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Estimation of Microstructures and Material Properties of HAZ in
SA508 Reactor Pressure Vessel
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Abstract

To perform the rigorous integrity evaluation of RPV, it is necessary to consider metallurgical factors such
as microstructure evolution during multi-pass welding process and PWHT. The microstructures of the heat
affected zone(HAZ) of SAS508 steel were predicted by a combination of simulated thermal analysis and a
simple kinetic models for austenite grain growth and austenite-ferrite transformation. Phase equilibrium of
SA508 steel were calculated using a Thermo-Calc package. Carbide growth in th HAZ were predicted by a
empirical model, taking into account the predicted microstructure evolution.
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Fig. 2. Analysis model.
Table 1. Chemical composition of SA508 Class 3

EL C Si Mn P S Ni Cr | Mo
wt%| 0.19 | 0.08 | 1.35 |0.006/0.002| 0.82 | 0.17 | 0.51
Table 2. Specifications of welding parameters

Wire | Cur- | Vol- Preheat | Interpass

size | rent | tage Speed temp. temp. PWHT

500~} 28~ 130~40 615°C/

4 0 0
15™™  600a | 32v |cmvmin| 121C | 200C | g
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Fig. 3. Finite element model
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Fig. 4. Temperature distribution changes between
layer 5 & 6 vs. time.

(a) Immediately after layer 5, (b) 105sec after layer 5
(c) Just before layer 6
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Fig. 5. Peak temperature change vs. time
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Fig. 6. Calculated equilibrium mole fraction of individual
phases vs. temperature for the present SA508
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Table 3. Transformation temperature of A, and A

T ¥ A(C) | A(C) H] 31
Thermo-Calc 646 790 AclAs AT
A4 1) 680 830 | Au/Ag 3
A8A7 [4] 701 786 | Ac/Ag 3F
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Fig. 7. Peak temperature change vs. distance
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Fig. 8. Prior austenite grain growth according to peak
temperature and time
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Fig. 9. Continuous cooling diagram of SA508
(Prediction result)
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Fig. 10. Continuous cooling diagram of SA508
(Experiment result)
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Fig. 11. Carbide coarsening by PWHT
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Fig. 12. Estimation of microstructures in SA508
weld

Fig. 13. Microstructures of base metal in SA50G8
subjected to PWHT
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Fig. 14. Microstructures of HAZ in SA508 subjected
to PWHT
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Fig. 15. Vickers hardness changes in SA508
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