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Water and Energy are Interdependent

Water production,
processing, distribution,
& end-use require energy

Energy and power
production require water (only
agriculture uses more):
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S Why are materials advances are needed
In water purification?
S Increase supplies efficiently at low cost
S Remove micropollutants

S Disinfect without creating dangerous
pyproducts

S Two examples of materials research
S Separate with membranes
S Sense with DNA enzymes
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Using Saline Waters

S Current methods to remove salt from water
(desalinate) need large amounts of capital, energy,
and chemicals.

S Current methods are prone to fouling, scaling, and
cost a lot to operate, needing lots of maintenance
and trained workers

S Inland salt waters are full of hard salts, and
disposal of brine Is expensive.

S However, new methods are being developed to
reduce all these problems, making certain saline
source water relatively inexpensive to recover.
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Desalination by Reverse Osmosis

RO has been around a long time, works well,
but much more can be done.
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Research Needs for Reverse Osmosis
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A Poor rejection of
neutral, molecular
contaminants

A Biological fouling

A Poor chemical
stability to chlorine

A Disposal of
concentrated brine

(Concentration polarization is not to scale)



Needs lots of area:

el 1 million gallon/day
) e requires one football
2 Residue field of membrane.

flow:

iembrane
envelope

- Permeate
Sspacer

Reverse osmosis plant at
Bandar Imam, Iran
www.water-technology.net



Thermodynamic limit of sea water
desalination

S For 50% recovery, ideal solution, 3.5% by
mass NaCl (V,=2 m3to recover 1 m3 pure
water)

W = n\} k TIn(2)
W=3.8MJ ° 1kwWt

S No process can do better than this at 50%
recovery. (For 0% recovery, no In(2) term.)

S State-of-the-art RO Is only a factor of 2 higher

& than this. limit.
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Almost no microscopic understanding of transport
In interfacially polymerized membranes
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Use NRut herford backscatte
for analytical chemistry on a 100 nm polymer layer

Layer 1: C18H1203N31 100 nm
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Same physics that Rutherford used to reveal the
structure of the atom in 1910

?‘\;\ 2 MeV He ion accelerator at U. lllinois
K Codloi W Materials Research Laboratory
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Incomplete polymerization produces charged
functional groupso label RCOO- with Ba** and Ag*
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Think of t

Concentration [M]

NIS as a titration on 100 nm of membrane
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The Ammonia-Carbon Dioxide Forward
Osmosis Desalination Process
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Advances In membrane materials could have
large impact in many areas of water-energy

S Treat non-conventional sources for cooling water to
reduce scaling, and remove organics that aggravate
biofouling.

S Treat produced water generated by fossil fuel
recovery to reduce environmental impact.

S Membranes for bioreactors (aerobic and anaerobic)
that minimize biofouling.

Shannon et al. Nature (2008)
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