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ABSTRACT. A study has been carried out on the extraction chromatographic separation of fission prod-
ucts from spent pressurized water reactor (PWR) fuels for inductively coupled plasma atomic emission spec-
trometric analysis. Impregnation capacity ofrtidutyl phosphate (TBP), which is well known as an extractant
in the field of uranium separation from various nuclear grade materials, on Amberlite XAD polymeric
macroporous support materials was measured. Amberlite XAD-16 of which the surface area is the highest was
selected as a support material because its TBP impregnation capacity was the largest in Amberlite XADs. Sorp-
tion behaviour of this TBP impregnated resin was investigated for the fission product elements using acidic
solutions simulated for dissolver solutions of spent PWR fuels. The parameters affecting the performance of
the separation system were optimized. The fission product elements studied excluding Pd and Ru were quan-
titatively recovered with the precision of less than 3.1%.

N B WAE SR F)E R AT Hes

e Fgeled) B4Ael okl 449 71

AgFad e ghsel Y ARAVNER 54 AN AT AR ek Ay 571 2A
04T Hopale] AQRS] Y B4 Qho] 2 AT Faje] 129 WMy B A B
9 W 4 ek vl vl m Sl R @ Q7 SuA) olslsle] shom WAl A EE 3

—304-



TBP/XAD-16/HNQ, 5% s 2nlEelso)] 25t 22 Alhg-Falds S8 5 vk AT 90 B2l 305

o>

P71 Zelala ou} 1 gk 9ele AT ALeS
2 AR o7 AT o] LT HaA o]

o
2
ol

re o
2
>

off
ok
ki
>
i
q:
&
£
b
tat
£
i
2,
tjo
=
of,
1
+ 2
;g

TF7F AR R 8= 9l

o] TR oY F AaES Tl £
T QhetAl WA Sl|71Ee] ot A Ake] WAk
FAIZE EY 5 ol e 2T Skt dAE
T (ICP-AESP| WA EA Aol 233t Aler
HriEe] ket e ARG ES A o W
Z o9 Eo| wl-¢ HAtat ekt Rl 2%
A TAE s AoR odA A vk AR
Fadae] vdel ehy 9 EFEwEe] Elek 9
AN EC] A 397 BpRor aTEglon o
£ 918l ol 2mIAYIH A O 5
e Fege] S HEEe] vt 53], &
718ul o] Aldl A BelEAd7 o] AzuE 1)
z)o| oA FEEAE A ZE FF ZRelEas
= H o] wo] AR ok31 Be)Fp o] teale]
WAL A Hofel|A] A EAf o] Avt. wlebA] tri-n-

1 4

3

>

B

2
lg not H,

s

o

«

mesh} ¥x=% g 5 WA} whEslA] kil ol
& <9 AIS HCl, NaOH, #|Ehe-, ol & ¥ tetrahy-
drofuran®- 2 A A 8}3 A -FA e A A2 A
Merckil9] tri-n-butyl phospha# ¥]53t 2.5 AJek2-
EA AlekFoZ AAEA ok AMElgen o)A F
Foe =29E Milliporerl2] Milli-Q plus Ultra Pure
Water System| E3h4] 7 A&}t

2ol AIBE#oIE SN, U ko] 3.21%,
HA4%=7} 35,000 MWA/MtU 2=])32 Y77 7ke] 104
ol Ag= AM-Fadae] FstaAde] Akl 2o At
SF7dda geol-goS Azt drAUGE
9| %7} Table 13} Zro] ¥ %% U,0(NBL, CRM
129p] AAikgold] Spexle] ICP-AESEM4 #3-4
X8 dA Hrlsisiv).

TBP/XAD-16 &l&sX| 22| 4. 200~500 m§g]
Amberlite XAD v+3A4 =X} 5 mLe] TBPE 2]
H]A Y3l -30 inch HE FR|8h= 21-FeEe0A
FWAAA FF ke E TBP}F 3] ALFHES 3

i

Aot Felde s Eelue] 42 R8-S e ERldd

butyl phosphate(TBP), di(2-ethylhexyl)phosphoric acid
(HDEHP)% octyl(phenyl)-N,N'-disisobutyl carbamolylme-
thylphosphine oxide(CMPO%-& F&A|2 sl A&t
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Table1. Chemical composition of an acidic solution simulated
for dissolver solution of a spent PWR fuel

Component Concentration, mg/L
benzen& AAAZ 8= & F2rlETHy] A]2E Ba 36.7
o FASA B3 A7 F YA I e Cd 2.4
E Gl 71860 AMEHe] 251 Amberlite XAD- Ce 50.1
29 -4FBASR) ek F o] AR 3L Q)= Amberlite Cs 50.2
XAD-16 B4 4718l TBP A45-& 48 vl asts o p
TBP F-$%¢] 714 9423 Amberlite XAD-162 %)% La 25.7
A= A F 35000 MWAMURZRES] A}-4-33) Mo 70.6
Qg GG A mol ASFALE S5 Nd 85.1
& Algstel Sehronye dRAANES] Felst 3] o e
SE 9% A44< D, Rb 74
Rh 10.0
Al IEZ-II Ru 45.0
Se 3.0
71 R EAL A B 26 AHES o o1
Thermo Jarrell Ashte] %= A3 Zehar} Apts Te 10.3
237] (IRIS-HR)} 28eld] 2 7 Ajde] SFan Y 9.5
2 A7) ICP-AESH] A| 28-S ALg-ahgieh it zr 76.1
Alet 2 894 AldrichAk] Amberlite XAD =24 v 190,047
7] (20~50 meskE XA A= AHEE11. 0™ 100~200 Free acidity, M 6
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Table2. Wavelength and determination reliability at analytical

concentration
Element Wavelength, Analyt.ical RSD,
nm concentration, mg/lL %

La 379.478 0.01 3.1
Ce 418.660 0.1 5.6
Pr 417.939 0.01 37
Nd 401.225 0.1 55
406.109 0.1 3.4

Sm 360.949 0.1 3.8
446.734 0.1 4.0

Eu 381.967 0.01 1.2
420.505 0.01 3.0

Gd 310.050 0.1 15
Y 324.228 0.1 1.3
437.494 0.1 0.9

485.487 0.1 0.8

Ba 223.527 0.01 24
455.403 0.1 0.7

Cd 226.502 0.01 0.7
228.802 0.1 0.8

Sr 216.598 0.1 0.8
346.446 0.1 6.2

407.771 0.01 1.9
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71 g #71 ARA L] BAdol s w2 A7t FAH
o] gk}, 1983d Louis 50 A7 539 =717t
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oA AR A o] FEH FEA oFo| FVIETF F
ol 20| BajAlg(Koek Eej&e] 2% (R)e] 571
ghear whagst vt gle}. wheb B Aol a s el
NakEle] fi7 1A% Eelol] A5 AMESL Q1= Amberiite-
16°] Amberlite-27 -49v} Fwilo] AX & =2
R HE $13F AAAZA A gl
TBPe| w3k 3858 wlasle] -2 A5 Table 30
e A5 TBR| k2 xR)Ae] Fm Ao F
7¥gtel| ket Frhslodom F44-5] (bed volume) 3
A F7 st A7 A ARAE 2 G Edds
7b 2 F3AATAIEA A el AR A e} ge] ARl
A 5= sl we} F&H FE5Fo| 2] WA &
7] el 2] o EE FAFE 4 ol Al

Table 3. Properties of Amberlite XAD macroporous resins and TBP impregnated resins

Amberlite XADs Surface area,¥g

Bed volume, mL Impregnated TBP, mmole/g

XAD-2 300
XAD-4 725
XAD-16 750

16 1.82
19 2.54
3.1 3.44
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Fig. 1. Breakthrough curves of fission product elements. Fig. 2. Elution of Zr on TBP/XAD-16 resin column pre-
Fraction size; 0.5 mL. Column; weight of XAD-16: 500 mg. equilibrated with different volumes of 6 M nitric acid. Elu-
Loading sample solution; 1 mL. Bed volume; 3mL. Flow ent; 6 M nitric acid. Column; weight of XAD-16: 500 mg,

rate; 0.07 mL/min Curvesm- Te,~v-: Cd,—e~ Y, —+—: Pd,
—x—: Gd,— ¥~ Rh,—--: Eu,-|-: Ce,= Nd,—0O~: La,—2~:
Ru,—v-: Sm,—~~: Ba.
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bed height: 8cm, bed volume: 3mL. 2mL. Curve-
6 mL, -O- 15mL,#- 30 mL.
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Fig. 3. Sample volume effect on elution of Y. Column;
weight of XAD-16: 500 mg, bed height: 8 cm, bed volume:
3mL. Eluent; 6 M nitric acid. Flow rate; 10-11 min/mL.
Fraction size; 1 mL. Amount of Y(lIl) in each sample solu-
tion in microgram; 9.54. Loading volume (mL)m-: 0.5,
-0—: 1, 1 3,-0: 5.
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Fig. 4. Nitric acid concentration effect on elution of Zr. Frac-
tion size; 1 mL. Column; weight of XAD-16: 500 mg, bed
height: 8cm, bed volume: 3mL. Flow rate; 0.7 mL/min.
Loading sample solution; 1 mL. Curvess- 3 M,-@-4 M,
“—+5M,-0- 6 M.
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Fig. 5. Elution behaviour of fission product elements on the
colume packed with 200 mg of Amberl¥AD-16 impreg-
nated with TBP. Flow rate; 0.1 mL/min. Eluent; 4 M Nitric
acid. Curves—a&Mo,—@- Y, -a- Rh,--Zr,<1 Ce,~v— U.
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Fig. 6. Elution behaviour of fission product elements on the Fig. 7. Elutioncurves of Zr at different concentrations. Col-

colume packed with 150 mg of Amberl¥AD-16 impreg-
nated with TBP. Flow rate; 0.1 mL/min. Eluent; 4 M HNO
Curves; -m- Pd, —@- Zr, -0— U.
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Table4. Recovery of fission product elements by TBP/XAD-16/HMN&raction chromatography

Fission product elements Added) Found g Recovery, % RSD, %
Mo 20 19.6 98.0 1.7
Se 20 20.0 100.0 0.8
Te 20 194 97.0 0.3
Cd 20 19.8 99.0 12
Ba 20 204 102.0 2.2
Y 20 20.0 100.0 14
Pd 20 14.6 78.5 31
Gd 20 19.8 99.0 19
Sm 20 194 97.0 0.9
Rh 20 20.4 102.0 0.9
Ru 20 15.6 78.0 2.9
Zr 40 38.8 97.0 19
Eu 20 194 97.0 0.7
Nd 20 20.5 102.5 04
Ce 20 19.6 98.0 0.3
Sr 20 194 97.0 12
La 20 19.6 98.0 0.7

(n=3)

Cd, Ba, Sr, Se, Te, Y, Gd, Sm, Eu, Nd, Ce, La, Rh, & 7%= 737|<ie] YAteid T Al o

Ru, Pd, Zr'd Mo®] 2], 3l¢271& 34 skslsv}.
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