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Table 1 Chemical composition of K492M superalloy (wt%)

C Cr Co Mo w

Ta Al Ti B Zr Ni

0.06-0.10 12.0-13.0 8.5-9.5 1.65-2.15 3.854.50

3.85-4.50 3.15-3.60 3.75-4.20 0.01-0.02 0 Bal.

R2 AR Zr 28 K492M A& Zr TR B XA S SZMMR S
Table 2 Nominal composition and measured composition of
K492M superalloy with different Zr contents (x10™*wt%)

Nominal composition 0 50 150 200 300 500

Measured composition 0 60 160 190 320 580

TER R B AL Ti R & 58, 4 & 2 A LB 3 5%
WEFC, AT HERZ AR () IR A2, 25 ERT R, $25
0Zr K492M & < = Bty p g i ZEAAAH < i P 9 B0 AT 1 !
DUBESRAGAH « i Ak 73 A7 1) MC BLGRAL P (p+y ) 3 i AH
ARk
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Fig.1 Dimensions of mechanical properties test samples: (a) tensile
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specimen and (b) durable specimen
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Fig.2 Microstructures of as-cast 0Zr K492M superalloy: (a) OM image, (b) SEM image of intergranular and intragranular precipitates,

(c) enlargement of the white-boxed region in Fig.2b, and (d) SEM image of y’ phase
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Fig.3 SEM images of precipitate regions at grain boundaries of as-cast 0Zr K492M superalloy and corresponding EDS element mappings
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Table 3 EDS point scanning results of different precipitates marked in Fig.3 (at%)

Point C Ti Al Cr Zr Ta Co Mo Ni
1 53.7 31.11 0 1.06 0.04 11.31 0 0 2.78
2 57.5 22.01 0 2.14 0.01 11.41 0.81 1.39 4.73
3 27.85 4.30 3.38 13.60 0 0 8.16 1.28 4143
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Fig.4 Microstructures of heat-treated 0Zr K492M superalloy: (a) OM image, (b) SEM image of grain boundary, (c) enlargement of the white-

boxed region in Fig.4b, and (d) SEM image of y’ phase
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Fig.5 SEM images of precipitate regions at grain boundaries of heat-treated 0Zr K492M superalloy and corresponding EDS element mappings
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Table 4 EDS point scanning results of the fine granular precipitate

in Fig.5 (at%)
Point C Al Ti Cr Co Ni
1 31.84 3.98 2.97 19.44 6.06 35.70
2 27.38 3.58 3.00 21.27 7.12 37.65
3 31.72 3.95 2.93 16.35 6.70 38.35
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Fig.6 Grain morphologies of as-cast K492M superalloys with different Zr contents: (a) 0Zr K492M, (b) 60Zr K492M, (c) 160Zr K492M, (d) 190Zr
K492M, (e) 320Zr K492M, and (f) 580Zr K492M
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RIES . Zr & BB KA92M & & rF A F R~
FAER BN . B Ze n R =N, AEy!
AR E 0.16~0.20 pm Y6 BBl 9 A2 4K 5 48 B9 AR FR 43 F (e
23%~24% L E N 9% 5 .
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Table 5 Grain size of as-cast K492M superalloy with different Zr contents in Fig.6 (mm)

0Zr K492M 60Zr K492M 160Zr K492M

190Zr K492M 320Zr K492M 580Zr K492M

1.52 1.32 1.03

1.22 1.35 1.49

B7 A Ze 85 i 745 KA92M il & &R AL e 3
Fig.7 Morphologies of carbides in as-cast K492M superalloys with different Zr contents: (a) 0Zr K492M, (b) 60Zr K492M, (c) 160Zr K492M,
(d) 190Zr K492M, (e) 320Zr K492M, and (f) 580Zr K492M

6 B7THRAE Zr R 2HBEKANMEIRA E MCHALYR T
Table 6 Size of MC carbides in as-cast K492M superalloy with different Zr contents in Fig.7 (um)

0Zr K492M 60Zr K492M 160Zr K492M

190Zr K492M 320Zr K492M 580Zr K492M

15.3 10.5 6.87

4.86 2.16 3.14
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Fig.8 Morphologies of y’ phase in as-cast K492M superalloys with different Zr contents: (a) 0Zr K492M, (b) 60Zr K492M, (c) 160Zr K492M,
(d) 190Zr K492M, (e) 320Zr K492M, and (f) 580Zr K492M

B9 AN Zr 2 B AL B KA492M iy i £ <6z ok 4. 41
Fig.9 Grain morphologies of heat-treated K492M superalloys with different Zr contents: (a) 0Zr K492M, (b) 60Zr K492M, (c) 160Zr K492M,
(d) 190Zr K492M, (e) 320Zr K492M, and (f) 580Zr K492M

R7 EIPAE Zr R EALES KINMSEA SRR
Table 7 Grain size of heat-treated K492M superalloys with different Zr contents in Fig.9 (mm)

0Zr K492M 60Zr K492M 160Zr K492M 190Zr K492M 320Zr K492M 580Zr K492M
2.08 1.76 1.63 1.72 1.98 2.15

G Zr S &5 MM R R E T HE KK, JRSFHT2.08 mm 446 A 1.63 mm. SR, 24 Zr & &k 3
AL PR K492M A 4 P i & Zr o6 & ] i i okz BH 5 40 0.058wt% i , AL HE A & L kL 2 KRBl % . 1F
1k, ot 160Zr K492M £ 4 &okL 40 4k 2% 3 B 5 25 5 SR AL R, B (p+y) LA o M R Ze FEAE IR
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10 WA Zr U3 & BN FES K492M & 4
WAk A TE 30 B, & Sk BT R M, C R, 3 8 AN TF]
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S5 RBRE (YS) AT 945~998 MPa 2 [A], ZEf#1 R (EL)
MITE 8.7%~9.3% Ja [l NI 8. EFME T, Zr iRk S &
AR A X A B A KA92M A 4 1A Af 1 B B m A D
760 CAF T, Ze T HE & BN AL P K492M & 4
R R M /N (B A S M R B O . 160Zr
K492M &< R I H S 0 1Y) v i 28 M, FLAE A 83K 12.0%
B 0Zr K4O2M & 44850 17 53.8%. E 12 W3 Fhzr &5

IR 72 S A SR e a i
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Fig.10 Morphologies of carbides in heat-treated K492M superalloys with different Zr contents: (a) 0Zr K492M, (b) 60Zr K492M, (c) 160Zr
K492M, (d) 190Zr K492M, (e) 320Zr K492M, and (f) 580Zr K492M

*8 E 10 RE Zr & EHLIEE K4N2M SR E & MCRRLIRT
Table 8 Size of MC carbides in heat-treated K492M superalloys with different Zr contents in Fig.10 (um)

0Zr K492M 60Zr K492M 160Zr K492M 190Zr K492M 320Zr K492M 580Zr K492M
14.9 12.1 6.98 4.26 2.06 2.01
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Fig.11 Morphologies of y’ phase of heat-treated K492M superalloys with different Zr contents: (a) 0Zr K492M, (b) 60Zr K492M, (c) 160Zr K492M,
(d) 190Zr K492M, (e) 320Zr K492M, and (f) 580Zr K492M

RITEZr 2 ERALESKINMBREA SN ERMS R
(760 'C) HEF11RE
Table 9 Tensile properties at room temperature and 760 °C of heat-
treated K492M superalloys with different Zr contents

Superalloy et uTs/ s/ EL/%
temperature/°C MPa MPa

0Zr K492M 25 1197 980 9.0
60Zr K492M 25 1200 998 8.7
160Zr K492M 25 1190 945 9.2
190Zr K492M 25 1197 967 9.0
320Zr K492M 25 1203 965 9.3
580Zr K492M 25 1204 963 9.0

0Zr K492M 760 1110 910 7.8
60Zr K492M 760 1110 918 9.8
160Zr K492M 760 1100 876 12.0
190Zr K492M 760 1110 933 11.7
320Zr K492M 760 1103 885 10.7
580Zr K492M 760 1146 961 9.2

4 (0Zr K492M. 160Zr K492M . 580Zr K492M) ] =5 il 47
AR T B Ak SR A . B 12 AT BUE L 3 Fh
ANTR) Zre 5 A 4o B AV T 11 3250 S22 T o T SRR AE , B4 4L
Bt A T A 5 38 HOpR BASHE T AR () MC BBt CE 6
X350 . 0Zr K492M 4 4 i i iz A W 171 90351 T w0 4%
FEE 2 A, EEAR TR DA A X, & &K AOR
BUZARBRA ) R W R0 FE RO Ry RIEE . g
Zr RN Z 0.016Wt% , 6 4 i i h i B 11903 i 22 41

B REW D, ARG EBEPEN AT, MESSE
i Zr S B N 2 0.058wt% , £ 4 W 11 40 351 T 24
guig /b, B HILLERT 0 X3k, & 4 AT D BT R
Lo EATICA T A, B Ze & EIG N, K492M & 42
HRR AL TR S T B SRR A R al /N JUIR o 7 i 5
Ak AR AR B AT S G (R B fmr VB F R & 51k
I8 £ T N ZLSCIR 5 BUE A 23R BRI i SR Sl
REARE AT, Be 8 G RANHIALEHE 3, G2 g8 )
W, NI RE SRS W A3 e, BRI T o m & &0 %
RE0, 580Zr K492M & 4 HH ik Ak 4 2 4l /N YOIk 73 A7
— B E ARG AR T R ECR, A
P FERAR, AEAR R A0 0 R B SRR Z AR T B ALK, B
5y 3| KRR 1B T 2L, DALk G 4 () BB MRS
760 ‘C/662 MPa % 1~ , AN A Zr & & b B &
K492M & &R A RENNASE LK 10, nTLUEH, Zr o
o B AL FEZS K492M & 4 147 A PE BE SL i s
NEZE . M Zr R EH oWt 12 0.016wWt%H , 54
FFAF7dr 1190 S 25 B TH 2 139h, 3808 M 16.8%, & & FF
I TE AR R FE T AE 6.2%~6.7% 2 6] ; Sk 41 hn zr & B &
0.032wt%I , & e FF A A o N 121 h, MiEfh = EA =
7.8%; &4 Zr & BIEF] 0.058wWt% I, FF A A iR TF A2
140 h, (HHF AJEAH R SRR 2 4.3%. 160Zr K492M & 4245
B AMERERAR , FEA T ATIE 139, FEAIEHE N 6.2%.
13 4 3 B Zr & & # Ak B K492M A 4 (0Zr
K492M. 160Zr K492M., 580Zr K492M) f) £ 2 B i [
MBS . 0Zr K492M £ 4 A1 160Zr K492M 454>
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Fig.12 Longitudinal tensile fracture morphologies of heat-treated superalloys with three different Zr contents: (a, d) 0Zr K492M, (b, e¢) 160Zr
K492M, and (c, f) 580Zr K492M

£10 IE Zr & EHALIRZS K492M A £ 760 ‘C/662 MPa 54T T 1 [X 4 ] W 22 3 22 2% 0% L a0l MC ALY e, T

BAE BT ALHE R . o
{ % NraEA Vet N+ B
Table 10 Stress rupture life and elongation of heat-treated K492M S80Zr K492M <5z ) FF A M7 R 1280 ()75

superalloys with different Zr contents at 760 °C/662 MPa ALY RIS . 0Zr K492M & 4 h MCERAL Y 2 K
Superalloy Stress rupture life/h EL/% FR oA, KSR MC TR A A 5 Bk ST Ak 5 7= A A 4
o o o SR, FERLD A (A R ST ROK 1 MC B AL YIRS T
160Zr 139 6.2 JRARFL , AT FEAR A 4 I RE A PERER . MHLLZ R, 160Zr
190Zr 122 7.2 K492M & & HUtR MC IR B T B db 4 8 L 82 7
zgif Lzul) Zj SRARIRAS , BRAIK T JR R 7 4R R R R SR T R R

R &EEFAFGFmEER S . 580Zr K492M & &

’\ ' 'A’ ‘l

V/E]carbide]

Intereranulanicracky
Intergranulareracks

%

V/Efcarbide]

BI13 3 FfAN ] Zr 7 B A AL B K492M il 7 2 7E 760 °C/662 MPa 25 )4 A 7 11 0 i P
Fig.13 Longitudinal fracture morphologies of heat-treated K492M superalloys with three different Zr contents at 760 °C/662 MPa: (a, d) 0Zr
K492M, (b, ¢) 160Zr K492M, and (¢, f) 580Zr K492M
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M XA RO ()L AT, IR 5 & Zr ot
RIINA 4 L A AR BOE B A . T ()
3L AR R T e PR 2 21, JCARFR 4 38 in e S 8 A2 R
VRREETEZIIS XRS5 58 FAEMERE N F
gﬁo
4 % i

Dl & Zr JC 2 W 0 I oK 52 45 3 R Ak B A
K492M & 4 1 E B . #5735 K492M 4 4 1 4.
T By FEORAH 5 Ny DUTE AR & T MC BB AL P A0
() IS R . AL ER S S & (p+y ) I S A E AR T
2, M7 M,C BB o

Tl Zr TG U 1T 3 411 KA92M A 4 1 ki 4.
21, Horp Ze 58N 0.016Wt% T, A 4 0 &Rz 20 2 44k B
N EVES A SRR ST B 0Zr K492M & 42117 1.52
mm 446 & 1.03 mm, AP S G &R R ~F b 0zZr
K492M & 41 2.08 mm 4046 % 1.63 mm.

3B Zr & B 1 0.006wt% 18 I & 0.058wt% , 55 &
FIHAE BEES K492M & 4 H 1) MC Btk & T 4i 4k, &
K ORI Al N IR s Ze 0 RIS B5 35 A ik
FEAS K492M & o FH AR R 73 B0 R RS 8L/

DZr TLEF BN RS K42M A& =R
T Ad It 8 22 Rl (760 C O iz Ad 5 B 52 M B /N, (H B 2 5
M £ 4 11 v it 28 P R RE A1 BB (760°C /662 MPa) , HL
160Zr K492M £ 45 fey il Fir A e A 28 % 358 A 75 i fe vy » A
T 0Zr K492M & & il i 1 53.8% F116.8%.
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Effect of Trace Element Zr Addition on Microstructure and
Mechanical Properties of K492M Superalloy

Xu Zhiheng', Yang Guangyu', Yang Yiyan’, Cheng Huimin’, Jie Wangqji'
(1. School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)
(2. AECC Aviation Power Co., Ltd, Xi’an 710016, China)
(3. Xi’an North Optoelectronics Technology Defense Co., Ltd, Xi’an 710043, China)

Abstract: The effect of trace element Zr addition on the microstructure and mechanical properties at room temperature and high temperature of
K492M superalloy was investigated. The Zr content in the experimental alloys ranged from 0.006wt% to 0.058wt%. The results show that the
addition of element Zr does not change the main phase constitution of the as-cast and heat-treated K492M superalloys. The microstructure of the
as-cast K492M superalloy mainly consists of y matrix phase, y’ precipitated phase, MC carbides, and (y+y’) eutectic phase. After heat treatment, the
(y+y") eutectic phase is nearly eliminated, accompanied by the precipitation of M,,C, carbides. The addition of element Zr significantly refines the
grain structure of the as-cast and heat-treated K492M superalloys. When the Zr content is 0.016wt%, both the as-cast and heat-treated superalloys
exhibit the most significant grain refinement. With the increase of Zr content from 0.006wt% to 0.058wt%, the MC carbides in both as-cast and
heat-treated superalloys tend to be refined, while element Zr addition has a minor effect on the volume fraction and size of y’ phase. The variation
of Zr content has little effect on the tensile properties at room temperature and the tensile strength at high temperature (760 °C) of the heat-treated
superalloy, but significantly influences the ductility at 760 °C and stress rupture life at 760 °C/662 MPa. The superalloy with 0.016wt% Zr content
demonstrates the highest high-temperature elongation and the stress rupture life, which are 53.8% and 16.8% higher, respectively, compared to the
0Zr alloy.

Key words: K492M superalloy; element Zr; microstructure; tensile property; stress rupture property
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