CENT

=omn MY KFUP M o

Center of Excellence in NanoTechnology

Short course:
Introduction to

Nanotechnology

Zain Yamani
Center of Excellence in NanoTechnology, Director

19-22 Rabi-11, 1436




et e Course Outcomes:

« Appreciate dimensions at the nano-scale.

« Understand how current technologies are
Improved through nanotechnology.

* Develop awareness about nanotechnology in
the Kingdom of Saudi Arabia.

« Handle a scanning probe microscope.
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SRR Course Content:
Topic # of hours
What is Nanotechnology: definition, fields of 4

science, special characteristics,
misconceptions, relevance to science and

technology

Synthesis and Characterization of 3
Nanomaterials

Nanotechnology at KFUPM and in the 2
Kingdom

Hands on: atomic force microscopy 1
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FAAIEIETRE ' gome issues we will address

What is this course about, and the learning outcomes?
What is nanotechnology

Imagining the small size in some pictures

What is special about NT?

How NT is interdisciplinary

Has NT entered the market?

NT materials
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T . Some questions we will address

NT devices

NT misconceptions

Physics at the nano-scale
Synthesizing nanomaterials
Characterizing nanomaterials
Nanotechnology and microscopy

SPM in class



(i

™ Some questions we will address

NT in NSTIP
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What Is Nanotechnology:
definition, fields of science,
special characteristics,
misconceptions, relevance to
science and technology
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Nano: a prefix which means 1/1000,000,000

Nanometer = 1/1000,000,000 of a meter
= 1/1000,000 of a millimeter
= 1/1000 of a micrometer

Nanometer, Nanogram, Nanonewton, Nanojoule, Nano..

Less than a nanometer Nanometer Thousands of nanometers A million nanometers
Individual atoms are up Ten shoulder-to-shoul- Blologlcal cells; llke these The pinhead sized patch
: ed blood cells, have diame- :

to a few angstroms, or der hydrogen atoms | o Fit of this thumb (drcled in

up to a few tenths of a (blue balls) span 1 LB SN the rRrgge o Shok: black) is a million

nanometer, in diameter. nanometer. DNA mole- sands of nanometers. nanometers across.
cules are about 2.5 Billions of
nanometers wide. nanometers

A two meter tall male
is two billion
nanometers tall.



C E N T Introduction to Nanotechnology:
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PURDUE
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On Size and Scale !

100pm ., . Tun-diwn

T Plant and Animal Cells w
10pm [ | &
c = Micro-fluidics
¢ Most Bacteria off
N Tum
W
E i 2-0 CMOS platform
..E 100nm ¢t — : NASA Institute of
E L g i Nanoelectroni
b -} Virus F Min Feat bnceiironics
| B in 2004
10nm | : % (in 2004 _
- - Proteins : s 0 Integrated
-~ " One Helical Turn of DNA o5 BioChips
1nm L Gate Insulator = E uE:- (Macro, Micro,
- . for 100nm@ : S5 Nanoj
- MOST & E4
0.1lnm £ Atoms "
17

Bottoms-Up
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HV WD |mag O| HFW | det |mode| curr
.00 kV|5.2mm|13000x[19.7 um|TLD| SE |21 pA

5ym ——
HELIOS Nanolab
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HV WD |mag O| HFW | det |mode| curr
3.00kV|5.2mm |25000x[10.2 um|TLD | SE [21 pA

0 —

HELIOS NanolLab
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HV WD mag O | HFW | det |mode| curr
3.00 kV [5.2 mm | 100 000 x |2.56 um|TLD | SE |21 pA

— 500 nm —

HELIOS NanoLab
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Scanning Electron Microscope images

14
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Nanotechnology definition:

Nanotechnology is the understanding and control of
matter at dimensions between approximately 1 and 100
nanometers, where unigue phenomena enable novel
applications.

Encompassing nanoscale science, engineering, and
technology, nanotechnology involves imaging,
measuring, modeling, and manipulating matter at this
length scale.

http://www.nano.qgov/html/facts/whatlsNano.html

15
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What is the photo
on the left about?

mode| pressure

FEI Q3D
U


misc/LYRA FEG PPP.pdf
misc/LYRA FEG PPP.pdf
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Exercise

How many atoms are there in a cube that
1S 10 nm x 10 nm x 10 nm large? [or
should I say “small” ©Q]

17


http://en.wikipedia.org/wiki/File:Silicon-unit-cell-3D-balls.png
http://en.wikipedia.org/wiki/File:Silicon-unit-cell-3D-balls.png
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What is the distance between atoms?

Density of silicon ~ 2.33 gm/cm?
Atomic number: 14
Atomic mass: 28.1 a.m.u.

http://www.chemicalelements.com/elements/si.html

cubic lattice 5.43 angstrom
FCC structure with a two-
atom basis (8 atoms per cube)

18


http://en.wikipedia.org/wiki/File:Silicon-unit-cell-3D-balls.png
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What Is Nanotechnology:
definition, fields of science,
special characteristics,
misconceptions, relevance to
science and technology

19



What should you specialize In
If you like to be a
nanotechnologist??

Is it a good thing to be a
“nanotechnologist™??

20
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What Is Nanotechnology:
definition, fields of science,
special characteristics,
misconceptions, relevance to
science and technology

SEM HV: 10KV wo:900mm [0 SEMHV: 10KV |
View field: 131 ym Bgl: SE |20 pm View field: 214 ym
SEM MAG: 1.10 kx| Date(midy): 031412 |

21
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Discussion

How is nanotechnology 'special'?

22
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Classical Physics or
Quantum Physics

“‘weird” things happen in the
guantum world.. like??!

23
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How do we fabricate nanogold?
How can we control its size and properties??

= oo

Bulk Gold = Yellow Nanogold = Red

SEM HV: 5.0 kV {AFD: 2.00 mm 1 I LYRA3 TESCAN SEM HV: 5.0 kV WD: 9.08 mm
View field: 1.44 ym Det: SE 200 nm View field: 1.44 uym Det: SE
SEM MAG: 200 kx Date(m/dly): 10/03/13 SEM MAG: 200 kx  Date(m/dly): 10/03/13

LYRA3 TESCAN


misc/video/PICT3081.AVI
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Silicon vs. n-Si (or porous silicon)

http://www.chemicool.com/elements/silicon.html 25
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o ® ( ‘

Exciton

Si<4.3 nm,
Ge<11.5 nm,
GaAs<12.4 nm
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Mechanical properties of CNT

ljima (1991)

Seidel et al Nano-letters- Vol. 5, 1, (2005) 147
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Compare the specific area of ‘normal’

Exercise

material and nanomaterials.

Table 1

The relation between the (otal number of atoms in full shell clusters and the percentage of surface aloms (reprinted from [5]

with permission from John Wiley & Sons)

Full shell clusters

Total number of atoms

Surface atoms (%)

One shell

Twao shells

Four shells {

Five shells

Seven shells

13

55

147

561

1415

92

76

45

29
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Nanomaterials can reach where no
one has ever reached before ©

No pass required: good or
bad??

30
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Can we step back.. and
contemplate??

31



What Is Nanotechnology:
definition, fields of science,
special characteristics,
misconceptions, relevance to
science and technology

32
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[PURDUE
' On Size and Scale!

100um . Top-down

— Plant and Animal Cells
10pm EY ¢

How much smaller is
a nhanometer than the
el m width of the atom?

MEMS

& MEMS

+——* Most Bacteria

1gm L

icroElectronic

Feature Size

; (in 2004)
10nm | :
r~*Proteins % Integrated
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Misconceptions related to
Nanotechnology

34
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Nanotechnology is for physicists [only]

35



Misconceptions related to
Nanotechnology

¢ all dalita || gl 4
4y 0 Y 4, 4l
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Misconceptions related to
Nanotechnology

Nanotechnology is all good!!

37
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Misconceptions related to
Nanotechnology

Novo 1o 11!

Can you read in Greek? ©

38



What Is Nanotechnology:
definition, fields of science,
special characteristics,
misconceptions, relevance to
science and technology

39
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Larger number of
smaller devices
that consume
less energy

anoscale
“vacuum tube”

Moore’s Law Continues

Transistors doubling every 2 years toward
the billion-transistor microprocessor

* 35 nm gate length

* 1.2 nm gate oxide

Heading toward 1 billion transistors in 2007 » 1,000,000,000

Pentium@ 4 Processor [ * 100,000,000

Pantium® Ill Processor 4
—PW HPr 10,000,000
Pentiul Processof
486™ DX Processor g4

1,000,000

* NiSi for low resistance

386™ Procegsor
286 |/ 100,000

= 2ND generation strained
silicon for enhanced
performance

10,000

! 1,000
1870 1980 1990 2000 2010

Intel Labs




CENT Nanotechnology in diagnostic
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PURDUE  |ptegrated Systems for Study of TR TIE
Microorganisms and Cells Petri Dish-on-a-Chip
ZBhvities with
On-chip Ab- Micro-scale Nano  Cantilevers, /" Ptelactrodes
Fluidic Dielectro- based Impedance  -probe NanoFETs, / e
Ports phoresis Capture Spectroscopy Array Nano-pores I
- - - 7 T
icroscope < i
— - - 5 2 # Input port
—— Objective
Micro- : ' :
fluidic — g 3 ¥ — . Micro-
| | | | [ ] - +— fluidic
Conc. Selective  Viability  Cell  Mech/Elect. Tubes > | Tubes
Sorting  Capture Detection Lysing Detection B -
DNA, protein 6
Wire-bond ~ ~ PC board
(with epoxy) w. heater
“Lab on a Chip” for
Enabled by BioMEMS and
Bionanotechnology 38 Edge Connector BioChip

Use the nanolog mandrel to make
Artificial Bone

self-assembled
bioactive nanofiber  Science, 294, 1684 (2001)




Energy/ photovoltaics
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;\ Membranes/ water
\  purification

Porous material/
hydrogen storage

PERFORMANCE
DRIVER

Nano-engineered catalysis

i.# Add to Cart

SgleFresh”“
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29 Silicon (yellow)
24 Hydrogen (white)

1.03 nanometer

I el

Nayfeh and
Yamani; patent
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Center of Excellence in NanoTechnology

Nanotechnology is about the fabrication of nanometer-sized materials and
devices exploiting their unique physical, chemical and biological properties.

fractions
decreasing in
density and
boiling point

| fractions

+ increasing in
density and

boiling point

03 bitumen for
/ @ o roads and
roofing

Ulill RetTlinery

- - 11O - 44
NaNOobIo. LIUY LEIHIVETYEFhnhanced Oil Recovery

Source: Nature Materials 10 (2011) 342
Source: Schlumberader



PHYSICS TEXTBOOK

FWILEY-VCH

Edward L. Wolf

Nanophysics and
Nanotechnology

CENT The path to

S puty SR KFUP M o
Center of Excellence in NanoTechnology n an OteC h n O | O g y

An Introduction to Modern Concepts in Nanoscience

“Nano-scale science and engineering most [ikely will produce the strategic

. I
explorin g {1 technology breakthroughs of tomorrotw. Our ability to work at the molecular level,
o | tom by atom, o create Something new, Something e can manufacture from the
(| ottom up," opens huge vistas for many of us”

— ‘ § '
_F_: G_TJ j ) QL Q < _/ - —David Swain, Senior UP of Engineering and Technolagy, Boeing

p—
Aforesight into the world of nanotechnology

and its transformative effects on
the world as we know it today.

From the Feynman's visionary o b

predictions to today's £h_ 2

applications: nanomedicine,

nanobiology, nanoelectronics, > e |

nanomaterials and nanomachines.
" | A GENTLE INTRODUCTION TO THE

NEXT BIG IDEA

is il uction to
his mt’de o of Cherlstry, Rice UniversfY

s will enjoy t! Red Herring, May 2002
“Even te(hnOPh“,g’:‘ wually makes

nanotechnology—+

s@nsel”—ames fous Profes

PLUTIONARY FORCES

ements in science and technology come about
ry and lead to massive wealth creation.

MarkHatner esose esee esee LE R X ®eeve
NS 1913 1969 S 2025

d 2081

¥

science and emerging technologies

# Introduction
& of technology

§ : p 4 i Widespread
19137 19697 20257 “ adoption
§ 7

Ou” ot o’ § End of rapid
1886 1939 1997 growth phase

............. »
Industrial Revolution ! Information Revolution

NANOTECHNOLOGY

(%]
b
-

Commonality: Railroad, auto, computer, nanotech -
all are enabling technologies 45

£

FREE eTips at
il® dummies.com




Synthesis and
Characterization of
Nanomaterials

46
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Potentiostat/galvanostat

Synthesis and
Characterization of
Nanomaterials

Autoclave

Py

\g

——

Ultra Sonicator

T Microwave reactor
Planetary Ball Mill Machine
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Pulsed Laser Deposition




C E N T | The quartet in nanopowder metallurgy lab
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Cold Isostatic press

Spark Plasma Sintering

H-wave sintering
49
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Hot Press

Brabendor



Synthesis and
Characterization of
Nanomaterials

51



CENT!

e Pt KFUP M ey

Center of Excellence in NanoTechnology

Formulz 1 for Nzrctechno gy

Microscopy

STM for Nobel prize (1986)

52
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Moving
atoms
around!!
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Hoscarch: 1990

Application: 20007




Surface area analyzer

Analytical
Characterization

TGA-DSC-MS o4
Ultra Performance LC


../../Dynamic Light Scattering (DLS)/DLS presentation.pptx
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UV-Vis i FTIR
(Nanopolis) Optlc_al _ (Nanopolis)
Characterization

e g
Spectrofluorometer with combined
steady state and lifetime capabilities

Raman spectroscopy

55
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Nanotechnology at KFUPM
and in the Kingdom

56



Nanotechnology at KFUPM
and in the Kingdom
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Center of Excellence in NanoTechnology

What is CENT, and what are its
research activities?

Center of Excellence
In Nanotechnology

CENT is a KFUPM unit founded in
November 2007, based on a Royal
Fund donation in Nov. 2006

A KFUPM research center committed
to developing nanomaterials for
applications in petroleum and
petrochemicals




ENT CENT: Vision and Mission

VISION

CENT shall be an internationally recognized leading research
center that develops innovative research and produces cutting
edge knowledge iIn the field of Nanoscience and
Nanotechnology.

MISSION

CENT will be the platform through which KFUPM shall develop
a Nanotechnology Program that enables its scientists and
faculty members to carry out world-class Nanoscience and
Nanotechnology based research Iin areas of strategic
Importance for the Kingdom, and support the same through
teaching at KFUPM.,



CENT CENT: Objectives
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Center of Excellence in NanoTechnology

1. To build up world-class human resources research capacity including highly
gualified research scientists, staff and trained graduate students in the field of
nanomaterials synthesis, their characterization and relevant applications.

2. To develop research infrastructure including state of the art facilities that enables
the Center to achieve its goals.

3. To create innovative nanotechnology-based solutions in strategic areas in
petroleum and petrochemical industries relevant to the Kingdom.

4. To establish Industrial Partnerships with relevant companies and entrepreneurships
as a step toward commercialization, in coordination with DTV.

5. To contribute to the development of teaching graduate programs and training
students in the field of nanotechnology.

6. To promote public awareness regarding the benefits and the risks of
nanotechnology. 60
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Focus on the petroleum and petrochemical industries

1. Nano-engineered Catalytic and Photo-catalytic
Materials

2. Nano-structured Materials for Sensing
Applications
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Nanotechnology applications in the
SHANEGIETE: | petroleum Industry

Downstream: transportation, refining,
environment, carbon management, sub-
quality ‘natural’ gas treatment, corrosion.

Upstream: exploration, drilling fluids
and bits, production




C N | Sensing in Oil Reservoirs (Nanoagents)
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S. Aramco (2008) shock!!
Robots 7000 ft below ground in
complete darkness, wandering
‘inside’ rocks.
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2 years later:

Novel Hybrid Reservoir Nano-Agents for
Enhanced Oil Recovery

Proposal submitted by Z. Yamani et. al.
(with American collaborators) for S.
Aramco EXPEC ARC funding!!

Goal: smart tracing, sensing, and
sniffing devices for on-line
Implementation in oil fields!!!

64
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Challenging problem:
- “Right” size,

- Dispersibility,
- Functionalization,

- Harsh environment,

- Choice of markers/ sensitive detection
(chemical, optical, electrical, magnetic)

65
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1 11o 1l

VV 11T AL .. &

Rrino reshot to hip”?7? (active VS. paSSiVC)

PROPULSION;
NAVIGATION;
COMMUNICATION;
AMMUNITION..!!

(for now!!)

I he roshofs are nof ‘reoallyv’

rohofs  hut rather (1ust) ‘agoeonfe’

66



CENT Sensing in Oil Reservoirs (Nanoagents)
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a- Excitation spectrum b- Emission spectrum
Center of Excellence in NanoTechnology
ZnO/Ethanol ZnO/Ethanol
1.0+ 1.0
0.8 0.8
= =
& &
2 06 2 06
(2] (2]
2 2
2 2
£ £
5 04 = 04
[ i
S S
€ E
S o2 S o2
0.0 0.0
T T T T T T
300 320 340 360 380 400 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

SEM WV )0 kv WO: 7.70 mm
View fNeld: 0.963 pm Deot: ST
SEM MAG: 150 kx  Date(midiy): 090814

Silica encapsulated ZnO QD; right size (~ 45 nm) properly fluorescing; well dispersed

67
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Core-shell systems after functionalization for Oil Sniffing

We are not there yet!

» Better markers (fluorescent or otherwise)
« Harsh environment (salinity and temperature)
» Core flooding results
» Modeling for ideal (oil sniffing) partition
functions 68




CENT Chemical Gas Sensing in the Ambient
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Objectives:
Fast, in-situ and online detection and metering of various pollutants In
Chemical, petrochemical & petroleum industries in Saudi Arabia.

[HCs, SOx, NOx and H2S (room temp. — high temp.)]

uSystem for Environmental Monitoring

Key Features:

* High selectivity, enhanced senS|t|V|ty, stability and Nyl
short response time (S4). ke |

sensors,
circuits, and [
battery,

volume

« Small grain size, large surface area, and, <0.20¢
open/connected porosity are targeted, since the —
sensing mechanism and catalytic activity are largely
microstructure-dominated.




C E N T Chemical Gas Sensing in the Ambient
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ZnO/Zeolite nanocrystals

—— XRD of zeolite Y nanospheres
—— XRD of ZnO/zeolite Y nanospheres

ZnO (1010)
ZnO (0002)

ZnO (1011)

ZnO (1120)

Intensity (arb. units)

ZSM 5 Sn0,-ZSM 5

MOZN: specific surface area Pehdindy
framework + active material
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=
_ Resistan€e(GQ)

rate of flow

[ Uitz controlling ] [ Water cooling Svstem]

-
Gas cylinders ]

Container
\

Heater &
Temperature
Controller

1%
0.2 0.4% 0.6% 0.8%

Resistance affected by the
presence of hydrogen, by
concentration

0 200 400 600 800 1000 1200 1400 1600 1800

2000

Chemical Gas Sensing in the Ambient

71



C E N T“"# Electro-Photo-Catalysis for
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Contents lists available at ScienceDirsct

Catalysis Communications

journal Isevier.

Synthesis of highly active nanocrystalline WO; and its application
in laser-induced photocatalytic removal of a dye from water
M. Qamar?, M.A. Gondal ***, ZH. Yamani *"

*Center of Excellence in Nnotechnology. King Fahd University of Petroleum and Minerals, KFUPM Box 741, Dhahran 31261, Saud Arabia
" Laser Research Luboratary, Physics Depurtment, King Fohd University of Pesrolewn and Minerals, Dhahran 31261, Saudi Arabin

ARTICLE INFO ABSTRACT

. a0 i thesized the <ol _cel nd_annl

Contants lists availabla st SciancaDirsct

Journal of Hazardous Materials

journal www.elseviar.

Laser-induced removal of a dye C.I. Acid Red 87 using n-type W03 semiconductor
catalyst
M. Qamar?, M.A. Gondal*>*, K. Hayat®, ZH. Yamani**, i. Al-Hooshani ¢

hLoborarory Fiyeics e one University hobr
ang. Onahan 31751, Saud Arabia
ARTICLE INFO ABSTRACT

Contents lists available at ScienceDirect

Catalysis Communications

WM. QDamar. et al,. Catalvsis lodav 230 (2074) 1558=165

ELSEVIER journal page: www.elsevier. e/catcom

Wi QDamar. et al Catalveis Communications 11 (2010)
Synthesis of nano-WO05 and its catalytic activity for enhanced antimicrobial %
process for water purification using laser induced photo-catalysis (BR=/ 17
M.A. Gondal *, M.A. Dastageer, A. Khalil P P P
hysics eparmens sl Cever o el it oo, i Ui of el nd i, Dhehrn 31261, Sl i ) M. Qamar, et al Nanotechnoloayv 20 (2009) 455703
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surface science

Applied Surface Science IIniv. © Karaas

H, generation, CO, reduction, Water
Spectroscopic characterization approach to study surfactants effect on ZnO; p u rlf' Cat| 0 n . S e | e Ctlve O rg an | C fu n Ct' O n al

nanoparticles synthesis by laser ablation process

QA Drmosh®®, MA. Gondal*>*, ZH, Yamani*®, TA Saleh?¢ g rou p tr an Sfo rm atl on

 Laser Research Group, Physics Department, King Fohd University of Petroleun & Minerals, Dhatvan 31261, Saud Arabia
® Center of Excellence in Nanotechnology (CENT) King Fahd University of Petroleum & Minerals, Dhahran 31261, Saudi Arobia
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C E N T‘.‘::'f Electro-Photo-Catalysis for

ﬂﬁ-l-'m"' Hydrogen Production

Center of Excellence in NanoTechnology

Nanoparticle,
% Nanorods, nanotubes

Hierarchical and
Mesoporous

Generation of
interface

M. Qamar et. al., Langmuir, Nanotechnology, RSC Advances, Catalysis Today, Catalysis
Communications, J. Molecular Catalysis A, Solid State, Sciences, J. Hazardous Materials etc. 73

Control of size, doping, structure and interface



Electro-Photo-Catalysis for
e SAREREA 18 Hydrogen Production

Center of Excellence in NanoTechnology
Development of Nanoporous Hierarchical Pt/Bi,WOg for Selective and Highly Efficient Oxidation of Alcohols under Visible Light
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M. Qamar et. al. ACS Applied Materials & Interfaces (submitted)
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C E N T Electro-Photo-Catalysis for

K UPV Hydrogen Production

Center of Excellence in NanoTechnology

Development of W-Ni-C Nanocomposite (as an alternative to Pt) for Efficient H, Evolution from Water
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Electro-Photo-Catalysis for
g KLU Hydrogen Production

Center of Excellence in NanoTechnology
Development of Porous Nanostructured Materials for H, Generation, CO, and O, Reduction Reaction Using
Photo/Electrochemical Cells
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C E N T Nanostructured Zeolites for

s IEIEE U Hydrocarbon Conversion

Center of Excellence in NanoTechnology

Funding sources:
NSTIP/KACST: 4 projects (approx. 8 Million SAR)

Saudi Aramco: 6.5 Million SAR

(W7 \\N

Objectives: )
Conyventional Microwave oven
To develop nano structured silico- EED I
aluminates having high surface area o’
for commercially important o

processes such as catalytic cracking,
methanol-to-propylene, heavy oil
upgrading, natural gas valorization
and CO, dry reforming.

Muraza et al., Chem. Eng. J. 226 (2013)
Fuel 135 (2014)
US14/151498 Patent Pending
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C E N T Nanostructured Zeolites for

e o WM IKEUP M o

Center of Excellence in NanoTechnology

R, % v~‘ - - £
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=l LL A -

4 » ,, ell'e‘x >'I.

Corma et al., Nature Chem. 2012
Novel Zeolites

Tsapatsis et al., Smence 2012
Novel Morphologies

Hydrocar

To develop novel nanocatalysts

non Conversion

To contribute to Industry in Kingdom

.- f e g
2 T o ) SHERE T
0,- At Saly M -mr '

dngou! gSolj!

Saudi Aramco

Valorization of oil in refinery
- Naphthato propylene

Valorization of natural gas derivatives
- Methanol to propylene

To train for scientists & engineers

0 $20 billion projects
Sadara 4 26 manufacturing plants
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Muraza, Bakare, Tago, Konno, Taniguchi, Al-Amer, Yamani, Fuel 135 (2014)
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Center of Excellence in NanoTechnology
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C E N T Gd-Chelate Coated Gold Nanoparticles as

ErRt AT | gyper High Relaxivity Bimodal MRI and

CT Contrast Agent

Next: rocks instead of
tissues

158.6 128 80 48 31.7 15.8

ALAN

CT Contrast 82



C E N T% Catalytic/ electro-catalytic sensing

’&'*:-:-L'mﬁ

Center of Excellence in NanoTechnology
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MOFs for carbon capture or sensing
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Book/Book chapters/Book edited — 06
Published Papers — > 230
Conference Presentations— > 100
Patents Issued — 04

Patents applied for at KFUPM — > 20
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More at CENT...

Center of Excellence in NanoTechnology

Day

Day
Sunday

Bi-weekly CENT Seminars

Tuesday

Visiting professors and students
Tuesday

Tuesday

Tuesday

Sunday

NanoRobots

Tuesday

Wl ceeply inspired
into the lungs

Tuesday

www.kfupm.edu.sa/cent

Date

Date
20/02/11

1/03/11

08/03/11

22/03/11

Title of the Seminar

Title of the Seminar

Pushing Forward with the KFUPM Research
Initiatives [CENT as an Example]
Magnetism of Nanowires

Introduction Nano-Catalysts for Natural
Gas Conversion to Aromatics

Hydrogen Fuel Cells as Green Energy
Sources: Dream or Reality

Zeolite petroleum catalysis

With physics department

Friends of CENT Mailing list

Outreach efforts

Speaker

Speaker

Dr. Zain H.
Yamani
Dr. Del Atkinson

Dr. Syed
Hussain
Tajammul

Dr. Bel3abass

Majnoni

Dr. Ayman

Asep Bayu

Al-Somali
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http://www.kfupm.edu.sa/cent

CENT

i LN Student Mentorship program

Center of Excellence in NanoTechnology

» Recruit (a limited number of) young and ambitious undergraduates
> |dentify their interest and affiliate them to a research group
» Train them on several nanotechnology related techniques

» We familiarize them with essential laboratory instruments

The student is expected to have the ability to eventually run some equipment
He is also anticipated to participate in conducting research work

Finally, he gives a short talk on what he has learnt at the end of the semester

The ideais for CENT to catch you young, and get you obsessed

with research before Career Day!! ©O© 87
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Sozce and Asronautics
Technology Nanotechnology is & term that describes the field of soence that studies and manipulstes the properties of materials ot = scale of

Energy Jess than 100 manometers. At this scale, particies displsy unusual properties, and products can be fabricated snd tsiored to achieve » Textile: ﬂrEu'rW'atE'r resistant

Agvanced Materials significantly better properties than =4 by manipulsting materisls on 2 larger scale.

Environmant Nanct=chnclogy =pans scross = =ignificant number of =cientific dissiplines and some of the mast =xciting findings ar= =t the junctions of * Adhesives
Mathematics and Giffe scientific disciplines, such as chemistry and Biclogy. Hence multi-disciplinary spprosches are often required to creste .
Eiyoics innovative braskthroughs. * Energy harvesting

Nanctechnclogy iz @ relatively new discipline, with = populsr following since the early 1990s. Howe: cientizts have besn working in

e tocks: i the * Energy storage

this ares for much longer, without actually labeling it as “nanctechnology”. But due to the development

1980s such as stomic force microscepy (AFM) and scanning probe microscopy (SPM), scientists have 3 much better understanding of
the desired effects « Lubncation
the nanoscale to craste = host of Giffarent propertiss (hest resistance, grester strength,

varies in this fild are 24l ot the prefiminary » Water purification, desalination, and decontamination

=r to revoiutionize many aspects of curre

how to manipulste materials i schisv

Thiz sbility to manipulste material

improved slectrical o ing exploited in just sbout every industry. The

stage and it iz believed that nanotechnclogy has the

« ‘Water quality monitoring

The Mission of the Nastionsl Nanotechnology Initistive is to ensure that the Kingdom is = major plsyer within the internations

communily in the resesrch and development of By tsking = collsborative and interdisciglinary spprosch to

« Computational modeling, & theoretical analysis of nanosystems

nan:

nology. the plan will foster acsdemic excelience, and =nsurs that world-class research and development faciities are svailsble

to all parts of the =canomy, from academic institutic ndustry, with strong focus on supparting the future economic strategy of the

Kingdom and transferring t

The

< from the research community to Industry.

National Nanctecs Il branches ience in order

y Initiative iz to creste & multidisciplinary grogram levers:

petence and capability in nnologies which will help to ensure the future compet the Kingdom


http://www.kacst.edu.sa/en/research/Pages/nanotechnology.aspx

Hands on: atomic force
microscopy (AFM)
at CENT Labs
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Center of Excellence in NanoTechnology

We need to conduct an exam!!
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2 T BN KCFUP M o The Future of Nanotechnology:

Center of Excellence in NanoTechnology

The future of nanotechnology is completely uncharted territory.
It is almost impossible to predict everything that nanoscience
will bring to the world considering that this is such a young
science.

There is the possibility that the future of nanotechnology is
very bright, that this will be the one science of the future that
no other science can live without. There is also a chance that
this is the science that will make the world highly
uncomfortable with the potential power to transform the world.

http://nanogloss.com/nanotechnology/the-future-of-nanotechnoloqy/
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CENT In closing..

CENT is committed to Developing Nanotechnology at KFUPM,
especially related to petroleum and petrochemical applications.

| hope we were able to actualize the learning outcomes of this short
course.

Do not hesitate to contact CENT if you like to get involved.

Thank you for your attention

zhyvamani@kfupm.edu.sa
www.kfupm.edu.sa/cent
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