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Antibacterial and Biocompatibility of Zinc and Strontium Co-doped
Porous TiO, Coating

WANG Hui-zhen, HE Xiao-jing, WANG Ruo-yun, LI Jian-fang, ZHANG Xiang-yu, TANG Bin
(Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024)

Abstract: To improve the antimicrobial properties and biological activity of pure titanium, Zn-containing (M-Zn), Sr-
containing (M-Sr) and Zn/Sr co-containing (M-Zn/Sr) coatings were prepared by micro-arc oxidation technique. Scanning
electron microscopy (SEM) and X-ray diffraction (XRD) were used to analyze the microstructure and phase composition of
coatings. The antibacterial properties were assessed by a spread plate method. The vitality and proliferation of osteoblasts were
evaluated by Live/Dead staining fluorescence and MTT method. The results indicate that all the coatings have porous structure
with anatase phase and rutile phase, the doping of Zn and Sr has little effects on the coating morphologies. The contents of Zn
and Sr in the M-Zn/Sr coating are 7.9% and 1.7%, respectively. M-Zn and M-Zn/Sr coatings show a good antibacterial
properties against E. coli, and the antibacterialrates close to 100%. M-Zn, M-Sr and M-n/Sr coatings all can well support
osteoblast proliferation. M-Zn/Sr coating has the dual function of antibacterial and cell proliferation.

Keywords: micro-arc oxidation (MAO); zinc (Zn); strontium (Sr); antibacterial activity; biocompatibility

0 3| = R LUE S S5-I i e & w AR, (|
Rk A4 TR R LIRS B IS WAATEIE Z A, gk A B R B A& B TERE
Bt 5 AR B R s, T A TG 25 5 51 AR G 5 SR8 T A= W 1 1+

WisEHA: 2016-11-18; &EIAHA: 2017-03-08

&R BER: 2017-03-10 17:22; M HARHLE: http:/kns.cnki.net/kems/detail/11.3905.TG.20170310.1722.024.html
BIREE: KHFTA984—), B@, Y, HL; FRAE: AYEEEHEEAR; E-mail: zhangxiangyu2014@sina.com
EEWA: 1I7E AARREEA(2015021063); KIFHLT R AAGI#5 H (tyutre-2011257a)

Fund: Supported by Natural Science Foundation of Shanxi Province (2015021063) and Talent Introduction Project for Taiyuan University of
Technology (tyutrc-2011257a)
SIXHER: o8, BiEh, T8 =, . BB ATIOZ L IR E PR KA WA 2 I]. H E 2 m T2, 2017, 30(2): 20-26.
WANG H Z, HE X J, WANG R Y, et al. Antibacterial and biocompatibility of zinc and strontium co-doped porous TiO, coating[J]. China
Surface Engineering, 2017, 30(2): 20-26.


http://dx.doi.org/10.11933/j.issn.1007-9289.20161118001
http://dx.doi.org/10.11933/j.issn.1007-9289.20161118001

%20 T8, % BELBATIONZALIRZ BTN K AEMARZ M 21

B, AL 5EHGUE AL G, X kR
S AR AR PE RS D 38, E  nes Y
AT, G R AN Adr, FEd
BRI T R AR S . PR, dndif i ek Sk A
S PTETERE A DTGS2 B2 0

TS5 NARL ., A S i i A EAE FH
AETEMRLR T, R N AME 22038 e e R TR
[F) () R TET OV T X R S Bk S i A T M A
] 245 ) P e - 5 G 1 T A 3R T A ol Bl Ik A
W, AR A A SR A XiedF TR E
FHEAM T B KA R AR, ks
BB AW T, R T B i 5Lk
WA, AT RCE AN E T AIA K s Ang Gao%F!®
R T RGAR Wk R R A8 Ak 45 6 1 5 2 i il 4%
H TR IEA B AR TIOANKAE RS, $5 T e R
TR A PERE o AR 22 10 3R 1 A 3 7 vk v
WOREALTTERA T AR & Y 5 6eE
PR, BRI ZLTiO R B AU EA Bar 1
EYRETE, HS5RIEMERG S S, AEFIM, 1
= FH 4 2 TR O PR T EAT ARG i o FH i 51

PEFNFRAS 2 AR AT TR, R
PEEA RAFMPTATERE, HoT IERRHLIAR L 5 4=
KRR BB, B P, SRR AL
B UM G B, IR R e e, SRR
TR, I RERE R B R, IR AR
fi EEZ RS S RSB
BOPE RN ZAR)Z, SCEE AR TG
CA M SE, (BRI EA PR C R i 2L
WEMARWHGE . B, SCh iR RO E L
ARAELEER R T A PR B A TIOVEWIIRE , F
FRILHU PRI By 2 s 1 o

1 REE5EFE

.1 # ®

RIS AR A R 418K (99.99%, @ 14 mmx
2 mm), K180, 600F11 0005 HRALEERPARE HFT
B, TNER, Jook S, Bk A EYEL0 min/5
TR

12 BREHE

AT R HABR & £, HEH1.53 cm?
MIZeI . RAE AR, SO Ak F R Dy Ik
LR, ORI A, R A, S

30%, #3800 Hz. HOMAM HY 25 B 1 /K RIS AR 55
(CA, C4H,0,Ca-H,0). B-H il B MR (GP,
C;3;H;Na,04P-5H,0). BEFR$F(ZA, Zn(CH;CO0),).
BEFREN(SA, Sr(CH3COO),)EL il i hg . X BE4H 4l
BRI ZH (M-T) S4B 20 (M-Zn) 1AL
I I FEZH (M-Sr) o AR B3 S FL R 2 5
Tl WIS REAEE TRIH RS A

1 WIEKBBERSRIESHK

Table 1 Electrolyte composition and operating parameters for
MAO

Electrolyte component / (mol-L™)
GP ZA SA
M-Ti 0.1 0.02 0 0 0.2
M-Zn 0.1 0.02 0.06 0 0.2
M-Sr 0.1 0.02 0 0.05 0.2
M-Zn/Sr 0.1 0.02 0.06 0.05 0.2

Samples I/ A Duration / min

WL L W W
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(Invitrogen), B2 2% ik (Alkaline phos-
phatase buffer solution, PBS). 24N
(UV-1800PC), fHIRIEFRA, i FKEH(LS-30),
KB E IR % 5 (WHY-2), bR (Infinite F50,
TECAN), ot 4 iU (C2 Plus).
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JSM - 6360LV B4 4 Fi F 5 1 B8 (SEM) L8 1k )2
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4 0.02°/s
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Fig.1 Surface morphologies of micro-arc oxidation coatings
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Fig.2 Elements distribution mappings of M-Zn/Sr coatings
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Table 2 Atomic concentrations of the coatings (al%)
Samples (0] Ti Ca P Zn Sr
M-Ti 70.51 24.18 221 3.10
M-Zn 69.48 1653 324 422 6.52
M-Sr 66.7 20.3 6.2 4.7 2.1
M-Zn/Sr 64.4 15.6 44 59 79 1.7

20 pm

20 pm

20 pm

M-Zn/Sr

P13 R i S R T 30 S & TR 5.
EI R RZEELE10~20 pmZ ], M-Zn X M-Sr
Y53 BRI B L SROT R AEAE, TEM-Zo/StiR 2
TRl OISR B BE SRR TR 1934, & ICR e
5504, GG IRIZRTIEDSE AT AN, 45,
10/ W =N o 4 o B A = R i F e 8

Ca

El 3 )RR X SEMIE $i X EDSTC K 1 150 Hrdh S

Fig.3 EDS element mapping of the area enclosed by a square in SEM morphologies over the cross section of the coatings
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Fig.5 Antibacterial effects of the coatings after contact with E.coli
for24 h

BOREL, B A as s RRER, TTUE M-
Ti&M-Sr5 41 E F 24 h)a R mAA KEH %,
M-ZnFIM-Zn/Srif FE R A G VR 30 . El6 s
7224 WG &R ZX RIGFF AP E S . M-ZnFIM-
Zn/ SRR R FF TR I B R R 3 H2 3 100%
M-SrAIPL B REAE, HEIT60%. BEIIRIZ T EIT
R B A KGR IV E N . M-ZoFIM-
Z/Srif JEX R FF R A RAF BT ECR

YA AEAE AR T ARORG B L B BRI TR AN P
YIRS RAE AR 2R )2 R
JHCHR A TE FL AR P o 25 T T A 200 TR 40 A -
T 20 A0 M BE AR TR R P, 5 i T Ag

F 6 BORAEALSREX R TR
Fig.6 Antibacterial assay against E. coli of the micro-arc oxidation
coatings
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Fig.7 Fluorescence images of osteoblasts cultured on the coatings for 3 d
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Fig.8 MTT assay results of osteoblasts cultured on the coatings

for 1 and 3 days
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