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Deposition Mechanism of CaP on ZnO Nanorod Arrays on Surface of TC4
Alloy via Piezoelectric-Photocatalytic Effect

CHEN Tianhao, ZHOU Qing, XU Xiaojian
(College of Mechanical and Electrical Engineering , Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: The surface inertness of titanium alloy (TC4) presents limitations in terms of biocompatibility
when used as a bone implant material. A hydrothermal growth method is employed to successfully construct a
7ZnO nanorod array coating on TC4 surfaces, exhibiting piezoelectric and photocatalytic properties. In
biomineralization experiments conducted in simulated body fluid, effects of combined piezo-photocatalysis on
the deposition of calcium phosphate (CaP) are investigated by applying vibration and ultraviolet (UV) light
irradiation to the sample surfaces. A novel method for biomimetic deposition of CaP is proposed. The results
show that the combined piezo-photocatalytic action of zinc oxide significantly enhances the deposition amount
of CaP, outperforming the deposition achieved by either piezoelectric or photocatalytic action alone.
Additionally, both isolated vibration and UV illumination demonstrate higher CaP deposition amounts
compared with untreated samples. This research has prepared ZnO nanorod arrays on titanium alloy sheets
and proposes a method utilizing the combined piezoelectric-photocatalytic effect to enhance CaP deposition,
offering a new perspective for the further development and application of coating technologies and biomedical
materials.
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1.1 E#
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8, FIAD LCoHNL(299.5%) \NaCl(==99.5%) .
NaHCO, (=99.5%) .KCI(=99.5%) . Na,HPO,*
2H,0 MgCl6H,0.CaCl2H,0 Na,SO,.C;H.NaO,,
C:H O ¥ A BT hr T A= AL BB ey A FR S

1.2 #&FITE
1.2.1 7ZnO %3 K ¥4 5] 4] &

TG E 50 mIHE N 5 mM ) Zn(CH,COO),»
2HO W (R Q1) W &ad Sl IR 2588
TARKBEEEE TC4 H A (10 mm X 10 mm X
0.2 mm) & TIZE IR P #E 10 s J5 B i B
THEFE ML e R A 5~10 1R . SR JE A
AL H Py 7E 450 CR IR 3 h, TC4 # i & 1
AT B S BRI ZnO W EAE N B 2, O R 2K
A KB AR Y AR A IR TG AR R RV
B (0.1 M) 4 Zn(CH,COO) ,»2H,0 % W 1 C,H N,
W, 4 CoHL NI W 2212 05 fin 2 Zn(CH,COO0) .+
2HO MWW It Fe et #E il 2 78 40 IR & 1E 8 ZnO
Tl 7 2 000 A K R, B T C 4 3 1l 1 2 107 28 IS 3T
A ZW— 8 E 7 95 ‘CF M 8 h, 7 A4
Y H & R U R ek I 120 “CF R 2 h,
YRS ZnO/TCAWR)Z .

1.2.2 BEWARi& e EE

UK 5.261gNaCl, 2.268gNaHCO,, 0.373 ¢
KC1.,0.178gNa,HPO,+2H,0,0.305 g MgClL*6H,O .
0.368 g CaCl,*2H,0 ., 0.071 g Na,SO,. 2.465¢
C;HNaO A F] 37 °C 1 L5258 7K, e il
KA W (Simulated body fluid, SBF), g & i F
i3 1 mol/L C,HOy P W pH A R 7.4
1.2.3 A CaP

4 TC4A/ZnO [ 5E 78 5% A 140K W04 7K )
BE I 3% 35 K AL NAR G ER T 3, oy — O [
E Ji T4 2 5 3k AT LAt in A% 2 (10 Hz 458, 1 mm
PR ), KK 1 75 A 28 A KT Be s Jin 4% A0 % BR 5 (i
1+ 257.3 nm) , 4z 2l 5 it i 5¢ S0 O B ] [ 26, B
FE SBF ¥ W AT 2 h ATl i AT fof 41 20 558 S8 6 IR,
J& 10 h AR /NEE i A 1 min 5 3% B 548 48 6 B9 HE
FE T SBFIRW 12 h g B o 52882k 4 41, 53 5
L) Piezo+ UV .Piezo .UV ;& Ref#y 44 . Piezo+UV
410 R HL - A 4 T B it o 4% A o BEC AN AIR B
Piezo 41y Fi B3 20, ALt Jonn 41 3 1 A it i 45 4 't BR
15UV 21 R i Ak 20 At fin 28 A1 5t BRI A Tt
JNEH s Rel 410 2 2% 41, ANt 4z 3h J 48 40 IR
S TR L,

*k1 XWHdAE
Table 1 Experimental grouping
W4 JE/EHRE 2/t
Piezo+UV N N
Piezo N X
(0AY X N,
Ref X X
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g XF 1 %K 9 PDF & (No.52-0861) , X & H T X fi
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ZnO 1 3 1 K A I OU R 35 R EDS 2641 3 45
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(d) Cross-sectional EDS line scans
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Fig.1 XRD image, SEM images, and cross-sectional EDS

line scans of ZnO nanorod arrays
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B EEAE ot — 20 % b &R B, R O b Ak 2
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SEM images and EDS spectra of four groups of TC4/ZnO samples after biomimetic mineralization
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Fig.3 XRD patterns of four groups of TC4/ZnO samples
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55 b5 AT 9 PDF#02-1351 #E 47 % HE, AT 16
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Ll i 5 R ME AT 5 R PDE204-0697 #EA7 X} 1, AT
fE 20=31.703" 33.026° [ {3 B & B IR 6 0 K 1
(Cay (PO,, CO,0H) ; (OH) ,) 4 5 1iF 1, 3x 32 ¥
COS 25 T UIE RN .

XF L A% 2R b B AT B 0 BT LR B, Piezo+ UV
YLRE O T LR R LS 85 16 & 9 v AT 5 e B I
FH A 341, I H HA BT 51 150 [ Ref 41 F1 UV
2, X 3R W] -G 0y B FAE AR F
TFHE B AL A W B9 DURL it HX HA W TE & fn A Kt
AR HEE S . IR, Piezo ZH KR B A4 55 1 1L
B WA I v AL B T Ref AT UV 4, iX 3R
WIAE ZnO [ R s AR T, 3 1w 42 3R % 1 fl of X
B AL A R DR B B B s SR .

2.2.3 XPS %R o #

it X O H T RE I (XPS) F AR, X 4 414
din (0 AR 2 HEAT T 4T o BT, HL &S R A 4
N B 4(a) iR TUVR)ER EZ T KA, 1
A (O) Bk (C) 85 (Ca) B (P) JBF(Zn) VA (CDFI
B (Na).

fEATEE BT W O.C.Ca PRI Zn e %
Ah R IEZF) ClL(SKE H SBFE) fil Na B4R {F 14 . NaJo
F0 BT RE R R TR R R T S B A
BRERTE A BE Al 2, DT A DUBLZ rh o AR b d R
FUTVE . CIn % T AR A 3R UURR A v 47 7 i 2 ol K
AL BFFEF W SBE H i COL™ Al FEBE K A1 s

Intensity / a.u.
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Binding energy / eV
(a) Comprehensive XPS spectra for four sample sets
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Fig.4 XPS spectrum of deposition layer after TC4/ZnO im-
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() 5 W UH PR T C— C B A 1 B L 1 O B A% I 1Y
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AE A 7K 43 F 75 B K A 2 T B R A A Y
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RE TR [ Bl T Tl UK A v 1 Al P AR, LR A6l 1 AR S 1]
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3 S G 7 A A L0 R F A 2 Ao A b AT R 47 v A
. R, 3 A X 0 T BB S R B T A K
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