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As clearly stated by Kushwaha [1], uranium recovery from seawater is largely a game of 

economics and scale due to the elevated costs of sorbents and labor. For example, in order to 

extract 1 gram of uranium, 300 tons of seawater have to be processed. Not to mention less than 

1% of the natural uranium is fissile and therefore the theoretical energy potential is just 

equivalent to 15~20 kg of dirt-cheap coal.  

 

In fact, the process of treating large amounts of caustic ocean water is no small task, and requires 

corrosion resistant equipment and oxidation proof adsorbents that can also withstand immense 

pressure from the pumped brine. These unforgiving conditions necessitate robust adsorbent 

materials. Among porous materials developed thus far, porous organic polymers (POPs) offer the 

best of both worlds: porosity and stability. This is why there has been a surge in uranium capture 

studies by POPs [2,3], reaching capacities of 13.0 mg g-1 from natural seawater. [1,2] 

 

The challenges in uranium capture, however, are not just limited to scale or stability, uranyl 

(UO2
2+) selectivity over vanadyl (VO2+) ions is quite hard to solve. [1] It is no coincidence that 

only a few of the literature reports report uranyl/vanadyl selectivity.  

 

Another downplayed problem is the pH. It turns out amidoximes, the most popular functional 

group for uranyl binding, [3,4] capture uranium far better when solutions are strongly acidic (e.g. 

pH<5). We attempted to address this issue by bubbling CO2 into the ocean water to bring down 

the pH [3]. But the logistics and environmental impact of such processes are not attractive.  

 

A fifth but never truly addressed problem is the wettability of the adsorbents. Uranyl ions are 

dissolved in water and the kinetics of adsorption will depend squarely on the efficient mass 

transport of seawater within porous framework. Unfortunately, hydrophobicity is often used to 

make porous materials water resistant. Covalent frameworks of POPs, however, do not require 

such preventive measures and can be tuned with chemical grafting.  

 

In addition to the challenges above, the practical ocean water testing for uranium adsorbents 

often employ polymer fibers. [4] This is for easy processing and deployment, as otherwise 

adsorbent powders would need enclosures like “teabags”. Many porous materials are not easily 

made into fibers and efforts for monolithic designs backfire with a heavy loss in porosity. 

 

A sub-set of POPs that can address all these requirements are called Polymers of Intrinsic 

Microporosity (PIMs). PIMs are linear ladder polymers that feature covalently locked curvatures 
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enabling permanent porosity while providing handling just like any other polymer fiber. We have 

previously shown an amidoxime-PIM-1 enhancing kinetics of uranium capture. [3] Our 

investigations continue on this direction, as we believe an optimized PIM would check all the 

boxes for a commercial uranium capture operation. 

 

There is still a lot of hope in pursuing development of uranium adsorbing POPs. Compared to 

other emerging porous materials, one clear advantage of the exceptional stability of POPs is that 

they can be cast in the ocean for months without any loss of activity and harvested periodically 

for sustained uranium production. And since they’re fully organic, regeneration or single use are 

both feasible based on the budgets of the operator.  
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