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Investigation of Estimation of Bleaching Damaged Human Hair

Using Electrical Impedance Spectroscopy
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Abstract: In this paper, estimation of bleaching damaged human hair using electrical impedance spectroscopy is
investigated. We proposed to estimate a damage of human hair by measuring frequency characteristic of its electrical
impedance. Human hair was modeled as an electrical equivalent circuit, and changes of circuit parameters were
investigated as an index of hair healthiness. We performed some experiments and found that the tendency of a circuit
parameter change of damaged hair was obvious more than that of normal hair. We also measured the breaking stress of hair
in terms of hair healthiness. By comparing these results, we found that the proposed method could distinguish bleaching
damaged hair from normal hair by observing change in frequency characteristic of hair noninvasively.
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Table 1  Average mass of hair before and after treatment

Treatment Before After Difference
Bleach 0.9845 1.0080 +0.0235
Water 0.9920 0.9970 +0.0050
Nothing 1.0280 1.0285 +0.0005
(unit: g)
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(@) Detail of human hair (b) The system of bleaching
Fig1 Structure of human hair
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(a) Figure of the circuit  (b) Cole-Cole plot of the circuit
Fig. 2 Equivalent circuit which resistance and Constant
phase element are parallel
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Rubber

(a) The experimental system
Fig. 3 Figure of the electrodes and the system for the
electrical impedance measurement of human hair by the

electrodes

(b) The electrodes
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Fig 6 Change in Cole-Cole plot of human hair in original

condition
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Fig 7 Change in the resistance of human hair every different
treatment in the process of moisture absorbing
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Fig 8 Change in the capacitance of human hair every
different treatment in the process of moisture absorbing

GS2-2-6-3



6. EZOWEEE A BIERER
PR, BRI OFEZEEHIRE LT, LFOEWIZ X
DEEIE OB ZREL, BERA LV E—F U AETORE
BT 5.
6-1 BIEEH
LEFIDOREO 2% EET DO AN, R L
BRI LB 2 L7e. 852 1 AR LakiEdsh 7
WICHEZ DT, T30l ek s, EREE
Fig.9 IZ/RT. BEZMWE 5/ 30mm ORI %27 v 7 0
m CHeAEE Lz, Bdidmy TFCEEL, o~
v IICMEEMNT D, BENSWEWH LI LEOmELRY
(EJ-610, A&D)THIET 5. EEWHABIZIEZOERZ A
WEEBRICIVMEL, BEAMHTHDZ &2 RE L TH
Wi R ERTR OWHFE 2 BT 5. EEIRFOME % F,
MWW OB/ NG E A &35 LIS o 12 @)D X 9
ICHRED.
O'—K. (8)

FREN S 5 AT OMAEL IR, WE L EEE RS
5.

6-2 AIEHRELER

WIS % RO 7=k R % Table 2 (ZoR9. IS DFH D
Eee s & o AL 24T o T2 3RO J5 3 W I T MR ORE SR
L otn. BEDOMREET Cuticle & Medulla DREEITHEAE L
TWBA, L LBZIIBLAAIC X H0E%1T 5 & Fig.1(b)
IZ7R4 X 91T Cuticle° Medulla D Z /R 7R A T = M
WL, BEIA~FHET D Z LI L0 BENEICERNT
@0 —haEETLLE, ERTRLNEEEISAD
ZERIREABICL 20 THDIEEZLND. LLENDH
BB L > THEGICHEEZZITHEEREL LTINS Z L
EFMEICX ORI ENTEE, ERESEL DL
MHERA Y E—F L AEIZ LD HERE RSB ALEIC
Y 2BEOBEZMDL Z ENTE LA RENE. £
7o, WS OREIZEZEZWET 3, EXRA v E—F
VABITIERBETH Y , AFIRIIFRATHL EEX LN S.

7. FLHESHEDEE

AFETIE, BEOBGAHIZ L 2BEEOHGEE LTE
ZhETMMEL, BRA v E—F A EEZ AV TERZIT
7podfe. ETHEERHm O R & U CEREZOMEWTES T O RE
HREHIIT o 72, EBROMEE, EXA v E—F U REICK
OMELE L THELLEEZL, BELTWHWRVWBETOE
ZOBBKWFHEOHEZHRT A Z LN T, KFEITIHE
RERFMMEE LTAHATHL L2 RWELE. £22
OB E LTBES LT 203, SR%ITERRINA
AT =B/ A0 F DML L 548G L 2L, HiE
DESGNNZOVWTHRFT L TETHS.

LIFE2013 20134E9 A 2 H—4 H [LFL (LELKEE)

Hair
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Fig.9 Figure of the system for the breaking stress
measurement of human hair

Table 2 Breaking stress of human hair

Bleaching Water treatment
1 25.47 62.94
2 48.24 22.33
3 52.36 93.89
4 49.89 63.91
5 64.35 107.19
Average 48.06 70.05

(unit: MPa)
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