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Fig.1 Dendrite morphologies of the as-cast CMSX-4 alloys:

(a) cross section and (b) vertical section
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Fig.2 Typical morphologies of the as-cast CMSX-4 alloys
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Fig.3 y' morphologies of the as-cast CMSX-4 alloys: (a) dendrite
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Fig.4 DTA curves of the as-cast CMSX-4 alloys: (a) heating

curve and (b) cooling curve
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Fig.5 Microstructures of the CMSX-4 alloys after heat treatment 1:

(a) dendrite microstructure and (b) typical microstructure
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Fig.6 ' morphologies of the CMSX-4 alloys after heat treatment 1:

(a) dendrite core and (b) interdendritic region



51

£ PR EAAE B R B IR G B CMSX-4 RIOML AL VRIS AR R RS2 + 251 -

K7 CMSX-4&5&4T12 2 i )5EMAR

Fig.7 Microstructures of the CMSX-4 alloys after heat treatment 2:

(a) dendrite microstructure and (b) typical microstructure
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Fig.8 ' morphologies of the CMSX-4 alloys after heat treatment 2:

(a) dendrite core and (b) interdendritic region
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Table 1  Average sizes of »' in the dendrite core and

interdendritic region and volume fraction of y/y*

eutectic of the CMSX-4 before and after heat

treatments
Dendrite core/ Interdendritic y/y' eutectic/
Alloy -
nm region/nm %
As cast 320+110 460130 8.010.4
Heat treatment 1 40040 450460 1.240.1
Heat treatment 2 410430 440+/0 0.940.2
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Fig.9 Incipient melting microstructure of the CMSX-4 alloys
after heat treatment condition 2: (a) low magnified and
(b) high magnified
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Fig.10 Comparison of volume fraction of micropores of the

CMSX-4 alloys before and after heat treatments

Segregation Coefficent = Element conter_1t |_n dendrltlf_:_ (1)
Element content in interdencritic

ATLAE M, MM TE WL Mo, Re AT HE i e T
#F Crif e s, (e T XK Al
Tiv Ta 2 IEmHT G 3R, ER 8 A Xk B e . o,
Ta. Ti &M ERIEmIT TR, %8 T W RE505H
0.49. 0.45, Re & HEM M mITICE, HA NWITHR
N 375, AE&A4 T2 18 1Z 2 kg, 2 Mkt
M mAT REGE T 1, Ul TR R TS LA
B, HE TRMITAMUEELE. 64812 1
WERJE, F Ta fmtT £EE N 0.80, Ti (it RETH
0.87, Re fitT REfE N 1.92. AL TE 2 A H )5,
H Ta W 250 N 0.75, Ti kT £%TH N 0.83, Re
bt R E% 2 2,18, T & oo H AT RECR AT,
HAELE T2 1. 28085, TRmITIEMINAR T HE
WIS R, Hrb R K AT 2 S ) L
1 XA AR ERT T2 2,
2.3 ARNENESFA NI

# 2 N CMSX-4 &&nila 12 1 MTE 2 #uk
RS B RE AVERE S, K T il N ) 980 'C/250
MPa 161K 5 77 1070 ‘C/140 MPa 2 flis A 41F. 4
T2 1 #ubr 5, &47F 980 ‘C/250 MPa i1 1070 C/
140 MPa 2k 11~ i) 47 A 73 i 43 3] 4 207.50 1 280.84 h,
HEH A 44%F 15.9%, Wi 4E 3 A 54%H 41%.
Z 12 2 #aPjE, G417 980 C/250 MPa A
1070 ‘C/140 MPa H# A A T 5 A %3 i 73 il 9 293.08
h #1310.10 h, ZEfHF K 36.9%F1 16.6%, Wi s %
9 36%F1 46%. HEIEFT LI EAEH, CMSX-4 &4
g LZ2#HuME, HEAFZmHES T L2 1. &%
FAEM, Z2RFAMMCE T ZAMEMES, KA
b 252 (1% S0 e 23 AR T WA 4 %6 22 K

B As cast

[ ]Heat treatment 1
v 77 Heat treatment 2

w

Segregation Coefficient
- N

=

\\g

m ;

o
AN
AT
AT
AN
ATMHIT
AN

Wl

W Ta Al Ti
Element

C C

o
=
o
Py}
@

Bl 11 CMSX-4 & &b # AT J5 1 0 2 AT & 0u te
Fig.11 Comparison of segregation coefficient of elements for the

CMSX-4 alloys before and after heat treatment
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Table 2 Stress rupture data of the CMSX-4 alloys under

different test conditions after different heat

treatments
. . Area
Test  Rupture life/ Elongation/ .
No. . reduction/
condition h % o
0%
980 C
1 250 MPa 207.50 44 54
980 C
2 250 MPa 293.08 36.9 36
1070 C
1 140 MPa 280.84 15.9 41
1070 C
2 140 MPa 310.10 16.6 46

B 12 A4&%4 T2 11F 980 C/250 MPa £ A SE5 5 [ 114300 41 41
Fig.12 Fractography of the CMSX-4 alloys after heat treatment 1 after rupture test at 980 ‘C and 250 MPa: (a) vertical section, (b) rafting

microstructure, and (c) cross section
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Fig.13 Fractography of the CMSX-4 alloys after heat treatment 2 after rupture test at 980 C and 250 MPa: (a) vertical section, (b) rafting

microstructure, and (c) cross section
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Fig.14 Stress analysis of fractography of the CMSX-4 alloys after heat treatment 1 after rupture test at 980 C and 250 MPa: (a) FSD map,

(b) strain misorientation map, and (c) numerical distribution map
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Effect of Heat Treatment on Microstructures and Stress Rupture Properties in the
Nickel Base Single Crystal Superalloy CMSX-4

Wang Huan?, Ning Likui*, Tong Jian®, Tan Zheng!, Liu Enze®, Zheng Zhi®
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)

Abstract: Nickel base single crystal superalloys are widely used to fabricate turbine blade materials, since they have high temperature
capability, excellent mechanical and environmental properties. Appropriate heat treatment process can improve alloy performance by
changing its microstructure. The second generation single crystal alloy CMSX-4 was prepared by screw selecting method and low
segregation technology. The homogenizing heat treatment was carried out in an antivacuum chamber oven and followed by air cooling
(AC), in order to investigate the effect of heat treatment on microstructure and stress rupture properties. The results show that elemental
segregation of alloy is obviously improved after multistage solid solution heat treatment 1280 <C, 1 h+1290 <C, 2 h+1300 <C, 6 h
AC+1140 <C, 4 h AC+870 <C, 16 h AC (process 1). The rupture life of the alloy is 207.50 h under the condition of 980 <C/250 MPa and
280.84 h under the condition of 1070 <C/140 MPa. During heat treatment, homogenization micropores form in the solution process and the
size of solidification micropores increases. These micropores are crack initiation points during the creep tests of the alloy. Elemental
segregation of the alloy is also improved after over melting point heat treatment 1320 <C, 3 h AC+1140<C, 4 h AC+870 <C, 16 h AC
(process 2). It can be concluded that the homogenization effect of process 2 is not as good as that of process 1 by measuring the segregation
coefficient. However, the rupture property performs well and the rupture life of the alloy is 293.08 h under the condition of 980 <C/250
MPa and 310.10 h under the condition of 1070 <C/140 MPa. The solid solution time of process 2 is shorter and the number of micropores is
less.
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