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Changes in the Barkhausen Noise with Microstructure
and Hardness of Reactor Pressure Vessel Steels
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Ahstract

The changes in the Batkhausen noise amplitude (BHA) with microstructire and hardoess of reactor
pressure vessel steels were investigated for specimens isothermally heat treated for 13-120 hrs at 650
and 690°%. Optical scanming  electrorn, and transmission electron microscopy were conducted for
microstructural investigation, and Vickers microhardness and BNA were measwed to trace the respective
chaniges  after heat treatment. Resuts show  that the BNA  increased inversely to the Vickers
microhardness for 650°C heat treatment, and BHA decreased inwersely to the Vickers microhardness for
690°% heat treatment The magertic second phases formed in the 690°%C heat treated specitmen were
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Tahle 1. Chemical compositionn of the 34 508 Cl 3 reactor presswe vessel & and B steels which

ate differ in the steel refining process. [ owt %)
element
c Iin B1 3 Mi Ct Mo Cu &1 Fe
process
& (WCI o1z 14 0.0 | 0.005 07 015 | 053 [ 006 | <20ppm | Badl
B (3&) o.1g 1.44 0.20 | 0006 | 022 | 015 | 055 | 0.003 | 0020 Bl

VCD - Vacoum Cathon D eowidation.

24 (TEWY @ Bilicon deoxidation plus Alumiroum treatment

Table 2. Grain size, cathide, precipitates morphology and banite lath structure obtaned by optical

microscope and TEM on fhin films and carbon replicas for & and B steels

Chrain Size Hardness
Mlaterial Precipitates, Catbide, Bainite morphology and lath width
BIZE (H+)
A3TM
Cem)
‘Roundidia. © ~035 gm), Fine Weedle(50-~ 1001m)
& o omerated, large and localized coarse carbides
Undeveloped lath boundary
+
& T8 = *lath width @ 5 g M3+
1Coarse interlath carbides
+PPis No. 6 x 107mm’
1R ound=0.05m), Weedel50~ 1005mm)
Fire round carbide
Well developed lath boundary
B 935 12 07 +£1.2
*lath width : 2 pm
Mo interlath carbides
*PPis Ho. : 67 x 107mm’
» Preamplifier Band Pass Filter
D > Digital
Oscilloscope
Power Supply
Amplifier
Function
Generator

Fig. 1

Block diagram of the Barkhavusen noise measuremert equipment.




(bl

Fig. 2. TEMithin film) mictographs of steel Afq) and Bl

(b)

Barkhausen Noise Voltage (V)
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Fig 3. Barkhausen noise signals of steel Arfa) and Bl
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Fig 4. 3SEM micrographs of steel B, Carbide coarsering has ocoured after the prolonged heat
treatm ert at 65077, () As-received (b)) Heat treated at 630% for 120br.
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Fig. 5. Vatiation in the cathide size of steel B with the holding time at 630°%
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Fig 6. Varation in the BNA and Vickers micrchardness with the holding time
at A50°% heat treatment.
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Fig. 7. Optica micrographs of steel B after the heat treatmernt at 690°%C for 120t
It iz seen that secondary phasegblack) were evolved during the heat treatment
dong the primary austenite gran snd lath boundaries
(1) Asreceived (W) Heat treated at 690°% for 120kt
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Fig. 8 3EM micrographs of steel B, Secondary phase has formed after the heat treatment at 6207,
(a) Asreceived. (b)) Heat treated at 620°%C for 120k
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[ 111] HCH=

TEM micrographs of secondaty phase in grain boundaries.

(a),(b) Bright field image.
(c) Selected area diffraction pattern of (b).
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Variaion in the BHA and Vickers mictrohardness with holding time

at AF0%C heat treatment.
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