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1. Summany |

SREUNCHONNOT graphene, oxide, (GO) in@g@@]@?dm
IIRUIENPRESENCE Off oxygen with: y—ray irradiation in the dose
[ENEENIR0=-250 KGYy Was studied; - ==
GORSUSPENSION” AISPErSEd” IN"tNE Ethanol/water solution at d
soneentration of 1 mg/ml under ultrasonic, and then irradiated
DYAVSTAyAn absorbed dose range of 0 — 250 kGy;
SNErchiaracteristic properties of GO and rGO samples were
giialyzed: by: UV-vis, FTIR, XRD, Raman spectra, TEM, TGA,
Emeastrement of contact angle and electrical conductivity;
= —1he electrical conductivity of rGO was increased from
= 2.4x107% to 2.58 S/cm with a increase of the absorbed doses
“from 25 to 250 kGy, respectively;

- This study could be performed to produce a large quantity of
the rGO from GO with a simple reduction process by gamma
Irradiation.
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2. Background -

General informationj -

Berapenecanibe defined as a twordimentional mono-layer of carbon atoms.
ShnEresarer lots of: reduction routes of GO sheets to produce rGO. with good
MpPIOVEMENReRtENmEcanicalselectticalpoptical andithermal  properties, and. its.
character]za'i‘g' , 20105 Hanifah, 2015).

SHENEAUcton oft GO! sheets has been performed by the following ways such as
SHEMICalACREMICO-physical, mechanical, solvothermal, electrochemical ones and so
ONRStenkoyic,2007; Singh, 2011; Li, 2011; Loryuenyong, 2013; Wang, 2014;
SHENGRZ0IS)).

MOPLIIZING the preparation parameters of GO and rGO for large-scale production is
2Velliatediand tested (Lee, 2013; Fathy, 2016).

- Chemical reduction methods

—

sgrﬁu}éily synthesized via a oxidizing process of graphite using oxidants based
— on:-Hummers'method and modified Hummers'approach (Hummer, 1958; Si, 2008;
~ Shahriary, 2014);
= Jhe chemically selective reduction of GO in ethanol, ethyleneglycol, glycerol, and
hydrazine-hydrate is reported (Xu, 2014).

= ;gflg)ced graphene oxide paper is yielded by super-critical ethanol treatment (Liu,

- The radiation-induced oxidation of ethanol and methanol by hydrogen peroxide in
aqueous solution is discussed previously (Burchill, 1970).
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gabackgroundi(cont.) p—

chemicorphysical reduction. methods in combinationWwitl irradizm
— - & —

—— -~

. Gamma-rayirradiation
ENEMUGCEM NEONNRtRIENPIESERCENORSIIVEmnanopalit di exposure to, gamma,
IidUIEORNSISYNthESIZed Thran ionicliguid (Wang, 2013).
ecmaiay iiradiation effects on GO in an ethylenediamine aqueous solution is
VESHEEtEd (L) 2014)!
SSINGIESSIEPFprieparation of meso-porous and reduced GO by gamma ray irradiation
MMEBSEOUS: phiase IS studied;and tuning the grade of graphene: Gamma ray
[iEGidtiOn el free-standing GO films in gaseous phase is also published from the
AULHONSEGrOUP (Dumee, 2014).
EARSEldy- oni Raman spectroscopy is applied for few-layer graphene films with
& gammasray assisted irradiation (Kleut, 2014).
~——The reduced GO in alcohol/water mixture under exposure to gamma ray in the
= —absence of oxygen is considered as an effective and clean route to synthesize

_ functienalized graphene (Zhang, 2012).

Electron beam irradiation

- Some studies on ion and electron irradiation induced effects in nano-structured
materials, graphene oxide, graphite, graphene, carbon nanotubes, amorphous
carbon have been carried out (Krasheninnikov, 2010; Chen, 2011; Cretu, 2012; Park,
2013; Igbal, 2013; Kwon, 2014). A




pabackgrounds(cont.)

yhermalreduction methodsin combmatlon with ul: Mﬁﬁ'

SNEORCaE reduced by mlcrowaves N comb|nat|on with thermal reduction
(Crien, 2010; rJJI‘~ 2lemip2010)) olvethermall methodi (Tran, 2013).
- Raductonei 50 with Iaser |rrad|at|on (Trusovas, 2013), rGO from graphite
cht—* Uplells “Itrawolet irradiation (Ji, 2013), ultra-violet laser irradiation on
I PHENE! (‘ﬁ aya 2012).

S Doping nanoparticles
Jng opartlcles onto graphene or GO has been done for the following
WOTHSH mnner 2012; Bi, 2013; Ortega-Amaya, 2015).

T S :-:-_—;_- : Nano-composites

,a-—-

—

A 106 ﬁf-research works have been reported on graphene or rGO and/or GO
—— mixed. with acrylic resins (Fabbri, 2012), polymer-nanocomposites (Potts,
- 2011; Young, 2012), polymer-composites (Fryczkowski, 2013), conductive
polymer composite thin films (Xie, 2013), CMC nanocomposite
superabsorbent hydrogels (Sung, 2016), end -functional polymers (Choi, 2010),
filled polyethyleneterephthalate composites (Zhang, 2011
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ebackgreunds(cont.) . -
Rt °r-}-"
SOINE IJ,),)IIF'JI‘FFF“'“ r aphene, 50.0r rGO have been extensively studied

arid davelongel el nted e

r‘ ‘_'-..
.J. ?

—A's; f "Ie"support in TEM (Pantelic, 2012);
=Highly efficient supports for metal nanocatalysts (He, 2014);
= Drug dellvery system and tissue engineering (Goenka, 2014);
, .;L per-capaC|tor eIectrodes (Li, 2012);

_.—-. .....

, 5-4;‘*' Objective of the presentation

The reduction of GO to rGO by y- ray irradiation in
- ethanol/water solution in order to improve the
electrical conductivity aiming at development and
production of highly capable energy storage devices.
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3: Experimental

inchemicals and materials J"

SPurerdraphitefloke. =

e

~))_}%~Ja«--' EtOH) | *
- NaINC, SO4, KMnO,, HCI H,0,, and acetone, distilled
Water

All erigs) JC.]L‘}' ére analytical reagents and used without further
r)urLrl.L.Ir!

,—m« pha- ceIIquse membrane with 8-12 um pore-size of
_,‘ r IS AG Company

'|

- -
." -
—

l

i:’ Preparation of rGO

IR A
: ')&\Xv \ "-

- The modified Hummer’s method was used for the
preparation of GO from graphite powder;
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shExperimental (cont.)

"GO was prepared according {0 the following flowichart:.

‘

GO in gg Mlxture dlspersed _%Mixture standed

EtOH/water by ultrasonic, 1hr - overnight
1 mg/1 mi pa— ——

- 3 . ‘ - iy
e S g™
l’."i. A
- - ats h’ e
PR
PR T
- -~
’

obtained rGO Irr. GO suspention GO suspension

dried 70 °C, i' filtered, washed y-irradiated at doses
== 0-250 kGy, 1 kGy/hr

Photographs of GO and rGO samples
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ShEXperimentali(cont.)

Anproposedipathway c :y;iﬂg;diated reductionof. GO

-

-~

£1,0) €,qHyHO", H,05H, ——— H;0* 3]t
83+ H,0,— HO- + HO*, HO-——HO* + e, [33]

R u_'_
(=
—

£ CH;CH,0H — H, + CH;C'HOH(C'H,CH,OH) (R*) [3]
#5 CH;CH,0H —H,0 + CH;C*HOH (C*'H,CH,OH) (R*) [3]

Rl el

X




SRExperimental)(cont.) —

-

DEetermination of GO ion réactlon mto rGO by y-
Fradiatior —m'et anc-ml We ater solution V|a anaIyS|s of

- UK Naracteristic prooer
= ':‘\"iis; cUrRVes
=R Spectra

: XRD patterns

,.:5 3‘- Raman spectra
- - TEM images

- -TGA plots
- Measurement of contact angle and
electrical conductivity. icARST 2017




4. RESULTS AND DISCUSSION

B e UVAS spectra of GO and rGO at

290 ) dusiion;
C=0 nopds

-

SNIISepEak: disappeared after y-
igeigtedsiiom 501 to 250 kGy. The
SIENURAISENPEION peak around 230 nm
[€¥aidings to. i —n* transition of
Farematicc € — C bonds red-shifted to
6478260, 268, 282 nm correspondin

5:_.J:Q_§”F|e-absorbed doses of 25, 50, 100,

- ——
=

——and 250'kGy, respectively;

-

~—Ihe sharply reduced GO was in the
presence - of  ethanol/water in
combination to the gamma ray
irradiation at high absorbed dose;

- This meant that the -electronic
conjugation in the graphene sheets
was re-arranged and partially retored.

17 Analysis of UV=Visfcurves

spkEyaitiasthe shoulder peak: around|

— 1GO-250kGy
—— 1GO-100kGy
—— 1GO-50kGy

50 600 700 800

Wavelengh [nmi

Fig.1. UV-vis curves of GO, rGO-25 kGy,
rGO-50 kGy, rGO-100 kGy, and 250 kGy




[ },sy Jrotigs cje ibils c
JIJJ Orl J' 3,450 cmt in the GO

AS GO spectrum, the
BlEnsitys of  absorption bands
F _yé‘lvmg In the oxygen containing
,?jf-bups decreased remarkably with

“therincreasing the absorbed doses

- from25 to 250 kGy;

- The absorption bands with a
strong intensity appeared at 1615
cm ! attributed to the vibration of
C=C band

35-
3750 3500 3250 300

_%.IESULTS AND DISCUSSION (cont.)
ZRANalysis of FIBIRISpEctra

1GO-250 kGy
1GO-100 kGy
1GO-50 kGy

O 1292243 —
o 12854.92 —
© J1647.57 —
1389.12 —
1188.54 —
1065.10 —

1500 125

o
—_

750 2500 2250 2000 17 000 750

Fig.2. FT-IR spectra of GO, rGO-25 kGy, rGO-
50 kGy, rGO-100 kGy and rGO-250 kGy
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REVAmncreasing the absorbed dose to
PBURKEYAarneW, peak rGO attributed to
ECINGES,76 A. 20=23.64° appeared

-

——

= - The XRD. peak of GO was found at d-
_spacing 8.13 A. 206=10,879, indicating
the rGO. had an inhomogeneous
crystalline structure for rGO exposed
to gamma ray irradiation in the
ethanol/water.

1P RESULTS AND DISCUSSION (cont.)
5. Analysis off XRD patterns

- It’
—

Graphite

[ntensity (a.n.)

8 12 16 20 24 28
2 theta ()

GO
rGO-25 kGy
rGO-50 kGy

rGO-100 kGv¥

rGO-250 kGv

16 20 24 28

2 theta (©)

Fig.3. XRD patterns of GO, rGO-25 kGy, rGO-
50 kGy, rGO-100 kGy, and 250 kGy




S 43RESULTS AND DISCUSSION (cont.)
A Analysis off Ramanrspectra

- /'r...”'

SNHESRaman spectrum of the "graphite G

GiSpIayEdlaiE peak featured at 1581 cmil;

SERRAINANESPECLUM ™01 the "GO T the

PIESENEEROIRLNE G band enlarged and shifted

ORISOZIGTIS and appearance of the D band

cIISEORGITIE With a stronger intensity,

NUGELRERhErEIWas a size decrease of the in-

pPlenEspadomains caused by an oxidation;
i GO

>3

=
)
~
=y
[72]
=]
=
=
—

SMINERRAMan spectra of rGO also had both G 1GO-25 kGy
S idssDE bands: at 1584 and 1352 cm’,
s=respectively. But there was an increased D/G 1GO-50 kGy
= = IRtensity: ratio of the graphite compared to GO

——and'rGO formed from y-ray irradiation with | G
== Upward absorbed doses from 0 to 250 kGy;

rGO-250 kGy

-~ There was a decrease in the average size of 1500 2000 3000
the sp? domains upon a remarkable reduction R shif écans13
of the GO exposed to gamma ray at high

absorbed doses and a formation of the new .
graphitic domains. Fig.4. Raman spectra of GO, rGO-25 kGy,

rGO-50 kGy, rGO-100 kGy, and rGO-250 kGy
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4."RESULTS AND DISCUSSION (cont.)
5. Analysis ofi Raman Spectra (cont.
—— ~ - -

.ﬁ‘:'

able 1. [/1; inte

- —

, ﬁ-@f_D and G band for GO and various
reduced GO in Raman spectra. ——

NOISEIIPIE ;:* dose; KGy D band, cn G band, cm- o/ I ratio
0 1,331.6 1,581.6 0.346
) 0 1,339.5 1,590.8 1.036
: ®5— 25 1,331.6 1,596.0 1.181
— 1GO-50 50 1,327.6 1,588.1 1.177
| rGO-100 100 1,324.2 1,590.5 1.172
rGO-250 250 1,324.2 1,599.2 1.238
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45 RESULTS AND DISCUSSION (cont.)
5r Analysis of TEMimages

o
- : _ B
i ,UEI’E'JQI‘I ith' a structure ofi stacked Iaerszy a lo

layers in solutions

-
" ——

(EORSUSPENRSIORReRRRIGhIY, oxfoliatedng _Jr:J,)r I DJ:’JEJ‘!—‘J in. Fig. 5b. & 5¢. The hig

"
r
s-Lla

MNEPENENEAIEAS INdicated the creation of ner layer structure by a few exfoliated GO

S

IEVETSIIETy=Tay/ lﬁr Ic flon induced reduction.

200.Uns

MAU_RGOE25 0 [ TEM ] 200 0nm | MAU_RGOE25 50 [TEM] e 200.0nm | RGOE. 250kGy [ TEM | 200.0nm

Fig.5. TEM images of GO (a) and rGO at 50 kGy (b) and 250 kGy y-irradiation (c)
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%SULTS AND DISCUSSION (cont.)
Y~ Analysis o TEMNmMages

SANSIGHEIEsSHGSS below: 100.°C, the s

[o5sReImabsorbed water in both GOfand: F¥SEESSN : —

- Irierzzis=d pezielsefuigelnmih 00} o) 5]0)0
SORRCIDVIolySiS. of labile  oxygen-

sonEININGSfunctional  groups  to
PIOCNGCENCEO, €O, and the other

orod uc:.'rf' VIigorous gas release was R
[estleaNniarge and rapid mass loss of i

=

™y "
- — \ e
e —— \
\

E0;

T~

s —

[GOs.. were more thermally stable e
= —than" GO. While graphite was very )
—— durable to the thermal impact to 600 e @

g OC 3
4 0.00 100.00 200.00 300.00 400.00 500.00 600.00
= Temp [C]

- The incremental rGO with an increase
of absorbed dose could made them Fig.6. TGA plot of GO, rGO-25 kGy, rGO-50
more thermally stable. Their slow mass kGy, rGO-100 kGy, and rGO-250 kGy
loss was detected when rGOs’ were ' 2

heated up to 600 0OC, which only

cracked carbon-structural network.




YESULTS AND DISCUSSION (cont.) "
_ 8. Measurement ofi contact angle ' o —

—

[able 2. Results of‘nmcontact angle of GO and rGO

— - -
. — e, -
- - -

SdimpIE "ADSITAESE; KGY ontactangle, degree
& GO 0 58.2 + 0.7
: e 1GO-25 25 58.3 + 0.7
~ 1GO-50 50 61.2+0.8
f.~_~'_‘5'if‘_ ~ 1GO-100 100 74.2+0.8
| 1G0-250 250 106.4+ 1.3

b

gih—"@fw_afgr droplet was dropped on the GO or rGO film, resulting in the contact angle of 58.2 +

»bi7°..f0r-GO film and 106.4 * 1.3° for irradiation-reduced GO one at 250 kGy;

- The absorbed doses for irradiating GO increased with an increase in their contact angles. It meant
that the GO was reduced remarkably to form rGO;

- As-resulted rGO films were non-wetting with water and became more hydrophobic than GO films

ICARSEEOL




AYRESULTS AND DISCUSSION (cont.) —

9. IMeastrement of electhical W' -
e Results of meaﬂwrlcal condu O and rGO

— -
= s S—
T T}

Sarmole r\,)_, ..IJ:SC. K@yMSResstivityk®/sq Elect: conductivity, S/cnr

50 B = ; U
== 210.0 0.02
& 5o 20.0 0.22
100 8.5 1.23
2.0 2.58

-tThé'eTe_E:trical conductivity of reduced GO films according to the increased
-absorbed doses.

- The oxygen-containing functional groups in GO were possibly removed and
partially restored defects in graphitic lattice structures of rGO

ICARSEEOL




5. Conclusion

SN EONCan be simply irleduced andﬁm@ﬁ'

Irreielizitle) ,ln aIcohoI/wat*‘Sc‘)’Iutlon to form rGO, which was

Essdefiected than that preparedibyother method; ...

J

SIIES ransparent solution of rGO was obtained after y-
irreclizie _,L) = nduced reduction proved by TEM. In addition, the
orrruule “of rGO was confirmed by analysis of spectral records
“3715 ET-IR, and Raman; building up XRD pattern; plotting
; E"A 7:and measuring contact angle and electrical conductivity;

.
— .-P -
’7"—‘

- Th|s method is a promising way to reduce GO into rGO in an
environmentally friendly solution by y-ray irradiation for
potential large-scale applications.
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