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Abstract

The anodic TiO, layers which are prepared in various anodization conditions exhibit their specific color
depending on the thickness of TiO,. In this study, the relationship between the color of TiO, layer, which is grown
by PEO (Plasma electrolytic oxidation), and the thickness of the TiO, layer is investigated. To evaluate the color
change of the TiO, layer, the value of color (dE*ab) is measured and calculated by spectrophotometer and chro-
mameter. As a result, it is found that dE*ab values and thickness of TiO, layers form a linear relationship with
meaningful formular. This formula can be helpful to quantify the thickness of the TiO, layer by the numerical
dE*ab values. In this process, the spectrophotometer shows more precise results than the chromameter dose. If
fluoride ions (F’) are included in the electrolyte, it will affect the dE*ab values of the TiO,. layer. This is against
the propensity, which is analyzed by XRD (X-ray diffraction) and XPS (X-ray photoelectron spectroscopy). It is
important that the formular suggested in this study provides other metals which can be also anodized with the
possibility of quantifying the thickness of the TiO, layer by the dE*ab values.
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Fig. 1. (a) Picture of instrument for eddy current
method for the TiO, thickness (pim) measurement and
(b) schematic image for the calculation of
AE*ab(=dE*ab) color space by spectro photo meter; A
is the target color, B is the specimen color and A’ is the
target color at the same lightness as specimen color.

Table 1. Chemical species and concentration of each
electrolyte.

Electrolyte Chemical species Concentration
A KOH 0.213 mol/l
Na;PO, 12H,0 0.014 mol/l
KOH 0.213 mol/l
B Na;PO, 12H,0 0.014 mol/l
H(CH,CH,0)nOH 2,000 0.0025 mol/l
KOH 0.213 mol/l
C Na;PO, 12H,0 0.014 mol/l
HOC,H,OH 0.161 mol/l
Na,Si0;°9H,0 0.004 mol/1
KOH 0.213 mol/l
D Na;PO, 12H,0 0.014 mol/l
Na,Si0;9H,0 0.070 mol/l
KOH 0.213 mol/l
E Na;PO, 12H,0 0.014 mol/l
NH,F 0.162 mol/l
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Fig. 2. Current waveform for PEO process; i, is the
applied current density and i, is the average current
density for PEO process. t,, and t; is the on-time and
off-time for the anodic oxidation current, respectively.

Table 2. Current waveform for pulse PEO process.

DC 140 V, 170 V, 200 V
Duty Cycle ton forr
Pulse
80% 80 msec 20 msec
(at. Peak 50% 50 msec 50 msec
140 V)
25% 25 msec 75 msec
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Fig. 3. The relationship between dE*ab values and
TiO, thickness (um) in terms of different electrolyte
types (Experimental I). Notice that A, B, C, D, and E is
the electrolyte type described in Table 1.
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Fig. 4. The relationship between dE*ab values and
TiO, thickness (um) in terms of DC or pulse current
(Experimental IlI): DC140, DC170 and DC200 are the
results obtained by DC current at 140, 170 and 200 V,
respectively. Current waveforms for pulse 25%, pulse
50%, and pulse 80% are described in Table 2 in detail.
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Fig. 5. The relationship between dE*ab values and
TiO, thickness (um), using electrolyte C at DC 140 V
(Experimental Ill) In order to obtain reliability of the
relationship, 5 different samples(#1, #2, #3, #4, and
#5) are prepared under the same anodizing
conditions.
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Fig. 6. The relationship between the thickness of TiO,
(um) and dE*ab measured in whole experiments,
showing linearity between two factors.
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Table 3. The formular describing the linear relationship
between dE*ab and TiO, thickness (um).

Color Model Formular
measurement
Spectropho- | CM- | dE*ab = 1.24 x TiO, Thickness
tometer 2600d (um) + 16.18
dE*ab = 0.8 x TiO, Thickness
Chromameter | CR-400 (Lum) + 22.44

Table 4. The difference of dE*ab values in titanium sample prepared in the electrolyte E at DC 140 V

dE*ab
Electrolyte Measurement |~ TiO, Spectrophotometer Chromameter
pomnt thickeness (um) Experimental| Database Value  |Experimental| Database Value
value value difference value value difference

P1 7.10 26.0 25.0 +1.0 29.1 28.2 +0.9

P2 6.80 25.8 24.6 +1.2 28.7 27.9 +0.8

E P3 6.80 259 24.6 +1.3 28.9 279 +1.0

P4 6.30 25.7 24.0 +1.7 28.7 27.5 +1.2

P5 6.90 26.0 24.7 +1.3 28.9 28.0 +0.9

Average 6.78 25.9 24.6 +1.3 28.9 279 +1.0
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Fig. 7. XRD analysis of the sample prepared in the
electrolyte E.

O1s

Ti2p

VM

1400 1200 1000 800 600 400 200 0

Binding Energy (eV)

Fig. 8. XPS analysis of the sample prepared in
electrolyte E.
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