ANL/CSE-14/16

Argonne;

NATIONAL LABORATORY

Method for Increased Accuracy of ICP-MS Detection
of Potassium in Samples with High Molybdenum
Content

Chemical Sciences 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-14/16

Method for Increased Accuracy of ICP-MS Detection of
Potassium in Samples with High Molybdenum Content

by
Peter Tkac and George F. Vandegrift
Chemical Sciences and Engineering Division, Argonne National Laboratory

prepared for
U.S. Department of Energy, National Nuclear Security Administration,
Office of Defense Nuclear Proliferation

January 30, 2014






METHOD FOR INCREASED ACCURACY OF ICP-MS DETECTION
OF POTASSIUM IN SAMPLES WITH HIGH MOLYBDENUM
CONTENT

Peter Tkac and George F. Vandegrift
Argonne National Laboratory
January 2014

1 INTRODUCTION

Argonne National Laboratory (ANL) is supporting development of accelerator-based
production of Mo using the photonuclear reaction '*’Mo(y,n)”’Mo with an enriched
%Mo target. After dissolution of irradiated Mo target disks in hydrogen peroxide, Mo is
converted to potassium molybdate by addition of KOH. The highly alkaline solution of
K;yMoOy4 (0.2 g-Mo/mL in 5 M KOH) is loaded into the TechneGen generator, where Tc
is retained on an aqueous biphasic extraction chromatography (ABEC) column, while Mo
passes through and is recovered for further processing. After the molybdenum is
processed in the TechneGen generator, the spent solution needs to be treated to recover
valuable Mo-100 for future production of sintered Mo disks. Therefore, recycle of Mo
will require conversion of K;MoO4 in 5 M KOH solution to MoO3; powder that can be
further reduced to Mo metal.

The starting Mo-100 enriched material contains 20-40 mg of potassium in one kilogram
of molybdenum. However, after dissolving the irradiated Mo-100 target in hydrogen
peroxide and converting it to K;MoO4 in 5 M KOH (0.2 g-Mo/mL), the solution contains
about 1.8 kg of potassium per kilogram of molybdenum. One requirement for the
recycled Mo material is that the impurities in the recycled material be at the same or
lower concentration than that present in starting material to facilitate acceptance for use
of recycled Mo-100 by the U.S. Food and Drug Administration FDA). The required
purification factor for removal of potassium in purified MoOs powder is ~1 x 10°, which
would prevent production of large amounts of K-42 during the irradiation of Mo-100
disks at the low energy accelerator facility (linac). Additionally, recycle of Mo requires
conversion of K;MoO4 in 5 M KOH solution to MoO3; powder with high Mo recovery
yields (>98%) due to a high cost of enriched Mo-100 material.

During FY 2013, we used a potassium selective electrode (PSE) and inductively coupled
plasma mass spectroscopy (ICP-MS) to determine the concentration of potassium in the
final purified-Mo product. The disadvantage of using a PSE is that both ammonium and
sodium hydroxide, which are necessary to re-dissolve MoQO; precipitate, interfere with
potassium detection. With ICP-MS, the detection limit for potassium is affected by the
high dilution that needs to be made due to a very high concentration of molybdenum or
other dissolved solids (salts such as NaOH). If the sample of recycled and purified Mo
submitted for ICP-MS analysis meets the criterion for potassium concentration (20 mg-
K/kg-Mo) and contains 0.2 g of Mo in 25 mL of solution (8000 mg-Mo/L), the
concentration of potassium in this sample would be 160 pg/L. However, the maximum



concentration of total dissolved solids (TDS) that can be loaded into our ICP-MS
instrument is 80-100 mg/L. To achieve this concentration, the solution must be diluted
by >80 times, which reduces the concentration of potassium to ~2 pg/L. Since the
detection limit for potassium under these conditions using ICP-MS is ~10 pg/L, Mo has
to be selectively removed from the sample matrix for potassium analysis. This separation
can be achieved by solvent-solvent extraction. It has been reported that 30% tri-n-butyl
phosphate (TBP) effectively extracts a relatively high Mo concentration (0.02 M) from 5
M HCI [Tkac and Paulenova, 2008]. Under strong acidic conditions, the extraction
process involves this reaction:

MoO,(OH)CI1-2H,0 + HCI + 2TBP <> [M0O,Cl,-2TBP] + 3H,0
2 RESULTS AND DISCUSSION

To test this procedure, we began by dissolving ~0.65 g of MoO; (~0.43 g of Mo) in
NH4OH. Potassium was added as KCI followed by addition of concentrated HCI
(Optima) to yield 5 M HCI. The starting concentration of Mo was ~0.09 M. An aliquot
of this solution was taken and submitted for ICP-MS analysis to determine the Mo and K
concentration before Mo extraction. Another aliquot was contacted with 30% TBP in n-
dodecane pre-equilibrated with 5 M HCI (organic-to-aqueous ratio of 1:1) and mixed
vigorously by vortex for 4 min. After extraction, phases were separated by
centrifugation. The aqueous phase was contacted with another portion of TBP (1:1),
mixed for 4 min, centrifuged, and then submitted for ICP-MS to determine the
concentration of potassium after extraction of Mo.

Table 1 presents the concentration of potassium in the aqueous solution before and after
extraction of Mo by TBP, as determined by ICP-MS. The data clearly show that Mo can
be effectively removed from the aqueous phase without affecting the concentration of
potassium.

Table 1. ICP-MS results of Mo and K concentrations before and after extraction of Mo by
30% TBP.

Sample K, mg/L Mo, mg/L
Aqueous phase before extraction 3.53 8680
Aqueous phase after extraction 3.49 ND

ND = not detected.

The starting Mo-100 enriched material contains a low concentration of potassium (20-40
mg-K/kg-Mo). To analyze the concentration of potassium in the starting material used
for production of Mo-99, we dissolved ~2.4g of Mo-100 enriched sintered disks in 30%
hydrogen peroxide, evaporated the solution to dryness, and converted it to MoOs powder
by additional heating. Then, ~0.3 g of MoOs-XH,O powder enriched with Mo-100 was
re-dissolved in ammonia. Next, the solution was converted to 5 M HCIl by adding
concentrated HCI (Optima) and was submitted for ICP-MS to determine the potassium



concentration. A portion of the solution was contacted with TBP to selectively remove
Mo as described above, and was analyzed by ICP-MS at different dilutions.

Table 2 gives the ICP-MS results from aqueous solution before and after extraction of
Mo. These results show that selectively removing Mo by solvent extraction allows
performing ICP-MS analysis at very low dilutions, which increases the detection limit for
potassium.

Table 2. Concentrations of Mo and K determined by ICP-MS before and after extraction
of Mo-100 from solution.

Sample K, mg/L Mo-100, mg/L

Before extraction - 6960

After extraction

DF=10 0.291 ND
DF=5 0.284 ND
DF=5 0.275 ND
DF=2 0.291 ND

Average 0.283 -
STDEV 0.008 -
Mg-K/kg-Mo 40.7 -

DF = dilution factor; STDEV = standard deviation.

3 SUMMARY

When a sample of MoOs is re-dissolved in ammonium hydroxide and converted to 5 M
HCI, selective extraction of Mo by 30% TBP significantly reduces the TDS concentration
in samples for ICP-MS, and allows quantification of potassium concentration at very low
levels.
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