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Radioactive waste liquids generated in nuclear facilities 
sometimes contain reactive chemical reagents in addition to 
radioactive elements. Some such waste liTuids are currently 
stored inside nuclear facilities due to a lack of appropriate 
treatment processes. 7he spent extraction solvent, which mainly 
comprises tributyl phosphate (TBP) and normal dodecane, 
contains U and Pu and is generated during plutonium uranium 
redox extraction (385(;) process. 7he spent extraction solvent 
is degraded by radiation from the extracted nuclear fuel material. 
Due to the risk of explosive substances being generated as 
products of radiolysis (e.g., hydrogen and nitrogen compounds), 
stabili]ation treatment must be performed promptly. 7hus, 
nuclear materials must be removed from the organic liquid to 
ensure safety. 2ne commonly used bacN extraction method used 
to recover nuclear fuel material from the spent extraction solvent 
uses a sodium carbonate solution; however, using this method 
generates a large amount of alNaline liTuid waste. 7o design 
a recovery process that releases less secondary waste, we are 
focused on developing a process using an adsorbent containing 
iminodiacetic acid (IDA) functional groups, the structure of 
which is shown in )ig.���.

Here, we investigated the complex formation reaction of an 
IDA-type adsorbent with simulated nuclear fuel materials in the 
spent extraction solvent. 7he simulated spent extraction solvent 
was prepared by diluting TBP and dibutyl phosphate (DBP), 
which is produced by radiolysis or hydrolysis of TBP, with 
normal dodecane. SubseTuently, a nitric acid (+N23) solution 

containing Zr was mixed with the same solvent to load Zr onto 
the solvent, where =r was used to simulate 3u. $s a control, 
the HNO3 solution was also used as a feed solution to load Zr 
onto the adsorbent from the aTueous solution. 7he I'$�type 
adsorbent (CR11, Mitsubishi Chemical) was contacted with the 
liTuid in a vial and shaNen for � to �00 minutes. 7he distribution 
of Zr and the chemical form of the complex were then analyzed 
using micro-particle induced X-ray emission (PIXE) and 
extended ;�ray absorption fine structure ((;$)S), respectively, 
to clarify the adsorption reaction of the I'$�type adsorbent.

The resulting distribution of Zr adsorbed on the adsorbent 
and Zr detection strength of adsorbent by micro-PIXE analysis 
are summari]ed in )igs.��� and ���, respectively. 0icro�3I;( 
analysis revealed that Zr was distributed inside the adsorbent 
within one minute. 7he local structural parameters around 
the adsorbed =r are detailed in 7able ���. (;$)S analysis 
suggested that the chemical species of Zr trapped in adsorbent 
from the HNO3 solution and simulated spent extraction solvent 
were ZrO(NO3)2 and ZrO2+, respectively. Since the I'$�type 
adsorbent can form complexes with Zr atoms in the solvent, 
this suggests that an IDA-type adsorbent can be used to treat 
spent solvent.

The micro-PIXE and EXAFS analyses were performed at 
Takasaki Ion Accelerators for Advanced Radiation (TIARA) of 
National Institutes for Quantum and Radiological Science and 
7echnology and the B/��S2 beamline of $ichi S5, respectively.

(Yoichi Arai)

8-2 Recovery of Nuclear Materials from Spent Extraction Solvent Using Solid Adsorbent
－Investigation of Complex Formation Reaction of Iminodiacetic Acid Group in Solvent－

Reference
$rai, <. et al., 0icroscopic $nalyses on =r $dsorbed I'$ Chelating 5esin by 3I;( and (;$)S, Nuclear Instruments and 0ethods in 3hysics 5esearch 
Section B, vol.���, 2020, p.��–��.

Fig.8-7  Structural diagram of iminodiacetic acid group

Fig.8-9  Zr detection strength of adsorbent (micro-PIXE analysis) 
Zr detection intensity (vertical axis) as a function of the distance 
from the top to bottom of PIXE image (horizontal axis). Zr was 
distributed throughout the adsorbent after only one minute of 
adsorption treatment.

R N
OH

OH

O

O
800 µm

80
0 

µm

1 min 30 min 300 min

0

0.5

1

1.5

2

0 200 400 600 800

C
ou

nt
 o

f Z
r

pe
r 

be
am

 c
ha

rg
e 

(c
ou

nt
s/

nC
)

Length in the vertical axis direction (µm)

1 min 15 min 30 min

60 min 300 min

Adsorption time

Sample Atom Number of 
Atom

Atomic 
distance

(10−10 m)

HNO3 solution
O 8.2 2.16

N 4.2 2.28

Adsorbed Zr in HNO3

solution (300 min)
O 4.0 2.14

N 2.2 2.35

Simulated spent extraction 
solvent

O 4.0 2.05

N 1.8 2.18
Adsorbed Zr in simulated
spent extraction solvent

(300 min)

O 3.8 2.06

N − −

Fig.8-8  PIXE images of Zr adsorbed from simulated spent 
extraction solvent

Table 8-1  Local structural parameters around adsorbed 
Zr (EXAFS analysis) 
The Zr ion was surrounded by NO3 ions in solution, and 
ZrO(NO3)2 forms a complex with the IDA group. The Zr 
extracted in the simulated spent extraction solvent is 
complexed with the chemical forms of ZrO2+.


