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Light Reflectance Measurement of Flocked Surface Using Carbon Fiber Pile 
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A black surface was formed using electrostatic flocking with PAN (poly-acrylo-nitrile)-type carbon fiber 
pile. Using a Fourier transform infrared spectrometer equipped with a device for regular reflection measure-
ment, we measured the reflectance of regular reflection for infrared rays. Results demonstrated that the reflec-
tance of the carbon-fiber flocked surface was less than 0.1%. In addition to measurements of the reflectance of 
regular reflection, measurement of the reflectance of diffused reflection was also performed using a 
UV/VIS/NIR spectrophotometer equipped with integral sphere for near-infrared, visible and ultraviolet rays. 
Results showed that reflectance values of less than 1% were obtained for the carbon fiber flocked surface, 
thereby demonstrating that electrostatic carbon fiber flocking is a promising method for forming a black sur-
face with very low reflectance. Considering the result of the estimation of pile length, we examined the 
difference of reflectance values between flocked surfaces using two kinds of carbon fiber pile. 
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Fig.1 Light-trap effect of carbon fiber flocked surface. 
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Fig.1 Light-trap effect of carbon fiber flocked surface. 
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2.  

Fig.2 Charged particles in an electrostatic field. 
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Fig. 3 A schematic of a device for electrostatic flocking. 

4.  

Fig.4 Method of adhesive application using a frame. 
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Fig.5 SEM images of carbon fiber piles: FT-200 and FT-300. 

FT-300 10.2µm (FT-200)

11.3µm FT-300

140µm FT-200 350µm FT-300

1.77 10-6 7)

5 SEM FT-200 FT-300
3.3  

20

1

6 FT-200

3

5

10 1/2

3

3 7

3 FT-200 FT-300

SEM

4

4.1  

FT-200 FT-300 50

E 

q q 
q 

q 

カーボンファイバーパイルを用いた静電植毛面の光反射率の測定（井坂　勉ら） 119 (29)



6.  
Fig. 6 Relationship between the number of voltage application 
and the amount of flocked carbon fiber piles. 

a FT-200 SEM b FT 300 SEM

7.  FT-200 FT-300 SEM ( 250) 

Fig.7  SEM images of surfaces flocked with FT-200 and 

FT-300 carbon fiber piles. 

8.  

Fig.8 Device of reflectance measurement of regular reflection. 
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Fig. 9 Reflectance spectra of a diffused reflection of a black-paint 
coated surface and a surface flocked with FT-300 piles. 

10. FT-200 FT-300
Fig.10 Reflectance spectra of a regular reflection of flocked
surface with FT-200 and FT-300 carbon fiber piles. 

(a) 2.5µm          (b) 5.0µm 
11.

Fig.11  Histograms of reflectance values of regular reflection of 
flocked surface at wavelength of 2.5 µm (a) and 5.0 µm (b). 
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1.  
Table1 Average value and standard deviations of reflectance 
values of regular reflection. 

 (%) 

(µm) FT-200 FT-300 FT-200 FT-300 

2.5 0.104 0.078 0.006 0.010 0.18 

5.0 0.104 0.078 0.005 0.009 0.28 

10.0 0.151 0.129 0.040 0.007 0.95 
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Fig.12 Reflectance spectrum of diffused reflection of black
paint coated surface and flocked surface with FT-300 piles. 

13. FT-200 FT-300
Fig.13 Reflectance spectra of diffused reflections of flocked 
surfaces of FT-200 and FT-300 carbon fiber piles. 
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14. 

Fig.14 Histograms of reflectance values of diffused reflections 

of flocked surface for the wavelengths of 0.2 µm (a) 0.5 µm (b) 

and 1.5 µm (c). 

0 . 4 0 . 6 0 . 8 1 . 0 1 . 2 1 . 4 1 . 6 1 . 8
0

1 0

2 0

3 0
F T - 3 0 0
F T - 2 0 0

0 . 4 0 . 6 0 . 8 1 . 0 1 . 2 1 . 4 1 . 6 1 . 8
0

1 0

2 0

3 0 F T - 3 0 0
F T - 2 0 0

0 . 4 0 . 6 0 . 8 1 . 0 1 . 2 1 . 4 1 . 6 1 . 8
0

1 0

2 0

3 0
F T - 3 0 0
F T - 2 0 0

0

1.5

0.5

1.0

0.2 2.51.0 2.0µm

FT-300 FT-200

0

10

2

4
6

8

0.2 2.51.0 2.0 µ

FT-300

カーボンファイバーパイルを用いた静電植毛面の光反射率の測定（井坂　勉ら） 121 (31)



2. 

Table 2 Average values and standard deviations of reflectance

values of diffused reflections. 

(%) 

(µm) 
FT-200 FT-300 FT-200 FT-300 

0.2 0.90 0.51 0.059 0.058 10.76 

0.5 1.01 0.61 0.060 0.048 3.53 

1.5 1.42 0.84 0.084 0.056 3.32 
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15. 

Fig.15 Histograms showing carbon fiber piles lengths. 
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Fig.16 Amount of flocked carbon fiber piles on the substrate. 

17.  FT-200 FT-300

Fig.17 Pile density of flocked surface of carbon fibers: FT-200 

and FT-300. 
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