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:hen reprocessing spent nuclear fuel, uranium (8) and 
plutonium (3u) can be reused� all other elements are geologically 
disposed after vitrification. +owever, separating long�lived 
0$s from radioactive liTuid waste is expected to reduce the 
volume and radiotoxicity of radioactive waste. 7herefore, we 
developed extraction chromatography using a separation column 
filled with 0$�compatible particles (i.e., C032�impregnated 
adsorbent). $fter the waste liTuid is supplied, 0$s form an 
adsorption band and can be separated from other elements due 
to their a൶nity to a C032 extractant. In this manner, ��� of the 
0$s were separated from real waste liTuid in the demonstration 
experiment. 2ur facing issue is the purity of recovered 0$s, 
which must be improved for the nuclear fuel fabrication. :e 
supplied europium ((u��) to the column as a simulated 0$ to 
observe the adsorption band by resonance neutron imaging for 
better understanding of the phenomena inside the column.

$ schematic of the neutron irradiation experiment performed 
at -�3$5C is shown in )ig.��2. 7he column was irradiated with 
neutrons, and the transmitted neutrons were measured by a 
detector. 7he neutron energy was determined by the Àight time 
of neutrons from the pulsed neutron source to the detector, and 
the nuclides and their spatial distribution were identified from 
the neutron absorption energy and the decrease in the number 

of neutrons after transmission, respectively. 7hese data were 
converted to a neutron radiograph, which allowed us to observe 
the internal structure of the column without destroying it.

:hen light water (+22) is used in neutron radiography, 
neutrons react with hydrogen, causing low transmittance and a 
low�resolution neutron radiograph. 7his problem was solved by 
using deuterium. 7he obtained neutron transmission spectra of 
the columns filled with ($) '22, (B) 'N2�, and (C) (u�� after 
being prepared with 'N2� are shown in )ig.���. 5eplacing +22 
with the deuterium solvent increased the neutron transmission 
from 20� to �0�. $ characteristic decrease of neutrons was 
observed at 0.�� e9, as shown in )ig.���(C). 7his value is 
nuclide�specific, thereby providing evidence of the presence 
of (u����. 7he (u adsorption band was also confirmed in the 
neutron radiograph, as indicated in )ig.���.

2verall, the proposed resonance neutron imaging method 
allows the adsorption band to be measured without destroying 
the sample. )or future worNs, the time evolution of multiple 
adsorption bands separating during the process inside the 
column will be tracNed and applied to construct the feasible 
0$ separation Àowsheet.
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Fig.7-3  Measured neutron transmission
The ratio of neutrons transmitted through the column is 
shown with respect to neutron energy. The column was 
found to contain W, Mo, Co and Mn nuclides.

Fig.7-2  Experimental resonance neutron imaging method
The organic-inorganic composite support, in which silica particles are 
coated with styrene-divinylbenzene copolymer, is impregnated by a 
CMPO extractant (or CMPO-impregnated adsorbent) and used to fill 
the separation column. The nuclides and their spatial distribution can 
be identified without destroying the sample from the neutron energy and 
the decrease in number of neutrons transmitted through the column, 
respectively.

Fig.7-4  Photograph and neutron radiograph of the 
column
The Eu adsorption band formed inside the separation 
column was observed without destroying the sample.

Step 䐟
Fill column with adsorbent

Extractant

Avg. particle size 50 µm
Avg. pore size 50 nm

Porous silica 
particle

Styrene-divinylbenzene
copolymer

Organic-inorganic composite carrier

Octylphenyl (N, N -diisobutyl
carbamoylmethyl) phosphine
oxide 䠄CMPO䠅

Impregnation weight
33.3wt%

Cross-linkage 15%
Coating weight 20wt%
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Neutron energy
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Step 䐠
Supply Eu3+ in DNO3

Step 䐡
Attach the column 
to the apparatus
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