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High temperature oxidation behavior and surface modification of Ni-based superalloys

Kyeong-Won Seol, Jeong-Mo Yoon

Department of Metallurgical Engineering, Chonbuk National University.

= & Ni7) 285 Co, Cr, Mo, W 59 11§ °
ax FAadol dvk 2 el A AEY ddsd s AME] QEte JER 9% AR g
7

45k 9129 ALTLNb, Ta $o v MN& %3 ¢

off # s sbAvt, w® AR RN AR ‘RIE}~ ol FEH iz ALO, Cr0y 59 Aol &HF
of wpit AdatE el A &ref WA g mu

HigHg Niz] 23+ AF1159F Y,0, 31 MAG6000 Z$sF 258 o2 ¥ E ol&, YiriumEH
MAF, &5 1273K-1473Kof A 2@ kel & Abs) apie] A &u, AFH, iy 32 2 divg
Aol vl x = Yitriume] gag xAlslg . AFL159} MAhOOO % 3o Yttriums® S 3 4w i

Asbe] A gel] HA Was AU
Yttriume] 9 W Hol o ato], AF116°] A ¢

AA S, A Hele] Wy Aa o) pldtoo,.}?
MA60002] A%, ALO; A9 4lstZFo] (,rgOg

2 w3y

= ALOs AW iA FHE Hfe) ¢4 dgr}

15} 24}
TR SN MskEa ALO, Sy

o

ol

Abstract Ni base superalloys are composed of solid sohition hardening elements(Co, Cr, Mo, W and so

on) and 7’ precipitation hardening elements(Al, Ti, Nb, Ta and so on). To Improve the mechanical prop-

erties and oxidation resistance of superalloys, rare earth elements(Zr, Hf, Y and so on) are added to the

inner substrate, or are used as coating materials. Their effects on the growth rate and adhesion of oxide

are changed according to the kinds of oxides such as AlLO; and Cr,0..

The effect of ytirium on the oxidation rate, grain size of oxide, internal structure, and crack

resistance was investigated for two kinds of Ni-base superalloys. One in AF115 superalloy containing
Hf and the other is MA6000 superalloy containing Y,0;. They were oxidized at high temperature after

yttrium surface modification using ion coater.

Yttrium coating on the AF115 and MA6000 superalloys results in a marked change in the growth of
the inner oxide. For AF115 superalloy, the degree of grain boundary segregation of Al,O; and preferen-

tial oxidation of Hf are decreased, and the shape of inner oxidation layer was changed from triangle to

plate type. For MA6000 superalloy, Al:O; oxide scale was transformed as outer oxidation layer of Cr,0,

and inner oxidation layer of ALO,.

1. A =

e GFrel AakstAdol wAlel gatElE
jet engine, turbine % ¢ Fofo] Al A& E] 1=
Ni7] z3%2< Co, Cr, Mo, WE2| 118 7s}
A= AL Ti,Nb, Ta F9 v A& F3 A%

creep 4 & ié‘-?l';a; HxK o R 4
90% 7} A A Z1a lgh. ol AlsE Al
o & Cr &d& A3}

Ti greFol fwal, 2o

A7 Aksl ] vt 141”}?? Aol e Axe #

- 166 —



47 FYRd AT 2R3 D2 A ES EeN el B 167

Hzolts, 28T A YA W
Ye AAs] ddskel BY FH AER

22 AsERH gl e HrpskAL,
coating A} & & 4 A} &8} ¢},

94 24 vl B gRe ve i
T A%, BY FEe AsEe] FRe wel

wshgel gYgswsl WAYel dFg Fiz
Ao akelz] Qlrpr,

M(M=Fe, Ni, Co)#|, M-Cr#* >, & M-Cr
ALAPT Bo) GFelA, By el 3R
olgk W AksHA T} q.]ula]x«'l =9 gapo] w3
A7 Ao v, s A&kl )l AEE 9

N

LR ERRE LR *u} o gAY, 234
i"é zoli *ﬂ—}” m, peg ;,}g].%o] sq;\qu; |4"
@5}% xo)z ]:[r_,] tgg}mm 161 u] *}sz} J
O\JZ“ _7;‘/;_4'171 14 rO: uLo 0:’—[,_ 1_1_7}- ‘}lL}

;1"1

Sefuh, WAshY R el gel e HE

4
9§ BY B4 AU 1 AFL ©

)

N G Al Mn Mo

"~ AF115*  |5487 106 380 — 282
MA6000** 7059 1403 412 0.22 1.92

* HIP : Hot Isostatic Pressmg
** MA : Mechanical Alloying

i 15mm * 10mm % 1. 5mmz A
chabar, Absbalz] A #12007F 2 delaloic)
ot 5 Pa, 1000Vx7mA28] =7l &
Al7bE WA slddq 2El e FAE =
stk s Ye FEEa,
IMA(lon Mass Analyzer)el]l 23+ Yo 7bw
A I} =3 glassHel Y& FHFH,
Sef-& SEMS o] &, glassgjctHe] 3EF

A e e ey FIlAchFigl).

zh Alg o] 4bsk Al ARG ™AL o
£ Fo H3tE A% Herw £ r) Po,
=101kPa, 1273~1473K<) Z= A3l 4 72ks
7hA] AREHE Fstgled, Abst AYEE g8
F Ar 2$7] oA 2ysigdc) bt Ay
k8 %o Absl sahell of s speeddi S o] &
F Add ™ RS §sle] SEMe) 23k 4bs
subs- #F, EPMA 248 st

EEEX

(,omposmon/mdss %

o2 WA ki, 43 Sxe) PR
X Errrle] gy B3R Yger =
Ao Amdrh S8, £yo] 2y

def 9% abspaAol mA: sER e
Aol gk At o e

mheba], Boadel A WA HF 0.74wl% S
F43 Nivl 233 AF1159F Y 0.78wt% (Y,

0, 0.99wt%)E -3 MA6000S dhalte =

Y(Yttrum)S 53 F AbsbEe] YA fHn
Absh mvtbe] AA A W 23 W Jnke)y
of ulx= Yo d& H Ao FHEalgr}

2
2 dyge &3 Ag+= HIPE A zg
AF1159F MA® o = =238 MA6000 =3+
I} 1 g o]l FEE o4 Y THEE
AF1159} MA6000]t}(Table 1).

e e T B oY € H

~ 007 403 002 — 004 074
204 016 23 001 078 011 -

40 F
o

30

l /7 nm

20[— °

o] 1 I — 1 1
o 1 2 3 4 5
t J ks
Fig. 1. Relation between the thickness of yttrium

coating layer and coating time(1000V X 7mA)
3. gy
3—1. Y Z&of 98 AF115, MABO0OO xBtZ

[
YE FHR A9 B4 g A5



168 ghaal ek s] A A4 A2 3 (1994)

AF1152F MA60002] 4tal 48 Fig 2. 3¢

vhebyich ojx A9} Y& HeFo] Fheel

upet 2] AbsL EeFol @ AshAl ghastalvk
)

+ = A A 1oL} F o ) )
2 F7h as e, et wgskat.
olohirel Aol Yob & AN WUk
of Frto & AbskFakel Abashi: ol Gig
4 AF115
s Y coated,10nm
€ . 25nm

AW (mg/cm?)

‘/A

a A
°,
B N S —

o k#{z‘ A=t

8 12 16 2¢ 2, 28 32 36
N\ 7

W/

[ 17 (min’2 )

Fig. 2. Weight gain-time curves for oxidation of
AF115 in 102 kPa O? at 1373K.

AW (mg/cm?)

. / /
P
‘/ A/
2 —ah Ju
i A Aaat ST —n

| 4 MAG000
o Y coated, 10 nm
\ i 15 nm
. 25nm

i o
\ T
\. -
e
\\

N

N
| a A a A A

; Q_._W—r— o—o /.4& Y / \
o) -~ 7 7: — b~ —t
4 8 12 |‘!3 20 Az /zac A3 @36

e (mml/?)

. ‘l ¥ / \/
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Photo.1. The surface of AFl 15 and MAGOOO after oxndahon mn IOZkPa Oz 1373]( for 72ks.

(a) AF115 (b) Y coated AF115, 10nm

(c) MA6000 (d) Y coated MA6000, 15nm
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Photo. 2. The cross section of AF115 after oxidation at 1373K for 72ks.
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Table 2(a) The chemical composition of oxide scales on AF115 oxidized to 101.3kPa0, at 1373K for 10.
8ks.

%:::::\ Composition(wt%)
ALO, TiO, Cr0, Co0 NiO NbO,  MoO, wo,

@ | 13.32 11.35 38.07 11.15  17.85 2.41 0.45 231
@ 15.18 1.32 6.50 3.28 10.81 371 4.11 41.56*
@ 7.47 8.61 4.18 8.29 64.38 1.78 1.78 7.37
@ 76.19 0.50 2.40 1.00 4.41 1.06 1.06 13.38
Q Matrix

* WO,=(WO,+HfO,)
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Fig. 4. The scale morphology of AF115 after oxidation at 1273K, 1373K and 1473K for 72ks.
(a) 1273K (b) 1373K (¢) 1473K
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Photo.3 The cross section of MA6000 after oxidation at 1373K for 72ks.
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Table 3(a) The chemical composition of oxide scales on MA6000 oxidized to 101.3kPa0, at 1473K for 10.

8ks.
Composition{wt% ) -
ALO, TiO, Cr,0; NiO Y0, 7r0,  MoO,  Ta0, WO,
@ 3.81 14.27 38.62 21.75 465 018 069 524 271
) ‘ 7.47 5.60 3.93 70.25 0.77 0.08 0.81 9.04 2.52
@ | 4186 1.65 7.59 61.55 0.49 0.27 2.46 4.65 4.60
@ ‘ 77.10 4.95 8.55 13.04 ~ 0.38 3.69 7.51 10.60
® Matrix B S
Table 3(b) The chemical composition of oxide scales on MAG000 oxidized to 101.3kPa0, at 1473K for
79ks.
Compositgr;( wt% ) S
ALO, TiO, Cr0, NiO Y0,  Zr0,  MoO, Ta0, WO,
@ 5.16 0.95 2.68 17.18 — —- 08 1257 1.52
® 17.23 6.96 3.45 57.11 1.05 0.22 0.55 19.81 2.19
@ 32.59 2.74 2.81 30.46 - 0.28 7.79 27.85 12.13
@ | 5598 3.73 1.75 39.03 1.52 0.60 - 10.08 2.07
® | 8061 5.94 2.41 22.28 - - — 5.52 1.42
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Fig. 5. The scale morphology of MA6000 after oxidation at 1373K.
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Fig. 6. The scale morphology of AFI115 and
MAB000 after oxidation at 1373K for 360ks.
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