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Abstract

Graphene (The miracle material) : Strategies for Synthesis, Properties, Development, Characterizations and
Applications. Graphene is a crystalline allotrope of carbon with 2-dimensional properties discovered by Prof. Dr.
Andre Geim and Prof. Dr. Kostya Novoselov of the University of Manchester, United Kingdom, who were awarded
the 2010 Nobel prize in physics. At this point, graphene has received worldwide attention due to its extraordinary
properties of a single layer of carbon atoms thickness (0.345 nm). This makes graphene have intrinsic properties
which differ from other allotropes of carbon. In Thailand, there are few pieces of research that have been conducted
in this field. In this review, properties of graphene, improvements of graphene properties, various synthetic methods,
characterization of graphene have been presented and discussed. From the excellent properties of graphene, it is
potentially suitable for applications in many aspects such as flexible electronics, transistor, drug delivery, sensor,

and graphene-based composites for adsorption of pollutants in wastewater.
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Figure 1 The structure of graphene [3]
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Figure 2 Graphene as the basis of other carbon

structure [3]
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Figure 3 Electron arrangement of graphene [4]
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Fasrdamneprouiuvesansisnthivhandanouuda d
MnuauAveunsiuiinaundrazainsalduny
Fanew iosnniiferfimienitisludumnu e
Soush szutemSeuRing wasdsiuliiesndn vlwging
anunsnaie CPU Aid1Bsugeluldsn
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Wesnndudaniidesnauvesnnsuauiinnunuiiiie s

q

a

Weakazludaniung wialdaiuisownsuiuls Janu

q
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uwdaussndumdn (Auegdavesdaszana 1 TPa) uenanil
unsudAnsiauSeuigamgivesildiuinndt 5,000
W m K [8] Gaitsumiriudinisianufeuvesieunly
asveufisuituduta uardeninfudedenisdiam
foulndiApafuAnistnaudeureanys dsmnuansn
thenudeuiigediisgnidonulidustisszus anufou
Tugunsaididnvsetindsing q uagiinuauiAmauasiniden
Frumumnveniueuiissduisaitituiiiavuelng
(2,630 m? ¢ [9] HaudRiAoulusanas dA1N1TaANGULES
2.3 % vosuavdum Mnauiivsuasiifimvounsituiis
vilvunstugninunlidudalnilusauas (transparent
conductive electrode) lursuaninalwaduaiafing nie
gUNIRITaUadENg 9 [10,11]
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down)

2.1.1n15a8n02835189na (Mechanical
Exfoliation)
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wiuunslidiRneguuafenmufiazuisasFos 9 aunsgis
Husiuiivnsftanuaozmeuifiasiiu
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Figure 4 Schematic illustration of the synthesis
of graphene [14]
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Figure 5 chemical exfoliation of graphene by Scottish
tape from highly oriented pyrolytic graphite (HOPG)
[15]

2.1.3 n1sduAsziunsludleufnseall
3anduainunsindeantan (Chemical Reduction of
Graphite Oxide)
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flasduiilufuszninadurosnnsludldiisesnaniu
(exfoliation) wazi3enuananiiladn unsludeenles 3o

aaa

wnsilueanles ntuwinufisensandulagly hydrazine

a ¢ A °

hydrate (NoHs) fLduda3fdiiioandiuaunyiladdu
gandlauas wavtreiiuuszansammsin i ldunty
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wazduyumniisnounthil uiunsiuiilfaedaudhivie
AunmisEnIIAn uiAdsdiuslovisomsuszgndldlu
susing  IBuegned wu nshlulilutageesindeiie
diveuudaunsalitutan uenarninmshufasendsndu
geanusaiirlananeds wu nslvigamgias [18] n1sld
adululasnnvienislduas [19] e daeandiauiiadia
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FBlnlslada Wumsdaaszviunsiulnenisli
mm%’auﬁqmmﬁqq 20] ludusuduazyinnsdansige
lndeuenenlan lngldlafsunazieniusaludnsiaiulua
1:1 Tagazsiluasesfnsainuulaneldgumgil 220 °C
Junan 72 $alus agldndasasiduveudduiouensn
Tas antumusiensrurunisinlsledauasnsesnield
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Figure 6 Synthesis of graphene oxide (GO) and
reduced graphene oxide (rGO) from graphene [18]

2.2.2 n1saaasizinnsiulaenis@anule
#1513 (Chemical Vapour Deposition, CVD)

wn3fufildanitnisasndaeatonnui
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AANISANEMILE O E40E MDUTBIATSUB LN L DY ULILKY
lang IneAivouaznouvaIknIiuazdniedlasas19egi
wanzay niuunsufieguulansasgniadeufinduuy
faulndtues PMMA (Poly(methyl methacrylate)) ka2
mineuNulanzeanlagnszuIUNISAAMENTA (etching)
warinsiadoudne uwiuwnsiuidoudae PMMA Tuna
Uui’aaw%a%mmﬁé{aami PINAIBN1TAZAY PMMA
oonlulufian wanslu Figure 7 unsituiindniulasmada
VD f alfiduunsfiuiifinunmgs asnsnauguiiuay
Fuvesunsiuld wazdnsilnidis Sanuivdents
i luldlunusudidnnseting

2.2.3 msdanseiinlalaenisugnunsiuuu
Fanaunslud (Epitaxial growth on silicon carbide)

Fnsiflasuanuionegrannidesasnunsity
ndalsfnnnmgauaglyuiinannnld §5nsduasgs
vhlalasnnsugnunsiluuudaneuanslus (SiO) iaamgiige
n41 1000 °C aelsFeulugaymyiniagsann (UHV 107 Pa)
Taonashimnuseunndaneunslun vinldeznouves
FANOUVAIUAANITIZLANDDNUIINRIVDITANBUATS
lududsarnduaziinnisiansouuvuunslg
(graphitisation) wetezaoumsueufaliilomds ilviin
Fuveaunsiutugonandy Fieure 8 ToRvasnisadiedu
wnng fis Tinandnunsiiugs daun nduazaiunsaig
TouRldudilaludadisesfudug 1 wideiidoide Ao 14
sampiiAeutnegauazisessuiidsemuns [22)
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Figure 7 Synthesis of graphene by CVD method and
the transfer process of graphene grown on Cu foil

onto a target substrate. [21]
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elWldquaud@iadouinluszyndld elddnng
Wmmmiaqmswwmﬂmammmammum{]mﬁuT, nY
nsrvIudnasgRiianisiduinsfudsuandeou
anuamsageluniseandladunslndiduunsiiu way

NTUIUNTALATIZRMTTIRERaETIG

CO0OO0O0O0O0O0O

Figure 8 Epitaxial graphene growth on silicon carbide
(SiC) by thermal decomposition [22]
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4.1 Atomic force microscopy (AFM)

wadadannsaldfannumn izé’fummqw?w uag
AnuasTRvadug ey 4 1 wimealiedasdamilums
dny bulk graphene Lﬁawmﬁﬁyuﬁawumimg hay
nenediladliasden vlvldausouenauuansawes
Suutuaweidmiuunsilusenludly udausavenmu
wndisnafiusening pristine graphene wag GO ¢ Aamu
voauruunsTusstuoaflidUssanas 0.36-12 nm [29,30]
Wy nquideves Paredes wazmmz [31] lavinsduasizi
3hadunsilueenles wazunsiiueenleriildlézag wuin
AUNLITDIS AT THUMARY 0.6 nm Tuvazfianumun
PouH LN ST EMATY 1.0 nm Fenavesainy
uandnseBueldemisondiauuu GO 7ililiTA uandly
Figure 9 UBNINAUNUIVOIHURATHUT LY Aaunnsg
yalviun AFM ALY aunsofnedeauTRidena usadeamu
AauanTRmali wimdnuazanuBanguvosusuunsiiuly
syavwlula [32]

4.2 Transmission electron microscope (TEM)

wmeadndansaldesuieddeunnsodulassade
Hufidne uazsvozriasenIretunnsity meda TEM
WiEauARNENYAENNFUFIEINeT Wiansatuues
Hu unsiiulFegausiugr fnnsanldlaemnuaindumsdes
MuLduvesun sy Tnounsiluuuuduliion uas destu
aunsoteseildandudlunimdefifiniluazaeadu
AUAIAU Lamsly Figure 10. WAAINIWAY HRTEM 989 Un
sfuwuuTuRuazan sty arduTuEfunnsAauues
BLANATOU 1WUIUITRY Hemandez wavamy [31] 1
ssueteunnsaiddaysrrunsiiutuReuavae st Tag
unsfluduieresiinsdeonunesdidnasoudion 2110 B
aaindunsitudesiuiiya (1100} lugu 10e)

Figure 9 Height (a,c) and corresponding phase (b,d)
tapping-mode AFM images of unreduced (a,b) and
chemically reduced (c,d) graphene oxide nanosheets
deposited from aqueous dispersions onto freshly
cleaved HOPG. [31].

4.3 X-ray diffraction (XRD)

XRD \umadiafivsuenanautivesarmidundn
N133AL389AIVRI0EABN LATTUIAVBINEN wilua1N150
vendrutureunsiuld lunsliduiagvdasuaninis
agvfouiiszuIu (002) iy 26 = 26.6° ndaanunslusign
sendladluiduunsiiueenled dundsfiafifiszunu (002)
szideuluilyy 20 idas Ae 13.9° 1ileaunannnnsiiiing
'Wqﬁsﬁwaﬂaaﬂ%wuu,asimLaqasumﬁﬂuszmwf?wm
unslnld wazifleunsituoenlasgniitliingaasndeisng
maadl agyililaYuusiuunsiiu Tnownsfluildaglainy
Fyaafialuanadudesainunsiueenledlagnida
oonly wanslu Figure 11 [30]
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Figure 10 High-resolution TEM images of solution-cast
monolayer (a) and bilayer (b) graphene (scale bar 500
nm). ¢, Electron diffraction pattern of the sheet in a,
with the peaks labelled by Miller-Bravais indices. d,e,
Electron diffraction patterns taken from the positions
of the black (d) and white spots (e), respectively [33]

Graphene
2
2  Graphite Oxide
&
= L
Pristine Graphite k
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26(")

Figure 11 XRD patterns of pristine graphite, GO and
graphene. [30]
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4.4 Raman spectroscopy
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Figure 12 The Raman spectra of monolayer, bilayer, three
layers, and four layers graphene on quartz (a) and SiO, (300
nm)/Si substrate (b). The enlarged 2D-band regions with

curve fit are also shown in panels c and d. [34]
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Figure 13 FTIR spectra of graphite, GO and RGO:
a-GO; b-RGO (95 °C for 3 h) and c-graphite. [35]

4.5 Fourier transform infrared spectroscopy
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Figure 14 3-D illustration of a water-resistant
flexible multifigure embedded gate GFET [41]
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Figure 15 Manipulating the hydrophilic-
lipophilic properties of graphene (blue hexagonal
planes) through chemical modification would allow
interactions with biological membranes (purple-white
double layer), such as drug delivery into the interior of
a cell (blue region) [42]
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