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(a)a brittle mineral and organo-clay complex. (b)a maximum loading pressure of 10N and a maximum loading depth of 12pm
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(Red dot represents the maximum penetration depth of 12um. black point represents the maximum pressure of 10N)
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the TOC (a), clay mineral content (b), pore volume (c¢)
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R TUAERNT SR S AYEERESHTEE (Foe=10N)

Tab.1 Summary of sample characteristics ( Fy., =10N)

Sample Clay /% Quartz+ TOC /% Pore Yolume Reduced modulus Hardness

Carbonate /% /(em®/g) /GPa /GPa
1 43 54 2.19 0.034892 42.817 1. 829
2 28 69 3.26 0.029302 36. 839 1.133
3 27 63 0. 96 0.017742 47.465 1.193
4 15 80 1.71 0. 020688 58.943 1.943
S 23 74 4. 89 0.042668 26.528 0.798
6 40 47 2.58 0. 025655 39.779 1.028

3 Hig
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e,
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Micromechanics properties analysis of shale

based on nano-indentation

LIU Sheng-xin"?, WANG Zong-xiu"?, ZHANG Lin-yan"?, MA Li-cheng'*’
(1. Institue of Geomechanic, Chinese Academy of Geological Sciecces, Beijing 100081, China;
2. Key Laboratory of Shale Oil &. Gas, Chinese Academy of Geological Sxiences, Beijing 100081, China)

Abstract: The microscopic mechanical properties of shale taken from Wufeng formation and Longmaxi
formation in south Sichuan area were studied by introducing nano-indentation technique. The elastic
modulus and hardness of shale brittle particle, organo-clay complex and different bedding planes were
quantitatively studied. The main controlling factors affecting their micromechanical properties were
analyzed. Study results show that there are great differences in mechanical properties among different
minerals and bedding planes in shale. The difference of micromechanical properties comes from their
own composition, structure and strong heterogeneity. Among them, the elastic modulus and hardness
of brittle mineral particles are the largest, and that of organic-clay complex particles are the smallest,
the mechanical properties of bedding planes are between two kinds of particles, and elastic modulus
and hardness of bedding planes rich in clastic particles are higher than that of rich in clay particles.
There is a positive correlation between elastic modulus and hardness of mineral particles in shale, but
the elastic modulus of bedding planes increases nonlinearly with the increase of hardness. The factors
affecting the mechanical properties of shale can be divided into two categories: soft component and
hard component. There is a negative correlation among elastic modulus, hardness and soft
component, and a positive correlation among elastic modulus, hardness and hard component.

Keywords: nano-indentation; shale; elastic modulus; hardness; scanning electron microscope (SEM)



