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Mossbauer Spectroscopic Analysis on the Chemical States of Iron(III)
Kazutoyo ENDO*

Abstract

Chemical states of iron in engineered barrier for geological disposal of waste
were examined by means of Mossbauer spectroscopy. The samples were iron
powder and iron powder-bentonite (1:1) mixture. These samples were immersed
in distilled water or synthetic sea water. The Mossbauer ‘spectra indicated that
magnetite appeared as corrosion products in both the samples. The Mossbauer
spectra of iron powder mixed with Kunipia F showed paramagnetic Fe(Il) and
Fe(III), and magnetite as well as pure iron. Although Fe(III) and Fe(II)-species
are present in Kunipia F, the Mossbauer parameters indicated that the observed
Fe(Ill)-species are ascribed to the corrosion products from iron powder.

*Work performed by Showa College of Pharmaceutical Science under contact with Power
Research and Nuclear Fuel Development Corporation.
PNC Liaison: Radioactive Waste Management Project
Isolation System Research Program _ Noriaki Sasaki
** aboratory of Physical Chemistry
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#WNo. 2)D A 2/ T — AR FVEIRT, No. 1OFEBFIZId a-Fe (Fligh) PERS
TH Y. I & Y RE TR 3 F(OH),PFO0HD & 3 L AM DEFENFRS h
BA RN T —ARY MUTH SHOOERERHE S hs U 7 BN SN -
Fro LinUe ZRZ MIVANSBI S & 5 1Mk & O PERBEE DK X 1> 2 B OB RE
BiNOII BT IR A MM ERIREL2 2% TR S Nz, No. 2058 TIHXRDIC &
DEEDTTH T A FOBEISRERINT BN, AR T =R MLThH, -
XD LZDEEART I LN TE L,
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No.3, 4DFBHI DV T XRD TRIE BT IS A BB T h T E L, No.3DH
FHZ DWW TILFig. Sallpmd kHiwc. REMT Efigko 27 MV THB, LHL, No. 3
DB NIARS b (Fig. 7a) D OMEDANRT PNV EZELFINICARS bV

(Fig. 7-b) TRHOTMHEDNCITRT A M HBENENTT 1 VOFEREEZRET S,
ZDANRT PIVDELGIET 6 ROWK S HERBOBELLNTLIZT ¥ F L THA D
 B321TH o elcdhy R UMBERERT MO ANRT MEBRIL, SIRBTZ 20X
R M OXBROBEEEDE I, Z0HETHREN03 D ZARY ML XY HEHOD
BRSO RN M VEZE LI, |

FRINBABEEFHE LT, =77 A4 b ANTFA P %14 VEFB
YA by KBGO, KBAEKAD, ¥ FF4 b /N1 51 b, #EI (3Fe(OH),
Fe(OH),Cl - nH20), #&$51 (4Fe(OH), 2Fe(OH), FeSO)73 EARZIT 55 A3, #ERITHT L
TIERAEBY DEFGHEENPIDN - ORE TR BRI, Fig 8-2,bi1Zid5 0k No.
ATEMER VMRS b (FZEATF) 2LLIRA U, ALK THRIG X €708
BDZART bVER LT, Fig B-aillidMglRB I 5 6 KOS S/REE I TN
Bor =il B NEllEhThb, CHoOERERSIE I ETFIREEN550
EEZ N5, Fig. 8-bIZIIAENO. 4D A > T B R T F U VRBEETTREHIITS
BRAZSHICHERICHE L IcARS MVTH B, ARY FIVHFRO 0 mm/sD RO
EORZFNEIBRIIFEMFAIDTHY . ERICKVBILLIZSDTH S, 512, #
ZZ =T R bBHBENEINT T MIRE I SRR ZELRRIBAEH TS,
HHEEN NS D THTUNERD DD ZLTH U U L. ERO-7H &-8mm/s
CRZEDOE-IPEELTNB L) iIKAa LS, ChPMIELITHIE, <7/ x5/ D
IR EINS, +8mmsfHED E— 7 ME &-Th o-8mmsDIEEE 6 NTH< T
351 MOEFIIHVES,

No.4 DA A AR HAHAIIL. LE Fad( MOKBRS SELLS T &
EAINTIN D, A ZANTT—ZNRT MUVTRMDOEE LTINS Z EDREIhicd,
ZDOZBTORE T 7 =7 F OFEHEFe(ID) & XA,
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4. Ry M1 P ORI LBE

41 IZUHIT

Ry RFA b o 7 2B IVLE S = BT F OREKIC X BEAEME Uico XY b A
b ZZHFAVIE T ZET FRREDIE - ST H 200k EBEARIA U ibkis, #
BOWSHREE. HTROBEHRRELT &8 L AUVHELS OBEH . T OB/ &
LT ANAEAEN SR ENTN S, RV A MISEROSMSEENTED.
HIF 7k & DEEARIT & 5 SO RSB & UTORAEHEEMS A TE
ETH B, |

42 EEk
B ELTIRY = I A TEBRASHL LD AFUINaBIRY b A M THB 7 =7V
VIR Uz — BT F 2O TKR T CHRBKICLBEEEZRH Lic, XV
Z = NVIE S 7 FA 2N ENEEKICO0CT28HMBE L. 77+ —u—F
TAHBUTHRBILY VT — 7 TERES B, AZRNTT—HUELLVART bIVD
ARIESEICER LD ERUTH S,

43 R

Fig. 9 b & UFig. 10l #heh s = FNViE 7 —E7FRfEZn o ORE L
BOEETHUE LI X ZRNT T —ZARY b, Table2 (T35 A -5 —%RLTH 5,
FZHFIWIDZARY MEZHOF 7T Uy bRy €0 D3 ERpEF(ID) (IS = 1.28
mm/s, QS = 2.49 mm/s; IS = 1.35 mm/s, QS = L.44 mm/s), —D (FFe(ll) (IS = 0.20 mnys,
QS = 0.71 mmA) s IF/EIN B ARY MV ETTZ ZHFAVIORENQE S DI T vy
hM2-Y o N )DFe()LFBOFMHFEEE BRI L /NS ESLDFT Uy b
ML4 FOF(EERE DD LT B ZHIEM2Y A b OFeLEmARHE I
X DBEHDPKEVGS 5O EBEAIGI L Fe(I)ZZE LicZ ENF L o b, 1
b DEUNT & B EHEE IR TIIR VD, BRI U TBRESETL TS D LE
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b s, —EL HEE Uo7 8 WVIERE ST B EM2-H 1 b OFe(DHV75 18 - T
DEEI-OEIERFT S, 7E7 FTCRF(IDICRBINSG MO Ty b &
—HOF(I)ICRBINSE YT Ly MERAIIN TS, F(I)EQSDHSNFT T Ly b
% & DFe(II) DR IR Uy KE VOSSO F(ID)DIREEIIEM Lz, ISEQSD
5 A= G rE) ara PO EKalal etal, 1981)IZ K < —FH LTS D5
Fe(IT) & Fe(ND)DAE TR XA T L —F LTI W Eh, CHEREFHICLS DL
EXNB, EXEYOFA FREAOKOBICET ARAFRBERIIhE TITHRESI N
ZTiv% (Rosen and Kaller 1981; Fu et al., 1990; Komadel and Struck, 1990) , £ LT, €
FYaF A O BAF VOBFBEIZDNT A RN T —SHEICLYRESINT
t»%(Luca and MacLachlan, 1992), {32 a45-@ 43 Tl 7 =4 L VLZ0.5-0.7 wt% D/ XA
74 b (FcSZ) Rt EMMEMIZ N TS (Sasakiet al,, 1992a), 7 =5 ILVID A X
IR T —=ZRY MVTIR S 54 FOFERWR TR, ARNRNYT =354 —F —
[$Table 2{Z 9781 T4 + LHANRTRIBNRE S, COBRRS S AVIRTRIET
HoolE, 454 FOBER E UFe(DILERIT 7 —FIWVIDEMIFET 55
P 2 B V(DD EWRIRI BN TR T E RV BT b, 725 IWVITO
1EVFe(IEFED 1D A E G RIRERAYE < 72 - TRIBSEM LT 5,

7 Z VA BKERK TEEKR TREET D EpHIIRAM10.0MHETSH 5 036k &
EHITIHD U28AAICIES. S & o foe N2 A b EEB/RORIE OFPIZIZR Y b
FA FEDF R ILRA Y F 4 FONa* ECa” DA & VM EFIVH A DB
IBREEZONTVS, JHIEpHER S TB I LI 5, AT QBB XERE
iz kD EEPD SN TS, pHMMET 3732 LIERD KO BRI /SM F14 b O
BILic kDD EHHIN TS,

FeS, +15/40, +72H,0—~ Fe(OH), +2S07 + 4H'

Fo(OH), DAL X & A 2SS T —ZR7 ML CHBIREC 1 TR - Fobt,
PHOZELIC XY CORBRERINL I, FECBE LRV A MTHBHT=E
7 F TlpHOZE LI BN X h TUH7EL (Sasaki, et al., 1995),
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Table 2 7K (28H. 60°C) BB LAY b4 k- 725 AVIE S
ZEFFDOARNT T =185 A —F —

IS(mm/s) QOS(mm/s) T (mm/s) & (%) Area(%)

Kunigel V1 Fe(Ill) 0.20 0.71 0.56 1.3 61.7
Fe(1l)  1.28 2.49 0.34 0.9 24.7
Fe(Il) 1.35 1.44 0.38 0.4 13.6
Kunigel V1 Fe(IlI) 0.22 - 061 0.58 2.4 70.7
(Immersed) Fe(Il) 1.23 2.49 0.34 0.7 17.3
Fe(I)  1.35 1.34 0.52 0.7 12.0
Kunipia ¥ Fe(III) 0.29 0.43 0.53 1.3 33.0
Fe(IIl) 0.35 1.12 069 . 1.6 37.7
Fe(ll) 122 2.28 0.37 1.1 29.3
Kunipia F  Fe(IIl) 0.31 0.45 0.55 0.8 19.3
(Immersed ) Fe(Ill) 0.35 1.05 0.78 1.0 60.1
Fe(1I) 1.13 2.85 0.34 0.8 20.6
Pyrite FeS,” Fe(I) 0.31 0.61 0.36 6.0 -

For comparison, pyrite was measured.
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5 RUMFAMIZHFNWVIETZETFOD
A ZING T —=ZRT bIVOEZEAL,
5-1 Ui |
RV bFA 75V 72ETF| BXCADGERN b A bDAZRNT T —
ANR7 MVOEREZEZERIE U TREIIH 9 5 o OBER LD S b+ Ok & D &
IDWTOHIRERD I EABET S,

52 R

Ry b FUEE 2 1S0mgE R Y TF U UBTHA Lice X ZATT—2ZR% R
A RBE B TH 238 30 U, MERES XUREEIE3BG-22) KA LT
55,

53 jEER

74 S5 VLD A RISt T — AR MVOREZEALEFigs. 11, 12 (TR, AT MILD
JENTIE R % Table 3 [ZRT s AR MVEIZHOF TV y MPSIEDEKTD/RF A -4
“TIAE A ¥ Fe(lll) (IS=0.45 mm/s, QS=0.47 mm/s, FWHM = 0.45 mm/s) “$DE A ¥
Fe(Il)-1 (IS=1.16 mm/s, QS=2.29 mm/s, FWHM=0.37 mm/s) &, Fe(Il)-2 (IS=1.12 mmys,
QS=3.00 mu/s, FWHM=0.31 mm/s) T 5 , Fe() DA TERTREII80K TIIST.2% TH )
BEEAE L BIC DR TH Uy 302K TIZ68.8%i 72 - 720 2T LTASD/E L
Fe(ID-1{X 80K Tl A5t 55 EE29.0%, 151K 71323.6%. 190K T1%20.1%, 302K Tl321.7%
HB. Flo. SOREXWVF(I)-2UIAAMRE 15.9% TRELAE EHITHP UTERT
394% L7155, DY FHRERF(IDOmMBRENRE LA E & HIHmMU. Fe(Il)
WP L THhBZ EDhhs,

J_ET7FOARNRTT—ZRY MILOEEEIIFig. 1312579 X 5 12120, 160, 300K
WICDWTHE Uz €D/85 A —& —%Table 447 & 23T H Y Fe(Il) 25543 &Fe(IID) 1
B 5155, HX R Mgk AV120KT30.4%, 160K T28.3%, 300K T27.5% &
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BOOBEMIZH D, MBI s 3 Eiic b5, Figs. 14, 153X 2 bF 4 F(FI
HHIYD A RN T —ZARY FIVOBEZEIREI N, Table 5IT{ZZ D5 A-F-HYR
ENTVS, ZORY b b Fe(l) 15245, Fe(D) 255 THITSh. BESEL S
BIZON TF(IDDFAHRENR Z 18 5. 2 RGOF()D S HLOSD K E I K
ELEALT B 2 Edhnb, Figs. 16,17, 181213 7 5 AVIORMEAD 7 b, WBSH,
80K {Z 51 5 MEHEIZ N9 3 8 REOHMERER U/, X561, Figs. 19, 20, 21}
FADEMA Y b b ORMERY 7 b, HUESE. 80K ([Zh i) 3 mEREICN T 54 |
EOHME#EZR L. IHhoOfTIsTLbREeTRRVOTSHRISGIBES
T TET U TSI EEO S B OEAHN TOLFERGOBI I >N T ERMNIER %
ER-D
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Table 3 7 =4 IVVID A Z/NTG T —IN5 X 4 —

Temp. IS Intensity Qs FWHM Area
K mm/s % mm/s mmy/s %
80 045 2.47 0.47 045 572
1.16 1.22 2.29 0.37 29.0
1.12 0.86 3.00 0.31 15.9
151  0.44 2.25 0.46 0.48 62.6
1.13 1.42 2.24 0.26 23.6
1.19 0.75 2.93 0.31 13.8
190 043 2.11 0.45 0.50 64.4
1.11 1.32 2.23 0.25 20.1
1.17 0.73 2.90 0.34 15.5
230  0.41 2.13 0.44 0.48 67.2
1.08 1.30 2.21 025 202
1.16 0.69 2.88 0.30 12.6
270  0.40 2.06 0.42 0.47 64.5
1.06 1.36 2.16 0.25 20.3
1.14 0.73 2.80 0.35 15.2
302 0.37 2.00 0.40 0.45 68.8
1.04 1.06 2.21 0.30 21.7
1.10 0.44 2.90 0.32 9.4
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Table 4 FZETEDAANGFT—INF A &7 —

Temp. IS Intensity Qs FWHM Area
K mm/s % mm/s mm/s %
120 1.23 0.76 3.00 0.26 30.4
0.44 0.37 1.16 0.73 39.4
0.34 0.37 0.58 058 316
160 1.21 0.58 2.97 0.33 28.3
0.38 0.35 1.13 0.76 40.0
0.33 0.37 0.53 0.57 31.7
300 1.15 0.47 2.83 0.35 27.5
0.43 0.28 1.10 0.74 34.5
0.28 0.42 0.46 0.55 38.0
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Table 5 R b+ MFADEHI)D A 2T T =35 A & —

Temp. IS Intensity Qs FWHM Area
K mm/s % min/s mm/s %
81 0.24 0.65 0.96 0.59 43.6

1.27 0.72 2.79 0.39 37.9
1.29 0.50 2.19° 0.53 18.5
110 0.28 0.66 0.84 0.58 47.5
1.21 0.55 2.94 0.38 24.9
1.27 0.48 2.36 0.49 27.6
‘150 0.29 0.66 0.80 0.58 48.8
1.19 0.57 2.88 0.38 27.1
1.27 0.40 2.48 0.48 24.1
180 0.35 0.65 0.69 0.56 48.6
1.18 0.48 2.99 0.36 22.7
1.22 0.48 2.52 0.46 28.7
220 0.34 0.64 0.68 0.54 48.2
1.21 0.57 2.89 0.35 27.5
1.17 0.39 2.50 0.45 24.2
260 0.31 (.60 0.66 0.55 47.8
1.19 0.71 2.83 0.33 313
1.15 036 230 0.43 20.9
290 0.28 0.55 0.73. 0.52 | 51.1
1.16 0.59 2.80 0.31 26.9
1.16 0.37 2.26 0.41 22.0
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ERFE T, BT 5 KBERICER L. i FOBRELSLEE L EXFRET T
Ry F A MEFFRUNY M MR T CORM & ARIRORISER AT
A 2N T — 3N & D RO DWTRE Uls, REFA —/N—/3y 705
Tk &8k Ui B A3 BIERAE B A ST U oo SR— R M M8 GERIK.
ATHAK) BEY. $—_2 hFo e (1 : 1) THH—ARHHS 2migds K T10
mUgDEEHEER, A R/NTT—Z Y VBB, ZORE. BMEROEEK.
ATHIKRIL X BEREFME LTI IR T4 FOEKSDTI TS B @M hc,
Fio, A —3—r%y 7 OHMUOBER E LTHOSNBR Y M1 M7 ZETF,

5 =B VD OEZKICHT BEE A 2 O ICEEN B HOLFREBOR(LA SR
Utco E72. I SI3H75 UEBREMHTE 275 - o & & OPAEA B U kB i
B L. pHi & CEh DM (LA RIE R & HIER(L3 RSO #5H 8 T — K PHREEQE
IZ & B —IKBRISIC X BFEO P HEHEK TS5 Z LK DRO I EEREL T
W3,

BREFYOLBIE UL, ThUBREBSERGI ST bRKTORLEE
mpE. pH, BhdZ LU0, BRAEBHE UTKBLE—SARE TS &, PO
BOBRELFEBRE. pHE JUBNIZh2N7.3X10°mold, 9.15Xf-537mV &75 5,
—H. BEEBME LTI 7254 M RRET S &, FHBORORBLFERE.
pH. # X UENEZHhEh7.7x107moll, 8.2 XT-485mV 755,

XRDs & 06 4 230 7 —EIRIC & B ISR IO MRS ST /2 54 h D%
BRES b, TR TBREIEE LR OETKP TORDBRICL > TEKRT 2EL
ERERMIIKBIESE—5%TH2 EEONTED . BHEICEE LicE SOpHE LU
EhDEREIEZT 7 %54 b & OKBLE— g% PESEM & LB ORISR E L —
B Uiz, Fio, SBRHEOBEOKIREIIKBILE—SbHREKEFHH D LEEDOHkD
BEEDFHEEITTIOMEE 7 5 70 65Ty XRDRU A ZNY 7 —AKIC L Y RES h
7o TRy A+ ORUFERE H 5 IR KBS — GO EIE L. Sl o g
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IRE. PHRUEBWEDBEB O FEMHEKI LT 5 &#iEm Ui,

F- ATLHKRIZDOINT

Y- AT g7k % CRBRTR D ISR 5B 53 T E10000D A 7 4 V5 — T HB LI, &
Wb OB AW EEFFTHIET S £ 11X10° molATH » fc, XKRDRUFA R/ T —
SHEI LB TR, adkEWBO< TR 1 FOBDPRES NI, BHFRFRLEE
BREERARE A N, S-ATTHEKR TR AR KSR & RRRITKBRLE — SRR L |
T RE A P TR KBILE—SADEE DILEEMGEXET 2 EEL TRV EER

L7
B-ZRBIK-RNV R A PRITDONT

Eh|3gk-ZEBK-R 2V b A NERTIR200mVEBEETHS DITH L EHEAK-XY A
PR CHESOMVERETH » Foo oy BeBMAR. B ATHIKR & FRHT A 2807 7 —
A X BEHT TR, aBkEMBOT T 25 A MR SNz, RBEOBEHE S
HF-RI0000DBH 7 1 V5 —THiB LIt BHF BB £ BB THIE Ui
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