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Effect of Surface Condition on the Anodizing Behavior of Titanium

Shiroh KITAYAMA, Yoshiaki SHIDA and Jun'ichiro MURAYAMA

Synopsis :

The influence of surface condition on the anodization coloring behavior of titanium has been studied. It
was found that uniform coloring was observed on polished surfaces while multiple coloring was observed on

pickled surfaces.

From the relationship obtained between crystal orientation of base metal and anodized

film thickness, it was concluded that the film growth was faster on prism surfaces and was slower on basal

surfaces. It was also confirmed by in-depth analysis of anodized surface on Ti alloy that the film was of

inward growth type.

Key words : titanium; nonferrous metal; anodization; surface condition; diffusion; oxidation; surface

analysis.
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Table 1. Chemical compositions (mass% ).
TP. No. Specimen C H (0] N Fe Al Mo A Ti
1 Cold rolled 0.008 0.0030 0.108 0.0064 0.053 — — — Bal.
2 As cast 0.003 0.0005 0.062 0.0077 0.070 — — — Bal.
3 As hot rolled 0.005 0.0011 0.310 0.0060 0.210 — — — Bal.
4 As cast 0.007 0.0005 0.110 0.0070 0.060 7.80 1.10 1.08 Bal.
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Table 2. Anodizing condition.

Electrolyte 10 vol % H3PO4+ 10 g/1 Dextrin in distilled
water

Voltage 15~95 V

Counter electrode CP titanium sheet or SUS304 stainless
steel sheet

Anodizing time 30~1

Temperature RT

Table 3. Surface-finish condmons before ano-
dizing.

TP. No. Surface-condition
1 (D Wet paper polished @ Paper polished and pickled
2 @ Mirror polished 2 Mirror polished and pickled
3 () Mirror polished (@ Mirror polished and pickled
4 @ Mirror polished (@ Mirror polished and pickled
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Photo. 2. Color micrographs of anodized cold
rolled Ti sheet (TP. No. 1).

WAL -BEEEPOBROER L L, ZOREE
EroBEohsEERS & (4)RCEEEREEZRAL
THELNLHEREER  OELXEBEERSFEL LT
RE L7, SHEAEEL Table 4 IC/RYT. T v F 7
D RBEFHEIE G 52~89% & BHIEM OFBIIFED 32~
50% LD KTH o7,
3-4 BERLEBE: (%8) CRETHRREAOR
=

3:1 RO 32T o F v rikGERILT S E, BIL
RIEOBREI R L > TREDZEEHLMICLL
A, FOBRRBEMENOZBLEHEESNL. £2T,
AR OB % 45~95V THBERL L, BRLRBE s
DEVWVERUTEVHEICOWVWT, X BERT Y LK
AT HRET A L ERAT

K v TBIER% Fig. 8 18T, BEER{LEE
Eah A, BEESOBEWEICHANKEICE
WEHTH B I EAHB L.

&5, BIERE LV, KEBRR OSERIBA 3L T
WAIEHEH, R UAEBIERL T A EERETE

Anodizing voltage,V

20 45 70 95

As mirr- ||
or poli-
shed

Mirror

polished
and

pickled

Photo. 3. Appearances of as cast Ti anordizing
(TP. No. 2).

Anodizing voltage,V

20 45 70 95

Rolled
plane

Trans-
verse
cross
section

Photo. 5. Color micrographs of as hot rolled Ti
plate by anodizing (TP. No. 3).

— 344 —



F 5 v OB i REREOKE 1203

15V

Photo. 4. Electron micrographs and diffraction
patterns of anodized Ti oxide film (TP. No. 1).

Table 4. Anodizing efficiency (%) of Ti in
phosphoric acid + dextrin solution.
Anodizing voltage [ V] Paper polished Pickled
20 32 92
45 46 52
70 50 73
95 48 89

thick thin

sV O ° 1010
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9%V 0O | ]

Fig. 8. Effect of crystallographic orientation on
anodized Ti oxide film thickness (results of X-ray
raue method analysis of TP. No. 2).

EHICEALZEE 2 2hFhy 7 FEBERBERLL
7o, BUENOESHEE Fig. 9 12, BWE{LED I 2

wHlhiE Photo. 5 17K Y. KT K USRI AML T
WBIEETOREIISHBE L > TWDOH L, AHE

AYEEAE LT\ 2 I3 HE 7 1) B OV BE T (2 T8 A 7 18T D &G Sk
BINTHE—OFRET, L2rLSFEREOEVEBEE X0
B rFE—mE ko7, TOEBREEN,S, HEIIREG
BHESZHTHAHZ &R S .

3:-5 FACRLOBEREEBEOTEIIBR
Ti-8Al-1Mo-1V & * bW EEfL L, TR E %
SIMS TILEGH L 7. BGBERLRZIE OB 5 0 53 hrhs

Fig. 9. Pole figures of hot rolled plate (No. 3)

(numbers in figure : indication of diffraction

strength).

% Fig. 10 \[ORY. MA@ RE, TEORE O
DHERLE O, Al Ti, VEUF Mo D 2:Kk4 4 5%
Bz —ETh o7,

4. % £

M L EORR R E, KEOHEBEBIZEIZOWT
KEF L 7ok R 2 iR 5.

MR LR O R A%, 3:5HD Ti-8Al-1Mo-
IWVWOTLTEMMBERL L EIEETL, RICEBEOK
BN HFRETHNE, EBESDBESHIZENLS H
Bz B - 141 TR A © R IR R 0] A > TIlED LA D
LENBETTHABEY, BIE—ETH-72ZEhOEED
KEGHNTREREEZ SR, F5 > OB {LEED
R BEIEBEAZRL AT BB TAZ L I0LS
LEHRTED.

— 345 —



1204 % oL M H77H 099 BT F

@ M v Ti Al
X100 %10 X100 X100 X1000

900 2007 3007 2007 500
800

400 1
700
600 2001

3004
500

100 -1 1004

400 -]

200 4
300 100
200 1004 \
100 +

0

———

0.0 5.0

10.0 15.0

Sputtering time,min

N;* 15kV 100nA Sweep area : 4%
Fig. 10. Results of titanium oxide film analysis by SIMS (TP. No. 4 : mirror polished).
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