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Tablel Casting process parameter
Shell Pourin
Sample Insulation method preheating ourng
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Single-layer
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insulation felt

BB, AT AR 2 R R AN 35 W (m*K)! A
A, RIS EIHED 2 MR BN 70 W-(m>K)! 4,
FUAR TR A E PR, B EERE K. fEARF R,
X T SRS AL ORIR B R 2R 5 ORUR 7 10, A S I S R
K T RERR AR 4T 4 O B, R bR FH 3R 1) B 727 v UL
P I AR A B GE SR A . Ak, HEORD AR A B SRR
TR (900 C)H KT 3 A A PR I Bl 4b 22 1 B e (R iR R
(1120 C), HEMPABFFRTIEEE (1415 C) T 3
AR IR E (1377 °C), Bipeiid e
Qb PR 5 1R A AN IR 22 LK, B AT M T S b ORI i
R SRS AR U AR . R, SERD Y ST ey i
B A A HE BRI, BRI B Y S e I N A
BEWR ZZ 80N, 0 AR SRRV, % T & E&1E
AR, A EE R . BT R SR RN, #k
15, DR 1b 7Y 7 A, B A B, 00 2 PR i B e v ) T 3 2
RN gh b, SR 4 M RSEORE T, ST
A H R 2N 2 < AL ORI B = 3D > 2
i = AZ RiR

BT A B 35 330 A7 A R 0 R Ab B, B T Ak EE
(1150 ‘C{E 2 h, ZA+1120 ‘CHEE 4 h, 274 FIRRL



53

FRPEIRAE: T FE ORI T 2O — b S G AL B i S e 2 VR ) SV BE RO RZ . 759 -

AbFE (800 CHRHE 20 h, ZS¥+700 CHREE 20 h, %), K
AP S I TR EE BN 25 mm, B4£9 5 mm
FIRRAEREHRAE, 7208 E bR GB/T228.1-2010 HE47 = i b
MR [F—%51E T 2500 T 20 $E 2 SCOPATIREE, 2300
e H R ARGREE . PrfismiE . sERMBimkgE s, 1y
EAE M P = IR PERE

4 Fp A [ 24 e AR 75 N I 1R K4750 & & il i 4
WEER S, SR HKAEZ DR B AR AR, &4
LIS 240 H #2000 H iR RS A0 AT B BE , H
2.5 mm & NI G E BTG 2 )5, ICE 20 ¢
CuS04+100 mL HCI+5 mL H,SO4+100 mL H,O k2 i
TR, I R A A A IS ok Y R PR L R T, el
7~10 s, ZJa RIS Y LR R AT, S5 #HRPR
HIRT. ¥ Axio Observer ZIm Y252 B ks (OM)
WML KA750 & 4 A0 BRSO 10 i R S AURSE, JF
K H Imagel EE 7 B 840 & ok R~ . SR A XL 30
ESEM FEG H#fi L TR f% (SEM) W% MC & —ik
WA IR, I 50 BT &t 0T AR AL 36 MC R My;Cs
RS WA B WA 2 s

Bt = AR W AR, SR SEM WL I 11
Wio SR, IRE SR IPAT 7 A AR W R B
HUSEM i, KA SEM A %2 W7 24 45U RE 901 T 2 Ak 201
41, FIHH#E 7 5H BUH AT 5 Celectron back-scattered
diffraction, EBSD) $7 AR 73 b HL Wr i FE 4 5 i 21 24
(19 8. 73 53 A7 18 5 - EBSD 43 MT 7E Zessi 4 L85 4T,
i Aztec H#i kAW EBSD 55, JH{EH
“Tango” &5+ ) Channel 5 HKL {4 4L ¥ EBSD
¥#%. EBSD FEMAHEILE, EidE-20 C. H
JE N 18 V ] 10%HC104 F1 90%C,HsOH ¥ i HF Hi. 1L 2
ZI0h 10 s il % . BUFEAL B 2 B .

(I
5
— :
- )
g
rd
. ~ .
i C
BF
d
~
o
. | B
L

B2 Rl e O A B R 2
Fig.2 Schematic diagrams of tensile sample (a-b) and sampling

positions (c-d) (D-SEM; @-OM and SEM; ®)-EBSD)
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Fig.3 OM images of grains of samples casted by four shell insulation methods after heat treatment: (a) sand-filled, (b) without insulation

felt, (c) single-layer insulation felt, and (d) double-layer insulation felt
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Fig.4 SEM images of carbides of samples casted by four shell insulation methods after heat treatment: (a) sand-filled, (b) without

insulation felt, (c) single-layer insulation felt, and (d) double-layer insulation felt
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Fig.5 SEM (a-b) and TEM (c) images of M»;C¢ carbides casted by sand-filled methods after heat treatment; EDS mapping of Cr element (d);

EDS spectrum (e)
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Fig.6 Mechanical properties of samples casted by four shell insulation methods after heat treatment: (a) strength and (b) ductility
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Fig.7 Tensile fracture morphologies of alloy samples casted by four shell insulation methods after heat treatment: (a, e, f) sand-filled,

(b) without insulation felt, (c, g, h) single-layer insulation felt, and (d) double-layer insulation felt
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Fig.8 SEM microstructures of longitudinal section of samples casted by two shell insulation methods after heat treatment:

(a, c, e) sand-filled and (b, d, f) without insulation felt
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Fig.9 SEM microstructures of longitudinal section of samples casted by two shell insulation methods after heat treatment:

(a, c, e) single-layer insulation felt and (b, d, f) double-layer insulation felt
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Fig.10 EBSD images of longitudinal section of samples casted by four shell insulation methods after heat treatment: (a-b) sand-filled,

(c-d) without insulation felt, (e-f) single-layer insulation felt, and (g-h) double-layer insulation felt
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Fig.11 EBSD images of longitudinal section of samples casted by shell insulation methods after heat treatment: (a-d) sand-filled and

(e-h) single-layer insulation felt
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Effects of Shell Insulation M ethods on Microstructure and Mechanical Properties of
an Equiaxed Nickel-Based Cast Superalloy

Zhang Maoyuan'**, Ou Meigiong'~, Ran Xing*, Hou Kunlei'~, Cao Jian*, Ma Yingche'”
(1. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China)
(2. Taiyuan University of Science and Technology, Taiyuan 030024, China)
(3. Key Laboratory of Nuclear Materials and Safety Assessment, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China)
(4. Guizhou Anji Aviation Precision Casting Co., Ltd, Anshun 561000, China)

Abstract: The effects of cooling rate on microstructure and room temperature tensile properties of equiaxed nickel-based cast superalloy
K4750 were studied by designing shell insulation methods. Four types of insulation methods were designed, including sand-filled method,
test bars without insulation felt, wrapped single-layer insulation felt and wrapped double-layer insulation felt, and the order of cooling rate
at the test bars of the shell is test bars without insulation felt = sand-filled method > wrapped single-layer insulation felt = wrapped
double-layer insulation felt. After standard heat treatment, the test bar with sand-filled shell has the highest room temperature tensile
strength (1115 MPa), the test bar without insulation felt has the second highest strength (1095 MPa), and the single-layer insulation felt and
the double-layer insulation felt have the worst strengths of 950 and 952.5 MPa, respectively. The microstructures of the alloy were
characterized by OM, SEM and EBSD. The results show that the grains of sand-filled method, test bars without insulation felt, single-layer
insulation felt and double-layer insulation felt are equiaxed crystals, and the average grain sizes are 176, 167, 325 and 315 pum, respectively.
The cooling rate of the sand-filled and test bars without insulation felt alloys is faster, the formation of small equiaxed crystals can more
easily coordinate deformation in the stress conditions, and the precipitated MC-type primary carbide is finer and mainly in the form of
blocks, which is conducive to inhibit the expansion of microvoids and cracks during deformation, significantly improving the tensile
properties of the alloy at room temperature. On the contrary, the cooling rate of the alloys prepared by single-layer insulation felt and
double-layer insulation felt is slower, the formed large-size equiaxed crystals are not conducive to the coordinated deformation between the
grains, and the precipitation of MC-type primary carbide with large size and long strip shape promotes the emergence and expansion of
holes and microcracks, which significantly reduces the strength and plasticity of the alloy at room temperature.

Key words: equiaxed crystal; nickel-based superalloy; shell insulation methods; grain size; MC-type primary carbide; tensile properties at

room temperature
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