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Abstract: To improve interfacial interaction with the epoxy resin, carbon nanotube (CNT) and graphene nanoplatelet
(GNP) are fluorinated. A surface-chemical property of the surface-treated CNT and GNP has been analyzed by X-ray
photoelectron microscopy (XPS). Then the mechanical properties and thermal stabilities of composites which are rein-
forced by them are also evaluated. The mechanical properties of CNT/GNP reinforced epoxy composites are com-
paratively higher than those of epoxy composites reinforced with CNT only. These results are attributed to a size effect
resulted from the network structures due to different aspect ratios of reinforcement. The tensile, impact strength, and ther-
mal stability of the composites including fluorinated CNT and GNP are remarkably increased by 101, 69, and 130% com-
pared to those of neat epoxy, respectively. These results are attributed to the synergy effect of the size effect and
improvement of interfacial interaction between surface-treated reinforcements and epoxy resin.
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Table 1. Epoxy Composites Preparation and Designations with
Different Reinforcements

Sample Reinforcements

CG/E CNT GNP
FCG/E Fluorinated CNT GNP
CFG/E CNT Fluorinated GNP
FCFG/E Fluorinated CNT Fluorinated GNP
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Figure 1. Schematic illustration: (a) Fluorinated CNT and GNP; (b)
the mixture of fluorinated CNT and GNP in epoxy.
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Figure 2. Elemental analysis by XPS survey peaks.

Table 2. XPS Surface Elemental Analysis Parameters

Elemental content

Sample (Atomic percent) 0/C F/C
Cls Ols Fls
CNT 90.15 9.85 - 0.11 -
FCNT 82.98 7.29 9.74 0.09 0.12
GNP 84.09 1591 - 0.19 -
FGNP 63.31 11.59 25.09 0.18 0.40

Polymer(Korea), Vol. 40, No. 4, 2016



556 o1 -

3= C(1), C2), CQB), C@), C(5) & C6)2] 671 Fa=z o}
b, 247} 284.5, 285.1, 286.2, 287.5, 289.3 = 290.7 eV
ol A Bl E|QAL} 16212 714; B-Aglol| w2} FCNTSF FGNP
o] e C-C sp* AF o] 7348l W34 (semi covalent)
C-F 2%(289.3 eV &~ (covalent) C-F A3H290.7 eV)°]
7kl Zloz #EE, ol 48 Hxe e 23l
MEA GAE 2SS & 5 o, ok Ay Az 7+
o] FCNTEY FGNPollA T B2 B4 #5717 49 A
o2 ZRIFE o]t B4 #5719 B9 @A eRE
2 gAY ol ERS] mA PR JES Fo] CNT
9 GNP HAIZE 38 713, 9 A2E ZsiA)et
o ZA] FRIoe] AW AFHS FINA EFAe] 54 &F

cQ)

(a)

Intensity

294 292 290 288 286 284 282 280
Binding energy (eV)

Intensity

294 292 290 288 286 284 282 280
Binding energy (eV)

goll 7148 oz AlFEE
SEe] EH Y. JdZA] 39 gei-e FARAA}
7oz FAsk] Banie R B el agid ieEe o] ER
o] B4st Ao mE o] FA] Y] FAF s Els)
°ﬂE‘r OMFAE H7FSHA] 282 of| & A](neat epoxy)e] IHeh W
2 HlwA FEgA YRt A8 Figure 4(a)ellA] g1
Sch. ERA ) e Barheu) o L
o|Eglo] H7IE of|FA] EELZHE A ZFAl Wl -3
Figure 4(byellA g1 = St} o]= FHA|E] 41| &
peRHEel 2 e o)Edlo] Bt w2
Ao oz gF =] Yehhe AR Blth?
FCG/E®] %W Figure 4(c)°ll, CFG/E] ¥ - Figure

F

0>~
1> rm o & —1>

Intensity

294 292 290 288 286 284 282 280
Binding energy (eV)

(d) c()
z cE)
z cR3)
= cs) €@

294 292 290 283 286 284 282 280
Binding energy (eV)

Figure 3. C1 core level spectra of pristine and modified CNT and GNP: (a) CNT; (b) FCNT; (c) GNP; (d) FGNP.

Table 3. Cls Peak Parameters of CNT, FCNT, GNP and FGNP

Peak position

Concentration (%)

Component

(eV) CNT FCNT GNP FGNP
c(1) C-C(sp?) 284.5 76.41 62.38 68.72 49.85
C(2) C-C(sp’) 285.1 15.23 17.52 11.63 9.81
C3) C-0 286.2 6.65 8.40 16.34 12.87
C4) C=0 287.5 1.71 3.82 3.31 5.93
C(5) semi-covalent C-F 289.3 - 5.81 - 16.06
C(6) covalent C-F 290.7 - 2.07 - 5.48
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Figure 4. SEM image of fracture surface of fluorinated CNT/GNP/epoxy composites: (a) Neat epoxy; (b) CG/E; (c) FCG/E; (d) CFG/E; (e)
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Figure 5. TGA thermograms of CNT/GNP/epoxy composites.
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Figure 6. Schematic representation of S;, S, and S; for A* and K* .

Table 4. Thermal Stability of CNT/GNP/Epoxy Composites
Depending on Fluorination

Sample IDT IPDT AXK Tinax
Neat epoxy 343 234.58 0.396 353
CG/E 347 492.65 0.480 373
FCG/E 323 505.79 0.494 439
CFG/E 333 500.13 0.488 441
FCFG/E 353 540.48 0.529 443
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Figure 7. Comparison of stress-strain curves from tensile tests of
CNT/GNP/epoxy composites.

Table S. Tensile Test Results of CNT/GNP/Epoxy Composites for Fluorination

Neat epoxy CG/E FCG/E CFG/E FCFG/E
Tensile stress (MPa) 19.1(£2.70) 21.3(+1.86) 24.9(+1.60) 22.6(x1.29) 38.3(=1.63)
Tensile strain (%) 1.97(+0.44) 1.86(x0.17) 1.88(+0.26) 1.99(+0.22) 1.98(+0.30)
Tensile modulus (GPa) 0.97(0.84) 1.15(x0.51) 1.33(x0.87) 1.14(0.87) 1.93(+0.81)
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epoxy composites.
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Table 6. Impact Test Results of CNT/GNP/Epoxy Composites for Fluorination

Neat epoxy CG/E

FCG/E CFG/E FCFG/E

Impact strength (J/m) 10.4(x0.30)

16.0(:0.45)

16.9(0.20) 16.5(0.65) 17.5(:0.60)
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