American Journal of Clinical and Experimental Medicine

2021; 9(5): 151-156
http://www.sciencepublishinggroup.com/j/ajcem
doi: 10.11648/j.ajcem.20210905.15

(G5 J' ’@ I
otlencePrl

Science Publishing Group

ISSN: 2330-8125 (Print); ISSN: 2330-8133 (Online)

Process Study on Surface Modification of Coral
Hydroxyapatite

Chang Jiahe', Su Jun?, Zhang Wenyunz’ ’

"Heping Hospital Affiliated to Changzhi Medical College, Changzhi, China
Department of Stomatology, No. 920 Hospital of PLA, Kunming Medical University, Kunming, China

Email address:

*Corresponding author

To cite this article:
Chang Jiahe, Su Jun, Zhang Wenyun. Process Study on Surface Modification of Coral Hydroxyapatite. American Journal of Clinical and
Experimental Medicine. Vol. 9, No. 5, 2021, pp. 151-156. doi: 10.11648/j.ajcem.20210905.15

Received: September 9, 2021; Accepted: October 4, 2021; Published: October 12, 2021

Abstract: Objective: To explore process of modifying coral hydroxyapatite by nmZnO under different conditions, the final
plan is to develop a porous artificial bone composite that combines the antibacterial properties of nano zinc oxide with the
porous biodegradability of coral hydroxyapatite. Methods: Coral hydroxyapatite was modified by zinc nitrate sol-gel method at
70°C in weak acid environment. White granular porous composite materials were obtained by ultrasonic, rotary stirring, drying
and calcination. The composition of the composite material is analyzed using X-ray diffractomer (XRD), using scanning
electron microscopy (SEM) to observe and analyze changes in the surface appearance of composite materials, using energy
dispersive X-ray spectroscopy (EDX) to observe and analyze the composition of the composite surface, the results of
thermogravimetric analysis were used to study the decomposition temperature and other characteristics of the composite.
Results: The sol-gel method can be used for antibacterial modification on CHA surface. When the mass ratio of coral
hydroxyapatite, zinc nitrate and PEG-6000 is 48:4:5, the particle size and distribution of nano-zinc oxide particles are ideal,
and uniformly distributed spherical ZnO nanoparticles can be observed under scanning electron microscopy. Conclusion: Coral
hydroxyapatite surface could be modified by zinc nitrate sol-gel method. The particle size of nano zinc oxide is less than 100
nanometers. The agglomeration problem of nano-particles is solved; the porous structure of CHA are not destroyed.

Keywords: Coral Hydroxyapatite, Zinc Oxide, Modification, Antibacterial Property

calcium carbonate into hydroxyapatite while keeping the
original porosity unchanged, thus reducing the degradation
rate of the material. Coral hydroxyapatite was applied to
repair bone defects. Coral hydroxyapatite artificial bone is
considered as an ideal bone substitute material, and because
of its good biocompatibility and natural three-dimensional
porous structure, it is also considered as a promising scaffold
material and carrier for bone tissue engineering [6-7].

Among the antimicrobial biomaterials, ZnO nanoparticles are
abundant in raw material resources, less expensive, non-toxic to
the environment, and have wide band gaps, UV absorption, and
excellent antimicrobial properties. It has received a lot of
attention from researchers due to its many advantages [8, 9].
Hydroxyapatite whisker/nanoZnO-nmCaO
(HAPW/nmZnO-nmCaO) composites were successfully
prepared by the sol-gel method in the early stage of the group
[10]. The ideal conditions for nanoparticle surface modification

1. Introduction

Oral and maxillofacial fractures and bone tumors caused
by trauma and poor living habits have become increasingly
common in recent years [1-4]. This can cause severe bone
defect problems, causing physical dysfunction and mental
trauma. The bone graft materials currently used in clinical
work usually do not have antimicrobial properties. The
incidence of infection after bone grafting is high and can
easily lead to failure of bone grafting. Therefore, it is
necessary to develop a porous bone repair material that
combines good biocompatibility, osteogenic activity,
long-lasting broad-spectrum antimicrobial properties and
does not develop drug resistance.

In 1974, Roy [5] adopted natural coral to undergo
hydrothermal exchange reaction, which made coral change
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were derived from relevant experiments, i.e., the ideal
temperature of 70°C for the reaction in a weak acid environment
and other key modification steps. It was also concluded that
HAPw/nmZnO-nmCaO composites possess good antibacterial
and osteogenic properties. For hydroxyapatite whiskers (HAPw)
have no porous structure, in this experiment, we intend to
develop a coral hydroxyapatite/nanoZnO (CHA/nmZnO)
composite with both porous, antibacterial and osteogenic
properties using coral hydroxyapatite as the raw material. It is
hoped to lay the foundation for the later investigation of the
antibacterial and osteogenic properties of CHA/nmZnO
composites, and to provide relevant theoretical basis and
experimental basis for the development of new antibacterial
artificial bone repair materials.

2. Materials and Methods

2.1. Experimental Materials

Coral hydroxyapatite (CHA, homemade in the
bioengineering materials laboratory of Kunming University
of Science and Technology); diammonium hydrogen
phosphate (analytical purity, Tianjin Fengchuan Chemical
Reagent Technology Co., Ltd.); zinc nitrate (analytical purity,
Sinopharm Reagent Co., Ltd.); polyethylene glycol-6000
(analytical purity, Sinopharm Chemical Reagent Co., Ltd.);
anhydrous ethanol (analytical purity, Tianjin Fengchuan
Chemical Reagent Technology Co.); ammonia (analytical
purity, Tianjin Chemical Reagent Factory); glacial acetic acid
(analytical purity, Chongqing Chemical Industry Group Co.).

2.2. Instruments and Equipment

S&B Electronic balance (FA2004, Shanghai Haikang
Electronic Instrument Factory); Ultrasonic cleaning machine
(CQ250, No. 726, China Ship Seventh Hospital); Magnetic
mixer (CJ78-1, Hangzhou Fuhua Instrument Co., LTD.);
Constant temperature water bath (B-220, Shanghai Yarong
Biochemical Instrument Factory); Rotary evaporator
(RE-52CS, Shanghai Yarong Biochemical Instrument
Factory); Digital display constant current pump (HL-BB,
Shanghai Luxi Analytical Instrument Factory); box type
resistance  furnace (sRJX-1-2, Huanan Experimental
Instrument Factory); digital display blast dryer (101A-1,
Shanghai Experimental Instrument General Factory).

2.3. Experimental Method

2.3.1. Preparation of CHA/nmZnO Composites

Natural coral was cleaned and disinfected and ground and
sieved to obtain coral pellets, and CHA pellets were prepared
according to the hydrothermal reaction principle using a
special high-temperature and high-pressure reactor.

Zinc nitrate and polyethylene glycol-6000 (PEG-6000)
were dissolved in 0.25L anhydrous ethanol under water bath
conditions at 70°C to obtain the clarified solution. The CHA
pellets were placed in 0.25L anhydrous ethanol and the
clarified solution was added drop by drop into the CHA
soaking solution under stirring conditions by means of a
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digital constant flow pump. The pH of the solution was
adjusted to a weak acid environment using ammonia and
glacial acetic acid, and ultrasonic dispersion was performed
after the reaction in a constant temperature water bath at
70°C. The temperature was continued to rise until the solvent
was evaporated and dried, and subsequently placed in a
drying oven for complete drying, and the resulting material
was heat treated to obtain CHA/nmZnO composites.

2.3.2. Experimental Grouping

The results of field emission scanning electron microscopy
were used as test indicators, and the raw material ratios were
gradually adjusted using a comprehensive experimental
design to finally determine the raw material ratios, heat
treatment temperatures, heat treatment holding times and
other process conditions for the antimicrobial modification of
CHA surfaces.

The samples were divided into a total of five groups
according to the different ratios of raw material masses. The
mass ratios of CHA, zinc nitrate and PEG-6000 were 4:2:1
(G1: group 1), 24:8:5 (G2: group 2), 24:4:5 (G3: group 3),
48:4:5 (G4: group 4) and 24:2:5 (G5: group 5).

According to the results of the simultaneous thermal
analyzer, the composites were heat treated and the holding
temperatures were set to 560°C, 580°C and 600°C,
respectively. The holding time was 1h, 3h and 5h,
respectively, for a total of 9 groups.

2.4. Test Methods

2.4.1. X-ray Diffractometer Detection (XRD)

The samples under test were examined and analyzed by
X-ray diffractometer to investigate the change in the
composition of the physical phase before and after the
modification of the samples.

2.4.2. Scanning Electron Microscope Inspection (SEM)

The CHA/nmZnO composites were examined using SEM.
The surface morphology, pore size, nanoparticle size,
distribution and other structural features were analyzed.

2.4.3. Electron Energy Spectroscopy (EDX)

The elemental classes and relative contents of the samples
in the specified area were analyzed using X-ray
photoelectron spectrometry (K-Alphat, Thermo Fisher
Scientific Ltd.) under SEM detection.

2.4.4. Synchronous Thermal Analyzer Assay (TGA)

The results of thermogravimetric analysis were used to
study the decomposition temperature and other
characteristics of the composite, and to investigate the key
process conditions such as holding temperature and holding
time during heat treatment of the composite.

3. Results
3.1. XRD Test Results

The data related to the samples were obtained by XRD
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detection, and the elemental composition of the material
under test was analyzed using Jade 6.5 software. The analysis
results were graphically plotted by Origin 8.0 and the XRD
profiles of the samples were obtained as shown in Figure 1.
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Figure 1. XRD analysis results.

From the XRD test pattern it can be concluded that: The
composites are mainly composed of calcium carbonate. The
characteristic peak of calcium hydroxide may be due to the
denaturation of some calcium carbonate to form calcium
oxide after heat treatment of the composites, which
chemically reacts with the moisture in the air. Also the
presence of HAP characteristic peak in the sample indicates
that the surface coral carbonate component was converted to
hydroxyapatite after hydrothermal reaction of natural coral.
The presence of ZnO characteristic peak in the sample also
proves that the composite obtained by surface modification
of CHA using sol-gel method contains ZnO component.

A

3.2. SEM Test Results

The SEM results of each group of materials are shown in
Figure 2. According to the SEM results, it can be seen that
the nmZnO particles on the surface of the composite in G4
(group 1V) are uniformly distributed with ideal particle size,
the porous structure of the material is not destroyed, and the
nanoparticle fusion attachment is ideal.

Figure 2. SEM images of GO-G5 group.
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3a: EDX test results of group GO (CHA control group); 3b: EDX test results of group G3; 3c: EDX test results of group G4; 3d: EDX test results of group G5

Figure 3. EDX analysis results.
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3.3. EDX Assay Results

The EDX test results of the control group and the G3-G5
group are shown in Figure 3. The EDX test results indicate
that the CHA/nmZnO composite is composed of five
elements, Zn, Ca, O, P, and C. The results confirm that the
nanoparticles on the surface of the composite are nmZnO
particles. The presence of Pt elements may be due to the
material surface after platinum spray treatment.
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3.4. TGA Test Results

The heat loss curves (TG curves), differential scanning
calorimetry curves (DSC curves) and heat loss differential
curves (DTG curves) of the test samples were obtained after
the CHA pellet samples were warmed up to 900°C at a
heating rate of 10°C/min in an air atmosphere as shown in
Figure 4.

Table 1. Changes of composites after heat treatment.
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Figure 4. TGA analysis results of the CHA.

From the TG curve, it can be concluded that CHA particles
start to produce weight change at 632.15°C. The most
significant weight loss of the sample was observed at
780.26°C. The weight loss reaction process was completed at
807.65°C with a total weight loss of 40.22%. The DTG curve
results were in agreement with the TG curve results. It was
concluded that the heat treatment temperature of the
composites should be controlled below 632.15°C for heat
treatment.

3.5. Results After Heat Treatment of CHA/nmZnO

The mixed gel material was subjected to heat treatment
experiments, and the working procedure of the resistance

furnace was set: the temperature rise rate was 2°C/min. The
holding temperature and holding time were set according to
the experimental design, and the surface color and texture of
the material were generally observed after heat treatment as
shown in Table 1.

According to the experimental results, it is known that.
With the increase of holding temperature and holding time,
the more ideal the decarburization effect is, but the worse the
strength of the material is, which eventually leads to the
destruction of the porous structure of the material. The
optimal heat treatment conditions for CHA/nmZnO
composites are as follows: The temperature increase rate is
2°C/min to 580°C, and the holding time is 5h, the
decarburization effect and mechanical strength of the
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material are more ideal, and the original structure is not
damaged.

4. Discussion

In the traditional treatment of infected bone defects,
debridement combined with antibiotics is usually used for
treatment. However, due to poor blood supply conditions at
the trauma site, it is difficult to maintain an effective
antibacterial concentration at the infected site, such as oral
or intravenous antibiotics [11], and the post-healing effect is
often poor. Currently, common antimicrobial bone repair
materials are loaded with antibiotics on artificial bone
materials, thus possessing antimicrobial effects [12, 13].
However, superbugs have also been reported more
frequently in recent years [14], thus limiting the
development of this material. There are many reasons for
the formation of drug-resistant strains [15]: for example,
misuse of antibiotics and improper combination of drugs in
clinical work [16], mutation of bacteria themselves, biofilm
formation by proteins secreted by bacteria, the influence of
drug-resistant plasmids and the exocytosis of bacteria [17].
The advantages of inorganic antibacterial agents are more
obvious compared to antibiotics. Inorganic antibacterial
agents are safe, have broad-spectrum and long-lasting
antimicrobial effects, and do not produce drug resistance.
Inorganic antimicrobial agents are generally photocatalytic
semiconductor antimicrobial materials and antimicrobial
active metals and their oxides [18], the former limit their
application due to photocatalytic conditions, so the latter
have received extensive attention from researchers. Among
them, ZnO nanoparticles have abundant raw material
sources, lower prices, non-toxic to the ecological
environment, and their broad forbidden bands, UV
absorption, and excellent antimicrobial properties have
attracted much attention in the field of antibacterial
materials.

Coral hydroxyapatite is a composite material in which the
surface calcium carbonate is replaced with hydroxyapatite by
a "hydrothermal reaction" of natural coral [5]. This material
not only has good biocompatibility and osteoconductivity of
hydroxyapatite, but also enhances the mechanical strength of

natural coral and retains the original porous structure of coral.

This property facilitates the growth of new bone tissue. It has
been well documented that coral hydroxyapatite contributes
to bone and soft tissue ingrowth and coral endosteal
reconstruction [19-20]. The degradation rate can also be
artificially controlled by adjusting the "hydrothermal
reaction" conditions and changing the hydroxyapatite
conversion rate [21]. In recent years, CHA artificial bone has
been widely used in the treatment of oral and maxillofacial
bone defects [22].

The conclusions of the key steps of this experiment are
consistent with the previous results of the group [23]. The
resulting CHA/nmZnO composite artificial bone material is a
new antibacterial biomaterial combining coral hydroxyapatite
with porous structure and good biocompatibility with

nanoscale inorganic metal oxides. This makes CHA artificial
bone material with antibacterial effect. It has been shown that
ZnO nanoparticles have long-lasting and broad-spectrum
antimicrobial properties [24] and are a hot spot for research
among inorganic antimicrobial materials. Also the calcium
ions released during the degradation of CHA artificial bone
materials are beneficial to the growth and proliferation of
osteoblasts [25, 26]. The phosphate ions in CHA degradation
products not only facilitate biomineralization, but also are a
signaling molecule for osteoblast differentiation protein
production and gene expression [27]. The next step of the
group will be to conduct experimental investigations related
to the antibacterial and osteogenic properties of
CHA/nmZnO composites.

5. Conclusion

The following conclusions can be drawn from the various
experimental conditions of surface modification of coral
bone hydroxyapatite using the sol-gel method: (1) The
surface modification of CHA particles can be performed
using the sol-gel method, and uniformly distributed spherical
ZnO nanoparticles can be observed under scanning electron
microscopy. (2) The optimal conditions for the modification
of CHA particles using the sol-gel method are: The pH is to
be adjusted to a weak acid condition, the reaction
temperature is 70°C, and the mass ratio of CHA, zinc nitrate
and PEG-6000 is 48:4:5. (3) The ideal process condition for
heat treatment of the material is to set the holding
temperature at 580°C and holding time at 5h under the
condition of uniform temperature increase at 2°C/min.
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