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Ab initio study of the adsorption, migration, clustering, and reaction of palladium
on the surface of silicon carbide
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This work presents first principle calculations to understand the adsorption, clustering, migration, and reaction
of Pd on three different surfaces of 3C-SiC ({111}, {100} C-terminated, and {100} Si-terminated). The surfaces
were chosen based upon experimental and theoretical work. Pd preferably binds to Si-terminated surfaces and
has higher migration energies on these surfaces. Pd has low migration energies on non-Si-terminated surfaces
facilitating the creation of Pd clusters. About 0.5 eV is gained per Pd atom added to a cluster. Reaction mechanisms
are reported for Pd reacting on { 100} surfaces. On the {100} C-terminated surfaces, a single Pd atom can substitute
for a C with an energy barrier of 0.48 eV and two Pd atoms can substitute for two C atoms with an energy barrier
of 0.04 eV. In both cases, the Pd atoms form Pd-C-C bridges between Si lattice sites. For the {100} Si-terminated
surface, a single Pd atom can substitute for a Si atom with an energy barrier is 1.53 eV. No comparable low

energy pathways were found on the {111} surface.
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I. INTRODUCTION

The reaction between palladium and silicon carbide is
important for applications in the semiconductor and nuclear
industries. In semiconductor applications, Schottky diodes are
created by depositing Pd on SiC and are used as hydrogen
and hydrocarbon sensors."> For nuclear applications, Pd is
a fission product from nuclear fuels. Coated particle fuels,
such as tristructural-isotropic (TRISO), have a SiC layer that
provides structural integrity and Pd will react with SiC to
lessen its strength and eventually cause fission product release.
Understanding the kinetics and reaction mechanisms of the
Pd/SiC system is critical in extending the lifetime of TRISO
fuels.

While research has been performed investigating the effects
of Pd on TRISO fuel,>° little information in known on the
kinetics and reaction mechanisms. Areas of research in Pd/SiC
other than TRISO fuels can provide insights on the nature of
the reaction. In particular, research for Schottky diodes and the
Pd/Si system can provide a framework of information to use
as a starting point to perform specific research to determine
the kinetics and reaction mechanisms.

Typical research for Schottky diodes involves depositing
Pd layers ranging from 0.2 to 100 nm in thickness on SiC
free surfaces and annealing at temperatures between 400 °C
and 900°C (Refs. 7-9). At temperatures as low as 500 °C,
Pd reacts with SiC to form islands of palladium silicide
(predominantly Pd,Si) surrounded by amorphous graphite. In
creating TRISO, SiC is grown on a pyrolytic carbon (PyC)
layer in which the interface between SiC and PyC has different
chemistry than a free surface of SiC. The question which
arises is how applicable is the free surface data of Pd/SiC
to TRISO. The answer comes from research performed by
Miller et al.'® which showed that the PyC layers contracted
when irradiated and debonding occurred between the the PyC
and SiC. Thus, SiC is initially in a nonfree surface environment
when fabricated, but after irradiation will have free surface
characteristics. Therefore, results from free surface work are
transferable to TRISO and we expect a similar behavior of Pd
clustering into islands of Pd,Si to occur in TRISO.
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Another consideration in comparing the semiconductor
and TRISO application is how the Pd is deposited on the
surface. Large amounts of Pd are deposited on the surface for
semiconductor research. In contrast, during neutron exposure
of TRISO, individual atoms are released as a result of fission
and diffuse through the fuel kernel, buffer layer, and inner PyC
before reaching the SiC. Thus, information is needed on how
individual Pd atoms behave on the surface of SiC. Some of
this information was gained through research in catalysis that
investigated submonolayer Pd deposition on SiC (Refs. 11,12).
While results were reported on the characterization of the
surface, their primary interest was in the catalytic properties
and not the initial surface reaction with Pd. In addition,
this research was conducted at room temperature, which is
lower than the palladium silicide formation temperature and
much lower than TRISO operating temperatures of 1000 °C
to 1300 °C. Thus, more information is needed on how small
amounts of Pd interact with the surface of SiC.

The Pd/Si system can also provide information for Pd/SiC
as the two systems have some similarities. When Pd is
deposited on Si and annealed, it also forms islands of Pd,Si
(Ref. 13). The main difference is the temperature at which this
occurs; in Pd/Si, Pd;Si is formed at temperatures as low as
180 K (Ref. 14). The similarities can be understood by inves-
tigating the ternary phase diagrams of Pd-Si-C which show no
stable Pd-C compounds.'>'® The only stable compound with
C in the phase diagram is SiC, but the Si prefers to bind with
Pd over C as the formation energy of 2Pd + SiC < Pd,Si +
C (graphite) is —1.6 eV as determined from our theoretical
calculations. This also explains why the Pd/SiC system forms
Pd,Si + graphite as the C can only form compounds with itself
since Si prefers Pd. In Pd/Si, the initial reaction between Pd and
Si is orders of magnitude faster than the rate-limiting diffusion
step.!” Thus, reactions that occur in the interface between Pd
and Si are very fast and not a rate-limiting step. If this extends
to Pd/SiC, once the Si is removed from the surface, it will be in
a fast reacting interface regime. The diffusion limited step of
Pd/Si does not directly apply to TRISO as individual Pd atoms
will adsorb on the surface of SiC and migrate along the surface
until they reach the fast acting interface regime between SiC
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and Pd,Si. They will not need to diffuse through the Pd,Si
layer to reach the Si. Therefore, we expect the rate-limiting
step to be either the removal of Si or C from SiC.

In general, using first principles calculations in combination
with experimental research is an effective process to help
determine viable reaction mechanisms. Combining the above
experimental work shows a macroscopic picture of how the
Pd and SiC will react to form Pd,Si, but underscores the lack
of information on the rate-limiting reactions and on how small
amounts of Pd atoms behave on the surface. First principle
calculations are an excellent tool to gain more information
in these areas. To date, only a limited number of papers
have used first principle calculations to study interactions
between Pd and SiC which primarily focused on bulk SiC
(Refs. 18,19). Interpreting the results from those papers leads
to the conclusion that the rate-limiting steps of Pd reacting
with SiC do not occur in the bulk. Thus, combining the
theoretical and experimental results suggests that the rate-
limiting reaction occurs on the surface of SiC. Thus, this
paper will use first principles calculations to give insights
on the adatom adsorption and migration, Pd clustering, and
Pd reaction mechanisms on the surfaces in SiC. In addition,
we will identify the most important result that the removal of
Si from SiC is the rate-limiting step for the reaction of Pd
and SiC.

The rest of the paper is outlined as follows. The methodol-
ogy is presented in Sec. II where we report the computational
method, atom configurations for the three surfaces we inves-
tigate, and the adsorption energy. In Sec. III we discuss the
Pd migration and clustering. Next, the reaction of Pd with the
surface of SiC is discussed in Sec. IV. This will be followed
by a conclusion.

II. METHODOLOGY

A. Computational method

The first-principles calculations were performed within the
framework of density functional theory (DFT) in the local
spin-density approximation (LSDA) as implemented by the
Vienna ab initio simulation package (VASP 4.6)2-22. The
exchange and correlation energy was treated in the Ceperly and
Alder?® approximation in the parametrization of Perdew and
Zunger.* LSDA was selected because it better represents the
formation energies of SiC and Pd,Si (Ref. 19). The electron-
ion interaction is approximated by ultrasoft pseudopotentials
developed by Vanderbilt.> In the case of carbon we used a
special soft pseudopotential developed specifically for first
row p elements.

To calculate the geometries of 3C-SiC, the atoms were
relaxed to their ground state using the conjugate-gradient
algorithm such that the errors in the total energy due to
lack of self consistency are less than 0.001 eV per unit cell.
The plane-wave cutoff was set to 450 eV and a Gaussian
smearing of 0.05 eV wasused. A3 x 3 x 1 k-point Monkhorst
pack®® grid was used to sample the energies. Convergence
of 1 meV/atom was reached for both the plane-wave cutoff
and k-point sampling. Our simulation used periodic boundary
conditions and the lattice parameter was 4.3258 as found by
fitting to the Murnaghan equation of state.”’” The migration

PHYSICAL REVIEW B 83, 125303 (2011)

energies were calculated by the nudged elastic band method
as implemented in VASP .

In the Introduction we reported the formation energy of
Pd,Si for the following reaction, Pd + SiC < Pd,Si + C.
Bulk Pd, bulk Pd,Si, 3C-SiC, and graphite were used for
this reaction. We used the same energy cutoff for each of
these cells and converged the k-point sampling as stated
above.

B. Surfaces

The {111} and {100} surfaces are commonly studied both
by experiment and theory. We selected surfaces to study that
were low energy, consistent with other research, matched both
experimental and theoretical conditions when possible, and
were reasonable to study through computation.

The commonly accepted most stable surface reconstruction
for the {111} is the (v/3x+/3) (Ref. 29). This surface is Si-
terminated with a Si adatom. In TRISO, the SiC is deposited on
pyrolytic carbon and not in a Si rich environment. We preferred
to use a reconstruction that would more closely resemble the
TRISO interface. Research has been done investigating the
surface reconstructions on graphene and SiC and they have
found a c(2 x 2) model which we will use.’"

The structure of the {100} surface in SiC is composed
of alternating layers of Si and C. When Pd attacks the
{100} surface, it will have to attack both Si and C layers.
Thus, we chose a Si and C-terminated surface for each of
these compounds. Unfortunately, some controversy exists in
the literature on which surface reconstruction is the lowest
energy for each of these surfaces. For {100} C-terminated,
the C(2 x 2) with triple-bonded carbons is the commonly
accepted stable structure. For LDA calculations, the p(1 x 2)
is found to have the lowest energy.”’ To stay consistent with
other LDA calculations and for ease of computations, we
selected the p(1 x 2) termination. For Si terminated SiC, the
p(1 x 2) surface is found to be stable both experimentally
and theoretically. Yet, there is disagreement on how the Si
atoms are arranged on the surface. Experimentally, the Si are
found to form buckled dimers. This is not the case with first
principles calculations where only a small contraction is found
with the topmost Si. One explanation for the discrepancy
is that when the surface is under stress, Si dimers are
formed theoretically. Thus, it’s possible that through either
sample preparation or in an experimental investigation, stress
could be added to the surface which would cause Si dimers
to form where under more relaxed conditions they would
not. For our study, we model an unstressed surface where
Si atoms see a small contraction from their perfect lattice
sites.

We identified three low energy surfaces from the literature,
{100} C-terminated p(1 x 2), {100} Si-terminated p(1 x 2)
(Ref. 31), and {111} surface ¢(2 x 2) (Ref. 30) and show them
in Fig. 1. The unit cells are shown by dashed lines. We refer to
the {100} surfaces as {100}C and {100} Si for their respective
terminations. We used the repeated slab method to create the
structures. In all three surfaces, eight layers of SiC were used.
The translation vectors of the unit cells were equally increased
such that each layer had 16 atoms for a combined total of 128
Si and C atoms in the supercell. The slab on the opposite side
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FIG. 1. (Color online) A top and side view for the three surfaces of
SiC, (a) {100}Si, (b) {100}C, and (c) {111}. For this and subsequent
figures, the top view only shows the top three layers of the lattice.
The unit cells are highlighted by dashed lines. All atom images were
created by the XCRYSDEN software (Ref. 28).

of the surface was terminated with hydrogen atoms to avoid
errors from artificial charge transfer. The hydrogen atoms and
the four adjacent layers were fixed with bulk parameters and
the four layers closest to the surface were allowed to relax. We
used a lattice constant of 4.3258 A. A vacuum was added above
the surface and the energy of the structures were converged
to 5 meV/A of vacuum and ranges from 8 to 10 A for the
surfaces.
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TABLE 1. Adsorption energy (eV) of Pd adatoms on three SiC
surfaces ({100}C, {100}Si, and {111}. See Fig. 2 for the location of
the sites.

Site {100}C {100}si {111}
1 1.55 ~1.53 1.04
2 1.46 ~1.51 0.93
3 1.54 ~1.53 1.04
4 1.46 0.93
5 1.46 1.04
6 0.93

C. Adsorption energy

The adsorption energy is the difference between the
energy of the products and the reactants for the chemical
reaction of Pd + SiCreesurface < SIC(Pd). The SiCree-surface
is the calculated energy from the applicable surface in the
previous section and SiC(Pd) is the calculated energy of that
same surface with Pd adatoms. The chemical state of Pd is
more challenging to characterize. Before reaction with SiC, Pd
is embedded in PyC. The energy of this state would be difficult
to accurately calculate as the structure of PyC is complex with
many possible sites for Pd to occupy. One thing that is certain
is that the energy state of Pd is between the energy of bulk Pd
(—6.44 ¢V) and a Pd atom in vacuum (—1.46 eV). We know
from experiments in TRISO fuels that Pd attack is favorable
and in this work we are more concerned with kinetics and
differences in energies such that any errors from the unknown
chemical state of Pd would cancel out for these values. With
this in mind, we choose bulk Pd as the reference state of Pd.

III. PALLADIUM MIGRATION AND CLUSTERING

Pd adatoms will bind to multiple sites on each of the three
surfaces. Table I lists the adsorption energy for a Pd adatom
on the surface in several sites. The sites referenced in the table
are shown in Fig. 2. In general, Pd does not strongly bind to
the {100}C and {111} compared to the {100}Si. These results
are expected as we know from the phase diagrams that Pd will
bind strongly with Si, but not with C which is more prevalent
on the surface in {100}C and {111}. A lower binding energy
allows for easier Pd migration on the surface so Pd clusters
can form. We discuss the migration energy of Pd adatoms and
the energy of Pd clusters in the following sections.
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FIG. 2. (Color online) Three surfaces of SiC showing the location

of stable sites for Pd adatoms adsorption. The adsorption energy of
these adatoms is listed in Table I.
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TABLEII. Migration energy barrier (eV) of Pd adatoms on {111}.
The pathway numbers refer to the sites on Fig. 2.

Pathway Forward Reverse

1—2 0.01 0.11

24 0.20 0.20

25 0.45 0.45
A. {111}

The {111} surface has two unique stable sites for Pd. We
included four additional sites that are related by symmetry
to the first two sites. These latter four sites are needed to
calculate the migration of Pd across the surface and to more
easily explain its pathway. Table II lists the migration energy
between these sites. Pd migrating between the two unique
sites 1 and 2 has a maximum energy barrier of 0.11 eV. Pd can
migrate from site 2 to 4 with a 0.20 eV barrier. There is no direct
path from site 1 to 3, instead the Pd migrates along the pathway
1-2-4-3. For Pd to travel across the surface, it has to migrate
to site 5 or 6. Migrating from site 2 to 5 has a 0.45-eV barrier
and migration from path 1 to 6 occurs through sites 2—5. Thus,
a Pd atom will migrate across the {111} surface following the
pathway of 3-4-2-5-6 with a maximum barrier of 0.45 eV.

B. {100}C

We identified three unique stable sites for Pd on {100}C.
Site numbers 4 and 5 are related to site 2 through symmetry.
As noted in Table I, all sites have very similar energy and the
energy barrier for Pd motion on those sites is at most 0.42 eV.
Table III lists the energy barriers for motion between the sites.
Pd can traverse across the surface though sites 1-2-4-2-1 or
2-1-5. The largest barrier in either pathway is traveling from
site 2 to 1 with an energy barrier of 0.42 eV. Thus, we expect
the Pd to easily migrate across the surface.

C. {100}Si

Two stable sites were identified on {100} Si. The difference
between sites 1 and 2 on the free surface is the separation
distance between the Si atoms. The Si atoms adjacent to site
1 are extended and 3.37 A apart while the Si atoms adjacent
to site 2 are contracted and 2.73 A apart. When Pd is placed
on site 1 and relaxed, little change is seen for the geometry
of the surface. Yet, when Pd is placed on site 2 and relaxed,
the contracted Si atoms are expanded from 2.73 to 3.26 A.
This expansion only occurs to the Si atoms adjacent to Pd
and the next set of Pd atoms are closer to their equilibrium
value. This change in the surface structure depending on the

TABLE III. Migration energy barrier (eV) of Pd adatoms on
{100}C. The pathway numbers refer to the sites on Fig. 2.

Pathway Forward Reverse
12 0.33 0.42
1—-3 0.59 0.60
2—3 0.21 0.13
24 0.05 0.05
2—5 0.59 0.59
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FIG. 3. (Color online) Average energy of Pd in a cluster of size n
on three different surfaces of SiC, {100}Si, {100}C, and {111}.

location of the Pd atom has a small effect on the overall energy
with a difference of only 0.02 eV. Table IV shows the migration
energy for Pd for two possible pathways. The migration
energy is highest on this surface with an energy barrier of
0.82 eV. This is due to the stronger binding of Pd on this
surface.

D. Palladium clusters

Figure 3 shows the energy results for the Pd clusters on
the surfaces. On each of the surfaces, Pd atoms were added
individually and relaxed to an energy minimum. The energy
difference from a clean surface and one that has Pd atoms was
averaged by the number of Pd atoms in the cluster. The results
show how the average energy changes as each Pd is added to
the cluster. We see two distinct results. For {100} Si, there is
very little change to the overall energy as Pd atoms are added.
This occurs because the Pd binds strongly to the Si and does
not form tight clusters. For the other two surfaces, Pd binds
more strongly to the other atoms in the cluster. As atoms are
added to the cluster, they bind more strongly to each other.
When the cluster has three atoms or more, 0.5 eV is gained
in energy for each atom that is added to the cluster. Figure 4
shows Pd clusters on the three surfaces.

Additional calculations were performed to determine the
level of interaction between Pd clusters in adjacent periodic
images. A smaller supercell for {100}C was created in which
each layer was one quarter the size of the original supercell.

{100}C {100}si {111}

FIG. 4. (Color online) Pd clusters on the {100}C, {100}Si, and
{111},
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TABLE IV. Migration energy barrier (eV) of Pd adatoms on
{100} Si. The pathway numbers refer to the sites on Fig. 2.

Pathway Forward Reverse
1—-2 1.39 1.39
1—-3 0.82 0.82

A single Pd atom was placed on the surface and the defect
formation energy was calculated and compared to the original
sized supercell. Two calculations were performed for Pd on
different adsorption sites and the average error was 1%. The
distance between Pd atoms in the smaller cell was 6.1 A which
is smaller than the closest distance (6.5 A) between five atom
Pd clusters from the original calculations. Thus, any interaction
between periodic images is negligible.

IV. PALLADIUM REACTION

We found multiple pathways for C removal from {100}C
that required less than 1.5 eV. We report two of the lowest
energy pathways that we found; one involves a single Pd atom
and the other involves two Pd atoms. The final step in either
pathway is similar; the C-C dimer becomes a Pd-C-C bridge.
Figure 5 shows the final configuration for a single Pd-C-C
bridge. For the single atom, the Pd starts on site 1, and moves
toward site 3. The Pd atom will start binding with the Si
atoms on site 2 and 5 and push the carbon dimer at site 3 up
until it reaches the final configuration as seen in Fig. 5. The
energy barrier for this reaction is 0.48 eV with a A H (energy
difference between products and reactants) of —0.49 eV. This
reaction barrier is slightly higher than the rate-limiting step for
Pd migration on {100}C of 0.42 eV, but much more energy
is gained from this reaction and the reverse barrier is 0.97 eV.
Thus, as individual Pd atoms migrate across the surface, they
have competing mechanisms to migrate or react. Migrating Pd
atoms will continue to migrate until they react with the surface.
Once they react, they will be in a more stable configuration
and less likely to return to migration. Thus, over time the Pd
will react with the surface.

With two Pd atoms, the barrier is reduced significantly. The
two Pd atoms start in adjacent 1 sites. One Pd atom will repeat
the process described for the single Pd atom. The second Pd
atom allows for more lattice distortion and reduces the energy
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FIG. 5. (Color online) Pd-C-C bridge on {100}C surface. The
site numbers correspond to the same sites in Fig. 2.
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FIG. 6. (Color online) Initial and final configurations for Pd
substitution for Si on{100}Si.

barrier for this step to 0.04 eV. The second Pd then forms a
Pd-C-C bridge adjacent to the first Pd-C-C bridge. There is no
energy barrier to the second bridge formation. The total AH
for these reactions is —1.33 eV. Thus, when Pd atoms migrate
and appear in adjacent 1-type lattice sites, a very low energy
pathway exists to form double Pd-C-C bridges that are very
stable.

To complete the Pd substitution process for C, a C needs to
be removed from the Pd-C-C bridge. Unfortunately, we were
unable to find a low energy pathway (<5.0 eV) for C removal.
As seen from experimental work, the C will eventually reform
as amorphous graphite away from the Pd,Si. The PyC layer
is an obvious candidate for the final location of the C atoms
as they are displaced from SiC. Experimental work shows
amorphous Pd-Si-C structures between the SiC surface and
Pd,Si. This amorphous structure can provide the medium for
C migration away from the surface. If the Pd and Si in the Pd-
Si-C amorphous layers behave similarly to the Pd/Si system,
then this will be a fast reacting regime and will not be a
rate-limiting step.

The rate-limiting step is more likely to occur on the
{100}Si. The Si from this surface is removed by direct substi-
tution. We show the initial and final atomic configurations
of this reaction in Fig. 6. The barrier for this reaction is
1.53 eV and the AH is 0.76 eV. Pd prefers to be surrounded
by Si and in the initial configuration, Pd is bonded to four Si.
The final configuration has Pd bonded to two Si and two C.
Thus, one would expect the formation energy to be higher for
the final state. The energy barrier for the reverse reaction is
0.77 eV which is also close to the migration energy for Pd on
this surface. Thus, Pd will have a difficult time reacting with
{100} Si as single Pd adatoms. While a 1.53 eV barrier sounds
reasonable for a reaction that starts to occur at 500 °C, the AH
needs to be lower for the substitution to be stable. In practice,
the SiC surface will be covered with multiple layers of Pd to
help stabilize the substitution. We performed calculations with
multiple Pd atoms (up to 12 atom clusters) searching for a more
stable final state, but were unable to find any. It is possible that
a larger cell size with more Pd layers is needed to accurately
capture the AH.
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The {111} surface is stable when in contact with Pd. We
were unable to find any low energy pathways (<5.0 V) in
which individual Pd atoms were able to remove C or Si from
the surface. We found one pathway in which a cluster of 6 Pd
atoms was able to remove a single C atom from the surface
with an energy barrier of 3.0 eV and a AH of 0.63 eV. This
is a high barrier and this reaction would not occur often. One
explanation for the difficulty in removing surface atoms from
{111} is that the majority of the atoms in {111} have sp?
bonding and have four bonds to adjacent atoms which is very
similar to bulk structure. To remove one of these atoms is
comparable to creating a vacancy which has a formation energy
of ~4.0eV (Ref. 18). Thus, the Pd on the {111} surface will be
mobile and form Pd clusters, but will not react with the surface.
It is uncertain whether this is representative of experiment.
There are no papers that investigate Pd deposition on the {111}
surface in 3C-SiC. Two papers investigated the {0001} surface
in 6H-SiC (Refs. 7,8) which is similar chemically to the {111}
in 3C-SiC, yet both of these papers were tested on Si-rich
6H-SiC which is not directly comparable to our surface. With
a Si-rich surface a quick reaction is observed between the
Pd and Si-rich layers. Upon heating to 600 °C, the Pd starts
reacting with the underlying SiC lattice. With energy barriers
greater than 3.0 eV for C removal and 5.0 eV for Si removal,
the temperature would need to be much greater to see these
reactions. Some possible explanations for these results include
(1) Pd does not react with the {111} surface, (2) a lower
energy barrier exists, but involves a larger interface between
Pd and SiC which is beyond our computational ability, and
(3) Pd attack occurs on defects on the surface. Explanation
1 is possible and is not disproved by experimental work, yet
more experimental work is needed to be able to confirm this.
Explanation 2 is very possible and is similar to our explanation
for the reaction energies in {100}Si. Explanation 3 is also
possible if the attack starts from grain boundaries or grooves
in the surfaces and expose a {100} facet within the {111}
surface. Thus, the attack would occur from the (100) instead of
the (111) and have similar energies to the reactionson {100}.
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V. CONCLUSION

The Introduction identified two important areas in need
of more research to better understand the reaction between
Pd and SiC within the context of TRISO fuels. The first
area was that little information is known on the reaction
with small amounts of Pd on the surface of SiC. The
second area was identifying the rate-limiting step of this
reaction. First principle calculations were used to address
both of these areas. To determine how Pd reacts with the the
surface of SiC, calculations were performed focusing on the
adsorption, clustering, and migration of Pd on three different
surfaces of 3C-SiC ({111}, {100}C, {100}Si). The surfaces
were chosen based upon experimental and theoretical work.
Pd preferably binds to {100}Si with a binding energy of
—1.1 eV and migration energy of 0.82 eV. Pd has higher
binding energies on {100}C and {111} (=1eV) and low
migration energies of 0.42 eV for {100}C and 0.45 eV for
{111}. These low migration energies facilitate the creation of
Pd clusters in which ~ 0.5¢V is gained per Pd atom added to a
cluster.

The reaction of Pd with the surface of SiC was also
investigated to determine the rate-limiting step. On {100}C,
a single Pd atom will substitute for C with an energy
barrier of 0.48 eV to form a Pd-C-C bridge. Two Pd atoms
will substitute for two C atoms with an energy barrier of
0.04 eV forming adjacent Pd-C-C bridges. For {100}Si, a
single Pd atom will substitute for Si with an energy barrier is
1.53 eV and represents a rate-limiting step for conversion of
Pd and SiC into Pd,Si. No comparable low energy pathways
were found on the {111} surface.
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