f How Do You Like Your Materials \

with Multi-functionality and Reconfigurability or
Just Lightweight?

Materials by Design: Additive Manufacturing
\_ of 3D-Architecte erials




So what is this “by Design” concept?

20 years ago... (coffee
~ or no coffee (asleep))

How/do'l take)
my. coffee?

10 years ago (categorized by color)...

-“-.-.

Today (fully designed)...

Yes, Il have an Austrian
i parts weryl:hir'ng else 0 parts rn'l.lsical 4 goat milk double-hali-cai-hali-decai-soy

"R milk cappuccino -
exira hot - with a dash of Madagascar
cinnamon-and hatf tablespoon

of caramel-latte-frappa-mocha.




Strength vs. Density: A HUGE PROBLEM for every technology
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Ceramics and glasses: MOR
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Architecture in Material Design

Great Pyramid of Giza Tour Eiffel
largest man-made stone monument twice-as-tall engineered structure

Original height: 147 m Height: 324 m
Weight: 5.75x10° tons Weight: 9.4x10° tons
Weight at base: 10,500 tons/m? Force on foundation: 45,000kg




Creating ultra-light, strong, and damage tolerant materials

Architected structures with nano-sized solids merge structural and material
properties into a single Meta-material

Different architectures
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Nearly All Common Metals* SAME METALS

Smaller is Stronger Smaller is Weaker
| BT
METALLIC GLASSES }
Smaller is Ductile { ek {. ..... { ......................

Sometimes materials get stronger
Other times they get weaker
And sometimes they stop breaking...
ONLY at NANOSCALE

HFW | det| -

D. Jang, et al. Nature Mater. 9 (2010 '-w\ 22%:‘ 9.7 mm "is.é.nm!_srb-. tkmmcmsfeuzu_psemmm






Thinking Outside the Box: Doesn’t have to be Periodic

Doesn’t have to have













Nano-Architected Pyrolitic Carbon Attains Multiple White Spaces

Specific strength, o,/ (MPa g~ cm?)
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Switching Gears:
Impact Experiments on Micro-architected Carbon

Laser-Induced
Impact Test (

Laser
300 ps,

Launching
pad T
o\ /o o
Solid projectile / \J
Typ. silica i
sphere (D = 7.4 ym) P |NG
S 5
|

Laser imaging pulse
Quasi-cw
Sample







Nano-architected Materials can Shield Impact

40 a2
impact velocity, ¥, (m/s)




Venturing into Additive Manufacturing (AM)
of Nano-Architected Metals

Hybrid organic-inorganic photoresist

Ligand exchange reaction to
synthesize metal precursor A0 Nz O
9] O
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Ultra-strong Nanocrystalline Nanoporous Ni
Nanolattices
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AM of nano-sized TiO, for nano-photonics
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From metal oxides to metals:
Vat Polymerization for Hydrogel Infusion AM process

a 3D Printed Organogel Organogel

. “Blank” Organogel
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Properties of Chemically-Derived Metals
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Biomolecular Surface Functionalization
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c Crosslinked DNA coaling (DMNA-UVC)

Genomlc DNA Coated 3D-Printed Materials

V/\/ N1\ \N

" NH, THE NH; rIqH; A NH, rIuH;
R e
3D-Printed |, [3D-Printed | 2O\ 3D-Printed | _UVC, [ 3D-Printed

Polyacrylate Polyacrylate pH 3 Polyacrylate Polyacrylate

Doxorubicin Capture in Human Serum Solution
After

T e e
sahib e A nnie
S SRR LU ERERE
=3ad SRR AL
*
v i
£l 1
=ik A o
1A Amaa 3
a Sk .
A e ’ &
.
[,

5 mm 5mm

Doxorubicin Human
Serum Solution

DNA coated 3D-printed lattices
before and after doxorubicin test




Machine Learning in Bio-scaffold De5|gn

.l. Inwerse model training
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Energy Storage: Towards safer, lighter Li-ion Batteries:

LiCoO (cathode) and Glassy Carbon (anode)
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Work of Matias Kagias and Andrew Friedman

Scalability of Nano-architected Materials




SUMMARY: so what?

( Clever use of (1) ARCH DMIC ARRANGEMENTS )
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