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Challenge

Selenium (Se) is an essential element for most Lliving
organisms at trace levels (40 to 400 pg/day for humans), but
becomes toxic at higher concentrations.! Although Se is
naturally occurring, anthropogenic activities have mobilized
Se from the Earth’s crust to the surface. While Se can exist in
a wide variety of forms, in industrial wastewaters it is mostly
present as selenite (Se0327) and selenate (Se0,2") oxyanions.
Removal of these anions from wastewaters is challenging
due to: dilute Se concentration (< 25 mg/L); stringent
discharge limits set by the EPA (< 5 pg/L); and the presence
of competing anions (e.g., sulfate, nitrate, chloride) in much
higher concentrations. Various technologies have been
developed for Se removal based on physical, chemical, or
biological methods.! However, these processes are limited
by either high capital and operational cost, the inability to
remove Se below the discharge limits, long treatment times,
large footprints, low Se selectivity, and the generation of
by-products that are more toxic than Se itself.

Research Approach

Researchers at ORNL have developed an effective approach
to remove oxyanions from competitive aqueous solutions
using either organic ligands, or polymeric resins,
functionalized with hydrogen-bonding groups, such as urea
or guanidinium, that bind the oxyanions tightly and
selectively separate them via crystallization (Figure 1) or
anion exchange.?* Although the team has successfully
demonstrated this approach for removing other oxyanions,
like sulfate or chromate, the materials have not been
tailored for Se removal. Thus, the goals of this project are to:

1. Synthesize and characterize the ligands and
polymeric resins for Se removal.

2. Evaluate the Se removal ability of the crystalline
materials by selective crystallization.

3. Evaluate the Se removal ability of the polymeric
materials by anion exchange.

4. Design and develop bench-scale processes for
removing Se to the discharge limit of 5 pg/L.

5. Perform mechanistic process modeling and
technoeconomic analysis of Se removal technology
and  benchmarking  against  state-of-the-art
technologies.
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Impact

If successful, this project will lead to efficient and
cost-effective materials and processes for selective removal
of Se oxyanions from process waters to levels below the
discharge limit of 5 pg/L, at a cost of 30% lower than the
EPA’'s best available technology. Furthermore, competing
ions, such as sulfate, will be co-separated with the selenate
and selenite anions, which will increase the quality of the
water effluent by reducing its tendency to form hard sulfate
scales. Lastly, because the ligands and resins can be easily
regenerated, these processes will generate substantially
lower amounts of waste than the conventional
state-of-the-art treatment systems.
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Figure 1. Oxyanion separation by selective crystallization with urea and
guanidinium hydrogen-bonding ligands.
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