Orientation Behavior of Carbon Fiber Axes with Respect to the Direction of Magnetic Field Evaluated as Orientation Distribution Function
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The predominant orientation of carbon fillers such as carbon fiber (CF), vapor grown carbon fiber (VGCF) and carbon nanotube (CNT) perpendicular to the composite film surface plays an important role to fabricate anisotropic electronic and thermal conduction materials with high quality. Such orientation has been realized generally by using diamagnetic effect of carbon fillers under magnetic field. The important point for preparing such materials is the time (t) up to the equilibrium state ensuring the highest orientation degree of the fillers and the state under constant magnetic field strength is attributed to viscosity of initiators which synthesize the curing resin by light or heat polymerization. The orientation behavior of the fillers has been estimated by TEM and SEM observations. However, the quantitative evaluation by X-ray diffraction for the behavior remains unresolved problem. The present talk refers to CF orientation in PVA film. Under magnetic field, the film was obtained by vapor evaporation from gel which was prepared by cooling solution, the co-solvent being dimethyl sulfoxide and water with 60/40 composition. The magnetic field strength was 0.46 tesla. The analysis was pursued in terms of CF content and viscosity of the PVA solution. The X-ray diffraction provides the information about the two orientation functions of the reciprocal lattice vector [002] of the (002) plane. One is 
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with respect to the CF axis and the other is 
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 with respect to magnetic field direction. The second order orientation factor of the chain axes with respect to the CF axis was 0.642 indicating the slight predominant orientation [1]. The schematic diagram is shown in Figure 1 to calculate the orientation function 
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of CF axes with respect to the magnetic field direction. The function 
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can not be detected by X-ray measurement directly. The predicted 
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can be obtained by using the relationship among the three kinds of coefficient associated with series expansion of
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, 
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and 
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by using Legendre polynomial and the predicted 
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 is represented by the expansion coefficients of the experimental functions of 
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. On the other hand, the theoretical function 
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 was calculated as a function of time (t) on the basis of the well-known diffusion equation. Figure 2 shows the predicted and theoretical functions 
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(representing as circle and curve, respectively). This indicates that the time (t) to reach the equilibrium state of CF orientation can be postulated from the predicted
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and it is strongly dependent upon the viscosity of solution under constant applied magnetic strength. [2] 
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