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Abstract - Recently published research results suggest significant advantages of 
using nanocrystalline instead of coarse grained SiC for nuclear applications. In this 
work it was attempted to prepare nanocrystalline SiC coatings on TRISO surrogate 
kernels using the pulsed laser deposition (PLD) process. As a plasma-based 
physical vapor deposition process, PLD allows the synthesis of dense and 
stoichiometric coatings in the amorphous or nanocrystalline phase. Two different 
types of TR1SO surrogate kernels were used with outer diameters of 500 pm and 
800 pm, respectively: plain Al2O3 kernels and ZrO2 kernels coated with TRISO-like 
buffer and pyrolytic carbon (PyC) layers. 1n a second step, the PLD process was 
used for the preparation of multilayer coatings consisting of a Ag layer buried with 
a SiC layer.

The samples were analyzed regarding their morphology, microstructure, 
crystalline phase and chemical composition using scanning electron microscopy 
(SEM), laser scanning microscopy (LSM), x-ray diffraction (XRD) and energy- 
dispersive x-ray spectroscopy (EDX). The samples will be used in future work for 
out-of-pile investigations of both thermal stability and Ag retention capability of 
nanocrystalline SiC layers.

X-ray diffraction measurements did not confirm nanocrystallinity of the SiC 
coatings, but rather indicated that the coatings were mainly amorphous possibly 
with a little fraction of the nanocrystalline phase. Further analyses showed that 
some of the SiC coatings had an adequate stoichiometric composition and that 
Ag/SiC multilayer coatings were successfully produced by PLD. Coatings on TR1SO- 
like buffer and PyC layers exhibited good adhesion to the substrate while coatings 
on Al2O3 kernels were susceptible to delamination. The results suggest that PLD is 
generally suitable for SiC coating of TR1SO particles. However, further optimization 
of the process parameters such as the coating temperature is needed to obtain fine
grained non-columnar SiC layers that are stable under the demanding TR1SO 
operating conditions.

I. INTRODUCTION
Tristructural isotropic coated particles (TRISO 

particles) are the centerpiece of modern HTR fuel

[1-4]. They consist of a fissile and optionally fertile
fuel kernel (diameter: 500 gm) coated with a porous 
carbon layer, an inner pyrolytic carbon (PyC) layer, a 
SiC layer and an outer PyC layer with typical layer
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thicknesses of 100 gm, 40 gm, 35 gm, and 40 gm, 
respectively. The SiC and PyC layer serve as the 
principal barrier for metallic and gaseous fission 
products, respectively. Additionally, the PyC layers 
protect the SiC layer from mechanical impact and the 
buffer layer mitigates the stresses due to both kernel 
swelling and fission gas pressure build-up. 
Conventionally, all coating layers are consecutively 
deposited by a chemical vapor deposition process. In 
the case of the SiC layer, process temperatures of up 
to 1600 °C are required to obtain a theoretically 
dense coating (3.2 g/cm3). This results in a coarse
grained SiC phase with grain diameters from 0.1 gm 
near the interface to the inner PyC layer up to about 
5 gm near the interface to the outer PyC layer 
[3],[5].

Despite the very favorable properties of TRISO 
fuel that were demonstrated in several experimental 
and prototype HTR programs and irradiation 
campaigns, a challenge remains particularly with 
respect to improved retention of the fission product 
silver (Ag). Furthermore, at very high burnup, the 
inner fission gas pressure and the deforming buffer 
and PyC layers may compromise the mechanical 
stability of the SiC layer [15].

Unexpectedly high release fractions of Ag were 
observed as early as 1977 [1] and still persist in 
modern fuel particles as evidenced in the latest 
irradiation campaign [6]. Release of Ag may impede 
reactor maintenance due to formation of 110mAg in 
the primary circuit, which emits hard Y-radiation and 
therefore requires particular safety provisions for 
maintenance work. While Ag transport through 
TRISO-SiC layers is not yet fully understood [7]- 
[13], recent irradiation tests reported in [6] showed 
that Ag release out of TRISO particles occurred 
solely while being irradiated at an elevated 
temperature (1041 °C). At a burnup of 13.25% 
FIMA (fissions per initial metal atom) a significant 
overall release of 2% of the Ag inventory was 
reached. However, the Ag transport through the SiC 
layer topped out after completing irradiation and did 
not pick up during subsequent out-of-pile annealing 
at temperatures of up to 1600 °C (400 h). Since Ag 
was shown not to diffuse through unirradiated SiC at 
temperatures up to 1500 °C [12], this indicates an 
irradiation-initiated transport of Ag which may occur 
through a network of nano-pores in the SiC layer that 
arises upon irradiation of SiC [12]-[14]. In order to 
avoid such a transport mechanism, an alternative to 
the coarse-grained SiC fission product barrier would 
be needed that is less susceptible to irradiation- 
induced interstitial formation and subsequent 
development of nano-pores due to interstitial 
accumulation.

Regarding the mechanical stability of the SiC 
layer, microscopic analyses in [15] revealed that 
several TRISO-SiC layers were cracked at the

interface to the inner PyC layer after irradiation to a 
high burnup of 19.5% FIMA at > 1000 °C. These 
cracks were probably caused by stress 
intensifications due to cracking and partial 
debonding of the inner PyC layer that shrinks upon 
irradiation. These cracks did not penetrate the entire 
SiC layer in any of the 50.000 irradiated particles in
[15] . Therefore, simultaneous failure of a large 
number of particles during operation of a 
commercial HTR has to be considered unlikely. 
However, an even higher safety margin against 
particle failure could be achieved by using a coating 
material that exhibits higher ductility compared to 
coarse-grained SiC. In this case, stress intensification 
at the crack tips would be decreased and crack 
propagation through the coating would be prevented 
at even higher loads that act on the coating layers.

Recent studies have revealed the potential 
superiority of nanocrystalline SiC layers compared 
to coarse-grained SiC layers with respect to their 
mechanical properties and their irradiation-resistance
[16] -[21]. Mo et al. showed that by decreasing the 
SiC crystalline grain size from 20 nm to 3 nm, a 
threefold increase in ductility can be obtained [16]. 
Regarding reactor applications, irradiation resistance 
of nanocrystalline SiC was experimentally evaluated 
by several authors [17]-[20]. For nanocrystalline SiC 
under heavy ion irradiation, no significant 
enhancement of irradiation resistance could be 
achieved [17],[18]. However, under electron 
irradiation, nanocrystalline SiC with a periodic fault 
structure performed very well compared to single 
crystalline SiC, yielding at least a tenfold increase in 
irradiation resistance compared to single-crystalline 
SiC at room temperature [19],[20]. This was 
attributed to a self-healing effect typical for 
nanocrystalline materials in which irradiation- 
induced defects favorably interact with the abundant 
grain boundaries or the fault structure [22]. No data 
for high-temperature irradiation (> 1000 °C) of 
nanocrystalline SiC is yet available in the literature. 
However, Kondo et al. [21] investigated the 
irradiation damage in coarse-grained SiC in the 
vicinity of grain boundaries after neutron irradiation 
at temperatures up to 1380 °C, well above the 
TRISO operating temperature. They found that in the 
range of 50 nm around the grain boundaries the 
crystalline lattice was significantly less damaged 
than the bulk material further away from the grain 
boundaries, possibly due to the same self-healing 
effect as observed for nanocrystalline SiC. Thus, an 
enhanced irradiation performance can be expected 
for nanocrystalline SiC under neutron irradiation at 
TRISO operating temperatures of up to 1200 °C.

In this work, the pulsed laser deposition process 
(PLD) was used with the goal to prepare both single 
nanocrystalline SiC coatings and multilayer coatings
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of Ag and SiC on TRISO-like surrogate kernels. A 
modified version of the test facility described in [23] 
was used. The samples obtained in this work may 
serve for testing of high-temperature stability of 
amorphous or nanocrystalline SiC and as Ag/SiC 
diffusion couples to evaluate the Ag retention 
capability of nanocrystalline SiC in TRISO coatings. 
The PLD parameters applied in this work were 
chosen according to the work by different authors 
[24]-[26], where nanocrystalline SiC coatings were 
prepared on flat silicon substrates using PLD. 
Subsequently to preparation, the coatings were 
investigated by laser scanning microscopy (LSM), 
scanning electron microscopy (SEM), energy- 
dispersive x-ray spectroscopy (EDX), and x-ray 
diffraction in order to characterize their surface and 
microstructural features, their chemical composition 
and their crystalline phase.

II. EXPERIMENTAL
In this work, preparation of four different kinds 

of samples was pursued: SiC single layer and Ag/SiC 
multilayer coatings on both plain Al2O3 kernels and 
ZrO2 kernels precoated with a buffer and a PyC 
layer. The latter were supplied by the University of 
Manchester. Both buffer and PyC coatings had been 
prepared using the chemical vapor deposition 
process described in detail in [27]. A summary of the 
coatings of each of the four samples produced in this 
work is provided in Table 1.

Table 1: Coating layers in the samples prepared by 
PLD and their corresponding thicknesses

Sample
No.

TRISO surrogate kernel PLD Coatings
kernel buffer PyC Ag SiC

1 Al2O2 - - -

1 gm2 ZrO2 100 gm 40 gm -
3 Al2O2 - -

0.1 gm
4 ZrO2 100 gm 40 gm

II.A. PLD Coating
PLD coating of Ag and SiC was performed using 

the test facility described in [23]. A major 
modification was done on the kernel holder inside 
the vacuum chamber, which was replaced by a 
rotating crucible shown in Figure 1. The new 
configuration ensures a continuous rotational 
movement of the kernels within the crucible resulting 
in a uniform coating. The crucible was positioned 
inside the plasma plume and allowed the 
simultaneous coating of up to 50 particles.

During the coating process, a pulsed excimer 
laser (type Lambda Physics Coherent LPX Pro 305i 
with a wavelength of 248 nm and a pulse duration of 
25 ns) was focused onto the target at an incidence 
angle of 45° and with a spot size of 3 mm2. The

pulse repetition rate was set to 40 Hz and the pulse 
energy to 200 mJ, yielding a laser pulse fluence of 
7 J/cm2. The target rotated and translated in a way 
such that uniform ablation of the target material was 
achieved. The distance between the target and the 
kernels in the crucible was fixed at 50 mm. Sintered 
high-purity 6H-SiC (type ESK Ceramics EKasic F 
plus) with a density of 3.16 g/cm3 and plain silver 
were used as target materials. A comprehensive 
description of the target materials is provided in 
Table 2.
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Figure 1: Device for the PLD coating of TRISO 
surrogate kernels

Table 2: Properties of the target materials (SiC 
target: EKasic Fplus, ESK Ceramics GmbH; Silver 
target: Ag Sputter target, Goodfellow GmbH) 
*) Decomposition temperature: > 2300 °C

SiC target Silver target
Density g/cm3 3.16 10.5
Melting point [°C1 -*) 961.9
Coefficient of thermal 
expansion [10-6 K-l|

5.2 (1000 °C) 19.1 (20 °C)

Thermal conductivity
[W/(mK)1

125 429

Young's Modulus
[GPa] (20 °C)

420 82.7

Poisson's ratio 0.17 0.37
Purity [%1 99.9 99.99

The kernels were heated by means of a 
continuous wave diode laser (type ROFIN-SINAIR 
DL 031 Q, wavelength: 808 nm, max. power: 
1350 W). Kernel temperature was controlled by an 
infrared camera of type Infratec hr head 700 (Figure 
2) setting the emission coefficient of both graphite 
and SiC coated kernels to e=0.95, and the coefficient 
of transmissivity of the transmission window to 0.7.



In this configuration, the temperature measurement 
offered an estimated precision of ± 50 °C. The 
comparably high error margin was mostly due to the 
motion of the kernels and the varying effective 
emission coefficient of the kernels during the coating 
process [28]. Coating of Ag and SiC single layers 
were performed at room temperature and 800 °C, 
respectively. For SiC deposition on Ag layers, the 
kernel temperature was increased gradually from 300 
to 800 °C in order to avoid evaporation of the Ag 
layer during the coating process.

Before each run, the vacuum chamber was 
evacuated to a pressure of 0.1 Pa, before being 
flushed with Argon to atmospheric pressure, and 
subsequently evacuated to its base pressure of 
p=0.05 Pa. The vacuum conditions were then 
adjusted according to the type of coating to be 
applied. For Ag and SiC single layer coating, it was 
left at p=0.05 Pa. For SiC deposition on samples 
coated with a Ag layer, it was increased up to 
p=25 Pa in order to avoid evaporation of the Ag 
layer. In general, however, lowering the vacuum 
pressure is beneficial for the PLD process as it 
increases the main free path of the ablated species 
(e.g. SiC). This results in a higher deposition rate, 
better stoichiometry and possibly lower impurity 
concentrations in the deposited layers.

Figure 2: Infrared camera image of particles in the 
crucible during the coating process

Previous work showed that with this 
configuration, a coating rate of 5-10 gm/h was 
achieved on flat substrates. Since for the coating of 
spheres, the surface that faces the plasma plume is 
only one fourth of its overall surface (ratio of the 
surfaces of a circle and a sphere), the coating rate 
was estimated to be about 1 gm/h. Thus, for 
obtaining Ag and SiC layer thicknesses of at least 
0.1 gm and 1 gm, the PLD process was carried out 
for 6 min and 60 min, respectively. After completion 
of the coating process, both the excimer and the 
diode laser were turned off. The coated particles

cooled down to a temperature of 200 °C before the 
vacuum chamber was flooded with air at room 
temperature and the particles could be collected from 
the crucible.

11.B. Sample Analyses
For each batch, particles were first investigated 

under the optical microscope. Visual inspection 
confirmed that the surface of all particles of each 
batch (1,2,3, and 4, respectively) were qualitatively 
comparable to each other. Subsequent assessment of 
the layer quality was carried out by scanning electron 
microscopy (SEM) and laser scanning microscopy 
(LSM). Phase and compositional analyses were 
performed by x-ray diffraction (XRD) and energy- 
dispersive x-ray spectroscopy (EDX). For analysis of 
the layer cross sections, a single particle of each 
batch was randomly picked and mechanically 
cracked. SEM analyses of the cracked samples 
(Figures 5 and 6) revealed the thickness of the 
coatings as well as the columnar SiC coating 
microstructure typical for PVD coatings. For future 
analyses, a number of particles from each batch will 
be prepared for annealing at 1200 °C (TRISO 
operating temperature) and subsequent SEM, LSM, 
XRD and EDX analyses.

III. RESULTS AND DISCUSSION
Visual inspection of the particle batches showed 

that coating of the TRISO-like surrogate kernels 
consisting of a ZrO2 kernel, a buffer and a PyC layer 
(batch 2 and 4) was carried out successfully. Both 
the Ag intermediate and the single SiC coatings as 
well as the Ag/SiC multilayer coatings strongly 
adhered to the kernel. No crack formation or spalling 
could be observed. Direct coating of Al2O3 kernels 
with Ag was successfully performed as well. 
However, SiC coatings produced directly on Al2O3 

kernels (batch 1) failed during or immediately after 
the coating process. For batch 1, the coatings spalled 
or exhibited through-cracks and delaminated from 
the substrates. This behavior was observed in prior 
experiments [23] and is probably due to compressive 
layer stresses that cannot be supported by the 
apparently weak interface between Al2O3 and the SiC 
coating. Thus, no more analyses were performed on 
particles belonging to batch 1. SiC layers that were 
produced on top of Ag-coated Al2O3 particles (batch 
3) adhered onto the particles and did not spall during 
or immediately after the coating process. However, 
when these particles were cracked for further 
analyses, large-area delamination of the coatings 
occurred, revealing weak interfaces between Al2O3, 
Ag and SiC similarly to what had been observed in 
particles of batch 1.
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III.A. Surface and Microstructural Analysis by LSM 
and SEM

The surfaces of both plain and coated kernels 
were characterized by a laser scanning microscopy 
system (LSM) of type Keyence VK-9700. First, the 
surface roughness of the spherical samples was 
determined, taking their fundamental spherical shape 
as the reference line. Therefore, the height profiles 
recorded by the LSM (sampling area: 93 gm x 
70 gm) were transformed from their convex shape to 
a planar shape as shown in Figure 3. Based on these 
planar transformations, the surface roughness Ra was 
then evaluated for three samples of each batch.

Table 3: Surface roughness of the particles under 
investigation (mean value of three samples per batch 
evaluated by LSM)

Particles Surface roughness
Al2O3 substrates 0.13 gm
batch 1 - (coating spalled)
batch 3 0.19 gm
ZrO2-buffer-PyC substrates 0.45 gm
ZrO2-buffer-PyC with Ag 0.42 gm
batch 2 0.39 gm
batch 4 0.35 gm

Figure 3: Surface of an Al2O3 substrate particle 
evaluated by LSM; a) original image showing the 
convex particle shape; b) image after transformation 
to a planar shape for surface roughness evaluation

In Table 3, the mean surface roughness values 
are summarized for both types of substrates and each 
of the coated batches, respectively. Batch 1 was not

evaluated due to complete spalling of the coating. 
The surface of plain Al2O3 kernels was much 
smoother (Ra,1= 0.13 gm) than the surface of 
TRISO-like kernels precoated with a buffer and a 
dense PyC layer (Ra,2= 0.45 gm), which may at least 
partially explain the much better adhesion of the SiC 
layers on the TRISO-like substrates.
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Figure 4: SEM images of the surface of a particle of 
batch 3 and 4, respectively. In agreement with the 
LSM results in Table 3, the coatings of batch 3 
appear to be smoother than those of batch 4.

SEM analyses were carried out using a Zeiss 
Supra 50 Field Emission Scanning Electron 
Microscope with the acceleration voltage set to 
15 kV. SEM images of the particle surface (Figure 4) 
confirmed that the coatings adhered on particles of 
batches 2, 3 and 4, while they detached from 
particles of batch 1. Due to the significant surface 
roughness of all coatings (Table 3 and Figure 4), it 
was not possible by simple surface analysis to verify 
that they were consistent and flawless. Therefore, in 
the next step, one particle of each batch 2, 3 and 4, 
respectively, was cracked in order to analyze the 
cross section of the coatings by SEM.

Figure 5: SEM images of a cracked particle of batch 
3 showing the delamination of the SiC layer from the 
Al2O3 kernels.



Cracking of particles of batch 3 inevitably lead to 
complete delamination of the SiC layer from the 
kernel. As the SEM images show (Figure 5), the Ag 
layer had been conserved at the interface between 
kernel and SiC layer during the coating process. 
After cracking, the Ag layer fails and its main part 
remains on the delaminating SiC layer fragments.

Thus, although the Ag layer appears to serve as 
an adhesive layer during the coating process, the 
particles are vulnerable to mechanical handling. This 
impedes their use for diffusion analyses or other 
technical applications. Optical inspection of the 
SEM images indicates that the SiC layers of batch 3 
are denser than those of batch 2 and 4. The coating 
thickness was different for each batch with values 
ranging between 1.8 gm and 3.0 gm for the SiC 
layers. The Ag layers were thin (< 0.1 gm) and 
fragmented. In batch 2, the SiC coating adhered well 
to the buffer/PyC precoated kernels without 
delamination. In batch 4, the Ag layer deposited on 
the buffer/PyC precoated kernels was conserved 
during SiC coating and did not delaminate from the 
substrate when the particle was cracked, indicating a 
strong interface between each of these layers (Figure 
6).

Figure 6: SEM images of a cracked particle of batch 
2 and batch 4, respectively.

the PLD parameters are chosen accordingly, the 
crystalline SiC layer may consist of very fine grains 
throughout the entire layer thickness. Zehnder 
reported an average SiC size of the order of 10 nm in 
a SiC layer of 5 gm thickness. Thus, in order to 
produce SiC layers suitable for TRISO particles, the 
PLD parameters will have to be further optimized in 
future work to avoid a large-grained columnar 
structure.

The coatings deposited on buffer/PyC precoated 
kernels are thus suitable for future testing such as to 
determine thermal stability of the PLD-SiC layers 
and their Ag retention capability at TRISO operating 
temperatures. The SEM images further reveal a 
columnar microstructure of the SiC layers common 
for PVD coatings. However, the microstructure tends 
to be globular at some sites as obvious in Figure 6 
(top). This can be due to incorporation of impurities 
such as oxygen, which may lead to the formation of 
impurity phases segregating on top of the 
microstructural features [291. The SiC coating of 
batch 2 without the intermediate Ag layer seems to 
be the most porous SiC layers of all the three SiC 
layers under investigation. In general, the layer 
density tended to decrease upon increasing the 
surface roughness of the substrate.

IV.B. Analysis of Chemical Composition and 
Crystalline Phase by EDX and XRD

EDX analyses were performed on the surface of 
one particle of each of the batches 2, 3 and 4, 
respectively, in order to determine the chemical 
composition of the coatings. The voltage of the EDX 
system was set to 15 kV. The surface sampling area 
was 50 gm x 70 gm in each case. Results are 
summarized in Table 4. They indicate varying 
stoichiometric compositions of the SiC layers with a 
SiC ratio of 0.72, 1.02 and 0.94, for batches 2, 3 and 
4, respectively. These differences may be due to the 
fact that the EDX penetration depth surpasses the 
coating thickness of the SiC layer, yielding a high 
oxygen concentration in batch 3 (Al2O3 substrate) 
and a high carbon concentration in both batches 2 
and 4. Thus, the apparently higher carbon 
concentration in batch 2 may indicate a lower- 
density SiC layer as was observed based on the SEM 
cross-section analyses. On the contrary, no silver 
could be detected in any of the samples by EDX, 
possibly because the Ag layer deposited on the 
particles is very thin, giving a concentration in the 
probe volume below the detection limit.
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The SiC layer cross sections in Figure 6 reveal 
that the SiC layer nucleates on the features of the 
underlying surface resulting in a columnar 
microstructure. This is expected to be adverse to 
fission product retention in TRISO particles [41. 
However, other work on PLD of SiC shows that if



Table 4: Atomic concentration of chemical elements 
in the particle coatings determined by EDX (the 
error margins do not account for the possibility that 
the underlying substrate may affect the 
measurements and thus distort the results obtained 
for the SiC layers)

No. EDX atomic-% Si/C
ratioSi C O

2 39.69±0.28 55.30±0.70 5.02±0.22 0.72
3 41.11±0.29 40.16±0.76 18.73±0.31 1.02
4 46.11±0.34 49.11±0.82 4.78±0.22 0.94

XRD phase analyses of the SiC coatings were 
carried out in a Panalytical Empyrean x-ray 
diffractometer using monochromated Cu Ka 
radiation and operated at 45 kV and anode current of 
40 mA. The main problem to catch the diffraction 
peaks from the coatings was related to the small 
thickness, the small number of particles analyzed (3 
to 5 particles per batch), and the difficulty in 
mounting and fixing the material to the sample 
holder. A zero-background substrate for small 
amount of powder samples was used and the incident 
length was set to 10 mm. With this configuration, 
peaks from the particles could be registered with an 
acceptable signal-to-noise ratio.

Figure 7: XRD measurement results of particles of 
batch 2, 3 and 4, respectively. While the substrate 
peaks and the peak of the Ag intermediate layer are 
clearly discernible, no peak corresponding to 
crystalline SiC could be identified.

XRD measurement results are shown in Figure 7. 
The substrate features of both the Al2O3 and the 
buffer/PyC-coated ZrO2 kernels are clearly 
discernible in the XRD signal. For the Ag-coated 
particles of batches 3 and 4, a pronounced peak is 
found at 20 = 38° corresponding to the (111) Ag 
lattice parameter. However, a peak of the SiC 
coating, which would have been expected at an angle 
of 20 = 35.6° for the (111) diffraction, cannot be 
identified in any of the batches, even though the SiC 
coating is much thicker than the Ag coating. This

indicates that the SiC layer is mostly or entirely 
amorphous. For batch 4, a more detailed XRD 
analysis around the expected SiC peak was 
performed by reducing the range of measurement 
(30° to 65° instead of 10° to 85°), reducing the step 
size from 0.026° to 0.01° and increasing the total 
acquisition time from 12 min to 2 h.
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Figure 8: Detailed XRD measurement of particles 
belonging to batch 4 with a slight peak at 0=35.6°, 
which may correspond to the (111) diffraction of 3C-
SiC.

In this XRD pattern shown in Figure 8, a slight 
peak can be identified at 20 = 35.6°, which indicates 
that the SiC layer may be at least partially 
nanocrystalline. However, the obtained degree of 
crystallinity appears to be very low compared to that 
in other studies [25], [26], where SiC was deposited 
by PLD on silicon substrates at or below the 
deposition temperature used in this work 
(Td=800 °C). This difference may be due to the 
different substrate materials (graphite instead of 
silicon) as well as to the different coating setup in 
which moving kernels are heated by laser irradiation. 
In future work, higher deposition temperatures 
should be applied with the goal to create fully 
nanocrystalline SiC layers on the PyC layers of 
TRISO particles.

IV. CONCLUSION AND OUTLOOK

SiC layers and Ag/SiC multilayers were 
deposited on TRISO-like surrogate kernels by means 
of PLD. XRD analysis results showed that the SiC 
layers exhibited at most a minor fraction of 
nanocrystallinity with the major fraction being 
amorphous. This indicates that the crystallization 
temperature for PLD-SiC layers on TRISO kernels is 
higher than for PLD-SiC layers on flat silicon 
substrates, on which nanocrystalline layers had been 
reported to be produced at a deposition temperature 
of Td > 700 °C. In future work, the SiC- and Ag/SiC- 
coated samples will be investigated with regard to 
their stability at TRISO normal operation and 
accident temperatures of up to 1600 °C.



Additionally, by annealing of the Ag/SiC coated 
samples at high temperatures, the Ag retention 
capability of PLD-SiC layers will be evaluated. 
Furthermore, additional SiC-coated samples will be 
prepared using the PLD process at a higher 
deposition temperature with the goal of producing 
SiC layers that exhibit a large crystalline fraction.

Long-term aim of the research work is to 
evaluate the suitability of nanocrystalline SiC layers 
for TRISO coatings. In this context, the PLD process 
was chosen as a straightforward means to produce a 
small number of test specimens. Adaption of the 
PLD process or identification of an alternative 
physical vapor process for mass production of 
nanocrystalline TRISO coatings will be the objective 
of future work.
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