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Influence of Yttrium Addition and Superficial Y,0, Powder Application
to Fe-26Cr-21Ni-1.8Si Alloy on Its High-temperature Oxidation

Behavior

Takao KoBavasHI, Takuo ITO, and Mikio OBAYASHI

Synopsis :

The isothermal and cyclic oxidation behavior of Fe-269%,Cr-21%Ni-1.8%,Si alloys with and without
superficial Y,0,; powder application as well as similar alloys containing 0.02%, and 0.34%Y was examined

in air at 1 100°C.

The oxide scales on the surface of yttrium—containing alloys consisted of (Cr,Fe),0,, and had excellent

adherence to the alloy substrate even in cyclic oxidation.

No void formation was observed at the alloy—

oxide interface, and no silicon—rich inner layer was developed. Such effects of yttrium addition were
recognized to be significant even in a fairly early stage of oxidation.

The superficially applied Y,0; powder on the alloy improved the scale adherence, and provided the
oxidation morphology similar to that of the yttrium—containing alloy. The effect of Y,0, powder was

also observed in preoxidized specimens.
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Table 1. Chemical composition of alloys.

(wt%)
Si Y C Mn Fe

Alloy Composition

designation Cr Ni

YO 25.5 20.8 1.70 0.00 0.006 <0.005 bal
Y1 26.3 20.5 1.77 0.02 0.004 " "
Y2 26.8 20.4 1.83 0.34 0.009 ” "
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Fig. 1. Isothermal oxidation of Fe-26Cr-21Ni-

1.8Si alloys with and without yttrium addition in
air at 1100°C.
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Fig. 2. Cyclic oxidation of Fe-26Cr-21Ni-1.8Si
alloys with and without yttrium addition and
superficial Y,O4 powder application in air at 1 100
°C cycled every 30 min.

Table 2. Results of X-ray diffraction analysis
of oxide layers formed in air at 1100°C.

Heating duration (min)

10 60 600

Specimen

(Cr,Fe);03  (m)
YO (Cr, Fe)203 (m) spinel (w)
a-Fe,O3 (w)

(Cr, Fe)30, (mg Cr,03 (s)
a-cristobalite (vw) a-cristobalite (m

(Cr,Fe);0;  (m)
(vw)

23
a-cristobalite (vw)

Y2  (Cr,Fe)y03 (m)

Y0+Y 03 .

s: strong, m : medium, w: weak, vw: very weak.
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Photo. 1. Outer surface of scale on Fe-26Cr-21
Ni-1.7Si alloy (YO0) specimen and its cross-section
after 10 min (a,b), 20min (¢) and 40 min (d)
oxidation in air at 1100°C.

{7, CryOp Xtk iR OB BEELTR
LTCWBZ EBghs.
3.3 BIARROREHICHEDOERE

3.3.1 26Cr-2INi-1.7Si (Y0) &4

Y &4 %75\ YO &40 BLREEY Photo. 1 &R
<. 1100°C = 10min jngk L 7= H oL A 5 — 1

— 114 —



Fe-26Cr-21Ni-1.85i 54 OB IERILEHIZRIETYRMB L OCS4ETMIOHE 872 Y05 o BE 265

1%, WHBRCHT A THBERE LA, ZoRALBbh Fe i g s
ZERO 7 7 5 7 OREBINL, B O REFCHIG sor Fe
T HEMACH Ot 10min JRBDORBH TLLE O N .
B RD b s A, 20min MBI s &% O B | o ,
PRI, SBRREM & R 2 ORI P RRIL I TR £ 2 200 :
THIORND. £ LUTHHARRIE, ToNBREY L o o
BH & oM, HEEET T & b, 40min jp p%- .
BUCHBA T, SRR & NRBRRE ORI A A 2
FRRD LR &SIl h. BT XoTE, SERRIE g2
WELK 7 5y 7 ZB L TEIHBA Liciedic, # gw-ﬁ_ si
HEBAC b ARG = AR B TR S & | SN
TWn5.
Fig. 3 iz, 20min L% YO &4KiE4 EPMA °
A LI RETRT. ABRRC G AL, o :
NEEEHC: Si AELLTV3. M, BIitwE 0 I0 20 30 40 50 80
BEFOBHICE, O & Si ORE L g b Distance (u)
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3.3-2 26Cr-2INi-1.98i-0.34Y (Y2) &4 men oxidized in air for 20 min at 1 100°C.
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Photo. 2. Outer surface of scale on Fe-26Cr-2I1Ni-1.98i-0.34Y alloy (Y2) specimen and its
cross-section after 10 min (a,b), 60 min (c,d) and 600 min (e,f) oxidation in air at 1100°C,
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Fig. 4. EPMA line analysis across oxide layer
formed on Fe-26Cr-21Ni-1.95i-0.34Y alloy (Y2)
specimen oxidized in air for 20 min at 1 100°C.
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Photo. 3. Distribution of Y,Oj particles applied
to specimen surface prior to oxidation (a), and
outer surface of scale on Y,0; (b), AlO; (c) and
CeO, (d)-applied Fe-26Cr-21Ni-1.78i alloy (Y0)
specimen after 60 min oxidation in air at 1 100°C.
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Photo. 4. Cross-section of Y,0;-applied Fe-26
Cr-21Ni-1.7Si alloy (Y0) specimen after 10 min
(a) and 60 min (b) oxidation in air at 1100°C.
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Photo. 5. Outer surface of scale on Fe-26Cr-21
Ni-1.7Si alloy (YO0) specimen with superficially
applied Y,0O3; powder after preoxidation for 1 min
(a) and 3min (b) prior to 60 min oxidation in
air at 1 100°C.

KIEERMOGEEECEMT S Z &7, BLAy
— AN LTHEELTHTS, FOBOBLE X 2>TK
ET5 A7y —LOMEME AN LI 5EARFO &
MBS E Ttk

4. ¥ =

it & & o BB 2 F3TF LETEO RO
T, BEEECEBSER, kI0BILEEOHEEED
BEHREOEL D, IFIERBEEIRBEIRTET
WBD, RKEECHE L Fe-26%Cr-21%Ni-1.8%Si
E&, BLEECHEEY LS Cick iy, BOBEE
BaRETL O Toln Cr BL, BLEEXET S
RLBROD D 8120 REHT DD, HERLAR
Tl, ZE L\ breakaway B{Lit4AE Ulgasofz. Lich
DT, ZOBRSRYEREMLTS, BLEEDOKRNMNTR
5y, BEELHREIFAL DI, UL, BOEL
BB T, YERMEGELAKE LBELRT O
LG, YHRMESIERMEAy — A0 B L <, BE
PNEDI. DX SEERFELEFR TR, YiZEELT
BLEREOBEROHUEDHRC L v, B xR E
EDHZENHALLTHS.

Y EGEINAS%E 1100°C o kKA cingd s &, Wi
by — L Uiz (Cr, Fe),05 FiEL, ToOWNE
ELTD Si WEARB{LHEIHBE I T, 20
HBRILY LM & OFENEL, ERInZoBa
LR IR A e, UL, ElemET 5 Ry
X, RBALmCKs X 5 7x breakaway BMLICIZE S
T, FHEWEBLEYETRBRI OERTIREHETS
Ekiehote. —7, #0iE UEBMERBRO X 5Bt
Ay —nARIh LT WEET TR, A20BEBE
BIERMBV2T, KERBEELRLE. LirLl, Y

— 117 —



268 g &

%70 4 (1984) 2%

wnggwiz, Si gL ABEBEHS A1 Fo
BIzRONT, BMofEENACH>T, St ZERY
LT NEBIEHITE IR AT TH DO, TDX 5
CREMORB CHEL 2BLBEOKE /%D, 10min
BEOERMBLCERCREORS X 57k, PR E
DENBIBINILDTHEEELLRS.

I, YEEFERT, Y.0; NTi&80RECA
EIRIKTOREBTYH, MBEHEIZELS HZEI L
foo. COHEOEE Y05 RFiX, Y05 RTFoEE
&0~ LEEOEHERTLOLEbRS. LaL,
Y,0s RFHRELEMCEBENCEML T, ¥
B REL AL TAE LTV AEACIRA L X 5%
RBrbsE v BRI, FH Y.0 NF1AEHOES
ETERRRT [BLEEOMEY BIRC LIS &L
5SROI | AR T E LD L E L BB, T OB
X, YR X OoTHESOMBEENEL {BESh
HEHE, YOFEMRBCEAIhLZ BB TE
5ELTHEMRIR TG L2, 20ZMHEEL U
LR D Wi DLW T O MBI BB ETH A 5.

5. & B

Fe-26%Cr-21%Ni-1.8%Si &4&», 1100°C Ok%
It 5L E B RIFTY OB ELFCER, U
ToZ EMNBE LMD,

1) 0.02, 0.3¢% OY%ZHMT% L, &0 B 1L
M, BB bAy — A Ot HEEERE LS mEL k.

2) EYE&TIE, Si KB NERLBOAA PR
R Eh, (Cr, Fe),0; HEDOEEMINRIFT, RIF
o mET b RIRIZZRE L T\ i,

3) A&FEHEC MED Y.0;, NTH HEIeHE
b, EYEELAROMLEEYRL, LAY —1D
EEENFELLBELUL.

4) VML AR Swi e Y0, NF%
EXRTh, FAROBENE LR,

5) 3) r4) oEBRERE, YIHRINC X A bH
DEENR [YHB X Y0, O FfERC XY, BBILEE
DHEABRCELT 5] LB ECE SRR
LT 5.

1)
2)

3)
4)
5)

6)
7)

8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)

27)

X [

FEEH: gL, 65 (1979), p. 747
mILEfT, B0 %: BER&E¥ S 3l
(1967), p. 385

kH E, FHBE ZABE: BFR4EBES
=k, 42 (1978), p. 756, p. 1138

AFH E, HIHEFE, Rk BH, ZHHR: BE
& B 4&sE, 43 (1979), p. 479

H. Nacar, T. Mural, and H. Mirani: Trans.
JIM., 21 (1980), p. 563

E. Tsuzi: Metall. Trans., 11A (1980), p. 1965
&R ¥ESFE, 32 (1968), p. 33

TR, WEe B, AN #, RELHE, RE
Wi BALEELHE, 39 (1975), p. 1110

G. M. Ecer and G. H. MEeErR: Oxid. Met., 13
(1979), p. 159

EWEE, ERE 8, BANE: BEEE¥S
=k, 33 (1969), p. 40, p. 46

F. A. GoLiGHTLY, F. H. StorT, and G. C.
Woop: Oxid. Met., 10 (1976), p. 163
EEEE, WRANH: gk, 63 (1977),

p. 688

EARY, Bk, BT & KANES B
BLFE: gk L8R, 63 (1977), p. 700

BRE=, REWE, BRNEL: &M, 63
(1977), p. 715

C. S. Giceins and F. S. PErTiT: Metall. Trans.,
2 (1971), p. 1071

J. STRINGER, B. A. WiLcox, and R. I. JAFFEE:
Oxid. Met., 5 (1972), p. 11

I. G. WriGHT, B. A. WiLcox, and R. I. JAFFEE:
Oxid. Met., 9 (1975), p. 275

H. T. Micugrs: Metall. Trans., 7TA (1976),

p. 379

H. Nacar and M. OKABAYASHI:
22 (1981), p. 101

H. Nacal, Y. TAkeBavasui, and H. MITANI:
Metall. Trans., 12A (1981), p. 435

H. Nacar1, Y. Takesavasar, and 7. Fujikawa:
Trans. JIM., 22 (1981), p. 589

M. LanDkoF, D. H. Boong, D. P. WHITTLE, and
A. V. Leny: DE 82 010318 (1981)

G. M. Ecer, R. B. SiNGH, and G. H. MEIER:
Oxid. Met., 18 (1982), p. 55

INRERE, GIREEE, AHRET: REX
SR PR, 26 (1977), p. 389

AruN Kumar and D. L. DoucgrLass: Oxid.
Met., 10 (1976), p. 1

7‘k#737§= AA&BELSH, 21 (1982),

p. 9

Trans. JIM.,

— 118 —



