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This study examines the wettability characteristics of molten LiCl-KCl and LiF-NaF-KF (FLiNaK) salts on a
variety of metal and non-metal substrates, including C276, stainless steel 304 (SS 304), stainless steel 316
(SS 316), Alloy 617, molybdenum (Mo), nickel (Ni), tantalum (Ta), 1G110, glassy carbon, MACOR and quartz,
which are relevant for applications in molten salt reactors (MSRs) and differential scanning calorimetry
(DSC) analysis. Contact angle measurements were conducted from room temperature up to 700 °C using
the sessile drop method, revealing increased wettability of both salts as temperature increases. For LiCl-KCl
tests, the contact angles on each substrate are in descending order as follows: 6110 > Gglassy carbon > Mo
> Oss 304 > Oca76 > Omacor > Oss 316 > Onioy 617 > Oquartz = Oni > Ora. For FLINaK, the measured contact
angles follow a similar trend: Oic110 > Oss 304 > Oquartz > Oco7e > Oss 316 > bra. The wetting of FLINaK on the
same substrate tends to be higher than that of LiCl-KCl, likely due to the larger surface tension between
LiCl-KCl and substrates. The work of adhesion calculated from the contact angles shows an increase in
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adhesion force with increasing temperature for most substrates, indicating stronger contact between the
salts and substrates. Contact angle is shown to be correlated with the corrosion resistance of pure metals,
but this correlation is not observed in alloys due to their complex chemical compositions. The application
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of contact angle in the selection of DSC container materials is also suggested to ensure proper contact
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1. Introduction

Molten salts are increasingly recognized as promising heat
exchanger media across various energy systems, attributed to
their relatively high heat capacities, large thermal conductivities
and low vapor pressures.'™ Specifically, molten chloride salts
are excellent heat transfer fluids and thermal energy storage
fluids for concentrated solar power plants.”” The application of
molten salts also extends to nuclear technologies, where MgCl,-
NaCl-KCl is utilized as solvent salt to separate americium from
plutonium, and LiCI-KCl is applied as the solvent medium for
electrorefining uranium in the pyroprocessing process.*’
Moreover, molten salts have been proposed as outstanding
coolant and fuel salt candidates in MSRs, due to their neutron
moderation properties and high chemical stability even under
irradiation.'® Their roles in nuclear fuel reprocessing and
advanced reactor designs underscore the importance of
understanding their thermophysical properties including
melting point, vapor pressure, heat capacity and thermal
conductivity. To obtain reliable thermophysical values from
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commonly used approaches such as DSC, it is crucial that the
sample maintains proper contact with the sample container
and does not exhibit strong wettability."" Improper contact can
lead to a non-uniform melt thickness and inaccurate
measurements. Molten salts may even creep up the heating
container walls, further affecting the accuracy of the data.
Therefore, studying the interfacial contact of molten salts on
different substrates is essential to identify appropriate materials
for use as salt containers in DSC measurements. Furthermore,
structural material corrosion has been one of the major
concerns in the application of molten salts.’* Corrosion begins
at the interface of structural materials and molten salts,
involving mass transfer of impurities and corrosion products,
and electron exchange between the bulk salt and the structural
material.'® Strong wetting correlates with enhanced surface
interactions, indicating a higher potential of salt attack on the
contacted material, thus prompting more corrosion."*"® This
suggests that the molten salt corrosion resistance of certain
materials can be predicted by directly measuring contact angles.

A contact angle less than 90° indicates high wettability, while
a contact angle greater than 90° indicates low wettability.'®
Traditional methods to measure contact angle include the
sessile drop, needle, tilting, captive bubble, Wilhelmy plate,
meniscus, and Washburn methods, with the sessile drop
method being the simplest and most widely used for optical
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Fig. 1 Illustration of sessile drop method, 0 is contact angle.

measurement of contact angle through drop shape analysis."”
In the sessile drop method, contact angles are determined by
applying tangents at the intersection of the drop outline as
shown in Fig. 1. The accuracy of contact angle measurement is
influenced by factors such as the size of the liquid drop and
determination of the baseline at the interface.

The measurement of contact angle has been widely
employed in various fields including coating development,
surface treatment evaluation, and cleaning process optimization
in aqueous solutions at room temperature.'®>* However,
studies available on molten salts at high temperatures remain
scarce. Xu et al. studied the impregnation behavior of molten
2LiF-BeF, salt into a graphite matrix.** The measured contact
angle was about 135°, indicating the non-wetting characteristics
of the molten salt on this substrate. Deepika et al. investigated
the wettability and corrosion of microgroove-patterned SS 304,
revealing that the groove-shaped textured specimen was
hydrophobic and exhibited superior anti-wetting behavior.>®
The micro-patterned surfaces also demonstrated excellent
corrosion resistance due to the presence of air gaps between
ridges and channels which impeded the corrosion. Delmore
et al. studied the wettability of different types of graphite (A3,
IG110 and CGB) with FLiBe and FLiNaK. The contact angles for
FLiBe and FLiNaK were reported to be affected by porosity and
structure of the different grades of graphite.”® Grosu et al.
investigated the wettability of molten NaNO;-KNO; salts at 300
°C on multiple substrates.'" It was found that the contact angles
on materials such as magnesium, zinc and silver with a low
surface energy were higher than 90°. Thus, using a crucible
made of low surface energy material was one of the strategies
proposed to control molten salt creeping in DSC measurements.
Baumli et al. explored the wettability of graphite and glassy
carbon in the presence of pure molten alkali chlorides (NaCl,
KCl, RbCl, CsCl) using the sessile drop method.”” The contact
angle was found to decrease with increasing radius of the metal
cation of salts. The adhesion energy between the carbon
substrate and molten salt increased with the square of the
radius of the cation and inversely decreased as the radius of the
anion decreased.

Nevertheless, no comprehensive comparative studies have
been conducted on the wettability behavior of LiCI-KCl and
FLiNaK. To address this gap, this study measured the contact
angle and calculated the work of adhesion for LiCI-KCI and
FLiNaK on various substrates, including C276, SS 304, SS
316, Alloy 617, Mo, Ni, Ta, IG110, glassy carbon, MACOR and
quartz. These materials are either candidates for salt-facing
structural material in MSRs or salt container candidates in
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DSC measurements. The conventional sessile drop method
was used for contact angle measurements and the trends of
contact angle and work of adhesion with temperature were
ascertained. This extensive database of wettability
characteristics of LiCI-KCl and FLiNaK will benefit the
selection of structural materials compatible with molten
salts, the development of advanced corrosion-resistant
coatings, and the optimization of the selection of salt
container materials for DSC analysis.

2. Experimental
2.1. Materials

LiCI-KCl eutectic salt mixture (anhydrobeads, 99.99%, trace
metal basis, 58.01 mol% LiCl), LiF (99.99%, trace metal
basis), NaF (99.99%, trace metals basis), and KF (99.97%,
trace metal basis) were procured from Sigma-Aldrich and
stored in an argon-filled glovebox with O, < 0.1 ppm and
H,0 < 0.1 ppm. The FLiNaK salt mixture was fabricated in
the laboratory with a composition of 46.5 mol% LiF, 11.5
mol% NaF, and 42 mol% KF. A digital balance with an
accuracy of 10™* g was used to weigh the salt. The weighed
salts were placed and mixed well in a glassy carbon crucible.
Considering the strong hydrophilicity of salts, especially KF,
the prepared salt mixtures were thermally purified by baking
at different temperatures as suggested in the literature.”® A
calibrated muffle furnace with an accuracy of +2 °C was used
to heat the salts at each target temperature. LiCl-KCl
underwent the same thermal purification process to
eliminate the possible oxygen or moisture contamination
from the transportation or storage process. The purified
molten FLiNaK and LiCl-KCl salt mixtures were cooled to
room temperature, broken into chunks, and sealed in glass
vials for contact angle tests.

Given that surface roughness may influence wetting
behavior, the metal substrates used in the tests—including
Mo, C267, SS 304, SS 316, Alloy 617, Ni, and Ta—were all
prepared with an identical surface finish. The metal
substrates were polished with sandpapers ranging from 400
to 2400 grit, then finished with 1 um diamond polishing
paste. The non-metal substrates—including IG 110, glassy
carbon, MACOR and quartz—were used as received with no
further polishing. All substrates were cleaned using deionized
water and ethanol, followed by drying under vacuum at 120
°C prior to contact angle tests.

2.2. Experimental setup

The contact angle test apparatus as shown in Fig. 2 was placed
inside an inert atmosphere glovebox. A room-temperature
contact angle goniometer, Ossila L2004A1, was procured from
Ossila and modified for high-temperature molten salt
application. A custom heating stage, with dimensions of 6 cm
in length, 3 cm in width, and 2 cm in height, was installed
between the camera and backlight of the Ossila goniometer.
The heating stage comprised a stainless-steel block featuring
two holes bored to accommodate a K-type thermocouple and a

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Experimental apparatus for contact angle measurements:
Ossila goniometer modified with a custom heating stage.

24-volt, 100-watt cartridge heater (Dalton W2C012). The stage
was connected to a BK Precision DC power supply, allowing for
manual control of the cartridge heater. The stage was heated to
a target temperature with temperature monitoring provided by
the thermocouple. Additionally, the stage was surrounded by
insulation and a transparent quartz enclosure was placed over it
to minimize heat loss and insulate the sample environment.
The Ossila L2004A1 was equipped with an LED light and high-
resolution camera connected to a computer, allowing for real-
time image capture through the Ossila contact angle software.
Prior to data collection, the stage was leveled using a bubble
level. A small salt chunk, weighing approximately 10 mg, was
placed in the center of the substrate surface, and the
goniometer camera was focused. The initial target heating
temperature was set to the melting point of the salt to avoid
overheating. The temperature was then gradually increased to
each successive target temperature. Given that the designed
operating temperatures of MSRs range from 550 °C to 700 °C,
the wupper limit of temperature in the contact angle
measurements was maintained within 700 + 10 °C. Salt droplet
images were captured from room temperature until the contact
angle stabilized or salts completely wetted the substrate.
Furthermore, prior to capturing a droplet image at each
temperature, it was confirmed that the temperature variation
was within +2 °C for 30 min to ensure thermal equilibrium.
Image] and Ossila contact angle analysis software were used to
analyze the data. The contact angle of each test was ascertained
by averaging the measured left and right contact angles. Ideally,
the measured left and right value should be identical. However,
due to various experimental factors such as stage leveling,
potential impurities in the salts, substrate surface roughness,

406 °C

SS 304
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and uneven temperature distribution within salt samples, slight
discrepancies between the left and right contact angles were
observed. Consequently, the standard deviation of each
measured contact angle was also calculated.

3. Results

Representative LiCl-KClI salt droplet images captured on the
SS 304 substrate during the contact angle measurements are
shown in Fig. 3. Table 1 summarizes the measured contact
angles of LiCI-KCl and FLiNaK on various substrates at
different temperatures, ranging from the initial fully molten
temperature of the salts to the temperature at which the
contact angle stabilized or the salts completely wetted the
substrate. It should be noted that, although the melting
points of LiCl-KCl and FLiNaK salts are reported to be 352 °C
and 454 °C, respectively, the observed fully molten
temperatures of the salts in the present study were slightly
higher (367 °C to 429 °C for LiCI-KCl and 458 °C to 484 °C
for FLiNaK). This deviation was likely due to the different
thermal conductivities of substrates, and the temperature
offset between the heating stage and the salt samples, despite
the implementation of appropriate insulation. A more
advanced heating stage design is needed to achieve more
accurate temperature recording in future studies.

The trends of contact angle with temperature for LiCl-KCl
are depicted in Fig. 4(a) and (b). The measured contact angles
of LiCI-KCI on various substrates are generally arranged in
the following sequence: 6igi10 > Gglassy carbon > Omo > Oss 304
> Ocaz6 > Omacor > Oss 316 > Oanoy 617 > Oquartz ~ Oni > Ora.
For metal substrates, the measured contact angles on Mo
were the largest, indicating its relatively low wettability with a
contact angle of 108.6° at 376 °C. The measured contact
angles on Ta were the smallest, exhibiting high wettability
across all studied temperatures, with contact angles ranging
from 25.25° at 367 °C to 11° at 404 °C. LiCI-KCl
demonstrated the potential to completely wet the surfaces of
Ta, Ni and Alloy 617 starting at 404 °C, 506 °C and 617 °C,
respectively, with small contact angles of 11°, 10.3° and
2.31°. Complete wetting was not observed for Mo, C276, SS
304 and SS 316 across the temperature range examined in
this study.

For the alloys, although Ni is the major or sole component
of Ni, Alloy 617 and C276, the observed wettability
characteristic of LiCl-KCl on these substrates varied slightly.
The contact angles measured on C276 were the largest
followed by Alloy 617, with pure Ni having the smallest values

Fig. 3 Representative LiCl-KCl salt droplet images captured on the SS 304 substrate at different temperatures.

© 2025 The Author(s). Published by the Royal Society of Chemistry

RSC Appl. Interfaces, 2025, 2, 715-723 | 717


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5lf00007f

Open Access Article. Published on 07 February 2025. Downloaded on 11/28/2025 1:08:44 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

View Article Online

RSC Applied Interfaces

Table 1 Measured contact angle with standard deviation of LiCl-KCl and FLiNaK on various substrates at different temperatures

Contact angle of LiCI-KCI

Material T (°C) Contact angle (°) Material T (°C) Contact angle (°) Material T (°C) Contact angle (°)
Mo 376 108.60 = 4.53 Ta 367 25.25 +1.48 MACOR 425 58.20 £ 0.28
413 104.70 £ 3.25 378 18.25 + 0.50 450 49.55 + 0.49
462 81.35 + 3.46 389 13.50 + 0.00 477 30.00 £ 1.70
503 54.90 + 4.24 396 12.05 + 1.06 522 24.70 £ 0.71
543 55.55 +2.33 404 11.00 + 2.12 573 11.50 £ 2.10
587 52.00 + 3.11 SS 316 407 47.45 £ 0.78 Glassy carbon 381 101.27 £ 6.70
630 45.00 + 3.68 444 24.80 + 1.56 459 91.25 + 5.30
SS 304 406 79.35 +1.91 489 23.45 £ 1.63 480 87.35 + 3.18
444 70.40 £ 0.14 539 23.70 + 3.68 506 76.10 + 1.84
490 52.10 + 0.85 583 23.65 + 3.46 530 71.30 £ 1.27
531 48.70 + 1.98 Ni 385 41.40 + 4.53 556 72.65 + 1.63
585 48.65 + 0.21 405 28.20 + 3.68 583 72.55 £ 0.35
630 38.20 £ 5.23 430 22.85 £ 2.90 Quartz 421 22.15 +1.48
672 29.40 + 2.26 455 17.95 + 0.21 470 17.10 £ 1.27
711 20.20 £ 1.41 481 13.45 + 0.35 518 11.70 + 3.96
C276 381 83.20 + 2.69 506 10.30 + 3.39 564 7.10 £ 0.85
408 79.35 £ 3.74 Alloy 617 429 49.95 + 0.46 615 11.95 + 3.61
432 42.75 + 0.49 444 20.65 + 0.18 660 6.50 + 4.10
455 39.65 + 2.90 453 22.15 £ 0.39 1G 110 407 119.45 + 1.91
478 39.10 £ 1.13 465 22.10 £ 0.35 508 116.60 + 4.10
504 40.20 £ 1.41 489 21.75 £ 0.18 554 118.55 + 2.62
573 38.85 £ 1.06 569 22.45 + 0.39 598 118.20 + 3.25
603 3.90 £ 1.84 617 2.31 £ 1.39 645 119.45 + 3.46
692 118.20 + 5.37
Contact angle of FLiNaK
Material T (°C) Contact angle (°) Material T (°C) Contact angle (°) Material T (°C) Contact angle (°)
C276 467 30.10 + 1.09 SS 304 462 35.40 £ 2.16 1G 110 484 79.21 £ 0.11
470 21.88 + 0.44 492 35.81 £ 2.63 508 78.93 + 1.86
475 13.34 £ 0.32 550 35.82 £ 0.63 554 78.67 + 4.89
487 6.60 £ 0.01 571 17.82 + 3.37 612 83.73 £ 1.92
Mo 468 Not fully molten 614 6.10 + 0.63 Quartz 471 48.03 £ 0.47
469 Not fully molten SS 316 461 45.60 + 3.90 475 19.08 + 2.88
470 7.80 £ 0.01 466 34.30 £ 2.93 477 8.53 £ 0.88
Ta 458 7.87 £1.31 474 5.00 + 0.45 482 5.03 £ 0.47
460 7.40 £ 1.75
467 5.72 £ 0.29

at similar temperature. This indicated that pure Ni exhibited
higher wettability compared to Ni-based alloys. Another set of
alloys investigated were Fe-based, i.e., SS 316 and SS 304. SS
316 is composed of lower Cr and higher Ni content, along
with the addition of 2 wt% Mo.>® The larger contact angle
measured on SS 304 suggested lower wettability and poorer
contact of molten salts with the substrate compared to SS
316.

In general, the wettability of a material is determined by
factors such as surface roughness and chemical
heterogeneity.® In the present study, the impact of surface
roughness was negligible as all metal substrates had the
same surface finish, as previously mentioned. The varied and
complex chemical compositions of the studied substrates,
especially for alloys, lead to varied surface energies. It can
also vary slightly depending on the -crystallographic
orientation of the material and the specific conditions under
which it is measured. Surface energy directly impacts
wettability by determining how readily a liquid spreads on a

solid surface. Higher surface energy indicates higher

718 | RSC Appl. Interfaces, 2025, 2, 715-723

wettability and smaller contact angles. The available surface
energy data of studied metal substrates, provided in Table 2,
is based on studies of Hodkin et al. and Maiya et al.*"** The
smaller surface energy of Mo compared to Ni and Ta
corresponds with the larger contact angle measured in this
study. However, due to the Ilimited studies on the
thermophysical properties of alloys, accurate surface energy
data for alloys, including SS 304, SS 316, Alloy 617, and C276,
remains scarce and is often presented in broad ranges as
shown in Table 2, making it challenging to correlate surface
energy with the contact angle.

Regarding LiCl-KCl salt on non-metal substrates, IG 110
exhibited significantly larger contact angles, followed by
glassy carbon, MACOR and quartz. LiClI-KCl completely
wetted the surfaces of quartz and MACOR starting at 660 °C
and 573 °C, with small contact angles of 6.5° and 11.5°,
respectively. For IG 110 and graphite, although both are
carbon-based materials, LiCl-KCl demonstrated markedly
different wettability on these two substrates. Contact angles
of LiCI-KCl on glassy carbon decreased from 101.27° at 381

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5lf00007f

Open Access Article. Published on 07 February 2025. Downloaded on 11/28/2025 1:08:44 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

RSC Applied Interfaces Paper
LiCI-KClI LiCI-KCI
140 140 T T T
a Fo—Ta b
120 ( ) —7— Ni 1204 ( )
—v— SS316
—o— Alloy 617 — Quartz
C 100 -e— SS304 3_ 100 [Fo— MACOR
Py —A— Mo o |-2— Glassy Carbon
= |-=—C276 =) 16110
© ©
- -
3] O 4ol
g g
: 5
8 40 Q 404
20 \ 204
0 T T T T T T T T 0
350 400 450 500 550 600 650 700 750 350 400 450 500 550 600 650 700 750
Temperature (°C) Temperature (°C)
FLiNaK
100
—o—Ta (C)
[-v—SS316
90 |-=— C276
Quartz|
80 |—@— SS304
T 70 1G110 _—
o o 401
> 60 2
c é 30
8 50 B 20
Sl
£ o — \-
<] 30 0
(8] 460 470 480 490
20 Temperature (°C)
10 \.

0
440 460 480 500 520 540 560 580 600 620

Temperature (°C)

Fig. 4 LiCl-KCl and FLiNaK contact angle change trend with temperature: (a) LiCl-KCl on metal substrates; (b) LiCl-KCl on non-metal substrates;

(c) FLiNaK on metal and non-metal substrates.

Table 2 Surface energy of the investigated metal substrates32

Materials Mo Ni Ta

SS 304 SS 316 Alloy 617 C276

Surface energy (J m™>) 2.05 2.34 2.68

°C to 72.55° at 583 °C. While on IG 110, the measured
contact angles remained consistent at approximately 118°
across the studied temperature ranging from 407 °C to 692
°C. The observed difference in wettability can be attributed to
the significant variations in their surface microstructures and
roughness. Compared to glassy carbon, IG 110 has a more
isotropic crystalline structure and a relatively rougher
surface.** According to the Cassie-Baxter model, the presence
of micro-scale geometric features such as grooves, ridges and
pits can trap the argon present in the glovebox, leading to a
significant increase in the contact angle.**

For FLiNaK, the measured contact angles on the studied
substrates are generally in the order of figi10 > Oss 304 >
Oquartz > Oc276 > Oss 316 > Ora, sSimilar to what was observed
for LiCI-KCl, except for quartz. Given that all salts underwent
identical thermal purification procedures, it was assumed
that the potential impact of salt impurities on the contact

© 2025 The Author(s). Published by the Royal Society of Chemistry

1.8-2.5 2.1-2.5 2.0-2.5 2.0-2.5

angle measurements was consistent across both LiCI-KCIl and
FLiNaK tests. Consequently, the larger contact angles of
FLiNaK on quartz was likely due to the difference in substrate
surface conditions, such as roughness, since non-metal
substrates were not polished to the same finish. All measured
contact angles of FLiNaK were less than 90°, indicating high
wetting on the substrates. As temperature increased, FLiNaK
salt completely wetted all substrates shortly after melting,
except for IG 110. The contact angle on IG 110 stabilized
around 79° from 484 °C to 612 °C, indicating the lowest
wetting potential among all tested substrates.

Regarding the contact angles of both salts measured on
the same metal substrates (i.e., Ta, SS 316, SS 304 and C276),
the contact angles of LiCI-KCl were greater than those of
FLiNaK. According to Young's equation, the contact angle is
determined by surface tensions as given in eqn (1), where dj,
Js and oj; represent the surface tensions of the liquid-gas

RSC Appl. Interfaces, 2025, 2, 715-723 | 719
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phase, solid-gas phase and liquid-solid interfacial surface
tension, respectively.>® The surface tension ¢; of LiCI-KCI and
FLiNaK are calculated using the empirical equations J; =
189.57 - 0.08 T for LiCl-KCl and ¢; = 272.6 - 0.1014 T for
FLiNaK, where T is the temperature in Kelvin and J; is the
surface tension in dyne cm™.***” At the given temperature,
the surface tension J; of FLiNaK is larger than that of LiCl-
KCL In this study, the larger contact angles of LiCI-KCIl on
the same metal substrates compared to FLiNaK were likely
due to the larger surface tension dj; between LiCl-KCl and the

substrate, indicating less wetting.

Js = i + 91 cos § (1)
Wls = 51 + 55 - 515 (2)
Wis = d)(1 + cos 6) (3)

Overall, the measured contact angles of both LiCI-KCl and
FLiNaK salts decreased as the applied temperature increased.
The contact angle is determined by the adhesive force
between the molten salt and substrate, and the cohesive force
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within the molten salt. As the temperature increases, it
accelerates ion movements within the molten salts, leading
to a decrease in the cohesive force. A smaller cohesive force
can result in a smaller contact angle, consistent with the
results shown in Fig. 4.

The work of adhesion was calculated using the measured
contact angle values. The work of adhesion W, is the
reversible thermodynamic work required to separate the
interface of two phases from their equilibrium state to an
infinite separation distance.*® For a liquid-solid phase
combination, Wi, is defined by eqn (2). By combining eqn (1)
and eqn (2), the work of adhesion Wjs can be calculated from
d; and 0 as shown in eqn (3). In this study, the calculated
work of adhesion is shown in Fig. 5. In LiCI-KCl tests, the
work of adhesion initially increased with temperature, then
remained constant on most substrates. Except for quartz and
IG 110, the calculated work of adhesion on both substrates
did not exhibit significant changes within the studied
temperature range. Stronger adhesion resulted in a higher
potential for molten salts to wet substrates, leading to
smaller contact angles, as shown in Fig. 4. In the FLiNaK
tests, the salts rapidly and completely wetted most substrates,
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Fig. 5 LiCl-KCl and FLiNaK work of adhesion change trend with temperature on each substrate: (a) LiCl-KCl on metal substrates; (b) LiCl-KCl on

non-metal substrates; (c) FLiNaK on metal and non-metal substrates.
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resulting in a limited data set that hindered the
demonstration of a clear trend. Nevertheless, it is evident
that the measured work of adhesion of FLiNaK was larger
than that of LiCI-KCl on the same substrates, indicating
smaller contact angles, which aligned with Fig. 4.

4. Discussions

As discussed in section 1, contact angle measurement may
play a significant role in predicting material corrosion
resistance and optimizing the selection of sample container
material for DSC analysis. It is well known that the corrosion
of structural materials in molten salts initiates at the liquid-
solid interface. A smaller contact angle indicates higher
wetting, which increases the potential for the salt to interact
more effectively with the structural material. This enhanced
contact may lead to salt infiltrating the material matrix,
consequently resulting in increased corrosion. In case of
LiCI-KCl, the contact angle on Mo was the largest among the
tested metal substrates, suggesting that Mo may exhibit the
best corrosion resistance compared to other metals. The
Gibbs free energy of formation AG for the reactions
Myio,Nipe,crrta + Cly — MCI, reactions was calculated using
HSC Chemistry 9 software as shown in Fig. 6.*° Mo has the
least negative AG, followed by Ni, Fe, Cr and Ta, respectively.
In other words, the redox potential of M/MCl, (where M =
Mo, Ni, Fe, Cr & Ta) follows the sequence Ta, Cr < Fe < Ni <
Mo, indicating that Mo has the best corrosion resistance
from a thermodynamic standpoint. Furthermore, corrosion
studies of Mo-bearing alloys in molten salts have confirmed
that Mo within alloys corrodes after Fe, Cr and Nb."*"'
Therefore, it is feasible to predict the corrosion resistance of
pure metals from the contact angle data. Regarding alloys,
the measured contact angles of LiCl-KCIl and FLiNaK on SS
304 were larger than those on SS 316 in the present study.
However, SS 316 is known to possess better corrosion
resistance than SS 304 in molten salts.*> This suggests that
the complex chemical compositions of alloys introduce
various effects on corrosion from numerous thermophysical

-100
10 1 Mo +Cl, = MoCl,
i Ni + Clp = NiCl,
i -200 T
g fFe+Ch= FeCl,
-250 £
: Ta+Ch= TaCl, Cr+ cl,= crCl,
> R T S
500 600 o0
T(°C)

Fig. 6 Gibbs free energy formation of reaction.
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Uniform thickness Non-uniform thickness

Heat & temperature sensor  Heat & temperature sensor

Fig. 7 Molten salt in DSC container. (a) Appropriate contact with
uniform thickness; (b) inappropriate contact with non-uniform
thickness.

properties, making it challenging to use contact angle data
alone to predict their corrosion resistance. As observed from
results, predicting corrosion resistance with the
assistance of contact angle measurements is primarily
applicable to pure metals.

Another potential application of contact angle
measurement is the selection of salt container material for
DSC measurements. The key to material selection is to
ensure proper contact with the container and maintain
uniform liquid thickness while preventing the salt from
creeping up the container walls during measurements.
Therefore, the ideal molten salt condition in the salt
container requires the contact angle to be larger than 90°, as
illustrated in Fig. 7(a). In this study, the measured contact
angles of LiCI-KCI on IG 110 were consistently around 118°
from 407 °C to 692 °C, suggesting it to be an excellent
container material candidate for DSC measurements within a
wide temperature range. In addition, glassy carbon and Mo
are also viable options for LiCI-KC] measurements conducted
below 480 °C.

Regarding FLiNaK, the measured contact angles were all
smaller than 90°, suggesting that none of the tested substrates
are an ideal container material. The criteria employed for
selecting a DSC container material in this section aim to obtain
the most accurate and reliable data in DSC measurements, such
as heat capacity and thermal conductivity, for which uniform
thickness is crucial. A material with a contact angle larger than
90° is preferred. However, materials with a contact angle less
than 90° (40-90°) are acceptable as long as the salt quantity is
sufficient and salts remain immobilized in the container.”*™*
This supports the prevalent application of alumina, nickel and
platinum containers in DSC measurements.

our

5. Conclusions

This study has provided comprehensive datasets of contact
angle and work of adhesion for LiCl-KCl and FLiNaK salts on
a variety of metal and non-metal substrates. Overall, contact
angles decrease as temperatures increase. The measured
contact angles of both salts follow a similar trend, with IG
110 demonstrating the highest values. FLiNaK exhibits higher
wetting than LiCI-KCl across all substrates, likely due to the
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higher surface tensions between LiCI-KCI and the substrates.
The work of adhesion, calculated from the measured contact
angles, aligns with the contact angle trend, showing stronger
adhesion at higher temperatures.

The results suggest that contact angle may be a useful
predictor of the corrosion resistance of pure metals, with
larger contact angles generally indicating better corrosion
resistance. However, the correlation may not be as direct for
alloys due to their complex chemical compositions. The
extensive contact angle database over a wide range of
temperatures can also serve as a guide for the selection of
salt container material in DSC measurements. It is preferable
for the container material to have a contact angle greater
than 90° to ensure the most accurate data. However,
materials with a contact angle less than 90° (40-90°) could
also be acceptable, provided the quantity of salt is sufficient
to remain immobile within the container.
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