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Annomayun. Hanecenue noxkpulmuii Ha YUPKOHUEBblE CHIABbL SGNACCA NEPCHEKMUSHBIM NOOX000M OISl
NOBbIUEHUS PA3TUYHBIX CE0UCME 000JI0YEK MEN08bIOCTIOUWUX DNEMEHINO0E, BKIOUAS DUIUKO-MEXAHUYECKUEe
ceolicmea, YCmouyugocms K KOPPO3UU U CHUNCEHUE PAOUAUUOHHLIX noepedcoenui. B nacmosuyeti pabome
noxpoimus SiC ¢ momwyunamu 100, 200 u 300 mrm O6viau 0caxicoeHvl MemoooM CereKmMuBHO20 AA3EPHOCO
cnexanus (SLS) na noonoscku uz cnnasa Zr-1Nb npu mownocmu aazepa 150 Bm. Cranupyiowas 31eKmpoHHast
murpockonust (COM) noxazana cpeduroio wepoxosamocmos nogepxrocmu om 3,5 00 7 mxkm. OOHOPpOOHOCHb U
Hebonbwas nopucmocms NOKPbIMUL HAOM00aemcs Ha NonepeuHvix waugax. Ananuz @aszosoeo cocmasa
NOKpbIMUsL 8blsA6UN 00paszosanue gasz kapouoa kpemuus u okcuoog AI203, Y203, SiO2 u YAIO3. Pezyrvmamoi
CKpemy-mecmos NOKA3aau OMCYMCmeue OMCa0eHUll U BblCOKYIO a02e3ut0 NOKpblmus, 0OHAKO HAOII00AIUCH
yacmuunble  OMKANBIGAHUsT U nonepeunvie mpewunvl. Ilonyyennvie pesyibmamsl  YKA3bIGAION  HA
HE0OX00UMOCb  OANbHEUWUX UCCIe008AHULL NO  YAYYULEHUIO NOPUCIOCIU HOBEPXHOCMHOU CMPYKMYpPbl

NOKpLIMUsL U NPOBEOEHUS OPY2UX HEOOXOOUMBIX UCTIBIMAHUL.

Introduction. Since 2011 following the tragic Fukushima Daiichi Nuclear Power Plant accident, the quest
for Accident Tolerant Fuel (ATF) has become extremely essential towards shaping the safety path of future nuclear
industries. Though zirconium-based alloys have gained acceptance over decades in the nuclear industry, the
submissiveness of zirconium during Loss of Coolant Accident (LOCA) event in which the oxidation response of
zirconium at a higher temperature speedily deteriorates in its integrity under such condition calls for the need in
enhancing the next generation of cladding materials [1]. One of the approaches in enhancing the fuel cladding tube
includes protective coatings on zirconium based alloys. Thin coatings are anticipated to have marginal importance
in terms of the thermomechanical properties of zirconium based claddings [2]. Also, these coatings do not
exceptionally change the central physics in LWRs [3] but are likely to improve the heat transfer performance of the
cladding [4]. Some studies have proven various depositions on zirconium based alloy substrates effective in

overcoming oxidation, resisting corrosion and minimizing the vulnerability of grid-to-rod fretting failures.
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According to published researches, ATF coating material composition should have at least Cr, A/ or Si in order to
form one of the protective oxide phases (Cr203, 41203, and SiO2) in strengthening the underlying material.

Ceramic coatings involving TiN, TiAIN, Ti3SiC2, Ti2AIC and SiC have been investigated in recent times,
however, SiC has more outstanding properties than most ceramics. Hence, there is the need to further investigate
SiC depositions with several 3D printing techniques to compare their various properties in order to make the
right choices of factoring cost, time and efficiency of the fabrication methods engaged. Therefore, this study
aimed at depositing SiC composite coatings on Zr-/Nb alloy substrates using the SLS technique, followed by
microstructural and scratch adhesion investigations and analysis.

Research methods. A sample of dimensions (40 mm X 25 mm x 2 mm) of the E110 (Zr-1Nb) alloy
substrate was polished and cleaned with acetone on all faces and measured at an average roughness of 0.3 pm
with the Hommel tester T1000. The SLS system was equipped with the Ytterbium fiber laser (IPG Photonics,
Moscow, Russia) of 1070 nm output wavelength and 500 W maximum power. SiC powder (grade: SIKA
DENSITEC L, Norway) was used in this research. Deposition of the SiC on the substrate was performed at
coating thicknesses of 100 um, 200 um, and 300 pm, respectively, as indicated in Table 1.

Table 1
Parameters followed in the SLS fabrication
Laser power Scanning Laser speed Deposition thickness (nm) Atmosphere
W) time (us) (mm/s)
150 600 25 100 200 300 Air

Results. Fig. 1 is a micrograph showing the weakest portions of the coating variants a, b and c
corresponding to 100, 200 and 300 um thick deposition respectively using the TESCAN VEGA3 SEM system.
These surfaces were characterized by fewer shallow trenches, coarse-grained structures with few micro-cracks in
the 100 um deposition. It was observed that thicker coatings present more uniformity compared to the 100 um
thick variant. Fig. 2 shows a cross-section of 100 um thick deposition. It can be observed that about 50 pm
coating layers were embedded into the substrate to keep the coating firm into the zirconium substrate. Nano to
micro scratch tests were incompatible to the coating due to the higher level of adhesiveness exhibited by the
coatings, hence macro-scratch test was carried out involving constant loads of 50 N to 100 N. Fig. 3 shows the
scratch paths and its associated features. SEM observations along the coating paths reveal less degradation
despite the higher magnitude of load exerted by the diamond stylus during the test. No major spallation was
observed but chippings along both sides of the groves. EDS taken along the scratch path shows the presence of

some remains of the coating material composition such as Si, O, A/, and substrate material Zr being the majority.
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Fig. 1. Micrograph of the surface morphologies of coated samples
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Fig. 3. Scratch paths created by a stylus with constant loads of 50 N and 100 N on (a) 100 um, (b) 200 um, (c)
300 um thick coating specimen, (d) a typical scratch path and its associated features (d, e)

Conclusion. SiC micro-composites were deposited on Zr-1Nb alloy substrates at 100, 200, and 300 pm
for cladding material studies. Experimental investigations and analysis involving SEM surface structure, XRD
phase composition, EDS elemental composition and scratch adhesion of the coating were carried out to
understand the major changes in the coating properties. SEM surface structures reveal coarse grained, shallow
trenches in all variants but higher uniformity was achieved in the higher layer thick variants. Uniformity and less
porosity are established in the cross-sections as observed at 5 pm magnification. Phase compositions include S-
SiC (6H), SiC (4H), Si and essential oxides such as 41203, Y203, SiO2 and YAIO3 were recorded in the coating.
Macro scratch test results show fewer deteriorating effects when observed at a microscale. Finally, results from
microstructural features to scratch adhesion details exhibit promising results which guarantee further research in
order to absolutely establish the necessary details required.
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