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Determination of Am-241 and Cm-244 in Spent Nuclear Fuels by Electrodeposition and
Alpha—-Spectrometry
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A2 E T 0.1MNaHSO4-0.53MNaxSOs v Aol A Am-2413F Cm-244S- 1200 mA oA 1A]3F
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Abstract

Electrodeposition system consisting of deposition cell, Pt electrode, planchet and cell holder
was installed in connection with constant power supplier. Optimum condition for the
electrodeposition of Am-241 and Cm-244 was found to be 1200 mA and one hour in
0.IMNaHSO4-0.53MNasSO4 buffer solution. Diethylenetriaminepentaacetic acid(DTPA) gave a
decreasing effect on electrodeposition of Am-241. Matrix effect on electrodepositions due to
sample media with or without organic compounds(DTPA-lactic acid) was not found in a
single nuclide or both of Am-241 and Cm-244. The average deposition yields are 91.7+1.7%
in Am-241 and 99.2%+0.97% in Cm-244, respectively. This method was applied to the
determination of Am-241 and Cm-244 in spent nuclear fuels with alpha-spectrometry.

1A=
AgFHAAn G5 ATer] AN AaRANA AHE ARAAYRA 2
JREALse) P ASY Bast Ark 53 FAL 929 Am, Cm, Np, Pu 59
2SUALES Ak @ Yo S ute 24 Nk AT Ldvhgol BPFED o
Aol A FFL obt AL AR A2AFL ol vS Fasith oF 2@
ALEES FIPPARS YHAmz AN ol AFelor Hm, Webd AmAY 2

EA Yol nAbg el Aukalgel Hlste] wlS AFH ol QukH o ouE Ane] e
gulFzo) ojenagon AEre £t FRUS AT dwdes d2ao



o - EXA R (g -Spectrometry) 2.2 A#dlE Aol @y ¢elA Qrt. EE ol2ud EyiAHSs
A% AR A9 (Thermoionization Msaa Spectrometry) &2 994 B|E ZAslo] A eslal
Atk 19 kel $-gw §9% Np # Pus Ion Chromatography = ¥ gk £
FegdZet=nr A2 4 (Inductively Coupled Plasma Mass Spectrometry) &2 A %3} 7 LH1]
H74 AN 2% Np ¥ Pug HDEHP 2 F&3lo] nldylor Aaas d7FRix gio2] 2
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A o 2= ammonium sulfate "} 23S AHE-3k= Talvitie H[3]0] 7] <deA lom, 19

mixed oxalate-chloride =} Z[4], NaHSO4s-H>SO,~-NH, buffer system[5], ammonium
oxalate-ammonium sulfate[6], isopropanol | Z[7] % NaHSOs,~Na:SO4[8] w1 & 5L o] &3l=
Aol By Quh ol W NaHSOs~NapSOs w22 pH o] vjg- &o]st}, =,
NaHSOs¢F Na:SOs 71 g8 4oz e, o5 itde] wx7F 24 A pHF Aoz
QA5 = AlsFY 2 ARG oJfA = pH Wt Ao vk B dF WS

WA AR AT W ouS FsE, 58 ARE AN el A wAAe] o xaom
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PRE olgh Lo FrHH9l pH 2AYe]l AR FAAe FEE FAKZZ LA A
A4 5 ek o ogol Atk WekA, £ AFNAE Am Cmo] $HiH AEF HAR

& 0.IM NaHS0s-0.53M NaxSO4 w4 A2e & o-wFEAPoZ WAt sS 54519
Am-2413 Cm-2445 A ZF3slaz 3k
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o] x] ZAo] A}EH @ -Spectrometer: EG&G/ORTEC A}e] #lEo)w 300mm” silicon
surface barrier detector 7} ¢tX ¥ Alpha-King module ©]¢lth. A-23} HAls Ao AFgH
Gross— @ counting System< Erberline Instrument Corporation A}2] Plastic scintillator}
Mini-scaler’} 738 Al2®l o]lu), A2AAX= 29 13 2 o] polyethylene A 24 (inner dia
2cm x height 8cm)¥ SS A @ o] A2 planchet(dia 1 inch x thickness 0.5m)<S <7 4 2]
o] &g & Pt A5S Cell ol ¥oyA FAAT 483 AFE 333k constant
power supplier(max. 50V, 3A)v T Al&sto] AFEstA Tt Az e] pH FA4 ARE-$F pH
meter & Tacussel AF2] Mninsis 6000 ©] %tk 0.1M NaHSO4-0.53M Na:SOs 2 2o 2 &
Az37] JaAd AR NaHSOs + Junsei Co9l extra pure & ©]%1 3 NasSOs= Merck GR &
oldltt. AlEF 7S Fste AAE HAANA Merck GR w29 HSOs ¥ HCIOs % HNOz S
zkzy Apgetith. A& FRA AAdu A S F8kskr] s Ao #9438 NHs & Merck GR
ojAtt. Am¥} Cmeo| A& & g F7|&sA o s HES7] 94 Aldrich Chem. Co
A}e] Diethylenetriaminepentaacetic acidd(DTPA)E Abgatdth. 28]ar A& 3585 40
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s|Asto] Abgat ik AzE dFe] G SAH AMEE 2F 299 (Amersham Co,
UK)2 Am-241, Cm-244 2 Pu-239 7} A9 £ H&2 &% Aoz WALG 9| 3.28x10° dps
Fom o] TFALS A&t AF7Y AFEES 49 o)l Cm-—244 EF8&H 2
Fodadde] WA S Cm-2449] w371(181y)< it ste] BA S AFEstaith.
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Fig. 1. Schematic Diagram of Electrodeposition Device
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Table 1. Sample pretreatment of DTPA and lactic acid matrix for the electrodeposition
of Am-241 and Cm-244

AlmAAE 34 v AL
m 25 mL H]7A] Am Ei& Cmo A58 A4S ¥
m 600 1L ¢ 1.0M NaHSOs ¢ 400 pL 98% H.SOs 2 7}8}aL m §d0] HA FEF
hot plateel A A A3 7FE gtk (71 & I43). A A3 7HE gk
m 5S04 9F NaHSO.& X3d 7154w f71E°] gs=o
AA = 7= 7FE T 400 °C).
m 2 pL 65% HNOs9t 200 #L 60% HCIOs & 715t 7S ¥t | m HAE d3 W7

Ais &y 2 Azl & 4k bk
B HEFA0E Jpdste] o] HoSOs & AASL AZAA T

(~ 600 °C).
B FF AFES 04 mM NaHSOs ¢ 0.1 mM NaxSOs 2 5 o]

A
B eSS 42 mL HO 2 5o dabdol 1o m Micro pipetE AF&
m 600 mL 1.0M NaHSOs; ¢ 52 mL 1.0M NaSOs& 7}gtt}, sto] &2t
m 0§92 0.1M NaHSO4-0.53M NasSOs £9¢o] dh m HFHY 10 mL
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StATh Eg FU1ES TR AEY AS AR AARC AMEshe

NaHSOs ¥ HSO049] o] o2 0.1M NaHSOs2} 0.53M Na:SOs7F ¥ =& 3L
Atk F, AL FAAde] xR we pH7E 24 ¥ o)A 7R NaHSO47F 200 °C ~ 700
Coll & o] NaSOsE ¥ A HoO ZE HoSO49F ¥H8-3Fe] NaHSOs & ¥ rhg] &
AT Ads F 1A% 22 Alg dAe A8E A3 23 HF4 o2 0.1M NaHSO4-0.53M
NaxSOs o] ¢h3-&Ho] =i ojufe] pHe 1.85 vk webA & Aol A= 0.1M NaHS04-0.53M
NaxS0s¢] A&-&H 10 mL& AH&3t o Aol F5x7] A 25%° NH; 1 mLE 713t
Agde dzedoez 9k 0.0M NaHSO4-0.53M NasSOs wl dol| A AFA 7], A=Az 4
F71ZE A H7F 5o =4S WMEAIAA Am-2419] HA A xAS FuA Q. 53
A& AAYA 7FshE NaHSOs & ZehAl 938 stz GEyo)=9 7R E dols ¥
olel ARE THAIA Az weEe E2S AASE £97F ATH8L 1Y 2 d& dA4g
AZAZFHAAN TH ] AFA71E HA71HA Am-2419] AZ&S =43 272 JeRd e 1200
mA 7HAE AZgo] F7hste] HOgh(C 92%)S Holthrl 1500mA o] Aol = ¢ 3]
Akt o9k 2 A AFAVIF SUHEFE dAEo] FUHEFAIRE 1500 mA o] el A=
o AFo] o) B o] wASta, T3 RS w2 R4 E pH oA A H o
Azgo] golx= oz A7} = ARG AFA (1200 mA)N A HAFA 7S
S7HA1 el whEl Am-2419] AF&S A3 Aeld 1417 7HA F7kEtg e 1 ol ol A=
Aol 2L s Btk wEkAd 0.1M NaHSO0,-053M NaxSOs ml 2ol A Am ¢ A&xA2 1200
mA ¢ 1A7ke] HA 202 yErgow o] e e Aaudd A Puel 24 v)e}
A3 ATHS] 27 491 DTPA sxo WE Ame AFaxsE A3 sy Aty o=r
DTPA sx7t 57145 AzEo] #asdrh. o3& DTPAS Am#e] ZE9 g
F7H9,10] Z7) widol] o] HojA= Aoz AZErh 18y ammonium
oxalate-ammonium sulfate @& oAl Pu ¢ 222 0.005M DTPA 7}+] F7FstebrE 1
oo = adteE Aoz e E[6] o] 2 DTPAYE Pudt #ES wHEm2 &3
(polymerization)S Zob7o] AFE&S o)A W £ FE DTPAYN A= Amite] 2H& o]
o3le AL Weete Aow AYsta Jdu wEkd B Ao ALEF dAdE AEF Am
Az DTPAS H7FskAl 3L 0.1M NaHSO4-0.53M NagSOs vl A vt =8kt 219 5ol =
AZgA A AHstE Jegdsd 7] 92VelA 208 Fo= 72V ola 1A]7F Fo= 68V
7hA] "ol H . o] A¥e bgE AFAER]e] AH9.2VTETV)SE FAFSEIAI R A Eo] EH
vkokrt.
DTPA-Lactic Acid "lZA] 894 Am ¥ Cm 9 AZE =A
2 AFo A A& A5 AFESFAEAE 95 Am¥ Cme 0.03M DTPA-0.3M Lactic Acid
S22 chelation chromatographyol] Al &gt &do]jm 2 AL A7} FUSH njdo] 7o
NEE Azxse] o]2REH Am¥ Cmel AFE&S AU A8 dxg WS oo % 19
vEbd A3 o] NaHSOs 9F HoSOss 7hete] A A3 7Hd st f71&s g stsl o
HETAHoE @ itS AAS] A FAd BARAEES THete] o2 JHEE AT B
AAY FALS AXHE HZF 10 mL A0 NaHSOs 1 mmole ¥ NaxSO4 5.3 mmole ©]
EAEA HEg2 o] &9 0.1M NaHSOs4-0.53M Na:SOs o g8 Ho] Hr), upehr, Az
Aol Q=R = wed Ao Asd A9 A3 0.1M NaHSO4-0.53M Na:SOs &4 10

= th o)d¥ o] AEAAEE AAA & AH ZTENE A
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Fig. 2. Electrodeposition Yields of Am-241 as a Function of Current
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Fig. 3. Electrodeposition Yields of Am-241 as a Function of Time
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Table 2. Electrodeposition vields of Am-241 and Cm-244 in different sample conditions

elements Am-241 Cm-244
samples added(Bq) | found(Bq) | yield(%) | added(Baq) | found(Bq) | vyield(%)
sample 1 8.34 752 90.2 13.66 13.28 97.2
sample 2 8.34 7.88 95.5 13.66 13.37 97.9
sample 3 8.34 7.47 89.6 13.66 13.55 99.2
sample 4 8.34 7.65 91.7 - - -
average 91.8+2.7 98.1*1.0
sample 5 12.51 11.5 91.9 8.24 8.29 100.6
sample 6 12.51 11.27 90.1 8.24 8.15 98.9
sample 7 12.51 11.1 88.7 8.24 8.26 100.2
sample 8 12.51 11.01 83.0 8.24 8.05 97.7
average 89.7+1.7 994+1.3
sample 9 12.51 11.95 95.5 8.24 8.15 98.9
sample 10 12.51 11.57 92.5 8.24 8.29 100.6
sample 11 12.51 11.59 92.6 8.24 8.3 100.8
average 935%£1.7 100.1£1.0
total 91.7+19 99.2+0.97

#* sample 1, 2, 3, 4 : 0.1MNaHSO,4-0.53MNa>SOy/ 7 & 3 = =] =
sample 5, 6, 7, 8 : 0.03SMDTPA-0.3M LacticAcid/A| &
sample 9, 10, 11 : 0.03MDTPA-0.3M LacticAcid/A &4 2] 2]/ &3}l & = =
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Fig. 7. Alpha Spectrum of Mixed Nuclides at the Standard Source
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671 AEE FHsA 2+ A5 284 Azt o-EFEAAHY ALy Wrbe FAHow 7
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Wﬂmﬁﬂﬁ sl g 05 mL Fo EAst= 74 dAF] WAbsd 2w 3 JEs(FWHM)
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Table 3. Alpha-Spectrometry of Am-241 and Cm-244 in spent nuclear fuel

samples after electrodeposition

nuclide sample counts cps dps FWHM (kev)
To1-A 4216 0.8432 13.470 28.1
m 4121 0.8242 13.166 29.0
3989 0.7978 12.744 274
T-2-Am 4068 0.8136 12.996 30.6
4313 0.8626 13.779 26.8
Am-241 T-3-Am 4261 0.8522 13613 29.8
T4 Am 51_29 1.0_258 16._386 26:.6
5172 1.0344 16.524 25.9
T-5-Am 5219 1.0438 16.674 289
5086 1.0172 16.249 26.0
T-6-Am 5159 1.0318 16.482 207
T1-Cm 1683 0.3366 5.115 16.0
1699 0.3398 5.164 28.8
1531 0.3062 4.653 29.1
T-2-Cm 1695 0.339 5.152 274
T-3-Cm 1673 0.3346 5.085 245
o 1707 0.3414 5.188 236
Td-Cm 20_17 0.4934 6.1_31 21_.9
2067 0.4134 6.283 242
T-5-Cm 2035 0.407 6.185 26
2066 0.4132 6.279 28.1
T-6-Cm 2083 0.4166 6.331 28.1

Table 4. Determination of Am-241 and Cm-244 in spent nuclear fuel by

electrodeposition followed by alpha spectrometry

nuclide | sample |x1(xg)|x2(xg) | aver.( £ g) | prec.(1S)% | activ.(Bq) | ORIGEN2
T-1-Am| 6.115 6.19 6.152 0.86 7379259 5.723
T-2-Am| 6.08 6.111 6.096 0.35 731089.4 5.861

Am-241 T-3-Am| 6.544 6.487 6.516 0.62 781463.9 5.698
T-4-Am| 8.05 - 8.05 - 965510.6 6.223
T-5-Am| 8.016 8.01 8.013 0.05 961072.8 6.314
T-6-Am| 7.899 7.989 7.944 0.80 952797.0 6.369
T-1-Cm| 0.0867 | 0.0919 0.089 4.09 275228.7 0.0697
T-2-Cm| 0.0829 | 0.0953 0.089 9.83 274643.0 0.0713

Cm-244 T-3-Cm| 0.09 0.092 0.091 1.55 280531.0 0.0693
T-4-Cm| 0.112 - 0.112 - 345269.0 0.0757
T-5-Cm| 0.1137 | 0.1109 0.112 1.76 346193.8 0.0769
T-6-Cm| 0.1137 | 0.114 0.1148 0.19 350972.1 0.0775




oluj 2 &3k B HAL S (specific activity)[11]> Am-241°] 3.2416 ci/g ©]iL, Cm-244% 83.3178 ci/g
H vkel Zo] T FAHX7F Am-2419] A5 AFA1S)e] 1% oL
T-1-Cm ¥ T-2-CmE A3} 2% ool M= AA5A . Cm-2442]
AdAgo] e A AGE Cm-2449] o] vtr] wiio] 713 S = Aztd), 18y
Am-2449} Cm-244°] F7gko] AXFSHORIGEN2) @Rt =2 ZARE
Ho g5l EAE} o AL B AT gletA WHo g S5 AR AP Ht ArE ALt
W Adart A2 dAeA G2 A Vdste Aoz Azdrt
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