2005 B3ILNEHIISEE ENGELES =28

Investigation of sequential separation method for
05y, 2 Am, 2**°Py and ®*Pu isotopes

0Sr, 2'Am, 9%py @ Ppy B9 dA2E S BEFIIHS
FAEHd g 2 F
Myung-Ho Lee, Byoung—Chul Song, Young-Jai Park, Kwang-Young Gee
and Wein—-Ho Kim
Korea Atomic Energy Research Institute, 150 Duck Jin Dong, Yusung Gu, Daejon, Korea

olPE, £33, 494, A28, L%
5 AAHAT L, HAFHA F4T 92%F 15034

Abstract

- This paper presents a quantitative method of sequential separation of 9OSr, “Am and Pu
nuclides with an anion exchange resin and a Sr-Spec resin. The Pu isotopes were purified
with an anion exchange resin. The americium and strontium fractions were separated from
the matrix elements with an oxalate co-precipitation method. Americium fraction was
separated from the strontium fraction with iron co-precipitation method and purified from
lanthanides with anion exchange resin. Strontium-90 was purified from other hindrance
elements with the Sr-Spec resin after oxalate co-precipitation. The measurement of Pu and
Am isotopes was carried out by an a-spectrometer. Strontium-90 was measured by a liquid
scintillation counter. The radiochemical procedure of 9OSr, “Am and Pu nuclides investigated
in this study has been validated by application to IAEA-Reference soils.
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Fol A7 vz FL U 2 PReS o WAlE FEE gRE Eo
5 o) Brbssith 28y, ¥ics, ¥sr, WMpy, Bpy, @ ¥ amE e gurzs)
& otz dd #EHD Yk o)F ATWAS HEFAN FAF ofF FirT &
= odle HE2AQ Sy, gshEA P9py v Bpye) Gl PAIFERML HEsdxe
AFe AF4 AE AEE BEFsE RS 438 o¥Y £ de &Y H¥pye =
A HAme gALEANZ EY L FABL 59 oA e AAAN A2 =W ¥Sr,
Hpy g Bpuse) HFAY wWel A FAFHA AV Boo] WY SAHL SUH AN
ame] ¥EE ¥Pu FEY 1/3 FELE E588 2Fo) Ul$ oEe ®mak oy} Azre A
Toff WM 1 FESF F7Fst] HAS AL ARty o) 2oz ¥Am ¥EE AEE 2010
Ao *Amel =7 Aozt St

sr, FM0py, Ppy, g HAmT el Wik ¥ FAPEGFel WF 129 A BAEE WA
BRZ) EA%E WAT FEF FTLFOIRE AHH Ax HEE AW dAAE Be A
8 (AR A% g o147t Badtch 55 EgARY B¢ BE Brlole, 4718 2 £
WEYL JEE]l YAY HFET BEI UoN e P4 9F¢ Fedazyy o

HatA AAsteld ERE e &edsl ZF¥o] et n=F EML  (Environmental
Measurement Laboratory){1], 4% JCAC (Japan Chemical Analysis Center)[2], S99 FZK[3]E
o] AxY #AAVIBAN HEHY FARHHT & FH, )22, £952 € AVAFF
o AYPESL AL 5Pz g 2 wHeprE: dFL AFstn Jd FI2dE mF
EichromAloll Al etelvol= YA E Ezslaxt TRU, TEVA 2 Sr-SpecE 9 5% =zvlgag
¥ #x& ALasacHa-5] EichromelA 44dse 22vtEasty 3 aite 44HE Fol
2 &Fol2 %2 (DOWEX, BIO RAD)el wls] HA 3 uwig wde] glov EAAL 2 oY
< 714 ez dFste Ao o §HLAT B de AeHm th

71Ee] BMpy, Bpy, R MAmT ] ofEjyels daol Y e WaME Be axst
ZHEANOUH6-8] 2EEF-90F EFF dEUols GAE dE B yd WP d7e
mlul g AAelch9l. S, PPy, Fpy, 2 HAmFY QFHAE UF L FAHoz PYss
71 72479 dFo e SHUEAYA vmatd, AT ASe tiste PAE dF FEu)q
g 24 vwrt sbEstn AlgdAe AE gEse Aol o B A7 EHE JlEg
SY5d $AYF vuste] 2422 3 EHANE @23 E Sr-90, Am-241 £ Pu 94
3k ¥471& S Astd 71E SE€HA £4Y ol AE SR FH 9@ 24 A3

=2 #dustuxt g

—
ul
=
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2. 499y

A g e Vsr, FMpy Fpy @ Wam 2P 2 2 ANES 217 1o) Yy
21 A& dAg & £
500 T2 38N EYAR 50 g& HEE HlojAZ &7]2 Sr #3A 50 mg, **Am 2 *’pPu
7zt 0.037 Bq, 0.023 Ba$ 7FeHF 65 % F4F 100 ml ¥ HF 20 mlE 78] EGARE £3)
AT ), ARESE 8 M ZA 100 mlE A§8te] hot plateflol A 2A1%F ol 4 mukste]
ALY HEL gEt EYOZRE 323 § 9425t A4S 9L membrane filter (02 1
mE 93ty

<
Al

22 golenBFAE 48 Pu FAUL 4vd ¥ 274
Sr, Am, U ® Pu A¥5o] &8 &do thsle Pu 43718 +42 THA7)7] 98 NaSO;
2g B NaNO; 1 g& #718 ¥ 7148t Jol& w@FA (Dowex 1 X 8 100-200 mesh,
NO; form, W7%; 1 cm, ¥°); 8 cm)E A43l9 Pu §H94E Aol AT 28L 8 M
24 100 m2 AFEF A43 AP Am L Sr £40] gk 9 M Fios FYL
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AMAstd EES AAT F Sole ZBZYPA F2¥ PudES 20 ml 036 M HCI/0.01 M HFE
AH&3to &% F AVIAA{I015Y ¢ 2HEZWEE Pu ¥A94E FH3IAT

23 44 FHYL o183l Sr ¥ AmE HEY2 Jyozry ¥e

gole RYFAE EHY AAF ARAL 0 mE FYT F FFF 180 mE ST F 24
230 g& ANVF FRUCEET pHE 42 Hs ] AmT Sr AE S SUA BAAUE o
ARYBAG. S AW 66 % HNO; 10 ml ALE 3o} SA4E BT (A ),

24 AF3 9% Sr 3} Am £3

ZFE4d 1 M HNO; 100 mi€& 7F3f 5<% Fe (ID 5 mgs 713) ¢EYolZ pHE 8-92 =
AUt Am, (EFYS, FEF % EESTS o TAHAAY 2EEEH THL THHA ¢
3 Aede] EAPH. FIE AT F A5YL 2EEF B ol & A 9 M
HCIE AH83te HAF dRYolFE A3t oA I F AL ovglg o A&3
I 45dL Sr B4l o183t

25 3, ¢ty ¥ IER 945238 H Am £FEE ¥ 34

AFZHNEe Am B¢ ol JEFUAAL € 29 $eFEo] FHHAMN Sol2mFFAE A
431 AL E AASAUY RFHEAEE 9M HCl 20 miZ 59F 9 M HCIEZ AA3 &
o] MBFA (CI form, W7; lem, Eol; 3 cm)ol EFAHE FAHE 9 M HCI 30 miE AA
33 3 9 2ehESe folR LEFAY ZAeA FFHY HEF 2 © Ame HHA FiH
) g3 FHY PBIo2RE A9FH AFYL FLARANY F A4S nitrate forme 2 THE
71998 65 % HNO: 5 mlE 718F ZFZAZANFAY, {8 1 M HNO; - 93 % methanol 50
ml& 7He ¥ 7bgsle 59 ¥, 1 M HNOs - 93 % methanol 50 ml2 AN2|d Lol2u@F
A (NOs™ form, W3; lcm, ¥°l; 5 cm)o] AT @A 01 M HCl - 05 M NHSCN -
80 % methanol 80 mlE 73] A EHF 9428 AASYT 1 M HNO; - 93 % methanol 20 mlS
Alg3le] FY-E MAsA 1.5 M HCl - 8 % methanol €9 80 mi& AMg-8e] Am 4ES
FE23F AVAREA dAPdEZHEE Am TIY4LE F4890

26 Sr-spec AHE AIEE Sr-0 EFEE 2 &3

Aol FH=EA e RS SUATTF 6 M HNO; 10 midl 538} Aadd= iy 2
EUS 2EEriflsl 6 M HNO:o 2 WA 23 Sr-spec A FHAZHT. 6 M HNO; 20 ml&
AHgate] HYPLE A ZE L EES WAdALE AARHG. FHS 20 mlE ALY
Sr-spec 2Pl FXY 2ERLEL £33 X3 &4 d2F 2 mlE Sro] FHE £589
o /MY F GEUols (25 %)E pHE 98 ZAse 2EEE JRVE YHE FEA Sr
3etegS Z2ASAY 01 M HCI 10 mi& AHg3td AHESE 5AF Zedidd 87] (20 mbD
2 &% HAA#A (Ultima Gold LLT, Packard Instrument) 10 miZ 7}3t3 AR 3 A 471
e WAE spectrum unfolding 71¥[11-13]1& Abg3te] ¥sr& ALsiAct

3.35% 4 213

31 Pu T91d2 ¥4
8 M Ao} &9 Pusl AFAFHE +3 +4, +5 E +6 FYZ &Pt R HAH14] Pu
€ =58 798 Put 28 €98 S0l 2PFA N FFHAIIE Pu ASIEHI +47FA
Aol ZAstA Sole nE@FA Y T WY FE2 899 FHE Pus AAEs) 3712 &
A A4, Pus Fol& ZBFA FAHA 42 §&HA Pu JFE&E F2AIE U
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HEgoh mEtH Pu THLLE A QA HEsteE AA/FLAE AL Fol nEgF
A& FH3t7] Aol Pu ANGHE +42 nAHATIE QAT oI A/ELA FHe e
Pu 3+&& ¥ 1o UYetlATh H:0: % NaNO:T 9] 43/ H4AE @502 AEE 3% 3
F&2 70 % vivte s FAHUL NaNOzo) NaSO; &2 N:HsOHE Zo] AH8% %3¢ Pu 3
F&€& 75 % ooz ZHHAY. Pu EMAAM H0: £ NaNO:F 9 A/84ARE 5¢H
o2 ARE A FTF EYANA FER FU/H7] 94280 /A ¥ Pug AFa/Ed
&S AT e E Atk 2AHeE FEEYAA Pu BB EHI} +42 SYEA 2Ho] H
A @otd Pu EHFEEol ZAHADT AJZEo. EF NaNO:F/NHsOHE AH&d 3¢
NaNOz/Na;S0s& AH88 Z¢9 *pu &) vixdA ZAHHAYLY, o BHE A8E S
N:HsOHZ} Fdado) Aata] AlgAlel 43¢E F9& o2 oo g & d7A4E NaNO;
1 g3 NaSO; 2 g& A8t Pu ASFEHE +47t2 AU Pu 49 d@ A&2sdA=
0.00450 Bo/kg2 7124 H HEsFAU 000519 Bokget vimstd F3r A st B4
E=7F FEA

32 Am 994 4

oilE) & Hgojz Fghtelzsl Mpogo] oiulzld 2HEY R J¥L 9. FPYol=
Y4250 WA EeldAdAM a4wsA AAA Fod dRAFd gt ZHAE ZA A
Amz} Zo] A7|AE HolA gHAdEHRG Hl(degrade) AlA WA EEE ofP A St =
Wpoo o= 530 MeVE FHAEZ AHEstE *Amel &Y AQ 527 MeVsh vl&s
o ol E PAT FERL HAA FREO i Hrtd HEA o wEA & Am ¥
AqYe ol HHIALAES AASY A8 gAY B o] Haste Aoz Py &
AMED G ey g ST B dFdNE Am B4 F8F FFS F= pH B3
g SN FHELS A dAZY $AS FAA PU 124 dpm, *Am; 543 dpm)
2 Brlol (Ca¥, Sr¥, Fe¥, A", Y*) 50 ppm& ES AR H7 sk pH ®3} (05 1, 15 2,
25, 3, 35, 4)ofl W& ALY FHEL YL ICP-AES, #vt 2 dadezvelg 243 2Ax, O
Y 20} JEARAE pH 3olM F7)0)€ (Ca¥, S, U 2 *AmS S St 90 %ol &
A B WE L2 22 Fe&, AIY, Y S & pH 3014 Sakate] A9 30| HA ¥z $
Ldd 2AYE FEYEHE Az 2EE2F ¥ olvEdE S EY WEHA AJROoZHE
A BEAE & ARG T Fe FFE Amdl UiEtg gl n@SEA (CI form)E o]&
o] S AAY F ol BBFA (NO; form)E AHEst Fehtols HE 2 “Opoz AH
3t &4 AmT-E BHsA Y Am 244 U 35E BEL 69 £ 6 %2 71EY Am B4
B (65 %olshHRTH ¥ FrHE A #Ame HEEAE 000482 Bokg-dryE 71& £EHA
FAHG ALE3 A4 HE5TAY 000870 Ba/kg-dryS) v matd o7k A F Tt

3.3 Sr-90 B4

# < Moreno[9]5 & 4t F4d 2EEFE £ty 9181 TRU Spec resing ©]-&3t4
Y} TRU resin ©7}7} v gdo] gloerg & dFdys FFY0ZE 2EEHS oivds
2e7 283k pH 84 %o Am*e o) FAHY SIPE Ho| FTAEA g EAX
o] &3t} Sr AEE AmLZRE EEdgrt £F A FHEA & Sr, Ba € Ca oj2E
3ot 24 2 dAHF FHAN d9FE FEE SriE 4RI} 7193 Sr Spec resin
Abgte] Sribg R F JgrE S £ A Sr A58 YEL 68 £ 8§ %2 IE
TAAME Y g FASHoY BAGA 2o SAFH J|Ee] EAYH ulE] B4
2 EAu77 AgEE AAAel Uk ER JEY stavle AR weEds 238 3¢
2HEY EXNo] E7Medhd w3 AAMFASIE LS A Sr-90 2HMEH Eae) JlsE

N oo ro te ox (o
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34 Pu, Am 2 Sr 5994 B4Y AF
Hgr, ®Mpy @ MAm BFo) e 3 228 IAEA Reference EXA &(14]0] #4319
AL AAE ¥ 2¢] UENY T [AEA-375 EFAR tistd F3% P9py, ®am ¢ ¥Sr 2
HEHE 23 32 28 40 YERHUTH IAEA-375 Reference EFA 24 ¥Sr WAty BE&
9% % AFFHA 101-114 BANS gz gox WA XAt £F P¥py 9
2‘“AnH A4E 95 % A7 (F¥py; 0.26-034, *Am; 011-0.15)W 9] F =g Ehil
IAEA-300 Reference {422 2 ®%py @ 2Am 52 95 % A3 77 (P¥*Ppy; 3.44-365,
“am; 12-15W9) gtez 23Hey PSre) ¥Eg (155 Bakeg)e 95 % 373 (82-12.1)
vk B4 2R o] AFRAE JAEA-300 A E N ¥Sr 5484 A% YCs (1066
Bq/kg)°l AAGA @3 Sr Ao FHHAN AAEF A572 2N XSy AdEH I
Fo]l Mr =71 FHs} AUty AT wakd AF o) BHE Bes) JHAE
Sr—Spec Spec resin®}& Z7HAA Ysrg ¥csoz Ry g9siA Bastaor dckn M)

4. 8&

Pu SHU4E Belal71ls 8 M 402 Pu 48 E & F, NaNO/NazS0:& A48 Pu
AHANE 4N 2ARTDE Sol& TREAE olfsted Pu 4RRE 2rEHRGD o3
£ BAULE SUN TH L FIYYL o4 Frloe R 2EREN RYVE Lol B
B5A% olgatd £4EASAY e4Eed Pu 2 Am FHU2E 27 Ar)AFe Py @

Am HAEE ZFEY Pu ¥ Am 3 EAH oid AEIAXNE JE B 9)& I
HAth 2EEF-902 AN FH E Sr-Spec FAE AHEEH €FEAUT T A HFAF)
2 Sr-90 WEAD 2"9ed s EAsch Yy, P¥py @ PAm £x WS IAEA Reference

Ago Hed Axn, By Mam 2 U5 il FEE B % AZHFRAN B AR SAD
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® 1 A8/34A FFH HE Pu 35+& (IAEA-375 50g)

. L . chemical
Separation Method Oxidizing/Reduing agent . o
yield (““Pu, %)
TOPO Extraction NaNO» 69 + 7
Anion Exchange H:0; 5 +6
Anion Exchange NaNOyz/N.Hs;0H 75 £ 9
Anion Exchange NaNO,/NazSOs 77 £ 7

¥ 2. EXEEUYWS ALE IAEA B2 AR Oid ¥Ysr, B¥py 2 ¥am PAIsEE

Sample Radionuclide Recommended This method
value(Bg/kg) (Ba/kg)
IAEA-375 Sr 108 113 £ 7
#9240y 0.30 0.26  0.05
“IAm 0.13 0.11 + 004
IAEA-300 %sr 108 155 + 2.1
#9240py 355 T 342 £ 012
*Am 1.38 149 + 024

Sample material(242Puy, 2*Am, stable Sr?*)
|
Decomposited sample with HNO, and HF
I
Anion exchange column (Dowex, 1x8)
[ Am, Sr fraction I l Th fraction ] L Pu fraction l
1
Oxalate
coprecipitation a-spectrometry
3
Fe . i
— l—| Anion exchange
coprecipitation Am fraction g
B

Sr fraction H Sr-Spec resin }—oL LSC counting l

29 1 Sr-90, Am-241 % Pu 992 EF38e A=
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Counts / Channel

= 100
I3
g ol
8
a
8 o
a
2
| 40
3
‘g 20-}
= [ ]
P
[\ ——y ——— —&- | -
0o 1 2 3 4 5
pH
23 2. pH¥E e I8 4] FHE Yol 59 AT S
60 F 20
50 |- ok
3,
Am
400 | fr———— 3o, -—
(5.16,5.17 MsV) - {5.23, 5.28 MeV)
g 150
0 £
g 100
20 - 8 *am
PPy (5.5 MeV) {5.44, 549 MeV)
100} P43 MV) -——1 l 80
AN | S u— o N
0 20 400 600 800 1000
400 60
20 a0 1000

219y 3. IAEA-375 EGAIRS] tE Pu

2 Am 5994 du2gEY

so0 |
600 -
-—— gy
£ w0t
3
8
90.
200 | Y
0{ et kA A it RN b
—
N .
0 200 400
Energy(keV)

19 4. IAEA-375 EYA S B Sr-90 3 Y-90 HEtSHEH

- 254 -




