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E¥ XEFE (NBL, CRM No.122)& o]&3ld &g vx9 ZTFEF &S v
°ﬂ et ALY AFEAHA 2HHS] AVFReE EFEF
314 A 2% A= oF 09 pg-Pu A|REFS] A7]olA 2
o EHo]—OZ] dojR =SA3ke vl 1.002176+0.0004520]ow, dof TTH
AE= 95%)°] T ALEE BAch =dA9] A7yl o A% &
w2} 0.9923~0.9960°] WS HSth F W e Z}Olf 0.6~1% < Wl o
235 B webd =-AY AVEHET £ AHE B YL AR
ol-§&3ste, ZAIE sE A4 AARETS A, T ‘%‘ SIRHE o2 FEst ARE FHsH
£ &35t Soleud AES AHE FES EFETS 44 AF ATk ol A% A4 a9
(fuel+clad) A2 1.155 mg, 2.483 mg % 1.920 mgd] TFEF S IATh
Abstract : Two methods, IDMS (Isotope Dilution Mass Spectrometry) and controlled potential
coulometry are compared by the determination of Pu for the NBL, CRM No.122, PuO,. The
recovery of Pu was found to be 1.002176+0.000452 within the relative standard deviation of
0.045% (95% conf. level) although a small size of sample (0.9 pg-Pu) was used in IDMS. The

recovery using controlled potential coulometry were obtained in the range of 0.9923~0.9960. The
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analytical results of IDMS and controlled potential coulometry were good agreement within 0.6~
1%. Base on these experiment results, The plutonium in HANARO irradiated fuel rod that separated
portion of top, middle, and bottom were determined. The measured values of Pu are 1.155 mg,

2.483 mg and 1.920 mg in one gram of sample(fuel+clad), respectively.
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WA29l 18] A ol AEF Addast A4 wAEAG] A4 Wit FHA FaAAA
A JAANA HAEE H7E T SFEFY AH Pu(IV)E Pu(NO3)s" & %

T

25 9te] BE WHEe] AT M Holsith 59 of & F2s}7] witoloh !
EFEFS A S3] fafistr] wio] HE3HA o THEARSN AFEAYE E2 s¥Y olyg}
FE = 7 de A 8, HAE & ube 559 H*Or w$e FEkA ALEA 4 7hse wolth
AA BAAA ol AAT F ' WE Fe = TSN AFEAYP LS A3 JUert wle =
T A WHo] dast Hioh om wgFe] Agu 1 MAVSAIR Y S8 4

olo] A WHEER xray spectroscopy T a ARAE A& 7Fsstar 2to)lag Yol 4 F= 4
-particle counting HEC] WA W3l o]&xo] & FH HAFS s8R Golx "tk £ SFd49 H)
HHH  y-spectroscopy 9} neutron-counting WHES ES gk yjahd g2 el acle] A Qe Aol k'
I F7] BA el & F e EFEFTY A7 ©] 2 A3 ZREF AEEAA 599484 4
45l0] k" Calorimetric "2} fluorescent x-ray ' FeAI 24419 A7 7 el folA
HEL 1&F2A 20 o] &5 A5 AXRTHAA © AHE Fsulusiilal, A4S A AR AL
d&Ho g 23t ElE FEE SHsed o 8Ho dRtao g ke s B s Het ool nhe 3
st} w3k, )9k AEE AN dAs, AAY B MQAE Yotrglth o]E HiEoZ ATE A
A7 AE, A AEA AR L ARG A @) A dAFo) o] WHE Hgsle]
AEel gt A2 molecular absorption spectrometry, FEFS A9tath A8 dA42Q g s
coulometry$} isotope dilution mass spectrometry (IDMS) © ¢FuF o 18E UsSi 3EEe Fe dA=
7} ol g5of g HEAAA e AARE ARt 3lom, PWR A

RS AN &l diste] A&g At o= A 7Eo] th2a AR Pul] Aol
2TEHE A ol&¥H ZHRYZ 4 mgLolA w|ZFolojx] M4lgt He x&o] Fasitt wEhA o]y
F gl B2 U AUEe F 1% ARE zeth @ AeS gte vERY] Pu A S99 3
ZAAY A7|FHL ol 2kst B AAAE o & Aoz Asle Aol 7M itk A4 ETh
3e WHoE EFEY AFA ARHAAAL ok
I3 g FFERY] JFS Hsto] W7 A4 2. o
HE ARESRL glom EwEo] o)A ¢ HFE
EFEFY AF F mge M Ao HL= o 2.1. Al &
01% FEZ Ao 7Fesith. 13y daF s £ A3 A8 EZFEF ZFES NBL (New
ol Be IEd HAHIALE] Jdﬂ 7] W&o 5 Brunswick Laboratory) 2%E T3+ CRM (Certified
EFS Byt =Asloor sit) SREFY 29 Reference Materials) No. 122 (PuO,)E AFE3I91, &
BuiFEHol A Fol o]&= —’F Jov ze Ada AN AMEE 2Tto]la (EFEHLAE £
=S AwalA 2gsiul7] YalMe oleudA] 4 A &)= Pu242, IRMM-044 (Institute for Reference
S AHE3EH ol SHA (hot cell) W9 Fo] Materials and Measurements) S /\}ﬁ’é‘}%‘\\:} ALEE 9
Ae BF ojlx BEEEo] %“7] wlo)t} gk A AT EFEFY EET So|2udA|, BIO-RAD
&5 dAg9] &3l Ag ik ik 5ol o8 AG 1 X 8, CI' form, 100200 meshS A&ttt &
7] W&ol FH2 4t SAeA } 3te ol 2n A FEFY 28 2 AVF HAd AREE FeSO, -
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7H,0, AICl; - 6H,O, Sulfamic acid, NH,OH - HCI,
H,0,, HCl ¥ HNO; 52 Aldrich == MerckAle] &
Mg SFAIF otk EFEFY 2EANRTIE 4
goll AHgSH A2 As A& 1 M HCl |2 1 Loj 23}
AlCl; £, Fe €9 (5 mg Fe/mL) 2 1.5 M sulfamic
acid €98 22 8§ mL, 1 mL % 8 mL 2 73+ |
ARNAE 8T,

2.2. 7] 7|

F9A92m Z3ole G olsh IFEA] Finni- gan
MAT 262, TIMS)Z AH3}51ck AlE2) 814 5 2jo]z
A o8 BEE A¥e A VTR siglen ol
AREE A2S Mettler AT201 AAA LS A5

ZAAYA7IE  HAHo|=  Potentiostat/Galvanostat
(EG & G PARC 263A), Digital coulometer (Scribner
279A) 2 Titration cell system (EG & G PARC 377A)
o7 A% A7F ARAAE ol&sidit B AF
S ¢ A5 AJd 2 glove boxollA Faste] WAL
AEENEHE 9Es i

1. B2eE @ ZH|
U434 AYRAET 29290171 49
of vlm Age] AT EFEFABE ARETER

(NBL CRM, No. 122, PuO, powder, Pu = 87.790
wt. %)tk ©1E 05 g A= A3 FAE o}
3}al, 14 M HNOs-0.05 M HF &4+ &9 20 mLE 7}
ste] gslisla, 10 mL F=9] 70% F4He © Yo
A8 H=F sk 97]e] 0.1 M HNOS %

50 mL §37} HEEF 3tgom, o9 HFE A3}
At ol9} Zo] wHEoZl EFEF R Fre B
HF45 a#ste] A Ak 23 7.0307 mg Pu/g

solution ©|$1
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23.1004 FulE BAL ~uto]3 £ (IRMM-044,
Pu242)3 Fx7t AL ZEE oF 730814% 01 M
HNO;© 2 3]4)3}] 9.5433 g Pu/g solutions FHI3H3
on o] gds FHPAS|Y AFEH| A3}
o 1 mL 539 22 f] npo]gel| A58} £to]a
o] EREF Fo] iFF 1:10] HEF 3Gtk g4 A5
A7} 2gto|Z8d 0.1 mLAS FH3te] HFs] A
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d Y &FE AAE AAST +250 mV(vs. SCE)9} +
900 mV(vs. SCE)?IA] 30 1A, +560 mV(vs. SCE)ol]
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=l

st A &, St2 FEE AR IS (fuel+clad) S 3
SATE °F 01 g AEE AYs] FAE Yol 4 M
HCL + 10 M HNO; ¢} 1:1 HNO:E &3}3l1, o=
1:1 HNO; &H402 3|43t o|F | mLE FH3A
o ¥ oj7)0) Pu-242 AdfolaE e o Fu A
i 3 & 7)o 2 mL X3 HFS 0.5mL 1 M HCIO,
£ 7kste] S A stk ol oA 05 mL 12
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2 3te] e AS ¥o] TREF FEE AL
& 4 siok
i
oy M Wy RO
My = Wx = Rb—Rx ) Ri

Cx: N8 F EFEF ¥%

Cy : &=9o|3 EFEF F5

My : NE T ZFET JT9AF
My : 2903 & E5Ew PadAF
Wy + Z=3tola Hg FA

Wr : AlE FHZ FA

Ry : 2=9°|3 F  Pu-242/Pu-239

Rb : A& A8 F Pu-242/Pu-239

Rx : A& 5 Pu-242/Pu-239

SxRi ¢ AR F Pu239F ¥FT 4 F9AH
9 s

SyRi : 2=el3 F Pu-2395 ¥ 4 F9d
Al g

&37]A AH-3 NBL CRM No. 122, Pu0,9 EFE
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Table 1. The changes of Pu atom mass by radioactive decay for the NBL, PuO,

195

1 Jan. 1985 30 Jan. 2001
Tsotopes Number of Atoms Atom®% Number of Atoms Atom®%
(base on 100 atoms) (base on 100 atoms)
Pu-238 0.0521 0.0521 0.0459 0.0416
Pu-239 87.305 87.305 87.264 87.748
Pu-240 11.539 11.539 11.519 11.584
Pu-241 0.9248 0.9248 0.4268 0.4292
Pu-242 0.1790 0.1790 0.1789 0.1799
Decayed atoms 100 99.436
(%)
Pu weight% 87.790 86.951
Atomic Weight 239.191 239.071
Table 2. The changes of Pu atom mass by radioactive decay for the IRMM-044 spike
30 Jun. 1989 30 Jan. 2001
Isotopes (tz:;nz: 1050[322)“;) A (bljinz: 1050[32221) At
Pu-238 0.0009 0.0009 0.00082 0.00082
Pu-239 0.0826 0.0826 0.08197 0.081973
Pu-240 0.0108 0.0108 0.00999 0.00999
Pu-241 0.0009 0.0009 0.000516 0.000516
Pu-242 99.9033 99.9033 99.90118 99.9052
Pu-244 0.0015 0.0015 0.001499 0.001499
Decayed atoms 100 99.9959
(%)
Atomic Weight 242.05602 242.0560
Table 3. Results of measured Pu Isotope ratios for the mixed of CRM No.122 and IRMM-044
Sample 238/239 240/239 241/239 242/239
Dil. CRM #122 0.000613 0.132003 0.006030 0.002019
IRMM-440 0.010895 0.130750 0.010895 1209.483
Spiked No. 1 0.000822 0.131929 0.006448 1.227965
Spiked No. 2 0.000825 0.131958 0.006269 1.228624
Spiked No. 3 0.000824 0.131943 0.006359 1.228295
Spiked No. 4 0.001378 0.132317 0.005832 1.221129
Spiked No. 5 0.001423 0.131993 0.005459 1.222422
Spiked No. 6 0.001401 0.132155 0.005646 1.221776
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Table 4. Results of the Plutonium (NBL CRM-122) measurement by IDMS

NBL,CRM—'122 Pu(measured), 12 Pu(measured)/ .
Stock solution Pu(std. stock solution)
9.5686 1.0027
9.5635 1.0021
9.5664 1.0024
9.5433 pg Pu/g solution
9.5669 1.0025
9.5568 1.0014
9.5619 1.0019
X+sd(rsd) 9.5640+0.0042 1.0022+.00045
Table 5. Results of the Plutonium(NBL CRM-122) measurement by coulometry
Pu taken, mg Pu found, mg ft(:ll(ti :/ X+sd, rsd
0.2308 0.2294 0.9941
0.2307 0.2294 0.9943 0.9932+0.0013,
0.2291 0.2272 0.9915 0.13(%)
0.2314 0.2298 0.9930
0.4795 0.4779 0.9967
0.4828 0.4806 0.9953 0.9960+0.0006,
0.4839 0.4819 0.9959 0.06(%)
0.4809 0.4791 0.9961
0.9688 0.9622 0.9932
0.9683 09611 0.9925 0.9929+0.0008,
0.9701 0.9608 0.9938 0.08(%)
0.9670 0.9592 0.9920
3.0221 2.9987 0.9923 0.9923+0.0001,
3.0235 2.9999 0.9922 0.01(%)
3.3. oiLtZ MARE EFEF HE ol Aot A wel Hal A= s, A
shtE daE U2359 FFE7F 1975% AdR £ o7 A7t Bol HAES € F AUtk o
Z 614% UsSi 9 386% Al Z24& zton, Al AFEA AHE EFEFS doew @ilsto] ARk
Ao 1Y% UsSi SFEY HHAE E2HAA pellet & 40 ng BEHTH
oz weoll das % <&FvlEe] AL 3
o wEbAM AEE &SiAE W PWR AlEet thE2A 4. & E
HEds B 4 gl J5d43 9 &A=
olewsa LTS o]lf ZE2ERS Hsw NBL, CRM No. 122 EFEF RFES AIEZE A
Pu242 23bo]3E o|§3dte] FHALHE 34, T4 ool FHUL3Y AR 2AAAN7HH
A28 AFEHor SFEFS AU o o3t ZFEFS A7 st o s

& A9y 4 F 9 Suniel ETERS 44
1.155 mg/g(fuel+clad), 2.483 mg/g(fuel+clad) 2 1.920
mg/g(fuel+clad)®] FS HA|TE o] AHZ B uf F
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