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Improvement in Performance
of Bio-Adaptive Coating by Using Chemical Bonding

Toshihiko MORI*?, Kenji HIROTA,
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Demands of medical implants such as artificial hones increase as an aged society is coming. A
medical implant can be substituted for original tissue only when it satisfies both mechanical prop-
erties and biocompatibility. Since such material is not found in nature, hybrid materials are
promising and have been developed. In the previous paper, coatings of hydroxyapatite (HA) were
deposited on titanium substrate by graded plasma spraying, but the properties of obtained coatings
were inferior to those of bone. In this paper, two successive processes were conducted as a grounding
of spraying. First stage is a formation of titanium compound which is processed chemically to
titanium by NaOH and have high adhesive strength to both titanium and HA. Second stage is HA
coatings self-deposited by dipping titanium in Ringer’s solution. On these films, 50 pm thickness
coating of HA was carried out by plasma spraying in vacuum chamber. It was clarified through the
observation of self-deposited surface with SEM and AFM that increase of self-deposit time resulted
in improvement of adhesive strength. Self-deposited surface becomes rough in microscopic order but
keeps smoothness in mesoscopic, when self-deposited particles of HA grow and cover over the
substrate surface. Such surface is easy to bond the sprayed particles by anchor effect as well as
chemical affinity and results in increase in adhesive strength.

Key Words: Spraying, Coating, Surface Treatment, Implant, Hydroxyapatite, Titanium, Self-
deposition, Roughness

Z4 b AT HA LBET) 2EHZETT ALY

L & = 5 2 L TA T v MORIRRAERATET.

Bt E DX EEEORBWA 7T v MR
ORRITEETHD. LinL, ANEWOERRET
VEIBREE - THAME L AEREAMES R ER S, - itk
e RGBT D T L3RI L2,
ZD7, FNENDERE T ol e A
EBDETI ATV v RRIOMEE VD Z L7
FiEE &, FOVEDIIT—T 4 Y IERHD. &
BFFeEE T, a7 MICHARE - THAMHIEN LT 5
BBV, REMCBEOERS THD M FaFy 78

* FEREZAT 200248 H 2 H.

L EE ZAHBAYIEH (D 464-8603 ZHEHTERTE
7).

*2 g R RY AR TR (® 464-8603 AHEHTHEKX
AHEHT).

E-mail : mori@mech.nagoya-u.ac.jp

BES CI MBS SRRSO R 0 L —F — RS DZIR
WOVVTRETRAT Y, SRR L USEIZ >
WTEBERITo18

AT, Fc IR RO LA 28
B35 2 e TR EEEOR BIRERS, TOHR
IR L GBS L OB EE T

2. RREHE

21 HEHHICEIBIE T4 .0F% A&
FHEA L, FNRICET S THAR
MRS D LA TE B0 2O 1 17
+. FHLUREEBOIMCTFZ AT R Y T A
KIBETTH VBT A LT LD, 3 (VP RES)
ICHEEREEDOF Z BT M) LR SED. O

— 268 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

b¥EHEEEERM L EREE U RO 1457

NEMEATHZ L TFF VBT Y U NSREE LT
B ATBRIEET D, ZORBERRURRIZIET &,
FHZ S Y OLKEDT b Y VA 2 LRIRTR
D Rur=Uhf A it bicky, M
1D & S oF & o RERIKEBEEIERK S, HA ©
BEERT s 7 A Ees. RS- HART
WRFDH N T DA F 00 ABEA A, KEHE
AFERY AT Z & TR 1QD L SRR LTV

ZDX U TER SN HA 7B HA L0
IS EAR LR < BE L TA. LL, IR
HENIEFITEBOTD, TOFEDOHRTATERED
BERICAO LN TV A 50um DEXEEL S T3
T LIEERERTII R,

22 HEFSXTBP-LIBIE BHHIAR
BT aEEY = v MRICFE TERIR & T 54505
BT CH Y, FEER O~ < fER AT
BEZSIRRRR B IAV V2, HRx RFBR TRV LT
58, BEEOCI, F# R b HA # B4 5 X<
BEIC X ORBIE LA 7T M & LTOMSEHEZ
1To7225, BB ERICOBROT-OHIE L iR & D
EEREDRIRREL 2oz, FRE LT, FARD D
F B R A 2 b X B AR ERE R
HBOL—Y—HBROMBERETLIZ, BT 5
HMEABHITITELh T

2-3 FBITHBITBRERE g3, bRo2
DOREEEEHEE D Z L TENFNOREEFHNE
DR T EE TR R OB R AR A D, F
% & HA DFEEITIZ B CATHIEDORATZ, #HEOE
BRI A EDORATEAIAT 5. ZZTEEHTH
JEIIEAMR L BB A A5 ST DB eI &, LA
TOMRENER XN,

O F# EMRIH U TKBERE AN L TR 50E

WHEETHT &

@ Zo iz ans HA (it L TH72 T 72
5Tk

SBF (Simulated Body Fluid)

Ti substarate -

(a) Reaction of (b) Formation of

Na, TiO jwith SBF

(c) Deposition
Ti-OH radical of HA

Fig.1 Mechanism for self-deposition of HA on titanium substrate
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Table 1 Conditions for plasma spraying

Input current /' 300A
Chamber pressure Py 260 Pa
Flow rate of plasma gas O 12.0 NUmin
Flow rate of carrier gas O, 40 N{min
Spraying distance Lx 60 mm
Clearance between electrodes ¢ 3.5mm
Composition of | HA100% (Mono layer)

coating HAS50% Ti50%~HA100% (Graded)
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dipped in solution of NaOH
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Fig.6 Observations of specimens dipped in SBF
Fig.5 Improvement in smoothness of Na, TiO; surface by curing with SEM (left) and AFM (right)
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Fig, 10 Change in roughness of deposited layer with time

Growth of particles

Deposited HA

Fig.11 Topography of deposited HA layer
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Fig,12 Influence of dipping time on hardness of sprayed layer
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Fig.13 Bond strength test for coated specimen
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Fig.14 Appearance of specimen
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Fig.15 Influence of dipping time on bond strength of coatings
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