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Manufacture and Mechanical Properties of
Carbon Nanofiber Reinforced Hybrid Composites

Jin-Woo Kong™, Sang-Su Chung’, Ji-Sang Park’, Tae-Wook Kim’

ABSTRACT

Carbon nanofiber exhibits superior and often unique characteristics of mechanical, electrical, chemical and
thermal properties. Despite of the excellent properties of carbon nanofiber, the properties of carbon nanofiber
filled polymer composites were not increased largely. The reason is that it is still difficult to ensure the
uniform dispersion of carbon nanofiber in a polymer matrix. In this study, for improvement of the mechanical
properties of composites, carbon nanofiber reinforced hybrid composites was investigated. For the dispersion of
carbon nanofiber, solution blending method using ultrasonic was used. Dispersion of carbon nanoifiber was
observed by scanning electron microscope (SEM). Mechanical properties were measured by universal testing
machine(UTM).
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Table 1 Properties of carbon nanofiber
VGCF (Showa Denko, Janpan)

Fiber diameter um 0.15

Fiber length um 10 ~ 20

Aspect ratio - 10 ~ 500

Real density glem3 2.0

Buik density g/cm3 0.04

Specific surface area m2/g 13

Fig. 1

Carbon materials: (a) VGCF measured by SEM and (b) Carbon

Fabric.
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Fig. 2 Mixing equipments: (a) ultrasonic mixer (beam type) and (b)

mechanical mixer.
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Fig. 3  Dispersion effect of carbon nanofiber by (A) Ethyl alcohol
and (B) Butyl alcohol: (a) before sonication, (b) after
sonication and (c) after 2 hours.
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Fig. 6 (a) Thermocouple position and (b) thermometer.

Bagal
Metal plate 2ading flon L sient

Dam  pejease fim Prepreg Bleeder

Fig. 7 Manufacturing process of hybrid composites.

Table 2 Temperature measured by thermometer

Setting Temperature measured by thermocouples ()
temp.

() Sensor | | Sensor 2 | Sensor 3 | Sensor 4 | Sensor 5
80 34 68 78 103 94
99 36 74.0 99 124.5 115.0
100 38.8 77.4 100.0 129.0 118.0
110 40.5 81.6 106.5 156.7 150.1
120 44.5 93.5 120.2 167.1 158.4
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Fig. 8 (a) autoclave and (b) cure cycle of hybrid composites.
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Fig. 11 Tensile test results of micro and hybrid composites.

Table 3 The results of tensile test of composites (3wt% CNF)

Strength Modulus
{ oad {(MPa) (GPa)
Samp!
ample (kef)
Ave. S.D. Ave. S.D.
Micro 2273 771.7 351 50.6 0.8
Hybnd 2773 952.5 27.2 68.2 [
(b) Table 4 The results of in-plane shear test of composites (3wt% CNF)
Fig. 9 Test Specimen of hybrid composites: (a) tensile (b) in-plane
shear. Strength Modulus
Sample I;EZ% (MPa) (GPa)
AETHE Sl Azxd stoj=en EFAR 7AH Ave. S.D. Ave. S.D.
24& FA87 fstol ASTM qfZof 2A AAE Az Micro 541 122.1 34 556 | 036
3}1r, UTM(Universal testing machine)g ©o}&3slo] A&
] ' = _ - Hybrid 761 177.6 95 9.90 0.81
AN Fig 9% stolHelE BgAae ARAY
(ASTM D3039)7} WA FHAE(ASTM D5379)& $st A A
S JelW Aol gl Fig. 108 =saAviXH7 73t - Test Speed: 1 mm/min
¥l stolHei= HgQae 7[Ad EA4 AEE 3t UTM - Data Rate: 10 pts/sec

AE AuE ved Aotk A@AAL e Zoh
AZA 2ol HAUYRHRG w0 S Bhotel, 4T
- Test Machine: Universal test maching (UTM) AL S Az® stojEg|=s EdAQae 7|AAH EA A
Shimadtzu co. Itd. (Japan) e UTML o| &35t FHrslgisd, 11 A3 Z+S Table
- Load Cell: Max. 10 ton 31 4, 2231 Fig. 113 129 VR 9ok,
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Fig. 12 In-plane shear test results of micro and hybrid composites.
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Fig. 13 Fracture surface of hybrid composites by SEM.
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