Magnetic Property Change of the Material Embrittled

by Neutron Irradiation
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Abstract

In order to assess the effects on the magnetic properties due to the defect in the material
irradiated by fast neutron ranging 10°- 10" n/cm?, the magnetic properties such as maximum
magnetic induction, coercivity, remanence, Barkhausen Noise Amplitude(BNA), Barkhausen
Noise Energy BNE) and hardness were measured. It is shown that the magnetic properties
and hardness do not change by the fast neutron irradiation under 10" n/cm?, but the
magnetic properties decrease and the hardness increases by the irradiation over 10" n/cm’.
Therefore, in this experiment, it is understood that the magnetic properties decrease by the
increase of hardness. This measurement method can be used to evaluate the neutron
irradiation embrittlement nondestructively since the magnetic properties and hardness do
change by the neutron irradiation over 10" n/cm? consistently.
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T able 1. Chemical composition of SA 508 CL. 3
C Si Mn P S Ni Cr
wt% 0.17 0.004 142 0.004 0.003 0.98 0.22
Mo Al Cu \ Co Fe
wt% 0.58 0.003 0.045 0.003 0.006 Bal
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Fig. 1. Block diagram of magnetic property measurement system.
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T able 2. Relative

change of hardness as a function of neutron fluence.
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Fig. 2. Relative change of hardness as a function of neutron fluence.
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Fig. 3. Change of hysteresis loop of as-received specimen and 10'° n/cm’ neutron
irradiated specimen
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Fig. 4. Change of magnetic properties as a function of neutron fluence



T able 3. Change of maximum induction, coercivity and remanence

(n/cm?) (arb.unit) (arb.unit) (arb.unit)
5.14 2.25 3.11
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(%) 0 0 0
5.10 222 3.11
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(%) -0.77 -133 0
5.09 222 3.10
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(%) -097 -133 -0.32
5.09 222 3.10
1014
(%) -097 -133 -0.32
5.09 222 3.09
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Fig. 5. Change of magnetic properties as a function of

neutron fluence
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Table 4

(n/cm?) BNA (arb.unit) BNE (arb.unit)
; 112 23
¥ (%) 0 0
. 1.00 2.11
o (%) -109 -82
N 1.00 2.11
w0 (%) -109 -82
y 0.94 197
w0 (%) -159 -145
N 0.93 1.89
o (%) -17.0 -176
y 091 1.89
w0 (%) -183 -176
. 0.90 184
w0 (%) -19.2 -20.0
. 0.89 178
o (%) -202 226
:( - Y
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Fig. 6. Change of BNA (a) BNA at 10" n/cm’ (b) BNA at 10" n/cm’
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