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Tian, W. Z. Metrological role of neutron activation o
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Assur. 2001, 6, 488492
Robert R. Greenberg , Neutron activation analysis: A

primary method of measurement, Spectrochimica Acta
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Collection and preparation of SRM 1577¢ were performed by M.P. Cronise and C.N. Fales of the NIST
Measurement Services Division, and E.A. Mackey, R.O. Spatz, and R. Zeisler of the NIST Analytical Chemistry
Division. The bovine liver material was collected at Texas A&M University (College Station, TX) with the

assistance of W.D. James of the Center for Chemical Characterization and Analysis, and R.R. Riley of the

D . N l ST E E I A E A E.M. (Manny) Rosenthal Meat Science and Technology Center.
The technical measurements were performed by S.J. Christopher, R.R. Greenberg, S.E. Long, E.A. Mackey,
F N CA% . hﬁ*q *um Eg*m;ﬁm K.E. Murphy, B.J. Porter, S.A. Rabb, R.O. Spatz, B.E. Tomlin, L.J. Wood, L.L. Yu, and R. Zeisler of the NIST
Analytical Chemistry Division, and the following collaborating laboratories and analysts: China Institute of Atomic

Energy, Beijing, China: C. Xiao, B. Ni, W. Tian; Massachusetts Institute of Technology, Nuclear Reactor
e | ° Laboratory, Cambridge, MA: J. Che, L.-W. Hu; Nuclear Physics Institute ASCR, Rez, Czech Republic: J. Kuéera;
E I Texas A&M University, College Station, TX, Department of Chemistry: W.D. James and College of Veterinary
Medicine: R.J. Taylor; University of Sdo Paulo, Institute of Chemistry, Sdo Paulo, Brazil: C.S. Nomura,

P.V. Oliveira; and USDA Beltsville Agricultural Research Center, Human Nutrition Research Center, Beltsville,
MD: J. Harnly, E. Greene.

ZENIST SRM1577CIEH
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hydrogen helium
3 4 5 6 7 8 9 10
Li | Be B Cc N o F | Ne
lithium beryllium boron carbon nitrogen oxygen fluorine neon
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Instrumental Neutron Activation Analysis of Chang’E-5 Lunar
Regolith Samples

Yonggang Yao, Caijin Xiao,* Pingsheng Wang, Chunlai Li, and Qin Zhou

Read Online

{"‘FQJ Cite This: J. Am. Chem, Soc. 2022, 144, 5478-5484

ACCESS | |l Metrics & More | Article Recommendations | © Supporting Information
ABSTRACT: The Chang’E-5 (CE-5) lunar samples were “E T

analyzed nondestructively for more than 40 elements by e

instrumental neutron activation analysis (INAA) with a strict
quality assurance and quality control. Based on the INAA results,
some new observations and discoveries were made. Major, minor,
and trace elements in CE-5 are very different from those of the
Earth and Apollo lunar samples. The rare earth element (REE)
pattern indicated that the CE-5 lunar samples are mare basalts with
a clear negative anomaly in Eu. Element correlations are a very
interesting discovery; for example, the ratios of Ba/La and FeO/ 3

MnO in CE-5 are almost identical to those of the Apollo lunar . . | . |
samples. These observations and discoveries will enrich the ‘ D
understanding of the formation and evolution of the Moon.
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National Science Review

3 nwab188, 2022

https://doi arg/10.1093/nsr/nwah188
Advance access publication 14 October 2021

EARTH SCIENCES

Characteristics of the lunar samples returned by the
Chang’E-5 mission

Chunlai Li ®"*, Hao Hu?*, Meng-Fei Yang®*, Zhao-Yu PeiZ, Qin Zhou', Xin Ren',
Bin Liu', Dawei Liu', Xingguo Zeng', Guangliang Zhang', Hongbo Zhang',

Jianjun Liu', Qiong Wang?, Xiangjin Deng?, Caijin Xiao®, Yonggang Yao®,
Dingshuai Xue®, Wei Zuo', Yan Su’, Weibin Wen' and Ziyuan Ouyang'-®

ABSTRACT

Forty-five years after the Apollo and Luna missions returned lunar samples, China’s Chang’E-5 (CE-5)
mission collected new samples from the mid-latitude region in the northeastern Oceanus Procellarum of
the Moon. Our study shows that 95% of CE-3 lunar soil sizes are found to be within the range of 1.40-

9.35 pum, while 95% of the soils by mass are within the size range of 4.84-432.27 pum. The bulk density, true
density and specific surface area of CE-$ soils are 1.2387 g/cm?, 3.1952 g/cm”® and 0.56 m? /g, respectively.
Fragments from the CE-5 regolith are classified into igneous clasts (mostly basalt), agglutinate and glass. A
few breccias were also found. The minerals and compositions of CE-§ soils are consistent with mare basalts
and can be classified as low-Ti/low-Al/low-K type with lower rare-earth-element contents than materials
rich in potassium, rare earth element and phosphorus. CE-§ soils have high FeO and low Mg index, which
could represent a new class of basalt.

Keywords: Chang’E-5, lunar soils, physical properties, petrography, mineralogy, chemistry
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* Junxin Zhang , Yonggang Yao , Caijin Xiao a,*et al., Atmospheric Pollution Research 14 (2023) 101669

* JunXin Zhang, Caijin Xiao*, et al., Journal of Radioanalytical and Nuclear Chemistry, vol. 331, pages
609-617 (2022);

* Junkai Yang, Guoping Liu, et al., Journal of Radioanalytical and Nuclear Chemistry, vol. 323, pages
457463 (2020);

* Xiangchun Jin, Caijin Xiao, et al., Journal of Radioanalytical and Nuclear Chemistry, vol. 307,
pages2147-2154 (2016);

* Caijin Xiao, Guiying Zhang, et al., Journal of Radioanalytical and Nuclear Chemistry, vol. 291,
pages95-100 (2012);

* Philip K. Hopke, David D. Cohen, et al., Science of The Total Environment, Vol. 409, Issue 19, 1
September 2011, Pages 4140;

* Lei Cao, Weizhi Tian, et al. Atmospheric Environment, Vol. 36, Issue 12, April 2002, Pages 1951-1956
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Item name Parameter
Maximum nuclear power 60 MW
15
Maximum flux at center of active area 1x10
n/cm?/s
14
Max Flux at HW reflecting area 8x10
n/cm?2/s
Pressure of Coolant at reactor core 0.793/0.127
MPa
T of Coolant at gate of in & out of 35/56.2 °C
reactor core
Main loop flow 2386m3/hr
Enrichment factor of 235U 19.75 wt%
Height of active area/equivalent 850/399.2
diameter mm
Depth of pool water/inner diameter 15.0/5.5 m
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NDP/ 1 u R UL AR S H
_ %EE B EkeV b | IR
He 3He(n,p) 0.00014 572 191 5333 1.5X 1012
Li 5Li(n, o) 7.5 2055 2727 940 9.0 X 1012
B 10B(n, o) |19.9 1472 (840 3837 2.1X 1012
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However, the method gained renewed importance with the propagation of the lithium-ion
batteries [10, 11], and NDP has emerged as anqndispensabletool in the investigation of lithium-
ion batteries. New NDP facilities were put into operation [4] or several older ones were
upgraded to satisfy the increasing needs of energy-storage researchers [12, 13]. It is now
possible to monitor the charge/discharge processes in operando mode, e.g. the accumulation of
the lithium 1ons in silicon-graphite anodes [14] or in silicon-electrolyte interface (SEI) [15]. A
few examples related to IAEA’s SDGs are listed below, 1n all cases connected to the role of

NDP in the development and improvement of lithium-ion batteries:

NDPE— 2R il A vk TRAYMi{FER.,
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RIEEITT, ZRELE,

- IRSNDPRYNEH R Rk R&ZFR{Enature,
JACS, AEMERT;

L~ ADVANCED
MATERIALS

Lv, S. et al. Operando monitoring the lithium spatial distribution
of lithium metal anodes. Nat. Commun. 9, 2152 (2018).

Han, F. et al. High electronic conductivity as the origin of lithium
dendrite formation within solid electrolytes. Nat. Energy 4, |
187-196 (2019). ERNE
Wang,Q. et al. Interface chemistry of an amide electrolyte for
highly reversible lithium metal batteries. Nat. Commun. 11:4188
(2020).
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The results reveal a significant reduction in irreversible

Li loss in SI@AICI3 compared to pristine Si anodes.
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Neutron Depth Profiling Applications to Lithium-Ion Cell

Research
VW I I e . q

S. Whitney,** S. R. Blegalskl,** Y. H. Huang,*" un'.l. B. Goodenough®

3 N N BN |
Muluum al Engineering, The University of Texas at Austin, Austin, Texas 78712, USA
bSchool of Materials Science and Inl\murm;, Huazhong University of Science and Technology, Wuhan,
Hubei, China

This research proved that neutron depth profiling (NDP) is a useful technique that provides insight into lithium transport within
lithium-ion cells. Studies were conducted utilizing NDP to examine lithium-ion cell behavior under three environmental and
operational parameters: (7) storage of cells at temperature, (i) cell charge/discharge cycling, and (iif) charge/discharge rate and
state of charge. During the first study, where cells were stored at 50°C for up to 140 days, the solid electrolyte interface growth
rate was determined to range up to 4.8 nm per day depending on the cell capacity. The second study involving cell charge/
discharge cycling did not reveal a statistically significant buildup of lithium near the cathode-electrolyte surface; however, the
depth profiles showed an increased fluctuation in lithium concentrations as the number of cycles increased. Depth profiles from the
third area of investigation quantified the linear relationship between lithium buildup near the cathode-clectrolyte surface and the
rate of charge (ranging from 0.1 to 4 C in this study).

© 2009 The Electrochemical Society. [DOI: 10.1149/1.3216033] All rights reserved.

Manuscript submitted April 22, 2009; revised manuscript received July 21, 2009. Published September 14, 2009.
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Test method for instrumental neutron activation analysis (INAAY of silicon

/> semr

SEMI PV10-1110
TEST METHOD FOR INSTRUMENTAL NEUTRON ACTIVATION
ANALYSIS (INAA) OF SILICON

This standard was technically approved by the global Photoveltaic Committee. This edition was approved for
publication by the global Audits & Reviews Subcomumittee on August 27. 2010. Initially available at
www_semi org in October 2010.

1 Purpose

1.1 Neutron Activation Analysls (NAA) 15 a highly sensitive method for multi-element quantitative and qualitative
analysis of various materials.” In particular, it is an established method in the semiconductor industry for analyzing
and qualifying poly-silicon (poly-Si), the feedstock for growing semiconductor grade single crystalline silicon (c-S1)
as well as silicon wafers. regarding trace element contamination. The increasing demand for feedstock Si in the
photovoltaic ndustry resulted in a higher volume of production of poly-Si and in developing alternative methods for
purifying raw Si, resulting in materials that are generically called solar grade silicon (sog-5i) in the present
document. This material may occur in a variety of shapes, like chunks, powder, and granules.

1.2 The growing volume of production of poly-Si and sog-Si requires also an increase of quality control for these
materials, for which Instrumental Neutron Activation Analysis (INAA) 1s one method of choice. INAA is an NAA
where the analysis is conducted directly on the irradiated samples, in contrast to Radiochemical Neutron Activation
Analysis (RNAA) where the irradiated samples are subjected to chemical separation for removing interfering
species or for concentrating the radioisotope of interest' Currently INAA is performed by laboratories using
different irradiation sources and conditions, electronic equipment and preparation methods, and it 1s applied to a
wide morphological variety of Si. Standardizing INAA for application to silicon will remove differences in the
analytical approach and will establish a common reference for the analyses.
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