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Study on the Tensile Strength of Oxidative Permanent
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ABSTRACT

In this study, we compared the stress and tensile strength of the hair treated with oxidative permanent dye with those of
virgin hair. We investigated the fine structure of the hair section after the tensile test using scanning electron microscopy.
The tensile strength of the virgin hair was measured as 14.66 g/lcm?, tensile energy was 108 erg/cm?, and the maximum
stress was 146.64g. Those of the dyed hair were 13.69 g/cm?, 89.62 erg/cm? and 136.90 g, respectively. The differencesin
the tensile strength, the tensile energy and the maximum stress were —0.97 g/cm?, —18.38 erg/cm?, —9.74 g, respectively,
which showed that the dyed hair had less elasticity and strength than the virgin hair. In the scanning electron microscopy
investigation of the damaged hair after the tensile test, lift-off of the cuticle outer layer were shown in both virgin hair
and dyed hair, which was more severe in the dyed hair than the virgin hair. Adjacent cuticular cells of the cuticle layer
were separated by the destruction of intercellular membrane complex. The macrofibrils were exposed and separated from
the cortex torn by tensile strength.

Keywords : Dyed hair, Tensile strength, Rheometer, Scanning el ectron microscopy
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Fig. 1. Stress strain curves of oxidative permanent dyed hair. The
result of tension tests obtained using 10 measurements of permanent
dyed hair samples.

Table 1. Mechanical properties of virgin hair and permanent dyed
hair after tension test

Peak Sample . Tensle  Tensle
Name stress height Dziarg)c € energy strength
9 (mm) (erg/em?’)  (g/lem?)
Virginhair  146.64 1.00 12.29 108.00 14.66
Dyed hair ~ 136.90 1.00 11.34 89.62 13.69

zuke 77k 12.95¢g/cm?, 12.61 glem?, 11.43g/cm?e = 1JE}
wow g wuke g St ZotEes ATt Es) 7
23k o= wwsls

B AFelA °§:r‘§*ﬂ—‘§'—
Lee & Chang(2008)¢] ®.17
o 0.74g/cn? 2 Ho= urgp;b:} o) 9}
A o] o FPM T QA= Uk
o] A= AMEEE ASAIRE R A3
Aol mAle] el Al S ofstA| 7] Qle] 15}

A= 2 Ak A e] o) 3l gs I AA
A me] F2E of3HAIT|H, FEIFH Eol| £A4Fo] Dot
A M) AlZAe w@e -8 3 A5} (Bolduc & Shapi-
ro, 2001), =k 22| 2] 3}stFx7} WslE o] A FAA|A
v el #3ksA kg =l

717d mHke] <IAFA el A ‘”‘“’]
A7MA S s 1229mmz S =9l
A1A} ZAol= 11.34 mm= 7471"331113} A& ZAol7k 0.95
mm %> 7 o2 et o]e} o] oI kel 1At
% A7 mEe g2 A dRAe} 2k Izl o
AL Abelo] Bhetub-gof oA wibo] wFHAE A}
’Q_L} AL u|gt. o7 PRAE p-diamines} p-amino-
phenol A& 7HA 32 glom o] AiE-Ee] HAkspa (hyd-
rogen peroxide)el] Js|A AkslE o] F7HAHE- (intermediate)
2 ZAsiEn. o3 FAbE Bkl qtFor Z&o| &}

;'L
NS“~
=
= o
il
1'1::
z
~ 1o
o
ol
o
=

Al lﬂo{ {—-o—]x]7] ;<I

a oa]:'r o 20 UHLO]

|

\:



342 Korean J. Microscopy Vol. 38, No. 4, 2008

= =

|

- e o[y g
nor-tensil 15.0kV 11.8mm x600 SE(U) 6/11/08

Fig. 2. (a) Scanning electron micrograph of avirgin hair shaft shows imbricated cuticular scales that the edge of the surface scales appears round
border. (b) Scanning electron micrographs virgin hair after tensile test. The length of afractured section are measured about 1.7 mm. (c) Magnifi-
cation scanning electron micrograph of figure 2b shows lift-off of the scale. (d) Magnification scanning electron micrograph of figure 2c shows
ripped macrofibrilsin the cortical cell of the cortex. (€) High magnification scanning electron micrograph of 2c shows lift off of the macrofibrils.
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Fig. 3. (a) Scanning electron micrograph of a permanent dyed hair shaft shows sharpened scale border. (b) Scanning electron micrograph of a
permanent dyed hair shaft after tensile test. The length of a fractured section are measured about 1.3 mm. (¢) Magnification scanning electron
micrograph of figure 3b shows exposed cortex and lift-off of the scale. (d) Scanning electron micrograph of a permanent dyed hair surface after
tensile test shows respectively separated cuticle cells. (€) High magnification scanning electron micrograph of figure 3d shows the surface of hair

severely separated cuticle cells.
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