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Cm 2.1 g/L
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Sr 2.0 g/L
Zr 12.6 g/L
Mo 15.2 g/L
Ru 10.7 g/L
Ru 10.7 g/L
Pd 11.9 g/L
Tc 3.5¢g/L
Y 1.2 g/L
La 55 g/L
Ce 10.1g /L
Pr 5.0 g/L
Nd 16.9 g/L
Pm 2.0x 10! g/L
Sm 5.1 g/L
Eu 5.3x 10! g/L
Gd 7.0x 10! g/L
Tb 3.4x 102 g/L
Dy 4.2x 102 g/L
NQY 54 M
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IBIL | 8 — TAKASAKIION ACCELERATORS for
ADVANCED RADIATION APPLICATION (HARM)=- i «fi » - 1A VU mmee fOF
' =mfi — lon Luminescence Microscopic Imaging and Spectroscopy (ILUMIS) 4 = o
Ve — L  4231-1~ A° 3 MeWw oV HLE 1 pm 1y =
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‘ Spectra Corp, Solid Lambda CCD ——— |

signal processing system
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Eu(i ) — BIL ®Q- i d 4231-6- A°M(M)-Eu@i) 8 2Zr(k)-Eu@) <L

-8 — ™| Nef L——¢ — IBIL @0« i +— | td oY%
K oV - 2%™=8NTA k) — | - 4 ogam™g
s HA

1'_ Mo(m )-iEU(VI ) '—HONll'A ] 1'_ Zr(k )'EIU(V' ) '_HONTIA

— TOD2EHNTA | I —— TOD2EHNTA |

| [arb. unit]
o
(@3]

600 | 700 600 | 700

| [nm] | [nm]
4231 -6 £ [k v M(m)-Eun) J zr(x )-Euii) —
BIL Q< ) i

4.2.3.2 EXAFS
(1

< =8 ~ HONT# t YV 8 HONTA <
o8 ~ HONTA| ™| TOD2EHN#A 1 3V s/ 4 -4
HONTA 4 TOD2EHNTA < o A ™y Ingi) < ==8
Nd# )8 Sraidi )8 EWii) 4 Yii)ds 4| - 4 8 N ™| Zr(x )& Mgm )& Pdun )& Ren )<
tyv L =y o fi & 20mM A 0.18 058 1M r =
™= 8 1:10# 3 <e oV L_ds - Ya1 8 4L oy L—d
S — L 4232-1 A
Ln(i ) 4 RdH)— Ls 8 . 7Zr(k )8 Mgm )8 Pdun )— K I oy - 24
= AV | z2ew' /-9 3 L= eve | et
» D — BLZBY O ' wmfi 8 4 AcChiSR — BL112f D+ ' wafi - = VA
Ln(ii )— K Ly 2| 8 Ln@ii)< Zr(k )& Mgm)8 Pdn )L t YV Lyl
<" fi —  wi Ne| ™| 9mL { —w' R REER - = o 9 |
SPring-8— BL22XY D+ ' wafi - = =V e - | FEFF8.0¢ 2 ) - | o h
< L v L =3 WinXA®r3.0~ | R' 0o a4d myo
(2) <
@ Zr(k )8 Mgm)® Pdu )8 RgH )L kv —
4232 -1-8 HONTA - 0.1 M - = Loz ;
SV — L A9 Ln)- =] ®Lnii)-0 — L AHD - %
Ndii )8 Snoid )8 EUii )8 V(i )< o~ ™ ~o hJ ==2%48 O fi A -

82



L T D A e A R S

L AH> - % - Yi)— L - 004 ® Pdu)e Zr(k ) ReH)®
Mgm)— # oo0f =™ 1<% %q:*

4232 -2rheo ewsfiac|f= |4V — — R'odadgck
= A°Ln@)-0- & Je-e2  O- - = | - H

s ENJe/ /- mofie % < | Mgm)k =
2N VvV Es Mgm) | < - L | = o= ™ L_< 14
Ln(n )— 4 — O— | Ndii)e Sroii )& EUl )8 Y(id )< % oo~ ™ I
10098t |rr - A Zr(x)® Ren)® Pdn)— |t fr to00f=m™
{°Mgm)- <~=| 8EXAFS % 1 08h= pwa fi a— % %lko Yl VvV Esh(m)
4— R'oda- A o Yl A< ove - R'o>
o — = ™= | 8 - = ™M= % A< % ~ Ne
48 14| - < ¥%o! fi « o= ™0 8 Zr(k )& M¢m )8 Pdu )| —

% 108 — L ¢ 1) vo
@ = |H

4232 -2~ 01M— % <e =V HONTA - 4 v
Ln(i ) Nd# )8 Sroit )8 EWii ) — L A9  4232-3-8Ln(it) —

- -V = L A9 Ln@i)¥% o t 4 #Ne| 0.1 M—e D =
- o=hoewefia & oyvo 4232-3r8 |dv R'odad A

< — R'oda— —v ks 4232-4-¢8 < < —
— L A9 Ln(i)-O0— | zr(k )& Pdu )% o= L/ k2 Yoo ™M%8 M@M )
B | c=™| % a1 -4 Kefi wmofi¥Ln(i)s
<— — L& 13y %Ne| | <% % ° 8 Zr(k )& Pdu )— Ln(ii )&
tysLl - s> Yoo ™9 | |~ | & wmmo fi — 1 ™Zr(k )4 Pdu)| & |}
HONTA ™ -~ =t Ln(ii)— £ =™ 1<% 4 k4]

4232 -5 8 — — L Ao Ln@) — | -
== —rF=%% %oof =2%4s A< | £ Nef © EWii )— | Lz
L —  Ye# % - Yoo ™ <% 9 ¢ Zr(k )8 Pdu)— |

o N LI EE

F4deLtn@) — | ®zr(k)eMgm)ePdu) -~ |48 8 -1 F2
Lt a™y%sZ(k )ePdM) — | Lnm) -~ | % A ~ Nef ¢
vl e 1t wmofi #  wmofid o8 Y= mmofi<s o=—  — 1 ™ Zr(k)s
Pdn ) =3 — %™Ln@ii) r -0 fi % % 1 |k 4 ¢ <% Zr(k )8 Pdu )—

%o oevlo< 4o

4.2.3.2 -6 | — S DA Lol M ~= -V
- Ls 4232-4-8/4 k- F4 v  R'odadsd.-d asczr

- | e BEUn )% 14 vV EzZrk)— 4 -— | -8 Zr(k) —
— R'odar~ #9 8 ReH )— | s EUi)% 14 M- J VYV EREH)

83



- - | t %[ VveolL—|fer zZr(x)—|fen % A< Ln(ii )% A

{1V E—DQmm & 1 <<04s -0 ™33 — I ec ¥ = o3 €
1<% Ao evHmf =0l k- — Y%t l0mmei — % vV Zr
4L AV E— — Y 2 Nof | < % t 4

® -~ H ) =-

4232 -7r —V E RgH )L -V L As % AL <
# - Y AV ks |V L ol—<oqd8Kedsrof=m™
{° %+eo=01M— | Hd) «%l=rof =™{ %8 K. D0 -0 f =™=8 4|
Yo tohe ewofisr2t ~%t ] f— %t e=o¥f =™
4232 -8~ 8 TOD2EHNTA -~ t YV — L Ao
d - o= Yo = == %9 o Y% # Nof %s 2 8
- - | #loms s = — e=me
4222 -3~ Aler — ™% £ Nef® - % [ Ve
»eofi -~ <V HONTA  # 01 M- wlE v - R' 02
L 4232-5- A s Ase - % o< -8
Pdd Zr | 2|q = ==™|°2=—- # szZr — % - %
o= TM-” | < 4L o= TM_||9

84



4232 -1 NTA F ) — <e
HONTA TOD2EHNTA
HONTA
/
Zr(K )-
Nd i1 )
Zr(K )-
Zr(k )- Zr(K )- Snoin )
Nd 1 ) Nd 11 ) Zr(K )-
Ndi ) | Zr(k )- Zr(x )- Zr(x )- EyYii )
Srgii ) | Srtid ) Ndi ) | Pdw)- | ReH )- Sriit ) Nd i ) M¢m )-
Euin) | Zr(k )- | Zr(k )- | Zr(k )- | Nd# ) Nd 7 ) Zr(K )- Srin ) Nd 7 )
Y(#) Euit) Eyit ) Snii ) | Pdun )- | REH )- ReVM ) Eyit ) Eui) Md@m ) -
Zr(k ) | Mgm)- | M@m )- | M@m )- | Srin ) Srgin ) M¢m ) - Zr(K ) Snoin )
M@m) | Ndit) Eyit ) Ndii) | Pdu)- | RdH )- Nd 11 ) Mdm ) Mdm ) -
Pdu ) | M¢VI) - MgVI) - | EUW) Eyit ) Mdm ) - Pdwu ) Euii)
ReH ) | S ) Snid ) Sniii ) Pdu )-
M¢Mm ) - M¢m )- Nd# )
Euit) EUit ) Pdwn )-
Srii )
Pdqw )-
Eyii)
5-1%8 5-158
20 10-10 10-10 20 10-10 20 10-10
(miyt 155 155
1:10
3
(h
18 0.58 0.1 0.1
(@)
toewfi=|
= T T T —
—t AN
‘ar 7 Mo
= —Pd
El |—Re
— —Nd
gl 1—Sm
: Eu
o —Y
=
o
[J-i_ —
I ! ] I
0 2 4 6 8
R[A]
4232 -1 - se-v -

85




86

4232 -2 HONTA ~%14 R' 02+
Residual sigma”"2 EO shift
(M)

0.1 4.89 2.21 3.943 0.007 1.726

Zr(x ) 0.5 4.36 2.21 0.388 0.003 -2.152
1 4.05 2.21 2.526 0.003 -2.063

0.1 1.44 1.85 6.102 0.017 5.622

MM ) 0.5 2.36 1.99 10.913 0.030 22.267
1 5.97 1.99 12.755 0.048 22.842
0.1 4.19 1.90 5.082 0.001 -74.994

Mgm )* 0.5 3.82 1.87 5.099 0.001 -82.593
1 4.12 1.94 5.314 0.001 -61.185

0.1 6.07 1.92 12.794 -0.003 -17.937

ReH ) 0.5 6.14 1.87 12.647 -0.008 -24.899
1 6.23 1.87 16.315 -0.005 -26.399

0.1 1.47 1.66 5.595 0.016 40.493

Pdn ) 0.5 3.57 1.99 4.848 0.008 1.669
1 3.58 1.99 6.705 0.010 0.584

0.1 8.76 2.48 2.567 0.013 3.576

Snii ) 0.5 7.21 2.47 2.346 0.014 2.653
1 6.13 2.46 5.046 0.007 1.869

0.1 9.81 2.52 4.480 0.014 4.322

N ¥ ) 0.5 6.17 2.50 6.765 0.008 3.533
1 6.08 2.56 5.526 0.012 6.042

0.1 8.37 2.43 1.764 0.011 4.226

Euii ) 0.5 6.37 2.37 19.036 0.005 -0.963
1 6.05 2.45 2.103 0.011 4.219

0.1 5.96 2.38 3.641 0.008 -0.158

Y(it ) 0.5 5.99 2.36 2.411 0.007 -2.919
1 5.97 2.36 6.035 -2.335 -2.335

MgM)| - " Kefi =fizapreMgm)*| - " Kefi a1 prd o= <e oV




FT | x(%) - % | [arbnit]
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gJ\/\_V\—__’ Zr O&M
=i 1——2Zr-Nd 1M
©
h;;//\\/\__ Zr-Nd 0.5M
&M Zr-Nd 0.1M
~F ] Zr-Ssm 1M
g/“/\—./ \ Zr-Sm 0.5M
x;,\/\A/W ——2Zr-Sm 0.1M
l_/\/\“—_\_—_—_—Zr-Eu 1M
L 1—Zr-Eu 0.5M
: . ——2Zr-Eu 0.1M
0 2 4 8
RM]
(a)
- AL " |—Mo 1M
'EM —Mo 0.5M
2 AN ——Mo 0.1M
S AN N\ |——Mo-Nd 1M
_J\A—/\m'/ MS>——~—————Mo-Nd 0.5M
o NN ——Mo-Nd 0.1M
~— /] ——Mo-Sm 1M
&g/ N\~ |=—Mo-SmO05M
< N\ +——Mo-Sm 0.1M
I—_’/\/_/\M_______MO'EU 1M
Lt 4——Mo-Eu 0.5M
. . —Mo-Eu 0.1M
0 2 4 6 8
RM]
(b) M

4232 -3 Zr(k )8 M@gm)e Pdwu )
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FT_ x(K) k> [arb.unit]

—Pd 1M
—Pd 0.5M
—Pd 0.1M
—Pd-Nd 1M
—Pd-Nd 0.5M
—Pd-Nd 0.1M
—Pd-Sm 1M
Pd-Sm 0.5M
—Pd-Sm 0.1M
—Pd-Eu 1M
—Pd-Eu 0.5M
—Pd-Eu 0.1M



4232 -3 HONTA — - %1 R' ©2 =

Residual | sigma™2 | EO shift
(M)

Zr(k )- | Zr(k ) 0.1 3.76 2.21 2.111 0.002 1.442
Nd ) Nd ) 0.1 13.33 2.56 9.561 0.040 4.257
Zr(k )- | Zr(x) 0.1 4.23 2.20 1.456 0.004 0.812
Snoii ) | Snii ) 0.1 2.79 2.44 14.570 0.017 -0.539
Zr(k )- | Zr(x ) 0.1 4.36 2.20 0.525 0.004 0.378
Eui) EUuii) 0.1 6.36 2.46 2.379 0.008 6.147
Mdm ) - Mdwm ) 0.1 1.70 1.98 6.554 0.016 15.193
Ndii ) | Ndii) 0.1 4.08 2.40 4.665 0.004 -0.462
Mdm ) - Mdm ) 0.1 2.39 2.09 13.551 0.094 19.893
S ) Sin ) 0.1 3.96 2.40 5.109 0.003 -0.155
Mdm ) - Mdwm ) 0.1 1.51 1.75 7.770 0.001 -12.566
EUui) EUuii) 0.1 9.95 2.43 2.222 0.017 3.257
Mdm ) - Mdwm ) 0.1 3.45 191 4.24 0.001 -72.28
Ndii ) | Ndii) 0.1 6.09 2.48 9.77 0.001 3.80
Mdm ) - Mdwm ) 0.1 3.47 1.88 6.66 0.001 -81.69
Srid ) Sin ) 0.1 5.22 2.46 9.87 0.001 2.71
Mdm ) - Mdwm ) 0.1 4.05 1.88 4.46 0.001 -81.14
EWit) | EUii) 0.1 4.67 2.43 9.79 0.001 4.09
Pdwn )- Pdun) 0.1 3.33 1.97 6.045 0.010 -0.565
Nd ) Nd ) 0.1 9.20 2.50 4.264 0.017 3.204
Pdwn )- Pdwn ) 0.1 3.26 1.97 5.731 0.009 -2.224
Snin ) Snin ) 0.1 5.29 251 1.619 0.011 5.676
Pdwn )- Pdwn) 0.1 3.73 1.99 4.632 0.008 -1.544
EUui) Eun) 0.1 9.13 2.44 3.266 0.017 4.048
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Coexisting elements

4232 -4 Ln(i1)-O 8 Zr(k )® Mgm)® Pdu )-O —
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Zr-Nd -
Zr-Sm|
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=d
OO OHY |
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O
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Nearest oxygen coordination numbe

1 |
Mo Pd
Nitric acid concentration[M]

4232 -5 Ln(ii)

Nearest oxygen coordination numbe
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d00<004me
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O
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Mo .
Pd |
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Nd-Mo-|
Nd-Pd
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Sm-Mo-
Sm-Pd
Eu-Zr 7
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FTIx(K0N K|

o

Zr(Zr-Eu) — rRe(Re-Eu) —
0.2- 0.4 i
m; F
= 0.3
\x/ L
0.1 = 0.2
L.
0.1 i
% 2 4 6 % 2 4 6 8
R[M] RM]
4232 -6 — Zrs Re
4232 -4 F4 [F4v R' 0> =
. EO .
sigma”2 ) Residual
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(13) K. Binnemans, C.G-Wal rand, A

7F1 and 5D1 energy levels of Eu3+A,-7&€mH95n.
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