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ABSTRACT

The ZrC layer instead of SiC layer is a critical and essential layer in TRISO coated fuel particles since it is a protective layer against
diffusion of fission products and provides mechanical strength for the fuel particle. In this study, we carried out computational
simulation before actual experiment. With these simulation results, Zirconium carbide (ZrC) films were chemically vapor deposited
on ZrO, substrate using zirconium tetrachloride (ZrCl,), CH, as a source and H, dilution gas, respectively. The change of input gas
ratio was correlated with growth rate and morphology of deposited ZrC films. The growth rate of ZrC films increased as the input
gas ratio decreased. The microstructure of ZrC films was changed with input gas ratio; small granular type grain structure was
exhibited at the low input gas ratio. Angular type structure of increased grain size was observed at the high input gas ratio.
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Fig. 1. Thermodynamic yield of ZrC as a function of deposition
parameter, (a) input gas ratio(a=Qzc/Qcps) and
temperature, (b) input gas ratio (T= 1500°C, P=
0.9 atm)
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Fig. 2. TG/DTA curves for ZrCl, (weight: 1 g) heated at 10°C/min

in Ar gas.
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Fig. 3. XRD patterns of ZrC layer which deposited deposition
conditions of Table 1.
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Table 1. The Details of Deposition Condition for ZrC Coating
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Fig. 4. Narrow scan in XPS spectra of ZrC layer on specimen 2
(a) Cls and (b) Zr3d.
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Substrate Deposition temperature (°C) Gas flow rate (sccm) 7rCly Deposition pressure (atm) Deposition time (min)
Ar C H ight heati
s1 1550 Hy f, weight heating 0.9 60
200 200 2000 1.5 238
Ar C H ight heati
52 1550 Hy M weight heating 0.9 60
200 20 4500 1.5 238
Substrate Deposition temperature (°C) Gas flow rate (sccm) Zr(OC;H7)y Deposition pressure (atm) Deposition time (min)
Ar CH H. ight heati
S3 1550 : 2 weew T 0.9 60
200 20 2000 1.5 352

Al 3



st il olelel An WebEmn 2959 24 w

H S39] BE A¥A g3 EFF] (111), (200),
(220), (311) AHX(JCPDS #35-0784)0] Z&=H YT} s1A]
BE QE7IAHE] wistel] we} FEA] A Z3Fa) FpRe =
gol gEtd ZrC A peakel 7w 2polE YEhHQITH
A2 ofspd zicgoll A X9 kol Z7hgkel w3
A Aw7t F7F fal Yt glom AE 2uv 3 7
=7t ZA YERdE 81, S3olM e 7 e ghako] RlEs
FEG 55 222 A7 Hojlvh Ad 2 81 Bt}
9 ghe FARHE 747 wie] 71 9Avt A4 Ye
ST AZYE S, 13 S39) A9 9FSHAl 7HE graphite
Azt #EE 9 2 wkeAo] & F4o Be s
S gspAEdwga weo #osiAY Fak Fo
A &= 71 sources C-HY FuigE Agsle] vhe=m
E WA sid od Azad uiel Ao #=
A e Ao E oAz,

Fig. 4= 2™ S29] ©k3lx|=2ZF & XPS narrow scan
248 Aaolr}, BRI BusE 748 ¢, 939
AX = 284.5eV, ABIFH Zrygsn, Lbigsn ALY Hx= 7+
Z} 1789, 181eVO|d, narrow scan A5 3+ E3 3
H)&g AES JERN AL 7t 339 WAL ASF(atomic
sensitive factor)® Uir ZO ZHE BABS A u)
Zr/Ce) A 2/du1e oF 1.375880130t). A =3F o)
g 7R |7} AR AL ol Ao YHI)A
H)o] Zolo] wE wkgAlo] & F4ol C-HAY AF o
B AR A7t sz}

g3lx| 2yl S2E AE shdHe] nAPFEE Fig
59l VeI SITh A1 S1, 82, S3 Z47F 3.2, 243, 59 um
o] BpEato] ® AL eItk A 819 A% s2¢
Hnlahd B4 7kaQl F24e] fao] Folr AHoz

gx3to] Hoj 7

A Xgrol 7 Sl whah Ewel
= AYS JE T 2540l 34 HE A4 giol

g 1142)

(a) ()

(©

Fig. 5. SEM images of fractured cross section on ZrC layer
which deposited deposition conditions of Table 1.
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Fig. 6. SEM images of surface morphology ZrC layer which
deposited deposition conditions of Table 1.
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