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Bone and Mineral-related Diseases

Normal bone matrix

Osteoporosis

3D Micro-CT Images of Trabecular Bone
Untreated Demineralized Deproteinized

Tough inorganic/organic multilayer
composites inspired from the design of
abalone nacre

Mass flow
controiler

Multifunctional Surfaces
Controlled by Wettability
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Water Collection: Our Approach - Dam
Hoover Dam (USA) FRRREMSE
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Water Collection: Nature’s Approach

! Plants on the
forest floor

The Emergent Layer

The Canopy

Root systems

The Understory

The Forest Floor y o =8
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ocean.si.edu/ocean-phbto . . . .
Y.Y. Yan et al. Advances in Colloid and Interface Science 169 (2011) 80-105 i iaiuic cudsuli sl Lo ggsle it iy lold

Barthlott, Wilhelm, et al. Advanced Materials 22.21 (2010): 2325-2328. Guo, Z. and W. Liu, Plant Science, 2007. 172(6): p. 1103-1112.
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Multifunctional Surfaces of Plants

m Stratification of plant epidermis Epicuticular wax
- Cuticle: cutin + wax _ e SR AT g Cutin + wax
- Pectine layer FUL T e Pectine layer
Cell wall

- Cell wall
- Plasma membrane

m Epicuticular waxes are important
for the functionality

= Multi-functionality:

Plasma membrane

(A) transport barrier A B i\ £ 4 9
(B) surface wettability \ /
(C) anti-adhesive, self-cleaning ||| Q@ N -\ l 1

(D) signaling, sensing
(E) optical properties: protection §§f |/
against harmful radiation
(F) mechanical properties

(G) reduction of surface temperature

by increasing turbulent air flow
K. Koch, B. Bhushan, W. Barthlott, Prog Mater Sci 54 (2009) 137-178

Copyright © 2015 F# g F &l #c#= All rights reserved.
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Water and wetland plants:
experts in water repellent and self-cleaning

The superhydrophobic and self-cleaning Lotus plant

m  Why water plants develop water
repellent surface?

m CO,diffuses 10,000 times more
slowly through water than air;
water layers on leaves reduce
the uptake of CO,

m The growth of microorganisms
(bacteria and fungi) is limited by
water shortage on plant surface

"wm droplet on a Lotus ledf (g), and removement of lipoidic particles (sudan red) by water (h,1)

Copbvricht © 2015 rt 40 = &] 2732 All riechts reserved.

K. Koch, B. Bhushan, W. Barthlott, Prog Mater Sci 54 (2009) 137-178



Smooth surface

CA < 10°=> Super-hydrophilic
Vs/6 =V si.= Viyg €OSO 10° = CA<90°=> Hydrophilic

6 : Contact angle 90° = CA<150°=> Hydrophobic

Rough surface

Weenzd MOdeIG Cassie-Baxter Model
COS — TrcCosS —
Yan, Y.Y., N. Gao, and W. Advances in CoIIoi‘é\Qnd Interface Science, 2011. 169(2): p. 80-105. COSGCB o f(COSG + 1) B 1

Young, T., Philosophical Transactions of the Royal Society of London, 1805. 95: p. 65-87.
Wenzel, R.NIndustrial & Engineering Chemistry, 1936. 28(8): p. 988-994.

CA =150"=> Super-hydrophobic

Cassie, A. and S. Baxter, Transactions of the Faraday Society, 1944. 40: p. 546-551. Copyright © 2015 it il c A ?{(ﬁ All rights reserved.
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Lotus Leaf

The surface of the lotus leaf
has small pillars covered by
a smaller scale protrusions
covered with wax.

-'\" - . ‘::l‘ D
Image credit: W. Barthlott

Hydrophilic surfaces have
contact angles below 90.

Hydrophobic surfaces have
angles above 90°.

For the lotus, this angle can
be as high as 160°.

~ 20um



The Lotus-Effect in action:
self-cleaning surfaces

m CA=2150", CAH=<10

o Smooth hydrophobic O Super hydrophobic
surface surface

Ay

Copyright © 2015 F# g F &l #c#= All rights reserved.
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Lotusan® paint

http://www.biomimicryinstitute.org/

Copyright © 2015 F# g F &l #c#= All rights reserved.
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Plants of hot and arid environment:
surviving strategies

m Extreme environmental conditions: Environmental conditions in deserts
low water qvallaplllty, intensive ,.’;\\ Globaradiaton
solar radlat!on, high temperature, %\\\\\ 2- 4w
sand abrasion, etc. —..; 50-70% R
< 250 mmlyear

m Functional surface structures:
- water absorption
High water evaporation
- water storage from the soil

Soil surface temp. upto 70°C

- reduce water evaporation Sois: s ocks, withfew biomass and ow vater Storsge capacy
- optical properties:

reflection of visible light and UV

UV-absorption
- wear resistant

Copyright © 2015 F# g F &l #c#= All rights reserved.
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Water absorption and storage

Ea e, W NS o i
Pelecyphora aselliformis

http://farm1.static.flickr.com/203/473347954_d5bc9d7d00.jpg

“2 1! Water storage vesicles
=%

i .

Mesenbryanthemum crystallinum
http://www.redescepalcala.org/ciencias1/Flora/imagenes_2/

mesembryanthemum_crystallinum.jpg Copyright © 2015 ]‘ﬁ "h;‘l F %‘J ?ij"’}; All rights reserved.

K. Koch, B. Bhushan, W. Barthlott, Prog Mater Sci 54 (2009) 137-178



"

Reduction of water loss

sunken stomata wax covered stomata

L A -

2% \ v SE A
20pm. . s s [ -
http://mydnafragrance.com/perfume/ima

Aloe porp herStaC hyS ges/AloeVeraPlant_Full.jpg

Copyright © 2015 F#t a F & 4= All rights reserved.

wax chimneys

J\' B

http://www.strangewonderfulthings.com/Colletia
_paradoxa_cruciata_Anchor_Tree_0007.jpg

K. Koch, B. Bhushan, W. Barthlott, Prog Mater Sci 54 (2009) 137-178
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Protection from harmful solar radiation

m Visible light/UV reflective structures
- 3-D structured waxes and wax crusts
- dense coverage with air-filled hairs

m UV-B absorbing compounds

3-D structured waxes Dense layer of hairs

Kalanchoe pumila Salvia spec.

Copyright © 2015 Fﬁ "hﬂ = %‘J %{_5: All rights reserved. K. Koch, B. Bhushan, W. Barthlott, Prog Mater Sci 54 (2009) 137-178
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Water Harvesting Beetle

Darkling beetle of the Namib desert
(Stenocara sp.)

Hydrophilic peaks

Hydrophobic burled lowland S 48‘:.‘”‘

4

similar to the Lotus-Effect® Recrest K- Parkee and Chine R/l eesice

L B Parker & Lawrence Nature 2001;414:33
Copyright © 2015 g = & %2 All rights reserved.
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Water Harvesting Mechanism

Hydrophobi
Fog )

Hydrophilic
hills

To the mouth
of the beetle

Collected
dew

Copyright © 2015 F# g F &l #c#= All rights reserved.
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Beetle-inspired Material for water
harvester: the patterning

New material that copies the properties of the wing surface of the
Namibian desert beetle for collecting precious drinking water from
an mvisible mist. Inventa Partners: Air Conditioning for recycling
water. 2004 (Original research by MIT)

Copyright © 2015 F# g F &l #c#= All rights reserved.
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Namib Desert beetle Beetle_lnsp"'ed Water
harvester:. The pose

A nylon-mesh sail (a) collects the fog as it rolls in. As the mesh becomes saturated.
gravity feeds the water into an underground tank (b). where it joins pumped-in
seawater (c) that has been desalinated using photovoltaic panels (d). A footbridge (e)
leads to a classroom pod (f). under which is office space (g).

Photos: Left. courtesy QinetiQ: right. courtesy KSS Architects. Ltd.

Copyright © 2015 F# g F &l #c#= All rights reserved.



* Nutrient-deficient environment (N, P)

* Specialized multifunctional surface: attracting, capturing,
retaining and digesting

Butterworts

i
S

e
-

!

Droserqgagliy;

| 4

s | } ~\
@ Sarpcenia
Albert, V.A., Williams, S.E., and Chase, M.W. (19¢ _,
http://en.wikipedia.org/wiki/Carnivorous_plant.

20
Copyright © 2015 [+ = &) Zc ¥ All rights reserved.
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Nepenthes

Peristome

N. X ventrata

N. X miranda

N. X hookeriana
Copyright © 2015 F# g F &l #c#= All rights reserved.
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Digestive
fluid

Nectar attracts insects
Water film forms in wet and moist

environment
Frictionless and slippery surface
Efficient trapping mechanism

Copyright © 2015 & 4p = & %3 All rights reserved.
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Tangential section

Hierarchical structure

Hsu, C. P., Lin, Y. M., & Chen, P. Y. JOM 67.4 (2015): 744-753.

EEEEESEEMBRESBRCI b
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Top view
Radial
section

4\ PRy

Ridge-like stripe
Large and small grooves
Epidermal cells cover on

the .surfa.ce . Microstructure First-order Second-order
Radial orientation Height 150 5
Small cavity =18 all a

Width 250pum 5um

Spacing 450um 40um 24




Peristome

Waxy zone

Digestive zone

Fragile wax crystals

 Hamper the locomotion of insect
 stick on the foot of prey

25

C.P Hsu, Y-M Lin, P-Y Chen. JOM (2015)
Scholz, I., et al., J Exp Biol, 2010. 213(Pt 7): p. 1115-25. Copyrlght © 2015 Fﬁ *B 3 %]J ?’%5& A” rlghts reserved_



Peristome

Waxy zone

Digestive zone

* Hydrophobic surface
* Contact angle ~130°

Copyright © 2015 F#t g F &| #c42 All rights reserved.

Hsu, C. P, Lin, Y. M., & Chen, P. Y. JOM 67.4 (2015): 744-753.



Peristome

Waxy zone

Digestive zone

561 * Hydrophilic surface
Contact angle ~56

27
Copyright © 2015 F#t g F &| #c4% All rights reserved. Hsu, C. P., Lin, Y. M., & Chen, P. Y. JOM 67.4 (2015): 744-753.
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\,_/
Negative mold

Poly(dimethylsiloxane)(PDMS)
(Hydrophobic)

Norland Optical Adhesive (NOAG63)
(Hydrophilic)

Mercapto-ester
Triallyl Isocyanurate

28



replicated by both polymers
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Cdntact Angle Measurement of \_:

H-*Cq:atetzl Surfaces

10 124.5°
50°
20 122.6°
10 135.9°
20cm 110°

20 133.9°

10

20 140° Water repellent

Particles provide additional roughness which increases contact angle

Increasing spray time doesn't affect the value of contact angle

With the hierarchical microstructure, coated surfaces become water repellent

Copyright © 2015 F# g F &l #c#= All rights reserved.
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». Tetrodontophora
bilanesis

Natu ré

PITCHER PLANT:

Re-entrant Low surface [ &Ll
structure tension

LoTus: 1570 (43.7%)

Rhombic or hexagonal
alignment of primary
granules

_ . eng, J. Aizenberg, and G. Editors,
Blueprlnt ciety, vol. 38, pp. 366-371, 2013.

™ Lotus (1997)
WATER STRIDER (2004)
DeSERT BEETLE (2001)
w Rose (2008)
m Cicapa (2004)
W BUTTERFLY (2007)
m Gecko (2005)
W GREEN LACEWING (1996)
» Mosauito (2007)
m Spioer Wes (2010)
W FisH (2009)
PITCHER PLANT (2004)

Kerstin Koch, Bharat Bhushan, Wilhelm Barthlott, Prog. Mater. Sci., 2009, 54, 137

Helbig R, Nickerl J, Neinhuis C, Werner C, J. PLoS ONE , 2011, 6, 9

31
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m\‘h‘ Working Principle of Facile Route for
“3/@@ @‘@" Developing Omniphobic Surfaces

Optical Electron Spectroscopy

* A two-short-step method.

* The entire process is under atmospheric
pressure and room temperature.

e Self-assembly formed porous tungsten

Intensity (a.u.)
4
S
g

oxide coating with submicro- and

) . b 1Ar(g) + Oy
nanoscaled hierarchical structures. line of .
o Argg
e Superior liquid repellency toward water Ay, e .
and hexadecane, 200 300 400 500 600 700 800

Wavelength (nm)

FAS modification

Reaction gas
injection _ Ar) + O,(o)
i ]

() +1 Me()

Layer of Fluoroalkylsilane (FAS)

Copyright © 2015 F#t p F &| #c4% All rights reserved.

Liquid
droplet

32



Morphology and Wettability Characterizations

e Tungsten is the major content for the composition of the hierarchical structured coating.

* Roughness of coating increased upon increasing process time. Optimized condition

AR

A --4---CAH_Water

’
E ESTRAY IS e W

20 e s
--o---SCA_Hexadecane
_____________ “______-__ :

2.5 3.0 3.5 4.0 4.5 5.0 5.5
Deposition time (mins)

15t level: 10-20 nm nanoparticles, 2" level: 50-70
Copyright © 2015 it 4 3 & #c 4%

All rights reserved.

nm clusters, 3" level: 100-200 nm aggregates




Static contactangle (°)

FAS
modification

»

d2 0

' Wenzel state Cassie Baxter state

160 -
JER ' .
140 4 i C g
After 384 hrs, without significant
drop of the SCA for water.
120;: p
B FAS-13
20+ M FAS-17
d M WOx structured film
10 -
'
0 { E| v -{ v T v Il v T v T v T v T
0 50 100 150 200 250 300 350 400

Aging time (hours)

\\

SCA of water (degree)

180

Strong C-F OH----0
Qﬂdins T Qnding

Superhydrophobicity Stability for Coating

ﬁ

Thermally

\stable

160

140

120,

ALY

20 -

» L] . LI
Still remained good water
repellency at 325°C.

| = SCA of water |

\\

1 1 1 " 1

100

150

200 250 300 350

Heating temp. (degC)

Copyright © 2015 F# g F &l #c#= All rights reserved. 34
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assue paper - Glass/ Silicon wafer
Normal Modified TR T ittt D PTTPELS MEN, BRES

PR N et AP A M e e € gesar i s By TSN R RER R L L
R N e A b ke e Sr s B2 Fe € wriitdnags Dy N EREL MENE W
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e rle v elrep lfrobic

rerdsyelropliobic Coatings by NTHU
'rlbvlrvpltahlv Coatings by NTH

Leopliobic Coatings by N1

* Series of images showing a droplet of PET
film in DI water rolling back and forth on
the surface bent into a U-shape.

* Trajectory of the water droplet shows that

at least four times cycle before it stops.
e AFE =-15.3% for half cycle

Copyright © 2015 f#t g F & #c4% All rights reserved.
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Biological materials: Functional adaptations and
bioinspired designs
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