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Neptunium / Redox speciation / Chemical separation / kinetically take part in the reduction of actinides [19], the
Impregnated resin / Bismuth phosphate adsorption with silica gel needs careful pretreatment of sil-
ica gel and long contact time (2—4 h) and the adsorption with
CaCQ also needs careful pretreatment and its separation
Summary. The adsorption method for determination of the efficiency is poor [20]. Moreover, a limitation common to
distribution of neptunium among its oxidation states by thethese chemical separations is that these methods require ex-
use of solvent impregnated resins and bismuth phosphatgeriences and skills. Therefore, it is to be desired to develop
precipitates as adsorbents is described. For neptunium in corg- simple method which permits any person to reliably deter-

centration ranging from~ 107 to ~ 107>°M, Np(IV) and : o T X
Np(VI) were quantitatively adsorbed on the impregnated resiphnine the oxidation state of actinide in aqueous solution at

in a solution of the acidity D-01M HCIO,, while Np(v)  @ny concentration. _
remained in the liquid phase. In the same condition, the 1Ne present study is an attempt to establish an easy and

precipitate of bismuth phosphate absorbed Np(IV) selectivelySimple method which needs neither experience nor skill
leaving Np(V) and Np(VI) in the liquid phase. By carrying for discriminating between the oxidation states of neptu-
out these adsorption methodis Ultrafree-MC Microporous  nium at tracer and macro concentrations. The adsorption on
Centrifugal Filter Units (Millpore Corporation), the oxida- resins impregnated with organophosphorus extractants and
tion state distribution of neptunium in acid solution can be on bismuth phosphate precipitate are the most promising of
determined in a simple manneith a small sample volume yarious adsorbents so far examined in our laboratory. This
(500u) regardiess of its concentration. method is easy and simple in handling, applicable to a wide
range of concentrations and exerts no influence on the redox
reaction in solution. In addition, the redox speciation can be
carried out in relatively short time (10 min) with a very small
Since uranium, neptunium, and plutonium can exist in var-volume of sample solution (5Qd). The method has been
ious oxidation states with different chemical behavior in developed for solutions of the acidity of~10.1 M where
aqueous solution, it is necessary to know not only the conNp(Iv), Np(V) and Np(VI) exist in their non-complexed
centration, but also the oxidation state of elements in eaciorms as Nft, NpO,* and NpQ*". The method is based
sample. There are various spectroscopic methods that caih the two-phase distributions. For the method to be suc-
be used to determine the concentration and oxidation stateessful to the system where more than one oxidation states
of the actinide in a solution [1]. However, these techniquesof neptunium coexist, the rate of distribution should be
are not applicable to the low concentrations unddi0~" M, sufficiently faster than the rate of redox reaction, and the
which are to be encountered in many conditions such as igorption capacity of the system should be high enough to
environmental systems. The radiochemical separation basetkal with the total metal ion concentration to assume the
on the two-phase distribution is the only method capable ofast attainment of the equilibrium. To check these condi-
redox speciation of these elements at trace-level concentraions, the solid-liquid distributions were therefore evaluated
tions. So far, several reports have been published on solvesit low (C,, ~ 10-° M) and high Cy = 10-2° M) neptunium
extraction [2—8], co-precipitation [2, 3, 6, 8—13] and adsorp-concentrations.
tion methods [14—17]. The extraction with TTA (thenoyltri-
fluoroacetone) is widely used for actinide redox speciation,
but, as observed for Pu(VI), the photosensitive nature oExperimental
TTA necessitates the avoidance of light exposure in the ex-
traction of reducible specied8]. The co-precipitation with | sotopes
lanthanum fluoride has a weak point that fluoride ions mayFor the experiments at a total neptunium concentration
- of Cy = 10°2° M, the isotope®'Np was used. With add-

* Author for correspondence (E-mail: kiri@mail.cc.tohoku.ac.jp). ition of small amounts of HCIQand HNQ, an aliquot of
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Tablel. Redox reagents for the prepar-

ation of specified oxidation state solutions. Np(1V) Np(V) Np(V1)
Cnp =102°M H,-gas reduction HONECI 5x 103 M fume with
Np-237 to Np(lll) cHNO; + c.HCIO,
and air oxidation dissolve in acid
to Np(lV)
Chp ™~ 10°°Mm FeSQ 0.02M Fe(NO3); 0.02 M KMnQO, 0.002 M
Np-239

the stock solution of*Np (in L0 M HNO;) was evapo- ing to remove organic impurities and the monomer. Then,
rated to near dryness and dissolved in 0.1.6rM HCIO,. it was dried at 80C for 2 h and kept in a calcium chloride
After this treatment, the oxidation state of this solution wasdesiccator.

confirmed to be Np(VI). Np(V) solution was prepared by  H-DEHP (di (2-ethylhexyl) phosphoric acid, purity
reduction of this Np(VIl) with hydroxylammonium chlo- > 95.0%), DBP (din-butyl phosphoric acid, purity
ride whose concentration in the experiment is listed in> 97.0%), and CMP (dihexyl N,N-diethyl carbamoyl methyl
Table 1. Np(IV) solution was prepared by the combinationphosphonic acid, purity> 97.0%) were obtained from

of hydrogen reduction and air oxidation [21]e., Np(VI) Tokyo Kasei Kogyo Co., Ltd. (Japan) and were used with-
was reduced to Np(lll) by bubbling with hydrogen gas out further purification. Otherreemicals were obtained from
on a platinum black catalyst for 2 h, and then oxidized toWako Pure Chemical Industries (Japan) and used as re-
Np(IV) by contacting with air. The oxidation state distribu- ceived. The solutions of reductants and oxidants, such as
tion of these neptunium solutions were determined by abhydroxylammonium chloride, an(ll) sulfate and potassium
sorption spectrophotometry. Photoabsorption spectra of thpermanganate, were j&red just before use.

neptunium solutions were obtead using a Shimazu model Four kinds of organophosphorus extractants (DBP, CMP,
UV-3100 PC UV-VIS-NIR spectrophotometer (Japan). Con-H-DEHP and AI-DEHP) were impregnated into the resin
centrations of®*’Np were determined from itg-activity  to examine their adsorption characteristics, where Al-DEHP
measured with a liquid scintillation spectrometer (Peralsmeans that a part of protons in H-DEHP were substituted
Spectrometer, Ordella Model 8100B with Ultima Gold AB with aluminum ions. To prepare Al-DEHP, a organic solu-
Scintillator), discriminating thes-activity of its daughter tion that was a 11 (wt/wt) mixture of H-DEHP and ben-
nuclide®**Pa. zene was contacted with a same volume of 1 MN€D;),

For the experiments at a tracer concentratior*eip aqueous solution. The mixture was shaken for 5min in
(~ 101°M), 2*Np tracer was prepared by milking from a separatory funnel. The pH of the aqueous solution shifted
#3Am by the method of Sill [22].**Am was obtained from the initial 1.67 to final 0.36, indicating a certain degree
from Commissariaf I'Energie Atomique (France). The so- of ion exchange between proton and aluminum ion. After
lutions of 2°Np in oxidation states IV, V and VI were pre- this extraction, the organic phase was air-dried for 10 h to
pared by the addition of suitable redox reagents listed imemove benzene from Al-DEHP.

Table 1 [14]. Relative concentrations &Np were deter- To impregnate the extractants into the resin, pretreated
mined byy-activity measurement with a well-type Nal(Tl) SEPABEADS SP825 (Dg) was mixed with 6 ml of
scintillation counter. CMP or DBP. In the case of H-DEHP and Al-DEHP,

the extractant was diluted with benzene to the propor-
Materials t?ons as listed in Table 2 in order to make t_he impregna-

tion smooth, and SP825 .(lg) was mixed with 6 ml of
The resin for impregnation of the extractant, SEPABEADSthese diluted extractants. The mixture was stirred for 1 h
SP825 was obtained from Mitsubishi Chemical Corpora-and then kept standing for 24 h. Then, the excess extrac-
tion (Japan). This is a nonpolar macroporous styfdivinyl tant in the micro-pores of the resin was removed from
benzene polymer, supplied as spherical particles (parthe resin by filtration under reduced pressure, and the
ticle diameter> 0.25 mm) with a mean pore size of ap- resin was rinsed with distilled water several times. Fi-
proximately 57 nm and a specific surface area of aboutnally, the resin was dried at 7& for 2h to remove re-
1000 ntg. Before the use, this resin was mixed with sidual water and benzene, and kept in a calcium chloride
enough volume of methanol and washed by ultrasonic cleandesiccator.

Table2. Impregnated resin and reagent

composition. Name of impregnated resin Proportions of impregnating solution
H-DEHP-75 H-DEHP 75 voRb + benzene 25 vobo
H-DEHP-60 H-DEHP 60 voRb + benzene 40 vobo
Al-DEHP-75 Al-DEHP 75 vol%+ benzene 25 vobb
Al-DEHP-60 Al-DEHP 60 vol %+ benzene 40 vobo
DBP DBP (din-butyl phosphate) 100 vdlo
CMP CMP (dihexyl N,N-diethyl carbamoyl methyl

phosphonate) 100 v
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Procedures
Solvent impregnated resin

The operation of the adsorption of neptunium onto the resin
was conducted in the Ultrafree-MC Microporous Centrifu-
gal Filter Unit (UFC30GV pore size.B2 um) made by Mil-
lipore Corporation U.S.A. As shown in Fig. 1, this unit is
composed of an outer tube and inner filter tube. By prepar-
ing the sample solution in the inner tube, the composed.
unit can be subjected to centrifation. After the centrifu-

gal filtration, the inner content (precipitate) can be taken out
separately from the filtrate. With this filter unit, solid and
liquid phase can be easily separated by centrifugation wit

iv. At a tracer concentration 6f°Np (~ 1071° M), a 200l

portion of liquid phase was pipetted and thectivity of
ZNp was measured. At a macro concentratiorf*6fip

(= 10725 M), a 100l portion of liquid phase was pipet-
ted and the total volume of the solution was adjusted to
be 2 ml by diluting with 1 M HCIQ. Thena-activity (of
Z7Np) in 50l of the diluted solution was measured as
described above.

The adsorption ratio of neptunium was calculated from
the difference between the initial and liquid phase’s
activities.

r?Esismuth phosphate

using a very small sample volume (500). The experiment

for the adsorption of neptunium in each oxidation state waslo prepare the precipitate of bismuth phosphate, bismuth

conducted following the procedure mentioned below.

nitrate solution and phosphoric acid solution were pipetted
into a centrifugal filter unit. The following two conditions

i. 0.1g ofthe impregnated resins was put on the filter in thefor the precipitation were examined.

filter unit and then 50Q1 of a sample solution containing
neptunium was added.

ii. The mixture in the filter unit was shaken for 1 or 10 min
with the micro mixer shaker (TITEC Micro Mixer E-36)
made by TAITEC Co. Japan.

ii. The unit was centrifuged by 10 krpm for 3min. The

phases were separated by the micro bench centrifuge

(CHIBITAN-II XX42 CFO 0T) made by Millipore Cor-

poration Japan.

Inner tube

sample volume 500 ul

Membrane filter

45 mm

: pore size 0.22 um

10.6 mm
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Fig. 1. Ultrafree-MC Microporous Centrifugal Filter Unit (UFC30GV
pore size @2pum) made by Millipore Corporation USA.

BiPO,-1: 0.024 M (5 g/l) Bi(NQs);
in 0.1 M HCIO, 200l + 2 M H3PO, 200l

Co=12x102M, Cpo, =1M 1)
BiPO,<-2:  0.024 M (5 g/l) Bi(NO,),

in 0.1 M HCIO, 400l + 85% HPO, (14.7 M) 50l

Cs =21x102M, Cpo,=16M )

Each mixture was gently shaken and allowed to stand for
10 min to complete precipitation, and then the filter unit
was centrifuged. Bismuth phosphate precipitate (B0
BiPO,-2) remaining on the filter surface was obtained and
the filtrate was discarded. The experiment for the adsorp-
tion of neptunium was conducted in the same manner as in
the case of the impregnated resin, using bismuth phosphate
precipitate as solid phase.

Resultsand discussion
Adsorption on theimpregnated resin

The adsorption behavior of macr&€, = 102°*M) and
trace Cy, ~ 107 M) concentrations of Np(IV), Np(V) and
Np(VI) on the impregnated resin was examined at acidities
1.0 M and Q1 M HCIO,. Table 3 shows the adsorption ratio
at the acidity of 10 M HCIO, for the shaking time of 10 min.
Except the case of H-DEHP-60, both macro and trace con-
centrations of Np(IV) and Np(VI) are quantitatively ad-
sorbed on H-DEHP and AI-DEHP resins at the acidity of

Table3. The adsorption of Np(1V), Np(V)
and Np(VI) on the impregnated resins (1).

Np adsorbeo

Acidity: 1.0M HCIO,, Shaking time:
10 min.

Np-237,Cy, = 1072°M

Np-239,Cy, ~1071°M

Np(IV) Np(V) Np(V1) Np(IV) Np(V) Np(V1)
H-DEHP-60 810 20 910 983 30 997
H-DEHP-75 962 05 961 981 —0.1 991
Al-DEHP-60 960 2.8 966 991 32 996
Al-DEHP-75 991 0.6 978 992 0.0 996
DBP 989 332 777 985 56 912
CMP 937 153 67.1 - —~ —~
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Table4. The adsorption of Np(1V), Np(V)

and Np(VI1) on the impregnated resins (2). Np adsorbed

Acidity: 0.1M HCIO,, Shaking time:

10 min. Np-237,Cyp = 1025 M Np-239,Cy, ~ 10-°M

Np(Iv)* Np(V) Np(VI)>  Np(IV) Np(V) Np(VI)

H-DEHP-60 803 26 890 998 7.9 10Q0
H-DEHP-75 916 2.6 902 1000 5.3 10Q0
Al-DEHP-60 912 -0.1 903 996 43 10Q0
Al-DEHP-75 921 2.6 900 997 37 999

a: Np(IV): 935%, Np(V): 65%;
b: Np(VI): 92%, Np(V): 8%.

1.0 M, while Np(V) is not adsorbed on these resins. This in-adsorption percentages of macro concentration of Np(IV)
dicates that H-DEHP and AI-DEHP impregnated resin canand Np(VI) did not reach quantitative values, although those
be used to discriminate Np(IV) and Np(VI) from Np(V). at trace concentration reached gtitive values. Since the
On the other hand, DBP and CMP impregnated resins dadsorption percentages on Al-DEHP-75 are larger than on
not have such high capability as H-DEHP and AI-DEHP AI-DEHP-60 resin, the rate of adsorption is considered to
impregnated resin to separate three oxidation states of neptdepend on the amount of AI-DEHP impregnated into the
nium at a macro concentration. Table 4 shows the adsorptioresin.
ratio of neptunium on the H-DEHP and AI-DEHP impreg-  In conclusion, the adsorption on Al-DEHP-75 resin with
nated resins at the acidity ofOM HCIO,. The absorption the shaking time of 10 min can be used to discriminate
spectra of Np(IV) and Np(VI) sample solutions indicated Np(IV) and Np(VI) from Np(V) regardless of the concentra-
the gradual formation of Np(V) in these sample solutionstion of neptunium.
under this conditionj.e., macro concentration of Np and
the acidity of 01 M, as described in the footnote of Table 4.
Therefore, except for the H-DEHP-60 case, the result i
Table 4 means that Np(IV) and Np(VI) quantitatively ad- The adsorption behavior of macre&,, = 107*°*M) and
sorb on the all DEHP resins and Np(V) does not adsorb atrace Cy, ~ 10-*° M) concentrations of Np(IV), Np(V) and
the acidity of 01 M HCIO,. The adsorption percentages on Np(VI) on bismuth phosphate precipitate was investigated at
H-DEHP-60 are lower compared with other resins at bothacidities 10 M and 01 M HCIO,. Table 6 shows the adsorp-
acidities. This is probably due to a smaller amount of im-tion percentages of neptunium in each oxidation state for
pregnated extractant in the resin which may decrease the rathe shaking time of 10 min. Both macro and trace concen-
of the adsorption. On the other hand, there is no adversg&ations of Np(IV) are quantitatively adsorbed on bismuth
effect in the adsorption percentages on Al-DEHP-60. Perphosphate precipitate at aciditiedM and 01 M HCIO,.
haps the ion exchange of Np(IV) and Np(VI) with Al(lll) in  On the other hand, Np(V) and Np(VI) are not adsorbed
Al-DEHP is kinetically more favorable than with proton in under these conditions. The difference between the precip-
H-DEHP. itation of (BiPQ,-1) and (BiPQ-2) has no influence upon
With the intention of making the time for the procedure the adsorption behaviour of neptunium. Thus, it is better to
shorter, the adsorption on AI-DEHP was examined with theadopt (BiPQ-2) preparation method since larger amount of
shaking time of 1 min. However, as shown in Table 5, theprecipitate is formed than in (BiRE€L) and a commercial

nAdsorption on bismuth phosphate

Table5. The adsorption of Np(IV), Np(V)
and Np(VI) on the impregnated resins (3). Acidity: 1 M HCIO,, Shaking time: 1 min

Np adsorbeg

Np-237,Cy, = 1025 M Np-239,Cy, ~ 107°M
Np(IV)®  Np(V) Np(VI) Np(IV) Np(V) Np(VI)
Al-DEHP-60 193 -32 617 981 0.9 972
Al-DEHP-75 757 -18 965 978 11 977

a: Np(IV) > 98.6%, Np(V) < 1.4%.

Acidity: 0.1 M HCIO,, Shaking time: 1 min

Np adsorbeg

Np-237,Cy, = 1025 M Np-239,Cy, ~ 10°°M
Np(IV) Np(V) Np(V1) Np(IV) Np(V) Np(V1)

Al-DEHP-60 86 —0.6 621 980 01 994
Al-DEHP-75 408 -0.3 946 982 21 994
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Table6. The adsorption of Np(1V), Np(V)
and Np(VI) on bismuth phosphate precip-

Np adsorbeg

itate. Shaking time: 10 min.

Np-237,Cy, = 1025 M

Np-239, Cyp ~ 10-° M

Np(IV)®  Np(V) Np(VI) Np(IV) Np(V) Np(VI)
1M HCIO,
BiPO,-1 982 16 05 989 15 18
BiPO,-2 986 07 0.0 994 19 24
0.1M HCIO,
BiPO,-1 987 17 05 995 09 44
BiPO,-2 987 20 24 100 06 37

a: Np(IV) > 98.6%, Np(V) < 1.4%.

Table7. Adsorption behavior of neptunium on the impregnated resinthe
and BiPQ.

solid-liquid distribution as compared with liquid-liquid

distribution. However, sire the existence of unnecessary
chemical reagents in the aqueous solution is avoided with

v v vi using the solid adsorbents, there observed no shift in the ox-
_ ) idation state of neptunium during the separation procedure.
Al-HDEHP impregnated resin (0] X (0]
Bismuth phosphate precipitate (0] X X
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