. 278

it g 3

$% & $8 Tetsuto-Hagané Vol 90 (2004) No. 5

HZHRHE L ATEAMF 2 O ROXTREDICEITS

MEEEORE

R WY& EE M BEET - RE R B M0 - e i)

Improvement of Discoloration Resistance of Vacuum Annealed Commercially
Pure Titanium Sheets in Atmospheric Environments

Kazuhiro TAKAHASHI, Michio KANEKO, Teruhiko HAYASHI, Izumi MUTO, Junichi TAMENARI and Kiyonori TOKUNO

Synopsis

wE

: Titanium has been applied to roofs and walls of buildings. It is known that titanium used as architectural material discolors in atmospheric

environments. This discoloration is mainly caused by interference color due to the growth of oxide film on the surface of titanium. Authors
have proposed a discoloration mechanism, in which TiC begins to dissolve by acid rain, turning into an oxide, and an oxide film grows. In
this paper, the formation and reduction mechanism of TiC was examined on the surface of titanium cold rolled sheets finished with vacuum
annealing. An atomic bond between Ti and C in cold rolled sheets was detected with XPS, and it was found that C is unremovable by de-
greasing process. A large amount of TiC is formed on titanium surface vacuum annealed at lower temperature than 600°C. In this case, a dis-
coloration index is as large as 25 after a discoloration accelerating test, in which titanium sheet is immersed in sulfuric acid solution for sev-
eral days. On the other hand, when TiC is reduced with raising the vacuum annealing temperature to 650°C, C on the surface area diffuses
into the inside of the titanium sheet and the surface C concentration decreases. Consequently, the discoloration index also decreases to one-
third of that processed with lower annealing temperature. In addition, this modified annealing process was confirmed to be effective uniform-
ly in the commercial large sized cold rolled coils. The discoloration level is equivalent to that of the polished surface titanium.

Key words : titanium; architectural material; titanium carbide; TiC; acid rain; discoloration; cold rolling; vacuum annealing; annealing temperature.
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Fig. 1. Manufacturing procedure of vacuum annealed titanium coil and roll-dull surface finish.
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Fig. 2. Vacuum annealing conditions of sample code VA,
VB, VC, VD, and VE.
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Table 1. Immersion condition as accelerating discoloration

test.
Solution Sulfuric acid solution, pH3.0 or 4.0
Temperature 60°C (333K)
Period 3,7 and 14 days
2.2 ZeEERR

EREZeRstii VA, VB, VC, VD, EHHAEBT A LB
EOWHER O Z @I RER L Table 11ZR TR TEiEL
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HiRET A AR L2, pH3.01Z &k B {EERERIZ LD
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KYATEIZPRIE L 72 F &4 ¥ B 50mmx25 mm % 2iE L TE
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Fig. 3. Effect of vacuum annealing temperatures on color
difference after the accelerating discoloration test
(pH 3.0, H,S0,, 60°C, 3 and 7 d).
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Fig. 4. Effect of skin pass rolling (rotl-dull surface finish)

on color difference after the accelerating discol-
oration test (pH 3.0, H,SO,, 60°C, 7 and 14 d).
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Fig. 5. XPS spectrographs of as cold rolled titanium surface.

Table 2. Relative concentrations of C, O and Ti with XPS,
and existence ratios of metal Ti, TiO and TiC on
as cold rolled titanium sheet.

Relative concentration (at%) Existence ratio # (%)

C o] Ti Metal Ti TiO TiC
Sputtered for 6.3min 14 33 53 113 62.3 26.4
Sputtered for 18.5min 13 28 59 30.5 475 22.0

# ; These ratios were calculated from concentrations of C, O and Ti, assuming that
titanium exists as metal Ti, TiO and TiC on as cold rolled titanium surface.
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H,S0,, 60°C, 3 d).
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Fig. 11. Depth profile of titanium concentration with GDS

of sample VC, vacuum annealed titanium sheet.
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Table 3. Depth of carbon rich layer on vacuum annealed ti-
tanium surface.

Sample code Depth of carbon rich layer # (4 m)
VB 24
vC 54

# ; The depth at which carbon concentration decreases from titanium
surface and reaches to 0.005mass% with GDS .0.005mass % is the
same as carbon concentration of base metal.

30
H2S04, pH4.0, 60°C
Sample VB ; @ dotted line

2 25  [|Polished ; O
*uJ The others ; 9 portions (Edge, Quarter & Center in
] width of Top, Middle & Bottom in length) of 5 coils.

. 20 =
] 4—--‘&;

c .-

e 5 S _ . Sample VB
®

b=

5 Nine portions of five Polished
§ 10 [ manufactured strips \ N

3 »

(]

5
O 1 Il
0 5 10 15
Test period (days)
Fig. 12. Color difference of several manufactured titanium

coils after the accelerating discoloration test (pH
4.0, H,S0,, 60°C, 3~144d).
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