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RESEARCH ON NITRIDE FUEL AND
PYROCHEMICAL PROCESS FOR MA TRANSMUTATION

Y. Arai, T. Ogawa
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken, 319-1195, Japan

Abstract

Research on nitride fuel and pyrochemical process for transmutation of long-lived minor actinides
(MAs) in JAERI is summarised, focusing on the recent results following those presented at the last
conference in Mol. Fabrication of MAs nitride, irradiation tests of nitride fuel and development of
nitride/pyrochemical process have been carried out in JAERI based on the double-strata fuel cycle
concept, in which MAs are transmuted to short-lived or stable nuclides by sub-critical accelerator
driven system (ADS) with nitride fuel.
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1. Introduction

The partitioning and transmutation (P&T) study in Japan, so-called OMEGA programme, is
entering the second phase after the C&R by Atomic Energy Committee (AEC) conducted in 1999.
Japan Atomic Energy Research Institute (JAERI) has proposed the transmutation of long-lived MAs
such as Np, Am and Cm using sub-critical ADS with nitride fuel based on the double-strata fuel cycle
concept. Besides the construction of high-energy proton accelerator and design study of
transmutation plant, the technological development of separation of MAs from high-level waste
(HLW), fabrication of MAs nitride fuel and reprocessing of the spent fuel is the important subject
investigated hereafter.

In the double-strata fuel cycle concept, commercial fuel cycle and MAs transmutation fuel cycle
are designed and operated independently. The former insists on economy and reasonable utilisation
of Pu in both LWR and FBR cycles, while the latter focuses on effective transmutation of hazardous
MAs. Nitride is suitable for the fuel material for MAs transmutation from the viewpoint of supporting
hard neutron spectrum and heat conduction ability. In addition, actinide mononitride with NaCl-type
structure will have a mutual solubility leading to the flexibility of accommodating variable
composition in the fuel. Pyrochemical process is used for the reprocessing of spent fuel, since it has
several advantages over the wet process in case of treating MAs concentrated with large decay heat
and fast neutron emission. One of the drawbacks of nitride fuel is that we must use nitride fuel with
15N enriched nitrogen in this case. But the pyrochemical reprocessing has the practical feasibility of
recycling expensive 15N.

In this paper the research on nitride fuel and pyrochemical process for MAs transmutation in
JAERI is summarised, focusing on the recent results following those presented at the last conference
in Mol [1]. Fabrication of MAs and Pu bearing nitride is described next. The present status of the
irradiation programme of nitride fuel in JAERI is introduced in the third part. The fourth part
concerns the subjects related to pyrochemical reprocessing of nitride fuel. Finally, summary and
future subjects are given in concluding remarks.

2. Fabrication of MA nitride

2.1 AmN and (Cm,Pu)N

Carbothermic reduction was applied to the preparation of AmN and (Cm,Pu)N for the first time
[2,3]. The experiments were carried out in JAERI’s hot cells of Waste Safety Testing Facility
(WASTEF). Starting materials were 243AmO2 and 244CmO2 powders obtained from Federal Science
Centre of Russia and Oak Ridge National Laboratory, respectively. For the latter oxide, however, a
considerable amount of 240Pu has accumulated by the decay of 244Cm during storage for about
30 years. The present composition of the oxide was determined to be (Cm0.40Pu0.60)O2 by alpha
spectrometry.

The molar mixing ratios of C/Am for carbothermic reduction were chosen at 4.65 and 1.59, while
those of C/(Cm+Pu) were 3.2 and 1.6. The mixtures of AmO2+C and (Cm,Pu)O2+C were heated in a
molybdenum crucible at 1 573 and 1 773 K in N2 gas stream, respectively. The CO gas release was
monitored continuously by an infrared spectroscope. After the release of CO gas subsided, the flowing
gas was changed to N2-4%H2 mixed gas. The reason that we lowered the heating temperature for AmN
than for (Cm,Pu)N by 200 K is to avoid the loss of Am by vaporisation [4,5]. On the other hand, heating
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temperature for (Cm,Pu)N followed the case for PuN since metallic Pu and Cm almost have the same
vapour pressures. Characteristics of the products of carbothermic reduction were examined by X-ray
diffraction analysis.

The formation of AmN and (Cm,Pu)N with NaCl-type structure was confirmed in all cases after
carbothermic reduction. However, oxide phases were also identified in case the initial mixing C/M
ratios (M = Am or Cm + Pu) were smaller than 2.0 as anticipated. The remaining oxides were
monoclinic Am2O3, and the mixtures of monoclinic Cm2O3 and hyperstoichiometric bcc Pu2O3 in the
respective cases. This result might be related to thermodynamic stability of sesquioxide in
transplutonium elements compared with their dioxide. Conditions of the carbothermic reduction and
results of X-ray diffraction analysis are summarised in Table 1.

The lattice parameter of AmN with initial C/Am ratio of 4.65, 499.8 pm, almost agreed with the
value of AmN prepared by metal or hydride route. On the other hand, the lattice parameter of
(Cm0.40Pu0.60)N with initial C/(Cm + Pu) ratio of 3.2 almost agreed with the value estimated from
Vegard’s law between CmN and PuN. This result confirmed the mutual solubility of CmN and PuN,
which is one of the advantages of nitride fuel for transmutation of MAs. Apparatus for chemical
analysis are under installation in the hot cell for examining chemical purity of the nitrides.

Table 1. Conditions of carbothermic reduction and
results of X-ray diffraction analysis for AmN and (Cm,Pu)N

Starting
composition

Temperature
(K)

Flowing gas
(Time)

Phases
identified

Lattice
parameter

(pm)

AmO2 + 4.65C

AmO2 + 1.59C

(Cm,Pu)O2 + 3.2C

(Cm,Pu)O2 + 1.6C

1 573

1 573

1 773

1 743

N  (1.7 h) + N -4%H  (1.7 h)

N2 (5 h)

N2 (4 h) +N2 - 4%H2 (4 h)

N2 (5 h)

AmN

AmN
Am2O3

(Cm,Pu)N

(Cm,Pu)N
Cm2O3, bcc Pu2O

499.8 ± 0.1

500.3 ± 0.1

494.8 ± 0.1

497.4 ± 0.2

2.2  Np(C,N)

Carbonitride is an intermediate product of carbothermic reduction for synthesising mononitride.
In carbothermic reduction, an excess amount of carbon is usually added to dioxide and the residual
carbon is removed by subsequent heating in N2-H2 mixed gas stream as in the above case. It is known
that the residual carbon exists in carbonitride solid solution or as free carbon, depending on nitrogen
partial pressure and temperature. Here, a thermodynamic consideration is given to Np(C,N) in order
to investigate the reasonable condition for synthesising high-purity mononitrides.

Starting materials were 237NpO2 and reactor-grade graphite powders obtained from Harwell
laboratory of UK and Graphitwerk Kropmühl of Germany, respectively [6]. At first, two-phase
specimen of <Np(C,N)> + <C> was prepared by heating 237NpO2 + 2.8C mixtures in N2 stream at
1 773 K. Then it was heated to equilibrium in different temperatures and nitrogen partial pressures; at
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1 723, 1 823 and 1 923 K in N2, N2/Ar = 1/1 and N2/Ar = 1/99 streams. X-ray diffraction analysis was
carried out in order to determine the lattice parameter of Np(C,N) and to confirm that the products
were still constituted by the two phases of <Np(C,N)> + <C>. The composition of Np(C,N) was
calculated from the lattice parameter assuming Vegard’s law between NpC and NpN. The
reasonableness of the present experimental manner was confirmed by the preceding tests using
U(C,N) and Pu(C,N) solid solutions, for which the thermodynamic properties were reported
previously [7,8].

The equilibrium compositions of Np(C,N) determined from the present experiments were plotted
in Figure 1. Since the specimen heated at 1 923 K in N2/Ar = 1/99 stream deviated from the two-
phase region, it was excluded in the analysis. It is seen in Figure 1 that the equilibrium composition
of Np(C,N) shifts to nitride rich side as decreasing heating temperature and increasing nitrogen
partial pressure during heating. On the other hand, the equilibrium composition was evaluated from
thermodynamic calculation based on the following equilibrium:

[NpN]NpC + <C> = [NpC]NpN + 0.5(N2) (1)

where [NpN]NpC and [NpC]NpN indicate one mole of NpN and NpC dissolved in Np(C,N), and free
carbon and nitrogen gas are indicated as <C> and (N2), respectively. At first an ideal solid solution
model was applied to Np(C,N) and the solid lines in Figure 1 shows the calculation results based on
this assumption. In calculation, Gibbs energy of formation of NpN was cited from a recent
vaporisation experiment [9] and that for NpC from the table recommended by IAEA [10].

It is shown in Figure 1 that the results of experiments and thermodynamic calculation agree with
each other within an experimental error in the present case. This agreement suggests that Np(C,N)
solid solution could be treated as ideal one as is the case of Pu(C,N). Further, it was found from the
present experiments that the soluble amount of carbide in mononitride decreases in order of UN, NpN
and PuN; at 1 823 K under 1.05 × 105 Pa of nitrogen partial pressure, the equilibrium compositions of
carbonitride coexisting with free carbon are U(C0.14N0.86), Np(C0.05N0.95) and Pu(C0.01N0.99), for example
[11]. This tendency was caused by relative thermodynamic instability of monocarbide in higher
actinides. In the case of higher actinides, an increase in carbon to dioxide mixing ratio will not lead to
increase of carbon impurity contents in the products, since excess carbon existing as free carbon is
likely to be removed with relative ease compared with the case of carbonitride. The evolution of CO
gas during the initial stage of carbothermic reduction is also promoted by increasing carbon to
dioxide mixing ratio in general.
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Figure 1. Temperature dependence of equilibrium composition of Np(C1-XNX)
solid solution under N2, N2/Ar = 1/1 and N2/Ar = 1/99 streams. Experimental

results are compared with thermodynamic calculation assuming an ideal solution model.
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2.3 Nitride with inert matrix

Nitride fuel used in ADS will contain Pu besides MAs in order to control a core efficient
multiplication coefficient nearly constant at ~0.95 during operation period. In addition, so-called inert
matrix nitrides are added as a diluting material. From a material-science viewpoint, the requirement
of the fuel for ADS is structural stability under operating temperature and high radiation fluence, high
heat conduction ability, compatibility with cladding material and reprocessing technology and so on.
But there has been little information on the behaviour of nitride fuel containing inert matrix for the
moment. The purpose of the present study, fabrication of nitride containing inert matrix, is to provide
basic information on the fabrication and feasibility of nitride fuel containing inert matrix. Here, ZrN,
TiN and YN are arbitrarily chosen among the candidates of inert matrix. PuN pellets containing ZrN
and TiN were fabricated by classical mechanical blending manner [12], while (Am,Y)N solid
solution was prepared by carbothermic reduction of AmO2 + Y2O3 mixture [13].

ZrN and TiN powders on the market and PuN prepared by carbothermic reduction of PuO2 were
used as starting materials. Classical mechanical blending manner was applied in this case, where Pu
content was adjusted at 40 and 60 wt% for PuN + ZrN and 50 wt% for PuN + TiN pellets. The mixed
powders were pressed into thin disk, heated in N2-8%H2 stream at 1 673 K and crushed into powders
again. This procedure was repeated by three times, followed by pressing into green pellets and
sintering in Ar stream at 2 003 K. The final heat treatment was carried out in N2-8%H2 stream at
1 673 K for control of stoichiometry.

X-ray diffraction pattern of PuN + ZrN pellets showed an almost single phase of NaCl-type
structure. The lattice parameters almost agreed with the value estimated from Vegard’s law between
PuN and ZrN, which suggested the formation of (Pu,Zr)N solid solutions. On the other hand, two
separate NaCl-type phases were identified for PuN + TiN pellet. The lattice parameters did not
change from those of PuN and TiN, which suggested that the amount of PuN dissolved in TiN and
that of TiN in PuN were negligibly small under the present experimental conditions. This contrast
result between PuN + ZrN and PuN + TiN pellets could be explained by the relative lattice parameter
difference (RLPD) speculated by Benedict [14].
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A contrast result was also found for the density of the sintered pellets. PuN + ZrN pellets were
sintered to higher density than 90% T.D. but only 76% T.D. was attained for PuN + TiN pellet under
the same sintering condition. It is suggested that the formation of solid solution promotes sintering to
high density and leads to toughness of pellets in this case. Microstructure of PuN + ZrN pellet (Pu,
40 wt%) is shown in Figure 2 compared with that of pure PuN pellet. It is seen that they have a
similar grain size of 7-8 µm. The single phase is not a strict requirement for the fuel of ADS, but the
control of microstructure becomes important if the fuel is the mixture of multi phases. Further, some
consideration is needed to attain high density leading to toughness for PuN + TiN pellet.

On the other hand, (Am0.1Y0.9)N solid solution was prepared by direct carbothermic reduction of
the mixture of 0.1243AmO2 + 0.45Y2O3. The molar C/(Am+Y) ratio was chosen at 1.98, which was
higher than the stoichiometric value of 1.55. The mixed powder was compacted into a disk and
heated in N2 stream at 1 573 K for reducing AmO2 at first. Then temperature was raised to 1 773 K in
N2 stream for reducing Y2O3 and formation of (Am,Y)N, followed by removal of excess carbon in N2-
4%H2 stream at 1 773 K. It was found from X-ray diffraction pattern that (Am0.1Y0.9)N solid solution
without any oxide phases was prepared. The lattice parameter was 490.14 pm, which was close to the
value assumed by Vegard’s law between AmN and YN. No significant loss of Am by vaporisation
was observed.

Figure 2. Microstructure of (Pu,Zr)N pellet (Pu; 40 wt%) (right)
compared with PuN pellet (left).

µ02 m 20 µm

3. Irradiation test of nitride fuel

3.1 Irradiation of (U,Pu)N fuel

The irradiation test of (U,Pu)N fuel has been carried out in JAERI since 1990. For the moment,
the post irradiation examinations (PIEs) of 4 He-bonded fuel pins irradiated at Japan Materials
Testing Reactor (JMTR) have been completed and basic information on the fuel behaviour has been
clarified [11]. On the other hand, the irradiation of two He-bonded (U,Pu)N fuel pins at fast test
reactor JOYO was finished in 1999 based on the joint research JAERI and Japan Nuclear Cycle
Development Institution (JNC). After cooling for a few months, PIEs were started in the end of last
year.

As for the fuel pins irradiated at JOYO, some preliminary results have been obtained from the
non-destructive PIEs carried out at JNC’s hot cells. The maximum linear power and burn-up were
evaluated at 78 kW/m and 39 000 MWd/t, respectively. Any failure of fuel pins was not observed.



451

The difference of two fuel pins exists in diametrical gap width between the (U,Pu)N fuel pellet and
cladding tube of austenitic stainless steel, i.e. 0.17 and 0.32 mm, namely smear density of fuel pin,
i.e. 82 and 78% T.D. According to the results of profilometry, a larger increase of diameter was
observed for the higher smear-density fuel pin. However, the maximum increase was 0.04 mm
(∆d/d = 0.5%) at most, which would not affect the fuel performance. Fission gas release was
evaluated at about 5 and 3% for the respective fuel pins, which were much smaller than those of
MOX fuel irradiated under the similar condition. After the completion of non-destructive PIEs,
destructive PIEs are carried out at both JAERI and JNC’ hot cells.

3.2 Irradiation of U-free nitride

A candidate fuel for ADS is a mononitride solid solution containing MAs and Pu besides
diluting inert matrix. However, there is little information on the irradiation behaviour of nitride fuel
containing MAs or inert matrix. So a capsule irradiation test of U-free nitride fuel is planned in
JAERI from 2002 at JMTR. According to a preliminary design, 2 He-bonded nitride fuel pins are
encapsulated and possible fuel compositions are (Pu,Zr)N, (Pu,Y)N, PuN + TiN containing Pu of
about 20 wt%. Cladding material is austenitic stainless steel and the linear power ranges from 30 to
50 kW/m according to the design study of ADS [15]. Following the detailed design of capsule and
licensing procedure, the preparation of fuel pellets and fabrication of fuel pins are carried out in 2001.
Acquiring new information on basic irradiation behaviour of U-free nitride fuel is expected. Further,
irradiation tests of MAs nitride fuel are near-future subjects.

4. Pyrochemical reprocessing of nitride fuel

4.1 Preparation pyroprocess database

In the reprocessing stage of spent fuel, pyrochemical process based on the electrorefining in
LiCl-KCl eutectic melt developed for metallic fuel [16] is applied to nitride fuel of ADS. In order to
support the development of nitride/pyrochemical process, some basic research has been carried out in
JAERI [17]. It includes high-temperature spectrophotometry, molecular dynamics and EXAFS for
chloride systems besides electrochemical measurements in the LiCl-KCl eutectic melt.
Thermodynamic calculation of LiCl-KCl-MClx-CdCl2-MN-Cd-M-N-C-O system (M, actinide
element) is also carried out using the free energy minimiser, Chemsage. The output should be
consistent with reliable experimental data from electrochemical measurements. Further, JAERI is
constructing “pyroprocess database” under the joint research with JNC. The user will be able to select
data on free energy formation of super-cooled liquid chlorides, activity coefficients in the LiCl-KCl
eutectic melt, stability diagram of M-N-Cl system and so on in the database.

4.2 Electrolysis of NpN and PuN

Anodic dissolution of NpN and PuN in W cage in the LiCl-KCl eutectic melt and subsequent
recovery of Np and Pu metals at solid cathode were investigated [18,19]. Cyclic voltammograms of
NpN and PuN were taken in the LiCl-KCl melt containing small amounts of NpCl3 and PuCl3.
Typical result for NpN is shown in Figure 3. Anodic current caused by the following equation was
observed in the voltammogram:

NpN = Np3+ + 3e- + 0.5N2 (2)
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Cathodic current was also observed in the reverse potential sweep of the voltammogram. Equation (2)
was a slow reaction and considered as a rate-determining step of the electrodissolution of NpN, since
the current did not increase in proportion to square root of the potential scanning rate, and the
cathodic peak seemed to shift to more negative potential as increasing scanning rate.

On the other hand, the equilibrium potential of NpN in case of using Ag/AgCl electrode as a
reference was determined as -0.779, -0.773 and -0.766 V at 723, 773 and 823 K, respectively, from
electromotive force measurements. The equilibrium potential was interpreted by comparison with the
theoretical redox potential of NpN. Since Ag/AgCl electrode was used as a reference electrode, the
overall reaction could be expressed as:

NpN + 3AgCl = NpCl3 + 0.5N2 +3Ag (3)

So the theoretical redox potential of NpN, ENpN-Ag/AgCl could be derived from Gibbs energy of formation
of NpCl3, NpN and AgCl, activity of NpCl3 in the LiCl-KCl eutectic melt and that of AgCl in the LiCl-KCl
eutectic melt of the reference electrode and the partial pressure of N2. For example at 773 K, by use of
reported thermodynamic values and some assumptions, ENpN-Ag/AgCl can be expressed as:

ENpN-Ag/AgCl = -0.730 + 0.0111 ln pN2 (4)

where pN2 denotes the partial pressure of N2 gas in the LiCl-KCl eutectic melt. The first term of the
right side of Equation (4), -0.730 V, corresponds to the standard redox potential of NpN at 773 K.
This value is comparable with the equilibrium potential obtained by electromotive force
measurement, -0.773V. Assuming that the difference between observed and theoretical potential is
only caused by the nitrogen partial pressure in the LiCl-KCl eutectic melt, pN2 is calculated at 2.1 kPa.
Although the measurement was carried out under high purity Ar gas atmosphere, N2 gas generated by
the electrodissolution of NpN would be present in the LiCl-KCl eutectic melt. However, the exact
contribution of pN2 to the redox potential should be further investigated, since pN2 in the LiCl-KCl
eutectic melt was not determined in the present study and the equilibrium potential might be
influenced by the impurity and surface condition of NpN. The similar results were also obtained for
the electrolysis of PuN.

Figure 3. Cyclic voltammograms of NpN in the LiCl-KCl eutectic melt at 723, 773 and 823 K.
Concentration of NpCl3 and scan rate are 0.53 wt% and 0.01 V/s, respectively.
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In addition to the voltammetric studies, the recovery of Np metal at solid cathode was carried out
by the electrolysis of NpN by both potential-controlled and current-controlled method. In the
potential-controlled method, the constant potential of -1.800 V was applied between Mo and
reference electrodes with monitoring anode potential and flowing current. On the other hand, in the
current-controlled method, the constant current of -0.020 A was applied during the electrolysis with
monitoring cathode and anode potentials. It was suggested from the variation of the potentials that Np
metal was successfully recovered at Mo cathode, while NpN being dissolved at anode.

The results of ICP-AES indicate that the concentration of NpCl3 in the eutectic melt was kept
constant during the electrolysis of NpN. Further, the amount of Np dissolved at anode was nearly
equal to that of deposited Np at cathode estimated from the accumulated electric current. These
results suggest that neptunium nitride chloride, NpNCl, would be scarcely formed unlike the
formation of UNCl observed in the electrolysis of UN [20]. In the electrolysis of PuN, any formation
of insoluble nitride chloride was not observed either. These results were possibly caused by relative
high stability of trivalent ions of transuranium elements in the chloride eutectic melt.

Since the electrodeposites at cathode were the mixtures of Np metal and the eutectic melt, they
were heated at 1 073 K for 3 600 s. in Ar gas stream in order to separate them. A fraction of the
products was subjected to X-ray diffraction analysis. Some salt components such as LiCl, KCl and
NpCl3, however, were still identified in the diffraction pattern in addition to alpha-Np phase.

4.3 Electrode reaction of Np and Pu in liquid metal cathode

In the transmutation fuel cycle of double strata concept, Pu and MAs are recovered together at
liquid Cd cathode. It is known that such recovery becomes possible since the free energy change of
electrochemical reduction comes close at liquid Cd due to the decrease of activity coefficients of
transuranium elements and rare earth metals. So it is inevitable that electrodeposites at liquid Cd are
more or less contaminated by rare earth elements. On the other hand, Bi is another candidate of liquid
cathode. The separation of transuranium elements from rare earth elements is easier at liquid Bi
cathode than at liquid Cd. An advantage of Cd is that the recovered actinides would be easily
separated by distillation of Cd. Here, the electrode reaction of Np and Pu at liquid Cd and Bi cathodes
was investigated electrochemically [21].

Cyclic voltammograms of Np3+/Np couple in the LiCl-KCl eutectic melt at liquid Cd and Bi
electrodes are shown in Figure 4 compared with that at Mo electrode. The peaks corresponding to
electrodissolution and electrodeposition can be found in the figure. The redox potential of Np3+/Np
couple at Mo electrode was obtained from electromotive force measurement.  There is a difference
between the redox potential of Np3+/Np couple at Mo electrode and those at liquid Cd and Bi
electrodes. The cathodic peaks at liquid Cd and Bi electrodes at 723 K appeared at more positive
potential by about 0.2 and 0.5 V, respectively, compared with at Mo electrode. We have speculated
that the potential shift was caused by thermodynamic stabilisation of actinides due to the formation of
intermetallic compounds as mentioned below.

Redox potential of Np3+/Np couple at solid electrode can be expressed as:

ENp3+/Np = ENp3+/Np

0 + (RT/3F) ln [Np3+]/[Np] (5)

where ENp3+/Np

0 denotes standard potential vs. Ag/AgCl electrode, [Np3+] and [Np] their activities and F
the Faraday constant.
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On the other hand, the following equation for formation of intermetallic compound was assumed
at liquid Cd cathode.

Np + n Cd = NpCdn (6)

Using Gibbs energy of formation of NpCdn ,∆GNpCdn, redox potential of Np3+/Np couple at liquid
Cd electrode can be written as:

ENp3+/Np-Cd = ENp3+/Np + ∆GNpCdn/3F – (RT/3F) ln [NpCdn] + (nRT/3F) ln [Cd] (7)

where [NpCdn] and [Cd] denote their activities. It seems reasonable to suppose activity coefficients of
NpCdn and Cd at the liquid cathode and concentration of NpCdn are close to unity locally. Taking into
the above assumptions, the potential difference between solid Mo and liquid Cd electrodes are written
by:

∆E = -∆GNpCdn/3F + (nRT/3F) ln [Cd] (8)

Experimental results agreed with the potential difference estimated from Equation (8) when the
formation of NpCd11 was assumed at 723 K and formation of NpCd6 was assumed at 773 and 823 K.
Using the same manner, it was suggested that the formation of NpBi2 was most likely at the liquid Bi
electrode.

Almost the similar results were obtained in the case of Pu3+/Pu couple. In this case the formation
of PuCd6 was assumed and this speculation was also confirmed by the micro-probe analysis of the
liquid Cd cathode after the recovery of Pu as mentioned below.

Figure 4. Cyclic voltammograms of Np3+/Np couple at Cd, Bi and Mo electrodes at 723 K.
Concentration of NpCl3 and scan rate are 0.465 wt% and 0.01 V/s, respectively.
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4.4  Recovery of Pu into liquid Cd cathode

This study was carried out under the joint research of JAERI and Central Research Institute of
Electric Power Industry (CRIEPI) and the experimental details are described in another paper in this
conference [22]. Electrorefining was carried out in the LiCl-KCl eutectic melt containing about
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2 wt% of Pu at 773 K. For the moment, the recovery of ten-gram scale of Pu into liquid Cd cathode
has been demonstrated with a concentration of Pu higher than 10 wt%, which is much higher than the
solubility limit of Pu in liquid Cd at 773 K.

The surface of the liquid Cd after recovery of Pu was smooth and it was easily separated from
the crucible. The crucible made of AlN seemed reusable under the present condition. After cutting
and polishing, the liquid Cd cathode was subjected to electron probe microanalysis. It was confirmed
that the recovered Pu seemed to have accumulated at the bottom of liquid Cd cathode. Further, the
formation of PuCd6 phase was confirmed as anticipated from the thermodynamic speculation
mentioned above.

5. Concluding remarks

The recent results on nitride fuel and pyrochemical process development carried out in JAERI
were presented. In addition to UN, NpN, PuN and their solid solutions, small amounts of AmN and
(Cm,Pu)N were prepared by carbothermic reduction using 243Am and 244Cm nuclides. U-free nitride
fuel diluted by inert matrix such as ZrN, TiN and YN was prepared and characterised for the first
time. The physical and chemical property and irradiation behaviour shall be examined hereafter. The
irradiation of 2 He-bonded (U,Pu)N fuel pins at fast test reactor JOYO was completed and PIEs are
underway. As for pyrochemical reprocessing of nitride fuel, electrolysis of NpN and PuN, electrode
reaction of Np and Pu at liquid Cd and Bi electrodes, and recovery performance of Pu into liquid Cd
have been investigated.

The irradiation behaviour and physical and chemical properties of MA nitrides should be
investigated hereafter. The irradiation test of U-free nitride is scheduled for 2002 at JMTR. Possible
composition of the fuel is (Pu,Zr)N, (Pu,Y)N or PuN+TiN pellets. Electrorefining of burn-up
simulated nitride fuel, nitride fuel fabrication from the liquid Cd cathode and its characterisation are
the important subjects for the development of nitride/pyrochemical process.

In addition, a Module for TRU High Temperature Chemistry (TRU-HITECH) having three hot
cells and one glovebox comes into construction stage under the joint research with the Japan Atomic
Power Company (JAPC). Ten-gram order of 241Am, hundred-milligram order of 243Am and ten-
milligram order of 244Cm can be handled in TRU-HITECH besides U, Np and Pu. The research on Am
and Cm in TRU-HITECH will start from 2002.
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