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Knowledge on the differences in dissolution behavior between nuclear waste glass and
natural volcanic glass is indispensable to natural analogue study with natural volcanic glass.
In this study, corrosion tests have been conducted to identify the differences in dissolution
behavior of both glasses under Si saturated and unsaturated conditions. A simulated nuclear
waste glass(P 0798) and a synthesized volcanic glass were used for this purpose.

The solubility of Si of simulated nuclear waste glass and that of synthesized volcanic. glass
were 110 ppm and 20 ppm, respectively. The dissolution rate constants of the simulated nuclear
waste glass and that of the synthesized volcanic glass were 0.3 g/m?/day and 0.1 g/m?/day,
respectively. These discrepancies have correlation with the difference. of the free energy of
hydration which is a function of chemical composition of glass. :

The selective dissolution of soluble elements was observed for both the glasses under Si
saturated condition, which suggests that hydration of both the glasses is controlled by diffusion
of water. '

These results indicate that the dissolution mechanism of both the glasses are essentially the
same, and the natural analogue study, which takes account of the differences caused by
chemical composition, can be used to assess the estimation of long-term behavior of nuclear
waste glass.
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T2 HERCHLIH S ADOILFHER (wt.%)

No. Sioz TlOz Alea FEQOa MgO Ca0 NazU K.0 BzOs leO n0 F. P
P0798 46.6 - 50 20 - 30 100 - 142 30 30 132
SV glass 56.0 1.5 1565 11.0 4.5 85 25 0.5 - - - -
HS-4 58.9 1.0 15.9 6.9 38 68 26 06 - - - -
KS-2 50.9 2.2 166 103 6.0 80 43 14 - - - -
OH-B 5.3 1.9 126 .14.8 45 83 L7 L1 - - - -
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HS-4 820 61T - L5 31 - 28 nd - 0.9 19 n.d
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H Y EREEYY S R LERRIERTH 57,
SiOBEWEFAWIHERTY ., FfFIC Na OERK
{ERHEEDEINERD sz (K 14), BiA A4 >~
KEROWEEHERTO pH XIZIZ 1HT0oEs D&
BHY . i SiOBETD pH LEE~RT0.5

10
o =]
B p 8 " g
9by 4 :
! A
a 8 A
8
L SN A 4
o {* A
7 3
] Delonlzed wate
P0798 ] Sl solution
Temp. 90°C A Delonized wate
S:,;: 700m_lsv glass‘ 81 solution
[o§ SFAEEFE ITArErE ErEP I R
0 20 40 60 80 100
, Time[day] ‘
15 REEENHT AL LUEMAILNSFZD pH O
R

BRI 5 2 & KLY 5 A DEHEETD HE 113

5 1 BEBGETH > THOBRTYH,
pH X 16 HTRd K E2{EZRL .36 HURZ
B zaE@mTHo7: (K15),

4.2.2 ZBAVETFIRIRICL 24 7 AREE
- BREEoR=E

BRI 100 HO 7 AR DT, &
BHAEFHEMESE (TEM) X 16~19 IR
Uiz, 72, ZNENDH I AREIZB T 37T
FEEOTE | T 37V F —S8E X SO
& (EDX) DS HEE» s BH LR LT LT,

BiA A > KRR U T AR 7 R 1.
KEICHERDE £ ¥ VIRDESBES h-

(% 16) . — 75, SIO B I IR U 7= I BEZEY)
5 ADRENC T AR E VBEZ & e i,
PR RED shkro7: (@1, 2hd
DFHERE IR 1I5ADRFEIBREs LS
ZEMS, BBAEREAAZIA P EELS
N3, El, ZOMHERYE X EDX 2 Fwvio
Mic & D, Si. Al Fe, Zn MRHESh T3,

ERKIUTZADS 5, B4 A KRCBEREL

260nm

10nm

16 1BREEMH S AOREELGREN TEM 5E(1)
(Bi4 A >k, 90°C. 100 H @ Al4-18 ZHH7 )
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200nm

17 BB 5 2 OREEERED TEM SEQ)
(SiO1EW. 90°C. 100 H : A19-23 3547 5)

2000m 100w

18 ARKILH S 2 OREEERED TEM 55
(BiA 4 > 7k, 90°C. 100 H : A38-41 iz 547 4=)
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KRS

200nm 10nm

19 ERKILH 5 AOREEGINED TEM BEE
(S10.IA#E. 90°C. 100 H : Ad2-44 T4 5)

#4 EDX HMHERISEHUAH T AKREICH T2 ETROBEEL

No. SrsNo, HEvAK  KEOSOWEE (km) Na Al Ca Fe 'Zn Mg
P0O798 Ald Ak 0.0 nd 04 nd 26 L0 —
Al5  [RAAUK 0.1 0.5 06 06 L4 nd —
Al6  [REaA vk 0.4 0.5 0.4 0.8 1.6 07 —
AlLT - RAA UK L0 L0 09 LO L2 1.0 —
AL18 ' JRAA K 3.1 L0 10 L0 L0 LO —
A19  Si0JAR 0.0 nd 06 nd L1 32 —
A20  SiD.7&ik 0.1 nd. 07 09 04 nd —
A21  SiDJ&K 0.5 nd 07 07 07 nd —
A22  Si0JER 0.9 . 0.5 07 09 11 L0 —
A23  Si0.dA% 2.4 L0 L0 LO LO LO —
SV glass A38  IrALK 0.0 nd 03 02 04 — 03
A39  EAATK 0.1 nd 08 09 1.0 — 13
Ad0  EAATK 1.4 nd 09 L1 L2 — 10
A4l [RAAK 3.0 nd L0 10 L0 — 10
Ad2  Si0DJAE 0.1 nd 1.2 08 L0 — L1
Ad43  Si0. AR 1.0 nd 1.1 09 1.0 — L1
Add4  Si0.IK 2.2 nd L0 L0 L0 — L0

) BRADEESIE 1 & LIUBEORESE, KBTS AOBETHRLIETH 5.
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B ORE I 27 VKB RBE S hizhs,
BHERMB BB I N o7z, £z, SI0BE
WICBRE L BRI ORI I BHERYE & 7 v
RYEOWThbBEEIShEro7 (H18,
19),

4.3 &=
ERLZEI R WTNDA TR DNTH,
Si AL 72T, Na, B. Mo % EDHHE

MW TEE ORI &N iz, EEEEYY T X

% B CEBR2 B 21T 5 7o Inagaki 5 [20]
i3, Na 2 YOTEMETROBRIMRLEED?S
Si DFRLBHEEZZ LW EH, RO
FIRICHBIT 2 2 e b, ZhdDITRDZER
FRAEMBIZ 1. AFIRIGK BT 5 TREOILEDS T
BLTWBEEZT (K20, ZITHESIF. A
A= b))y 7 AR & 3R L KR
RISz B 3 TEOILE RS L7z “Diffusion
-combined Model” 2f2EL . ABEHETHEDE
RO EZEEN 2 S L7 (B 21),
BHREEEYA 7 AW DW» T, REOFHRIC
S BEEA A kB TORIEETTEDOHFEIGR
HE»S, Si ORBLBHEEZELIIWIE
(EFFFETIE dEE T 5.) & SIOMEHTO
AAETROBERCREE 2K 22~24 TRL
-o ERUKILA T R D WT b EERFET,
25 IZR LT, SRS DET, Bif A4 rkzH
WeERBRTD Na. B D dfE & . SiOB% = v
IRBTORTROFBEERHEIZIZIZF—EL
fzo ¥7-. Inagaki 5 DIER L FERC., AIEHETT
FOBMHEERE O AR L TIRIFHHIL T
W3 EPS, AT A S DEEETEOERE
BAREOER LT 5 L H R B, MITR LI
R CHIEMETCROBREEEH R & ¥, Inaga-

ki >DFERH> TEHUIEEARBOELUT

WZRT . BB AT AT 50 pm OERIE
EARE LTz,
BREEYY S A Di=2.5X10"m?/s
EECKILA Z A D:=1.5%X10"22m?/s
BRREREY Y 7 A DIBREUE, Inagaki
DFER (D:=5.2x10"2°m?/s [20]) &HE&L T
RDRNBRBEE R o T, T, BEEEYIS Z

February 1996
1.0
® L * Na

0.8 o8 4 Mo -
o L
g "8
~ 0.6
@
od
4
L 04 -
o] "
z s

02 s

.,
0 a
0 12 3 4 5 [}

Corrosion time / + day

20 Inagaki 5z AR HR L Si DHABILIZHE
DEOEREZEAL . R [20]

20

Mengured
" s * Na
. LU 4 Cs
o8 0 ca
& Mo - A
Catculated
— Li.B.Na Mo Cs
- sl
" Ca
Al
0 50 100 150

Corroslon time / day

21 Inagaki 512 & B 4 > KP TOHOBREREY
H o ZOBIBILIRHEDOEFRZE(L L “Diffusion-
combined Model” Mib# [20]

3.0 prrrrrree S S ,
[0 d,, (deionized water) h
2.5 [-® N, (Si solution) -
“to-. caloulated e

C:l_-‘ 2.0 I "
£~ b e’ 1
S~ ” ]
-9:,,1.5 - . ]
- o E

Z ' ).
2 1.0F - k
P a8 .

F 'l-' Glass P0798
0.5 F Lt Temp. 90°C 7

r LB SAN 7000
0.0 l’ll ||||| s lo v aeenay licqasaaae

5 10

v Time [+ day]

22 RUREEEMHSAD dw 8 BEAAK) &
NLy, fE (Si0,i&i#%) D&
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3.0 e RARREEEEEERaEEREEEE .
a dg (Deionized vater) ]
2.5 [ NL (Si ‘solution) .
- Calculated e
& 2.0 IR
£ ; - ]
= ,
o 6
l-‘;‘] 5 ﬁ g' - p
-1 4
Z 1.0F e .- .
L4
,." Glass PO798 ]
0.5 L’ Temp. 90C
- sy 700 ]
0.0 b Lisuss NERA RN AN RN ]

5 10
v Time [+ day]

23 BEREEMAIAD d B (WA A K) &
NL; f# (Si0. /&%) D&

3.0 preereree RERREEEAS RBARRREEE 1
m] L (beionized water) 3
2.5 [M WL (si solution) 3
[~~~ Calculated e
& 20kb ]
E ", ]
o e
‘-—.01'5 » r' ]
E [ ”
- ' o, E
= 1.0 @ .
L glass PO798
0.5 F e Temp. 90°C 1
F e SAN 700m”"
&ommnmumnm”m” ......
0 15

fTime [fday]

C 24 EEBEEMHSAD dy B Bi1FK) &
NLy, 8 (Si0,/&&) NIL#

0.30 rrrre IRARRARERE (RREEEEEES 7
(A dy, (Deionized water) 1
0.25 :.A NLy, (8§ solution) -
— -=-- Calculated h
= 0.20 | ]
E 020
o Lo ]
—0.15 | e ]
4 o af’
-l a-"a
0.10 . 1
= A- ]
r A’,' Glass SV glass
0.05 ,' 4 ’ﬁ Temp. 90°C ]
gl SN 7007
0.00 e |4‘ ||||| P Isatia ey ]

fTime [fday]

25 SRAUHTITRAD dy 18 Bi1FK) &
NLy. {8 (Si0.787) DHE

BEMY Z A L KUY T A DEHEEBO LK 117

R EGRKIA T A DIBIREZ RSB &
BRKIWLA T ADFBZHHENETH % . FHE.
ICHEMEBEDRR DT I AN, TNTNERD
Na B UKOULBBEEERFOILETRLTE

D[25], che®EETHE, ERLIEL TR
DOIEBRBDENIZ DV T bALFEMER L R L

T3 AREEDH 5,

K, BHEHTOREETREOBRERLH
SEH L I RERE R T, EIREEY T S
AREREED Na DBESHOKRE 21T o 72,
L3 AT ARD Na OILEREDS A7 AD
KAWBERET 22 L 2RL TS [25].
KL TR Z DEERFEE DV TIIERL
Jzo Elo. BREATHEALLEY I AEHIZ. FE
ORFTH BN, HoAEEBDD S %R
L L7edDT, —RICIZDOWTO Fick D8 2%
HlicE Do ks fv i, EREE—
E L UIBED., HIHSRG. BREMHR 5 TN
BRI RDE > 5260 T3 [26],

- IR

C(t, x)=Co, t=0, x>0

R
C(If, x)=C1, t>0, x=0
iy
C(t x)—C _
-G erf(ZVDappt‘f) (4)
ZZT.

erf(z) =——2J7f:exp(—n2) dn

()R X 3 100 H COBIREREYY 5 AR
EREED Na DEEAMFOFERBR L. Si0HE
iz 100 HREE U EREEYY 7 ADFR
EEEED Na lE (F4) 2. TR 26 R

UTe, BB HETR. ¥ 7 ACEEENS Na

OHHIEEL2C=1, ¥ 7 A/BUEBRFEICH
72 NaDEER2C=0, L7, £/l 7R
OARFREIGIC BT % Na DR OILERE
(Dapp) 1&. FFRTEH L EEZHAV,
D 26 T.EDX iZ & 5 Na BESMIX. FTEW
L 2HAEEIFE—BLI, 2O NS, SH
BoNHEHEIEBOhZYURETHE L
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I T T T ] T T + Na
030 & & SN
.00 eeee A AR T r ; g:: " Glass SV glass
- N.(c:,fc) Temp. 90C R
0.8f | - 0.25 " AV 700..."_'_1
c06l i &0.20 F e ]
o . £ el ]
o : & Na(EDX) 00.15 | ,-* ]
04r il Na(calc) | T [ ]
Glass PO798 Z0.10 F !
0.2 “‘: ) Temp. 90'C.' 1 * g E
00— 1 1 s’v’l 1700"' L 0.05
0 ID rf[ ]3 4 6.00 e | .
e t m . 1.1 4 L1t i1 1 I . ) Ll 1
PEhL & 0 20_40 60 80 100
$26 EDX i< & HA85BEEYH > ARMEICH115 Na Time[day]

BEDMEIRETIVICL 2EHERR DR

28 B A KB THOERKIUH T XDRRILISHE
NREEEE{L & "Diffusion-combined Model” (2 &

— DETERR Lt

>0 = IS'{;.,c Glass PO798 5. &%

2.5 f] PEAERPAEIC 35 1 2 BT 5 A O REARTE
ol o ..o BOFAORLEE, KIUFTADFF2 5N
E g 4. A 70 IR & o THERY BB L % 3
Snsp o b MREBDI0, BHRERYY 5 X &£ AL
=N 45 A BRI RSB R R E L 72,

. L] x AIFETIE, WA T A D Si STFEE ., SiRELF

05_ PR FfFiz 5 U Si ARG TOBEEEIZ OV

Y TR T T TRET L7z, AFROELEREUTICE L O

0 20 40 60 80 100 "5,
Time[day]

27 BiA F 2 KPR TORIREENH 5 A D&
RHBOREZE(L L “Diffusion-combined
Model” (& BEHHIER & DLEE

25,

Bidt A AR EROLREBRICBIT 5, &THED
FREBREEC DWW T, EHIfE & Inagaki 528
#E L7z “Diffusion-combined Model” iz X %
HEERE, K27, 28 THE L2, 2HSDH
T, WA T XA DAEETROBREIRHER.
EBICETEBRIE B L, MEDZ Eh s,
Si ISR BT 2 EHTROBREL., »T
NDAZ AW DT b KRHRGWZ BT 5 TTHRE
BOEHERLTCWBE EEZ B,

5.1 #S5R0 Si BIFNERE
BIRREEYY 5 A B L UFERKILY T 20D
Si fZFIRE 13 Z 2 149 110 ppm. £ 20 ppm
THolze TOEWE, {LEHEBEIEDILT S
ADKMEHIZ ANV F—DECERT2HD L
E P

5.2 SiREIFNFMH TOBMRES)

MCC-17% 1 7HERIC L O RD 1- R EE
B, EEREEY Y F A5 0.3 g/m?/day. &
KW Z A50.1g/m?/day THo7z, TDE
WIZDWTH, {EEERICE T H5 2 DK
HEIANF—DEZERT 2D £,
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5.3 Si BIFOEH TOBRES)

B4 A4 >k & U Si0, ¥ % Fi v 72 MCC-
354 THERT, WA TR EHUEUTREDRE
REBEESED iz, e, BHETRORE
HITEROBEE L, SEH LY S ANDOANE
MTEOEEGHRIE. HREEDY 7 AH
2.5%X10"2°m?/s, ARKIA T A H31.5X10-22
m?/s ThHoTzo TOFEBIZDWTH ., LR
YRR L T A EREMESE v, 72, Sifafik
BT TREY T A L b TR BEROERE
MED O, TN DWTIEA T XA DKFKIG
BB TRILECHATE 12,

DEDZ Ero, BEEYA T A LKILZ T A
DIEERIB I AENICZFE—TH 5 Z L HFER
T&7z, Zhic kY, L ERCEE Y 2 A%
BEEOEREELIFF 2507 F 0 SFHED
ERTNIE, BEYY S A ORNIAEESOT
BOZLEETMTE 2 2 LRI NI,

6. BiEF
FERED 212 % 0 KER T EHAMTRTTE
Ao L BEE LI ERALY 7 A DIERTE
HERIC 2D, E-EBERPE 2R v, &
A¥aryry r MROBEBRKE ZORA
KRICEFRRKUA S AOHEBETHSIL Tl
Wiz, BREEROBERAEL, EFETH
3 HARFEF RO BBEEE LB L UM
KEOFHE LTI L CEER
BIE 2wt wniz, ¥, REEROEREER
Kizid, 77— OIS e o TTBIR W72
Wiz, IN6EDHRE, B#OBEEELE T,
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