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Lima, Peru:

+ High humidity, but no rain fall
(1.5 cm/year)

. 70% population lives on the arid
Pacific coast where <2% of the
water resources are located

» > 1 million people are not connected
‘ to the city’s water utility network
s Y+ ~$25/month to a family

“In Peru water is a high price for Lima's poor”, ° eDe"ijred Dyjrcicio gidlasic tahi
-- John Mervin New York business editor, BBC News veryaay.




Water Problem is a Glob

Over 5 billion people expected to be in high water
stress regions by 2050

Water stress 2050 over GDP growth 2010-2050 — Medium growth B @sa
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“Finding.the Blue Path to a Sustainable Economy” White paper by Veolia Water (2011).
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create coatings that will
= Capture water, via condensation or. trapping of droplets
= Divert, recover, and purity water via filtration or anti-fouling

fundamental questions associated with
wetting and energy flow for water on
complex substrates

Collaborations between Penn and GIANT researchers to
exploitunigue capabilities
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Collecting Water in the Desert:
Digging Cues from Nature

Precipitation: 2-200 mm/year
Arid or semi-arid: for 55-80 million years
Temperature: 45°C (day) to 0°C (night)

o

: i : "' Y
~ Namib Desert beetle

Collecting Water in the Desert:
Digging Cues from Nature

Wax-free
peak

Beetle scale: hydrophilic patches surrounded by
hydrophobic regions on a topographic surface

ﬂu, J. etal. Nat Comm 2012
December 7, 2015




Questions We Aim to A

What are optimal sites for water collection and drop growth?

What feature geometries best steer droplets to locations for
collection?

While many wetting studies consider capillary phenomena
based on equilibrium wetting states and uniform surface
tensions and energies for water transportation, kinetic and
non-equilibrium behaviors play important roles.

Can we create pinning sites for water collection, but
overcome that pinning for water flow?

Can we exploit evaporation gradients and the associated
surface tension/energy gradients to drive drop motion?

How robust are the tailored surfaces?

Can we scalable manufacture the coatings at a low cost?
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Localize Water Droplet Nucleation &
Hierarchical but Chemically Homogen:

g

Cho, Shim, Yang, Adv. Mater. 2016
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Xia, F.; Jiang, L.
Adv. Mater. 2008,
20, 2842

Chen, C.-M,, and Yang, S.,
Adv. Mater. 2014, 26, 1283
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Photocatalytic Nanoparticle/Nanowi
Controlled Wetting and Anti-fou

Zn0O nanowires hydrothermally grown Flexible ZnO nanonet
on a sol-gel ZnO seed layer =

Phenyl ring

0. .20
o

| Akoxy groups
OR

Ag° nanoparticles /n situ grown on a
patterned TiO, sol-gel photoresit

15 pim 4@
4<(NSF
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Transparent, Superamphiphobic Su
from Mushroom-like Micropillar A

Lee, S. Y.; Rahmawan, Y.; and Yang, S., ACS Appl. Mater. Interfaces., 2015, 7, 241
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3uperamphlphoblc Coatings

Ge, D., Yang, L., Zhang, Y.,
Rahmawan, Y. and Yang, S.
Part. & Part. Sys. Charact., 2014
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Gravity-driven, Cost-effective Mem
from Chained Nanoparticle Asse

(az‘ A
aper towel "

% Paper towel ® Superamphiphobic NPs

l pwater> Poil pwa(er< l
Poil °

el e

G Ge, D, Yang, L., Wang, C,, Lee, E. and Yang, S, Chem Commun. 2015 ﬁfp
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Nanocomposite Membranes (NC
Offer Promises for Water Treatn

Upper bound

Trade-off between
Desired SELECTIVITY and
performancg PERMEABILITY
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Capillary Rise Infiltration (CaRl) — no
mixing, a highly scalable bilayer ap
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possible Lucas-Washburn dynamics
Huang, Y.-R. et al. Nanoscale 2015, 7, 798

W 6Rcos 0

*S GaRilpotentially provides a cheap; scalable = a

methoditormakenanoecomposite:materials

Nanocompositesicanthave improved selectivity,
permeabiityforipunficationiapplications
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Mobility at Polymer Surfa

Coarse-grained

polymer model.
L e
<

z-position [0]

e Polymeriglassesthaverenhanced mobility near free surfaces

Mobilelayerisisoft; evenifarbelow. Tg
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Molecular Dynamics of CaR _:

z-position [O]

1 1 1 1
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t[LJ]

Simulations provide a molecular view of
CaRllprocess

Polymer chainjinfiltrationioccurs through
=stretchiand hop” mechanism between
cavitiesi(greenline)

Overallj theldynamicsiappears to follow.

[lucas-Washburn behavior: (f
*INSP

Shaping Membranes
Portable Water Purlfic

SOLvAY

asking more from chemistry

Assembly of dendrimeres 1) CFUSS‘iﬂk_i ng
coated particles 2) Evaporation

Controlled Synthesis of NP . 7 CGontrolled synthesis of
andiemulsions; coIIoudosomes

v—

Performancertestingy

interfacelofifActiandiAct:2 Al At l «—resenci

glass slide
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