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Abstract: The composition of irradiated nuclear fuel samples is complex, containing various fission
products and actinide elements. The analysis of these nuclear reaction products is of great significance
for basic research and engineering application. A method of high performance liquid chromatography
inductively coupled plasma mass spectrometry (HPLC-ICP-MS) was established for the analysis of
actinide elements, stable and long half-life fission products in nuclear fuels to simplify the sample
processing steps, improve analysis efficiency, reduce sample size and personnel exposure dose. To
avoid using a dual column coupling system and adding ion pair reagents, a mixed mode
chromatographic separation material was designed. Phenylethyl and sulfonic groups have good
hydrophobic and cation exchange properties, respectively, achieving the separation of fission products

and uranium on a single chromatographic column. The concentration and pH value of the eluent are
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two important factors affecting retention time. When the o-hydroxyisobutyric acid (HIBA)
concentration is 400 mmol/L and the pH is 3.5-4.0, uranium flows out of the chromatographic column
first, and increasing the pH can separate the lanthanide elements. The resolutions of uranium and
lutetium, and between lanthanide elements are 3.8 and 2.2-7.6, respectively, achieving baseline
separation. The interface connecting chromatography and mass spectrometry was designed, mainly
including a proportional valve, a fraction collector, and a switching valve, and has functions such as
independent and combined use of chromatography and mass spectrometry, flow control, mass
spectrometry analysis, and component collection. The irradiated nuclear fuel core samples were
analyzed, and chromatographic elution curves and partial semi-quantitative results of La, Ce, Pr, Nd,
Pm, Sm, Eu, Gd, Y, Rb, Mo, Zr, Cs, U, Np, Pu were obtained. The method has the advantages of high
efficiency, strong qualitative, quantitative and anti-interference ability, and can be used for isotope
ratio and valence state analysis. This indicates that HPLC-ICP-MS using dual functional
chromatography column has great potential in the rapid analysis of actinide elements, stable and long
half-life fission products. Due to its qualitative identification and online monitoring capabilities for
target components, this method can also be applied to the purification and preparation of small
amounts of components in spent fuel and target materials.

Key words: high performance liquid chromatography inductively coupled plasma mass spectrometry

(HPLC-ICP-MS); nuclear fuel; lanthanide elements; actinide elements; fission products
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Table 1 Gradient elution conditions of ion

chromatography
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Table 2 Working parameters of ICP-MS
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Fig.2 Chromatogram of natural uranium and lanthanides separated by HPLC-ICP-MS
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Table 3 Semi-quantitative measurement of stable and long-half-life fission product concentrations

in irradiated nuclear fuel sample

ZESE S -2 U TR R

Nuclide Half-life/a Thermal neutron fission yield of **U Amount of substance concentration/(nmol/L.) Mass concentration/(pg/L)

"La e 0.0635
“Ce FUE 0.0632
"Ce  5.00x10' 0.0586
“pr e 0.0586
"Nd FUE 0.0595
"Nd  2.29x10" 0.0547
"“Nd e 0.0394
Nd FUE 0.0299
Nd R 0.0168
"Nd  9.10x10" 0.0065
“Sm  1.06x10" 0.0223
“Sm 0.0105
“1Sm 90.0 0.0042
2Sm FUE 0.0025
“'Eu  1.70x10" 0.0042
¥y e 0.0469

U 447x10° —

W v R
10~50 2~10
1~10 0.1~2
2130 3

6x10*~7x10* 1x10*~2x10*

F4 BREZABERPHEMRILENEER

Table 4 Measurement results of neodymium isotope ratio in irradiated nuclear fuel sample

{B“j ﬁgfi% Measurement result

Bl Al AR 22
Neodymium isotope ratio HPLC-ICP-MS TIMS Relative deviation/%
"*Nd/"*"Nd 6.91 7.025 -1.64
Nd/"'Nd 6.07 5.703 6.44
"SNd/Nd 478 4.720 1.27
Nd/'Nd 3.99 3.719 7.29
“$Nd/"*'Nd 2.34 2.109 10.95

Koo BRI fh 22 5K, (A% F pg/L R 43 #r
U, T LS B R A 2R R E A, A SR T
R A — N AN B . # BERE i 40 BT [ or
FAH, 5 TR 015 5 R A L s b 34 7 1
kA .
26 FHiEHR

KRB 53 53 BT 22 2R 1 TR) A0 38 08 o 1k
SRR, R AR R TR v i s, (A2 R R
B R RRA R E &, (AR
S3ES L IR AR RE A A R . AR SCHE ST B -
JOT T B FH R AR RORL S St 43 A v B IR (4 P

B DR w77 LR X LA 242 7 4
I 22 70 3 HEA T 5 PR R A B2 # s 2) 5 B e
Ty, A RLR R IRR A D SMPR R N A
FRPEATE I3 BT, 38 T LA S5 1 4 S5 g 7
LR AR AEY) S R R AT A 3) E
PERE S8, n] LUK i A b A U €0 335 e 2 e
MITER; YU T ERE 58, 1258 (3 o1k X - B
R ]2 30T 1) 2 A B e (0% 0 R AT 5 B 23T, T
T AT LK R B AR ] — B S XA [ f) 2
W5 5) AT LA ] s 0 E [ 07 38 2 5 6) i i iR
BIER, 5 T T ST SR b . AL
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