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Abstract: The addition of IN718 alloy as an interlayer effectively reduces the high-temperature ductility-dip cracking susceptibility
in ultrasonically excited TIG joints of IN690 nickel-based alloy, and the joint needs to undergo heat treatment to regulate its
microstructure composition. By implementing different post-weld heat treatment processes, this study investigated the influence of
solution temperature on the joint’s microstructure, precipitate distribution, and mechanical properties. Results show that solution
heat treatment promotes grain coarsening in both the weld and base material while inducing carbide segregation along grain
boundaries. Results show that solution heat treatment promotes grain coarsening in both the weld and base metal while inducing
carbide segregation along grain boundaries. With increasing solution temperatures during the solution + double-aging heat

treatment, significant carbide coarsening at grain boundaries is observed across all specimens. The microhardness of joints
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subjected to 1150 °C solution + double-aging heat treatment approximates that of as-welded specimens, while specimens treated at
980 °C and 1050 °C solution + double-aging exhibit 10 ~ 20 HV hardness increments compared to the as-welded condition.
Specimens processed with 1050 °C solution + double-aging demonstrate optimal mechanical performance, post-fracture elongation
of 38.4% and tensile strength of 630 MPa. Their fracture surfaces exhibit uniformly distributed equiaxed dimples, indicative of
ductile fracture and transgranular failure modes. Comprehensive analysis of microstructural evolution and mechanical test results
confirms that the 1050 °C solution + double-aging post-weld heat treatment process enables IN690 joints incorporating IN718

interlayers to achieve optimal comprehensive properties.

Highlights: (1) The microstructural evolution law of the ultrasonically excited TIG joints of IN690 alloy under different post-weld

heat treatment processes was investigated.

(2) The fracture characteristics of the IN690 welded joint after heat treatment of the nickel-based alloy were analyzed,

and the evolution rules of its mechanical properties with the heat treatment process were clarified.

Key words: ultrasonically excited; heat treatment; IN690 nickel-based alloy; microstructure; mechanical property
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Table 1 Chemical composition of IN690 alloys and IN718 nickel-based alloys
Bt Cr Fe Mo Nb Al Ti Mn Ni
IN690 30.39 8.88 — 0.20 0.21 0.197 AR
IN718 18.01 17.99 3.07 5.32 0.42 1.02 0.070 AR
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Schematic diagram of heat treatment process

TR 3 it T2 U 09 7 4 2 1 ) 4B
AR AR R, AR T IO 2T 4 i
J, A3 90% £ B F/KHT 10% CrO; Bl 10% 5 1%
VAW, JE 2 VOB A HL AT R ok 20 s, B AR
AT 2H 23 ORI B0 B A 1 7 101 9 3R FEL
NovaNano 450 37 & 5&f 14 . F & 5% (scanning
electron microscopy, SEM) #47X0EE, - X423 # 1A
TR | & R A AT R AL 5 ] FM-
ARS900 4= H ZhAF B AT REAT | PRGN DXOFIAR 4%
O BRAR, AU S R 422 42 S v Ak AR5 D 1) AR
TNZRERAT A 2.94 N, INZRAF R A 15 s, I3k 5 R HE
0.5 mm. %A DDL100 HLFJ7 fg il ALtk F 77
MR8, HrARHE RN 2 mm/min, 153 EKFEHTHISR
FIS (.

Fig. 1

2 RBERE T
21 HAEBEELARRST

PEAT [ b B 23k LSO 3, Wi 2 Fos.
TS PG M DXt R i [ ek R R i T & 2B LA
TEFE IR MR T 1050 °C I, BEM FRORLAL AN A &
MR IR E] 1150 °C B, BEBF R 25K K.
PUbH SRR L, Wil 3 iR, B 3(a). K 3(c) FI

TRRE i A AL 2 HL ok B kAL, AR Y
T A B TR RIS £ N R T i S BT A T
Z 1) R R, BRI R R A
SR HEANEEET L LA AR oAt
T R AR B 2 A A ot b 7 5 e 1) A TR BE T
KAKAL. XHREA R T S + AU SUe B, &4
BERA R T 2 ok RO B [ SR 2.
& 3(b). &l 3(d) FiIEl 3() AT, 980SDA F1 1050SDA
BERAE Y BV L 500 A i Smme k), A o3
BRARBRACY) B 5O AR T b A 1150SDA B 41 iR
mm AR AT S S R A Ak ).

(a) 980 °C

(b) 1050 C

() 1150 C

B2 BERLEEREMALKEE
Fig. 2 Microstructure morphology after solution trea-
tment. (a) 980 C; (b) 1050 C; (c) 1150 C
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Fig. 3 Grain boundaries of base material after heat treatment. (a) 980 “C solution; (b) 980SDA; (c) 1050 C solution;
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Fig. 4 Weld microstructure morphology after after heat treatment. (a) 980 C solution; (b) 1050 C solution; (c) 1150 C

solution; (d) 980SDA; (e) 1050SDA,; (f) 1150SDA
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Fig. 6 Composition distribution in weld intragranular region. (a) precipitation phase; (b) Ti element; (c) C element; (d)
Nb element; (e) Cr element; (f) Ni element; (g) Al element; (h) Fe element
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Table 3 Tensile test results of welded joints after heat

treatment
R BLPISREE R, /MPa Wi fE 2R 4(%)
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Fig. 7 Microhardness of joints after heat treatment
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Fig. 8 Fracture section morphology. (a) 980SDA; (b) 1050SDA,; (c) 1150SDA



%78

WK R MR, %02 5 4L FE 3t Inconel 690 #2 7 R TIG 45 3k 40 28 F M 6 th % v 79

10 |

(2) 980SDA

() 1150SDA

B9 WOsfEmR
Fig. 9 Fracture high magnification morphology. (a) 980
SDA,; (b) 1050SDA,; (c) 1150SDA
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