
- 28 -



-  -



- 30 -



α β

γ

γ

°
Ω

γ
γ

γ

λ λ

- 31 -



Elution Properties of Re(VII) from Cyclic Monoamide VBPR Resin by Chelating Agents 

M. Nogami1, N. Mori1, C. Tabata2, and T. Yamamura2

1Faculty of Science and Engineering, Kindai University 
2Institute for Integrated Radiation and Nuclear Science, 
Kyoto University 

INTRODUCTION: Development of highly selective 
compounds for actinyl ions in aqueous media (extractants, 
precipitants, resins, etc.) has been important.  We have 
been focusing on monoamide compounds (Fig. 1) as 
promising candidates for nitric acid media, considering 
the possibility of complete incineration of waste com-
pounds (so-called “CHON principle”[1]).  For mono-
amide resins, not a few have been newly synthesized, and 
adsorptivity to metal ions has been examined, where ura-
nium(VI) was used as the representative of actinyl ions.   

Fig. 1.  Chemical structure of monoamide compounds  
(R, R’, R” : hydrocarbon group) 

Effective elution of the adsorbed metal ions is neces-
sary for recycle use of resins.  Many of the monoamide 
resins are found to adsorb more U(VI) species with in-
creasing concentration of HNO3.  Selective U(VI) re-
covery would be, therefore, achieved by adsorbing U(VI) 
under relatively higher concentration of HNO3 (e.g. 3 to 6 
mol/dm3 (=M)) followed by elution of the adsorbed 
U(VI) by using H2O or diluted HNO3 (e.g. 0.1 M).  On 
the other hand, it has been revealed that some metal ions 
except U(VI) are also adsorbed to monoamide resins. 
Adsorptivity for many of the ions are lower than that of 
U(VI), but some ions are adsorbed in almost all HNO3 
concentration range.  In this case, the adsorbed metal 
ions can’t be eluted only by changing the concentration 
of HNO3, and use of chelating agents is necessary.   

In the present study, a monoamide resin consisting of 
1-(4-vinylbenzyl)pyrrolidin-2-one (VBPR) was taken. 
As can be seen in Fig. 2, it has a cyclic monoamide 
structure with a long spacer between the functional mon-
oamide group and the main polymer chain.  VBPR resin 
shows adsorptivity to Re(VII) (simulant of Tc(VII)) in all 
HNO3 concentration range and the distribution ratio, Kd, 
is higher under lower concentration of HNO3.  Based on 
the above, elution properties Re(VII) by some chelating 
agents were investigated.   

Fig. 2.  Chemical structure of VBPR resin 

EXPERIMENTS: VBPR resin is a silica-supported type 
and was synthesized by following the earlier study[2]. 
Three chelating agents, ethylenediaminetetraacetic acid 
tetrasodium salt (EDTA-4Na), oxalic acid (Ox), and 
trisodium citrate dihydrate (Cit-3Na) were used as the 
candidate eluents.  Elution experiments were carried out 
by batch method.  As the first step, 0.1 M HNO3 con-
taining 10 mM Re(VII) was mixed with VBPR resin (wet 
3.0 g) at 25 oC for 24 h in order that VBPR resin might 
adsorb Re(VII).  Next the mixture underwent sol-
id-liquid separation.  The solid was air-dried and the 
concentration of Re in HNO3 was measured by ICP-OES. 
The dried VBPR resin (0.15 g) was mixed with solutions 
containing 0.1 M chelating agents mentioned above and 
H2O for reference, respectively (3 cm3 each), at 25 oC for 
24 h.  The mixture underwent solid-liquid separation 
again and the concentration of Re in HNO3 was measured 
by ICP-OES.  Elution ratios were calculated by the 
eluted amount of Re divided by the adsorbed one.   

RESULTS: Elution ratios of Re(VII) by each chelating 
agent are shown in Table 1.  All examined chelating 
agents are found to elute Re(VII) more effectively than 
H2O.  Above all, elution ratio by Cit-3Na is highest. 
The reason still remains unclear and further investiga-
tions are necessary.  

Table 1.  Elution ratio of Re(VII) 
by each chelating agent  

EDTA-4Na Ox Cit-3Na H2O 
Elution 

ratio / % 7.8 24.4 32.6 3.6 

Following the above result, dependence of Cit-3Na 
concentration on elution ratio was examined.  The result 
is shown in Fig. 3.  The data for H2O in Table 1 is used 
for [Cit-3Na] = 0 M.  The elution ratio is increased with 
increasing concentration of Cit-3Na up to 0.1 M and al-
most constant over 0.1 M.  This suggests that ca. 0.1 M 
is the most appropriate concentration of Cit-3Na for elut-
ing Re(VII) under the present experimental condition.   

Fig. 3.  dependence of Cit-3Na concentration 
on elution ratio of Re(VII)  

REFERENCES: 
[1] M. G. B. Drew et al., Dalton Trans. (2007) 244-251.
[2] Y. Yoshimura et al., KURRI Progress Report 2019

(2020).

R2P7-5 

- 32 -



- 33 -



- 34 -



- 35 -



- 36 -



A Study on Effect of Polymer Network on Resins for Separating Actinyl Ions 

M. Nogami1, C. Tabata2, M. Yokota1, H. Kita1, and T.
Yamamura2

1Faculty of Science and Engineering, Kindai University 
2Institute for Integrated Radiation and Nuclear Science, 
Kyoto University 

INTRODUCTION: Development of highly selective 
compounds for actinyl ions in aqueous media (extractants, 
precipitants, resins, etc.) has been important.  We have 
been focusing on monoamide compounds (Fig. 1) as 
promising candidates for nitric acid media, considering 
the possibility of complete incineration of waste com-
pounds (so-called “CHON principle”[1]).  For the resins, 
we have taken two factors into accounts for selective in-
teraction between functional monoamide groups and 
actinyl ions; one is “chelating effect” of the ring formed 
by polymer monoamides and actinyl ion(s), and the other 
is “flexibility” of monoamide.  Our previous experi-
mental results suggest that the contribution of “chelating 
effect” is predominant.  This report describes our past 
one year’s activity in the above research field. 

Fig. 1.  Chemical structure of monoamide compounds 
(R, R’, R” : hydrocarbon group) 

RESULTS: We made fruitful discussions with other re-
search groups especially through symposiums organized 
by IIRNS.  For developing our resins, we have devoted 
our attention to the interaction between functional mon-
oamide groups and actinyl ions as described above. 
However, we were given a comment on the importance of 
“component except functional monoamide groups”, 
namely, “chemical structure of polymer network” in the 
resin.  In our resins, divinylbenzene (DVB) is basically 
used as the crosslinking agent.  Also, many resins with a 
longer chain between the functional monoamide group 
and the main polymer chain consist of derivatives of 
polychloromethylstyrene.  The point of the comment 
was that the benzene ring included in the above-described 
compounds might decrease adsorptivity to metal ions, 
and that, therefore, it would be worth trying for us to 
newly synthesize resins without benzene rings as the 
component.  

 For the suggestion, we have already partially tried. 
Diethyleneglycoldimethacrylate (DEGDMA : Fig. 2) was 
used as a crosslinking agent except DVB.  DEGDMA 
consists of methacrylate ester and ether, and has no ben-
zene rings as can be seen.  In the earlier study in the 
field of actinide chemistry by another research group, 
such crosslinking agents as methacrylate ester system 
have been investigated for application to those for sus-
pension polymerization of amidoxime resin (Fig. 3) 
which is well known as the resin for recovery of U from 
seawater.  According to the literature, by mixing one of 

these methacrylate esters with DVB, improvement of 
adsorption capacity and rate have been found compared 
with the case where only DVB was used as the cross-
linking agent.  It is basically because addition of meth-
acrylate ester compounds increases hydrophilicity of res-
ins.  On the contrary, mechanical strength and acid/base 
resistance has been found decreased[2].   

Fig. 2.  Chemical structure of DEGDMA 

Fig. 3.  Chemical structure of amidoxime resin 

In our research on crosslinking agents, we synthesized 
“diamide” resin, not monoamide one, by similarly using 
the mixture of DEGDMA and DVB.  Diamide com-
pounds are famous for the separation of actinide(III) and 
lanthanide(III) species as well as actinide(IV) and (VI) 
ones[3].  The applied functional diamide compound was 
N,N,N’,N’- tetramethylmalonamide (TMMA : Fig. 4) and 
the resin was derived from polychloromethylstyrene like 
monoamide resins with a longer chain.  The “TMMA 
resin” was examined for a column adsorption/elution 
experiment using Nd(III) under the following conditions ; 
column : 8 mmφ x 50 mmH, packed resin volume : 2.5 
cm3, feed solution : 3 mol/dm3 (=M) HNO3 containing 10 
mM Nd(III), eluent : 0.05 M HNO3, temperature : 50 oC, 
SV : 24 h-1.  As the result, a distinguished tendency was 
obtained from the elution experiment.  Namely, only ca. 
38 % of adsorbed Nd(III) was eluted against our expecta-
tion of almost 100 % elution.  This strongly suggests 
that esters in DEGDMA underwent acid hydrolysis fol-
lowed by the formation of carboxyl and hydroxyl groups 
which have adsorptivity under low HNO3 concentration 
of 0.05 M.  Considering the above, applicability of 
compounds with esters to the component of monoamide 
resins would be difficult due to unstable characteristics 
under relatively higher concentration of HNO3.  

Fig. 4.  Chemical structure of TMMA 
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