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Carbon Fiber as Material for Radiation Fixation Device :
A comparative study with acrylic
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Abstract - Radiation absorption parameters of carbon fiber panel were measured in
comparison to acrylic panel. 30x30cm sized 2mm thick carbon fiber panel and identical sized
6mm thick acrylic panel were placed in tray holder position and Ocm, 5cm, 10cm from surface
of phantom. Radiation field size was 10x10cm. 50MU of 4MV photon was irradiated to the
phantom with dose rate of 300MU/min. Source-to-phantom distance was 120cm. Radiation
dose was measured with 06cc Farmer-type ionization chamber with lecm  build-up.
Measurement was repeated thrice and normalization was done to the dose of the open field.
Radiation transmission rate of carbon fiber panel is approximately 1% lower than acrylic panel
of equivalent thickness. However, considering the strength of the material, transmission rate is
higher for carbon fiber panel. Although carbon fiber panel increases the radiation dose when
attached to the surface for about 2%, it normalizes the radiation dose to 97-99% of irradiated
dose which could have been lowered to as much as 5-75% with acrylic panel. As carbon
fiber panel is stronger than acrylic panel, radiation fixation device could be made thinner and
thus lighter and furthermore, with increased radiation transmission. This in turn makes carbon
fiber more ideal material for radiation fixation device over conventionally used acrylic.
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C. Device at 5cm from phantom surface. D. Device at 10cm from phantom surface.

Fig. 1. Set-ups for transmission rate measurements of carbon fiber and acrylic plate of variable thickness at
variable location.
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Fig. 2. Set-ups for transmission rate ‘measurements of carbon fiber and acrylic plate of variable thickness at
variable location.
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Table 1. Measured dose with or without the device material of respective thickness at each location.

A. Device at tray holder.

C. Device at 5cn from phantom surface.

Carbon fiber 1 2 3  Average TR Carbon fiber 1 2 3 Average TR’
Open 6713 6704 6715 6.711 1.000 Open 7200 7202 7200 7201  1.000
2 mm 6600 6597 6599 6599 0983 2 mm 7292 7291 7291 7.291 1.019
4 mm 6499 6516 6513 6509 0970 4 mm 7271 7269 17269 72710 1010
6 mm 6417 6429 6426 6424 0957 6 mm 7204 7208 7205 7206 1001
8 mm 6325 6330 6332 6329 0943 8 mm 7130 7133 7134 7132 0991
10 mm 6238 6241 6246 6242 0930 10 mm 7059 7061 7062 7061 0981
12 mm 6148 6146 6141 6145 0916 12 mm 6975 6977 6977 6976  0.969
14 mm 6.051 6050 6058 6.053 0902 14 mm 6903 6900 6903 6902 0959
16 mm 5957 5954 59%4 595 0887 16 mm 6324 6827 6825 6825 0948
18 mm 5854 586 583 588 0873 18 mm 6.757 6757 6754 67%6 0938
20 mm 5766 5710 5766 5767 0859 20 mm 6677 6679 6680 6679 0928
Open 6713 6715 6708 6712 1000 Open 7198 719% 7199 7198 1.000
Acrylic 1 2 3 Average TR’ Acrylic 1 2 3 Average TR’
Open 6712 6707 6703 6.707 1.000 Open 7200 7199 7199 7198 1.000
6 mm 6467 6481 648 6478 0966 6 mm 7238 7241 7240 7240 1.006
12 mm 6243 6250 6247 6247 0931 12 mm 7063 7061 7.060 7061 0981
18 mm 6.027 6020 6026 6024 0.898 18 mm 6376 63876 6877 68716 0955
Open 6.736 6737 6739 6737 1004 Open 7194 7.19% 7197 719% 1000
TR transmission rate TR’ transmission rate

B. Device at phantom surface. D. Device at 10cm from phantom surface.

Carbon fiber 1 2 3 Average TR’ Carbon fiber 1 2 3 Average TR’
Open 7124 7123 7123 7123 1.000 Open 719 7197 7198 7.197 1000
2 mm 7252 1251 7254 71252 1.018 2 mm 7249 7248 7249 7249 1.007
4 mm 7261 7.261 7261 7261 1.019 4 mm 7191 7192 7194 7192 0999
6 mm 7223 7223 7226 7224 1.014 6 mm 7107 7110 7107 7108 0988
8 mm 7179 7176 7179 7178 1.008 8 mm 7021 7020 7021 7021 0976
10 mm 7129 7128 7131 7129 1.001 10 mm 6926 6931 6929 6929 0963
12 mm 7075 7075 7079 7076 0.993 12 mm 6838 6840 6838 6839 090
14 mm 7.023 7025 7023 7.024 0.986 14 mm 6748 6747 6751 6749 0938
16 mm 6.968 6969 6968 6968 0978 16 mm 6661 6661 6662 6661 0926
18 mm 6914 6916 6916 6915 0971 18 mm 6576 6579 6581 6579 0914
20 mm 6.863 6.800 6860 6.861 0.963 20 mm 6493 649% 6498 64%  0.903
Open 7107 7106 7111 7108 0998 Open 7188 7190 7180 7.183 099
Acrytic 1 2 3  Average TR Acrylic 1 2 3  Average TR
Open 7106 7.108 7.111 7108  1.000 Open 7187 7191 7187 7188  1.000
6 mm 7232 7232 7236 7233 1.018 6 mm 7153 7158 7.157 7156 0.99%
12 mm 7120 7122 7125 7122 1.002 12 mm 6938 6940 6938 6939 0.965
18 mm 6994 6997 6998 69% 0984 18 mm 6722 6726 6725 6724 0935
Open 7109 7112 7113 7111 1.000 Open 7185 7187 718 7186 1000

TR’ transmission rate

TR’ transmission rate
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Fig. 3. Transmission rate of carbon fiber and acrylic
plate of variable thickness at variable location.
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A, Simulation film with overlapping 2mm thick B. Simulation film of humanoid phantom with
carbon fiber plates at lem interval. overlapping 2mm thick carbon fiber plates at
lcm interval.

C. L-gram of carbon fiber plates. Inner mesh is of D. L-gram of humanoid phantom with overlapping 2mm
single 2mm plate and outer mesh is of two plates. thick carbon fiber plates at lem interval.
High signal lines outside the mesh is due to 2mm
thick carbon fiber plate perpendicular to the plane.

Fig. 4. Simulation film and linac-gram of 2mm thick carbon fiber plate stacked with 1cm interval.
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