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Fabrication and Characterization of the Carbon Fiber
Composite Sheets

Yun-Seon Lee*, Seung-A Song*, Wan Jin Kim*, Seong-Su Kim*, Yong-Sik Jung*"

ABSTRACT: Recently, the applications of carbon fiber reinforced plastics (CFRPs) have become broader than ever
when it comes to such industries as automotive, ships, aerospace and military because of their lightweight-ness and
high mechanical properties. Thermosetting plastics like epoxy are frequently used as the binding matrix in CFRPs due
to their high hardness, wetting characteristics and low viscosity. However, they cannot melted and remolded. For this
reason, thermosetting plastic wastes have caused serious environmental problems with the production of fiber
reinforced plastics. Thus, many studies have focused on the carbon fiber reinforced thermoplastics (CFRTPs) and
recycling carbon fiber. In this study, recycled carbon fiber (RCF) was prepared from CFRPs using a pyrolysis method,
which was employed to separate resin and carbon fiber. The degree of decomposition for epoxy resin was confirmed
from thermal gravimetric analysis (TGA) and scanning electron microscope (SEM). The RCF was cut and ground to
prepare a carbon fiber composite sheet (CFCS). CFCS was manufactured by applying recycled carbon fibers and
various thermoplastic fibers. Various characterizations were performed, including morphological analyses of surface
and cross-section, mechanical properties, and crystallization enthalpy of CFCS at different cooling conditions.
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Table 1. Properties of thermoplastic fiber

Fineness | Length | Melting Working
(Denier) (mm) | point (°C) | temperature(°C)
LM-PET 6 32 110/250 150
PE/PP 2 38 130/170 150
PPS 2 51 250 250

Table 2. Manufacturing conditions of recycled CF and thermo-
plastic fiber composite sheet with 250 g/m? of basis

weight
Weight ratio Volume ratio

RCF Resin RCF Resin
RCF/PET(30:70) 30 70 35.8 64.2
RCF-PET(20:80) 20 80 24.4 75.6
RCF-PET(10:90) 10 90 12.6 87.4
RCF-PE/PP(30:70) 30 70 45.2 54.8
RCEF-PE/PP(20:80) 20 80 32.6 67.4
RCF-PE/PP(10:90) 10 90 17.6 82.4
RCE-PPS(30:70) 30 70 40.2 59.8
RCF-PPS(20:80) 20 80 28.2 71.8
RCF-PPS(10:90) 10 90 14.8 85.2
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Fig. 1. Schematic diagram for fabrication of recycled CF and
thermoplastic fiber composite sheet
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Fig. 2. Hot-press and cooling temperature of composite sheet as
a function of time

Table 3. Cooling conditions of recycle CF and thermopilastic fiber
composite sheet

Hot-press Cooling method
temperature (°C) | (Natural or Slow)
RCE-PET(30:70)-N
RCF-PET(20:80)-N 150 Natural

RCF-PET(10:90)-N
RCEF-PET(30:70)-S
RCF-PET(20:80)-S 150 Slow
RCF-PET(10:90)-S

RCE-PE/PP(30:70)-N
RCF-PE/PP(20:80)-N 150
RCF-PE/PP(10:90)-N
RCF-PE/PP(30:70)-S
RCF-PE/PP(20:80)-S
RCF-PE/PP(10:90)-S

Natural

150 Slow
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Fig. 3. TGA analysis of recycle CF according to temperature con-
dition
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(b)CF-PET 30:70 surface

(b)CF-PET 30:70 cross section
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Fig. 5. SEM images on surface and cross section obtained from recycle CF-PET fiber composite sheet according to CF-PET content ratio

and cooling condition; (a) natural cooling, (b) slow cooling
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Fig. 6. SEM images on surface and cross section obtained from recycle CF-PE/PP fiber composite sheet according to CF-PE/PP content
ratio and cooling condition; (a) natural cooling, (b) slow cooling
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Table 4. Tensile strength of recycle CF and thermoplastic fiber
composite sheet

Thickness |Bulk density|  Tensile
(mm) (g/cm?) |strength (MPa)

RCF-PET(30:70)-N 1.69 0.18 10.13
RCF-PET(20:80)-N 1.13 0.28 26.88
RCF-PET(10:90)-N 0.69 0.41 53.80
RCF-PET(30:70)-S 0.32 0.80 50.99
RCF-PET(20:80)-S 0.31 0.88 101.01
RCF-PET(10:90)-S 0.28 0.92 106.83
RCF-PE/PP(30:70)-N 1.41 0.22 5.01
RCF-PE/PP(20:80)-N 0.81 0.41 11.03
RCF-PE/PP(10:90)-N 0.44 0.75 14.46
RCF-PE/PP(30:70)-S 0.31 0.89 20.48
RCEF-PE/PP(20:80)-S 0.24 1.12 22.52
RCF-PE/PP(10:90)-S 0.22 1.3 38.44
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Fig. 7. DSC analysis of recycle CF-PE/PP composite sheet according
to content ratio and cooling condition; (a) natural cool-
ing, (b) slow cooling
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Table 5. Crystallization temperature and degree of crystalline of
the recycled CF-PE/PP composite sheet obtained from

DSC analysis
T.(°C) AHj g0 (/8)
RCF-PE/PP(30:70)-N 119.02 19.66
RCF-PE/PP(20:80)-N 122.59 31.85
RCF-PE/PP(10:90)-N 118.83 40.48
RCF-PE/PP(30:70)-S 115.53 105.63
RCF-PE/PP(20:80)-S 115.28 120.57
RCF-PE/PP(10:90)-S 115.73 173.82
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