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A Study on Accelerated Corrosion Rate of Stainless Steel Type 630
with Increasing Temperature of B-free Alkaline Coolant
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ABSTRACT

Stainless 630 (or 17-4PH) is a precipitation—hardening martensitic stainless steel that has excellent mechanical
properties and corrosion resistance. These characteristics make the STS630 to be used as a consisting material for
various components such as spider, pin, spring, and spring retainer, of the control rod drive mechanism (CRDM)
in pressurized water reactors (PWRs). In general, it is well known that the oxide layer of stainless steel consists of
a duplex layer, a compact inner layer of FeCr.O. spinel, and a coarse—grained outer layer of Fe;Os spinel in PWR
primary coolant condition. However, the characteristics of the oxide layer can be sensitively influenced by various
water chemistry conditions such as temperature, dissolved oxygen, dissolved hydrogen, pH, pH adjuster type,
and exposure time. In this work, we investigate the corrosion properties of the STS630 as a function of coolant
temperature in an NH; alkaline solution for its boron—free application in a small modular reactor, to confirm the
feasibility for usage as a boron—free SMR structural material. As a result, oxide layer of corroded STS630 is consist of
double—layer oxides consisting of a Cr—rich dense inner oxide and a Fe—rich polyhedral outer particles like as that in
commercial PWR primary coolant. The corrosion rate of STS630 increases with increase in test time and temperature
and the corrosion rate—time model equation was developed based on experimental data. Overall, it is expected that the
results in this study provides useful data for the corrosion behavior of STS630 in alkaline environments, contributing
to the development of selecting suitable materials for SMRs.
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Table. 1 Chemical composition of stainless 630 in measured
and ASTM data (wt%)
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Fig. 2 SEM images of Stainless 630 after the corrosion test at
120°C, 180°C, 240°C, and 300°C for 200h and 1,000h.
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Fig. 3 Histogram of external oxide particles formed on corrod-
ed STS 630 at different temperature for (a) 200h and (b)1,000h.

Table. 2 Average size of external oxide particle formed on cor-
roded STS 630 at different temperature for 200h and 1,000h

120°C 180°C 240°C 300°C
200h 0.55um 0.72um 1.22um 1.51um
1,000h 0.65um 0.84um 1.25um 1.59um
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Fig. 4 (a) STEM and elemental mapping images of stainless
630 corroded at 300°C for 1,000h and (b) TEM-EDS line pro-
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Fig. 5 (a) STEM image and SAED patterns of (b) outer oxide
and (c) inner oxide of STS 630 corroded at 300°C for 1,000h.
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Table 3 Quantitative analysis of XRD patterns for stainless 630
corroded for 200h and 1000h.
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Table 4 Experimental model equation between corrosion rate
of stainless 630 and test time for different temperature.

Temp.(°C) Model equation
120 CRiape = ¢ 25780031
180 CRigoc = ¢ 1301 00050
240 CRosoc = ¢ 055517000140
300 R = ¢ 0052 000160
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