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ABSTRACT. Accident tolerant fuel (ATF) cladding materials are designed to improve the fuel behavior
in normal operation while further enhancing the material performance in accidental scenarios. The
paper presents experimental data on thermal diffusivity for five advanced cladding candidates considered
as ATFs, evaluated over a wide temperature range using the laser flash technique. The measured
data were evaluated to identify trends in thermophysical behavior in the investigated temperature
range. Based on the results, correlations were established to describe the temperature dependence
of thermal diffusivity for each material. The analysis also revealed characteristic differences in the
thermal diffusivity for various candidates. These findings provide a comparative perspective on the
heat transfer capabilities of the tested materials and offer a fundamental experimental basis for their
further optimization in accident tolerant fuel applications.
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1. INTRODUCTION

Conventional zirconium-based cladding materials ex-
hibit rapid high-temperature oxidation and significant
hydrogen release during Loss-of-Coolant accidents
(LOCAs) and beyond design basis accidents, leading
to exothermic runaway reactions that threaten reactor
or containment integrity. This has driven worldwide
initiatives to develop accident-tolerant cladding op-
tions, such as coated Zr alloys, FeCrAl alloys, and
SiC-based composites, which significantly reduce oxi-
dation rates as well as accompanying hydrogen release,
thus providing additional coping time during severe
accidents [IH3].

Beyond accident resilience, ATF materials are also
expected to equal or exceed conventional claddings
in terms of thermophysical and mechanical behavior
during nominal operation. Properties such as thermal
conductivity, heat capacity, and thermal diffusivity
are critical to achieve efficient heat removal from the
fuels, maintain temperature control, and ensure struc-
tural integrity. Enhanced thermophysical performance
not only improves day-to-day safety margins but also
supports long-term durability and fuel efficiency [3].

Thermal diffusivity («) quantifies the rate at which
heat diffuses through a material and is given by the
ratio of thermal conductivity to volumetric heat ca-
pacity (a = ﬁ) Although not always a dominant
parameter, accurate knowledge of a contributes to
informing and improving thermal simulations, better
material characterization, and more reliable safety
analyses. Laser Flash analysis (LFA), introduced by
Parker et al. (1961) [4] and further developed by Magli

and Taylor (1989) [5], is a well-established technique
for measuring « over a wide temperature range due to
its non-contact operation, high speed, and precision.
Its compatibility with thin disk-shaped specimens
makes it particularly suitable for evaluating advanced
cladding materials [4, [5].

The paper is organized as follows. Section [2] pro-
vides a detailed description of the selected five ATF
cladding candidate materials: FeCrAl B136Y3, SiC
CTP, SiC NITE, ADSS #B51, and 42XNM. Section [3]
outlines the experimental methodology, including the
Laser Flash Technique used for thermal diffusivity
measurements. Section El presents the measurement
results and the correlations derived, highlighting the
temperature dependence of the thermal behavior of
the materials studied.

2. MATERIALS AND METHODS

2.1. OVERVIEW OF INVESTIGATED ATF
CLADDING MATERIALS

This section provides a summary of all accident tol-
erant fuel (ATF) cladding materials selected for ex-
perimental evaluation in this study. The investigated
materials include metallic alloys and ceramic-based
composites, each with distinct structural, thermal,
and corrosion-resistant characteristics relevant to light-
water reactor (LWR) applications. These materials
were either manufactured at CTU in Prague or pro-
vided by international partners such as KAIST, KIT,
CTP, and NITE.

The evaluated materials comprise two iron-based
alloys (ADSS # B51 and FeCrAl B136Y3), one high-
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chromium nickel alloy (42XNM), and two SiC-based
claddings produced using different fabrication tech-
niques and with very different designs (CTP and
NITE).

2.1.1. HIGH ALUMINUM DUPLEX STAINLESS STEELS
(ADSS #B51)

The primary focus during the design of the ADSS alloy
system done at Korea advanced Institute of Science
and Technology Korea (KAIST), was to optimize the
balance of Ni, Cr, and Al to achieve a favorable com-
bination of phase stability, mechanical performance,
and corrosion resistance. Nickel acts as an austenite
stabilizer, promoting the formation of a face-centered
cubic (FCC) phase, which contributes to the mechani-
cal strength and toughness of the alloy. Chromium, on
the other hand, stabilizes the ferritic phase (BCC) and
supports the formation of a protective oxide layer that
improves corrosion resistance. To ensure a balanced
duplex microstructure, we chose the weight fractions
of Cr and Ni to be similar; however, a lower Ni content
is preferred to enhance irradiation tolerance. Further-
more, a minimum of 5wt.% aluminum was selected to
allow the formation of a stable a-AlyO3 scale at high
temperatures, while avoiding excessive embrittlement
that could result from too high Al content [6].

To identify the optimal phase constitution, a se-
ries of thermodynamic calculations were performed at
900 °C, evaluating the phase fractions as a function
of the Ni and Al content, for two Cr levels (16 and
21 wt.%). Based on these calculations, specific alloy
compositions were selected that exhibit a desirable
duplex microstructure with a controlled fraction of
the intermetallic B2-NiAl phase. As a result, several
alloy variants were identified for further investigation,
including #B11, #B22, #B32, and #B51. The exact
composition data are presented in Table [1f [6].

Alloy Fe Ni Cr Al Nb Mn Si C
(wt.%)

ADSS#B11 Bal. 183 162 493 139 122 034 0.11
ADSS#B22 Bal. 206 163 536 1.58 1.08 0.36 0.12
ADSS#B32 Bal. 214 209 550 052 1.04 032 0.12
ADSS#B51 Bal. 187 163 6.14 0.53 1.04 0.31 0.11
ADSS#B51 Bal. 192 16.76 584 0.33 0.84 0.11 0.09

TABLE 1. Chemical composition of ADSS alloys de-
veloped at KAIST [6].

2.1.2. FECRAL B136Y3

FeCrAl alloys, including B136Y3, are being consid-
ered as ATF cladding materials due to their excellent
oxidation resistance and mechanical properties. The
designation B136Y3 refers to a second-generation Fe-
CrAl alloy, where the name reflects its specific compo-
sition. The detailed chemical composition, together
with other representative FeCrAl alloys, is provided in
Table2] The material was manufactured by Oak Ridge
National Laboratory and provided to Karlsruhe Insti-
tute of Technology (KIT) for the QUENCH-19 experi-
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ment. The cladding tested was segmented from a low-
temperature part of the QUENCH-19 experiment and
kindly provided to CTU by KIT. The high Cr and
Al content allows the formation of a stable protective
oxide layer, resulting in over 100 times lower oxida-
tion rates in steam at high temperatures compared to
zirconium alloys, which also results in lower hydrogen
generation during exposure to high temperature [7H9].

Alloy Fe Cr Al Mo Y C Si Mn
(wt. %)

APM Bal. 20.5-23.5 5.8 - - <0.08 <0.7 <04
APMT 20.5-23.5 5.0 3.0 - <0.08 <0.7 <04
B136Y3 12.97 619 — 0.03 <0.01 - -
C06M 10 6.00 2.0 0.05 <0.01 0.2 -
C36M 13 6.00 2.0 0.05 <0.01 0.2 -

TABLE 2. Chemical composition of selected FeCrAl-
based alloys [9].

However, its higher thermal neutron absorption
negatively impacts the neutron economy. This may
require thinner cladding or enriched fuel to maintain
performance. Another drawback relevant to Boiling
water reactors (BWRs) is the higher permeability of
tritium due to imperfect sealing, which poses a concern
given the design of the BWR primary circuit [8].

Thermophysical data for B136Y3 are limited, but
based on its compositional similarity to C36M, it is
expected to have higher specific heat but lower thermal
conductivity and diffusivity than Zircaloy-4. Despite
these trade-offs, B136Y3 remains a viable candidate
for BWR ATF applications [10].

2.1.3. S1C CTP

The SiC CTP cladding is based on a three-layer
SiC/SiC architecture.  The inner layer consists
of a highly dense SiC monolith that serves as the
primar [ ad-bearing structure. The intermediate layer
is a composite made of SiC fibers embedded in a SiC
matrix, providing improved toughness and crack resis-
tance. The outer layer is a thin environmental barrier
coating (OB). Although all layers are composed of
silicon carbide, each is manufactured by a different
processing method, resulting in distinct material prop-
erties [11].

The SiC CTP cladding was provided by CTP USA.
Unfortunately, due to the proprietary nature of the
design and its commercial development, detailed in-
formation about composition, structure, and thermo-
mechanical properties is limited [IT].

Despite the lack of detailed data, SiC-based com-
posites are promising ATF candidates, particularly
because of their exceptional high-temperature oxida-
tion resistance, mechanical strength, and negligible
hydrogen generation. These properties are of par-
ticular interest for BWR applications, where steam
exposure is critical. However, the lack of detailed ther-
mophysical property data remains a barrier to a full
assessment [8] [11].
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2.1.4. SIC NITE

Another SiC-based cladding considered in this work
is SiC-NITE, named after the nano-infiltrated tran-
sient eucalyptus (NITE) processing technique. This
method produces a highly dense SiC matrix reinforced
with polycrystalline SiC fibers, which are effectively
protected during sintering, cooling, and other man-
ufacturing steps that could otherwise degrade the
integrity of the composite. The NITE process not
only prevents material degradation during the pro-
cessing, but also improves the mechanical properties
of the cladding. In addition, it offers geometric flexi-
bility, making it adaptable for the production of fuel
cladding [12] [13].

In this study, a NITE cladding developed by NITE
Corporation is used. It consists of Hi-Nicalon Type
S polycrystalline fibers coated with CVD carbon em-
bedded in a NITE-SiC matrix with very low porosity.
SiC-NITE cladding offers excellent potential for ad-
vanced ATF systems, especially in BWR reactors, due
to its chemical stability in steam, minimal hydrogen
generation, and mechanical resilience. However, the
lack of openly available thermophysical data remains
a limitation for a comprehensive evaluation [12] [13].

2.1.5. CR-N1 ALLOY 42XNM

Another candidate investigated in this study is the
42XNM alloy (also known as 42KhNM, depending on
the source), a chromium-nickel-based material devel-
oped in former Soviet Union, which is now a promising
ATF cladding candidate. Unlike conventional Cr-Ni
steels, typically composed in an 80:20 ratio, 42XNM
features a distinctly different composition of approxi-
mately 42 wt.% Cr, 1.5 wt.% Mo, and aluminum ad-
ditions. The alloy demonstrates excellent corrosion
resistance, even under high-temperature steam expo-
sure, and does not react with water, making it an
attractive candidate for accident tolerant fuel designs.
In contrast to conventional austenitic steels, 42XNM
is also resistant to stress corrosion cracking. Oxidation
tests conducted at 1200 °C have shown that 42XNM
forms significantly thinner oxide layers, up to 20 times
less than those formed in the zirconium alloy E110
under identical conditions [14], [I5].

However, the alloy presents some drawbacks that
must be considered in reactor applications. Its rela-
tively high thermal neutron absorption cross section
may necessitate increased fuel enrichment or thinner
cladding geometry. In addition, it exhibits a lower
melting point compared to zirconium-based alloys.
Despite these limitations, the alloy’s excellent me-
chanical strength provides design flexibility. However,
the thermophysical properties of 42XNM remain un-
characterized in the open literature [14} [15].

2.2. LASER FLASH TECHNIQUE

The Laser Flash Technique (LFT) is a widely used
experimental method to determine the thermal diffu-
sivity of solid materials, especially at elevated temper-

atures. The principle of the technique involves subject-
ing one side of a thin disk-shaped sample to a short
laser pulse, which causes a rapid temperature rise.
The resulting temperature change on the opposite
side of the sample is monitored over time, allowing
the calculation of the thermal diffusivity of the mate-
rial based on the rate of heat propagation [4] [5].

LET offers several advantages, including noncontact
heating, rapid measurement times, and applicability
over a wide temperature range. Due to its precision
and efficiency, LFT has become a standard method
for thermal property characterization in materials
research, including accident tolerant fuel cladding
materials [4] [5].

In this study, two different instruments employing
the laser flash technique were used, as described in the
following subsections. Although both devices operate
on the same fundamental principle, their technical
configurations and measurement capabilities differ.
Despite this, the sample preparation procedures were
largely consistent.

2.2.1. SAMPLES PREPARATION

The main distinction in sample preparation was re-
lated to the nature of the material, specifically whether
the sample was a metallic alloy or a ceramic silicon
carbide (SiC)-based material. In the case of metal-
lic alloys, the samples were cut with the high pre-
cision saw into smaller segments and then flattened
into 10 x 10 mm square specimens using the hydraulic
press. Detailed alloy preparation steps are illustrated
in Figure [T]

For SiC-based samples, which are inherently brittle
and not suitable for mechanical flattening, the final
pressing step was omitted. as a result, the prepared
SiC samples retained a slightly curved profile while
maintaining comparable dimensions. This is shown in

Figure

2.2.2. NETZSCH LFA 427 LASER FLASH
APPARATUS
Most of the measurements were performed using the
commercial NETZSCH LFA 427 apparatus, widely
regarded as a state-of-the-ATF system to determine
thermal diffusivity. This instrument is known for its
high accuracy, repeatability, short measurement du-
ration, and flexible sample holders, as well as the
ability to perform measurements under various at-
mospheres. Depending on the furnace configuration,
it covers a wide temperature range from 20°C to
2000 °C. In this study, only the 1600 °C furnace was
used due to the melting points of most materials and
the technical limitations of the 2000 °C unit [16].
The principle of operation is based on the laser
flash method. A laser pulse heats the bottom surface
of a sample held at an isothermal condition. The tem-
perature rise on the upper surface is then recorded
by an InSb infrared detector. The characteristic pa-
rameter, tg.5, is the time required to reach half of the
maximum temperature increase [16].
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FIGURE 1. Preparation of alloy-based samples: on the left, the supplied specimen; in the center, the cut segments;
and on the right, the final sample prepared for laser flash analysis.

FIGURE 2. Preparation of SiC samples: on the left, the supplied specimen; in the center, the cut segments; and on

the right, the final sample prepared for laser flash analysis.

From the measured tg 5 and known sample thickness
l, the thermal diffusivity « is calculated using the
standard Parker model [16]:

0.1388 - 12
o=
to.5

Before measurement, the samples were cleaned with
ethanol and mounted in AlyO3 holders, then inserted
into the furnace. A helium atmosphere was maintained
by triple evacuation and purging, followed by a steady
flow of 100 mlmin~! of He. Measurements were con-
ducted from room temperature to near melting points
in suitable increments, adjusted according to the be-
havior of thermal diffusivity.

2.2.3. CustoM LFA SETUP DEVELOPED AT
KARLSRUHE

In addition to measurements performed with the com-
mercial LFA NETZSCH system, a custom-built laser
flash apparatus developed at JRC Karlsruhe was used,
particularly for determining the melting points of ma-
terials with very high thermal stability, such as SiC-
based samples. Unlike the commercial system, this
setup is not limited by temperature and can operate
in extremely high ranges under controlled conditions.

Unlike the NETZSCH device, the custom-built LFA
apparatus at JRC Karlsruhe is configured horizontally.
It follows the same fundamental principle: a laser pulse
is directed at one side of the sample, and a pyrometer
detects the emitted thermal radiation. The setup
is enclosed in an argon-filled chamber to ensure an
inert atmosphere and prevent oxidation during high-
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FIGURE 3. Custom LFA setup developed and operated
at JRC Karlsruhe.

temperature testing. A photograph of the setup is
presented in Figure

More detailed information on the configuration,
measurement procedure and operational principles
of the custom-built LFA system can be found in the
study [17].

The sample preparation was identical to that used
with the NETZSCH system: The surfaces were cleaned
and placed in graphite holders. After calibration
with a trigger pulse, measurements were made. Due
to the lack of known emissivity values and limited
spectrometric support, melting temperatures were
estimated from cooling curves by identifying plateaus,
which correspond to phase transitions.

3. RESULTS

Thermal diffusivity data were measured across a wide
temperature range using the laser flash technique. To
ensure consistency and comparability, the same eval-
uation approach was applied to each material. The
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FIGURE 4. Thermal diffusivity of ADSS samples — measured data.

measured data were fitted using third-order polyno-
mial functions and the fit quality was assessed through
relative error. The relative error was determined as
the deviation between the experimental data and the
fitted curve, normalized to the measured value. In
subsequent subsections, the results for each material
are discussed individually, including thermal behav-
ior, observed trends, and the accuracy of the fitted
correlations.

3.1. HIGH ALUMINUM DUPLEX STAINLESS
STEEL (ADSS #B51)

The measured thermal diffusivity values for all high-
aluminum duplex stainless steel (ADSS) samples are
summarized in Figure [l The experimental data set
comprises four measurement sequences conducted on
three distinct specimens. Detailed sample information,
including sample labels and thicknesses, is provided
in Table |3 Measurements labeled as heating were ob-
tained during continuous temperature increase, while
those labeled as cooling were recorded during subse-
quent temperature decrease. The temperature range
for each experiment was carefully selected with respect
to the melting point of the material to prevent any
phase transitions or thermal degradation.

Sample ID Thickness [mm)]

ADSS#1 3.110
ADSS#2 3.085
ADSS#3 3.133

TABLE 3. IDs ADSS#51 samples.

All three samples exhibit consistent thermal
diffusivity behavior, with a distinct change in
trend observed around 600 °C. This inflection point
motivated the division of the data into two fitting
intervals: 20-600°C and 600-1 300 °C. The thermal

diffusivity a(7T) in mm?s~! for ADSS #51, evaluated
as a function of temperature 7' (in °C), is described
by the following third-order polynomial fits for
temperature ranges 20-600 °C and 600-1 300 °C:

For T = 20-600 °C:
o(T) =5.101 +2.909-107% - T
+2.164-107%. 7% —6.185- 1072 - T3. (1)

For T' = 6001300 °C:
a(T) = —5.068 +3.599 - 1072 . T
—3.516-107° - T? +1.129-107% .73, (2)

The relative errors for these fits are 3.47% in
the low-temperature range and 2.05% in the high-
temperature range, indicating good agreement be-
tween the fitted model and the experimental data.

3.2. FECRAL B136Y3

The thermal diffusivity behavior of the FeCrAl
B136Y3 alloy was also investigated using multiple
measurements over a wide temperature range. The
results, plotted in Figure ] reveal a significant change
in trend near 600 °C. Since thermal diffusivity depends
inversely on the specific heat capacity c,, anomalies
in ¢, directly affect . For FeCrAl alloys, peaks in
cp are typically observed around 480-630°C, origi-
nating from the magnetic contribution during the
second order phase transition from the ferromagnetic
state state to the paramagnetic state [I8]. Based on
this, the data were divided into two fitting intervals:
20-600 °C and 600-1 350 °C. Each segment was fitted
with a third-order polynomial.

The dataset consists of multiple measurements con-
ducted during both heating and cooling cycles on
three independently prepared specimens. The mea-
surements labeled heating correspond to continuous
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FIGURE 5. Thermal diffusivity of FeCrAl B136Y3.

increases in temperature, while cooling corresponds
to the reverse process. The temperature limits were
chosen with respect to the melting point of the al-
loy, ensuring thermal stability and preventing phase
transitions or degradation. The measured sample
thicknesses are provided in Table [4]

Sample ID Thickness [mm)]

FeCrAl#1 0.404
FeCrAl#2 0.384
FeCrAl#3 0.384

TABLE 4. IDs FeCrAl B136Y3 samples.

The thermal diffusivity o(T), in mm? s~*, as a func-

tion of temperature T (in °C), is expressed by the
following polynomial equations:

For T = 20-600 °C:
a(T) = 3.4357 4+ 3.3245 - 1073 - T
—5.2211-107%- 7% — 1.1306 - 1072 - T3.
(3)
For T' = 6001350 °C:
a(T) = —4.1950 4+ 1.9468 - 1072 - T
—1.3822-107° -T2 +3.7349 - 1079 . 3.
(4)

The relative fitting errors are 2.50 % for the lower
range and 3.03 % for the higher temperature range,
indicating good agreement with the measured data
and validating the polynomial approach used for the
prediction of thermal diffusivity.

3.3. S1C CTP

The measured thermal diffusivity values for SiC CTP
samples are summarized in Figures [0l and [7] Unlike
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metallic materials such as ADSS or FeCrAl, SiC is
characterized by an exceptionally high melting point
approaching 3 000 °C. To cover the broad temperature
range required for accurate characterization, two laser
flash analysis (LFA) systems were employed: the com-
mercial NETZSCH LFA 427 for measurements in the
lower-temperature regime, and a custom-built high-
temperature LFA system operated at JRC Karlsruhe
for the extended range.

Detailed sample specifications are listed in Table [f]
All measurements were conducted under an inert ar-
gon atmosphere to avoid oxidation at elevated tem-
peratures.

Sample ID Thickness [mm)]

CTP#1 1.000
CTP#2 0.976
CTP#3 0.967

TABLE 5. IDs SiC CTP samples.

2 1

The thermal diffusivity «(T") in mm?#s~ !, as a func-
tion of temperature T (in °C), was fitted using
third-order polynomial regressions. The results are

described by the following equations:

For T' = 20-1550°C:
o(T) = 5.8770 — 5.5201 - 1072 - T
+4.4874-107%.72 - 1.3550- 1077 - 3.
(5)

This correlation was obtained using data from
the NETZSCH apparatus and shows a relative
error of 9.3 %, indicating high consistency with the
experimental observations.

For T'=1200-2350°C:
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FIGURE 7. Thermal diffusivity of SiC CTP using NETZSCH 427.

o(T) =43.815 - 6.5121-1072- T

+3.2423-107°% -T2 — 4.8918 - 1077 - T3.
(6)

The fit based on high-temperature measurements
from the custom-built LFA exhibits a higher relative
error of 15.47 %, reflecting the increased experimental
uncertainty at extreme temperatures.

Overall, the thermal diffusivity in SiC CTP initially
exhibits a decreasing trend with increasing temper-
ature, which is typical for ceramic materials and is
attributed to enhanced phonon scattering. However,
the data obtained at higher temperatures reveal a no-
ticeable change in this behavior: Around 1800 °C, the
thermal diffusivity begins to increase. Such an increase
cannot be explained solely by the temperature depen-

dence of A, ¢,, or p, which would all lead to a continued
decrease in « [8].However, for such high temperatures,
the available data are insufficient. The observed de-
viation is therefore likely related to microstructural
effects specific to the multilayer SiC/SiC architecture,
such as the formation of microcracks, changes in the
interfaces between layers, or enhanced radiative heat
transfer at elevated temperatures. These mechanisms
can alter the effective heat transport and may con-
tribute to the apparent increase in a observed in the
high-temperature regime.

3.4. S1C NITE

The thermal diffusivity of the NITE composite was
determined over an extended temperature range using
two different experimental setups. Measurements up
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to approximately 1575 °C were performed on the com-
mercial LFA NETZSCH system, while measurements
at higher temperatures were performed using a custom-
built LFA device developed at JRC Karlsruhe. This
dual instrument approach was necessary because of the
elevated melting point of the material and to obtain
as many data as possible. Also, since second-grade
samples were used, some variability between samples
is expected. This is reflected in the measured values,
where two distinct trends are consistently observed,
one with slightly higher diffusivity and the other with
lower diffusivity. These variations were addressed by
fitting separate polynomial models to each trend.

A third-order polynomial correlation was fitted to
the data in the low and medium temperature range (20—
1575°C) obtained from the NETZSCH instrument.
The thermal diffusivity «(T) in mm? s~ as a function
of the temperature T at °C is given by:

Thermal diffusivity correlations for NITE samples
measured by LFA NETZSCH (20-1575°C):

Low variant:
a(T) = 24.5006 — 4.3192-1072- T
+3.7750-107°% -T2 —1.1777-1078 . T3,
(7)

The relative deviation of this fit is 5.38 %, indicat-
ing a good agreement between the model and the
measured values.

High variant:
a(T) = 31.0209 — 5.3337-1072- T
+4.5939-107° - T? — 1.4189 - 1078 . T3.
(8)

This approximation yields a relative error of 4.46 %,
confirming the reliability of the fit across the evaluated
temperature range.

For temperatures exceeding the upper measurement
limit of the commercial LFA (above 1600 °C), a second
dataset was acquired using the custom-made LFA
system, allowing measurements up to 2400 °C. The
corresponding polynomial fit for this high temperature
range is expressed as follows.

Thermal diffusivity correlations for NITE samples
measured by custom LFA (JRC Karlsruhe):

Low variant 1080-2110°C:
a(T) = —23.2719 +5.4946 - 1072 - T
—3.5958 - 107% - 7% 4 7.5407 - 109 - T°.
(9)
The relative error of this fit is 2.41 %, demonstrat-
ing a very good agreement with the measured data.
High variant 1120-2420°C:
o(T) = —5.8084 +2.6730- 107> - T
—1.7708 -107° - T? +3.5280 - 1077 - T°.  (10)
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The relative error of this fit is 2.89%, confirm-
ing a very good agreement between the fitted model
and the experimental data.

The relative error of this approximation is 2.89 %,
which remains within acceptable bounds for high-
temperature measurements involving ceramic-metal
composites.

Overall, the diffusivity of NITE exhibits a gen-
eral decreasing trend with increasing temperature in
the lower regime, which is characteristic of phonon-
dominated heat transport in composite materials. In-
terestingly, data from the high temperature range
suggest a less pronounced decline and even a possi-
ble stabilizing or increasing tendency above 2000 °C.
This behavior may reflect changes in microstructural
dynamics or enhanced radiative contributions at ex-
treme temperatures. More detailed analysis would be
required to confirm these mechanisms.

All measured values, sample identifiers, and thick-
nesses are listed in Table [0l The thermal diffusivity
results obtained from both the commercial LFA NET-
ZSCH instrument and the custom-built LFA system
developed at JRC Karlsruhe are presented in Figures|g]
and [l

Sample ID Thickness [mm)]

NITE#1 0.980
NITE#2 1.192
NITE#3 0.982

TABLE 6. IDs SiC NITE samples.

3.5. Cr-NI ALLOY 42XNM

The thermal diffusivity of the material exhibits a clear
trend change near 800 °C. To reflect this behavior, the
data were divided into two temperature intervals: 20
to 800°C and 800 to 1275°C, with each region fit-
ted separately using third-order polynomial functions.
This approach leads to a significantly improved fit
and better captures the distinct regimes observed in
the experimental data. The thermal diffusivities of
42XNM samples are summarized in Figure [I0]

The data set comprises multiple measurements ob-
tained from both heating and cooling cycles, per-
formed on several independently prepared specimens.
The distinction between heating and cooling measure-
ments allows for the evaluation of potential hysteresis
effects. The chosen temperature limits ensure that the
analysis covers the most relevant range for the mate-
rial without exceeding limits that could induce phase
changes or sample degradation. Sample thicknesses
can be found in Table [1

For the lower temperature range (20-800 °C), the
thermal diffusivity «(7") in mm?s~! is almost linear
and can be described by the following correlation:

For T' = 20-800 °C:
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Sample ID Thickness [mm)]

42XNM#1 0.590
42XNM#2 0.574
42X NM#3 0.582

TABLE 7. IDs 42XNM samples.

aT) = 2.6628 +4.5114-107° - T

—1.7916-107% - 7% +5.9649 - 10" - T°.  (11)

The relative deviation for this correlation is 1.64 %,
indicating a very good agreement between the model
and the experimental data in the lower temperature
region.

For the higher temperature region (800-1275s71C),
the best-fit polynomial is:

For T' = 800-1275°C:
a(T) =24.2494 — 6.1083 - 1072. T

+6.4129-107° - T —2.1474-10° - T%.  (12)

The relative error in this interval is 2.42 %, con-
firming a reliable fit even in the elevated temperature
regime. The combined correlations reflect the charac-
teristic behavior of Cr-Ni alloys at elevated temper-
atures and provide a reliable basis for the thermal
diffusivity.

4. CONCLUSIONS

This study investigated the thermal diffusivity of five
advanced ATF cladding candidates using the Laser
Flash Technique across a wide temperature range. The
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ence.

measured data reveal distinct temperature-dependent
behavior for each material, driven by their unique
microstructures and compositions.

Figure [11| shows all the thermal diffusivity corre-
lations obtained, including the calculated curve for
Zircaloy-4 based on the MATPRO database and Fe-
CrAl C36M with a composition similar to FeCrAl
B136Y3 from MatLib-1.2.1 [19], allowing a direct com-
parison of these alloys with other advanced cladding
materials. It is evident that the thermal diffusivity
of the various zirconium alloys does not differ signifi-
cantly among themselves. The sharp drop observed
in the Zircaloy-4 curve is a consequence of using the
Matpro 11 database, where the thermal diffusivity
values are calculated based on a formula that incor-
porates a stepwise change in the heat capacity (cp)
due to the o-to-f phase transformation. However, in
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reality, this transition is much smoother, and the ac-
tual thermal diffusivity curve should is continuous,
without such an abrupt decrease.

All metallic materials (ADSS # B51, FeCrAl
B136Y3 and Cr-Ni alloy 42XNM) exhibit a typical
increase in thermal diffusivity with increasing tem-
perature due to enhanced phonon scattering, with
inflection points observed between 600 and 800 °C due
to phase transformations. Third-order polynomial fits
provided an accurate modeling of this trend, with
relative deviations below 6.8 %.

For ceramic materials (SiC CTP and SiC NITE),
the measurements were extended to 2400 °C, enabled
by a custom-built high temperature LFA system.
Both materials showed expected decreasing trends
in thermal diffusivity at lower temperatures. How-
ever, a change in behavior was observed at elevated
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temperatures, especially for SiC CTP, where the ther-
mal diffusivity begins to rise above 1800 °C reaching
highest values close to its melting point. These trends
were successfully captured by fitting correlations with
acceptable relative errors.

In addition, the correlations obtained using the
NETZSCH and the custom LFA Setup at JRC Karl-
sruhe show only minor differences in the resulting
thermal diffusivity values. These discrepancies are
not significant and can probably be attributed to
differences in measurement technique or instrument
calibration. Slight variations may also arise from dif-
ferent sample preparation or environmental conditions
during the measurements, but overall, the agreement
between both sets of data confirms the reliability of
the results.

In general, the presented correlations provide reli-
able insight into the thermal diffusivity behavior of
advanced cladding materials across a broad temper-
ature range. Among the evaluated materials, only
SiC NITE demonstrates noticeably higher thermal
diffusivity values compared to Zr-based alloys in the
initial part of the temperature interval, up to approx-
imately 700°C for the ’low’ correlation and up to
900 °C for the ’high’ correlation. However, beyond
these temperatures, none of the candidate materials
maintains a significant advantage, and their thermal
diffusivity values become comparable to or even lower
than those of conventional zirconium alloys [20].
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