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Abstract: In the long term of the high-level nuclear waste disposal, the dissolving rates of
radionuclides from the waste will be controlled by the altered crystalline phases secondarily
formed in the borosilicate glass by reaction with ground water. We have determined the altered
crystalline phases formed from borosilicate glass in a hydrothermal experiment. Borosilicate
glass powder (50mg, Sis Bz Als Lis, Nay, Ks Ca, Fe; O.46) and 200u1 of water were put into a
gold capsule (4cm long and 5mmé¢) and reacted at 300°C and 300 bars for 2 weeks with a cold-seal
type hydrothermal high pressure apparatus. After the reaction the liquid phase was analyzed
with atomic absorption spectroscopy and the solid phases with x-ray powder diffraction and
analytical electron microscopy. The liquid phase contains 909 of K, 75% of Na and 6% of Li but
less than 194 of Ca and Fe. The solid phases were found to be zeolite and smectite. The zeolite
is isostructural with analcime Na,(AlSi,Oq), - 2H,O or Ca-analcime Ca(AlSi;Og), - 2H,0 and
contains Ca and Si as major constituents but does not contain Al. Although our analytical
electron microscope cannot detect B even if the phase contains B, the zeolite may contain B
instead of Al. The remaining x-ray powder diffraction peaks are from semectite. Since our
smectite contains Fe, Al and Si, but no Na, the expected chemical composition of the smectite
is Ligss(Al, Fe), Si,0,,(0OH),nH,0.
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Table 1 Chemical composition of
fluid (ppm).

Na K Ca Mg Fe Li
8020 455 47 nd. 20 462

Table 2 Number of atoms in fluid and solid phases
(X10°mole).

Before reaction After reaction

Glass Fluid Solid
Na 153 115 38
K 33 30 3
Ca 22 0 22
Fe 55 0 55
Li 131 8 123
LB R
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& B AT ST (B2EAFC-5) 2 MW TR %2 0
ElLfe, ZORR, ZOFBBELERIELTTA 0B
BTH-o7z.
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Fig.l X-ray powder pattern of solid phases.

Table 3 X-ray powder pattern of analcime.

Nay (AlSiaOc - , Ca(AlSi;05)2+| Ca(BSiz0s )s-
2H,0 This study 2H,0 2H,0
JCPDS 19-1180
a(A) Lobs d(A) Tobs Ieal Leal
560 60 | 557 40 92 100
485 20 | 484 10 16 11
343 100 | 341 100 100 61
2927 50 | 291 40 32 18
2693 16 | 268 10 0 0
2506 14 | 252 3 36 16

Table 4 X-ray powder pattern of smectite.

Hayashi(1963) This study
d(A) Iobs a(d) I
15.7 133 15.0 60
5.34 13 5.30 2
4.53 30 4.53 15
3.12 37 3.17 7
2.59 13 2.56 4
1.503 11 1.515 12
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NaBSi;Os (Milton ef al., 1960)B L WUATXA T4
ZSM-5 (Howden, 1985) TliZ ZNAHES N T 5,
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B & LTEDDT, KIEEBIFO TN OMIzB
e EN LRI E .
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SEDKBEBRIZB WL, RIBDBRESCET&E
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P, T R ERDOMR b Sasaki ef al. (1982)
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