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ABSTRACT

Photochemical t echnol ogi es are general |y expected
that it will contribute to advanced nuclear fuel re-
processing process technol ogi es by means of using
selective excitation of objective elenments with pho-
ton energy and fol lowing redox reactions in solution.

In this work,as the beginning of the basic pho-
tochenical studies in the field of nuclear fuel re-
processing, feasibility studies. of separation between
Pu and Np by using photo-oxidization, reduction reac-
tions have been carried out. The results indicate
that there is a possibility of photochenically
induced valency adjustment to separate Np from Pu in
nitric acid sol ution.

| NTRCDUCTI ON

In the conventional nuclear fuel reprocessing
technol ogi es, chemical redox reagents have been used
to adjust valencies of U Pu. For example, U( IV) pro-
duced by electrolytic reduction or hydroxylanine(HAN)
and sodiumnitrite are used to adjust Pu valencies
toPu () and Pu (1V) respective y. However, these
chenmical reagents cause secondary waste sol ution.

The several studies of redox reaction using photo-

chemical technologies for nuclear fuel solution as
subustitues for these reagents have been reported.
In these reports, there are two kinds of studies
which are basic photochenical studies of U Pu and
¥“and its application studies to nuclear fuel rep-
rocessing"*? The applicabilities of the photochenic-
al technol ogies have been confirmed from the these
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studies.  However, photo- redox reactions are genera-
Iy conplicated and such as complex reactions which
are consist of direct reactions
lhv Lhy
Pu(M)---> Pu(IV)----->Pu(VI)
and also indirect reactions,

NO5 > 02+ O
Pu(VI) + NO2+ O -~ > Pu(IV) + NO5

are sinmultaneously occured by photon energy.

Therefore, basic data concerning a variation of
the oxidization-reduction potential by photon-excit-
ation, the rate of reaction and other fundanental
theories have to be accumulated to control the vale
ncies of objective elements arhitrarily.

In this work, the several basic tests of light
exposure for Pu and Np in nitric acid solution were
carried out to evaluate the photochenical behaviors
of their valencies. The valencies of Pu and Np in
nitric acid solution are ordinarily Pu(I) ,Pu(IV},
Pu(V) and Np{IV),Np(V), Np(VD).

The distribution coefficients of their valencies
bet ween 30f TBP/ dodecane and nitric acid are shown
inFg 1"". As shown in this Fig. ,Pu(IV) ,and Sp(VD)
are easely extracted to TBP. However, Pu (I ) and fp( V)
which are not shown in it are scarcely extracted and
their distribution coefficients are about 10" and 10"
respectively. Therefore, if their valencies can be
controlled into the following Iike conditions
@ Pu(IV)-Np(V) or @ Pu(I) -Np{VD), their elenents
are effectively nutually separated.
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EXPERI MENTAL  CONDISION

A Preparation of Test Sanple

The concentrations of Puand Wp test nitric acid
solutions vere adjusted to 1 X10" ml and 1 X 10°ml
respectively and they were mxed. The purity of e
radi oactivity of NP-237 in Np test sanple solution
ws99. 8 %

Pu test sample solution were prepared by dissolv-
ing NBS-949 Pu metal of which abundance ratio of Pu-
239 and Pu-241 were about 97 aton ¥ and 0.065 atom %
respectively. Therefore, the a -activity contribution
of Am 241 conpared to the total a -activity of Puis
lower than 1 &

The valencies of Pu and Hp test. mixed solution
were conpletely adjusted to Pu (111) and N( V) with
hydroxylanine(NH, OH) and hydrazine(N, H, ) as shown in
Fig. 2 which was the result analyzed by the extracti -
on- chromat ogr aphi ¢ et hod.
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Fig. 2 Valency analysis of mixed solution with
Pu and Np by extraction ¢hromatograph

B Test Instrunent _
The light exposure instrument system which was

used in this work is shown in Fig. 3. This systen
consists of the Hg lanp light source and the part of
a sanple cell with a tenperature stabilizer and a
mxing stirrer to stabilize the tenperature of the
sanple solution and to honogenize it during |jght
exposure.

Sample celt with temperazyry
stebilizer -and mixing stirror

Light erposure source (Hg Lamp}

Fig. 3 Outline of instrument of light
exposure test

C: Analytical Method
C1: Extraction Chromatograph

As a conventional technique of the valency analy-
sis of Puand Np, calorinmetry method has been usually
used. However, if concentration of an objective elem
ent in a sanple solution is less than 10""mel, the
method is not generally applicable.

Therefore, the new method which consisted of the
extraction chromatography and the radioactivity anal -
ysis of an each valency fraction was used.

First of all, a sanple solution is injected into
the extraction chromatography colum which is filled
with Gas- Chron Q made by Applied Science Corp. and
impregnated with TBP. Each valency fraction of Pu
and Np is obtained according to specific retention
time with the fraction collector.

Then, a -radioactivity of the each fraction is
measured by a counting systemwith InS detector.
Consequently, the extraction chromatography as shown
in Fig.d is obtained. The horizontal and vertical
axi s show an elution tine and a -radioactivity (CP)
respectively.
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Fig. 4 Schematic diagram of extraction
chromatography setup

Fig.5 shows the result of the extraction chromat-
ographic anal ysis of the Pu, Np mixed solution which
contai ns Pu(ll), Pu(IV), Pu{VD) and Np(V). Each vale-
ncy is eluted in opposite order of an adsorption
tendency with TBP.
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C-2: Pluse Height Analysis

The fraction of Pu(ll) and Np( V) wixed sol ution
of which valencies are sinmultaneously eluted as
shown in Fig.5 is analyzed by e spectronetry to
distingui sh between Pu (I ) and Np( V). Fig. 6 shows
the result of a spectrometric anal ysis. As shown in
this Fig., Puand Np are distinguished according to a
ray energy fromtheir nuclides and the mxture ratio
is quantitatively deternined.
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Fig. 6Pluse height analiysisofa-ray
from Pu and Np

RESULTS AND DISCUSSION

Fig. 7 shows the step flow of the light exposure
tests for Pu and Nein this work. First, the initial
valencies condition of Pu, Np nixed sample was ad jus -
ted to Pu (I11), Ne( V) and their concentrations were
1 X 10'01, 1 X 10mol respectively .

Adjusting Valencies to Pu(T) and Np( v )
T

l Adjusting Acidity to 4,174, 1N, MJ

[

Light Exposure with Hg Lamp,
Exposure Rates; §.5V/0 and 0.015%0

Analyzing Abundance Ratio of Each Valency
by Cromatograph and c-Counting Method

Fig. 1 Step flow of light exposure ({ssts

At the second step, the acidities of several alig -
uots of the initial sanple were adjusted to about
0.28, 1% and 3N.

Next, the light exposure tests were carried out
with the exposure rates of 0.5 and 0.015' 4 using the
Hy |amp.

At the final step, the radioactive analyses of the
each fraction fromthe extraction chromatography col -
urn were carried out. As shown in this fig. ,the para-
meters of these tests are the acidity of the sanple
solution and the rate of |ight exposure.



Fig. 8 shows the results o the |I?ht exposur e
tests under the conditions of which fhe parameters

are 3N nitric acid and 0.5W exposure rate.
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Fig. 8 Redoxreaction of Puby light exposure

The horizontal and the vertical axis in this Fig.
show the exposure time (energy) and the abundance
ratio (% of the each valency in the elenent respect-
ively.

This result indicates that O 50 of the |ight exp-
osure rate was too strong so that Pu (II1) monentarily
decreased untill about zero percent level and Pu (1V)
oppositely nonentarily increased. After several min-
utes, Pu (1v) gradually decreased and on the contrary,
Pu (Vi) gradually increased. In other words, it shows
that Pu (I} was monentarily oxidized to Pu (1V) and
seemngly, Pu (1V) was gradually oxidized to Pu (V)
under such as the conditions due to the equilibrium
of the oxidization-reduction reaction.

Fig. 9,10,11 show the results of the light exposu-
re tests under the conditions of the light exposure
rates ; 0.0150 and of the acidities ; 0.17,1§,3\.
These Fig. show that Pe(ll ) was nmore sloay oxidi zed
to Pu (IV) than at the case of Fig. 8 and the rates of
these oxidization became faster according to the
increase in acidity.
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Fig. 9 Redox reaction of Pu by light exposure
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Fig. 10Redox reaction of Pu by light exposure
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Fig. 1tRedox reaction of Pu by light expoasure

Particularly, the results of Fig, 11 were characte-
ristic in the redox reaction because Pu (I ) uas
nomentally conpletely oxidized to Pu (1V). Furtherno-
re, there was little Pu (I11) and Pu (M) issued from
the oxidization of Pu(lV) and the equilibriumstate
reached within about 10 minutes after the beginning
of light exposure.

The result of the dark test without |ight exposu -
re was also shown in Fig. 11. This result shows that
Pu(ll) was very slowy oxidized to Pu(IV) and it
took about two hours untill the equilibrium state.

Fig. 12 shows the result of the extraction chroma -
tographic analysis of the sanple at the equilibrium
state when the exposure energy was 56 J/nl in Fig. 11.
Fromthis result, it was also found that the valenci -
es of Pu were controlled to Pu (1V) and there was
little Pu(l) and Pu(VD).
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Fig. 12Valeacy analysis of mixed solution with
Puand Np by extraction chromatography

Then, this Fig. shows that Np(V) in the initial
sanpl e was not oxidized and also was not reduced by
light exposure under these conditions.

Such as controlled valencies condition, Pu (1V) and
No( V), is most suitable for the separation between
Pu and Np.

These photochenical behavi ors were caused by the
direct excitation with photon energy for an objecti -
ve ion, redox reactions with the photolytic products
such as HN0,, NQ from HN), and other excited species.

The supposed theories for these results should be
discussed in several aspects of the standard electr-
ode potentials for all of coexisting elesent Species,
excitation level by photon energy and wave length
characteristic of exposure light, etc on the basis of
the data obtained from furthermore detail photochen-
ical tests.

CONCLUSION AND R&D PLAN IN THE NEXT STEP

From this work, following conclusions were obtain -
ed

o Results of Photochenical Behaviors of Pu and Np

OPu- Pu{l) is oxidized to Pu(lV) and until Pu{VI)
by Iight exposure.

- As to the oxidization of Pu(I}>Pu(IV) ,the
nore the acidity of nitric acid solution
increase, the nore the reaction is easily
proceed in the range of O IN>3N HNO;

. On the other hand, in the case of the react-
ion of Pu(lV)>PU(V), the more the acidity
decrease, the more the generation rate of
Pu(VI) increase in the range of 0.IN->3\
BN, .
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@ N+ (V) is not oxidized to %(V) and al so
is not reduced to ¥(I¥) by light exposure
in HNO, of 0.1¢>3N.

4 Concl usion
It is defined that there is a possibility
of renoval of Np from Pu ¥p mixed solution
which is adjusted to Np(V) and Pu(lE) by
usi ng photochenical reactions with the ade-
quate rate of light exposure and the adeq -
ate acidity of HNO,.

From above the discussions and conclusions, follo -
wing R&D of the next step are planed.

4 RiD Plan in The Next Step

« The continued photochemical studies for the
renoval technol ogies of several percent of
Np contained in Pu production solution sia-
ulating the reprocessing process.

» The studies of photochenical behaviors of U,
Puand Np in a mixed nitric acid solution.

« The studies of selective separation techno -
logies of objective elements (U, P, TR and
FP) by using photochenical techniques with
a selective wave length of laser.

- The devel opment of the quantitative analys -
is method of trace anounts of an objective
elenent by the laser-induced thernal lensi -
ng Spectroscopy.
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