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» Olgli — 10° m (1 nanometer)
« Kvant mexanikasinin sarhaddi
 Formalasma

— Tasakkul tapma marhalesinda



- 9rima noqgtasi: ~ 3500°C
 Atom radiusu: 0.077 nm

e Butun uavu birlegsmalerin ssas
elementi

*10 mill. karbon birlegsmalari



Fulleren
Borucuglar
Konuslar
Karbon black
Buynuzlar
Cubuglar
Kopuklar
nanoalmazlar




Nanokarbon

Fulleren
Borucuglar

« Konuslar
Karbon black

Xassalari va Tatbiqg
sahaleri

» Elektik
* Mexaniki
o [stilik

» Saxlanma
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Birlasmalari

Almaz — sp3
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Nanokarbon

Graphene Sheet Nanocone

Top View

Side View




Properties

Nanokarbon

6 + 6 besuzluler

1 — 5 besuzluler

12 besuzluler




Fulleren

"Yiksoak simmetriyali bOylk molekula”

« 1985-ci ilde kasf olunub
- 1996 Curl, Kroto, and Smalley Nobel mukafati aliblar

- Cgo, hoMeinin 70, 76 and 84. o
- 32 fasetli (12 besbucaqgli and 20 altibucaqgl) Epcot maerkazi, Paris
- prototip

Memari: R. Buckminster Fuller



Fulleren

« Simmetrik formali
e — surtinma

« Boyuk sath sahasina malik
« — katalitik
* Yuksak temperatur (~50000C)

* Yuksak tazyiq

*Bosluglar
» Hissaciklarin gefasde saxlanmasi

* Feromaqgnet?
* Polimerleasmis C60
» 2200C- o gader




Xassolori

Fulleren

 Grafit kimi kimyavi dayanighdir

» -besbucaql kimi yuksak reaktivdir

 zoif van der Waals quvvaleri il
stabillesan Kristal

Ifratyarimkegirici
- K3C60: 19.2 K
- RbCs2C60: 33 K
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Xassolori

Nanoborular

Burulmadan asili olan elektrik kegiriciliyi
C,=n&g+ma, | 2M+M_. sonrametal

« Elektrik tutumu 3 Himginin yarimkecirici
Karbon nanoboru 1 GAmps / cm?
MiS meft” 1 MAmpS / Cm2 * STRIP OF A GRAPHENE SHEET ROLLED INTO A TUBE

o [stilik dtlirmaesi

Temiz almazla muqayisa edils bilar (3320 W | n0)/2IG ZAG

* Temperatura davamligl
Karbon nanotuboru 750 °C (in air)
Metal maftil mikrocipda 600 — 1000 °C

(m,m) / ARM CHAIR

* Qafas
Elektrik xassalori dayiga bilir M

— Sensor



Xassolori

Nanoboru

A
Yuksak daracali:
Uzunlugu: lenath
| g - 1000
Bir nege um diameter
— kvazi 1D berk
v | Beginning g Mi@:

| il
«—> |ll|l|l|ll‘|l|l||ll'l||Il|||‘|l'||||m|l L |
Diametr: ) mm 10 6 30 40 5

on azli 1 nm SWCNT-1,9 nm



Xassolori

Nanoborular

Karbon nanoborular malum materiallarin hamisindan barkdir.

* Yunq Modulu (barklik):

Karbon nanoborular 1250 GPa
Karbon lifler 425 GPa (max.)
YUksak mohkam polad 200 GPa o
A
* Mohkamlik haddi (qirilma mihkamliyi) Seuilde |
Karbon nanoborular 11- 63 GPa Pt pucte—71h
Seuilde | R
Karbon liflor 3.5-6 GPa EESHEIE =
¥
Yiiksok méhkom polad ~2 GPa f
e Dartilmasi : ~20-30 %
. ———p E

Déformation

* SIXIIgI : permanente

Karbon nanoboru (SW) 1.33 — 1.40 gram / cm3
Aluminium 2.7 gram / cm3



Xassolori

Mexanikliyi

= Karbon nanoborulari cox elastikdir
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Nanoscience Research Group
University of North Carolina (USA)
http://mww.physics.unc.edu/~rsuper/research/

http://www.ipt.arc.nasa.gov/gallery.html



Xassolori

Konuslar

1994 — cu ilde kasf olunub (gqapal formalasi) Ge &
Sattler

*1997- ci ilde kasf olunub (aciq formasi) Ebbesen et al.

* Qapali: HIV virusunun formasina oxsayir
- Istehsalda var (aciq formasi)

«Saxlama?

Li et al. Nature 407 (2000) 409.

— Hidrogen

h |

19.2° 38.9° 60.0 ° 84.6° 112.9°

Migyas: 200 nm Krishnan, Ebbesen et al. Nature 388 (2001) 241.



Xassolori

Karbon black

Genis sanaye istehsall

T T

- Hoar ill mill. ton

* Sinlar, gara pigmentlar, plastik katlsler,

quru batareya (quru element),
Ultrabandvsayi stalardan mudafis va s..

» Olculeri: 10 — 400 nm




Karbon — qrafit Ceo: 1000x murakkabdan
yaxs! (Xerox)



o Tetigi
CNT / polimer komposit

* Bu gunun o)
texnologiyasi {1 O/ 0

- Karbon black

- 10 — 15 wt% yuklenma

- _mexar]iki xassalarinin
itirlmaosi

« CNT Kompositler

- 0.1 =1 wt% yuklanma
- asagl deracada sizma
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- Qalinligi: 50 — 150 nm B < f0cm ,I

 Soffaf elektrik kegirici

- Yuksak elastik

Wu et al. Science
305 (2004) 1273.







Tranzistor

Si-asasli yarimkeciricilor

- 1906 —ci ilde Nobel mikafati, - 1956 —ci ilde Nobel mukafat,
~ _ Shockley, Bardeen, and Brattain.

- 2000, Kilby.

N
P ..... P
Collector | "ttereereremmmmnesrt
N substrate
An NPN junction transistor

IBM, 1952

e
i
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Tranzistor

« SWCNT
-26GHz, T=4K
- Logical gates

Semiconductingl

Emitter Collector

_L v, AlLO,

Nanotune

i ! Au electrodes

I L] |

| | ] ]
Base BurkeLab  10.0kV 12.9mm x5.00k 6/14/03 21:48

| L] | |
10.0um

Bachtold, Dekker et a/ Li et al. Nano Lett. 4 (2004) 753.
Science 294 (2001) 1317.
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Antenna

'EL Radio dalgalar:
~3/4 m i .
U /_/ c 3.108 "
f=—"= S ~100 MHz
A 3m

Nanoboru
Optik dalga:

A~L/2~500nm




Mustavi ekran

Plazma TV



Mustavi ekran

visible light » Saho emissiyasi

N

e phosphor screen

aluminium film
[“~glass bulb

/control grid

L —nanotube cathode

AN

ceramic board

Saito et al., Jpn. J. Appl. Phys. 37 (1998) L346.



o Tetig
Atom Quvvet Mikroskopu
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Acquisition Data of carbaon cones PthC':j‘EIEE[Dr

Lasar Beam

S 2 Cantilever

;% vy
I D T T mm

0 100 200 300 400 500 600 7OO

Line Scan

-
?— Tip Atoms

T Force

\ Surface Aloms

0 100 200 300 400 500 G600 700
I




o Tetig
Atom Quvvet Mikroskopu

< M-R
amide band formation

Ry

I Row -CHCHMH,

* Boru va ya
konus

» Kimyavi numuna

————— 130 nm
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Zhang, Atkinson and Baughman,
Scienc 306 (2004) 1358.



Coxlayh karbon borular

« Istismari -196°C < T < 450°C
* Elektrik kegiriciliyi

« Mohkamlik

« DUyun dugandae tez acllir

Zhang, Atkinson and Baughman,
Science 306 (2004) 1358.



o Tebdi
Hidrogen saxlama

2 Hy(g) + O5(g) — 2 HyO (1) + enerjl

" H, fiquid) ,

5 Mg haH, LM (200 bar
Mg,NiH LaNisH, H, (maye) H, (200 barel)
3.16 wt% 1.37 wt%

Schlapbach & Zuttel, Nature 414 (2001) 353



Hidrogen saxlama

.« Aim: 5-7 wt% H,

 Birlayh karbon

borular
- Dillon et al. (1997) : 8 wt%
(questionable)

- Tarasov et al. (2003): 2.4 wt%
reversible, 25 bar H,, -150°C.

« Konuslar

- Mealand & Skjeltorp, (2001)
US Patent 6,290,753

Eldrid Svasand, IFE Kjeller



Naticoe

Xabardarlig

« Otraf muhit ve saglamliq
 Fullerenler va nanoborularin genis istehsall
* Hala lazimi gadar dizayn olunmayib.




Naticoe

Natica

* Nanokarbon

- fulleren - "ylUksak simmetirikic

- borular - "mohkamlik”

- konuslar - "an iti formalar”

- karbon black - "Genis istehsall”
» Xassalori

- elektik, mexaniki, istilik, saxlanma, qafes
» Toatbiglori

- antenna, komposit, cap isi, saha
emissiyasl, tranzistor, iplik, mikroskop,
saxlama




« Kompaniyalar: ~ 20 dunyada

- Carbon Nanotechnologies Inc. (CNI)
- SES Research
-n-Tec

« Qiymatleri:
- Borular: temiz SWCNT $500 / gram (CNI)
MWCNT € 20-50 / gram (n-Tec)
- Cqo:  temiz $100-200 / gram (SES Research)
- Konus: Multi € 1/ gram (n-Tec)

- Qizil : $10/ gram




