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Fig.1 Polydopamine synthesis on Ti6Al4V alloy surface
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Fig.2 Diagram of coating preparation
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Table 1 Reagents for antibacterial experiments

Reagent Purity Manufacturer

Peptone BR Zhiyuan Chemical
Beef cream BR Meryer
C12H1509 BR Zhiyuan Chemical
Na;HPO4 AR, =99% Sinopharm Chemical

KH;PO4 AR, =98.0% Sinopharm Chemical
Tween—80 CP Sinopharm Chemical

Distilled water Resistivity=5 MQ-cm South China Hi Tech

2 HR5R
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Fig.3 XRD patterns of Ti6Al4V, PDA/T, GO, 0.10-GP/T, 0.25-
GP/T and 0.50-GP/T samples
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Fig.4 FTIR spectra of PDA/T, 0.10-GP/T, 0.25-GP/T and
0.50-GP/T samples

Bl5  Ti6Al4V i F1 PDA/T A RO T 57
Fig.5 Morphologies of Ti6AI4V (a) and PDA/T (b) samples
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K6 0.10-GP/T i{ff. 0.25-GP/T iFf. 0.50-GP/T K ¥ oW L 5
Fig.6 Morphologies of 0.10-GP/T (a), 0.25-GP/T (b), and 0.50-GP/T (c) samples
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Fig.7 XRD patterns of ZP/T, 0.10-GZP/T, 0.25-GZP/T,
0.50-GZP/T and Ti6Al4V samples
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TY5 ZPIT RFEMIELE, 7EC PDA TRALH M HEAM £
T 3% FR K G iS58 7 v il & ZnO iR)JE (& 9a Z/T
WA, B 9a oRFEMEE B KP4 ZnO Hoik
HERUM R, TZe 3t PDA T AL () 4 2 1 D) AR K
KEBE S ARFRGIKE ZnO W (B 9b). #&IR
YK ZnO @Ak L AT IA T PDA H & A I 4 5
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H, FBRGIK ZnO @A 2R S B AR, B —
ZnO #EAH BN, BN RS B RR 0K
ZnO HA B m MR R BIEM . GZPIT ikff (K
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Fig.8 FTIR spectra of PDA/T, ZP/T and GZP/T samples
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K9 Z/T. ZP/T. 0.10-GZP/T. 0.25-GZP/T. 0.50-GZP/T A H MO & $i
Fig.9 Surface morphologies of Z/T (a), ZP/T (b, c), 0.10-GZP/T (d), 0.25-GZP/T (e), 0.50-GZP/T (f) samples
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WENESGREERM. M-N-KN GZPIT kE A
WERABERPWXREmMR, [N, GO fl PDA K
TR EFRAL T 3 2 S RN A, R 75
R T mEARES TS EAEH.
2.2 GPIT (2 GZPIT AXEELEHIME
% B
2.2.1 GPIT iR & i bkt £t
10 AP AR E 5 MM GPIT W FE1E
37 CHAE IRIEH R ALt 22, % 2 4 GPIT i1
JE§ ek LS RO S ek FEL IR T . AR AL R 2R TT LR Y, 3
MO(E 10 F a) JEikEA~N-0.602 V, Xik7E PDA

() 0.10-GP/T
(d) 0.25-GP/IT
() 0.50-GP/T

(a) TiBAI4V
(b) PDAIT

Ig(i/A €m?)

© b uUd & A LN

10 08 -06 -04 02 00
Potential/V(vs. SCE)
10 Ti6Al4V. PDA/T. 0.10-GP/T. 0.25-GP/T.
0.50-GP/T il B A 4 1 2
Polarization curves of Ti6Al4V (a), PDA/T (b),
0.10-GP/T (c), 0.25-GP/T (d), 0.50-GP/T (e) samples

Fig.10

J5 (B 10 % b)), H Eeon HIEFE2-0.395 V, igon lH
T HREEM BEALL 5 . XK T35 8% W
PDA JZBR4e | vtk B 7 5 A p ek, b T
EM . 8 0.10 mg/mL GO & (K 10
He) G, B2 ion EFEIKE 0.73 pAlem?, 78 B IR R
O BH AR Ggor 16, RMWRHEM VR & M3 KR
B GO BFMIKEE, XRREM o E575 54
0.78 pA/cm® (& 10 # d) 1 0.84 pA/em® ([ 10
e), 5 0.10-GP/T il FEA L icor A BT, XIHA
TREKER GO BIFME KM GO 2R A E L,
NI R A T BB RS . BT, GPIT WRFEH
BT HM BB Econ M8 MR JE inh B 2
ioore (H, PRI ELAG R 7 PO T J65 1o P i
2.2.2 GZPIT thR 5 AR Ew i b4 48

11 AT AR 5 M A GZPIT YKk E &
WERFETE 37 CHMUk IRIEW Pttt 26, & 3 X
GZPIT YK 524 ik J2 URE 10 65 oy v 57 70 5 et L 97 %5
FE. HRACEh & nT A, PDAIT Al ZP/T L vl

* 2 Ti6AIAV E#FN GP/T & EEMIG KR P AR ghzk
S
Table 2 Polarization curve parameters of Ti6AI4V subst-

rate and GP/T coating in Ringer's solution

Samples Ecorr/V icorr/HA €m2
Ti6AlI4V -0.602 4.03

PDA/T -0.395 0.80
0.10-GP/T -0.390 0.73
0.25-GP/T -0.314 0.78
0.50-GP/T -0.418 0.84
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K 11 Ti6Al4V. PDA/T. ZP/T. 0.10-GZP/T. 0.25-GZP/T.
0.50-GZP/T ik FE MR Ak i 2%
Fig.11 Polarization curves of Ti6Al4V (a), PDA/T (b), ZP/T (c),
0.1-GZP/T (d), 0.25-GZP/T (e), 0.5-GZP/T (f) samples

% 3 Ti6AIAV E#1F0 GZP/T g BEME KR PRI ik S
Table 3 Polarization curve parameters of Ti6AI4V substr-

ate and GZP/T coating in Ringer’s solution

Samples Ecorr/V icorr/pA-cm™
Ti6Al4V -0.602 4.027
PDA/T -0.395 0.804
ZPIT —0.446 1.031
0.10-GZP/T -0.387 0.795
0.25-GZPIT -0.312 0.736
0.50-GZPI/T —-0.407 0.860

B (Eeorr) FHXT T 3£ #4-0.602 V IEF £ -0.395 1
~0.446 V, PEEIHBREE i) BARIEEH 7551
BEARZ) 4 580 5 5. Bk ml s, 58 % IR M
PDA iR)Z LA K ZPIT 1 JZ# ] LABE i B 14 (1 i ol 2
PDAIT iRz LK #& BUERGIK ZnO J&5, ZPIT iR)Z
Ecorr A FTIEAL, 1 icon MG, XIET ZnO WRJE
(10 2 B0 M A 5 K P 3 BT Tk M R PR . IR AN )
W GO Malke (B 11 d, e, ), BERBILEM
ZPIT M Ecorr (I K, iconr EFEMC. HE, GO WKE

AR, X s PR AR A B, 1 GO Mk FEI &
B, WRIZEREEE I, PR . 0.25-GZP/T
REERI B Eor 18 (—0.312 V) FUHBINE o 1H
(0.736 pA/em®). XA FERM GO, — J7ifi Bk
T ZnO WRIZEMEEYE; 5 —J71H GO & U6 i ik
WA B SHBRAEH, K B A R pm e it pe .l id
WACH G BTt ], GZPIT Kk EABRELR ERE
T M TR JE ol R

2.3 GPIT RE GZPIT K
2.3.1 GPIT R EREH KA

K 12 %787 0.10-GP/T F1 0.50-GP/T AL xt
E.coli MR MNEIHRRLUEH, KIKE GO &
R 0.10-GP/T ix)Z (& 12b) 5 1 i 4 fik 35
F& 24 h Ja, Kigw LR 200E 406 W i 040 12,
B HEZE PDAIT WFE (B 12a) PRV % 141 W)
B, KA EAKZE T2 RME. XERHK
THRERENABERRERGREFNEEE, &
THEHPIE RN 90.1%. XA, 0.5-GP/T )2
(B 12¢) FLEEMEE— S E, ZIREPUHEE SR
99.1%.

MBTHE R E AR ULE H, GO MBS AREH
WREIEA . MR LRI, GO MHL B ALHIR K2
FE BV TR AR GZ ARG (ROS)) HE R
71 (GO Fr#&RINZAEFD X 40 i i B 30 1
o GO 9K I 3 1k T 45 b ot 4 kAT T e
HILFER, GO BA 4l s R K@ s, Hil
Gt BA KR, Wk nr@d FTIR Bl sL i
~COOH FI-OH %[, %458 pHA GO KMk
PEGEM . PSR MB B EN S ED Sy FinE A,
RER M EAE M, I SHELT. Fit, GO Mt
BRIV M 2 B VR ) TE i g n, @R K GO Wk E
Al DLk — 2B B e TR JZE 0 ELcoli ML B RUR
2.3.2 GZPIT AR F AR EHLTA Mkt

GZPIT YK E & WED W AR WME 13 Fixw,

BAREIEMERE

Kl 12 E. coliB ¥ 7EPDA/T. 0.10-GP/T. 0.50-GP/TiXF KM% 24 h/5 IF1 BT B ST U6 T B 5 7% 08 & 1R
Fig.12 Colony photos of E. coli bacterial solution cultured on the surface of PDA/T (a), 0.10-GP/T (b), 0.50-GP/T (c) samples

after 24 h antibacterial plate culture
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K13 E. coli 1A PDA/T ZP/T. 0.50-GZP/T ik FEFR B 7% 24 h 5 [P0 256 FAR 85 27 W 5 W A
Fig.13 Colony photos of E. coli bacterial solution cultured on the surface of PDA/T (a), ZP/T (b), 0.50-GZP/T (c) sample after 24 h

antibacterial plate culture

PDA/T, ZP/T, 0.50-GZP/T {FEHT # K 48 i+ $u o
#* 4 in. PDAIT WFEKIH E. coli “FXw & H N
222, JifiEK ZnORJZ)E, E. coli “F¥J W EHCKIR
WNBIZ) Ry 5, ZPIT KX E. coli I ZE n N
97.75%, FMEEAERH B . 00 b s SR AR 1R
HWPET, —iHmRHENASEES Zno 541
Y M = A S RS (ROS) PR 41 T A4 &40 i S i 5 208
LN R, B —J71, ZnO B Zn*™ &1 IH 2
HEFAET H0, MMM AE M. 43 GO
V7S 75 J5 T AR 0.50-GZP/T it kE, H E. coli 3%
AR~ & HCh 28, % PDAIT WRXFEIH B FR(K, i
W% 5y 87.89%. HR[11]KiE Go/ZnO B &4kl A
B RVUE MR, X 0.50-GP/T fl ZPIT % H %
MPUHE 45 R AT LUK B, 0.50-GZPIT 9k E HREN
B R H0BR KRG T B, R AR TR R AE T3 40 B VR A
BHERER SN GO MEEM, Tiks ZnOo R4
Pefol, M GO EHFEMBICE, NMEAKREMET
B, R I3 B T A0 ) WS R 55 o JE X L 4 A
ZP/T #1 0.50-GZP/T IxZMHHE MR KW, EHIRE
gk ZnO B FEBEHURAEN . FIR, NC4ER
GO MFFIR &M T LAk 2% ZnO Wi M, Mok 7
GZP/T iR E K AR PL B 1 R

% 4 PDAI/T. ZP/T. 0.50-GZP/T k#4513 E. coli By
BERFITHEHE
Table 4 Statistical values of antibacterial rate of PDA/T,
ZP/T and 0.50-GZP/T samples against E. coli

Antibacterial ratio,

Sample Mean+SD 1%

PDA/T 22249.64 -

ZPIT 5+42.51 97.75
0.50-GZP/T 2843.51 87.89

3 4 it

L @K BRI AR, R L2 B
L TI6AIAV & 4 3 TH I i) 2 AU A S 00 0 2
(GPIT) AN ARIFIMKAKEE EHRE
(GZPIT).

2) R L AL R XU e M HeAF F ) A
ARoEd ERAN SERE TRESEH, M TRz
PARL 5 5 I IR R Ak 22 B

3) PDA/T #2411 GO 25 PDA EEAHMHE
fif vl A, SRS GZPIT 3% 2 it pd 1k RE AR B T
Ti6AI4V FEHT 1 0 i 2 . 0.25-GZP/T R FER I %
B 1] Eore 18.(—0.312 V) FIE /N icor 1H(0.736 pA/em?).

4) PDAIT REDIHFEFEAE GO W T i 1M 1
B, 0.50-GP/T W FEX} E. coli WP R n Hik
99.1%, 5l A\ GO IEZJ5 0.50-GZP/T WREEHIHZE 4
N 87.89%, GZPIT EAIRIEHTHIK ZnO 2 £ EHi 1w
ER .
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Preparation and Properties of Graphene Oxide/Nano-Sized Zinc Oxide
Composite Coating on Titanium Alloys

Hu Yong'?, Hu Yonggqi®?, Li Shenshen™?, Zhang Huiying"?, Chu Cheng"?, Wang Lihua'?
(1. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology,
Lanzhou 730050, China)

Abstract: In order to effectively solve the problem of bacterial infection and the release of harmful metal ions after long-term
implantation of biomedical titanium alloys in the human body, graphene oxide coating (GP/T) and graphene oxide/nano-zinc oxide
composite coating (GZP/T) were prepared on the surface of Ti6Al4V alloy pretreated by polydopamine (PDA) with hydrothermal
reaction and coating methods. The phase structure, microstructure, corrosion properties in Ringer's solution and antibacterial properties
in Escherichia coli environment of the two coatings were analyzed. The results show that polydopamine plays the role of “double-
sided tape” bridging and effectively enhances the chemical bond between the coating and the substrate. The antibacterial rate of
GP/T coating increases with GO concentration increasing. The GZP/T nanocomposite coating has superior corrosion resistance
compared with Ti6AI4V substrates, and the ZnO in the composite coating plays a major antibacterial effect.
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