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Effects of Various Waste Contents on Properties of Borosilicate

Glasses for High-Level Waste Solidification in Several Countries.

*
Takashi FURUYA, Muneakl SENOO, Tsunetaka BANBA, Osamu KATO,

Hisayoshi MITAMURA, Hiroshi KAMIZONO, Masahiro KUMATA, Takashi
MURAKAMI, Singe TASHIRO, XKunio ARAXI,and Hiroshi AMANC

Divisicn of Environmental Safety Research, Tokai Research Rstablishment,
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(Recieved February 3, 1981)

The Borosilicate glasses have been most developed of the various soli-
dified products of high-ievel waste (HLW) from the reprocessing of
nuclear fuels in several countries. The products have been studied in
Japan, too,and there is the possibility of the HIW glasses from overseas
fuel reprocessing by entrustment being returned to Japan ,

The previocus report.had been issued the results of examination for the
properties of glass frits and 14% wasgte content glasses with the same
chemical composition as developed in several countries.

In this examination,the following HLW glass preperties with 20-30%
waste contents were obtained for studying the technical problems in
receiving HLW; visible observation,density,scfiening temp.and leach rate
etc. Effects of various waste contents on properties of HLW glasses were
shown. Using the obtained results, an upper 1imit of acceptable waste
content of HIW glasses was discussed with the relaticnship between soft-
ening temp. and caleulated centerline temp. of HILW glasses in a given air
cocling system. &nd then, the time reached to Maximam Permissible
Concentration concerned to an assumed accident in a water cooling system

wasg calculated using the obtained leach rate of HLW glasses.

Keywords; Solidification, Borosilicate Glass, High-Level Waste, Oversgeas
Fntrusted Reprocessing, Safety Evaluation, Waste Upper Limit, Leach rate,

Thermal Characteristic Evaluation.

* On leave from Kobe Steel Ltd.
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Table 1 Chemical composition of base glass
frits in several countries
(%)
France JAPAN FRG UK
Marcoule PNC JAERI
Karlsruhe | HMI Harwell
(1) @ J—101J-—-20
10, 60.5| 560 | 64.1 | 4447 506 57.6 | 43.4 68.4
B,0, 264 | 219 | 209 | 151 | 173 12.6 5.2 15.0
Al,O, 41" a7’ 1.6 | 129
Na,0 13.1 14.6 1.5 220 11.0 10.0 1.4 11.2
K,0 3.0 1370 15"
Li,0 4.5 5.5 1.2 5.4
Mg O 1.7° 20" 5.4 1.8
Ca0 3.0 7.7 8.8 2.6 4.8
BaO 181
TiO, 01" o1’ 4.7 3.5
P,0, .37 147
As, 0, 0.6
Fe,0, 7.5 2.2 25
ZnQ 3.0 6.1
MnO 0.1 017
8r0O 1.0
Total 100 100 100 100 ioo0 ioo 100 100
Reference 8) 9) 2) 10} 11) 2) 2)

+ from natural zeolite
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Table 2 Chemical composition of simulated HLW
Reagent OXi?f}rm composition
RbNO, Rb,0 0.7 %
Sr(NO4), Sr0 1.8
ZrO(NO,), - 2H,0 Zr 0, 8.8
H.Mo O, H,0 Mo O, 9.3
Mn (NO, }, - 6H,0 MnO, 1.4
Fe (NO;), - 9H,0 Fe, 0, 3.1
Co (NO, ), - 6H,0 Co0 0.6 fission products
Ni (NO,), - 6H,0 NiQ 1.8 ail’z?nides
AgNO, Ag,0 0.2
Cd (NO, )}, CdO 0.2
TeO, Te O, 1.2
CsNO, Cs,0 53
Ba(NO.), BaO 3.4
RE(NO;);- 6H,0 RE,0, 252
Fe (NO, ), 9H,0 Fe, O, 14.3
o 0| cno, | 2
Ni (NO;), -6H,0 NiO 1.8
Na NO, Na,O 17.1
} inerts
H, PO, P,0, 1.7 .
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Table 3 Aspects of simulated HLW glasses
waste
glass 1dwt% 20wt% 25wt % 30wt%
Marcoule {I) O O O -
hase
I _ Y
Marcoule () O O separation
PNC O O O O
) phase phase separation
JAERI(J—20) O C . &
separation | yellow product
- vellow yellow N
JAERI (J—10) O product product
phase rhase
Harwell O O separation separation
vellow vellow
Karlsruhe O O product product
~ phase phase phase
HMI ~ separation separation separation
() : non yellow product and non phase separation
Tabie 4 Density of simulated HLW glasses
{ g/ cm?)
waste wt %
glass 0 14 20 25 30
Marcoule (1) 2.40 258 265 2.7 4 -
Marcoule (2 2.53 2,65 - 279 2.89
PNC 242 2.6 0 2.69 278 2.82
JAERI(J—20) 252 269 2.76 2.83 2.83
JAERI (J—10) 253 269 2.80 2.84 —
Harwell 247 2.6 4 2.71 2.717 2.84
Karlsruhe 256 2.73 2,79 2.87 2.91
HMI 3.04 3.20 3.24 3.32 3.35
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Table 5 Thermal conductivity of simulated HLW
glasses at room temperature
{ keal/m-hr-C)
. &
waste o W% 14 20 25 30
Marcoule (1) 0.8 94 D874 0.728 0.733 —
Marcoule (2 0.810 0.788 - 0.766 0.772
PNC 100614 0.251 0.873 0.86 2 838
JAERI(J—20) 0.897 0.857 0.830 0771 0.789
JAERI (J—10) 0.880 0831 — 0.739 -
Harwell 1.006 0.9586 0.815 0.760 0.863
Karlsruhe 0.619 0.96 6 0.890 0813 0.896
HMI 0.795 0839 0700 0.780 0.799
Table 6 Softening temp. and devitrification
temp. of simurated HLW glasses
(c)
waste wt % wt % wt % wt% wt %
14 20 25 30
Ts T4
glass Ts Td Ts Td Ts Td Ts Td Ts Td
Marcoule (1) | 586 | 765 | 574 740 566 | 760 | 565 | 759 — —
Marcoule {2 571 774 565 754 — — 557 720 355| 732
PNC - — 532 | 722 5271 715 528 717 526 736
JAERI (J—20) 52| 782 | 573 764 | 578 | 778| 570 770 557 750
JAERI (J—10;| 546 | 740 533 740 - — 514 — — —
Harwell 523: 776 515651 708 | 504 | 760 | 509 ) 696 508 692
Karlsruhe 513 | 733 511 707| 502 | 670 512 - 495 686
HMI 624 | 8471 603 817 - - 600 | 827 ] 596 -
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Table 7 Leach rate of simulated HLW glasgses

Leach rate (g/cm?- dayx10°)
glass waste
wtloss Na Sr Mo Cs
14 % 6.01 6.6 4 0.27 — 3.40
20 556 5.45 3.72 5.87 6.87
Marcoule (1)
25 7.72 1077 326 845 7.25
30 — - — — -
14 3.08 3.97 1.99 452 543
20 — — - ~ —
Marcoule (2
25 3.14 3.83 263 4.3 6 4.7 4
30 3.25 4.30 3.09 5.5 0 -
14 0.66 0.70 0.3 4 0.79 0.9 8
20 0.63 — 0.77 0.84 1.15
PNC
25 0.75 0.77 0.47 0.23 0.81
30 0.75 0.81 0.6 6 0.87 —
14 - - — —
20 1.14 1.51 1.79 1.52 —
JAERI{J—20)
25 — — — -
30 1.03 1.6 9 1.6 2 1.82 —
14 1.2 2 2.4 2 0.77 — 1.18
20 1.10 1.31 1.1 7 1.28 1.65
JAERI (J—10)
25 - — — - —
30 — — — - —
14 1.7 8 4.4 7 0.50 — 1.13
20 1.14 1.4 3 1.13 1.64 208
Harwell
25 1.2 3 1.4 4 0.64 1.74 1.33
30 0.99 1.3 3 1.2 4 1.44 -
14 0.93 1.27 0.6 7 — 1.17
20 1.51 2.06 1.55 2.23 3.02
Karlsruhe
25 0.72 057 6.15 0.75 0.58
30 1.27 200 1.8 2 214 —
14 0.35 0.54 0.77 — 0.48
20 0.40 0.58 0.60 0.72 1.33
HMI
25 0.56 0.73 0.24 0.8 3 0.6 6
30 0.37 0.42 0.51 0.50 —




Table 8 Surface and centerline temperature of simulated

BHLW glass ecanisters

JAERI-M 92378

o cooling air

ocanister height

in cooling air

3m. s,

20C

1.5m

¢ canister diameter 0.42.040m

(T)
waste 14% | waste 20% waste 25% | waste 30%

glass
Ts Te Ts Te Ts Tc Ts Te
Marcoule (1) 157 352 233 577 308| 749 — -
Marcoule (2 161 379 - - 313! 743 399 929
PNC i58 338 237 527 312 692 388 8§64
JAERI(J—20) 163 370 243 556 318 751 389 896
JAERI (J—10) 163 376 247 - 320 773 - -
Harwell 160 342 238 | 551 311 740 391 856
Karlsruhe 166 352 246 541 323 739 402 8§60
HMI 195 447 288 725 380 882 46911062

Table 9 Surface and centerline temperature

HLW canisters

in cooling water

o cooling water

20€

of simulated

o canister height 1.5m
o canister diameter 0.42.040m
waste 14% | waste 20% waste 25% | waste 30%
glass
Ts Te Ts Te Ts Te Ts Te
Marcoule (1} 26 | 221 281 372 29 | 470 - —
Marcoule (2) 26 | 244 — — 29 | 459 311 561
PNC 26 206 28 318 29 409 31 507
JAERI(J—~20) 26 233 28 341 29 462 31 538
JAERI (J—10) 26 239 28 - 29 482 - -
Harwell 26 208 28 341 29 458 31 496
Karlsruhe 26 212 28 323 30 446 31 489
HMI 27 279 29 466 31 533 32| 625
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Table 10 Activity, MPC and HI of active elements

in the high—1level waste

o burn up @ 33000MWD.T UO,

o ¢cooling time after reprocessing : 5Syr
o activity : DCHAIN code

o HI : Hazard Index (em®/g-waste)

element | activity(ei T UQ,)| MPC (zci mf) HI(em?® /g-waste)
*Rb 1.845 x10* 1 x 10" 3.25 X 102
“Sr 6694 x10* 4 x107° 295 x 10°
“y 6.696 x10° 2 x107* 590 x 10°
"*Ru 1.139 %10 1 x107* 2.01 x 10°
"*sb 2053 x10° 1 x 1073 362 x 10
125Mpg 4578 x 10° 1 x10°73 807 X 10°
PCs 2474 %10 9 x10°° 484 x 10°
Bios 9.404 x10° 2 x 107 829 x 10°
ce 9531 x10° 1 x107* 168 x 10°
" pm 4471 %10 2 X 1073 3.94 x 10?2
*lgm 2388 x10°? 4 x 1072 .05 x 10°
PRy 6.493 X 10° 2 x 107" 572 x 102
YRy 3.300%10* 2 x107? 291 x 10°
¥ py 9609 X 10 5 x 107° 339 x 107
Hpy 3.285 X10° 2 x 10°° 290 x 10°
#'Am 2533 X 10° 4 Xx10°° 112 x 10°
PEMAm 5959 x10° 4 x107° 263 x 10°
3 Am 1.633x10 4 x10°7° 7.20 x 10°
#2Cm 1.277 x 10 2 x 1074 1.13 X 10°
2Cm 1.119x10! 5 x 1077 3.95 x 10°
#éc 1.783 %108 7x107° 449 x 10°
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Table 11 Time to MPC by leaching of Sr and Cs
in simalated HLW glass
waste
glass 14 % 20 % 25% 30%
h h h h
Marcoule (I} 159 7 10 °F g "7 T
Marcoule (2 27 - 12 9
PNC 158 51 66 40
JAERI(J—20) — 22 — 16
JAERI{J—~10) 72 33 — -
Harwell 109 34 48 21
Karlsruhe 82 25 — 15
HMI 74 64 129 52
—l- —
E condenser
0
w
N
:1"
[}
8 sample cup
{(100°C)
¥
e tlask
h {150 mi )
A
heqater
Fig.l ©Soxhlet leach test apparatus
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( ) simulated HLW glass

Sample weight ~ 67.31(5914)mg
DTA full scale 50 uVv
Derivative sensitivity off

Heating rate 20 °C/min - Td \
Termnperature range 10 mV \
Chart speed 5 mm/min

T Exotherrnic

-r--"' --__..-—’, ‘

Endothermic

1 | L 1 1 1 H 1 L
100 200 300 400 500 600 700 800 800
Temnperature (°C)

Fig.6-1 DTA-curves of Hahn-Meitner glasses

( ) simulated HLW glass

Sample weight 64.13 (61.40)mg |
DTA full scale £ S0uV ___,
Derivative sensitivity off /1y Td
Heating rate - 20 °C min j-~
Temperature range  {OmV

Chart speed 5mm min ’f

Exothermic

—— Base glass
~ - \¥' -—— HW (14%) glass
\!

b -

e s b

Endothermic

1 !

1 1 1 A | 1 i [
100 200 300400 500 600 700 800 200
Temperature °C)

Fig.6-2 DTA-curves of JAERI(J-10) glasses
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Fig. 9 Time to MPC by leaching of Sr and Cs
in simulated HLW glasses
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