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ABSTRACT Using Inconel625 wire to weld high yield strength steels or stainless steels that commonly used in
nuclear power plant components and gas turbines can significantly improve high temperature mechanical
properties and corrosion resistance of weld structure. However, toughness, fatigue strength and creep rupture
strength of weld would decline obviously because of the precipitation of & phase during service at elevated
temperatures for a long time. This paper aims to investigate nucleation mechanism of & phase in Inconel625
deposited metal by means of SEM and TEM. Meanwhile, coarsening inherent law of & phase during post-weld
heat treatment (PWHT) at 850 C for 2, 4 and 8 h respectively was revealed. The results indicate that a large
number of needle-like 6 phase precipitates in Inconel625 deposited metal after PWHT at 850 °C. These & phases
appear a grid-like distribution in y-matrix, and there are some poor y" phase regions appearing near & phase.

Formation process of  phase is a solid phase transformation process which is like bainite transformation in steels.

Crystal nucleus of 6 phase form in the close-packed plane of " phase by shear mode, and coarsening behavior
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of 6 phase is a diffusion-controlled growth process. When PWHT holding time is shorter, actual average size of &

phase is in line with LSW theory. With PWHT holding time extending, its actual average size deviates from the

predicted value of classical LSW theory, because of the high-density and non-directional precipitation

characteristics of 6 phase.
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Fig.1 Schematic diagram of overlay welding sample
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Fig.2 SEM images of Inconel625 deposited metal (a) as-welded (b) after post-weld heat treatment at 850 ‘C for 4 h
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Fig.3 TEM images and corresponding SAED patterns and EDS of 6 phase in Inconel625 deposited metal

(a) low magnified TEM image (b) high magnified TEM image
(c) SAED of point [ shown in Fig.3b (d) EDS of point II shown in Fig.3b
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Fig.4 Formation process of d phase in Inconel625 deposited metal and its SAED patterns

(a) p” phase with stacking faults (b) dislocations slide over stacking faults in 5" phase

(c) d phase (d) SAED of Point I shown in Fig.4c
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Fig.5 TEM images of 8 phase in Inconel625 deposited metal after post-weld heat treatment at 850 “C for different holding times

(@)2h (b)4h (c)8h

2.4
L]
18+ T
£
3.
= 12+
—
0.6
w .
00 T 1 _A 1 1
1.2 1.4 16 1.8 2.0 2.2

t1/3, nl/3

K6 71850 CF SAHR Y- ST 5 FA b BE LR IN ] £ O 21
Fig.6 Relationship between average sizes of § phase and the
cube root of post-weld heat treatment holding times at 850 C
3 Shitie

HH LA BB Al %0, Inconel625 15 #4: @ & AH
FRIHT HE R — A SRR R, & HIAE 7 A Hk i
2 L RERZ R D) AR (77 34T 10, [RINAE
S MK I AR f Bt Nb ST (4 HE 120, Rt
& A " A 2 DL AR 2 T OB ). T 8
FHIRAE " AR B 24 LIRAZI, H. & AH S AL
KR A B B NI ) Cp " AR BRI E HE T 1)
AT, PUORIE & A HA 3 AR R ),
ORI T 38 " A (B 3a I 5D

WA DR IS TR R AE I, B i T ) & A AN
KOR, HANFHRA] ) & AR ELIERLI, & MR
B0, B & ARG BRI N2 8 & A
HIBORBEINR 2, AEA35C0n & ARMBURL K2 R i
12T 2 LSW BRI HUAE. 14T, Burke A1 Miller
S PR IR, & 5 A o T T R T 7 A K
IVAZRERE N T 8 A SEAK ISR S ), T H. & AHI

18.0

175

155

1.2 1.4 1.6 1.8 2.0 2.2
113 (113

K7 7E 850 ‘CTT M JaHAb BECRIGIN [T XS & AH K B 52
Fig.7 Effect of post-weld heat treatment holding times on K
value of & phase at 850 ‘C
o 5 AT EV R AL I T & A 22 T) AR 2R R AT
REME. AR, XA ZRIC Rt /2 FEERr & AHRURL
P RSS2 8 LSW B 1 TR A — S0 Jit

Pz —.

4 g

(1) £ 850 ‘C PWHT a4 @it 7K
HIEF AR & AH, IXECAFEL A1 & AH S M REIR 2
AL y A, BB tHIE T 3 7 AH X L

(2) 8 FHITE B —A 28 DL FC AR AR (1) [ A5 AH
AR, & AHALE p" AHEE R 2 Bl D)4 Ty 5
A%, HEaAZH A " A EHE DT mAEHOK.

(3) & FHIHACAT Jy 24 o i i AR O 7.
PRI RIS, & AHEF RS LSW 2R,
B DRI I TR PRI E G, & A TR 5 5 AN T] 1) A7 HE
AEASA L SE R R i 25 7 LSW BRI (1) RO A

B3 30H



A%

ACTA METALLURGICA SINICA

[1] Special Metals Corporation Products, INCONEL® alloy
625, www.specialmetals.com/products

[2] Murr L E, Martinez E, Gaytan S M. Metall Mater Trans,
2011; A42: 3491

[3]1XuYL,Ran Q X, LiJ, Peng J C, Xiao X S, Cao X L, Jia G
Q. Mater Sci Eng, 2013; A569: 27

[4] Paul C P, Ganesh P, Mishra S K, Bhargava P, Negi J, Nath A
K. Opt Laser Technol, 2007; 39: 800

[5] Evans N D, Maziase P J, Shingledecker J P, Yamamoto Y.
Mater Sci Eng, 2008; A498: 412

[6] Dupont J N, Lippold J C, Kiser S D. Welding Metallurgy
and Weldability of Nickel-base Alloys. New Jersey: John
Wiley & Sons, 2009: 47

[7] Shankar V, Bhanu Sankara Rao K, Mannan S L, J Nucl
Mater, 2001; 288: 222

[8] Smith GD, Tillack D J, Patel S J. In: Loria E A ed.,
Superalloys718, 625, 706 and Various Derivatives,
Warrendale PA: The Minerals Metals & Materials Society,
2001: 35

[9] Janaki Ram D J, Venugopal Reddy A, Prasad Rao K,
Madhusudhan Reddy G. J Mater Proc Technol, 2005; 167:
73

[10] Shoemaker L E. In: Loria E A ed., Superalloys718, 625,
706 and Various Derivatives, Warrendale PA: The Minerals
Metals & Materials Society, 2005: 409

[11] Cortial F, Corrieu J M, Vernot-Loier C. Metall Mater
Trans, 1995; A26: 1273

[12] Mathew M D, Bhanu Sankara Rao K, Mannan S L. Mater
Sci Eng, 2004; A372: 327

[13] Mathew M D, Parameswaran P, Bhanu Sankara Rao K.
Mater Charact, 2008; 59: 508

[14] Sundararaman M, Mukhopadhyay P, Banerjee S. Metal
Trans, 1988; A19: 453

[15] Huang Y, Langdon T G. J Mater Sci, 2007; 42: 421

[16] Zhang HY, Zhang S H, Cheng M, Li Z X. Mater Charact,
2010; 61: 49

[17] Yeh A C, Lu K W, Kuo C M, Bor H Y, Wei C N. Mater Sci
Eng, 2011; A530: 525

[18] Kuo CM, Yang Y T, Bor H'Y, Wei C N, Tai C C. Mater
Sci Eng, 2009; A510-511: 289

[19] Dong J X, Xie X S, Wang M. Ordnance Mater Sci Eng,
1993; 16: 51

[20] Xie X S, Dong J X, Fu S H, Zhang M C. Acta Metall Sin,
2010; 46: 1289

[21] Footner P K, Richards B P. J Mater Sci, 1982; 17: 2141

[22] Smokingermain R E, translated by Zhang R J. Modern
Physical Metallurgy. Beijing: Metallurgical Industry Press,
1980: 176
(Smokingermain R E 3%, 7k AiE#RE. AR EIR 4.
bt a4 Dl AREL, 1980: 176)

[23] Cahn J W. Acta Metall, 1966; 14: 83

[24] Orian R A. Acta Metall, 1964; 12: 1399

[25] Burke M G, Miller M K. Precipitationin Alloy718.

Pennsylvania: TMS, 1991: 3377



