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Effect of precipitates on the creep rupture behavior of GH4141 superalloy
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Abstract: This study focused on the effect of precipitates on the creep rupture behavior of GH4141 su-
peralloy, involving creep crack initiation and propagation. Microstructures including carbides, ¥’ precip-
itate hardening phase, void and intergranular crack were characterized by SE and EBSD. Meanwhile,
plastic deformation and hardening mechanisms for crystal grains were analyzed. Voids occurred at the
interfaces of grain boundary and carbides. Voids coalescence with wavy morphology were observed.
The increase in crack length enhanced plastic deformation degree in front of the crack tip. The crystal
grain strengthening was caused by the suppression of dislocation motion resulting from y’ pinning ef-
fect. Due to the activation of multiple glide systems, dislocation piled up and tangled to enable crystal
grain strengthening.
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Table 1 Chemical composition of GH4141 superalloy %
C Cr Al Ti Co B Mn Si S Fe Ni
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Fig. 1 BSE images of microstructures in GH4141
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Fig. 2 Fracture morphology and local magnified images after 39 h creep tests
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Fig. 3 Microstructure near the fracture region
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Fig. 4 (a) Intergranular small cracks and the surrounding carbides, (b) the same crack observation in different view and
(c) the magnified image of fracture surface

K 5(a) 3 T AR AR AL R S LA, 4
FLATE X R B WA R A A A — A0
AR AL, IZEREE M W o0 A 3 AL KL . SR
28 (18] 5(c) Frzm ) BORIG KB, 505 m] LA AR ek
ez 1], o ml LA AR AL RN iehth, — ek
Ay e A e PO 28, AR BCl)™ Ji8 5 17 45 28 5 1) K
Oy 45°4, IZ IR BRI R B ALY T 1 5
716 S8 KBy U1 175 10 REUHR (151 5()) o 18] 5(a)
XN EBSD 44 1t o 11 S 72k 33 I ) 3 R 4
AL R 73 iR R AR AR R & AR AR TR,
FEAT AR S XA 5(d)), FFHISRL) KAM P i
R T AR R OR IX AR P A S RS [
(1 5(e)), FHOXLE X I BT I S A i AR B 22
(B 5(6).

3 aArEwR

3.1 IR A Y RAT R

T SE Ml EBSD & 45 5%, 8K & St Ak i Ak
Yy 5 AR Z AR LB RN g, R 5 2 (X
PRI AR R R R, S Wi AR S S i A SR AL T A
(& 5(a) Fi1 5(d)) o T RRALY) 530K Z B AELE S
AN I, A SO BALBR I L %

10 pm 10 pm

Hrin R, AHABILBR AT RAT N R EALER R &,
EBERIESL(E 5(a)) o PERER AR REUAE K, 3R
30 i BRI A, IR T G P P A e
JEE, It HARHERT AFLBR ™ A= (18 5(a) H1 5(e)) .
FT FRX R A RAT R AT,
A LAWTE W O RAESS R R S IR 2 T SR
TROUERZE—ERER, ZBHm I A7 58 ) H 1,
RIVSA YL e S8 35 3] datohr A B 2K, 0t ok
WA A, Ak 5(d) Bz, HH Y KAM K A
L2 BT R R S DX R X g et B ) 22 5 o 3
T AR ] AT BERLE AR RS0 3 Bk A o3 A
PR SE (1# 4), F 5(e) FrR R B ARIE IX
IR SR IR AT A . IREE R KBk
TERREUE R 22 = A rBe: O#GHET, Bkt
)5 B AR A R EL R B S LB QFLIR I A
PR B AHLB LR R G REREE O LA K
S i S DS R, R 1B A FLITA B, [
fet T2 REUE I
3.2 MR AR RIS i S
BAAERIT, A R I i LA i I A2 e 38
EER, —LEFTT R, R AR T LA RE A7
1z 51, FEME R HEFERR AT N 3G, vl LAY



%4 5K B, A5 M iAR GHA141 5 @028 Re AR T i L - 127 -

WA IR A8 3, 5L 28 mT LA S8 A b R B,
B AL i SRR o Bl S5 AL I R, SR
MC BURRALPI A AZTE 1 Moy Co RUIRALH , i T AL
W) SMAIE S BRI, JF H SRR, il 24
W A S B R T R AR R, AR, I

A
f//ma
¢
: fig. b
<.

+10 um
—

B BT (T8 4) 5 e Ay 2 BUARIE S
oA, I ELFLBR i AR 7EfR AL ) Z (8] (151 5(¢)),
A T LA AR IE 3h, BT LAESE T FL B 22
B

©

WA 6] 4 1

T4 '
N BiLmim
L i

WAL

N\ T
5
o
» -

- 20 pm 20 pm
—

(2)fLERSR & 3 BUAIERTEAUR RO (0) BRI TE AL R G BLR; (o) LI SR IRES [ (a) R EBSD Hdlg LA [RE AR
e ()AL () KAM [l (F) IR A
ES5 ZHNTRIEIXBEFEGEKE EBSD #iFE

Fig.5 Secondary electron images of the plastic strain region and the corresponding EBSD data
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