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! Lméd"ﬂ’a;&a: “Nanotechnology, A gentle introduction to the next big idea,” M. Rater and D. Ratner, Prentice Hall, 2003; “Prospects in
Nanotechnology: Toward Molecular Manufacturing,” M. Krummenacker and J. Lewis, John Wiley & Sons, Inc., 1995; The Institute of
Nanotechnology, UK, http://www.nano.org.ul/nano.htm

? | L Research

dnnunuznssunsuleuginemansmaluladuasuinnssuine® (@mu.) AsENTIINEImEnsLavmalulad

XIX



aseuulguen sRRUumAlulagvesUsewmalng (WA, beee-beoc)

[

ulumelulafiiumnntunnd Tnelull ne. becs yugamyumsideuasiauiilananmass fuas
;o0 AuwBeyanss @sgadu <. wihand ne. bewo fillyar s cro AuwBomam3y waswuin
nauUsmaglsUny Tuan guunazavigeninm Wuifiiunsamuiuunlumalulad Taansgouidn
amusuunlumalulaBifiou o.¢ Tuduviogyanglud wa. bees Tagadu m wiwemsanlud na

[ 1A

beee N1MIaMU €&o 1UMTBayanss) wlumalulaggnuesinddiudrdgyegrannlunisaing
ANNAINNTANINSHTITUITUsTIAans gouEn vinlumiieaud dglaun The  National — Science
Foundation (NSF), The Department of Energy (DOE) Office of Science, The Environmental Protection
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RAND Corporation Mel@lasens The Global Technology Revolution 2020 AiAsigiuinliiages
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I .o walulagaUalndiiannmalulad « a1viugi

Technology Applications Bio Nano Materials | Information

Cheap Solar Energy X

Rural wireless communications

Ubiquitous Information access

GM crops

X | X[ X | X

Rapid biocassays

Filters and catalysts

Targeted drug delivery

Cheap autonomous housing

X | X | X | X[ X|X| X]| X]| X

X | X | X| X| X]| X

Green manufacturing

Ubiquitous RFID tagging

Hybrid vehicles

X | X | X| X| X]| X

Pervasive sensors X

Tissue engineering X

>

Improved diagnostic and surgical methods X

Wearable computers

X[ X | X[ X| X| X|X]| X|X]|X]| X|X

X | X | X[ X[ X[ X

Quantum cryptography
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wire. appliances.
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10000 $3T by 2020 Final products
= $1Thy 2015 «—— incorporating
g ':‘-’ 1000 | - $2508 nanotechnology
&0 Inthe world
a9 ~$1208 4 - )
§ g - ~$40B in the main stream - %%%%%%&;bwqe

G i I (2000-2015)
& a —; @ Deutche Bank
'"] = ~$91B,US. (2005)

4 g I ¢ LuxResearch
(4 10 (2009)
22 2009 & Mih Res ins
(2005)
World annual rate of increase ~ 25%; Double eaclt ~ 3 years
1

2000 2005 2010 2015 2020 YEAR

| Nanosystems by design »

' Letive nanostrictures >
(e e—

' | Passive nanostructures ] >

R"dillu’h"mrj' ------------------------------------------------- » Complex

FU7 b msszanaaninamunlumaluladvedan
Wnasii: M.C. Roco, (2001) J Nanopart Res 13; 427-45
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o. Nano Zinc oxide LPG gas sensor
nsiauUszendldulumalulaglunisnsiadu
n1ssalvavesufia LPG ensdesiuaUmmelulssnu

ANAMNTIUV3RINEUATIITUAA LPG uitoinds

o. gUnsalnsvinseddansililowan
Junsiauriaguausyniauiludisenlys
a s =% o o Py Y & Ly
waznedwesansnaiiuieldilugunsallunsnsindu
v Ao = = °o w
ngninisedevansiseatlilaganzdmiunisngia
wazRM NI IUUTINUvTeUsE YAl UNTEUIUNS

HIIVADURNE

fA19UTSLINA

®. Air Purifier & Sterilizer (2009)

technology

lo. Nanotrim (2009)

Prototype of UV detector measurement system

Nano silver air sterilizer “Cylverguard” with Nano silver

technology which is a new type to sterlizie air based on Nano

Ref. Woodrow Wilson International Center for Scholars and the

Pew Charitable Trusts: The Project on Emerging Nanotechnologies (pen)

Nanotrim is comprised of the most powerful,

[=— nano-engineered medicinal botanicals available and

Nanotrim

contains no chemically generated compounds or fillers.

Ref. Woodrow Wilson International Center for Scholars and the

Tgw_ b
mw Pew Charitable Trusts: The Project on Emerging

Nanotechnologies (pen)
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m. Food Storage Containers (2009)
q{ The Fresh Box super airtight food storage containers
598N

can reduce bacteria by as much as 99.9%. The naturally anti-
fungal, anti-bacterial and anti-microbial properties of the
finely dispersed nanosilver particles permanently imbedded
in the containers will save cost.

For more information: http://www.nanoandme.org/home/

&. Anabolic Vitakic (2010)

The Nanomolecular Multi-Action, Rapid-Release Caplet
has been infused with a precise portion of a muscle-building
ingredient, as well as calculated dose of the multivitamin
complex that has been nanoparticulated to a size that’s up to
8,800 percent smaller than normal. This exclusive process is

engineered for rapid delivery of these components.

For more information: http://www.nanotechproject.org

&. Nano in packaging (2009)

Nano is already being used in packaging,
particularly for food and drink, in a number of
different ways: Barrier protection Nanomaterials,
mainly made from nano-sized particles of clay,

are used as a filler material in the production of

the plastics used to make drinks bottles to

improve their barrier protection.

Now with bottles that use plastic coated with nano-
clays those gases cannot escape and the beer tastes the same as it would in glass.
Packaging reduction: To reduce the amount of plastic used in packaging, clays are being

added in the processing method. For more information: http://www.nanoandme.org/home/
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o. AlkaStick Water energizer (2011)

jaling
wate
(]

E
Y

o

=

¢. Hair-growth treatment (2011)

The alkaStick water energizer improves ORP and pH
value of tap water and reverse osmosis water up to pH 9.5
and -200 mV for only 1.5 cent per liter. This high alkalizing
power is achieved by the use of the following ingredients:
Tourmaline stone (energizes); Maifanshi stone (releases
valuable trace elements); Far infrared stones (energize,
ionize), Nano silver powder (disinfects), Calcium ions
(alkalize)

For more information: http://www.nanoandme.org/home

Spectral.DNC-L deposits cutting-edge ingredients
deep below the surface of the scalp, where they can
really perform, through proprietary nanosome
encapsulation. Nanosomes deliver the 5-alpha-reductase
inhibitors deep within the scalp.

Ref. Woodrow Wilson Interational Center for Scholars and the
Pew Charitable Trusts: The Project on Emerging

Nanotechnologies (pen)

. Antibacterial Make-up Instrument (2009)

The processed nano silver coating materials can be
applied on metal products such as water tap, door lock,
knife, fork, scissors, trays, etc. We have developed the
following products and going to develop more.

The appliance processed by this means can effectively
protect people from the hairdressing-related infections
such as trachoma, conjunctivitis, virosis hepatitis,

dermatitis and AIDS.
For more information: http://www.nanotechproject.org
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«. Nano in sportsand leisure (2009)

Nanotechnology is behind the creation of
lishter weight and much stronger materials for use
in lots of different sports. Some shin-pads for
footballers are nano-structured plastics, because

they are light weight and their increased strength

means that thin layers offer sufficient protection
from a kick on the shins. However, for many sporting gsoods, the real advance has been with
plastic materials containing carbon nanotubes to make them extremely strong, but also very
light. These nanocomposite materials are now being used in squash and badminton
racquets, baseball bats, hockey sticks, snowboards, skis, fishing rods and poles, golf balls and
golf clubs. Floyd Landis won the Tour de France on a lightweight cycle which had a nano-

based plastic frame, and now it is possible to buy mountain bikes with plastic frames.

®o. Window Glass and Ceramic Tile (2009)

- gagded

Present protective coating for glass is a specially formulated nanotechnology product
with a long term self cleaning effect for glass and ceramic surfaces. It prevents the formation
of calcium deposits. The nanoparticles adhere directly to the molecules of the materials

they are applied to and allow the surface to repell any dirt or water.

For more information: http://www.NanoAcceleration.com
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Audulumalulagusian@ | - Particle size analyzer (Nanosizer)
- High pressure homogenizer
- Fluorescence spectrophotometer
- Spray dryer
- Carbonization oven furnace
- Autoclave front loading
- Freeze dryer
- Surface area and pore size analyzer
- Fourier transform infrared spectrometer (FT-IR)
- High performance liquid chromatography (HPLC)
- Gel permeation chromatography (GPC)
- Contact angle analyzer
- UV exposure
- High pressure homogenizer
- Purified water with complete set
- Fluorescence microscope
- Gas chromatography with FID/TCD detector
- Multi angle light scattering detector
- Colorimeter
- High pressure reactor
- Total organic carbon analyzer
- Ultracentrifuge
- Reaction calorimeter
- Freeze dry for organic
- Micro-gas chromatography
- Semiconductor analyzer
- Atomic force microscope (AFM)
- Scanning electron microscope (SEM)
- X-ray diffractrometer (XRD)
- Raman microspectrometer
- Differential scanning calorimeter (DSC)

- Thermalgravimetric analysis (TGA)

@

Audwalulaglaveuazian | - Dip Coater

WAIYF - Gas chromatography—mass spectrometer (GC-MS)

- High performance liquid chromatography (HPLC)
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- CHONS analyzer
- Transmission electron microscope (TEM)
- Field emission-scanning electron microscope (FE-SEM)
- Particle size analyzer (Nanosizer)
- X-ray diffractrometer (XRD)
- Electron probe microanalyzer (EPMA)
- Energy dispersive x-ray fluorescence (ED-XRF)
- High performance liquid chromatography HPLC)
- Gas chromatograph-mass spectrometer (GC-MS)
- Inductively coupled plasma-mass spectrometer (ICP-MS)

- Inductively coupled plasma-optical emission spectrometer (ICP-OES)

AUGNUTIAINTTUUA

WAUIATTIN NN

- Electrospinning unit

URINYIRYLNYATANERT

- Surface area analyzer (BET)

- Porosimetry and chemisorption analyzer

- Fourier transform infrared spectrometer (FT-IR)

- Raman spectrometer

- TAP-Il reactor

- Transmission electron microscope (TEM)

- X-ray diffractrometer (XRD)

- Scanning electron microscope (SEM)

- Catalytic reaction testing

- Computational modeling packages

- Sputtering/coating for materials

- Polymerase chain reaction (PCR)

- Spectrophotometer

- Infrared spectrometer

- DNA agarose gel electrophoresis homogenizer

- Ultrasonicator

- Differential thermal analysis /Thermogravimetric analyzer
(DTA/TGA)

- Autosorb

- Microscan

- Powder tester

- Porosimeter
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- Multi-pycnometer
- Polarized microscope
URINYIRBLNYATANERT - Atomic absorption spectrophotometer (AAS)
(#19) - High performance liquid chromatography (HPLC)

- Gas chromatography (GC)

- Petroleum analysis

- High semi-cater

- Differential scanning calorimeter (DSC)

- Microfluidizer

aovumaluladuwisewy | - Modified polyelectrolyte deposition process
- Dip coating setup

- Current-voltage test bench

- Nanopressure sensor

- Modified polyelectrolyte deposition process
- UV-visible spectrophotometer

- Gas chromatography (GC)

- Dip Coater

- Chemical vapor deposition (CVD) reactor

UM IFIUAAG - Langmuir-Blodgett trough

- RF Magnetron sputtering system

- Metal evaporator

- Plasma-enhanced evaporator

- Synthesis setup

- Nanoparticle synthesis line

- Protein purification setup

- Gas chromatography (GC)

- Liquid chromatography (LC)

- In-house surface plasmon resonance spectrometer
- lon scattering spectrometer (ISS)

- Secondary ion mass spectrometer (SIMS)
- UV-Vis spectrophotometer

- X-Ray diffractometer (XRD)

- Fiber-Optic UV-Vis Fluorescence spectrometer

- High-precision electrometer

FrilnaupaznssunsuleuieInemansinaluladuasuinnssuurend @mu.) ASENTITINEAERsuarmalulad

LXXXI



asauulguen TR U UmAlLladvesUsEnAlng (W.A. bede-beoe)

dntu/mineay 318N15AA0AN

- Low-energy electron diffraction spectrometer (LEEDS)
- Atomic force microscope (AFM)

- Scanning probe microscope for liquid
NANIMEIFUUARE (D) - Electrical scanning probe microscope

- 3D Digital optical microscope

- Surface plasmon resonance spectrophotometer
- Fluorescence spectrophotometer

- Differential scanning calorimeter (DSC)

- Contact angle analyzer

- Ellipsometer

- QCM & Network analyzer

- High performance computing cluster

- High pressure homosgenizer

aovumalulagnszaau - Organic evaporation system
mé"u,%’mmwwmamﬂizﬁ’q - Electron beam evaporator

- Reactive timing RF magnetron sputtering system
- Atomic force microscope (AFM)

- Photoreflectance spectrometer

- UV-Visible spectrophotometer

- Scanning electron microscope (SEM)

- Energy dispersive X-ray spectrometer (EDS)
- Clean room class 10K

- 3 Source thermal evaporation system

- Photoluminescence spectroscopy system

- Jetlab 4 Ink jet printing system

unIngaeLde - X-ray diffractometer (XRD)

- Atomic force microscope (AFM)

- Raman spectometer

- Scanning electron microscope (SEM)

- Transmission electron microscope (TEM)

- Energy dispersive x-ray spectrometer (EDS)

- Thermogravimetric and differential thermal analysis

(TGA/DTA)

- Sputtering machine
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- Electric furnace (1,100 °C)

- Nano scope multimode scanning probe microscope
- High performance liquid chromatography (HPLC)

- Small grain carbon coater

WIneaededul (se) - Focused ion beam (FIB) system

- Molecular base and protein sequencer

- Raman spectrometer

- Sputtering system

- Ellipsometer

UNINYISBEAIUAIUNS | - Diffusion cell

- Differential scanning calorimeter (DSC)
- Andersen cascade Impactor

- Centrifuge

- Polymerase chain reaction (PCR)
- Spin coater for thin-film

- Furnace

- Electron beam evaporator

- Lﬂ%@ﬁﬁlLﬂJNLUﬁULLUULLNU

- iSnihmiusuLULTionans

- Dead-end nanofiltration

- Cross-flow nanofiltration

- Impedance spectroscopy

- Ultrasonic cleaner

- Beta radiation detector

- Lﬂ%@ﬁﬁﬂLNNLU?ULLUU’NﬂaN

- sEUUAnwIAunulgITung

- STUURNYANINMTUNTNIULLNLUTY
- Plasma generator

- Attritor, high energy mills, Jet mill
- EPD Laboratory

- Sol-gel Laboratory

- Thermal carbonation Laboratory
- High temperature furnace

- Atomizer (low temperature) emission spectroscopy

- UV spectrophotometer
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- Hot stage-cold stage microscope
- Metallography Laboratory
- Surface area measurement apparatus and particle size apparatus
- UV-VIS spectrophotometer
- Ultrasonicator
- Surface tensiometer
- Michanical propertive testing machine
- Scanning electron microscope (SEM)
- Differential scanning calorimeter (DSC)
- Transmission electron microscope (TEM)
- Dynamic mechanical thermal analyzer (DMTA)
- Fourier transform infrared spectrometer (FT-IR)
- Atomic force microscope (AFM)
- Particle size analyzer (Nanosizer)

- Chemical vapor deposition (CVD) reactor

PNaNTAlNNINe sy

- Plasma chemical vapor deposition (CVD) equipment
- Electron beam evaporator

- Scanning electron microscope (SEM)

- Molecular beam epitaxy (MBE)

- Atomic force microscope (AFM)

- Photoluminescence setup

- Holographic setup

- Liquid phase epitaxy

- Vacuum evaporator

- Differential scanning chromatography (DSC)

- Thermogravimetric analysis (TGA)

- Fourier transform infrared spectrometer (FT-IR)
- UV-visible spectrophotometer

- Hardness tester

- Universal testing machine

- Impact tester

- Surface area and porosity analysis

- Scanning electron microscope (SEM)

- X-ray diffractometer (XRD)

- Transmission electron microscope (TEM)
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- X-ray fluorescence spectrometer (XRF)
- Particle size analyzer
- Surface area analyzer (BET)
- Surface area measurement
- X-ray photoelectron spectroscopy (XPS)
UNINYILUDULNY - Electrospinning unit

- Thermal chemical vapor deposition (CVD)

- Hot-filament chemical vapor deposition (HFCVD)

- Plasma-enhanced chemical vapor deposition (PECVD

- Microwave plasma chemical vapor deposition (MPCVD)

- AC-sputtering for thin-film

- Quick coater

- Sputtering coater and evaporation PSU

- E-beam evaporator

- Extruder

- DI pure water system

- Ultrasonic cleaner

- Tube furnace : 1,200 °C

- Tube furnace : 1,500 °C

- Chamber furnace : 2,000 °C
- Chamber furnace : 1,400 °C
- Chamber furnace : 1,100 °C
- Ellipsometer

- X-ray diffractometer (XRD)
- UV-visible spectrophotometer
- Fluorometer

- Raman spectroscopy

- High pressure homogenizer
- Electric Controller

- Surface area analyzer (BET)

wInegdenaluladas

al
U3

- Nanopowder synthesis by mechanical alloying method and mechanochemical

synthesis

- Transmission electron microscope (TEM)

FrilnaupaznssunsuleuieInemansinaluladuasuinnssuurend @mu.)

a I3 a
AsENTIINEImEnsLavmalulad

LXXXVII



asauulguen TR U UmAlLladvesUsEnAlng (W.A. bede-beoe)
d010u/migay 318N15AA0AN

uwﬁwmﬁ'ﬂuuim - Transmission electron microscope (TEM)

- Differential scanning calorimeter (DSC)

UYL EaNYal - Particle size analyzer

- Fourier transform infrared spectrometer (FT-IR)
- Particle size analyzer (Nanosizer)

- Contact angle measurement

WIneaeIREansal (se) | - Zeta potential analyzer

URINYIRYATUATUNT - Microplate reader
Tsou - Tissue culture facility and equipment
- Spectrofluorometer

- Polymerase chain reaction (PCR)

- Electrophoresis

WMIeIduAaUINg - Liposome extrusion

- Particle size analyzer

- Dripping machine

- X-ray diffractometer (XRD)

- Semi-conductor analyzer

- Infrared spectrometer (IR)

- Gas chromatography—-mass spectrometer (GC-MS)
- High performance liquid chromatography (HPLC)
- Differential scanning calorimeter (DSC)

- Fourier transform infrared spectrometer (FT-IR)

- Electrospinning unit

- Ultrasonicator

- High pressure homogenizer

- UV-Visible spectrophotometer

- Micro-plate reader

- Scanning electron microscope (SEM)

- Chemical vapor deposition (CVD)

UNINYIALITNAI9 - Scanning electron microscope (SEM)

- Differential scanning calorimeter (DSC)

- Particle size analyzer
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- X-ray diffractometer (XRD)

- X-ray fluorescence spectrometer (XRF)

- Thermalgravimetric analysis (TGA)

- Differential scanning calorimeter (DSC)

- Universal testing machine

- Dilatometer

- Gas chromatography-mass spectrometer (GC-MS)
- High performance liquid chromatography (HPLC)
UNNMINEIRBLINIMaN (fe) | - UV-Visible spectrophotometer

- Fourier transform infrared spectrometer (FT-IR)

- Spin coater

- Compression molding machine

- Electrospinning unit

- Impact tester

andumaluladiundes - Particle size analyzer

WA (D9ANITUMUL)
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