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Nanotechnology in nature and
common daily items
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From microelectronics to nanoelectronics
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Dependence of physical properties on size and shape
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On being the right size A
(J. B.S. Haldane 1926) 4 N o
i
P
iEEE] £ !

Halliday, Resnick & Walker,
Fundamental of Physics, 6" ed. s

Wiley, New York, 2001 l|“'m | ,"l i Iil]lllllllﬂl”I]lllllll |

On Being the Right Size - J. B. S. Haldane (1926)

* You can drop a mouse down a thousand-yard mine shaft; and, on
arriving at the bottom, it gets a slight shock and walks away, provided
that the ground is fairly soft. A rat is killed, a man is broken, a horse

splashes.
Terminal speed #&¥RIESE : http://ocw.mit.edu/courses/physics/8-01-physics-i-classical-
mechanics-fall-1999/video-lectures/lecture-12/

* For the resistance presented to movement by the air is proportional to
the surface of the moving object. Divide an animal’s length, breadth,
and height each by ten; its weight is reduced to a thousandth, but its
surface only to a hundredth. So the resistance to falling in the case of
the small animal is relatively ten times greater than the driving force.

* An insect, therefore, is not afraid of gravity; it can fall without danger,
and can cling to the ceiling with remarkably little trouble.

* But there is a force which is as formidable to an insect as gravitation to
a mammal. This is surface tension.

Some Terminal Speeds in Air #¢3E

Terminal Speed 95% Distance*
Object (m/s) mph (m)
16-1b shot 145 324 2500
Sky diver (typical) 60 134 430
Baseball 42 94 210
Tennis ball 31 69 115
Basketball 20 45 47
Ping-Pong Ball 9 20 10
Raindrop (r = 1.5mm) 7 16 6
Parachutist (typical) 5 11 3
* 95% Distance is the distance through which the body must fall from rest to reach 95% of its
terminal speed.
Source: Adapted from P.J. Brancazio. Sport Science. Simon & Schuster, New York. 1984 in
Halliday & Resnick's Fundamentals of Physics, Third Edition, John Wiley & Sons. 1988.

On Being the Right Size - J. B. S. Haldane (1926)

¢ A man coming out of a bath carries with him a film of water of about
one-fiftieth of an inch (0.5 mm) in thickness. This weighs roughly a
pound (454 grams).

¢ A wet mouse has to carry about its own weight of water.

* A wet fly has to lift many times its own weight and, as everyone
knows, a fly once wetted by water or any other liquid is in a very
serious position indeed.

* An insect going for a drink is in as great danger as a man leaning
out over a precipice in search of food. If it once falls into the grip of
the surface tension of the water — that is to say, gets wet — it is likely
to remain so until it drowns.

c KMETE: FIERE, RMASIERE FHRRN RBRORE
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Galileo’s square-cube law
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I G Barnes1989, Physics and Size in Biological Systems

10

Height &% |[Mass #8&

Gulliver 1.80 m 75 kg

Brobddingnag X A& A 18 m 75X (10)3

=75 tons

75,000 kg

Can they talk to one another? flifi 158 ¥ 5515 2

Vocal cords as vibrating strings, frequency f'is inversely
proportional to the square of its linear dimension £: fa 1/£2.

Gulliver 20-18 kHz 100 Hz 1000 Hz |10 kHz
Lilliputian (£5/,)? 144 kHz 144 kHz  |1,400 kHz
Brobddingnag (C;/LR)? 1 Hz 10 Hz 1000 Hz

Philip Morrison: Gulliver's Laws: The Physics of Large and Small (1968)

Vocal chord, brain (cerebral cortex)& 7 5 K figi
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Communication by speech FzE S Hil

It takes about 1 second for us to say the word 'Brobdingnagian',

speaking at 160 Hz, it means 160 wavelengths have entered our

ears.

Slow & long Brobdingnagian speech SZ8TB-EKIHE

e When a Brobdingnagian says the same word at 1.6 Hz, it takes
her/him 100 times longer, i.e. 100 seconds = 1 min 40 sec. We
need to be very patient to hear him speak.

Fast & short Lilliputian speech s s i35

e Speaking at a frequency 144 times ours, a Lilliputian needs
only 1/144 s = 7 ms to say our one second word.

e Ifa Lilliputian were to do a hour lecture, it would take her/him
just 25 seconds. Do you think you would have understood
anything she/he said?

Brain size and wisdom [/ BR s £

The cerebral cortex, 2 - 3 mm thick, covering our brain like a skin
can be treated as an area. The mental capacity thus scales as the
square of the characteristic length of the cerebral cortex.

= Cu(t,/t:)? = C(0.15/1.8)° = 0.0069C,

° The intelligence of a Lilliputian gentleman is less than 0.7% of|
that of Gulliver. #/> #KH&

e So even if Gulliver could detect his frequency and handle the
rapidity of the words, he would find his tiny companion had
essentially nothing to say. BuEMEERBNEE

e The Brobdingnagians having cerebral cortex 100 times longer
would be 100 times as intelligent as Gulliver! EXFIKAS

e They would be saying extremely wise things, but in a very, very
deep voice and extremely slowly. 1&ITE1E T & HIKEE

Food for metabolism 45z &

K R Nano scale: 1 nm — 100 nm
RIRTEAEZE B R E (um, mm, m, km) 5
BFMREFETFREOI nm)Z HKRE

FH2Zz—K (m) — ZXK(mm),
Fr2Zz—2XK (mm)— HK(pm),
T2 —WK (um) — #K(@nm)

] BRKERE: 400 - 700 nm

RPTERIEEL% 0.1 mm,
B 100 pm, BK—E 15
EEEX : 1m
A RAKERE © 4—7mm
KRS : <1mm

A IRAIBE B S R
NN 1

im 1dm lem imm  100pm  10pm lpm  100nm  10nm 1nm 18 018
im 10lm 102m 103%m 10%m 105m 10€m 107m 108%m 10%m 100m 101lm

Electron microscope”

D2 BOY @@

man hand  finger thl:kness cell  bacterium virus  macro  small atom
height mole- mole-

ZB]% f‘ﬁ cule  cule

HUH Nobel Foundation
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Bacteria and Viruses %%*ﬂﬁi—% AtRe =10, viscous force >> inertial force

‘M Bacteria

EM Purcell, Life at Low Reynolds Number (1976) For E. coli CKIBHFE), with v =230 um/s, a= 1 um, the bacteria
Wiy WA, e moves a distance of 0.007 nm in 0.2 us.

Reynolds number, Re

=

inertial force avp

a=1pm

/

= == = Drag = 6mnav
viscous force n

Speed, v =30 pum/s

E.coli: R= 10%

www speedo www nature com

a: size (dimension)
v: speed
p: density

¢ To swim, the E. coli must produce a continuous force,
reciprocal motion will not get them anywhere.

* It is better for E. coli to move by diffusion, local stirring is 100
times slower.

» Implication for micro-robots i EIHL 25 A KIIE 552 R

#: viscosity

Fral: 1AM AAKE 2 L

Guppy: R = 107

www aquarisimfish net

Small, Small World /MM 57
Nathan Wolfe, National Geographic Magazine, January 2013

N
Bacteriophage
These bacteria-infesting
viruses are the most
abundant life-form on
the planet, their number
far exceeding that of
stars in the universe.

Trillions inhabit each of
us.

e When we inhale, our nostrils capture millions of invisible
particles: dust, pollen, sea spray, volcanic ash, plant spores.
These specks in turn host a teeming community of bacteria and
viruses.

* A few types may trigger allergies or asthma.

e Far more rare are inhaled pathogens that are themselves the
agents of diseases, such as SARS, tuberculosis, and influenza.

Nathan Wolfe




Diseases Y&/

Agent J&EE

AIDS W HIV

Dengue fever B Flavivirus: dengue virus
Hepatitis i Hepadnavirus: Hepatitis virus
Influenza I Myxovirus: Influenza virus
Measles 532 Paramyxovirus: Morbillivirus
Mumps i Paramyxovirus: Rubulavirus
Rotavirus BRIRE Reoviridae: Rotavirus
Rubella Xz Togavirus: Rubivirus
Smallpox KIt Poxvirus: variola virus
Yellow fever HPAIR Flavivirus: Yellow fever virus

Human viruse
(Wolfe, Panosi

ve animal origins
ond, 2007, Nature)

Stage 5:

; Human
Exclusive exclusive
human agent
Stage 4: Human Human
agent w/ animal adapted

involvement
Stage 3:
Limited

outbreak

Stage 2:

° Weakly
Primary human
infection adapted

Yellow Fever
Rabies SARS Ebola & Dengue

HS5N1 avian Flu virus

Ying-Ta Wu

Academia Sinica, Taipei

A computer simulated scanning
electron microscope image of the
avian flu virus.

Erasmus University Medical Center in
the Netherlands and the University of
Wisconsin (Madison)

ZES BETRME (TEM)
B EFEMS (SEM)
BmBl N RRRE:

B8 conducting electrons
EZ* high vacuum
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Black fly

40 nm Cr
KRBT

JRVIR R B 5%

Butterfly 'Sciles

mRe PFE

_ Dull pigmentary red
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Reflection from a thin oil film

B H 5 IR B Ay N AR ) S S R

BB W 1 /2

n, d

0 C

NI FEARTE BT 5 3 (n, ) R K 4T 5 25 HE %

n,sin0, = n_sin6,

AR 1 ACAHEER1800 > S REEEE ) /2 =02
JEAR 2 BIBIEZE = 2d, cosb,

fHET¥ constructive interference
— FRIGTEK ROt
2d,cos0,=A,/2=(A/ny) /2
n.d, cosf,= A4
ZBEEAS, 0,=0, nd, =V4
nd, = BRI EEE = KEENTSZ— V4)
Bz B (A=480 nm),
TR E ) E B =120 nm, M (n=1.5) KI/EE =80 nm.
EANMAEK, RESHEERD ~6F BB
ErHRER, RIEEHEERK 6% 48

BRI BT HET R AL

HtiE{5 LR Eye for optical communication

HR#E eye shine

ARG : JGIS5EHMIZS Light signal detector
R
BATER ANR, BER A
AR AL RIRYE B
BB SURK HES

SHRA
g 5% B R
T o Bt 8%, Bl
Eih . BEfh
N
. HigE
o ERI
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DU MR AR %5
Antireflection
moth eye structure

ﬂlﬁﬂi@‘%ﬁ#ﬁ Hydrophobic scales

WA WOR/ SRR B RS, EHER
JKH9, JKEBRATCAEE B s, AKEREAT A
STHIESE R k.

B PR32 B S B 0 2 0 I S A

Transparent wings of insects are also antireflection structures

. N ! - I.'
PURSTHAEREIE R B KI5 RE B ith, PRI Skt

Applications: solar cells, stealth bomber

H

. y(] ro ]ﬂlowt
. o \

b
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W. Barthlott & C. Neinhuis,
Planta 202 (1997) 1-8.

H.J. Ensikat et al., Beilstein
J. Nanotechnol 2 (2011) 152-
161

= VKR

Lal
under v\g

SEM image showing nano-tubules on papillose
epidermal cells and space between cells.

; o tﬁ?ﬁﬂ‘]ﬁ& ﬁﬁlﬂﬁi
Magh £ Det WD ——————142m ﬂ\(mgﬁﬂ)&
10000x  SE 3 [ \

TERTEE b K Bk
‘Water drop on
lotus leaf

Scale bars:

() 10 pm, (i) 2 pm,

Microstructure of papillose epidermal cells covered with nanoscale epicuticular wax tubules

on the surface

TERTSEM B BUn ERCKILRE AR AR NS

(AL FAM. Nosonovsky and B. Bhushan, Phil. Trans. R. Soc. A 368 (2010) 4677)

B HRAR R SEM 8

(iii) 0.4 pm

Fig. 2 Lotus leaf (Nelunbo uueifera) reated with 6 different preparation methods. (a): CP.drying preserves the papillae, but the
epicuticular waxes are destroyed. (b): Air-drying emmses severs shrinkage of the epidesmal celle. () The Fresh-hydrated sample
(without metal coallu\z] at ¢a 5°C shows linle shnn.LllzG after 10 minutes observation time. The waxes are intact, but sampl: drift
retards high {d): Glyeerol-infil prevents shriok of the papillag: the waxes are intact, the surface is dry and
untouched: sample without metal coating. {e}: Low-temperature SEM image of the frozen-hydrated sample without metal coating.
The waxes and papillac are infact. but the image contrast is poor due to charging of the ron-conductive sample. (f): The freeze-dried
sample with metal coating shows good preservation of the papillae and waxes and is suitable for high magnification (the inset shows

the w bules), . . . Lo .
23 @ s ubules). (AW T HJ Ensikat et al., Microscopy: Science, Technology, Applications and Education) 4,

20/6/2013
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ARk / RO PR EN Weneel B Cosie

o IKERFMEMEEM (Wenzelfs: WEEAME)

o TKERAN M H 1) (B S RS TH B DA K B SR 2 i i
TR IEME (CassichB: WE, MAEE)

o KERAEMEE 18, BERR L , EREEER
T #8) (Leidenfrost R E)

IKERFNZE R EMEE R : 2-4%
(Ensikat, Schulte, Koch & Barthlott, Langmuir 25 (2009)
13077

)

HEAK/PEERE: E@E 200/10 pm?, KE
63/10 pm?

HEMEAEEWIER, MARERE

(Ensikat, Ditsche-Kuru & Barthlott, Beilstein J. Nanotech-nol. Leidenfrost K2k

2(@il) 152 (ALA Quere and Reyssat, Phil.
Trans. R. Soc. A 366 (2008) 1539)

1i7 25 30 B (Lotus effect) HLEi 7K 14 (hydrophobicity)

KR B B R TR, 5 A% 2 4 A ] 8 Y 57T 48 /K R 2] 8 e T
BUAR. SR A R A [ B R T A B ) T TR i, K 6 [ B R T 4
3R, KT A E SR T TR A SRR AR A, BlRARD, RY/KME
FIRAERTE LB, B R BRI BlARK, REKREERR
B, R R RREEE, B R BUKEE.

N
N e
N .
N

BIKRHE Bi/KRE
FEME M AEOSRI0 5 2 ) VM A AE90EL 180FF 2 fif]

7o E PR T R SR OV ALK, AR A KA 160/, K ABAN R 5% RV Ao
TRM. FWKBREME L GRBUKER. KEREREEL, ERIE
Cassiefl8, BEMBEHIR/, REEAF LR EMEHE D R/ EHZE
RS, KBRS 5 FEBY, SARELRL, M5 BRI, 2] B EhiRULH
MR, ERLRMIERUE, B BIRAE.

46

WHALIHAE (rose petal effect)

EBEIERE ERKBRAR
wE), TSTHAERME L.
JKER BRI 2 Wenzel B8,
T ABHEIEIR T

TEMR A #3961 AR
MOKEISEE, [EsEREK
R FFEAKITE.

£ Wikipedia P

HUA (L. Feng et al., Langmuir 24 (2008) 4114

Micro-nano hierarchial roughness

TR AR T3 J 5% PO 2 T RELAL ol -

o FEMCRAR L, BERAMKER

o KZRE%, W LB ARSI 2 B2 H

o KERFIBOK/ WK IS S BAR BR A BeAE

o [ ULE SR RN BAERE,

o FHE/RT CassiefE, Wenzel B8 fiEE 8B, PR

Bk IR - 3 ¢ i # I I
W T, S, O, A L

*=88 (Colocasia esculenta)ZE

lotus rose

%w&/mﬂeﬁ%mﬁé 253 A%
BB LA T R A0 m m

Cassie Wenzel
(XA B. Bhushan & M. Nosonovsky, Phil. Trans. R. Soc. A 368 (2010) 4713)
48

20/6/2013
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KEK “Ae35” ERUER
BIBKES |, PRTA )
Water drops clinging on

<. hydrophobic hairs on steep
slope of leaf surface >

 KHREHEENEE T
‘Water drops*hanging on the
1\1 arside of the leaves.

Air retaining surfaces in water

FEK o R B 2 SRR K R T
IKFEMBES ERRET ARIZEE
BiKRE ETRAEKD, REGKEZ
FIE AR, 48 SRR RS, KMZEREE
FRTEARAR/D, B AR, FRBUKER. K
BRETHAEZES b, RAKBRAIH A 5 vEE).

IKFE AR IE S 3 = B K, HERHE
7K, REFISTILERAKH S, EBEH
KU, 7T CABT IR AR R AL K7 5
AR FERER T KB T L R AR B R TH

ZER.

(BXH Barthlott et al., Adv Materials 22 (2010) 2325)

Superhydrophobic surfaces with hydrophilic pins for
retention of air under water

PR EE P (Salvinia) S E

B /K2 T K ST K B AR B R R

O w'v \1"'!'»

BKRS BAKBR
(HXH Barthlott et al., Adv Materials 22 (2010) 2325)
o STHLZASSURIZK ) ST, By 5 23 BB e R ier ) OR B R T 224K
o 7K (5] 8 57 T 2 e B9 2258, T DAVRZD REL A
o ZFRAERME, TEEREMRS, FREEMIEE .

Emperor Penguin
use air as a lubricant to cut

drag and increase speed. Air

is trapped in a fine, downy

mesh (20 pm) and released as

microbubbles so tiny that they

form a lubricating coat on the

Nov 2012 feather surface.

20/6/2013
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a

s on spider silk

FIGURE 1. Structures of dry capture silk
of cribellate spider.

a, Low-magnification environmental SEM
image of periodic puffs and joints
surrounding two main-axis fibres.

b, Magnified image of puff composed of
countless nanofibrils.

A
Yongmei Zheng, Hao Bai, Zhongbing

Huang, Xuelin Tian, Fu-Qiang Nie, Yong
Zhao, Jin Zhai & Lei Jiang
Nature 463, 640-643(4 February 2010)

100 pm 30 pm

FIGURE 2. In situ optical microscopic observation of directional water

collection on spider silk in mist.
HUH Nature 463, 640-643(4 February 2010)
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A PEREBT TEIANKFTRI
Nano-gold: from Roman handicraft to modern hi-tech
BB Lycurgustf (4 tH4d)

ENETEME BrSSaRonT o BrEREn

Barber & Freestone 1990

BB

Stained glass

Canterbury K#&
1340
(#8Wikipedia F&R)

Metals Used to Impart Color to Glass Fﬁﬂﬁﬁﬁﬁﬂﬂﬁmﬁg

Cadmium Sulfide Wik 3 Yellow
Gold Chloride a4é FAR Red
Cobalt Oxide s 3 Blue-Violet
Manganese Dioxide g 0~ 3 Purple
Nickel Oxide IR ® Violet
Sulfur w BERFE Yellow-Amber
Chromic Oxide S8 R Emerald Green
Uranium Oxide sl %635, & | Fluorescent Yellow, Green
Iron Oxide FAE B FAE Greens and Browns
Selenium Oxide =R FAR Reds
Carbon Oxides BREMNLD RHIE Amber Brown
Antimony Oxides St 5] White
Copper Compounds FEY B, 4%, AT | Blue, Green, Red
Tin Compounds SEw =] White
Lead Compounds SED i3 Yellow

Manganese Dioxide = WA <A R A "decoloring" agent

Sodium Nitrate T A "decoloring" agent

http://geology.com/articles/color-in-glass.shtml

521685 (K FEHTE purple of Cassius)
&K &R (&BEHF) (gold enamel):

W& (L)
(Famille Rose porcelain, 1723)

WRESE [Bhim] BRES  COSEESH.
EE19.2 om. (FERELES, 2011 SEEARY) |WEE W HE B

20/6/2013
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& AT Colour of gold
BRALE or red

nanogold ST

Gold Bulletin 2007 + 40/4, 267
61

JEBEYSY Colloidal Solution
TN BIFE A FL R T 20 RO RV AR 7K B A A 1
BT T LR 1 V8
* Michael Faraday (1857) fTE /K BB ER/NEB R T, B15
H A AL & W (ruby gold solution)
* Thomas Graham (1861) #§ 2 % B #8A R

(colloidal solution)

* Richard Zsigmondy (1898) FZFH & X %BHEESER, 1M
BB 1925% 5 BB 248 (Nobel price for showing purple
of Cassius is due to colloidal gold)

« J. Turkevich (1951 fE & H BEFHME RPABEENF
IK/NA 6 2 nm. (TEM imaging of colloidal gold nano-
particles: 6 £ 2 nm)

FSRANK AL TR S 4K EE gold nanocages from silver nanocubes
BoooOes 5

|"= il 506
| _g 04
L = bl 52\

Galvanic replacement s - i T T
> ¥ 400 600 00 1000
_a_dr fu_ — 31_\_9 _I | Wavelength (nm)
.. LY 3 g 4
Ag Sata g e Y 4
.,
i etk e e '

vEL

it

HUH http://www.nano.wustl.edu/doc/labs/xia.pd]

kA5 RS . SiO,/Au core-shell structure
ZHEMEER (50 nm EAT) - &35 nm E)

Nanoengineered Photonics and Pl ics

AR St FRAMERBTE
HUE  http://www-ece.rice.edu/~halas/

20/6/2013
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& HKRBLF Gold nanoparticles

B PE BT HR _
(R, #, 1, &) RR~HRA “"‘“‘J moparticles
LN o

06 /\

15nm nanospheres

06+
]
<

30nm nanospheres
2.5AR nancrods
——4.5AR nanorods

[}
& AURET HIbE BISURRRT || | —— 7.5AR nanorods
xoN Bl !

HUEH Chem. Soc. Rev., 2006, 35, 209-217 80 st - \ y 5 - . ;
400 500 80D OO 8O0 SO0 1000 1100 1200 1300
Wavelength (nm)

FHHFBEFEUT(surface plasmon)mlﬁq&ﬁﬁkﬁtﬁf
(a) NSt (BRLE) BEBAVKERME @) s
HAEA, EA T REEB BT, 8

15 R B 353 I 5 4R 8), S AR E) - v
VAR AR IS T HT. - A

(b) SEHKAE R ET R T
HerRE. W

ﬁﬂ“ﬁﬁf Uﬁﬂ:—gﬁ@ﬁﬁfﬁﬂ_\% Mﬂé | HUE Langmuir 2006, 22, 32-41 ‘

B B0 1825 B T BT A TR i 4

£ 63 B (520 nm), BARR ML AT CASR
BAM E Faraday &BHEBBRNEERALEH.

+

LR IERAE OKERIVEIE K, WA L. &

SHREE IR E BRI, S8Rl KIEE AL BIALNE.

H# 3 E Thermal-photon effect

AORRL IR T Bt RE, ELREEE, BERTA . HR
AR T BVERIER /N, IBERIE BT, E B KBTI

BRARAN (B2, LAY BIAT SRR SUIR AR

ALAMREIR GRFIVE InfraCare ALSMRIEE) (FBRE R LT
B B T 6 A OB A PR 7E e T AR ORI, 988 LAY L B 0
HONURRAIRIAS, HETO AT ARV

YA EH Therapeutic application
o BV TAGIREAE B INE AR T £
o SRUKRLT B RE T B BUT IR EE G B FURLROR+ B £

LSRR T I ERE AL, @80t SR BOt BRI AL AR RE,
B8 A O MRS, AR R ) IE W AR R S 4 SRR

Flash ignition of a Paris peacoc!
butterfly wing with a camera flas
light '

EEL A 2 R /

20/6/2013
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PA R SRR 1) 1 Eu gl 1% 7 AR

Flash ignition of silver coated white scales

‘ BUEH Zheng Zeng 2008, M. Phil Thesis, Department of Physics, HKUST

JE B R 2R KA 5

Future outlook of nanomaterials

HORER IS BRAR/D, BT DURE 5 B SR A7 I, FEARGRANAROR
il ¢ A Wy 988 R AP P R 5 R S 1.

o BRELAERPINR/DEEIZ  extremely small detectors
 HBEEE/RE  superthin monitor
o ERREEBUNEZEY) timely release of medicine
* BiK, B, SERIR
water-, bullet-proof, colour adjustable clothing
o BT RERREMAL, HlR8, BEMIKRR
clothes fitted with solar powered heater/cooler, camera
o (B 4& invisible cloaking
o HREZREEAZIKEER other unexpected applications
o AR

Gold Nanoparticles Could Transform Trees Into Street Lights
http://inhabitat.com/gold-nanoparticles-could-transform-trees-into-street-lights/
£ =

“EBERE” KRR
Fl &4 T 2

R, WHUEAME
BB 222

By implanting the gold nanoparticles into tree leaves, scientists in Taiwan were
able to induce the chlorophyll in the leaves to produce a red emission.
Stimulated by uv light, the gold nanoparticles produce a blue-violet
fluorescence to trigger a red emission in the surrounding chlorophyll.

20/6/2013
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Nano platelets of calcite BRERSS #IKWE)H

Using nature to grow batteries, Angela Belcher
http://www.ted.com/talks/angela_belcher_using_nature to grow_batteries.html (10 minutes)

June 4, 2013 (http://web.mit.edu/newsoffice/2013/belcher-wins-lemelson-mit-500k-award-0604.html)

MIT professor Angela Belcher, one of the world’s leading nanotechnology experts, has
been named the recipient of this year’s $500,000 Lemelson-MIT Prize, which honors
an outstanding inventor dedicated to improving the world through technological
invention.

Belcher was scientifically motivated by the shell of the abalone (This particular snail
would later become the focus of her PhD dissertation.) The abalone shell is comprised
of 98% calcium carbonate (an inorganic compound ) and 2% organic protein, a
combination that makes the shell exceptionally strong. This principle — how marine life
evolved to make such hard materials from its environment — led Belcher down her path
of bio-inspired innovation. Today, her group focuses on coaxing biological materials to
work with inorganic materials, such as electronics.

One of her recent inventions is a lithium-ion battery powered by engineered viruses.
The batteries have the same energy capacity and power performance as state-of-the-art
rechargeable batteries being considered to power plug-in hybrid cars, and they could
also be used to power a range of personal electronic devices.

20/6/2013
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Nano and Advanced Materials Institute Limited

Application of Nanomaterials:
Recent Product Developments and
Future Perspectives

Dr. Connie Kwok
R & D Director, Bio & Healthcare Products
7 June 2013

EDB NSS Enriching Knowledge Series of the Physics Curriculum (2)
Atomic World - The Use of Nano Technology in our Daily Life and Nature

Confidential Materials

Company Mission
Nano and Advanced Materials Institute Ltd.
(NAMI)

« Acting as the focal point for conducting
market-driven R&D aimed at developing
innovative products and processes from
product conceptualization to market in the
areas of panotechnology and advanced
materials

4 /v -
%) K ST AR -
L -f"l Naro el Acvamced Materiolsinatuse Limioed Confidential Materials

About NAMI

+ Is an independent R&D center totally owned by HKUST;
it is funded by the Hong Kong Government and industry

» Serve Hong Kong and Mainland industries in technology
development and commercialization

« Connect fundamental research and commercial
production by performing applied research

and pilot-scale testing

’%},’l AT PR AT
LV Nano and Advanced Matcrials

Confidential Materials

Nano Technology

* A rapid growing science of producing and utilizing nano-sized
particles that measure in nanometers ( 1 nm = 10 meter ).

» Nano particles can be observed only through Electron Microscope
(e.g. TEM, SEM, ESEM).

» Emergence of novel and powerful Morphology and Characteristics
when they reach down to the nano scale.

'afs\z. ﬁ'g A

B3
Viv \w‘\'&!ﬂ i 4
Nanowire Nanotube Nanoflower Nanoblade
Surface
m Property Solid § Porous
Nanospheres Nanospheres

Cell response

2013/6/20
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Different Types of Projects

« Contract research projects (solely funded by industry)
» Sponsored projects (funded by industry and NAMI)
» Seed projects (solely funded by NAMI)

During 2012-2013,
> Abudget for R & D projects was over $170 M

» Industry funded around 40% of our R&D projects, a percentage
that was the highest in the Hong Kong research centers.

BTN TR AR S

Nana and Advanced Materials institute Limited

Confidential Materials

NAMI's Clients and Collaborators

Trade Associations

Local Industris Companits

Entreprenewn

Multinational tate Cwnad
Companies Enterprives

FHI, ML, HEMBER, FITMAL AD#Y, 5T Trading

R, PET,

KL Dudfonc. lu-m.: i

| Sustainable Entrgy

Selid State Lighting Envircen
aed Displiy ™

mental
achaalogies

Construction / Bio and Healthcare
Duilding Materisly Praducts

NAMI
Natienal Engineering Research Ceneers (1)

L3
Techewcal wllﬁuu!un

L4
Government and Business Collaboratars

¥ 3
] 1ecnnoiog\.
Uinbeersities v h Tracester :_“"""'_“’“ Gomernment Pralessions f—
et Cganizations Ampaci Agtniies senves
tscal tocat Tectnorogylicensors ‘"' iy Equipemest | psiness Mamching &
P, ASTRI R ‘ tema Framation Lege Compauisaad
i,
Maleiaca . a ‘Valong eTDC
- Mainians
) proswpriy L — Mewr Businesses Testing s W
Shanghs une Fovmitcation
overseas averse et e
J— o Feehaology Acquicers ; Meatchmakers
Feauenatee, W I ot ertuses 1 Department Actsunting Vakes Crcation
Contee
Now dosal

Danizh Nationa Advanced
Technoiopy Foungatian

Confidential Materials

NAMI's Projects (by number, March 2012)

Five Focused Market Sectors

Sustainable Energy

Display & Solid State Lighting
Construction/ Building Materials
Environmental Technologies

Bio & Healthcare Products

Others

Confidential Materials

Confidential Materials

Lab and Office

At HKSTP

Existing Office (B16, 608-9) .
— 4,236 sq.ft.

At HKUST

Existing Lab (B11, 301-7) « Office space (Rm 3641-
— 10,608 sq.ft.

3649) — 3,746 sq.ft.

New Office (B15, 515-6) .
— 4,179 sq.ft.

New lab (B11, 308-9) * Lab space: 1,888 sq.ft.

— 3,547 sq.ft.

2013/6/20



NAMI’s Five Areas of Focus

F Sustainable
‘ Energ

Materials

vironmental
echnologies

/ PR ET L R y . .
L %//1 Naro el Acvamced Materiolsinatuse Limioed Confidential Materials

Bio and Healthcare Products

* Healthcare Products and Diagnostic Devices
» Nano-coating: antibacterial, bioactive, non-fouling, waterproof
» Rapid high-throughput biochips
+ Diagnostic Reagent Kits

« Nanotechnology in Drug Delivery
* Nano-particles for Pharmaceutical Formulations
* Botanical Herbs in Transdermal Delivery
» Cosmeceuticals in Skincare Products

Examples in topics
highlighted in green
are to be discussed in
this presentation

* Biotechnology Products
* Recombinant Technologies
» Gene, Protein and Tissue Engineering

Confidential Materials

NAMI's Areas of Focus

F’ Sustainable
Ener

tiot
Materials

vironmental
echnologies

/ PR ET L R N . .
ry %//1 Naro el Acvamced Materiolsinatuse Limioed Confidential Materials

Healthcare Products and
Diagnostic Devices

/ 29 A8 AT RS AR R X . .
L ,%-V/‘. Nres st Asemere fmierit Faaire Ebsld Confidential Materials
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(1) Antibacterial Coating with Nano Metal/Metal Oxide

i K nano coating on
l._: . different surfaces

Formation of
protein complex Cellmembrane
- How does it work?
= 1) Penetration of metal ions
through cell membrane.

E. Coli 2) Interaction of metal ions

) v [
- SRSy e M* Metaljons with cysteine [SH]-

Antibacterial metal ion resin layer containing enzymes.
3

Enzyme inhibition leading
to bacteria cell death.

9L PR RS AIRES ] - .
Nano and Advanced Materiats tnstitute Limivest Confidential Materials

On site evaluation at a local hospital
Proprietary coated and non-coated keyboards
(from October 2012 — March 2013, 6 months)

According to keyboard # According to month
18
35 = No. of
uNo. of 18 bacteria
30 bacteria 14 colonies on
colonies No Coating
.25 on No —~ 12 > Coating
o Coating > o
H i T 10
g 20 Coating S
> o s
&os aNo. of RN
bacteria 6 alc era
10 colonies (C:o OF‘esf n
on Coating 4 Of ;\r‘\ 9
5 >or=No 2 %r _t‘ o
Coating oating
0 0 . .
Keyboard 6 Keyboard 8  Keyboard 10 &o‘,a‘ o@@' S (\yd Q@d &5}‘
o ~ O & p value < 0.05*

» The trend continued to demonstrate that coated keys consistently had less
bacteria compared with uncoated keys for 6 months with statistical significance.

+ Data collection until 30 June 2013

Durable Antibacterial Coating
for Keyboards used in Hospital Setting

FEATURES %
Kills 99% of bacteria within '
1 hour (under experimental
conditions).

Being effective even after
routine wiping with water,
soap and 70% ethanol.

Provides long-lasting,
anti-bacterial effect.

Convenient Spraying &
Low Temperature Curing Process

Gives transparent look.
Being low cost.

Uses simple coating
process.

Compliant to RoHS
(Restriction of Hazardous
Substances Directive).
Compliant to SVHC
(Substance of Very High
Concern). Confidential Materials

(2) Plasma Surface Treatment on Devices

» Key advantages
v'Ultrathin, pinhole-free, stable coating conforming to any shapes or forms
v'Surface can be fine tuned to give almost any chemical properties without
affecting the bulk properties
v'Clean, green yet efficient coating process without toxic waste to worry about

» Surface chemistries are critically important in medical and
diagnostic Devices (other than physical dimensions)

v'Well-known examples of hydrophobic vs. hydrophilic surfaces
‘ Hydrophobic Surface

2] a
Protein
5 unfolds and
initial contact anchoring’ spreading denatured
( Hydrophilic Surface Wy
Protein stays
intact
initial contact ‘no anchoring” no binding
Dead fibroblasts  Healthy fibroblasts —_ Time
Ranella et al, Acta Biomaterialia, 2711 (2010). Rabe et al, Advances in Colloid and Interface Science, 87 (2011).

Confidential Materials
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Plasma-Treated Microplates for Diagnostic Application
Bioactive Surface to Enhance Biologics Binding
« Achieved surface functionalization to favor HIV Ab binding in ELISA

» Specific surface oxygen content %
» Specific functional groups: Negative and positive ion fragments by ToF-SIMS

H

3 H
.
Untreated /=0 Joo  HOCHCOr  HCCHCeor ©_LDH
» o ¥

m/z Fragments
g, 41 EE N CHO+ CHO+ CHO+ CHO+ o
° e miz. 29 miz: 43 miz 55 miz: 57 iz 107
rrreel| - s Positive ion fragments .
NAMI Treated 43 H,C=CH-O" 2
e 45 CH,-CH,-0"
E e X
- o X
LI.[ S omanib A7 |
e eas i E BomabB | 200 | 080
Benchmark 2 T e e
& | i 77 I
£ BaTA 8 asm
S C8H7O- m/z: 119 T i | o
| s naTe wn 31}
IR : : < [ITETY) i [T
e Negative ion fragments | = L1 LM oa
L 150 1 L8 oo

Multiplex Protein-Based LOC for Infectious Diseases
(Proof of Concept Study)

Multiplex NanoArrays \

1. To design coupling chemistries
specific for biomarkers selected
(sample, positive and negative
controls included)

2. To design and nanoprint spot
panels for multiplex (n diseases)
diagnostic kits. Each spots only
required less than 20nL of antigen
reagents, substantially saving costs
and time of operations compared to | Potential Impact:
traditional assays using uL of An LOC integrating automated
reagents microfluidic device for
screening multiple diseases.

Confidential Materials

(3) In vitro Diagnostic Tools
Multiplex, Rapid, Inexpensive LOCs
* Rapid, High-throughput, Low-cost In Vitro Diagnostic Devices

Protein-, DNA-, Cell Capture-based for:
» Animal Health (Monitoring of farm animals’ and pets’ health)
» Human Diseases (Detection of infectious diseases, early cancers)
» Food Safety (Surveillance of toxic chemical additives)

J eni
Indicator Am[nﬂllﬂ }.:_l
34
AntilgG %’
— Antibody in sample (1gG) ' g
N
Viral antigen L esaes

Solid support
DNA-based Protein-based Cell Capture-based
(Hybridization) (ELISA) (Anti-EpCAM for capturing CTCs)

Wang et al, Angew. Chem. Int. Ed. 3084, (2011)]

Confidential Materials

Nanotechnology
in Drug Delivery

A
V4 VA ﬂ*&lﬂﬂ””ﬂﬁﬁmﬁ‘ it
LY ano

1of Addvanmesd Materiats nstitute Limitest

Confidential Materials
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(4) Isoflavone (Genistein) Nano Health Supplement
(1) SFEE Process to Prepare PLGA-encapsulated Genistein

I w/o/w emulsion preparation |

. o . |
(genistein + aqueous solution)
= + i’j :L =
9%
o

(PLGA + organic solvent) W/ Oemulsion W, (water+PVvA) W /O /W emulsion

Supercritical Fluid Extraction of Emulsion (SFEE) process I

| i organic solvent extracted
1 s by supercritical CO,
‘Eﬁ?@ tttttetee

. Water washing
Lo

—_—

| Final solid nanoparticles I

Freeze dryi ‘ :
reeze drying e Q)(& Q‘JLQ

PLGA encapsulated genistein

Confidential Materials

Isoflavone (Genistein) Nanoparticle Health Supplement

(2) Precipitation with Compressed Antisolvent (PCA) process

= =Y
ARAAAN
———— (Mixing) ———
| vt
Nen

genistein + solvent supercritical CO,
homogenous binary system

genistein dissolved in

organic solvent supereritical CO,

/,g,_.\.k
&

genistein precipitated out

l 7~ solvent removal by

supercritical CO,
cecse
LICR N ]
LN ]

genistein nanoparticles J

23

-

Slow Release of Genistein from
PLGA-Encapsulated Nanoparticles

Raw genistein

X
)
12}
©
k3]
)
14
)
=
7
=]
£
€
8 —w— Raw genistein
o —e— SFEE product
T T T T T
0 6 12 18 24
Time (h)

Confidential Materials

Fast Release of Genistein
from Nanoparticles

60+
X
= 40+
2
E;
o
& 20-
0
o
—o— Processed genistein
0 —— Raw genistein

0 20 40 60 8 100 120
Time (min)
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Isoflavone (Genistein) Nanoparticles
with Improved Oral Bioavailability

Concentration (uM)
@ S

Genistein Plasma

o
1

-&— Raw genistein —O— Processed genistein
0 6 12 18 24
Time After Dosing (h)

* Nanomized formulation increased both drug solubility & bioavailability.

Confidential Materials

Modernized TCM Product Form with Enhanced Bioavailability

4-Point Bend Test

Rat Bone Model: Stronger Bone and Faster Recovery

Ultimate Strength

%% fram normal femur

-
df\ q\.é" &
« nanoPatch expedites healing with good recovery results.

« nanoPatch has also been shown in speeding up soft tissue healing.

BRI E TR AR

Nane and Addvanced Materials institute Limired

Confidential Materials

(5) nanoPatch for Topical Treatment of Limb Injuries

(In vitro model, pig skin in diffusion chamber)

Transdermal patc

50 Nano-Emulsion of
45 a 4-herb formula
40 >
235 -
©
30 l L
£ .
£25
[
o
£20 -
s ]
o115
10
5 m Herbal Plaster
l # Nano-patch
0 Lmml wm ew wx sl emll mm  smT  mms
Marker 1 9

» nanoPatch effectively delivers a mixture of typically water-insoluble
Chinese medicines through skin into the site of action.

BRI E TR AR

Nane and Addvanced Materials institute Limired

Confidential Materials

(6) Cosmeceuticals in Skincare Products

» Nano-encapsulation platform technologies to deliver various sizes & charges.
» Small molecules (e.g. herbal medicines)
» Midsize molecules (e.g. peptides)
» Macromolecules (e.g. growth factor proteins, epidermal growth factor)

Preparation Distribution Zeta Encapsulati H
Method with | Size (nm) width (nm) potential on vglue
EGF (6k Da) (mV) efficiency
Film-
dispersion 291 27.1-36.1 486512 * 16.8% 7
emulsion )
Reverse-
phase -37.23 ¢ o
evaporation 80.6 70.9-97.8 038 13.5% 7
emulsion
Solid-in-oil 193.8 - -30.76 +
B 215.8 88.3% 6
emulsion 253 r 277 - \/k
/'/52 a
The protein-loaded e : . Formulations
vesicular systems are Solid-in-oil dispersion has the highest are mild to skin
hydrodynamically stable encapsulation efficiency among the
(about -30mV) three nanomization methods

Confidential Materials
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NAMI’s Five Areas of Focus

r Sustainable
‘ Ener
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L * . ‘Nome art Ackeinced Materols nateu Limired Confidential Materials

OPV Technology at NAMI

OPV Materials, Structures, and
Manufacturing Line Development _ o — .

=+ =% Continuing transport

R2R Printing System

Flexible polymers PV bring
novel applications
— Mobile phone
— Umbrella
— Tent
— Portable electronics
— Etc.

* R2R pilot line to bridge technology to volume production

K ST AR - .
L * . ‘Nome art Ackeinced Materols nateu Limired Confidential Materials

PhotoVoltaic (PV) Technology Development

~E=E"

Thin Film amorphous-Si Development 7.5%
with Dupont Apollo g

(2" generation) t .

_Se‘__ Thin Film CIGS Manufacturing
)] Process Development
: (2 generation)

OPV Materials, Structures, and
Manufacturing Line Development _ .

=
(39 generation) S s vaen

« 2nd and 37 Gen PV Technologies at NAMI

Confidential Materials

Nano Materials/Technology for Battery Storage

B POSIINE  Eracirotye  NegStive
Catnode cieaots Electiods
.

Typical Li lon Battery (LIB)

L
Nano Features Improvement in Battery
Increased Electrode Surface Area High Power Density, Short Charging
Time, Reduced Weight
Nano Shape/Structure Reduced Electrode Degradation,
Improved Safety
Nano Encapsulation Improved Stability and Safety
Separation of Electrode/Electrolyte Increased Shelf Life

NAMI Direction in Battery Development:
» Low Cost Advanced Materials & Manufacturing Technology
« High Capability, High Voltage, Safe Anode Materials

/\AT

Confidential Materials
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NAMI’s Five Areas of Focus

F Sustainable
‘ Energ ;

K ST AR - .
& . Confidential Materials

AL Nano and Advanced Materials institute Limirsd

Materials Development for Printed Electronics
Metal NW & CNT Synthesis to Printable Transparent Conductor

Scalable Printing / Transparent
Nanomaterial Inks Coating Techniques Conductive Film

Composite - . .
Metal Nanowire & 3 2
Carbon Nanotube Ink /

- &

NAMI

CNT inks nkjet Printer CNT film

N

-
Metal NW inks

Metal NW film

Rod Coater.

* Transparent conductive films can be obtained from
nanomaterial inks with scalable coating techniques

N BRUELEHTTFRR AR

AL Nano and Advanced Materials institute Limirsd

Confidential Materials

Why Printed Electronics?

* 6+ Patterning Steps vs. 2 Steps Printing/Cure

Conventional Process Flow
(Lithography) Printing Process Flow
Comnenional process (Additive Deposition)
*Fmﬂl‘mlm .

| _— opm

@ Resist coal . . .

T i —

+hm ==

I ——

g o Printed Electronics

+E|r_n |.—-—. « Simplified Process Flow

L S— « Significant Cost Saving

| .. .

:“"* [ * Lower Barrier to Entry to Market
Source Tech On.

Confidential Materials

Printed Temperature Sensors

Opportunity for Low Cost Temperature Sensor integrated with RFID for
Controlled Temperature Storage and Transportation in Cold Chain:
Food, Pharmaceuticals, & Consumer Electronics.

Cold chamber

Credit card size
RFID temperature tag

THnFLA” I@

Software platform for y '
data management

RFID reader
TurboTag wireless temperature monitoring and data logging RF sensor and tag for food storage

Biggest Opportunity in Temperature Sensors is Cost Reduction:

« Current sensors in market typically cost US$15-25 per unit

+ Printed devices will cost < 10% of current sensors!

« Printing Manufacturing Techniques can easily scale sensor
and array sizes for different applications

/}\’/l .

Confidential Materials
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LED Thermal Management

Die Attach Adhesives DAA
(Epoxy + Nano Metal Filler +
Nano Capsuled Curing Agent)

Substrate

Dielectric

Thermal Interface Materials TIM*
(Thermal Grease + CNT)
*K.Zhang et al., Nanotechnology, 19, No. 215706

Heat Sink
(Aluminium, Copper)

* Unlike incandescent and fluorescent lamps, LED lifetime is
significantly impacted by high operating temperature

* LED lifetime estimated to decrease by half every 10°C increase in
operating temperature

» Nano materials can enhance thermal conductivity in two interfaces —
Die to Substrate and Substrate to Heat Sink

K ST AR - .
L * . ‘Nome art Ackeinced Materols nateu Limired Confidential Materials

NAMI’s Five Areas of Focus

r Sustainable
‘ Energ

v,ni%[%onmental
Technologies

K ST AR - .
L * . ‘Nome art Ackeinced Materols nateu Limired Confidential Materials

Key Nano Technologies in LED Applications
Metallic Nano Filler to Improve Conductivity

Die Attach Adhesive
starting materials

4l Addition of
¥ = Metallic Nano Fillers ; .
b= .

3D network metal
structure to increase
heat dissipation path

Increase Hea
Dissipation
Path

* Metallic Nano Fillers to improve thermal and electrical conductivity
» Thermal Conductivity expected to increase from <10 to >40 W/mK
* Applicable to other Electronics Products

K ST AR - .
L * . ‘Nome art Ackeinced Materols nateu Limired Confidential Materials

Self Cleaning & Antibacterial Properties of
Photocatalytic Coatings

N/ Wik i

:._ - - T, il

-~} | ™ _/ Subsrse

et o) B e
\7\%7\725\‘ " J" B Woner pases b ievovven wain and the surface
Photocatalyst Coating *
selid suppert —/
(A) Mineralization of organic Pollutant ona (B) Self-cleaning property of
photocatalytic coating photocatalytic coating

Glass TiO, films

=

(C) Bacteria killed over photocatalytic coating

K ST AR - .
L * . ‘Nome art Ackeinced Materols nateu Limired Confidential Materials
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TiO, Photocatalytic Applications

Air purification and High-end water purification Clothing with TiO,
disinfection system and disinfection system

7
— : - - TiO,/dye-sensitized
Self-cleaning tiles Anti-fogging mirrors solar cells
AL i :ff.f.f.ﬁ,'::g,‘,.’,f:i.,’.';ﬁ,ﬁt,::.l,_,..,.,“, Confidential Materials

Nano Materials for Functional Coatings

Nano Coating for Wooden Surfaces Mirror like Coating
Nano materials functional coating that is low Nano materials functional coating that is
cost and environmentally friendly: low cost and environmentally friendly:

*Replace VOC solvent based processes that *Replace expensive ECP process on
are not environmentally friendly metal surfaces that uses toxic and non

+Green process that provides anti-scratch, green chemicals
water proof, and acid & base resistance «Provide mirror like reflectivity, good
properties adhesion, anti-scratch & anti-corrosion
properties on metal or plastic surfaces

K ST AR - .
& . Confidential Materials

AL Nano and Advanced Materials institute Limirsd

Advanced Nano-Porous TiO, Photocatalytic Air Filter

Clean
air

e,

i

LU T

Nano-porousTi0, coated
foamed ceramic air filters

*  Nano-porous structured TiO, coating increase
the photocatalytic efficiency in air purification
Foamed ceramic filters with tortuous pore
structures enhance turbulence and mixing
The open-porous and reticulate structure offers
the catalytic system excellent gas-dynamic
properties & sufficient contact between the
gaseous reactants with the surface of the

catalysts
K ST AR N .
L * . ‘Nome art Ackeinced Materols nateu Limired Confidential Materials

Multifunctional Environmental Friendly Paint
Nanosol-based Paint with Functional Additives

Benefits: -
— Anti-Scratch y V-3 /
- Low VOC A Rl 5 c

- Non-Combustible Commercial Solvent-based Paints

— Water Resistance 4

— Household Chemical . ~F NAMI Paint
Resistance i Non-Combustible

— Anti-Microbial D E B

Commercial Water-‘based Paints

EU Directive 130 (Water-based)
2004/42/CE 300 (Solvent-based)
Hong Kong 550
China 250

NAMI Paint: 2.4 g/L — 23 g/L
Extremely Low VOC Content

K ST AR S .
& . Confidential Materials

AL Nano and Advanced Materials institute Limirsd

2013/6/20
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Multifunctional Environmental Friendly Paint
Nanosol based Paint with Functional Additives

Benefits: :
. Commercial
— Anti-Scratch Environmental
Paint

— Low VOC

— Non-Combustible

— High Water Resistance h
— Household Chemical Resistance

— Anti-Microbial High Water Resistance

Number of Live E. Coli after
Incubating Wood in E. Coli Solution

L. =

3‘:;* PaintA PaintB PaintC. ﬁ:m' Commercial NAMI Paint
Anti-Microbial Water-based Paint
Household Chemical Resistance
/M "*#7‘..,””,”.7?,",*.? .’l, tved Confidential Materials

MLC Samples with Full Stack Composite Coating

« Environmentally Friendly Materials and Coating Technology
« Comparable Appearance and Properties to EP samples

AR ] - .
4 Confidential Materials

anid Advamesd Materials institute iimired

/\4 i

Composite Mirror Like Coating
Environmentally Friendly Materials & Coating Processes
Mechanism: 3 functional coating layers to replace the electroplating treatment

1) Bottom coating: anti-corrosive function;
2) Middle coating: decorative function;
3) Surface coating: anti-scratch function.

Anti-scratch

rmrror-ld«oooooooooooo
eeeeeccecece

Antn-corrosnon

« Coatings fabricated from common widely available materials
« IP in formulation and fabrication method/procedure

MK#L!MNM#&'!NI«MI - .
/M 4 Confidential Materials

rid Adlusmesdd Materials institute iimired

NAMI's Areas of Focus

r Sustainable
Energ

MK#L!MNM#&'!NI«MI - .
/M 4 Confidential Materials

rid Adlusmesdd Materials institute iimired

2013/6/20
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NAMI R&D in Building Materials
Opportunities in Smart & Sustainable Buildings

Maintenance

Energy
Reduction

Conservation

NAMI's R&D
Directions in
Building/Construction
Materials
Noise Waste
Insulation Recycle

* Hot & Humid Climate in highly populated Hong Kong provides
challenging opportunities in Building Materials Development

/\/{1 BTN RBE AR
L Nana and Advanced Materials institute Lim

ot Confidential Materials

Maintenance of Building Materials
Preventive Self Healing Concrete

Self Healing Concrete Mechanism
«Silicate microcapsules incorporated

@
ko]

2

R s 0 ' in concrete
s Microcapsuie 3 PU/
:‘Q @ C) =0y *Cracks release silicate healing agent
— - *C-S-H (Calcium Silicate Hydrate)
Y e O ’ formed to “glue”
« *hoatng Sgors, N glue” the concrete

Before After
Cracks of 100pm was “repaired” after 10 days

« Self Healing Concrete extends maintenance schedule and increases
service life for concrete

/\/{1 i

T RR AR R

and Advanced Materials institus

Confidential Materials

Energy Conservation Building Materials
Thermal Insulating Cementitious Building Materials

Under constant heat flux, Indoor Temp
could be reduced if:

1. Increase the wall thickness Cool
-> Not practical
2. Decrease the thermal conductivity of the
wall panel construction materials
- Research target

+ Develop a structural lightweight concrete (>30MPa) with satisfactory
thermal insulation property

+ Develop a lightweight ductile Fiber Reinforced Cementitious Composites
(FRCC) with high water/chemical penetration resistance to provide
sufficient durability against steel corrosion
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NAMI's Five Areas of Focus
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For more information, please visit http://www.nami.org.hk/
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