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53 ABSTRACT. U;sOgs is considered as the most stable phase for uranium oxide, justifying the
necessity to precisely know its structural properties in order to apprehend its behavior in storage

58 conditions as regards leaching in the case of spent nuclear fuel storage in oxidative conditions.
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Nevertheless, as fuel irradiation causes the formation of fission products and activation products
such as plutonium and minor actinides, it is probable that U;Og oxide would be mixed with other
chemical elements in real conditions of oxidation. Storage issue can be extended to americium
transmutation where compounds dedicated to irradiation are mixed-oxides composed of uranium
and americium. Present study is thus focusing on the determination of the structural properties of
a solid solution containing uranium and trivalent americium (U/Am ratio = 90/10), and
synthetized as to obtain conventional U3Og oxide. It presents for the first time the possibility to
combine trivalent americium with uranium as mixed-oxide under U3Og form, despite the high
valence and atomic ratio differences, and propose novel structural arrangements. XRD
measurements reveal americium substitution in UsOg uranium cationic site, leading to phase
transformation to UsOg high temperature structure and general lattice swelling. XANES and
+VI

EXAFS experiments highlight, as main consequence for accommodation, excess of U

organized in uranyl units.

INTRODUCTION

Oxidation of uranium (U) dioxide (UO;) into UsOg has been studied for years in the field of
nuclear fuel fabrication. It was first considered for nuclear fuel reprocessing, and is now
considered in waste management domain and spent fuel behavior in dry storage conditions.'
Indeed, as UQO, is the most common uranium form used as nuclear fuel, UzOg is the most stable
uranium oxide in ambient conditions, close to the U compounds found in natural environment.
Left at room temperature (RT) under air, UO; is slowly oxidized into U3Og.3 Focusing on spent
fuels, even if major part is still composed of UO,, the presence of additional radionuclides with

high radioactivity such as fission products or minor actinides (MA) and thus generating heat
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load, leads to faster UO, oxidation into U3Og, accelerating intermediate phase transformation
such as U409 and U307.4 This issue also concern compounds fabricated in the field of MA
tralnsmutaltion,s’6 where the latter can be integrated to uranium oxides, to form, in the case of
americium (Am), dense U; AmyO,.s pellets. Storage and post-irradiation behavior of these
compounds under oxidative conditions remain unknown and are identified as crucial factors for
future experimental irradiation. Furthermore Us;Og compound is also used as mineral poreformer
in nuclear fuel fabrication.”® Impurity solubility in this oxide should thus be well-known to
anticipate chemical reaction between UsOg as poreformer and other actinides composing fuels,
such as MOX fuel®® or dedicated compounds for transmutation.

Considering first literature on pure U3Os, at RT its crystalline structure was determined as
orthorhombic (space group C2mm) and this form is called 0-U304.'""* When heated at 483 K, o
form is converted into o’ one with transition to hexagonal space group P-62m. This transition
and the consequent atomic positions modifications were studied by Loopstra et al." and
Ackermann et al."”, who defined current space group and positions for U and O in a-U3Og and o’ -
U30Og forms. If many characterizations have been performed on UzOg to explain crystallographic
structures, ' 141017 fow papers exist on U3Og accommodating with another chemical element.
Tetravalent Pu and Np were integrated to UsOg to form a solid solution. Benedict et al. report
some space group change with Pu incorporaltion,18 such as Finch et al. for Np,19 but no structural
models were presented to explain how these elements present as impurities are accommodated in
the structure. More recently, Remy synthetized same kind of mixed oxide containing tetravalent
Ce.” In the following study, Am was the chosen substituted element, answering transmutation
target research need for post-irradiation characterizations. Mixed oxides composed of U and Am

were synthetized under oxidative atmosphere, in the same conditions required for U;Og
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formation.”" ™ Obtained crystalline structure was fully characterized and compared to pure
U;30s. To begin, XRD results presenting the new crystalline structure and its difference with the
pure compound are exposed and analyzed. These results were completed by XANES
measurements allowing to assess the formal oxidation states of U and Am in the mixed-oxide.
Finally EXAFS data fitting was used to reconstruct the close environment of the U and Am
cations and the establishing of metal-O and metal-metal first distances, highlighting what enables

Am to be substituted in the UsOg structure.

EXPERIMENTAL SECTION

Sample preparation. A wet chemical route based on the use on ion exchange resin
microspheres was selected in this work to ensure in the final oxide a homogeneous repartition of
actinide element at the atomic scale. This process of (U,Am) based samples was the same as
described in previous works for actinide based mixed-oxide synthesis.”>** Stoichiometric
amounts of uranyl and americium cations dissolved in aqueous solution, implying the following
atomic U/Am ratio of 90/10, were fixed on the exchanger sites of weak acid resin (WAR)
microspheres, releasing proton ions. After complete exchange (stable pH of the solution), loaded
resin was extracted and dried at 373 K. Microspheres were finally calcined for 4 h at 973 K
under air, following a heating rate of 5 K.min"'. This calcination was performed in a tubular
furnace (Lenton LTF), in which microspheres were disposed as a single layer in a quartz
crucible. The same protocol was followed for pure U;Og reference microspheres.

X-Ray Diffraction. RT XRD diagrams were recorded on powdered microspheres using a
Bruker D8 Advance apparatus equipped with a Cu Kal,2 radiation and a linear Lynx-Eye

detector, in a 6-0 Bragg—Brentano configuration. The step was approximately fixed at 0.02° with
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a time per step of 0.3 s, for an angular domain of 15 to 110° 26. Bruker EVA DIFFRACplus
software was used for phase identification. Lattice parameters of synthesized compounds were

2425 with a Le Bail method for refinements.”® A

determined using the Jana Suite software,
pseudo-Voigt profile function was used for lattice parameter refinement. Gold reference was
added to the powdered sample for position calibrations. The Au phase profile was also fitted but
lattice parameters were kept fixed as it is used as a reference.

XAS experiments. XAS experiments were carried out at the European Synchrotron Radiation
Facility (ESRF, Grenoble, France) on the Rossendorf Beamline (ROBL) with the storage ring
operating at 6.0 GeV and 170-200 mA. The synchrotron beam was collimated with a 1.3 m long,
Rh-coated, meridionally-bent mirror, monochromatized with a double-crystal monochromator
with a water-cooled Si (111) crystal pair, and focalized with a 1.2 long, Rh-coated toroidal
mirror. XANES spectra were collected in transmission mode at the Am Ly (18510 eV) and the
U Ly edge (17166 eV) with a step size of 0.7 eV using ionization chambers. EXAFS
measurements were performed in both transmission and fluorescence modes, at the Am Ly
(18510 eV) and U Ly (20948 eV) edges for Am-substituted U3;Og microspheres, and U Ly edge
for pure U3Og microspheres. The use of the U Ly edge was necessary because of the presence of
neptunium impurities in Am, with its Ly absorption edge interfering with the U Ly EXAFS
region. The fluorescence signal was measured with a 13-element Ge solid-state detector using a
digital spectrometer (XIA-XMap). Metallic foils whith K edges close to the edges of interest, i.e.
Y (17038 eV), Zr (17998 eV), and Mo (20000 eV), were used as references for energy
calibration. EXAFS spectra were recorded at Am Ly, U Ly and U Ly edges, up to k = 18, 13.5

and 16 A™', respectively. During all the measurements, a He cryostat was used to maintain a

sample temperature around 15 K. The thermal contribution to the Debye-Waller factors is thus
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greatly reduced and only the static structural disorder contribution remains. Data refinements

2128 software and FEFF9? for ab initio calculations of

were performed using the IFEFFIT
EXAFS spectra. XANES spectra were normalized using a linear function for pre- and post-edge
approximation. Ey was arbitrarily assigned to the edge inflection point, determined as the knot of
the first derivative. U Ly edge spectra were compared to that of a UO3; compound also recorded
at ROBL under the same conditions, while the Am Ly spectra were compared to those of AmO,
and pure Am oxalate,”® as Am™" and Am*™ references respectively. Considering the pure U3Og
reference, Fourier transform of the EXAFS spectrum (in k?) was performed with a Hanning
window between 2.2 and 16 A~!. For the Am-substituted U30g, Fourier transform of the EXAFS
spectra (in k?) was performed with a Hanning window between 3 and 13 A'and 3.5 and 2.8 and
11.8 A™! for U L and Am Ly edges respectively. A 7.5 A-cluster of U30g was considered for
data fitting, using the lattice parameters determined through XRD measurements. Model U;Og
was fitted with C2mm space group. In this crystallographic structure, U is coordinated by two
axial O, 5 equatorial O, 2 axial U and 4 equatorial U as nearest neighbors. Multiple scattering
along axial directions was taken into account through the addition of triple scattering (U;-O,-Ox-
U;) and quadruple scattering (U;-O,-Ux-O,-U;). The structural parameters of the multiple
scattering paths were linked to that of corresponding single scattering paths to reduce the number
of free parameters. Considering Am-substituted UszOs, two space groups were tested, P-3m/ and
P-62m, but only the latter allowed the fit to converge. For P-62m, the configuration of single
scatterings around U is the same as for C2mm with a few changes on distances. Consequently
similar triple and quadruple scattering paths were also added and improved the fit quality, with
structural parameters linked to the single paths. Debye-Weller factors were found equal to

0.005(1) and 0.0080 A2, and 0.0200 and 0.0150 A2 for UL and AmLyy; edges respectively.
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RESULTS AND DISCUSSION

The following results present and develop the features of the crystallographic structure
obtained after (U,Am) loaded resin thermal conversion under air, performed at 973 K. These
novel features are compared to pure U3Og microspheres.

XRD results. XRD recorded diagrams for pure U;Og and Am-based U3;Og microspheres are
presented in Figure 1 and Figure 2 respectively. For pure Us;Og X-Ray phase diagram, phase
identification matches with the orthorhombic C2mm crystallographic structure. In the context of
uranium oxides, it corresponds to the a-U3;Og phase, structure stabilized at RT. Le Bail
refinement performed on this recorded diagram gives the following lattice parameters: a =
6.720(2) A; b = 11.952(2) A; ¢ = 4.146(2) A for a lattice volume of 333.02(1) A’. Refinement
parameters are summarized in Table 2 and corresponding plots are presented in Figure 1.

Structural values, when compared to literature,lz’m’15

are relevant of standard a-U;Og phase and
validates the synthesis of U3Og compound through thermal conversion of WAR microspheres

under air at 973 K.
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Figure 1. XRD diagram and refinement results of powdered pure U;Og oxide microspheres

converted during 4h at 973 K under air — Peak matches with a * correspond to gold phase.
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Experimental data is in black; the calculated diagram is in red; the difference between them is in

blue; Bragg positions are presented in green.

S

Intensity (a.u.)

20 30 40 50 60 70 80
20 angle (°)

Figure 2. XRD diagram and refinement results of (U,Am) based oxide microspheres converted
during 4h at 973 K under air — Peak matches with a * correspond to gold phase. Experimental
data is in black; the calculated diagram is in red for P-62m reference space group; the difference

between them is in blue; Bragg positions are presented in green.

Considering X-Ray diagram collected after thermal conversion of WAR microspheres loaded
with U and Am, Figure 2, a diagram associated to a monophasic compound is also obtained after
conversion, but if it looks close to that a-U3Og phase, a relevant difference is noticed on the two
peaks around 26.5° (enclosed zoom) and 34°. Indeed, pure U3;Og phase shows two significant
peaks that become merged into a single one in the new phase including Am. About phase
identification, two crystallographic structures match with the collected diagram. The first one
crystallizes in the trigonal P-3m! space group, taken by a-UOs phase,’' and the second one in the
hexagonal P-62m space group, stabilized at HT (over 500 K) by U;Os."> Both own similar

cationic sublattice with single cationic position, where differences are undertaken by the O
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atoms. In the case of trigonal structure, there are only two O positions, for five positions in
hexagonal one, consistent with higher anionic organization in the case of hexagonal structure.
The adjustment of crystalline structure with Am presence, through this change of space group, is
relevant of Am substitution inside U3Og phase. Le Bail refinements were performed for both
possibilities. The lattice parameters determined for P-62m space group, whose refinement is
visible in Figure 2, are: a = 6.838(2) A; ¢ = 4.171(2) A for a total lattice volume of 169.05(1) A’.
When refined with P-3ml space group, the following lattice parameters were obtained: a =
3.948(2) A and ¢ = 4.167(2) A for a total lattice volume of 56.33(1) A’, where a factor of the
trigonal structure is found equaled to a of hexagonal one divided by V3. If comparing now
normalized volume of each crystalline structure (Table 1), a relevant swelling of the structure
clearly appears for the sample containing Am. The global increase is close to 5 A®, which is a
significant value for lattice modification that confirms the substitution of Am on U site in U303
oxide.

Table 1. Summarize of the calculated lattice volume for pure U3Og and Am-substituted U3Os.

Pure Uz;Og Am-substituted U3;Og
Space group C2mm P-62m P-3ml
Volume (A”) 333.02(2) 169.05(2)  56.33(2)

Normalized volume (A”) 333.02(2) 338.10(2) 337.98(2)

Table 2. Fit parameters obtained after LeBail refinement of the two studied samples.

Phase Pure U305 Am-substituted UzOg
Space group C2mm P-62m P-3ml
GOF 1.44 1.30 1.50
R, 2.54 2.79 2.82
wR, 3.48 3.60 3.74
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XAS results.

XANES.

The spectra recorded at the Am Ly edge for Am-substituted U3Og and model compounds are
presented in Figure 3. The comparison between the sample spectrum and the reference for Am*'"
and Am™ clearly shows that Am is totally trivalent in the Am-substituted UsOg structure.
Concerning the corresponding U Ly edge, spectra (and corresponding derivatives) recorded for
pure a-UszOg, UO3 and Am-substituted U3Og are presented in Figure 4. UO; corresponds to pure
UY! cation ("yI" like), illustrated by two distinct bands after absorption edge in Figure 4,
relevant of two distant U-O distances present: 2.1 A for apical distance and around 2.38 A for
equatorial distances.**** For a-U3Og reference, spectrum presents a single significant band after
absorption edge, characteristic of the C2mm crystallographic structure with similar U-O. The
valence of U in UOs3 is +VI while UsOg presents two different U oxidation states (+V and +VI)
in order to guarantee the electroneutrality inside the oxide.* Considering U3Og as stoichiometric

oxide at RT, U element is distributed for 33% in U™"" and 66% in U*" for an average valence of

5.33.
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Figure 4. Normalized XANES spectra collected at U Ly; edge and associated derivatives. 20 K —

48 UsOg is in dark grey, Am-substituted U;Oy is in blue and UOj3 is in red.

51 When looking at Am-substituted U;Og spectrum, it looks intermediary between the two pure
uranium oxides. Although it is not as pronounced as for UOs, two bands are present on the

56 absorption derivative after absorption edge, illustrated by a small shoulder around 17180 eV,
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which is completely absent of the Us;Og spectrum. This observation would thus be consistent
with the presence of two different U-O distances in (U,Am)-based oxide approaching the "yl"
like configuration (as in UQOs3). Indeed Figure 4 suggests that U lies in a mixed-valence state with
unknown +V/+VI. Only high resolution XANES would allow to precisely confirm mixed-
valence and quantitative proportion of +V and +VI. Indeed, the resolution of the core hole at the
An Ly, edge (around 7 eV) is far too small to enable such determination with accuracy. One
can conclude that Am-substituted U3Og XANES derivative (post edge shape) is thus qualitatively
closer from that of UOj; than from UzOg. If considering 10 at%. of trivalent Am on +V/VI U
sites, average U charge for stoichiometric oxide will shift from 5.33 (for pure U3Og) to 5.59. This

would correspond to the presence of 60% of Ut

in the mixed oxide instead of 33% in pure
U;0Os, to compensate trivalent Am presence.

Considering XRD results, previous work validates the hypothesis of substitution, thanks to the
observed change of crystallographic structures from pure U3;Og to Am-substituted U;Osg.
Knowing the oxidation state of Am in the sample (+III), comparison can be made between the
sizes of the different cations in presence. Considering ionic radius of trivalent Am in hexaedral
environment equals 1.115 A for 0.87 A for U**! and 0.9 A for U*Y,* it helps to explain the
global increase of lattice volume with Am-substituted U;Os visible in Table 1.

EXAFS study was also performed in order to better understand how the crystalline structure
accommodates the presence of trivalent Am, what are the close environment of U and Am, and
what are the differences compared to pure UsOs. This will thus help to confirm possible

formation of "yl" units.

EXAFS.
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k2-weighed EXAFS spectrum and corresponding Fourier transform of pure U3Og are presented
in Figure 5 and Figure 6. The best fit structural parameters are summarized in Table 3. For this

C2mm model structure, fitted distances for single paths are close to crystallographic data.

©CoO~NOUTA,WNPE

11 Concerning the first U-O axial path, uncertainty is high and the corresponding Debye-Weller
13 factor exhibits a quite high value (0.03 A?). This is due to complicated signal extraction at low k
15 range for this kind of oxides, resulting in large Debye-Waller factors, and high uncertainties for
18 the first shell. Nevertheless, the other distances confirm the correspondence with C2mm space
20 group defined for pure a-U;Og, particularly through sub-cationic lattice and U...U interatomic

distances that were fitted until 5.6 A.

Am-substituted U,O,

AmL, edge
" ‘,.p\_

w
H
EXAFS amplitude in k2y (k)

40 wave number in k (A™)

42 Figure 5. k2-weighted EXAFS spectra of the pure U3Og and Am-substituted U3;Og. Experimental
spectra are plotted in dots (dark grey: pure U3;Og at U Ly edge; blue and light blue: Am-

47 substituted U3;Og at ULy and AmLy; edges respectively, adjustments in black lines.
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FT amplitude in k2y(k)

Non phase shift corrected distance (A)

Figure 6. Fourier transform of the EXAFS spectra for pure U;Og and Am-substituted UzOs.
Experimental spectra are plotted in dots (dark grey: pure U3Og at U Ly edge; blue and light blue:

Am-substituted U3;Og at ULy and AmLyy; edges respectively, adjustments in black lines.

Considering Am-substituted U3;Og, both P-3ml and P-62m space groups were first tested as
model references for fitting at the U edge. The trigonal structure did not show good correlation
between experimental plot and fit, tending to assess that metal-O and metal...U distances in the
sample are closer to the ones identified in the hexagonal reference configuration. Therefore as a
starting point for fitting, the path lengths in P-62m structure were considered as model for both
Am and U edges.

Focusing on Am environment, Table 3 presents the best fit parameters. XRD previously
showed the substitution of Am on U site. Good results obtained for EXAFS spectrum fitting
tends to confirm these results, as Am-O and Am...U distances are in good agreement with the
ones corresponding to P-62m structure. The increase of interatomic Am-O distances is in
agreement with the decrease of formal oxidation state from +5.33 for U in U3Og C2mm to +3 for
Am in the present structure, although this is only indicative because both cations don't have the

same geometry. Moreover, as Am*'" has a larger crystal radius (1.115 A) than U in the same

ACS Paragon Plus Environment
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hexahedral configuration (0.87 A for U™ and 0.9 A for UJ’V),35 it should also contribute to the
expansion of the O environment. The fit of the Am...U distances was only possible if considering
an important shortening of the four equatorial Am-U paths, whereas axial distances increase.
This significant variation, opposing the general tendency of swelling, can be understood if
anionic and cationic paths are de-correlated. This can be assumed as anionic interatomic
distances undergo different variations from cationic sublattice, and cations and anions are not
aligned together on the same direction. It thus renders possible Am...U equatorial distance
shrinkage, despite swelling of anionic sublattice. On contrary, for the axial direction where Am
and O are aligned, both Am-O and Am...Am distances increase.

Fitting U Ly EXAFS spectrum for Am-substituted UzOg evidences several structural
modifications of U closest environment compared to the P-62m structure, summarized in Table
3. Concerning the U-O single scattering, optimization of the fit led to a split of axial U-O
distances into two different contributions, with a repartition close to 50/50. The first one equals
2.03(1) A and remains very similar to the crystallographic value of 2.07 A in P-62m. The second
one is found significantly shorter than conventional distance in UsOsg, and equals 1.78(1) A.
Tentative to remove this short distance or to compensate with a higher Debye Waller value for
the first shell lead to a very significant degradation of the quality factor (Ay?v = 27 to 265). In
addition, this result is correlated to the above discussion on XANES spectra, and suggests that
50(5) % of the U-O bond can be assimilated to "uranyl" as it is very close to uranyl theoretical
distance (1.76 A*®). As a consequence one may assume that trivalent Am substitution in U3Og

+VI

induces structural and charge modifications with an increase of U™ ", as expected with previous

+VI

calculation of charge compensation leading to 60% of U™ " required, instead of 33%. Excess of

+VI cation thus needs to be organized in the structure through the formation of “uranyl” like
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units observed by XANES and fitted by EXAFS. Concerning the equatorial U-O distances,
values determined for the five paths are in agreement with the P-62m model: 2.16(1) A
compared to 2.21 A for the four symmetric surrounding O, and 2.62(1) A compared to 2.67 A for
the single one. Focusing now on cationic sublattice, the U...U interatomic distance also reveals
important modifications with important increase of one distance (+0.16 10%), linked to the four
equatorial U...U paths, whereas simple axial interatomic distances remain close to
crystallography. Addition of triple and quadruple scattering paths linked to 2.07 A U-0O axial
distances considerably improved the quality of the fit. This result strengthens the assumption of
the coexistence of free uranyl like bonds together with normal U-O axial bonds linked to the sub-
cationic lattice.

The structural arrangements around U and Am, in pure U3;Og and in Am-substituted U;Og are
thus very different. According to the above data, the Am cation substitutes U and provokes
general swelling of its close environment except for the Am...U equatorial distances that are
decreased. The U and O atoms of the Am equatorial plane are not aligned, and make possible
this Am...U distance modification. This is also evidenced by the U...U distortion caused by the
presence of Am with different structural constraints on cationic and anionic sublattices. The
major adjustment to the P-62m structure comes from the necessity to add to the system shorter
free U-O bonds which would be related to axial uranyl like units, as illustrated in Figure 7.
Scheme thus shows the two kinds of cationic and anionic environment around U and Am. The
left part shows P-62m configuration taken by Am and 50% of U, mostly U+V, besides distance
distortion. Green atoms correspond to U or Am cations around absorbing cation, whereas red
ones are O. The right configuration illustrates the environment determined with free “yle” units

+VI

around U, attributed to U™ ", identified with the two blue double U=0 bonds. As a conclusion,
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from U environment, anionic sublattice undergoes the major part of structural changes through
free uranyl double bonds formation induced by a higher amount of U*"! in the mixed oxide, to

compensate Am*™" presence. As U3Og oxides have planar disposition, this specific configuration

©CoO~NOUTA,WNPE

11 enables to presume that it favors alternating uranyl planes with conventional U*" P-62m planes.

« yle » group

Absorbing
U+VI

25 Figure 7. (left) First anionic and cationic coordination shells for P-62m space group used for
EXAFS fitting. (right) First anionic and cationic coordination shells for U™, involving “yle”
30 configuration - Green atoms correspond to metals (U, Am), light green atoms to U, red ones to
32 O. Black atom is considered as absorbing atom. Orange bond are simple and blue ones are

double.
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Table 3. EXAFS data on pure U3;Og and Am-substituted UszOg, and comparison with theory. 802 is the EXAFS global amplitude factor, Ae, is the

Submitted to Inorganic Chemistry

energy threshold, ¢ is the average noise and Rg,or is the agreement factor of the fit. Numbers in round brackets are uncertainties.

Bond type Distance (A) crystallography ref (A) o2 (A%
2 axial U-O 1.99(5) 2.07 0.0301
U Ly edge 4 equatorial U-O 2.21(1) 2.16 0.0077
R 3 1% 1 equatorial U-O 2.59(1) 2.54 0.0237
factor = 9J.170
Pure U;O; reference Axt = 0.57 2 equatorial U...U 3.70(1) 3.74 0.0084
C2mm S2=0.8 K
0 : 2 equatorial U...U 3.84(1) 3.88 0.0138
Aey=5.85
¢ =0.004 2 equatorial U...U 4.14(1) 4.18 0.0065
2 axial U...U 4.16(1) 4.15 0.0065
8 diagonal U...U 5.62(1) 5.59 0.0070
(50%) 2 axial U-O 2.03(1) 2.07 0.0165
U Ly edge
(50%) 2 axial U=0O’ 1.78(1) 2.07 0.0036
Risctor = 3.6% 4 equatorial U-O 2.16(1) 2.21 0.0085
Ay2,=27.48
S2=0.9 1 equatorial U-O 2.62(1) 2.67 0.0159
Aey=-4.77 .
6 equatorial U-U 4.01(2) 3.83 0.0137
€=0.003
Am-substituted U;Oq (50%) 2 axial U-U 4.17(1) 4.14 0.0015
Am Ly edge 2 axial Am-O 2.26(1) 2.07 0.0033
Re =77% 4 equatorial Am-O 2.46(2) 2.21 0.0032
factor — /-
Ay, =4.56 1 equatorial Am-O 2.93(2) 2.68 0.0022
S2=1.0
Aeoo - 6.02 6 equatorial Am-U 3.69(2) 3.83 0.0178
¢=0.012 2 axial Am-U 4.27(2) 4.15 0.0028
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CONCLUSION

These experiments have investigated for the first time the possibility for trivalent Am to be
substituted in a-UsOg structure. Combination of XRD and XAS experiments led to the
conclusion that substitution is possible thanks to structure accommodation, through
transformation from initial orthorhombic to hexagonal structure for Am-substituted oxide. The
latter, corresponding to P-62m space group, owns a single cationic site, increasing the global
symmetry of the structure, but also attesting of a higher metallic disorder. The global cationic
charge order of orthorhombic structure (C2mm space group), where U*Y and U™ get their own
metallic site, is broken by the presence of trivalent Am, leading to space group change. Focusing
on close environment of U and Am in the mixed-oxide determined through EXAFS analysis, Am
is well-fitted with distances characteristic of hexagonal structure, but causes general increase of
interatomic distances around it. U is suffering from more structural rearrangements with the
formation of "yl" like bonds, resulting in structural re-organization of U*'! in uranyl units, whose
quantity is increased to 60% instead of 33% to compensate trivalent Am presence. Planar
geometry of UsOg-type oxides suggests alternating planes of U*"' with uranyl units, and U*Y in
conventional P-62m configuration. These results are first new insights on the possibility for U3;Og
to accommodate, when submitted to high stress such as substitution of trivalent actinide, and

propose first solutions for structural arrangements.
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This paper presents first assumption for trivalent Am substitution in U3Og structure. Structural
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properties of this unknown mixed oxide are presented for first time through combination of



