%30 7
201547 H

E LM R R

Journal of Inorganic Materials

Vol. 30 No. 7
Jul., 2015

X EHS: 1000-324X(2015)07-0725-07

DOI: 10.15541/jim20150038

FAPERC AR o A U E N AR e AR, BRAESS
TP AACIE I TiO, LR R ERHLE T 4
JE R R, S HUAE L LR B P4 . WA
LY TEIRZ 2 BSOS B AN RCR AT g 22—

KR EILTT L SIO, HIRIFE SRR INA =

2

%2, tkhrw', B oo, r B NEE

(1. #ABHKRF HHAFE TA2FR, KV 410082;2. FEAFKE LiEsBREMTH, LiF 200050)

8 OE: R A B B ALK I 46 32 A AL ST, WL, B VEA (RS B BRI AT 2 TR I
BESCEC LI . RIS X SR AT S o ST AR LT AN o N VR FhL B0 e S5 kB AR AR 301 2 B
Jei v B HOR BT S A LIS LR S TR SHBEAT T RS R PR T Zeta LR ACIE S0 WP T HOVE R
GERFW), S ALEBLRAT S ey A LA, AEBIMAI(LSSBF) TRIE 14 d M BETE S WA A2 AL R I DR,
SIS R RO A IS o A FLIE ISR F) FLIE 45 4 L S FLAR T Si-OHL A6 P PR 5 B b Mk L2 3 VA S B 1R
kOB G gk LU AL SO, W B BRBEACH

RESES: TQI127 XEkFFIRAD: A

Cubic Mesoporous Silica Thin Films Coated on Titanium to Induce Carbonated

Hydroxyapatite Deposition
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(1. College of Materials Science and Technology, Hunan University, Changsha 410082, China; 2. Shanghai Institute of
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Abstract: Cubic mesoporous silica thin films were synthesized on pure titanium by dip-coating method and then their
bioactivity were evaluated through the induced deposition of bone-like carbonated hydroxyapatite (CHA) layer in vitro.
The composition, microstructure and morphology of the films were characterized by small-angel X-ray diffraction,
Fourier transform infrared spectrum, nitrogen adsorption, electron microscopes and energy dispersive spectroscopy, etc.
The surface Zeta potential of the films was investigated by electrokinetic analyzer for solid surface analysis. The re-
sults reveal that the films have three-dimensional cubic mesostructure. The mesoporous silica films are covered with a
thin CHA layer after being soaked in a simulated body fluid (1.5 SBF) for 14 d, indicating its good bioactivity. The
unique mesostructure and the presence of abundant electronegative silanol groups in physiological solution may be
responsible for the bioactivity.
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Fig. 1 Small-angle X-ray diffraction patterns of the films

peeled off from the as-synthesized (a), extracted (b) and cal-

cined (c) samples
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Fig.2 FTIR spectra of the mesoporous silica films peeled off from
the as-synthesized (a), extracted (b) and calcined (c) samples
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Fig. 4 HRTEM images and Fourier transform of the extracted films

(a) One-dimensional lattice and diffraction spot; (b) Two-dimensional lattice and hexagonal diffraction spot; (c) Three-dimensional
lattice and matrix diffraction spot, and (d) EDS analysis
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Fig. 5 Surface morphologies of the extracted films on Ti substrate by dip-coating method for one time (a), two times (b), three
times (c) and EDS pattern of the sample in (d)
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Fig. 6 Surface morphologies and EDS analysis of the deposition on the mesoporous silica films after soaking in 1.5SBF for 14 d
(a) Surface morphologies of the deposition on the films at low magnification, (a;) The thin layer with needle-like formation covering the films,
(a2) The Ca-P layer with spherical formation gathering on the thin layer, (a;) The same surface at higher magnification, a spherical texture with nee-
dle-like formation can be observed, and (b) EDS spectrum of spherical formation
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Fig. 7 FTIR spectra of (a) mesoporous silica films peeled off
the substrate, (b) nano-hydroxyapatite powder, and (c) the
deposition on the films soaked in 1.5SBF for 14 d
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Fig. 8 XRD patterns of mesoporous silica films peeled off the
substrate (a), nano-hydroxyapatite powder (b), and the deposi-
tion peeled off the films (c)
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Fig. 10 Schematic illustration for the growth of carbonated
hydroxyapatite layer on the mesoporous silica films after
soaking in a simulated body fluid

3 é:l: A

KRR Pk AR i Ak R ) 4 T =4 )y
AL SiOp Hii . ARAMEDTE VR &5 LB,
BESRIAE 1.5SBF R 14 d, EIE ST B K A
DIBZ . AL SiO, W RS 1) FLIE 4548 . & 4R AESL
LI Si-OH Bh TERZ T i, NI 5281 i KA
k%, A B R ) AR

S 3k

[1] CAO HUI-LIANG, LIU XUAN-YONG, DING CHUAN-XIAN.
Progress in surface modification of titanium alloys for biomedical
applications. Materials China, 2009, 28(9/10): 9-17.

[2] PAITAL S R, DAHOTRE N B. Calcium phosphate coatings for
bio-implant applications: materials, performance factors, and
methodologies. Materials Science and Engineering: R: Reports,
2009, 66(1/2/3): 1-70.

[3] LIU XY, DING C X, WANG ZY. Apatite formed on the surface
of plasma-sprayed wollastonite coating immersed in simulated
body fluid. Biomaterials, 2001, 22: 2007-2012.

[4] RAKNGARM A, MUTOH Y. Electrochemical depositions of
calcium phosphate film on commercial pure titanium and Ti-
6A1-4V in two types of electrolyte at room temperature. Materials
Science and Engineering C, 2009, 29(1): 275-283.

[5] CUIX,KIM HM, KAWASHITA M, et al. Preparation of bioactive
titania films on titanium metal via anodic oxidation. Dental Ma-
terials, 2009, 25(1): 80-86.

[6] LIU X Y, ZHAO X B, CHU P K, et al. Plasma-treated nanos-
tructured TiO, surface supporting biomimetic growth of apa-
tite. Biomaterials, 2005, 26: 6143—6150.

[7] WANG G C, LIU X Y, DING C X, et al. In vitro bioactivity and
phase stability of plasma-sprayed nanostructured 3Y-TZP coat-
ings. Acta Biomaterialia, 2009, 5(6): 2270-2278.

[8] SZILI E J, KUMAR S, SMART R S C, ef al. Plasma enhanced
chemical vapour deposition of silica onto titanium: analysis of
surface chemistry, morphology and hydroxylation. Surface Science,
2008, 602(14): 2402-2411.

[9] SZILI E J, KUMAR S, VOELCKER N H, ef al. Generation of a
stable surface concentration of amino groups on silica coated onto ti-
tanium substrates by the plasma enhanced chemical vapor deposition
method. Applied Surface Science, 2009, 255(15): 6846—6850.

[10] LIU RONG-FANG, XIAO XIU-FENG, LIN LAN, et al. Study on
the bonding strength and thermal stability of electrodeposition
HA/TiO, composite coating. Chinese Journal of Inorganic Chem-
istry, 2004, 20(2):225-230.

[11] ZHENG XUE-BIN, DING CHUAN-XIAN. Plasma sprayed

HA/ZrO, composite coatings. Journal of Inorganic Materials, 2000,



S

%7 W 7k

BA, &5 BRI T A AL SiO, WhIE 5 S VTR BB K A1 )2 731

15(2): 341-346.

[12] LIJIN-BO, LIU XUAN-YONG, LI WEI-FENG, et al. Preparation
and characterization of bioactive poly (Lactic Acid)/SiO,-CaO
composite membranes. Journal of Inorganic Materials, 2011,
26(9): 998-1002.

[13] GAO YAN-JIAO, LIU RONG-FANG, XIAO XIU-FENG. Prepa-
ration and bioactivity of silica films coated on titanium. Chinese
Journal of Applied Chemistry, 2006, 23(3): 313-318.

[14] SHEN J, OUYANG L, LIN X J, ef al. Preparation of low-k and
low-n mesoporous silica films via Sol-Gel process. Rare Metal
Materials and Engineering, 2008, 37(Supp. 2):76-79.

[15] YANG BO, LI XIAO-FEI, HU PENG-HUI, et al. Preparation
and application of SiO, mesoporous thin films. Guangzhou
Chemical Industry, 2013, 41(12): 29-31.

[16] GOMEZ-VEGA J M, HOZUMI A, SUGIMURA H, et al. Or-
dered mesoporous silica coatings that induce apatite formation in
vitro. Adv. Mater., 2001, 13(11): 822-825.

[17] KOKUBO T, KUSHITANI H, SAKKA S, et al. Solutions able to re-
produce in vivo surface-structure changes in bioactive glass-ceramic

A-W. J. Biomed. Mater. Res. 4, 1990, 24(6): 721-734.

[18] YU YI-XUAN, LIU JIAN, CAI QIANG, et al. Synthesis and
characteristic of pore size-tailored self-supporting mesoporous-
film via solvent evaporation induced self-assembly. Chemical
Journal of Chinese Universities, 2010, 31(11): 2136-2140.

[19] ZHAO LI, YU JIA-GUO, ZHAO XIU-JIAN, et al. Research and
development of mesoporous nanostructured materials. Rare
Metal Materials and Engineering, 2004, 33(1): 5-10.

[20] LU Y F , GANGULI R, DREWIENF C A, et al. Continuous
formation of supported cubic and hexagonal mesoporous films
by Sol-Gel dip-coating. Nature, 1997, 389(6649): 364-368.

[21] ZHAO LI, LIN KAI-LI, CHANG JIANG. Microstructure and
formation of HCA on the surface of bioactive ceramics. Journal
of Inorganic Materials, 2003, 6(18): 1280-1286.

[22] HAN JI-MEI, LI YU-BAO, LIANG XIN-JIE, et al. Comparison
of compositional and structural characterizations of synthetic
nano-hydroxyapatite and mineral phase from human teeth. Jour-
nal of Functional Materials, 2005, 36(7): 1069-1071.

[23] ZHONG J P, GREENSPAN D C. Processing and properties of
Sol-Gel bioactive glasses. J. Biomed. Mater. Res. B: Appl. Bio-
mater., 2000, 53(6): 694-701.



