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Paper

Method for Determining Fiber Volume Fraction in Carbon/Epoxy
Composites Considering Oxidation of Carbon Fiber

YunHo Kim*, Sathish Kumar*, Chunghyeon Choi*, Chun-Gon Kim**T,
Sun-Won Kim**, Jae Hyuk Lim**

ABSTRACT: Measuring fiber volume fraction properly is very important in designing composite materials because the
fiber volume fraction mainly determines mechanical and thermal properties. Conventional Ignition methods are
effective for ceramic fiber reinforcing composite materials. However, these methods are not proper for applying to
carbon fiber reinforcing composites because of the venerable characteristic against oxidation of carbon fiber. In the
research, fiber volume fraction of carbon fiber composites was obtained by a thermogravimetric analysis considering
oxidation characteristic of the carbon fiber and the method was compared and verified with the results from
MICroscopic cross section images.
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Fig. 1. Schematic of the compensating method
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2.2.1 Image processing with microscopic image
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Fig. 2. Microscopic image, only carbon fiber selected (yellow
contour)
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Fig. 3. Binary microscopic image with counted fibers

Table 1. Fiber volume fraction results by image processing

Methods Averaged fiber volume fraction, V(%)
Counting fibers 70.17
IsoData threshhold 69.59
Error (%) 0.58
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2.2.2 Thermogravimetric Analysis
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Fig. 4. TGA and DTG of the carbon fiber composite
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Fig. 5. Schematic of the compensating method
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Table 2. Density of the composite specimen

Number of measuring | #1 #2 #3 #4 #5
Density of it
ensity of composite 1y c405 | 1.6411 | 1.6401 | 1.6392 | 1.6403
(g/cm’)
Average Density (g/cm®) 1.6402

Table 3. Fiber volume fraction results by image processing

#1 #2 #3
Fiber volume fraction, V;(%)| 69.36 69.22 69.39
Average V; (%) 69.32

Table 4. Fiber volume fraction result by TGA analysis

Sample number #1 #2 #3
Temperature profile (°C/min,’C) 15 30 50
Initial weight (mg) 8.798 9.077 9.687
Compensated weight (mg) 6.872 7.064 7.7145
Weight loss (%) 21.90 22.18 20.36
Fiber Volume fraction, V; (%) 70.39 70.14 71.78
Average V; (%) 70.76
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