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Effect of Welding Wire Composition on Microstructure Inhomogeneity of Domestic
Invar Alloy GTAW Joint
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he influence of wire composition on the microstructure varieties of joints was studied by using gas tungsten arc welding ( GTAW) process.

Results showed that the microstructure of welded joint obtained by using the three welding wires are featured coarse columnar crystals grown
perpendicular to the fusion lines and equiaxed crystals in the middle of weld, cellular subcrystals in equiaxed crystals are remarkably refined. There
was a large differences in the type, morphology and distribution position of precipitated phases formed when using welding wires of different com-
position. When using the welding wire with 0. 40%Ti, more regular bulk particles were precipitated at the grain boundary, and if useing the welding
wire with 1.42%Nb, a white chain or columnar continuous phase were precipitated at the subgrain boundary, which not only enabled the core of
heterogeneous nucleation or the particle that nails the grain boundary to refine the grain, but also hindered dislocation motion to strengthen the
welded joint. The tensile test results showed that the tensile strength of the joints with 0. 40%Ti addtion or 1. 42%Nb addtion to the welding wire
reached 638. 2MPa or 653. 5 MPa respectively, which are 60.6% and 64. 4% higher than that of conventional welding wire. When the specimen
was welded with the welding wire that with Nb (1. 42%Nb) addition, the size depth of the fracture ligament increased, and the joint fracture mode
changed from brittle fracture to ductile fracture, indicating that Nb plays a significant role in the microstructure refinement and mechanical proper-
ties improvement of Invar alloy joints.

Key words domestic Invar alloy, wire composition, microstructure, mechanical properties, fracture morphology
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Table 1 Chemical compositions (wt. %) of domestic Invar alloy and three kinds of welding wires

R C Mn Si Ni Al Ti Nb Fe
7 Invar &4 0.02 0. 45 0.18 35.97 0. 002 0.02 — S
JR G IR 2 0.03 0.36 0.16 36. 10 0.02 — — S
Bk IR 22.(0. 409%Ti) 0.21 0.36 0.20 36. 05 0.07 0. 40 — S
BHRMZZ (1. 42%Nb) 0.22 0. 40 0.15 37.17 0.02 0.03 1.42 I
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Fig.1 Schematic diagram of the welding process
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Table 2 Welding parameters

SRR R WA JZ L
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180~200 0.06 10 100~ 120

42 58 I UL R T A A I 6 D) B AL DD B4 A L r
R RE , X AR YR 6 P 180/400/800/1 000 #il 1 200 &
B KR AR AT | T 2 e E R il — 80, AE WL 5 il
BT L, AR5 F KR (HCL 5 HNO, {RFH L
N3 1) 5 5% f BRI ORG  WCh %) FE S R i AT R
NMOOORF 7 4 A Ik fal 5% 1 il 4 i 335 1L 3K 19 JSM-6360LV
4 B 4 I G Y B A Ly R A R O T S R AT
AT . A UTMS5000 HEL 77 BB HLZE SR T LA 2 mm/min
SRS TR, R A 3 3k SE BB P 5 B, Xof i A i R A 4%
RIIF A BT B 0 R AR RS e 2 Brs.

10 mm

— b=

40 mm

7 N
R30 mm n4mm| 2.5mm!
- le————

66 mm

180 mm

B2 ARG RO AL B S R

Fig.2 The specific sampling location and size of tensile strength test parts
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Fig.3 XRD patterns of different wire joints
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Fig.4 Microstructure of BM of domestic Invar alloy
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Fig.5 Microstructure of different welding joints: (a) conventional welding
wire, (b) welding wire with 0. 40%Ti, (c¢) welding wire with 1. 42%Nb
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Fig. 6 Microstructure of backing layer in different welding joints: (a,d) con-

ventional welding wire, (b,e) 0.40%Ti, (c,f) 1.42%Nb
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Fig.7 Microstructure of filling layer in different welding joints: (a,d) con-
ventional welding wire, (b,e) 0.40%Ti, (c,f) 1.42%Nb
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Fig.8 Microstructure of cover layer in different welding joints: (a,d) con-

ventional welding wire, (b,e) 0.40%Ti, (¢,f) 1.42%Nb
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1) P e I v T N, HAt oo R A A AN

F 3 EDS ISR (A4, %)
Table 3 Results of EDS tests (wt. %)

fiE  Ni Mn Si C Ti Nb Tl HEAE
Pl 37.06 0.94 0.48 0.32 — — v A
P2 35.85 0.85 0.43 0.41 — — v
P3  19.02 0.16 0.24 526 42.59 —  TiC .yt
P4 3594 0.78 0.25 3.53 16.32 —  TiC.y'if
P5  23.26 0.23 0.36 3.41 —  38.72 NbC .y
P6  30.14 0.33 0.19 1.90 —  14.51 NbC y"#

8 ¢ X =
‘/V‘_ 2 . i recipitate'd
Ay hai hl\‘

9
Ti;(c.f)1.42%Nb

Fig. 9 SEM morphology of WZ microstructure in different welding joints:
(a,d) conventional welding wire, (b,e) 0.40%Ti, (c,f) 1.42%Nb
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Fig. 10 Tensile properties of welded joints with different wires
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Fig. 11  Microstructures of joint fracture with different welding wires:

(a,d) conventional welding wire, (b,e) 0.40%Ti, (c,f) 1.42%Nb
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