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1. 1. REHNOTZOOERR~A 70 )T I X —

BIE, MERIERRALCAL R O AT B OB 21X U & T Dk~ 7B BT
MESCERBEDBEANC 2D D0 d D, i b DR~ THix 738 TF
TETERELAKREZRZTLEEZONTVWSONMBETH D, Ml &1, HE
DIEDIISIEE 2D 2 HE 2 FFO>WETH Y . BTG OHIR TELL
RNHLDTHD, 2 ThH, BREOMRAE « OISR Ol 2 BREE it & o
Bl ziE, HEIBEOPER A A b D REERILY - ERBIEWITERTER OJR
KL 22D, =il V& WD Z L TS 20 -BENTHZ LN TE D,
SOt L X EAe. B YU A NI U LADLIRDETH D | RILKFE, —
ik F, ERWBAW O —FEELBILE LTS 2 L TRELT S, Fo, HiER
BIEALDOJRE OO E DL NDbILTWND LRBEFEIE LTAZ L ROAHZ )
— NV EGRTHHMNEH ZEDTND 23, GRS NI-WE 2 REHC A L
TEORFRE LTHERAT L ENRTE, Fiilafbahehicb 28k & LTiE
HEHEDTWD, INDDOARKISITIE = 7 VIRl (X 2 AR o8k
fibfi (A& 2 —VER) BHVWLND, oMz, @ {bF & > & A il
BESO . ARSI ISR L S AT 5D O & 1 S B ABEE 1R 5 25 9, UL ED
BIOX I L THOWON TWAERBIIASK TR = v I VEDO RV 4
BARZW, LEEBn> T, b ORDERBIZED D EMERE DY) E DR
fish it % 10 250 2R OB BE S B il I HE AR 0D BR 28 03 & 732 BR B R 0 1 R R R oD iR
~OEBEREENZET 5, MBSO @RI OT- DX, KISY & it h 5
fih 9~ 2 K FE & etk U ERIBERIE 21T 5 2 EDRNETH S, fEROS I3 fil
W& FROSDIERR L CWAE A TLMEZ B2, DFE 0 | Al & SOS»38
b 2 EENRE TITREWVZEZDORIEORNRIT LAY . BERICTIEH
2 Il B ORI D72 N D, E 2. ALERS TIERS SR X - T,
HEERY) & 1T B DA % 4 CHEIBOGS LIELIERED . 2 OFEISES Z
Hl9 5 7=02id, BUSH O BHSCRSIRE Z FEEICHIET 5 Z L NEETH 5,
ZORIBBENG, T, ~A 70U 77X —LMEEIND G ER S
“Cl/\g) 5)-7)O

~A v YT =3 ~vA 7 aF v RV EMEEINHRERE I D um~
BE um OWMEEERISEE L TRAT 2/ NLORKISHROZ ETH D, MIVET
DFJSBRIRE L 72D T2, HERGAH T, HEISC T, HEETLHREEITOD
FOSMARETH D, Fiz. HBHR TGN TE 20 THESCEBEIRMEZ EOfER
EEIMISTOERITI ZENTED, &6, ~A 27 U7 7 ¥ —Ik
GORERHBENRREWE W) AR > TWDE, ZORENL, ~A4 277
72—, BRERNEBESRIENSRS THY . -, BEmNEST 5 RH



RECTORISHIRATH D, LWofittEa b o Tnsd, £70, —RIHIE
IZ~A 78 A — FVAT—)LOFRENTIIMNRD A — VA7 —/L TOZEHE) L
FRR o2 A RS ZENMLNTWDS D, BliE, REBEIDN/NEINTZDHIZ
VA I NVAEPMEL 2B 2 &0, T U RAVANOTIVUIEIRIZ R 5, —H,
JEBCEEBE N E L 72D & & BICEMERENRE 25720, KIS DOIRABT D
LI ZELSTHIENTES, ZHITEY ., G2 B ICHIE L oo
M2 T2 N TE D, I 6, BERIBERIEIC X > TS EREDOH]
FRFEEL 720, B CTEWINERZERT LN TE D, 51T, A—F
IV A — )L DG TITE 2 0 5720 T2 BRSO RUS A G T & | R AR AHE
TholemiE s E W2 EIR LAY, BELTCTERMZRLZ LR T
XMoot KNE~OHEA LG TEX 5, Lo NSL, v~ 7 a7 o
—I%, MBESSICRE TH D LB X BTN D,

ek, ERT v REzBELESGA, B—0O~A 27077 2 —TIEHHOD
R e RENZAEFET D Z EIZIEMN RS, TN 77 o7 LN D
2RO~ A m )T 72 —LEE T D FIETCREAERE - KREBEAE~OHEIG
bAEREE D, WERMOT T VRO LD A Tr— VT v I XD REE
PE « KEWAEFE~O@EA L R0 RBRIEE L FEOBENR—TH DD T,
BRI O M 2 X NHIRA FTRE TH D, Flo, R, v~ 777
H—TENEICHGEE W EOBEN S RRFELEOMNMIEAE LW EE %
HITERD, EFETIE, AEABRBUSIARER I D X9 a2 A7 K6
BNLT R BRSSO HNWD oD~ A 71 )7 7 2 —H 93D
2D2hbH, o, BEFEMAS~OKFHBIZE~A 70 77 X —FEH I T
% Dy ROSHIO@EAIZ L > TEMEDOKFZEEZSED Z LN TE, BREFEMIZHE
DI TW DI & > THER —BLRFEOBREREEL DR TED L0 ) K
MWHLNLThD, 6T, WETIE, —BLRBEREREZHBH LAY ) —
NEEBOCH~A 7 a )7 7 2—DRFEbLED LN TS, WZDLH7xZ &
mo, ~A7a 77 2= JMEF Lo eI U kxR CHEBE SN TE
D, HWFSE - BAEAED ST D 1919

DL~ Aa T E—OMEELTIEL, @, YVar, T,
Y IIvI, TITARAF v ITEREZLNTWD, L HTO~A 70T
2= TlE, BN TORG AT AR T T AF v 7 HDHWNNI 7+ by
F o T EOFERINTHENEZERTA LD TELY ) arNEL HWLRT
X7, LL., mETHEH, MESHOERR~A 70 ) 7 7 X2 —OBE5E
MIEEZEDTNDS 2029, <A 7 aF v RUEEICHRKT 5 @O R &
&IRMELOEWEMRE SR (Table 1-1 2M8) 1%, 3 LUWIRESUSSOW BN S %t
LTHMINRELZ — RO EEFREICT 5, S HIT, RUEIECSHA A



ERGICT D, THETHEHAE LTRSS TEZ8RE LTE, ATV
L 2§ 20220 Fe-Cr-Al &4 23)-24),77/1/§ =17 A 202D5 3 B A Meille 28 (3,

T &N M ~OMBED E EEICHOWCEEMIc L E2— L7, HRgE T35
Ftbikx ThHh D, Rebrov & 20 (X, BA T A MREEIZ X 5 E200W 55 fF I
DT ODAT VA~ A 70 )T 72 —ZONWTHELTWD, Aartun
523 (X, Ni E721% Rh il 2 v 72 7 e RSB USH Fe-Cr-Al 6@~ A 7
2 U7 7 H—CONWTHRTWD, F£7o, Pfeifer © 20 |3, PdZn filifit 2 HEF
LI NI =LA a YT 7 Z—ICLD AL ) —NIKEKRBEIZ DOV TR
ALz,



Table 1-1 Thermal conductivities of various microreactor materials at 300K.

Thermal conductivity
at 300K (W-m1-K'1)
Stainless steel 16
(SUS-304)
Nickel 90
Titanium 22
Aluminum 237
Silicon 148
Soda-lime 103
glass
Quartz 1.38
glass
Alumina 36
Acryhc 0.91
resin
Fluox.'lne 0.94
resin




1. 2. B a7k HEE~ A 7 aTF v RV T A =7 OREAR
BE, &RR~A27v )7 72 —08iEEE LT, EICHEEEBINT, &
TR F—E—LNTL, 74 by F 7 LIGA 7t R L 29303 5
NTW5, Zibicdb@md s TRAY Fig.1-1 10T, Bl21E., BEEEINT TIX
TV RINNRH A YEY NikA 7 EORE TR %2 W TRl 2 U & 72 130
THZEICE DV~ A— MNVAT—LOEEERT S, TRl ¥F—b—
DML —PF =B B — A7 ERMEHI RS U, 58429 2 BT B & ViR
BETHZLTYA 70 A= VAT —LOEEERS S, 73 by F
X, SR Y T2 D L RIRNE72 EOMMENR LT D 7 4+ LU R N EFEFZND
RIS 2 M B AT Ly BEAT T BB U CREOLES & 72 1B 0
HERELIEE, 74 FLURAMNEDORWRSET Yy F o TT5HZ LT
BA—RMVRAT—NLOWHEEEMT S, LIGA 71k XX “Lithographie
Galvanoformung Abformung” DS F% & > TAFTONTEHDTHY | Ji&
MBI ZRmICOE<BAL, 74— 7 XBERNTH TR —0 %
L5 L, BHHEIC L SRR LCeM 285G T 5, K7 et XTIkt
HREVEREOENT 4 —7 XFRIZE Y B ZTERT D Z ENAEETH D,
P bD X577 ATk, Figl-1 1R T Kol cEmn Lz HnT~
A7 aF v FVEERST S, LER-T, v/ 7 aF ¥ xR0 3B E
MK ZRITTH R IEIR DA 50K S Tt oo T A U v ROMFEET D,
Flo, REWERBREDMLER T r AL TREOZ W7 e A Tl3E=a X |k
MEFLTLED 39, ZNOOEEDL, AR TR 7L LT DMK
BENR~A 7 aF ¥ RV T m& R 40T FH LT,

Fig.1-2 |2 2 TiE OIS 2 =3, AR E 72 2 k48 (Body metal)
DEMENEHLIZ, AR IV OBAOBKVNERND 2= T
(Sacrificial core) % HLDiAx, MR ZHEHE 2 7 ORI LL E ORI THERE S
5, B TIZERE T A~ A 70T v o R ERIUBRICEE S LTV S,
JERM A D BERE R T et = 7 4@ (Sacrificial-core metal) I SJCAIICIRR@E L .
RFECPLH R & OMIEIC L o THRESRBMAA~ BT 5, ZO/E., BiEaT
MNILE BTN~ A 7 aF v VRN T 5, £-ARKT 08 AIZBWT
X, v A4 7 u8F v UXVEROBRIC, BESGRE BT EROAEREN~ A
7 aFx CXRVOBEBICIEKRT 5, BxIZZ0E8EE 74 =7 (Lining
layer) LPFEA TS, Tablel-2 12 ZHVE TR SN ARG R EBEE TSR
DA It Z 7R 4042

o7t AT, BT ORIRIZE Y ZREEMICAEBEZRBIRO~ A 7 1
F X O RNVERH, POZMHNERT D ERAREE 0D, 72, @BHE



EEANAL T =Dy ReAWEHBEBR~A 7 aF vy v
TERIEIZ BT 2098 49949 5 ST b,

WP a TIEORBIT, ~ A 7 aF v RV, BENDIKA T A =27
BRI T D EThHD, RIZ, T4 =27 EAKOHESE, &5V IEE5
IR T A = TREICHL 2 OBRE AR 1 5325 Z ERTEIUL, a7
JCHMNAREIZ A D, T2 IZZ oEEL TR~/ 7 e Fy o 274 =
YT EMHLTCWD, ZTORRMIE LTIE, Bz, HED 94913 Ni-Al 27
A=2TRET NIV —F 7L At dHZ & TRmICELLE Ni
ZIRR S E DI OV THE LTS, £o, /MRS 40491 CuZn 27 A =
v I ERALER S D VITESAEFERIICHA ST D 2 L TRIEICEILE R
CuZn ZRE&EEBMEE DOV THE LTV D, £, IS 4913 Cu-Al
RIA =T BET AV —F T E 0 AEEbT 52 & CREICEILE
72 Cu-Al REEER S/ A HONTHE LTS, L L, ZOHET
X, 74 =27 BOEERNIRE I, AaO L D 72k U< ik A K #
Thbd, ZDOXI7RGE., BWE 2B 21 T b btk s 2
A=V 7RBEMICERIEDL T ENTEL, FAx RN SIS ED Z &2
TEHLEZOND, BLHEAEMEHIZMNEME, matE, fllE s 28 820
HEPRDOHND, ZOLIRMHEERFOMELE L TTAIFTROFX=T%0D
SR ER ST 5 5052, RS 39X Ni-Al REE06R 574 =
7@ & iRt 5 2 & TREICT NV FREIEE R S E DRI OV Tl
LTW%, AWFETIE, @REFmICKAEEOKE REILE ORI % Bk
DL FEO—2 L LCHmERILICER Lz,



Table 1-2 Combinations of body metal and sacrificial-core metal.4)-42)

Body metal Sacrificial-core metal
Al Zn
N1 Sn
N1 Zn
N1 Al
N1 Cu
Co Sn
Co Al
Co Cu
Fe Sn
Fe Cu

SUS-304 Sn
Cu Sn
Cu Zn
Cu Al
Ti Sn
Ti Zn
Ti Al
Ti Cu
Cr Sn
Cr Zn
Cr Cu
Nb Sn
Nb Al
Mo Sn
Mo Al




Precision machining
Photo etching
LIGA process

— (LI =

Fig. 1-1 Conventional microchanneling process.

Body-metal

powder compact

[

Sacrificial core

Infiltration

Microchannel

Diffusion,
Reaction, Lining\layer

sacrificial core

Fig. 1-2 Schematic illustration of the concept of the powder—metallurgical

microchanneling process.

10



1. 3. BRIz L BT /) R —T AL DL

St b & IXEXLFIROSIC X 0 R FRmICEBLE L ER S E 5 FIET
bbb, ZDL XK LB RIEIC X o> Tl MEOm RN 72 E 32 L < 1k
T 5, TV =0 LEGREBLALEE L =7 v~ A MIZDOREFTHY . FiE
MG (UG, 05 oM, BHOMSHEONER, o x—
L7 L— RSB 22 IR IS FHO BN TV D, ZTOMIZHHIET L~ A b,
BWIEMET NV~ A M EEMFIE ST L2 H Y F, EifS 8 ToOFH
HLEW, Fim, TR =T AT X UEOEEITEY &M T TR L 21T
9 &, Figl-3IZnRT LI T /) R—F AEEEZAT HMRCEIEEZ R ST S Z
EMMTARETH D E V) Z ENH BTV D 5960 Fig.1-4 L7 /L 2 =7 LA DG
BALRED T ) K= T AMIED B A T =X LD 9T %, R O¥)— VR
A WAL IR S DGR (), Z i O VAFRER S ) — VAR D> & AR — Vs~ &
AT 2 DITHE S BRAL RO ML & s ey R oA (b), By b O—HD
T RT ~DRE ), SNAEAEEDSERK L EFIRT R T OEW, &
5 — DG B 2k CTAL B L2 T 7 R — T ZREERTR SN TV, 7
IV =T LD LI L AREDT ) R—T ZMUITBE T A 09813 < 0 BAT
bhTEY, FETIE, Z0F ) R—F A bEZ#§H & LRI LT
U A ¥ —Z BRI B2 Th T\ 5 6068 (ERlS N5 ) ) U A v —bkFHE
69, 40, {4, =y asL h DEZEIZDT. o TWD, il i
TIE, IS TN LS TIDEIRT ) R—F AEEEFTHT VI =T A
BRI\ 2 PR S B 2 AFZE M TN TR Y . JE A UHE B AL ¢
ENTWD, LERS>TZOFEICEY, v~ 7 aF v U RIVOWNEEZS /K
— T AEIE RO L S A TR T 2 Z E N TE 572D, T A itk
ELTHIAT D EICED, ISR EZRIEMICH LD ERAREE 725
EHIRTE D,

fb EAE R S 2 S 2 FIED —DICERBIEND D, T O IR &
72 B4 B O %5 /KSR I ARBER 2 208 S B 7R IS S H 5 2 & Tt
HARREICEZHFESE, TO%RBERSED 2 L THEEBRIEWIC L, &EZITK
FETRHOBIthERTT L2 L TEBMEZ BT HETHD, T
TN =y VAR 1908 « L b - 2 U T AR LAl 80 & fHEE X S
TR %, EOMDFEE L TIRENHERH D, ZOFHETEAES (B4)
FRTAR R BERR 2 2 S, T U MEIRIRE N2 % 2 & C, pH Zi% L7
MHHRICE (B4) Z2HEESEDHIETHD, ZOHIETIEH, Hb4e(A4)
ez KiRb4e (H4) I27 5 2 & TBLEHICRESER LB LT T bl
TWAHALIIA F v DRSS LN TE D, FRATICEPALHHES
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BHHFEE VR 5, SHIZ, boOEDRHIDFEL LT, itERH L, —
FEOBRA 4 v 25 /KBRS R 2 Z2E S, 7B VIR IRZ I 2
HZ LT, ERoOAF BB E LIRS, HESELHETHD,
D%, Wl BT 5 Z L CREEAERBIMIZT D, FE=TIIANTFTUY
LFRALW) R O A PR S & 20786 82038 %, T OHIER. EAE R il
EHEEIELIOICARTH D, Db, 2 HEEIE 5 HikE L TRERNR 3
O TFIEIZOW TR A2, Bl FEDAME bk~ 22 \ERER H D3, <A
7 aF v RIVNEESOMBER 2 B & T 254, IR CHEMEOE S %
Brid, (R EE 505 EE, BEEEVOBLENGEELI R, Z0kd, <A
7 BTy FNVRE~OMBEREREIERENRDE L TS EEX LD,
U EOBEND, AR TIIEERSRBICT NI = LAELIITF X U 2ZHNT
~AruaFxrrNEERL TONEEZGBRILT 5 Tvf/nTF v
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Nanopore

Barrier layer

Fig. 1-3 Schematic illustration of the nanoporous structure of the anodic

oxide film.

@ 0O © @
— LI
g U
Al

Fig. 1-4 Formation mechanism of porous aluminum oxide by anodic oxidation.
(a) aluminum oxide film was produced, (b) surface of the aluminum oxide
film shift roughly, (c) nanopores formed, (d) nanopores grew into nanoporous

structure. 65
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Fig. 2-3 Heat-treatment condition.
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Top view

Anode
(Specimen)

Cathode
(Platinum plate)——

Side view

Lining layer

\_

J
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Table 2-1 Effects of heat-treatment conditions on the formation of

microchannel in the case of 79.5 MPa compaction.

Sintering temperature | Holding time | Microchannel
Oks Not formed
773K 5.25ks Not formed
10.5ks Not formed
Oks Not formed
873K 4.5ks Not formed
9.0ks Formed

Table 2-2 Effects of compacting pressure on the formation of microchannel in

the case of heat-treatment at 873 K for 9.0 ks.

Compacting pressure | Microchannel
79.5MPa Formed
159MPa Formed
318MPa Formed
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Fig. 2-6 Back-scattered electron image near the microchannel produced in

the specimen pressed at 79.5 MPa (a) and the concentration profiles along
the line A-B (b).
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Fig. 2-7 Current change with anodizing time at 50V from 0 ks to 7.2 ks.
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Fig. 2-8 Current change with anodizing time at 50V from 0 ks to 1.5 ks.
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Fig. 2-9 Surface structures of the specimens after anodic oxidation at 50 V
for 7.2 ks. Al-Zn lining layer (a) and comparative specimen (b).

Table 2-3 EPMA results for the surface compositions of the Al-Zn lining
layer before and after anodic oxidation at 50 V.

Anodis Concentration N
.no izing (mol%) anoporous
time (ks) structure
Al Zn (0]
0 62 19 18 -
1.8 32 1.5 66 not formed
7.2 35 |0.44 65 formed

Fig. 2-10 Surface structures of the specimens after anodic oxidation at 100 V

for 7.2 ks. Al-Zn lining layer (a) and comparative specimen (b).
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250nm

250nm

Fig. 2-11 Surface structures of comparative specimens produced without Zn
plate after anodic oxidation at 50 V (a), 100 V (b) and 150 V (c) for 7.2 ks.

Fig. 2-12 Surface structures of the lining layers after anodic oxidation at 50
V (a), 100 V (b) and 150 V (c) for 7.2 ks.

250nm

Fig. 2-13 Surface structures of the lining layers after anodic oxidation at 50
V (a), 100 V (b) and 150 V (c) for 14.4 ks.
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Fig. 2-14 Current change with oxidation time during the 50V anodic
oxidation experiment.
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0 2 4 6 8 10 12 14 16
Oxidation time, 7 /ks

Fig. 2-15 Current change with oxidation time during the 100V anodic
oxidation experiment.
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Fig. 2-16 Current change with oxidation time during the 150V anodic
oxidation experiment.
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(A)

(B)

(©)

Concentration (mol%)
Al| Zn | O P
(A |35 1 |61| 3
(B) |8| 6 | 7 | Trace
(C) |95 |Trace| 5 | Trace

Phase

Fig. 2-17 Cross-sectional structure near the surface of the lining layer after
anodic oxidation at 150 V for 7.2 ks and compositions of the phase (A), (B)
and (C)
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2.4. #&5

BEWE o TYERIC K o THERL L 7250k D Al-Zn 2T A = 7 T8I xt L izl
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ML) TH D Lk TE D,

23 3Tk

1) Yamaguchi, H.: Anodizing and Decorative Surface Treatment of Aluminum,
Journal of Japan Institute of Light Metals, Vol. 59 No. 4 (2009), 204-215.

2) McAlister, A. J.: Bull. Alloy Phase Diagrams, 5 (1) (1984), 69-73.

3) McAlister, A. J. and Kahan, D. J.: Bull Alloy Phase Diagrams, 4 (4) (1983),
410-414.

4) Takahashi, H.: The Past, Present, and Future of Anodic Porous Alumina
Study — For the Development of Novel Nano-Technologies -, Journal of the
Surface Finishing Society of Japan, Vol. 62 No. 7 (2011), 324-329.

5) Murray, J.L.: The Al-Zn (Aluminum-Zinc) system, Bull. Alloy Phase
Diagrams, 4 (1983), 55-73.
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3. 2. FEBIik

Betb o7 & U CEAL 500um, = & 15mm OHEgNRZ V-, JERSER L O
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S5mm OREL T 2 157-, TD%, ~f 7/ nF ¥ xAEDHREER L) a—r3
LTCHET D Z & T BB 2 FR L7, BRI Betk, EiKIZ 0.22
kmol/m3 DV % Hv., EE/E (1560V) T 7.2 ks BBER{LE1T -7,
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20mm

Aluminum powder

compact Zinc wire

(¢ 500um x 15mm)

/

Smm

Fig. 3-1 Preparation of the compact specimen with zinc wire.

Smm

P4

L/. L%

Silicone coating

Cut

Microchannel

Fig. 3-2 Preparation of the specimen for anodic oxidation.
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3. 3. MR & BLE
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Fig. 3-3 Surface structure of the inner wall of the microchannel after anodic
oxidation at 150 V for 7.2ks.

A

0 2 4 6 8
Time, ¢ / ks

—
-]
)

Current, / /mA
1
S

-

Fig. 3-4 Current change with anodizing time.
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Piston

Fig. 3-5 Schematic illustration of the anode site in the anodic oxidation
experiment with enforced electrolyte flows in the microchannel.

—
-
-

Current, / / mA
o
S

Time, ¢ / ks

Fig. 3-6 Current change with anodizing time of the anodic oxidation

experiment with enforced electrolyte flows in the microchannel.
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Syringe

Microchannel

Fig. 3-7 Surface structure of the inner wall of the microchannel of the area
near the syringe (A), the central area (B) and the area near the exit (C) after

anodic oxidation with enforced electrolyte flows in the microchannel.
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Fig. 3-8 Schematic view of fibrous structure on the nanoporous oxide film. ?
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Hydroxide and Composite Oxide Films, Journal of the Surface Finishing
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Fig. 4-2 Schema of a green compact of the body metal with the sacrificial-core

plate.
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Time, ¢/ ks

Fig. 4-3 Heat-treatment conditions.
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Anode

(Specimen)
Electric power
Cathode /P Elec
(Titanium board) - —
Magnetic
stirrer + M —

Fig. 4-4 Diagrammatical view of the anodic oxidation apparatus.

Top view Side view

Anode

} (Specimen) j

Cathode
(Titanium board) )

Fig. 4-5 Positional relationship between the anode and the cathode.
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Fig. 4-6 SEM image of the void surface of the specimen heat-treated at
1273K and the results of EPMA point analysis.
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Fig. 4-7 Structure of the lining layer formed on the specimen heat-treated at
1273K (a) and concentration profiles (b) measured along the line AB shown

in (a).
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Fig. 4-8 SEM image of the void surface of the specimen heat-treated at
1473K and the results of EPMA point analysis.
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Fig. 4-9 Structure of the lining layer formed on the specimen heat-treated at

1473K (a) concentration profiles (b) measured along the line AB shown in (a).
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0.05mass%HF 0.10mass%HF 0.15mass%HF
@ s s (b)

Sintered Ti

Lining layer
(1473K)

Lining layer [
(1273K)

Fig. 4-10 SEM images of the specimens after 3.6 ks anodic oxidation in the
H2SO,~HF mixed solutions. (a) — (c): Sintered titanium specimens. (d) — (f):
Lining layers produced at 1473 K. (g) — (i): Lining layers produced at 1273 K.
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1) Ohmi, T., Sakurai, M., Matsuura, K., Kudoh, M. and Iguchi, M.:
Formation of Microchannels in Sintered Titanium-Powder Compacts by
Microscopic Reactive Infiltration, I . Trans. Phenomena, Vol. 9 No. 2
(2007), 105-111.

2) Tsuchiya, H., Berger, S., Macak, J. M., Ghicov, A. and Schmuki, P:
Self-Organized Porous and Tubular Oxide Layers on TiAl Alloys,
Electrochemistry Communications, Vol. 9 (2007), 2397—2402.

3) Nagasaki, S. and Hirabayashi, M.: Binary Alloy Phase Diagrams, AGNE
Technical Center, Tokyo, (2001), 44.
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Titanium powder compact

— Aluminum sacrificial core

Diameter : 500um

Smm

Fig.5-1 Preparation of the compact specimen with aluminum wire.

Smm

/4°

POy

Silicone coating

Cut

Microchannel

Fig. 5-2 Preparation of the specimen for anodic oxidation.
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VWD T2 RET CHIE L7z, Figh-8 ORERIZE D & T/ AT ONFHERIZITE
FAONT. K30nm Tholz, —F, EHEBEE (o) ZOWVWTIHELOE
MBI D A, FHE (465um?2) D E20%LUANTH - 7=,

66



7,~3.6ks

Ends of the microchannel

Fig. 5-3 SEM images of the surface of the microchannel heat—treated at
1473K and anodic—oxidized in the H2SO4-HF mixed solution for 3.6 ks.

(@) 7=7.2 ks Ends of the microchannel

(b) Ta=10.8

Fig. 5-4 SEM images of the inner wall of the microchannel produced at 1473
K and anodic-oxidized by using the solution of 1 kmol/m3 H2SOs4 with
0.15mass% HF and longer anodic—oxidation times, 7.2 ks (a) and 10.8 ks (b).
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Fig. 5-5 Diameter of nanopores, d,, (a) and area number density of nanopores,

ponp, () of the nanopores in the specimens shown in Fig. 5-4. The

measurement locations, A to E, for each specimen were designated in Fig.

5-4.
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Piston

Fig. 5-6 Schematic illustration of the anode with a syringe for renewing of

solution in the microchannel.
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Syringe

Microchannel

(A)
(B)
(©)

Specimen

Fig. 5-7 Surface structure of the inner wall of the microchannel of the area
near the syringe (A), the central area (B) and the area near the exit (C) after
anodic oxidation using a syringe for renewing of solution in the

microchannel.
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Fig. 5-8 Diameter of nanopores, dy, (a) and area number density of nanopores,
ponp, (b) of the nanopores in the specimens shown in Fig.5-7. The
measurement locations, (A) to (C), for each specimen were designated in
Fig.5-7.
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1) LI, HAE—ES: BRI OR Y —ERIL P AM B FE O 70 O i
V), #E I, (1996).

2) Taveira, L. V., Macak, J. M., Tsuchiya, H., Dick, L. F. P, and Schmuki, P:
Initiation and Growth of Self-Organized TiO2 Nanotubes Anodically
Formed in NH4F/(NH4)2SO4 Electrolytes, Journal of The Electrochemical
Society, Vol. 152 (2005), B405-B410.
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Titanium powder compact

Fig. 6-1 Shape and size of the compact specimen with zigzag aluminum wire.

.-
—L \ 10mm

Fig. 6-2 External appearanceof the zigzag aluminum wire.
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(A)
Syringe
Observed position

Microchannel k .
Specimen

(B)
Microchannel
Syringe
Specimen
Observed position
(©)

yringe
Observed position

S
Microchannel \ .
Specimen

Fig. 6-3 Anodic oxidized structures of the inner wall of the microchannel.

Area near the syringe (A), central area (B) and area near the exit (C).
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Syringe

Microchannel .
Specimen

(E)

(D) .
Fig. 6-3 (B)

Fig. 6-4 Anodic oxidized structures of a bend section of the microchannel.

Syringe

Microchannel .
Specimen

F

(F)
ﬁﬂg. 6-3 (C)

Fig. 6-5 Anodic oxidized structures of the inner wall of the microchannel of

the area near the exit.
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