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Abstract The oxidation behaviors of Y-Cr bilayer deposited on ferritic steel by magnetron-sputtering for
application of the Fe-Cr alloys as interconnectors of planar-type solid oxide fuel cells (SOFCs) were studied.
After oxidation at 800°C for 40 hours, the major phase of Y205 and the minor phase of YCrO;, Mn, 5Cr; 50,
and CrySiO4 were formed in the Y/Cr bilayered samples, while the major phase of CryO; and the minor phase
of Y203 were formed as the major phase in the Cr/Y bilayered samples. The Log(ASR/T) that expresses electric
resistance of the Y/Cr coated specimen with nonconducting Y05 oxide showed high value of -2.80 Qem?K™ and
that of the Cr/Y coated specimen with conducting Cr;Os; oxide appeared to be -4.11 Qem?K™. The electric
resistance of the Y/Cr coated specimen was largely increased due to the formation of high resistance oxide
scales. However, the Cr/Y coated specimen did not show any increase in the electric resistance and had the
long-term stability of oxidation because there was no formation of the secondary phases with low conductivity.
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Table 1. The properties of Fe-16Cr alloy.

Ferritic stainless steel (430F)

Density glem’ 7.8
Elastic Modulus GPa 200
Mean coefficient of 6
thermal expansion FC X 10 14
Electric conductivity S/m 13.9 X 10°
Thermal conductivity W/(m* K) 20.2
Melting point oC 1425-1510
Tensile strength MPa 585-860
Main composition Fe based alloy
Cr: 16-18 at%
Mn : 1.25 at%
Si:lat%
Mo : 0.6 at%
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Table 2. The sputtering conditions of the billayered ferritic
steel.

Cr Y
Base pressure 1.5 x 10° 1.0 X 10°
Working pressure 5 mTorr 3 mTorr
Power DC 200W RF 200W
Inlet gas Ar Ar
Rotating speed 28 RPM 28 RPM
Target size 4 inch 4 inch
Target-substrate Distance 13 cm 7cm

Yttrium 2.0um

Yttrium 2.5um

Chromium 2.5u4m

A B
Yttrium 500nm Yttrium 800nm

' Ferritic steel 1 Ferritic steel
C D

Chromium 1.04m

Fig. 1. The various kinds of the bilayered ferritic steel. The
marked thicknesses represent those of layers after 40 h
oxidation at 800°C.

3} AAA 9 o|EF e 717 DC, RF FH2 S&
stgom, BE47Y] $& B4l tEA YRR F
2+ "hAlg) b g ells) v)dale) ARE 1eE)
7}7) o2 oA Faste] dgsigit. sgold
g e AEYRECr 2 AFCsEYs] = 7
Z9] o)F&L AZEF oM, Fig. 19 2HEYHOZ F
A Fof ANl HF Y o)F wpere] TRE BAH
o2 Yehiith A1g AlEe FAE AAFALYL F3¢
o H1E eFsil WsAZl Aoz, Fabd AAA T
7l 1.5-5ume] EHEE WH3lE Fon JEi} 5%
A vlE gk 200, 101 2 127 S92 Agsisdt

2

2.3. LIAS Hiato] 4 84

A8 A8lere Xeray diffractometer (RINT/DMAX
2500, RIGAKU/Japan)E AM&-3te] 4bsbate] A8 24
$7 W48 wute] 27 A8 2 2YHE e
dete] F7E S48l §istd FE-SEM (S-4200,
Hithachi, Japan)g ©]-§3l EW wjil7x 2 ddg &
#3g.

FEAEAS A3} ASN BAHE 249 AFE
WDS(Wave dispersive spectroscopy; @-670, PERKIN-
ELMER, USA)Z £4& 3t}

288 A He| T& A (Resistivity)> 719 F Al
& SOFCY AHE 221 800°CllA 2, 10 B 40A(2F
Abslalal 24 2591 800°CE X8 AElolA Kiethley
Al 224 Current source®} KiethleyA} 197 Microvolt



38 o181 - A
DMMS ARE-3le] A|H ofde] Aol HR{E A7t
243 LV FAc2YE 7319

ojF uiEte] H7|F<l S ﬁﬂﬂ (Area specific
resistance, ASR)2.E H&H3IH, 2] (1)o] YeplAct. 4+

i

3% FAY AxEg Uehle dAY dHee Ass
9] 247]%0] EH& 347]_ ~H] ,\]»9_5]]:} = 01 = A

s3sl AEE AL TSl A S0 a7l
wek ohel A4 oRE WA F457) et 2
wHoz oheel Jbgel avEn. ¥ /ue Age

F

[Sha |
ghate] Foo] AAE kel AEE9) BlEE)A] FA]
@ 4 gk

248 WAL Mo Asms $E A3
Y AEES BT I AP AAY FEe) 9
7] AEsE PAY Are e Askee A74e &
ke ke 5 Qo

ASR = 22 = R*A[Q *cm’] (1

3.1. ¥xd| Ho| gfat px 3 mH2jolg 289
=y Hz}

Fig. 2 800°ColA 2AI%F B EA st o5 gtat
A, B, C 2 D9 nA FZE
o|EFo| o|F ulute] e FEE A AT wA)
SHAl Yehta, ZgFo] o|F uhate] 5l 3 3¢

AT -

oS - ST
o ¥ake] =717F thEF 200~300 nme! A& AT F
Aok EHY AAAQ FAFS B AT 7HE Zhe
T} Fig. 3& T2ol|A9] ol utute] wislE #aa}y)

=

Qste] Al AIZHE 40X E FAT F AlEY ®
W AHE w2 Adelnt. Y/Cr o]F Y

800°CellA 2417 Ex e vhf- mlAIE 4AS

74 v
AFEE BolAR B AlZtel 404k 2 F7HsH
o Qe 2717k g 59 o3 Wt B ol
A0l dojsth CrY ol% el C % DE A
o) w2k 970 GRE 4T Hol oYL B

Fig. 5 Cr/Y %L&OJ o] @}‘9% DE 800°CellA] 40
AIZE AbsRAZ] o] ©@r ARLE YERR ST, Y,0.%
Cry0:9 AME 7he A e o|F 9o AUYS
g 4 o). sk E ARG o]EF H AE AsE
o] FAe A7 05 2 0.8 ume|Y T} Fig. 62 800°Cel
A 40717 2BIAIZ] Fig. SollA 71HR-e] wgtolg &
29 EPMA A 2435 Aot A3F I AF
o] ¥ sharo. 71zt 84 at% E 16.8 athE 53 H
glo|g Adgo] zh= S IR A% i, B
Akl g 2A0] 125 at%s AR SHA| T Atsls *1
o)y 29 Yo Ao EASA s & 5 AT A
g3 g7ko] 7131 HEtold 2" ol SRR B

1 %9 g4t A57F D> D Mn
&QE Aste] 2bstut Yol EA)shs AL

y;

15.8kV X15.8K 2.80us

Fig. 2. SEM image of the bilayered ferritic steel after heat treatment at 800°C for 2 h in oxidative atmosphere; (a) A (b) B (c)

C (d) D.
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Fig. 3. SEM image of the bilayered ferritic steel after heat treatment at 800°C for 40 h in oxidative atmosphere; {a) A (b) B (¢}
C (d) D.
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Fig. 6. EPMA analysis of the base metal part in the bilayered
ferritic steel, D after 40 h oxidation at 800°C.
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Fig. 7. X-ray diffraction patterns of the bilayered ferritic steel,
B after heat treatment at 800°C 40 h in oxidative atmosphere.
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Fig. 9. X-ray diffraction patterns of the bilayered ferritic steel,
D after heat treatment at 800°C 40 h in oxidative atmosphere.
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Fig. 10. EPMA line profile of interfacial section for

quantitative analysis of the bilayered ferritic steel, D after 40 h
oxidation at 800°C.
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Fig. 11. Electrical resistance of the uncoated ferritic steel after
2 h oxidation at 800°C.
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Fig. 12. Electrical resistance of the bilayered ferritic steel after
oxidation at 800°C.
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