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Burnup determination of spent nuclear fuel samples using the reversed phase

column coupled to cation exchange column
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Abstract

A chromatographic system using the reversed phase column coupled to cation exchange
column was designed for the determination of burnup of the spent nuclear fuel samples. A
C18 column was studied for the adsorption behavior of uranyl ions on the reversed phase and
it was applied for the separation of uranium and plutonium in spent nuclear fuel sample
solutions. The cation exchange column was prepared by coating 1-eicosylsulfate(CooH4SOy4 )
onto C18 column and it was also used for the separation of lanthanides in the nuclear fuel
samples. An individual separation of lanthanides and plutonium in uranium matrix samples
was performed by the stepwise gradient elution of a-hydroxyisobutyric acid(a-HiBA) as an
eluent using the couple column chromatography. This system was applied for the separation
and fraction collections of Nd, U and Pu which were used for burnup determination after

determination of these elements by mass spectrometry.
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ION CHROMATOGRAPHY Y Nd-148 METHOD

SEPARATIO
: U/Pu/Nd

Cs-137
COUNTING

Cs-137 METHOD

sy (N /1)100
(HE + N /Y)

BU : Burnup(Atom % Fission)
N : Atom Number of Burnup

Y : Fission Yield of Burnup Mc
HE : Atom Number of Heavy E

Fig 1. Burnup Determination for Spent Nuclear Fuel Samples
by Chemical Method
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Azt on o5 SEF i AT Aol AFESAY. vt ety WEAARE T T
H omge] S ER dAE BEet] st Ao 7 T EElds A4 AlagdA &8
TEE dAHoR WA= TE oY (stepwise gradient elution)2.® U, Pu ¥ Nd& TA
of EElstarat sttt HFAoE & ARvETIHY ALHS AMES IAdn GHA T A&t
o] dak 4o Had JEALE Fsnz Ho AKsn A daxs A uA



2.4 3

7171 2 Al ¢

Ion chromatographic system < Metrohm AF9] 709 IC Pump, 733 IC Separation center
(switching valve), 812 IC Injection valve, 816 IC Eluent selector, 752 Peristaltic pump unit, 762
IC Interface 2 Bishoff A}¢] Lambda 1010 UV/Vis Detector & TAFH oW IC Net 2.1
Metrodata software program< PC = #&3tA 3ttt Arsenazo II(2.2-[1.8-dihydroxy-3.6-
disulfo-2.7-naphthalene-bis—(azo)]dibenzene arsonic acid)(Sigma GR) @A A|= 752 Peristaltic
pump unitS AFE3Fe] 05 mL/min 522 FY3AT 0.01 M Urea(Ishizu pharmac. Co Ltd)
7} H %2 Arsenazo III A (1510 'M)E A zegom JELxo AL 658 nmollA 537
=2 =2Asdr. 9 BEEgorE [LC-18 column(15cmx0.46cm, Sum particle size, Supelco
Co)s, Yol w3t Rylghoz 7+e [C-18 ¥E@o] 1 L o F289(1x10* M CyHuSO 4
in 25% acetonitrile in water)S F3AIA BHE F3F FE S 747 AEET SRl HoE ALE
% a-hydroxyisobutyric acid(a-HiBA) i+ Aldrich Chemical(99%) A} #l|Eo]9lon, <ol L
g FHAZ 229 l-eicosylsulfate = Sigma Chem. Co AFEoIAtt. F7]Eu=
Acetonitrile(Kanto, GR), Methanol(Oriental Chem. Ind)E Z7Z} AF&3tg1ow, Milli-Q Water
System(Millipore Co)2 %3217l deionized waterE AF&3Fth 12lal 92ty 2 SEHF 94
EFENALE Spex A PEA(10000 pg/mL == 1000 pg/mL)S 724z A 43 3|4 ste] A3}
A}, Solenoid switching valve(Cole-Parmer Instrument P/N# 98300-02, 12V DC)& A}-&3sle] &
g AEYUAE 77 EHAY. 283 94 ¥ A ALSH AHFEA 7| Finnigan
Mat 262(Finnigan Mat Co) $.th.
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- 3
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T SHAIA FFE JEF 9AES M st T e R 0.IM a-HiBA-25%
CH:OH(pH 38) &&ld42 9% 2ol SHAA $2ws &dssirh 2 dE&d4e] a7t
veled w solenoid switching valveZE o] &3} zyz+& o

2
wASAT AR 0.1M
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Column

Reversed Phase |
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Collectiol

Cation Exchange |

Fig. 2 Schematic of coupled-column chromatographic system for the separation of uranium,
plutonium and lanthanides in spent nuclear fuel sample solutions

Table 1. Stepwise gradient elution of U, Pu and lanthanides in spent nuclear fuels sample

solutions
Time(min) Eluent Reversed Phase column | Cation Exchange column
0-6 0.025 M a- HiBA U/Pu adsorption Lanthanides adsorption
6-25 0.1M ao-HiBA - Lanthanides separation
25-37 0.1Muo-HiBA-25%CHsOH U/Pu separation -
37-42 0.1Muo-HiBA-25%CH30H U washing -
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Fig. 5 Chromatogram of uranium- o HiBA
complexes on C18 reversed phase column
Column; LC-18, 15cmx0.46cm, 3um particle
size, Eluent; 0.25M a-HiBA, pH 3.8, Flow
rate:1 mL/min., Sample injected; 100 uL,
Detection; 414 nm, Sample; U in 0.1M
oa-HiBA at pH ~3
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Fig. 6 Chromatogram of uranium-
aHiBAcomplexes on C18 reversed
phase column Column; LC-18,
15cmx0.46cm, 3umparticle size, Eluent;
0.025M a-HiBA,pH 3.8, Flow rate:|1
mL/min., Sample injected; 100pnL,
Detection; 414 nm, Sample; U in 0.1 M
oa-HiBA atpH ~3
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Fig. 5 Chromatogram of 13 lanthanides for burnup measurement

Colum : C18 coated with C,,S0,4(15x0.46¢cm, 5 um particle size), Eluent:
0.1M a—HiBA, pH 3.8, Sample injected ; 2 ppm each lanthanide, Sample
loop 20 pL, Detection ; 658 nm after post-column reaction with Arsenazo I,
Flow rate ; 1 mL/min

0.1M o-HiBA, pH 3.8(8-27min)
100 -
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£ |
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3 7 pH 3.8(0-8min)
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Retention Time, Second

Fig. 6 Chromatogram of 13 lanthanides for burnup
measurement.Colum : C18(15x0.46cm, 5um particle size)
foruranium separationand cation exchange column ;
C20S04 coated on C18(15x0.46cm, 5um particle size),
Stepwise gradient elution ; 0.025M a-HIiBA, pH 3.8 through
both the reversed phase column and cation exchange
column for0 - 8 min, and 0.1 M a-HIiBA, pH 3.8 through
cation exchange column for 8 - 27 min., Sample injected;
2 ppm each lanthanides, Sample loop ; 20 ulL, Detection ;
658 nm after postcolumn reaction with Arsenazo Ill, Flow
rat; 1 mL/min
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Fig. 7 Chromatogram of 13 lanthanides in U matrix for burnup
measurement. Colum : C18(15x0.46¢cm, 5um particle size) and cation
exchange column : C18 coated with C20H41S04 (15x0.46cm, 5um
particle size), Stepwise gradient elution : 0.025Ma.-HiBA, pH 3.8 through
reverse phase column and cation exchange column for 0 - 6 min, 0.1 M
a-HiBA, pH 3.8 through cation exchange column for 6 - 25 min. and 75%
0.1M a-HiBA - 25% MeOH, pH 3.8 for 25 - 35 min. through reversed
phase column, Sample injected; 2 ppm each of Lu, Tm, Er, Ho, Dy, Tb,
Gd and Eu and 4ppm Sm, 20 ppm Nd, 6 ppm Pr, 12 ppm Ce and 6 ppm
La, and 5000 ppm U, Sample loop 50 ulL, Detection ; 658 nm after
postcolumn reaction with Arsenazo Ill, Flow rate ; 1 mL/min
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Fig. 8 Separation of lanthanides from uranium matrix, and collection of
Nd and uranium fractions in spent nuclear fuel sample solution for
burnup measurement. Sample name : J14E11(No4)-sample 1,

Columns : C18(15 x 0.46cm, 5um particle size) and AS coated column,
Stepwise gradient elution: 0.025M a-HIiBA, pH 3.8 through reversed
phase and cation exchange column for O - 6 min, 0.1 M a-HiBA, pH 3.8
through cation exchange column for 6 - 25 min. and 0.1M o-HiBA - 25%
MeOH, pH 3.8 for 25 - 37 min. through reversed phase column, Sample
injected ; 0.1M HiBA matrix of pH 3.0, 1000 uL, Detection ; 658 nm after
post-column reaction with Arsenazo Ill, Flow rate ; 1 mL/min



Table 2 Comparison of burnup determined between two methods

Unit : MWD/MTU

Method Coupled Column Liquid Anion Exchange Difference
Sample Chromatography(A) Chromatography(B) 100(A-B)/B
J14E11(No 4) 36686.4+408.9(1S, n=2) 36200 1.3 %

THUAEAN AFEAHADMS)[1]22 A 85 U, Pu % Nd-148% AZ37] Ssiae A5 2
Al gzl spikes(U-233, Pu-241, Nd-150) 7} #7t¥ Alge)] djs] 22t A=zZnfE a9z g i
el sto]of st} o] A ol vFoz EF= AEYUL(memory effect)el]l 9] A
=ol7] 98 F&s Sy HS AHG F S AsE TSt ok gk 17 8 o AEF
ARl tigh 2 azvEaRs YeElyded SER 94 2 U, Pu 7F & EEHA
P> 1000 uL o™ ojuf -2y vEE °F 150 pg/mL o= A7
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