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Fabrication of micro- and nano-ordered structures
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Fig. 8. Chemical structure of poly(HexMA) brush on SUS304
substrate

&g L OFEAEHRNY U A AT 5 1 & SUS ik
FLEIZE E(L L SI-ATRP 12 X Y $CF#155 1 Mn = 850000,
B 33 nm @ poly(HexMA) 7 7 S IS SUS Hetfe 3% i 12 1%
BTz, poly(HexMA)NZ X L CRIFEH CTH 25 b= iz
DT T HMAERIE L, BEEGRE (W& BE L7 (Fig. 9)0
Hertz BEARE D B3R 8 H AL 5 11X 236 MPa &\ 5 @&V
THYO RN G, IREVEEEERFA 104~ 10t mstizknT
Fi 6D TRV p< 0.02 27~ L7Z(Fig. 9a), — 7. ARALBLD SUS
RO w1 018 LLEDE AR L72(Fig. 9b) Z &b, RU ~
— 7 J VI K D BEBRBN RITA 6 Th D, FTo. B
B L L HIC uMETLO0O0L LFICETEL TSI &
Mo, 7T U REE R IREBEOE K & (L U FUEE» &
TR~ L EEREERBITL WD EEXBND, 61T,

REEF OR Y <= —GITIEES T & OBIFPED @72 D4
KB 0 — 7 L O EAER NS < 72 0 BEEARE /I
S holttEZbND.

—F, AKFIZBNWTT T VEKRO pix 015 L EDOfEER
L7z, AKix poly(HexMA)IZ%f L THIEHTH 5720
poly(HexMA) 1T IR L 7y + & o2/ S Lk H &7
LD EE e —T ThDH AT L AR LA
ARG 220 uBREL R0 EBEIBND,

" (b) nbn-modified SUS ]
O~ C—00— 0o o0 1

[
o
N
T
1

L (a) Poly(HexMA) brush |

Friction coefficient
=
o

10* 10° 10% 10"

Sliding velocity, m s
Fig. 9. Sliding velocity dependence of the friction coefficient of
(@) poly(HexMA)brush on stainless steel plate in toluene by
sliding a SUS304 ball with the poly(HexMA) brush and (b)
non-modified SUS304 plate in toluene by sliding a SUS304 ball
over a distance 10-30 mm at sliding velocity of 10 ~ 101 m st
under a load of 0.49 N at 295 K.
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Fig. 10. Number of friction cycles of friction coefficient on of
(@) non-modified SUS304 plate in toluene by sliding a SUS304
ball and (b) poly(HexMA) brush on SUS304 plate in toluene by
sliding a SUS304 ball bearing the poly(HexMA) brush over a
distance 30 mm at sliding velocity of 2.0x10° m s** under a load
of 0.49 N at 295 K.
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Fig. 11. Preparation of wrinkle microstructure on polyimide thin
film attached to poly(dimethylsilioxane) (PDMS). Laser
microscopy images of the surface morphology of (a) original flat
state and (b) wrinkle structure with stripe orientation on buckled
PDMS.
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Fig. 12. Friction coefficient in water of (a) flat surface and (b)

wrinkle structure surface on polyimide thin film attached to

PDMS by sliding a glass ball over a distance 10 mm at sliding

velocity of 2.0x10® m s under a load of 0.49 N at 295 K.
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Creation and Application of Functional Surfaces Using MEMS Technology
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Fig.1 Structure of the EWOD device
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Table 1 Experimental results for the droplet transportation

Electrode shape Frequency Droplet amount

Dogleg (113° ) 1~100 Hz 0.5~2.5ul

Dogleg (143° ) 1~100 Hz 0.5~3.25 ul

Rectangle 1~10 Hz 0.5~3.0 ul
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Fig.5 Snapshots of the droplet generation

Table 2 Experimental results for the droplet generation

dogleg dogleg
Electrode shape 113° ) (143° ) rectangle
Averaged volume 0.75mm3 | 0.91 mm3 | 0.80 mm?3
Standard deviation 0.2 mm? 0.12 mm3 | 0.03 mm?
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Functional Creation and Application of Material Surface by Pulse Beam Machining
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Wie, TR I WTIE, v A 7 e TR AOF I &
2 BB TR MO E N & B FEM B2 & N HESIFIZ XY
TEMNDTE T, ZOFRER, RFBH O TAZ I\ Tl B MR
WCEVINTHRREN R D 2 &, FROINTHE X~ A 7 a T
NERATDZ S VED L, ZOBBEITEEIBREERE
WD TBHZ LD NG TV, JEEREEN
BT 5 LT T200, BAHEREENZKFT22 L%
RLTWD. BEOKENLTIE, 77y 70RRERDZ
DfBIE, PR EN D REETH DN RmMAESE & L RIS
L2 ENTENTH-RERENED 5.

~A V7 BRI IOVHEIN LI 5 ERELFRDOR A, &
UC%%@WH%747HA7w&LTmA¢6®’ﬁL
EBFRE~A 7T L TREN T oME~EA LK. 2
TR, B oERE R L, S~ E 72
1%, F4¥ UME~D TIN O A kA R b -~ 7.

FERITER 1 OFMEHWT, PERFERRER 10mm O Ek
R ST AN LA 3T T S AR 0 E RN T A

EDX N-Ka

SEM image

Bubble in air

_ Bubble in nitrogen

Fig.1 SEM image and surface elementary analysis



1ToTe. Z2KIRBA L BRIBAOSTEIMN THMEA i L. I
THEE, L &, BARVEFER e & O AR KX 707
RGN oT2. 72720, IMIMEE T 2 & LEMRIRNE
OOMTATEBNT, MTHEICERM T OERNRRD B
TiN AR O AIREMEN B2 S 7z, RSO RZIBAIZB W
T, REFICHERDFET DI 00D LT EOHEN
WETE o, WMEDOIMTHEO SEM #ifg & EDX (2 X

DHEOHRE R 2K 2 1R, £, FREORESMEIZBNT
b, BRI A~ A 7 a7 ) TICEBEBRIZENTD
BFEILEWDOERITHGR TE R T2 0D, ~A 73T
JAL U CTRBRICIEET 2 Z ENEETH D 2 E BN ho Tz,
4. KAREAIZXT BHE - ERMTOM LR B

INETHERA 1I0mm, &E 10 mm O3 AT AgA e X
BCHEBMLIZT, MLHEORTBEHRELEIL, M LTHORA
WENEEIC X D BILT B Z B> TS, T2, TDOE
W72 B h 2 T - BB DIE S b MBS CIRES DN
ORI B L Z T Tz, £72/ 10mm, & S 5mm O ff
R A Y LA O NP REICES Smm, S 2.5, 3.5,
4.5mm OJEMZ M TEITH &, ML LY X
R ORI B FENEAL L, M TR S X » CHisimi g b
RAETDHZENbhrolm. 72771, BEMTZ - K AR
HOIMLTH, B FIROEL & A NERE O L7 EE
RSB L CREDOEHRBEDABRE L TND. ZNET
DOFEFRTIX, MEOFBESNE ST L2 LN TE R
7o, 2 CAREE, MEIORE FRMIIERWNEEZ LN

2 BN T2 AW CTRBEOIIM 21T, 1B EH o8
ZHERR U TR L D I K B BRI A8~ D B % il
Hyz2ZtaHEL.

BB TR OM T ZFIH U TN 21T - 7223, Eif
IMTIXEEOM T T/INT 21T > 7=, K 2 I2HE XK 2 7R
9. EMITEL 3Smm OFEM O P IEIZER 1mm O EME
WRESFLE H T OZHEH L. EMRRIZE, 20wt% o
WAL U U LK E A, NER T R OV TR
6.7cm?/s THHIE=. 2oL =, BBPIE S OFREIL
7.9m/s L 72 5. 50V OEFEN & 10Q OEIEEITZ T

BN T AR 2 L. T FlhiE~ A 7 a A —%
~y FEFENCLVET &8, L2787, MR

DOFRENT, BN AETTITNTNLE L CHEITT 2K/ 0
L, F1oum ZHIE L=, TR 7THDORES £
=XV TTHIE T L. X 2.5, 3.5, 4.5mm D

ML, ~A 7 a A=~y ROl 7t Z L TRE L

BN TALIZ, st (S A OREHE A ORI E
EiTolc. W 31T, SWAREOMREE 2 KEML, Eif
MLZENLENDOMLTIESIZONTE & O, MEMLTIE
FUEE 2.5mm (T BV TR A 400mT 75 60mT 1
CETREEBL, BE 3.5mm LIEIE N MRIZEEMRT 5.
—75, BRINT T, & 2.5mm T 320mT R & H DK
BT D72, BE 4.5mm TH 160mT BEEZ R LZ. Zh
BIE, SINLAMThND Z L2 L VEBEAMEIE R ET S

BRI
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&

8

8
!
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I REE

T OBAINEI L TV BB L E X L. BIE, MasEig
ZHEA LB TS TR T 24TV, Z D% S 21T -
T2 TN EREOETH -T2, T K Y, ERRA TR
ZEMINTTIE, TR T L Ch b B REALEE & Rk e i 2
FEoy AR & L, BERPNERIREE O LI fE 5 I TITmE &
ZEZHND.

RIS, S 2.5mm O U T30 TREEA AT 1 B
1mm®mﬁ%@ﬁ,Kﬁﬁﬁ%ﬁﬂbfm1¢@MEW%
R DWEEITFo 7=, FTACEIIRA FE LY 3.5mm Ol
MNHMT L7c. K41z, B4R L OS5 L&t 0 iE
T 7 & QNS BRI T DR NERTEE ORI ERE R 2 /8T,
PﬁzaﬁbuITi L EF&RHTH 20CLL EOBE LENRH Y,
FEMMTEETIZ40°CLL LD ER L TW5D. INLEA L
D Imm FOEAIZBIT2EETH L7290, bDIﬁT gy %
WIRE ER L TWD Z R snG. —J, BT
WL, IFEAEREEAEREONRN. 20 F%i):%%
RN L C A IR E o 230 72 <, IR I L 5 %
BRKENT LR bhoT.

5. £L&®
F VAT LN L Th D BN LA VT, #-HE R
@%ﬁ%%@@ﬁ%ﬁ%ﬁ%%%ﬁwt.20@77u~%
CEVUTORREEET.
0)74&DA7W®EA RICEHRZZ2 AW NTIcBn
, MBS EEUNSGRIRTIUE, MTEICERNTY
@Eﬁh%ﬁf%é LWyt AlENETF R
FIZ TN HEE 7T H &h%nént
(2) AR A Y LA O NIRF GBI TIZ X0 EA R
INT%AT - T fE S, BB T & X B v iR LR N4
LTWRNT LR L, T ORERARER A~/
FAT O T D EBLE L=V T L RO B N X
—= VT ERT I ENGINoT.
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Fig.2 Schematic diagram of ECM
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Fig.3 Change of surface magnetic field
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Fig.4 Change of internal temperature each machining
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Application of Surface Technology to Biomedical Engineering

A s, 2l FlE
Shigehiro HASHIMOTO, and Toshitaka YASUDA

Keywords : Micromachining, Biomedical engineering, Cell, Flow

1. %5

ARFFETIE, MIADZE) - MR DR ABIEET 272D in
vitro BV AT LA EET D, ERETLFEMIEE S X —
BERC O & L TH LN MR RITKOZINHAL T, <
A 7 B FEHEAN TORBO R B % @95 EBR S AT L EH
A5, BHIMESC, T, M/ & o Mgt 28 L
TRy AT MR W TCHIBRO X B 2 T+ 5V AT A, Al
JRADELA - HEFE - 43t < KRR 72 &~ J1 R O 528 % fiF
Brd B3 2T A EOBREE2ED 5 MBI RS E LT
T AMEEFT D120, REIOBIKM - BKMEOHIEIH
WOBROKRE, MO EREOBM~ERT 52 L,
T —~ LHEHE LT, KT —~DOWHIZEEOHEEE INET 5.
Fr B OBl - 958 - b - SR L 2 T D7 o
BRI O FIED DU, FAEERIZRT 2o MR Lo
IEFET 72 IG5 Z EMRAEND. ~A 7 n LK
WL > T, MR O 7 L— FOERICY A 7 1 A— |
WA= L =DM E— 2 e L, £, T E
ST 9 5.

2. MRtE R
2.1 BHGHORREEE TR T DA ®

FHR R I B O TR 2 5388 4 A 72 DI U T O 24
ZEkE - HE L. mO0BEEICE v N LAEEEIOKR T
WE AN D X 5T L. BEEIRSE) 7 % 55 MUK i oMl
WZRE Y £117C 1 MHz Offci e ig@h &2z 7= (Fig.l). &
EIEIZ L - T, RY D AF o 4 o PEFREITER D
~ A ZuMhEiE LR EER L. Tl T aa
AR E RGICEA Lz, ") P AF e o E
WZHRE LTt A V0 A A X (Fig.3&4) G E L
2. THHDRE%E CO2 A »FaX—=FNIZEWT, F4
JRRMIE 10% % & ¢ D-MEM ' CHllla % 5535 L7

2.2 ATEAR FISEHE R
HABTRNIGICRIT DS OBE 2 BIET 572012,
TR RIS 2 /B L7z, JERIEIC L - C, Mg FoRY
PAF v a XY UBEEIC~ A 7 vl (Figd), 7203,
Mlum®dRY v F&2FRIT-. 88K (D-MEM) Hicoik
ENTFHA%E L) ORI > T EDHRE TR
U, FElBER\C—E DY AWHEES &2 54 S 7. PAT R
R D—HE/R RS AR AR E L, BEmE AMDEEE 2 8 L7,
TR % AL 2 M 2 0 36 8h 2 R EE TR L.

2.3 EBRiCHE LMl

FEERCIE, ~ U AGIFEME (C2C12), ~ 7 AN AHM
(Hepal-6), =7 2 EHif (MC3T3-E1), ~ v ZAEH5RIER
Al (8T3-L1), ~ v AMHMEEEMIE (L929), BLUT ¥R
IMERZ N7z,

3. BERBLIUER

P AW - @B (Fig.6) - BEIIEEIMNG T T
B O - eI SN, v 1 7 uBiR (Fig3) - <
A7 aAfniFia (Figs) - BbA ¥y LA X B2
WC, RO A - 5 - e BE S, v A o m
# (Figs) - ~A 7 v AV v h&i@iET 2H8 - AREROH

- BB E N ZhboREk L WELNFHOR
BIE, MROEECREBIKFT 5L E2015.

Fig.1 Electric stimulation for thirty minutes per day (Left),
Piezoelectric element in incubator is vibrated by function
generator (Right).

Syringe pump

Medium out

Medium in

Rotating disk

CO, Incubator
Microscope
Fig.2 Rotating parallel disks system in the incubator. ~Cells
cultured in Couette type of flow are observed by microscope.

Fig.3 Scannihg electron microscope image of the lines of grooves
on mold before parylene coating. Perspective view (Left).
Contact angle on ITO film (Right).

Fig.4 Temperature around ITO film after introduction of electric
pulses for one hour.
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Fig.5 C2C12 in red circle is trapped in groove for 4 s. Another
C2C12 in black circle moves with main flow (2.8 x10™"!

: d}/, : Tk i -
Fig.6 Myotubes on the twelfth day. Dimension from left to right
is 1 mm in each section (Left). C2C12 cultured for thirty
days on coil spring with electric pulse application.

Dimension from left to right is 1 mm (Right).

4. w8

(1) =+ 7 vk (Fig3) EToMIEOXE (B - BE) 1%
MR ORI L > TRARDZ Z N Tz,

(2) v~ 7 ujE (Figs) RSN, MisofEc
Lo THRRLZ ENDhIoT-.

(3) WEZBES (Fig6) X, HHEEMROGHE~DMEERE
T 52 ERNbholz.

(@) MeRhRiBRAIaIE, BRSOV AFRE T (Fig.l) <, JEN5H
fa~ b5 2 2 RE L.

(5) AR MERN~A 7 22 Y v hZ@ibT 281
FEMBE T CBIR CEX 2 LI RERI AT AZRETE
(6) BEKHHEF OMIDOZEB 2L TE 5 L O R EREEm
K AT AEEUWETE . RIEIRE (Figd) R EOHK
M (i (Fig.3)) &EEFMIROZE) & o Bt 2 <7

(7) BEHEEAMISSIH 1 PafREEIZR W T, HZEMIROER D
BLIERTHDZ ERbnoTz.

8) Bl MEAZ®EH Lizr = ML THllats v 27 A
BERRHE L7 (Fig2).

(9) WEE/RTREED 1 MHz OFARNIIEEY S HEE O HE 5 & 2 i
TEHZENDbhoT.

10) F4 o l~ A s naqf Eh T, HFEMmEREEL,
BRI HL OBESE - S5 2 2R EBIE LT,
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Application of nano-biomechanics to tissue repair

BRI il (T2EBE KRR A MITERT - BRI RZERILS AT L7 WA L 52H)
Hiromichi FUJIE (Kogakuin University, Tokyo Metropolitan University)

Keywords: Stem cell-based self-assembled tissue (scSAT), Cartilage repair, Nano periodic structure, Anisotropic property

1. #8

AW TIL ZAVE TIZ, BRI HERE L 7= [FIZE R M
2 (Mesenchymal stem cells : MSCs) ([ZHIEsM EE 2 B &
ARIETCEHELNL BB KB A MAZ (Stem
cell-based self-assembled tissue : scSAT) 12 BI3 B #E 41T
ST&E 2. EEEL, 722 ML —PICXVIMTLzF
J UL O JEHIREE E M S AR T DRI T scSAT
HRREATVY, scSAT OFPER L FRENFREICHERT L2 &
EWOMC LY. 2 2 CAREREIL, FABRO L TRERE
B L7z scSAT & Wi B8 R A 1T, 7/ FER 1
TAER LTz seSAT OBIHIKEEEREIC >\ TRIRBLE R
J Ok RIBIE T o 7.

2. REBEAHZE
2-1. F/RYBEEEEOFR

T JEHIREE O VERLC B U CIRNELEE O iy 1050
ENTWVWD IR, Z 2 CRIBICHIAT S, BATEL L
7ZEAZ 19 mm, JEE 1.0 mm O JIS2 f TEMMTF ¥
(Ti) 2Bt L, AR 780 nm O 7 = & ML —P ik
& (IFRIT : ¥ A =L —H%F— (k) ZHNT, 7L
Wt 190 fs, L —F 7T % 0.5 Jem?, EAHE 1200
mm/min DT Ti BizF /7 JB#EEZ/ER L. Z0F
R G R mICR LT, EH EEAIOLEEZ 10: 1 T
L= AFRY vuafxi> (PDMS) % %A LT 65°C
T8O WMMBAL, D%, A G RIFEEE 2 Z & TPDMS
FWEIZT ) HMHEEZRE L7 (Nano-PDMS) .
Nano-PDMS @ JE#i##3 D & 13 522+9.1 nm, IR I
48.1+23 nm, R, 1% 16.944.7nm THo7-.

2-2. BAHIRAIERIC LD scSAT D AR

VE#L U 7= Nano-PDMS H:AR 12, 14 O REEH A E
457 O MV IS S MSCs Z /i fa5 BE 4.0x10° cells/cm® T
BRL, 723 /LE 2 U Ufga 02 mM ¥R L T 14~28
BRI R 21TV, 0%, 155 7- Mk 2 55 m H & F8k
L1 B CUHE S8 25 Z 212 X - T Nano-scSAT #{E
B L72 (Fig.l). 7R m %z A+ 5 PDMS ETHI[EERD
B 24TV, W D seSAT ZER L7-.

40 O R H AR B A O 25 KRR B 1 Sk D K
FREENC, B S mm, B3 2 mm OXRBEERL,
Nano-scSAT ## 4l L7= (Nano #%) (Fig. 2). FEIXIFRO
7o, FiE7e PDMS ETH:EE L72 scSAT % RIBIBIC R A#
T 58 (Flat #) &, KEIMIMHBAE L72WEE (Defect
) AT Lz, B 12 8%, BETHMEONIRE
B T7T7=0 0 77 A NI — Yz X DR
W 2T o 72, B FEBRIIRIRFEE ST, 558 ERIT

THBRERTFT, T T mEE R OKGBZf5 THEM L.

ZF &R MSCs
4.0 x 10° cells/cm’

N - 28BS
e — v =

G & ———
e i’ FARILEEE2 B
F/ESEEE e
BEEMICHE —> P 22
: == ’l,,;,ﬁfz%é?//

Bt Nano-scSAT

Fig.1 Nano—scSAT D 5E - & 5

Y XREXBREIHE

Nano-scSAT

/ —> \ 4
[ BT, [#eE é
-

" HEBAEY

Fig2 RRBREXREEEPROKBERAIZETS
HE DRSS RIBEERR

3. REHER
3-1. BEHREBEONBHERER

Fig. 3 IZFHH 12 4 OIEEAM O AIRBIEAE R 4 R~ T
SEEENENOHRIINT B 2 ML HER 53 A KRBT & 72 131E
BWETHY, TOERILSmm THDH. KIBEIT S BHE
L7272 Defect FEIZMEMEAI RO BN, KIETH
B FICFET 2 HAORE FERHRTE51TE, 20
ToTNnTHY, BHITGOIWEAEWTH-T=. BED
scSAT TIEHE S 7= Flat BEIXZ BEOBEMM IO i,
HiE 2L TWe., Zhbizxt L, F 7 BiHEE EcARk
L 7= scSAT %4 L 7= Nano &1L Flat #f &[RRI, &
OIEEFERTRO B, Afa% 2 LTV 7=, Flat #f & Nano
BEOBEMRIT TR T2, RO IEARZH LTV,

3-2. BEHRBOHEGERER

Figd 2% 77 =007 7 A N7 U — T L D HAMBLE
ERERT. ORI, BESRENOT e T A7 Y h
U ERIC, RN O E FEAIS, ZOME kA i
T HRHEER LTV 5. BHILKOFBEEIN O B o SfjiT,
KBIER O BT BE) 0 AHLBONE T, EEMET,
Defect B Tlx# D ZMAl, Flat B TIXZFDOEMITEH 5. Nano
BEIEETROPLEBEL TWA =0, U0 ARl H



Flat
Nano
Fig.3 Nano-scSATIC & 2B HEBKE 12840
SIS R =2

Defect

Flat

Nano

4 IOO_um

Low magnification

Fig.4 Nano-scSAT ICKDIEERED 12 A% D
fHEisRg

High magnification

P 220, BRI R IXFFPE K EHRN O FR i NI Y 5.
Defect £t Cld, BEMMBO RN D72, FaMENMEND &
D OECE OARIIBD THIE TH o 72 Z &R on o Tz,
Flat # TIXHCE O AR HER I, REGEMED F VAT
HUE R B O b3, KEHAHERSEL 100 um (20
oo THAEDIRWERFET D2 2 RN ghoTo. Zhb
(Z%f L Nano B CIEHCE OAE AR SN, 1FIERTOMHE
I ARG AN O B I R AR SRR O LT, E Tz,
Flat #f & Nano #f Ti&, Zm2> 5 500 um LA EOEE F TH|
ETDH L0 RO IEANEE SN,

4. ER
Dongwoo 5%, MSC 2GEAEIND 27 —F L IHED

PEAE RS/ EE O S ITERF L CTEMNT 5 L #HE LT
% Y. Nano B0 scSAT IZBHEIEIZ 35U C Flat #£0 scSAT
W, 2L Da g —F Uil S A TWREATREE R H 5.
PIRRAT /L. Tl%, Nano BEIX Flat £ & [EkE1C, Defect FEIC L
&T%ﬂﬁim%ﬁﬁﬁf&é’&ﬁ“#ok;ﬁ%?%
BLERTHEBRIC, Flat # & Nano BHITE & R0 AR 2R
L7228, 2R E5 O RkA% & *E@#w&) bivlz. T72b
¥, Flat BECIHEE R E RO OV E R K
100 um FEEE, F77E L CTUWV=DIZ%t L, Nano BECIEZ OJF
DEINX DD THiD 7. IERRE T RELEIC YA
DR, Wh DB REEVTFET D0, TOREI
DTN um THDHZ ENHHA TV S, Nano FEDE
HIE OREHEG T, D EbREBOESICBWT
IEHWE O ER Do T

5. &8

AT, 7= b MPL—FIZ L VR LT/ B
i B CHER L7z seSAT 2 RIE KIBEICBE L, &
G & ARBLEE &R PR K VM L 72 2 DFER,
Nano #1& ECARL L7z seSAT I L A EHEEE X, @D
SCSAT (2 X ABEBE TN, YRtV EREI# L,
EFHRBIGIVREBENESEIND Z RN ghoT.
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Magnesium (Mg) and its alloys exhibit excellent
biocompatibility, suitable mechanical properties and spontaneous
degradation in a physiological environment which are applicable
for biodegradable implant devices. In many cases of implantation,
the body needs a temporary implant or device, in which case
biodegradable materials represent a better option than inert ones.
Historically, Mg and its alloys have been studied as implant
material since 1878; however, commercial medical devices are
still not available. The corrosion rate of Mg in a physiological
environment is still considered to be too high, leading to two
major consequences: the rapid generation of gas (H,) bubbles and
the loss of mechanical integrity. High corrosion rate was observed
on the first week of implantation, as indicated by the generation
of significant gas bubbles, and normally reduced in the following
weeks. Therefore, improving temporary corrosion resistance of
Mg implant to retard early degradation in a physiological
environment is crucial. Anodization is an effective way of
mitigating the corrosion of an Mg metal surface by forming an
anodic oxide film to prevent direct contact of the substrate with
the corrosive environment. Plasma electrolytic oxidation (PEO),
also called micro-arc oxidation (MAO), is a common surface
treatment used to form a ceramic-type oxide film on Mg alloys as
well as on other valve metals (Al, Ti, Ta,Nb, Zr, etc.) by the
application of a high anodic voltage to create intense plasma near
the metal surface to induce oxidation. A PEO film is often applied
on Mg alloy substrates before final organic coating. Compared
with the direct application of organic coating on the bare Mg alloy
substrate, the corrosion resistance of Mg alloys with a PEO film
formed before organic coating was much improved. Apatite is
frequently used as a final coating for orthopedic implant materials
to provide bioactivation properties. The existence of apatite early
during the implantation period enables the strong fixation of an
implant to the host tissue or bone.

Apatite coating can be synthesized by immersion in
physiological solutions such as simulated body fluid (SBF),
Hank's solution and Kokubo's solution. However, it normally
requires a long immersion time, in weeks, to fully cover the
surface with apatite while the Mg specimen may severely degrade
in such highly corrosive environment. The application of an
alternative ~ immersion method (AIM) in Ca- and
phosphate-containing solutions has been reported to be an
effective means of accelerating the deposition of apatite layer on a
porous oxide film formed on Ti in a short time. Compared to other
coating techniques, such as plasma spray and sputtering, AIM
treatment does not the involve application of high temperature,
which is suitable for Mg substrate, considering its low melting
temperature. In this work, the AIM treatment was applied on a
PEO film formed on AZ31 magnesium alloy specimens. To
enhance the apatite coating uniformity, alkali treatment is
proposed. Alkali treatments are typically used to promote apatite
nucleation on a Ti metal surface in simulated body fluid (SBF).
The alkali-treated Ti metal surface becomes highly bioactive
owing to the formation of a hydrated sodium titanium (Na,TisO;)
hydrogel layer with a submicron porous structure. The release of
Na' from the hydrogel layer, which is further transformed into a

Ti—OH layer during immersion in SBF, induces HA nucleation on
the titanium surface. Apart from its application on metal surfaces,
the specific application of an alkali treatment on a PEO film to
induce strong bonding to a final coating has not been investigated.
In this study, the effect of the alkali treatment on the apatite
coating uniformity of a PEO film on AZ31 alloy was investigated.
The corrosion resistance and bioactivity of the coated specimen
were further studied by an in vitro immersion test in SBF. The
electrochemical corrosion behavior was also examined by
performing a polarization test in NaCl solution.
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Anodization by plasma electrolytic oxidation (PEO) and
subsequent apatite coating were performed on a biodegradable
AZ31 magnesium alloy to enhance its corrosion resistance and
bioactivity in physiological solution. The PEO film itself (~48 um
in thickness) exhibited low bioactivity, where only aggregated
apatite particles were deposited locally on its surface as a result of
the alternative immersion method (AIM) in Ca—phosphate
solutions. The uniformity of apatite coating on the PEO film was
markedly improved by pretreatment of the film in a dilute NaOH
solution. The alkali treatment induced the formation of a
nano-size platelet Mg(OH), layer on the film surfaces that
drastically enlarged the effective surface area for the precipitation
of apatite. A uniform apatite layer as thick as 1 pum was
successfully deposited on the hydroxide layer after AIM treatment.
The enhanced uniformity of the apatite coating on an alkali- and
AlM-treated surface significantly improved the corrosion
resistance in both simulated body fluid (SBF) and NacCl solution,
and the bioactivity in SBF.
<ZE M >
1. Anawati, H. Asoh and S. Ono, Enhanced Uniformity of
Apatite Coating on a PEO Film Formed on AZ31 Mg Alloy
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Development of the functional cloth for sports

KEF B, DU
Akisato MIZUNO, Shinichiro ITO
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Fig. 4a Combined velocity field of with arms at 10 m/s, 0 deg.

Fig. 4b Combined velocity field of with arms at 10 m/s, 0 deg.

Fig. 5a Combined velocity field of with arms at 10 m/s, 30deg.

Fig.5b Combined velocity field of with arms at 27 m/s, 30deg.
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Fig.10 Flapping-wing robots for vertical lift and level flight
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Fig.11 SEM image of spines on a dragonfly wing.
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Fig. 12 A polyimide wing with micro pillars
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Fig. 13 Surface profile of the micro pillars.
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Fig.15 Thrust force generated by microstructured wings
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