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Abstract: To tackle the issue of microstructural segregation in nickel-based alloy weldments and the
consequent degradation of joint mechanical properties, this study delves into the impacts of two post-weld
heat treatment schedules on the microstructural features and mechanical behavior of gas tungsten arc-
welded Incoloy 825 nickel-based alloy joints. The results reveal that both heat treatment procedures lead to
a notable coarsening of fine grain boundary carbides in the base metal (BM). Moreover, the y’ phase can
be precipitated within BM grains through solution treatment combined with two-stage aging. Both post-
weld heat treatments facilitate extensive precipitation of the & and Laves phases in the WZ interdendritic
zones, effectively alleviating segregation. Nevertheless, joints subjected to solution treatment and two-
stage aging develop microcracks at the interface between the unmixed zone (UMZ) and the heat-affected
zone (HAZ) , along with the formation of micropores within the HAZ. Mechanical characterization
indicates a substantial increase in microhardness in the weld zone (WZ) after both heat treatment protocols.
Solution treatment with single-stage aging maintains hardness levels in the HAZ and BM that are
comparable to those in the as-welded state. Joints treated with solution treatment and single-stage aging
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show a marginal reduction in tensile strength, accompanied by a 9.2% improvement in uniform elongation,

and fracture exclusively occurs within the BM. Conversely, the tensile strength of joints treated with

solution treatment and two-stage aging significantly rises to 795 MPa, an increase of 17.3%, while the

uniform elongation decreases. The fracture localization shifts to the UMZ/HAZ interfacial regions and

adjacent HAZ areas, presenting a ductile-brittle mixed fracture morphology.

Key words: nickel-based alloy; argon arc welding; post-weld heat treatment; microstructure ; mechanical
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Table 1 Chemical compositions of base material and welding material (mass fraction/ % )

Material C Cr Ni Si Mn Ti P S Nb Mo Cu Fe
Base material 0.011 22.4 39.1 0.11 0.50 0.95 0.016 0.001 — 3.0 2.0 Bal.
Welding material 0.02 22.0 64.0 0.14 0.20 — — — 3.5 9.0 — 1.0
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Table 2 Welding process parameters

Welding speed/

Front-side shielding Ar gas Back-side purging Ar

Welding layer Welding current/A (mmemin-1) Types and polarity of current fow/(L-min ) gas flow/ (L-min-1)
Root pass 75-85 35-40 Straight polarity direct current 10-15 5-6

Filler pass 90-95 45-50 Straight polarity direct current 10-15 —

Cover pass 90-95 45-50 Straight polarity direct current 10-15 —
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Mass fraction/%  Atomic fraction/%

Element
Point 1 Point 2 Point 1 Point 2

Al 0.29 0.31 0.61 0.65
Si 0.33 — 0.66 —

Ti 0.68 1.09 0.80 1.29
Cr 43.77 2258 47.22 2458
Mn 0.79 0.63 0.80 0.64
Fe 21.54 3040 2164 30.82
Ni 23.80 39.52 22,74 38.12
Cu 1.32 2.22 1.15 1.98

Mo 7.48 3.25 4.38 1.92
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Fig.2 SEM microstructure before and after BM heat treatment

(a)before BM heat treatment ; (b)EDS point scan results before BM heat treatment; (¢ )solution treatment with single-stage aging heat treatment

(d)solution treatment with two-stage aging heat treatment
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Fig.3 Microstructure of WZ before and after heat treatment

(a)before WZ heat treatment ; (b)EDS scanning results before WZ heat treatment ; (¢ )solution treatment with single-stage aging heat treatment ;

(d)solution treatment with two-stage aging heat treatment; (¢ )EDS surface scan results of solution treatment with single-stage aging

WZ amplification area; () XRD pattern of WZ before and after heat treatment
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Fig.4 UMZ and UMZ/HAZ interface structures before and after heat treatment

(a)before heat treatment; (b)EDS point scan results before heat treatment; (¢)solution treatment with single-stage aging heat treatment;

(d)solution treatment with two-stage aging heat treatment
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Fig.5 HAZ microstructure before and after heat treatment
(a)before HAZ heat treatment; (b)solution treatment with single-stage aging heat treatment; (¢)EDS surface scan results of

solution treatment with single-stage aging heat treatment ; (d )solution treatment with two-stage aging heat treatment
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Fig.6 Microhardness of welded joint before and after heat treatment
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Table 3 Test results and standard values of tensile properties of base metal and joints before and after heat treatment

Type Tensile strength/MPa

) ) Standard values of tensile
Percentage uniform elongation/ %

strength/MPa
Base material 6725 43.0£0.17 665
Pre-heat treatment joint 698+10 38.0+0.8 585
Solution treatment with single-stage aging joint 68648 41.5+0.5 585
Solution treatment with two-stage aging joint 795412 37.0+1.2 585
a)_gw S
800} - Before heat treatment f
- Single-stage aging
Double-stage agin L T
& 600} - Sall R
s i ? 1
% ,«', i |
g 400} "4 Weld:seam | :
(2] #" / BEdtelneat .
e mmmu i !
200} - -7 Singlevstage Resre | !
2N
0 10 20 30 40

Strain/%

F7  BM S RS S ek fiE
(a) N 3 - I8 2K 5 (b ) [P+ XU 8 A B Sk W AR 5 (o) Tl b o UMZ TR P 5 (d) P b HAZ OR8] K% Wi B35

Fig.7 Tensile properties of BM and welded joints before and after heat treatment

(a)stress-strain curves; (b)fracture macro morphology of solution treatment with two-stage aging joints;

(¢)magnification of UMZ in Fig.(b) ; (d)HAZ enlargement and fracture morphology in Fig.(b)
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