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Fig. 1 Initial characterization results of Invar36 alloy: (a) IPF map, (b) CSL map,
(c) axial sample EPMA map and (d) radial sample EPMA map
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2
Fig. 2 Schematic diagram of the heating apparatus
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Fig. 3 Free surface velocity profiles of (a) sample and (b) sample at different temperatures
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Table 1 Parameter data of density and elastic modulus

T/ py/(g-em™) E/GPa
20 8.110 14.960
150 8.102 15.487
300 8.020 16.094
Er
Cr= —n—
o201+ ),
Cs
[24-25]
(DE) )
DE [26]
— dufs (t)
ra dt oE
Ara DE 5 Uss ’ t
2 Invar36 ) > Uimp
b ) (T) b
x O , =2.84 GPa, a =0.0037; , =247 GPa,a =0.0027
, Invar36
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Table 2 Experimental parameters for the spall recovery experiments
C/ C,/ Cy/ Uppn/ Au/ o,/ a,/
Materials T/ v 1 T | B L i/ | sp W
(km's™) (km-s™) (km's™) (km-s™) (km-s™) GPa (m's™)
20 4.839 2.703 3.698 0.295 0.165 2.810 4.51
150 4.904 2.740 3.747 0.300 0.133 2.289 3.45
Sample
300 5.024 2.807 3.839 0.299 0.101 1.763 2.75
20 4.862 2.701 3.730 0.292 0.145 2.482 6.68
150 4.926 2.736 3.780 0.290 0.118 2.045 5.14
Sample
300 5.047 2.803 3.873 0.294 0.097 1.705 4.22
5
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Fig. 6 Optical microscopy characterization of recycled samples
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Fig. 5 Spall strength as a function of temperature
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111

7 EBSD : IPF  (a) KAM (b),300 IPF  (¢) KAM (d)
Fig. 7 EBSD characterization results of recycled sample : IPF map (a) and corresponding KAM map (b)
at room temperature; IPF map (c) and corresponding KAM map (d) at 300

Shock

8 EBSD : IPF (@) KAM (b),300 IPF  (¢) KAM (d)

Fig. 8 EBSD characterization results of recycled sample : IPF map (a) and corresponding KAM map (b)
at room temperature; IPF map (c) and corresponding KAM map (d) at 300
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Influence of Temperature on Mechanical Properties and
Spall Damage of Invar36 Alloy

TANG Zeming'*, HU Jianbo’>, HU Changming’, CHEN Sen’

(1. School of Materials and Chemistry, Southwest University of Science and Technology, Mianyang 621010, Sichuan, China;

2. National Key Laboratory of Shock Wave and Detonation Physics, Institute of Fluid Physics, China Academy
of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: This study systematically investigated the effects of temperature on the spall behavior of Invar36

alloy through plate impact experiments and microstructural characterization techniques. Utilizing a single-

stage light gas gun loading platform combined with a high-temperature heating device, the experiments

measured free surface velocity profiles and spall strength variations in samples with different segregation

orientations within the temperature range of 20  to 300 . Results demonstrate that the spall strength of

Invar36 alloy exhibits a linear decrease with increasing temperature, with elevated temperatures significantly
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weakening its dynamic tensile resistance. Microstructural damage analysis reveals that at room temperature,
voids nucleate and propagate along element segregation bands, while high-temperature damage concentrates
at grain boundaries. Elevated temperatures reduce the constraining effect of segregation and facilitate
material softening through thermally activated dislocation motion. The research elucidates the central role of
temperature in governing spall strength and damage mechanisms, providing a theoretical foundation for
failure-resistant design of Invar36 alloys under high-temperature impact conditions.

Keywords: Invar36 alloy spall element segregation temperature dependence
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