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LiF — Li,SO, — NaCl SYSTEM

The secant triangle of LiF - Li,SO, - NaCl quaternary reciprocal system Li, Na // F, Cl,
SO, was studied with the differential thermal (DTA) and X-ray diffraction (XRD) methods of
physical and chemical analysis. It was found that for this system the eutectic composition crystal-
lizing at 447 ° C is realized. DTA was carried out using the STA 449 F3 device for simultaneous
thermal analysis in an inert gas (argon). For XRD the diffractometer « Empyrealy was used. Data
were treated applying «PANalytical» ICSD Data base. The study of T-x diagram containing alkali
metal ions systems allow to develop new salt compositions which can be used as electrolytes of
molten chemical power sources in electric welding fluxes of nonferrous metals, coolants, etc.
Many industries demand the salt eutectic compositions. They are used in solar energy, for the
storage medium and high-grade heat as a heat store. One of the valuable properties of heat store
is the value of the phase transition enthalpy (energy content) of the eutectic composition. Eutectic
compositions, arranged in sections of four-component mutual systems with three-character, are
the most energy-intensive, that is they possess the greatest enthalpies of phase transitions. In this
connection in given work as the research object the cross-section of a stable LiF - Li,SO, - NaCl
guaternary reciprocal system Li, Na // F, Cl, SO, were chosen. It should be noted that the heat of
polymorphic transition for lithium sulphate exceeds the heat of fusion. An experiment planning
was carried out according to the general rules of the projection-thermo graphic detection method
of heterogeneous equilibria for multi component condensed salt systems. It allows carrying out
the experiment with minimum of time to reveal the parameters of invariant compositions. Origi-
nally, one dimensional poly thermal section crossing the fields of lithium fluoride and sodium
chloride crystallization was studied with DTA. The study of this section allows revealing in the
field of lithium fluoride crystallization the individual composition showing the ratio between of
lithium fluoride and sulfate in the ternary eutectic point. The content of the third component (so-
dium chloride) in the eutectic and temperature of eutectic crystallization was determined with the
study of poly thermal section drowned from crystallization pole of sodium chloride through the
composition showing the constant ratio of lithium fluoride and sulphate up to confluence of
thermo effects of primary and tertiary crystallizations. The phase composition of the eutectic was
confirmed with XRD. For this purpose the eutectic composition was initially melted in an inert
atmosphere (argon), and then the composition was kept in the same medium at 10 ° C below the
melting point of the eutectic (437 °C) for 10 h.

Key words: multi component reciprocal system, liquidus, phase transition enthalpy, eutectic, heat
transfer fluids, heat acc umulators

TemIoBoe aKKyMyJIMPOBaHHE HA OCHOBE (pa3o-
BBIX TIEPEXOIOB PA3IMYHBIX MATEPUAIIOB SIBISIETCS OJI-
HHUM K3 HauboJiee HHTCHCHBHO pa3pabaThiBAEMbIX CIIO-
CO0OB aKKyMyJIMpOBaHHSI COJHEUHOW sHepruu [1-3].
HccnenoBanust TPEINPHHATEL C LENBI0 pa3paboTKu
9HEPrOEMKHX TEIUIOAKKYMYJIHPYIOIINX MaTepHaioB 13
(hTOPUIOB, XJIOPHIIOB, CYIb(ATOB JTUTHS U HATPHSL.

B kadectBe 00OBEKTa HCCIIEIOBAHUNA BHIOPAHO
cradbunbHoe ceuenne LiF — Li,SO, — NaCl getpipex-
KOMITOHEeHTHOM B3anMHOi1 cucremsl Li, Na // F, Cl, SO..

SKCITEPUMEHTAJIBHAS YACTb

UccnenoBanus mposomwmch nuddepeniu-
ATBHO-TEPMHUYECKAM H PEHTTEHO(A30BBIM METOJIaMHU
(usuko-xumuyeckoro ananuza. J|TA mpoBoguiics Ha

npubope CHHXPOHHOI'O TepMHieckoro aHanmuza STA
449 F3 B atmocdepe nHepTHOTO ra3a (apros), POA —
Ha mudpakromerpe «Empyreal», MoHOXpOMaTH3aIHS
OCYIIECTBIISIACH C WCIIONb30BAHUEM HHUKEJIEBOTO [3-
¢wuerpa (I = 30 MA, U = 40 xB), Bpems mrara 0,013
rpazg/c, nist paciiupoOBKH MCIIOJIB30BANIaCh KapTOTe-
ka «PANalytical»y ICSD Data base. Uccrnenosanus
MPOBOJIMIIUCH B IJIATUHHOBBIX THTIISIX € HMCIIOJB30Ba-
HUEM IUIaTHHA-IUIATHHOpOAneBol Tepmomnapbl. Cko-
POCTh HarpeBaHUsl U OXJaXACHUS 00pa3LlOB COCTAB-
asuta 10 rpaxg./muH. TOYHOCTH M3MEPEHHS TeMIlepa-
Typ +£1°C, macca nHaBecok 0,2 r. Mnauddepentnoe
BelecTBo — cBexxenpurotoBieHHbd Al,O3 kBamidu-
KalMd «4.7.a.». KBanudukaius HCXOIHBIX COJICH:
LiF, Li,SO,4, NaCl — «4.11.a.».
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Bce cocTtaBbl BBIpaXEHBI B JKBHUBAJICHTHBIX
MIPOIICHTAX, a TeMIIepaTyphl — B Tpajaycax Llenbcust.

OKCIEPUMEHT TIPOBOJIUIICS B COOTBETCTBHH C
o0ImUMH TIpaBUJIAMH TIPOEKIHOHHO-TepMoTpadude-
CKOT'O METOJIa OTPEJCICHHS TeTePOTeHHBIX PaBHOBE-
CUll B KOH/ICHCUPOBAHHBIX MHOTOKOMIIOHECHTHBIX CH-
cremMax [4].

PE3VJIbTATBI 1 X OBCYXJIEHVE

OcHOBaHHEM HCCIEyeMOr0 CEKYIIEro Tpe-
yronbuuka LiF — Li;SO4 — NaCl cinyxut nByxxomrio-
nentHas cucrema Li // F, SO,, a 60KOBBIMH CTOpPOHA-
MU SBISIOTCS crabmnpable quaroHamu NaCl — LiF u
Li,SO; — NaCl TpexKOMIOHEHTHBIX B3aWMHBIX CH-
crem: Li, Na // F, Cl; Li, Na // Cl, SO,4, B Toukax KoH-
BEPCUI KOTOPBIX TMPOTEKAIOT PEaKIUU B3aWMHOTO
oOMeHa:

LiCl + NaF = NaCl + LiF (\H®g = - 44,89 x/Ix/ 5kB.;
AG®,98 = - 43,72 xJ1%/7KB.)
2LiCl + Na,SO, = L|2804 + 2NaCl (AHozgg =
= -26,9 kJIk/9KB.; AG°g = -25,07 xJx/3KB.)

W3 npoBeNeHHBIX TEPMOAMHAMUYECKHX pac-
YETOB CJICYET, YTO 00€¢ B3aUMHBIC CUCTEMbI OTHOCST-
¢sl K He0OOPaTUMO-B3aHMHBIM.

Heyxxomnonenmuuie cucmemul

1. Li // F, SOy [5]. OBrektuka mpu 532 °C u
72,5 3kB.% cynbdara autus, u3ioMm npu 806 °C wu
9,3% cyibdara TUTHs.

2. LiF — NaCl [6]. CrabuibHas quaroHaib
TPEXKOMITOHCHTHO# B3ammHoO# cucrembl Li, Na// F,
Cl. IepeBanbHas 3BTeKTHYECKas: Touka npu 670 °C u
41,5 axB.% LiF.

3. Li,SO,4 — NaCl [6]. CrabunsHast quaroHarb
TPEXKOMITOHEHTHO# B3auMHO#M cuctemsr Li, Na // Cl,
SO,. IlepeBanbHas 3BTEeKTHUYECKas Touka mpu 499 °C
u 74 »xB.% Li,SO,.

Ha croponsr crabunbHo ceuenust LiF —
Li,SO; — NaCl maneceHbl qaHHBIE TIO OTPAHSIONTHM
cucremaM: Li // F, SO, u LiF — NaCl; Li,SO,— NaCl
(puc. 1). Oxcnepumentanpao JITA wucciemoBan o-
HOMEpHBIN TonuTepMudeckuii paspe3 AB, roe A —
50% NaCl + 50% Li,SO,4; B — 50% NaCl + 50% LiF
(puc. 1, 2). Ha mmarpamme coctostHms paspesa AB
BETBH TMEPBUYHON KPHCTATU3AIUH MEPECCKAIOTCS B
TOuKe M C MOHOBAPHAHTHOI KpHBOii e — E*, a BeTBU
BTOPUYHON KPHUCTAIM3AIUN CIUBAIOTCS C JBTCKTH-
YECKOU MpsIMOH B TOUKe a (puc. 1, 2).

Crnenyer OTMETHUTh, YTO TOYKA @ MOKa3bIBaeT
COOTHOIIEHHS QTOpHIa U Cyab(aTa JTUTUS B TPOHHON
serexTHKe E" 1 SBIISETCS ee LeHTpanbHOMN IpoeKimeit
Ha paspe3 AB ¢ mosroca KpUCTATUTU3AIMU XJIOPHIA
HaTpus (puc. 1, 2).

CocTaB 3BTEKTUKH OIpE/eNCH U3YYCHHEM OfI-
HOMEPHOTO HoHTepMudeckoro paspesa NaCl — a — E*,
JI0 CITUSHUS TepMOI(P(EKTOB MEPBUYHON U TPETHUHOM
KpucTayum3anuy (puc. 1-3). BeiiBieHHBI TakuM o0pa-
30M 3BTEKTHYECKHI COCTaB KpUcTaun3yercs mpu 447 °C
u comeprkur NaCl — 20,5 9xB.%, LiF — 19,1 3xB.%,
Li2804* 60,4 9KB.%.

800°C
2NaCl

e, 670°C
50% NaCl
50% LiF

50% NaCl 50%
A Li,SO,

e, 499°C

858°C
Li,SO,

e, 532°C

Puc. 1. luarpamma cocTaBOB CTAOMIIBHOTO CEKYILETO TPEYroJlb-
Huka LiF — Li;SO, — NaCl u pacnosnoxeHre moituTepMHIECKUX
paspesos: AB; a — E*

Fig. 1. Diagram of compositions of stable secant triangle of LiF -
Li,SO, - NaCl and location of poly thermal sections: AB; a — E*

670

600 x + NacCl

x+ NaCl + Li,SO,

x+ NaCl + LiF

TemnepaTtypa, °C

500
484

447°C

. NaCl + LiF+ Li,SO, _

A 50% NaCl 50% NaCl B
50% Li,SO,

CocT. 3KkB.%
50% LiF

Puc. 2. Cucrema 2LiF — Li,SO, — 2NaCl B pa3pese AB
Fig. 2. System 2LiF — Li,SO, — 2NaCl in the section of AB

C nenpio MOATBEpKAEHUS (a30BOTO COCTaBa
IBTEKTHYECKYIO CMECh BBIJCPKUBaIU B TeueHue 10 1
ipu 437 °C, 3aTeM 3aKalvMBalH IPU TeMIIEpaType Ta-
fommero Jspaa. Judpakrorpamma PDA ucciaemyemoit
CMeCH TOATBEP)KIAET, YTO B IBTEKTHUKE KPHUCTAILIH-
sytotcs kommoHeHTs! LiF, Li;SO4 u NaCl (puc. 4).
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Puc. 3. T-x nuarpamma noJuTepMHUUECKOTo pazpesa a — E* cu-
cremsl 2LiF — Li,SO4 — 2NaCl
Fig. 3. T-x diagram of poly thermal cut @ — E* of 2LiF system -
Li,SO, - 2NaCl
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Puc. 4. lndpakrorpaMma 3BTEKTHYECKOTO COCTaBa B 9KB.%
60,4Li,S0O, + 20,5NaCl + 19,1LiF. (1- Li,SO,; 2-NaCl; 3- LiF)
Fig. 4. The XRD pattern of the eutectic composition in eq.%
60.4Li,SO, + 20.5NaCl + 19.1LiF

JlanHble Mo AuarpaMMaM IJIaBKOCTH HcCCie-
JNOBaHHOM CHUCTEMBI MOTYT OBITh HMCIOJB30BAaHBI Kak
CIPaBOYHBII MaTepuai Al PELICHUS Pa3InYHbIX XU-
MUKO-TCXHOJIOTHYCCKHUX 3a/Jad4, B YaCTHOCTHU IIpHU
o00pe TETUTOHAKOMUTENEH, TEeTNIOHOCUTENeH Terl-
JIOBBIX aKKyMYJISITOPOB, PACIUIaBICHHBIX 3JICKTPOJIH-
TOB XUMHWYCCKUX HCTOYHHUKOB TOKA.
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