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Density Phenomena of an Actinide-Doped

Borosilicate Waste Glass
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The effects of annealing treatment in the temperature range from
200°C to 500°C on the density of an alpha—-irradiated borosilicate waste
glass were studied by the method of post-irradiation annealing. In
isochronal anmnealing increases in density were observed at annealing
temperatures below 450°C. Conversely above that temperature the density
decreased because of transition temperature range of the waste glass.
The density in isothermal annealing increased rapidly in the initial 5
hours and approached to its equilibrium value at each temperature. The
implication of these results were discussed using the model on the basis

of the formation of helium bubbles in the glass and the recovery of

network distortion.
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m*) , r=2 [J/m’)] &L, ChooEsREICLDRIELEnE LT(MRLY 0 (11ERD
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BLE b EHAEOSMEE I & 5 EEELHKR TEA 515,
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%4 (total model ) TR L < Fig. 6§ ~Fig. 8 {T/Rd
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Table 1 Bulk Composition of An Actinide-Doped Borosilicate
Waste Glass.

Component wt % Component wt %
Additives . Wastes
8203 13.90 Ba0 0.62
Lizo 2.00 CeOz 0.28
a
CaD 4.00 Nd203 0.45
Zn0 2.47 Sm203 0.09
EU203 0.02
Wastes Gd203 0.01
Rb20 0.12° SeOz 0.02
SrQ 0.34 RuOZ 0.80
Y203 0.06b F9203 2.90
ZrOz 2.64 NiQ 0.40
M003 1.73 CI‘203 0.50
Agzo 0.03 Ru 0.12
Cdo 0.03 Rh 0.15
SnOz 0.02 Pd 0.43
Sb,04 0.01 Cm Oxides® 3.04
TeO, 0.23 Pu Oxides? 0.96
Total 100.00

& Partly contains Na,0 as chemicals added in the reprocessing.

b Partly contains Zr0O, as zircalloy filings.

C gee Table 2 which shows the radionuclide content of curium source.

d See Table 3 which shows the radionuclide content of plutonijum source.
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Table 2 Estimated Assay* of 2.051 g of the Curium
Source.

Component Content {g) Activity (xlOlqu)

244000, 1.163 3.08
2450, 0.015 -2
24800, . 0,083 .
247eno,, 0.001 -8
2480, 0.001 -2
238pyo, 0.001 -2
240py0, 0.787 ~0.006
Total 2.051 3.09

*Values as of August 5, 1983. These are
caleulated on the basis of shipping data from ORNL.
pctivity is < 0.001 x 1012 Ba.

Table 3 Estimated Assay* of 0.648 g of the Plutonium
Source.

Component Content (g) Activity (xlOlqu)

238pyg 0.550 3.07
239, 2 a
PuO, 0.054 -
240pyg 0.004 -3
241, a
PuO, 0.001 -
234y, 0.039 ---8
Total 0.648 3.07

*Values as of August 5, 1983. These are
calculated on the basis of shipping data from ORNL.
Bpctivity is < 0.001 x 1011 Bq.
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Table 4 The Values of Diffusion Coefficient: Dy, Trapping
Rate Constant: g, and Re-solution Rate Constant: b

of Helium in the Waste Glass.

Temperature(°C) Dy, (mz/s) g (s“l) b (s_l)
260% 1.4 x 10712 0.12 0.04
3008 2.5 x 10712 0.10 0.12
350% 6.5 x 10712 0.08 0.28
370 7.0 x 10712 0.09 0.35
400® 1.5 x 10711 0.08 1.2
430 2.5 x 10711 0.10 1.5
450P 2.6 x 10711 0.12 2.0
500° 5.7 x 10711 0.09 3.2

2. Use the samples in size of 3.0 mm x 0.5 mm.
b: Use the samples in size of 3.0 mm x 1.0 mm.
€. Use the samples in size of 3.0 mm x 2.0 mm.



JAERI— M 90—225

PPN L LSl LS
% . K
ﬁf/—
; (F) (G) ; Thermostat
d \ / ¥ '
] © Y
1
(E) / (B) -=“l
g L 0 Multimeter
@: (C)\Ti‘i/ A
j: N (A A (A) Specimen
% o (B) Heavy Liquid
X (C) Thermistor
d - D) g - -
¥ 1 (D) Measuring Cylinder
(E) Water .
S L Ll VA A
Glove Box (F) Heater

(G) Cooling Tube

Fig.l View of apparatus for density measurement.

o) 2.77F )
E P 3
o g
;: ———-————._—#ﬂﬂﬂfff—c—”zéjffjgjjf/
e | .
m S “
: 7 —e—  3mMmex2mm |
D \
_ -—-0---  3mmoéx imm o“
. | | l |
0 100 200 300 400 500
TEMP. (°C)

Fig.2 Density change in isochronal annealing for 1 hour at each
temperature for irradiated specimens.



JAERI-M §0-225

2.781
E ]
A . . >
) .//
— Lt . o
S 2y T U
78] Pos-ua
@ 300°C
% J?’ - —e— 3mm®x2mm
1 ---o=-- 3mm®Px 1mm
2.76F |
i 1 1 {
0 5 10 15 20

TIME (hours)

Fig.3 Density change in isothermal annealing for irradiated

specimens at 300°C.

-~ 2.78f . .
E; -—ff"""*jjj::j:io ____________ 6 o
B’i O/_,—-o""
e ./ /// .
= | o
%) o —e— 3mm®x2mm
= 2.77(':
& ‘P’O ~—o--- 3mm®ximm
0 5 10 5 20

TIME (hours)

Fig.4 Density change in isothermal annealing for irradiated

specimens at 400°C.



JAERI—M G0-225

2781
./,:::_’:‘_8.’:?::9 *** o--TTTTITTTTTT *=
i=
A
2 277
> 450°C
-
N —e— 3mmPx2mm
5 4
- ~--0---  3mm®ximm
2.761
! ! I 1
O 5 10 15 20
TIME (hours)
Fig.5 Density change in isothermal annealing for irradiated
specimens at 450°C.
2.780 |
— 300 °C
E 3mm¢ x Imm
2 .| B=0.02/hrs.
o 2770 . . . .
e e trapping
>.' ) - -
.l-:-_'n ———distortion
& — total
O 2760 . data
2.750 b 1 1
0 5 10 15 20
Time (hrs.)

Fig.6 The curves of density change calculated by the models based on
the formation of helium bubbles in the glass (trapping model)
and on the recovery of glass network distortion (distortion
model) in isothermal annealing at 300°C. Solid circles show

the experimental data.
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