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Abstract [Background] Lead-free/lead-composite nuclear radiation protection materials are becoming
increasingly prevalent in military applications to safeguard the health and safety of military personnel. Currently,
accurate measurement and tracing of the shielding performance of military nuclear radiation protective clothing is
difficult. [Purpose] This study aims to measure lead equivalent in nuclear radiation protection materials for satisfying
the radiation performance evaluation requirements of international mainstream military radiation protective clothing.
[Methods]| Firstly, a device to measure lead equivalence in protective clothing was developed. Then, the reference
radiation mass for lead equivalence at a photon energy of 130 keV was determined using a combination of Monte
Carlo simulation and experimental measurements. Finally, the shielding performances of a standard lead sheet were
assessed using developed device under narrow beam conditions, and shielding performances of military nuclear
radiation protective clothing materials produced by a few manufacturers were tested in the same conditions. [Results]
Evaluation results show the relative expanded uncertainty of lead equivalent measurement results for standard lead

sheet and military nuclear radiation protective clothing samples correspond to 4.2% (k=2). [Conclusions] This study
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identifies measurement conditions for subsequent performance tests of additional military nuclear radiation protective

materials prior to delivery.

Key words Nuclear radiation protection materials, 130 keV X-ray, Attenuation rate, Lead equivalent
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Table 1 Establishment of X-ray reference radiation quality

B Bt sk i€ Additional filtration / mm  2f+{f)Z Half value layer / mm Cu HEe s 0.
Tube potential g Cu Al T, e iz Effective energy

kv Measurement  Calculation Deviation / % /keV

80 2.0 4.0 0.59 0.59 0.0 65.8 0.82
100 5.0 4.0 1.14 1.13 0.9 83.6 0.84
120 1.0 4.9 4.0 1.74 1.73 0.6 101 0.84
160 3.0 2.5 4.0 2.30 2.79 0.4 130 0.81
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Table 2 Measurement results of lead equivalent of different types of nuclear radiation protective clothing materials

fEilfA MBS JE MR By
Protective area Material model Shielding efficiency / % Lead equivalent / mm Pb
AR AEAL 1 334 0.136
Non-critical areas 2 453 0.208

3 479 0.226

4 52.4 0.259

5 55.8 0.287
H AL 6 74.6 0.489
Critical areas 7 822 0.619
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Table 3 Uncertainty analysis of lead equivalent measurement results
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