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Nano-engineered membranes

Global water shortage (  UN Chronicle)

"The simple fact is that there is a limited amount of water on the planet,....
We cannot keep treating it as if it will never run out.“(Mohamed El-Baradei)

...1.2 billion (worldwide over 6 billion people) do not have
access to safe drinking water.

... There are 3.3 million deaths every year from diarrhoeal dise

... 1990 - 2000, more children died of diarrhoea than all the people
killed in armed conflicts since the Second World War.

... In 2030, 47% of world population will be living in areas e ]
of high water stress (UN World Water Development Report IB_,ﬁ:ZOQQ);:

i
- TE n -

i o et
S . o :'J . - r = . = g l"._ % S— an
T e i L - . - S, %
mmEE i ,_'" i --_7'.;_'_' = - il - o a0
SPONSORED BY THE ==EE=E T B e 4 i
% E?Eﬁ[.i'a"ﬁ.'ﬂm Fraunhofer | . .t
and Research Umwelt-, Sicherheits-,

Energietechnik UMSICHT



Nano-engineered membranes

Overall objective

Novel nano-engineered membranes for purification of drinking water
® decentralized treatment plant for conflict areas, developing countries

high efficiency

lower fouling tendency
lower energy consumption
reducing cleaning agents
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Basics of microsieves

Nano-engineered membranes

Conventional membranes

_te efficiency < 1000 I/hm?2

Permeate efficiency > 10 0_

- Advanced membranes

and Research
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Nano-engineered membranes

Properties of microsieves
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» very homogeneous pore size distribution
with pores of the range of 0.5 to 40 um
pore diameter

® high selectivity

pore size distribution, %
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pore size, pm

» metallic material
® high mechanical, thermal and chemical robustness

* smooth and thin surface

® high flux
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Nano-engineered membranes

Theoretical results

Modeling of the permeate flux through one pore with pure water
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Nano-engineered membranes

Experimental results

Building up of a cake layer when applying technical solutions
® drastic permeate flux decrease!

Potential microsieve

filtration!

rel. permeate efficiency

Real microfiltration
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Nano-engineered membranes

Experimental results
Antifouling strategies: pressure impulse

40

Rain water
35 &

oMS5 —

4 bar

30

N
c 25
e L g
=
3 20
5 * ¢
© MR o
§ 15 * d
2 \ .
-
& 10
2 bar
5
0 T T T T T T
0 5 10 15 20 25 30 35
t, min
SPONSORED BY THE ==§EEE
Federal Ministry
@ of Education Fraunhofer Institut
and Research Umwelt-, Sicherheits-,

Energietechnik UMSICHT



Nano-engineered membranes

Experimental results

Periodic antifouling strategies: Swinging filtration unit

Permeatfluss, I/lhmzbar
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Nano-engineered membranes

Novel approach

Functionalization of microsieves

® development of advanced high-flux microsieves by
fouling repellent nanocoatings

Coating

TiO, + hxn
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Nano-engineered membranes

Novel approach

Coating with TiO, nanoparticles (anatase)

« oxidising and breaking down organic contaminants
e.g. dioxins, PCBs and chlorinated hydrocarbons

* reacting antibacterial
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Nano-engineered membranes

Outlook

1. Nanoparticle deposition:
ich?
Which”. Tio,

?
How? ® covalent bonding by incorpoation of reactive groups (e. g. phosphine)

® silica coating by controlled hydrolysis of silanes

2. Nanocomposite and nanostructured thin coatings :

ich?
Which? nanocrystalline TiO,-M (M is: Ag, Pt, etc.)

® shifting to visible light, increased photon efficiency

?
Hows ® physical vapour deposition

® magnetron sputtering
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Nano-engineered membranes

Outlook

Novel nano-engineered membranes for purification of drinking water
® 2 — 10 times higher permeate efficiency
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