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Abstract

The primary-circuit coolant chemistry of high-temperature gas-cooled reactors is highly complex, and the
sources, chemical states, and deposition behavior of impurities are of great importance to system reliability
and safety monitoring. In this study, the white crystalline deposits found in the HTR-10 dust filter were in-
vestigated through phase identification and formation mechanism analysis. The samples were characterized
by X-ray diffraction, Raman spectroscopy, and Fourier transform infrared spectroscopy. The results showed
that the deposits were mainly composed of NH,B;05:4H,0, (NH,);[B,50,,(OH)s]-4H,0, and H,BO,. The mor-
phology of the deposits was observed by SEM, the boron content was analyzed by EDS and ICP-MS, and the
thermal behavior of the crystals was examined by STA. Based on the structural characteristics and operating
conditions of HTR-10, it is inferred that the boron in the deposits mainly originated from the boron-containing
carbon bricks in the core, while the ammonium species were likely related to trace migration of hydrazine or
its decomposition products from the secondary circuit into the primary circuit through micro-leakage across
the heat-transfer boundary. This study reports for the first time the identification of borate deposits in the
primary circuit of a high-temperature gas-cooled reactor, revealing a new phenomenon involving the mi-
gration, transformation, and deposition of boron-containing impurities in the primary circuit. The findings
can provide reference for the identification of abnormal chemical processes, impurity source tracing, and the
optimization of coolant chemistry monitoring and purification strategies.
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