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Non-congruent phase transitions in interiors of giant planets
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The basic feature of phase equilibrium in mixtures or compounds of two
or more chemical elements is their non-congruence (or ‘inconguence’), i.e.
ability to vary chemical composition (‘stoichiometry’) of coexisting phases
with no violation of total stoichiometry of two-phase system. Non-congruence
leads to substantial change in properties of inter-phase boundaries and critical
point(s) in comparison with standard phase transitions in ordinary
substances. The features and parameters of non-congruent evaporation in
high-temperature uranium-oxygen plasma have been studied thoroughly in
frames of nuclear safety problem [1, 2]. Non-congruence is general rule. Any
phase transition in equilibrium system of two or more chemical elements
must be non-congruent.

Non-congruence of hypothetical phase transitions in interior of giant
planets and brown dwarfs is under discussion. Main points of discussion are
so-called ‘plasma’ phase transition (PPT) (for example [3]) and “dissociative’
phase transitions (DPT) [4]. Present situation with theoretical and
experimental predictions for PPT and DPT in pure hydrogen and helium is
discussed as well as the features of their combination in H2/He mixture in
frames of “additivity” approximation.

Non-congruence of PPT was estimated [5] for PPT variant of Saumon &
Chabrier [4], which is widely used in astrophysical applications. The
magnitude of the effect proved to be noticeable and its sigh is in agreement
with really observed lowering of helium abundance in atmosphere of Jupiter
and Saturn. This approves providing of full-size calculation of non-
congruence for any theoretically predicted phase transitions (ionization and
dissociation driven) in H2/He mixture of astrophysical objects.
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B pabote o0cy>kaaeTcsi HEKOHIPYDHTHOCTD (pa3OBLIX IIePexoA0B B Hegpax
IIAaHeT-TUTAaHTOB ¥ KOPUYHEBLIX Kapamkos. HexkonrpysurHocrs (T.e.
paBHOBeCHOe cocyllecTBoBaHMe a3 pasAnyarolleNcss CTeXMOMeTpUn)
IIPUBOAUT K CYIIECTBEHHOMY W3MEHEHUIO IIapaMeTpPOB M CTPYKTYPEI
daszoBpIX TIpaHMIl. OTM OTAMYMA MUAAIOCTPUPYIOTCA Ha HpuUMepe
HEeKOHTPYDHTHOIO JMCIapeH!sl B BBICOKOTEMIIEpaTypHOI CHUCTeMe ypaH—
KIICAOPOJ, IPOAYKTe DKCTpeMaabHOTrO Harpesa aAumokcuga ypana (UOe) [1,2].
B cooOmenmm  oOcy>XgaeTcs  HEKOHTPYDHTHOCTb  TMIOTeTUMYEeCKMUX
“naasmennoro” (PPT) (mamp. [3]) u “aucconmatusHoro” (DPT) (mamp. [4])
(a3oBLIX ITepexo40B B reAnit-Bo40poAHOI naa3Me Heap IOnmrepa, Carypha
I  KOpPUYHEBBIX  Kapamukob. OOcyxXgaeTcs  COCTOsIHME — HPOOAEMBI
cymecrsoanuss PPT u DPT B BOgOpoae U reamm u COOTHOIIEHNE
TeOpeTUYeCKNX IIPeACKa3aHnl C IOCAeAHUMN pe3yAbTaTaMy DKCIIEPUMEHTOB
110 M3OBHTpoImyeckoMy coxaruio genrtepus (Capos). HeKOHIpy®HTHOCTD
111asMeHHOro pazosoro nepexoaa B Ho/He cmecu mpubanskeHHO orjeHeHa [5]
Ha HOpyMepe IOIyAAPHON B acTpopuU3MuecKux npuaoxeHmsax sepcum PPT
Saumon & Chabrier [3]. OnjeHeHHast cTelleHb HEKOHTPY®HTHOCTU CpaBHUMA
II0 BeAM4YMHe 1 COBIajaeT II0 3HaKy C HabAI0AaeMOIl BeANMYMHON IeAneBOro
obeanennsa armocpep IOmmrepa m Carypna. OOcy>KgaeTcs BO3MOXKHas
B3alIMOCBsI3b HEKOHIPY®HTHOCTM (pa3oBbix HpespalfeHnit 8 H2/He cmecn
Heap IOnmrepa n CarypHa ¢ IMIIOTeTMYECKMM MeXaHM3MOM CeAVIMeHTalluu
reaust B 9Tux Iaa”Hetax. OOcCyXaalOTCd NEPCIEeKTUBBl  IIPOBEACHIs
IIOAHOMEPHBIX pacyeToB OOCYy>XAaeMOl HEeKOHIPY®HTHOCTM BO  BCeX
ocraapHbIX Bepcusax PPT n DPT B reannn-soaopoaHoON 111a3Me HeAp I1AaHeT-
TUTaHTOB, a TaKXe IIePCIeKTUBBI IPOBEAEHM: HOBBLIX DKCIIEPVMEHTOB II0
IIOMCKY TaKMX II€PexX00B.
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