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Mechanical Properties of Borosilicate Glass with Different
Irradiation of Heavy Ions
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(School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China)

Abstract: To understand the evolutions in mechanical properties of borosilicate glass under irradiation is significant
for evaluating its performance after long-term interaction with irradiation environment. In this study, borosilicate glass
samples were irradiated with 0.3 MeV P-ions, 4 MeV Kr-ions, 5 MeV Xe-ions and 8 MeV Au-ions, respectively.
Modification of the samples’ mechanical properties before and after radiation was investigated with nano-indentation
measurement. With increase of irradiation dose, both hardness and modulus of samples irradiated with P, Kr, Xe and
Au ions drop and then saturate at 0.1 dpa. The trends of hardness variations for the sample irradiated with four kinds of
ions at different energies are similar, and the change of modulus also follows the same rule. The maximum variation of
NBS2 sample’ hardness and modulus are about 35% and 18%, respectively. The grazing incident X-ray diffraction
(GIXRD) was employed to analyze the phase structure. The results indicate that borosilicate glass still remains amor-
phous after irradiation. The microstructure evolutions of irradiated borosilicate glasses were characterized by Raman
spectroscopy. The decrease of network polymerization and the increase of structural disorder are suggested by Raman

spectra. In addition, the results also suggest that the main factor for the evolutions of the hardness and modulus of the
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borosilicate glass under ion irradiation is the change of the deformation of glass network, which was caused by nuclear

energy deposition in samples.

Key words: borosilicate glass; radiation effect; mechanical properties
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Fig. 1 Electronic energy loss, nuclear energy loss and total
energy loss distribution curves of borosilicate glass with irra-
diation of heavy ions
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Table 1 Doses of heavy ions for the irradiation
n EnerayMeV Rangeum (0, E o enenvievamy | Doseidna
6.1x10" 7.20x10" 3.99x10" 1x107
1.8x10" 2.12x10" 1.18x10% 3%x107
3.6x10"? 4.25x10" 2.35x10% 6x107
X2 5 19 6.1x10" 7.20x10" 3.99x10% 1x10°2
1.8x10" 2.12x10% 1.18x10*" 3%x1072
6.1x10" 7.20x10% 3.99x10?' 0.1
3.0x10" 3.54x10%' 1.96x10* 0.5
6.1x10" 7.20x10' 3.99x10% 1.0
3.0x10" 2.80x10'® 9.68x10"® 2.05x107*
1.0x10" 9.34x10'® 3.23x10" 6.83x107*
3.0x10" 2.80x10" 9.68x10" 2.05x1072
- A "4 6.0x10" 5.61x10" 1.94x10% 4.10x107°
' 1.0x10" 9.34x10" 3.23x10% 6.83x1072
3.0x10" 2.80x10% 9.68x10% 2.05x1072
1.0x10" 9.34x10% 3.23x10* 6.83x107°
5.0x10" 4.67%10*! 1.61x10% 3.41x10™
4.0x10" 1.21x10"® 3.24x10" 2.26x107*
1.4x10" 4.25x10" 1.14x10" 7.95x107*
4.0x10" 1.21x10" 3.24x10" 2.26x107
- 03 04 8.0x10" 2.43x10" 6.49x10" 4.52x107°
1.4x10" 4.25x10" 1.14x10% 7.95x107
4.0x10" 1.21x10% 3.24x10% 2.26x1072
1.4x10" 4.25x10% 1.14x10*! 7.95x107*
7.0x10" 2.13x10*! 5.68x107' 3.94x10™
1.14x10" 2.14x10" 1.39x10% 2.65x107
3.79x10" 7.11x10" 4.62x10% 8.85x107
Au g 20 7.57x10" 1.42x10% 9.23x10% 1.77x107*
1.14x10" 2.14x10% 1.39x107! 2.65x107
3.79x10" 7.11x10% 4.62x10*! 8.85x1072
1.40x10" 2.63x10*! 1.71x10% 3.26x10™
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Fig. 2 Hardness changing curves of borosilicate glass with

penetration depth
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Fig. 5 Hardness variation of borosilicate glass with deposited

electronic energy for the irradiation of heavy ions
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