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Table 1 The control range of chemical composition of K492M superalloy(wt.%)

Element C Cr Co Mo w Ta Al Ti B Zr Ni
Coment 006~ 120~ 85~ 165~ 385~ 385~ 315~ 375~ 00~ 0 Bal
ontent 4 19 13.0 9.5 2.15 4.50 4.50 3.60 4.20 0.02 al

kg EL BN AT IR . BFE BB IREA 2R E NI B
EBRENZEE, IR 10 kg RIS NS T/NE, FHAE
ZGDX-50B R 573 N AU REAP AT I . 4 B)
HGETEBNE, MR EQEERES N EHET R
B Zr LRIBIM, BI7KFA 0 ppms 50 ppm. 150 ppm.
200 ppm. 300 ppm FI 500 ppm. FFi&EIIFEF, %
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RISEIT & &R EEEHITE (1460£10) °C. BEIET MR,
TEBR TSI, HTIBR E O E R39S K492M
EaRbE. RAREERE T 25 &% SRR T
FREAC T, PEERR R T2, 1185 °C/171-175 MPa/4
h, BHJERHA KSL-1200X B4 3 my il #Ub B & 44
B AT AL HE, PR EE T ZHI BN 1185 °C/2 WAC+
1121 °C/2 h/AC+843 °C/24 h/FC.
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FRHEEY Zr TR U 558Nk 2 f
o~y VL Zr TEREWR S méaa, malaiA 0Zr
K492M 44, 60Zr K492M &4, 160Zr K492M & 4,
190Zr K492M &4, 320Zr K492M 44, 580Zr K492M
E&.

F 2 FE Zr B2 K492 E&F Zr TEMBXH D ST S
(ppm)
Table 2 Nominal composition and measured composition of

K492M alloy with different Zr element addition(ppm)

Nominal composition 0 50 150 200 300 500

Measured composition 0 60 160 190 320 580
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SRR . WA FF R TIE 25 mmx14 mmx2 mm
(R T AR KL AL ZUMEE A 2 <A AL 22 /5 A5 FH 20
J& i (50 ml HCL+10 ml H0,+40 ml H,O) J&ih 3~5 s,
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Fig.1 Mechanical properties test sample size diagram:(a)tensile

specimen,(b)durable specimen
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Fig.2 Microstructures observations of as-cast 0Zr K492M alloy: (a) OM image, (b) SEM image of intergranular and intragranular

precipitates, (c¢) Enlargement of the white-boxed region in Fig.2(b), (d) SEM image of y’ phase
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Fig.3 SEM images of the grain boundaries containing the precipitated phase regions and the corresponding EDS surface scan analysis

results
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Table 3 The EDS point scanning results of different precipitated phases in Figure 3
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Point C Ti Al Cr Zr Ta Co Mo Ni
Point 1 53.7 31.11 0 1.06 0.04 11.31 0 0 2.78
Point 2 57.5 22.01 0 2.14 0.01 11.41 0.81 1.39 4.73
Point 3 27.85 4.30 3.38 13.60 0 0 8.16 1.28 4143
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Fig.4 Microstructures observations of heat-treated 0Zr K492M alloy: (a) OM image, (b) SEM image of grain boundary, (c)

Enlargement of the white-boxed region in Fig.4(b), (d) SEM image of Y’ phase
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Fig.5 SEM images of the grain boundaries containing the precipitated phase regions and the corresponding EDS surface scan analysis

results
x4 [E 4(c) P/ NFRLRAT HABEY EDS SRR
Table 4 The EDS point scanning results of the fine granular precipitated phase in Figure 4(c)

Element C Al Ti Cr Co Ni

Point 1 31.84 3.98 2.97 19.44 6.06 35.70
Point 2 27.38 3.58 3.00 21.27 7.12 37.65
Point 3 31.72 3.95 2.93 16.35 6.70 38.35
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HAR AT REMI 59 1 & b4 N IR BR AL IRAT SLAE AT, i
AAFFT SRR A1 B,

B D RS & PR RELERAER TR (W
Ti. Ta%) , RETLRE C TR BB MC. MG




WAERMHSIRE
RARE METAL MATERIALS AND ENGINEERING

E 6 R Zr 284575 K42M 54 RHi2A48: (a)0 ppm, (b)60 ppm, (c) 160 ppm, (d) 190 ppm, (e) 320 ppm, (f)580 ppm
Fig.6 The grain morphologies of the as-cast K492M alloys with different Zr element contents: (a)0 ppm, (b)60 ppm, (¢)160 ppm, (d)190

ppm, (¢)320 ppm, (f)580 ppm
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Table 5 Grain size of as-cast K492M alloy with different Zr contents

Alloy 0Zr K492M 60Zr K492M

160Zr K492M

190Zr K492M  320Zr K492M  580Zr K492M

As-cast state 1.52 mm 1.32 mm

1.03 mm

1.22 mm 1.35 mm 1.49 mm

MC SER B IBAL YA « BIF AR BACT, Ak AH 221
B G AR PR SRR AT, RS AE A4y
st & et A EEY W, B 7 AR Zr RS =N
%A K492M G &b A SE, & 6 NAFE Zr &
BEAEESHRAEIRT . aTLLE W, AR Zr S EHESE
ST HIAEY U SRAGAE  MC B BRI AR A (y+y')
HFMA K, R Zr SEBHIHREES K492M &
S FEMAK. WE 7@FMb)FIR, RS E Zr 54
FHARE K SR ZRR RS0 1) MC Bie ), HAF
BIRSHROR: Wi Ze S 2380, &4+ MC Bz
B AR R AT B E N HOIR S50, P38 RT3
WEFLR BB, Ze U ANE A KT MC ik 5 v
I AR AR IO RS, 48 7 A ee, AMKIL A TR, MC

A=A A . EAHEARRRME T, 5KFREE
BRI AL, HORBAL R TERE N Kk, AfE
RIMMAEH/N, BRACHI M A T T2 BRI R R B R
LRGP,

YU NREZ AR & & m E 2, £
FERAAEE T RES ORI KA P40, —EE&mEN F 2
SRR, ] 8 ANF] Zr TR B K492M A48
YATESIE, 7T LA 54 K492M &4 v/ A R BR8]
TrRES . Zr BB HER K492M A&+ vy AR
S RABRR BN . BB Ze TR SRS, &4+
YARSFLE 0.16 um~0.20 pm 5 A5k v AR AT 4
HAE 23%~24%EH N3 .

Bl 7 IE Zr 257 K492M S & L4IFZ5R: ()0 ppm, (b) 60 ppm, (c) 160 ppm, (d) 190 ppm, (e) 320 ppm, (f)580 ppm
Fig.7 The carbide morphologies of the as-cast K492M alloys with different Zr element contents: (a)0 ppm, (b)60 ppm, (¢)160 ppm, (d)190

ppm, (¢)320 ppm, (580 ppm
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Table 6 The size of MC carbides in as-cast K492M alloy with different Zr contents

Alloy 0Zr K492M 60Zr K492M

160Zr K492M

190Zr K492M 320Zr K492M 580Zr K492M

ELTH: BRAFEATHHRE (NoJ2019-VI-0004-0118)

EEEINY: MK, B, 1967 44, 1, #dg, wibTIRS, B 742 710072, FiE: 029-81662098, E-mail:ygy@nwpu.edu.cn
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El 8 AEZr EEHSKINNEE v ' #EFSR: ()0 ppm, (b)60 ppm, (c) 160 ppm, (d) 190 ppm, (e) 320 ppm, (f)580 ppm
Fig.8 The ¢’ phase of the as-cast K492M alloys with different Zr element contents: (a)0 ppm, (b)60 ppm, (c)160 ppm, (d)190 ppm, (e)320

ppm, (f)580 ppm

2.4 A[EZr SEHRLIEE K492M & & HIRIULELR

Bl 9 NANE] Zr TR S BB K492M & &1 &
KL, 3R 7 MR Ze & B HAKEERS A S 1 b R
Gt E A ERS A SRR ST Ze S BG4k
BASHSEERF . 5HSE&M, b
JEARNE Ze EEAEER MR RS YERAE T HERK K. #kk
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W TR, SBORRLI SR,
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9 AR Zr B2 HIRZS K492M & & BFIZHLE: (a)0 ppm, (b) 60 ppm, (c) 160 ppm, (d) 190 ppm, (e) 320 ppm, (f) 580 ppm

Fig.9 The grain morphologies of the heat-treated K492M alloys with different Zr element contents: (a)0 ppm, (b)60 ppm, (¢c)160 ppm,
(d)190 ppm, (¢)320 ppm, ()580 ppm
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Table 7 Grain size of heat-treated K492M alloy with different Zr contents

Alloy 0Zr K492M 60Zr K492M

160Zr K492M

190Zr K492M  320Zr K492M  580Zr K492M

Heat-treated state 2.08 mm 1.76 mm

1.63 mm

1.72 mm 1.98 mm 2.15 mm

IR TESE, 3 8 NANIR] Zr B & & &AL
JFe ATBEH, Zr SER WA RALIEL K492M
HGEFEEAENR, EEPTHAASEZ R y Ui R,
MC BURRALYIAHAN MasCo B BRALMIRH A . BB Zr & &
#m, &4 MC BUERDEE 1L, TESH KR ek
HHOREEA AR, XA EHES K492M
G E MRS AL SHSE M, &
WIS & Zr T EE ST AR A R MC B
ALY B AR IR FE 15N 1340 °CH*), AW 5T H K492M &
S I I AL BRD AL PR IR P MK T 2R, Rk
S5 R AL R AL B I FE X G 4 MC BRI R RS
N,

Bl 11 NANE Ze o3 & AL 3 K492M &< 1y
MIESE. SH%EE S, HAEBE K492M &4y
FHESL PR AR SR Z 5, (238 RN
Bo AR Zr SRAGHEEEESP v HER S BTE
32.8%~37.8%G I NS A4 Zr S EH 0 ppm 2
160 ppm B, yAHF3 R~} H1 0.214 pm /N2 0.152 pm;
Ak s34 N Zr & & % 580 ppm i, y AP RS EIFE 2 0.18
pume. EAERAIZ, 580Zr K492M &4 H i v/ (i

O EALT5 FEFRRAESA MBS, KDL

S N EESEE R TS %

S IR

B ) IO RHE, X RSN BE 2 AL v AR AR T 1
FIRRR . BT RIPUSIAE), 7y [ T VA Ty B
PRFAFD e A A X PP AT AR T vy WIAH 2 IE] 1)
e FEEETLRE, R T ILME AR, TR A AR S B
yAIRRE VERRAR,  BIR y A TSR A A HLAL A5
2.5 Zr ST KI92M E& HF MR IE

£ 9 NAR Zr FEMEHE K492M &4 =R K
i (760 °C) hrfhtERE MRS B . AP K492M &
S EEFHIRE (UTS) 78 1190~1204 MPa i Fl N 484k,
FIEREE (YS) /T 945~998 MPa 2 [i], ZE{HZI
1E 8.7%~9.3% 0 Bl Wizl . =EiR&MTN, Zr TR G ER
PSS AL HRAS K492M 4 4 IR AP I BERZ 5L/ . 760 °C
FUTF, Zr TR SEBMI AL K492M A E50 5%
SN/, (E G 4 I BE PR R M B0 .2 - 160Zr K492M
HERMERM SR BN, HEMERIEL 12%, K 0Zr
K492M G438 T 53.8%. B 12 N =Fh Zr & & A& (0Zr
K492M. 160Zr K492M. 580Zr K492M) f#) il it
FEWT RT3 . ANE 12 AT DU, =Fh A [
Zr A A IR WT 135 RIS SRR, A
ARG B HOR BRI TEAR ) MC BURRAG P (1 €5 X 35) o

AR
AN
AR
Sh

2, s}:

SRS
s s
“7 T "" l

10 R[E Zr S2 AR K492M & SR YIFLER: ()0 ppm, (b) 60 ppm, (c) 160 ppm, (d) 190 ppm, (e) 320 ppm, (f)580 ppm

Fig.10 The carbide morphologies of the heat-treated K492M alloys with different Zr element contents: (a)0 ppm, (b)60 ppm, (c)160 ppm,
(d)190 ppm, (e)320 ppm, ()580 ppm
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Table 8 The size of MC carbides in heat-treated K492M alloy with different Zr contents
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Alloy 0Zr K492M 60Zr K492M

160Zr K492M

190Zr K492M 320Zr K492M 580Zr K492M

Size 14.9 um 12.1 pm

6.98 um

4.26 pm 2.06 pm 2.01 pm

R e et D P

B 1 RE zr EE2HRLIBEES KM E4& v ' 18R5R: ()0 ppm, (b)60 ppm, (c) 160 ppm, (d) 190 ppm, (e) 320 ppm, () 580 ppm
Fig.11 The y' phase of the heat-treated K492M alloys with different Zr element contents: (a)0 ppm, (b)60 ppm, (c)160 ppm, (d)190 ppm,
(€)320 ppm, (f)S80 ppm
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Table 9 The tensile properties of the experimental heat-treated alloys with different Zr element contents at room temperature and 760 °C

Alloy Test temperature/°C UTS/MPa YS/MPa El/%
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
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Fig.12 The longitudinal tensile fracture morphologies of the experimental heat-treated alloys with three different Zr element contents:

(a,b)0 ppm, (c,d)160 ppm, (e,f)580 ppm
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Table 10 Stress rupture life and elongation of the heat-treated K492M alloys with different Zr element contents at 760°C/662MPa

Alloy Stress rupture life/h El/%
20Zr 119 6.3
60Zr 128 6.7
160Zr 139 6.2
190Zr 122 7.2
320Zr 121 7.8
580Zr 140 4.3
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Fig.13 The longitudinal fracture morphologies of the heat-treated K492M alloys with three different Zr element contents at
760°C/662MPa: (a,b)0 ppm, (c,d)160 ppm, (e,f)S80 ppm
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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 Wanqi!
(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 Electro-Optic Science and Technology Defense Co., Xi’an 710299, China)
Abstract: The influence of trace Zr element addition on the microstructure, room temperature and high-temperature mechanical properties of
K492M superalloy was studied. The Zr content in the experimental alloys ranged from 60 ppm to 580 ppm. The results indicate that the addition of
Zr element did not change the main phase constitution of the as-cast and heat-treated K492M alloys. The microstructure of the as-cast K492M
alloy 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 M23Cs carbides. The addition of Zr element significantly refines the grain structure of the
as-cast and heat-treated K492M alloys. When the Zr content is 160 ppm, the grain structures of both the as-cast and heat-treated alloys exhibit the
greatest refinement. With the increase of Zr content from 60 ppm to 580 ppm, the MC carbides in both the as-cast and heat-treated alloys tend to be
refined, while Zr element 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 alloys, but significantly influences
the ductility at 760 °C and stress rupture life at 760 °C/662 MPa. The alloy with 160 ppm Zr demonstrated the highest high-temperature elongation
and the stress rupture life, which were 53.8% and 16.8% higher, respectively, compared to the alloy containing 0 ppm Zr.
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