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Yaohiro Inagaki

Abstract

Alarge number of studies on aqueous corrosion of HLW glass have shown that the glass
react with water to form more stable solid phases (alteration-phases or secondary phases).
The process of alteration-phase formation is expected to play an important role in the
radionuclide release from the glass, because it can affect both the glass dissolution rate and
the retention of radio nuclides in the phases. Recent studies have indicated that analcime
(zeolite) forms during aqueous corrosion of the glass in certain conditions, and the analcime
formation can accelerate the glass corrosion by consuming orthosilicic acid (H4SiO4) from the
solution. On the other hand, the alteration-phases such as zeolite and smectite are
expected to have a retention capacity for some radio nuclides by sorption or incorporation.
Therefore, a sound understanding of the alteration phase formation is expected to be
essential for validation of the long-term performance.

The purpose of this study is to understand, qualitatively and quantitatively, the
alteration-phase formation and associated elemental release during aqueous corrosion of
HILW glass. Static corrosion tests were performed with a simulated HLW glass, P0798
glass, in NaOH solutions at elevated temperatures, in order to accelerate the reaction, as a
function of temperature, time and NaOH concentration. Crystalline alteration-phases
formed in the corroded glass were analyzed by use of XRD, and the solution concentrations
of dissolved elements were measured by use of ICP-MS. The results indicated that;
1)Analcime or Na-beidellite or both of them form during the corrosion depending on the
conditions, 2)Si rich amorphous phases are contained in the alteration-phases, 3)In addition
to solution pH, solution concentrations of Na and K sensitively affect formation of analcime
and Na-beidellite, 4)Analcime formation accelerates the glass corrosion, 5)Most of Cs in the
glass is retained in the alteration-phases by sorption onto Na-beidellite or incorporation in

to amorphous phases and pollucite.
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1. HEY

B LAV R E IR T E ORI b o TEYE N LIRBET ALENH D Z L
Db, AFZATEEL, A==y JOBEMEOTREERE (AIAVT) 2EEBLT
HTHE m OFERMEF (KRB T7) 5T 55E (MBLS) BRETEh T3,
DHUE Sy DB MR FMET B 72D, &8 TORBIC - A EEE T4y u-ﬁﬂﬂﬁ\
BIEL, b EATUVARSHE LTS ENRDLND,

HBIZRBN T, H T A BRI MR O B ~ORB % CE—BEEL LT
HBERET B, HUBWLSY DMEREEHEIZ BT, X T RE{LED & ORUH MR DR BRI
BREKHO [V—2Z—25] LALBEMT DI, NRHEE] OB THAAERTND, &
DB HEE DI & & DRIED 72 DITIE, WASBRBEICBIT 54 T ZE{iEh b DR H

BROMECENEEE RSP LN L, REBHET LV OEEMENMEIT 5 EBLET
H5,

KT ABECBIER T 5 A BT 7 AR A R R 28 SETERD ﬁ7xT&D FD
AR EN IR IR RIE TH D, REMICIE, V7 AEEIIE# OSSR T
K& DERIC L > THEMT DL LIz, LVREREMICEE TS @) Z & BTH
Ehbd, ZOEMLRIRCE D T T ABEOBRMBMEEINLDELE L OB, —F,
W ONDOBRBITERFEHTICRE, THECL > TEELESNBEEMBEENDZ &
ZExbhbd, ZOLICH T ABLEOTYLRG & EERHITEEICBRT2END
INLRIGOBEEZHEO ML, BUTEN, EERICTET 2 EI, ﬁfﬁ@ﬁﬂ;ﬁﬁmzﬁs
BIZREET D L CHEERFREIZRITHOLEZLND, LMLARBL, ¥ REED
I ABRECERIZ, BARDDLITE R,

AHFFRIL, H T AELEOLSBREIZEBT 21,/ Sib & ThIsfE 5 R Ho#iE
EBR, EFTICEA LML, KV EENREHBHESOMNMES L OET ALICET
HIEEEMETHLDOTHD, BAEBREL MBS B T 7 X E1L
& (PO798 # 7 R) % FAWT, BHEEMTHEMR/GMLEREZITV., ERFHOZT. &
HIERBOWEE RSO, V7 ABEULEOERE & FMLRISORBRE LU vy ADRE
B DV THRE LT, | |
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2. EBITE
2. 1 R

B LA T RBET OB SRS AR B S B R v o PR
g o AE{bE (POTI8 T R) BT AEEE Lz, £ D#AR%E Table 1 2777, #
B, HIAOHILIIED T o VEITTARIETH B, RERTIIN T 2 ORI
YALBOSZMBE L, 100 BRRE COARERIMERBRE B/ L7720, T T ARBHIMRE
FORLIZ & o THIE 38um LA TOMFRRK (BET HREHE 0.56m2/g) & Lizb i H,
Fh EBRERYT T ARBOBELITS 2, —#HOEER TIX 10x10x1mms OHR T F & (A
WITRITT A, 1OEEK 0.27g) bW,

Table 1 PO798 #5405 A E(LEDOMER (wt%)

Si02 46.60 Rbz0 0.11 SeOq 0.02
B203 14.20 Csz0 0.75 TeO2 0.19
Al203 5.00 SrO 0.30 Y203 0.18
LizO 3.00 BaO 0.49 La203 0.42
CaO 3.00 ZrOg2 1.46 CeO2 3.34
Zn0O 3.00 MoOs 1.45 PrsOu 0.42
MnOs- 0.37 Nd20s3 1.38
Naz0 10.00 RuO2 0.74 Sm20s 0.29
P20s 0.29 Rh20s3 0.14 Eu20s3 0.05
PdO 0.35 Gd20s3 0.02
Fe:0s 2.04 Ag20 0.02
NiO 0.23 Cdo 0.02 Total 100
Crz203 0.10 SnO2 0.02
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2. 2 YRR/ GMLER

T AREE K & B, RS SE, BRI ERETT o7, RBROTa—F v — |
% Fig.1 17 Y, Z 20, B/ SRS EMESE 570, KNBEIXREK 150°CH
ERE L, £, BASEARKET AL VKR NaOH AER) & L, 70 VERY
WD Z L THT AOBEEPMBEIND DX, H7ADERSTH D SiO:z(am) OIEREE
BEE pH & & bizmT 2720 TH 5[],

Fig.2 \ZRT X 912, BFRRAT T A3k 4 NaOH KK & HIcTHERR (WES: 77
ny, AER: ATV VR) ICAR, EREF CETEDREICRE L, B S EER
B1Folz, (MFRRY T 2RBER) ~ (NaOH KFKER) X (0.5g) ./ (20ml) & L,
KBREAMGRFICBIT S S (F7AKREH) 'V (BFRER 138 14,000m™ & 725, B,/
S EBIT, B, BB LU NaOH BEE 1T 2 F L LTITo, BIRRYT T 2R
BHZMA TNV ZRA T A (2 #%) ZHREFESEEMETH, —8, FRORMRE§imbE
BREfTolz, TOLE, NUVIRT T AIBGEERICEMURVR, Pt VA YEAVTE
BHICRD T CTRE L, £, 7RV T ZAOEREEIIHRRY F R ITHRTH
SHTINE N2, S/ VIZFHEIZH 14,000m™ & 72 5, EBREG % Table2-1, 2-2 IZ7R7,

Table 2-1 ¥&fiR /G LEBROZKM (1)

PO798 1EH#EH T A E{LIE
T AR - BrRR CRIfE 38um LATF)
« 2L 28R (10x10x1mmS3)
. - NaOH /K¥5% : 0.03M, 0.1M
& CBiA Ak (DIW)
- (ERIRTF R 0.5g) / K 20 ml
‘ (S/V=—14,000m™)
B/ CRRAT R 0.5g LT RA T R 2 M) / Wi 20 ml
(S/V=—14,000m™1)
B IREE 90, 120, 150°C
R B 590 day
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Table 2-2 ¥&##/ SR ELEROZKME: (2)
Solution 0.1M NaOH 0.03M NaOH DIW
Temp. | 150°C | 120°C | 90°C | 150°C | 120°C | 90°C | 150°C | 120°C | 90°C
5day _ P - - - - - - - -
10 day P P - P - - P - -
30day | P+B P P P+B P P P+B P P
50 day P P P P P P P P P
90 day | P+B P P P+B P P P+B P P
RHDOEE

P: (BRI T AR & v 7e R
P+B : (FRAY T RBRE+ SV 7 RT T AR & AV ER
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2. 3 WE. StHE

VR S BRI T, TREAR R TR SR B L, KSR TR 2 BEAH L
%. W (BHIR) ©pH 2HE Lk, Z0%, HEICL VEE (BHK LER (BE
HIR) ZHBEL., BAIZHOWTUTOHIE, SHE{To7,

BHED I

BT 2B DR IMEICEAE L TRE (BHTRE) 2WE Lk, 7. BHRIEEL
£ 0.45pm D7 4 NVF—TAHIBL, AEHD B, Si, Al, CsRE% ICP-MS (Yokogawa
PMS-2000) % FWCHEIE Lz, BEREDBROFREIECIL, SMEME (0.1moll,
BERZE, vV bI¥aT) ZRVE,

BEH T ADHH

BTEH T AROERI % LT OBRICOHT Lis, £, BHIBENSOBELEEET 7 A

BFR A T R) BREF (50°C) TH 24 BEEB S, BBRESTETEY S ARE
0.1g 27 7 n v FaHFIZHE L, ZHIChA 4K 0.12ml 200 2 TRE TSR FITK
bBE., BENTAMKRENRA AV AKFIZGBEEREERAT Y —REABE Lz, ZDXT
Y —iR3EH 2 XRD FERS Y 7 ARBEICBA L, KEF (BIR) © 24 RS,
ORI LT BB 7 AREHZ oW T, X BRETEEE (Shimazu XD-D1) ZHWT
E#r 7 — L BRE L, BET T AFOERGEHOZT 1T o1, X B CuK, #, £
EHEE T 0.5 degree/min & L7z,

o, BEBROODBELEZEEN T A MRRTF ABI OV IRA T R) TRERH

(50°C) THJ 24 BEfHES R 727%. SEM/EDX, AEM % BWWCHE, oW EiTo7,
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3. EBER
3. 1 {RHipH

&SRB 58D pH % RS L 0" NaOH B DRIk L LT Fig.3 Io7
¥, RRSEE 150C0%4 . 0.1M-NaOH AV TIE ik pH 1250 13 5550 12
AL, F0%—EERo7, 0.03M-NaOH A¥FE Cix, RHK pH IXHHOE 12.5
2HH 105 WKEA L, EO®R—FELRoT, TIUIH T A DM LT ORIGIC L
> TR pH BSBEE S D720 TH B [1],

Si02 + 2H20 = H4S104 (1)
HiSiOs = H + H3Si04 ~ (2)
H3Si0Or = Ht + H2Si04£~ (3)

—J5. DIW T, BHK pH (ZHH OE 5.6 2258 10 1[I L, Z0%—E L RoTz,
FISIRE 120°C, 90COHE bR MK pH IXFRROZER 2R L72d, BUSREREVEE,
BHE pH 3R —EEICEE L,
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3. 2 RHEHTEE

BUGIREE 150CIc®iT % B, Si, Al, Cs w%%th%%)imﬂ#ﬁaﬁiaiv NaOH & DBk
& LT Fig 41273, FBIC, KIGEE 120°C, 90CIZRiT 5B HE% Fig.5, Fig.6 IR
¥, 22T, BHERUTIORTHEKGEE (NG ) ZRVTRSLS,

NG lgm?] = Ci/f (4) G- BHF i owRE [g/m’]
| £ RGBTV Z XD [ TFESE - ]

AREBREMH T, m{*;au@#}skbkﬁ7xtl=® i ERPETERFICER LI RE. NG X
25,000g/m3 & 72 %,

B OFHEZXRFE, BERB IO NaOH RBE LKIEML, ZORHIIED THEN &
280025, 0.1M-NaOH /KK T, WTHOREIZB W T H KRR 50 B LAN T NCs 1
#7 25,000g/m3 L 720 . HTAHO B OIZELERFEMLTWAZ L8bhb, BixHT
A2 KNY 7 AERITERO—D2>THO ., BREBIIN 7 ADBEMBEERITHIEL R D, Eo

T, ZOEREETIIRGER 50 AUNTY 7 ADIZELBENEMRE-REELTHS
T et B, —H, Si. Al OBHEIX BT THEEITELS . T A0 BEME LT Si, Al
DELIIEEH 7 ANICEE VG ETR L THBZ ERbrd, £, Cs DEEEDLIE
o HTRDOER LT Cs DELIIEEN 7 ANICEE>TNBHZ Lbnd,

0.03M-NaOH /K¥&#E3 L OV DIW Tit, B DB HEEST R BN 5 R OVEHEEE B
2. 0.IM-NaOH /KFRDBHE ERERIZ 81, Al, Cs DRHEIL B ICHAATHEEITEL,
INOTEDOELIIEET T ANICEE DI bbb
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3. 3 &R O XRD 5T

0.1MNaOH KIEEDIFA

RIRE 150°CI2BiT % XRD SR % Fig.7 \ORT, RIGRION T A Tik, 20=28°
FHEDFEERE" R” TRI/NERE—7PBEIh, ZHEH T ARITHH L TWS RuOz
DHEDEDTH D, FSERE bday Tik, 20=16, 26, 3IfHLICES" A” TRTE—2

NEBRINS, ThoD—2 ¥4I 4 bO—2>ThBHHA (analcime, HAEMEA
NaAlSi:O¢ * H:0) 76D 6D TH Y, BEV I APICHFBENERINDZER DI D
FHEDE—7 DRE SIIRGER L & HICRE < L3 BRIGHER 30day DEIZF DK
E SR EREMIZRONRNT L2026, FEORKEIL 30day TIRIER T T25E b
%, RIGHE 10day Tk, FHROE—2ZMZ T, 20=TFHEICESE" B® TRTE—
I BBEIND, 20=TFHEDOE—ZXAA T Z4 MEFDOLDTHY, O —r Bz
FL 7Y a—RBIZ XY 20=5°(HEICY 7 T AZENLBARTI XA N THHI L
BREND, ZODAAZEZA MEITTAOEE»HEW LT Na-XA4 F 5 4

(Na-beidellite, ZBAEAHAK NaossAlz(Sis16Alo33)010(0H)2) TH B LHWrEND, ZD X
SWREBHT AP FERAELE Na-"A4 5T T4 PRERICERTZ2E (B4
paragenesis) 231023

RESRE 120°CIlzi3i 5 XRD SR % Fig.8 1o, KGEE 90°CIZdiT %5 XRD 4947
fER% Fig.9 1TRT, WPNOBA L, BEH T AFICIIFEE L Na—3( FI A F23H
RRCAERT 2ER DM,

0.03MNaOH KK DFE

0.1MNaOH /KIFHKDFE L FRICEE N 7 AFIITFHHBA & Na-31 T 5 A Mo R

WWART2ENRDNS, £z, 0.1MNaOH KIEHKBKDBEEIZHA Na- (55 4 |k
DEMRBEDBRENVERDLPD ,

RSIRE 120°CI2 351 5 XRD SRS Fig.11 10, KSEE 90°CIBH 5 XRD 447
fER% Fig.12 177, WTIhoiEaesh, BEVZ A iji{#ﬂﬁ}: Na—/v(7‘7/r k23
FRHZAERT DERDND,

DIW DE4

RISIRE 150°CIZ31T 5 XRD iR % Fig.13 12789, DIW OB4A S NaOH /KA
DGE L RRICEE N S ARITIEFHAEE Na-1 T 74 NBRRFIZERT B, 0L
RE (R HA) 13 NaOH AKBEOBEIZHARTOR0ERD) S
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SR 120°CIz 317 5 XRD S#rfE R % Fig.14 12, KB 90°CIT BT 5 XRD 447
WEERAZ Fig.15 1277, 12008 L 90CHOHETL, Na-1 T T4 FOERB TR
RENDIDODHTH D,
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3. 4 TEHZZAOBE, S

BB T AHIZiE XRD CHOWFRERFERMEOTEM I ERT 523, XRD Tl sk 2
WIERE O bLEET D, SIS OBAITIL, MRy, FEREMRDOSAMIRERK
XX LWV o EEEBOFEE (morphology) IZETAEHBUETH B, :

B, BEFFRX BFERRTTFABIVASVIRT T R) TONTUTOBE, 5
®liEHCchH 5,

cBEH T ARBOBE. 2 BRRTZABLOANVZRI T R)

—SEM/EDX
- BEROBEBE, o (KSVIZRATTR)
—SEM/EDX, AEM

-10 -
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4. EE
4. 1 FHOERSME

EHRER (corrosion test) (2 & 0 AT AB(LEREICAER I Bz ONTIFIHE
TV DODOHENRE I N TS [2:7], WThOBE b ETEMEEE AV BERT
PRTEY, RRA7H4 b, FWE, TOMGEMOERIHRSNT NS, LHLAENE,
INOEMOEREITHETH D | EEM, BRI RFMIZT oI THORY, ABFSE T,
G EROEERR ., R FEMORSAE LT, UTOEE 2R L

NaOH B E K77t

FSIREE 150°C, 90day (RBITAEEHN T A XRD /4% —® NaOH BEKFEESL
Fig.16 12579, W ho NaOH BEIZBN TS, FAE Na-S1F 51 FBRERT S
B, K& OFHD XRD B — 27 DRE IIIRHFICE - TRRIERDLMS, XRD ¥ —7
i, BE., SSHOERBIZHGIT D LEXDENTE S, 2T, 0.IMNaOH K&K,
0.08MNaOH K&/, DIW OFHITOWT, FHAEOE—2HEHE (A) & Na-AF T4
rov—smE (B) Z#HEL., £bDHE (A/B) 25l Lz, Z0HER% Tabled |2
7T, Tabled &Y, A/B DEIE NaOHBREL L BICERTAZ ENbnd, #-T. F -
HAIE NaOH BERE VB EIZERLE L. —F., Na-31 7 74 M NaOH BEHK
WIEAICER LBV TSRS,

Table3 F#A L Na—31F 54 F® XRD v — 7 B NaOH 8 Bk F7 it
(RISIREE 150°C, 90day)

B " (73‘%5@?;—9 ) |(Na- 155 /fB]~ De—7EE) | A/B
[arbitrary unit] [arbitrary unit]
- DIW 2470 12400 0.199
0.03MNaOH 9190 ‘ 132400 0.284
0.1MNaOH 15000 10300 1.46

xFHRADOEY— /7L 20— OFHEE L,

<11 -
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PE) A RO

Fig.10 {2777 0.03MNaOH /K&K, 160°CICBITAEHN T AXRD /¥ — L0, F
BEB LG Na— A FT5A bOE—7 BRERE L, REBHMOBKE LTRRLE, 2
DORER%E Fig. 17 1R T, FA O Y — 7 WIS 20day PAN TR LT3 DI
3t L.Na—/31 55 4 b @ — 2 EfiZ 90day LUE b 5 = L Bbind, RO,
XRD v'— 7 ERIIHEDOERBICHFATHEBEXONB I LD, FEOAREEIX
Na- A 774 s DERGEEICLAHEOERDND,

A R GRS 0D T TR BEAT

AT ABEDOEEIC L ER SN BHHOREICOVTiE, BT E 2 AV
T FREEHEBAIToR TR Y . FBEAEICBT 2EREDRI TR Eh TWA[8-12], LAl
BRBL, ZhbOTHRBRIZ, ERORATHEINZEY LI LAVWELERIH
T3, TOERE LTIE, BHEREBEEL RO OBNET —F ORHEEENR T
BB, EREIEORACEERITMAART THLZ L RERRERTH S, Ko
T B TEAGHE I CRAEL e TRIFHMIIE R TR TH 0 | LRSS, BRSO ER,
FTF2INTFa S ORERERS LI RHA G SR D b B,

-12 -
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4. 2 HIRAOWRE/ TEHRE

WE, VT ROEMEEITARK pH & L bic#md 5 [1], Zhik, ¥72A0FEHER
YT D SiOz(am) DBEREEN pH & & bITHEMT 50 ThHD, KERIZBWTSH, B
DRHEET 2 bH 5 AOYR,/ BEEEITEET NaOH BET b bIEKpH & & %
WL pole, L L, H T RO/ EEEEITER pH A T, SWERICHEER
%5 EEZOND, 0.03MNaOH KBEKDEHE & DIW OBA&OEK pH # gt 5
&, Fig3lzmT & 91z, FISEE 150°C TR 10 B LI, BEICRERERZRD
vy, —F, Figd i7" T B OBHER RS & V7 ADOEM,/ FEEEL 0.03MNaOH
IKEEIE R DIFHH B ONTE Y, T ORE, Fiha, Na-1 7 7 A b DAEREL T2 &,
0.03MNaOH KIERDFE DT LNTE, o T, T ADOEME,/ EEEEIIH

A, Na-A T4 POERKREIC Lo TIEREND Z LBEX BN B ([11-12], F#HAE
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