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Annomayus. Kpumuueckoe 3Hauenue 6blCOKOMEMNEPAMYPHBIX KEPAMUUECKUX NOKPLIMUL 3AKIIOYAEMCsl 8 UX
cmpykmypuou yenocmuocmu. Ha yenocmnocmoe, ouesuono, eausiem uamuuyue O0eghexmos, HeKomopwvle u3
KOMOpbIX Mo2ym Oblmb HAHECEeHbl KAK NOKPbIMUsL 6 pe3ylbmame mMexHOI0SU4eckux abeppayuil, moz0a Kax
Opyeue paseueaiomcst 6 npoyecce sxkcnayamayuu. Tokpeimue Ha 0CHO8e YUPKOHUS SIGNAEMCSl NePCHEKMUBHBIM
MEMoOOM NONYHEeHUs ABAPUUHO-CIOUKOU MONAUBHOU 000710YKU Ol JIe2KOBOOHBIX peakmopos. Imo
uccnedogamue ObLIO MOMUBUPOBAHO TeM, HMOObI OYEHUMb U320MOGIEHHOE NOKpbIMUe ¢ NOMOWbIO
J1e2KOOOCMYNHO20, IKOHOMUUHO20 U ObICMPOo20 nO0Xo0a K Hepaspyulaiowjemy Koumpoao. B oannom
uccrnedosanuu pacnwiienuviii caot SiC 6vi1 Hanecen HaA NOONOJICKY U3 cnaasa Zr-1Nb memooom cenekmusroeo
JIA3EPHO20 CHeKaHusl, d YCI08Usl NOBEPXHOCMU NOKPbIMUS UIMEPEHbL ¢ NOMOUWbIO Memood UMMEPCUOHHO20
VILMpPa3eyk06020 kKoHmpos. Co2iacHo ROLYUEHHbIM Pe3yibmamam, YIbmpa3eyKoeasi UMMEPCUOHHAS MEMOOUKA

Modicem Obimb UCnoab308ana 0st Kowmpoas SiC-nokpvimus.

Introduction. Zirconium alloys have gained a long-term application in the nuclear industry [1] due to
some unique characteristics including low thermal neutron absorption cross section, high corrosion resistance
and appropriate mechanical strength [2]. Ongoing researches on advanced cladding materials such as SiC [3],
liquid metal bonded hydride fuel [4], high conductivity metallic fuel, and composite fuels towards the
development of future generation cladding components of light water reactors [5]. According to Jin D. et. al,
2016 [6], depositing SiC coats on Zr-alloys demonstrates a promising method to improve corrosion. It is also
evident that SiC coatings help to establish good oxidation resistance even at high temperatures, and demonstrate
a high level of hardness.

Ceramic coatings may exhibit defects such as discontinuity in the deposition, miss-orientation of
columnar structures, porosity, inclusions and infiltration by foreign materials. Whereas stringent quality control
may eliminate the majority of these defects as-processed coatings. The others need to be identified by routine
destructive and nondestructive testing (NDT) techniques. There are several NDT techniques with their intrinsic

advantages and disadvantages.
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The ultrasound testing method with C-scan image provides a valuable way to investigate the bulk of a
material with sintered silicon carbide coatings [7]. Moreover, the ultrasound testing techniques possess some
advantages over the rest in terms of accessibility, sensitivity to planar defects, cost and time effectiveness, higher
productivity with no radiation risks. Hence, this paper is aimed to describe the performance of ultrasound testing
technique on SiC coating.

Research methods. Zr-1%Nb alloys of dimensions (60 mm x 30 mm x 2 mm) were used as substrates
for the coating. Before the deposition process, the substrate surfaces were polished to an average roughness of
0.3 pm using the Hommel Tester T1000 and surfaces rinsed with acetone. Ytterbium fiber laser (IPG Photonics,
Moscow, Russia) of 1070 nm output wavelength and Laser power of 125 W was engaged in the fabrication
process. Table 1 states the sintering parameters involved in this study. Fig. 1 represents the SLS deposition

scheme and the immersion ultrasonic testing system.

Table 1
SLS deposition parameters
Laser power Scanning time Laser speed Deposition thickness (um) SLS
W) (ps) (mm/s) Atmosphere
125 600 25 200 Air/Ar

Fig. 1. The setup for SLS fabrication (a) and the immersion ultrasonic testing system (b)

Results. The obtained images associated with this study show the ultrasonic amplitude c-scan of the
uncoated Zr-1Nb substrate (top and bottom sides) and the coated samples (top and reverse sides) which have
been sintered in an air/argon environment by the SLS technique. The length and the width of the specimens are
represented by X and Y axes respectively and the amplitude of the reflected ultrasonic signal is represented by Z
axis. The amplitude does not give quantitative measurements on the thickness, however, it shows changes in
surface conditions. For the images in (b, ¢) and (c, f), the area with a maximum amplitude of about 3x10*
corresponds to uniform surface conditions and the area with irregular surface conditions is characterized by
lower values of amplitude. The scanned results of the uncoated Zr-/Nb substrate (a) and (d) show uniform
distribution of the surface. The scanned results of the reverse side (e) and (f) show a single region with high
uniformity resulting from the interface layer between the coating and the substrate surface. However, the
scanned results of the coated surfaces of the samples (b) and (c) show the uneven distribution of deposits due to

the increase of the average roughness from 0.3 to 6-8 um of the uncoated to coated Zr-1Nb substrate respectively.
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Fig. 2. C-scan ultrasonic immersion tests

Conclusion. This paper has described the use of amplitude C-scan measurement with a single transducer.
Results were shown for SiC coated Zr-1Nb alloy substrate using the immersion ultrasonic testing technique. It was
shown that amplitude C-scan is capable of visualizing the surface profile of the specimens. Ultrasonic immersion
techniques have the potential to be used for in-service inspection of SiC coatings on Zr alloy tubes to ensure the
structural integrity in this particular design of cladding tubes. Due to the surface conditions of SiC coating, surface
finishing is required to provide a smooth coating surface in order not to mask indications from the surface defects.
Further work will be done to develop a methodology to detect the sub-surface defects, in particular the boundary

layer between the SiC and the substrate which is important to determine the integrity of the sintering process.
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