598 M -SSR s S Vol. 59, No. 9
202549 H Atomic Energy Science and Technology Sep. 2025

NI NEXBERAARERERE

TR %, B M, i X

ChE ST RERF AP FEBE, JEat 102413)

FEE: 75 2R AE VR AN AL RO S T, /NAUAZ RN HE AR B/ . iR R0 . 2950 i A I 38, ok 28 1
R T A% F P R ) B R S0k G R kR T I o AR S S PR B P A0 5 2K N TR A R HE 1 B 5 R A
B, RGBT RKHE . SR A HE . WA 4 Jm HE | 0E R S /N B SN ME R R R RS 7l v AT S
454 1 N AMIF ST B & R BR300 3 B A T R LT 2 B R AR N T R L 4 R R R R Y e
I BRI BUE R WA S 1 R G U B AR A S RS AR B R AE 5 Rl /N A RN HE 1Y
el B AR . AN, 25 G /IR S HE R AR A 5 R A R T AR A AT L B A A L A R R I
UG R TS, TR B 22 35 500 FH ) AR 09 BB R 25 44 14 0K R N A% R HE 1 R Ok R TR B
KB NTUAL TN s R RIR; SR KR

hE S ES: TL4L XEKARAEAD: A X EHS: 1000-6931(2025)09-2048-15

doi: 10.7538/yzk.2025.youxian.0453

Research Progress and Prospect of Key Technologies
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Abstract: Under the global low-carbon energy transition, small nuclear reactors have emerged as a kind
of crucial research object and development trend to overcome the limitations of large-scale nuclear
power applications, which show the advantages such as lower investment costs, shorter construction
cycles, and multi-scenario applicability. The research progress of various reactors worldwide was
investigated in this paper, systematically examining the technical characteristics and industrial
application prospects of light-water reactors, high-temperature gas-cooled reactors, liquid metal-cooled
reactors, and molten salt reactors. Building on current domestic and international research, it
summarized and elaborated on five key technologies for small nuclear reactors, i.e. advanced material
development and component manufacturing, irradiation testing of structural materials and fuels,
intelligent instrumentation and control systems, high-efficiency power conversion systems, and digital
twin and intelligent operation-maintenance technologies. Furthermore, the study explores nuclear
reactors’ application potential in the petrochemical industry, digital field, space exploration and deep-
sea power supply fields, proposing that energy systems which integrate multi-scenario adaptability will

give insights to the future trajectory of nuclear reactor development.
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Fig. 4 Fiber optic pressure sensor model
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Fig. 7 Design scheme of small nuclear reactor for heavy oil steam injection
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Fig. 8 Design scheme for small nuclear reactor powered by digital intelligence center
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