LA-UR- 00-1059

' Approved for public release;
. distribution is unlimited.

- “Tl'l‘/é‘-" Fundamental Thermodynamics of Actinide-Bearing Mineral
| Waste Forms

- Author(S) Mark A. Williamson

~ Submitted to: | Mark Gilbertson
. IRoland Hirsch
U.S. Department of Energy

Los Alamos

 NATIONAL LAB’“’RATORY

» Los Alamos Natlonal Le boratory, an afﬂrmanve actlon/equal opportumty employer is operated by the Umversnty of Cahforma for the U S

- Departmenit of Energy under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S. Government

retains a nonexclusxve royalty-free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U.S.
Government purposes. Los Alamos National Laboratory requests that the publisher identify this article as work performed under the

e ausplces ofthe US! Department of Energy. Los Alamos National Laboratory strongly supports acadeniic freedom and a researcher’s right to
- publish; as an mstltutnon however the Laboratory does not endorse the wewpomt ofa publlcatlon or guarantee its techmcal correctness

. Formk836‘ (10/96)




60118
Fundamental Thermodynamics of Actinide-Bearing Mineral Waste Forms
March 7, 2000
LA-UR-00-1059

Mark A. Williamson, Argonne National Laboratory

Alexandra Navrotsky, University of California at Davis

Bartley B. Ebbinghaus, Lawrence Livermore National Laboratory

John Huang, Los Alamos National Laboratory

Robert L. Putnam, Los Alamos National Laboratory, post-doctoral fellow
Sergey V. Ushakov, University of California at Davis, post-doctoral fellow
Katheryn B. Helean, University of California at Davis, graduate student

Research Objective: The landmark record of decision in January 2000 by the US Department of
Energy stated that at least 17 tons of surplus weapons plutonium will be converted to a mineral
waste material and disposed of in a geological repository similar to the proposed Yucca
Mountain nuclear waste site in Nevada. The need for fundamental thermodynamic properties
(e.g., entropy, enthalpy and free energy of formation) of specific actinide-bearing mineral

phases, related non-actinide phases, and potential decomposition phases is vital to waste material
formulation, fabrication process optimization, environmental modeling, and licensing a proposed
mineral waste material. Two and one half years ago we began a study designed to obtain the
first measured values for the formatlon energetics of phases related to the disposal of this surplus
weapons plutomum :

Research Progress: A combination of calorimetric techniques is being used to establish the
thermodynamic properties of the mineral waste forms.- High-temperature oxide-melt solution
calorimetry is being used to establish the enthalpy of formation of the minerals while adiabatic
~ calorimetry is being used to establish the heat capacity and entropy of the minerals. The
enthalpy and entropy data are combined to calculate the free energy of formation of the phase. -
Thermodynamic data are available for (1) CaMTi,O; where M=Zr, Hf, and Ce; (2) AnTi,O¢
where An=Ce, Th, U; (3) REPO, where RE=La, Ce, Nd, Eu, Yb, and Lu; (4) Gd,Ti2O7; (5)
CaTiOs; and (6) MTiO4 where M=Zr or Hf. The enthalpy of formation of CaPuTi,07, PuTi,Oq,
UPO4, PuPO4, and AmPO4 was estimated from the systematic trends observed in the measured
values of the appropriate aforementioned phases. These trends are only approximations, which
result in large error margins on the predicted values. The remaining resources and our efforts are
targeting the synthesis, characterization, and measurement of the formation energetics of the Pu-
bearing phases. 4

A high-temperature solution calorimeter has been installed at Los Alamos National
Laboratory (LANL) to allow the study of high-activity actinide-bearing materials. Uranium and
thorium containing materials were studied at the University of California at Davis (UCD). -
Optimal experimental conditions, techniques, and solvents have been determined at UCD and
this information has been transferred to LANL. Heat capacity data were obtained at Brigham
Young University (BYU) on some of the phases of interest. Funding for the BYU studies was
through an outside contract from Lawrence Livermore National Laboratory (LLNL).

Planned Activities: We plan to complete the revised 1997 scope of the project. The original
scope of work was downsized in 1997 because LANL, UCD, and LLNL received less funding



than originally requested. LLNL has synthesized but not fully characterized PuTi,Os. Precursor
material for Pu-pyrochlore, CaPuTi,07, has been prepared but no pyrochlore sample has been
synthesized. When synthesis and characterization of these phases is completed, the samples will
be transported to LANL where calorimetric studies will be performed.

Additional funding will be sought to fully characterize the thermodynamics of other

actinide-bearing mineral waste forms and to establish the energetics of mixing of waste form
materials. The energetics of mixing data are needed in modeling the behavior of a multi-
component waste material such as the solid solution (CaHfTi,07 + Gd,Ti,0; + CaUTi,07 +
CaPuTi,0O) proposed as the waste material for surplus weapons plutonium.
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