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Mossbauer Spectroscopic Study on the Chemical States
of Iron in the Materials used for the Underground
Storage of Radioactive Wastes

Kazutoyo Endo*
Abstract

Chemical states of iron in the model materials for the underground storage of radioactive
wastes such glasses and buffer materials under a supposed condition of corrosion were
examined by means of Mossbauer spectroscopy and powdered X-ray diffractometry.
Carbon-steel and magnetite mixed with powdered glasses were immersed in distilled
water for 28 days. No changes on the chemical states were observed for pure magnetite
and carbon-steel. However, among the magnetite and carbon-steel mixed with powdered
glasses, Fe(lll)-species were observed as corrosion products for such samples as those
with the surface-to-contacting water ratio of SANV=10 cm’. The present experimental
results indicate that no changes of the * Fe-chemical states occur for the materials with the
SA/V ratio smaller than 10 cm™.

* Work performed by Showa College of Pharmaceutical Sciences under contract with
Power Reactor and Nuciear Fuel Development Corporation.
PNC Liaison : Radioactive Waste Management Project
[solation System Reseach Program  Noriaki Sasaki
** | aboratory of Physical Chemistry
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Table 1 X3 Mo ML EL

BAAT : wt% 7 =AFIVL 2= E7F
EvEVYOSA B 46~49 99
Xk ~23°
e 19~23 } 0>
#EA 1~5 Sk
JifiEa 1~4 0.5
w=IKA 2~4 Frg
i oA 3~4 Fa
R 0.5~0.9 S
B 0.8 A

(PTEe. K5 (1992) | BFEEGELE)



Table 2~ bFA MLESE

AL : wtt y =BV s EFF

Sio, 69.9 61.3
ALO, 14.4 | 21.9
Fe,0, 1.91 1.78
FeO 0.47 0.27
MnO 0.06 0.01
MgO 1.86 3.24
Ca0 1.87 0.51
Na,O 2.70 3.42
K,0 0.30 0.10
P,0, 0.05 0.02
Cl | 0.03 0.03
£S 0.55 0.13
SO,” 0.21 0.28
£C 0.61 0.16
CO, 1.70 0.35

(. 8KS (1992) | BEEORLMED
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@R Mo+ (FZEFF) 5g4%1N NaOH 50mlehjz % L 60°C
LEARMBELZdD%E (3) -B-60& L1

OXYFFA b (ZFZETF) Sg41IN H,80, SOmle o i L@
LAMBE LcbD%E (3) -A-RE L
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ciﬁiﬂ‘ﬂﬁxiﬂiigﬂ{t%&%@ﬁ%"&%@RAD-C“/X'J‘-A%:H%Ib\ XHREEIE
Cu-Kaifg (40kV,20mA) FEi 7z,

3.3.2 ARNUT—227  LOBE

B BAERRERIMER T, A~/ S—s%y 2 0ol TR, 5t
HEBITERTRELT - 720 BEHIEONTE. (3) -A60DIT 5 & A
'uzmtwaﬂ%ﬁﬁﬁxwﬁﬁ<wK>uurwﬁ§ﬁw\%maﬂ@aﬁu
B LTI, B E S ICERTES T 7,

MIUANENAS “Co (Rh) | MAFAETREE 370 MBqZ i . 14.4 keV 5 %<
U7 H Y BOBMITERA 5 — R b~ REBOXe KIS % 0 fe
BREREIWisselltBWF OS5 Ly » v oo g vy x LV —% — (DEG-1200)
ARNTT=FSAE Y722y b (MDU-1200) %y, %008 E S 2 C o
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Xiie, BEHEEHVEE (ORTEC 5500) £MCSE— F (512¢ch) THWT,
A RN T = ZRT MVEBR Uice Fy 7T —BERIEC 3k H(Fig.6)%
Wire ARNT T —ZARY MVIEBRERNZFET 4 v T4 v 7707 5 LICE
Do— Ly B TRENLTT A — 5 — kBB U, |
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4.1 F—3—2%y 7z
Fig.7.Fig.8{Z A Z/X77 7 — 24 | jL % Table2, Table3}z AN T — XN
7 MVEIODEBRULIARATA—FER LI,
CRDNTHREBNPEDI DA ZNT T~ ZRY M LIZERAITE D -
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P20 C-ATHMBDRNY MVETTRIA NDRRY MU B IZEHD U — 4
NEAEN, CORBTRITRI L bDRAY MVZBRBEI XN B 130750
@Tﬂﬂ@&%it@ﬂ%@&@?ﬁ%ﬁﬁxbk%@&%iBhéo

(b) MJH\ﬁ&?ﬁ*?%b&ﬁbx&ﬁbw%ﬁbto:@F—&&M
HBROT — 5 OHBET > 1R M2THRZX I 1 PO IRY |, JLEFSD
E=-7 0BRSS hic, M3EMATIRT /274 FEBRRAL RS b LEITE
ANUMSEABRBE S o7,

4.2 BEEHNIZONT

4.2.1 BERXEET _

Fig 9~1LIZB R X BB/ S5 — % Tabled I R X BE 12 & » THE S 4.7
SIO,DHE MM & MR EEA T Ui,

TNV EDBEBICRE LM THSIO DA RE~DBB ISR T
mtT%aw:&ﬁbboto@ﬁ@ﬁﬁm%%btﬁﬁf@?:%»wuﬂ
DSi10,DMHEEIC K E LEBHbh i,
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4.2.2 AZNYFT—ZART MV

Fig.12~1642 A AN 7 — 27 b L% Table6~8{Z 4 Z/X 77 —ZRJ b
WEhBEH LU A—FERLI

(a) FMBORAEHMBERR Y MFA PO FARNTT—ZARY MIVEREL
HBEF RN— S EFe N _HAaBR SN, COTF— ¥ EABRBROTF-F O
WA - iR, (1)-B-RTIEFe”, FeOMS & b FEEAIBRAILE, -
Fro (1)-B-60TH R HEMBBEMXNE N o700 ZHIKH L, (1)-A-RTiEFe
"OFEADBRINL L YFOE— 7 HIFRBRA NI, NI AT ETT
DFe™ & Wi 3 & BEER S T PZTABEL TS, (D)-A-G0THPIIYF
D FEAERM SN A DESDE =7 I D | DAY RS T T
NBELTED, E6IER—ZX54 DS DEBRE T o, THIEFIRIC
FOFRBEE LT UEVWSRLSEOBRENBRL LTLE > LONERTEE LD
EBbnb,

(b) ERMEDZ ZHFAVIO A ZRT T — AR b VERIE LR R —
g4 EF RIS BRI N, 7SS IVVIEFIEMERN Y A PEEND
LR OEEEIMNEDEZHE - TIND, COTF -7 ENHEEOT—F DO HRE
1757kt R. (2)-B-RTEFHNTFHAH 5 5 BFT 20 NFe® - 1OBEICE
LT UENEELICESRONTE /2, (2)-B-600TIIE LICHEELIBID
Fe*- 10 MBENEFBIZKEL L >TLE 5, (2)-B-RTEIFLMERA 2 b
F4 NEREBER, FO_HaoHIFIEBEINE B OF I BPORMEY T
FDEALDE Uiz, (2)-A-60TROFNCF-IRBB I N/ T hid, BRI
LD EAOEENEZ DEOBRENRKEDY U, DENIE > T cFe O &N
WZZAR7 MVELTHRDLDALILSDEEDN S,

(©) RBEOI/_ETFOARNYT =AY MVEME U RFe™ B
sy P —RAaBlEhi, TOF—Y ENBROTFT— 7 OHEBRELT - 1o
B (3)-B-RE LU3)-B-60THL EIZROLNLEIN > /2o 3)-A-RTEPIED
Fe* @il XN Moo B)AOIRETHE, Fo2&NRETETHEH- &
nELE—2BohiEh- eMER (80K) TRIELUER. B

24~



Fe' LRESIERM R R P VA RTFS BB X N7,
ST TRBRALERIC & ) KERS D A A D Fe |2 s LTLEW, Boloa
A U HEDFe R8I0, TR IRE TE b . Fe™ LFe™ 1 4 V& 2 L T b e
Bd EDBHWNRE(BY, REVERNEBI LA bDTH S, “OFCIIEE
KXORELHKERDLN S,
(3)-A-60IC X DR THE L T E X ITRE LFe " D ERIC L o T
RELBTRETVWNMNEBPR S,
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Relative Transmittance (Arbitrary unit)
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Relative Transmittance (Arbitrary unit)
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Table 3 REZHDA RINTT =35 1 — 5 —

C-1
IS(mn/s) A Eq(mm/s) I" (mmy/s) HF(kOe) AREA(%)
Fe -0.004 -0.075 0.327 331.788 -
C-2
IS(mm/s) AEq(mim/s) I (mm/s) HF(kOe) AREA(%)
Fe -0.013 0.168 0.315 332.306 74.519
IS(mum/s) QS(mm/s) FWHM(mm/s) AREA(%)
Fe* 0.265 1.029 0.760 25.482
C-4
IS({mm/s) A Eg(mm/s) [ (mmy/s) HF(kOe) AREA(%)
Fe -0.013 -0.32 0.258 330.913 49.020
0.247 0.179 0.285 490.153 13.589
Fe,0,
0.776 -2.202 0.336 458.970 22.585
1S(mm/s) QS(mmy/s) FWHM(mm/s) AREA(%)
Fe™ -0.042 1.665 0.546 14.805
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Table 4 <Z7R& A FDA AINGT =85 X — 47—

M-1
IS(mm/s) A Eq(mm/s) [*(mm/s) HF(kQe) AREA(%)
0.284 -0.251 0.377 491.483 43771
Fe,0,
0.676 0.298 0.572 459.789 56.230
M-2
IS(mmys) AEg(mmy/s) I' (mm/s) HF(kOe) AREA(%)
0.286 0.351 0.336 490.482 32.662
Fe;0, .
0.628 0.103 0.582 458.876 57.751
IS(mm/s) QS(mm/s) FWHM(mm/s) AREA(%)
Fe™ 0310 1.065 0.640 9.587
M-3
[S(mm/s) A Eq(mny/s) [" (mmys) HF(kOe) AREA(%)
0.283 -0.306 0.422 491.703 41.318
Fe,Q, .
0.663 0.374 0.660 459.820 58.683
M-4
IS(mm/s) A Eq{mm/s) I" (mm/s) HEF(kOe) AREA(%)
0.280 -0.320 0.370 490.458 43.880
Fe, O,
0.668 0.547 0.569 459.628 56.120
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Table 5 BHRXBREHF/ 37—V ORER

Sio, - SIOE-/oHEMRE d=A
ICPDSF—4% 3.34 4.26 1.82
BAIE NS0, B 7 D FEXTREEAL,

ADEHZEN 100 33 15
(1) -B-R 100 31 16
(1) -B-60 100 36 16
(1) -A-B 100 45 11
(1) -A-60 100 46 15
7 =45V 90 22 12
(2) -BR 100 22 12
(2) -B-60 100 26 14
(2) -A-B 100 26 12
(2) -A-60 100 26 12
7=ETF 35 28 12
(3) -BR 42 33 15
(3) -B-60 43 33 17
(3) -A-B 65 79 19
(3) -A-60 55 95 17
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Relative Transmittance (Arbitrary unit)
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Relative Transmittance (Arbitrary unit)
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Relative Transmittance (Arbitrary unit)
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Relative Transmittance (Arbitrary unit)
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Relative Transmittance {Arbitrary unit)

Fig.16
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Table 6 F5LEEMID A 2o 7 —,$5 & — 5 —

FEFZERAN b3 A b

I' S (mm/s) QS (mm/s) FWHM {(mm/s) AREA (%)
Fe* 0.319 0.604 0.592 41.711
Fe™*-1 0.889 2.513 0.364 11.698
Fe*.2 1.156 2.721 0.394 46.592
(1) -B-R
IS (mm/s) QS (mm/s) FWHM (mm/s) AREA (%)
Fe™ 0.335 0.769 0.676 44.006
Fe*-1 1.100 2.220 0.410 10.337
Fe™*-2 1.137 2.758 0.360 45.657
(1) -B-60
1S (mmss) QS (mm/s) FWHM (mm/s) | AREA (%)
Fe™ 0.318 0.774 0.409 39.782
Fe?-1 1.100 2.016 0.550 7.999
Fe*-2 1.117 2.748 0.396 52.220
(1) -A-R
IS (mm/s) QS (mm/s) FWHM (mnys) AREA (%)
Fe™ 0.307 0.576 0.648 100.000
(1) -A-60
IS (mmss) QS (mmss) FWHM (mm/s) { AREA (%)
Fe™ 0.279 0.632 0.543 100.000
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R hFA b (ZZFNV])

IS (mms) QS (mm/s) FWHM (mm/s) AREA (%)
Fe™ 0.21 0.53 0.60 62.25
Fe**-1 1.26 2.49 0.40 18.90
Fe™-2 1.37 144 0.28 18.86
(2) -B-R
[ S (mmfs) QS (mm/s) FWHM (mm/s) AREA (%)
Fe™ 0.20 0.71 0.55 61.78
Fe**-1 1.28 2.49 0.33 24.60
Fe™-2 1.35 1.44 0.37 13.62
(2) -B-60
IS (mmss) QS (mm/s) | FWHM (mm/s) | AREA (%)
Fe* 0.21 0.77 0.49 64.76
Fe™-1 1.30 2.49 0.30 25.79
Fe? 2 135 1.49 0.59 9.45
(2) -A-R
IS (mmss) QS (mm/s) FWHM (mmys) AREA (%)
Fe™ 0.31 0.59 0.41 96.42
Fe”' 1.47 3.12 0.29 3.58
(2) -A-60 A
[ S (mm/s) QS (mmss) FWHM (mm/s) AREA (%)
Fe* 0.33 0.59 0.42 82.49
Fe™*-1 1.26 2.78 0.62 17.51
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NebFA M (Z7ZETF)

[ S (mmss) QS (mm/s) FWHM (mm/s) AREA (%)
Fe*'-1 0.29 0.43 0.47 35.79
Fe®*2 0.39 1.13 0.47 30.01
Fe® 1.10 2.88 0.38 : 34.20
(3) -B-R
IS (mms) QS (mm/s) FWHM (mm/s) AREA (%)
Fe¥-1 0.29 0.43 0.47 30.82
Fe*2 0.39 1.13 0.47 31.46
Fe? 1.10 2.88 0.38 37.72
(8) -B-60
IS (mms) QS (mm/ss) FWHM (mm/s) AREA (%)
Fe*-1 0.30 0.52 0.53 32.98
Fe**-2 0.35 1.13 0.70 37.71
Fe* 1.23 2.82 0.37 29.31
(3)-A-R
IS (mmys) QS (mm/s) FWHM (mm/s)" | AREA (%)
Fe™ 0.32 (.58 0.68 100.00
(8) -A-60
IS (mmys) QS (mm/s) FWHM (mm/s) | AREA (%)
Fe* 0.25 .51 0.33 100.00
(8) -A-60%80K THIFE L /-8
S (mmis) QS (mnvs) FWHM (mm/s) | AREA (%)
paramag.Fe® 0.32 0.57 0.66 69.87
IS(mmy/s) A Eq(mavs)) T (mm/s) HF(kOe) AREA(%)
magnetic.Fe™ 0.28 222 | 328.50 31.13
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Fe sty 7 DEEE UTRERCOVTIE., RBORREPRYDOBAN
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FHAREZITE BICHI0 . BIP R ER L R e s 35T i
FE MELASHAREOMBTESRE. B LUFH/IZHEICAERBOBEME L &
MBS N & E LIS LI LE T, T, EEEEEISIE
REMAPIFT N — TOREKE. X SIEB ORI TN EOES FOFEE
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