Lecture prepared by John Nychka

using multiple sources, for the purpose

of display in the Biomimicry Alberta
Workshops setting only. Not for
duplication. No derivatives of the work

are permitted. © 2016 John Nychka



Coatings Inspired by Natural Systems

S,

Q’EEE
>

Ly
\>
>

John A. Nychka

Chemical and Materials Engineering, University of Alberta

Biomimicry Alberta Workshop, Sunday, Oct. 2, 2016

: ) . : iomimi materials at the interface
UofC Biogeoscience Centre, Barrier Lake, Kananaskis, AB Biomimicry




Acknowledgements

Financial Support: NSERC and the University of Alberta

Steven Williams (Greehouse Supervisor) and Arlene Oatway (SEM) Collaborators:
Prof. N.V. Semagina, Prof. H.J. Chung (U of A)

Past Industrial Partner: Syncrude Canada, Ltd.
HQP:

M. Glasper

NSERC
CRSNG

materials at the interface



' ltisimpossible to begin to learn that
~ which one thinks one already knows. -
\_ \‘\E‘pictetu’s‘(‘c.ss -c135)







Water-surface interactions

» Hydrophilic * Hydrophobic

Photograph by Robert Clark

Roots: http://images.sciencedaily.com/2009/07/090707111705-large.jpg
Thorny devil lizard: Design by Nature: http://ngm.nationalgeographic.com/2008/04/biomimetics/clark-photograph
Tropical herb Ruellia devosianan superhyrdrophillic leaf with water drop spreading: Koch et al. FUNCT PLANT BIOL, 2009, 36, 339-350

Aristolochia elegans superhydrophobic leaf with water drops, Japanese beetle, © 2010 J.A. Nychka
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Leaf structure
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Stratification of the outer part of epidermis cells

epicuticular wax
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Fig.2 (a) Shows asimplified model of the stratification of the outermost layers of the plant epidermis cells. The cuticle and its connection to the cell wall
1s presented in more detail in (b). In this hypothetical scheme of the structural features of the plant cuticle (modified after ref. 28) cellulose fibers and
polysaccharides exist in the cuticle layer. Pectin is not visualized as a layer, because evidence for a layered arrangement of pectins exists only for some

species. ..
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K. Koch et al. Soft Matter 4 (2008) 1943-1963 K. Koch and W.Barthlott, Phil. Trans. R. Soc. A 367(2009) 1487-1509



Leaf Surfaces: Stable Cassie-Baxter States

Superhydrophobic

Apparent contact angle > 160°

Hydrophobic

Apparent contact angle > 90°

Hydrophilic

Intrinsic contact angle < 90°

J.A. Nychka and M.M. Gentleman, JOM, (2010) 62 [7] 39-48



Bed of nails analogy

http://www.flickr.com/photos/judyjowers/4441680685/sizes/o/in/photostream/
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http://www.stevespanglerscience.com/img/cache/bcb9b8db117ee64376aedaf7af3595ca/bed-of-nails-3-5-09.jpg
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Surface Engineering Design

Surface

Bulk

» Bulk properties are not always sufficient...

« Surface engineering is required:
— Aesthetics, chemical, wear, corrosion, fatigue

resistance...
e Alter or coat a surface to achieve desired
attributes — the natural world does this!
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Epicuticular Wax: C

Smooth Layers

Fissured Layers

W. Barthlott et al. Bot. J. Linnean Soc 126 (1998) 237-260
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Epicuticular Wax

W. Barthlott et al. Bot. J. Linnean Soc 126 (1998) 237-260
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Triangular
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Epicuticular Wax: Diversity of Structure

Polygonal Coiled

Rodlets Rodlets
Transversely

Ridged Rodlets Threads

W. Barthlott et al. Bot. J. Linnean Soc 126 (1998) 237-260
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Epicuticular Wax: [

K. Koch et al. Surface Science, 603 (2009) 1961-1968

iversity of Structure

15



So what?

Now what?
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Coat filter paper with
nanostructures...

Y. Chen, L.Liu, H.-J. Chung, J.A. Nychka RSC Advances, 5 (2015) 91001

Qil in water

(a) Water in air (c)

(b)  oitinair

Fig. 3 Wettability of coated filter paper. (a) Photograph of contact
angle of water in air (5 plL drop). (b) Photograph of contact angle of oil
in air (5 pL drop). In both (a) and (b) no visible drops can be seen — the
drops have completed wetted the coated filter paper. (c) Photograph
of underwater contact angle of oil (5 uL drop).




Fig. 4 (a) Demonstration of oil/water selective absorption process.
Water was dyed by methylene blue, and oil was dyed by Oil Red O.
Optical images of (b) uncoated filter paper after the oil/water
absorption — oil was absorbed; (c) ZnO coated filter paper after the
oil/water absorption — water was absorbed (scale bar is 1 cm).

Coated filter paper
separates oil and water...

Y. Chen, L.Liu, H.-J. Chung, J.A. Nychka RSC Advances, 5 (2015) 91001
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Fig. 5 Photograph of separation test. Digital photo of kerosene (dyed
with Oil Red O)/water mixture before (a) and after (b) separation. (c)
Separation efficiency of as-prepared filter paper for four different
oil/water mixtures.
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Copper mesh

- SEMHV:20kv WD:7.50mm | | | | | | || | | VEGA3 TESCAN
View field: 217 pm Det: SE 50 pm
SEM MAG: 1.00 kx |Date(m/d/y): 06/18/15

SEM HV: 20 kV WD: 750 mm | || || [ 111 | VEGA3 TESCAN
Det: SE 200 pm

SEM MAG: 200 x | Date{m/dly): 06/18/15
Y. Chen, X. Li, M. J. Glasper, L. Liu H.-J. Chung, J.A. Nychka RSC Advances, 6 (2016) 92833




UV oxidized
Copper mesh

SEM HV: 20 kV wo:520mm | 00| VEGA3 TESCAN
. View field: 43.3 pm Det: SE 10 pm
SEM MAG: 5.00 kx | Date(m/dly): 02/24/15
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SEM HV: 20 kV WD: 5.17 mm il VEGA3 TESCAN
View field: 217 pm Det: SE 50 pm
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SEM HV: 20 kV ‘WD: 5.17 mm HERREEEN | VEGA3 TESCAN
View field: 1.08 mm Det: SE 200 pm

SEM MAG: 200 x A Date(m/d/y): 02/24/15
Y. Chen, X. Li, M. J. Glasper, L. Liu H.-J. Chung, J.A. Nychka RSC Advances, 6 (2016) 92833




Coated copper
mesh can be
tuned to separate
oil from water, or
water from oil!
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Y. Chen, X. Li, M. J. Glasper, L. Liu H.-J. Chung, J.A. Nychka RSC Advances, 6 (2016) 92833



ACS Applied Materials & Interfaces

Research Article

(iii) @.
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Sponge-Templated Macroporous Graphene Network for
Piezoelectric ZnO Nanogenerator

Xinda Li,% Yi Chen,* Amit Kumar,T Ahmed Mahmoud,'“t John A. Nychka,T and Hyun-Joong Chung""T

"Department of Chemical and Materials Engineering, and “Department of Chemistry, University of Alberta, Edmonton, Alberta T6G 22
2V4, Canada



Summary

Plants, although diverse, have evolved to very few
surface designs

Inherently hydrophilic materials can be
superhydrophobic or superhydrophilic when the
surface is sculptured on many levels

Nanotechnology is ever present in leaf waxes —
from their assembly to structure

Biomimicry of surfaces (self-assembly and
structure) is possible through coatings - to do all
sorts of things!
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