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Influence of plasma arc welding heat treatment on microstructure and
magnetic properties of 1J85 permalloy welded joints
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Abstract: This study addresses the issue of magnetic property degradation during the welding of 1J85
permalloy. Comparative experiments are conducted on 1.5 mm thick annular 1J85 permalloy using two
processes: plasma arc welding (PAW) and plasma arc heat treatment welding (PAHTW) , to
systematically investigate the effects of these processes on the microstructure and magnetic properties of
welded joints. The microstructure, elemental distribution, magnetic permeability and coercivity of the
joints are analyzed using optical microscopy, scanning electron microscopy, energy-dispersive
spectroscopy, and soft magnetic property testing. The results show that under the PAW process, the
morphology of the weld joint exhibits a funnel-shaped structure with a wider top and narrower bottom;
under the PAHTW process, multi-layered regional boundaries are formed in the weld zone, with
significant grain growth, reduced number of cellular subcrystals, and decreased grain boundary density.
Energy-dispersive spectroscopy analysis indicates that the content of the non-magnetic element Si in the
weld zone relatively reduces by approximately 50% compared with that in the PAW process. Compared
with the PAW process, after PAHTW treatment, the initial magnetic permeability of the joint increases
from 40.12 mH/m to 78.81 mH/m, the maximum magnetic permeability increases from 72.63 mH/m to
113.41 mH/m, and the coercivity decreases from 1.70 A/m to 1.24 A/m.
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Table 1 Chemical compositions of 1J85 permalloy

(mass fraction/ % )
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Fig.1 Schematic diagrams of welding process

(a)schematic diagram of internal structure of welding torch; (b)welding path; (¢)sampling location
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Table 2 Parameters of plasma arc heat treatment welding process

Process Argon flow rate/(L+min~') Welding current/A Welding voltage/V ~ Welding speed/(mm-+min~') Number of program executions
Preheating 15 25 10 60 3
Welding 15 40 10 80 1
Post-heating 15 20 10 80 3
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Fig.2 Morphologies of welded joint  (a)PAW; (b)PAHTW
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Fig.3 Microstructures of PAW welded joint

(a)middle of weld zone; (b)columnar crystal clusters; (c)cellular crystalline ;

(d)comparison of cellular substructure between WZ and vicinity of fusion line
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Fig.5 Microstructures of PAHTW welded joint

(a)heat affected zone; (b)columnar crystal clusters; (¢)weld zone
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(a)BM; (b)-(d)cellular crystalline clusters and columnar crystals clusters within weld
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Table 3 EDS results of each point on PAW weld in Fig.7

Mass fraction/ %
Spot - }
Ni Mo Mn Si Fe
1 78.77 5.11 0.49 0.23 15.40
2 80.09 4.87 — 0.25 14.79
3 78.65 5.38 0.50 0.34 15.13
4 79.66 4.71 0.25 0.30 15.08
5 78.28 5.64 0.62 0.37 15.09
6 79.61 4.52 0.38 0.24 15.25
7 77.99 6.26 0.60 0.25 14.90
8 80.37 4.47 0.29 — 14.87
9 80.50 4.63 — — 14.87
10 79.65 4.55 0.39 0.30 15.10
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Fig.8 SEM images of PAHTW joint (a), (b)weld zone; (c)heat affected zone
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Table 4 EDS results of each point on PAHTW weld in Fig.8
Mass fraction/ %
Spot - -
Ni Mo Mn Si Fe
11 79.43 4.82 0.47 0.16 15.12
12 79.38 4.99 0.47 0.14 15.02
13 79.98 5.01 0.53 0.12 15.36
14 80.10 4.87 0.45 0.17 14.41
15 79.82 5.00 0.31 — 14.87
16 79.63 4.89 0.45 — 15.03
17 79.95 4.61 0.48 0.24 14.72
18 79.54 4.71 0.51 — 15.24
19 79.30 5.00 0.45 0.07 15.18
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Fig.9 Hysteresis loops of samples under different processes
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Table 5 Magnetic properties of annular permalloys

Initial Maximum Saturation

Coercivity/

Sample permeability/ permeability/ (A-m=1) flux density/
(mHm™")  (mH-m™) mT

BM 72.89 112.77 1.16 699.21

PAW 40.12 72.63 1.70 697.82

PAHTW  78.81 113.41 1.24 713.60
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