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Effects of Segregation Elements and Precipitation Elements on Hot-ductility of PC Permalloy

Tadashi INOUE, Koichiro FUNTa, Katsuhisa Y AMAUCHI and Yoshihiro HOSOYA

Synopsis : The effects of segregation elements and precipitation elements on the hot-ductility of laboratory melted PC Permalloy were investigated by

high temperature tensile test. A mechanism of deterioration of the hot-ductility of PC Permalloy has been also discussed.

Decrease in S didn’t improve the hot-ductility markedly. Addition of 0.002~0.004% B with 2~3 ppm S was effective on improving the
hot-ductility while 0.004% B added alloy with 16~18 ppm S showed a ductility trough. Ca added alloy with 18 ppm S showed good hot-duc-

tility and the addition of Mg also improved the hot-ductility.

It was suggested by Auger Electron Spectroscopy that hot-ductility was greatly affected by S segregation at grain boundary. The mecha-

nism of improvement in the hot-ductility of PC Permalloy by the addition of B was thought to be attributed to the effect of site-competition

segregation effect of B and S at grain boundary. Improvement of hot-ductility by the addition of Ca and Mg were thought to be related with

the formation of sulfides which were stable below solidus temperature of PC Permalloy.
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Table 1. Chemical composition of alloys. (mass%)

No. | Ni | Mo | Cu | Mn S B Ca Mg | Remarks
1 1804|5119 /054/0.0016} - - - Base

2 [797]145]221054(0.0003] - - - S varied
3 17961 45| 22 [054(0.0002]|0.0014] - -

4 [796] 45| 22 [054]0.0003|0.0042 - B added
5 [80.1]45] 21 [051]0.0017}0.0044 - -

6 |79.7] 45122 /054;/00018] - |0.0046) - |Ca added
7 1801145 22 ]056]0.0023] - - 10.0085 [Mg added
8 [799]45] 22 ]055[00012] - - 100118

(Others ; P ; 0.001%. Al ; 0.01%)
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Fig. 1. Schematic view of tensile test and heat cycle.
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Fig. 2. Effect of strain rate on hot-ductility of 16ppmS
(No. 1) alloy.
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Fig. 3. Effect of strain rate on the fracture appearance,
16 ppm S (No. 1) alloy, deformation temp. 900°C.
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Fig. 4. Effect of S content on hot-ductility, strain rate

1s7'.

Fig. 5. Fracture appearance of 3 ppmS (No. 2) alloy, de-
formation temp. 900°C, strain rate 1 s™'.
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Fig. 6. Effect of B content on hot-ductility, 2~3 ppm S,
strain rate 157",
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Fig. 7. Effect of B content on hot-ductility, 16~17 ppm S,
strain rate 1 s7'.
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Fig. 8. Fracture appearance of 3ppmS—42ppmB (No. 4)
alloy, deformation temp. 900°C, strain rate 1s7
(a) Cross section, (b) fracture surface.
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Fig. 9. Effect of Ca on hot-ductility, strain rate 1s~".

Fig. 10. Fracture appearance of 18ppmS—46ppmCa (No.
6) %lloy, deformation temp. 900°C, strain rate
Is™.

Eibhb,

3.4 BEEMICKIFT Ca, MgDEE

Fig. 91O FAEE 157125 1 2 BRI KT T Mg
RIMO¥ 2 % R, 18ppmS—46ppmCa i1 D EAMIEM: 137 L
<eFEE NS, Fig.101Z 18ppmS—46ppmCa il I i+ 5 FlBE
IRIE 900°C, O F AR 1™ TOMHBERERE T, K
HANT 4 v TNELE L SWENBEL K> TW5, SE
A18ppm EFBVHATH > T, CalilliZ &k D EAKEED
ERIEME A E L WLFEIND Db o7z,

Fig ILIZOTAERE 1572k 1T 2EMEEMEIZ RITT Mg



100 v T —3Z
12ppmS—
118ppmMg

=]
o
v

Reduction of area (%)
3 3

20 p 85ppmMg
0
700 800 900 1000 1100 1200

Deformation temperature (°C)

Fig. 11. Effelct of Mg content on hot-ductility, strain rate
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Fig. 12. Effect of strain rate on hot-ductility of 16 ppm S,
42% Ni-Fe?.
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Fig. 13. Change of tensile strength with deformation
temperature, strain rate 1s~'.
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Fig. 18. SEM image of inclusion observed in
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Fig. 19. Mechanism controlling the hot-ductil-
ity of PC Permalloy.
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