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Morphology and elemental behavior of borosilicate glass after y-irradiation and corrosion
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ABSTRACT Borosilicate glass is currently the best comprehensive solidified material for deep disposal of high-
level radioactive waste. The stability of borosilicate glass under irradiation is an important factor affecting the
leakage of radioactive isotopes into the biosphere. In this study, three-component borosilicate glass (NBS) was

irradiated by y-rays at doses of 8 kGy and 800 kGy, respectively. The leaching behaviors of the irradiated samples at
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different absorbed doses were studied. The surface morphologies of the samples were analyzed using optical

microscopy and scanning electron microscopy (SEM). The distributions of elements were analyzed using energy

dispersive X-ray spectroscopy (EDS), and the elements in solution were characterized using inductively coupled

plasma-optical emission spectroscopy (ICP-OES). The results indicate that the irradiation effects on the leaching

behavior of borosilicate glass occurs at certain thresholds. When the corrosion time is prolonged, the corrosion effect

gradually covers the irradiation effect of the glass. Compared with 8 kGy irradiation, NBS glass samples exhibit

more significant changes in elemental behavior under 800 kGy irradiation. After high-dose irradiation, the effect of

corrosion on surface morphology is more significant than at low doses, and the element leaching rate of NBS glass is

higher after 7 days of corrosion.

KEYWORDS Gamma irradiation, Borosilicate glass, Surface morphology, Elemental leaching
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Fig.2 Optical images of samples with corrosion time of 1 d: (a) 0 kGy; (b) 8 kGy; (c) 800 kGy

B3 JEhh3 dE RS IES - (a) 0 kGy: (b) 8 kGy:(c) 800 kGy
Fig.3 Optical images of samples with corrosion time of 3 d: (a) 0 kGy; (b) 8 kGy; (c) 800 kGy
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Fig.4 Surface images of NBS glass with corrosion time of 1 d and 3 d at an absorbed dose of 800 kGy
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Fig.5 Optical microscopy images of glass with corrosion time of 5 d: (a) the outer surface of the front layer; (b) the inner surface
of the front layer; (c) the bottom layer
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Fig.6 Macroscopic morphology (left) and SEMs (right) with corrosion time of 7 d: group A and group B represent the outer surface
and the inner surface of the front layer, respectively, and group C represents the outer surface of the inner layer
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Fig.7 Cross-sectional EDS images of NBS glass with corrosion time of 7 d, where the carbon element originates from the resin
used in sample preparation
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Fig.8 Elemental normalized mass losses (Q,) of NBS glass samples: (a) 0 kGy; (b) 800 kGy

FIH R QORI FE SR MR AT IHE, 4580
K9 Fran. 800 kGy ¥ /5, Ju&R IR HIEF I
Thime ARSEIKATN, REEIEFES F Nafl B o &
[PIZ 2R AE 5 d I IA B f K AA, 17 800 kGy #8 B
i ) Na FI B JC R (1R H 276 3 Ak B . 7T LA

FH, REBMAANER T v 454 E R
I, AE R R AT R S Y P i . O b 3 5 R
AR B AR HER R T, AR ITE & 1) A
— R, Ky RS NBS B8 N A S
PR N AR 25 0 1) AR AU AH DG ) Na B & Si TG &

020203-6



MRS ES LY %M 2024,42:020203

Bt ™ phAh, 05 R R TEORE R B T A

DRI, R AFE I T LB By — 2

120 120
| (@) —-— Normalized leaching rate of Na | (b) —m=— Normalized leaching rate of Na
—o— Normalized leaching rate of Si —e— Normalized leaching rate of Si
100} ——— Normalized leaching rate of B 100} —a— Normalized leaching rate of B
801 < 80
- o
o I Q@ I
e eof 5 eof
o o
e = |
Z L 4 L
= 40 40
20+ 20}
1 1 1 1 1 i 1 1
0 4 8 12 16 0 4 8 12 16

Corrosion time / d

Corrosion time / d

E9 NBS I M TFEIRMER H AR (R, ) : ()0 kGy: (b)800 kGy
Fig.9 Elemental normalized leaching rate (Ry;) of NBS glass samples: (a) 0 kGy; (b) 800 kGy
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