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2 % A T %A v NFE 948 PET gl 29 A Fdda (SIMFUEL)E 23R
8 oz Hqch EAYAE Y25 Sebudt ¥elR O fEATERAR Q223 (CP-
AES)e = FA3lgic) H¥d4AE AEY H7} feby AdEdoane] 3 S Yoo
Mo, Pd, Rh ¥ Ru ofo]- 2w {422 Ba, Ce, La, Nd, Rh, Sr, Y ¥ Zri= 2ol 23472 b}
B2 2destdrh AR ey 249 eyt 22 ddagd g vhge ool agsAlz et o
& 338 HpEL 99-103% 0|1, Fol2 T2 Felsln 448 Aedd o|EFE AT 96.5-
107%19}. o] B F&UA 7} $aol ) 44 ppm 248K SIMFUELS) 43 378 4
YEEH 2= 1.3-6.7% 0|91}

Abstract: The simulated nuclear spent fuel (SIMFUEL) containing the platinum group elements which
will not be dissclved in a nitric acid was completely dissolved with a acid digestion bomb. The metallic
elements separated in the SIMFUEL were measured by inductively coupled plasma atomic emission
spectrometry (ICP-AES). Because the peaks of metallic elements were spectrally interfered by uranium
spectrum, uranium and metallic elements were separated by cation exchange resin for Mo, Pd, Rh and Ru
and by anion exchange resin for Ba, Ce, La, Nd, Rh, Sr, Y and Zr, respectively. The recovery of Mo, Pd, Rh
and Ru after separation by cation exchange chromatography found to be 99-103% and anion exchange
separation showed 96.5-107% of recovery except Y with the simulated solution whose concentration was
similar to the spent nuclear fuel. The relative standard deviation of this method showed 1.3-6.7% in the
SIMFUEL whose concentrations of metallic elements were between several 10%-10° ppm.
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22 A7 gAY o 50%F AW A= 5
o o] § A¥H Lehpg MRS JE B 3-
5%9] s&xg AMsEs J1sE A2 vyt 8
73 HALF 2)Fez Aisld 1:302 ¥}
7t gk AHFE gl A ARRY 4 sl &
a3t AHe] geomz Ayl v|FE FFoz st
oF A4z |AF LA M43 ddas 44 4
&+ AAA gz 34 Az JjF T4 UA4HEd
2] 457 whee] A AMg37] 518 7 - SR A
# <1 5 (DUPIC, direct use of spent PWR fuel in CAN-
DUl 28 Q78 A2tssc) DUPICA B3t 947
£ A BAE ThFolof sk ojal e (AT of
A7 AgstAR AgFRdee] A2l BA
AH9e] AYE DAelA o]Fo] AUk YFYAGATE
£ o) FAle) 25 Feisled DUPIC Hdne] Az
9 4% Whe S48 A

AT HAdzel B2 8, F4A A R
dgae) dawel e Ao met s qa
Z=ql “ORIGEN” m=2. 4pdgiEs Aasm
Nd, Mo, Zr, Ce, Ru, Ba, Pd, La, Y, Sr, Rh8} 7H2 14
o] A FAE 7lEez pleM £ ppm AT
A" A ARt WARse] Fot o] A
5o o, ey AAg d7sl7] S whaks
A g 318 AlAde] & Fasin] Al4de] ZFeial o
29| = telemanipulator& ARgafe} 3R wiupARA]
BRE oE e} AP A|7ke] o] 485w g
% EE At} miepa Abggddas) 543 odF
4 WAz e d2AFE A7) k] A of
Azhgehr el dBd gAEE Jis ok Ak,
4 A& 3] o dhEsle e 2] AMFdda
(simulated nuclear spent fuel, SIMFUEL)E. 41 %] %o},

oAb ehy Hile] BB 2 EA3l: wigke) F
&2 YA8E YA, B3 HER Uie
244 F4 2] AM AL HAzn=
ol 444 FM42 ddnAze ¥4 I
At ol Sasle) o)absigehns AAbel 2 2

HHn Begs AN FEULE el B

&8 B3k olle) 741 Sebe] Haan =
B3l $ehes) olF FEULEE R 98
SEAYS)20} LAplaEDY (CP-AES)Z A%
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s Wile] olv] IS} WAL (F)} 71&
& olAsA et 2ot AR A $
e <dsgulgoz ¢dEle] Nd, Mo, Zr, Ce, Ru,
Ba, Pd, La, Y, Sr, Rhe} 72 fd4-Fo] @Rrdy4E
= qrEelAlc) 7 - 3420 dual olilzheehed
Aol A g3t AMFYdaE dawd de
2Rt Y 3F447t el A ppm A H =
= g3A1717] o AL R s By &4
Ae)d, PTFEY} autoclave® o]8-3F mgbabgsy o
4448 o4% L8 Fo HESHT 9k
Lausch2} 2277152 A 358 Al &
HAR el 2 o] BEYUREE GA
AAle] Ealgel(9:1, viv)o = 180°C2] autoclaves]]
A 164178 713t RS A3 fAR &
slglem, Adachi FE* 94| GAk AA u]7} 91
4 &AL PTFE AHE#1 8718 AR83le] 180°CellA
20212k 54} 7HEEle) 2] AlgFd|dad] 2P ¥
SA0FES Sl AN daE Atez &
A2 o 60-80%2] #-4-4 A¥-2 Ba, Mo, Pd, Rh,
Ru, Tc, Te fAEoleln Ud=izid’ o|5 2agdy
o] AR 489 s Hdre] daw) P2
YAl w2} A4 -Be] char} o] & Ui FolA B0
W} Felire] 7l wel AAEHE Aoz deiActs

2 dyelMe wA] 7189 dhfez i 43
2t 29 AMfdds S #$3lsuAt s
o 3 Al A gaSA] o gejudl, R,
gekg 2 285S 44040717 18l Ak Ak
EAE AHgaledof B} e} XAk TBP(Ui-
buty? phosphate}, TEHP {tri {2-ethylhexyl)-phosphate]
s} 2L FEAAAM ZF ge] FajAeE 4 4 ¢
on] =% of 7TM AAlejAl#} TBPAA $ebast A
23y Aot viettee oazbyehre) 2
glaieo= 39 oi3Ede H4Y £ dsish
et $ehprl e adA Fafog EAse €
FAAE FEHULE B $3l & delim
BpA S Heste ZEY o ICP-AES2 &3
Bsics.

24 #H

2.1. 717] 9 =H
Aol AL22} ICP-AES:= &> Jobin YvonAle)
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A3} A3 (2d: JY 38 PLUS)¢|™ AJ&3 Mein-
hard ¥-%7]2 F3]3llc)k ICP-AES?] A} 25z
71, sopabEe] AR 9 opel2matapA] ) Al F
AL & 28 Zlesidd’ ol utge A2
pyrex A2} R (H7 0.7cm, He] 10cm)E A}
£33l 2o}y v E=QAZRE| Ba, Ce, La, Nd, Rh, Sr,
Y W Zr& PefEiich 2] AM-Feds 3] o)
¥ 42 MettlerAl] A AAA] (L2 : DL70ES)
& A3t &Asle

22 A %

A3k ZAAH(70%)7} AAHB5%)2 AldrichAl H-E-E,
A& GAN32%) = MerckAle} Al E-& AA A g1
adz AMgEn Fely 29 AldrichAl A%
ARg-E . oA ehyr BhE YA AR(F)
A Age dds A2gs, v AMFdda: 3
FRAH AT 4ol A2 L At 29 A}
sFddss] Bzl vistt goe A 9)
sof Fehpe Fetehre el 4AA $Hp
9 ¥=7} 885 mg/mlrt =3 THEe] AMEsigch
Mo, Nd 9 Zr& AccuTracer}l$] SpexAbs] #3849
(10,000 mg/L)& Ba, Ce, La, Rh, Pd, Ru, Sr, Te R Y-&
SpexA}2} AccuTraceAls] FEF£o (1,000 mg/L)& At
g3j5om, oF - §ol2RR+AE 27t BioRadAle)
AG 50W-X8, 200-400 mesh®} AG 1-X8, 200-400
meshE ARS-E}el.

23, Fe|5 B4 % 2o AI2EHdE 83

Few ¥, Fely 293 ojAsheehe 3t A
83 10mgd, 29 AMFHds Alas 250mgd
&3] de} righabEs 4 H=E 2714 Y3 A%
dabst AAabe] E3RAE(125:1, viv)E Sl BT A
HE ImLE 28 AM-Fdds Aled 4ml 3l
HZZ &7 73} Bl ZE &7])F acid digestion
bombel] Wit o] §7]8 @3] PH A o acid
digestion bomb-&- heating blocke] Y1 &2 200°C
2 ghie] 7l ol ey AL
A2 243G 2002 F HEE HET Ao
2 YA o 44l s Ao 25mL 47
o] EepaTo) &7tk 222 5M 94k SmLz el x
& 4718 4] ¥3 5M gAkgej o= 25ml HA
. 2H¥Y £33 = ICP-AESZ Fe|R9

g axsle] BB

24. 2to|2met4=x|# 0|28 Mo, Ru, Pd 3!
Rh £

2.4.1. LO|2DHFR|Y ZH|

H}# el Bio-Rad AG 50W-x8, 200-400 mesh <=7 &
A} Y2 4 128 AL o & 9ak:
1L, vivyg 718t of 308 Fo v g ¥ SR 3-
43] Q5o A7 0.7cme] Feloldl A2 434
Hyloz ke Rel@e] oldE & feldom 9
3 Z2F4E 0cm AE AL oS, v]] G447 4
A8 Uzt Tem Fol7HA] MM (RS- o= 10
mL/60min). SmL2] 5-6M giles HAE My, 2
Tz odike 93E] AL o s SR A9 oA
7} uk2A] oA 23sld

2.4.2. Mo, Ru, Pd 2 Rh 222
+eee] e=7F 10mgLdl 2o AMgFdda 4
#-44-& 3mL §3e] v Y3 rpdste]t 29
A Bxg o] g 4k Awslgc) 2ml F =Y 5-
6M Ak 71311 oA S, Ak 23 3 3
yheate] 3] @322 6l F 1mle) 05M 4
Aoz 4AA HE Aa o AeE A
3= E9F S5mL o)A} 0.5M FAHE ofol&mit4A|
el 9 ¥ ¥ 10mL £7%2] EepaF AR
olzfol] ¥ A@LAg o] mihex| e Aol
At &7%2) 0.5M FAakes u|FAF 4 3] HolM 4
Aol g1, olejr] §2e] 10mL & w714 0.5 M
s E9 Yok SAEETS LT meg/mLolgl e
o 30mg A=) $ehrd A3 13 A=el) {3
Haleh

2.5, fo|2ngsx| & o[ &% Ba, Ce,La, Nd,
Rh, Sr, Y 9! Zr 228

2.5.1. 20|2me$X| 2 Z4|
v]#el| Bio-Rad AG 1-x8, 200-400 mesh 4=X] (CI”
form)E AP Y1 FH4E 343 e oo B
2% W3t Pyrex 2] B (LAF 0.7 cm,
Ze] 10cm)e] o} 2 £& felder vt Sf{r
£ 0em A= #& L, vl] P47 23 F4
gte] 10cm Fo)7HA] AHHAE2 A 10 mL/60

Analytical Science & Technology



feAgBebin QAP RYE o4 o] A4Fdda F YA E B 449

min). 33 £)2] 2-3u]8] 6M gatez £AEF A
I, SRR AR 93] 4 oy 499 Al=v)
0.01Nal gahgdg ] $A7} w22 oA B3
sk

252 Ba, Ce, La, Nd, Rh, Sr, Y & Zr 222|
$ebee] #ape] di=f 10mg/mLel 719} AHEE|=
=l A8 §9 10mLE ¥FAH HAA 7Hdg =
IR-lampe o]-&ajA] Z+, A v3lgd 100mge] $e
Fold £AFAF 0.7cmx o] 10cm)d] 12 A%
o Fassich(=A TS = 1.2 meg/mL). F1EHAL
(H13 1.18) 10 mLE 7lelx 3, 2arsle] 93%
Hel 2 whpgich AabefAle] Al A4+=3 3 o
urEale] A3 J2E Heljz viye] F9v AE
HAF 2-3mLz oA] SA12 o A L HR] go}
Zidat flelA 7idsleict HPHez 6M FAto =z
L8417 10mLz &3 $9|3 Feigte] Al &
ke AlEg AMzdhe Fbl AR 34
i) 6M HALE Lol 2 wihpx|Pe) EeFeiAM B
2] =710 = zaslec) Ba, Ce, La, Nd, Rh, Sr, Y 3
Zr 45 e 50mL £330 HAE AT oleel
E3 12ml/ming] §%oz L3008 wlolt) 6M
A 5mLe} 10mLE H|HE z}z} 23] Ao He]
2] Alddel] 4l A S2HE el % Aw
gl 3M dalo 2 ojA] Ro|3 25ml Rl Beli=
o .

2.6, TR

Sehpozdy REAPFUAEE 2 9L
ICP-AES 2 238 o] FEUL7e] 2aahd H4de
w2 o A sk 3] SlEe] 235 254
A& HEg]c). of o) 2mEeR] 2 FHE]FE Mo, Ry,
Pd ¥ Rhe] ¥4 XF LA} Lel2adpAlz 2
22)5|= Ba, Ce, La, Nd, Rh, Sr, Y 9 Zre] 239 2}
78 2E899 =7t 10mgll & Al 3EY
A7re] 2] A=E Al WAl oje) 2}
& Aeli= iR At siate] 2-¢- 0.0801-0.0957
nm H$|F =Aletelow, integration time e AR] <}
0.052, 28] =7|%= 0.003nme)ic}. o|=igt sfxbza}
A A9 S A9t viEle] A Al
] o] 8515t}
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3L FHE BY ¥ 29 AlgFdds g

AMF HdsE A4akez S AL o SFX]
e PR FH Iy} gejurlelnz o] ALLF
dAdag gaA)7]7] $iste] AR mot ARy o
Z ey ¥4 2AeE Ay L=,
Zrd Az 9 Egale) oo whE FEHEe 4=
B Table 19] Qekalgic) vlg.g7)0) v 200°CY
o Felgel 3] Sa=g e Lt el F
FHEY L= sl A 4 5 o 4
A 7H-2 2047 o)ARE L3S | FEwe)
S48 gH=Eden 46 A20e) HEF S8
= Arasies T =46 At Aake] vz}

Table 1. Results of dissolution for ruthenium by acid diges-
tion method*

b T mcummop  Ru o SolpRYS
160 20 25:0.2 10.31 <10
180 10.41 ~350
200 10.05 >98
200 8.5 25:02 11.57 ~25
16 10.99 >90

24 9.74 >98

30 9.96 >98

200 20 25:02 12.56 >93
1.8:02 11.24 ~75

1.2:02 11.01 ~10

*Volume of PTFE vessel : 5mL
®Volume of acid mixture : 1 mL
€ Determination by ICP-AES

Table 2. Results of dissolution for ruthenium and uranium
mixtures by acid digestion method®

Temp Tme  poppnos  RuHU  Solibiliy:
200 20 25:0.2 1.60+101 >98
2.09+117 ~100
1.944+598 ~100

1.99+33.0 <20

*Volume of PTFE vessel ;: 5SmL
®*Volume of acid mixture : ] mL
¢Determination by ICP-AES
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2.5:02904 4k ofo] ztolA 4= FH w2 A &
HHA ook Felge] Loz A se] T
w3} s s LHAEE Table 20 1}
e A g s RwU2| ¥]7} 1730404
e el Aol 7ol FHw $ehre
EFAE7E G 8] kA ek Felge] oo Ao
2 AM RWUS) wl7} 1159 7% A 89 44
Ax> 20% o]5)l= 7hAs).

3.2, 0pE MY

Fewel 28A =8 ICP-AESZ 33]5}7] $13h]
Felwd Sy £ A b g% »
et P4 S FAM) A3} 240272 0me] 2y 9
Aol 717 HBalget. o] AL FEI Sk
=71 150mg/L7AA] F713le = tmg/le] FHEE
2% o $=hwe] S A9 $A sl Table
34 o 4 %] pEbed] eErt FokER R
o] WAzl viglgle] B2jndle] 4ol o3
A 2% Frhw $ehee] =71 250mg/lly #
Tl 7ol Net 3171+ tehwel ol A48 718

Table 3. Effect of uranium on Ru intensity at 240.272 nm

Coofné?::;jtfgn Ru Intensity® Background Net intensity®
0 88.4 20.3 68.1£056
50 92.2 244 67.8+£0.3
100 95.9 284 67.5£0.5
150 99.1 324 66.7+0.9
200 102.1 36.7 654+1.2
250 105.3 40.4 649+1.3

* Concentration of Ru in each sample : 1 mg/L
bn=3

Table 4. Wavelengths used for the determination of ele-
ments in the SIMFUEL

Element Wa;':‘:};?gm Element wagiﬁ;l gth
Ba 455403 Rh 343.489
Ce 418.660 Ru 240.272
La 408.672 Sr 421.552
Mo 202.030 Y 360.073
Nd 430.358 U 385.958
Pd 340.458 Zr 339.198

o2 o 4.7% A viElgke] 91X —0.03 nm
o A

22 AM-Fdds & ARG E dAES &
ofol L34 2 B8 o} ICP-AES = &A% of
28 F9 7 QA9 wEE Fol2wPLAlY e
B o 2-25mg/Le]d, ol Lmspz]e] 79 1-10
mg/Lo|gel & - el 2mPLA 2 2R 4
9] b9 F=url 1-1302 4] g4shch mgely
FTEAATL) B g adolus] glEle] T
Uae FEn]rl 19 2F4R0s AR A3 Ce
413765 nm#} Nd 401,225 im % A 8)s}7e w3
AL aglc) Cedl Nd= H33by 4 ¥4 &
= 74z} 418.6603} 430.358 nme] A2 o] L3l o
w7 4] Ha2 Table 40 gl

33. 29 AZEYHEE E - Yo[2amgieR|

2 2288 f4 3y

olAbzhe-ehy Bt Fof| wlgos EAsle F454
2EE A7) A5t delME dFalgl Tl AAk
A4 TBPE 242 g fujFaes Beojgt
o}3 ICP-AESZ Agrsie uhie #3islgdc) o}
A $19 B g wo] AR dse] Fgo] s}
SRAF goprr] 9zl ze) AgFHdz] 24
of u[%:8 wo| g Table 59} 7Fe] wHER]Th. o
o $2hre Zh upge) A5EE 2] vla A
3w Fg e 7istelett o] 2] A A& 7t
Az oAl eehy Bt 3 F4544 Feubgel &
ez ebudl FHULES Hed o2
ICP-AES g, 3)48-8 233)¢lc) 2 A2} Ce, Nd, Pd,
Ru, Y 9 Zr8] 3488 50% o)algion, 1 92 ¢
282 34g8 80-94%<19c). B3] Al=z2ge] 7

Table 5. Compositions of simulated spent fuel solution

Element szfggaﬁon Element COI:i?gF{;tion
Ba 132 Rh >
Ce 144 Ru 148
La 72 Sr 60
Mo 240 Y 12
Nd 340 U 9614
Pd 88 Zr 240

* Addition of U standard solution prior to separation procedure

Analytical Science & Technology
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2= 99.9% o)Ato) S} o] f7)20 2 32H
et o|=F dA] 4%ate] 4ol Felgla %%
£712¢] TBPZ0 2 o|Fste] B)4ge] vfg oo
2 gr3ae vo] ALY dR Ase] Eeiby
o2 [ 4= gl

22 AregxddRe ko g Eashe HEUYAY
AE A48 =) oA £ ppme Fo
o3 ICP-AES= Re|FAL HHA] ¢tx vz &3
33l s} Sebmel 3t HaehE] grA | Eel
29 Al g Fddas 74 e 23 S gl A
L Ends 2y 9 f A 940t o gle
U geludg Alssme 4840 Asich RalAy
glo] EelHde vlz FAME= upje Mo §2
ARl 2 ge] 7hsstdn]

Sabg 2d e 7Y Wl LolEmipA| R
Setedt 4RGPS EES 2R O 33 3§
4~&-& Table 6o} VieEhiglel, o] oM o 4 9l%

°] golemepA 2 ¥t AL BARAL 97%

o]Ako] 34z okstery 274 Rl o £HAY
A g3 HaLE 20%2 ol w2k SebEe] s
= L5%% vi$ wokoew AdRFHale 93%09
o} Rug] #4582 6.9%= vl$- wgkor} A wEH
A= 20%2 of&stgdch Mo, Pd W Rue] A% As}
T AR A FLEA $A6 FREA o
Bho] FpatA) olglel Yokotsukas] A3 Axtel] £
s o|=gE gabsee] P gle] Diaion SAN-154

Table 6. Recovery for 11 elements in the simulated solution
with anion exchange separation

Added Found Added Found Recovery*
(mg/ll) (mg/L) (mg/l) (mg/L) (%)

Element

Ba 31,7 327 475 481 1023%13
Ce 346 350 518 525 1002+18
La 17.3 18.2 259 276 1059+£1.0
Mo 57.6 0.17 864 023 0.20+0.04
Nd 816 788 1224 1180 96.5%0.14
Pd 21.1 03 317 05 1.5+0.14
Rh 58 59 86 90 1032421
Ru 35.5 25 533 36 691014
Sr 144 155 216 230 107.110.78
Y " 17 66 115 96 B846tl6
Zr 576 58.0 86,40 343 992422

Amberlite [RN-782} 712 &-o] 2m]el] F35 A
ol Aoz el aehd 6M gAle = Btk
e 223 I4EL 84.6% W3ter] I YL o
ohiz] Ealeict. 1 99} 452 Fye| Aded 72
kT B4-EE 96.5-107% 2 ojodiHen, 2 A=
20 Fg tz2A e R o 3T A=
FHsle Eojuda gelEs A e TE 0.15-22%
o]¢dch Mo, Pd 3! Rus] #$8-0] Table 60l <& 4=
glse] w4 Geuzg ofF Y45 HpEE o
7] 95k oFolmibpx| 2 Reldl o &34 Mo,
Pd, Rh @ Ru®] 488 Table 7o JJehigle.
Table TA & 4 %ol Fel2mBPpA = BT
o 2R A5 358 99-104% 2 Fusly
o}k Rh & - Felem@pAlz ¥t shestdn
3] pg2 747} 1038} 104% 0|1} o] Ake] 348 Al
Yozl At YRAYIE 5L ]

Table 7. Recovery for 4 elements in the simulated solution
with cation exchange separation

Element Added Found Recovery
(mg/L) (mg/L) (%)
Mo 24.0 23.8 99.2
Pd 8.8 8.7 98.9
Rh 24 2.5 104.2
Ru 14.8 14.9 100.7

Table 8. Analytical results for SIMFUEL sample

Element Sample I* Sample I1* Remarks
Ba, % 0.16 +0.006 0.17+£0.006 Anion exchange
Ce,%  (0.242+0.006 02610006 "

La, % 0.1131£0.004 0.1271£0.004 -

Mo, % 03310006 0.38+0.015 Cationexchange
Nd, % 0.5610.02 0.63+0.01 Anion exchange
Pd,%  0.1310.001 0.1510.01 Cation exchange
Rh, % 0.037+0.001 0.039+£0.01 Anionexchange
Rh, % 0.039+0.0004 0.04310.006 Cationexchange

Ru,% 02120006 0.241+00! Cationexchange
Sr, % 0.066£0003 0.074+0.004 Anion exchange
Y,% 0.051+0.001 0.056+0.001 ”

Zr, % 0.3610.01 0.39+0.01 ”

Measured
U, % 84.41+0.08 84.11£0.05 by Titration

*n=2
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Egrzye Ao EoRE AE Hdsele.
22 %9 AgFadad Aeagch Tk
Moz wad A9 ARE & - Foleol LB
2 2% o2 3% A2E Table 80 JeRgi.
Table 814 o|EF U gz BAsNHe &
A ge] YiEFHais Yol o2t 1.3-6.7%¢]9
1=
AEAAIES) AAGE F AR S 22 o}
2.26%} 2.52%c]gl o, o] A8 Fo] 2=Hg-& Davies
-Gray/NBL HA¥ o 2 A=idt A= Table 8o|A &
4= %ol 77t 84.49) 84.1%1%lvt. AR AP Bl

= A4 olil2lgely Alud A fehee] §
o] 87.2%1ck AH AP E 43} Sebw
o] k& 3t ghe] AQ oAbty Fo felw
ot Ao Rslemz ¥ AAE AT 4 gz
Azrgict e AA AHFddae] A9 das
of gz} 2Rt EFERe] o 0.7-1.0% JAH=
2 AAe] whabe #E5E Fe]7] Hgte] EFER
+ A Fesjef stz £ ¥e] W ALY 4
Al

4. % =

2o AMFHARE Ko|7] $3le] 7IgFAREE vt
e Hesd Fsn gL g UhE 4 94
or] Az g Bt whear)e iy 2%
§ 200°C2 3z, 7bd A7 2047 ol4h, dalst
Axre] E3Are] 2L 125:1Y o) AEF A3
59 £ Aok febe AdEoznE Faity
g 95 sl & - dolaerz YA

AAE P4S H2)3 3 ICP-AESE 2/ o
298 = Ba, Ce, La, Nd, Rh, Sr, Y & Zr2 £¢]
2ugpA 2 Feisigich 3 SolLatpRlE A
FHeog #e)7} ¢ H& Mo, Pd ¥ Rud SFol2i
Fexle Rt S 9lRlen 2HE 4. Fol 24
25 Agoz By} rhssisivh

#Ale] 2

2 9FE e ARAT LGS Yo
o= 4g5gen od =P

#nEd

Ho
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