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Abstract: In this study, we investigated the effects of oxidative permanent hair coloring agents on the dyeability and the

damage of human hair. p-phenylenediamine and toluene-2.5-diamine sulfate were used as a hair coloring agent precursers. The
degree of dyeability was checked by the change of CIELAB L* value according to dyeing time. And the damage of hair was
evaluated by the tensile strength and morphological change of hair in SEM. When the hair was dyed, the CIELAB L* value
was decreased with dyeing time regardless of the type of precursers. But when the hair was dyed after nutritional treatment,
the CIELAB L* value showed lower level. This means that the nutritional treatment covers the scale of hair and protects the

hair from the chemicals.
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Figure 1. Bleaching process in this experiment.
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Figure 2. Color of hair according to the number of
bleaching.
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Table 1. Hair coloring ingredient

Agent Major Ingredients pH
Hair dyeing p-phenylenediamine, 0.5g 9.0~10.0
agent toluene-2,5-diamine sulfate, 1.0g '
Oxidizing
6% Hy0,, 60g 3.0~4.0
agent
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Table 2. Changes in whiteness(L*) according to dyeing time
‘Whiteness Dyestuff Base 15min 30min 45min
P 54.80 27.48 17.29 1.48
L T 54.80 15.29 7.63 4.87
CP 54.80 28.44 14.03 0.60
CT 54.80 22.39 8.13 4.2

Base: hair bleached 4 times
P: hair dyed with p-phenylenediamine
T: hair dyed with toluene-2,5-diamine sulfate

CP: hair dyed with p-phenylenediamine after nutritional treatment
CT: hair dyed with toluene-2,5-diamine sulfate after nutritional treatment
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Table 3. Variation of whiteness(L*) according to washing
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virgin hair?} bleach&

Whiteness Dyestuff ‘Washing Virgin hair 15min 30min 45min
base 27.48 17.29 1.48
P lday 30.20 20.68 6.66
2day 31.12 21.28 13.37
base 15.29 7.63 4.87
T lday 23.56 18.42 10.42
I’ 2day 54.80 29.28 21.98 10.7
base 28.44 14.03 0.60
Cp lday 29.43 16.84 5.11
2day 31.28 23.42 13.1
base 22.39 8.13 42
CT 1day 26.32 14.21 9.11
2day 30.09 15.74 10.63

base: hair bleached 4 times
P: hair dyed with p-phenylenediamine
T: hair dyed with toluene-2,5-diamine sulfate

CP: hair dyed with p-phenylenediamine after nutritional treatment
CT: hair dyed with toluene-2,5-diamine sulfate after nutritional treatment
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Table 4. Tensile strength of hair according to dyeing time

Tensile Strength(N)

Dyestuff
Base 15min 30min 45min
P 1.248 1.069 1.019
T 1.218 1.210 1.118
1.473
CP 1.364 1.360 1.212
CT 1.370 1.326 1.301

Base: hair bleached 4 times

P: hair dyed with p-phenylenediamine

T: hair dyed with toluene-2,5-diamine sulfate

CP: hair dyed with p-phenylenediamine after nutritional
treatment

CT: hair dyed with toluene-2,5-diamine sulfate after
nutritional treatment
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Figure 3. SEM of hair dyed. (a) virgin hair (b) bleached

Figure 4. SEM of hair dyed with p-phenylenediamine.
(a) bleached (b) dyed for 15min  (c) dyed for 30min
(d) dyed for 45min

Figure 5. SEM of hair dyed with toluene-2,5-diamine sulfate.

(a) bleached (b) dyed for 15min
(d) dyed for 45min

(c) dyed for 30min
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Figure 6. SEM of hair dyed with p-phenylenediamine after
nutritional treatment.

(a) p-phenylenediamine dyed for 45min

(b) p-phenylenediamine after nutritional treatment dyed for
45min

Figure 7. SEM of hair dyed with toluene-2,5-diamine
sulfate after nutritional treatment.

(a) toluene-2,5-diamine sulfate dyed for 45min

(b) toluene-2,5-diamine sulfate after nutritional treatment
dyed for 45min
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