HBEEEMBISIRE Vol48, NoJ3
RARE METAL MATERIALS AND ENGINEERING March 2019

%48 4 %531
2019 4 3 H

Si Xt Hastelloy N & €& L 1T AR

IR, FdEAa 2, mhakah !, RekAE?, BtA
(1. T E R B g N P B, B 201800)
(2. EPRAE K, EK 400074)

1 E. FARNESH TS, 5T AR Si &K Hastelloy N &4x 850 CHHIESAMAT A . &5 RKW, B Si & &
s SAAREh Iy 2 I AR R IR . AL 100 h )5, B4R EL Y ZILE, AMZHN NiO. NiFe,04 58 & ALY,
T JZE A CraOsy MoOs S5 A o T 7RG 2 5 S AR ST AL JE U LB 1) Si0, J2, A AR LE Cr BT W S Hidk A
SAL)Z, 23k Hastelloy N & 1 )2 JE BN BUR ) CrOs SALJZ, 1 T & &yt eitae.

XK##i7: Hastelloy N &4 milffb; Sis Atbsh i A2

FEESES: TG146.175; TG132.3™3

SCERPRIR AT

XEHS: 1002-185X(2019)03-0885-07

I8 8 HE 25 MR G T sl 0 SR8 el R 7 TR
THAE RS R, BTN A A ) 2 e
Gb, I G AR IR R N A AR M, AN
bt fe. AL MERe Y, Rk, SRR RS 5 SR HERT
RIS R ) AN R BB R

20 4l 50~60 4FAQSE H AR B0 [ K S8 =
(ORNL) & 74 5 8 HE B 7 — b [ 3% o 46 1
Ni-16Mo-7Cr %% =ik &4 (Hastelloy N), % &4 ¢
% B A R A R M A U R Rl R 5 R 7 T )
kBl WP IE A 40 5, Cr AL AL B | E i P fb
PETCE AR, &4 Cr KT 15% (550,
HEFMMERNEE, Cr T 6%, GE&FMHL "
EH R L R RES, IR KRS S
A 15%(00 20 F0O UL 1R Cr B I — 52 1 Al
L, (HAER S HE R, Cr(ADS 54 b i stk B
KA RN Cr(Al)+MF— CrFy(AIF;)+M®™, 3 &
S e ) N B, b fR IR Hastelloy N &4 2 A
B I (R J5 0 85 il 1k e, WK Cr R S R I
T%4 AT BT AR HELE I N IEAT, AR BT
FAbPERe St TR M 25Kk o Rtk , $2 F+ Hastelloy N
B MNP R SR AL T Ik Cr & & 7% i
e, WEHELMMESSITES R, RAHEM
) REWS A RBH 1k & 4 2k — 28 AL 1 3R i 2 TN
g5k,

Koger 1A A, Hastelloy N & &P fb v 3 4
&4 cr o ®a KL B Cr (AD JG#ESh, Si

fs HEA: 2018-03-15

2 5y FACHINE TR JC R, A R AU Mk I A A T AR
A7, DS mldbia e, Rk
AP, Si AR e L, AR, 4%
[f 1) 10, JIEmT LUBH. 1F He A4 70 25 1m) A4 ik, FRAR A Ak
MR, MM AR PR PR BE . Wang! YAk 4
J& B 1 AE Si0, T 4 U 2 i I T 78 NiO Hh i 97 L
HE, NEE ST AN ALK ERLE, Sio, )ZH Ik
Cr b NI, Bl 328 1) 6 4 36 1 A0 A 5 AR K 26
FR) O B BT 3%

AR A E SR F L, W5 T A ST &R
Hastelloy N & 4 850 ‘CHIHL AT Mo FIH X 8 2647
S (XRD). H4iBE (SEMD. il (EDS) Zr#7
FHTHRE (EPMAD M4 G, W T H5 2
TEFL Ly, BRVT T Si g6 Z R AT S 1R 58 i R,
CLH A Hastelloy N A5 45 (1) 8 T A o 38 i A3 52 56 6 it
PR AR o

1 % I

I FH A5 O+ B 25 FEVA % Hastelloy N &
4o Si FEDEII N N 0%, 0.15%. 0.5%. 1%, &
LA IR 1 PR ek A &R 1177 C
WAL AL 60 min, /K¥%. RJGHELY 4 mm BEHRAS
AL FE 20 min, $5 i B 26 D) EI A 30 mm X 10
mmX2 mm AR, JFH SIC AR T IS 2
2000#, #G. FHXAEbRIC )G FH QREEBE 259 BT,
S K i ) R R o

EEWB: EFAREFEES (51674237); BEMEIGRME ARG T H 55200 = %
TEBE N IAEA, 5, 1991 448, ik, hERER LEN YRR, L 201800, HL%: 021-39194077, E-mail: guoweijie

(@sinap.ac.cn



- 886 - WA GRS TR

48 %

% 1 Hastelloy N &L FERS
Table 1 Chemical composition of Hastelloy N alloy (/%)

Alloy Si Mo Cr Fe Mn C Cot+Al+Ti Ni

0%Si  0.05 16.15 697 4 0.52 0.05 <0.2 Bal.
0.15%Si 0.18 16.24 6.89 4.05 0.53 0.05 <0.2 Bal.
0.5%Si 0.56 16.11 6.88 4.01 0.53 0.05 <0.2 Bal.
1%Si 1.01 16 6.87 4.04 0.53 0.05 <0.2 Bal.
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Fig.1  Oxidation kinetics curves of Hastelloy N alloy with
different Si contents at 850 C
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contents oxidized at 850 °C in air for 100 h
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Fig.3 SEM images of Hastelloy N alloy surfaces with different Si contents after 100 h oxidation at 850 C: (a) Si-free, (b) 0.15%,
() 0.5%, and (d) 1%
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Alloy o Cr Fe Ni Mo Si
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Fig.4 Cross-sectional SEM images of Hastelloy N alloy with different silicon contents after 100 h oxidation at 850 C: (a) Si-free,

(b) 0.15%, (c) 0.5%, and (d) 1%
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Fig.5 Cross-sectional SEM image (a) and element distributions (b~f) of Hastelloy N alloy without silicon oxidized at 850 “C for 100 h:
(b) O, (c) Ni, (d) Mo, (e) Cr, and (f) Fe
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Fig.6 Cross-sectional SEM image (a) and element distributions (b~h) of Hastelloy N alloy with 1% silicon oxidized at 850 ‘C for 100 h:

(b) O, (¢) Ni, (d) Mo, (e) Cr, (f) Si, (g) Fe, and (h) Mn

7 KN Si &£ Hastelloy N 4> 850 ‘C44k 100 h (B # I EPMA %
Fig.7 Cross-sectional EPMA patterns of Hastelloy N with different silicon contents at 850 ‘C for 100 h: (a) Si-free, (b) 0.15%Si,
(¢) 0.5%S1, and (d) 1%Si
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Effects of Silicon on the Oxidation Behavior of Hastelloy N Superalloy at 850 °C

Guo Weijie "%, Li Jianshu'%, Lu Yanling ', Zhang Jixiang®, Zhou Xingtai'
(1. Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)
(2. Chonggqing Jiaotong University, Chongqing 400074, China)

Abstract: The isothermal oxidation behavior of Hastelloy N superalloy with different silicon contents at 850 °C in air was investigated by

a discontinuous increasing weight method. The results show that oxidation mass gain kinetics of the samples follows the parabolic law

with increasing Si contest. It is observed that the surfaces of the alloys exhibit a multi-layer structure after 100 h oxidation. The outer

oxide film of Hastelloy N superalloy mainly consists of NiO, NiFe,O4 and other oxide composites. The middle layer is confirmed to be

Cr,03 and MoO,. A continuous and dense SiO, sublayer is formed at the metal-oxide interface, it is effective to prevent Cr diffusion. The

addition of Si promotes the formation of a relatively continuous and compact Cr,Oj3 and it can strongly improve the oxidation resistance.

Key words: Hastelloy N superalloy; high-temperature oxidation; silicon; oxidation kinetics; oxide scale
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