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Using beta-tricalcium phosphate (beta-TCP), silver nitrate and glucose as the carrier, silver resource and reducing agent, silver/beta-TCP
particle was successfully fabricated by a novel liquid chemical reduction method to overcome the infection problem of beta-TCP. The X-
ray diffraction pattern of the as-obtained sample confirmed the existence of metallic silver in the particle. The addition of silver
nanoparticle affected the thermal stability of beta-TCP and prevented the transformation from beta-TCP to alpha-TCP. Transmission
electron microscopy images and the corresponding calculation result proved the mean size and size distribution of silver nanoparticles in
the silver/beta-TCP particle could be controlled by varying the molar ratio between beta-TCP and silver nitrate. Moreover, the mean size
and size distribution of silver nanoparticles also could be changed by using different stabilisers. The prepared silver/beta-TCP particle is a
potential biomaterial to replace pure beta-TCP particle and utilise for coating material and other applications.
1. Introduction: Owing to the excellent biocompatibility,
biodegradability, biosafety and osteoinductivity, beta-tricalcium
phosphate (beta-TCP) is widely utilised as biomaterial, including
bone implant, tooth implant and coating material [1–4]. However,
the infection problem with the implantation limits its further
application. Therefore, many antibacterial metallic elements such
as silver, zinc and copper have been doped into beta-TCP to
enhance its antibacterial activity and overcome bacterial infection
[5, 6].
Depositing antibacterial metallic nanoparticle on the surface of

beta-TCP is an alternative method, which can add more antibacter-
ial material and get stronger antibacterial ability compared with the
doping method. Loher et al. [7] fabricated the silver/beta-TCP
nanoparticle by a flame-spray synthesis method using silver carb-
oxylate, calcium carboxylate and tributyl phosphate as silver,
calcium and phosphor precursor, respectively. Gerber et al. [8]
gained the silver/beta-TCP nanoparticle by the same method, but
used silver acetate and calcium hydroxide as silver precursor and
calcium precursor. This method can get quite small silver nanopar-
ticles (1–2 nm), but need a flame-spray equipment. Bergmann et al.
[9] prepared the silver/beta-TCP nanoparticle by an adsorption
process while Liu et al. [10] mixed silver nanoparticle with
beta-TCP by a high-temperature melting method. These two
methods need prepared silver nanoparticles and may yield the ag-
gregation of silver nanoparticles again. Therefore, it is necessary
to propose other silver/beta-TCP fabrication method.
In this Letter, silver/beta-TCP particle is fabricated by a simple

liquid chemical reduction method. Compared with those reported
methods, this novel method has its significant advantages. On the
one hand, silver/beta-TCP is gained by a very simple liquid chem-
ical reduction reaction and no special equipment such as flame-
spray equipment is needed in the preparation. On the other hand,
silver nanoparticles are fabricated on the surface of beta-TCP par-
ticle during the chemical reduction reaction and separate from
each other. Moreover, silver nanoparticles are gained by nucleating
and growing on the surface of beta-TCP particle in this method,
therefore, the properties of prepared silver nanoparticles such as
their mean size and size distribution can be controlled by adjusting
the quantity of beta-TCP particle. Except the fabrication method
of silver/beta-TCP particle, the thermal stability of the particle
and some factors affecting the size and distribution of silver
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nanoparticles are also investigated. In addition, a potential applica-
tion of silver/beta-TCP particle is proposed in this Letter.

2. Material and methods: Calcium hydroxide was purchased from
Shanghai LingFeng Chemical Reagent Co., Ltd., China. Phosphoric
acid was purchased from Shanghai Chemical Reagent Co., Ltd.,
China. Silver nitrate, soluble starch, polyvinyl pyrrolidone (PVP)
and glucose were purchased from Sinopharm Chemical Reagent
Co., Ltd., China. Polyethylene glycol (PEG) was purchased from
Xilong Chemical Industry Incorporated Co., Ltd., China.
Ammonia water was purchased from Shanghai Zhongshi Chemical
Corporation, China. All the reagents were of analytical grade.

Beta-TCP particle was obtained by a precipitation method similar
to our preparation method of hydroxyapatite (HA) [11]. First,
calcium hydroxide solution was dropwise added into phosphoric
acid solution to generate the neutralisation reaction. Then, the reac-
tion solution was separated by centrifugation. The precipitation was
carried out and ball-milled for 3 h. Finally, the ball-milled powder
was dried in the oven and sintered at 900°C to form beta-TCP
particle.

Silver/beta-TCP particle was fabricated by the liquid chemical re-
duction method. First, a silver ammonia solution was obtained by
adding a suitable amount of ammonia water into the 0.05 mol/L
silver nitrate solution. 3 wt% PVP solution and beta-TCP particle
were sequentially added into the as-obtained silver ammonia solu-
tion under constant stirring at 60°C. Then, 10 wt% glucose solution
was added to deposit silver nanoparticles on the surface of
beta-TCP. Finally, silver/beta-TCP particle was gained after separ-
ating, washing with distilled water and drying at room temperature.
Moreover, PVP was replaced by soluble starch or PEG to discover
the effect of stabiliser type.

Phase composition of silver/beta-TCP particle was confirmed by
X-ray diffraction (XRD, SHIMADZU XD-3A). The morphology
and elemental analysis of silver/beta-TCP particle were gained by
transmission electron microscopy (TEM, JEOL JEM2000EX) and
the attached energy-dispersive spectrometer. The mean size and
size distribution of silver nanoparticles were calculated with TEM
images using Nano Measure software.

3. Results and discussions: Figs. 1a–d show typical XRD patterns
of three silver/beta-TCP particles and pure beta-TCP particle. It can
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Fig. 1 Typical XRD patterns of three silver/beta-TCP particles (a, b, c) and
pure beta-TCP particle (d)
a Unsintered silver/beta-TCP particle
b Silver/beta-TCP particle after being sintered at 1200°C for 2 h
c Silver/beta-TCP particle after being sintered at 1350°C for 2 h
d Pure beta-TCP particle after being sintered at 1350°C for 2 h
be found that the unsintered silver/beta-TCP particle is composed of
metallic silver and beta-TCP, indicating that the silver nanoparticle
has been successfully deposited on the surface of beta-TCP particle
by our liquid chemical reduction method. The result that beta-TCP
particles’ colour changed from white to brown also suggests the
formation of silver nanoparticle. Meanwhile, no other phase
appears in the pattern, proving that silver nitrate was completely
reduced to metallic silver and no phase transformation or
decompose of beta-TCP happened during the generation of silver
nanoparticle. However, silver phase disappears while beta-TCP
exists in the XRD patterns when the silver/beta-TCP particle was
sintered at 1200°C or at 1350°C for 2 h. In contrast, pure
beta-TCP transformed to alpha-TCP after being sintered at 1350°
C for 2 h as expected, because the normal phase transformation
temperature is about 1150°C. The above result demonstrates that
the addition of silver changes the thermal stability of beta-TCP
and prevents the phase transformation from beta-TCP to
alpha-TCP. This result is consistent with the results of Bergmann
et al. [9] and Gokcekaya et al. [12]. In their research, only
beta-TCP phase can be discovered in the XRD pattern after being
Fig. 2 EDX analysis result of silver/beta-TCP particle after being sintered
at 1200°C for 2 h
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sintered at 1200°C. Bergmann et al. [9] also confirmed the
existence of silver by inductive coupled plasma atomic emission
spectroscopy (ICP-AES). They assumed silver reacted with
beta-TCP to form AgCa10(PO4)7 and could not be discovered in
the XRD pattern because of the similar XRD peak diagrams
between AgCa10(PO4)7 and beta-TCP. Gokcekaya et al. [12]
Fig. 3 Typical TEM images of silver/beta-TCP particles with a molar ratio
between beta-TCP and silver nitrate of
a Ten using PVP as stabiliser
b Four using PVP as stabiliser
c Ten using PEG as stabiliser
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Table 1 Mean size and size distribution of silver nanoparticles in the
silver/beta-TCP particles

Molar ratio
between
beta-TCP and
silver nitrate

Stabiliser Mean size of
silver

nanoparticles, nm

Size distribution of
silver nanoparticles,

nm

15:1 PVP 7 3–12
10:1 PVP 13 4–20
10:1 soluble

starch
10 2–18

10:1 PEG 15 9–28
6:1 PVP 19 8–31
4:1 PVP 21 9–31
suggested that the substitution of silver in beta-TCP was the main
reason for the change in thermal stability of beta-TCP. In our
investigation, the sample changed its colour from brown to
yellow after being sintered at 400°C and finally changed back to
white after being sintered at 1200°C. The result by energy
dispersive X-ray (EDX) analysis further indicates the existence of
silver element (Fig. 2). According to silver element’ weak peak
in Fig. 2, we suggest that most silver nanoparticles evaporated in
the high temperature (above 1000°C) and resulted in the
disappearance of XRD peak and the colour change of the sample;
meanwhile, the happen of chemical reaction between silver and
beta-TCP such as the formation of AgCa10(PO4)7 and
silver-substituted beta-TCP leaded to the change in thermal
stability of beta-TCP. Meanwhile, our research proved that the
addition of silver nanoparticle can maintain the thermal stability
of beta-TCP at 1350°C, higher than the previous reports [9, 12].
The higher thermal stability of beta-TCP will benefit those
potential applications in which silver/beta-TCP particle needs to
sinter again, such as tooth implant and bone scaffold of tissue
engineering.
Figs. 3a–c illustrate some typical TEM images of silver/beta-TCP

particle. It can be seen that most beta-TCP particles are near rod-like
and agglomerate with each other; the mean diameter of these parti-
cles is about 100–200 nm. In contrast, most silver nanoparticles
deposited on the surface of beta-TCP particles are spherical with
an average diameter far less than 100 nm and separate from each
Fig. 4 Schematic diagram of the growths of silver nanoparticles with differ-
ent molar ratios between beta-TCP and silver nitrate
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other. The TEM images demonstrate beta-TCP can be utilised
as the carrier of silver nanoparticles and effectively prevent the
agglomeration of silver nanoparticles. Moreover, the result suggests
that either molar ratio between beta-TCP and silver nitrate or stabil-
iser type has a significant effect on the mean size and size distribu-
tion of the deposited silver nanoparticles.

As given in Table 1, the molar ratio between beta-TCP and silver
nitrate influences the mean size of silver nanoparticles in silver/
beta-TCP particles. When decreasing the molar ratio from 15:1 to
4:1, the mean size of silver nanoparticles increases from 7 to 21
nm. Meanwhile, the size distribution changes from 3–12 to 9–31
nm. During the liquid chemical reduction process, beta-TCP sup-
plies the surface active sites to facilitate the heterogeneous nucle-
ation of silver nanoparticles. Therefore, the number of nucleated
silver nanoparticles is not dependent on the amount of silver
nitrate and corresponding silver ions, but dependent on the
amount of beta-TCP (Fig. 4). With the molar ratio between
beta-TCP and silver nitrate decreasing, nucleated silver continues
to grow, generating the increase in the mean size of silver nanopar-
ticles. The above result suggests that the size and distribution of
silver nanoparticles can be easily controlled by varying the molar
ratio between beta-TCP and silver resource.

From Table 1, it is evident that the stabiliser type also has a
strong effect on the mean size and size distribution of silver nano-
particles in silver/beta-TCP particles. Among the three stabilisers,
soluble starch has the best stabilising effect while PVP has a signifi-
cantly stronger stabilising effect than PEG. The special properties of
soluble starch such as template function, size selectivity [13] and
reducing function [14] may contribute its best stabilising effect.
This result is similar to our previous research result of the silver/
HA nanoparticle [15] and indicates that different stabilisers can
change the mean size and size distribution of silver nanoparticles
in the silver/beta-TCP particles.

Fig. 5 gives a potential application of the as-prepared silver/
beta-TCP particle. As we all know, poly (lactic acid) (PLA) is a
common biomaterial, has been widely used as sutures, orthopaedic
fixation devices, drug delivery matrices and porous scaffolds for
tissue engineering because of its good biocompatibility and bio-
degradability. However, some problems often happen during the
biodegradation of PLA. As represented in Fig. 5, few mineralisation
products can deposit on the surface of PLA matrix and change to
HA due to PLA’ weak bioactivity; meanwhile, massive oligomers
may appear around the PLA matrix in a short degradation time
because of the well-known acid autocatalysis effect, especially in
the case that the PLA matrix is a large solid without pore. The ap-
pearance of oligomers will cause a significant decrease in pH value
of the surrounding solution and influence the growth of human cell.
In addition, PLA has an ordinary antibacterial property, the matrix
may be attacked by bacteria and bring infection. Our as-prepared
silver/beta-TCP particle can be utilised as the modified coating of
the PLA matrix to overcome the above problems. Compared with
Fig. 5 Schematic diagram of a potential application (the coating of PLA
matrix) of the as-prepared silver/beta-TCP particle
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the raw material, a thicker HA layer will be deposited on the surface
of the PLA matrix because of the strong bioactivity of beta-TCP;
fewer oligomers will produce from the PLA matrix in the degrad-
ation because the basic products from silver/beta-TCP coating can
neutralise the acidity of oligomers. Finally, the release of silver
nanoparticles will bring a continuous antibacterial ability and
prevent the reproduction of bacteria. The exact effect of silver/
beta-TCP coating on PLA matrix will be discussed in our subse-
quent research.

4. Conclusion: A particle composed of silver nanoparticle and
beta-TCP was fabricated by the liquid chemical reduction method
using silver nitrate and beta-TCP particle as the silver resource
and the carrier. Thermal stability of beta-TCP was changed by
adding silver nanoparticle. The mean size of silver nanoparticles
could be decreased by decreasing the molar ratio between silver
nitrate and beta-TCP. The silver/beta-TCP particle with minimal
silver nanoparticle’ mean size could be fabricated using soluble
starch as the stabiliser. Silver/beta-TCP particle can be utilised as
a coating material to enhance the surface property of PLA.
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