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Effect of anodizing time on multiscale porous structure
of Ti—Al alloy microchannel wall

Tatsuya OHMI™, Tatsuki YAMAMORI** and Masatoshi SAKAIRIT*

Effect of anodizing time on the multiscale porous structure of the inner wall of the microchannel produced in a
titanium alloy body has been investigated. The microchannel was produced by a powder-metallurgical process in
which a titanium-powder compact containing thin aluminum wire was sintered at a temperature above the melting
point of aluminum. During sintering, microscopic infiltration of molten aluminum into the porosity of the com-
pacted titanium powder and subsequent diffusion of aluminum into the titanium powder particles brought about the
formation of a microchannel lined with Ti—Al alloy layer in the sintered body. The inner walls of the microchannels
with uniform composition, Ti—18.0(£1.8)mol%Al, were provided for anodizing experiments. When the anodizing
time was in the range from 1.8 to 28.8ks, the structure of the anodic oxide film was nanotube array. Each specimen
had a microchannel of several hundred micrometers in diameter, inner wall asperity of several ten micrometers in
size, and nanotube array structure of the anodic oxide film. In the specimen anodized for 59.6ks, on the other hand,
the nanotube array had changed to a different structure resembling that of nanoporous metals produced by dealloy-
ing.
(Received April 20,2017  Accepted June 16, 2017)
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Fig. 1 Schematic representation of the microchannel forma-
tion mechanism in the Ti—Al system.
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Fig. 2 Heat treatment patterns for sintering of the powder
compact specimens.
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Fig. 3 Preparation of the specimens for composition analy-
sis by FE-EPMA and anodization.
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Fig. 4 Typical structure (back-scattered electron image) and
aluminum-concentration profile in the lining layer formed
under heat treatment condition A represented in Fig. 2.
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Fig. 5 Typical structure and aluminum-concentration profile

in the lining layer formed under heat treatment condition C.

Table 1 Specimens and conditions used for anodization ex-

periments.
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M5 B 16.2 28.8
M6 B 19.7 57.6
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Fig. 6 FE-SEM images showing multiscale porous struc-
tures on the microchannel wall in the specimen M2 after
anodization for 3.6ks. (a) Microchannel, (b) asperity of
several tens #m, and (c) nanotube array.
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Fig. 7 Structure near the microchannel wall in the specimen
M2 after anodization for 3.6 ks and the nanostructure on the
gas-pore surface indicated by the arrow.
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Fig. 8 Effect of the anodizing time on the area number den-
sity of nanotubes.

M3), 288ks (FAEIMS), B X U57.6ks GLEIM6E) 2B W
TR L 72 B R LR I O 416 % 7% 970 Fig. 9(a) 1Z/R L 72
AUEEM3 Clx, RIS ) F 2 — TREEIBIR SN, —
#, Fig.9(b) IZRL7ZRARMSTIE, 7/ Fa—T7HE0E
IR L T b oo, KT 4 A7 —IROZEEI L
IR L TWA, [[EED ™Y 4 A —IRDZEREIX, TV I=

LD E VIR T 2 7V I FEBEICB VT L%
SNTWD ™Y i, BRI B O S BT
1, BB A ERTE T T/ R — T A& DOIRGE
JE L BRI B B EEERESSI DA 2 LT, EEES
BB ND, 22T, F/Fa—TRF /Lo
7oA B B ORE R L = v D PSR AR 12 X 5 g
DEDPEL D L, BIREPENLETHERE LTHRAZ LI
%5 TV FEBEORE, 74 X0 — RO B
T 5 L VBET ORGSR E 25 P 512, B
BRALSIEIC L o T, 20 &) BRI/ E L TERD S/
TP AN—HBHET B EBEE ST P, Zoz
L, BN B A R ERITI 721 T {, ERREMT
DREROERBE 2 HIMT 5 2 & C, %/ #EiEok
WA REE 0 B 2 L AIRL T A,

Fig.9(b) OF /) Fa—7T7 LA DEE, 714 AH—IRD



=

JILM 67 (2017. 11)

Fig. 9 Change in nanoporous structure of the microchan-
nel wall surface with anodizing time. (a) Specimen M3
(ta=7.2ks), (b) Specimen M5 (1,=28.8ks), (c) Specimen
M6 (1A=57.6ks).
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Fig. 10 Structures of the microchannel wall surface in
the specimen sintered with heat treatment pattern A and
anodized for 14.4ks. (a) Asperity of several tens um, (b)
nanoporous structure.
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