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Protein-hydroxyapatite Composite Coatings on TiO, Nanotube Layers and Bond
Strength to Substrate
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Abstract: TiO, nanotubes on titanium with different diameters were prepared by anodic oxidation after heat-treated
at 450°C. Hydroxyapatite (HA) coatings containing bovine serum albumin (BSA) were produced on the nanostructured
surface through biomimetic co-deposition. The TiO, nanotube layers with 170nm diameter has a better mineralization
ability compared that with diameter of 100nm and 50nm, And the HA formation ability is enhanced with increase of
the diameters. The bonding strength of the coating to the nanotube layers with large diameter is higher than that with
small diameter, and the maximal strength can reach 16.95MPa. Moreover, the pre-mineralization in vacuum signifi-
cantly enhances the bonding strength, and increases growth rate of the coating. The BSA-HA coating with high bond-
ing strength can fastly form on TiO, nanotube layers by pre-mineralization in vacuum and then biomimetic
co-deposition, which would be a promised method for preparing titanium-based bioacitive coatings.

Key words: TiO, nanotubes; bovine serum albumin; apatite coating; bonding strength

ERIEFRIL WA (HA IR E M RHERE A ZUE B Bl e S W 7 < kAR b bR e i 1 2 R )2
ARPRE T2 N XA RS TEIR R ORI R SR A R AR, R A S U
KA HA 2B S e m R A TERE S 05r REARUE, JF HAF & iyt HEOd e, RMEAEE
PEfE, B CMASAM BT E RIS, B RIS LREH SRR, NETRERZ e
AT, LU HA WMZMEE I ERER T BRI RESE AR R B TR
ML, SRR AR EOE NS PR s MR R BOE R BOR, R R RABORKR AR

ks HAEA: 2010-10-26; WEIMESER B : 2010-12-22

EEWH: FXARFEAIES(50871093), KA 8 w522 14 AL 75 8 L 22 A0 18 S AE & % 10088 42(200554)
National Natural Science Foundation of China (50871093); Foundation for the Author of National Excellent Doctoral
Dissertation of China (200554)

fEEEN: T ¥1984-), %, Wi-LWF9EE. E-mail: 08091003@163.com
BIRAEE: Y 3, #I%. E-mail: fengbo@swijtu.edu.cn



988 T LM OR 2 R

26 %

Iy, AT PR ST S A T 45 6 i T4 v

AR HA B0 RIAEYSE, 224K HA
S g g0h KR HA D3R A7 AW s 2 5 N A
I HA &5 KRRV ()5 55 DL A 45 4 1,
A B HA SR EHA ) RAR B LU BRI 5
S, Liu 276 5K 5 4 (TI6AL4 V)2 [ 38 o 47 28 3
DU 43 30 4 103 B 8 (BSA) MUK A IR 2,
ROL BSA TN T UG 0 J2 0 it A &5 1) o %
T RARE AR, HH H G T 45 5 1 % s g
Yu CHB IR 5 A LR B3 BSA Wi AR
2, FFHVCNR S BT, H A A%
SR TS R

A TAEAE ] BSA ME AR [, il SR
D5 VE AR N A B AR I AR Ak K Al K A 36 T A A%
BSA-HA H 452, A TiO, 49K 2 I ek 2%
DHEWSI Ry Sl e N e S il B A P Y
ik R B 22 S T R R AR Ny, TR TR R 2 R
JERF R E Ao T RN T HA W2 EA R
P21 TiO, KA R 1 1) AR AR LA S BSA % 1 i
PTG 2, f Ja AR T 25 3R 10 BT 198 2 5
(&5 45 R

1 #R57A%

1.1 FALERFERE &

AL H DB 1)4li%k - TA2(¢10mmx1.5mm)Z:
400#. 1000#. 1500# SiC Wh4RHT B 2 K 2 HoE
B R, AR S IR AE K RN T I A OER 7R O T UG
10min, HCHHET; 2)7E /KL R 6:1 1Y) HNOs 5 HF
(TR A BRIV AT IR YL, AR5 T Z8 1Rk vl 75 ks
Y& 10min, WXT 5 PR AT

HHE SCHR[8], FHARAEALR I HL# A H3PO,
HMIUHF AR, Jn s 254 104 204 25V, S4LE
[f] Th. BARRAEAC G RAFELE 450°C #VRBE, THERH %
9 2°C/min, R 6h, FEIAEL KERESIEVEITR.

223 100 20, 25V PB4 1h J5n13 2414
S 50 100, 170nm 2245 1F) TiO, 44K 45 2 1,
283k 450°C HAb 3 5 K1 1) TiO, H G E B &R N
BRSO B RS IAC N STV 10T T 17T.
1.2 {AE I BSA-HA %R E

YN FE B AE L A T BT e R A v
(ACS)H, 235 Tl 1L Th(5TA-1, 10TA-1 Fl 17TA-1)
H13h(TA-3). kT Bk BSA 7Efil B4 i i rp R AR AR
PELE UG R v i AR I\ BSA.

BTG 3h 5, SLRNEHIAE BSA WE K

Img/mL ) ACS ¥, 37°C N EEATH 1k, 1h BUFE I
J 5TAB-1. 10TAB-1. 17TAB-1; 5h JGHUAEC h
5TAB-5. 10TAB-5. 17TAB-5.

ACS %l NaCl. CaCl,. K,HPO,43H,0 it &,
H Tmol/L HCI # tris #§15 pH=7.4, BT IREEWIE 1
PR,
1.3 #HE=RERM

FSCER[11-12] 0 @ 7 v 04T 0y 5856, P
IERESE 7 DG-3S BRI (R W R AL T 5T B
HRA A, 2k H 455 5% £ >39.24MPa(Ti-Ti).
FERPRAE R 6 AN PATHE 58 Ol
1.4 HEHIRAE

KSR 7 2 0BI(SEM, FEI Quanta 200) 1
Y RS 14 H 85 (FE-SEM, JEOL JSM-6700 OL)X ik
FEREAT 1 S T TS 52, 0 AT H R R 2R AT 15
SHEEL. X B AT (XRD, Phlips y’Pert PRO)T
FE S 2 A B2 BT 28 0, HHEVE T 200~50°, KH]
MRATHE, B 0.5°, 2K(20)0.025°. K #
ST AR 41 A (FTIR, Thermo NICOLETS5700)4:
W JE R e 2E 4. H & B (Tencor Alpha-Step
1Q) M & it 52 )5 2. T3 g J) 27 il A (INSTRON) il
IR E 5 B 45 G

2 HERE59H

21 BREBIRM

B 1k SR T AT AR A R AR TiO, 9K
2 TR PR A TR 2R KR B, mT DA 2 T 16 1h
J&, KE STA-1 F1 10TA-1 3% SR K ik, 17TA-1
ST ) T SRR, X 5 SCER[ L] R A A
B HA JESUAHBL. 29 16 3h J5, WA 10TA-3
17TA-3 R 1f HILVF 2 BRORBURL, & i R v & 200
E AT HH G AN /I DR R A A R T R 1T R R
5TA-3 K IMAN 3 5 40 AT A AN TEAR 1) s 4 F0F .
H AT DL AE HEWT TiO, 90 KA B 42 KNI TR, 43
SR 85 Bl b 70 URE 2R T (R R

FLYOAR Th 1 Sh SR Z R HESan ¥ 2. 3Lt
B Th B F R R T pT R ) ks B 24 2, JLrp
10TAB-1 F1 17TAB-1 X 0 IR 2 A H0 7 a5,
STAB-1 3 [ UKL H U044 3h I 22 22 40 A (RIR A HE

#z1 WHRACS)ERA

Table 1 Ingredient of accelerate calcium supersaturated
solution (ACS)

Na" Ca* K cr

HPO,*

Concentration/

(mmol*L ) 1404 3.1 3.72 1429 1.86
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Fig. 1 SEM morphologies of TiO, nanotube layers after pre-mineralization for 1h and 3h
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Fig.2 SEM morphologies of TiO, nanotube layers after co-deposition for 1h and 5h
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Fig. 3 Cross-sectional SEM images of the nanotube layers
with diameter of 100nm (a) without pre-mineralization (b) with
HA coating through pre-mineralization for 3h and then
co-deposition for Sh

TR PG, B IR IO, M R AR E
SRR, W TR B s g, AT
PRI,

MORL i A=t re 50T S . Wy DL R T
Be RGP R B . AR EN, SRR ImEHK
FALERG KA Sk HA BB sk R s aA
[ TiO, GKE HAANF R R, SR,
R AR KUY, S5 & LT B Se i 45 o1, AR
2k 100 A1 170nm [FRFE R TH B B 11 HA F50RE LG 42
50nm AR Z, HIE T RKERK Tio, 40K A
AR LER T, AT A 5 = (3R T RE, 0V v 45
Tt 25 TR B ) B, TR 2 BB R

X1 BSA FIES A5 o 1 A AR H,
TR E B RS 1Y, BSA 1925 Al 4.7~4.8, 7
pH=7.4 [ ZILGORME. ARSI, 9KE
LT (LA P45 2] — 2R M) HA W2, 3t
VOB R, &AM LR HA SR
Ca™'. PO HEANWW NP, i A, BSA 15
Ca™ 4, N2 ok S i ms, AT 3% (7] R B 19 J2
T, (R B 0 T 18 0 A e R SR TR,
FHBSA-HA E 52T K.
2.1.1 XRD

Bl 4(a)F(b) 7 5l & — PR AE T 4k 3h R
4L 3h-ALPTRL Sh S XRD K. FiHT 4k 3h i,
TR0 2 HA FEAE0E, e 17TA-3 SR g oh 11 18,
XEPH LSR8 Wtk 3h+3EUIR Sho (1
XRD B, = PjraRe 2 I 2158 24 1 HA RFAE 0
25.9°(002)F1 31.7°(211), BEEKH" (1T &, BRIEHK
59, HF H AT LAE H 17TA-3 1) HA W6 =T STA-3 11,
SLER B A W HAE X 2255, M E2E B T KRR
FERI HA W2 E R T /NERI.

Bl 4(c)/&h 1k 24h 5, WRFERAL HA 32 R
BSA-HA )21 XRD K, WEIFHEH, mA

BSA J&, HA(002) & [ A7 5 06 o 55 W I 3% 5k,
(211) (112)+ (300) i [ T %F WY 1 = 34 06 (1) 5 B AT
HH S IR AR Ak, 0B A (002) il THT AT T 3644 e
PR, BT AR RS OR, &5 d BB, AT
U i /)N, Rk BSA I AAMY 1S HA TESR AR
b, W2 T HA K&k g UL B 002) i
SR U T SR B0 HL B T L e U, DR IE B Ab(002) i
TREAT fobr )OS R4 b B v E 5. & iR A H 5
#3: HA Fl BSA-HA 7E(002) 5 1 11134 doki k743
AR 17.7 F41.4nm; PRRRRAE B 45 G BE 23 0 A
40.2%F1 67.1%. I, BSA HIINAAELS HA ffky

@ o ? o

= Anatase
© o HA

=}
17TA-3 A
10TA-3 A

STA-3
| L | 1

0

Intensity / (a.u.)
]

20 30 40
20/ (%)

Lh

Intensity / (a.u.)

10TAB-5

20/ (%)

Intensity / (a.u.)

20 . 30 . 40 I 50
20/ (%)

Kl4 (T8 {6 3h J5 AN R ARA0KE; (b) 71k 3h 3L iR
Sh G AR FEAIKAT; (o) 16 24h )5 HA ¥/ 5 BSA-HA ¥R
JZH) XRD i

Fig. 4 XRD patterns of (a) TiO, nanotube layers with differ-
ent diameters after pre-mineralization for 3h; (b) TiO, nanotube
layers with different diameters after pre-mineralization for 3h

and co-deposition for 5h; (c) HA coating and BSA-HA coating
after mineralization for 24h
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Fig. 5 FTIR spectra of the nanotube layers with 100nm di-
ameter after pre-mineralization and co-deposition
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Table 2 The coatings’ bond forces to substrate of different

samples / N
5TAB 10TAB 17TAB
400 780 840
465 390 1428
548 1072 1200
210 1785 1868
776 2264 1745
585 1346 900

497.3+190.3 1272.8+680.1 1330.2+427.4
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Fig. 6 Bonding strength of the coatings to the nanotube layers
with different diameters
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Fig. 7 SEM morphologies of different samples after the coating peeled by tension test
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