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Scarica ad Arco

Parametri di sintesi:

Diametro anodo: 10 mm

Diametro catodo: 6 mm
Distanza
anodo-catodo: ~ 2 mm
Pressione

di vuoto: ~ 2x10-4 mbar
Gas utilizzato: He
Corrente: 90 A
\oltaggio: ~ 20 V
Pressione

di esercizio: 600 mbar
Durata: ~ 50 min.




Caratterizzazione al SEM

sso 1l nostro laboratorio

D1 =19.26 nm

SEM HV: 30.00 kV WD: 6.777 mm
SEM MAG: 151.53 kx

Det: SE
View field: 1.675 pm

L1 1 111 | VEGAWTESCAN
500 nm
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SEM HV: 20,00 kV WD: 26.78 mm
View field: 2.06 mm  Det: SE

\ ~
SEM HV: 20.00 kV WOD: 26.78 mm
View field: 5.91 mm Det: SE

%
o %
W

ISEM HV: 20.00 kV 0 10.93 m
iew field: 39.06 um

Det: SE




Immagini TEM



Chemical Vapour Deposition

Gas di solito un Idrocarburo (HC)

CH, — Metano
C,H, - Acetilene




LNF CVD - Carbon Nanotubes grow
Into alumina memnrane porous

...'composed'of'stacked'graphene'nanocones'with’
truncated'Ops, 'realizing'a'hollow'structure,’
someOmes,'as'in'this'tube,'ending'with'closed'
nanocones'at'one'end.’
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mag HV det | HFW |mode 200 nm
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W mag HV det | HFW |mode =500 nm —
A12.8 mm|60000x|5.00kV|ETD|4.00 pm| SE IMT Bucuresti



Next-generation nano-interconnects

Limitazione dall’utilizzo del Cu:

s Electromigration Lifetime: strongly reduces with temperature

= Limits maximum current carrying capacity.... | uERI NE

HIGH-SPEED INTERCONHECTS
I Max allowsd Maximum allowed ] based on self-
[A ITRS requirement consistent (EM+Self-heating)

solutions...

1
16
1
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Significant deficit in current
carrying capacity for local vias....

8
[
4
2
[

Increasing via size and/or number
S e et " will be expensive....

> Srivastava et al.,, VIMIC 2004




Field Emission

Semi-log plot of FE current vs applied voltage for CNT prepared by arc discharge
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In (a), the current density is presented as a function of applied electric field for: FLG grown on

silicon, FLG grown on titanium, buckypaper, SWCNTs, MWCNTSs grown without a catalyst and | Journal Phys.: Condens. Matter 19 (2007) 395014 (7pp)
MWCNTSs grown with a nickel catalyst. The same field emission data is plotted in (b) according to
the FN equation. The inset shows the field amplification factors obtained from the slope of the linear

continuous fit. - g Ballycci et al. Nanoscience and Nanotechnology Letters
10/2011; 3(6):907-912. CSN5: NANO; MINCE;NEXT 2001-2010




Graphene NanoPlates

‘ fabints A SEM HV: 10.00 KV WD: 9.332 VEGAW TESCAN
SEM HV: 5,00 kv WD 15.60 mm N EMMAGE5 08K  DsEISE YOt -
SEM.MAG: 64 Det Sk 1 mm Vac: Hivac Date(m/d/f)): 10/08/12 NEXT - LNF - INFN n
Vac: Hivac Date(m/d/y): 10/08/12 NEXT - LNF - INFN

Grafite intercalata con solfiti o nitrati



Graphene NanoPlates

ARSI EREMEL = Very large particle area

Thickness: 45 planes

= Worm like structure

SEMHV: 10.00KV WD 9.483 mm Loritvrii] VEGAW TESCAN
SEM MAG: 89 x Det: SE 500 pm r
Vac: Hivac Date(mid/y): 10/08/12 NEXT - LNF - INFN n

SEMHV: 10.00kV  WD: 8.628 mm
SEM MAG: 480 x Det: SE 100 pm .
Vac: Hivac Date(mid/y): 10/09/12 NEXT - LNF - INFN u

By means of a short treatment with ultrasounds in isopropylic alcohol, the graphene layers can be free from
the worm like overall structure, thus forming particles with the two dimensional lateral sides having sizes about
tens micrometers and a thickness less than 2-3 nm




Filtrazione



5 iy 50 W . R 4
SEM HV: 10.00 kV WD: 10.76 mm VEGAW TESCAN

SEM HV: 10.00 kV WD: 9.557 mm VEGAW TESCAg SEM MAG: 9.26 kx Det: SE 5 pm T4
SEM MAG: 446 x Det: SE 100 pm Vac: HiVac Date(m/d/y): 12/03/14 NEXT - LNF - INFN n
Vac: HiVac Date(m/d/y): 12/03/14 NEXT - LNF - INFN u

Commercial

SEM HV: 20.00 KV WD: 9.805 mm VEGAW TESCAN
; : A

SEM MAG: 219 x Det: SE 200 ym SEM HV: 20.00 KV WD: 14.87 mm VEGAW TESCAN

Vac: Hivac Date(m/dry): 11/14/13 NEXT - LNF - INFN SEM MAG: 1637 kx  Det- SE 2 ym

-
Vac: HivVac Date(m/d/y): 04/19/13 NEXT - LNF - INFN n



Funzmnahzzazmne per Biosensore




ommercial CvVD
0-40nm

SEM HV: 20.00 kV
SEM MAG: 38.33 kx
Vac: HiVac

WD: 9.159 mm
Det: SE
Date(m/d/y): 12/17/14

SEM HV: 20.00 kV WD: 9.161 mm
SEM MAG: 95.14 kx ~ Det: SE 500 hm
ac: Hivac Date(m/d/y): 12/17/14

VEGAW TESCAN
vy

NEXT - LNF - INFN n

VEGAW TESCAN

y
NEXT - LNF - INFN n




INQIL Nanotecnologie T Ral
B e Network NanOSH Italia OSS.CI‘

INQ\IL
WHITE BOOK

EXPOSURE TO ENGINEERED
NANOMATERIALS

AND F
OCCUPATIONAL

HEALTH

AND

SAFETY EFFECTS

Produced by

The Notional Network

for the identification of

preventive and protective

measures related to the occupational
exposure 10 nanomaterials (NanOSH Italia)

—

Research Edution 2011

b L ¢ i“ ; : . . a7

Transmission electron microscopy of (A) MWCNTs; (B) MWCNTs
inside MCF-7 cellular vesicle; (C) MWCNTs-COOH inside MCF-7
cellular vesicles; (D) cytosolic distribution of MWCNTs-OH in MCF-7

cells.

LTIWALLED CARBON NANOTUBES-INDUCED CYTOTOXIC EFFECTS ON HUMAN BREAST ADENOCARCINOMA CELL

. Coluccia, M. Bizzarri,A. Catizone, F. Micciulla, |I. Sacco, G. Ricci, A. Cucina — CAS 2
: -3/12/$31.00 © 2012 IEEE



The cytoxicity evaluation  of .
MWCNT buckypaper treatment on

human and cancer cells was TOSSIClta
carried out for the first time on

human colorectal, breast and

leukemic cancer cell lines in BeTRL
vitro, while having no effect on 60 x =8P
proliferation and viability of normal
human arterial smooth muscle
cells and human dermal fibroblasts
in vitro.

% Apoptotic cells

24 48
Timea Thl

Growth inhibition, cell-cycle alteration and apoptosis in stimulated human peripheral blood lymphocytes by multiwalled
carbon nanotube buckypaper, O Zeni, A Sannino, S Romeo, F Micciulla, S Bellucci, MR Scarfi Nanomedicine, 1-10 (2014)
Cytotoxicity of Multiwalled Carbon Nanotube Buckypaper in Human LymphocytesO Zeni, A Sannino, S Romeo, MR Scarfi, L
Coderoni, F Micciulla, | Sacco, ...

Sensors and Microsystems, 489-493 (2011)

Toxicological and biological in vitro and in vivo effects of carbon nanotubes buckypaperS Bellucci

Semiconductor Conference, 2009. CAS 2009. International 1, 107-116



roscopia

SEM HV: 30.00 kV

WD: 7.048 mm L vt | SEMHV:30.00kV WD 7.454 mm
SEM MAG: 11.70 kx  Det TE b 5 pm SEM MAG: 62.11 kx
Vac: Hivac Date{m/d/y): 06/25/14

Det: TE_b

Vac: Hivac Date(m/d/y). 06/25/14

VEGAW TESCAN
1um ri

MNEXT - LNF - INFN n

SEM HV: 20.00 kV
SEM MAG: 201 x
Vac: HiVac

WD: 15.60 mm
Det: SE

Date(m/dfy): 01/22/15

VEGAW TESCAND.00 kY
200 pm

; 201x
NEXT - LNF - INFN"

WD 15.60 mm
Det BSE

Date(m/d/y): 01/22/15

-

Lol VEGAW TESCAN
200 pm ri

NEXT - LNF - INFN n



Characterization: Images SEM, Example 1

Cu sample obtained from resonant cavity in LNF DAPHNE particle accelerator
Elemental Microanalysis @ NEXT Nanotechnology Laboratory INFN-LNF

BSE

BSE Cu-L O-K v
MAG: 33 X HV: 5.0 kV_WD: 15.6 mm MAG: 33 x HV: 5.0 kV_WD: 15.6 mm MAG: 33x HV: 5.0 kV WD: 15.6 mm MAG: 33 x HV: 5.0 kV WD: 15.6 mm

L'analisi mostra la superficie del rame Cu,
ricoperta da uno strato di Cr che sembra essere
ossidato

Map data 85

MAG: 101 x HV: 20.0 kV_WD: 15.6 mm P RN % -~

“Analisi su campioni provenienti dallo scambiatore di
DAFNE




171 nm

10 ym

-108 nm

Circuito in resina

8,6 nm

x: 10,0 pm

y:100pm

0,0 nm

54 pum

0,0 ym

Superficie di Vetro con nanoparticelle di Rame
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Materiali nanocompositi

% x} Filler

Mﬁtﬂee CINanotubi di carbonio
QGNPs

U Resina epossidica asic

QCeramiche OCB

(Allumino Fosfato) OGrafite
aws,

Realizzazione di un nanocomposito con funzione
di rivestimento contro le EMI.




Applicazioni dei hanocompositi

Lightening Strike

Lightening
Strike

<o

EMI Shielding and
Current Return

Composites introduction on Airbus aircraft

Bending and torsion

Impact -
Longitudinal stress,

static & residual
strength, crack
growth

Compression, static
strength, corrosion
resistance

J
\

Upper cover: Hoop and

Impact

Compression/stability Longitudinal
Lower cover: High load stress
Tension/crack growth  inputs
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Immagini di Nanocompositi

EpossidiCoiegs & ;
on IO O v%"_'}v(!kv(‘ Jwo 1082\;11m = . VEGAI\AESCAN

SEM HV: 30.00 kV WD: 11.58 mm GAW TESCAN jew field: 11.01 um  Det: SE

SEM MAG: 179.09 kx  Det: SE 200 nm
Vac: Hivac Date(m/d/y): 09/17/14 WCNT p ro d Ott fil=

. bt
S L &

‘ - L 4 ,c#“ > 7' P = Z “M oCR L 5 2
SEM HV: 30.00 KV~ WD: 10.21 mm VEGAW TESCAN ELEINYE ERMOIRY — WTE R TG Lo iiie i1l

lew field: 24.89 ym  Det: SE iew field: 2.478 pym  Det: SE
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Shielding Effectiveness

PRIN2008- DENSE; EU FP7 BY- NanoERA project FP7-266529; FP7 project FAEMCAR

elevata efficienza di coating

schermatura elettromagnetica elettromagnetico

c ibilita El . . i Information Technology Wireless Handset
ompatibilita Eletfromagnetica; prevenire gli  gpiq|ding Shielding

accessi non autorizzati ad informazioni del
networks; ridurre [limpatto su apparati
elettronici da attacchi dovuti a impulsi EM;

Advanced .
Nanomaterials
for

Aerospace
Applications

Carlos R. Cabrera
Félix A. Miranda
Editors



ctiveness

Global EMC Shielding Market ($
million)
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v" SWNT in 0.5wt% being incorporated
into epoxy resin leads to 20% increase
of reflectance ability and up to 10%

. . . 0,9

increase of absorption ability of the 08 / \\ —*—a 30 GHz

given resin based composites 06 [—" o Reflectance
h ° . By 0:4 —fll— Trans mission

v' MWNT in 0.5wt% contribute slightly 03 ——  Abcorbance

less than SWNT D A —

SWCNT MWALNT Carbon Resin
black

oreflectanceltrans/mission\absorbance

Microwave probing of nanocarbon based epoxy resin composite films: toward electromagnetic shielding

P Kuzhir, A Paddubskaya, D Bychanok, A Nemilentsau, M Shuba, ...
Thin Solid Films 519 (12), 4114-4118



Resistivity vs Concentration

—eo— Cnt Frascati

. — A MWCnt Heiji
140000 - —v— SWCnt Heiji
¢ Carbon Black
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Filler vol. %
Smart Materials and Structures Based on Carbon Nanotube

Composites- Sang-Ha Hwang, Young-Bin Park, Kwan Han Yoon
and Dae Suk Bang




L effetto del metodo di sintesi su o

ek ke
L 3,00
1 Sigma
M E L 2,80
L 2,60
L 2,40
L 2,20
2,00
MWNT Aldr  SWNT Aldr  MWNT Heji MW Heji OH MW Heji COOH CNT

= Epon 828

Filler used (0,1% wt) _
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Progettazione di una microstriscia regolabile in
resistenza

GNPs

microstrip lines matal .
w \ / 4
port 1 l / ! k—\ port 2 ’ e 3
— - f
| — S .L
| |
T diglectricsubstrate \ ground plane

graphene

GOAL: tuning the graphene

conductivity
oV > Vi
microstrip lines
SEM HV: 5.00 kV WD: 38.32 mm
SEM MAG: 32 x Det: BSE 2mm
Vac: HiVac Date(m/d/y). 04/14/14
port1 biastee biastee port2

| — —

- 1 f .

1 1

SMA connectors SMA connectors

graphene :
i o

Mencarelli, D. ; Bozzi, M. ; Moro, R. ; Bellucci, S. - Graphene-based electronically SEN “H,.)i uégg T ;"Tg;”’“’“ o VEGA\ TESCAN
0 o o a ) X et um
Nlcrostrlp attenuator - Microwave Symposium (IMS), 2014 IEEE MTT-S Vac: Hivac Date(m/dy). 04715114 next - L - ien 1
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