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Jae-Ho Jeon

Department of Materials Science and Engineering, Pukyong National University,

Busan 608-739, Korea

ABSTRACT

In this study, the graphene was prepared by chemical and thermal exfoliation
method using the modified Hummers method. The prepared graphite oxide and
graphene were observed by SEM and XRD. Graphite oxide was made from
graphite by the chemical oxidation, and graphene was manufactured from graphite
oxide by thermal exfoliation method. As a result, it is confirmed that graphite
oxide was well formed from graphite, and the graphene could be obtained from
graphite oxide. Graphene/epoxy resin composites was manufactured using the
fabricated graphene and the mechanical and electrical properties of that has been

investigated.
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Fig. 1. Schematics of graphene,
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2] (ultracentrifugation)
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2.3 XRD
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2.4 EA (24E2%7] : Elemental Analyzer)
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Table. 1 Typical epoxy resins

(a) Bisphenol¥
/N h 3
VAYRNY S 7y SR S ¥ SN
R OH n R o)
R=H(bisphenol F)
CHs(bisphenol A)

(b) Novolac3

CH,—CH—CH, CH,—CH—GCH, CH,—CH—CH,
| N/ |O N / |O N/

R
C(_C"'z %@ R=H (phenol novolac)

CHjs(cresom novolac))

\ CH,— CH—H,C
\ / NO%@N: N\ 4
HC— cH—cH, —CH—H,C
\ / B \ /H2
o o

\ / N X p- A
o , L < M i
H,C— cH—cH, o

(3,4 —epoxy cyclohecyl methyl - 3,4 - epoxy xyxlohexane carboxylate)

CH-CH,
o@/ Ny

(4 -vinyl-1-cyclohexenediepoxide)
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EGA(Evolved Gas Analysis)7]| &2 3-2Fo] dof| 23t 344 A A T8

sk B Holtd, & TGA © Mass Spectrometer(MS)Y Fourier Transform

Infrared Spectrometer(FTIR)S coupling 3t¢] A|E2ZHEH HEH= 7t2E
%!

olt}. ol&e TGA o DTA = ZAdxm 9=

o
=
&.
ije!
=
=+

A
change © &% &< (endothermic)Wt-& 2 4 (exothermic)it&& SAT -

dsF 2L I EAGEGE, fuls), A, FHEE P (carbonblack)
carbon fiber, 3|+ (ash), filler(Z3IA]) 5 =S HE=ste=d ol 40 =4

12 (compositional analysis)Hol™, &7} Ak
2% (decomposition kinetics)”7} EA}ulcy A2 T}

wahe] A Bl A st

_‘|9_

Collection @ pknu



3. Alg ¥ AgH
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Fig. 6. XRD pattern of graphite
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Fig. 7. SEM image of graphite , 5um
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Resin

BPA(bisphenol-A) + ECH(Epichlorohydrine)
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| \ /
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cw—cmwo@c::%: >—% OCHZCH—O@—(ID \
o) CH3 OlH CH3 n

O

—— O—CH,CH—CH,
\ v

Fig. 8. Chemical formula of epoxy resin
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Fig. 9. Schematic diagram of synthesis method of graphene.
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3.3 @8 Az

Azd 2R o FA] FAE P45 Graphene/Epoxy U= £(0.1,
0.2, 0.3, 0.5, Iwt%)A WS 57 A&l 1aid> FA YD-128¢] A2 74
SkAIQ1 Jeffamine D-230S S3sl7] Aol ZAMAI AT WA w2 oM ES
A7rste] 2y EAEAIBYK 9076)S 1001 Hl&2 ¥ & &E(horn) § %

&3 EA71E ol gdle] 2475 EAF wuwkg At o] F FAQ
YD-128% & 29 #o] FA E&2 Y& F Z(homm) & 2S5y EH71E 9
£3Fo] 1A 7FHs<oF 3

o B2 wuke A7t s A AL AskA 9l
o

Table. 2 Compositions of Graphene/Epoxy resin nanocomposites

Cwi % 0. 1wt 0.2wi% 0-2wi % 0.5wi% 1wi%
Y¥D-128 50g b0g 50g a0g h0g 50z
D-230 Bg 18g 18g 16g 18g 82
Graphene og C.0BBlg | 0.1323g | 0.1887g | 0.3318g | 0.6873g
BYK-5076 og 0.00B6g | 0.013Zg | 0.0188g | 0.0332g | 0.08687g
- 25 -
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Add Acetone Graphene + .
Graphene + —— BYK9O76/ | . Suspension
BYK9076 ; (Graphene/ solution)
acetone solution

Low power sonication
to disperse for 2 hour

Add Epoxy Resin i
Degassing for30 min :
. Add Hardener N
Homogenous mixture Suspension ;
(Graphen /epoxy resin) ¢omona (Graphene/ Epoxy+solution) fine
High speed stirring, Low power sonication
for 30 min to disperse for 1 hour

Fig. 10. Diagram of making process of nanoparticle reinforced

composites
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3.4 Graphene 53 &4

Azd A #A A=e ArsE FAs] 98 xR 7(Laser
Diffraction Particle Size Analyzer)®} XRD(X-Ray Diffraction)”} A& %L,
agAe] dAS &23t7] 98] SEM(Scanning Electron Microscope) 2.2 o

g £S5 =437 Y8 EA(Elemental Analyzer) &

=
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35 7148 4d 2 A7H 44
351 4ZZ=

ZIAA AEE Hrkskrl fEA 9 AIEe 1
Testometrice] <17 A& 7] M350-10CTel A AAsFG o™ o] W cross head
speedi= 2mm/min% S} T}

o] wj AlgHe 2 Fig. 129} #o] S (dog-bone)d Bl = | =}3} ]t}

Fig. 11. Photograph of tensile tester
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Fig. 12. Dog-bone shaped samples of Graphene/Epoxy
nanocomposites
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36 X A g

3.6.1 DSC

AlgAe Astes FAst7] Y8 DSCIDSC-60, SHIMADZU. Col& Ak&-3t

gom, Ax B9 selA P 10CE F&3he 50C7300C7HA =A 349
O EE BE AQHS 4 exE Zol7] gIske] o 05715mg AE

3.6.2 TGA

TGA(EZHEA7])E A 59 Zw(vaporization)o| Wt 7} AHES AYAS
= 3}8huk3-(chemical reaction)o] 9@ @Asl—= ZAHHSIE -7 1385
23 9 10CH 523t 50C-600C7FA] Al7toly} & x9o] st =A 3

.
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Fig. 6914 2-theta(deg) #te] 2
35 o] 2-thetaldeg)= ¢F 9.213° A Zo]

Bragg's lawell we} 2-theta(deg) 3ko] 26°0]
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Fig. 13. XRD pattern of graphite oxide
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Fig. 14. SEM images of graphite oxide (a) low magnification

(b) high magnification.
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Fig. 15. XRD pattern of graphene
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Fig. 16. SEM images of graphene
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Fig. 17. Graphs of volume vs particle size
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Table. 3 Results of elemental analysis of graphene(1-3) and graphite

No. | N(%) |C(%) | H(%) | S(%) |Error + mpurity (%)
1 0.17 | 87.36 | 0.488 | 1.679 10.303
2 0.19 | 87.89 | 0.146 | 2.653 9.121
3 0.01 | 8750 0.415 | 2.647 9.428
graphite | 0.02" | 9023 { 0.414%,0.260 3,076
_ 39 -
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Fig. 18. Tensile strengths of Graphene/Epoxy nanocomposites
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4.3.3 Graphene/Epoxy nanocomposites? X H A3}

=

t}&-©  Graphene/Epoxy nanocomposites®] ZE3 A& H 9

-

HAE

il

[e)

S =A%t Fig. 209 YERWAY. Fig. 20& X, Graphene/Epoxy
nanocomposites®] XTHA T gk A FH7F=Fo] Frgel uwt A A
st d3de HEHHL s ¢ F U 538 299 sE7F Iwt%d o
Graphene/Epoxy nanocomposites®] ZEHAE 7k 10M00 2, 53 o Z A

FAl B - v Ao m yEbt dubAQl EekayY AEe A

of wWe ERHB7IE oshu, EuAFel 10°0 olstelw el HA e of
F 2o e ez 107 o4 e gAwA Znst A48 gl deHE u

_46_

Collection @ pknu



14

12-— \

10 -

Log [Surface Resistance]
o
T

0 1 L 1 " 1 I 1 L 1 L 1
epoxy 0.1wt% 0.2wt% 0.3wt% 0.5wt% 1wWt%

Conc. of Graphene [%]

Fig. 20. Effect of concentration of graphene on the surface

resistance of Graphene/Epoxy nanocomposites
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Fig. 21. DSC result of Graphene/Epoxy nanocomposites
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Fig. 22. TGA curves of graphite (a), graphite oxide (b),

graphene (c) at heating rate of 10 °C min~' in N,
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Fig. 23. TGA curves of Graphene/Epoxy nanocomposites

at heating rate of 10 °C min~' in N,

_52_

Collection @ pknu



SRS 7%
a2 gkl wE V1A B2 AV1Y Ade 8Ed Ay bvad 22 A8
LA

A 25 AT

(2) LA H7bEEo]l 0dwt%d W 71AA Adde] fetal 2 oldd W $

A Aol dAste] 71AH AE7F AstEn.

(3) 1 #H7b=Fe] 57k 45 Graphene/Epoxy nanocomposites®] 3T A]

o 7 asl= Ao g Ve

ook

(5) Graphene/Epoxy nanocomposites A =53+ o ZA|=%| 9} H|uLsto] 1

dlwo] AbEFE A gye] F7b sglvh

_53_

Collection @ pknu



[1] Cakmak, M., University of Akron, "Manufacturing of Multifunctional
Electrically Coductive/Transparent/Flexible Films”, WO 2011/008993, pp.1755

[2] J.C. Meyer, A.K. Geim, M.I. Katsnelson, K.S. Novoselov, T.J. Booth, S.
Roth, Nature 446 (2007) 60 - 63.

[3] K.S. Kim, Y. Zhao, H. Jang, S.Y. Lee, J M. Kim, K.S. Kim, J.H. Ahn,
P. Kim, J.Y. Choi, B.H. Hong, Nature 457 (2009) 706 - 710.

[4] S. Watcharotone, D.A. Dikin, S. Stankovich, R. Piner, I.. Jung, H.B.
Dommett, G. Evmenenko, S. Wu, S.F. Chen, C.P. Liu, S.T. Nguyen, R.S.

Ruoff, Nano Lett. 7 (2007) 1888 - 1892.

[5] X.L. Li, XR. Wang, L. Zhang, S. Lee, H.J. Dai, Science 319 (2008)
1229 - 1232.

[6] O. Niitsoo, A. Couzis, J. Colloid Interface Sci. 354 (2011) 887.

[7] S. Gilje, S. Han, M. Wang, K.L.. Wang, R.B. Kaner, Nano Lett. 7 (2007)
3394 - 3398.

[8] K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, M.I. Katsnelson,
I.V. Grigorieva, S.V. Dubonos, A.A. Firsov, Nature 438 (2005) 197 - 200.

_54_

Collection @ pknu



[9] Y.B. Zhang, Y.W. Tan, H.L. Stormer, P. Kim, Nature 438 (2005)
201 - 204.

[10] A. Altland, Phys. Rev. Lett. 97 (2006) 236 - 802.

[11] J. Lee, HM. Pathan, K.D. Jung, O. Joo, J. Power Sources 159 (2006)
1527 - 1531.

[12] F. Schedin, A.K. Geim, S.V. Morozov, E. Hill, W.P. Blake, M.I.
Katsnelson, K.S. Novoselov, Nat. Mater. 6 (2007) 652 - 655.

[13] H.C. Schniepp, J.L. Li, M.J. Mcallister, H. Sai, M. Herrera, D.H.
Adamson, R. Prud, K.R. Car, D.A. Saville, I.LA. Aksay, J. Phys. Chem. B

110 (2006) 8535 - 8539.

[14] K. S. Novoselov, A K. Geim, S. V. Morozov, D. Jiang, Y. Zhang, S.
V. Dubonos, I. V. Grigorieva, and A. A. Firsov, Science, 306, 666 (2004).

[15]Polymer Science and Technology Vol. 22, No. 2, April 2011

[16] A. K. Geim & K. S. Novoselov. The rise of graphene. Nature
Materials Vol. 6, 183-191 (2007)

712 23sta) 714 A 22 @ 2 3 20119 4€9

_55_

Collection @ pknu



[18] S. Stankovich, D. A. Dikin, G. H. B. Dommett, K. M. Kohlhaas, E. J.
Zimney, E. A. Stach, R. D. Piner, S. T. Nguyen, and R. S. Ruoff, Nature,
442, 282 (2006).

[19] A. A. Green and M. C. Hersam, Nano Lett., 9, 4359 (2009).

[20] B. C. Bridie, Ann. Chim. Phys., 59, 466 (1860).

[21] L. Staudenmaier, Ber. Deut. Chem. Ges., 31, 1481 (1898).

[22] H. Hamdi, Fortschrittsberichte uber Kolloide und Polymere, 54, 554
(1943).

[23] J. William, S. Hummers, and R. E. Offeman, J. Am. Chem. Soc., &0,
1339 (1958).

[24] Dan Li et al., “Processable Aqueous Dispersions of Graphene

Nanosheets,” Nature Nanotech., Mar. 2008, pp.101-105.

[25] Héctor A. Becerril, Jie Mao, Zunfeng Liu, Randall M. Stoltenberg,
Zhenan Bao, and Yongsheng Chen, “Evaluation of Solution—Processed
Reduced Graphene Oxide Films as Transparent Conductors,” ACS NANO,
Feb. 2008, pp.463 - 470.

_56_

Collection @ pknu



[26] In Kyu Moon, Junghyun Lee, Rodney S. Ruoff, and Hyoyoung Lee,
“Reduced Graphene Oxide by Chemical Graphitization,” Nature

Communications, Sep. 2010, pp.1-6.

[27] Novoselov KS, Geim AK, Morozov SV, Jiang D, Katsnelson MI,
Grigorieva IV, et al. Nature 2005;438(7065):197 - 200.

[28] Novoselov KS, Jiang Z, Zhang Y, Morozov SV, Stormer HL, Zeitler U,
et al. Science 2007,315(5817):1379.

[29] Heersche HB, Jarillo-Herrero P, Oostinga JB, Vandersypen LMK,
Morpurgo AF. Nature 2007;446(7131):56 - 9.

[30] Zhang YB, Tan YW, Stormer HIL, Kim P. Nature
2005;438(7065):201 - 4.

[31] Stankovich S, Dikin DA, Dommett GHB, Kohlhaas KM, Zimney EJ,
Stach EA, et al. Nature 2006;442(7100):282 - 6.

[32] Zhang YB, Small JP, Amori MES, Kim P. Phys Rev Lett 005;94(17):
176803.

[33] Berger C, Song ZM, Li TB, Li XB, Ogbazghi AY, Feng R, et al. ]
Phys Chem B 2004;108(52):19912 - 6.

_57_

Collection @ pknu



[34] Balandin AA, Ghosh S, Bao WZ, Calizo I, Teweldebrhan D, Miao F, et
al. Nano Lett 2008;8(3):902 - 7.

[35] Lee C, Wei XD, Kysar JW, Hone J. Science 2008;321(5887):385 - 8.

[36] Ramanathan T, Abdala AA, Stankovich S, Dikin DA, Herrera-Alonso
M, Piner RD, et al. Nat Nanotechnol 2008;3(6):327 - 31.

[37] Gachter R, Muller, H. Plastics Additives 3rd Ed p.752, Hanser
Publisher, Munich(1990)

_58_

Collection @ pknu



	1. 서 론
	2. 이론적 배경
	2.1 그래핀
	2.2 그래핀의 합성
	2.2.1 박리 그래핀 제조 기술
	2.2.2 화학적 박리법 (Modified Hummers method)

	2.3 XRD
	2.4 EA
	2.5 에폭시 수지
	2.6 경화제
	2.7 열 분석법

	3. 재료 및 실험방법
	3.1 재료
	3.2 Graphene 제조 방법
	3.3 시험편 제작
	3.4 Graphene 특징 분석
	3.5 기계적 성질 및 전기적 성질
	3.5.1 인장강도
	3.5.2 현미경 관찰
	3.5.3 표면저항

	3.6 열분석 시험
	3.6.1 DSC 
	3.6.2 TGA


	4. 결과 및 고찰
	4.1 산화흑연 (graphite oxide)의 분석
	4.2 그래핀 (graphene)의 분석
	4.3 기계적 성질 및 전기적 성질
	4.4 열분석 시험

	5. 결 론
	[참고문헌]


