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Latest progress in neutron science platform and application of China
Mianyang Research Reactor
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2 National Key Laboratory for Neutron Science and Technology, Mianyang 621999, Sichuan, China)

Abstract: Neutrons have been the unique probe that possesses magnetism, depth detection, and element
sensitivity, and have become an important technique of innovative research in the field of materials science.
As one of the three major neutron sources in China, China Mianyang Research Reactor (CMRR) of China
Academy of Engineering Physics took the lead in building eight scientific devices and putting them into use
in the first phase in 2013, which has been running stably for more than ten years. This paper focuses on the
progress in device technology and application research of the CMRR neutron platform in recent years. At
present, the CMRR neutron platform has fifteen scientific devices, nearly double the number present in the
first phase. Based on the newly developed devices, the maximum measurable scale of the static structure
for materials 1s widened from hundreds of nanometers to tens of micrometers. Meanwhile, the energy
resolution for micro-dynamic characterization is improved by about three orders of magnitude from the
original sub-microelectron volt to the hundred-nanoelectron volt. Based on the advantages of an integrated
large-scale scientific facility that possesses multi-scale and multi-parameter characterization abilities, the
CMRR neutron platform has been applied to the research of key engineering materials such as metal alloys,
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magnetic materials, battery materials, energetic materials, soft materials, as well as the field of

engineering components manufacturing. In the future, relying on the National Key Laboratory of Neutron

Science and Technology, effort will be made to promote the major original innovation based on neutron

science and the frontier development of new materials, condensed matter physics and other disciplines,

which is expected to provide new insights and innovative solutions for the bottleneck scientific and

technological problems faced by the research and development of engineering materials and components.

Key words: China Mianyang Research Reactor; neutron platform; multi-scale and multi-parameters

characterization ; engineering material and component
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Reactor hall Cold neutron scattering hall

SESANS

HRND: high resolution neutron diffractometer SANS: small angle neutron spectrometer

HPND: high pressure neutron diffractometer ~ CTAS: cold-neutron triple axis spectrometer
RSND: residual stress neutron diffractometer TPNR: TOF & polarized neutron reflectometer
TNR: thermal neutron radiography CNR: cold neutron radiography
TTAS: thermal-neutron triple axis spectrometer SESANS: spin echo small angle neutron spectrometer

LNRSES: longitudinal neutron resonance spin echo spectrometer
NSTB: neutron standard test beam-line
HETU: high-resolution stress-texture cold neutron diffractometer

USANS: ultra small angle neutron spectrometer LUOSHU: longest small angle neutron spectrometer

1 CMRR PRI GRS
Fig.1 Overall layout of CMRR neutron science platform
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Fig.2 Fifteen scientific devices based on CMRR and their functional classifications
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Table 1 Main technical parameters, function and application fields for fifteen scientific devices and in-situ environmental

equipments of CMRR neutron platform

Neutron scientific device

Main technical parameter

Function

Application field

Stress scanner

Diffractometers

Small-angle

spectrometers

Inelastic

spectrometers

Radiography

RSND

HETU

HPND

HRND

NSTB

SANS

USANS

SESANS

LUOSHU

CTAS

TTAS

LNRSES

TNR

CNR

Wavelength range: 0.12-0.28
nm;instrumental resolution :
1.8%; gauge volume: (0.5X0.5X
(0.5-10) X 10X 20) mm?®, flexibly
adjustable;load capacity: 500 kg

Wavelength range:0.18-0.4 nm;
instrumental resolution :
1.7%0;1oad capacity : 1000 kg

Available wavelength: 0.159 nm;
diffraction angle range: 6°-148°;
optimum resolution: 2.5%,

adjustable ; high pressure: 30 GPa

Dual mode: high  resolution
(1.6%0) and high intensity (2.4X
10° n'em™%+s7 1) ; diffraction angle

range: 4°-173°

Wavelength range:0.05-0.18 nm;
load capacity : 500 kg

Wavelength range:0.35-1.5 nm;
scattering vector range:

0.01-6.3 nm ™!

Available wavelength: 0.241 nm,
0.474 nm ; characterization scale
range: 200 nm-20 pm

Available wavelength: 0.4 nm;

maximum spin echo length: 4 pm

Full length of spectrometer: 46 m;
characterization scale range:

sub-nanometer to micrometer

2.29-21 meV;

energy resolution: 0.11 meV

Energy range:
Energy range: 0-68 meV ;energy

resolution: 0.16 meV

Wavelength range: 0.4-1.2 nm;

spin echo time: 10 ns

Maximum imaging resolution :
15 pm; maximum detection field of
view : 400 mm X400 mm

Maximum imaging resolution :
better than 7 pm;maximum
detection field of view : 200 mm X
200 mm

Detection of residual stresses in
engineering components ; in -situ

measurement and texture analysis

Characterization of crystal and
magnetic structures ;i -situ
measurement of phase structure
transformation ; determining the

position of atoms such as hydrogen

Performance test of spectrometer
components; development of neutron

analysis technology

Characterization of nanophase and
magnetic structures;analysis of
polymer chain conformation ; in-situ

test of hydrogen and helium behavior

Phonon dispersion curve and density of
States;spin wave and quantum
magnetic fluctuation; hydrogen

diffusion and hydrodynamics

Macroscopic geometry and connection

structures ; residues and defects

Manufacturing of high-end
components in the fields such
as aerospace and nuclear
power;key engineering

materials

Crystallography ; new materials;

condensed matter physics

Neutron physics; engineering

components and materials

Physics of nano and
composite materials ; polymer
chemistry ; energy and life

science

Condensed matter physics;
new materials ; biological

protein

Manufacturing of high-end
components ; engineering
materials in the fields such as

nuclear, energy, and biology
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Neutron scientific device

Main technical parameter

Function

Application field

TPNR

Groups of in-situ environmental

equipments

Wavelength range: 0.25-1.25 nm;
minimum measurable

reflectivity : 110" %;polarization
efficiency: > 90%

More than 20 sets of in-situ loading
cells including temperature, force,
magnetic field, atmosphere, and
multi-field coupling, where the
temperature range is 1.5-1873 K,
the capacity of axial tensile and
compressive force is 100 kN, the
maximum torque is 50 N-+m, the
maximum magnetic field strength is

9 T, and the maximum air pressure

Film thickness and roughness;
interface diffusion length;interface

magnetic structure

In combination with various

spectrometers

Physics of magnetic materials;
thin film materials ; surface

chemistry

Multi-disciplines such as
materials, physics, and

chemistry

is 20 MPa
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(a)layout of neutron diffraction stress measurement; (b)experimental stress distribution; (¢ )results from finite element simulation;

(d)schematic illustration of stress state of growing crystal in crucible
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