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8 9 AeFUIE Y U Y 994 YREAS £ 54 ALE A (sotope dilution
mass spectrometry, IDMS) 0. 2 sttt Al 8w 4AHa9-2ty AHE S8 A8 A8 E HNO; (1+]) &
= o] &3} 14 M HNO»-0.05 M HF £3H-8 0 2 &gt & o A=ZA(12 i o Aatod FHls
Ak AR 9 25elaE Poh AR F9 UL AG IX8 ol & u@ FABoIA 0.1 M HCI §
oz gk Am 9 F U F 4R F942C°0 0 U B U 24 TUg
ssfolaR o g3 FAUL 84 AFFAWCT YR A£F U233 2502 G
A 2 7k UL o83 S5 4 3 AR A (reverse isotope dilution mass spectrometry,
RIDMS)C.Z HAsHAch $A94 84 dgF Ayl I8 GARNE 9 5 U F 592892
A9 APow 2HF Ave vwsYe W 034% B FRLA WA A Ach

Abstract : The determination of uranium and its isotopes in spent nuclear fuels by isotope dilution mass
spectrometry (IDMS) has been studied. The spent fuel samples were dissolved in 8 M HNOj; or its mixture
with 14 M HNO;-0.05 M HF. The dissolved solutions were filterred on membrane filter with 1.2 m
pore size. The uraniums in the spiked and unspiked sample solutions were quantitatively adsorbed by
anion exchange resin, AG 1X8 and eluted with 0.1 M HCIl. The contents of uranium and its isotopes
*U, U, U and **U) in the spent fuel samples were determined by isotope dilution mass
spectrometric method using U as spike. The spike reference solution was standarized by reverse isotope
dilution mass spectrometry (R-IDMS) using natural and depleted uranium. The results from IDMS were

in average relative difference of 0.34% when compared with those by the potentiometric titration method.
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2.1. Alek @ 217

Uy 5994 34 AFEAo] A3 HCI(37%) 2
HNO; (65%), HF (48%), HCIO; (60%) 2 HIQ5%):
Merck AFe] GR Fo]th AG 1X8 (100-200 mesh) o]
WEFAE Bio Rad AL, U FFEALS Spex AR
ICP-AES & 3% (1,000 mg/L)?} NBL (New Bruns-
wick Laboratory) CRM 129 UsOsZ £-3l8}d AME-3F9ch
U-233 £3to)a L8998 Oak Ridge National Laboratory
(ORNL)ZRE 729 U0, (99.470 atom %) £33}
o A3t tHTable 1). Gol&3} AFEA7] (TIMS)&
FINNIGAN MAT 2625 A}-8-3}5t).

Table 1. Isotopic composition of U-233 spike from

ORNL
Spike Isotopic Composition (Atom %)
Yy 99.470
2y 0.166
U-233 By 0.064
zey 0.015
2y 0.282

U ez Aol AHg-§ HNSO:H, FeSO, - TH;0,
(NH)sM0,0y4 - 4H;0, VOSO; - 2H,0, KoCr,07, HiPO, 2
HNO;-& Aldrich At9] ACS § T+ Merck Al2] GR &
Alekololck. U ¥& 89S NBL CRM 112-A 4 US
22835 3 1 M HNO; 902 3Maled AHgatgoh
92t 2 Al2"e] 2HF5H A 7] Mettler DLT0ES, 7|
27)% Epson SQ-850H, #&-& A&D HR60, BE iz
A2 Mettler DL 140-SCE AR&-3}4Th

2.1.1. 200|323 BN U BERXH

U-233 23lola &4& A5ds 34 FFEAH
o8 BAY) A 2 T EFEAE o] B3k
HE U FFESQ NBL CRM 129 UsOzS ARS8}
NBLO| 3 Ao met ARG A Mzjste] FH|3A
o 43S FH3d Og =rRd @1 B8 3
AE 800 TY === (muffle furnace)o] go] 1 A7t
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FEANZIL BERE7I do 4% F AMEEHY. £E

Eol 83 2 FF8d AF= FUY ASTM (American
Society for Testing & Materials) W (E 267-78 2 E
321.96)'™"]  Z3te] HNO; (1+1) oz w9t
U-233 &3fbola A5 ¥Asly] 9% & OE XFEE
249 SPEX Al U BEEA (& U §4)S AH3l9

o dAZgS Fste] HNOs(1+1) 422 10 Hf 34
‘6}%10“# Hato| dole3t AFEA7|Z HEg

i

THEE 24E FHU

2.1.2. U-233 21j0|3 89Y

U233 ~ifolm £e AsE e PU 299
A HZZORNL)E £33 Zulsdoh At
(glove box) ol A U0, 81 mgg #Hsle] HIZE )
FAoll Qi HNOx1+1)-001 M HF £402 2 A7+ 3
FAIZIEA =91 F 50 mL §lg whEdch

2.1.3. Z20iETeHy

ol Fej#e U7 04 cmdl HElBE AHEEH
on] L-o]2w3t 2 (AG 1X8 100-200 mesh)Z 5 cm
=o|2 ] AM-SHHTh

=2l

2
L 3N AFENHOE Azg U233 Aifo]
4 AMR-FHAAE A58 & A A3l
SE Ag, &dfela 9 % f49) dAuE EF
£He %%lﬂ zHoe HAAY ¢ AFEAEAT F
1 M HNO; 89 57 W8 FHA7|1 o] F of |
AFEA7] dF (thenium) el Eo] 34
AZL & AGRA7] o] 4Rt Yo R
TN HEE Shoh o)W AgEAe] AME U
AR 2 ~uto]e] A oF 12 g, T 8d9 &
Fraoiol A oF 2-3 pg A oiglct Multi-Faraday Cup
HE718 AHEEt FAlo BE U 59487 SHEHE
£ 39on g geid IOEM‘ 3 888 543 A
Q) Btk AUk

2.1.4. MX MY

2 a}oq

Mettler DL70ES Mz} A 7|71= Bl 4 79
FHS FEsd ARE 4 J5E JE3E 7)7]0.
B AT U #9244 WY (Davies-Gray/NBL 4)
o2 UL AAs] HaMs A Fas &4 3
& fsted Ah 5 M9 Grdle] BRsiEE dFA

dhed . AFT - 493
3 (peristaltic pump) S B Frl2 A4 5
A Felg AT 5 UEE AAAY 715§ N
St AR A NS AR AR A=A
AT AR AL A gl dRIste] ALY
HFo] HieE ek HY FAZA= HAY
Z2add m AFog HYL Y3y HY ZE
a8E ARAH v, dF54 HEe FAg ofgdt
AleFr]) ©Al, AR S st oAl ¥ @@ﬂi ¥

U gAMb BAA Me 3 #H3 A349s &9
T A2 AU

2.2 AlE Y
2.2.1. U-233 2ujo|3 ¥ #H
30 mL &390 HEE vA 3 AE Fulste 2z
UM Az 2vto]z gl HA UNBL CRM 129) %
&Y I F B 11 ERFAS AT Ya A
& AxAZHY EFEAY ZE9 1 M HNO; £ 2 mL
7htal & A& F AR} AL AFRAI o] B S
oo ehEEgh A 214 Ao oet BE289
2g el Ed @Z—Hﬂ AEAsle] 7tzte) g
48 Z33nk 2uto]a £
A9 U £3589 9 5 8o A gt 24
g ol&3ate ol BAME AFE U233
g Fo] U AR5 AnE T &4
d B AT o RrtER 4 (6. 022136 x 1072 9

H

f3lo] U233 2stolz g I mL %9 U 2 £ U

FEE P U233 2oto)a gole) ¥y A

£ nlasy] st o2 Alw 74 U £33 (SPEX

Abe] ICP & EEAIHE olg3te] Frafslgin) 2ol
2 g, P& U BEEN 95 folo] 9gulg B3

gore gl 9ot £YS Hgog g ¥z

RN S Fa5te] FH9L 24 2HYstar 2uto]

2 g 37U B £ U ¥RE FoIQ0h

Az = Cas [(Mys - Caw) [ [T - My / Syw)] (1)

Aw : 223bol3 o mL g U9 A

Co : B389 mL ¢ Uy Yxp

Mys : Sty xulo)m Eahgol o) Myty g

2] H)
Cy : X8 39 U0 93449 ]
Sys 1 2dte]z g9 Fo] PUPU 949 n)
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2.2.2. MNEFHNE AR B3l ¥ BEE FHI

B A o8¢ A3 AE AEre F=9AY
HgaoA JiE FQ) DUPIC 3A49] AMSFadg
ARE PAHER #HEA (hot cel) &7 AL
A E o83t HNO;(1+1) &doz 3
t? g3 AgFYgAs Aagd JdFLe o
34 & 7144 o}$3FX] (pneumatic transfer systetn)
§ o83ty FAAE olFdUTE olFE AT
dE A& dAFE F MY ¥ACA A2 FHajx
o] F 3t ulAd ¥ B HEH T 29
12 &9 AAFE HBtd 2golag A AR
FHI3h Fig. 19 A whe}l Alg & e 2
PRl FHlg ol 2w Rej#g o|§ale Zztel Al
BERYH 5% U 2e3dd 3% #2848
ojgdl FRAL AEAI F A7) 214 FHAHol| wa}
FELY 4FL YelIEd FHslar gol3) AYE
A712 F994 248 SASAT vluiRANE %
A AAE Ase PAHEE HFHAM &
AEFYAE ARENE 12 m FF271Y = A=A
2 AgdAstd &4 Fo B AHES AAT o
T A4S BAHAEE o] &3tAUTh AN ARFE 3}
of MAMEE HFHRRE AR oled F 3}
3 A2 2 A9 ARYeD UL BFagnh

223, SUUL B FIBMHO) st HoIB A2

=9 U H&

221 3R st 1§ U-233 2zto]agHe] A

T BE AHEFHAE AR 2 Adelas Huk
AEFHAE AR dist UL =AY SHANE
olgatd ote) BANLE AGFHAT AE FY F
U 945 U8 Ao A83d08 A8
g FHEL 24 9 H4F AFoIRE 7 Y
YAFH olBIIER FF o] j3ty AHRFHAR AR
1 mL 59 U ¥=& T34t

o

=
=

>

U = (As3 [ Ag) {(M’s3 - Sgn) / [1 - (M's3 [ Rep)]}-— (2)

As : BEE NBERYH 2§ U 39 U A2 RS

My : g Agst Aagola gL 9 PuPu
AR B

Ss/3 . 1/8313

Ry : S8 AlgeRy B8 U 39 “ufu 94

e} bl
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r—— Add 0.1 mL | M HF and 0.5 mL t M HCIO,
t—- BEvaporate to dryness
-~ Add | mL 12 M HCI and cvaporate (o dryness
I~ Add 0.5 mL 12 M HCl and wansfer o column
— Ehre with S mL 12 M HCl
Add 0.5 mL 0.1 M HI - 12 M HC1
’ r — Elue with L5 mL 0.1 M HI - 12 M HQ
Add 6 mL 0.1 M Hl - 12 M HCl and 05 mL 0.1 M
HCO
'ﬁ Elute with 3 mL 0.1 M HCI

C

Anion Exchange Resin AG (X8
100 - 200 mesh, C1 form, § cm H

) ] S——
R S !
N |
} F. P Fraction J\ ’ Pu Fraction J i U l
— Evaporate t dryness
F— Concentrate with
57 drops 1 M HNO;

Fig. 1. Analytical Scheme for U Separation.

2.2.4. MR MTol| 2[5t iR A2 o U MY

ARG AR F9] U A AP g &
S &7 gge zZaad "x (a3l
FR0-AA-ggA - A Ee)o gt AHFez 4-88)
Atk AR AHA ¥ HAe AFEFHUAR AR
%ol U Aol 9 U B8N 2 28tx Aarx”
g o] 83td A3 B9 AgFYdE FAU 2 19
9 Ho] HEGAEE Y4 3 FY U AFE 5
4 AFo2 FYta PFHo) JFL vA= HE
HEFHCH

15
il

3. &t ¥ 0@

3.1, AI}OI3 Y BY

A BN AFEAPYPOE AT YAR AR F
o] U Akl B3 Lufo]lm Zdg EAF7| Y3l
ORNL 4t U-233 2gjo]a Az8H, dAd U R 724U
EE 8, 121 Avjold AxLdn Ztzhe) U BF
£ dRFE w-NA EFHT L4 S FuEAHch 7
7te] &g {ZAFII 1 M HNO; §902 F3HA|7]
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T 2L Yo HHEMSAT Table 19&
1 AM#8 ORNL 4 U233 23jolze] H99
& YehQt) Table 20)& 48 A U Iﬁ%@! L
A 23 2ujola B} 1t HER EFS &) 9
A4 FA, Table 3ol= 7H& U 258
glolzl 4oz} 1:] Bl&E B3 &
S JeRNAT Table 29} 39 A
o zpzre] 2ghola EHE-ddol gt
o]g3to] Ak (el ate} FH AU
07 U233 oA golg wASGTE -
S ot ’*ﬁ'}olﬂ HHTve ¢S XM U
Mo ALREIYS AL, 1327.065 ng /mL, & U
NG A3 & /é%, 1331.387 ug /mLE A3tES
1 0.33% ‘gt HejolA dxstHrh
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Table 2. Isotopic composition measured of natural U
and spiked U standard

Isotopic Composition (Atom %)

Isotope
Natural U Standard Spiked U Standard
*u - 56.2307
Hy 0.0055 0.0943
y 0.7200 0.3529
Py - 0.0114
2y 99.2745 43.3106

Table 3. Isotopic composition measured of depleted U
and spiked U standard

Isotopic Composition (Atom %)

Isotope
Depleted U Standard Spiked U Standard
™y 57.3198
4y 0.0969
2y 0.2285 0.1345
3oy - 0.0102
Py 99.7715 424386

3.2. AI2E3MIR AlRS| 23l

PWR 39| Agdxt2oA ZAME U0, B9l AHE:
ZHAEY Fadle= HNO; (1+]1) & 7-8 M HNO; &
o] o] o] gl k' T} YR oM A
27} dadle oA o 40 HF HEERAHE

AR o] Z ok 10 o] YAFo] AMEEsdR
Aargoz gafohs TYola B3] L5 eg;z

£ (insoluble residue)s W= I
244 RS @Heas% & 4
2 Ut 2 -
& opsholot 9t a4
fis 4:1/1/} 100 nm o]&}o] Ajy}
24 N7 A F A 3 A YA AlAete R

ol e {drtelar Akl mAglAto] F-f

2L
Hdo
)
—lo
oo
=O|=t
o
ol
]

dx

1 ym s
% HgE S we Aeg deidy’ mepM B
A oM ARSI E AEE | 2308 HNO;
(1+1) gHo2 fa)aiyon 2 i HAE Al
Y A% 244 2HE0] go) AEFFOLE 14 M
HNO(141)-0.05 M HFEZ 3718 3 A&a)siick. &3
g F A A S S AR EulE fjste] WA
B4 HFA HaM Alg8AE 12 m FEATE 7}
7 ot AsAZ e atsiich

294

3.3. #HEAIR Hx2l Y sy £

AHeFALE AREY Fo US BA9L 04 3
Feyoz YY) Askd Y4FE Askl HNO,
(1+) $902 APug AL HAHulE
she ARFe HIRARS AT W 2APold, Am
EREEER P RS CER
BANR B9 AR elERA FA % A
> siefsiel AASAC PR A
34 W A8 Slel AT 200 85
AR AR§UE AN A% N8R0y
LS mL 4 2 A Hsto] wholgel gob 71k ol
A8 olgsto] FUAAZ ol FEAT

AHEFUGE AR F9 US oleude oz
e B Astel % ATAAN AT Fig
9] 20 gt U Relskgck ™ Ue) 4 el
® 4 52008 AAE Pug U 2ol 24 A

1 2elAA A AR AAe Y F dan
Ne 9 zsjo)2g AR U Agol HFE 73
o Pu FHAE dlgdr7)n @] HF= HCO.E 7]—6‘}
o Z% AASATE £¢ HOO, Aol elate] Wi

u] :‘g]

Pug Pu(VDE 2H3E9lo2 g 12 M HCl §doz &
3E AEYeE 2ol2ud FAo A FAZATh

olo] 12 M HCI-0.1 M HI E3-8802 Pud SUAH
[Pu(VD > Pu”] U £2jol 9A] AFR 22]A1A A Ast
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FAALY AFEAYE 014 AEFHAE 5 Toh FALL 4

Ak Fig. 19] FjFgel] ade} Eelgt U &0 wis)
Az 229-249 Wl AA APEN AHEHE FA5
Holth 1 AR $5U4 9 UE dEuE 44
B U9 ¢53 He28 #31% 5 glen #elg Ud
g o olde AAE Wax Pk’

R
A

3.4. SR &M FZEMPO st ABSEY
g2 AR & U S84 32

Table 49l 6 &9 AMRFIAE AR F

Fig. 19] Be|agez By ¢ AXd ¥ =
2/4¢ Yepfidth 6 /) Al tig A

& H)%ahA veigen d8gA da Pu

U

§l.

dr o lo
4o oft wlo

[

& 1%2 B4tk 248 U 29492 “ud g
FF929 PPugl 719E sl et Belgdd)
EH?J_’ E}'*E‘ PU %"?‘]‘%]_i (2391)11, ZAOPu, 241Pu g‘l 242Pu) ﬁ]_—'i
o thef AEF A3 FFYa9 Jlde g o=
A A} Table 59w 5L 3o AFRAYoR
AHEFAE Fo US A7) Y3t AHRdds
MR R FR FHIG U233 Asold &9 YAFS
E3std FAsHA HE 2avola vl AHEFEds
ARE 5Y3 FHoz FE ¥ AXEY F AT
994 24E YT #HAY 2mola e
A3t AHEFHAR olg e EdE AFE At 9
3§ Ag3gds 9 U 5992 4% 933 %
o] &-3l%th. Table 4} 52) AMR-FAAR AE E 25}
olZ A7t AHEFHIR A8 FY U 5994 532
3, A ALE U233 2so]la ¥BFE 9 Aol
7S ol &3t 4 (e wEh T4 FA AR
Aoz ziztel AT AR AR T U 528 7
stk Aldtel BRE U233 Auela FATET
ASTM W (E 267-78 2 E 321-96)°"'o} Z3ld A%
EFE (NBL CRM 129)8 ARt A U B389
93 BATEE o] 83T Table 6ol FH U4
A AR 93 Zzte] AMR-FYER AR F9
F U 5% 2 383 248 5994 82 o834
A 4 2o AR 39494 *U, Py, Pu ¢ Py
FEE JERACH

3.5. HQIx NI O AIBRUAR AR 3O
U Fz
£ avel A9 AYINE olgdted de Az

AFAde oA NBLEHEQ 4 UoZ Az XF

Vol.16, No.6, 2003

o

455

Table 4. Isotopic composition of U separated from
spent nuclear fuels

Atom %
Isotope
pD-1-1 D12 D13 D-14 D21 D22
U 00193 00195 00191 00196 00118 00158
U 105 10947 10967 10959 10945  1.0974
Py 03818 03852 03585 03700 04012 04014
U 985044 985005 98.5257 985145 984925 984854

Table 5. Isotopic composition of U
spiked nuclear fuel samples

separated from

Atom %

Isotope

D-1-1 D-12 D-13 D-14 D-2-1 D22
WU 557645 572225 56.1274 558826 557119 54.8648
U 01039 01059 01050 01037 0105 01026
U 05188 05032 05141 05164 05167 05283
U 01759 0172 01770 01841 01836 0.1876
PBU 434370 419982 430764 433133 434824 443166

Table 6. Determination of U and its isotopes in spent fuel
samples by isotope dilution mass spectrometry

Measured (11g)
Isotope
D-1-1 D-12 D-13 D-1-4 D-2.1 D-22
U 01009 00961 00984 01020 00617 00854
MY 57409 54093 56659 57186 57531 59711
Py 20108 19113 18599 19388 21178 2.1933

P8y 5232693 4929363 515.5432 520.6675 5243145 542.6016

Total 531.1219 500.3530 523.1674 528.4269 532.2471 550.9414

£ g mo] ARrdAg 248 HAslo HAAH AR
9 g4 B AT S FAH PR HESY
om™ Hae zHoF FPslAk FF LY A
24 A7 2323 AP oS ¥ w3
B3 A% ZASA AHYol BEETF £ 4 EE
Wt GA Jehgong o] wgos Ug MY} A

S YA Al ARFdEdE AlE B 23
FQ YRIUAE 19 2o i B3tz Ay 3
o] zA4¢ EUZ R YRIYNE d4E Fhete
wo AHgFedg £4E FHjste A9a AL &
831 00, Table 79 \tebd uhel o] 17 mg ¥
wel AMgFdg 4o 9 U 28 F9 Udl g
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Table 7. Comparison of titration results of U in
simulated spent fuel dissolver solution and U
standard soluton

Simulated Spent Fuel

. . U Standard Solution
Item Dissolver Solution

(mgfe) (mg/g)
U Added 17.1334 17.0352
17.0264 16.8731
17.0570 16.8730
U Found 17.0394 16.8813
17.0023 16.8814
17.0258 16.8790
X 17.0302 16.8776
SD 0.021 0.004
RSD 0.118 0.025
Rel. Error, % 0.60 0.92

; : mean value, SD : standard deviation, RSD : relative

standard deviation

HAATH7L 06-09%2) A$HS
A T ARANHEL U 9FE
A &5E AN & AUk E=F A
Agel Aot YA slFE AokEe] F
g P AR FY U Pl B FPE F
Edgon” =28 Hx9 2A(ME F U % ~10
mg, HA4uld ~1 M HNO)O.Z 7}z}e] AlFadg
Alg 5o UE 3 54 A9zt A4siint.

3.6. U Iz blm

Table 8= Z17te} AHSFHAAR Algel dis) &4
H92 34 z‘%”“‘ﬁ 2 AR Ao % sids
8}04 Hehsish S el
e g B et
7hsete Ak AP
SRRy %kol %36}4 b FHEA 34 A
%*—E*d‘ﬁ% AHEFAE AEdde] sNNE o] &3}
A A8Fdds Agde) d9g o8
3}04 %xqo] o)fo] Hrk 6 A Algol W Wzt 4
ek 027-039% W9joln FF 034%5 Yehhsl
ok FH9a 34 AFRAYA A8 At 25 e
LAE HAHOR Hop AREFAR ARge 34

E_‘l
)J

Y

Table 8. Quantities of U in spent fuel specimens
determined by different methods
Measured(g)*
Sample N " a/b
IDMS*** POTEN-T
D-1-1 0.7800 0.7775 1.0032
D-1-2 0.7886 0.7859 1.0034
D-1-3 0.8040 0.8018 1.0027
D-1-4 0.7989 0.7958 1.0039
D-2-1 0.8444 0.8416 1.0033
D-2-2 0.8449 0.8418 1.0037

* . Expressed as quantities of U in spent fuel specimens 1 g

* : Calculated by assuming that the specific gravity of
HNO; solution before and after fuel dissolution not
be changed.

IDMS
POTEN-T : Potentiometric titration.

. Isotope dilution mass spectrometry

€ AT AFHEAH A GA] WAYER HFA Wl
Mo FASHHL FFES AT Aol M Aihgofe
HlEgk 240 dE A%t 7ldE s 34
719 Wz oA Mad & Ix AR BAuy
Ack U Pu o] F9Y4 54 AgEYLS UHT
Hag o gemon A% AR
SelEg RN kR TE] Z2oA] THRARA
o hS BaG) o e BT, £2
V45 4F & UoEE YARY Adsp
A= Ul A% 5 Be 439Y YuE AL 4 At
W A Askel US $4bl Relstn AR

glod wE B A7e daw gk

{3

3

B

o>- oo
Mr o 2

o,
2
2
o,
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