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KopeHi rpacdeHoBol peBOJIIOILL

Dimension 0-D 1-D 2-D 3-D
Isomer Fullerene Nanotube Graphene Diamond
Hybridization | sp? sp? sp? sp?
Density 1.72 1.2-2.0 2.26 3515
Bond length i:ﬁg :g=cc)) 1.44 (C=C) 1.42 (C=C) 1.54(C-C)
Electronic Semiconductor Metal/Semiconductor | Zero-gap wsilaton
pro perti es E;=1.9eV Eg="~03-11eV semiconductor

A. K. Geim & K. S. Novoselov. The rise of graphene. Nature Materials Vol . 6 ,183-191 (2007).
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edextu rpadeHoBoro gucTa: a) — pparmeHt 3 npueananoro OH rpynoto, 6) —
BakaHCiliHuM Aedext B)- nedext CtoyHa — Yennca,
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Graphene-driven “gold rush”
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MeToau oTpuMaHHs rpadeHa
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Quality

Metoj cuHTe3y BU3HAYa€ BIACTUBOCTI OTPUMAHOTO0 IpadeHa
A
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(research,
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Molecular
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K.S. Novoselov et al Nature 2012, 490, 192-200







KoHeHcaliH1 METOAM CUHTE3Y
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KntouoBuii acnekt CVD: npaBuibHa M1JIKJIaAKa
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BrnactuBocTi rpadeHy BU3HAYAKOTHCS METOAOM MOI0

OACpKaHHA
CVD based graphene
: Chemical reduction , -
Method Mechanical exfoliation from graphene oxide Epitaxial growth on SiC gmwﬂlonc:_l. Cu, Fe,
Size 10~100 ym > 6 inch <4 inch > 6 inch
Mobility best bad high high
Transfer yes yes no yes
Applications no yes little most
no yes not yet yes
Scalable < i
& O,
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3MiHA IIMPHUHHU 3a00POHEHO1 30HU
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KOPOTKI HOTaTKW

I'padenamMu Ha3uBalOTh JBOBUMIPHI CHCTEMH, ITOOyIOBaH1I 3
MOHOATOMHHX I1ap1B aTOMIB Kapo6ony
13 F€KCaroHaJbHOI CTPYKTYpPOIO y KiabkocTl B 1 go 10!!!

Cepen  MeToAIB  CHUHTE3Yy  HaW4yacTiie  BUKOPUCTOBYIOTH
po3IapyBaHHs rpadiTy Ta METOJ BIJHOBJICHHS OKCHy rpadeHy.

BigHoBienuit okcua rpadeny 1 rpadeH MaroTh pi3HI BIaCTUBOCTI!

Oco0aMBOCTI MPOBIJIHOCTI Ta 3MiHA HMIMPUHM 3a00pPOHEHOI 30HU
BU3HAYAIOTHCA OCOOJIMBICTIO OylOBHM TpadeHy 1 NPUCYTHOCTI
ne(hEKTIB.



Top-down

Bottom-up
(Graphene nanoplate) (Large Graphene Sheet)
Mechanical Liquid phase and Epitaxial cVD
exfoliation exfoliation growth
Source Graphite SiC CH, gas
| Reduction Dissolving
Scotch tape, | Exfoliation of araphite Annealing CH, gas to
AFM tip, etc. | of GIC gxige of SiC wafer nikel/fast
i cooling
Method . g == \\\\\ ‘B - B
Prog. in mater. sci | J. Mater. Chem. 15 Nat. nanotech. 3 Nat. Mater. 8 Appl. &Phys Iett 93
56 (2011) 1178 (2005) 974 |  (2008) 101 (2009) 171 (2008) 113103
Size 10 ~ 100pum nm ~ pum nm ~ pum Wafer size ~ 30 inch
Low cost Low cost
. : High High transparency
Low cost High ; . . . . .
Good . . . .. | productivity High conductivity
High quality | productivity E e
- asy Flexibility
Low-defect di .
ispersion
Applica Scientific Printed electrodes Flexible display
-tion research Flexible energy element TFT element

23



PexkoMeH10BaHa JiiTeparypa:

1. Yanfeng Ma, Yongsheng Chen // Three-dimensional graphene networks:
synthesis, properties and applications - Natl Sci Rev- 2015- 2 (1):40-53.

2. Andrea C. Ferrari, Science and technology roadmap for graphene, related
two-dimensional crystals, and hybrid systems Nanoscale, 2015, 7,
4598-4810

3. A L lIvanovskii, "Graphene-based and graphene-like materials"”, RUSS
CHEM REV, 2012, 81 (7), 571-605

4. Eneukmn AB. wu gp. [padeH: wMetogbl MNOMNyyYeHUs WU
Tennodguanveckne ceonctea YOH. O630pbl akTyarnbHbIX Npobrnem
2011. T.181, Ne3 c.233-268.

5. CopoknH 1B, UYepHosatoHckmnJ1A  "lMonynpoBogHUKOBbIE
HaHOCTPYKTYpbl Ha OCHOBe rpadeHa" YQH 183 113-132 (2013)




Cniocib ogepXkaHHsA rpadeny....
B gomallHixX ymoBax
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