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[Abstract] Objective To prepare a copper-nobium antibacterial coating on a titanium surface by a microarc oxida-
tion-microwave hydrothermal two-step method and to study its surface structure and antibacterial properties. Methods
Using titanium coated with a microarc oxidation coating (MAO group) as the substrate, copper and niobium were intro-
duced by a microwave hydrothermal method in low (MHL-Cu group), medium (MHM-Cu group) and high (MHH - Cu
group) copper chloride solutions and niobium oxalate (MH-Nb group) solutions, respectively. The component with the

highest copper content was determined by energy spectrum analysis, and the copper-niobium composite coating (MH-Cu/
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Nb group) was prepared by microwave hydrothermal mixing with niobium oxalate. The microstructure, element distribu-
tion and phase composition of the specimens were characterized by scanning electron microscopy, energy dispersive
spectrometry and X-ray diffraction, and the bacteriostatic effect of the coating on Escherichia coli and Staphylococcus au-
reus was determined by the film method. Results Energy dispersive spectrometry showed that Cu was introduced onto
the surface of the MHL-Cu, MHM-Cu, and MHH-Cu groups, and the atomic ratios of copper in each group were (0.68 +
0.04)%,(1.17  0.06) %, and (1.64 £ 0.03)%. The difference between groups was statistically significant (P < 0.01).
Scanning electron microscopy showed a crater-like porous structure on the surface of the MAO group, and the MHL-Cu,
MHM-Cu, MHH-Cu, MH-Nb, MH-Cu/Nb groups maintained micropore morphology. The roughness increased with in-
creasing Cu®* concentration, in which the MH-Nb and MH-Cu/Nb groups showed gully like structures simultaneously. X-
ray diffraction showed that the coating of the MAO group was mainly composed of titanium and anatase phase TiO,, and
the coatings of the MHL-Cu, MHM-Cu, MHH-Cu, MH-Nb, MH-Cu/Nb groups were mainly composed of anatase and ru-
tile phase TiO,. Compared with the MAO group, Escherichia coli and Staphylococcus aureus in the MHH-Cu, MH-Nb,
MH-Cu/Nb groups decreased to varying degrees, with significant differences (P < 0.001); compared with the MH-Cu/Nb
group, the colony number difference had statistical significance (P > 0.05). Conclusion The rough, porous coating con-
taining copper and niobium prepared by the microarc oxidation-microwave hydrothermal two-step method can effectively

inhibit the growth of Escherichia coli and Staphylococcus aureus.

[Key words] titanium; coating; surface treatment; microarc oxidation; microwave hydrothermal; copper; ni-
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Table 1 ~ Composition of the microarc oxidation electrolyte

The name of reagent Content (/L or mL/L) Purity

EDTA-2Na 15.0 >99%
Ca(CH;CO0),-H,0 8.8 >98%
Ca(H,PO,),+H,0 6.3 >98%
Na,SiO; - 9H,0 7.1 >98%
NaOH 5.0 >98%
H,0, 6.0 30%

K2 HIEA T ZS8

Table 2 Process parameters of the microarc oxidation

Voltage Time Duty cycle Frequency
Control mode
(V) (min) (%) (Hz)
Constant voltage mode 400 5 8 600
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Table 3 Grouping and process parameters of microwave

hydrothermal treatment of CuCl, solutions with different

concentrations
Experiment CuCl; concentration Temperature ~ Holding time
groups (mol/L) (c) (min)
MHL-Cu 0.1 200 60
MHM-Cu 0.5 200 60
MHH-Cu 1.0 200 60
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a: SEM morphology of the MHH-Cu group, 1 mol/LCuCl, solution microwave hydrothermal treatment coating; b: Na elements uniformly dis-

tributed around the micropores; c: Ca elements uniformly distributed around the micropores; d: O elements uniformly distributed around the

micropores; e: Ti elements widely distributed and more micropores; f: P elements uniformly distributed around the micropores; g: Si elements

uniformly distributed around the micropores; h: Cu elements uniformly distributed around the micropores

Figure 1 Distribution of elements on the surface of a microwave hydrothermal coating with a high copper content (X 5 000)

B i e K B 2 R T I ER 20 A (X 5.000)

a: SEM morphology of the MH-Nb group, 1 mol/L. Ci0HsNbOy solution microwave hydrothermal treatment coating; b: Na elements uniformly

distributed around the micropores; c: Ca elements uniformly distributed around the micropores; d: O elements uniformly distributed around

the micropores; e: Ti elements widely distributed and more micropores; f: P elements uniformly distributed around the micropores; g: Si ele-

ments uniformly distributed around the micropores; h: Nb elements uniformly distributed around the micropores

Figure 2 Distribution of the elements on the surface of the microwave hydrothermal coating containing niobium (X 5 000)
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+23.0)CFU. (488.0 + 21.0) CFU, MHH-Cu 4 : (46.0



b

Als&mpAE 202146118 $29% F11H
Journal of Prevention and Treatment for Stomatological Diseases, Nov. 2021, Vol.29 No.11 http://www.kqjbfz.com + 737 -

a: SEM morphology of the MH-Cu/Nb group, 1 mol/L, Cu-
CL solution and 1 mol/LC;HsNbOy solution microwave
hydrothermal treatment coating; b: Na elements uniformly
distributed around the micropores; c: Si elements uni-
formly distributed around the micropores; d: O elements
uniformly distributed around the micropores; e: Ca ele-
ments uniformly distributed around the micropores; f: P
elements uniformly distributed around the micropores; g:
Ti elements widely distributed and more micropores; h:
Nb elements uniformly distributed around the micro-
pores; i: Cu elements uniformly distributed around the mi-
cropores

Figure 3 Distribution of elements on the surface
of the microwave hydrothermal coating of the cop-
per-niobium composite group (X 5 000)

B3 e A KRR E R TTR A
(x'5000)

[ a: MAO group, crater-like morphology, smooth surface; b:
MHL-Cu group, porous structure, small grain-like substance
with rough surface; ¢: MHM - Gu group, porous structure,
' rough surface granular substance; d: MHH-Cu group, porous
structure, rough surface with larger particles; e: MH - Nb
group, porous and ravine-like structure, rough surface with
deposits; f: MH - Cu/Nb group, porous and obvious ravine -
like structure, with more rough surface deposits
Figure 4 Surface scanning electron microscope
morphology of the coatings on each group of
specimens
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1 " :ﬁz?illise (a): MAO group, the coating consists mainly of Ti and Anatase TiO; (b): MHL-
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E \)‘\w 2 *_.I_ﬂ".'____‘\,__,t:g.':a_:-_-_ Brookite TiO»; (c): MHM-Cu group, the coating consists of Ti , Anatase and Ru-
z I tile TiOy; (d): MHH-Cu group, the coating consists of Ti. Anatase and Rutile
g A TiOy; (e): MH-Nb group, the coating consists of Ti. Anatase and Rutile TiO»;

—'I_*“W‘g';—‘“—— (f): MH-Cu/Nb group , the coating consists of Ti , Anatase and Rutile TiO,
It A

Figure 5 X-ray diffraction patters of the different groups
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+57)CFU. (34.7 + 3.5)CFU, MH-Nb 4 : (273.0 = Cu .MH-Nb . MH-Cu/Nb 41 E. coli F1 S. aureus T 5%
9.2)CFU.(213.0 = 7.0) CFU, MH-Cu/Nb 4 : (39.0 + AR, 225 A S~ (P <0.001) ; MHH-
2.6)CFU.(28.3 +2.1)CFU, 5 MAO 44 #H [t , MHH- Cu.MH-Cu/Nb 41 E. coli #1 S. aureus B 75 %034/ T
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MH-Nb 4, 22 7 HA G i12# 75 L (P < 0.001) ; MHH
-CuZl E. coli F1 S. aureus & Y540 5 MH-Cu/Nb 2H #H

o, 2R T8 2%E X (P=0521,P=0510) ,HF
H X E. coli f S. aureus BIPLE R A3 92% L) |,

a: MAO group, Escherichia coli grew in large numbers and densely, with a small amount of fusion; b: MHH-Cu group, the number of Esche-

richia coli was significantly reduced and isolated; ¢: MH-Nb group,the number of Escherichia coli was reduced and loose; d: MH-Cu/Nb

group, the number of Escherichia coli was significantly reduced and isolated; e: MAO group, Staphylococcus aureus grew in large numbers

and densely; f: MHH-Cu group, the number of Staphylococcus aureus was significantly reduced and isolated; gz MH-Nb group, reduced

number of Staphylococcus aureus and loose growth; h: MH-Cu/Nb group, the number of Staphylococcus aureus decreased significantly and

grew in isolation

Figure 6  Escherichia coli and Staphylococcus aureus after 24 h surface culture of each group of specimens
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Table 4  Antibacterial effect of each group on Escherichia coli

and Staphylococcus aureus n=3,x*s

FEscherichia coli Staphylococcus aureus

Groups Colony Antibacterial Colony Antibacterial
count(CFU)  rate(%) count(CFU) rate (%)

MAO 590.3+23.0 - 488.0+21.0

MHH-Cu 46.0+5.7" 92.2 34.7+3.5" 92.9
MH-Nb 273.0£9.2"% 53.8 213.0£7.0"% 56.4
MH-Cu/Nb  39.0£2.6"" 94.4 28.3x2.1"Y 94.2

F 1 237.560 1 102.054

P < 0.001 < 0.001

1): compared with MAO group, P < 0.001; 2): compapred with MHH-Cu
group, P < 0.001; 3): compared with MH-Nb group, P < 0.001
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