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Annomayun. 3awumnvlie ROKpbIMUA NPEOHAZHAYEHbL ONsl CHUNCEHUS. OKUCTEHUSL NpU  IKCMPEMATbHbIX
meMnepamypHelx yciosusix peakmopa. Jaunoe ucciedosanue exnovaem Hauecenue noxpwvimusi SiC Ha
noonooicke 110 (Zr-1Nb) ¢ ammocgepe 6030yxa u apeoHa MemoooM CeaeKmuHo20 1azepHozo cnekanus (SLS).
Henvimanue na bicokomemnepamyphoe oKucienue nposodunu na obpasyax npu memnepamype 1200 °C na
6030yxe 6 meuenue 600 cexyno. Macca, nonyuennas nocie UCNbIMAHUsL HA GbICOKOMEMNEPAmypHoe OKUCIeHuUe,
oviia paccuumana kax 34,6 me/em2, 31,1 me/cm2 u 22,8 me/cm2 Ons nenokpvimoeo obpasya cnaasa, 3110 ¢
nokpwvimuem SiC- 9110, cneuenrnozo na 6030yxe, u ¢ nokpvimuem SiC- 3110, cneuennozo ¢ ammocghepe apeona
coomeemcmeaenno. Penmeenocmpykmyphvle pasosvie ucciedosanusi nokasvieaiom oopasosanue bonee 90%
ZrO2 na cnaase 2110 6e3 nokpvimus. SiO2 u YAIO3 cocmasnsanu 6onee 50% oxcuoos, obpasyowuxcs Ha
nogepxnocmu 0opasyos, noKpulmuix cnexanuem nopowxa SiC, nocie UCHbIMAHUL HA 8bICOKOMEMMEPAmypPHOe
oxucnenue. Takum obpazom, nokpeimue SiC HA YUPKOHUEBOM CHIABE MOJICEM USPAMNb 3HAYUMETbHYIO DOJIb 6
CHUDICEHUU OKUCTIeHUsl, 0COOEHHO 8 NOKPbIMUSX, HAHOCUMbBIX 6 uHepmHol cpede. Tlonyuennvie pesyibmanl
MOJICHO paccmampugams Kak 3a0en 04 0albHeuwux uccied08aHull npecmasinemblx NOKpulmuil OJisl 3auumol

0001104€eK 0ePHO20 MONIUBA.

Introduction. Selective Laser Sintering (SLS) is an Additive manufacturing (AM) 3D printing
technology which is rapidly gaining applications in various fields [1]. This application comprises ceramics for
fuels as well as structural components of nuclear reactors [2]. A typical advantage of selective laser sintering
includes rapid prototyping and manufacturing objects of complex geometries. SiC materials, such as monoliths
and composites, are promising materials for nuclear fuel cladding for LWRs and advanced reactors, components
of fuel particles and pellets for reactor core structural components in fission reactors, including functional
structures for fusion reactors [3]. Those applications depend on the central properties of SiC, such as excellent

strength at higher temperatures, chemical inertness, comparatively low neutron absorption, and its stability to
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neutron irradiation up to high doses. The ability of SiC resistance to high-temperature as well as high-radiation
environment proves SiC a candidate material for cladding fuels in light water reactors [4]. SiC remains intact
even at temperatures beyond 1500 °C [5] and also parasitically captures fewer neutrons when compared to
zircaloy as well as possessing very low activation [6].

Protective coating on zirconium alloys has been a second choice proposed approach to enhancing
Accident Tolerant Fuel (ATF) cladding concept [7]. The aim of this study is to investigate sintered SiC on Zr-
INb alloy substrate under high temperature oxidation in air atmosphere in order to compare the oxidation
behavior of sintering performed in air and argon SLS chamber.

Research methods. Zr-/Nb (E110) substrates of dimensions (20mm x 20mm x 2mm) were polished and
wiped with an acetone filled cloth. An SLS system (IPG Photonics, Moscow, Russia) equipped with Yb fiber of
output wavelength and maximum laser power of 1070 nm and 500 W respectively was used. This was then
followed by sintering SiC (SIKA DENSITEC L) micro composite with minor phases including 4/203 and Y203
onto the Zr-INb alloy. The Fig. 1 and Table 1 represent the SLS system used and parameters followed in the
deposition process respectively.

Table 1

SLS coating parameters

Samples Laser power Scanning  Laserspeed  Coating SLS Chamber
(W) time (is) (mm/s)  thickness (um) Atmosphere
b,c/d,e 125 500 25 200 Air/Ar

The sample 1 and sample 2 involve sintering of SiC on both sides of the substrates under air and Ar
atmosphere respectively. After the sintering, each sample was cut into two parts and each from a sample was drilled
through for flexible fixing into the furnace. The furnace was heated to the temperature of 1200 °C which was
accompanied by placing the samples into the heated furnace for 600 s and quenched after that in air. X-Ray
Diffraction (XRD) phase composition was investigated with XRD 7000 diffractometer maxima (Shimadzu, Kyoto,
Japan) along with the Sleve+ program. Qualitative and quantitative analyses were done with the Crystallographica
Search-Match and PowderCell24 together with PDF-4+ database respectively.

Results. Table 2 and Fig. 1 represent the results obtained after High Temperature Oxidation (HT-Ox)

tests and the macrographs of the individual samples before and after the HT-Ox tests.

Table 2
Results of samples on mass-gain after HT-Ox test results
S Mass distribution
oy Sintering -
Samples | Description atmosphere HT-Ox | Before | After HT- Am (g) Mass gain PAm, %
(9] Ox () (mg/cm2)

a E110 alloy - oxidized | 2,5110 2,6910 0,1800 34,62 7,17

b Air oxidized | 2,4719 2,6416 0,1697 31,19 6,87

c SiC - E110 Air

d substrate Argon oxidized | 2,4894 2,6132 0,1238 22,75 4,97

e Argon - - - - - -
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Fig. 1. Macrograph of samples, (a) Zr-1Nb substrate, (b) SiC — Zr-1Nb [air] and (d) SiC — Zr-1Nb [argon]
oxidized at 1200 °C for 600 s, Un-oxidized samples (c & e)

(i)

Intensity, arb.units

5 SIC (6H)
N S 1, SiC(@#H)
o sio,

o si

A YAIO,

i A0,

P S S S PO S S S S
20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 20 25 30 35 40 45 50 55 60 65 70 % 80
26, degrees 20, degrees

Fig. 2. XRD phase composition of samples: (i) Oxidized E110-alloy (sample a) (ii) Sample b, ¢, d, & e as
described and indicated in Table 2 and Fig 1 respectively

Conclusion. SiC micro-composites were deposited on E110 alloy substrates and investigated under a high
temperature oxidation environment in the air at 1200 °C for fuel cladding material studies. Experimental measurement
of mass gain and XRD phase content analysis were conducted to study the behavior of the coating performed under air
and argon atmosphere. The calculated mass gained and percentage mass change (P4m) after the HT-Ox test was
calculated to be 34,62 mg/cm?2 (7,17%), 31,19 mg/cm?2 (6,87%) and 22,75 mg/cm?2 (4,97%) for bare E110 alloy, SiC-
E110 sintered in air and argon SLS chamber respectively. XRD phase qualitative analysis reveals the formation of
ZrO2 above 90 % of the surface to sub-surface of the bare £7/10 alloy. Also, SiO2, YAIO3 became the main oxides
yielding above 50 % and the remaining being SiC phases on the surface to sub-surface after HT-Ox test. The low
outcomes of mass gained coupled with little changes in the dimensions of the SiC sintered sample fabricated in the SLS
inert environment after HT-Ox proves optimistic and hence recommended for further research.
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