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This study describes the synthesis and the characterisation of Pu;_,Am,0, (x = 0.2; 0.5; 0.8) mixed oxides
obtained by oxalate co-conversion. We studied the self-irradiation effect in these compounds at the
structural scale. We determined, for each composition, the initial lattice parameter and the equation

describing its variation versus time and displacements per atom. Similarly to other oo emitting com-
pounds, it was observed a fast lattice parameter expansion rate, followed by a stabilisation at a maximum
value. The observations also showed that the initial expansion rate varies according to the Am content
and the maximum value to the Pu content. However, for all compositions, the lattice parameter relative

variations are the same.

© 20009 Elsevier B.V. All rights reserved.

1. Introduction

The EUROTRANS project investigates the transmutation of
transuranium elements in dedicated reactors (ADS, FNR). The study
includes various subject areas such as: neutronics, physical proper-
ties, coolant type and experimental work concerning the fabrica-
tion of minor actinides compounds for irradiation experiments
and thermo-physical properties determination.

For this program, the CEA was in charge of the synthesis of three
Pu;_,Am,0, (x =0.2; 0.5; 0.8) mixed oxides by oxalate co-conver-
sion. Although Pu;_,Am,O, have probably a crystalline structure
and self-irradiation behaviour similar to PuO, and AmO,, the data
concerning this type of materials are missing in the literature. It
was considered as interesting to perform a structural study to
determine, for each composition, the initial lattice parameter and
the equation describing its variation versus time and displace-
ments per atom.

2. Experimental
2.1. Pu;_,Am,0, synthesis

Pu,_,Am,0O, mixed oxides were obtained by oxalate co-conver-
sion technique which provides very fine and high purity powder if
it is compared to a conventional high temperature solid state reac-
tion. This technique includes two steps:
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- Precipitation in acidic medium (1):

(Am*) + (pu*) MR §4x2 o
1 2

3x1 +4x;

— AIII,(l Puxz (C204) 5

,H,0. (1)

- Calcination in air (2):

3% + 4x;
Am,, Pu,, (C,04) % +0,

— (Amy, Pu,, )0, + (3% + 4x;)CO,. (2)

Isotopic compositions of Pu and Am as well as the results of the
chemical analysis performed on the starting solutions are given in
Table 1. It was found that the elemental content in each composi-
tion was in good agreement with the aimed compositions.

3. Results and discussion
3.1. Particle size and specific surface areas determination

The particle size distributions were obtained using a Coulter
Multisizer II. The powder was added to a saturated Isoton solution.

The specific surface areas were determined by the BET method
using a Coulter SA 3100 analyzer. The results are reported in Table
2. It can be seen that the values are within the order of magnitude
for this type of powder (eg: AmO,, Pu0O,).

3.2. SEM

The powder morphology was studied by scanning electron
microscopy with a Jeol T-200. Fig. 1(a), (b) and (c) shows the
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Table 1
Isotopic compositions of Pu and Am and Pu;_,Am,0, chemical analysis.

Pu isotopic composition

Isotope 238py 239py
Atom% 0.18 +£0.02 75.61+0.03
Am isotopic composition

Isotope 241Am

Atom% 100.000 + 0.005

Pu;_,Am,0, chemical analysis

240py 241p, 242py
21.00 £ 0.02 2.53£0.01 0.68 £ 0.01
242p 0 2430

<0.001 <0.001

Compound Pug goAmo 20 O2 Pug50Amg 50 02 Pug 20AMo 800>

Measured composition Pug70Amg 210, Pug51Amg 490, Pug20Amg go02

Table 2

Pu;_,Am,0, powder characteristics.

Compound Pug goAmg 2o 02 Pug s0Amgso Oz Pug 20AMmg 8002
Specific surface area (m?g~") 5.6 5.7 2.0

Mean particle size (um) 3.8+0.5 3.7+04 23+1.2

Fig. 1. SEM powder morphology: (a) Pug79Amg 2102, (b) Pugs51Amg 4902, (C) Pug20Amgge02.

SEM images of the three compounds particles. As expected, this
wet-chemical route leads to very fine particles.

3.3. XRD

3.3.1. Structural study

XRD experiments were performed on a Bruker D8 Advance
using a molybdenum anticathode in the range 8-55° at 1.6°/h.
The computation programs used for the lattice parameter refine-
ment and phase determination were EVA and TOPAS. For each
experiment, gold powder was added to the sample as an internal
standard.

As indicated in Fig. 2, XRD patterns of the three Pu;_,Am,O,
were obtained as close as possible to the synthesis in order to re-
duce the self-irradiation impact. The corresponding peak positions
and intensities are reported in Table 3.

In Fig. 3, it can be seen that Pu;_,Am,0, have a fcc structure and
exhibit single narrow peaks located between PuO, and AmO, peaks
suggesting that single phased compounds were synthesized.

3.3.2. Lattice parameter variation in Pu;_,Am,0, (x =0.2; 0.5; 0.8)

Self-irradiation induces structural defects and significant
changes in the materials properties [1]. Lattice swelling, phase
transformations, amorphisation and thermal conductivity decrease
can be observed [2,3].

In our case, the high o decay rate in 2#'Am and 2*’Np recoil nu-
clei produce important damages at the structural scale. The most
important part of the disorder is due to the *’Np nucleus which
has an energy of about 91 keV. As a consequence of the defects for-

mation, the lattice parameter tends to expand versus time [4]. The
curves describing this variation are generally expressed by (3) and

(4):

Aa Bt
@ =A(-em, (3)
%‘)’ —A(1-e), )

where a is the lattice parameter, ao the initial value of the lattice
parameter, A, B and C are constant, t is the time in days and / the
radioactive constant (i.e.: 432.7y for 2*!Am). Table 4 gives expres-
sions found in the literature for various AmO, and PuO, studies. It
can be seen that the most significant difference mainly concerns
the B coefficient. This is explained by the type of studied element
and especially the isotopic composition since B coefficient is related
to the radioactive constant and the « decay rate.

The curve consists in a fast expansion rate of the lattice param-
eter at the beginning followed by a stabilisation at a maximum va-
lue [5,6]. Many articles concerning this phenomenon explain the
curve shape [7-12], and [13]. It should be noted that R.B. Roof
[9] studies on 23¥%%)pyQ, lead to a curve with a maximum for
t =65 weeks and a minimum at the end of 200 weeks. It is the only
example of this type of curve in the literature.

In this work, the lattice parameter of each composition has been
studied for 400 days. From the experimental data in Fig. 4, we
determined initial and maximum values of the lattice parameter
and expressions describing its variations versus time. The results
are reported in Tables 5 and 6.
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Fig. 2. XRD patterns of the Pu;_,Am,0, compounds.

Table 3
Positions and intensities for Pu;_,Am,O, (x = 0.2; 0.5; 0.8) compounds.

hkl Pug70Amg 210, (3 days after the synthesis) Pug 51Amg 490, (8 days after the synthesis) Pug20Amg g0, (12 days after the synthesis)
20 Intensity 20 Intensity 20 Intensity
111 13.073 100 13.089 100 13.102 100
200 15.112 37 15.128 32 15.141 37.5
220 21.441 65 21.454 41 21.176 51.5
311 25.197 63 25.220 37 25.240 45
222 26.338 12 26.359 7.5 26.382 9
400 30.503 9 30.526 4.5 30.555 7.5
331 33.323 " 33.338 " 33.383 "
420 34.209 17 34.232 10 34.265 11.5
422 37.592 17 37.619 8 37.650 11.5
511 39.960 14.5 39.999 8.5 40.031 9.5
440 43.677 3.5 43.757 3 43.750 3.5
533 45.783 : 45.797 : 45.886 )
442 46.481 5 46.482 2.5 46.562 4.5
533 51.105 4 51.137 2 51.169 2
620 49.163 4 49.175 3.5 49.240 3.5
622 51.731 3.5 51.720 2.5 51.843 1.5
" Gold standard peaks overlapping.
Table 4
Lattice parameter variation versus time for various AmO, and PuO, studies.
Compound ap (nm) ﬁT‘; (t in days) References
241AmO, 0.5377 3.5 x 1073 (1 — e 00420 [5]
- 241AmO, 0.5377 2.82 x 1073 (1 — e 00411 (7]
5 241Am0, 0.53724 2.39 x 1073 (1 — e~ 13400 [4]
S 238(80%)py 0, 0.53954 3.2 x 1073 (1 — e 924) [8]
> 238(99%)py 0, 0.53953 2.83 x 1072 (1 — e~ 10800%) [13]
.(T) 238(80%)Pu02 0.53950 a=5.441 e—0.000023t _ 0.0276—0.0082t [9]
8
£

T T
24.9 25.1 25.3 25.5
26 (°)

Fig. 3. Comparison between Pu;_,Am,0, (x = 0.21: mmmm, 0.49: —, 0.8: - -) peaks and
AmO,/Pu0O, peaks.

It can be observed that:

o the lattice parameter expansion rate increases with the Am con-
tent as a consequence of the higher cumulative o decay dose;

e the lattice parameter maximum value increases with the Pu
content due to the higher PuO, lattice parameter;

The influence of the cumulative o decay dose on the lattice
parameter variation has also been evaluated. In the case of
Pu;_,Am,O, mixed oxides, the lattice parameter relative variations
were determined using displacements per atom (dpa) because it is
directly linked to the number of « decay in the sample and can be
used since experiments were carried at room temperature where
defects restoration can be neglected. Fig. 5 shows that all experi-
mental data are on the same curve with a maximum of 0.32%. This
leads to a global lattice parameter relative variation for
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Fig. 4. Lattice parameter variation in Pu; _,Am,O, versus time (x = 0.21: a; 0.49: H;
0.8: @).
Table 5
Initial and maximum values of the lattice parameter in Pu;_,Am,0,.
Compound ao (nm) Umax (NM)
Pug 790AMgp 2102 0.5392 £ 0.0001 0.5407 + 0.0001
Pug 51Amg 4902 0.5386 + 0.0001 0.5401 + 0.0001
Pug20AMg g0z 0.5379 £ 0.0001 0.5397 +0.0001
Table 6

Lattice parameter variation versus time for Pu;_,Am,0, (x = 0.2; 0.5; 0.8).

Compound ﬁT‘)’ (t in days)

Pug79Amg 2103 3.05 x 103 (1—e 00127
Pug 51Amg 490, 2.95 x 1073 (1—e 0034
Pug 20Amg.go02 3.20 x 1073 (1—e093)

0.40

Pu;_,Am,O, in the range 0.2 <x < 0.8 which can be expressed as
(5):
Aa
— = 032 (1 —e80d2), (5)
Qo

It is interesting to compare this result to a previous study on
239py0, [14]. In this latter case, the lattice parameter variation
was expressed as (6):

A8 _ o3, (1— e 286dp), (6)
ao

In Fig. 5, although the maximum value of the lattice parameter
relative variation is the same for PuO, and Pu;_,Am,0,, the expan-
sion rate is higher in the case of the mixed oxides. The physical
state of the samples does not explain this difference because in
both cases powder was used. The difference comes from powder
preparation and more specifically calcination temperature which
has an impact on particles size and morphology. For PuO,, it was
carried at high temperature in N, while for Pu;_,Am,O, the heat
treatment was carried in air at a significantly lower temperature.
A further study based on the particles morphology would be help-
ful to understand these different behaviours especially in term of
He release.

4. Conclusion

High purity Pu;_,Am,0, (x=0.2; 0.5; 0.8) mixed oxides were
synthesized by oxalate co-conversion. For these mixed oxides, no
data concerning the structure and self-irradiation phenomenon
can be found in the literature. The objective of this work was
to study the crystalline structure and the self-irradiation effect
in these compounds. The initial lattice parameters and equations
which describe the lattice parameter variation were determined
for each composition. It was observed a fast lattice parameter
expansion rate, followed by a stabilisation at a maximum value.
The observations also showed that the initial expansion rate in-
creases with the Am content and the maximum value with the
Pu content. Finally, it was found that, for the three compositions,
the lattice parameter relative variations are the same.
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Fig. 5. Global lattice parameter variation in Pu;_,Am,O, versus dpa, (x=0.21: a; 0.49: W; 0.8: @), m=m: this study; - -:[14].
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