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Abstract. Ion specimens can be incorporated in glasses or natural clays by ionic exchange process 
with different concentrations dependent of matrix´s type and of the ionic exchange parameters. In 
particular, the incorporation of silver ions presents high interest by its biocidal properties. A 
compound contending ion silver specimens presents bactericidal and fungicidal properties with 
effect proportional to ion concentration. This work presents results about application of the atomic 
absorption technical to determine the silver ion concentration incorporated in a glass matrix by ionic 
exchange process. The ionic exchange experiments were realized with different AgNO3 
concentration and constant temperature. After ionic exchange process, the glass samples were 
submitted to characterization by Energy Dispersive X-Ray Spectroscopy and Atomic Absorption 
Techniques. The comparative results between different techniques showed that atomic absorption 
technical is adequate to determine ion silver concentration incorporated in the glass matrix after 
ionic exchange process. 
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Introduction 
 

Due to the risk to human life offered by the action of bacteria, fungi and other 
pathogenic microorganisms, the demand for materials that guarantee the purity, comfort and 
hygiene has been increasing. This is more evident in homes and industrial surroundings, where the 
microorganisms' controls are more intensive.   

In this context, the development and use of biocidal materials is an efficient way to 
handle risk situations. In the past years were developed many works with biocidal materials and 
additives with applications in polymeric and ceramic materials or in others materials classes [1]. 
Many works present studies regarding biocidal addition efficiency, methodologies for the 
production of bactericidal and fungicidal materials and the optimization of biocidal properties [2]. 

In particular, the development of a biocidal additive is very interesting to industries. In 
the additive form the materials can be applied in many others materials to increase the biocidal 
properties. Some studies involve applications of biocidal additives in the packages for foods [3] and 
for plastics [4-6]. These studies involves organics and minerals compound with microbiological 
properties. So, the biocidal materials have been many studies to its application as biocidal additive. 

The ionic silver specimens can be incorporated in glasses or natural clays by ionic 
exchange process with different concentrations dependent of matrix’s type and of the ionic 
exchange parameters process utilized. The compounds containing specimens of silver ions with 
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bactericidal and fungicidal properties have proportional effect to the ion concentration due to the 
oligodynamic effect. The oligodynamic aspect is a toxic effect of metals ions on living cells, algae, 
fungus, bacteria, virus or others microorganisms, even in relatively low concentrations. This 
antimicrobial effect is shown for ions: mercury, silver, copper, iron, lead, zinc, bismuth, gold, 
aluminum and other metals. Especially heavy metals exhibit this effect [7]. The exact mechanism of 
antimicrobial action is still unknown, but data suggest that these ions denature proteins in the 
prokaryotic cells, resulting in their inactivation [8-10]. 

In particular, the ion exchange process involving the oligodynamic specimens is favored 
by the sodium presence in the glass or in clay structure. The ions Ag+ and Na+ have a similar ionic 
radius and valence equivalent and this likeness favors the ionic exchange process [11]. Another 
factor that influences the ionic exchange reaction efficiency is the value of the reactive area. In 
particles with large diameter, the reactive area is only the particle surface and its interior is inert 
[12]. 

The biocidal properties on the clays or glasses materials depend of the presence of the 
oligodynamic specimens in its structure. The ionic silver perceptual in the materials structure is a 
fundamental factor to define the magnitude of the bactericidal effect, for example [13]. So, the 
perceptual of the oligodynamic specimens in the structure is important information. The bactericidal 
effectiveness of the glasses or clays submitted to ion exchange with specimens of silver is 
proportional to perceptual of the ionic silver specimens incorporated by ionic exchange process 
[13].  

This work presents results about application of atomic absorption technical to determine 
the silver ion perceptual incorporated in a glass matrix by ionic exchange process. It was used a 
ionic medium containing silver nitrate (AgNO3) to develop ionic exchange processes between 
sodium ions, present in glass composition, and silver ions, present in the ionic medium, responsible 
for the glass bactericidal properties [13]. Ionic exchange experiments were realized with different 
AgNO3 concentration and constant temperature. After ionic exchange process, the glass samples 
were submitted to microbiological analysis and atomic absorption technical analyses. 
 
Experimental 
 
Glass development 

 
The ionic exchange reaction efficiency depends of the sodium presence in the structure of 

vitreous material. Thus, the glass used in this work must contain a high sodium concentration. The 
glass was prepared following methodology developed by Fiori [13] and its composition was 
available by X-Ray fluorescence. 

The raw materials were melted at 850 ºC during 30 min with a heating rate of 10 ºC/min, 
then at 1450 ºC during 120 min, with same heating rate. In the sequence, the glass material was 
crushed until particle size 40 µm. Due the particle size to affect the exchange area, in this work was 
opted by only one granulometric distribution to simplify the experimental procedures. In this work 
the exchange area was considered constant. After these procedures the glass system was heated 
during 4 hours. In the sequence, the glass was washed and kept in deionizer water for two days to 
remover the acid residues of the glass surfaces. Finally, the material was dried in an oven at 70 ºC. 
 
Ionic Exchange Treatment 

 
The ionic exchange process was realized utilizing the powdered glass and the ionic medium 

containing AgNO3 as silver source and NaNO3 as melted medium (Reagan, 99.9% purity). The 
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powdered glass was immersed into the ionic medium and submitted to 430 ºC over 4 hours in a 
muffle oven. This process was realized in different ionic media, maintaining constant the NaNO3 
concentration but varying AgNO3 concentration, according to Table 1. 
 

Table 1 - Ionic media systems: constant concentration of NaNO3 and varied concentration for AgNO3. 
Ionic medium Sample Powered glass 

 ( ± 0.01 g) NaNO3 ( ± 0.01 g) AgNO3 ( ± 0.01 g) AgNO3 ( wt%) 
01 20.00 2.61 0.50 2.50 
02 20.00 2.61 1.00 5.00 
03 20.00 2.61 2.00 10.00 
04 20.00 2.61 4.00 20.00 

 
After the ionic exchange treatment, the samples were washed and kept in deionizer water for 

two days. This procedure was used to dissolve the sodium residues incorporated on the glass 
surfaces during the ionic exchange process. The samples were then dried in an oven at 70 ºC and 
crushed again below 40 �m particle size. The parameters and concentrations used in this study were 
maintained in accordance with Fiori procedures [13]. 
 
Microbiological Tests 
 

The biocidal activity of the powdered glass samples was evaluated using the Agar Diffusion 
Test. The Agar Diffusion Test was used for each sample with Escherichia coli and Staphylococcus 
aureus bacteria. All tests were conducted at 36 °C and the bacteria were submitted to an 18 hour 
incubation period. For all samples, microbiological tests were carried out to evaluate the ionic 
medium influence on the production of a biocide glass. The tests were conducted in Petri dishes 
containing 0.10 (± 0.01) g of powdered glass. 

In order to evaluate the bactericide action in the Agar Diffusion Tests, the bactericide action 
areas (total and sample areas) were calculated as circles, Figure 1. The Equation 1 was used to 
calculate the bactericide areas. 

 
Figure 1 – Model considered for evaluating the bactericide areas: (a) Bactericide area and (b) Sample area. 

 
Abac = Aex – Ain      (1) 

 
Where Abac is the bactericide areas and represents the bactericide action, Aex is the death 

area of bacteria and Ain the sample areas [13]. 
 
Atomic Absorption (AA) and Energy Dispersive X-Ray Spectroscopy (EDS) Analysis 
 

After ionic exchange treatment, the powdered glass samples were submitted to atomic 
absorption technical to determine the silver ion concentration into the glass matrix and to energy 
dispersive x-ray analysis to confirm the presence of the specimens of silver in the glass structure.  

The powder glass is not soluble in water. So, it becomes necessary to transfer the silver ions 
incorporated in the powder glass by ionic exchange for a solution to apply the AA analysis. The 
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technique used for this purpose was the cation exchange. A salt widely used in this process, 
including the exchange with silver ions was the barium chloride (BaCl2) [11]. 

The cation exchange processes on the powdered glass samples were realized with a solution 
contending 1.2 M of barium chloride and 5.0 g of glass sample. The system was kept under 
magnetic stirring for 4 hours. In the sequence, the cation exchange solution was submitted to 
vacuum filtration to separate the liquid phase containing silver. This procedure was repeated for 
each powdered glass sample, generating four different solutions. Atomic absorption technical was 
used in these solutions and the appropriate calculations were made to determine the silver amount in 
each sample. The mass perceptual were determined utilizing the equation 2. 

 

m
Vss %100]Ag[

]%Ag[
⋅⋅

=
+

+      (2) 

 
Where [Ag+]% is the weight perceptual of the ion silver in the bactericidal glass sample, 

[Ag+]s is the mass concentration per liter in the cation exchange solution, Vs is the volume in liter of 
the cation exchange solution and m the mass of the bactericidal glass sample submitted to cation 
exchange process. 
 
Results and Discussion 

 
The Figure 2a shows the graphic relation of the silver weight perceptual in the sample glass 

determined by EDS technical and the Figure 2b the ion silver weight perceptual in the glass sample 
determined by Atomic Absorption technical (AA) with the silver compound in the exchange ionic 
medium. Both technical shows the linear dependence of the silver specimen weight perceptual in 
the glass sample with the silver concentration compound in the exchange ionic medium. But, the 
EDS technical shows larger concentration of the silver specimens than the AA technical in the glass 
structure. The EDS results show the presence of the silver in the glass structure in the oxide form 
too, while the AA results shows only the silver specimen presents in the glass structure in the ionic 
form. The AA technical information is more interesting than EDS information for a bactericidal 
glass, because the bactericidal action it is associated with the oligodynamic effect of the ionic silver 
and not with the oxide silver specimen.   
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Figure 2 – (a) silver specimen weight perceptual in the sample determined by EDS technical and (b) silver specimens 

weight perceptual in the sample determined by AA technical. 
 

The microbiological tests with bactericidal glass samples showed low bactericidal effect for 
glass samples treated in ionic medium containing 2.50 wt% and 5.00 wt% of AgNO3. But, the tests 
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shows that glass samples treated with 10.00 wt% and 20.00 wt% of AgNO3 had significant 
bactericidal action, Figure 3. The microbiological results are in agreement with the AA, which 
showed the low ionic silver perceptual for the exchange process within 2.50 wt% and 5.00 wt% and 
larger silver weight perceptual for 10.00 wt% and 20.00 wt%. The presence of bactericidal action 
on the glass samples is resulting of the incorporation of oligodynamic specimen in its structure, in 
this case the ions of silver. 

 

    
Figure 3 – Agar Diffusion Tests for powdered glasses after ionic exchange in the ionic medium containing different 

concentrations of AgNO3: (a) Escherichia. coli, 10.00 wt%, (b) Escherichia coli, 20.00 wt%, (c) Staphylococcus 
aureus, 10.00 wt% and (d) Staphylococcus aureus, 20.00 wt%. 

 
The Figure 4 shows the bactericidal area for different silver compound concentration in the 

exchange ionic medium for Escherichia coli and Staphylococcus aureus bacteria. The increase of 
the silver concentration compound promotes the linear increase of the bactericidal action of the 
glass sample. Theses linear dependence are in agreement with the AA technical results that present 
liner dependence between ionic silver specimens in the glass with the same silver compound 
concentration in the exchange ionic medium. However, the bactericide action to the Escherichia 
coli was more significant because these microorganisms are less resistant (gram positive) than the 
bacteria Staphylococcus aureus (gram negative) [14]. 
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Figure 4 – Linear dependence between bactericidal area and silver compound concentration in the exchange ionic 
medium for Escherichia coli (gram positive) and Staphylococcus aureus (gram negative) bacteria. 

 
Conclusion 

 
The application of the EDS technical and the AA technical showed that the silver specimens 

incorporated during exchange processes not are only ions specimens. The silver weight perceptual 
measured by EDS technical is larger than the silver weight perceptual measured by AA technical. 
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This difference is due the silver specimens measured by AA technical is only the silver ionic 
specimens present in the glass structure. 

The AA technical shows a linear dependence of the ions silver weight perceptual with the 
silver compound concentration in the exchange ionic medium. This results are in agreement with 
the microbiological results, that presented similar dependence between bactericidal action 
(bactericidal area) and the silver compound concentration. 

So, the Atomic Absorption technical is a good option to available the silver ion 
concentration incorporated in the bactericidal glass structure during ionic exchange process.    
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