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Abstract

Tritium, as a radioactive nuclide, requires accurate measurement as the foundation for nuclear
material accountancy. This review systematically summarizes the development history, fundamen-
tal principles, instrument types, and engineering application progress of calorimetry in tritium meas-
urement. First, the evolution of calorimetry from early tritium half-life determination to accountancy
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is reviewed. Second, the working principles and technical characteristics of three types of calorim-
eters—heat-balance, isothermal, and adiabatic—are elaborated in detail, and typical tritium calo-
rimeters developed worldwide are highlighted, demonstrating the irreplaceable role of calorimetry
in nuclear material safeguards, fusion fuel cycles, and radioactive waste characterization. Finally,
future directions for calorimetry in tritium measurement are discussed from six aspects: lowering
the detection limit, enhancing intelligent control, shortening the measurement time, modular design,
improving extreme environmental adaptability, and in-situ monitoring research.
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Table 1. Main measurement methods of tritium
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Figure 1. Schematic diagram of typical twin-cell isothermal calorimeter structure
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3.2.1. E[E ANTECH AF]
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WA E BN 0.6%. HE T RERHERE Tk, XUEE CEF 220 i G B S IR U A, BE T30
Yoy X ZER S XM FRETE, SR T ARSI R, HCPHT [a12) 8~10 /N, JEnl iRt 2 #8 PID % ik
R EE o 5775 BR PH 2R 7 S5 X — 2GR /K V8 5 0 23 PR B 00 I R P 1 A S A AT T 3R IE[23], 423
BANENERKBERIEREEX0.01C), WEANEERRESEE 1072 Pa), @R SFRAEL FH#H
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3.3. @RISR

Yy A B IR B SRR A A S o B A i i B R B D B B 5 A S 2 TR R R
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Table 2. Comparison of key performance parameters of the above tritium calorimeters
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