Determination of “Am 2 *Cm in Radwaste Samples by Cation

Exchange Chromatography Followed by Alpha—-Spectrometry
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Abstract

Elution behavior for Am and Cm was studied by cation exchange chromatography
with alpha-hydroxyisobutyric acid(a-HiBA) as an eluent using synthetic sample
solutions containing fission products and corrosion products for the determination of
transuranic elements in radwaste samples generated from nuclear power plants.
Optimum separation condition of Am and Cm from metal impurities was found to be
0.35M a-HiBA eluent. The interference effect on determination of **Am and *Cm by
alpha-spectrometry due to electrodeposition of metal impurities eluted partly together
with Am and Cm was checked. “’Am 2 **Cm were separated from other metal
impurities by cation exchange resin and determined by alpha-spectrometry after

uranium and plutonium were removed as a first step by anion exchange resin from



the synthetic solution.

(thermoionization mass spectrometry/inductively coupled plasma-mass spectrometry)
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Fig 1 Anion exchange column(a) for the separation of Pu and
cation exchange column(b) for the separation of Am and Cm

3. 2% 4 n%F

ol £aBFANA 0 HBA $eI9002 AEFALe SUAEE LA, Do
2 HEFdse Bt §748 FIA Aget Aol 584 Aow FHA 9
om, 53 oleFRY #/14 FAME a-HBA 7 43 £ Ao nusw v
56781 A HEFALETL shak4 Aol g fAbske] AWelst 44 @A a
HiBA®] A% HERQ2%e AT AR 447h AR TEr] wie AREds

& = ATH10,11]. wEbd B Aol %E a-HiBA & fdA=2 Agste] &9 H
WHelo] wet S|EFULS] SYATS AESITE 17 2 ol& 0.175M ¢ a-HiBA(pH
38) &Y AS AL A S W ol YAEY &¥FHE YHEATY. Ho, Dy, Th ¥ Gd
T JEFILE A L ols Y& &E¥ATe] AmPF Cm 9 &AFH FA
skl Mz Hlastr] fjsiA o], &2l pH7F 3.8 ] a-HiBA 7} WwH A= 2@t}
a9 204 HiE e} oF L A A€ Ho, Dy, Tb ¥ Gd o2 £
HAou s 7Hbﬂv‘i— ol e BYeEAE FAR IEREAE B

Al vbEof A7) el | el §eevh 17

ul

o 30 5
3

al %wm-g— =317 Ysle] a-HiBA ¢ %2 02M 714 Eoja & Wy o = o]
5 949 &YATE FAGE A3 a9 33 Zo] el o FAR d4d A A
7 R & Qo olu &2E IJEFLALE ICP-AES & Al&3te 43 &



25

05

0 10 20 30 40 50 60 70
Eluent, mL

Fig 2. Chromatogram of lanthanides on cation exchange column using

a-hydroxyisobutyric acid as an eluent. Column: Dowex 50Wx8, 100-200

mesh(5.5cm L x 0.4cm Dia), Eluent: 0.175M a-HiBA, pH 3.8, Flow rate:

gravity flow, Detection: ICP-AES

TRU(Am/Cm)9 €8 A=
S EFYAY &8z Am¥ Cme £8AFS H7] 8] ol Ha]
MAm AA4ZF(166 Bg)e EF38 L 0175M 2 02M a-HiBA S doz 7+7t o=

425 &893 A3 &9 60 mL 7R &% A &t =, Am¥?} Cme Ho, Dy, Tb
2 Gd 2L JEFYL Hue WEE Aol & Aoz Aztdd, uebd, feldo &
T2 025M 2 oA AmS £83 23 £ 194 B ke o] oF 50 mLolA HE
Z34 &d597] NSt g S8 FEE 03M 2 035M 2 77 E9i4 Am
o 87 B AT A23E %1 2L 29 494 2 77 JeEhh 29 4 oA

K= vholzto] 0.3M a-HiBA €@ dolA <F 15 mLolA HE &5 7] A&see] 60 mL
NA AL F7ke . 29 594 0.35M a-HiBA &8 ZdoA Ame &84
el = 5 mL ol A4 40 mL 74#] 2% &2EAnh 28 2e 0.35M a-HiBA %=
Aol Al Cmell digt §e22E5 19 69 YeERUA=d 5 mLel A 30 mL Afolell A B
|3 en, Cm ©o] Am Kot WA &2t 29 7ol= 0.35M a-HiBA &2 <
A AmT Cme 747 2% & 28AES A 239 F d94 25 9F 40 mL £
doz FT = At &EE dydFE AANFAFIIALSCOR FH4she] &2
e 77 AAdsk o

pud



18 | Dy

Ho
Dy
Tb

16 Ho
14

Eu

12 1
ppm

08

06

04 | Gd

Eu
02

0 10 20 30 40 50 60 70 80
Eluent, mL

Fig 3. Chromatogram of lanthanides on cation exchange column using
a-HiBA as an eluent. Column: Dowex 50Wx8, 100-200 mesh(5.5cm L
X 0.4cm Dia), Eluent: 0.2M a-HiBA, pH 3.8, Flow rate: gravity flow,

Detection: ICP-AES
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Fig 4. Chromatogram of Am on cation exchange column using
a-HiBA acid as an eluent. Column: Dowex 50Wx8, 100-200 mesh
(55cm L x 0.4cm Dia), Eluent: 0.30M a-HiBA, pH 3.8, Flow
rate: gravity flow, Sample: “MAm 83 Bq, Detection: LSC



Table 1. Elution profiles of Am and Cm on cation exchange column
using different a-HiBA concentrations as an eluent

(unit : cpm)

“MAM(8.3/16.6/33.2 Bq loaded)

MCm(9.51 Bq loaded)

uclide A
n-HiB

Eluent, 0.25M 0.30M 035M | Volume, mL - 0.35M
3 103 87 78 5 194
6 2.8 9.1 347 10 208.2
9 12.1 77 84.2 15 2065
12 88 95 91.7 20 1335
15 10.1 11.0 80.7 % 68.7
18 117 156 60.5 30 315
o1 89 22.3 35.9 35 191
24 111 26.7 2.2 40 11.0
7 9.9 395 155 45 10.9
30 108 473 12.8 50 95
33 12.1 56.5 12.2 55 115
36 118 80.3 9.8 60 10.0
39 10.1 89.1 8.4 65 104
42 13.1 79.3 8.4
45 114 91.8
48 142 848
51 136 97.3
54 139 89.2
57 155 91.4
60 16.3 1158
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Fig 5. Chromatogram of Am on cation exchange column using
1—-HiBA as an eluent. Column: Dowex 50Wx8, 100-200 mesh
(5.5cm L x 0.4cm Dia), Eluent: 0.35M a-HiBA, pH 3.8, Flow
rate: gravity flow, Sample: “MAm 8.3 Bq, Detection: LSC
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Fig 6. Chromatogram of Cm on cation exchange column using
1—-HiBA as an eluent. Column: Dowex 50Wx8, 100-200 mesh
(5.5cm L x 0.4cm Dia), Eluent: 0.35M a-HiBA, pH 3.8, Flow
rate: gravity flow, Sample: MCm 951 Bq, Detection: LSC
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Fig 7. Chromatogram of Am and Cm on cation exchange column using
a-HiBA as an eluent. Column: Dowex 50Wx8, 100-200 mesh(5.5cm L
X 0.4cm Dia), Eluent: 0.356M a-HiBA, pH 3.8, Flow rate: gravity flow,
Sample: *"Am 83 Bq and *'Cm 9.51 Bq individually eluted, Detection:
LSC
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Fig 8. Chromatogram of simulated fission products on cation exchange
column using a-HiBA as an eluent. Column: Dowex 50Wx8, 100-200
mesh(b.5cm L x 0.4cm Dia), Eluent: 0.356M a-HiBA, pH 3.8, Flow rate:
gravity flow, Sample: mixture of simulated fission products containing
25 7 70 pg each as shown in Table 5, Detection: ICP-AES
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Table 2. Effect of electrodeposition on the elements eluted at the position of Am
and Cm on cation exchange column

Rl Base metal/ Separated on cation Added
9 Planchet(%) exchange(%) (ng)
Fe 68.8 70 475
Cr 17.8 17.8 35
Ni 8.62 9.13 98
Mn 0.82 0.84 5.2
Co 0.42 0.42 0.1
Cu 0.28 0.37
P 0.16 0.22
\% 0.14 0.13 -
Mo 0.13 0.13 15
Si 0.11 0.12 -
Pb - 0.07 5.6
7n - 0.06 9
Total% 97.3% 99.6% 178 4ug
A}

s 3t
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Separation of Pu, Am and Cm from U matrix sample solutions

- 0.5~ 1.0 gr of fuel(300 ug Pu/30 mg U) solution in 7M HNO,
- Evaporate to dryness and add 2drops 1M HF and 10 drops 1M HCIO,
[TREAT| - Evaporate to dryness and Add 1 mL 12M HCI

- Pu(M), Np(V), UVI) 2 E3F

—— Wash with 4 mL 12M HCI

Add 0.5mL 0.1MHI-12M HCI

Elute with 1.5 mL 0.1M HI-12M HCI

Add 3 mL 0.1MHI-12MHCl and 0.2 mL 0.1MHCI
Elute with 3 mL 0.1MHCI

Anion Exchange Column : 4mmé x 45 mmH
Dowex AG 1 x 8(100~200 mesh)

d Mass Spectrometry/o-Spectrrmetry

REE
Am - Evaporate down to 0.05~ 0.1 mL
Cm [ - Transform to nitrate form with c-HNO,
FPs - dissolve with 0.5 mL 0.1M HNO,
2mL 0.1 MHNO;
40 mL 0.35M o-HiBA, pH 3.8

o-HiBA, pH3.8

Cation Exchange Column : 4mm¢ x 55 mmH(Il)
Dowex 50WI(100~200 mesh)

g Electrodeposition o-Spectrmetry

Fig 10. Separation scheme of Pu, Am and Cm by anion exchange

and cation exchange chromatography
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Fig 11. Alpha spectrum of “TAm and “Cm
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