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ABSTRACT The oxidation behavior of a cast Ni-base superalloy K35 in air over the temperature

range of 850 to 1000 C for period up to 100 h has been studied. The results indicate that oxidation

kinetics obey parabolic law from which the values of activation energy Qp1= 274 kJ/mol and Q,2=315

kJ/mol were estimated. The scales on the surface were determined by SEM, and EPMA equipped with

an EDXS unit. The results show that oxidation scales are composed of loose upper layer consisted of
TiO2/Ti0-Cr;03 and a small amount of NiCr,04 and NiAl;O4, compact intermediate layer Cr,0Os3,

as well as discrete internal oxides Al,O3.
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1 XRAE

# K35 S HEERBNPWEE, EESTBHEE
HERERY 15 mm iR, LUFE 10 mmx 10 mmXx
4 mm BidFE, FH2 800—1000 S KBEAFE, ZBF
%&H. K35 S&fuibam (REM, %) H: C
0.075, Cr 15.53, Co 10.73, W 5.33, Mo 1.99, Al 2.89,
Ti 4.68, Nb 0.21, Ni & #&.

ERELLEAKIE HB 5258-83 #17. HiAHET
FREZEEN Al,O3 HIRF, 2 SHRERERL (K)
B, HRmELRE TR AR EAHE. RILRRE
Xy (BEMEY £2 C) HiET, BESHH 850,
900, 950 DA X% 1000 C. RABSHERNE S EMEL
AFHE, EEL—ERNE (25K 1, 3, 5, 10, 25, 50,
75,100 h) f&, B HIRAE DT-100 SR TY (BE
% 0.1 mg) HFE, TRMEN 3 MM THE. A XRD,
SEM, EPMA # EDXS #&WMZH it EALEAR 5
R, FEAEALBEARIRE AT W

2 XBRERSTE

2.1 $WiknhhHE

& 1% K35 &47 850—1000 CHERELSIH
Y. MBI, ZEF—BH], K35 §efE =R
BER A BT ARSI, SABIEERR, A
MR, EUEEZHES, BELESTFRY. £ 900
CTUTF, K35 5&B72EE; 900 F| 1000 C/®
HELK. NENHMENTH SRR RME (B
2) qUEY, ZESNELERFESRMPENE. NELK

RESVIRE, S—BERNEHMYLERYEI kpy f
kp2, WEATEEALBIR EALMLEI A . 850 CRIREAE
RHEY 25 h, H kp > koo, BEHE Y 8, 84
L o R R AR Y B R, I LIRS, R
FF Cr3t EEMETRMT B, FEI kp2 < kpy. 7 900,

. 950, 1000 CHY, HTHARTE45]% 49, 40 131 h, H

ko2 > ko1, XUHBEMFEAERT Cr®t EELBEFH
R R A REIRAHTR B RF R E SRR EREE ko
M kpz (M 1). H#E Arrhenius R, 12
k, = Ae~@/RT (1)
AH, ky HELEEHE, me?/(cm*h); A MY
Q FEALWIERE, kI/mol; R FSEHE; T HEE
B, K. 3#MInk, 31/THE,5RLE 3. LK
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Fig.1 Oxidation kinetics curves of superalloy K35 at

850—1000 C
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Fig.2 Dependence of the square of the mass gain (AM)? on oxidation time at 850-1000 C for superalloy K35
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Table 1 Parabolic reaction rate constants kp at different temperatures and oxidation active energy Qp of superalloy K35

Temperature kp1 r Regression Qp1 kp2 r Regression Qp2
C 10~3 mg?/(cm*-h) range, h  kJ/mol 103 mg?/(cm*-h) range, h  kJ/mol
850 . 4.44 0.991774 0— 25 274.3 3.52 0.999251 25 — 100 315.3
900 9.54 0.999754 0— 49 16.00 0.994516 49 — 100
950 } 33.9 0.999188 0— 40 56.00 0.997166 40 — 100
1000 139.0 0.997903 0—31 185.00 0.999540 31 — 100

T&BE Qp1 F Qp2 2514924 274 7 315 kJ /mol. 5 Cr3+
# Crz0; PHIT BUMIERE 259 kJ/mol AL, FTLUAN
K35 4 & EbEfBE Crdt £ Cr,03 Payy #.
2.2 JLBMBER

#£ D/MAX-2500PC %l X ST ExHEALIR
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FIERFHBHAL, REEHRENAR, S
MR IABE L. £F 1000 CHY, MHNT ERPE 0.296
5 0.209 nm #WARIE TiO H4Ffrvs. SEM 4k
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Fig.3 Arrhenius figure of parabolic reaction rate con-
stants for superalloy K35
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Table 2 Phase constitution of scales at different tempera-
tures for 100 h on oxidized K35 specimens

Oxidized temp.
850 C
900—1000 C

Phase constitution
Cr203, TiOg2, TiO, Al203, NiCraO4
Cr203, TiO2, TiO, Al2Og3,
NiCr204, NiAl2O4

2 FLAES), 850 ChY, ELEFEEH Crz03, TiO2, TiO,
Al O3 F/bBR&EA NiCroO4 . 900—1000 CHY,
Br ER &S HEAEENS, BHAT NiALOy RREA.

2.3 JitERmBR

& 4a—c BEALRAEN 900 T, |iLBEZHA 1,
25 % 100 h if, AEEREEAREEL. HEEHS IS
SRR 3, 4.

ME 4a 7T, EAWH (1 h), AERERAEL
EEMEE, NE—READER, HEBNERL/
(1 pm), EALE 4 K EERYG FATh G 8 12
RE iR, EAMEER AL O;, TiO; ,Cr03 14>
B# NiCrO4. BEE LRI ZE 25 h(E 4b), EHHY
B AMKK, HERBEEH TiO; & Cr:03 MBEAE
i, HAFLE NiCroO4 RBAFTE, FERESEMN
SR 2 Al SR (R0 HBRIE (h 8.02% K&
Z 0.38%). XA ERSEETENELDES
A RERSAEER B FAerEHE 100 b (H
4c), EAWR EEE K REPHOK. FRERA, FEEMA
e, TiO; R ARER/N BLR Tk (31
Bl TiO, AL YBE EALRSIRIAY b0, 40/ INADRL T2 87 L 3R
B KRBk, SBERRHERGR, MET & &8
— R X5EANESMMTER—B. NETTR, &
BERTE A RESM B, UELR TiO; HESHIE
Cr203 BT HRMERRERL T (4 5ImE+ A & B fr
7). BREWERTFER Ti/Cr(EFH, TH) KEAR
FFE, Kb Ti/Cr =15, fEERe Ti/Cr = 1.22.

3+ 4 35 850—1000 CH 4k 100 h SREE TSR,
MRATN, HEARERHEE, SAERE Ti B
H¥Z, m Cr TBZHHS. X-HATF Ti HF# Cr03
BohARmayTmR 19
2.4 JABMENERSHEK

B 5 & K35 44iR#4 54 850, 900, 950 K
1000 C#H4k 100 h SHEMEESR. NEWR, BEE
REAN I, SAREERK, AEAFEME. i
SMrRHE: HMEEER TiO; X Cr,03 WIREE, BH
B PEBREEBEN Cr0; B. X 1000 CHEA
100 h EEEMTEHITHR TR B FEM, SRLE 6. A
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Fig.4 SEM morphologies of superalloy K35 specimen oxidized at 900 C for different times

(a) 1 h, noncontinuous oxide scale formed by Al203, TiO2 and a small amount of Cr203 and NiCr204
(b) 25 h , continuous oxide scale formed by TiO2 and Cro03

(c) 100 h, continuous oxide scale formed

® 3 7E900 T, 4BIEM 1 K& 25 h 5 K354 RLBEHERLT
Table 3 EDXS results of the oxidation scale on the superalloy K35 at 900 C for 1 and 25 h

Time Location Content of element (atomic fraction, %)
h Al Ti Cr Co Ni Nb
1 (Fig.4a) Base 8.02 3.58 11.82 5.50 26.47 0.60
Particle 6.72 7.64 10.04 2.91 10.01 0.59
25 (Fig.4b) Average 0.38 16.44 22.28 - 1.96 0.69

¥ 4 7E 850, 900, 950 & 1000 CE{k 100 h j5 K35 44 EHNREEMTER
Table 4 EDXS results of the oxidation scale on the superalloy K35 oxidized at 850, 900, 950 and 1000 C for 100 h

Temperature Location Content of element (atomic fraction, %)

C Al Ti Cr Co Ni
850 Upper 7.05 22.03 9.57 0.44 1.53
Lower 0.78 5.72 26.14 4.92 4.31
900 (Fig.4c) A - 16.66 1.11 - 0.28
B - 15.76 12.91 - 0.42

950 Bulk - 21.52 1.04 - .-

Particle - 23.77 3.38 - -

1000 Upper - 30.41 1.74 - -
Lower 1.08 4.93 29.82 0.36 2.60

R, B E 1000 CHf, Cr.03 BB TERE, N
mx&EEIMRFEM. K35 S&2mmiRE/L 100 h
FRALRS N 3 AR SMNREER TiO; & Cr20; BE
B, MR RS EE RN PEBREEER Cr20;
B WE (HEE) 2 “Wi” RWWELY AlO3 &
L& Ti R, XF TR REAHWHFE,

AR AR S B AR EE. AR AT

WY, BTHEM Ti-Cr BEESNEMN, WM
Cr20; BXH—BILAFE, HENNT BUEREE, &
BARGEESREERE hEEaMeERE 12 R
M 850—1000 CRA AN EER ALOs 4, HEH
A8 Ti ALY, MF Ti BFHS, MUEEEEE
g4k, MALBRAELY. EEMAREFS, % Ti-Cr
REBENEE SR NiALO,.
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Fig.5 Cross sectional SEM images of superalloy K35 specimen oxidized for 100 h at 850 C (a), 900 C
(b), 950 T (c) and 1000 T (d), showing scale thickness increasing with temperature raise

B 6 1000 C&4k 100h 5, RERBEHTRATHMELN
Fig.8 Characteristic X-ray images of the cross—section of the specimens oxidized at 1000 C for 100 h
(a) SE image (b) OK, (c) AlKa (d) TiKo (e) CtKa (f) NiKqo

3 4t ERUERGMEG TiO, 5 Cr:05 BAR, HEHI R
i NiCro04 X NiAlO4 REA; FHEEREFR Cr0;
(1) K35 SHERERR & S4E 8501000 CHIRIL o wopmnim ALO, %3474 TiO,/TiO.

HFRAMYERAE, HELMIEERS N 274 & 315 S8 P EAL.

kJ/mol, R K35 REMFMBNLRSE O TR ) pmwaostm, RERAMNA N TERAR

it Cr20; BRy s, Sk
Ck, SHRERHN, BRI,
(2) K35 487 900 CUTRFZLMEMR, & KR, S8R /A R

900—1000 CRRIFE LK. WHAIERN G HREREEBRES M T RELRIGTSTIE,

(3) K35 44 BmBELESs 3 ARBAM: 4 Emsuk.
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