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New approach for fabricating microreactors with naro-structure on the
channel wall is studied with a production technique of nano-rod array structure via
internal oxidation of dilute Ni(Al) alloys. In order to optimize internal oxidation
process for nano-rod array structure, a kinetic model is established by combining a
traditional internal oxidation model of bulk alloys and Al profile in solid solution.
Validity of the mathematical model was confirmed by comparing the model calculation
and experimental results. Nano-rod array can be fabricated homogenously on the
wall of the channel by aluminizing and internally oxidizing. Size of nano-rods was
ranged from 200-300 nm even at higher temperatures for internal oxidation process.
Atmospheric CVD process of organometallic oxides was discussed for addition of
photocatalyst on the nano-rod array structure. Photocatalytic TiO2 can successfully
deposited on the tips of nano-rods by the CVD process. Photocatatic performance was
evaluated by decolorization of methane blue solution. Nanor-rod array with
photocvatalytic TiO2 has faster decolorization than Ni substrate coated with TiO2 by
the same CVD process. Space in nano-rod array is 1¥most likely effective for diffusion
in the solution and absorption of UV light. Prototype microreactor was produced with
nano-rod array on the channel wall. Photocatalytic reaction of the microreactor was

confirmed.
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TTIP: Titanium TetralsoPropoxide

Evaporator:90°C = 3

N, Flow Rate: 4 L/min, 1 L/min
Stage Temp.: 570 °C

Coating Times
1 ~10 Cycles

M2 AHEESRRIEHRR CVD IEDORAX

FefRE S 1 R T L T I— KRR DR
N FZ VTR L 72, X 312% OIS
AT ONERIZ LD AT LT I— KRR
OWRSEHFEEZREL, WHEEROETICLY AT
L 7N — DG & T 5 .

Yxﬂf’w»—mm

FEK
X@ [=]
-
SIRIEM B[l 0~8h
& - 354 nm
UL EE
IS8R (RN T NR)
[ cooo F/uFH SRR (4, 20)
; NiZiR(AvF&EL) (42 1)
[ EAKNE: 6Anm| | H#IKHFHOLD

3 SefBER RGO AR A

4. WFFERE

OF7 VI FA XL Ni ONEEREIZIBIT 5

T SR AT
TIVIFAXLIZEED Al a7 AL
& NERIR AL O 33 B 36 & R A B o1 Cll &

EFNEREE L. FOREREZLLTICRT.

dX oy 1 D N&
dt X X oz

21/DAJ)
< e (D)

X (D IZHESWTHNERRILIE & & REf o B
BE7 4T 47 LERREEK 4R T.
WNEER{EIL 1000°C, Co/Co0 2N 7 7 HITLT
277,

B4, ERIZT LI FA AL THRE AL
TREED Amol %D FREL DO NERER LRGSR, AR
2NV D Ni (BAL) B4 nd. RO Z b
—¥4y (6h LARE) 17 VA4 XEhiz Al
NETE LI, NEBRLEDNRE L7272
ST EEEWRT S,

0z yN Y erfc (

—

[Ni(Alydepth '
g% '
X 60- 1
:- -

o 40 ] T
g | e :
hod 2G- /,,--""' e Aluminized Ni
T . ., .lo Arcmelied NiA)

35 10 Is
Internal oxidation time, # h

X4 NEPERALIEIE & ORI

KB TAIFA XL NLQADEEDON
M bEREEZ LSRBTETWHZ &N
b, R()TT7 4y T4 7 LTRD
D, &b L7 Ni(AL) B4 0WNE R LE
R EZ7ry b5 E, K4 ERIze-
7o, FEOERBRELEL—H LWL L
NHOND.

ZoETNARICLDNEHRLEIE S 25
ANCTPRITE 20T, RAITEAZ R/RIC L
TN LR 2RO D Z LN T 5.

@ONi FER~D~ A 7 0 F v FAAEREDHR
FEEOF v RI~DF ) ay NER

~A v )T ZOEREREL, ~( 7
0F ¥y xVOERGEE LTy RI T
XN T L oM L2t Lz, 22T
%, BEMTIZLY F v RV EERLTEIED
MEBHEEZ/ NS THIERTER., &6
WCHCEM T L= Rm R 2w B3 572012
BIRTE A LT- L A, BIRTF v R %
ERICc& B L HIckhoTz.

FDF ¥ FIVIZT IV F A XA L N
FRALALBR 2T o T2 1%, EMIIELZET Z & T
Fomay R7 LA NF vy RVHNEBEICE LN
72, M5 IZF ¥ R/VHNBEZELNZT /vy
K7 LA g . WEER(LIEEE X 1200C TH
H,. ZIZTaRNFYRNVERDOT /0y KT
LA, b) F ¥ RVEMH, o) BERONELZRT.
F v XL OMHE, KEHICRST, F/ay R
TULANEBELNTWDLZ NN,

%%

g A LW :

: “9‘. zum RSN S

5 F¥RNANEEICERTIZF /vy K7
LA OETHMEETE

@F /1y FT LA ~DOIfkiAT 5
Ni BARICKLTFH /vy BT LA T
T2 5 L, & OJeABEARRE 2 3 L



7. LEEGHIC A2 NI FERRIC Tio, 241 5- L
Lo LEER LT

X 6 [3fE % DT TiO, 15 &7 Ni
EHlREDF /my R7 LA OETHEBES
BoRY.

CVD JLERD WA 7 VX v U 7 H A&
FHLCTIEY, F/uy K7 LA RIOBRT
5 TIO &% 70D, £, TiO X /oy
RiZ¥)—ica—T 4 v 7 ENHRTEERL,
7\ REMmIZIER L, WbiE B o

K ORERIZR D Z Lotz

Nano-Rods

K6 N EREOF/ oy R7LADEF
EG Eoen

D TiO, Bft5 L=/ vy R7TLAL D
e ie i 2 X 7 (2o, e R e =R,
R IR 2 3. BRI oREIZ L,
WSERMET L, AF L v T I—KEEK D
BENREITLTCWBZ Enbnsd. /vy R
T LA A A 5 U 721E D 28, Ni RIS
1532 X0 bAMEBLREENEWZ & 23D
Mo,

100

80
60
40

20

Relative absorbance, A/%

(1] 2 4 6 8
Irradiation time, £/ h

@ VR4 + Tiog (L0cycles), (O Ni plate + TiOz (10 cycles)
B NEA+ TiCe (30cyeles), [ i plate + TiCe (30 cycles)
A NRA + Ti0g (80cycles), /\ Ni plate + TiO; (60 cyeles)

X7 TiO, #ft5L7-F /a2y R7LAD
St i R

@DF /vy RTVvA 255~ )T
7B
K8ImT Lo~ 7 U XER

YELT-. A 7 aF v 3 /LEE 1mm, RS 1mm
L, Frx/ElX 82.5m ThHH. ZoO<
A 7a )T ZIZ 20ml DAF LT —K
Wik ETRBRAR L I~ 7 aF v 3
JVICHREREEAS L, & DKIEIR DWW R %1 E
L.

Z ORGSR, 2h BRI EFRIT 93%IIE T LT
BY, SHMENRAER L TND Z LR T
7.

X 8

AIELTe~A o7 )77 4

5. EMRFEKRILE
(WFFEEA . WHIE5 R e O T2 12
TR

CdeRERmSC) (FE 4 1F)

(1) M. Nanko, D. T. M. Do and T. Ishizaki,
A Fabrication Method for Vertical
Oxide Nano-Rod Array by Internal
Oxidation of Alloys at
High-Temperatures, Current Appl.
Phys, 12, S184-S187 (2012).

(2) T Ishizaki, D. T. M. Do and M. Nanko
Fabrication of nano-rod array structure
by using aluminizing and internal
oxidation of Ni with microchannels,
Mater. Sci. Forum, 761, 131-134 (2013).

(3) D. T. M Do and M. Nanko, FeAl204
nano-rod array structures on Fe(Al)
solid solution fabricated by internal
oxidation process, IOP Conf. Ser.: Mater.
Sci. Eng., 20, (2011).

(4) M. _Nanko and D. T. M Do, Oxide
nano-rod array structure via a simple
metallurgical process, IOP Conf. Ser.:
Mater. Sci. Eng., 20, (2011).

rawE) Gt b 1)

(1) M. Nanko, Internal Oxidation of Alloys
as Materials Processing to Fabricate
Nano-Rod Arrays, Gordon Research
Conference: High Temperature
Corrosion, 2-13.07.13-26, New
Hampshire, USA (7€)



(2) M. Nanko and D. T. Do, Fabrication of
Vertically Aligned Nano-Oxide Arrays
via Internal Oxidation of Dilute Alloys,
PRiME2012, 2012.10.07-12, Honolulu
USA.

(3 D.TM. Do, T. Ishizaki, M. Nanko,
Fabrication of Oxide Nano-Rod Arrays
Structure on Ni Components, The 1st
Intl. GIGAKU Conference in Nagaoka,
2012.02.04, £ iH.

(4) M. Nanko, Fabrication of Oxide
Nano-Rod Array Structure via Internal
Oxidation of Alloys, ISHOC-10 2010
11 A 8H  IFEERK.

(5) M. Nanko, D. T. M. Do and T. Ishizaki,
A Fabrication Method for Vertical
Oxide Nano-Rod Array by Internal
Oxidation of Alloys at High-Temperatures,
HyMap2011, 2011.10.27, ##&[E 74>,

(XF) GF o 1)

(PEZETY PEHE)
OiRd Gt o 1)

OBARIL (Gt 0 1)

(£ Dfth)
L

6. WFITHHR

()AFFeRFEE a3 (NANKO MAKOTO)
F MM RS - T80 - #EHd%
WFgeE 35 1 90272666




