
�������� ��	
���
��

Silver-hydroxyapatite composite coatings with enhanced antimicrobial activi-
ties through heat treatment

Xuefei Zhang, Wanaruk Chaimayo, Cheng Yang, Jiali Yao, Benjamin L.
Miller, Matthew Z. Yates

PII: S0257-8972(17)30616-3
DOI: doi:10.1016/j.surfcoat.2017.06.013
Reference: SCT 22424

To appear in: Surface & Coatings Technology

Received date: 24 April 2017
Accepted date: 4 June 2017

Please cite this article as: Xuefei Zhang, Wanaruk Chaimayo, Cheng Yang, Jiali Yao,
Benjamin L. Miller, Matthew Z. Yates, Silver-hydroxyapatite composite coatings with
enhanced antimicrobial activities through heat treatment, Surface & Coatings Technology
(2017), doi:10.1016/j.surfcoat.2017.06.013

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.surfcoat.2017.06.013
http://dx.doi.org/10.1016/j.surfcoat.2017.06.013


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
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Abstract

Silver nanoparticles deposited on hydroxyapatite coatings (Ag-HA) by a two-
stage electrochemical method were found to impart inconsistent antibacterial prop-
erties to the bioactive coatings. To test the hypothesis that oxidation of the silver
nanoparticles would enhance antimicrobial activity, the coatings were heated in air
at 170°C for 8 hours. Following heat treatment, X-ray photoelectron spectroscopy
confirmed the formation of silver oxide on the surface of the silver nanoparticles.
The heat treatment did not cause any measurable change in the crystal structure
of the coating as determined by X-ray diffraction. Bacterial culture tests revealed
that the heated Ag-HA coatings were able to kill Escherichia Coli (E. coli) more
consistently than non-heated coatings. It is believed that silver nanoparticles in the
heated Ag-HA coatings can release more Ag+ ions into the bacterial suspension,
since Ag+ ions play a significant role in antibacterial activity. The heat treatment
temperature of 170°C is high enough for dry heat sterilization protocols, yet low
enough to allow hydroxyapatite crystals to remain stable. The heat treatment pro-
cess therefore offers a simple technique to ensure consistent antimicrobial activity
from the bioactive Ag-HA composite coatings.
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