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Research on Neutron Activation Analysis Technology for Lunar Samples

YAO Yonggang, XIAO Caijin* , LI Yuqing,JIAO Xuesheng,SUN Kai,GUO Bing,CHEN Dongfeng”
(China Institute of Atomic Energy ,Beijing 102413 ,China)

Abstract The origin of the Moon is a core issue of lunar research. The data and samples returned by the
lunar exploration missions have greatly improved the knowledge of the Earth-Moon system for human
beings. However,some unsolved mysteries have been discovered and urgently needed to be answered by
future exploration tasks and scientific research. China's Chang’ E-5 (CE-5) lunar soil is the first sample
collected and returned by an extraterrestrial body in China, and it is also the lunar sample obtained by
humans Forty-five years after the US and Soviet lunar exploration sampling missions. Given the
preciousness and specificity of lunar samples, the use of advanced technologies for non-destructive and precise

analysis of the total elemental contents in the lunar soil sample is of great significance for understanding the lunar
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evolution and the in-situ development and utilization of lunar resources. Based on the advantages of large-
scale nuclear research reactors and accelerators neutron fluence rates, the non-destructive analysis of all
natural elements in the lunar samples can be achieved using neutron activation analysis technology: 1) over 60
elements between Na and U can be detected by the instrumental neutron activation analysis technology(INAA). 2)
The elements(e. g. ,H, B, C and N) that are usually not suitable for INAA method can be measured by
prompt gamma-ray neutron activation analysis (PGNAA). 3) The depth of *He concentration in the near
surface(micron level) of lunar sample could be analyzed by neutron depth profiling(NDP). 4) Trace fission
nuclides such as **U and *’Pu in the sample can be quantified by delayed neutron counting(DNC) ,and the
B8 /%5 U isotope ratio was also obtained by combining with INAA method. 5)Elements(e. g. ,O,Si and P)
that are not suitable for INAA and PGNAA methods can be measured by the 14 MeV fast neutron
activation analysis (FNAA). Therefore, the neutron activation analysis (NAA) technology can effectively

solve the problem of non-destructive, high-precision measurement for the natural elements in the lunar

sample,and provide a nuclear technology supporting for the China's deep-space exploration samples.
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Table 1 Experimental parameters of INAA

Thermalneutron fluence rate/

. Irradiation time Decay time/d Counting time/s Elements
(em™ 2« s71)
150® 500 Al.Mg.Ca.Ti,Mn,V
9. 0X 10" (MNSR) 3009 8@ 2 000 Dy,Na,K
4 2 000 K
Na,Ho,La,Sm,Lu,Yb,U,Au,Pr,W,Ca,Re,
6—10 5 000
Os,As,Br,Cd,Ga,Hg.Rb
3. 9X 10" (SPR) 24@ Hf,Cr,Fe,Sc,Co,Ni,Sr,Nd,Zr,Ce,Ba, Th,
20 10 000
Ir, Th,Eu,Gd,Sb
25 15 000 Cs,Zn,Ag,Se,Ta, Tm

Note:® The unit is s, @ The unit is h,
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Figure 1 Prompt gamma-ray spectrum of H in the NH,Cl sample.
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