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F 1 GH3230 & & HILM B XL FRS
Tablel Chemical composition of GH3230 alloy (/%)

Cr W Mo Fe Co Mn Si Al C La B Ni

2214 2 3 5 05 04 03 0.1 0.02 0.01 Bal

S AL 526 A A RS N 30 mmx 10 mmx 1.5 mm, £
P LRI J5 2R THALRE FE R, (BN 0.63~1.25 pm. {Ff
FETC7K T b 7 R 5 B 20 min JEWRT, BT R
O ORE 0.1 mg) FRE I, 2N mEiR b 2 i [
T A R A BN E 1200 C R R I
PR EE 60 min JE YT, TAEERTE S min N
1 MG, FEAT 1~100 KPEH ARIETERS 5 NG
JE R AR B A B B AR 5 R =, R B T
PR B8 S IR RBO A5 A3l Jy 2 42, 0
FFHAREHEAT 100 h #8405, T2 0.

KA TR ME (SEM) WEZ RIEH A
MR REAEBEmASERBEm, XH
YB-T5320-2006 4 J& A4 K} & 5 AH 4 B br v LA X 56 26T
4 (XRD) K fHiEHHra R WAHA . B4R
B (EPMA) & &5 B S84k J5 i FE o0 2 40 A AR 4
FARA, b R ACRUIR R O JCERETR 15 kv
I K . 50 nA HLF AR AN N RBE R ST

2 HR5WR
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IRFEFREE 45 R W], GH3230 A4 7E 1200 C TR
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A, N EWRIEZA S 2 RIEH A REE, D
TR KRB R & .
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curves of GH3230 alloy
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Ry P R P2, %A & P UE A 0.5 (=, %)
1) Mn Jo &, £ EBHEFREELNBLT, 2 RE
HRABREREHENAFERTONMES —EEM
MnCr,04 ALY, AL I Fh G AR K 5 400 %
LA 1) S MR/ IR 2R it A 2 W AR A 2 T R U v R A
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N 202, J&TIZIKEECRHIAA =Y, IR N B
AR PR B A R AR R R,
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Table 2 Oxide types and their relative contents of GH3230
alloy after different overtemperature exposed cycles
by XRD analysis (w/%)

Oxide Number of cycles
type 1 2 20 40 60 100
CrWO, 4 -

NiO - - 10 5 4 5
Cr,05 17 18 21 24 23 26
MnO, - - 1 1 1 1

MnCr,O4 10 11 33 33 30 31
Substrate 69 71 42 37 42 37
o, =€Eqx (2)

K, B WA R R, Per fH5 1 2 05
Ko FEAEMAKN R, BIAH AR BEZE T Cr0;
10 25 K B2 7 AR e R0,

MR 1200 CHREZTSREHET. AHBET
TEEACT= ) P I T BOE R S f8 B m Y, i A 4
R THI AR S5 B 1) T R [R] B3 K, Cry O 7 252 B 1 38 5
[ R ) 22 T 1100 2 1093 CikE 4 1F %k
VIR, A N L AR KRy R FEHE S A BRI
i, MR T DR PGB Crn0; HALIEH &
MG, (555N E AR AP IR 5.

DR, R R R P A K B g K R R S o 2
GH3230 A& #F8:. REAMKRERRAER, T
KU ZE 77 A B BB — 2B hnad . e T — 8 AR
Ik g Hak B — € 5 B 1 S B IR TR RN R B

BEXT GH3230 & 41l PR A0 9 06 B B A S AL M 1
IR EE R, M HT 1~2 IRIAR TR R .
EDS B TR W, 2R 3 5 5% B i A4 DL &
A TR AL B B A 70%~80%Cr F 20% 447 O
JLE, A XRD P HTEE R (R 2), NN Cr0s;
AL E AW, BRE Cr Ml O FMEF 15%~23%
i) Mn Ju#&, X XRD 708 45 R ] HE A MnCr,04
8 MnCr,0,4+Cr,0; FITRE ).

X LGS AL ) VAT B B T I B R VA BOIR 4 A
AL AL E IR AR . AR v AR S, (HH
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[ 1 O Ju & M T EREF T 45 A BoR, R L
JEAR v HoR 5 A 2R, HHL B A 3B 1) S A0 0ok B CIE
2b) o A A L AN T S I T DA o AR
FE 5 TR AR K B A AR A7 (1118 R T GH3230 &
& 1200 CHER TR %A B RRER B HL ] 3 B8O R
TH] 52 e S0 87 (14 B 0 T 7 S IR A e 3

W% SEM MR, 1E 1~2 KRG ER T
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Fig.2 SEM morphology of the surfaces oxides (a) and EPMA
mapping of O element on cross sectional of specimens

overtemperature-exposed for 1 cycle (b)
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Fig.3 Morphologies of the surface oxides of the specimen

overtemperature-exposed for 1 cycle (a) and 2 cycles (b)
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Fig.4 SEM morphologies of surface oxides of the specimen
overtemperature-exposed for 20 cycles (a) and 100

cycles (b)
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Fig.5 EPMA mappings of Cr and O elements of the cross sections of the specimen overtemperature-exposed for 20 cycles (a-b) and

100 cycles (c-d)
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Fig.6 EPMA mappings of O and Al elements on cross sections of the specimen overtemperature-exposed for 2 cycles (a-b),

60 cycles (c-d), and 100 cycles (e-f)
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Fig.7 EPMA mappings of Cr and W elements on cross sections of the specimen overtemperature-exposed for 2 cycles (a-b),

60 cycles (c-d), and 100 cycles (e-f)
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Fig.8 Depth of the internal impacts caused by cyclic

overtemperature oxidation
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Oxidative Behavior of GH3230 Alloy After Overtemperature Cycle Treatment

Zhang Yawei'?, Shen Yu', Ju Quan', Xu Guohuang', Zhang Ji’
(1. Gaona Aero Material Co., Ltd, Beijing 100081, China)
(2.Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: The oxidation kinetics of GH3230 alloy was measured as a function of the cumulative time during cyclic thermal exposure at
1200 °C. The oxidation behavior, the resulting composition, and microstructure of the nearby surface layer were observed and analyzed by
SEM, XRD and EPMA. The results show that GH3230 alloy exhibits continuous oxidation mass loss during cyclic thermal exposure, and
the mass loss rate is decreased from the highest value to the lowest level and then gradually increased with proceeding the thermal
exposure. Nevertheless, the alloy thickness loss after 100 exposure cycles is obviously less than the thickness-fluctuation limit of
standardized plate products. The remaining oxides on the surface after thermal exposure are mainly composed of Cr,03; and MnCr,04. The
normal gas pressure produced by carbon oxidation, the increment in oxide growth stress and the thermal stress caused by overtemperature
exposure lead to the cracking and spallation of the outer oxides. At the same time, internal oxidation occurs along grain boundaries
significantly. Additionally, it is worth noting that the Ni-based solid solution layer transformed through selective oxidation and oxidative
decarbonization is ductile and its thickness is always much larger than the internal oxidation depth. Therefore, the embrittlement effect of
internal oxides can be inhibited.

Key words: GH3230 alloy; cyclic thermal exposure at 1200 °C; oxidative mass loss; intergranular oxidation
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