3TOM TeMne

'PaTypHoM HHTepsane Ha KBap~e a/ic'op611ppsancH LaC13 . TaK11e )f(e 
peaynbTaT~ 6~n11 nony4eH~ 11 AnH APYrl1x naHTaHH~os. 

B 3Kcnepi1MeHTax c xnopoM scerAa Ha6n~Aanacb He6orlbwaH aA
cop6~HH aneMeHTOB - nopHAKa AeCRT~x AOneH npo~eHT~ - np11 
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PHc. 4. TepMoxpoMaTorpaMMbi XJJOPH~OB JJaHTaHa · B KBapu;eBbiX 
K'CmOHKax 13 I ,25 MM n ryoToKe Cl2 +02 , 20 eM 3/MHH, 
T11= 1370 K, r = 30 MHH: 1/ JOO%Cl2; 2/ 80%Cl2; 3/ 67% 
CI:,: 4/ 50% C!2. 

1040_:!:10 K 11 1173_:!:10 K /pl1c.4/. CoeAI1HeH11R, cop611posasw11ecR np11 
3TI1X TeMnepaTypax, sepOHTHO, o6paaosan11cb 113-3a np11Mec11 K11Cno
POAa B xnope. Ae~cTBI1TenbHO, A06asKa KHcnopoAa K xnopy /xno
PI1CTOMy BOAOPOAYI yseni1411Bana 11x B~XOA, a np11 50/80/% COAep)f(a
H11H 0 2 B raaoso~ cMec11 naHTaH11A~ nonHOCTb~ aAcop611posan11cb 
B BbiCOKQTeMnepaTypHOH 30He /pl1c.4,5/. l-IT06bl YCTpaH11.Tb Bni1HHI1e 
HeKOHTPOnl1pyeMbiX np11Mece~ K11cnopoAa, Mbl A06asnHnl1 C

2
Cl

6 
K Cl

2 
, 

11 H2 K HCl. Ao6a~K11 noason11n11 ycTpaH11Tb aAcop6~11~ naHTaHI1AOB 
np11 BbiCOK11X TeMnepaTypax, OAHaKo n111<11 Ha XpOMaTorpaMMax OCTa
Bani1Cb HenpaBI1nbHO~ $OpM~ /p11C.6/. 3TOT 3$$eKT, no HaWeMy MHe
HI-1~, 6bin CBH3aH c HeOAHOPOA"HHC"TbtO nosepxHOCTH Ksap~a. AnR ero 
YCTpaHeHI1H M~ .npOBOA11nl1 0T)f(l1r KOnOHOK np11 1370 ~ 11· Henpep~BHOM 
nponycKaHI111 raaa-peareHTa. ~aKaR o6pa6oTKa oKaaanacb 04eHb a¢
¢eKTI1BHO~: xpoMaTorpa¢114ecK~e n11K11 cTan11 s 3+4 paaa y)f(e, 11Men11 
$OpMy, 6ni13KY~ K CI1MMeTpi14HOH, 11X CTaHAaPTHOe OTKnOHeHI1e a co
CTaBnHnO 5+6,5 K, 4To cosnaAano c seni1411HOH, pacC411TaHHOH no 
ypaBHeHI110 /2/, AnH LaCls npl1 ny,a3= 0,65 CM 2·c-1 B CMeCI1 
H2!HC1=1:1 ,V0=20 cM 3/MI1H,TH=1373 K,Ta=853 K. 
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PHc. 5. TepMoxpoMa TorpaMMbi 
XnOpH~OB naHTaHa B KBapqeBb~ 
KOnOHKaX r! I , 25 MM B ITO TOKe 
FtC1+02, 20 CM 3 /MHH, TH = 
= 1370 K, r=30 MHH: 1/ 100% 
HCl; 2/ 50% HCl; 3/ 20% HCl. 
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PHc. 6. B.TIHHHHe BbiCOKOTeMrrepa
TypHOH rrogrOTOBKH KBapqeBb~ 
KonoHOK rl I , 25 MM Ha ¢opMy 
soHbi agcop6qHH 140 La.Cl3 , TH = 
= 1370 K, T c3Q MHH, HCl+H2 
/1:1/, 20 CM 3/MHH: 1/ Herrogro
TOBneHHaH KOJlOHKa; 2/ rrogrOTOB
neHHaH KOJlOHKa . 

8 ycnoB~RX, TOm,qeCTBeHH~X TeM, B KOTOp~X npOBO,q~n~Cb 3KCne
p~MeHT~ c naHTaHoM, 6~n~ onpe,qeneH~ TeMneparyp~ ~eHTpos TRme
CT~ 30H a,qcop6~~M ynbTpaM~KpOKOn~4eCTB TPHXnOpM,qOB HeKbTop~X 
,qpyrMx naHTaHMAOB. PeaynbTaTbi, npMBe,qeHHbie s Ta6nM~e, noKa
a~sd~T, 4TO TpMxnopM,q~ scex May4eHH~X P33 a,qcop6Mpy~TCR a ya
KOM TeMnepaTypHoM MHTepsane. AnR naHTaHa H n~Te~MR, KpaHHHX 
3neMeHTOB pe,qKoaeMenbHOH rpynnbl, ~Tac10+1 K /pMc.7/. 3Ta se
nH4HHa B 1 0+15 paa MeHbWe npHBe,qeHHOH B-m1TepaType /10,11,13-16/, 
M~ He HaWnM 06b.RCHeHMR CTOnb cy~eCTBeHHOH pa3HM~e HaWMX ~ ony6-
nMKOBaHH~X ,qaHH~X. 0Ha, 8epORTHO, C8R3aHa C no,qrOT08KOH ra30B
peareHT08 H KOnOHOK, CTapTOBOH TeMneparypOH H npo,qonmHTenb
HOCTb~ xnopHposaHHR. O,qHa M3 B03MOMHbiX npH4HH - paaHH~a a a6co
n~TH~x KOnH4eCT8ax TpHxnopH,qos 3neMeHTOB, sae,qeHHwx 8 TXK. B Ha
WHX 3KCnepHMeHTaX KOnH4eCTBa naHTaHHAOB BcerAa 6wn11 MeHbWe 
0,1 MKr. YsenH4eHMe HX KOnH4eCTBa, HanpHMep A~ J MKr, npHBO,qH
no K CA8Hry Ta 8 o6naCTb BWCOKHX TeMnepaTyp npHMepHO Ha 50 K 
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Ta6nHqa 

TeMrrepaTypbi qeHTpOB THJKeCTH 30H agcop6qHH TpHXJlOPHAOB 
JlaHTaHHAOB, Ha KBapqe /K/ B ITOTOKaX pa3JlHtlHb~ ra30B
peareHTOB. Voc20 cM3 /MHH, TH= 1370 K, r-1 'lac, 
KOnH"lleCTBa pep;KoseMenhHb~ 3neMeHTOB .::;;.o, I MKr. 
B CK06Kax p;aHo "l!Hcno orrpegeneHHH aenH,"l!HHbJ T·a gnH KaJI<goro 
3neMeHTa 

3neMeHT 50~J!Cl + 50%H2 Cl 2+C2Cl6 HCl N2+SOCl2 

La 846+9/8/ 858+10/8/ 849+9/3/ 855+11/3/ 

Ce 843+13/5/ 

Nd 838+10/5/ 

Sm 843+12/5/ 

Eu - 858+10/5/ 

Gd 843+14/5/ 853+10/5/ 

Yb 838+10/5/ 

Lu 835+10/8/ 849+10/8/ 840+8/3/ 844+9/3.L -~···, 

/pMc. 8!. 3KcnepHMeHranbHble ,qaHHble, npe,qc·fasrfet-iHbie' 'Ha, pMc. 8, 
n0380IiMnM pacc4HTaTb eMKOCTb no8epxH6cn1 Ksclp~esoH· TXK AnR 
LaCl3, KOTOpaR COCTaBHna /4,05~0,08/• 1014 MoneKyn/cM 2. 

npose,qe~H~e HCCne,qoBaHMR n03BOnR~T HaM C,qenaTb cne,qy~~He 
8bi80Abl: 

·'' 

A. noKaaaHa npHH~MnHanbiiaR soa'MomHoCTb TepMoxpoMaTor·pa¢M4e
cKoro paa,qeneHHR neTy4MX Be~eCTB, He3Ha4MTenbHO OTnH4a~~MXCR 
no TeMnepaType ~eHTpOB TRMeCTM 30Hbl a,qcop6~MH Ha KOnOHKe/ ~Ta 
= 15+20 K/. 

5. MeTo,qoM raaosoR TX 6ea McnonbaosaHHR KoMnneKcoo6paay~
~Hx areHT08 12 1. 22/ Henb3R paa,qenHTb ynbTpaMMKpOKOnH4eCTBa 
TpHxnopH,qo8 naHTaHHAOB Ma-aa· 6nM30CTM ~x Ta ( ~Ta LaCJa!LuCI = 
= 10+1 K/. 3 

s-:- AnR o~eHKH Ta ynbT,PaMMKP,OKOnM4eCTB Tp~xnOPio'1AOB pe,qKo
aeMenbHbiX 3neMeHT08, 04eB~AHO, He npHMeHMMa Ha6n10,qa10~a.RCR ,t:lnR 
xnopH,qos pR,qa 3neMeHT08 KoppenR~MR Ta ~ ~~y6JI. 298 K 1111• 1-1a-
8eCTHo, 4TO Ta 3a8HC.RT He TOnbKO OT ~a- ~cy6JI 298K , HO ~ 
oT ~Sa 19 •231 Ecn11 6Sa;- !~Scy6n.298 Ki, To cy.~ecTBeHHble Ma-
MeHeH~R nocne,qHeR sen~4~Hbi/12/Moryr KOMneHCMposaTb BnMRH~e ~Ha 
~ npHBOAHTb, 8 KOHe4HOM MTOre, K 6n~3K~M BenH4HHaM Ta TpMXho
PMAOB BCeX naHTaHH,qOB. 
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PHc. 7. TepMoxpoMaTorpaMMbl 

140 172 LaC1 3 11 LuCl3 s KBap-

1.\eBoH KOJIOHKe ~ 1,25 M~, 
HCl+H2 11:11, 20 cM

3
/MI·!H, 

T 11 -1370 K, r• 30 MmL 

Til<) 
d 
~ 

101111. 

f ' 
~ 000 

1S 

... 

] N\\ 'l' 
I 1/ fi' ~'\.. I 

PHc. 8. P acnpep,eneHHe LaC1 3 
B 3aBHCHMOCTH OT KOJIH~eCTBa 

BBep,eHHOro B KBapl.\eByro KOJIOHKY 

~I, 25 MM naHTaHa, T 11 = 1370 K, 
• T = 30 MHH' HCl + H2 I I : I I' 
20 CM 

3
1MHH: J/ 140La 6e3 HOCH-

TeJIH; 21 0,1 MKr; 3/ 0,5 MKr; 

41 ·J MKr, 

AsTop~ 6naroAap.RT f.D.5ai1epa H B.H.Co6onesa 3a 6Qnbwy~ Tex
HH4eCKYD nOMO~b npH B~nonHeHHH 3TOA pa60T~. 
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HryeH KoHr qaHr H gp. 6-82-307 
Hccnep;onaHHH BbiCOKOTeMnepa TypHoro xnopHponaHHH 
ynbTpaMHKpOKOnHtteCTB pe,ll;K03eMenbHbiX 3neMeHTOB 
H TepMOXpOMaTOrpa¢HtteCKOrO UOBep;eHHH HX TPHXnOpH,lJ;OB 

B OTKPbiTbiX KBapu;eBbiX f1'X-KonoHKax ,a;HaMeTpoM I, 25 MM nony
tieHbi tieTKHe 30Hbl ap;cop6IJ;HH TpHXnOpH,ll;OB OTp;eJibHbiX pe,a;K03eMenb
HbiX 3neMeHTOB, xapaKTepH3YIDmHeCH 3HatieHHeM cpep;H€KBa,a;paTH'IHOrO 
OTKJIOHeHHH pacrrpep;eneHHH a,a;cop6aTa u• 5 K. ,!J;oKa3aHo, 'ITO TeMne
paTypw u;eHTpOB TH~eCTH 30H ap;cop6IJ;HH TpHXnOpH,[IOB BCeX pe,a;K03e
MenbHbiX 3JieMeHTOB rrpaKTH'!eCKH OgHHaKOBbl H, CJie,rJ;OBaTeJibHO, 
Henb3H IIpOBeCTH ra3oTepMOXpOMaTorpa¢HtieCKOPO pag,a;eneHHH HX 
YJibTpaMHKpoKOJIH'IeCTB. 

Pa6oTa BbmonneHa B J1a6opaTOPHH Jip;epHbiX npo6neM OIDIH. 

npenpHHT 06~eAHHeHHOrO HHCTHTyTa RAePH~X HCCfleAOBaHH~. ~y6Ha 1982 

Nguyen Cong Trang et al. 
Investigations of High-Temperatu're Chlorination 
of Ultramicroamounts of Rare-Earth Elements 
and Study of Thermochromatographic Behaviours 
of Their Trichlorides 

6-82-307 

For trichlorides of some rare-earth elements, clear 
adsorption zones, being characterized by standard deviation 
of adsorbat distribution (a=5K) have been obtained in open 
quartz columns with diameter of 1.25 mm. It has been proved 
that the temperatures of the centers of gravity of adsorption 
zones were pr~ctically the same for trichlorides of all the 
rare-earth elements, therefore, it follows that thermochromato
graphic method cannot be performed for separation of their 
ultramicroamounts. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 

ITepeaog asTopos. 


