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Abstract— The objective of this study is to investigate the efficacy of pomegranate hull colorant as a natural hair coloring dye.
The extract of pomegranate hull was concentrated and freeze-dried to get colorant powder. Effect of dyeing condition and mordanting
on the dye uptake of hair by using Al, Fe, Cu, Cr, Sn compounds, color change and colorfastness were explored. In addition, tensile
strength was measured and the surface of the hair was observed. Dye uptake of hair measured by K/S value (400 nm) indicated that
ionic bonding seems to be involved in the sorption of pomegranate colorant to hair. Maximum sorption was obtained at pH 3.5 and
the concentration of 50% (on the weight of hair, o.w.h.). Acidic dyeing condition (pH 3.5~5.0) showed yellow color however
alkaline dyeing condition (pH 7~11) gave reddish yellow color. Pomegranate hull colorant produced greyish brown color on hair and
the hair mordanted with Fe showed dark brown color. Mordants except Fe did not increase dye uptake significantly. Mordants except
Cu increased light fastness and mordants except Cr increased washing fastness level slightly. According to SEM observation and the
tensile strength retention measurement, the mordant dyed hair gave more damage to hair by ultraviolet light and washing than the
hair dyed without mordanting. Experimental results of K/S value and colorfastness(light and washing) supported that pomegranate
hull colorant without mordanting can be used as a semi-permanent natural hair coloring dye.

Keywords: natural hair-dye(hair coloring dye), pomegranate hull, mordant, K/S value, tensile strength, SEM,
colorfastness(washing, light)
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Fig. 2. (a) UV-Vis and (b) FT-IR spectra of Pome-
grante colorants extracted.
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Fig. 3. Effect of dye concentration (40°C/20min) (a) and dyeing time (40°C/50%(o.w.h.)) (b) on the dye uptake of hair.
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Table 1. Effect of pH on the L*, a*, b*, & HV/C value
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Fig. 5. Effect of mordant on dye uptake of hair(dye
conc.: 50%(o.w.h.), 40°C/30min, mordant conc.: 1%
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Table 2. L* a* b* & H V/C value of the mordant-dyed hair
H V/C L a b c h°
Un- 2.1Y 5.1/2.5 48.77 2.83 17.62 17.85 80.88

- AL da’ A’ 4¢C An’ AE

pre- 3.8Y 5.2/3.0 4.70 -1.63 3.59 3.40 2.00 6.13

Al sim- 2.8Y 5.2/2.5 4.21 -0.94 -0.04 -0.17 0.93 4.31
post- 2.6Y 4.6/2.4 -1.41 -0.79 -1.00 -1.10 0.64 1.90

pre- 5.2Y 5.3/3.7 5.41 -2.66 8.97 8.74 3.33 10.81

Cu sim- 3.1Y 5.0/2.8 2.19 -0.80 2.02 1.89 1.06 3.09
post- 3.3Y 4.3/2.8 -5.25 -0.57 1.96 1.87 0.83 5.64

pre- 8.6YR 2.9/0.7 -18.71 -1.19 -13.71 -13.61 -2.05 23.23

Fe sim- 9.3YR 4.3/1.7 -4.60 0.65 -6.90 -6.58 -2.19 8.32
post- 6.8YR 2.5/0.1 -23.12 -2.73 -16.80 -17.02 0.17 28.71

pre- 2.6Y 5.0/2.5 2.30 -0.76 -0.68 -0.78 0.66 2.51

Cr sim- 3.0Y 5.3/3.0 4.90 -0.59 2.90 2.79 0.97 5.72
post- 1.1Y 3.6/2.4 -11.86 1.25 -2.13 -1.83 -1.66 12.12

pre- 2.7Y 59/3.5 11.50 -0.01 6.87 6.80 0.93 13.39

Sn sim- 2.8Y 4.9/2.2 1.81 -1.20 -2.31 -2.45 0.88 3.17
post- 34Y 4.6/2.3 -1.92 -1.66 -1.47 -1.66 1.48 2.93

Table 3. Light and wash fastness of the hair dyed with colorants extracted from pomegranate hull

Irradiation time(hr)

Number of washing

5 10 20 40 1 5 10
Unmordanted 3/4 3/4 3 2/3 4 4 3/4
Al 4 3/4 3/4 3 4/5 4/5 4
Cu 3 3 2/3 2/3 4 4 4
Post-  Fe 4/5 4/5 3/4 3 5 4/5 4/5
Cr 4/5 4 4 3/4 3/4 3 2/3
Sn 4 4 3 3 4 4 4
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