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Abstract: Epoxy composites are prepared using carbon nanotube (CNT) and oxyfluorinated powdered-carbon fiber
(PCF) as reinforcements to enhance mechanical properties of composites. Tensile strength of PCF and CNT reinforced
epoxy composites are relatively higher than that of epoxy composites reinforced CNT only. Also, the tensile and impact
strength of epoxy composites added CNT and oxyfluorinated PCF are improved by respectively 112% and 35% than
those of neat epoxy. These results are ascribed to increased interfacial adhesion of PCF with epoxy resin due to enhanced

polarity and roughness of PCF-surface by oxyfluorination.

Keywords: epoxy resin, milled carbon fiber, composites, surface treatment.
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Ao 2 A3 100 °CollA 2417F B9k A3 W35k
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2] SRS AMS-E PCFE 22|32 FkaEs A=
ol w2} POF73/E, POF55/E 3 POF37/E2kal W &t3)om
1 271 Table 19 YEMISIT
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FEge) el S 05 9 S ATE B X
A FAA 39 (X-ray photoelectron spectroscopy; XPS;
MultiLab 2000 spectrometer, Thermo Electron Co., England)
& ARt 24T Al Ka(1485.6eV)2] 2, o=t
A 149keV, HEHIE A7 46 A 2 HEAF 20mAS
AREEFA T 24 Mol BE AIES 107 mbardll M EE
= AAskE Age AT B3 ditaEst Ao u)
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Table 1. Epoxy Composites Preparation and Names with Different Oxyfluorination Ratio of PCF

Oxyfluorination gas

Sample name pressure ratio (O,:F,)

Reinforcement 1 Reinforcement 2

Neat epoxy -

PCF/E -
POF73/E 7:3
POF55/E 5:5
POF37/E 3:7

PCF (3 phr) MWCNT (0.3 phr)
Oxyfluorinated PCF (3 phr) MWCNT (0.3 phr)
Oxyfluorinated PCF (3 phr) MWCNT (0.3 phr)
Oxyfluorinated PCF (3 phr) MWCNT (0.3 phr)

Ltd., Korea)& ©]-8-3}3 =7} =7 (contact angle analysis;
CAAYE 183t

AzE S S AFetaR}p FARAAE vl 73
(scanning electron microscopy; SEM; Hitachi, SU-8230)<
o] g3ttt Bgk HgAe] 71AF 54 e flete] %
AE 9 FAREE SASIAT AR ES A
(universal testing machine; UTM)E ©]-&3t] =4351%0H
A2 ASTM D638 40l Bt5o] 5mm/min®] S
&8I aL, 2ol EA4E st 40 e AR
A7]= 165x19x3 mm’] 3L Z}2t Z7dniet 53] o]4ke] Al
S st A2 Aze] HHOZ AP Y A4S LER
Atk SAAIE-S ASTM D256 +4 25t =X71 A=
MG AREsle] ofol Rt FAAFHHE R ST F
AZEE 63.5x12.7<32mm’ 742 AL Instron 5948
micro tester® =43} 2t 24t} 53] o)A AEE

B F, 7 Bk AR e

|

O

Zn 9 =2

gHtaEstof ME EtAMRELS EHEEN S, 7
SR ARESE B SkAaEst e wE
st 2AJHskel ¥ et Agks Ak flste] X-
2 FAAF B335 (X-ray photoelectron microscopy; XPS) -
A& AT ool tigk 3l8t 24 WSt A A EY
< Figure 13} Table 20 YFEFH AT}, Figure 12 100~750
eVe] At oA "elellA 7+ HE4] Cls, Ols B Fls I
5 YERd agfzolrh. BE MEe] BAoA = 2845V

Table 2. XPS Surface Elemental Analysis Parameters

F1s
Ols Cls

A A POF37

.ga POF55
w2
=
3

= POF73
—

PCF

700 600 500 400 300 200 100
Binding Energy (eV)

Figure 1. XPS survey spectra of untreated and oxyfluorinated PCF.

F-2ollA Cls ¥ 3, 532 eV F-2ollA Ols ¥ =27t #E= QY
o FrkrEs A EE BVl F9ols 6866V
oA Fls =27} HEA Vel vl e i)
SHEAES] SRR EHY C, O, ¥ Fo| Y4H]= Table
20 YJeERNSit) e F-EES gt Eslst ¢ Cls I
=7} 83.14 at%oll Al A 64.67 at%E 74313 Fls 3=
= AlE A71EA ) 23.00 at%7HA] Z71810t) o] 2 5E
shabagsl gie]ol wel Cls ¥=37F 748l Fls 33
7F AEIRTE RS E A, ol BREET %
Hol B4 7k2e ofs) SeZ-e st 2 g vk
7kt wWEA wRgete] Yehe dldolgtal AR B
gk Table 2914 F/C7F S7Fsl™ POF37¢] 745 ol 0.3569

1.

Elemental content (Atomic percent at%)

Sample o/C F/C
Cls Ols Fls
PCF 83.14 16.86 - 0.203 -
POF73 69.29 14.31 16.40 0.207 0.237
POF55 68.38 14.20 17.42 0.208 0.255
POF37 64.67 12.32 23.00 0.191 0.356
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Figure 2. C1 core level spectra of raw and treated PCF: (a) PCF; (b) POF73; (c) POF55; (d) POF37.
Table 3. Cls Peak Parameters of PCF, POF73, POF55 and POF37
Peak position Concentration (%)
Component
(eV) PCF POF73 POF55 POF37
C(1) C-C(sp) 284.5 83.25 69.88 67.88 64.66
C(2) C-0 285.9 7.54 6.55 6.41 5.51
C@3) C=0 286.9 5.48 4.39 4.24 3.85
C4) HO-C=0 288.8 3.73 3.98 3.45 2.96
C(5) semi-covalent C-F 289.5 - 8.67 10.23 13.31
C(6) covalent C-F 290.3 - 7.52 7.81 9.70
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Figure 3. Scheme of oxyfluorination of powdered-carbon fiber.
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Figure 4. Fracture surface of CNT/PCF/epoxy composites: (a) neat epoxy; (b) PCF/E; (c) POF37/E.
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Figure 5. Pulled out carbon fiber of CNT/PCF/epoxy composites: (a) PCF/E; (b) POF73/E; (c) POF55/E; (d) POF37/E.
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Figure 6. Comparison of stress-strain from tensile tests of CNT/
PCF/epoxy composites.
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Table S. Tensile Test Results of CNT/PCF/Epoxy Composites by Oxyfluorination

neat epoxy PCF/E POF73/E POF55/E POF37/E
Tensile stress (MPa) 16.5(x1.50) 25.4(+0.69) 26.9(+2.30) 31.8(x0.75) 35.0(=2.81)
Tensile strain (%) 1.3(#0.18) 1.5(0.05) 1.6(0.12) 1.8(0.11) 1.9(x0.07)
Tensile modulus (GPa) 1.5(x0.26) 1.7(x0.05) 1.7(x0.13) 1.8(x0.08) 1.8(x0.13)
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Table 6. Impact Test Results of CNT/PCF/Epoxy Composites by Oxyfluorination

Neat epoxy PCF/E POF73/E POF55/E POF37/E
Impact strength (J/m) 10.4(20.55) 11.9(+0.69) 12.2(20.66) 12.5(x0.23) 14.0(x137)
16 2 B
14
. 2 AN = BAERELT AL RFEE of FA
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Figure 7. Comparison of impact strength of CNT/PCF/epoxy com-
posites.
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