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What are microporous 
minerals?

• In short, microporous minerals are those 
which exhibit a substantial amount of pore 
spaces or cavities in their structures. Pore 
spaces are caused by bonds at the atomic 
scale. 

• Notable minerals which exhibit microporous
properties are zeolites and clay minerals. Other
such minerals are a recently discovered 
rowleyite and the man-made aerogel. 



Microporous 
Minerals



Vermiculite (Clay)

• (Mg,Fe,Al)3((Al,Si)4O10)(OH)2.4H2O

• Vermiculite is a clay mineral which means it 
has a sheeted structure. It has two 
tetrahedra sheets and one octahedral 
sheets. 

• Vermiculite is a weathered mica changing 
the potassium ions between pore spaces to 
magnesium or iron. 

• In the models sheeted structures can be 
seen in the top right and bottom along with 
pore spaces where Mg and Fe ions fit. 





Clinoptilolite

• (Na, K, Ca)₂₋₃Al₃(Al, Si)₂Si₁₃O₃₆·12H₂O

• Natural zeolite with a microporous mineral 
arranged in a tetrahedra of silica and alumina. 

• Due to its complex formula sodium (Na), 
potassium (K), and calcium (Ca) can be 
substituted to create different mineral structures. 
The structure shown on the right uses 
Clinoptilolite-K, a potassium-based model which 
has increased pore spaces when compared to Ca 
or Na.





Silica Aerogel

• C23H22N2O3S2

• Aerogel is a man-made mineral that is 95% air, there are different 
types of aerogels, including carbon, but here we focus on silica 
aerogel due to its availability.

• Pore spaces in aerogel are created due to the folded structure as well 
as the cyclohexane bonds formed when combined to form the full 
compound.



Rowleyite

• [Na(NH4,K)9Cl4][V5+, 4+

2(P,As)O8]6*n[H2O,Na,NH4,K,Cl]

• Rowleyite is a newly discovered mineral in the 
Rowley Mine in Maricopa County, Arizona. 

• Rowleyite belongs to polyoxometalate (POM) 
group of chemical compounds, but because it 
has V4O16, it more specifically belongs to the 
subclass polyoxovanadate. 

• The mineral features a double cage structure 
which then connects to the vanadate 
structures creating a complex network of pore 
spaces, but also areas of channel like pore 
spaces. 







Lead

• Currently microporous minerals are being explored for 
the removal of petroleum byproducts from solution, but 
there is potential for them to be used to remove 
contaminants from water such as lead. 

• Knowledge of lead can be traced to 4,000 BC

• Lead mining was done by the Phoenicians as early as 
2,000 BC.

• Lead poisoning has been described by many scholars 
including Hippocrates but did not recognize the etiology.

• In our current century, the advent of leaded paints and 
gasoline have passed, but their effects are still felt. 

• The Center for Disease Control reports that around 24 
million homes still contain leaded paint. 



Lead Experiments

• In order to test the effectiveness of 
microporous minerals a flow-through model 
will be implemented. 

• The basic model is a lead contaminated 
water solution which flows into a cylinder 
with one of the minerals. On the other end 
of the cylinder there is a beaker that will 
collect the water. 

• This model will be done at different time 
intervals to test the effectiveness of the 
mineral. 



General 
overview

• Overall, during this summer research stint I’ve 
completed several models of microporous minerals.

• Collected mineral samples Raman, Fourier-transform 
infrared spectroscopy (FTIR), and X-Ray diffraction. 

• We chose lead as a contaminant due to its affect on
American society. 

• For future study we hope to run flow-through 
models with lead. 
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