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Study on the Morphological Change of Straight Permanent
Waved Hair by Tensile Strength Test
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ABSTRACT

In this study, we investigated tensile properties and ultrastructural changes of straight permed hair using the rheometer
and the scanning electron microscopy. First, we compared the morphological characteristic between the virgin hair and the
straight permed hair after testing tensile strength. Cuticle cells were heavily lifted off in straight permed hair than in the
virgin hair. Cuticle cells were separated by the destruction of intercellular membrane complex and no destruction or dam-
age were found in cytoplasm. In the comparative test for tensile characteristic between the virgin hair and the straight perm-
ed hair, tensile distance of the straight permed hair was decreased by 24.5% or 3.05mm than the virgin hair. The tensile
strength was decreased by 34.63% or 5.62g/cm? and the maximum stress by 34.59% or 56.12g. As a result, the tensile
property dropped to the lowest level with the straight permed hair than with the bleached hair or the permanent dyed hair
of previous studies.
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A dubg o Algshs dloaEtd = o] Heo $hvt(Pdladi-
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rogen peroxide) = 7|&2AJ 2o 2 3}31 ¢lv}(Borish, 1997).
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Fig. 1. Stress strain curves of virgin hair. The result of tension tests
obtained using 8 virgin hair samples.
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Fig. 2. Stress strain curves of straight permed hair. The result of ten-
sion tests obtained using 8 straight permed hair samples.

Table 1. Mechanica properties of virgin hair and straight permed
hair after tension test

Peak  Sample . Tensile Tensile

Name sress  height DiStaNce  energy  grength

9 (mm (M) (ergemd) (gem)

Virginhair ~ 162.25 1 12.47 130.85 16.23
Sggr%'& hair  106.13 1 0.42 67.93 10.61

o AmelM TRAY 24 85geniel el 3 114
gom A AT HF A 1061gomie et

Table 12 A7}wxts} ~ed o) F muko] oA =] s}
< T3k 2EH o] E
737y mrkel w)sle} 24.5%7} FHAE|
o] <k 3.05mme] o]z} Vel A= 34.63%7) 7t
4a¥le] 5.62g/em>} 2okt w3, 2 wsee 34.50%7) 3t
&¥e] 56.12ge] 22 Zloz vepdo
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Fig. 3. Scanning electron micrographs of avirgin hair after tensile test. a: The length of a fractured section are measured about 1.2mm. b: Note
that ripped macrofibrils in the cortical cell of the cortex. c: Scanning electron micrograph shows lift-off of the scale. d: Magnification scanning
electron micrograph of circle in figure 3c shows lift-off of the scale. e: The hair severely separated cuticle cells. f: High magnification scanning
electron micrograph of circle of figure 3c showsllift off of the scale and cell debris.
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1A LAl
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Fig. 4. Scanning electron micrograph of a permed hair after tensile test. a: The length of a fractured section are measured about 1.45mm. b: The
shaft shows exposed cortex and lift-off of the scale. ¢: Magnification figure 4b shows lift off cuticle cells and exposed cortex. d: Fractured section
of hair shaft. e: The permed hair shaft shows cuticle fracture. f: Magnification of circle in figure 4e shows cuticle rupture. g : High magnification
scanning electron micrograph of cuticle cells shows the severely separated.
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