Addendum

Argon neé ANL/CSE-13/10

NATIONAL LABORATORY

Addendum to UREX Flowsheet for
Cleanup of a Spent 130 g-U/L Uranyl Sulfate
SHINE Target Solution (March 29, 2012)

Chemical Science and Engineering Division



About Argonne National Laboratory

Argonne is a U.S. Department of Energy laboratory managed by UChicago Argonne, LLC
under contract DE-AC02-06CH11357. The Laboratory’s main facility is outside Chicago,
at 9700 South Cass Avenue, Argonne, lllinois 60439. For information about Argonne

and its pioneering science and technology programs, see www.anl.gov.

DOCUMENT AVAILABILITY

Online Access: U.S. Department of Energy (DOE) reports produced after 1991 and a
growing number of pre-1991 documents are available free via DOE’s SciTech Connect
(http://www.osti.gov/scitech/)

Reports not in digital format may be purchased by the public from the
National Technical Information Service (NTIS):

U.S. Department of Commerce

National Technical Information Service

5301 Shawnee Rd

Alexandra, VA 22312

www.ntis.gov

Phone: (800) 553-NTIS (6847) or (703) 605-6000

Fax: (703) 605-6900

Email: orders@ntis.gov

Reports not in digital format are available to DOE and DOE contractors from the
Office of Scientific and Technical Information (OSTI):

U.S. Department of Energy

Office of Scientific and Technical Information

P.O. Box 62

Oak Ridge, TN 37831-0062

www.osti.gov

Phone: (865) 576-8401

Fax: (865) 576-5728

Email: reports@osti.gov

Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States
Government nor any agency thereof, nor UChicago Argonne, LLC, nor any of their employees or officers, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply
its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of
document authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof,

Argonne National Laboratory, or UChicago Argonne, LLC.



ANL/CSE-13/10
Addendum

Addendum to UREX Flowsheet for
Cleanup of a Spent 130 g-U/L Uranyl Sulfate
SHINE Target Solution (March 29, 2012)

by
George F. Vandegrift, Laura Maggos, and Candido Pereira
Chemical Science and Engineering Division, Argonne National Laboratory

prepared for

U.S. Department of Energy, National Nuclear Security Administration,
Office of Defense Nuclear Nonproliferation

May 18, 2012






ADDENDUM TO UREX FLOWSHEET FOR
CLEANUP OF A SPENT 130 g-U/L URANYL SULFATE
SHINE TARGET SOLUTION (MARCH 29, 2012)

The UREX flowsheet described in the original letter report was designed so that it could
be used (with modifications in flow rates) for a variety of uranium feed concentrations and for
either uranyl-nitrate or uranyl-sulfate SHINE target solutions. Because use of a uranyl-nitrate
SHINE target solution (STS) is becoming a less and less probable option, the flowsheet was
reevaluated.

For both sulfate and nitrate STSs, the UREX feed will be a uranyl-nitrate solution;
however, the uranium-nitrate product solution will be treated in completely different ways. In the
case of a nitrate STS, the uranium product (after Tc/l-removal and a diluent-wash steps) will
only need to be concentrated and pH adjusted before return to the SHINE vessel. In the case of a
sulfate STS, the solution will need to be thermally converted to an oxide and then dissolved in
sulfuric acid.

A multistage scrub-section 2 is required for a nitrate STS, to scrub acetohydroxamic acid
(AHA) from the U-loaded solvent entering the strip section, to assure that the concentration of
AHA in the U product is essentially zero. However, for a sulfate STS, any process that destroys
nitrate will also destroy AHA, so AHA removal from the U-loaded solvent is not important. This
could call for the total elimination of the scrub-2 section, but this scrub does have a second
purpose: to maintain a higher nitric-acid concentration in the scrub 1 section while keeping the
acid concentration low in the scrub-1 feed. AHA is less stable to hydrolysis as the acid
concentration increases; by keeping the acidity in the first scrub low (0.1 M), the destruction rate
for AHA is low enough for a solution to be stable for 1-2 days.

Figure 1 shows the exponential effect of the number of stages in the scrub-2 section on
the concentration of AHA in the U product. Every scrub-2 stage lowers the AHA in the
U product by 14.2. Since with only one stage the AHA concentration in the U product is
5.2 x 10™ M, the number of stages in the second scrub section was dropped to one.

Figure 2 is the new and improved 30-stage UREX process flowsheet developed using the
Argonne Model for Universal Solvent Extraction (AMUSE).
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FIGURE 1 Effect of Number of Stages in the
Second Scrub Section on the Concentration of
Acetohydroxamic Acid in the Uranium Product
from the UREX Flowsheet Described in Figure 2,
which Shows the Second-Scrub Section with Only
One Stage
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FIGURE 2 AMUSE-Generated Revised Flowsheet for Cleanup of a

Sulfate STS
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