HELEHH

MATERIALS FOR MECHANICAL ENGINEERING

2024 £ 6 A 548 % % 6 #8  Vol. 48 No. 6 Jun. 2024

DOI: 10. 11973/jxgccl240103

R SR

Efi

WIHE, B X, E

EXT K4648 (2 E S
14 BE B¢

B, KA, K 5, (ERRE M, K B

BEHEAF

~4s
=]

=AU

GRFAREHHA LR, it R S 8 %%, 67 100095 )

B OEANER TR FORAKICASH A S BELEFTRF L E LB AREZR( A
FIBKTF20Tecm ) R, £ REB GG EREL A A5 E (1490 °C/1 050 °C, 1490 °C/950 °C,

1460 °C/1 050 C) F#14& 7 K464342 L 5B b6 2
A 2R A A B R e ok R AR 0 H R, KA

, FHAT T B HARESRAIE TR T RZREY
THRA T E ARG, EREW. SR EBERE

VE R AR, KAGA8 4R Ak 37 i A2 08 ah Ak RoF Fo R A Sh R BER D, ek & o-CrAa 424 )|
R8N, Sae ik, PHr o L XA R LGHKER Y KA ERH AR LEZ 950 C.
FEIEBEL490 C, T EAK T4 & KACASH L HB A0 E i Kk, A214Tcm 2, %

RAREE R,

KGR KAGAS A Z B o4 RIELL; o-Crdl; 7 E ik

FE 9 ZES: TB37 XERFRERD: A

0 35l

K464 8 JE /55 i A 4 2 6 [ i AF W i i oy 1
—MESETREERERIES S, ZAE S UMY
BXdn 4 RIEAL, AR A G A nl, Hak & i
(B 4050, TR B3k 32%~35%, A S
TR | LA AT RS o RE S AR A, I
TY AR IR TR IR R R S R ohbLE
B, BB ALE R SRR & R, R sl
T TG B N T 18, P DGR 1) TR R A R
4y, WG R ER A S SR A TERE , BRI e b AL
IR G5 e P AR H T R 8 g R, R, A
RGN TR T SHORE R, FEKA648 57
WA &L bR E P B (B 2, R RE T
JE RS R SR T 1) 1 A i PR (b 0 v
F20 Jeem 2) P AN, BEVENR B RIS R A T
BB AN 4 T VR [ VA R A S, T
SRR A A RIS ARG , 2R T 24
b, FARSE BRI R I, R A EE R, AT LR/
KA416B I Bl & 4 AL Rl EE , MO 2L S8 50, I
INY RS, 3B 4 TE 975 °C. 235 MPa & T iy

T

Y fm HHA: 2024-03-06; 181T BHA: 2024-05-15
EE B kI E(1978— ), Lo, ALt A, g LRI, fill |-
SRS Bom g R

X ERS: 1000-3738(2024)06-0075-06

FEAMERE ARLT R ST R, B D IR I,
R HIEOR P, KAS8 R IE iR A & Ak 4 Fr AR
AR SR AR N IPOIR N &, A& EIR T
(i) e 588 B R o . BAE 25 BF5¢ & B,
FAARR V2 H1 5 2] LU Mar-M247L.C S 3E i 4 4l
BUE R MC-y/y A 458, T4 55 A 4 14 055 748 Ry
A5 PR IR

BT, & A SRR B S 1 28
K4648 B FE =y i A 4 25 IR vp oh 301 TC 72 3k B b v
FHELR 1) B, 75N [R) ) e T T 5 AL S TR il
2T KAGABBAIE m il & 4, IFEAT T [ + Ak
ARBR, WFFE T He T I 5 R T R A 4 i A 4t
MupbtERE R RE I, 345 T I T 2380, LR
Je S P PR GRS A AR S

1 REFEHESIRETE

ISR R KAG48 B L = iR A 4, H At i s
MR ZE B 7=, LSE i Absf oo Wk 1. iz G
4 1E VPIC-25KG %1 25 kg = %8 FL23 B b ih gk 7
15, EARISECT RIS S5, PaE T 2S5 T
eIz 1490 °C, BUSEIREE A 1 050 °Cy BEvEIR
91490 °C, BIFEIRLEE J 950 °C; BEVETRLEE My 1 460 °C,
RISER B 1050 Co fE A &5 bl O F R
20 mm > 20 mm X 120 mm [#3 , B 7E 1U225/1H

75



ML EHH

MATERIALS FOR MECHANICAL ENGINEERING

RATAE, 5 RERRE S A 5 R 3 KAGAS 4L ik 518 A0 2 Fa b L 49 % vh)

F1 KI648RZETRE &ML ER S

Table 1 Measured chemical composition of K4648 nickel-based superalloy
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Fig. 1 Shape and size of V-shaped impact sample
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(b) 1 490 °C/950 °C
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Fig. 2 Grain morphology on cross-section of test alloy at different casting temperatures and shell temperatures
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Fig. 3 Dendrite morphology of test alloy at different casting temperatures and shell temperatures
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Fig. 4 Element surface scan area (a, ¢, e) and element surface scanning results (b, d, f) of test alloy at different casting

temperatures and shell temperatures
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Table 2 EDS analysis results of primary a-Cr phase and M,;C carbide in test alloy at different casting

temperatures and shell temperatures
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Fig. 5 Impact fracture morphology of test alloy at different casting temperatures and shell temperatures:

(a—c) at low magnification and (d—f) at high magnification
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Effect of Casting Temperature and Shell Temperature on Microstructure and
Properties of K4648 Nickel-Based Superalloy

ZHANG Lihui, GAO Da, HUANG Qiang, ZHANG Chubo, ZHANG Qiang, REN Xiaodong,
HU Pinpin, ZHANG Yong

(Science and Technology on Advanced High Temperature Structural Materials Laboratory,
Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Aiming at the problem that the impact toughness at room temperature of K4648 nickel-based superalloy
for a certain type gas turbine guide could not meet the standard requirement (impact toughness greater than 20 J » cm™?),
K4648 nickel-based superalloy was prepared at different casting temperatures and shell temperatures (1 490 °C/1 050 °C,
1490 °C/950 °C, 1460 °C/1 050 °C), and then the solid solution + standard heat treatment was carried out. The effects
of casting temperature and shell temperature on the microstructure and impact properties of the alloy were studied, and
the optimal process parameters were obtained. The results show that when the shell temperature or casting temperature
was low, the grain size and the secondary dendrite spacing of the K4648 nickel-based superalloy, as well as the content
and size of the primary bulk a-Cr phase were small. Meanwhile, the impact toughness of the alloy was large, and the
number of secondary cracks at the impact fracture was small. The optimal process parameters were listed as follows:
shell temperature of 950 “C and casting temperature of 1 490 ‘C. The average impact toughness of K4648 nickel-based
superalloy prepared under this process parameters was the highest, which was 21.4 J « cm™2, meeting the standard
requirement.

Key words: K4648 nickel-based superalloy; casting process parameter; a-Cr phase; impact toughness
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