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Fig.1 1CT scanning system and mechanical loading device
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Fig.2 Sequence of DR images of granule under different loading and approach of indenter distance measurement
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Fig.4 CT scan results of TATB granules before loading
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Table 1 Characteristics of TATB granules

contact surface

granules Req/ pm H, / pm Rc/ pm AR defects morphology
morphology
G1 627.5 573.5 686.6 0.91 small bump a few sheet-like pores
G2 544.9 504.0 589.1 0.93 round a few dispersive pores
G3 586.7 547.5 628.7 0.93 round one big pore in the center
G4 622.5 551.0 703.3 0.89 round many dispersive sheet-like pores; big pores
G5 527.0 510.0 544.6 0.97 round many C-shaped pores
Goé 593.0 670.0 524.8 1.13 big bump sheet-like pores parallel to loading direction; big pores

Note: Req is equivalent radius of cross-sectional area; H,, is half height; R_ is contact radius; AR is aspect ratio.
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Fig.5 Force-displacement curve of TATB granules
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Fig.7 Three-dimensional CT reconstruction of G1 granule
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Fig.9 CT scan results of G2 and G3 granules at breakage point B
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Table 2 Mechanical properties of TATB granules by compression
elastic behavior elastic-plastic behavior collapse
granules
E/GPa ky/mN-pm™ F,/mN ¢,/ %0 Kopp/ mMN-pm™ Fp / mN o, / MPa Yy [ %o Fe/ mN e/ %o
1 - - - 13.0 23.0 1265+49 1.02+0.04 36.8 1314 104.7
2 8.74 140.1 775+49 3.7 23.7 1265+49 1.36+0.05 24.6 1314 7141
3 3.53 108.5 677+49 3.6 21.9 1265+49 1.17+0.05 26.4 1314 108.7
4 1.61 85.2 775+49 6.7 31.8 972+49 0.80+0.04 11.6 1020 45.5
5 1.20 63.2 677+49 7.1 11.7 775+49 0.89+0.06 15.3 824 90.6
6 0.98 60.3 775+49 7.3 - 775+49 0.73+0.05 7.3 824 34.6
Note: Eis Young's modulus; k,is contact stiffness at yield point; F, is yield force; i, is deformation rate at yield point; k,,, is effective contact stiffness; F; is break-

age force; o is characteristic breakage strength; ¢ is deformation rate at breakage point; F. is collapse force; ¢ is deformation rate at collapse point.
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Mechanical Property of the Single TATB Granule by Uniaxial Compression

MA Yin-xiang, LIU Chen, WANG Hui, ZHANG Cai-xin, CHEN Hua, ZHANG Wei-bin
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: In order to obtain the mechanical properties of the 1,3, 5-triamino-2, 4, 6-trinitrobenzene (TATB) granules, an in-situ
micron-level mechanical loading device suitable for X-ray Micro-Computed Tomography system was designed. By using the
X-ray Micro-Computed Tomography technique, the structural characteristics were non-destructively characterized. Hertz contact
model was used to study the force-displacement relationship of the individual granule. Mechanical properties of granule such as
Young's modulus, yield point, contact stiffness, breakage force, and structural characteristics of granule such as particle shape,
pore shape, pore distribution were determined. The results show that the quasi-static normal compression process of a single
TATB granule has three stages: elastic deformation, elastic-plastic deformation, and collapse. The pores with small size and dis-
persed spatial structure in the granule do not change during the particle deformation process, and the large sheet-like pores in-
side granule paralleled to the loading direction significantly reduce the breakage strength of the particles. The difference in the in-
ternal structure of the particles has large influence on their compression mechanical properties significantly.

Key words: 1,3, 5-triamino-2, 4, 6-trinitrobenzene (TATB) ; Single granule; CT in-situ experiment; Uniaxial compression; Me-
chanical Properties
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