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Fabrication of micro- and nano-ordered structures
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1D and 2D materials, Surface morphology, Electronic devices, Sensor applications
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Fig. 1 Cross-sectional SEM images of as-detached amorphous
alumina membranes formed in (a, b) oxalic acid at 40 V and (c, d)
phosphoric acid at 185 V. (a, ¢) Top, (b, d) bottom part.

Fig. 2 SEM images of top surfaces of o-alumina membrane
formed at (a) 40 V, (b) 60 V, (c) 100 V and (d) 185 V. Heat
treatment was conducted at (a, b) 1250 °C, (c, d) 1400 °C for 4 h.
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Fig. 3 Change in the pore diameter of top surface of alumina
membrane with through-hole treatment and subsequent heat
treatment. The chemical dissolution of alumina membrane formed
at 40, 60, 100 and 185 V was carried out in 5 wt% phosphoric
acid at 30 °C for 5, 30, 60 and 120 min respectively.
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Fig. 4 Vickers hardness of amorphous and crystalline alumina
membrane. Nanoindentation was performed with a 980 mN (100
gf) load and a dwell time of 15 s.
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Fig. 5 (a) Schematic illustration of a device fabrication
process based on a hydrophobic/hydrophilic pattern using a
photoresist ~ (PR)/octadecyltrichlorosilane  self-assembled
monolayer (OTS-SAM) stacking structure. (b) Photograph of
a hydrophobic/hydrophilic pattern. Dispersion droplets were
located only within the square hydrophilic region. (c)
Microscope image of the square-patterned GaAs NW film
before electrode deposition.
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Fig. 6 (a) TEM image of a GaAs NW having ~20 nm-thick
amorphous layer. (b) High-resolution TEM image of GaAs
lattice taken from the wire core. (c) Structure of zinc-blend
GaAs crystal. The [111] direction is corresponding to the
TEM image in (a).
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Fig. 7 (a) Laser microscope image of vertically-aligned GaAs
NWs. (b) Raman spectra of GaAs substrate and nanowires.
The excitation laser with 532 nm wavelength was incident
perpendicular to the GaAs{110} planes. (¢c) FWHM of TO
phonon for the substrate and nanowires. (d) Typical Raman
spectrum of GaAs NWs with deconvolution in Gaussian
components. Three peaks are originated from GaAs: 265, 277
and 284 cm ' for TO, SO and LO phonon, respectively.
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Fig. 8. Surface modification procedure of PVA gel film by
surface-grafting poly(SPMK), and water contact angle on (a) PVA
gel, (b) Br-immobilized PVA gel, and (c) poly(SPMK) brush-
grafted PVA gel surfaces: Deionized water = 2 uL.
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Fig. 9. Sliding velocity dependence of the friction coefficient of
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on Si wafer, by sliding a glass ball over a distance 20 mm at
sliding velocity of 10* ~ 10" m s under a load of 0.49 N at 298
K in water.

UEDE oz &b, R ~—7F N & 5 KiME 43
WEEBLIIRY ~—T T KEDOBEMENEECTHS.
& 2 CARBSE TITEBBIAKMEZ 7R poly(SPMK) 7 7 & & i\
TEHEO~I7 v b T4 R V—RpEEiM L7z, N ~—7
7 T FR O BEESR (W) 3T RS Tribostation Type 32
Z VY, B 10 mm OH T AREBEEET & U CEREE)



PEERER 24T 9 Z & THIE L2, MIEITAKT, =EIRQ98 K)
ICCIREAE 049N, W03 10% ~ 10" ms”', #RIE 20 mm
DEETIT- 12,

Fig. 9(a)lZ/~ 9" & 9 ICZEH6 PVA £l O KHIZ 31T 2 BhEE R
FREIT 10 ~ 107 m s DEEEGHFEREIRICF T 0.1 ~ 0.15 LA
ETHotz. ZhicxtL, poly(SPMK)7 7 v % {1595 2
& CHRIMICEhEE B AR I3 L 7= (Fig. 9(b)). BEEGEHE N K
TVIE CEEERAEOME T BT SN D3, 1TIER
IZp < 0.04 IRWVEZ R L TWD BB THD. —J, Fig
9D X DTV = U EAMRITEHE poly(SPMK) 7 7 o % i il
L7ZRE S 10° ms' DL EOBEEEE IO Tu<0.01 £720),
PVA 7 /L1Z poly(SPMK) 7' 7 ¥ % Ji#d L 7- 2R i & RARI (KA
BERLEZ. LavL, 1070 m s (130T O3  EEREH BEEIE i
u>025 OEVMEER LT,

— RIS TE S B BRI T, BRI B DM £ 72 IR
RO HEFE ARG I B A T [R] E 03 B2 fik 9 2 BE S vk
fBIZH D, KEREBEEEERT. BEEEO LF L LI
BRSNS B CHEAA EN TR TR R E R %
e BB AR SRS T& 5 2 & CEEBAEMNMET
T 5. 2T LY EETERIEEE SEE 0 HIRGTEE 2R R
R~ 5. Fig 9(c) TIEAKF1 L 7= poly(SPMK) 7 7
ONEIBIEORE R L, BEESEE O 10° m s (T TH
R SHAEE~E B LIz EZ 6N 5.

L2 L, [T poly(SPMK)7 7 %M T b Fig. 9(b)D L 5
IZ PVA ZVRIEINCT 7 U BEET D54, KEBEEEE T
RO TIRWEIEEBR AR LTV 5. ZAUT AR O S 38
BLTWDHEEZBND. V) arov sy Z7#RKE1.30 x 10°
MPa T& % DIZxt L, PVA #/LiZ 20 MPa T& W EFEIRIC S
S, BT 0 —T O T ARETE S & R E D~ B
itz EST DL, U ariEke PVA 7V B CodfmT
IZZFNZFH 140 MPa & 093 MPa &72%. SFE D, PVA 4L
WLIREA BT U CATE LA mfE 23 X 5 57, BRI C
TR E B LTV D EB 26D, AKFIE LIZRY
~—T7 VBN ORETHIRELITB LT MPa L BiED
LHZENTELOT, MY T VBITEEEE - Iox LTy
TRIFE T B F A L, AR PRI SRS C b PRI S TE A it (AT
WBERER SN D Z & TIREBEEZEZER LB 12605,

4. ¥ES

ARFIETIL, S 2 AT 2 R0 R EAMEZ Vi
N7 AR T VT NOBFEE G LICER, MEEREHI LD
FUETIREENEE G T 5EMBERT L RRRIR T
AR —HEREE R L, FRANRBEERETERT 52 L,
FBIEMTAC & 2 FETIEZ RS RE S EL O Wik E
WX 7 47— (VGCF) O4HtEnss< 8z REJ4 2 &,
SOICIFREBEMNFIC I THEELTUL, 7o NP L—
PIZ X B PTFE M~ DN T KA T4k 00 845 % B
ST LT,

F 72, AEECE IR DBy TS A IRE L L, BB
KBS FEMBE LR GBEIC T 7 N LEEEEE TS S
ZETCRHZKEENAECDZ EEHLNILEE. LL,
B TEMET T D T A Ra U —ITIENES A A
OIKFUIREE, TSP, BEMEERICL 2 FRI0800,
TR DFESE & A A L BREE DB/ P hE 2 72 R F DN e
IZBE L TWD. 4%, RU~—T7Jv L T4 n V—F
P& DRIRZ S FRAICH NS 52k, K& A mEME
ERNEAWIS I NI 2 BB ZEOHBETED &
D IRBM OB AF R TH 5.

<BEIHK >

() FZ2E, #Ea, Er, %5, KF, @5 F R IAR~T
U7y, HNrHRR (1990)

(2) S. Bahadur, Wear, 245, 2000, pp.92-99

3) Bz, FTA4Rr YR}, 552),2010

(4) T. H.R. Crawford, A. Borowiec, H. K. Haugen, Appl. Phys.
A, 80,2005, pp.1717-1724

(5) C.W. McCutchen, Wear, 5, 1962, pp. 1-17.

(6) L. Han, D. Dean, C. Ortiz and A. J. Grodzinsky, Biophys. J.
92,2007, pp. 1384.

(7) M. Kobayashi, Y. Terayama, N. Hosaka, M. Kaido, A. Suzuki,
N. Yamada, N. Torikai, K. Ishihara and A. Takahara, Soft
Matter 3, 2007, pp. 740-746.

(8) M. Kobayashi, Z. Wang, Y. Matsuda, M. Kaido, A. Suzuki, A.
Takahara, In Polymer Tribology, S. K. Sinha, B. J. Briscoe
Eds., Imperial College Press, London, 2009, pp. 582-602.

(9) M. Kobayashi, T. Ishikawa and A. Takahara, In Polymer
Adhesion, Friction and Lubrication, H. Zeng Ed., Wiley,
Hoboken, 2013, pp. 59-82.

(10) M. Kobayashi, M. Terada and A. Takahara Faraday Discuss.,
156, 2012, pp.403-412

(11) M, Kobayashi, H. Tanaka, M. Minn, J. Sugimura and A.
Takahara, ACS Appl. Mater. Interfaces, 6, 2014, pp. 20365 -
20371.

EFfTEFHRL
1) 2L

FRER

(1) DICEE, @11 F~T ) T FRO iR, BAR
NAF=T VT IVFERAFRRR, HAL, 2014, 1118,

(2) M. Kobayashi, Macroscopic water lubrication properties of
ion-containing polymer brushes, Czech-Japan Tribology
Workshop 2014, Miknov, 2014, 11.24.

(3) /TR, NAFIAT 4 7 RITBITDE N TFA A Y
—, BANIA R e o—38 - RET 7 AF v — R,
i, 2015, 1.8.

(4) Naruse N., Nisitani Y., Kitano T., Fabrication of micro-
structured surface of polymeric materials using femtosecond
laser, Proceedings of International Symposium on Fiber
Science and Technology (ISF2014), 2014, Tokyo

(5) TrsAd, FEERER, A %A, LB, VGCF/PA6/
SEBS-g-MA & OB 12 KT IR FIE O
S, 26 & TN TEARRT RS, 2014, A

(6) KM, FAZN, JLEFR, CNT/PA6 A EO KA
PRI BT 9 SEBS NN, 2014 4R AT BRI 72

SR, TH

(7) AR, A, EAZEST, LB, PTFE O 7 = A
N L= & Fl o RE RGN T & R, 2015 4F
ST TR RRFREFMGRHS, B0

[EFR



1.3. MEMS £t & FI A L 7-HrERm DAl & s A
Creation and Application of Functional Surfaces Using MEMS Technology
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Fig.1 Principle of EWOD
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Fig.2 Structure of the droplet formation device
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Table 1 Experimental results of Droplet formation

Reservoir Square Circle Circle with a dent

2.2%0.2 2.2%+0.3

Volume [pl] | 3.0%0.9

Table 2 Specifications of Hydrophobic agents

Deposition Thickness Contact | Sliding Relfclti.V?
method angle angle | permittivity
Teflon AF  |Spincoat | 0.1 um | 118° 65° 1.90
FS1010 Dip 0.1 um | 119° 50° 242
HIRECI450NF | Spray | 100 um | 147° 30° —

Fig. 4 Experimental setup for droplet discharging

Table 3 Results of droplet transportation and discharging
Volume of droplet
Tilt angle 3 ul 5 ul
30° X O
45° X O
60° O O

(FS1010, 100V, 300Hz)
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Functional Creation and Application of Material Surface by Pulse Beam Machining
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Table 1 Discharge conditions

Electrode | Discharg| Pulse Pulse

. . . D.F.
polarity |e current| duretion | interval

#,0 20A 200pus 200ps 50%
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Table 2 Discharge conditions

Discharge Pulse Pulse 0

current (A) | duration (us) [interval (us) D.F (%)
No.1 5 39 39 50
No.2 20 128 128 50
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Fig.3 Change of internal temperature each depth
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Application of Surface Technology to Biomedical Engineering

WA RUR, Z2H Rl
Shigehiro HASHIMOTO, and Toshitaka YASUDA

Keywords : Micromachining, Biomedical engineering, Cell, Flow

1. %5

AT I, HAROZE) - RO Z BT 572900 in
vitro BV AT LA EET D, ERETLFEMIEE S X —
BERC O & L TH LN MR RITKOZINHAL T, <
A 7 v i N T OMIOEE) %2 fifHr§ 5 KB 27 L %21
HI B, BHMESR, ke, M7 & o MRtk %8 L
TR AT MR W CHIR OB 2 fffr 5 > AT L, #i
JRADELA - HEFE - 43t < KRR 72 &~ J1 R O 528 % fiF
MiT B AT Lig EORFRZED S, MldiZ %5 LT
WIS 2B 2T 2720, i OBUKME - BUKHE Ol
WORBOKRREE, MO ERBEOBEM~NERT 572 L,
T —~ LHEHE LT, KT —~DOWHIZEEOHEEE INET 5.
BRI OB - BEHE - b - ML A HIET B 7o D S
BIHRL O G IEM DU, FAEERIZRBIT A Mila sk o
IR 7 EICFET D ENAAENRD. ~ A 7 vl TH
Wz ko T, HifazEAO T L — hORGIIvA 72 A— |
WA= L =DM E— 2 e L, £, T E
T3 5.

2. MEE G

2.1 FromEEIc e DItk E

FRG IS I B W CHIR 2 R+ 5 720U F O 25
ERE-HEBE L. BRIEmICEESELERY OAF LY
o Y MR OE I R—F YOG 2/ L=, = 08
EMZ2Y 2—h—DO RIZHET, V=—h—0OEEIZL->T
RS AN A R EHE 0 IS D Lo lc L. k77, =
DABERICE Y P LEERBRENTRE IS MbDS K51 L
7=, BEWIRE T 28 MEm /MBS Y A5 C 10 MHz
DOFHRERIRBI 2N Z - (Figl). XERECE-T, RY
TAFAva XY B EREICEIRO~ A 7 a M E i L
TG EER LT, 74 v~ A 7 uaf idha bz BGIC
WHLZ. AU AT Va5 o ECAKRE LT
FRGELE. IR E COz A ¥ aX—FNITHE
WT, fHRRIRME 10% % &t D-MEM 1 CTHIREZ 5538 L
7=
2.2 ATVAR EF B AR

AW B T 2 MRS oBE 2 85T 57291,
T PAR RS 2 MER LT, e RIRIC L » T, MEEHhoRY
VAFN v FYh UBEmICY A 7, £720%, BB 1ym
DAY v MERITT. B5E#K (D-MEM) HIZ58 S LM
W% ) ORI L S T EDTRTHA| L, FiikaE
S —EOF AW 2 54 S AT PR O —1E72
HE A A RE L, BRI ABNEE 2R Lz, xRN
% MRS O g 2 Y BEMET Tl L.
2.3 EBRICHE LIRS

BT, v AHEME (C2C12), ~ 7 2 EHil
(MC3T3-E1), BIXO7 ZfRIMEKE F 7z,

3. BERBLIUEE

R AWy (Fig2) - &) (Fig3) - BE KRS
FIE T (Fig.1) THMM - F 2RO - bRl s n
e, ~4 7 aRR (Fig4) - ~4 7 v aAiFi (Figs) -

&I L (Fig.6) (2B, AR - HE7H - (ka3
BERENTZ. ~ A 7 nfEl (Fig7) -~A 271 AU v k (Fig.8)
Z @i 2 M - FRIER O - 03 ElEE iz (Fig9).
I b OFME B I OVEE IO BT, MO FEEORRE
WIEFET 2 EE2 015,

Fig.2 After 12 hours cultivation with flow (from top to bottom).

Fig.3 C2CI12 after centrifugation of 270 G for 12 days. Dimension
from left to right is 1 mm.

e

Fig.4 Three hours of cultivation on ridges of 0.0007 mm height.

Fig.5 Myotube on micro coil. Dimension from left to right is 1
mm.
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Fig.7 MC3T3-El1 in red small circle approaches to the hole (left),
is on the hole (middle), exits from hole (right). Flow from
right to left.

(88 ‘

20um
ARIER
Fig.8 Red blood cell passing through slit. Flow from left to right.
The bar shows 0.02 mm.

Fig.9 Deformation of erythrocytes of ellipsoid. Dimension from
left to right is 1.5 mm.
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WS B ZERNbholz.

4) ~A 7 mINTAZ & > TYERR L7z /iR 0 BAR o LI &
LB M 282 L, BIROMmE B 0.15um L Lo & =
WZRBOEFFMZEm T &2 A LT

(5) AR TF & i~ A 7 o a A WThRFEE THEIE - 51k
T5ZLRbhoTs.

(6) FHHI 724 Wi T O MBI 2 Ve PRSI L - TF
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FRHEROBAMEL RN DD EEZ DN,

(7) BEmAE 2 BE T MR T o700~ 7 niE
HAIER L, 100 s LT OBEmH A KIS B I 550 CHE R
Ja - BHlEs R SN D Z b oT.

8) EEREHD~A 7ML VB LR 1um DX

Uy bz 508 2 B2 L, AWREIC & - Tl
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Application of nanobiomechanics to tissue repair
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Keywords: Stem cell-based self-assembled tissue (scSAT), Tissue repair, Nano periodic structure, Anisotropic property

1. #%
b MBI 5 IR L 7 MIER &M (Mesenchymal
stem cells : MSCs) [ZAIfasEE 2 B O AR S CFERLS
N Dk (Stem cell-based self-assembled tissue : scSAT) i
R - e - B O T2 R AR AR e L CHIfE S LT
%. LDL, scSAT ZHUEERICHWV 2546, EMEEHR
KEIZBT2a 77 U BHEBEOTRRIZLY, ko
FHEREE TIHIER LV ECHEETE RN LB L
o TWD. Fio, BOMFOBEIZHN GG, /177
ERRELTWBED, o EmmE{LE21T ) LENDH D
EWORER DD, THOEOMPIEE LT DD HFIENRS
OIS, O EDIE, WE - - 0 & RER OGS 5 M
PRI ST THD. b IV EDIE, HEEMEICE
TR IEN T seSAT ZAEfS 2 2 & T, Mg iE
DEBZRESED I L THDH. WE LRI Z 72D
\ZIE, 7 Lo L O JE IS &L S & O RO IR b
T EZFRT 2 Z LR FENTH LS. ZNETIE, 7= b
P L —FIZ X0 F & UREITHER L) Bt -
TMSCs #4892 2 LIC K0, Mlln o5 Rtk 23 m 1 L
MR AT X 2 2 EWbho TWD D Z 2 TARF
T, 72 A MR L—WIZ L OBk LT/ B
T scSAT ZERL, kD EMEEZN 2 & FIFC, K
BERE~DISHICONTHRE 2T 7-.

2. REBEAHZE
2-1. FEAUVEREmERAWET  BH#EEOER
BB & U 72 B 19 mm, JEE 1.0 mm O JIS2 FED
TERMT 7> (Ti) Zilkte Lz EARFEE 780 nm O 7
= A ML —PEE (FRIT : A =L —%— (¥k) %
FAWT, 2L ZERIE 190 fs, L—F 7L 2 0.5 Jem?,
AEAHEE 1200 mm/min O T Ti ki / &S % 1
L 72 (Nano-Ti). EAEE T-HKEE (SEM : JISM-6380LA,
JEOL (#%)) # X ORI BAMEE (AFM : VN-8000, ¥ —
TR (BR) Ik D, IMTEiOREEZ#LE - HELE.
F7o, ERLEHBIRmCH LT, YU URC T BH
Kz 1 ul F L, =0OKOHEAA % %A a[ 5
(Phoenix-300 : Surface Elector Optics) % FVCHIE L7z,
S BT, XBITE 75 08Tk (XPS : ESCA Quantum 2000,
ULVAC-PH) %A\ T 6.9 X 10%Pa D EEZEH T X M4
HAELR D 10 nm OEE S E THEHIH L, Ti2p, Ols
OFHEDLHHENDHETFOAT ML EFEE LT,
KANRT R, RHFEENICEBIT S Ti, O (%) ©
R - BIE 2 R 7=

2-2.PDMS ~DF /) AHBEOERE

2-1 CYEML U 7= Nano-Ti ZmlZxf LT, A& m{kAD
% 10:1 THE LEZPAFALRY v axP 2 (PDMS)
Z AT L C 65°C T80 min MEAL, T D%, HARH D FIHEfE
SH5HZ LT PDMS EKWEIZT /B EEZIZE L=
(Nano-PDMS) .

2-3. BRHIRIEE 2 IZ K B seSAT D AR

YERL L 7= Nano-PDMS 34K EIZ b b VBRI 3 MSCs %
HINAEEE 4.0x10° cells/em® THEL, 7R LEUE2 Y
VA 02 mM AL T 14~28 HRIBEAIT, T0%,
BoONTM AR R O RBEL T 1 R B I =&
D Z LT E 5T seSAT Z{ER L7z (Fig.]). ZOkg, K'Y
AF LR R L CER U 7238k & PS B, PDMS
LCIERLL =58k i 2 PDMS A%, Nano-PDMS L C{ES&I L
7Bk i % Nano-PDMS # & L7-. 1ERI L 7= B O£ HE
% SEM THIZ L 7=,

E RMSCs
4.0 x 10° cells / cm?

- 4
‘— N 28 AR E
) ':> =

& FARAILEEE2 B

F/RSEEE
HEMCHE >
Fgg SCSAT
Fig.1 scSAT {E® F IR
2-4. 5|

SRR DB BRIFMERRET O 72 8, TRRE & AMERL L 728|153
B & . SRR IR Lo 7 & SR R % 5
ZAHFMMEICIZRD LS, V=TT 7 Faxz—X4
(LAH-46-3002-F-PA, "—F=v 7 K5 A 7L AF LX)
A & TR EAR AN B L7 T Y v 7 BRICERBGA ZR, TEDS 6
mm il 5 XM EY O RiZT-. V=T 7/ Fax—H
ZHAWT, b u—R% 4mN 52 72%12, 5I8E#E 0.05
mm/s TRERA AWK+ 5 £ CHRiEL 5277, JIEMEIT
2 DOOTHSF — (KFG-02-120-C1-23, KYOWA) % Hb
STERARIROFTEYE YTl L2, £72, B4
RIS 2720, YU ary I —e—% (—f%H SR,
AP —nA) LiBEa P r—F (ON-DO2, U & —*F
v b)Y ZAWT, 37°CICR7ZNT= PBS (-) Bk Tk %
1T-7-. 28 HREZHE L7 PS BE, PDMS #f, BI W
Nano-PDMS #EDE S x5 5 iR 21T > /2.

3. REHER
3-1. 7/ AMBEOBEREE

VERLL 725 JE Bk E (Nano-Ti) B X ORI T.0OF 4
VEIE (T OREHEBREZRT. T/ LV O
BENERINTWD Z L nb)D (Fig2). AFMIZ LY
TR 2 WBE U 7GR, Nano-Ti O B F1% 540454 nm,
R E1X55.0423 nm, HE (R, 1X27.024.0 nm TH o7z,
Ti ® R, 1% 6.20£1.1 nm T&H ¥, Nano-Ti OHL X% 4 584 =
WZHIR L7z, #EARAHEIE OSSR, Nano-Ti OfiA D Ti
LI L THEIIE T LT, X 0EHAKMEICRD Z b
o=, XPSIZ X vERBEIER Lo Ti, 8L 0 OMRT
BIEEZNELEER, RNMLoO T Lo T, 0lZFhFh
30%, 70%T&H Y, Nano-Ti &R UEE R L7Z. REHRIC



B ALK O LA 2> T

15kU  X1@, 880
'

Na-Ti
Fig.2 Ti (£) & &1 Nano-Ti () O SEM 8 R{#&

Nano-PDMS ® v v F1% 522+9.1 nm, & & 1% 48.1423 nm,
R, 1% 16.944.7 nm T& ¥, Nano-Ti FH72S PDMS (CHirE &
NTNWDZENHERTE7~. PDMS ® R, 1% 0.7+0.0 nm T
HoT-.

3-2. scSAT DHERE R

SEM (T & 5822 D& 5, PDMS #£3 X T8 Nano-PDMS ##
X PS BEE B L CHIBOBENE W ™oz
(Fig.3). F 2@ fERICEB VT, Nano-PDMS FFEIFHEE N T
J EWREE O o THLA L TV DR 3 R T & /2.

3-3. BIRRBE R

MR AE 1T PDMS AEAY 0.043+0.006 MPa, Nano-PDMS
BEDY 0.075£0.014 MPa, PS #£73 0.054+0.012 MPa 72> 7~
Nano-PDMS Ff OREH R X1 TthAE & bhls L CTHEIZHE K
Uiz, Eiz, J5J1 - OFTHHMRIKD B 2R ed 7= BRI 5y O #E#R
2¥00%, PDMS 7% 0.23£0.07 MPa, Nano-PDMS #£ 73
0.55+0.18 MPa, PS #73 0.2240.09 MPa 7= > 7=. Nano-PDMS
RIS IS R CHERIR B A BT R Lz (Figd).
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Fig.3 scSAT & E O # il &
4, EE

Dongwoo H1%, MSC 2GEAEIND 27 —F VIRED
FEARITITF X UREOMSITEKEL, HVERTHHIFE
FEAIND LHE LTS Y. Nano-PDMS % PDMS & b

BLTHWRE THD Z &0 b, MilfoiE#iBRics T
MR B OEAENEM L2 EnEZXLLND. 51T,
SEM 1T & BB Z O E2> 5, Nano-PDMS LA A
— HIANCELM LTV A Z & AR E T2, Nano-PDMS #EA3
PDMS #f & Lb# L CHIBRME N K LB B2 0N
5.

0.12 1.0
M + SD I
MenESD o mERUNTE O
0.10 | «,<0.05vs PDMS IR— 0.8
= 0.08 ] i
= 0.6 %
{Q 0.06 - g
8 004 04
£ i 5
0.02 L 02
(n=4) (n=6)
0 0
PDMS  Nano-PDMS PS
Figd WHEE-BRFAKATEHR
5. #8

AT, 7= b MPL—FIZ L VR LT2T / B
FEYE RO AZITO 2 LT LD, EMR B O A R Rk
(seSAT) ZAER LTz, ZOfER, 7/ EHEEZIRE Lz
PDMS b CHi#E « BT D scSAT 1L, MOl 7 MR g2
FEAR 1 OWE 7 FNCEL A L, BEMTIREE ds X OMERMR B N B
KT 5.
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Functional role of Nano-/Micro-Ordered Structures on Micro-biosystem
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1. e MIBIF3T—< 23 ODESITE B

F ) A=, = A 7 a A — MLV AR — L TO IR OMEE
HIEEL AT, BB T w2 22 HS < BRI 72 32 Tk s D )
AN 2 & BRI S, OIS & HI4E L 7o 8 R e,
AR APEOE AL IR S D 48 ol L cofifas; &
IRENAF VAT A~DICHERBEL, 77—~ 1 TOR%E
HFEE - T, BRI N REHERE & EHLT 2 i & O /ER
iR 2, MEHT, 8K, BEBEMER EDiL D
MESOIERZ BT, thoT7r—~ & od#EZiE T,
Hiff - o EF X5,

AT —<DORERIZHEN L, FREEEOBX T n&RX12 &
5 FMmAVEL - TS B D 0E RV - B2 iE A L, T
— A E ~OMEHR L B REF IV D, AR ORI R
HEDODRETHDI AL AF ) A F—T 2 —RAEEHEICHH
Bt WA Z SIXEERFRETH Y, Hiio MR, £
RAARE, BRI THAM 2 BB L LW D HAEER, MigkT
OB A~ERRMAE VLT L0 L s D,

AR 26 LBV T Si, B L VMg 72 & o FE RS L
SRR AN LR E LT, KFERTPTOT /) — RE{LALER
TEEERRICT / A — b F—F—DF RS 2 5 LT,
BIR AT A—% (BWR, BE, BELE) oFEicky, @
RFREOWAHEE (L, R—F R@EE, R E) 25
A L= & UTTHHS Uil U 7= Ml ks 2 R o 2 4544 %)
ZERLL, Mg (CBIL CiE & BHIC Ca #on/a & HARk 2 28
Z, ERBFOMEZ R L,

2. Si FAMIEEOHIENC X MRS B OMEBEER X O
B m) i~ DR
2.1 HEOEB

AR D HE (R RITIT R B ORI E D K & < 2
ERIET, WEE S LR E ol EREET 52 LT,
BB OB W CILIERE & Hi4H L 72/ o /ERL 2 H#
fFCEx 5, AWZETHE, YU arSHEREmIT /— R
v F T ) A= VDR—=F A Si, HDWIET A IRIT
R—F A Si Z/EH L, BYEOERKE ZICk-> T
JEREN LD X 5 7B a2 50, FRCHila o EMER L O
B PEIZB L CRMEEDRHE LI LN T LI 2B
L L7,
22 EBRHE

Si (100) M (p %, <0.01 Qem)ZBEWRF T Tr& b
HAE#, HF IZ T HARBRILER A BRZE Lz, HF (46 wt %) : A
Va7 a—(IPA) = 1 : 1 (vol %)E7=1% HF (46
wt %) : IPA=1: 4 (vol %) _FFDIRAEIIRIZ T, 90s EE
TREM AR L, HEREmcR—T7 2 Si AER L7z, ERL
7oAR—F 2 St dERmEIRIVE @A) ZREE L, —F,
Si FAR FIZJEHT 100 Om, BHOWE 50 Tm D7+ h LT R b+
A7 wERLL, FEEOIREGEIRIZ CEBIEM(90 )% it L,
R—T A SiMbEDTA T — LT, ZRH1E
L7 ER Bl < 7 2 kA IR (MC3T3-E1 #ilfa) % # i
LTA »FaX—FNITTHEQRY hWEITo 7z, sk, B

E LMl A, AR CHE L, HBFEMEEIC Cilao
TEheR X OB IaPE 2 314 L 7=,
23 REBIUEBE

K11z, 7/ —RxzyF o7 TSi FEREMIA—TF 2 Si
R, MIfaESER U 72t O YRS G & /ER L 7= Bt o
K BERR A 27, FEMRRERT 90 s TR S 23 2 um DR —F A
Si BNFERL STz, 7R Si REOBEMAIT 66 THY, X
la OERRA L 56° , X 1b OEfRMA 1T 123° Thoto, H#
BEEIC X DA S, IS WEE L EAST 0
FKMEDIF O DO MENRIFCTHoTe, M212, FEkDSE
¢ Porous Si % J&H#H 100 pm, B AHE 50 um O F A LRIZHE
L, 24 h MRS R 21T o I R AR T X 1 & BT 2 &,
EHE50%MTH T A > THRAERR L TWe, X
2a DE&METIRHEMAD LV ERWER—F A Si ECHENRS
Nieolzxt L, K 2c OFRMETITEMAD XD @moFR—F 2
Si E~OENRLOIT, g7 Si LT LTV DA
NEL R BN, 2L, Si DERMER—T A S| ODEED
BIMENRR AT OMBFRIGRRENRE LB IO
5, U EXY, BT WERHOIZ D DSHlaoME) R T
HY, FTARITKR—FT R Si 2ERT D LickoT
AR oL EMESBIER S,

' 123°

| 7Kz oFo 7 Ui Si LT 24 h B3 L7
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3. Effect of Ca on corrosion resistance and bioactivity of
anodic oxide film formed on AM60 magnesium alloys
3.1 Introduction

Alloying with Ca has attracted significant interest not only in
engineering application for improving thermal stability and
mechanical properties of Mg alloys but also in biomedical implant
for reducing the corrosion rate and accelerating formation of new
bone during implantation. Study on binary MgCa alloy have
shown that the a-Mg phase grain boundaries were enriched by
second phase Mg,Ca which contributed in reducing corrosion rate
and enhancing the apatite forming ability, so-called bioactivity, in
simulated body fluid (SBF). [1] In commercial alloys, addition of
1 and 0.4 % Ca in AZ91 and AZ61 alloys respectively also
improved corrosion resistance of the alloys as a result of
reduction in the number and size of Mg;;Al;, precipitate and
formation of new phase Al,Ca along grain boundaries. [2] In this
work, the effects of Ca on corrosion behavior and in-vitro
bioactivity of as-received and anodized surfaces of AM60 alloys
in Na;PO, solution by Plasma Electrolytic Oxidation (PEO) were
investigated.

3.2 Experimental

The specimens used were rolled plates AM60 alloys containing
0, 1, and 2% Ca. Anodizing was done by PEO in 0.5 moldm™
Na;PO, solution at a constant current of 200 Am™ at 25°C. Prior
to anodizing, pretreatment was applied by dipping the specimen
in acid solution (8 vol% HNOs- 1 vol% H;PO,) followed by a
subsequent dipping in a hot alkaline solution (5 wt% NaOH).
Surface characterization was performed by FESEM and EDX
while the crystalline composition phases were analyzed by XRD.
Corrosion behavior was evaluated by polarization tests in 0.9
mass% NaCl solution at 37°C and immersion in SBF at 37°C for
1 and 2 weeks. The bioactivity after SBF immersion was also
analyzed by EDX.

3.3 Results and discussion

The surface microstructure of AM60 alloy exhibited grain
boundary (GB) precipitates of Al;Mg;; and AlgMn particles
about 1 pm size. Addition of Ca increased the number and size of
precipitates along GB and induced formation of new phase Al,Ca
along GB. During anodizing, the Ca containing alloys had longer
life time of the intense plasma that formed above the breakdown
voltage (~100 V). The density of the plasma was high and hence
responsible for uniform thickening of anodic oxide film. The
plasma life time increased with Ca content in the alloy and as a
consequence the onset of big plasma occurrence shifted from 8
min in AM60 to 10 and 12 min for AM60-1Ca, and AM60-2Ca
alloys respectively. The big plasma led to fast thickening of oxide
film at local sites. The average film thickness resulting from 20
min anodizing was 42, 36, and 34 pm for AM60, AM60-1Ca, and
AMG60-2Ca respectively. The oxide film composed of Mg;(PO,),
and Mg(POs), as analyzed by XRD.

The polarization test results on as-received specimens indicated
that the presence of 1 and 2 wt% Ca in the alloy did not give
significant effect on the corrosion behavior of AM60 alloy. The
corrosion potential of AM60 and AM60-1Ca was similar at -1.57
Vagager and slightly higher at -1.54 Vg 001 for AM60-2Ca.
Meanwhile, the anodized specimens had higher corrosion
potential in the range -1.55 to -1.50 Vzg/aeci and lower corrosion
current in the range 5x107 to -8x107 A/cm’ compared to the
as-received specimens with corrosion current between 2x107 to
5x10% A/em?®. Immersion in 1.5SBF for 1 week promoted uniform
corrosion and formation of visible pits in the as-received
AM60-1Ca and AMG60-2Ca specimens while only uniform

corrosion was viewed in the base alloy. For anodized specimens,
no visible pit or corroded area was seen on any of the specimens
after 1 week immersion. The Ca and P concentration detected on
as-received AM60-1Ca and AM60-2Ca after immersion in SBF
was significantly high than that of on base alloy surface as
analyzed by EDX. Meanwhile on anodized specimens, higher Ca
concentration was detected on the film surface of Ca-containing
alloys particularly in AM60-1Ca than that of on the film formed
on base alloy. Ca and P deposition was initiated in the vicinity of
voids and cracks in the oxide.
3.4 Conclusions
Polarization measurements indicated that the corrosion behavior
of AM60 alloys was not affected significantly by addition of Ca in
the alloys. Among the three alloys, the highest bioactivity was
obtained in AMG60-1Ca for both as-received and anodized
specimens.
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