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BACKGROUND

There has been a recent resurgence of interest in different oxide
fuel types (e.g., Th, inert matrix, and Pu fuels) as potential ad-
vanced fuels that can be operated to relatively high burnups at
lower costs than current UO, fuels. These fuels can also be formed
to incorporate transuranics elements in the matrix. Inert fuel ma-
trices have the advantage of burning Pu and other transuranic ele-
ments from the fuel cycle without the production of other actinide
elements. Of the possible materials for use in an inert matrix,
ZrO, has been examined. The inclusion of ZrO, is expected to
increase chemical stability and radiation resistance. The natural
analogue of zirconia, baddeleyite ((Zr,M)O,), where M is a tetra-
valent ion such as hafnium), contains up to 3000 parts per million
U or Th. This supports the durability of inert matrix fuels using
ZrO, in reactor conditions and repository conditions. However,
fuels appropriate for the advanced fuel cycle applications should
have desirable reprocessing properties, namely ease of dissolution
for separations. An additional oxide which is somewhat soluble
may need to be added to the ZrO, matrix to achieve desirable re-
processing properties. A candidate oxide is MgO.

RESEARCH OBJECTIVES AND METHODS

This project will examine inert fuels containing ZrO, and MgO as
the inert matrix. Ceramics with this inert matrix, Ce, U and even-
tually Pu will be synthesized and examined. While the Advanced
Fuel Cycle Initiative focus is on inert fuels with Pu as the fissile
component, this task will perform initial laboratory experiments
with Ce and U. The initial work with Ce will be performed early
in the project with results used as a basis for U studies. Reactor
physics calculations will be used to examine suitable quantities of
burnable poisons from the candidate elements Gd, Er, or Hf. Most
fuels use Gd or Er, but the chemical properties of Hf lend them-
selves to formation of solid solutions with Zr and the tetravalent
actinides and will therefore be investigated. This project will pro-
vide the necessary data for evaluating the performance, reprocess-
ing, and waste behavior of the MgO-ZrO, fuels from a quantified,
chemical perspective.

Reactor physics calculations are used to examine suitable quanti-
ties of burnable poisons from the candidate elements Gd, Er, or Hf
with reactor grade Pu providing the fissile component, with up to

Metal Concentrations for Uranium Containing Ceramics.

Sample # Zt % Mz % 7% Er %
1 925 0 5 15
2 275 5 5 15
3 B1.5 10 3 i3
4 73 15 3 .5
5 Ti35 20 5 135
fi 625 a0 5 15
7 475 45 5 15
g 3235 &0 3 3
9 175 75 5 135
10 1] 925 5 4.5
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10% of **°Pu. Ceramics are synthesized and characterized based
on the reactor physics results. The solubility of the fuel ceramics,
in reactor conditions, reprocessing conditions, and repository con-
ditions, are investigated in a manner to provide thermodynamic
data necessary for modeling.

The research objectives of this project are as follows:

To examine the neutronic behavior of MgO-ZrO, inert fuels.
Variation of MgO and ZrO, composition ranges from 30% to
70% MgO in ZrO,. Analysis of Gd, Er, and Hf for reactivity
control ranging from 5-10% lanthanides. Analysis of reactor
grade Pu as fissile component ranging from 5-10% Pu. Re-
sults will be used as parameters for fuel composition.

To synthesize and characterize MgO-ZrO, ceramics contain-
ing burnable poison and fissile composition. Synthesis is
based on a precipitation method. Range of MgO in ZrO,,
fissile component concentration, and burnable poison concen-
tration based on results of neutronic calculations. Characteri-
zation of ceramics will include density, X-ray diffraction
(XRD), surface area analysis, X-ray absorption fine structure,
and chemical composition. Results will be applied to behav-
ior in high temperature water, acid, and environmental condi-
tions.

To describe the chemical behavior of synthesized ceramics.
Chemical thermodynamic and kinetic analysis will use equi-
librium data, kinetic data, and surface area normalized disso-
lution. Different conditions will include reactor conditions
(high temperature and high pressure water) and reprocessing
conditions (nitric acid and elevated temperature). Environ-
mental conditions will be near neutral solution conditions.

To utilize project data in kinetic and thermodynamic model-
ing codes to evaluate the speciation of the elements in the
ceramics under reactor, reprocessing, and repository condi-
tions.

RESEARCH ACCOMPLISHMENTS

Development of X-ray fluorescence characterization method

A reliable method for X-ray fluorescence (XRF) was developed
involving ashing the individual oxides, then preparing standards
through the dry synthesis route. It was believed that the samples
that showed heterogeneous Ce distribution were due to insufficient
sintering times. Therefore, one such sample was removed from
resin, resintered, and elemental mapping was performed a second
time. This second mapping showed a homogenous distribution of
cerium demonstrating the suitability of the method.

Synthesis and characterization of U-containing ceramics

Ceramics were synthesized using MgO-ZrO, as the inert matrix
and Er,03 as a burnable poison as in previous studies; however,
UO, is now being used as a more accurate PuO, analog than the
previous CeO, containing ceramics.



A soxhlet experiment was initiated to determine the corrosion re-
sistance of the ceramics. The results demonstrated the corrosion
resistance enhancement from the inclusion of ZrO,. A thermogra-
vimetry and differential scanning calorimetry scan was performed
on the precipitated material to examine calcining and sintering
behavior. The material appears to change from the oxy-hydroxide
precipitate to the oxide at the same temperature as the Ce-
containing ceramics (260°C). The phase change also starts at the
same temperature (510°C), but it does not proceed as quickly and
therefore shows a broader peak.

XRD patterns were taken of all samples under investigation to
qualitatively determine the phases present within the sintered sam-
ple. With no MgO present the UO, and Er,0; only partially stabi-
lizes the ZrO, resulting in a mixture of monoclinic and tetragonal
Zr oxide phases. With as little as 5% wt/wt MgO, the material
fully stabilizes to form a pure cubic zirconium phase. Over 10%
MgO results in a MgO phase, in addition to the cubic zirconia.
This pure MgO phase increases with total MgO content. When
there is no longer ZrO, in the sample a MgO phase dominates,
while there is a minor cubic uranium erbium oxide phase. Quanti-
tative analysis will be performed once TOPAZ software is ob-
tained.

Oxide waste forms based on project results

UYO1, pellets were synthesized for Los Alamos National Labora-
tory for initial waste form studies complementary to the inert fuel
research. Composition was confirmed to be delta phase by XRD.

Other progress

e The Soxhlet has concluded with samples
(Zr0.885Md0.0sU0.05Er0.02501.96:  Zr0.725Mdo.2U0.05Er0.02501.79,  and
Mgo.025Uo.05Er0.02501.06). The data has been analyzed and com-
pared with previous experiments.

e Pure water, silicate water, and brine solutions were used to
test fluoride leachability in polytetrafluoroethylene (PTFE) vessels
for environmental dissolution studies.

e Environmental dissolution study was conducted with
Zr0,625M00.3U0.05Er0.0250 16875, Zr0.475MJ0.45U0.05Er0.02501.5375,  and
Zro_325M90.5U0.05Er0.02501.3375 in Water, silicate Water, and brine
each in triplicate.

e Scanning Electron Microscopy images were taken of corro-
sion damage from Soxhlet study.

o UY,405, was synthesized for the LANL group. Delta phase
was confirmed by XRD. UY¢O;, pellets were characterized by
SEM, microprobe, XRD, optical microscopy, and TEM.

o HNO; dissolution studies were conducted, residue was ana-
lyzed by XRD.
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e XAFS data taken at the Advanced Photon Source (ANL) was
analyzed to evaluate the local environment of uranium and zirco-
nium in a cubic zirconia matrix.

e |nert Matrix Fuel material was synthesized and analyzed with
laser ablation mass spectrometry.
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Sample 6 (3 x 3 mm Er map)

Sample . ( X3 m Zr map) Sample 6 (3 x 3 mm Mg ap)

Elemental Scanning by Microprobe.
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