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Investigation of Tensile Properties in Edge Modified
Graphene Oxide(E-GO)/Epoxy Nano Composites

Donghyeon Lee*, Ga In Cho*™*, Hyung Mi Lim***, Mantae Kim***', Dong-Jun Kwon™*******T

ABSTRACT: Graphene oxide (GO), known for its high stiffness, thermal conductivity, and electrical conductivity, is
being utilized as a reinforcement in nanocomposite materials. This study evaluates the mechanical properties of epoxy
nanocomposites incorporating GO and edge modified GO (E-GO), which has hydroxyl groups substituted only on its
edges. GO/E-GO was uniformly dispersed in epoxy resin using ultrasonic dispersion, and mechanical properties were
assessed through tensile testing. The results showed that the addition of nanoparticles increased both tensile strength
and toughness. The tensile strength of the epoxy without nanoparticles was 74.4 MPa, while the highest tensile
strength of 90.7 MPa was observed with 0.3 wt% E-GO. Additionally, the modulus increased from 2.55 GPa to 3.53 GPa
with the addition of nanoparticles. Field emission scanning electron microscopy of the fracture surface revealed that
the growth of cracks was impeded by the nanoparticles, preventing complete fracture and causing the cracks to split
in multiple directions. E-GO, with surface treatment only on the edges, exhibited higher mechanical properties than
GO due to its superior dispersion and surface treatment effects. These results highlight the importance of nanoparticle
surface treatment in developing high-performance nanocomposite materials.
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1. M E

Ul E3HA & (nano composites)= TER} 7| XA 72| 7+
3, 731 W e 5= SRA717] fIske] Lie 4AH(nano
particle)& F7FAIXL A olth(1]. o] 27t Ll B =
7129 AEA A R R Y FAE B R FET
AR R, el 5o Fofol 3-8= AL it 2
AREEDL Qs U YA TR 2 gy e F H (carbon
nano tube), e W} -2 G2 AU 545 ASHE Ul
P2 o] AREE AL Qlh[2-4]. o] F TS MR sp?
T eHES 7HA AL, A 1H] Aeke THAA| Hol 2
AE, dHEE 9 AV HEEE 7HITH56]. TLHU o] &
A wZof vrie ARF Abo] 9] gt Hhd] 2 A 9] (van der
Waals force) 5 7}A] 7] w0l -3-H/d2 74 Ui YA+
Akl ZAIRe] Qi o]t of= 12 AkekE (graphene
oxide, GO)2} 2+ 1| AFSH=E(reduced graphene oxide,
rGO)9} &2 F=AE 7Esto] ARSI Qlrt.

Ak tigt ZAIE sAst] Q5] Uie RS EAF
A7l Wo] ATEE AL ATHT7-9] v YRR 4k 1
S 2 st BAE o] -&-5to] nRH(stirring) 5h= W
Z&u}E o] 835)o] BAA]7|= vl (ultrasonication), 2 &
Y (ball milling)S AHg-8lo] EAMA 7= R 5] qloh &
4hE &olatA 817 flato] EAF SulE 2d k= W [10-
12]o]uh Ute Ao A P E Sk W o] AREE AL 9
=4, E4HEE 7ok WS o] % & E Al A Sl oF
5t7] wizol tie Akl A E Sk Wo] Aty

e Yol FHA 2 E sk W2 Ule ARk Ha
ohaL, Ao M et 22 A7 5 X ZA 7 AL A
Al 7] o] ATEE AL QITH13,14]. Ui Y ALS] E RO
HAgE 2187171 2|2 Lle 43} Alolof] F=o] A7
A Eo] Hato] golalAt. SAloh AFHE} & 87
S ABAZIA H o) Fo] Golshy] W] Hak
L7 oA AL A 2t o] S71teH15]. SEHA 2] € o
A 2= Ate 7y 7| S 2 2hA 7] = Jo] QlaL, =
TRlo|u; 7| EAN} 2S4S FF A7) W] Sl

2 Aol A= L2 S AFo] =(graphene oxide, GO)]
A SH FRovt 4bsly| = 2 ghE o] gl GO(edge
modified GO, E-GO)E AR&-5lo] o FHA] Ule HdA =
A 71AA 24e SISk 28 o EAlo GO/E-GO
Ule A 251 4k Foto] BAMA U B3

= AEsFATE A Ue SRS 71414 =4 B
7ve 95tk A= Al S Akt A= Al
S AAYAL FALA RS 1) 7 (Field Emission Scanning
Electron Microscope, FE-SEM )& A8-5}0] atthy-8 HA445)
Rt

2.8 4
2.1 }=2

B Aol AR Bt 7R 1] A
3 A% 9] o A] (KFR 120V, =313}, 34510k 71 8H4] (KFH-
163, =1 =3}8}, 3h=)& ARSIt 7k e dAk= GO
(=7]: 1~3 um, 57: 1.5 nm, G|, s-=+)Q} E-GO(NPL
e, N, TS ARSI

2.2 A\|H Xt

A AHE AW A7) flstol 28BS F
3o} O] S]] AT F ABhAIA A212Ah(Fig. La).
Bathd Z-&u} HEAF7|(275DAE, Crest ultrasonic, W] o] A
oh)2 AMgB1o] ofEA] 440l LpeQlAH(GO, B-GO)E 45 kHz
B2 65 EA AT Y gAY ek ZF2F 0.1, 0.3,
0.5 % 1 wt%= 7ot Ui &S B4R o A
Ao HIAE olFA] 10: A 39 vHlE2 4o £
< A|2peheick. A kEl SolS ASTM D-638 type V2 |4}
B AP 2o ARSI, 1085 TE 4908 2
SYstoATE. o] F QEo) A 80°Coll A 2A17HE % HBAIZ] &
AREOA] 30853 B} A 7 AR
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Fig. 1. (a) Schematic diagram about dispersion of nanoparticles
and (b) SEM images of GO and E-GO



Investigation of Tensile Properties in Edge Modified Graphene Oxide(E-GO)/Epoxy Nano Composites 211

2.3 Q& AH

Akl Ao ZAH B4 Blels] gistel A A
A 2Pt QIPAIE2 REs A=A 7] (Z010TN, Zchk
Roell, =2]) ASTM D-638 #4(: 3 mm, +7|: 3 mm, 7
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3. Zut U 2N

W QRS HolHA) ke o EA19] QA AEL A
39S W Fig 20] A9HS Ak the URE A7) o
o o ZA|9] ¢1F el 744 MPa 24 ¥}, Fig. 33}
Fig. 4= 7}7} GO} E-GOZ A7}3te o] Q1w A
o Aolr}. GO/E-GOS] o] 0.3 wi%dd wf 71 w2
A A= ATE A GOE WS o AFHE
£ 87.0 MPao|1l, E-GOE H7I5IRS o A==
90.7 MPat 71 & 718 Ak the Ake] A7l
ua} Q1A w7t AAdt= ASES H o 0.3 wt% o]A)
o] grepe IR AHel Qg 2wl AshE L) o) Ut

1= i) So] ok A2 oAbk L glzke] 7t
of met 53 Qo] Frtete RS Btk A% FEL
g3 Q14ge] 7k B-GOolA FeiatEsict. Sl ftof
gE 3 A7 dofut £AolH AR F7} Evfe} 1
of M2 2x]e] gl folslAlt JFo R BelrH16,17].

e gAke] el wet mE el avt Soshe A
®IATHFig. 5). GOSE 2L the Ak FHA 7 2lstod
Bk 7re] ARE AT glof mER AT BRA HRR
ot ok o]@l Uheglzir} H7bEol wheh o] ZA)7} dAAlo]
57] o2 A7) Wiitoll mEA LT Sk S 2
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Fig. 2. Stress-strain curve according to the tensile test of neat
epoxy
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Fig. 3. Stress-strain curve according to the tensile test of nano-
composites GO (a) 0.1 wt%, (b) 0.3 wt%, (c) 0.5 wt%, and
(d) 1 wt%
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Fig. 4. Stress-strain curve according to the tensile test of nano-

composites E-GO (a) 0.1 wt%, (b) 0.3 wt%, (c) 0.5 wt%,

and (d) 1 wt%
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Table 1. Tensile test results of nanocomposites

Tensile strength | Tensile strain Young’s
(MPa) (%) modulus (GPa)
Neat 74.38 4.57 2.55
0.1 wt% 80.25 3.50 3.10
0.3 wt% 87.04 3.82 3.45
GO
0.5 wt% 75.35 3.21 3.18
1 wt% 69.78 2.62 3.52
0.1 wt% 87.91 6.42 3.31
0.3 wt% 90.66 4.11 3.50
E-GO
0.5 wt% 77.83 3.07 3.24
1 wt% 56.46 4.06 3.53
41
39F
s
&
37f
2
°_§ 351 1
=
= 33F
=
> 1t
g 29}
ﬁ A GO/epoxy y=373.05x+3147.6 .
27r ® E-GO/epoxy y = 166.88x+ 3321.9 |
25 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2
Content (wt%)

Fig. 5. Variation in tensile modulus with the addition of
nanoparticles

Ak Yie JAE HA7FSHA] B2 A FAY BREY A
2.55 GPaZ A E31 7, E-GOS 1 wt% 7|3t A|HL 3,53
GPa=Z SA = et Ui YX7F H7HE ol whef HEe A
7F F7bote AEE BAAL, aH A | AHAA ¢ =
o e B
GO/E-GO2} of| ZA| 9] Ui BP0 A] Thito] Yofit
A=A Aoz FFETt ot o Ao A HFFo] WA
stal, apcko] JojubA| Hoh. o ZAJoA Fdo] AAdE o
wdgo] U YAE THHA = FE9] AS v, o+
01 ofe] Weko 2 Uh|A =, upcto] dojg wi7hA] o %
2 3lo] A gt} o] TN e B REA A A
T2 S7HNZIA dh B3 FEo] AAEYS o, GOLt
of Z A 9] E2] & A3te| osto] AHol| A mhko] dold
o} 7}x] 2] glo] B Qs Ert. Fig. 62 Ui YAE A
7VeHA] 92 o ZAILE JIFAIE A7t 7 20 Ui
AR} ol 0.3 wt%dl AlHO] QI Al £ uihH SEM o]
njzjoleh Ui A5 H7FekA] 2 o EA= HAdS 1
I o= B4 whet adyo] HHg FAE 2ok e

Fig. 6. Fracture surface SEM images of (a) Neat epoxy, (b) GO
(0.3 wt%) nanocomposite, (c) SEO-GO (0.3 wt%) nano-
composite and (d) graphene embedded in epoxy

(@) (b)
p=

500 nm 500 nm
— —

‘(imphcno \ Side chain  +== Hydrogen bonding || Repulsion effect

Fig. 7. SEM images of (a) GO, (b) E-GO, schematic diagram of (c)
GO particle, (d) E-GO particle, (e) aggregation of GO and
(f) repulsion of E-GO

o] 9l BHolA Ui ¢x}7}
2= e A& Q"]ﬁe I UTH18].
GO Attt dojubm] sp? A vl EQ a7t BolAl=
2ol AdHE. GOo= 1 fﬂM‘Jﬂ H|5lo] w2 XdﬂﬂEEi}
ZIARZEES 7FA| AL )AL, 9%k BAMdS LkeRHTt. Fig. 7a
ol A TEE 2= Q)E0] GO Y=l R}e] A7) o] HrAlEl=
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(a) .
GO 1 wt% epoxy

E-GO 1 wt% epoxy

Fig. 8. (a) Fracture surface SEM images at nanoparticle (1wt%)/
epoxy composite and (b) Schematic diagram about
behavior of epoxy/nanoparticle

AL 218 4= glrh. 1L} E-GO A& Ll Rpo] A
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GO7} ol FAlo] A7 7§ GO9 =4lshr] & GO7} i
ATE| A €t} Fig. 8aof A 2HQlgt 4= 315z0] GO2| 73§ witt
oA U= 7E S E o] Qe AE &IE 4= vk 1
2t} E-GO9| ¢ aptd oA SR H o] qli= Fito] v
B 2] QFAAL, =g Abel ot - F o] eho] FYsHA T
A Qe AL RIS 4 2Sict. Fig. 8b°1W vrehd &43% z
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O o ek

_L4
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B AT GO/E-GOE o EA] e Ba|Ro] 48
shof 71414 B4 Bleod AR A3} E-GO ¢
= 0.3 wt%2] Z2A0] 90.7 MPaz 7P =& o1 e ke
WOl 11 ol4ke] ol A grasts A% B U
Q1 Ao] H7HE o ZA] e B 2ol 4 QA Ee} 2l
e F7HA 7)1 BIHE BYTh BT el 1o] H7to
whet mEH A7 S7beHe A Btk g
7}8HA] oo o A 0] B 8] Ak 255 GPai £ 4 ¥ 9] 1L
E-GO aF2Fo| 1 wt%<l U= 234 5ol A= 3.55 GPa7}A|
Z7het A B 4 AUk the XS W7 AlH o] 5

wol A A o] Aol kol sl A E o] of
% 2 1514 1L, E-GOo| A= GOXRT} +F
of ol a3, 9] o] o ol ol A% 3
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Sk 1A e #gEAROIA Bl FTE ST -

et
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