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Fundamental study on HLW glass dissolution in highly alkaline solution

( Research Document )

Maki Hayashi , Kenichi Ueno , Hideki Yoshikawa , Mikazu Yui

Abstract

The purpose of this study is to understand, experimentaly and
analytically, the altered layer formation and elemetal release during aqueous
corrosion of HLW glass for more realistic long-term assessment in disposal
environment. Static leaching tests were performed with a simulated HLW glass,
P0798 glass. The leachate pH is fixed (pH=11) and the Na concentration is
changed. The effect of dissolution/alteration of glass and Na concentration in
contacted water on Cs leaching were evaluated. The solution concentrations of
dissolved elements were measured by ICP-AAS , ICP-AES , ICP-MS , and the
unreacted and reacted glass were analyzed for comparison by using of XRD , BET ,
and electron microscope (SEM/EDS).

The experimental results indicated that; 1)Na-beidellite may form, 2)the
dissolved glass is in proportion to square root of time , but is not dependent on Na
concentration, 3)most of Cs in the glass is associated with the formation of the
altered layer on the glass surface.

Waste Isolation Research Division, Waste Management and Fuel Cycle
Research Center, Tokai Works
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3.
3.1
P0798 Tablel
38um
BET
Tablel PO0798 wt%
SiO: 46.60 Rb2O 0.11 Se0: 0.02
B.Os3 14.20 Cs.0 0.75 TeO: 0.19
Al;O3 5.00 SrO 0.30 Y203 0.18
Li-O 3.00 BaO 0.49 La203 0.42
CaO 3.00 ZrO2 1.46 CeO2 3.34
Zn0O 3.00 MoOs 1.45 PrsOu 0.42
MnO: 0.37 Nd203 1.38
Na.O 10.00 RuO: 0.74 Sm20s 0.29
P>Os 0.29 haOs 0.14 Eu.03 0.05
PdO 0.35 Gd:03 0.02
Fe20s3 2.04 Ag20 0.02
NiO 0.23 CdoO 0.02 Total 100
Cr20s 0.10 SnO: 0.02
3.2
Fig.1 Fig.2
Table2
pH 0.001mol/l NaOH pH=11
NacCl Na 0.003mol/l 0.01mol/Il
0.3g 20ml
120
Na 2 100
2
pH
0.45um
NMWL10,000
50 24
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Al, B, Cs, Li, Na, Si ICP-MS
Agilent 7500 ICP ICP-AES
OPTIMA 3300XL ICP-AAS Z-8100
X XRD RINT2100
30 50
80 100 Table3
0.1g
0.1ml 5
XRD 75
10 12
BET QUANTACHROME CORPORATION QSI8
2 100 0.18g
0.13g 200 70
10
3
SEM/EDS DS-130L
50
80 100
Tabled
SEM
15kV 1.00 6.00kX
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Table2 Na
[mol/l]
[ ] [day]
NaOH NaCl [Nat]
0.001 0.002 0.003
Glass0.3g/ | 1,5 ' 0.009 | 001 | 25,10,30,50,80, 100
20ml
pH= 11
Table3 XRD
X Cu K-ALPHA1 / 40kV / 20mA
RINT2000
0.500 ° / min
0.010°
20 /9
3.000 45.000°
1deg.
1deg.
0.3mm
Tabled SEM
[min] [mA] [ ]
4 8 250
50 80 100days 3 7 8 180 200
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4,
4.1 XRD
XRD Fig.3 Fig.4
20 =28° 35° "R”
RuO2
50 20 =7° "B”
20 =7°
2001 ) Na- Na-beidellite
Nao.33Al2(Siz.16Al0.33) O10(OH):2
100
4.2 pH
pH Table5 Fig.5 [Na*]=0.003mol/l 0.01mol/Il
pH 11 10 100
10 pH
pH 2
SiOz + 2H20 = H4SiO4 Keg=1x 104 at 25 (1)
H4SiO4 = H* + H3SiO« K=10-99 at 25 (2)
HsSiOs = H* + HoSi042  Kp=10-117 at 25 3)
Table5 pH
[day] [Na*]=0.003mol/Il [Na*]=0.01mol/l
2 9.84 9.92
5 9.90 9.94
10 10.02 10.01
30 10.08 10.06
50 10.08 10.06
80 10.02 10.02
100 10.09 10.06
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4.3
Na Table6 Fig.6 Na
[Na*]=0.003mol/l 0.01mol/l Na
Na [Na+]=0.003mol/I 80 4
[Na*]=0.01mol/I 2
[Na*]=0.003mol/I Na 100 0.012-0.003=0.009[mol/I]
[Na*]=0.01mol/I 0.016-0.01=0.006[mol/I]
Na Na [Na*]=0.003mol/l
[Na*]=0.01mol/l Fig.7 Fig.8 NCna
NCs Na
[Na*]=0.01mol/l
NCi i
NCi[g/m3] = Ci/fi 4)
Ci i [9/m3]
fi [ [-]
B Na Si Cs Table7 Table8 Fig.7 Fig.8
Table7 Fig.7 0.45um Table8
Fig.8 1.8nm NMWL10,000
NCi
B 100 NCs= 4000[g/m3]
B Na
NCs= 4000[g/m?] B 25%
100
Si 10 NCsi=500 700[g/m?]
Si 5% B
Si
Si Na
Cs 10
100 NCcs=  100[g/m?] Cs
1% Cs
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Table6 Na 1.8nm
[Na*]=0.003mol/l [Na*]=0.01mol/I
[day] [9/m3] | [mol/l] [mol/l] [9/m3] | [mol/l] [mol/l]
2 94 0.0041 | 0.0011+ 0.00041 205 | 0.0089 0
5 126 | 0.0055 | 0.0025+ 0.00055 | 227 | 0.0099 0
10 160 | 0.0070 | 0.0040+ 0.00070 | 264 0.011 0.0010+ 0.0011
30 212 | 0.0092 | 0.0062+ 0.00092 | 314 0.014 0.0040+ 0.0014
50 234 0.010 0.0070+ 0.0010 331 0.014 0.0040+ 0.0014
80 265 0.012 0.0090+ 0.0012 359 0.016 0.0060+ 0.0016
100 269 0.012 0.0090+ 0.0012 365 0.016 0.0060+ 0.0016
10
Table7 B Na Si Cs 0.45um
[Na*] NCi [g/m3]
[mol/I] [day] B Na Si Cs
2 454.6 402.8 280.6 302.8
5 1028 774.6 419.1 186.2
10 1759 1363 499.4 79.46
0.003 30 2683 1983 594.6 107.6
50 3294 2479 671.3 105.9
80 3613 2789 678.2 94.03
100 3924 2789 720.9 126.8
2 437.4 0 266.8 323.7
5 904.8 0 375.8 266.3
10 1635 619.7 449.6 112.2
0.01 30 2597 1239 553.2 178.3
50 3106 1549 596.4 141.3
80 3539 1859 628.6 97.84
100 3777 1859 659.4 165.4
NCna Na




JNC TN8400 2003-029

Table8 B Na Si Cs 1.8nm
[Na*] NCi [g/m3]
[mol/l] [day] B Na Si Cs
2 449.0 340.8 265.6 279.8
5 1006 774.6 388.9 185.9
10 1667 1239 424.6 67.02
0.003 30 2660 1921 571.1 96.71
50 3095 2169 595.5 90.77
80 3584 2789 553.7 70.70
100 3847 2789 674.1 109.4
2 429.1 0 251.4 302.7
5 883.1 0 353.0 250.5
10 1600 309.8 402.9 96.71
0.01 30 2547 1239 519.7 159.9
50 2964 1239 546.8 124.1
80 3457 1859 515.5 71.97
100 3706 1859 623.1 136.5
NCNa Na
4.4
BET
Table9
Table9 BET
[n] [m?/g] [m?/g]
1 0.479
2 0.475
3 0.472
0.475
( 0.004) 0.56
S 7,130m! 8,400m-!
n=3
BET Tablel0  Fig.9
10 10 [Na*]=0.003mol/I
0.01mol/I 100
10 100 15
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100
Tablel0 BET
2
[day] [Na7=0.003mol/l " /€|\]|a+]=o.01mo|/|
5 3.994 3.986
10 5.959 5.325
30 6.344 6.275
50 7.554 6.875
80 6.227 7.272
100 8.419 7.888
n=3
4.5
SEM EDS
Fig.10 Fig.16
Fig.10 SEM o EDS
EDS Si O Na Al
Fig.11 Fig.16 50 80 100 SEM EDS
SEM
EDS EDS
2001
Y Cs EDS
Cs
5.
B Fig.17
Na
Fig.18 Cs Na B
Cs

Cs

10
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SEM
EDS
Cs 0.75wt%
EDS
Cs
Cs*
3)
6.
P0O798
Na-
P0O798
Na
P0O798
7.
1) (X3

Cs
Tablel

Cs

Na

JNC TJ8400 2002-052 (2002)

2) J.T.Drever : The Geochemistry of Natural Waters : Surface and Groundwater

Environments, 3rd ed., Prentice Hall Inc., Englewood CIiff, NJ, p.99-101

(1992)
3)

2

3

77 JNC TN1400 99-023 p.IV-24- 1V-35 (1999)
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P0O798 NaOH (pH=11)

| |
(0.45um, 1.8nm)
[ |
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Fig.2
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Ratio surface area [m?/g]

e}

[Na*]=0.003mol/Il
[Na*]=0.01mol/l

10
8 -
o
A A
6 | O @ O
A
4 @
2 -
O$ | | | |
0 20 40 60 80
Time [day]
Fig.9 BET

18

100




JNC TN8400 2003-029

15KU 2.928K¥ 1.67VM B8214

00 02 04 06 08 10
| | ! i
Si
Au
i
!I
|
(@]
i
1 Na 1]
B i AL
U
UL VY Ca
W e, A Ce
{ = T iy wa)ﬁﬁ‘“‘""‘-?""“nmJu‘M"&g—'"-..._,,_ AN
: ]

Fig.10 SEM EDS

19



JNC TN8400 2003-029

OE) 012 04 0}6 08 10
1 |
Si !
O
E
Al
] Na \
LB R AU Ca
. iy ; Ce
j "’H‘ﬂ’! v ‘\"\f"t'-~-—-u--.u"fl‘n--'-.t«n.’-""‘—t.d'\-..,._,..,...,""--,_.... oytiade = -
T
Fig.11 SEM EDS [Na*]=0.003mol/l 50days

20



JNC TN8400 2003-029

&“‘k‘ T

00 02 04 06 0|8 10
i I i
Si
O
Au
! |
!
/I Na Al 1 tl'n
i !'1 E “
l H
J J! i l
AR i.’[| H | Ca
i WIS 'lwx.,% A Ce
| R S 1.[.-"'1-““_4..»-,.‘,"\ [ SRR | L N
]
Fig.12 SEM EDS

[Na*]=0.01mol/l 50days

21



JNC TN8400 2003-029

00 02 04 06 08 10
h i H i
Si
Au
|
o Allil
b W i E Ca
i Naﬂ‘*li'll\ A = - Cu Zzn AU
' | { i . u Z£n
"’i‘j ‘lﬁlﬂjﬂw v L POy ]Wm'ﬁ*'f# "\MNJ_,?L.,.M o ane™ ]
Fig.13 SEM EDS

[Na*]=0.003mol/l 80days

22



JNC TN8400 2003-029

15KU

00 02 0|4 Op 018 10
Si
Au
@) i
F
i?'t A4 !\
i Na ] ‘ |‘ 1
u j I ! fl.i 'J 11 Cf.":‘ Ce - -
1)1 oyt | e u
LJ l]ﬂ,.' L"! Hd "“Y"ml...w-\" antbpayever, o7 i’“\*\%r_m_.q}.w.f E,‘EP......,_.,..;"\
]
Fig.14 SEM EDS [Na*]=0.01mol/l 80days

23



JNC TN8400 2003-029

Fig.15

00 012 0|4 06 08 10
H |
!
Si

e) LAU

| I

“i Al ii!‘

fl Na Ca
! m : Ce Fe
L N L LA W | Z Au
¥ I'L, 'rr! LV-( \; “'me "y‘\wf"ﬁq"ﬁ“”ﬂu LT U MS:,L ﬂ,;*g,,,hwh\“

\

SEM EDS [Na*]=0.003mol/l 100days

24



JNC TN8400 2003-029

15KV

00 012 0]4 016 08 10
i’ |
Si I
Au
Fn
]
ll
- ]
{\t, Al i
! il
el ca
13 1
CAWIVAREN i Ce Fe Cu zn Au
l P R "T"‘h.fmr...,,,f‘hmv-m. B C g SO N
|

Fig.16 SEM EDS [Na*]=0.01mol/l 100days

25



JNC TN8400 2003-029

5000
4000 |
R
T 3000 | ] o [Na*]=0.003mol/l
= [Na*]=0.02mol/l
S 2000
Z
1000 |
)
O | | | |
0 2 4 6 8 10
Time [/day ]
Fig.17 B 1.8nm
5000
C
4000 | B S
g M| o [Na7=0.003mol/
&' 3000 F | e [Na*]=0.01mol/l
£
5 B
O 2000 | B
pd
i 7 [Na*]=0.003mol/l
1000 | m  [Na*]=0.01mol/l
y Cs
0 Q. | ) ! [ ] » [ [ ]
0 20 40 60 80 100
Time [day]
Fig.18 Cs Na

26



	top
	要旨
	目次
	1. はじめに
	2. 目的
	3. 試験方法
	3.1 試料
	3.2 変質試験

	4. 試験結果
	4.1 XRD分析
	4.2浸出液 pH 
	4.3元素浸出量
	4.4比表面積測定
	4.5電子顕微鏡観察

	5. 考察
	6. おわりに
	7. 参考文献 




