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Internal oxidation and internal nitridation of Ni-base alloy with
high Cr contents during high temperature exposure
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Abstract: By mean of the microstructure observation and composition analysis of the isothermal oxidation layers, the
internal oxidation and internal nitridation behavior of the nickel-base superalloy with high Cr contents were investigated.
The results show that the surface layer oxidation occurs during thermal exposure of the alloy at 850, 900, 950 and 1 000
‘C, and the layer structure appears in the oxidation films, thereinto, the main oxides in the layers from surface to inside, in
turn, are identified as Al,O;, Cr,0;, NiCr,04 and NiALO4, CryOz;, CrTaO4 and AlyOs, respectively. The oxidation
behavior of the alloy under 900 ‘C is determined as the fully oxidation resistance level, the oxidation behaviors of the
alloy in the ranges of 900—1 000 C are determined as the oxidation resistance level. The internal oxidation of the element
Al occurs during the isothermal oxidization of the alloy at different temperatures. The regions near the surface oxides of
the surface oxides is identified as the internal oxidizing zone of the element Al, and the matrix region far from the layer of
the surface oxides is identified as the internal nitridizing zone of the element Al. And the depths of the internal
oxidization, nitridizing zone and the size of the internal oxides, nitrides increase with enhancing the temperature of the
isothermal oxidization. Thereinto, the poor-zone of the element Al appears in the around region near the oxides and
nitrides, and the decomposition and scarceness of the y’ phase occur within the poor-zone of the element Al.

Key words: Ni-base superalloy; isothermal oxidation; kinetics curves; internal oxidation; internal nitridation

ZEEWEH: EHEBRRFEES VT BIIHE (50571070)
Wim B 2011-01-10; fEITHHR: 2011-05-16
WIEEE: WFEE, B%, it Hig: 024-25494089; E-mail: tiansugui2003@163.com



H22 %5 2

HE DL, A & Cr B S S mild N A BT A 409

BRELG & BA R AR AR ST AL R v i A
kR, O ZNH TR R LML B )
LA TAE, Rl N T DM UR SR
RN IR AL IR SRR, Ao
fem T RN ARG, R K58 18
FEU A R AL B AR,
TAFRE A 800~1 100 'C, KFULEEERAILS 4 R
AW R ) R, BRI G & R &R
P E e RE . BRGS0 A Ay AH A
R KB, IS Aot s Al Ta Fl Ti 2 /A IE
WotE, Mit®E Al Ta Ml Ti SEAES, 54Ty
FHAFA S EAE N, v S S S MIEAR ). e
BRI S IPUA RN B ik BE . BRE S &b R
Ik 10%LA_EIcE Cr ANEREMICE AL o,
JCEHE AL T E R

HUANG 25111) }2 WALLWORK F1 HEDPRA Ay,
Ni-Cr-Al &40 mi A i, 2 H 3 bl
FreEl, o, AL 1, Efbid fE%2 Nio 7k
Keprdil, AR AR ALOs 1 Cr,0; WAL
s AP TTA, Akt FESZ Cr05 A KTl
TEAAMIAL A AN IELE ) ALOs WA ThTAE
Cry0; AMEALZ N A GES ALO; 2, JFRAICER
Al [R5 & S il e I AR R A 1R 5 = AR
EHLEL. B Ab, IR SEAE K44750 CMSX-4T 5 4
) i E AR B P B JE % AIN AT TN AH . i TR
A1 v E AU BT 1 A A ) 2 R i R A 0 55
Wi Lz —, Bk, A A R S
PR E R FOE A —.

JUE RS S AT ER IR AT, T npA AL
W, ARFE AR HIEER S AER T, Ui bR
JES IR, —HRAPEMRZITR, Ga&PrcE
Cr fl Al & RAEFIERAOMALZ, BEEAIIEAT,
HaMANAE R AT #TE, A NE S
NG LW, RAITCE Al FINEARNEAL, ke
HGa ALTCE, SRR, BE S REA
PERE.

Pk, ASCAEE Bk T — & T A S
RAWEH- I Cr 865 4. B8P E 10.78%0%
BN Al Ta JTTE M 7.64% W, Mo 6%, HA
B RIS s iR S b R A AT
PUBEPERETT N 12.59%[1 6% Cro W%
A AT R PRI, BRI 4 R AR AL AT AL
PORLEE, XA AR i R 5 4 i T R 5 Y H
LB .

¥ 2> 4.04A1-6.74Ta-5.16Co-1.35Mo-6.29W-
12.59Cr-Ni Z:(RE AT %) G848 S IEINVIEI, 5
ERREE, JFYIEIEK 10 mmX 10 mm X3 mm [ REE
it FERE S 1000 57K BERDARET B, 20 7R I B 75 e v
e, THREH.

T E RS RON BRI RERRE =, Akl
HB5258—2000 [F ZAxE (M A i & 4 P e A kil
SEIRLS 715, 2 I7E 8504 900, 950 A1 1000 CHEAT
THIR AL, AFFES 20 1. 3. 50 84 144 30,
54, 78 A1 100 h J5H i, KGN 0.1 mg ¥ FA2104A
RPN EUEIE I 3 AMAFERR Y
SPRME . e AR T i, IR A
W I ih&e. k9 b s AR i A B I R o A
AOHEIE , K8 A0S BORE S AT R IR AL HE . 2 )5,
K SEM(S—3400N )R b 474 Wi 17 (14 Ao TE 30
MEE, FERAFRIESNTHAHEAT SEM/EDAX X %
3N o ARYE AP > ARFAE , WG ) Ei A AL
WAL WEWHE, JERHIFAIZI, Xa8K
A AR AT B AT

2 HERE5SMH

2.1 ([EESKsAE
B4 850, 900, 950 F1 1 000 ClEVEEAL 100 h
Hish 1Mk, w1 s, HE 1 LLEE, &

W

e—850°C

Mass gain/(mg-cm™)

0 20 40 60 80 100
Time/h
1 AE5E 100 h (Y BTE RGNzl Jy 2 ih 2k
Fig. 1 Mass gain kinetics curves of superalloy isothermal
oxidized for 100 h
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Fig. 2 Morphologies of oxides on cross-section of alloy after oxidized for 100 h at different temperatures: (a) 850 C; (b) 900 C;

(¢) 950 °C; (d) 1 000 ‘C
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Table 1 Concentration distribution of elements in different regions of alloy shown in Fig. 2

Mass fraction/%

Temperature/ 'C Point
No. Al Cr Ta w Mo Co Ni 0 N
1 25.56 9.06 5.76 5.47 1.27 3.66 37.24 1.13 10.86
530 2 29.37 5.70 3.84 6.22 1.29 2.84 26.20 23.74 0.81
3 44.23 5.30 6.11 3.24 0.80 2.39 21.04 2.13 14.76
4 50.20 4.72 2.50 2.70 0.71 2.05 17.22 0.91 18.98
200 5 51.57 3.91 5.39 3.69 0.89 1.55 11.09 1.10 20.81
6 38.03 4.81 1.78 4.19 0.64 2.39 19.73 27.26 1.16
7 55.22 4.07 1.83 2.87 0.66 2.25 11.23 0.77 21.11
950 8 61.36 1.44 2.03 2.05 1.00 0.50 5.68 1.01 24.93
9 53.49 0.77 1.04 1.61 0.88 0 1.95 38.83 1.44
10 71.96 0.50 2.39 0.41 1.68 0.36 2.51 1.48 18.71
1 000 11 69.86 0.93 2.01 0 1.80 0.88 3.58 1.68 19.26
12 56.82 1.13 1.96 0.63 1.55 1.36 4.19 30.22 2.13
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Fig. 3 Morphologies of cross-section of oxide film of alloy after etched at different temperatures for 100 h: (a) 850 C; (b) 900 C;

(¢) 950 °C; (d) 1 000 ‘C
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Fig. 4 Schematic diagram showing internal oxides and

nitrides layers formed in sub-surface of alloy
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Table 2 Thermodynamic data of forming Al,O; and AIN

phases at different temperatures
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Phase
850 C 900 C 950 C 1000 C
Al,O; —1319.891 —1295.609 —1287.5 —1263.285
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