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Abstract

In this work, we provide recommended normal melting points, binary eutectic melting points, and
heats of fusion for the metal halides. Recommended melting points are provided for about 320
compounds. Recommended temperatures are provided for about 750 individual binary eutectic
transitions for about 540 binary pairs. A eutectic point is a temperature where a liquid phase is in
equilibrium with two solid phases (Liquid — A + B). Eutectics are minimums in the equilibrium
phase diagrams — melting at lower temperatures than the individual components.
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1. Introduction

In this work, we provide recommended normal (1 atm) melting points, binary eutectic melting
points, and heats of melting/fusion (where available) for the metal halides. Recommended
melting points are provided for about 320 compounds. Recommended temperatures are
provided for about 750 individual binary eutectic transitions for about 540 binary pairs (many
systems have more than one eutectic transition).

A eutectic point is a temperature where a liquid phase is in equilibrium with two solid phases
(Liquid — A + B). Eutectics are minimums in the equilibrium phase diagrams — melting at lower
temperatures than the individual components: for example, the eutectic melting point of LiF—
LiCl at 774 K is lower than the melting points of LiF and LiCl at 1118.9 K and 879.8 K,
respectively.

Dissolved salts and phase equilibrium in solid-state ionic systems are important to many
applications including a) molten salt reactors (MSRs) which are nuclear reactors where the
mixture is used as a coolant or fuel that allows the reactors to operate at lower operating
temperatures and with better heat transfer; b) metallurgical processes where metal halide
mixtures are used to recover precious metals; c) batteries where solid electrolytes are used as
high ionic conductivity phases; and d) optoelectronic devices where ionic liquids are used to
create specialized phases.

2. Compilation and Evaluation

The selected melting points (for about 320 compounds) are taken from our compilation of
about 900 values extracted from the literature (only the selected values are provided here) and
these data were taken from about 140 different references. However, about one half of the
900 values are from reviews and evaluations, and the recommended values come from about
50 different sources. About 70 % of the melting points for the roughly 320 compounds come
from just 8 research groups: Pankratz, Robertson, Kelley, Dworkin and coworkers, Gibson and
coworkers, Spedding and coworkers, Gaune-Escard, Rycerz and coworkers, and Brewer and
coworkers. See bibliography for the many references for this set. About 60 of the 140 different
references are after the 1987 comprehensive evaluation by Sangster and Pelton [1987SAN].

We provide about 750 eutectic melting points for about 540 metal halide pairs (along with
heats of fusion, where available) from about 130 different sources. About 60 % of these were
taken from work by just 5 research groups: Robertson, Thoma, Janz, Sangster, and Gaune-
Escard & Rycerz. The first four are evaluations, while the latter are experimental
measurements. See the table and the bibliography in this work for the references for this set.
Also see the evaluations for citations to the original sources (they were not abstracted in this
work). These selected eutectic melting points values were taken from a larger compilation of
about 1060 values in the literature taken from about 170 different sources of which about 60 %
are after the latest (1987) comprehensive evaluation by Sangster and Pelton [1987SAN].

This evaluation is restricted to binary metal halide systems (MX—NY) where M and N are metal
cations and X and Y are halogen anions. We provide combinations of salts containing fluoride
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(F), chloride (Cl), bromide (Br), and iodide (I) anions with about 55 different metal cations. We
do not include eutectic points for the much more complex ternary and quaternary systems. We
also do not include data for intermediate compounds (e.g., the KF-AIF3 system has two eutectic
melting points separated by a congruent melting point for the compound 3KF-AlF3). The end
points (melting points) are given in Table 5 (e.g., KF and AlF3).

Tables 5 and 6 are ordered in increasing complexity/molecular weight — first by the metal and
then by the halogen (F through ). The chemical classes/groups for the metals in order are
Alkali Metals, Alkaline Earth Metals, Main Groups 13-16, Transition Metals (1%, 2", and 3™
row), Lanthanides, and Actinides.

In compilations by others, there are several different types of orderings for the eutectics A-B;
some alphabetical, some arranged by molar percentage of the solvent (A), and some by molar
percentage of the solute (B). We believe arranging the eutectics by the solute is the most
standard and reasonable, for example the eutectic for LiF-LiCl is designated as LIF —69.5 % LiCl,
since LiCl has a higher molecular weight than LiF. See more discussion of which of the binary
pairs is considered the solvent and which is considered the solute and how they are ordered in
Section 5 for the eutectic points.

Auxiliary information is given in Table 1 (Column heading definitions), Table 2 (Notation for
transitions), Table 3 (Notations for methods), and Table 4 (Chemical Abstracts Registry
Numbers).
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3. Notation Used

Table 1. Column headings definitions

Column Definition

Heading

Compound | Metal halide or metal halide eutectic (A-B)

%B Mole fraction (molar) percentage of solute B in solvent A for eutectic (A—B)

Twme(K) Temperature of normal melting point or eutectic transition, in K

unc(Twp) Uncertainty in temperature, in K, as reported in the original source where, generally,
standard (u) or expanded (U) uncertainty are not provided. The latter can be
interpreted as a maximum uncertainty or half the range of values — equivalent to an
expanded uncertainty (U, 95 % confidence level). We have estimated some
uncertainties, where unavailable in the original source

AmH Heat of fusion or eutectic melting, in kJ mol™. No uncertainties have been provided
since these are infrequently reported. In general, uncertainties in the heats of eutectic
melting transitions are on the order of (2 to 3) %, based on our analysis of the data.

Table 2. Notation for transitions

Notation

Definition

[value]

Values in square brackets are estimates by us or others or are uncertain

Table 3. Notation for Methods

Notation | Definition

calor Calorimetric method

Calphad | Calphad thermodynamic modeling
conduct | Electrical conductance

drop cal | Drop calorimetry

DSC Differential scanning calorimetry
DTA Differential thermal analysis

est Estimated

eval Critical evaluation

heat cap | Heat capacity

ice cal Ice calorimetry

model Thermodynamic modeling

MP Melting point observation
quoted Quoted value without reference
review Limited review of data

therm Thermal method

visual Visual determination

VP Vapor pressure
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Table 4. Metal Salts Chemical Abstract Registry Numbers

AsBrs 7784-33-0

Asls 7784-45-4

SbFs 7783-56-4

SbCls 10025-91-9

SbCls 7647-18-9

SbBr3 7789-61-9

SbBry 13709-45-0

Sbls 7790-44-5
BiBr3 7787-58-8
BiCls 7787-60-2
BiFs 7787-61-3
Bils 7787-64—6
Group 16 (Te)

TeFs 7783-80-4

TeCl, 10025-71-5

TeCly 10026-07-0

Trans Metals 1° Row

ScFs 13709-47-2

ScCls 10361-84-9

ScBrs 13465-59-3

Scls 14474-33-0
TiCl, 10049-06—6
TiCl3 7705-07-9
TiCls 7550-45-0
TiBrs 7789—68-6
VBr; 14890-41-6
Vi 15513-84-5
CrF, 10049-10-2
CrF3 7788-97-8

CrCl, 10049-05-5

CrBr; 10049-25-9

Crl, 13478-28-9

MnF, 7782-64-1

MnCl, 7773-01-5

MnBr, | 13446-03-2

Mnl;, 7790-33-2

FeF, 7789-28-8

FeaCle 16480-60-7

FeCl, 7758-94-3

FeCls 7705-08-0

FeBr, 7789-46-0

Alkali Metals

LiF 7789-24-4
LiCl 7447-41-8
LiBr 7550-35-8
Lil 10377-51-2
NaF 7681-49-4
NaCl 7647-14-5
NaBr 7647-15-6
Nal 7681-82-5
KF 7789-23-3
KCl 7447-40-7
KBr 7758-02-3
Kl 7681-11-0
RbF 13446-74-7
RbCl 7791-11-9
RbBr 7789-39-1
Rbl 7790-29-6
CsF 13400-13-0
CsCl 7647-17-8
CsBr 7787-69-1
Csl 7789-17-5
Alkaline Earth Halides
BeF; 7787-49-7
BeCl, 7787-47-5
BeBr; 7787-46-4
Bel, 7787-53-3
MgF, 7783-40-6
MgCl, 7786-30-3
MgBr, 7789-48-2
Mgl, 10377-58-9
CaF; 7789-75-5
CaCl, 10043-52-4
CaBr; 7789-41-5
Caly 10102-68-8
SrF; 7783-48-4
SrCl, 10476-85—4
SrBr; 10476-81-0
Srl, 10476—-86-5
BaF, 7787-32-8
BaCl, 10361-37-2
BaBr; 10553-31-8
Bal, 13718-50-8
Group 13 (Al to Tl)
AlFs | 7784-18-1

Fel, 7783-86—-0

Al,Cls 13845-12-0
AICl; 7446-70-0
AlBrg 18898-34-5
AlIBr3 7727-15-3
Alyls 18898-35-6
Alls 7784-23-8
GaCls 13450-90-3
GaBr; 13450-88-9
Gals 13450-91-4
InF3 7783-52-0
InCl 13465-10-6
InCl; 10025-82-8
InBrs 13465-09-3
Inls 13510-35-5
TIF 7789-27-7
TICI 7791-12-0
TIBr 7789-40-4
Tl 7790-30-9
Group 14 (Si to Pb)

SizFs 13830-68-7
SiFs 7783-61-1
Si>Cle 13465-77-5
SizClg 13596-23-1
SiCly 10026-04-7
SiBry 7789-66-4
Sils 13465-84—-4
GeCly 10038-98-9
GeBr, | 13450-92-5
SnF, 7783-47-3
SnFy 7783-62-2
SnCl, 7772-99-8
SnCl, 7646-78-8
SnBr; 10031-24-0
SnBr, 7789-67-5
Snl, 10294-70-9
Snly 7790-47-8
PbF, 7783-46-2
PbCl, 7758-95-4
PbBr, 10031-22-8
Pbl, 10101-63-0
Group 15 (As to Bi)

AsFs 7784-35-2
AsFs 7784-36-3
AsCls 7784-34-1

CoF; 10026-17-2

4

CoCl, 7646—79-9
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Trans Metals 3" Row

LuF3 13760-81-1

LuCls 10099-66—8

LuBrs 14456-53-2

Luls 13813-45-1

HfF4 13709-52-9

HfCls4 13499-05-3

HfBrs 13777-22-5

Hfls 13777-23-6
TaCls 7721-01-9
Tals 14693-81-3
WFg 7783-82-6

WCls 13470-14-9

W(Clg 13283-01-7

WaBTrs 13470-11-6

ReCls 13569-63-6

ReCls 13596-35-5

OsFsg 18432-81-0

HgF» 7783-39-3

HgCl, 7487-94-7

HgBr, 7789-47-1

Hgal2 15385-57-6

Hgl, 7774-29-0

Lanthanides

LaFs 13709-38-1

LaCls 10099-58-8

LaBrs 13536-79-3

Lal, 71626-98-7
Lalz 13813-22-4
CeFs 7758-88-5

CeCl3 7790-86-5

CeBrs 7790-86-5

Cel, 19139-47-0

Cels 7790-87-6

PrFs 13709-46-1

PrCls 10361-79-2

PrBrs 13536-53-3

Pril; 65530-47-4

Pris 13813-23-5

NdFs 13709-42—7

NdCls 10024-93-8

NdCls 10024-93-8

NdBrs 13536-80-6

Ndls 13813-24-6

May 2026
CoBr; 7789-43-7
Col, 15238-00-3
NiF; 10028-18-9
NiCl, 7718-54-9
NiBr; 13462-88-9
Nil 13462-90-3
CuF 13478-41-6
CuF; 7789-19-7
Cu,Cl, 12258-96-7
CucCl 7758-89-6
CuCly 7447-39-4
CuBr 7787-70-4
Cul 7681-65-4
ZnF; 7783-49-5
ZnCl, 7646—-85-7
ZnBr; 7699-45-8
Znl, 10139-47-6
Trans Metals 2" Row
YF3 13709-49-4
YCls 10361-92-9
YBr; na
YBrs 13469-98-2
\E 13470-38-7
ZrF, 13842-94-9
ZrFq 7783-64-4
ZrCly 13762-26-0
ZrCly 10026-11-6
ZrBr; 24621-17-8
ZrBry 13777-25-8
Zrly 15513-85-6
Zrlg 13986-26-0
NbFs 13842-88-1
NbCl, 13569-70-5
NbCls 10026-12-7
NbBrs 13478-45-0
MoFs 7783-77-9
MoCl, 13478-18-7
MoCls 10241-05-1
AgF 7775-41-9
AgCl 7783-90-6
AgBr 7785-23-1
Agl 7783-96-2
CdF; 7790-79-6
CdCl, 10108-64-2
CdBr; 7789-42-6
Cdl, 7790-80-9

PmFs 13709-45-0

PmCls 13779-10-7

PmBr; | 14325-78-1
Pmls 13818-73-0
SmF, | 15192-17-3
SmFs | 13765-24-7
SmCl, | 13874-75-4
SmCl; | 10361-82-7
SmBr, | 50801-97-3
SmBrs | 13759-87-0
Sml, | 32248-43-4
Smls | 13813-25-7
EuF, 14077-39-5
EuFs 13765-25-8
EuCl, | 13769-20-5
EuCl; | 10025-76-0
EuBr, | 13780-48-8
EuBr; | 13759-88-1
Eul 22015-35-6
Euls 13759-90-5
GdF; | 13765-26-9
GdCl; | 10138-52-0
GdBr; | 13818-75-2
Gdls 13572-98-0
TbF; 13708-63-9
TbCls | 10042-88-3
TbBrs | 14456-47—4
Tbls 13813-40-6
DyFs | 13569-80-7
DyCl, | 13767-31-2
DyCls | 10025-74-8
DyBr; | 14456-48-5
Dyl 15474—63-2
HoFs 13760-78-6
HoCls | 10138-62-2
HoBrs | 13825-76-8
Hols 13813-41-7
ErFs 13760-83-3
ErCls | 10138-41-7
ErBrs | 13536-73-7
Erls 13813-42-8
TmFs | 13760-79-7
TmCl; | 13537-18-3
TmCl; | 13537-18-3
TmBrs | 14456-51-0
Tmls | 13813-43-9
YbF, 15192-18—4
YbF; 13760-80-0
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YbCl, 13874-77-6
YbCl3 10361-91-8
YbBr; 25502-05-0
YbBrs 13759-89-2
Ybl, 19357-86—9
Ybl; 13813-44-0
Actinides

ThF, 13709-59-6
ThCl, 10026-08-1
ThBr, 13453-49-1
Thly 7790-49-0
UF3 13775-06-9
UF, 10049-14-6
UFe 7783-81-5
UCl; 10025-93-1
UCl4 10026-10-5
UBr3 13470-19-4
UBr4 13470-20-7
Uls 13775-18-3
Ul, 13470-22-9
NpF3 16852-37-2
NpFs 14521-05-2
NpCls 20737-06-8
PuF; 13842-83-6
PuF, 13709-56-3
PuFe 13693-06—6
PuCls 13569-62-5
PuBrs 15752-46-2
Puls 13813-46-2
AmF; 13708-80-0
AmCls 13464-46-5
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4. Melting Points for the Metal Halides

In Table 5, we provide normal melting points and heats of fusion (melting), where available, for
about 320 metal halides. A normal melting point is the temperature where the solid and liquid
phases are in thermodynamic equilibrium at standard pressure (1 atm = 101.325 kPa).

Uncertainties are provided in this table —in general, however, the uncertainties in the melting
points (as reported) have a range of about (1 to 6) K and median/averages of about (4 to 4.5) K.
In some cases, where no uncertainty is provided in the literature, but where a range of values
was found, we used this range to estimate the uncertainty. In most cases, we have assigned an
estimated uncertainty in Tmp as 0.3 % of the temperature, based on our analysis of
uncertainties that are available. Similarly, for heats of fusion we assigned estimated
uncertainties assuming they are 2 % of the heat of fusion (AmH). About 90 % of the metal
halides have reported heats of fusion, of those about 25 % have reported uncertainties and
about 70 % have estimated uncertainties.

We arranged the metal halides by chemical class/group in increasing complexity/molecular
weight: Alkali Metals, Alkaline Earth Metals, Main Groups 13-16, Transition Metals (1%, 2", and
3" row), Lanthanides, and Actinides. Note that not all elements in particular group have known
metal halides. For example, the only known metal halides (that we could find) are TeFs, TeCly,
and TeCla.

Table 5 lists the metal halides, the melting temperature (Twp) and its uncertainty (reported or
estimated), the heat of fusion (AmH), where available, and its uncertainty, the method used to
determine the melting point and heat of fusion, and a reference. Estimated values are shown
in square brackets “[]”.

Note: The stable forms of AlBrs, Alls, and FeCls are the dimers Al2Brg, Al2ls, and FexCls. We
report melting points for the dimers. However, in Table 6 for the eutectics the notation utilizes
the monomers to reflect molar percentages.
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Table 5. Melting Points and Heats of Fusion for the Metal Halides

Compound Twe  unc(Twe) AmH unc(AmH) Method Reference
------------ ---- k mol? ----

Alkali Metals

LiF 1118.9 3 27.9 0.8 DSC 2013CAP
LiCl 879.8 1.4 19.9 [0.4] DSC 2023YIN
LiBr 823.0 [4] 17.7 [0.4] dropcal 1960DWO
Lil 742 [1.5] 14.6 [0.4] dropcal 1960DWO
NaF 1270 [2] 33.1 [0.7] dropcal 1960DWO
NaCl 1075.2 0.9 28.0 [0.6] DSC 2023YIN
NaBr 1021 [2] 26.1 [0.5] dropcal 1960DWO
Nal 939 [5] 23.6 [0.5] conduct 2006DAN
KF 1132 [2] 28.2 [0.6] dropcal 1960DWO
KCl 1044.5 1.7 26.5 [0.5] DSC 2023YIN
KBr 1007 [2] 25.5 [0.5] dropcal 1960DWO
Kl 954 [2] 24.0 [0.5] dropcal 1960DWO
RbF 1069 [2] 25.7 [0.5] dropcal 1960DWO
RbCl 995 [2] 23.7 [0.5] dropcal 1960DWO
RbBr 965 [2] 23.3 [0.5] dropcal 1960DWO
Rbl 920 [2] 22.0 [0.4] dropcal 1960DWO
CsF 976 [5] 21.9 0.8 DSC 1997ABD
CsCl 918 [2] 20.3 [0.4] dropcal 1960DWO
CsBr 909 [2] 23.6 [0.5] dropcal 1960DWO
Csl 903.7 [2] 24.0 [0.5] DSC 1985COR
Alkaline Earths

BeF; 825 [5] 4.76 [0.8] ice cal 1965TAY
BeCl, 688 5 8.7 0.3 calor  1965MCD
BeBr; 781 [10] [10] [8] MP 1963SEM
Bel, 753 [2] 20.9 [0.6] eval 1984PAN
MgF, 1537 [5] 58.2 [1.2] drop cal 1945NAY
MgCl, 978.5 0.1 44 1 DSC 2022PAR
MgBr; 984 [15] 35 [0.7] review 1963BRE
Mgl, 923 [10] 26.0 [3] eval 1966ROB1
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CaF; 1690 [5] [30] [0.6] conduct 2001VOR
CaCly 1046 [1.5] 28.4 [0.6] drop cal 1963DWO1
CaBr; 1016 [1.5] 29.1 [0.6] drop cal 1963DWO1
Cal, 1057 [1.5] 41.8 [0.8] drop cal 1963DWO1
SrF, 1740 [5] [30] [1] conduct 2001VOR
SrCl, 1147 [2] 16.2 [0.4] drop cal 1963DWO1
SrBr; 930 [1.5] 10.5 [0.4] drop cal 1963DWO1
Srl, 811 [1.5] 19.7 [0.4] drop cal 1963DWO1
BaF, 1620 [10] [27] [1] conduct 2001VOR
BaCl, 1236 [2] 16.3 [0.3] drop cal 1963DWO1
BaBr; 1131 [2] 31.9 [0.6] drop cal 1963DWO1
Bal, 984 [1.5] 26.5 [0.5] drop cal 1963DWO1
Group 13 (Al to Tl)

AlCl3 465.7 0.2 35.4 [0.8] MP 1950F0S
AlyBrs 371.2 [1] 22.7 [0.5] melt 1964THO
Alls 461.47 0.02 333 [0.7] melt 1964THO
GaCls 349.6 [1.5] 46.5 0.4 DSC 2007CHU
GaBrs 395.5 [3] conduct 1957GRE
Gals 485 [3] conduct 1957GRE
InFs 1445 (4] 64 [1] eval  1984PAN
InCl 484 [1.5] 21.3 [0.4] eval 1984PAN
InCl3 858 [3] therm 1945VOV
InBrs 693 [2] eval 19900KA
Inl 638 [2] MP 1956PER
Inl, 497.8  [1.5] MP 1956PER
Inls 480  [10] MP 1956PER
TIF 595.4 [2] 13.9 [0.3] calor 1965CUB
TiCl 704 [2] 15.6 [0.3] calor 1965CUB
TIBr 733 3 [16.4] [1] DSC  2025SAL1
T 714.8 [2.0] 14.7 [1] calor 1965CUB
Group 14 (Si to Pb)

Si>Fe 254.7 [1.0] 16.3 [0.3] eval 1936KEL
SiF4 178.4  [1.0] 25.6  [0.5] eval 1936KEL
Si>Cls 272 [1.0] 0.58  [0.02] eval 1936KEL
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SisCI8 484.6  [1.5] eval 1936KEL
SiCl4 205.6 [1.0] 7.72 [0.16] eval 1936KEL
SiBrs4 278.4 1 MP 1930POH
Sila 396.85 0.06 19.7 2.1 MP 1960MCC
GeCly 221.7 0.1 8.52 [0.18] therm 1986DEV
GeBr, 299.27 0.01 12.85 0.03 calor 1999BER
Gel, 701.2 0.3 333 0.2 drop cal 2003ZEL
Gels 419 [1] 19.2 0.2 drop cal 2003ZEL
SnF; 486 [2] 10.5 [0.2] therm  2008DVO1
SnCl, 520 [3] 14.6 [0.3] MP 1911HER
SnCl, 239.9 [3] 9.2 0.2 calor 1922LAT
SnBr; 504 [2] 17.2 [0.3] therm 1971SEV
SnBrs 303 [2] 12.6 [0.3] eval 1936KEL
Snl; 593 [2] 18.0 [0.4] therm 1971SEV
Snly 418 [2] 19.2 [0.4] eval 1984PAN
PbF, 1103 [3] 14.7 [0.3] calor 1970LIN
PbCl, 772.7 1 23.9 [0.5] therm 1985GAB
PbBr, 644 [4] 16.4  [0.3] calor 1970LIN
Pbl, 683 [2] 234 [0.5] calor 1970LIN
Group 15 (As to Bi)

AsFs 264.5 [1.0] eval 1966ROB1
AsFs 192.5 [1.0] 11.7 [0.2] eval 1936KEL
AsCls 255 [1] 10.1 [0.2] eval 1966ROB1
AsBr; 306 [2] 11.8 [0.2] eval 1966ROB1
Asls 413.6 0.3 22.3 [0.5] MP 1965CUB
SbFs 560 [2] 22.8 [0.5] MP 1969CUB
SbCl; 346.6 [1.5] [12.7] [0.5] MP 1980FON
SbCls 277 [1.0] 10.0 [0.2] eval 1936KEL
SbBrs 366.2 [4] 14.7  [0.3] therm 1912BER
SbBrs 303.2 [1.0] eval 1966ROB1
Sbls 444 [5] 22.76 0.21 MP 1965CUB
BiFs 922 2 21.6 0.6 therm 1968CUB
BiCls 506.7 [1.5] 23.8 0.3 dropcal 1960TOP1
BiBrs3 491.7 [2] 20.8 [0.4] therm 1967CUB
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Bil3 681.8 (5] 39.1  [0.8] MP  1965CUB
Group 16 (Te)

TeFs 234.6 [1.0] 28.0 [0.6] eval 1936KEL
TeCl, 482 [10] quoted 1957BRA
TeCls 497 [1.5] 18.9 [0.4] eval 1984PAN
Transition Metals 1t Row

ScFs 1825 [5] 62.6 2.1 drop cal 1974SPE
ScCl; 1240 [4] 64.7 [1.5] therm 1971DWO1
ScBrs 1242 3 therm 1973MCC
Scls 1218 [4] DTA 1991MET
TiCly 1309 [4] review 1963BRE
TiCl, 248.64 0.2 9.4 [0.2] MP 1955NEF
TiBrs 3114 [1.0] 12.9 [0.3] heatcap 1971DWO1
VBr; 1101 [3] review 1963BRE
Vi, 1051 [3] review 1963BRE
CrF, 1168 6 therm 1962STU
CrFs 1679 20 therm 1962STU
CrCl, 1088 [3] 32.2 [0.6] therm 1942MAl
CrBr; 1156 [3] review 1963BRE
Crl, 1124 [3] 37.7 [0.8] review 1963BRE
MnF; 1173 20 29.3 [0.6] DTA 1980RIM
MnCl, 923 [3] 37.7 0.2 heatcap  1943MOO0O
MnBr; 971 [3] 42.0 [0.8] review 1963BRE
Mnl, 911 [3] 42.0 [0.8] review 1963BRE
FeF, 1373 (4] 51.9 [1] eval 1998CHA
Fe,Clg 577 [2] 86 [2] eval 1936KEL
FeCl, 950 [5] 43.0 0.2 heatcap 1943MOO
FeBr; 962 2 46 13 DTA 1955MAC
Fel, 860 [3] 45 [1] eval 1984PAN
CoF; 1400 [4] 44.9 0.9 drop cal 1967BIN
CoCl, 999.0 2.2 46.0 2.0 DSC 2007W0J
CoBr; 949.7 0.2 27.2 0.2 DSC 2007W0J
Col, 790 [2] review 1963BRE
NiF; 1629 5 69 [2] DSC 20180CA

11



NIST TN 2358

May 2026

NiCl, 1304 (4] 77 2] eval  1984PAN
NiBr; 1237 [4] review 1963BRE
Nil, 1071 [3] review 1963BRE
CuF [1181] [3] eval 1966ROB1
CuF; 1109 [3] 55 [1] DSC 1977EHL
Cu,Cl, 703 [2] 20.5 [0.4] eval 1936KEL
CuCl 696 [2] 7.08  [0.14] eval 1984PAN
CuCl, 640 [2] review 1963BRE
CuBr 757 [2] 5.10 [0.10] therm 1911HER
Cul 875 [3] 7.93 [0.16] therm 1930LUN
ZnF; 1220 (4] 39.9 2.5 drop cal 1976KLE
ZnCl, 588.7 1.5 10.3 [0.2] drop cal 1964CUB
ZnBr; 685.2 0.5 15.7 [0.3] drop cal 1964CUB
Znly 719 [2] review 1963BRE
Transition Metals 2"¢ Row

YF3 1428 [4] 28.0 0.42 drop cal 1971SPE
YCl; 994 [5] 31.5 [0.6] heatcap 1971DWO1
YBr, 955 (3] 19.1  [0.4] DSC  2014KRA
YBrs 1178 [4] 37.7  [0.8] eval 1966GIB
Yis 1274 [5] 50 [1] eval 1966GIB
ZrF, 1175  [150] 38 8 eval  1998CHA
ZrF, 1206 2 64 [1] drop cal 1962MCD
ZrCl, 1000 3 27.0 [1.0] eval 1998CHA
ZrCly 584 [2] 106 [2] eval 1936KEL
ZrBr; 900 [3] 63 [1] eval 1984PAN
ZrBry 630 [2] 108 [2] eval 1936KEL
Zrl, 700 [2] 25.1 [0.5] eval 1984PAN
Zrly 704 [2] 121 [2] eval 1936KEL
NbFs 350.7 [1.5] 12.22 0.06 drop cal 1960BRA
NbCls 478.9 0.5 33.8 1.0 drop cal 1968KEN
NbBrs 527 [2] 24.0 [0.4] eval 1984PAN
MoFs 291 0.02 4.3 0.10 calor 19660SB
MoCl, 590 [2] guoted 1957BRA
MoCls 467 [1.5] 18.8 [0.4] eval 1998CHA
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AgF 708 2] DTA  1953ROY
AgCl 730 [4] 12.32 0.04 calor 1970PAN
AgBr 700 [2] 8.49 0.03 calor 1970PAN
Agl 831 [2] 9.41 [0.20] heat cap 1969NOL
CdF; 1323 2 [23] [1] MP 1951HAE
CdCl, 841 [3] 31.8 0.8 drop cal 1968ALI
CdBr; 841.2 [3] 33.3 0.3 dropcal 1960TOP2
Cdl, 661.2 [2] 20.7 0.4 drop cal 1960TOP2
Transition Metals 3" Row

LuFs 1457 3 30.3 0.4 drop cal 1971SPE
LuCls 1166 [3] 33.5 [0.7] eval 1966GIB
LuBrs3 1231 [4] 33.5 [0.7] eval 1966GIB
Luls 1319 [4] 33.5 [0.7] eval 1966GIB
HfF4 1206 2 64.2 0.4 dropcal  1962MCD
HfBrs 697 [2] review 2024AME4
TaCls 489.7 1.5 35.1 2.1 eval 1998CHA
Tals 769 [2] 6.7 [0.2] DSC 1949ALE
WFs 264.7 [1.0] MP 1964WES
WFe 272.8  [1.0] 7.53  [0.15] eval 1936KEL
W(Cls 526 [2] 20.6  [0.4] eval  1984PAN
WClg 555 [2] 6.69  [0.15] eval 1984PAN
WBTrs 559 [2] 17.2 [0.3] eval 1984PAN
ReCl; 1003 [3] guoted 1957BRA
ReCls 533 [2] guoted 1957BRA
OsFs 320.6 [1.0] 28.6 [0.6] eval 1936KEL
HgF, 918 [3] 23.0 [0.5] eval 1984PAN
HgCl, 553.7 0.5 18.8 0.8 drop cal 1966CUB
HgBr, 511.3 0.1 17.9 0.3 calor 1959JAN
Hg,l> 563 [2] 27.2 [0.6] eval 1984PAN
Hgl, 530 [2] 19.0 [0.4] eval 1984PAN
Lanthanides

LaFs 1766 3 50.2 0.4 drop cal 1971SPE
LaCls 1124 3 55.7 1.1 DSC 1994GAU2
LaBr; 1062 [1.5] 54.4 [1] drop cal 1963DWO02
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Lal; 1104 [3] eval 1965THO1
Lals 1051 [3] 55 [1] heat cap 1971DWO1
CeFs 1703 [5] 55.2 0.4 drop cal 1974SPE
CeCls 1086 [4] 55.5 1.1 DSC  1994GAU2
CeBrs 1005 [3] 52 [2] drop cal 1971DWO1
Cel, 1073 [3] DTA 1999KON
Cels 1033 [3] 51.9 [1] drop cal 1963DWO1
PrFs 1672 3 57.3 0.4 drop cal 1971SPE
PrCls 1061 [3] 521 1.0 DSC 1994GAU2
PrBr; 966 [1.5] 47.2 [1] drop cal 1963DWO02
Prl, 1029 [1.5] 53.1 [1] drop cal 1963DWO1
Prl3 1012 [1.5] 53.1 [1] drop cal 1963DWO1
NdFs 1650 3 54.7 0.4 drop cal 1971SPE
NdCl; 1032 [3] 48.1 1.0 DSC 1994GAU2
NdBr; 955 [1.5] 45.2 [1] drop cal 1963DWO02
Ndl3 1061 [1.5] 40.6 [1] drop cal 1963DWO1
PmF3 1682 [5] [33] [1] eval 1966GIB
PmCls 1011 [3] [33] [1] eval 1966GIB
PmBr; 950 [3] [33] [1] eval 1966GIB
Pml; 1071 (3] [33] [1] eval 1966GIB
SmF, [1652] [5] [21] [1] eval 1966GIB
SmF; 1571 [5] 52.47 0.4 drop cal 1974SPE
SmCl, 1014 [3] [21] [1] eval 1966GIB
SmCls 950 [3] 48 [1] DSC  2008RYC2
SmBr; 973 [3] [25] [1] eval 1966GIB
SmBr3 937 [3] [33] [1] eval 1966GIB
Sml, [800] [3] [33] [1] eval 1966GIB
Sml; 1094 [3] [38] [1] eval 1966GIB
EuF, [1652] [5] [21] [1] eval 1966GIB
EuFs [1535] [5] [48] [1] drop cal 1974SPE
EuCl, 1125 [3] 18.7 [0.4] DSC 2001SIL
EuCls 894 [3] 45 [1] DSC  2008RYC2
EuBr; 956 [3] 25.1 [0.5] MP 1959JAN
EuBrs [975] [3] [33] [1] eval 1966GIB
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Eul, [800] [2] [21] [1] eval 1966GIB
Euls [1151] [4] [38] [1] eval 1966GIB
GdF; 1505 [3] 52.43 0.4 drop cal 1974SPE
GdCls 873 [2] 41 [1] DSC  2008RYC2
GdBr3 955 [1.5] 36.4 [0.5] drop cal 1963DWO2
Gdls 1204 [4] 51 [1] heatcap 1971DWO1
TbF; 1450 [4] 58.53 0.4 drop cal 1974SPE
TbCl; 854 [3] 20.8 0.4 DSC 2002RYC
TbBrs3 1103 [2] 374 0.5 DSC 2004RYC1
Tbl; 1228 [4] 57 [1] heat cap 1971DWO1
DyF3 1430 [4] 58.6 0.4 drop cal 1974SPE
DyCl; 909 [3] 22.8 0.5 DSC  1994GAU2
DyBrs 1155 [3] 37.7 [0.8] eval 1966GIB
Dyls 1229 [4] 42 [1] eval 1966GIB
HoF3 1416 3 56.3 0.4 drop cal 1971SPE
HoCls 993 [2] 29.3 [0.6] drop cal 1963DWO02
HoBrs 1192 [4] 50 [1] heat cap 1971DWO1
Hols 1284 [4] 42 [1] eval 1966GIB
ErFs 1419 [4] 27.5 0.4 drop cal 1974SPE
ErCl3 1048 [3] 31.1 0.6 DSC 1994GAU2
ErBrs 1224 [4] 42 [1] eval 1966GIB
Erls 1294 (4] 42 [1] eval 1966GIB
TmF; 1431 [4] 28.9 0.4 drop cal 1974SPE
TmCl; 1092 [3] 35.6 0.7 DSC  1994GAU2
TmBr3 1229 [4] 42 [1] eval 1966GIB
Tmls 1289 [4] 42 [1] eval 1966GIB
YbF, 1652 [5] 12.6 [0.3] eval 1966GIB
YbF; 1435 [4] 29.7 0.4 drop cal 1974SPE
YbCl, 1000 [3] 25.1 [0.8] eval 1966GIB
YbCls 1128 [4] 37.7 [1.1] eval 1966GIB
YbBr; 950 [3] 25.1 [0.5] eval 1966GIB
YbBr; 1214 [4] 41.8 [1.3] eval 1966GIB
Ybl, 800 [2] 25.1 [0.5] eval 1966GIB
Ybls [1301] (8] 41.8 [1.3] eval 1966GIB
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Actinides

ThF, 1386 [2] 41.9 2 DSC 2013CAP
ThCl, 1042 [3] 62 1.3 calor 1966CHI
ThBrs 970 [3] 63 [1] VP 1980SIN
Thls 839 [3] 48.1 [1.0] eval 1984PAN
UF; 1768 [5] eval 2022SMI
UF,4 1309 5 44.8 [1] calor 1972DWO
UFe 328.3 [1.0] 42 [1] eval 1936KEL
UCl; 1108.2 0.1 52 1 DSC 2022PAR
UCl, 863 [3] 46 [1] eval 1984PAN
UBr3 1003 [3] quoted 2022FAU
UBr, 792 2] 49 [1] eval  1984PAN
Uls 1039 [3] quoted 2022FAU
Uls 779 [2] 38.5 [0.8] eval 1984PAN
NpFs 1735 30 36.1 5 eval 2020CAP
NpFs 327.90 0.02 17.52 0.02 calor 19700SB
NpCls 1070 3 50 8 eval 2020CAP
PuFs 1699 [5] 54 [1] MP 1951WES
PuF, 1310 (4] 43 [1] MP  1951WES
PuFg 324.73  [1.0] 18.6  [0.4] MP  1951WES
PuCls 1033 [3] 64 [1] MP  1951WES
PuBrs 954 [3] 56 [1] MP  1951WES
Puls 930 [3] guoted 2022FAU
AmF; 1666 20 34.7 5 MP 1966BUR
AmCl; 991 1 48.1 0.5 eval 1985WEI
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5. Eutectic Points for the Metal Halides

In Table 6, we provide about 750 selected eutectic points and heats of melting transitions
(where available) for about 540 binary metal halide pairs. The eutectic points given are at
standard pressure. Uncertainties are provided in this table (where reported or estimated by us)
—in general, the uncertainties in the eutectic melting points (as reported) have an overall range
of about (2 to 10) K and median/ averages of about (5 to 7) K. About 15 % of the selected
points have heats of fusion (AmH) reported in the literature, and of those about 25 % have
reported (or estimated) uncertainties.

We arranged the eutectics by chemical class/group in increasing complexity/molecular weight,
ordering them by the solute (B), then by the solvent (A), and then by the molar percentage of
solute (% B). Here, we identify one of the compounds in the binary mixture as the solvent and
the other the solute with the solute designated as having a higher priority/more complex/
rarer/less common/higher molecular weight. For example, the eutectic for LiCI-ThFa is
identified as LICl — 34.3 % ThF4 where LiCl is the solvent and ThFs is the solute since thorium is
rarer (and higher molecular weight) than lithium. Additionally, for example, the eutectic for
LiF-LiCl is designated as LIF — 69.5 % LiCl, since LiCl, in this case, is considered the solute and LiF
is the solvent and LiCl is considered the solute since it has a higher molecular weight than LiF.

The chemical classes/groups in order are Alkali Metals, Alkaline Earth Metals, Main Groups 13-
16, Transition Metals (1%, 2", and 3™ row), Lanthanides, and Actinides. Note that not all
elements in particular group have known metal halides. For example, in group 16, the only
known metal halide binary eutectic (that we could find) is TICI-TeCla.

Table 6 lists the metal halide eutectic pairs, the melting temperature (Twp) and its uncertainty
(reported or estimated), the heat of fusion (DmH), where available, and its uncertainty, the
method used to determine the melting point and heat of fusion, and a reference. Estimated
values are shown in square brackets “[]”.
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Table 6. Melting Points and Heats of Fusion of the Binary Eutectic Metal Halides

Compound % B
(A-B)

Twp

MX-Alkali Metal Eutectics

MX-Lithium Eutectics
LiF-LiCl 69.5
LiF-LiBr 69
LiCI-LiBr 60
LiF-Lil 83.5
LiCl-Lil 65.4
LiBr-Lil 60

MX-Sodium Eutectics
LiF-NaF 39
LiF-NacCl 58.5
LiCl-NaCl 27
NaF-NacCl 67
LiBr-NaBr 17
LiBr-NaBr 26
NaF-NaBr 73
NaCl-NaBr 72
Lil-Nal 80
NaF-Nal 82
NaCl-Nal 61.5
NaBr-Nal 70

MX-Potassium Eutectics

LiF-KF 49
NaF-KF 60
LiF-KClI 80
LiCI-KCl 40.5
NaCl-KCl 50.6
KF-KCl 54
LiCI-KBr 40

774
726
795
684.1
641.4
690

922
953
826
953.6
780
783
928
1004
722.8
870.3
846.1
914

765
994
987
615.9
922.0
878
633

unc(TMp)

[0.5]
[0.5]
15

(3]

[0.5]

10

(4]

[0.5]
[0.5]

0.2
0.2

AnwH unc(AnH) Method

- kJ molt -
1424  0.28
1825  0.33

18

MP
therm
therm
therm
therm

DTA

DTA
MP
eval
therm
eval
eval
eval
DTA
DSC
therm
therm

eval

eval
DTA
therm
DSC
DSC
eval

eval

Reference

1959HAE
1933BOC
1933BOC
1971JOH
1971JOH
1981FLO

1965HOL
1959HAE
1966R0OB2
1971JOH
1966R0OB2
1987SAN
1966R0OB2
2007ISK
2025DIX
1971JOH
1971JOH
1966R0OB2

1987SAN
1965HOL
1978PES
2022PAR
2022PAR
1966R0OB2
1979JAN2
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LiBr-KBr 40
NaBr-KBr 51
KF-KBr 60
KCI-KBr [60]
Lil-KI 36
Nal-KI 42
KF-KI 67
KCI-KI 55
KBr-KI 62
MX-Rubidium Eutectics
LiF-RbF 56
NaF-RbF 67.2
KF-RbF 84
LiCI-RbCl 42.2
NaCl-RbCl 56
KCI-RbCl 60
RbF-RbCl 54
CsCI-RbCl 11.5
LiBr-RbBr 411
NaBr-RbBr 55
KBr-RbBr 76
RbF-RbBr 50
RbCI-RbBr 58
Lil-Rbl 37.5
Nal-Rbl 50
KI-Rbl 74
RbF-RblI 64
RbCI-Rbl 58
RbBr-Rbl 52

MX-Cesium Eutectics

LiF-CsF
LiF-CsF
NaF-CsF
Nal-CsF

47.5
60
76
12

601
917
849
[989]
556.5
854.8
816
873
939

743
940
1066
586
823
988
819
908
533
770
962
793
955
524
778
916
766
840
891

763
752
883
846.5

10
10

13

10
(5]
15
10

10
10
15

15
10
10
10

20
10

19

eval
eval
eval
eval
DSC
DSC
eval
eval

eval

eval
DTA
eval
eval
eval
eval
DTA
eval
eval
eval
model
DTA
eval
eval
model
model
DTA
DTA

eval

eval
eval
eval

DSC

1987SAN
1987SAN
1966R0OB2
1966R0OB2
2025DIX
2025DIX
1987SAN
1966R0OB2
1966R0OB2

1987SAN
1965HOL
1987SAN
1987SAN
1987SAN
1966R0OB2
2008DV0O2
1966R0OB2
1987SAN
1987SAN
1987SAN
2008DV0O2
1987SAN
1987SAN
1987SAN
1987SAN
2008DVO02
2008DV0O2
1987SAN

1987SAN
1987SAN
1987SAN

2025DIX
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KF-CsF
RbF-CsF
LiCI-CsCl
NaCl-CsCl
KCI-CsCl
CsF-CsCl
LiBr-CsBr
NaBr-CsBr
KBr-CsBr
CsF-CsBr
LiF-Csl
LiF-Csl
Lil-Csl
NaF-Csl
Nal-Csl
KI-Csl
RbI-Csl
CsF-Csl
CsCI-Csl
CsBr-Csl

57
27.4
42
65
64
50
38
58.7
60
51.5
0.5
99.2
36.6
95.4
51
59
50.7
53
48
49

898
947
587
759
888
713
556
739
844
709
1116.6
902.4
503
884.1
705.5
827.1
853
704
775
851

MX-Alkaline Earth Eutectics

MX-Beryllium Eutectics

LiF-BeF,
LiF-BeF,
NaF-BeF;
NaF-BeF;
NaF-BeF;
KF-BeF,
KF-BeF,
KF-BeF,
KF-BeF,
RbF-BeF,
RbF-BeF,

32.8
53.1
31
43
55
19
27
59
72.5
16
27

732.1
636.7
843
613
638
993
1003
603
596
948
993

10

(5]
10

10
10

[15]
(3]

(2]
20

0.2
0.5

13.5

10.2

20

0.4

0.3

eval
DSC
DSC
eval
eval
eval
Eval
eval
eval
eval
DSC
DSC
DSC
DSC
DSC
DSC
eval
eval
eval

eval

MP

MP
DTA
DTA
DTA
eval
eval
eval
eval
eval

eval

1987SAN
2009BEN
2018RED
1987SAN
1987SAN
1987SAN
2018RED
1987SAN
1987SAN
1987SAN

2025DIX

2025DIX

2025DIX

2025DIX
2024SCU

2025DIX
1987SAN
1987SAN
1987SAN
1987SAN

1972ROM
1972ROM
1953ROY
1953ROY
1953ROY
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
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RbF-BeF, 61 656 eval  1959THO
RbF-BeF, 81 670 eval  1959THO
CsF-BeF; 14 871 eval 1966ROB1
CsF-BeF; 48 722 eval 1966ROB1
CsF-BeF; 58.4 666 eval 1966ROB1
CsF-BeF; 77.5 640 eval 1966ROB1
LiCl-BeCl, 56 573 eval 1966ROB1
NaCl-BeCl, 55 483 eval 1966ROB1
KCl-BeCl, 84 636 review 1978JAN1
BeF,-BeCl, 27.5 579 eval 1966ROB1

MX-Magnesium Eutectics

LiF-MgF, 30 998 eval 1966ROB2
NaF-MgF, 22.6 1089 eval 1966ROB2
NaF-MgF, 62.5 1259 eval 1966ROB2
NaCl-MgF, 95.5 1059 3 DTA  1969SHA
KF-MgF, 14 1056 eval 1966ROB2
KF-MgF; 69 1292 eval 1966ROB2
RbF-MgF, 22 973 eval 1966R0OB2
RbF-MgF, 35 1055 eval 1966R0OB2
RbF-MgF, 65 1149 eval 1966R0OB2
BeF,-MgF; 5 [793] eval 1966ROB1
LaCls-MgF, 30 996 5 DTA 1996HA
LiCl-MgCl, 40 843 eval 1966ROB2
NaCl-MgCl, 43.1 709.1 0.2 20.36 0.37 DSC 2022PAR
KCI-MgCl, 30.2 696.2 0.2 20.68 0.40 DSC  2022PAR
KCI-MgCl, 60 743 eval 1966ROB2
KCI-MgCl, 32 699 [5] eval 1966ROB2
RbCl-MgCl, 65 783 eval 1966ROB2
CsCl-MgCl, 30.6 821 eval 1966ROB2
CsCIl-MgCl, 63 815 eval 1966R0OB2
CsCIl-MgCl, 73.5 851 eval 1966R0OB2
CsCIl-MgCl, 78.5 784 eval 1966R0OB2
MgF.-MgCl, 78 901 2 DTA  1969SHA
NaBr-MgBr; 61 704 eval 1966R0OB2
KBr-MgBr; 35 607 eval 1966R0OB2
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Nal-Mgl, 39 698 eval 1966R0OB2
KI-Mgl, 39 528 eval 1966ROB2

MX-Calcium Eutectics
LiF-CaF, 21 1043 eval 1966ROB1
NaF-CaF, 33 1084 eval 1966ROB1
KF-CaF; 13.5 1056 eval 1966ROB1
KF-CaF; 54 1332 eval 1966ROB1
RbF-CaF; 9 1034 eval 1966ROB1
RbF-CaF, 57 1364 eval 1966ROB1
BeF,-CaF; 11 768 eval 1966ROB1
MgF,-CaF, 43 1219 eval 1966ROB1
LiCI-CaCl, [39] [753] eval 1966ROB1
NaCl-CaCl, 52 773 eval 1966ROB1
KCI-CaCl, [26] [893] eval 1966ROB1
KCI-CaCl, [72] [863] eval 1966ROB1
RbCI-CaCl, [18] [868] eval 1966ROB1
RbCI-CaCl, [82] [963] eval 1966ROB1
CsCl-CaCl, 11 885 eval 1966ROB1
CsCl-CaCl, 89 978 eval 1966ROB1
MgF,-CaCl, 87.5 967 2 DTA  1969SHA
MgCl,-CaCl, 47 887 eval 1966ROB1
CaF,-CaCl, 18.3 921.8 3.6 26.1 0.18 DSC 2023JAC
NaBr-CaBr, 60 783 eval 1966ROB1
KBr-CaBr; 35 817 eval 1966ROB1
KBr-CaBr, 67.5 836 eval 1966ROB1
CaF,-Cal; 82.5 941.1 2 eval 1966ROB1
CaCl-Cal, 48.6 823 eval 1966ROB1

MX-Strontium Eutectics
LiF-SrF, 21 1035 eval 1966ROB2
NaF-SrF, 33 1130 eval 1966ROB2
KF-SrF, 22 1017 eval 1966ROB2
BeF,-SrF, 25 1048 eval 1966ROB1
BeF,-SrF, 60 1157 eval 1966ROB1
LiCI-SrCl, 48 745 eval 1966ROB2
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NaCl-SrCl,
KCI-SrCl,
RbCI-SrCl,
RbCI-SrCl,
CsCI-SrCl,
CsCI-SrCl,
MgCl,-SrCl;,
CaCly-SrCly
SrF,-SrCl,
SrF,-SrCl,
CdCly-SrCl;,
LiBr-SrBr;
NaBr-SrBr;
KBr-SrBr;
KBr-SrBr;
KBr-SrBr;
SrBry-Srl;

51
45
29
69
14
80
49.4
(35]
37.5
89.5
42
32.5
61
29
50
82
67.5

MX-Barium Eutectics

LiF-BaF,
NaF-BaF,
KF-BaF,
RbF-BaF,
BeF,-BaF;
BeF,-BaF;
MgF,-BaF,
CaF,-BaF;
SrF,-BaF;
LiCl-BaCl,
NaCl-BaCl,
KCI-BaCl,
RbCI-BaCl,
RbCI-BaCl,
CsCl-BaCl,
CsCl-BaCl,
BeCl,-BaCl,

18
36
25
22

3
72

(63]
50
40
29
39
34
20
42
33
56
13

835
848
815
896
847
1060
808
[933]
1224
1029
775
726
759
829
807
835
748

1039
1091
993
928
873
1194
1186
1296
1449
785
1195
926
902
913
816
855
645
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eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval

eval

eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval

eval

1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB1
1966R0OB2
1966R0OB2
1966R0OB1
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2

1966R0OB1
1966R0OB1
1966ROB1
1966ROB1
1966ROB1
1966ROB1
1966R0OB1
1966ROB1
1966ROB1
1966ROB1
1966R0OB1
1966ROB1
1966ROB1
1966ROB1
1975JAN3
1975JAN3
1966R0OB1
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MgCl,-BaCl, 36 829 eval 1966ROB1
CaCl;-BaCl, 38 878 eval 1966ROB1
SrCl»-BaCl, 32 1126 eval 1966ROB1
BaF,-BaCl, 26 1212 eval 1966ROB1
BaF,-BaCl, 82 1119 eval 1966ROB1
LiBr-BaBr; 25 756 eval 1966ROB1
NaBr-BaBr; 40 873 eval 1966ROB1
KBr-BaBr; 22.5 905 eval 1966ROB1
KBr-BaBr; 515 885 eval 1966ROB1
CaCl,-BaBr; [60] 1008 eval 1966ROB1
Srl,-BaBr; 11 [723] eval 1966ROB1
BaF,-BaBr; 91 1079 eval 1966ROB1
Srl,-Bal, 23 713 eval 1966ROB1
BaF,-Bal, 92 943 eval 1966ROB1
BaCl,-Bal, 91 973 eval 1966ROB1
NaCl-RaCl, 29.1 969 model  2019GAR

MX-Group 13 (Al to Tl) Eutectics

MX-Aluminum Eutectics

LiF-AlF3 14.3 983 eval 1966ROB1
LiF-AlF3 36.5 973 eval 1966ROB1
NaF-AlF; 15.2 [1179] eval 1966ROB1
NaF-AlF; 46.6 958 eval 1966ROB1
KF-AIF3 6.3 1112 eval 1966ROB1
KF-AIF3 42.5 840 eval 1966ROB1
CaF,-AlF; 37.5 1109 3 DTA  1977CRA
LiCI-AlCls 57 383 DTA 1984SAT
NaCl-AlCl; 61.2 381.9 [1] eval  2004ROB
NaBr-AlCl3 59.3 340 DTA 1995MUR
KCI-AICl3 65.5 403.3 eval  2004ROB
CsCI-AlCls 45.7 617 eval 1966ROB1
CsCI-AICI3 74.7 421 eval 1966ROB1
AICl3-AlBr3 58 348 eval 1966ROB1
KI-Alls 69 370 eval 1966ROB1
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MX-Gallium Eutectics

CsCl-GaCls 42 651 review 1978JAN1
MX-Indium Eutectics
NaCl-InCls 39 977 eval 1966ROB2
NaCl-InCls 78 589 eval 1966ROB2
MX-Thallium Eutectics
LiCI-TICI 61.5 615 eval 1966ROB2
NaCI-TICI 85 685 eval 1966ROB2
KCI-TICI 93 700 eval 1966ROB2
CsCI-TICl 75 663 eval 1966ROB2
CsBr-TICI 72 656 review 1978JAN1
BeCl>-TICI 82 643 review 1978JAN1
MgCl,-TICI 72.5 634 eval 1966ROB2
CaCl,-TICl 32 918 eval 1966ROB1
CaCl,-TICl 92.5 693 eval 1966ROB1
SrCl,-TICI 87.5 689 eval 1966ROB2
InCls-TICI 52 533 eval 1966ROB2
InCls-TICI 93.6 663 eval 1966ROB2
NaBr-TIBr 75 725 eval 1966ROB2
KBr-TIBr 87.5 732 eval 1966ROB2
TICI-TIBr 29.8 695.9 eval 1966ROB2
KI-TII 90 711 eval 1966ROB2
TICI-TII 48 588 eval 1966ROB2
TIBr-TII 54.3 686.9 eval 1966ROB2

MX-Group 14 (Ge to Pb) Eutectics

MX-Germanium Eutectics

Nal-Gel, 33 659 4 conduct  2006DAN
MX-Tin Eutectics

NaF-SnF, 30 528 1 therm 2008DVO1

NaF-SnF, 42 511 therm 2008DVO1

NaF-SnF; 56 519 1 therm 2008DVO1

NaF-SnF; 82 464 4 therm 2008DVO1

KF-SnF4 47.2 648 review 1978JAN1
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LiCl-SnCl, 85
InCls-SnCl, 90
AlIBr3-SnBry 78
All3-Snl4 60
Inls-Snl, 19.8
SnBrs-Snly 225
MX-Lead Eutectics
NaF-PbF, 66.7
KF-PbF, 57.5
RbF-PbF, 72
CsF-PbF; 28
CsF-PbF, 71
LiCI-PbCl, 55
NaCl-PbCl, 69.3
KCI-PbCl, 42.5
KCI-PbCl, 77.5
RbCI-PbCl, 41
RbCI-PbCl, 61
RbCI-PbCl, 76
CsCI-PbCl, 435
CsCI-PbCl, 91
Csl-PbCl, 28.2
MgCl,-PbCl,  81.6
CaCl-PbCl,  [74.5]
InCl3-PbCl, 64
TICI-PbCl, 12.8
TICI-PbCl, 42
TICI-PbCl, 74
ZnCl>-PbCl, 23
NaBr-PbBr, 82.8
KBr-PbBr; 55.2
KBr-PbBr; 85
TIBr-PbBr; 15
TIBr-PbBr; 46

488
491
293
386.7
383
292.4

803
733
758
773
838
683
682
682
693
687
680
683
749
695
649
731
741
650
650
644
691
559
597
627
603
657
629

2.5
2.5

(5]
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eval
eval
eval
eval
eval

eval

eval
eval
eval
eval
eval
eval
therm
therm
therm
eval
eval
eval
eval
eval
review
eval
eval
eval
eval
eval
eval
therm
eval
eval
eval
eval

eval

1966R0OB2
1966R0OB2
1966R0OB1
1966R0OB1
1966R0OB2
1966R0OB2

1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2

1985GAB

1985GAB

1985GAB
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1978JAN1
1966R0OB2
1966ROB1
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1974UME
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
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TIBr-PbBr,
PbCl,-PbBr;
NaCl-Pbl,
NaBr-Pbl,
Nal-Pbl,
KI-Pbl,
CsCl-Pbl,
Inls-Pbl,
PbF,-Pbl,
PbCl,-Pbl,
PbCl,-Pbl;

MX-Group 15 (As to Bi) Eutectics

MX-Arsenic Eutectics
AlIBrs-AsBrs 78
SnBrs-AsBrs 45
Alls-Aslz 59

MX-Antimony Eutectics
KCI-SbCls [78]
AlCI3-SbCl3 92.5
AlBr3-SbBrs3 29.3
AlBr3-SbBrs3 69
SnBr4-SbBr3 6
SbCl3-SbBrs; 65
All3-Sblz 34
All3-Sblz 60
SbCls-Sbl; 18.2
SbBr3-Sbls 15

MX-Bismuth Eutectics
KCI-BiCls [82]
TICI-BiCl; 87.5
PbCl>-BiCls 88.7
AlBrs-BiBrs 65.6
PbBr,-BiBrs 76.5

90
35
84.3
79.4
83
47.1
45.5
22.5
90
42
74

625
653
653
632
651
631
655
413
656
633
607

300
276.7
389

[453]
343.1
348.0
345.4

300
328
413
408
314.5
357

[443]
633
492

410.5
478

eval
eval
review
review
eval
review
review
eval
review
eval

eval

eval
eval

eval

eval
eval
eval
eval
eval
eval
eval
eval
eval

eval

eval
review
eval
eval

eval
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1966R0OB2
1966R0OB2
1978JAN1
1978JAN1
1966R0OB2
1978JAN1
1978JAN1
1966R0OB2
1978JAN1
1966R0OB2
1966R0OB2

1966R0OB1
1966R0OB1
1966R0OB1

1966R0OB2
1966R0OB1
1966ROB1
1966R0OB1
1966R0OB2
1966R0OB2
1966R0OB1
1966R0OB1
1966R0OB2
1966R0OB2

1966R0OB1
1978JAN1
1966R0OB1
1966ROB1
1966ROB1
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MX-Group 16 (Te) Eutectics
TICI-TeCl, 12 648 review

MX-Transition Metals 15t Row Eutectics
MX-Titanium Eutectics

TICI-TiCls 25.6 639 review
MX-Chromium Eutectics
CrFs-CrF; 14 1105 5 therm

MX-Iron Eutectics

NaF-FeF, 30 953 eval
NaF-FeF, 63 1018 eval
LiCl-FeCl, 42 813 DTA
NaCl-FeCl, 56 647 review
KCI-FeCl, 38.2 624.2 1 therm
KCI-FeCl, 54.2 666 1 therm
MX-Cobalt Eutectics
NaCl-CoCl, 62.6 639 Calphad
KCI-CoCl, 50 633 review
InCl3-CoCl; 51 798.6 Calphad
MX-Nickel Eutectics
NaF-NiF; 23 1069 eval
NaF-NiF; 57 1314 eval

MX-Copper Eutectics

LiCI-CuCl 80 [653] eval
NaCl-CuCl 77.9 [592] eval
KCI-CuCl 65.6 [416] eval
KCI-CuCl, 46 633 review
RbCI-CuCl 68 423 eval
CsCl-CuCl 55 509 eval
CsCl-CuCl 77 488 eval
MgCl,-CuCl 87.3 679 eval
CaCl,-CuCl 89.5 666 eval
TICI-CuCl 60 395 eval

28

1978JAN1

1978JAN1

1962STU

1959THO
1959THO
1957BEU
1978JAN1

1957PIN
1957PIN

2016WAN
1978JAN1
2016WAN

1959THO
1959THO

1966R0OB2
1966R0OB2
1966R0OB2
1978JAN1
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB1
1966R0OB2
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SnCl,-CuCl 21.8
PbCl,-CuCl 62.5
CoCl,-CuCl, 74.4
CuCl,-CuCl 13
ZnCly-CuCl 12
KBr-CuBr 62.7
CuCl-Cul 25
CuBr-Cul 17.5
MX-Zinc Eutectics
LiF-ZnF, [40]
NaF-ZnF; 33
NaF-ZnF; 69
KF-ZnF; 25
KF-ZnF; 80
RbF-ZnF, 22
RbF-ZnF, 67.5
CsF-ZnF, 44
CsF-ZnF, 57
CsF-ZnF; 80
NaCl-ZnCl, 58.5
KCI-ZnCl, 31
KCI-ZnCl, 51.5
RbCl-ZnCl; 25
RbCl-ZnCl; 52.5
RbCI-ZnCl, 63
CsCl-ZnCl, 17.5
CsCl-ZnCl, 57.5
CsCl-ZnCl, 79.9
InCl3-ZnCl, 97.5
TICI-ZnCl; 22
TICI-ZnCl; 52
SnCl,-ZnCl, 44

445
553
635
651
556
455
557
[723]

[873]
908
958
953

1024
869
943
813
833
803
535
704
503
783
522
550
808
536
541
543
607
486
445

(5]
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eval
eval
review
review
eval
eval
eval

eval

eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval

eval

1966R0OB2
1966R0OB2
1978JAN1
1978JAN1
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2

1966R0OB2

1959THO

1959THO
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
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MX-Transition Metals 2" Row Eutectics
MX-Yttrium Eutectics

LiF-YF3
NaF-YFs
KF-YFs
KF-YFs
KF-YFs
KCI-YCls
KCI-YCls
NaCl-YCls

MX-Zirconium Eutectics

LiF-ZrF4
LiF-ZrF4
LiF-ZrF4
NaF-ZrF4
NaF-ZrF4
NaF-ZrF4
KF-ZrF,4
KF-ZrF,4
KF-ZrF4
RbF-ZrF,
RbF-ZrF,
RbF-ZrF,
RbF-ZrF,
CsF-ZrF,4
CsF-ZrF,4
CsF-ZrF,4
NaCl-ZrCls
NaCl-ZrCls
KCI-ZrCla
KCI-ZrCla
ZrCly-Zrl4

19
29
12.6
413
80.3
14.5
44.3
55

21
29.5
49
20
40.5
49.5
14
42
55
10
42
48
54

40
59
28.5
63
23
65
[42]

MX-Niobium Eutectics

KCI-NbCl4

[44]

968
911
1246
1039
1254
942
717
633

871
843
780
1021
773
785
1039
663
713
983
683
663
673
913
693
743
798
585
873
498
641

641

~ 1 o »n

eval

eval
Calphad
Calphad
Calphad
Calphad
Calphad

review

eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval

review

review

30

1959THO
1966GIB
2016KAN
2016KAN
2016KAN
2016KAN
2016KAN
1978JAN1

1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1959THO
1978JAN1

1978JAN1
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MX-Silver Eutectics
ZnF,-AgF 42
ZnF,-AgF 86
KCl-AgCl 70
RbCl-AgCl 60
CsCl-AgCl 72
MgCl,-AgCl 87
CaCly-AgCl 71
InCls-AgCl 60
InCls-AgCl 61.9
InCls-AgCl 79.5
TICI-AgCl 59
PbCl,-AgCl 59.5
CoCl,-AgCl 80.5
CuCl-AgCl 52
ZnCl-AgCl 53.5
KBr-AgBr 63
KI-AgBr 80.3
RbBr-AgBr 68
TIBr-AgBr 63
CoBr,-AgBr 83
CuBr-AgBr 40
ZnBr,-AgBr 594
AgCl-AgBr 65
Lil-Agl 20
Nal-Agl 60
KI-Agl 67
Rbl-Agl 75
Pbl,-Agl 40
Cul-Agl 50
AgCl-Agl 55.2
AgBr-Agl 23

MX-Cadmium Eutectics

LiF-CdCl;

87

903
653
585
526
531
725
721
592
639.3
654.7
483
583
271
528
504
560
537
501
499
653
573
551
685
700
662.5
516
469
[628]
[753]
508
637

818

(5]

(5]
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eval
eval
eval
eval
eval
eval
eval
eval
Calphad
Calphad
eval
eval
DSC
eval
DSC
eval
eval
eval
eval
DSC
eval
DSC
eval
DTA
eval
eval
eval
eval
eval
eval

DTA

eval

1966ROB1
1966ROB1
1966R0OB1
1966R0OB1
1966ROB1
1966R0OB1
1966R0OB1
1966ROB1
2016WAN
2016WAN
1966ROB1
1966ROB1
2008KRZ
1966R0OB1
2004W0l
1966R0OB1
1966R0OB1
1966ROB1
1966ROB1
2008KRZ
1966ROB1
2004W0l
1966ROB1
1981FLO
1966ROB1
1966ROB1
1966ROB1
1966ROB1
1966ROB1
1966ROB1
1981FLO

1966ROB1
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NaF-CdCl,
NaCl-CdCl,
KCI-CdCl,
KCI-CdCl,
RbCI-CdCl,
RbCI-CdCl,
CsCI-CdCl,
CsCI-CdCl,
CaCl,-CdCl,
BaCl,-CdCl,
InCls-CdCl,
TICI-CdCl,
TICI-CdCl,
SnCl,-CdCl,
PbCl,-CdCl,
AgCI-CdCl,
CdF,-CdCl,
NaBr-CdBr;
KBr-CdBr;
KBr-CdBr;
CsCI-CdBr;
CsBr-CdBr;
CsBr-CdBr;
TIBr-CdBr;
PbCl,-CdBr;
PbBr,-CdBr,
CuBr-CdBr;
ZnBr,-CdBr;
CdCl,-CdBr;
Nal-Cdl,
KI-Cdl,
Inls-Cdl,
Inlz-Cdl;,
Pbl,-Cdl,
CdF,-Cdl,

50
56
37.2
66.2
36
68.5
24
75
85
65

49.5
24.1

67.8
10
37
37
70
47
37
55

31.9

61.9
64
45
72
15

(50]

22.5
60
53

525

1.5

62.5
70
92

588.7
663
660.0
662
715
694
718
713
813
753

699
575.1

679
506
653
708
753
641
578
618
634
646
657
649
640
613
[723]
637
823
559
458
469
463
633
613

v B~ 00 U

20

32

eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
eval
review
review
review
review
review
eval
eval
eval
eval
eval
eval
eval
eval
eval

eval

1966ROB1
1966ROB1
1966ROB1
1966R0OB1
1966R0OB1
1966ROB1
1966R0OB1
1966R0OB1
1966ROB1
1966ROB1

1966ROB1
1966ROB1

1966ROB1
1966ROB1
1966ROB1
1966ROB1
1966ROB1
1966R0OB1
1966ROB1
1966ROB1
1978JAN1
1978JAN1
1978JAN1
1978JAN1
1978JAN1
1966ROB1
1966ROB1
1966ROB1
1966ROB1
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
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CdCl,-Cdl, 70 633 eval

MX-Transition Metals 3" Row Eutectics

MX-Lutetium Eutectics
LiF-LuFs; 22 695 MP
LiF-LuFs; 54 810 MP
NaF-LuF 29 868 MP
NaF-LuFs 72 1146 MP
GdFs-LuFs; 45 1363 DTA
NaF-HfF, 18.5 968 eval
NaF-HfF, 43 783 eval
NaF-HfF, 53 808 eval
CsCI-HfCls 22 863 DSC
CsCI-HfCls 64 575 DSC

MX-Tantalum Eutectics
KCI-TaCls 48 643 review

MX-Mercury Eutectics
LiCl-HgCl, 98.4 551 eval
NaCl-HgCl, 86 537 eval
KCI-HgCl, 68 455 eval
TICI-HgCl, 32 478 eval
TICI-HgCl, 64 456 eval
SbCls-HgCl, 4 345 eval
PbBr,-HgBr; 95 505 eval
KI-Hgl, 61.6 405 eval
Alls-Hgl, 35 393 eval
Alls-Hgl, 58 405 eval
AgCl-Hgl, 48 409 eval

MX-Lanthanides Eutectics
MX-Lanthanum Eutectics

LiF-LaFs 20 1043 therm
NaF-LaFs 23.4 1008 5 240 [0.5] DSC
KF-LaFs 22 892 DSC

33

1966ROB1

1969THO
1969THO
1966THO1
1966THO1
2000FED
1959THO
1959THO
1959THO
2020KRA
2020KRA

1978JAN1

1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966R0OB2
1966ROB1
1966ROB1
1966ROB1

1969THO
1997ABD
1997ABD
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RbF-LaFs
CsF-LaFs
CsF-LaFs
CsF-LaFs
LaCls-LaF;
LiCl-LaCls
NaCl-LaCls
KCl-LaCl3
KCl-LaCl;
RbCl-LaCls
RbCl-LaCl3
CsCl-LaClz
CsCl-LaClz
CaCly-LaCls
TbCls-LaCls
LiBr-LaBrs3
NaBr-LaBr3
KBr-LaBrs
TIBr-LaBrs
TIBr-LaBrs
Rbl-Lals
Rbl-Lals

21
10.8
12.5
37.8

31

23

33

22

51
15.5

49
10.5

43

28
49.7

23

38

18

8.8
49.1
17.7
47.2

MX-Cerium Eutectics

LiF-CeFs
NaF-CeFs
LiCl-CeCls
NaCl-CeCls
KCl-CeCls
KCI-CeCl;
KCI-CeCl;
RbClI-CeCl;
RbClI-CeCls
CsCl-CeCls

19
27
27
30
20
30
55
15.5
51.5
13

873
880
873
986
927
783
813
853
851
880
806
855
819
903
827
727
730
819
687
788
789
773

1029
1003
767
773
873
890
807
892
808
856

N N N NN NN

N N U1 1 N U

10.7

17.7

8.2
19.6
12
27

34

[0.2]

[0.4]

0.5
0.6

[0.2]
[0.5]

DSC
DSC
DSC
DSC
DTA
Calphad
DTA
DTA
DTA
DTA
DTA
DTA
DTA
MP
DSC
DSC
DSC
DSC
DSC
DSC
DSC
DSC

eval
DTA
Calphad
DSC
DTA
DTA
DTA
DTA
DTA
DTA

1997ABD
1997ABD
1997ABD
1997ABD
1996HA
2024HAO
1985SElI
1985SElI
1985SEl
1985SEl
1985SEl
1985SEl
1985SEl
1952DER
2025PIL
2006GAU2
2006GAU2
2006GAU2
2019SAL
2019SAL
2020RYC
2020RYC

1959THO
2000FED
2015HE
2015S00
1986SElI
1986SElI
1986SElI
1986SElI
1986SEl
1986SEl
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CsCl-CeCls 42.5 808 DTA 1986SEI
CsCl-CeCls 74 952 DTA 1986SElI
MgF,-CeCls 74 963 3 DTA 1996HA
MgCl,-CeCls 30 923 eval 1965THO1
ZnCl,-CeCl3 1 570 therm 1992PER
AgCl-CeCl3 9.5 700 2 1.0 1.6 DTA 2019CHO
CeFs-CeCls 315 893 3 DTA 1996HA
LiBr-CeBrs 24.9 709 21.7 0.7 DSC 2008ING
NaBr-CeBrs 37.2 692 [3] 19.8 0.5 DSC 2008ING
KBr-CeBr; 19.3 837 128 0.3 DSC 2007RYC4
KBr-CeBr; 29.5 855 18.8 2.0 DSC 2007RYC4
KBr-CeBr; 55.5 766 253 0.6 DSC 2007RYC4
RbBr-CeBr; 14.1 858 1 156 03 DSC 2008RYC3
RbBr-CeBr; 52.8 762 1 19.2 0.4 DSC 2008RYC3
CsBr-CeBrs 12.5 842 15.0 [0.3] DSC 2009RYC2
CsBr-CeBrs 45.0 750 15.1 [0.3] DSC 2009RYC2
CsBr-CeBrs 70.0 856 143  [0.3] DSC 2009RYC2
Csl-Cels 12.7 823 1 144 0.8 DSC 2019DAN
Csl-Cels 48.5 737 1 12.88 0.21 DSC 2019DAN
MX-Praseodymium Eutectics
LiF-PrFs 19 750 MP 1969THO
NaF-PrFs; 27 1017 5 DTA 2000FED
KF-PrF; 18 883 MP 1952DER
RbF-PrF3 12 913 MP 1952DER
RbF-PrF3 37 933 MP 1952DER
CsF-PrFs 8 927 MP 1952DER
CsF-PrFs; 39 1057 MP 1952DER
LiCI-PrCls 30 739 2 model  2005GON2
NaCl-PrCl; 35 743 [2] DTA 1992SHA
KCI-PrCls 16.5 640 DSC 1999GAU
KCI-PrCls 56 772 DSC 1999GAU
CaCl,-PrCl3 42 878 [2] DTA 1992SHA
LiBr-PrBrs 26.5 689 20.5 0.9 DSC 2009ING
NaBr-PrBr; 40.9 658 208 03 DSC 2009ING

35
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KBr-PrBr3 18.2
KBr-PrBrs3 55.2
RbBr-PrBr3 13.6
RbBr-PrBrs 48.8
RbBr-PrBrs 67.9
CsBr-PrBrs 10.8
CsBr-PrBrs 45.3
CsBr-PrBrs 75.7
TIBr-PrBrs 10.7
TIBr-PrBr3 52.4
MX-Neodymium Eutectics
LiF-NdF; 31.6
NaF-NdF3 28
NdCl3-NdFs 29
LiCI-NdCl3 27.7
NaCl-NdCls 32
RbCI-NdCl3 12
RbCI-NdCl3 49.5
CsCI-NdCls 9
CsCI-NdCls 45
CsCI-NdCls 72.5
MgF,-NdCl3 26.5
CaCl,-NdCl3 40
AgCI-NdCls 17.2
LiBr-NdBr; 28.8
NaBr-NdBr; 44.3
KBr-NdBrs 19.2
KBr-NdBrs 53.2
KBr-NdBrs 68.9
TIBr-NdBrs 12.2
TIBr-NdBr3 50.4
AgBr-NdBr; 15.5
RbI-Ndls 17.7
RbI-Ndls 421

849
753
865
765
834
850
767
870
673
742

1004.7
1003
888
733
712
905
784
863
785
891
928
873
668
678
644
849
754
802
670
744
647
810
706

N = e e T

0.5

(2]

(2]

W W R R R R

12.9
15.1
15.3
20.5
28.5
15.9
16.7
15.0
11.0
29.3

18.7

15.7
24.0
14.9
13.6
18.3
21.7

8.5
12.0

121
12.7

36

0.3
0.5
0.3
0.7
0.7
0.6
0.7
0.9
0.6
1.5

0.7
[0.5]
0.1
0.1
0.2
0.2
0.6
0.7

0.5
1.7

DSC
DSC
DSC
DSC
DSC
DSC
DSC
DSC
DSC
DSC

DSC
DTA
DTA
model
DSC
eval
eval
eval
eval
eval
DTA
DTA
DSC
DSC
DSC
DSC
DSC
DSC
DSC
DSC
DSC
DSC
DSC

2010REJ
2010REJ
2010RYC1
2010RYC1
2010RYC1
2010RYC4
2010RYC4
2010RYC4
2024SAL
2024SAL

2023LIA
2000FED
1996HA
2005GON2
1992SHA
2002SEl
2002SEl
2002SEl
2002SEl
2002SEl
1996HA
1992SHA
2008SzY
2006GAU1
2018BOU
2018BOU
2018BOU
2018BOU
2025SAL1
2025SAL1
2009KOL
2015SAL
2015SAL
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MX- Promethium Eutectics

NaF-PmF; [27] [1003]
MX-Samarium Eutectics
LiF-SmF3 27 698
NaF-SmFs 25 1004
KF-SmF; 10 1032
KF-SmF; 40 1074
RbF3-SmF; 9 973
RbF3-SmF; 37 1074
CsF-SmFs 5 918
CsF-SmFs 34 1129
NaCl-SmCls 44 680
RbCIl-SmCls 14 912
RbCIl-SmCl3 46.5 755
RbCIl-SmCl3 73.5 838
CsCl-SmCl; 7 861
CsCl-SmCl; 47 792
CsCl-SmCl; 78.7 867
TICI-SmCl3 12 641
TICI-SmCl3 50 726
AgCl-SmCl; 22.8 644
MX-Europium Eutectics
LiF-EuFs 27 688
NaF-EuFs 25 991
NaCl-EuCl, 49 847
KCI-EuCls 17.5 917
KCI-EuCls 53.5 752
KCI-EuCls 74 797
LiBr-EuBr; 31.9 723
NaBr-EuBr; 54.6 762
KBr-EuBr; 31.8 829
KBr-EuBr, 433 811
KBr-EuBr, 78.9 854
RbBr-EuBr, 31.6 776

N Ul N

14.5

13.6
15.5
15.2

22.86

16.4
16.5
16.8

9.9
194
16.2

37

[0.3]

0.3
0.6
1.0

0.5

[0.3]
0.7
0.3
0.2
0.4

[0.3]

est

MP
DTA
therm
MP
MP
MP
MP
MP
eval
eval
eval
eval
eval
eval
eval
DSC
DSC
DTA

MP

MP
DSC
eval
eval
eval
DSC
DSC
DSC
DSC
DSC
DSC

2000FED

1969THO
2000FED
1957MOR
1952DER
1952DER
1952DER
1952DER
1952DER
2002SEl
2002SEl
2002SEl
2002SEl
2002SEl
2002SEl
2002SEl
2016SAL
2016SAL
2019CHO

1969THO
1966THO1
2001SIL
2002SEl
2002SEl
2002SEl
2005GAD
2005ING
2008RYC1
2008RYC1
2008RYC1
2010RYC2
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RbBr-EuBr, 79.7
CsBr-EuBr 19.7

CsBr-EuBr; 82.1
AgBr-EuBr; 15.2

MX-Gadolinium Eutectics

LiF-GdFs 25
NaF-GdF; 25
NaF-GdF; 68
NaCl-GdCl; 45
NaCl-GdCls 55
AgCl-GdCls 28.8
CsBr-GdBr; 11
CsBr-GdBr; 52
CsBr-GdBr; 72
MX-Terbium Eutectics
LiF-TbFs3 24
LiF-TbF; 53.5
NaF-TbF; 28
NaF-TbF; 66.5
LiCI-TbhCls 52.1
NaCl-TbhClz 45
LiBr-TbBr3 14.5
LiBr-TbBr3 31.8
NaBr-TbBrs 39.5
KBr-TbBrs 16.3
KBr-TbBrs 43.3

RbBr-ThBrs3 11.7
RbBr-ThBr; 44.9
CsBr-TbhBrs 9.5
CsBr-TbBrs 55.2

MX-Dysprosium Eutectics

LiF-DyF; 24
NaF-DyF; 26
NaF-DyF; 72

859
812
864
657

973
985
1331
689
702
609
847
798
859

700
840
958
1328
665
655
776
774
699
885
697
887
718
865
808

[700]
923
1328

N =t

25.1
16.9
19.4
4.97

20.7
15.7
15.0
23.3

11.7

2.0
14.9
l6.1
15.8
13.8

16
14.5
17.3
14.7

38

[0.5]
0.9
0.9

[0.25]

1.4
0.2
0.2
0.2

0.6

0.1
0.3
0.3
0.3
0.3
[0.3]
[0.3]
0.4
0.3

DSC
DSC
DSC
DSC

DTA
MP
MP

eval

eval

DTA

DSC

DSC

DSC

MP
MP
DTA
DTA
DSC
review
DSC
DSC
DSC
DSC
DSC
DSC
DSC
DSC
DSC

MP
DTA
DTA

2010RYC2
2021RYC1
2021RYC1

2023RYC

2004RAN
1966THO1
1966THO1
2002SEl
2002SEl
2019CHO
2020HAR
2020HAR
2020HAR

1969THO
1969THO
1996FED
1996FED
2017DAN
1978JAN1
2013RYC1
2013RYC1
2003RYC1
2004RYC3
2004RYC3
2007RYC1
2007RYC1
2012RYC
2012RYC

1969THO
1996FED
1996FED
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LiCI-DyCls
LiCI-DyCls
NaCl-DyCl,
NaCl-DyCl;
LiBr-DyBrs
LiBr-DyBrs
NaBr-DyBrs
RbBr-DyBrs
RbBr-DyBrs
CsBr-DyBr;
CsBr-DyBrs

MX-Holmium Eutectics

20.6
54.2
59.7

55
15.6
321
40.9
11.6
45.8
10.2
57.9

LiF-HoF3 24
NaF-HoF; 27
NaF-HoF; 71
KBr-HoBr3 16.3
KBr-HoBr3 45.5
MX-Erbium Eutectics
LiF-ErFs 21
NaF-ErFs 28
NaF-ErFs 73
KF-ErFs 12
KF-ErFs 32
RbF-ErFs; 12
RbF-ErFs; 34
CsF-ErFs 5
CsF-ErFs 42

MX-Thulium Eutectics

LiF-TmFs
LiF-TmFs
NaF-TmFs3
NaF-TmFs

MX-Ytterbium Eutectics

21
53
27
70

746
674
643
651
787
791
711
886
702
862
795

[710]
936
1235
875
699

700
903
1253
1030
1064
1005
1074
916
1074

692
824
865
1178

13.24
11.03

12.4
15.8
6.98

17

17
16.1
18.1

14.6
13.8

39

1.55
0.49

0.2
0.3
0.14
[0.3]
[0.3]
0.3
0.4

1.0
0.2

DSC
DSC
review
review
DSC
DSC
DSC
DSC
DSC
DSC
DSC

MP
MP
MP
DSC
DSC

MP
DTA
DTA

therm

MP

MP

MP

MP

MP

MP
MP
MP
MP

2016DAN
2016DAN
1978JAN1
1978JAN1
2009GAU
2009GAU
2014CHO2
2012CHO
2009RYC2
2014CHO1
2014CHO1

1969THO
1966THO1
1966THO1
2016PIL
2016PIL

1969THO
1996FED
1996FED
1957MOR
1952DER
1952DER
1952DER
1952DER
1952DER

1969THO
1969THO
1966THO1
1966THO1
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LiF-YbF3
LiF-YbF3
NaF-YbFs;
NaF-YbFs;
LiCl-YbCl,
NaCl-YbCl,
KCI-YbCl,
KCI-YbCl,

MX-Actinides Eutectics

19.9
56
26

(70]

41.5

55.9
33
73

MX-Thorium Eutectics

LiF-ThF,
LiF-ThF,
LiCI-ThF,
NaF-ThF,
NaF-ThF,
NaF-ThF,
NaCl-ThF,
NaCl-ThF,
KF-ThF,
KF-ThF,
KF-ThF,
KF-ThF,
KCI-ThF,
KCI-ThF,
KCI-ThF,
RbF-ThF,
RbF-ThF,
RbF-ThF,
RbF-ThF,
BeF,-ThF,
MgF,-ThF,
MgF,-ThF,
NaCl-ThCls

23.8
29.4
34.3
22.5
37
41
25.1
45.7
14
31
56
78
20.6
46.7
53.6
15
37
54
80

2

25
40
30.5

960
1087
867
[1178]
733
764
839
833

832
826
695
891
963
978
657
654
967
964
1149
1254
894
697
699
937
1036
1122
1274
800
1189
1199
634

Calphad
Calphad
MP
MP
DSC
DSC
DSC
DSC

therm
DSC
Calphad
therm
therm
therm
Calphad
Calphad
therm
therm
therm
therm
Calphad
Calphad
Calphad
MP

MP

MP

MP
therm
therm
therm

review

40

2023KAN
2023KAN
1966THO1
1966THO1
2023CHO
2023CHO
2023CHO
2023CHO

1959THO4
2013CAP
2021FLO
1959THO4
1959THO4
1959THO4
2021FLO
2021FLO
1952ASK
1952ASK
1952ASK
1952ASK
2021FLO
2021FLO
2021FLO
1948DER1
1948DER1
1948DER1
1948DER1
1960THO
1951BLO
1951BLO
1978JAN1
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KCI-ThCl,4

MX-Uranium Eutectics

LiF-UFs3
LiF-UF,
NaF-UF;
NaF-UF,4
NaF-UF,4
NaF-UF,4
KF-UF,
KF-UF,
KF-UF,
RbF-UF,
RbF-UF,
RbF-UF,
CsF-UF,
CsF-UF,
CsF-UF,
BeF,-UF,
BeF,-UF,
SnF,-UF,
PbF,-UF,4
PbF,-UF,
ZrF4-UF,
UF3-UF,
LiCI-UCls
LiCI-UCls
LiCI-UCls
LiCI-UCls
NaCl-UCls
NaCl-UCl,
KCI-UCls
KCI-UCls
KCI-UCl4
KCI-UCl4

42.8

27
27
27
215
28
56
15
38.5
54.5
10
43.5
55
7.5
41
53
0.5
0.8
0.5
35
62
23
75
25.4

657

1044
763
988
891
896
953

1008

1013

1008
983
948
987
923
968
998
808

813.6
485

1109

1036

1039

1134

764.9
694
688
678

787.4
643
832
814
823
603

10

[2.5]

0.2
5
9
6

20.24

12.2
15.53

41

0.78

5
1.14

review

eval
DTA
eval
DTA
DTA
DTA
therm
therm
therm
therm
therm
therm
eval
eval
eval
eval
model
eval
eval
eval
DTA
therm
DSC
DTA
eval
eval
DSC
eval
DSC
DSC
eval

eval

1978JAN1

1959THO
1958BAR
1959THO
1958BAR
1958BAR
1958BAR
1958THO
1958THO
1958THO
1958THO
1958THO
1958THO
1959THO
1959THO
1959THO
1959THO
2005MEE
1959THA
1959THO
1959THO
1958BAR2
1963BRI
2023YIN
1966THA
1959THO
1959THO
2022PAR
1959THO
2022PAR
2022PAR
1959THO
1959THO
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RbCI-UCl3
RbCI-UCl;
RbCI-UCl4
CsCI-UCls
CsCI-UCls
PbCl,-UCls
PbCl,-UCl4
PbCl,-UCl4

MX-Plutonium Eutectics

LiF-PuFs
NaCl-PuCls
NaCl-PuCls

15
45.5
58
20
58
11
321
50

19.5
32.6
36

883
786
643
778
643
743
638
619

1016
726
724

eval
eval
review
eval
eval
therm
review

therm

eval

21.8 1.6 eval
23.0 1.4 DSC

42

1959THO
1959THO
1978JAN1
1959THO
1959THO
1971BOR
1978JAN1
1971BOR

1959THO
2025STR
2023KAR
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