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Exhibit A:   Discovery and ramifications of incidental Magnéli
phase generation and release from industrial coal-burning

Coal is used to produce 
approximately 40% of the 
world’s electricity, more 
than any other energy 
source, and 70% of the 
world’s steel.

Yang et al., 2017



About 18% of coal does not burn, resulting a coal ash.  

The US produces 
140 million tons 
annually.  In China, 
375 million tons.

Fly ash can end up in 
the atmosphere.



Air pollution has been estimated to lead to 3.3 million premature 
deaths per year worldwide. 

Most Chinese 
megacities suffer over 
100 severely hazy 
days every year with 
PM2.5 concentrations 
two to four times 
higher than World 
Health Organization 
(WHO) guidelines.



The spill was estimated to 
contain 27 million gallons 
of water and 39,000 tons 
of coal ash flowing into 
the Dan River from 
February 2 to 8, 2014, 
when the leak was finally 
and successfully capped.



The result . . .  
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For biological testing, we learned how to synthesize Magnéli
phases most commonly found in coal ash from around the world.



Chronic exposure and 
accumulation of Magnéli
phases ultimately results in 
significantly reduced lung 
function, impacting airway 
resistance, compliance, and 
elastance. Together, these 
studies demonstrate that 
Magnéli phases are toxic in 
the mammalian airway and 
are likely a significant 
environmental pollutant.

The bad news . . .  



For Exhibit B, actually good news:  Unveiling a natural nano-energy source 



Naturally-occurring Fe- and Mn- (oxyhydr)oxide-
mineral coatings on rocks.  What are their interactions 
with solar energy input?



Fe- and Mn- (oxyhydr)oxide- mineral coatings on rocks contain micro 
and abundant nano photon to electron converters that look like . . . 



And they are exceptionally widespread on Earth . . . 

Rock varnishes (yellow)
Red soils (rust)
Karst terranes (grey)

Walker, 1996
Steila and Pond, 1989



When these coatings are exposed to visible light in a controlled setting, they produce 
photocurrents and current densities that rival perfect synthetic variants.



We conclude that the solar light response and photocurrent production of widespread 
semiconducting mineral coatings are capable of playing important roles in 
biogeochemical processes on Earth’s surface 




