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Mossbauer Spectroscopic Analysis on the Chemical States of Iron
in Engineered Barrier Materials

Kazutoyo Endo*
Abstract

Chemical states of iron in engineered barrier for geological disposal of radioactive wastes such
as carbon steel and buffer materials under a supposed condition were examined by means of
Mossbauer spectroscopy and X-ray diffractometry. Carbon-steel and magnetite mixed with
powdered glasses were immersed in distilled water for 28, 90 and 364 days. No changes on the
chemical states were observed for samples immersed in water. However, Fe(IlI)-species as
corrosion species were observed for carbon steel and magnetite mixed with powdered glasses
under the sample-to-water ratio of 10 g/l. The present results indicate that the corrosion behaviors
of carbon steel and magnetite are markedly influenced by the relative ratio of the materials to glass
powder (or magnetite).

* Work performed by Showa College of Pharmaceutical Sciences under contract with Power
Research and Nuclear Fuel Development Corporation.
PNC Liaison: Radioactive Waste Management Project
Isolation System Research Program Noriaki Sasaki
** Laboratory of Physical Chemistry
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& (ORTEC5500) AMCSE— K (512ch) THWT. A RNTT—IANRT MVEERAIL
too R w 75— B OBIEIIIHETEAE IV e A RN T =27 MU’ T 4
FAUSTOS S LD D=L Y BT LTS5 A — 5 — ki,
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MCC-1 (#HIREAR)

H o AER KE VAT ZEE
(HHsTEE - #150GBq/e)
AR : ¢ 10mmx h#5 8 mm
Z : FEK
EHBEE : EiR (30TC)
EHIBH : ~368H
AHEIR/BHEE : 0.1cm™
(SA) (V)
BERS : SUSEIAEZ: (Rfld A v &)
‘ 552 21 f‘»[— HERDIE : 2]
X b
MCC-3 (BRI B
HTZEE FE&E U AH T AELE
(st « $550GBy/g)
AR : 840 pmPF
il d : FLEK |
BHEE %7 (30°C)
B : ~368H
& # : 1.00¢g
BgLomE 12@,/ 4
BHES : F7O Y
H 5 2 EH FABREE : 2[8]

Fig. 4 #igH 5 AELEDORERE
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4. fEE
4.1 AT ARG D
411 RERBLUITRXFA VEETTON S XOEH

A5 AW EH UTFigs. 5-10 IZRFMIEFE T I 54 5 AOBEHBRORER 2R
Lico 2ZTT I V2788 ER. REMOELE ULOEBTON S ZABATHS
Si,B,NaZF=D M EA RS, IREHFDOGEIZIE. BET 28840 REHEFTELLY)
TS0y EOBEEDEEDI, ZLT. 7Ty 7, 10g/l, 0.1g1& REMOENDII
185 EATROBBERIBI LT 5, |

LIRTCBIASEEE3T 5 XEHLEDR I 2 3 %217 - T 5, pH4-11IC
B BEEEYY T RORIIMEEE L5 LRO LD ICEHIN TS,

OHF 7 AD# A& E#NT 5510, GEME) B0, ALOEN, KIRIGERZTHE
WHICIERT D,

O B OZERUTECHL U THBETRY EORISIZ & > TR U THERT 5.
DEE, TIHYTERELO EOA A YRR E VBB, KOBRELAEVLOT

IR B, Fo,Zn, FoHEUTER BlE. KAOBBEINS DT, KRS
DUEAT L T b M I IR B LA 3 IC KBRS 5 KT S o

O 5 ARMEIZITBEITE - 12475 @5 (Si, Fe, Zn, F+FIci) OKFIHEITERK

INb, HI XBEADSIODERMIL,

Si0,+2H,0—H,Si0,
THDHELUT. A7 AHMHEDE ﬁitigg(mﬁ)®¢WL&&bfﬁﬁﬁﬁb%
TFIMEI N T B,

RIXTA MEETIREOWTEBET A4S AEHIREROBE LAKIT. WIh
DIEHRBTIRIA POBRNVZBBE, LD, HI A0 oDBEHMEEZIN T
BIEDRDND, FANAIBWTRERFEHOESITHANT (w7274 PEFEL)
750y EBEHEDERIRENI ENRINTINS, SLBORHEIIDNTIEN 7 A
i (HEER) OBRERTSiEenzERLTHEBS 4 VidA S ABECHBIIHE
SHNZA - THBNa L D E—#iEl o THETTRTA MO B A L ATHE U T .
BEELTHIZANRIEL TS EEZ 6N D,
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412 RFEM-TI7ZA. BEPTITRTA M5 ZEFENIIBIT5pHOZL

RS (0.1 g/l), SA/V =10 cm T3 BEAOpHB.89 L YILAMHN T 2K & & bITE
95 EpHIISIZIE 5 7c, Fio, ALK DI, RHEM (10 g), SAV =10 em Tl iR
BIOPHI.36 K HILHEN 5 AR E & ITEET 5 LpHI0.54{Z78 - 7o, R (0.1
gl), SA/V =10 em Tl BEATOPHB.78 L D364 AR A S 2K E L HITRET B &
pHO. 771275 - 720

TTRIA NOBAIITEE (0.1 gh), SA/V =10 cm "Cid BERIOpHS.16 X 3640
BT ZMREELEBIZBRET S EpHB LI 5 o, o, KT A MREREN10g1 D
BaiZidpH9. 120 5 pHO.96 12 L LTz,

H5ZXBROEFELUEOHEIIIRER., BLUF</ 71 MEDICBREICEITS
PHOEAII DTSN Too T E XU, R (10 gN), SA/V = 10 em T BERTDOpHI.23
L D36ABRA SRR UTERET 5 EpHBBYI I s 7ce w7 R T A FDGEITIIR
B (0.1 g/), SA/V=10cm "Tl3 BEBTOPH3.90 L D364 RN 5 2K E & HICEET
5 EPHS.6TICIE 5 7o CNODIENSH T ADERIT L YPHI R E (EDB Z &
D oAl
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Table 1 FUEHE XU AT A FITEN) 5 KDOpHEAL(ER)

91H 3641
B (0.1g/D) BT 8.89 8.78
S 995 9.77
R7%H (10g/1) 2 A 9.36
B 10.54
TITRTA b Z ] 8.89 5.16
(0.1g/1) EHis 9.95 8.71
- VEY LR B HET 9.37 9.12
(10 g/) BiE 0 9.96 |
RIS (10g1) BHET 0 9.23 (H>2EL)
B 8.89 (H'5 ZHEL)
TITARYA b BHw 0 - 3.90 (Ho7XEL)
(0.1g/1) Btk 5.67 (o 2XEL)
ITRTA b B - 8.43 (575 ZEL)

(10g/1) BHg 9.19 (5 Z4EL)
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42 RFERDAZNGT—=ZART b

Figs. 17 -20iZ X /N7 7 —ZR7 bV, Table2,3 {2 A AN 7 — A7 dL X
DR UINT A —F —RUTable 7 [ZFe(I) KX 2862 Uiz &M Z28H
M. FEAKFQOY)TRE LB, 9 AMEOERER EKDBYENRS A -5 —&
UTREEDREE A ZNTT— AR MIVTEB U, ZEKDADESIZE, BEL
ORI T RBEMICIRIB SN B 0RDMWRSTRANRY ML ER L. £OREESEE
332k0eTH » 2o REBEMEAN T AHAKDEEHEDOKDELL(SA/V=10cm™) T28 H R L
eV TIRRERIICE D (B & & b IR Fe( I QM TR 2S.5 %6 A VB &
ni,

R EEHAKRDIO01g) & LT, A5 ZfkRSA/V=1cm™ | ORI, KUK F 28
KSA/V=10cm’, 364 B ERE LR TR ThBESSBRE— 7 BBR S h &k
Fe(I)M78~0% BRI S . FLIFREG L THE I &hREhi,

RE EHRE RO IHA0g) & LT, AT AWEKSA/V=Icm|, 0HM. KUK Z X%
RSA/V=10cm’, 364 HRE LB CHEERICE S {BROME— 7 &I,
T~16% O FHEF(IER SNz, X REMICAH S ARRERELVTEAKED
H(10g/yT90 8 [, 364 H I LIcH&IiE A 2N 7 — AR MW REIZER X
N\ A ZAMKOFENLBRIZFELTWB I Ehbh -, BEOREER. 0%
RICBATBNED . AT ZAHROKICHT 2R LD IEEKICHT 2 REMDLD/NE
WADPRELS SWTHB I ERENT,

BT AMKROBHT ERME T TRV AMKOBERITE D7) REHOEE %
EXBUVENRD D, 77 AOHWEHEEZHET 5810, GE&E) B0, ALOED, skl
RISHRFECHERTICERT S, HE ORI LT B S. LORIRIZ L -
THRHUTHERT 5. COEE, TIAVTREHO EOA A T LD BB UL K

B & KXV O T ICERT 50 Fe, Zn, % HEEH0 L3, KA OBMRE
L AVNS DT, KFIREHETT U T A iR & UNEH R FIC REBSHE AT T X
EKEIIFR S (Fig. 21),
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Relative Transmittance(%)
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Table 2 BRIFMD A RNTT —/85 A —4 —(ED 1)

Carbon steel {0.1g/I) MCC-3 SA/V=1cm™ 90d

IS(mm/s) QS(mm/s) |FWHM(mm/s){ AREA(%)
Fe 0.70 2.32 1.57 12.5
Fe™* 0.21 0.92 0.72 87.5
Carbon steel (0.1g/1) MCC-3 SA/V=1lcm" 364d
IS(mmy/s) QS(mm/s) | FWHM(mm/s) AREA(%)
Fe 0.87 3.31 1.65 9.9
Fe™* 0.25 1.02 0.97 90.9
Carbon steel (0.1g/1) MCC-3 SA/V=10cm™ 90d
IS(mm/s) QS(mm/s) |FWHM(mm/s)| AREA(%)
Fe 0.87 3.12 1.58 10.0
Fe™ 0.33 1.02 1.02 90.0
Carbon steel (0.1g/1) MCC-3 SA/V=10cm™ 364d
IS(mm/s) QS(mm/s) |[FWHM(mm/s)[ AREBA(%)
Fe 0.77 2.49 1.74 21.8
Fe™ 0.27 0.92 0.73 78.2
Carbon steel (10g/1 MCC-1 SA/V=0.1cm™ 364d
IS(mm/s) | AEq(mm/s) | T(mm/s) HF(kOe) | AREA(%)
Fe -0.01 0.02 0.34 333.95 100.0
Carbon steel (10g/1) MCC-3 SA/V=1cm™ 90d
' IS(mm/s} | AEq(mm/s) | T'(mm/s) | HF(kOe) | AREA(%)
Fe -0.02 0.02 0.27 310.04 84.1
IS(mm/s) QS(mm/s) |FWHM(mm/s)| AREA(%)
Fe™* 0.25 0.92 0.71 15.9
Carbon steel (10g/1) MCC-3 SA/V=1cm™ 364d
IS(mm/s) AEq(mmny/s) | T'(mm/s) HF(kOe) | AREA(%)
Fe -0.09 0.10 0.32 356.99 95.2
IS(mim/s) QS(mmy/s)  |FWHM(mm/s)| AREA(%)
Fe 0.26 0.85 0.66 4.7
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Table 3 REFADA Z/N 7 —/RF A —% — (FD 2)

Carbon steel (10g/l) MCC-3 SA/V=10cm™ 90d

IS(mm/s) AEg(mm/s) | T'(mm/s) HF(kOe) { AREA(%)
Fe 0.01 0.07 0.39 334.81 91.3
[S(mm/s) OS(mm/s) |FWHM(mm/s)| AREA(%)
Fe™ 0.61 0.9 0.69 8.7

Carbon steel (10g/l) MCC-3 SA/V=10cm™ 364d

IS(mm/s) | AEq(mmy/s) | I'(mm/s) HF(kOe) | AREA(%)
Fe -0.02 0.01 0.28 309.85 92.9

IS(mm/s) QS(mm/s) |FWHM(mm/s)| AREA(%)
Fe™* 0.26 085 0.69 7.1

Carbon steel (10g/l) without glass 90d

IS(mm/s) | AEq(mm/s) | I'(mm/s) HF(kOe) | AREA(%)

Fe -0.03 0.01 0.28 310.40 100.0

Carbon steel :80k (10g/l) without glass 364d

IS(mm/s) | AEq(mm/A) | [(mm/s) | HF(kOe) | AREA(%)

Fe 0.03 0.29 0.33 339.20 100.0

Carbon steel (10g/l) without glass 364d

IS(mm/s) AEq(mm/s) | T'(mmy/s) HF(kOe) AREA(%)

Fe -0.0003 0.02 0.36 333.57 100.0
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43 TTRIA MDA RNTT—ART M

Figs.22-25 [T A AN T — AR pIVZ%, Table 4,5 (T A Z/NT T —ZART pIVIZED
B U7NT A —F — KU Table 7 [ZFe(INNDERBA R LTI, <7774 M%28H,
90H. 364 HFEIZFEB/KHICRE UIcBBA0g)D £ ZNT T —ZART MVICIHERE< 7%
FA MIESCEBRIZBHINED - ToS, T AMRERELUIEE
(SA/V=10cm™,SA/V=1cm™,SA/V=0.1cm™)D 5 HSA/V=10cm DHEHI28 H TFe(1)3.9% &
Fe(I)4.196. 90HT16%. 3640 TI28%. BROWIREEDOT I A5 A b THo7o T
i, 77 XOMEHREDE(SA/V=10em &M TEROEENRREVPRENT &,
ZOEBOEAI28H, 908, 364ADIFICKENI &6, BEREICEEL T
5 EMRINDG, vTA3FA ME364B M. AFKPIIRE L0 DHE.
SA/V=0.1cm",SA/V=10cm™, T D AR MVITH &b EREEF(ID %75 LT,
HIZABEBISH LT IR A VEPPILNWEEEDEGEEZ N E0REN. T X
DENPT TR Z A MOEEITHEEEZ THH Z ENPMNIZ NI,
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Table 4 w7 %74 hDAZNG T =51 =% — (£D1)

Magnetite (0.1g/1) MCC-1 SA/V=0.1cm™ 364d

[S(mm/s) QS(mm/s) FWHM(mm/s) | AREA(%)
Fe™ 0.19 0.93 0.90 100.0
Magnetite (0.1g/1) MCC-3 SA/V=10cm™ 364d
1S(mmy/s) QS(mm/s) FWHM(mm/s) | AREA(%)
Fe™ 0.31 0.98 0.78 100.0
Magnetite (10g/l) MCC-1 SA/V=0.1cm™ 364d
IS(mm/s) | AEq(mm/s) | D(mm/s) HE(kOe) | AREA(%)
0.08 0.33 0.42 492.65 46.2
Fe.0,
0.35 0.17 0.55 457.78 53.8
Magnetite (10g/1) MCC-3 SA/V=1lcm™ 90d
IS(mm/S) | AEq(mm/s) | I(mm/s) | HF(kOe) | AREA(%)
Fe.0, 0.08 0.59 0.49 509.67 58.0
0.47 0.20 0.49 478.24 42.0
Magnetite (10g/1) MCC-3 SA/V=1cm™ 364d
IS{mm/s) AEq(mmy/s) | T{mm/s) HF(kOe) ARFA(%)
0.03 0.29 0.57 493.69 44.3
Fe O,
0.42 3.95 0.74 461.93 55.7
Magnetite (10g/1) MCC-3 SA/V=10cm™ 90d
IS(mmn/s) AEq(mm/s) | I'(mm/s) HF(kOe) AREA(%)
O 0.31 0.52 0.43 48775 41.20
4 0.74 0.30 0.58 462.09 42.52
IS(mm/s ) QS(mm/s) FWHM(mm/s) AREA(%)
Fe™* 0.26 1.44 0.79 16.28
Magnetite (10g/1) MCC-3 SA/V=10cm™ 364d
IS(mm/s) AEq(mm/s) | T(mm/s) HF(kQe) AREA(%)
0.02 1.37 0.42 488.717 28.03
Fe,0, 0.45 0.63 0.72 468.067 43.19
IS(mimn/s) QS(mmy/s) FWHM(mm/s) AREA(%)
Fe* 0.03 1.03 0.98 28.7
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Table 5 @7 RZ A NDAZRNG T =I5 A —F— (LD 2)

Magnetite (10g/1) without glass 90d
IS(mm/s) AEq(mm/s) | T{mm/s) HF(kOe) AREA(%)
0.35 0.34 0.49 493.43 47.09
Fe,O,
0.64 0.14 0.65 460.69 5291

Magnetite (10g/1) without glass 364d )
IS(mm/s) AEq(mm/s) | T(mm/s) HE(kOe) AREA(%)
Fe.0 0.38 0.52 0.42 490.01 48.3

34 0.68 2.95 0.54 482.57 51.7

Magnetite :81K (10g/1) without glass 364d

IS(mm/s) AEq(mm/s) | I'(mm/s) HF(kOe) AREA(%)
Fe.0 0.31 106 | 041 505.51 51.0
e 1 075 1.57 0.72 482.57 46.6
IS(mnm/s) QS(mm/s) FWHM(mmy/s) AREA(%)
Fe* 0.90 1.14 0.30 2.4

Magnetite :150k (10g/1) without glass 364d

IS(mm/s) AEq(mm/s) | T'(mam/s) HF(kO¢) AREA(%)
0.39 0.44 0.40 503.90 52.0
Fe O,
0.73 0.06 0.49 509.57 44.9
IS(mm/s) QS(mm/s) | FWHM(mm/s) ARFA(%)
Fe™* 0.90 1.14 0.30 3.1
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44 REME<TRY A FOXEROT

Fig. 261y R X Rl S5 — % Table SITHR XEREIFTIC &K > TH S jkFRMD
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A F OEERE EHHREER Uice 7354 b QLU TOIOADEMETE) &L
FRBTOING &5 ITHRI < /X 5 £ M, 25280 E— s hEllXh, REINT
WNENT EBY SN 5 Tzo 15 AEERE & KO R H(SAV=Tem™) T bR T 7 X
F4 MCES L E— 7 p2.52 i@l i, ZORBIIEA T X HEL TINS5,
TS RY A OMFREDN HE DIZHREIHRUO,RIO,0D E— 7 SN TV
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Table 6 ¥R X O/ 37 — o DFER

Carbon steel (0.1g/1) MCC-3 SA/V=1cm™ 90d

1, 100 70.1 66.7 62.1 62.1
d(A) 3.19 2.55 2.25 3.27 1.68
Carbon steel (10g/1) MCC-3 SA/V=1cm™ 90d
I/E, 100 50.0 41.5 36.9 354
d(A) 2.03 3.19 2.55 3.41 3.34
Carbon steel (10g/1) without glass 364d
I/1, 100 1.3 1.3 0.8 0.8
d(A) 2.03 5.82 3.88 4.02 2.76
Magnetite (0.1g/1) MCC-1 SA/V=0.1cm™ 364d
/1, 100 78.9 47.4 42.1 36.8
d(A) 3.18 2.54 3.68 5.94 3.35
Magnetite (0.1g/1) MCC-3 SA/V=10cm™ 364d
I, 100 58.3 37.5 33.3 333
d(&) 3.18 2.55 3.52 5.22 3.37
Magnetite
1, - 100 30.2 7.8 4.4 0.4
d(A) 2.53 2.96 4.83 2.42 4.96
Magnetite (10g/) MCC-3 SA/V=1cm” 90d
/1, 100 28.5 24.3 239 9.8
d(A) 2.53 1.61 2.96 2.09 1.71
Magnetite (10g/1) without glass 364d
1, 100 32.9 23.9 22.7 10.5
d(A) 2.54 1.62 2.10 2.99 1.71
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Table 7 BRFM. <7 %5 A b DOFe(I)~DLREH

MCC-1 MCC-3 MCC-3 Blank
SA/V=0.1cm™* SA/V=1cm ! SA/V=10cm™’ (without glass powder)
28d 364d | 28d 90d 364d | 28d 90d 364d] 28d 90d 364d
Carbon steel Fe*  Fe* Fe* Fe*
(0.1g/1) (87%) (90%) (89%) (78%)
Carbon steel No Fe* Fe* | Fe* Fe* Fe™ NO NO NO
(10g/1) (15.9%) (4.7%) |(25.5%) (8.7) (7%)
Magnetite Fe™ Fe™
(0.1g/1) (all) (all)
Magnetite | NO NO NO NO NO | Fe* Fe* Fe* NO NO NO
(10g/) (4.1%) (16%) (28%)
Fcz+
(3.9%)
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ARY MV ETREMZEHINT., 75 ABROBENEEICES L T 5E 2 &0
SINIIL - Tzo BEDREIIN T AMAROKICHT 58 L D bERE/KICHT 2 KHEMD
BOVIEWENKREND EPNRENIz, 7 RY A MEEHKTIT364 8B L sk
(10g1) . ESIIH T ABMKEREGUIEBDH BSAV=0.1cm"T364H, SA/V=
lem™ T90HH LUB64H DBERBID A XN T =R MVidThb /251
MoEES BB RBRII NI o fe L. HT MK ERBE L, SAV=
10em™, 280 % X U0364 BRI U730 ClIF(I BRI S hico <7251 b EHE
KD EAH01g1DIGE . SAV =0.1cm’, 35 LT 10 an™T364 B RILE U 75D 2R 2
MVISHEE & b ERHF(DDAET Lz, Zho6DI ENSREMETTRI A MT
BT HEEKIITTRA ZNY T — 2T MVTENT 5 LA E IS B
Fe(IZ BRI X 414000 » 720 H 5 RIK & Bofih X 70 BB 1T BRI Fe(IID R { AR
THELTHED., BEEENENC EhREhis

INSDI ENS, BREETRIA P TIRNIN SEREKIZTTRA RNT T —
AT MIVTENT 3 &, A, 2EIC & BF(DERIBRShT. 75 AHEKD
FENBAICEFE LTINS Edbholce HIARETF TR, 7 X571 bOBA.
75 AKER S ETROBELEAVENE {T5IEICLD . BSOEBRETI
REMREEROZ LD TES, BHMBHORERL. 5 AREHEEKTRORL
SAVIZE D STEEIRE T, €U T REM, <7254 MIFRFKO K
01/ IDBAITIREEHARZ I EHHE ST - 2,
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