Nano Malzemeler
Yukaridan Asag1 Uretim



Nanomalzemelerin Uretimi
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Figure 2.1 “Top-down™ and “bottom-up™ approaches for the synthesis of nanomaterials.



Yukaridan Asag1 Uretim (Top-down)

Ogiitme (Milling): Mekanik, mekanokimyasal

Daglama (Etching): Sivi kimyasal daglama, kuru daglama, reaktif 1yonla
daglama, plazma daglama

Elektropatlama (Electro-explosion)

Sicratma (Sputtering)

Lazer ile uzaklastirma (Laser ablation)

Litografi (Lithography): Fotolitografi, yumusak litografi, taramali litografi
vb.

Aerosol temelli yontemler (Aerosol-based techniques): Elektrospray, alev
pirolizi

Sivi faz teknikleri (Liquid-phase techniques): Elektro lif ¢ekme yontemi
(electrospinning)



Mekanik Ogiitme
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v' Tek fazh yada intermetalik tozlarin 3-25 nm boyutlarina kadar Kkiigiiltiilebilmesi
v Islem sicakhiginin diisiik olmasi, yeni olusan tanelerin yavas biiyiimesine neden olma avantaji
v Dokiim gibi geleneksel yontemlerle elde edilemeyen alasim ve kompozitlerin iiretilebilmesi
v' Intermetalik, alasim, kompozit ve seramiklerin amorf veya nanoyapili ve ¢oziiniirliik sinirlarinin
otesinde alasimlama yapilabilmesi



Mekanik Ogiitme
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v' Metal-seramik kompozitlerin iiretilmesinde cok etkili

Dongdong Gu et al 2010 J. Phys. D: Appl. Phys. 43 135402
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Mekanik Ogiitme

W-Cu nanocomposite

W-Cu-MgO nanocomposite

Ata Dolatmoradi et al 2013 Powder Tech. 233 208-214



Sicratma Yontemi
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Daglama Yontemleri

Kelime anlami olarak daglama malzeme uzaklastirma demektir ve ¢ok sik kullanilan bir sekillendirme prosesidir.
Daglama, ayn1 zamanda nanomalzeme iiretiminde de kullamlablhr Malzeme uzaklastlrma 1slem1 kimyasal olarak,
plazma ile ya da elektrik ark ile olabilmektedir. PS beads L & F
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Figure 2.3 (a) Setup for etching by electric arc discharge and (b) resultant water stabilization
of Au NPs in solution. Tien et al. [4] © 2007 IPEM. With permission of Elsevier.

b) 2.5 min  ¢) 5 min d) 10 mm e) 15 min

Figure 2. (a—f) SEM images of Teflon nanocones with PS beads (top
row) and after dissolution of PS beads (bottom row). The structures

1 mm Au tEI are created with different etching times; (a) 1, (b) 2.5, (¢) S, (d) 10,
, (e) 1S, and (f) 20 min. All scale bars indicate 1 ym. The insets show
70-100 V / 2-3 ms ve 20-40 V / 10 “S the photos of water droplets (10 yL) on the corresponding samples.

Toma, M. ACS Appl. Mater. Interfaces 2014, 6, 11110-11117.



Lazer Ablasyonu
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Figure | Synthesis of gold nanoparticles (Au-NPs) by laser ablation. (A) Schematics of laser ablation in aqueous solution. (B) Extinction spectrum of Au-NPs prepared by
femtosecond laser ablation and further fragmentation in deionized water. The inset shows an image of a typical solution of Au-NPs. Transmission electron microscopy images and
corresponding size distributions of laser-synthesized Au-NPs in deionized water (C), Au-NPs in solution of polyethylene glycol (D), and Au-NPs in solution of dextran (E).

Correard, Florian, et al. International journal of nanomedicine 9 (2014): 5415



Litografi (Basim)

Litografi agsamalar:

1- Bir althgr (SI veya cam) hassas polimer tabaka
(resist) ile kapla

2- Bu polimer tabakay: 1sik, elektron ya da iyon
demetine maruz birak

3- Istenilen goriintiiyii uygun bir gelistirici kimyasal ile
elde et (pozitif ya da negatif)

Litografi uygulamalar1 fotolitografi ve taramal

litografi olarak 2 ana gruba ayrilir.
devrelerin

Yariiletken teknolojisinde entegre

uretilmesinde kullanilmakta



Yumusak Litografi (Soft Lithography)

v Bu yontemde ¢oziiniirliigii belirleyen

l

masterin  yiizeyini do_lduracak $i0,, Sig, N, metals,
polimerin 1slatma karakteri ve van i T photoresists, or wax

der Waals ectkilesimleridir, optik

ozellikler degildir. l e A i e i
v' Fotolitografi, izolasyonun, diizenin,

stirekliligin ~ ve  homojenitenin PDMS

onemli oldugu yariiletken R

teknolojisinde  hala  etkinligini b

korumaktadr.

- - .- : -off P
v' Basit, esnek ve temiz ortamin kritik .C‘"B peel-off PDMS

(mikrof cihazlar) avantajl E=——=2 -
v Master olusumu icin fotolitografiye =il = = d {

1htlyag duymakta Figure 2.5 Soft lithography with polydimethyl siloxane (PDMS) molds. From Ref. [6].




Nanoimprint Litografi (NIL)
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Figure 2.6 Schematic of nanoimprint lithography process. alanlarda kullanabilir




Nanokiire Litografisi (Nanosphere Lithography (NSL))

NIM
Figure 2.7 Nanosphere lithography. (a) Schematic illustration of the NSL process and
(b) SEM image of tnangular gold nanoprism as a product of nanosphere lithography. Liu
et al. [8] © 2013. With permission of RSC.

v" Sivi ortaminda disperse edilmis hano kiireler maske olarak kullanilmakta

v" Disperse edici olarak kullanilan siviya ve yiizeyin 6zelliklerine gére sablon olusmakta
v' Nano kiirelerle olusturulan sablonun bosluklar1 altin, gimiis gibi malzemeler ile sigratma

yontemiyle doldurulmakta
v" Olusturulan altin paternler nanatiip veya ZnO biiyiitmede kullanilabilmekte



Elektron Demeti Litografisi

v’ Kullanilan pargaciga gore elektron-demeti
litografi veya iyon-demeti (H, He, Li)
litografi olarak adlandirilmakta

| v’ Elektron-demeti litografinin fotolitografiye

o | s gore avantajli  yan1 yiiksek (50 nm)

cOzlunurliktir. Bu etki 1yon-demetinde
azalmakta, ancak fotolitografiden iyidir.

v" Diisiik Uretim hiz1 temel dezavantaj
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Fig. 1. Electron beam lithography (EBL) for fabrication of nano-hole arrays

) _,-if : 'i{a-c'i" , A ' -
Najiminaini, Mohdmadreza, et al. Optics express 19.27 (2011} 26186-26197.

Fig. 2. SEM images of a nano-hole array in a 100 nm gold film: a) angle view, and b) top
ViEw.



Ultrasonik Spray Pirolizi
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Figure 2.9 Schematic of ultrasonic spray pyrolysis setup. Pingali et al. [10] © 2005. With  Mean particle diameter: 0.2 um Tpm

permission of AAAR. Mean particle diameter: 90 nm

Tsai, S. C., et al. Journal of materials science 39.11 (2004): 3647-3657.



Lif Cekme - Electrospinning
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Figure 2.11 Schematics of electrospinning process for nanofibe synthesis. Li and Xia [13].
A © 2004. With permission of Wiley-VCH.
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Electrospun Manofibers: From Rational Design, Fabrication to Electrochemical Sensing Applications

http://dx.doi.org/10.5772/57099

elektriksel etkilesimlerin sonucudur.

v’ Fiberlerin  topraklanmis yilizeyde birekecegi
sekilde, elektriksel yiikler polimer c¢ozeltiyi
fibere cekmektedir.



