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Abstract

release in rock. X ray diffraction is a major approach to determine minerals crystal structure parameters, including

The dynamic change of lattice spacing of rock minerals reflects the process of inner stress storage and

lattice spacing. It is difficult to inverse detailed structure of minerals by X ray due to restrictions of information
presented by X ray attenuation, which are statistically average. Fine mineral structures and element location could
be obtained by neutron rays because of high-energy and thick penetration depth. The measurement of lattice spacing
of rock minerals is the most pressing problem in understanding of rock inner stress storage and release. In this work,
a novel method for determination of rock inner stress based on X-ray and neutron diffraction is proposed. The basic
principle of the method is analyzed, and the key technology and research prospects of the method are proposed. The
following conclusions are drawn: taking the advantage of X-rays in determining the lattice parameters of rock
minerals, we can achieve the dating of the lattice spacing of rock minerals combined with heat treatment technology.
The diffraction deviation peaks of rock minerals then can be accurately measured by neutron diffraction technology,
aiming at achieving the accurate depiction of the depth profile of the stress in the rock. The absolute measurement of
the absolute value of the stress in the rock can be achieved by combining X-rays and neutrons. The methods
proposed in this paper are helpful to reveal the microscopic storage and release process of the stress in the rock, as
well as the long-term remaining material conditions and physical mechanical mechanisms, and are expected to
provide a new technical solution for the study of rock mineral composition and microstructure.

Rock inner stress; X-ray diffraction; Neutron diffraction
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of X-ray method for measurement of rock inner stress
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Fig. 2 Annealing curve and strain release rate of quartz and
calcite after being removed from the rock ( After An (2011))
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Table 1 Comparison of various properties important for diffraction strain measurement of electron, X-ray and neutron

(After Vogel et al.(2004) ; Withers(2004) ; Hutchings et al.(2005) )

e S X B/ keV T8 X 448/ keV M F/keV 17/ meV
e 6.40 8.04 17.4 35 250 100 200 500 1 10 100
AR T 0.012 0.016 0.034 0.068 0.16 0.48 1.2 1.4 2.0 1839 1839 1839
Wk/A 1.94 1.54 0.71 0.35 0.15 0.05 0.037 0.025 0.014 9.0 29 0.9
P/ mes™! 3x108 3x108 3x108 3x108 3x108 3x10%  1.65x10%  2.1x10%  2.6x10® 437 1390 4370
IR (K)=E/kB 0.74x10%  0.93x10%  2x10® 4.1x10°  9.2x10°  29x10% 11x10%  23x10%  57x10° 12 116 1160
K 18 pum 4 pum 34 pm 024 um 218 pm  10.5 pm ~100 pm ~0.8 cm
FrifE A 1x5x0.01 mm* 50x50%x1000 pm® 5%5%5nm’ Ix1x1 mm®
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Fig. 7 Schematic illustrating the experimental arrangement

for measurement of strains at a monochromatic neutron source
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Fig. 8 Neutron diffraction instruments in China spallation neutron

source( Dongguan, https: // user.csns.ihep.ac.cn/operating )
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