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Research progress on the radiolysis of methanol aqueous solutions under

primary circuit conditions

WANGYi TANGJia YANGYu YANG Yang LU Yunyun DAI Shuang CAO Qi
(Nuclear Power Institute of China, Reactor Operation and Application Research Sub-Institute, Chengdu 610200, China)

ABSTRACT Effective water chemistry technology can inhibit the radiolysis of primary coolants and material
corrosion in pressurized water reactors (PWRs). Research and operational experience suggest that methanol is a
potential additive for the coolant transformation of PWRs. However, due to a lack of comprehensive understanding
regarding the behavior and mechanism of methanol radiolysis in primary circuit scenarios, supporting methanol-
based water chemistry control is challenging. This study initially outlines the importance of methanol radiolysis. It
then summarizes global research progress on methanol radiolysis and its aqueous solution. Additionally, it discusses
the yield of methanol radiolysis products and free-radical reactions at room temperature, as well as the radiolysis of
methanol aqueous solutions under primary circuit conditions and its impact on material corrosion, are then discussed

in detail. Finally, the study offers suggestions for future research on the radiolysis of methanol aqueous solutions.
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Table 1 Radiation chemical reactions and their reaction rate constants in methanol aqueous solution system
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No. Reactive 25°C 300 °C

1 CH,0OH + *H — H, + «CH,OH 4.5x10° 7.8 x 10’
2 CH,0OH + «OH — H,0 + «CH,OH 8.4x10° 1.5x10"
3 *CH,OH + «CH,0OH — (CH,OH), 1.7 x 10° 2.9x10"
4 *CH,OH + «CH,0H — CH,OH + «CH,O 2.7 % 10° 4.7 %10’
5 *CH,0OH + H,0, — *CH,O + «OH + H,0 4.4 x10* 7.6 x 10°
6 (CH,OH), + «OH — PRO1 1.6 x 10° 2.8 x10"
7 (CH,OH), + *H — PRO2 1.9 x 10 3.3 x10°
8 (CH,OH), + «CH,0OH — CH,0OH + PRO3 1.0 x 10" 1.7 x 10
9 *CH,O + *OH — PRO4 6.9 x 10° 1.2x10"
10 *CH,O + *H — PRO5 4.2 x10° 7.3 %107
11 *CH,0O + «CH,OH — PROG6 3.4 x10° 5.9 x 10*
12 *CH,OH + O, — «CH,0 + *HO, 5.9 x 10* 1.0 x 10°
13 *CH,O + *HO, — H,0, + PRO7 1.3 x10° 2.2 x 10
14 CH,OH +¢;, — CH,OH + *H + OH 3.8x10° 6.6 x 10°
15 *CH,O + ¢, — *CH,OH + OH 1.0 x 10 1.7 x 10°
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Fig.4 (a) Schematic diagram of a high-temperature and high-pressure water loop system™"; (b) Raman spectra of Zr sample after
experiment™®”; (c) corrosion potential of stainless steel pipe for methanol and hydrogen additions™"
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