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BBE.[IEHHE 

ra30XHMH4eCKHe MeTOA~ paageneHHR 3fleMeHTOB, OCHOBaHH~e Ha 
B03rOHKe neTy4HX COegHHeHH~, OTHOCHTeflbHO pegKO HCnOflb3Y~TCR 

s aHanHTH4ecKo~ npaKTHKe. B TO ~e speMR H3BeCTH~ onpegeneHH~e 
npeHMy~eCTBa 3THX MeTOAOB: 3KCnpeCCHOCTb, B~COKHe K03$$M~MeH

T~ pa3geneHMR, npMrOgHOCTb MeTOAMK AflR pa6oT~ KaK C MaKpOKOnM-
4eCTBaMM se~ecTB, TaK M c oTgenbH~MM aToMaMM/1/. B pa6oTax no 
M3y4eHM~ XMMM4eCKMX CBO~CTB HOB~X 3fleMeHTOB M nOMCKY CBepxTR

~en~X 3fleMeHTOB /CT3/ C z> 107, npOBOAMM~X B na6opaTOPMM Rgep
H~X peaK~M~ OHRH, 3TM MeTOA~ Mrpa~T 6onbWY~ ponb. 

,[lnR ra30XMMM4eCKOrO paageneHMR He06XOAMMO C03gaHMe TaKMX 
YCflOBM~, Korga OAHM 3neMeHT~ OCTa~TCR B HeneTy4e~ $OpMe, a 
gpyrMe - neTy4M M TpaHcnopTMPY~TCR TOKOM ra3a. 3Toro A06MBa
~TCR nyTeM M3MeHeHMR TeMnepaTypbl, COCTaBa raaa-HOCMTenR M CTa

~MOHapHO~ $a3~ -.TBepgo~-MflM ~MAKO~, norno~a~~e~ ~030rHaHH~e 
Be~eCTBa. 

TeMnepaTypa. Cy~eCTBYDT paanM4H~e cnoco6~ npaKTM4ecKoro 
~:.::-;~ .. -;~,:,:.:::;.:.;;~;;:; ~.:.~~''-""'IPI\..1 ..... 11'1 JII,...IJ""'t'-'-1"1 VI 1\JI-.III~tJOI.::ttJDI ~Jir1 tJOV~t; 

neHMR cno~H~x cMece~ 3neMeHTOB. HapRAY c TepMoxpoMaTorpa$Me~ 

npMMeHReTCR M30TepMH4eCKaR XpOMaTorpa~MR, MHOrga C npo
rpaMMMPOBaHMeM TeMnepaTyp~/2~ ceneKTMBHaR B03rOHKa M3 CMeCM/~. 
peKTM$MKa~HR. B HaCTOR~e~ pa6oTe KpoMe TepMoxpoMaTorpa$MM Mbl 
HCnOflb30BanM TaK~e nogBM~H~~ TeMnepaTypH~~ rpagMeHT, KOTOp~~ 

MHOrga n03BOflReT A06MBaTbCR pa3geneHMR, He AOCTM~MMOrO B 

TepMoxpoMaTorpa$M4eCKHx 3KcnepMMeHTax. 

COCTaB raaa-HOCMTeflR onpegenReT XMMM4eCKOe COCTORHMe 3ne
MeHTa s raae. PaHee paagenRnM TepMoxpoMaTorpa$M4ecKM 6onbwoe 
4MCflO 3fleMeHTOB 6e3 HOCMTenR B BMge neTy4MX XflOPMAOB M OKCM
XflOPMAOB /eM., HanpMMep/~5/ /, B 3fleMeHTapHOM COCTORHHM/ 6/, 
B BMge OKMCe~ M rMgpOOKMCe~/?,8/, .[lnR HeKOTOp~X 3fleMeHTOB MMe
~TCR gaHH~e no TePMOXPOMaTorpa$MM 6pOMHAOB/9~ $TOPMAOB/lO,ll~ 
$ -gMKeTOHaTos/l~M AP· PaageneHMe B TOKe BOAOPOAa M KHCnopo
ga, 3TOMY Bonpocy nOCBR~eHa HaCTOR~aR pa6oTa, npegcTaBnReTCR 
HaM6onee YHMBepcanbH~M nogXOAOM. neTy4eCTb 3fleMeHTOB M OKMCflOB 
M3MeHReTCR B WMpOKMX npegenax, 3geCb TaK~e MMeeTCR B03MO~HOCTb 
nonepeMeHHO McnonbaosaTb TOK sogopoga M KMcnopoga, TaK KaK npe
spa~eHMe 3fleMeHTa B OKMCefl B TOKe KMCflOpOga M OKMCna B 3fleMeHT 
B TOKe sogopoga ocy~ecTBnReTCR B 6onbWMHCTBe cny4aes ner4e,4eM, 
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Hanp~Mep, npeepa~eH~H xnop~A - 3neMeHT, xnop~A - oK~cen, oK~

cen - xnop~A· KpoMe Toro, e BOAOPOAe ~ K~cnopoAe ~Me~TCH 6onb
w~e B03MO>KHOCT~ AnH ~cnonb3oBaH~H aKT~BHbiX HacaAOK l<t>~nbTpoel 
~3 HeneTy4~X MeTannoe ~ oK~cnoe, ceneKT~BHO ceH3~Ba~~~x OTAenb
H~e 3neMeHT~. H HaKoHe~, KoM6~Ha~~H H2-02 npeACTaenHeTCH Ha~-
6onee nOAXOAH~eH AnH no~CKa, KOH~eHTp~poBaH~H ~ ~3y4eH~H 

CBOHCTB HOB~X 3neMeHTOB C Z=108-118npeACKa3~BaeM~e CBOHCTBa 
CT3 HBnH~TCH 6onee onpeAeneHH~M~ 1-1 cne~~<fJ~4HbiM~ AnH 3neMeHTap
Horo COCTOHH~H, 4eM, Hanp~Mep, AnH xnop~AOB/13/ ~n~ 6onee 
cnO>KH~X COeA~HeH~H. np~ 3TOM B TOKe BOAOPOAa ~ K~CnOpOAa AO
CT~>K~M~ e~coK~e K03<lJ<ll~~~eHT~ 04~CTK~ <tJpaK~~~ CT3 OT aKT~H~AOB 
l6onee 1 09 1141 I - oCHOBHoro <fJoHa np~ no~ eKe HOBbiX 3neMeHTOB, 
TaK KaK CT3 AeTeKT~PY~T, KaK npae~no, no cnoHTaHHOMY ~n~ B~Hy>K
AeHHOMY AeneH~~. 

X~M~4ecK~ aKT~eHaH cTa~~oHapHaH <fla3a np~ e~coKoA TeMnepaTy
pe MO>KeT norno~aTb HeKOTOp~e ~3 neTy4~X KOMnOHeHTOB, 4TO n03BO
nHeT npOBOA~Tb ra30X~M~4eCKOe pa3AeneH~e, He AOCT~>K~Moe Ha KO
nOHKe ~3 ~HepTHoro MaTep~ana. 

$~nbTp~ ~3 xnop~AOB ~eno4H~x ~n~ ~en04H03eMenbH~X MeTannoe 
~cnonb3Y~TCH B TeXHOnor~~ 04~CTK~ neTy4~X xnop~AOB/1~, np~ 
xpoMaTorpa<fJ~4ecKOM pa3AeneH~~ M~Kpo3neMeHTOB 8 TOKe xnop~py~
~~x areHToe/16';17f<tJ~nbTPbl ~3 NaF ~ MgF2- eo <fJTOP~AHOH TexHono
r~~ nepepa60TK~ HAePHOro rop~4ero. s-ToKe BOAOPOAa HapHAY C 
TepMoxpo~laTorpa<tJ~eA Ha KBap~eeoCl noeepxHOCT~ ~3y4an~ TepMoxpo-
~~~=~:~::!~:~:: ;:::~= :: .. --:~:-:::.::7~:: ;;~ ~T;~-;-~.I~.I~YI"'1'"'\..I'"\VIA IIUDCJ.'I\MU\..IJ1J\; H"1K~

J1fl/6/, cepe6pa/18< T~TaHa /19/. ,l\nH pa3AeneH~H e ToKe K~cnopoAa ~c
nonb3oean~ <tJ~nbTP ~3 K 2'boi 81, ' acTaT o4~~an~ oT APYr~x neTy-
4~x paA~OHyKn~AOB C nOMO~b~ pa3n~4HbJX MeTann~4eCK~X <tJ~nbTpoe/20/..., 
e pa6oTe I 21/ Mbl np~MeH~n~ <tJ~nbTp ~3 MeTann~4ecKoro 3onoTa AnH 
pa3AeneH~H Pt ~ Ir, a <tJ~nbTP~ ~3 CaO ~ MgO- AnH pa3AeneH~H 

Re ~ Os. B TexHonor~~ 04~CTK~ neTy4~X OK~cnoe peH~H ~cnonb3o
ean~ <tJ~nbTP ~3 6~cynb<lJ~Ta HaTp~H/2~. 

HacToH~aH pa6oTa noceH~eHa pa3AeneH~~ 6onbworo 4~cna 3ne
MeHTOB B TOKe BOAOPOAa ~ K~cnopoAa C ~cnonb30BaHHeM HaCaAOK 
~ d>~nbTpoe ~3 CaO , Si02 , a TaK>Ke HeKOTOPbiX MeTannoe, ~ pa3pa-
6oTKe Ha 3TOH OCHOBe MeTOAa X~M~4eCKOrO KOH~eHTp~poBaH~H ~ on
peAeneH~H z ceepxTH>Ken~x 3neMeHTOB. H3y4anacb eo3rOHKa ~3 

peanbH~X o6pa3~0B, rAe Ha noBeAeH~~ 3neMeHTOB MO>KeT CKa3biBaTb
CH ~X cnO>KHbiH COCTaB. npeAnaraeM~e np~H~~nbl pa3AeneH~H np~Me

H~Mbl ~ B APYr~x o6nacTHX x~M~~. 

3KCnEPHMEHTbl no PA3,QEnEHH~ nETY4HX 3nEMEHTOB H OKHCnOB 

ra30X~M~4eCK~e 3KCnep~MeHT~ M~ npoBOA~n~ B KBap~eB~X Tpy6-
KaX C BHyTpeHH~M A~aMeTpOM 3-4 MM: CB060AH~X, B~no>KeHH~X ~3-
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HyTp~ MeTann~4eCK~M~ <fJOnbraM~, a TaK>Ke B Tpy6Kax, HanonHeHH~X 

KBap~ee~M necKoM ~n~ oK~cb~ Kanb~~H lnopowoK CaO, nepeMewaHH~A 
AnH np~AaH~H nop~CTOCT~ c KBap~eeoH eaToH, ~n~ KYCK~ Ca(OH) 2 
pa3MepoM 2-3 MM, npoKaneHH~e np~ 1000°CI. PacxoA ra3a - BoAo
POAa, K~cnopoAa ~n~ B03AYXa - COCTaBnHn 7-20 MniM~H. 

Tpy6K~ Harpeean~ ne4aM~ conpoT~eneH~H - ~30TepM~4eCK~M~ 

~n~ rpaA~eHTH~M~ IMaKc~ManbH~e TeMnepaTyp~ 1250°CI. B TepMo
xpoMaTorpa<fJ~4eCK~x 3Kcnep~MeHTax rpaA~eHT TeMnepaTyp~ cocTae
nHn OKano 50 rpaAICM. noAB~>KH~H TeMnepaTYPH~H rpaA~eHT C03Aa
BancH nyTeM~eXaH~4eCKOrO npOTHr~BaH~H peaK~~OHHOH Tpy6K~ B 
ne4~ CO CKOpOCTb~ 0,5-5 CMI4 npOT~B TOKa ra3a. 

PaA~OaKT~BHble ~3oTonbl 6e3 HOC~TeneH I <<l MKr I BbiAenHn~ ra3o
x~M~4ecK~ ~3 M~WeHeCl, o6ny4eHH~X Ha yCKOP~Tene TH~en~X ~OHOB 
Y-200 na6opaTop~~ HAepH~X peaK~~H ~ YCKOP~Tene npoTOHOB c 3Hep
r~eH 680 M3B na6opaTop~~ HAePH~X npo6neM OHRH. B pe3ynbTaTe Ha
rpeeaH~H e ToKe B03Ayxa ll200°CI BbiAenHn~ 183Re ~ 185Qs ~3 eonb
<tJpaMa, o6ny4eHHoro ~oHaM~ 4He; 95Tc - ~3 H~o6~H, o6ny4eHHoro 
4 He ; l8 3Re , 189Ir , 188 Ir , 188Pt ~ 8 2 Br - ~3 TaHTana o6ny-

4eHHoro 12c /21/ H3oTonbl l97Hg 195mHg 197mHg 200Tl 20\Tl . ' ' ' ' ' 2°3pb, 20 5Bi ~ 206po nony4an~ nyTeM HarpeeaH~H AD 1200°C 
B TOKe BOAOPOAa MeTann~4eCKOH nnaT~Hbl, o6ny4eHHOH .HO~~~M~ 
4He ~ 12c. H30TOnbl I83Re ' 1850s , 18~r ' IB8pt '203Hg '202Tl 
~ 103Ru B~AenHn~ TaKme ~3 cB~H~a, o6ny4eHHoro npoToHaM~, nepe
Mewl.-1sas=t ern r KR~~··u~PRhiM nPrW"rH.A D rn':'TU':'~~~~~~~ ~: 5 :~ :~::,:. .. -:::::::::: 
nOB~WaH TeMnepaTypy AO 110Q°C B TOKe B03AYXa /CB~He~ np~ 3TOM 
He B03rOHHnCH/. AHanor~4HO B~AenHn~ 206 Po ~3 CB~H~a, o6ny4eH
HOrO 4He ~n~ 12c. H3oTonbl 131 1 , 1.131 , 1301 , 132Te , 8 2Br , 

10 5 Ru ' I I.e, Cd ' 99Mo ' 10 5 Rh ' 18 F' 21 2pb BbiAenHn~' Harpe BaH 
AO 1200°C B TOKe B03Ayxa ThOz, o6ny4eHHYIO 4He, al231 , 1241 
HarpeBaA aHT~MOHaT Kanb~~A, o6ny4eHH~H 4He. 

Hcnonb30Ban~ TaK>Ke KOMMep4eCK~e ~30TOn~ 207Bi l6e3 HOC~Te
nHI, 20 3 Hg ~ 20 4 Tl I c HOC~TeneMI. PHA ~3oTonoe c HOC~TeneM 
nony4an~ C noMO~biO aKT~Ba~~~ Ha M~KpOTpoHe HeHTPOHaM~ ~ y -
KBaHTaM~ c rpaH~4HOA 3Hepr~eA 17 M38. 

H3MepeH~H y-cneKTpOB npOBOA~n~ Ha cneKTpOMeTpe, B COCTaB 
KOToporo BXOA~n~ Ge(Li) -AeTeKTOp C pa3peWeH~eM 2-3 K38 ~ 

4096- KaHanbHbiH aHan~3a~op. ,l\nH aHan~3a M~KporpaMMOBbiX ~ M~nn~
rpaMMOBblx Kon~4eCTB 3neMeHTOB ~cnonb3oean~ TaK>Ke peHTreHo<fln~o

pec~eHTH~H MeTOA I fu (Li)-AeTeKTop c pa3peweH~eM 200 38 c ~c
T04H~KaM~ eo36Y>KAeH~H I09cct ~ 241 Am 1/23/. 

nETY4ECTb 3nEMEHTOB B TOKE BO.QOPO.QA H KHCnOPO.QA 

B Ta6n~~e 1 Ha OCHOBe HaW~X 3KCnep~MeHTOB ~ ony6n~KOBaHH~X 

AaHH~X yKa3aH~ 3neMeHT~, KOTOp~e MO>KHO B030rHaTb B TOKe BOAO-
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nETY'iECTb 3flEMEHTOB B 
BOAOPOAE Ill KIIICflOPO,IlE nPIII 
TEMnEPATYPE IOOO-t200°C Ill 
B3AIIIMO,IlEIIICTBIIIE c Si02 

Tat>Jmu;a I 

1..7J Henemy" a aogo
~ poge u Hucnopoge 

mBJ7 Aemy'l a aogopoge. HO ,&11\emy~.t B HucnopOge. HO 
y peaaupyem c HB8p14ftM .Q peaaupyem c HB8Pl4•M 

!IJllP' 1\~my~ • aogopoge 
AHenemyt.t a auge oHucna. 

A 1\emy~.t a Hucnopoge L£._JHO nemy'f a KUCIIOpOG• a 
~ · · · · · npucymcmauu xnopugoa 

POAa 111n111 Kl/lcnopOAa np111 B~COKIIIX TeMnepaTypax Ill pa3AenATb TepMO-
vnnu:::t.Tnrn=:.t'htAtJarvtA ::1 

IArM,-.ML ..,,-.~~111~..-..o.A _,,, .... ,A .... II......_,-. _ .......... ,,,.,....,, .......... _ 

·-··--·-----····-·· -·~···-··-·· - --..,··-··-r-
HO~ $a3bl. 

B TOKe BOAOPOAa neTy4111 3neMeHTbl rpynn liB, IITA-VIIA /TeM
nepaTypa KlllneHI/IR He B~We 2QQQ°C/, a TaK~e Cepe6po Ill MapraHe~. 
0HIII B03rOHR~TCR np111 1QQQ-120Q°C, BOCCTaHaBniiiBaRCb, KaK npasl/l
no, AO 3neMeHTapHoro cocTORHIIIR I Ge , Sn , Ga - AO neTy4111X H1113-
WIIIX OKI/ICnos/24~. 8o3MO~Ha B03rOHKa B BIIIAe Cynb<!>IIIAOB ~ ceneHI/I
AOB, ecn111 B o6pa3~e npiiiCYTCTBY~T cepa 111 ceneH. 3neMeHT~ rpynn 
IA 111 IIA, a TaKMe HeKoTop~e naHTaHIIIA~ 111 aKTIIIHIIIA~ B np111H4111ne 
neTy4111 B 3neMeHTapHOM COCTORHIIIIII, HO 06bi4HO o6pa3y~T Ha nosepx
HOCTIII YCT0~4111B~e OKIIICn~ 111n111 ClllniiiKaT~i Ill B KBap4eBO~ annapaType 
3neMeHT~ rpynn IIA 111 IliA cosceM He Bo3rOHR~TcR, a 3neMeHT~ 
rpynn~ IA so3roHR~TCR Mana. TepMoxpoMaTorpa<!>IIIR MHor111x 3neMeH
TOB B ynbTpaMIIIKpOKOnlll4eCTBaX Ha KBap~e, MeAIII, HI/IKene nOAP06HO 
1113y4eHa A~xnepoM 111 AP ./6 • 251 . Haw111 AaHHble no TepMoxpoMaTorpa$111111 
neTy4111X B BOAOPOAe aHanoros CT3 c pa3niii4H~M Konl/l4eCTBOM HOciii
TenR Ha nosepxHoCTIII KBap~a, Hep~ase~~e~ cTan111 111 3onoTa nplllse
AeHbl B Ta6n. 2. 

Pac4eT~ TennoT aACop6~111111. B pa6oTe/~/s npeAnono~eHIIIIII o AO
CTIII~eHIIIIII aACOp6~1110HHOro paBHOBeCIIIR B npo~ecce TepMOXpOMaTorpa-
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~~~ B~BeAeHO ypaBHeH~e AnA onpeAeneH~A TennoT~ aACOp6~~~. 3TO 
ypasHeH~e MO~Ho 3Ha4~TenbHO ynpocT~Tb, ecn~ ~HTerpanbHY~ noKa-
3aTenbHY~ ~YHK~~~ annpoKc~~1~posaTb npoCTbtM Bbtpa~eH~eM: Ei*{x) = 
= 1,04 ex/ x. T ennoTy aAcop6~~~ Mbt Bbt4~cn~n~ no np~6n~~eHHbtM 
ypasHeH~AM 111 ~ 121. B nepsoM C4~Tan~ pasHosec~e ~CXOAA ~3 
MOneKynApHo-K~HeT~4eCK~X npeACTasneH~~, BO BTOpOM - nonaran~ 

sen~4~HY ~S paBHO~ ycpeAHeHHO~ CTaHAaPTHO~ MOnbHO~ 3HTpon~~ 
cy6n~Ma~~~ neTy4~x 3neMeHTOB 120 A~IMonb.rpaA AnA cpasHeH~A 
c paHee nony4eHH~M~ TepMoxpoMaTorpa~~4eCK~M~ AaHH~M~/ 6 /. 3Ha4e
H~A Q, paCC4~TaHH~e no ~OpMynaM 111 ~ 121, npaKT~4eCK~ He OT
n~4a~TCA OT B~4~cneHHbiX no 6onee cno~HbJM BbJpa~eH~AM/ 25/, 

Ql = RT ln( _t _ _:' __ ~ a G1 
a ( RT)Y, 298. RT 

2rrM 

1 Ts Q IfRTs 
·- +- e ), 

1,04 T 

Q 
2

= RT ln( -~~~~ . -~2. 1 Ts 02/ RTs_ 
a .298 RT 1.04 + --,f e i+T ~s. 

111 

12/ 

Q- TennoTa aAcop6~~~ (Q>O); ~S- 3HTpon~A Aecop6~~~ (~S->0); 
T- TeMnepaTypa oca~AeH~A, K; Ts - cTapToBaA TeMnepaTypa IMaK
c~ManbHaA TeMnepaTypa KO!lOHK~I, K; t - speMA TepMoxpoMaTorpa
~~4ecKoro pa3AeneH~A; v0 - o6beMHaA cKopocTb ra3a np~ HOpManb
H~x YCilOB~AX; v - 4aCTOTa KOne6aH~~ aTOMOB Ha nosepXHOCT~ 

/np~HATa paBHO~ 5·10 12 c-l I; a- rpaA~eHT TeMnepaTyp~ ~>0); 
a - nosepXHOCTb CTa~~OHapHO~ ~a3~ Ha eA~H~~y An~H~ KOnOHK~; 
M - MoneKynApH~~ sec aAcop6aTa; R - ra3oBaA nocTOAHHaA. 

KaK BVIflHO lA~ T~nn ? u:::l -:annnTo Tount:::u"\~T\InLI 1"'\,..~,uncnJIAn tA Ton-

noT~ aAcop6~H~ Tl , Pb, Bi, Po 3aMeTHO s~we, 4eM Ha KBap~e 
~ Ha cTan~. TeMnepaTyp~ oca~AeH~A 6onee nerK~x aHanoros CT3 
Se , Zn, Ga Ha 3onoTe cocTaBnA~T cooTBeTCTBeHHO 430,~ 900, 
~920°C. PTyTb B COCTOAH~~ 6e3 HOC~TenA cop6~pyeTCA Ha pa3n~4-
H~X KOnOHKaX np~ TeMnepaTypax, 6n~3K~X K KOMHaTHO~, ~ AnA 
cpasHeH~A aAcop6~~~ 3Toro 3neMeHTa Ha pa3H~x nosepxHOCTAx M~ 
~3MepAn~ npo4eHT norno~eH~A H30Tona 197 mHg s Tpy6Kax H3 
CTan~, H~KenA, KBap~a, nnaT~H~ ~ 30nOTa np~ 25°C B OAMHaKOB~X 
ycnos~Ax. 0Ka3anocb, 4TO Ha T~aTenbHO 04~~eHHO~ nosepxHocT~ 
1 CM CB060AHO~ Tpy6K~ nOr!lO~aeTCA COOTBeTCTBeHHO 2; 7; 30; 45; 
90% PTYT~. MeTa!l!l~4ecK~~ nannaA~~ cop6~posan PTYTb e~e nonHee, 
4eM 30JlOTO. Cop6~~A Ha CTanM H HHKene B 3Ha4HTenbHO~ CTeneHM 
3as~c~T OT 3arpA3HeHH~ nosepxHocT~. TaK~M o6pa30M, 3onoTo ~ 
nannaA~~ ny4we scero norno~a~T neTy4~e s BOAOPOAe aHanor~ CT3, 
4TO COOTBeTCTByeT TeopeT~4eCKHM paC4eTaM /~I. 

BnHAH~e Hoc~TenA~Ha TeMnepaTypy ocamAeH~A 3neMeHTa, a TaK~e 
B3aMMHOe Bil~AHHe JleTy4HX 3JleMeHTOB, ABJlA~TCA BonpocaMM, 
KOTop~e ea~H~ AnA KOH4eHTpMpoeaHHA CT3 H3 np~POAH~x o6pa3-
40B, B KOTOP~X MOryT COAep~aTbCA MaKpOKOJlM4eCTBa pa3nM4H~X ne
TY4~X 3!leMeHToe. 

6 

KaK npas~no, c ysen~4eH~eM Kon~4ecTsa HOC~TenA TeMnepaTypbt 
OCa~AeH~A B TOKe BOAOPOAa Ha KOnOHKe ~3 ~HepTHOrO MaTep~ana 
lcTanb, KBap~l HeCKOnbKO ysen~4~Ba~TCA. np~ TepMOXpOMaTorpa~~~ 
C M~nn~rpaMMOB~M~ KOn~4eCTBaM~ npO~CXOA~T y~e He aACOp6~~A, 
a KOHAeHca~~A. 3Kcnep~MeHTanbHbte TeMnepaTypbt oca~AeH~A Hg , 

Pb, Bi COBnaAa~T C TeMnepaTypH~M~ KOHAeHca~~AM~, KOTOp~e ner
KO B~4~Cn~Tb ~CXOAA ~3 AaBneH~A Hac~~eHH~X napos IW,~.'. 8 TO 
~e speMA 3Ha4eH~A Q2 IHo He Q 1 I AnA Hg , Pb , Bi 6n~3K~ K ~x 
~3BeCTH~M TennoTaM ~cnapeH~A. Tann~~ TpaHcnopT~pyeTcA AO 6onee 
H~3K~X TeMnepaTyp, 4eM paCC4~TaHO, 3TO MOmHO 06bACH~Tb o6pa3o-

l I 
BaH~eM nerKoneTy4ero coeA~HeH~A TlOH ·1,. 

Ha p~c.1 noKa3aH~ pe3ynbTaT~ TepMoxpoMaTorpa~~~ aHanoros 
CT3 P~ , Po s TOKe BOAOPOAa I Pb , Bi - c pa3HbtM Kon~4ecT
BOM HOC~TenA, Po- 6e3 HOC~TenAI. Bn~AH~e Pb ~ Bi Ha noseAe
H~e nonOH~A IKOTOpbt~ MO~eT B3a~MOAe~CTBOBaTb C 3T~M~ 3neMeHTa
M~ Ha nosepxHocT~, o6pa3yA nonoH~Abt '~0 • ~ 1 ' I cKa3btsaeTCA Tor-
~ 1 H2 Po!230°! Aa, KOrAa Kon~4eCTBo Hoc~-
50~ a ----- TenR AOCT~raeT nOPAAKa 

25 

:~'o 

% 
60: 6 

30 

10 

% 
60 • 

30 

10 

Bi M~KporpaMMa ~ noKpbtT~e 

Pbo)~oo, nosepxHOCT~ np~6n~~aeTcA 1540 ;-t 

~
I I K MOHOMOneKynApHOMy. 
I L, 
I I 

~(\\ 
4n ~on 

~; Br(560°) 

Pol300°) 

20 

20 

CM 

CM 

PHc.J. BnHHHHe HOCHTeiTH Ha 
TepMoxpoMaTorpa~HW B TOKe BOAO
POAa /ycnOBHH CM. B Ta6n.2/i 
a/ Pb, Bi, Po- 6e3 HOCHTenH/25/; 
6/ Pb, Bi - c HOCHTeneM I MKr; 
B/ Pb , Bi - c HOCHTeneM 
1500 MKr, Po - 6e3 HOCHTenH, 

CM 

7 
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B TOKe KHCnDPOAa HnH BOSAYXa neTy4HMH MOryT 6~Tb 3neMeHT~ 
n04TH BCeX rpynn nepHOAH4eCKOA CHCTeM~ /Ta6n.1/.npH 3TOM MHO
rHe OKHCn~ MoryT HMeTb paSH~e saneHTH~e COCTOAHHA B rasosoA 
<)lase H Ha nosepxHOCTH I 24/, 

3AeCb B 6onbweA CTeneHH, 4eM B TOKe BOAOPOAa, npOABnAeTCA 
BSaHMOAeACTBHe BOSOrHaHH~X 3neMeHTOB C fu02 C o6pasoBaHHeM 
HeneTy4HX COeAHHeHHA. norno~eHHe KBap~eB~M <)>HnbTpOM npH 1000-
12000C SaBHCHT OT ycnOBHA 3KCnepHMeHTa.~HnbTp HSSiQ 2 C nOCTO
AHHOA TeMnepaTypoA 1000-1200°C norno~aeT n04TH nonHOCTb~ ~e
n04H~e 3neMeHT~ H oYeHb Mana 3neMeHT~ - aHanorH CT3'32~soAHaA 
HnH TpoAHaA neperOHKa Ha KBap~eBOM necKe B TOKe BOSAYXa cnoco6-
CTByeT 6onee nonHoA AH<)l<)lySHH BHyTpb KBap4a H npHBOAHT K Heo6-
paTHMOMY norno~eHH~ TaK~e BHCMyTa, 4aCTH4HO CBHH4a H 4HHKa, 
a <)>HnbTp C nOABH~H~M TeMnepaTypH~M rpaAHeHTOM, KOTOp~A o6ec
ne4HBaeT npaKTH4eCKH MHOrOKpaTHY~ neperOHKY H SHa4HTenbHO yae
nH4HBaeT BpeMA KOHTaKTa MOneKyn neTy4HX OKHCnOB C KBap4eBoA 
nosepxHOCTb~ npH s~coKoA TeMnepaType, nonHOCTb~ norno~aeT 
MaKpOKOnH4eCTBa CBHH~a, 4HHKa H Aa~e 3neMeHTbl, cna6o BSaHMO
AeACTBY~~He c Si02, HanpHMep MOnH6AeH. norno~eHHe <)>HnbTpOM HS 
SiQ 2 , no-BHAHMOMY, CBASaHO C o6pasosaHHeM yCTOA4HBbiX CHnHKa
TOB. TaKHe CHnHKaT~ XOpOWO HSBeCTH~ AnR ~en04H~X MeTannoa, 
Zn , In; 33< ··pt/ 34•351, Bi-' 36 '. AaHHble o ssaHMOAeAcTBHH Ksap4a 

C OKHCnaMH cypbMbl/37,38/ H MbiWbRKa/ 39 •52 ' TaK~e HMe~TCR B nH
TepaType, 3neMeHT~, neTy4He a BOADPOAe H norno~eHH~e npH a~-
rr-.u""''"A TO • .!MOI""\""'I"T"\/1"'\0 0 Tl'"'\lfO VIAI"",.,r'\1""\1'"'\n~ tf'IIAML"T"I""\r'\lul lA.-, ~i()n 

···-.--- ... .--- ····-··-.--ro-· "r····-·.--· ··- - ..... • 

6~Tb B~AeneH~ HS <)>HnbTpa nyTeM HarpesaHHR B BOCCTaHOBHTenbHOA 
aTMOC<)lepel~/npH 1000-1200°C, HO, KaK noKaS~BaeT HaW On~T,3TOT 
np04eCC HAeT 04eHb MeAneHHO. 

Ony6nHKoBaHH~e H nony4eHH~e HaMH AaHH~e o TepMoxpoMaTorpa
<)>HH neTy4HX OKHCnOB Ha KBap~e C paSnH4H~M KOnH4eCTBOM HOCHTe
nR npHBeAeHbl a Ta6n. 3 · HeKOTOPble 3neMeHTbl: Tl , Tc , Re , Ir, 
HHOrAa MOryT o6paSOB~BaTb Cpasy ABa HnH 6onee TepMOXPOMaTOrpa
<)>H4eCKHX nHKa HS-Sa Cy~eCTBOBaHHR HeCKOnbKHX XHMH4eCKHX <)>OpM 
a rasosoA <)lase HnH Ha nosepxHOCTH. 

Ha pHc. 2, a TaK~e a Ta6n. 2 noKasaHa TepMoxpoMaTorpa<)>HA Hg 
Tl , Pb , Bi , Po C paSHbiM KOnH4eCTBOM HOCHTenR B TOKe BOSAY

xa Ha Hep~ase~~eA cTanH. Heo6~4HO SAeCb noseAeHHe CBHH~a - era 
TeMnepaTypa ocamAeHHR SHa4HTenbHO yMeHbWaeTCR C ysenH4eHHeM 
KOnH4eCTBa HOCHTenA, 4TO, no-BHAHMOMy, rosopHT 0 XHMH4eCKOM 
BSaHMOAeACTBHH OKHCH CBHH~a C MaTepHanOM KOnOHKH. TaKHM o6pa
SOM MO~HO paSAenATb Pb H Bi, OC06eHHO B MHnnHrpaMMOB~X KOnH4eCT
sax. 

npH TepMoxpoMaTorpa<)>HH APYrHX BOSMO~H~X aHanoros CT3 - Os, 
Ir , Pt , a TaK~e Re, a TOKe sosAyxa TeMnepaTyp~ oca~AeHHR 

HPHAHA H nnaTHH~ Ha KBap4e Cy~eCTBeHHO SaBHCAT OT ycnOBHA, HO 
BCerAa 6nHSKH APYr K APYry H COCTaBHnH B ycnOBHAX 
3KCnepHMeHTa, pesynbTaT~ KOTOporo npHBeAeH~ Ha pHc.3, 

8 

%~ a 
50 Bi r"" 803li'::IX (880°)1 1,-, 

I I 
I 

rJ I 
I I 

25~ I I 
I I I 
I 
J 

10 20 CM 

% 
50~ 6 

Bi 
(910°) .. -

25t I I 
I l 1 

I~ l_ Po 
I I (~!R o; 
1 L, 
I I I : ... I 

I 

10 20 CM 

Yor 50 B 
Hg~ (25 

Bi ({60°) (970°) Tl 
25~ r1 (315 °) 

J I r·~ 
r l ,J L., .., ,... 

rJ 
L, .J L., 

L L... 

10 20 CM 

PHc.2. TepMoxpoMaTorpaMMa B TOKe aos~yxa Ha KonoHKe 
H3 HepJKaBeiD~eH: CTanH I CM. Ta6n. I I: a/ Pb , Bi - 6es 
HOCHTen.ff; 6/ Pb , Bi- c HOCHTeneM, I MKr, Po- 6es 
HOCHTen.ff; a/ Pb , Bi , Tl , Hg- c HOCHTeneM, I500 MKr. 

410 °C /no AaHHbiM pa6oT 17 ,SS/- 260 H 280°C COOTBeTCTBeHHO/. 
He scerAa YAaeTcR TaK~e nonHoCTb~ pasAenHTb Re H Os. 0AHa
Ko, KaK Mbl noKasanH a1 2ll,Ha <)>HnbTpe HS MeTannHYecKoro sonaTa, 
KOTOp~A,no-aHAHMOMy, BOCCTaHaBnHBaeT Pt02 AD MeTanna H no
rno~aeT nnaTHHY yme npH 1000°C, xopowo paaAenA~TCR Pt H Ir. Oc
MHA H peHHA nerKO pa3AeflHTb Ha <)>HflbTpe H3 OKHCH MarHHR, no
rno~a~~eA peHHA npH B~COKOA TeMnepaType/21~ 

9 



o/o 

50 
I r 

Pt 

rt"l; 
f ••• 

,-fA L::f: 
s.·~---; l:··, 

Re 
r-1 

: I 
I 
I 
I 
I 
I 
I 

11 

Puc. 3. TepMoxpoMaTorpaMMa rrnaTHHOBbiX 3JleMeHTOB u Re 
Ha KOJlOHKe il3 KBapl\a B TOKe B03p;yxa /t~ 3 '-I, CB0-
6op;HaH Tpy6Ka C ,!l;HaMeTpOM 4 MM, CKOpOCTb ra3a 

r'i: 

500 

7 MJl/MHH, B03p;yx ocymeH NaOH, n- JlOBYWKa c aKTHBH
poBaHHb!M yrJleM/, 

Pa3~eneH~e 3neMeHT08 8 ToKe K~cnopo~a Ha OK~c~ Kanb~~R, 
KOTopoe ~3y4anocb Ha~6onee no~po6Ho, on~caHo H~me. 

M~ Ha6nn~an~J 4TO HeKoTop~e 3neMeHT~, HeneTy4~e 8 8~~e 
OK~cno8 - Ti , Zr , Nb , Cu , Ni , Au, 8 oTn~4~e aT Fe , Ca , 
Y ~ ~p., 803rOHR~TCR ~3 o6pa3~a 8 TOKe K~Cnopo~a ~n~ 803AYXa, 
ecn~ np~cyTCT8yeT ~ame He6onbmoe Kon~4ecT8o xnop~ao8. 4TO 
v~cn~nnciLH uupa308aH~eM neTy4~X Xnop~~08 ~n~ OKC~XnOp~~08, 
TpaHcnopTH~e peaK~~~ nepeHoca 30noTa, Me~~. ~8YOK~c~ T~TaHa 
~ era oKc~xnop~~a 8 np~cyTCT8~~ HCl np~ 8biCOKO~ TeMnepaType 
on~caHbl 8 n~TepaType I eM. , Hanp~Mep, '40' I. fleTy4~e xnop~~bl 
npOXO~RT 8 OCH08HOM 4epe3 ~30TepM~4eCK~~ K8ap~e8~~ $~nbTp 
8 TOKe K~cnopo~a np~ 1000-1200°C, Ho nonHOCTb~ pa3pywa~TCR Ha 
$~nbTpe ~3&02 C nepeMeHH~M TeMnepaTypH~M rpa~~eHTOMICM.p~c.J 
8/8911. 06pa3o8aH~e 8 ToKe 803~yxa neTy4~x oKc~xnop~~ 
803MOmHo ~ AnR HeKoTop~x aKT~H~AH~x 3neMeHT08 - ypaHa, HenTy
H~R, nnyTOH~R '41~4TO MOmeT orpaH~4~8aTb 803MOmHOCTb ~OCT~meH~R 
8~COK~X K03$$~~~eHT08 04~CTK~ OT 3T~X 3neMeHT08. no-8~~~MOMY, 

np~cyTCT8~e xnop~~o8 no8~waeT neTy4ecTb 8 K~cnopoAe ~ Zn, Pb, 
Mo , W , Ru , Re, Pt ~ AP. 

B3AHHOaE~CTBHE flETY4HX OKHCflOB C CaO 

Ecn~ 8MeCTO o6~4HO~ KOnOHK~ ~3 K8ap~a 8 TOKe K~Cnopo~a ~c
nOnb308aTb OK~Cb Kanb~~R, TO xapaKTep aACOp6~~~ neTy4~X OK~c
no8 Ha no8epxHOCT~ c~nbHO MeHReTCR. KaK OTMe4anocb 81 42~~3y4e
H~e TepM~4eCKO~ yCTOR4~80CT~ ~80RH~X OK~Cn08 C OK~CnaM~ ~en04H0-
3eMenbH~X MeTanno8 ~aeT ~HTepecH~e $aKT~ pa3n~4Horo no8e~eH~R 
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aeCbMa 6n~3K~X no cao~CTaaM 3neMeHTOa, OAHaKO AO HaCTOH~ero 
apeMeH~ AnH pa3AeneH~H 3neMeHroa 3Ta ao3MO~HOCTb He ~cnonb3o
aanacb ~ HeT C~CTeMaT~3~poaaHH~X Cnpaa04H~X AaHH~X 0 TepM~4e
CKO~ YCT0~4~aOCT~ TaK~X AaO~H~X OK~cnoa. 

B ra6n.3, a raK>Ke a ra6n.2 ~3 1891, noMe~eHbl Haw~ 3Kcne-
p~MeHTanbH~e AaHH~e 0 norno~eH~~ 3neMeHTOa, neTy4~X a TOKe 
K~cnopoAa, $~nbrpoM ~3 nopowKa CaO np~ 1050-1100°C, a raK~e 

pe3yJlbTaT~ TepMOXpOMaTOrpa$~~ Ha nop~CT~X rpaHynax OK~C~ Kanb-
4~H lnp~ pac4eTe Q np~HHTO, 4TO v =10 13 c-l. ~=100 CM21cMI. 
npeAnOnaraeM~e X~M~4eCK~e COCTOHH~H 3neMeHTOa a ra3oao~ $a3e 
yKa3aH~, a OCHOaHOM, ~CXOAH ~3 AaHH~X MOHOrpa$~~ ' 23 '~ nono~e
H~H, 4TO a COCTOHH~~ 6e3 HOC~TenH oopa3oaaH~e COeA~HeH~~. MOne
Kynbl Korop~x coAep~ar 6onee OAHoro aroMa paA~03neMeHTa, Mano
aepoHTHO. Ha noaepxHocr~ aACOp6eHra, Hanpor~a, ao3MO~Ho o6pa-
3oaaH~e $parMeHTOa MHOrOaTOMH~X COeA~HeH~~ C COXpaHeH~eM T~na 
CaH3~ ~ aaneHTHOrO COCTOAH~H 3neMeHTa 43~ B Ta6n.3 np~aeAeH~ 
onyon~KoaaHH~e AaHH~e o x~M~4ecKoM cocraae ~ repM~4ecKo~ yc
T0~4~aocr~ COeA~HeH~~ Ha OK~C~ Kanb4~H, C H~M~ cornacy~TCH ~ 
Haw~ 3Kcnep~MeHT~. 

no OTHOWeH~~ K norno~eH~~ $~JlbTpOM ~3 Ca0 np~ 1050-1100°C 
ace 3neMeHT~, ~eTy4~e· a K~CnOPOAe, aHe 3aa~C~MOCT~ OT An~Tenb
HOCT~ 3KCnep~MeHTa,MO~HO pa3Aen~Tb Ha Tp~ T~na, 

I. Heoopar~Moe norno~eH~e I As , Sb , Bi , Te, Po , In , 
Tc , Ru , Mo , F ~, CYAH no n~reparypHbiM AaHHbiM, Cr , W , Pd, 

P 1. 3r~ 3neMeHT~, o6pa3yH c CaO npo4H~e Henery4~e coeA~HeH~H 
lra6n.31 o6~4Ho a caoe~ a~cwe~ creneH~ OK~cneH~H, nonHOCTb~ 
norno~a~TCA caHT~Merpoa~M ~n~ Aa~e M~nn~Merpoa~M cnoeM nopow
Ka. Ko3$$~4~eHT~ 04~CTK~ ra3a Ha 1 CM ¢~nbTpa, Hanp~Mep OT 
M~WbHKa ~ rexHe4~H, npea~wa~T 10~ nonHora norno~eH~H 3AeCb on
peAenHeTcH, no-a~A~MoMy, K~HeT~Ko~ a3a~MOAe~cra~H c Cao.~ no
H~~eH~e TeMnepaTyp~ ¢~nbTpa MO~eT 3Ha4~TenbHO CH~3~Tb K03$$~-

4~eHT o4~CTK~ IHa on~re AO 3Ha4eH~H 2 AnH As Ha 1 cM ¢~nbrpa 
npH 580°CI. Han~4~e HOC~TenH a KOn~4ecrae AO HeCKOnbK~X M~Jln~
rpaMMOa He ~3MeHHeT xapaKTepa norno~eH~H. Cy~ecraeHH~M, OAHaKo, 
HanAeTCH np~CYTCTa~e aOCCTaHoa~TenH a ra3e, Hanp~Mep, Hecropea
wero opraH~4ecKoro ae~ecraa: a 3TOM cny4ae norno~eH~e 3neMeHroa 
MO~eT OKa3aTbCH HenonH~M. 

~a~e An~renbHoe HarpeaaH~e np~ reMneparype 1200°C a TOKe 
K~CnOPOAa He np~aOA~T K KaKOMy-n~6o yneTy4~aaH~~ 3neMeHTOa 
3TO~ rpynn~ c ¢~nbrpa ~3 CaO,Ho ace 3neMeHT~, neTy4~e a TOKe 
aOAOPOAa lra6n.JI, KpOMe $Topa, MOryT 6~Tb nerKO a~AeneH~ ~3 
$~nbTpa a pe3ynbTaTe HarpeaaH~H a aOCCTaHOa~TenbHO~ aTMOC¢epe. 

}4. 

t 

1 

2. 06par~Moe norno~eH~e I Re , Ir , Pt , Rh , Ag ~, a~A~Mo, 

S l.3r~ 3neMeHT~ norno~a~TCH 3Ha4~TenbHO IAeCHTK~ npo4eHToal 
¢~nbTpOM a 1 CM, a 2 CM ¢~nbTpa norno~aeT ~X n04T~ nonHOCTb~; 
~X MO~HO OTAeJl~Tb OT 3neMeHTOa nepaoro T~na, ~CnOnb3YA KOpor
K~~ ¢~JlbTp ~3 CaO , np~ 6onee a~coKo~ TeMneparype ~ An~renb

HOM HarpeaaH~~. KaK yKa3aHo a ra6n. 3, Re, Ir , Pt , Rh ~ S 
MOryT o6pa30ablaaTb Ha noaepXHOCT~ OK~C~ Kanb4~H COeA~HeH~H, 
TeMneparyp~ pa3no~eH~H Korop~x 6n~3K~ K 1100°C. ~nH cepe6pa 
coeA~HeH~H c CaO He~3aecTH~, HO ~Me~TCH AaHH~e o6 ycro~4~aoM 
coeA~HeH~~ AllA aHanora cepe6pa - MeA~: CuO · 2Cao1 48/~ coeA~He
HH~ Ag

2
0 · 2Ba0, o6pa3y~~~MCH np~ 300-4ooocl 63/. 

3. norno~eH~H HeT ~Jl~ OHO Mano I Zn ' Cd ' Hg ' Tl ' Pb '. 
Os , Se , At , I , Br, Cl , C , N , 0, ~HepTHble ra3bl ~, no
a~A~MOMY, ~eno4H~e Merann~/8WI. 3r~ 3neMeHT~ He o6pa3y~T coe
A~HeH~A C Ca0~CT0~4~a~X np~ 1100°C a TOKe K~CnOPOAa, He no
rno~a~TCA, a OCHOaHOM, ¢~nbTpOM ~ XOPOWO OTAenH~TCA OT 3neMeH
TOa nepaoro, a TaK~e lc MeHbW~M abiXOAOMI OT 3JleMeHTOa aroporo 
r~na. He3Ha4~TellbHaA 4aCTb Cd , Zn , Pb , Se , Os Mo~eT 3aAep
~~aaTbCH HeKOTOpOe apeMA Ha ¢~nbTpe np~ a~COKO~ TeMneparype. 
3ro, aepoHTHO, caA3aHo c on~caHHO~ a n~reparype /68,69/ cnoco6-
HOCTb~ Cd , Zn , Pb o6pa3oa~aaTb raepA~e pacraop~ c CaO ~ A~¢
¢Y3~e~ aHyTpb, KOHKyp~py~~e~ C ~cnapeH~eM C noaepXHOCT~. 4ac
T~4HOe norno~eH~e ceneHa Ha6n~AaercH ~3-3a OTHoc~renbHO a~co
Kol1 I 1000° C 'S7/l reMneparypbl pa3no~eH~A Ca SeO 3 , a rpaHcnopr~-
~UDI"\.CJ V'-f"IVIn II)JVVI\...AVHVI I ' UJ'If·•P'II"IV' 

A~HeH~A Ca 20s 0 s ~ ero pacnaA 

50 

0 

Se(990~ 
~--: 

I I 
i i 
I I 

L., 
I 

I 
I 
I 

10 

--·--· _t= --
...,\.,. ........... >J ..... I UH"''V ....... ...,..., .... U ...... UUI ,,.,1, 

Ha Os04 ~ Os177 -: 

T°C 
1000 

500 

PHc.4. TepMoxpoMaTorpa¢HqecKoe pa3~eneHHe HeKOTOPhlX 
He'i:i'e'TannoB Ha KonoHKe H3 CaOB ToKe B03~yxa /t = 3 q, 
Tpy6Ka ~HaMeTpOM 5 MM, CKOpOCTb raga 20 Mn/MHH/. 
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Puc.S. TepMoxpoMaTorpa~HH aHanoros CT3 Ha CaO B TOKe 
B03~yxa ft =3 ~, Tpy6Ka ~HaMeTpOM 5 MM, CKOpOCTb raga 
20 Mn/MHH/. 

TepMOXPOMaTorpa$H~ Ha OKHCH Kanb~H~ IHnH HCnOnb30BaHHe 
$HnbTpoe npH 6onee HH3KHX TeMnepaTypaxlnoaeon~eT paaAenHTb He
KOTop~e 3neMeHT~ TpeTbero H BToporo TMna Me*AY co6oA.~HTepecHo, 
4TO Ha CaO xopowo paaAen~~Tc~ ranoreH~IpHc.41, OTAen~eTc~ Se 
OT As H Te, B TO BpeM~ KaK Ha KBap~eeoA noeepXHOCTH 3TO He AO
CTMraeTc~. Cy~eCTBeHHo TaKme oTnH4aeTc~ TepMoxpoMaTorpa$H~ 
3neMeHTOB- aHanoroe CT3 lpHc.SI. 

B03MO~HOCT~ ~CnOnb30BAH~R PA3AEflEH~~ 3flEMEHTOB 
C nat10l'~b!l) Si 0 2 ~ CaO B TOKE B03AYXA 

BaaMMOAeAcTBHe npM e~coKoA TeMnepaType c paanH4H~MH HeneTy-
4MMH OKHcnaMH HnM MeTannaMH OTKpbiBaeT WHpOKHe B03MOmHOCTH An~ 
paapa60TKH HOB~X MeTOAOB pa3AeneHH~ 3neMeHTOB. npHBeAeM nHWb 
HeCKOnbKO npMMepoe npMMeHeHH~ B3aHMOAeACTBM~ C KBap~eM M OKHCb~ 
Kanb~M~ B paAHOXHMHH. 

1. s~AeneHHe Po H3 o6ny4eHHOro Pb HnH Bi nyTeM B03rOHKH 
o6~4HO 3aTPYAHeHo BCneACTBHe TOro, 4TO CBHHe~ M BHCMYT TaKme 
4aCTH4HO B03rOH~~TC~ lc.180 r:/ 31/1 ,a nonOHHA o6paayeT C HHMM 
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ManoneTy4He nonoHHAbl I 30 • 31/ HnH nonoHHTbl/8 5Jiaw 3KcnepHMeHT no Bbi
AeneHH~ M30TOnOB 6e3 HOCMTen~ M3 pa3nM4H~X KOnM4eCTB CBMH~a, 

o6ny4eHHoro Ha ~MKnoTpoHe, noKaaan, 4TO npM HarpeeaHMM e TOKe 
B03AYXa CBMH~a B CMeCM C fu02 lnocTeneHHOe noB~WeHMe TeMnepa
TYPbl AO 1000-1100 °C/npMBOAMT K BbiAeneHM~ 6onee 99 '8% Po, a TaK
me 100% Os , 100% Re , 97% Tl , 83% Ir , 86% Ru , 52% Pt. Ko3$$M
~MeHT 04MCTKM OT CBMH~a - 6onee 2.10\ OT BMCMyTa - e~e B~We. 

2. 0TAeneHMe Po oT MMKpoKonM4ecTB Pb MOmHo TaKme ocy~ecT
BMTb, norno~a~ nonoHMA B TOKe B03AyXa $HnbTpOM Ca0/Ta6n.3, 
pMc.5/ C nocneAY~~eA B03rOHKOA Po B TOKe BOAOPOAa. 

3. Ce~3biBaHMe As e HeneTy4ee coeAMHeHMe c CaO e TOKe eoa
AYXa MOmHO MCnonb30BaTb An~ BbiAeneHM~ M30Tona 75 Se M3 MbiWb~Ka, 
o6ny4eHHOrO npOTOHaMM MnM a-4aCTH~aMM 1Ta6n.3, pMc.41~ 

4. Xopowee pa3Ae1leHMe M30Tonoe Pb M Bi e cocTo~HMM 6ea Ho
CMTen~ o6~4HO He AOCTMraeTC~ MeTOAOM TepMOXpOMaTorpa$MM Ha 
KBap~eB~X MnM MeTannM4eCKMX KOnOHKaX B TOKe BOAOPOAa, KMCno
POAa MnH xnopa'4,6/ lpMc.2,3/. B To me epeM~ $MnbTP CaOI1100-
12000CI B TOKe KMCnOPOAa MHTeHCHBHO norno~aeT BMCMYT, HO npo
nycKaeT CBMHe~ 1Ta6n.3, PMC.51. 

5. PaaAeneHMe M30Tonoa 1850s M 18 3Re Ha ocHoae norno~eHM~ 
peHH~ $MnbTpOM CaO /1000°C/ /pMc.51.fly4WHe peaynbTaT~ AOCTMra
~TC~ npM McnomaoaaHMM MgO 1850-1150°CI 1211. 

o. UT AeneHHe 1\L u 1 1 dJIUI t::Hu~ VI .41JY • VIJ\ JJ acMe,, • uc c • u"c;; cvv 

AYxa Ha CaOipMc.41 MomHo McnonbaosaTb Hap~AY c 04MCTKOA ac
TaTa c noMO~b~ $MnbTpa M3 MeTannM4ecKoro cepe6pa, npMMeH~BweAc~ 
paHee /18,20 I. 

7. BbiAeneHMe M3oTonoa 123- 1261 M3 Sb, o6ny4eHHoA a -4aCTM~a
MM,nyTeM B03rOHKH M3 aHTMMOHaTa Kanb~M~ npM 1100-1200°C MOmHO 
HCnOnb30BaTb BMeCTO o6~4HOA pnHTenbHOA npo~eAYP~ nepepa6oTKH 
MMWeHM 1 86/.Haw 3KcnepMMeHT noKaaan, 4TO H3 CMeCM CaO c Sb 20 5 , 
npoKaneHHOA npM 1100°C H o6ny4eHHOA a-4aCTH~aMH Ha ~HKnOTpOHe, 
yme 3a 30 MMH B TOKe B03AyXa npH 1100°C B03rOH~eTC~ 60% MOAa, 
npM 3TOM cypbMa He B03rOH~eTC~ COBCeM IK03$$M~MeHT 04HCTKM 5o
nee 106 1. BoaMomHo TaKme npMMeHeHMe fu02,ce~a~aa~~eA cypbMy. 

8. AHanorM4HO MOmHo ocy~ecTBMTb B~AeneHMe M3oTonoa I M3 
o6ny4eHHoro Te 1Ta6n.3/ BMecTo 6onee cnomHbiX MeTOAMK/87/. 

9. 3KcnpeCCHOe OTAeneHMe M30TOnOB 130 - 1351 OT 18 F M P~Aa 
M30TOnoe - npOAYKTOB AeneHM~ I 131mTe , 132Te, 9~o-Tc , 103Ru I 
C nOMO~b~ $MnbTpa M3 CaO B TOKe B03AYXa MCnonb30BanoCb HaMM 
a pa6oTe no M3y4eHM~ AeneHM~ TOPMH IMMWeHb Th02I noA AeAcT
BMeM a -4aCTM~/ 8 8/. 0TAeneHMe $TOpa OT APYrMX ranoreHOB MeTo
AOM TepMOXpOMaTorpa$MM Ha KBap~eB~X M MeTannM4eCKMX KOnOHKaX 
He AOCTMranocb 1Ta6n.31. 
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~YHKOB 6.fl. P12-82-63 
Pa3AeneH~e neTY4~X 3neMeHTOB ~ oK~cnos: 

TepMOXpOMaTorpa~~R ~ ~CnOnb30BaH~e XHMH4eCK~X ~~nbTpOB 

PaccMoTpeH~ B03MO*HOCT~ ra3ox~M~4eCKoro pa3AeneHHR 3neMeHTOB nep~OA~-
4eCKOH C~CTeM~ 3a C4eT ~3MeHeHHR COCTaBa ra30BOH ~a3~ IBOAOPOA, K~CnOPOAI, 
TeMnepaTyp~ ITepMOXPOMaTorpa~~R, nOAB~*H~H TeMnepaTypH~H rpaA~eHTI ~ co
CTaBa CTa~~OHapHOH ~a3~ IKBap~, Hep*aBe~aR CTanb, 30nOTO, OKHCb Kanb~HRI. 
npoBeAeHO TepMOXPOMaTorpa~~4eCKOe pa3AeneHHe PRAa 3neMeHTOB B TOKe BOAOPOAa 
~n~ K~CnOPOAa B COCTORH~H 6e3 HOCHTenR ~ C HOCHTeneM lAO H8CKOnbK~X M~nn~
rpaMMOBI. B~4~cneH~ TennoT~ aACOp6~~H Ha pa3n~4H~x nosepxHOCTRX. H3y4eHo no 
rn0111eH~e ~~nbTPOM H3 Ca0 111 00°CI 60nbWOrO 4~Cna 3neMeHTOB, neTy4~X B TOKe 
K~cnopoAa. nonHOCTbiO norno111a10TCR ~HnbTPOM F , As , Sb , Bi , Te , Po , In , 

Mo , Tc , Ru;norno111a10TCR 4aCT~4HO Re , Rh , Ir , Pt; npaKTH4eCKH He nornC>U~a

IOTCR Br , I , At , Se , Pb , Tl , Zn , Cd , Hg , Os.B npo~ecce TepMoxpoMaTo
rpa~HH B TOKe KHCnOpOAa, B 4aCTHOCT~, nonHOCTbiO pa3AenRIOTCR At H ranoreH~. 
PaccMoTpeH~ B03MO*H~e nyTH np~MeHeH~R 3T~x MeTOA~K B paA~OX~M~~. Hanp~Mep, 
AnR OTAeneH~R Po oT Pb H Bi ~~~nbTP H3 SiO 2 I; Po oT Pb ~~~nbTP ~3 CaO I; 
Se OT As/ CaOI , I OT SbiCaOI~ T. A. 

Pa5oTa B~nonHeHa B fla5opaTop~H RAePH~x peaK~~H OHRH. 
t oo6UieHHe 06~eA~HeHHoro ~HCTHTyTa RAePH~x ~ccneAOBaHHH. AY6Ha 1982 

Zhujkov B.L. . 
Separation of Volatile Elements and Oxides: 
Thermochromatography and the Use of Chemical Filters 

P12-82-63 
j. 

The possibilities of gas-chemical separation of elements of the perio
dic system by alternation of gas phase composition (hydrogen,oxygen), tempe
rature (thermochromatography, a moving temperature gradient) and composition 
of stationary phase (quartz, stainless steel, gold, calcium oxide) are con
sidered. Thermochromatograhic separation of numerous elements in hydrogen 
or oxygen stream is performed in a carrier-free state and in the presence 
of a carrier up to milligram quantities. Adsorption heat on different sur
faces are calculated. Absorption of volatile in oxygen stream elements by 
a CaQfi lter (1100° C) is examined. Complete absorption of F, As, Sb , Bi, 
Te , Po , In , Mo , Tc, Ru; partial absorption of Re , Rh, Ir , Pt; practi

cally no absorption of Br, I, At, Se ,, Pb, Tl, Zn, Cd, Hg, Os are 
observed. Complete separation of At and halogens by thermochromatograhy on 
CaO is achieved. The use of these methods in different fields of radiochemist 
ry is discussed. 

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