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The present thesis described a novel approach to fabricate nano rod array or nano crystallite structures of
titania or titanates on metallic titanium substrates, with respect to the biomedical applications.

1 Na,O 2B,05 glass was coated on titanium substrates to evolve nano- or sub- pm scale arrays of rutile TiO,.

The influence of the physical and chemical state of the substrate was investigated. Glass phase topotaxy
growth (GPT) was proposed to where the dissolution of rutile in to the glass coating and subsequently the
topotaxy growth on the titanium substrate plays a critical role in the structural evolution of rutile rod arrays.

2. Potassium metaborate and its derivatives were coated on titanium substrates to evolve highly oriented,
nano-scale potassium titanate K,TigO|4 rod arrays. The influence of change in compositions of the potassium

borates to the structures was investigated. The in vitro bioactivity of the KyTigO;3 nanorod arrays were

proved where apatite deposited within one day accompanying the release of potassium ions from the crystallites
into SBF and the arrays were covered with apatite layers in three days. Ion exchange between the potassium
ions in the crystal and calcium ions in SBF is proposed to favor the deposition of apatite.

3. Bioactive glass 30Ca0¢40B,03¢30TiO, was coated on titanium substrates in similar way. This glass coating

layer was crystallized during the coating process at 700°C for 30 min, and the coating layer deposited apatite in
SBF within 3 d. Biologically-toxic B element was removed from the glass coating by soaking in HCI solution
and a highly porous titania layer with interconnected pores was left on the substrate. The resulted titania
layer was so bioactive that whole surface was covered with apatite in SBF within 1 d. This activity was
attributed to the calcium ions present in the residual matrix. The hydrolyzed titania that precipitated from
the glass coating, i.e., Ti-OH groups, or even polymerized Ti-OH groups are supposed to contribute to the
apatite deposition.

4. The same glass coating was derived on the titanium substrate. When the coating was removed thoroughly due
to soaking in hot water for a week, a rutile layer was obtained which consisted of shorter (<100 nm) rutile rods
(~50 nm in width). This rutile layer induced apatite formation within 3 d when soaked in SBF, irrespective of
the heating temperature and heating time at coating. Such in vitro bioactivity in both experiments 3 and 4
was attributed to many Ti-OH groups on the crystallite surface that were derived from hydrolysis of the bonds
at the crystallite-flux (matrix) interface like (rutile) Ti-O-B or -Ca (the borate matrix). Crystallographic
resemblance in the Ca site for the apatite and the oxygen site for rutile was suggested to be also a beneficial
factor for the apatite deposition.
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1.

#) 100pm D NayO2ByO3 H T AMKREZERTF & ERIH 1mm EOBRICERL, 700°C T
30 DRBER LTz, T ABERIBATHESRELT, ERICH LCIZTEAFAICERMREE L, K
& 205 pm + BS~10pm OAFAEBETFZny FOESE (TvA) 287k, Z0F ./ 854
BEDERIZIE, HIRAFADFEZ ATV DER - THERICEBFF L EAFALLEDFREF
V—-REETHLOLERL, Zh% Glass phase topotaxy growth (GPT) Kt & £ 117 7=,

Kp0+ByO3 KU EN L DO FNITHMEORRDERERE, ROBME LT ¥ v EREANTL
LRBROBERER L, KE~50nm &S 15um D KpTig03 2 v ROEEEZEL, Zouy Fiig
BRFORERBREHAICKELTEY, 1 LFAEOBIBNRIT S, b MEREZHE LSRR
ZHAV3 in vito ERRT, 7T/3¥ 4 POWHERR L, £EBEMECHED TERTWD Z L2 ET
L7,

9, BAKTHRE LA >ENEEB MRS 30Ca0040B)03030TIO) 4T AR EFH /- IZFR
HLiz, TOFTABEEZRAVL « 2 LFABEOLEEZHEL, FTIEZOKRAEWEEIELTF VB E2E
oo TONMFVREE, BUEEFTIX1IBTT YA M2FHLE, ZHEBRIZREALLHOET
BETAINIALTVOMBRTHD ERRLE,

. EBIZ, 3THAERBEREHMEBAKACEELREBEZDVERE, nm VA XOAVFALEER2 Y
BxEl-, ZOLVFLVBITELEET 3 AURIZT ¥4 FEHFTHLTZ, 3 - 40VWTROFED,
< hU 7 REFHATFAFERE DRETOKE Ti-0-B,Ca i<+ 7 ABEHEFICHMT S 5 HEE,
NFNVREZEED TIi-OH EPBEFT IO THD LR LTV,
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