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Abstract: The bioglass 45S doped with Ag (45S-Ag) was successful synthesized by melting
method. The influence of doping Ag on the glass matrix was highlighted by DTA method. XRD
analysis confirmed the amorphous structure of synthetic glass. The presence of Ag element was
controled by EDX analysis. ‘‘In vitro’” of synthesized glass was effectuated by soaking of glass
powder in SBF solution. EDX result indicated that silver was released when immersing derivative
bioglass in SBF solution and silver is an antibacterial agent. XRD and SEM confirmed the
bioactivity of glass 45S-Ag by the apatite formation on its surface.

Keywords: Bioglass, bioactivity, Ag, 45S-Ag, melting, SBF.

1. Introduction

The first bioglass was discovered by L. L.
Hench. It named bioglass 45S with chemical
composition 45Si02-24.5Ca0-24.5Na20-
6P205 (wt%) and synthesized by melting
method. It was used as an implant material in
the human body to repair and replace diseased
or damaged bone. Its bioactivity based on the
ability to form a hydroxyapatite layer:
Cab(P0O4)10(OH)2(HA) on the surface when
immersing in a physiological solution or
implanted in the human body. The formation of
apatite layer promotes the adhesion of bone
tissues and permits an intimate bone-bonding
with the implants. Consequently, the bone
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architecture is repaired and reconstructed [1, 2].
After the L. L. Hench’s discovery, many
derivative bioglasses have been elaborated and
estimated. That has opened up potential
applications of bioglass material.

In recent years, the scientists are looking
towards developing new bioactive materials
doped with the silver element. In these
biomaterials, the silver is considered as a
bioactive agent. It plays an important role to
limit the bacterial activity on biomaterials,
resulting in the improvement of biological
properties [3, 4].

This work aim to synthesize the bioglass
45S doped with Ag by melting method. The
percentage of Ag20 (0,1 wt%) was
incorporated into the glass (synthetic glass
noted 45S-Ag). Some analysis techniques such
as DTA, XRD, EDX, and SEM were used to
investigate the synthesized biomaterial.
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2. Experimental methods

Synthesis of bioglass 45S doped with Ag
(45S-Ag)

The original bioglass of L. L. Hench is 45S
(45Si02 — 24.5Ca0 - 24.5Na20 - 6P205
wt%). In this study, bioglass 45S doped with
0.1 wt% of Ag20 (45S-Ag) was synthesized by
melting of a powder mixture of CaSiO3,
Na2SiO3, Na3P309 and Ag20 at 1400 oC
during 3 hours. At high temperature, Ag20 was
diffused and Ag+ replaced the positions of Na+
and Ca2+ ions in the structure of bioglass. It is

considered that one Na+ is equivalent to one
Ag+ and one Ca2+ correspond to two Ag+ ions
[4, 5] (Fig. 1). The obtained bulk glasses were
ground into powder and sieved to achieve the
bio-glass particles with size less than
100pm.Lire phonétiquement

Chemical reactions at high temperature are
below:

CaSio3 - CaO + Sio2
Na2Si03 — Na20 + Sio2
(NaPO3)3 — 3/2 Na20 + 3/2 P205
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Figure 1. Elemental structure of the synthetic bioglass 45S-Ag [4, 5].

In vitro experiment

“In vitro’” bioactivity of 45S-Ag was
investigated by soaking 100 mg of powdered
samples with 200 ml of simulated body fluid
(SBF). The SBF solutionwas prepared bythe
method which is reported by Kokubo et al [6].
SBF solution has similar characteristics of pH,
and chemical composition to human blood
plasma. Immersion were maintained at body
temperature  (37°C), and agitation (50
tours/min) during 0, 3, 7 and 15 days. Then the
glass powders were removed and rinsed with
deionized water to stop the exchange
reactions, and continuously rinsed absolute
alcohol. After that the powder samples were
dried and stored for further investigation of the
formation of HA layer.

Physico-chemical characterizations

Differential thermal analysis (DTA) was
used to provide data on the transformations that
have occurred, such as glass transitions,
crystallization and melting point of derivative
glass. In order to characterize the amorphous
character of synthetic bioglass and evaluate the
formation of apatite layer after “‘in vitro”
assays, X-ray diffraction (XRD) measurements
were carried on Bruker D8 Advance
diffractometer. The XRD data were acquired in
the range of 10 - 70° (26) with a scanning speed
of 1°/min. Scanning Electron Microscopy
(SEM) (Model JSM-6301, JEOL) was used to
evaluate the morphological surface of synthetic
bioglass before and after immersion in the SBF
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solution. Energy dispersive X-ray (EDX) was
used to analyse the elemental presence in
biomaterial.

3. Results and discussion
DTA analysis

Figure 1 presents the DTA analyses of
bioglass 45S and 45S-Ag. Obtained data

11

showed an increase of glass transition
temperature when glass doped with Ag,0.
While, crystallization, and fusion temperatures
were decreased (Table 1). The obtained result
illustrated the effect of Ag from Ag,O on the
glassy matrix of bioglass 45S. This also
confirmed the formation of the new glass 45S-
Ag synthesized by melting method.

SyntheticBioglass 458

8397C

= o
? =05 E‘
g =
. \ ;’\q oo
_n:!%_'u"; -—C o
" " " T " " " -0.2
[} 200 400 Go0 a00 1000 1200 1400 1600
t°C
2 T T T T T T T T
- 1.2
Bioglass 45S doped 0.1 ,‘;g
5 %wt Ag,O 50:6
[ o4
BT3C 50‘2
— - 0.0
>3 -2 4 [ 02 g
= 651°C [ 04
g% {-" [ 06 g
£ o] f Fo
[ 12
1229°C 14
5 1301°C [ 16
[ -18
T T T T T T T T -2.0
) 200 400 800 goo 1000 1200 1400 1800
teC
Figure 1. DTA data of bioglass 45S and 45S-Ag.
Table 1. Temperature data of 45S and 45S-Ag
Temperature data (°C)
Material . N i
aterials Glass transition temperature t;  Crystallizationtemperature t. Fu;:]c:jnttemperatures
f1 2
45S 548 689 1236 1327
45S-Ag 551 673 1229 1301
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Figure 2 presents the XRD analysis of
bioglass 45S-Ag before and after “‘In vitro™’
experiment. XRD diagram of standard HA is
showed to evaluate the bioactivity of bioglass
45S-Ag material.

X-ray diffractogram of 45S-Ag showed a
diffraction halo which is characteristic of the
amorphous material. This is one of the
important property of glasses that differ from
the crystalline solid materials. The amorphous
structure of glass doesn’t contain planes of
atoms at long distance. No peaks of Ag,O or Ag
could be observed. This may be due to the
small amount of Ag element incorporated into
the glassy network. After 15 and 30 days of
immersion in SBF solution, XRD diagrams of
glass 45S-Ag presented the sharp peaks
corresponding to the hydroxyapatite (HA)
phase [7, 8] (Fig. 2). The formation of a new
apatite layer on the glass surface illustrated the
bioactivity of bioglass doped with 0.1 wt% of
AQ,0. This apatite layer is the linking between
the artificial implant and the natural bone.

Energy Dispersive X-Ray Analysis (EDX)

EDX result strongly confirmed the presence
of silver in derivative bioglass (Table 2 and
Fiure 3). After 30 days soaking in SBF fluid,
the Ag concentration was zero (Table 3 and
Fiure 4). This highlighted the release of Ag
element from derivative glass to SBF solution
during immersion times. The Ag® ions play an
important role as an antibacterial agent. So,
when this derivative bioglass is inserted into
human body, it can damage to bacteria.
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Figure 2. XRD diagrams of Bioglass 45S-Ag before
and after ‘“In vitro’’ experiment.

Table 2. EDX analysis of bioglass 45S-Ag initial

Element % mass % atom
o] 42.79 57.94
Na 14.81 13.95
Si 21.26 16.39

P 2.21 1.55
Ca 18.75 10.13
Ag 0.18 0.04
Total 100% 100%

Table 3. EDX analysis of bioglass 45S-Ag after 30 days of immersion

% atom

Element % mass
0] 50.07
Na 3.60

Si 25.19

P 5.35
Ca 15.83
Ag -0.03

65.88
3.30
18.88
3.64
8.31
-0.01

Total 100%

100%



https://www.google.com.vn/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjm-_routTQAhXIGJQKHawCCBsQFggkMAE&url=http%3A%2F%2Fwww.intertek.com%2Fanalysis%2Fmicroscopy%2Fedx%2F&usg=AFQjCNFHvcFHlYZxZQ2VVdEhSam4Ru38MQ&bvm=bv.139782543,d.dGo

B.X. Vuong / VNU Journal of Science: Natural Sciences and Technology, Vol. 34, No. 2 (2018) 9-15 13

0 05 O 15 2 25

Plene échels 2595 cps Curseur: D128 (1448 cps )

kel

Figure 3. EDX spectrum of 45S-Ag initial.
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Figure 4. EDX spectrum of 45S-Ag after 30 days of soaking.

SEM analysis

SEM images of bioglass 45S-Ag are
presented in Fig. 5. The surface of initial glass
was quite smoothly.  After immersion of
bioglass in SBF solution, SEM observation
showed the important change of surface

morphologies when glass samples were dipped
in SBF solution. The small particles were
appeared on the surface of bioglass 45S-Ag.
According to the XRD analysis, this change
attributed to the formation of a new apatite
layer on the glassy surface.
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Figure 5. SEM images of glass 45S-Ag before and after immersion: a) glass initial, b) glass after 15 days
and c) glass after 30 days of immersion.

4. Conclusions

Bioglass 45S doped with Ag was successful
synthesized by melting method. DTA showed
the effect of Ag on the character temperatures
of bioglass. XRD confirmed the amorphous
structure of synthetic glass. EDX analysis
strongly illustrated the presence of silver in
original bioglass 45S matrix and indicated that
silver was released when immersing derivative
bioglass in SBF solution. XRD and SEM
confirmed the bioactivity of bioglass 45S-Ag
by formation of a new apatite layer on the
surface of bioglass after ‘‘In vitro’” experiment.
So, derivative bioglass still keeps its initial

bioactivity characteristics and is a potential
biomaterial.
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Tong hop va danh gia vat liéu thay tinh y sinh 45S-Ag

Bui Xuan Vuong

Dai hoc Sai gon, 273 An Duong Vieong, Phuong 3, Qudn 5, Tp. HCM

Tém tit: Thuy tinh 45S-Ag dugc tong hop thanh céng bang phuong phap niu néng chay. Anh
huéng cua ham lugng Ag thém vao thanh phan thay tinh duoc danh gia bang phuong phap phan tich
nhiét vi sai DTA. Gian do nhiéu xa tia X khang dinh ciu trac vo dinh hinh cta thiy tinh téng hop.
Thanh phan ciua Ag trong thuy tinh cling nhu sy giai phong cua né khi tién hanh thuc nghiém “‘In
vitro®’ dugc kiém tra bang pho tan sic ning lugng tia X. Cac két qua do nhiéu xa tia X (XRD) va quan
sat bang kinh hién vi dién tir quét (SEM) khing dinh hoat tinh sinh hoc cua vat liéu 45S-Ag qua sy
hinh thanh 16p khoéng hydroxyapatite (HA) trén bé mit vat liéu sau thuc nghiém *‘In vitro’> ngam bot
thuy tinh trong dung dich gia dich thé nguoi.

Tuwr khoa: Thuy tinh y sinh, hoat tinh sinh hoc, Ag, 45S-Ag, nong chay, SBF.



