Future robots need no motors — HKU Engineering invents
world’s first nickel-hydroxide actuating material that can
be triggered by both light and electricity
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Fig. 1. Ten grand challenges of Science Robotics.

Yang et al.“The grand challenges of Science Robotics”, Science

Robotics 3, eaar7650 (2018)
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Future micro-robots need compact actuators
that can be triggered by different means,
such as electricity and light.
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At HKU, we discovered a new actuating material, Ni(OH),/NIOOH
AR T AR BREI Ml S S B8R (Ni(OH),/NIOOH)

Ni(OH),/NIOOH deposited on a passive layer (e.g. Ni) by anodic electrodeposition:
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Ni(OH),/NIOOH can be made to move by

(i) electrochemical (electrical) voltages of < 1V

(ii) light



(1) Electrochemical actuatlon IN NI(OH)JNIOOH
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Some of the electrochemical actuators we produced:  FfiaH3E(LEEREIZZHIH] T
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How to produce large device movements?
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Getting rid of the electrolytic environment: R BEE R EIE
- by packaging a thin layer of the required electrolyte into an assembly ...
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Ni(OH),/NIOOH can be made to move by

(i) light



(11) Light driven actuation in Ni(OH),/NiOOH JEBRENHIHEEE:

Volume changes as water molecules

rapidly desorb into the environment:
PEE KRR BRI T RS EE

Turbostratic crystal Ideal crystal

22°C, RH 40 %

Water desorption

e @ 4 The actuator
straightens
= 4

T Water adsorption

Water
molecules

Water desorption (hence volume change)

can be triggered by light:
KR (MIFERESEME) WIDAEEs1% ¢

Wet Sponge

— Light on uv Vis NIR

n

o

o
|

Moisturized

l

0 200 400 600 800
Time (s)

N

o

(@]
I

Mass change (ng)
o
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Ni(OH),/NiOOH can produce gram-forces when triggered by light, equivalent to
1500-3000 times of its own weight:
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Performance highly repeatable over thousands of cycles:
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Micro-Hercules fEY K 7+
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Lifting 50 times (or more) of the weight of the actuating
material
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Robotic insect? We are getting there ...
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Real speed 00:00:00.000
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22 °C, RH 80%. Visible Light 50 mW/cm’




Bio-mimicking {54 FEH ...

Exposed

Shading Cloth

22°C, RH 70%.
Actuator Sunlight intensity: ~15 mW/cm’,
Vis light intensity: ~5 mW/cm’

22°C, NIR 200 mW/cm’ 22°C, RH 90%. Visible Light 50 mW/cm’



Summary:.

A new electricity and light driven actuating material reported in:
(i) Science Robotics, in press
(i1) Sensors and Actuators B248, 657 (2017)

Novelty:

(i) The first smart actuating material that can be triggered by both
electrochemical and light signals

(i) Compared with other known electrically driven actuators,
our material requires much lower voltages (of < 1 V).

(iif) Our material can produce large actuation forces of 1500-3000 times
Its own weight.

(iv) Our materials are very convenient and inexpensive to make.

Inventors are an al-ME@HKU team:
Dr. Kenneth K.W. Kwan (BEng, PhD, Postdoctoral Fellow)
Miss Runni Wu (PhD student)
Prof. Alfonso H.W. Ngan (Chair Professor, Principal Investigator)
Dr. Tony Feng (Associate Professor, collaborator on electrodeposition)
Dr. W.D. Li (Assistant Professor, collaborator on light measurement)
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