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Abstract:Currently the most frequently class of materials used in the dental office for the remake of 

coronary morphofunctionality is that of diacrylic-composite resins. This study aimed at highlighting 

the behaviour of certain direct diacrylic composite resins having a different polymerization type of 

matrix monomers to electrochemical corrosion in artificial saliva. The specimens made of Charisma, 

Charisma PPF-Heraeus-Kulzer were immersed in Afnor solution for a period of 40 days and analysed 

by electronic microscopy and EDS chemical analysis. The results of the study show that following the 

process of electrochemical corrosion on both materials under study, we may notice a decrease of the 

percentage of carbon, silica and zirconium simultaneously with the increase of the oxygen percentage 

and the formation of new sodium and chlorine-based chemical compounds (ELECTROCHEMICAL 

CORROSION, DENTAL MATERIALS, ARTIFICIAL SALIVA). 

 

1. 

INTRODUCTION 

 The composite resin technology has 

continuously evolved since 1963 the year 

when Bowen introduced them in the market 

as reinforced BIS-GMA systems [1, 2, 3]. 

Subsequently, their development has led to 

the emergence of materials having smaller 

and smaller particles and higher and higher 

filler load what improved significantly the 

fields of use of the photopolymerizable 

composite resins [4, 5]. 

 Saliva, by its physical properties, 

chemical composition and debit, has 

multiple functions the most important of all 

being the antimicrobial and buffer one while 

maintaining the salivary pH within the 

physiological limits. 

 Due to the instability of natural saliva 

characteristics, the electrochemical corrosion 

tests on dental materials are often run in 

artificial saliva solutions. 60 formulas of 

artificial saliva solutions have been 

elaborated so far. Some of these solutions 

precisely reproduce the electrochemical 

behavior of natural saliva being frequently 

used in the researches on corrosion. [6, 7, 8] 

  

2. STUDY GOAL  
  The investigations carried out aimed 

at showing the behavior to electrochemical 

corrosion in case of two direct composite 

diacrylic resins coming from the same 

producer, the type of polymerization of 

matrix monomers being different. 

 

3. MATERIALS AND EXPERIMENTAL 

METHODS 

 Taking into account the 

recommendations given in the scientific 

literature, we experimentally researched two 

commercial products coming from the same 

manufacturer, the type of polymerization of 

matrix monomers being different: a 

composite diacrylic resin with chemical 

polymerization (bicomponent system) and 

one photopolymerizable (visible light-cured 

- VLC). 

As for the chemical composition, we 

may notice that the two materials belong to 

the class of hybrid composite diacrylic resins 

(tab.1). 
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Table 1. Chemical composition supplied by the manufacturer of composite diacrylic 

resins under study 

Commercial 

product
 Producer

 
Organic matrix

 Inorganic filling 

Particle size
 

Charisma
 Heraeus-Kulzer

 
Bis-GMA, TEGDMA

 
Barium aluminum fluoride 0.02 - 2 

µm 

Colloidal silica - 0.01 – 0.07 µm
 

Charisma 

PPF 
Heraeus-Kulzer Methacrylic compound 

Ba-Al-F silicate glass 0.02 - 2 µm 

Silica dioxide 

poly(dodecandioldimethacrylat) - 

0.02 – 0.07 µm 
 

 

  The specimens under study were made in 

the Dental Materials lab within “Grigore T. 

Popa” Faculty of Dental Medicine - U.M.F. 

Iaşi. Each specimen was made in 

concordance with manufacturers‟ 

recommendations and they had a10 mm 

diameter and 4 mm thickness.  

To study the behaviour of composite 

diacrylic resins selected in the corrosive 

environment of artificial saliva, specimens 

were immersed in Afnor solution, in a closed 

chamber, at the 37C temperature for 40 

days.  

The characteristic of pH solution was 

measured by means of CONSORT 831C 

multi-parameter analyser, the pH value of 

Afnor saliva being 6.7.  

After the keeping of samples, their 

surfaces were analysed by electronic 

microscopy and X ray analysis – EDX to 

determine the state of the material after the 

prolonged contact with the electrolytic 

solution of artificial saliva (fig.1). 

 

 

 
 

Figure 1. Electron scanning microscope, chamber, acquisition system 

 

4

. RESULTS AND DISCUSSIONS   
 

The energy specter characterizing 

the chemical composition of Charisma - 

Heraeus-Kulzer material is given in Fig. 2 

with an analysis scale of up to 20 keV. We 

may notice a two energy level participation 

of zirconium at 2 and about 16 keV 

underlying the reinforcement of zirconium in 

polymer matrix.  
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Figure 2. Energy specter 

specific to the elements 

identified qualitatively on 

the surface of Charisma - 

Heraeus-Kulzer material 

In table 2 we give the quantitative values (mass percentages – wt% and atomic 

percentages at%) for the chemical elements identified on the surface of the material by EDS 

technique.  

Table2. Chemical composition on the surface of Charisma - Heraeus-Kulzer material 

identified by EDS technique  

Element AN Series Net [wt.%] 
[norm. 

wt.%] 

[norm. 

at.%] 

Error in 

% 

Fluorine 9 K-series 11198 48,21886 48,2203 48,81404 17,12201 

Oxygen 8 K-series 146671 23,90293 23,90364 28,73375 9,040732 

Silica 14 K-series 36399 15,72859 15,72906 10,77091 0,735007 

Carbon 6 K-series 84241 6,55935 6,559547 10,50332 3,758031 

Zirconium 40 K-series 33 5,587276 5,587443 1,177974 1,03502 

   Sum: 99,997 100 100  

 
The analysis of the surface of 

Charisma - Heraeus-Kulzer after the 

immersion of the sample into Afnor artificial 

saliva for 40 days is given in the electronic 

microscopies in Figure 3 for the 

amplification power of 500, 1000 and 1300 

times. We may notice the area of material 

corroded by pitting for a 50x100 μm2 

surface. On this image we selected an area 

for which we determined the chemical 

composition by EDX given in Table 3, 

figure 4 and the energy specter of the 

chemical components on the surface of the 

composite diacrylic resin (figure 5). 

 

 
  

 

Figure 3. SEM microscopies of the surface of Charisma - Heraeus-Kulzer after immersion in 

Afnor artificial saliva a) 500x b) 1000x and c)1300x 
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Figure 4.  Analysis of distribution of 

O, Si, Na and Cl elements for the 

selected area 

 

 

 

Figure 5. Energy specter 

specific to the elements 

identified qualitatively on 

the surface of Charisma - 

Heraeus-Kulzer corroded 

material 

 

Table 3. Chemical composition on the surface of Charisma - Heraeus-Kulzer corroded 

material identified by EDS technique 

 

Element AN series Net [wt.%] 
[norm. 

wt.%] 

[norm. 

at.%] 

Error in 

% 

Oxygen 8 K-series 134280 55,29444 55,29555 62,39995 20,06096 

Silica 14 K-series 34268 13,41026 13,41053 8,621079 0,630928 

Carbon 6 K-series 112260 11,86139 11,86163 17,83048 6,800062 

Sodium 11 K-series 7959 8,129465 8,129628 6,384602 0,602547 

Zirconium 40 K-series 13 5,897791 5,897909 1,167311 1,666074 

Aluminu

m 
13 K-series 11340 5,171855 5,171959 3,460876 0,294577 

Chlorine 15 K-series 540 0,232791 0,232795 0,135699 0,076715 

   Sum: 99,998 100 100  

 
To make a comparative analysis of 

the modification of surface chemical 

composition following the corrosion of 

Charisma-Heraeus-Kulzer composite 

diacrylic resin, in Figure 6 we graphically 
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present the normalized mass percentages for each chemical element measured

. 

 

 

Figure 6. Chemical 

composition of Charisma-

Heraeus-Kulzer corroded 

for 40 days in Afnor 

artificial saliva, and also 

non-corroded 

 
When analyzing the data in fig. 6 we 

may notice an increase of the oxygen 

percentage due to the formation of oxides on 

the specimen surface. The silica percentages 

slightly decrease showing both the attack of 

the polymer matrix and of reinforcement 

particles. Sodium-based chemical 

compounds in percentage of 8.12%, and 

chlorine-based compounds in very low 

percentages below 1% (0.23%) were 

identified. At the same time, we may notice 

the absence of the chemical element fluorine 

[20, 21] 

In figure 7 we present the energies of 

the chemical elements identified by EDS 

technique on the surface of Charisma PPF- 

Heraeus-Kulzer material before the 

corrosion test. We may notice the same two 

energy level participation of zirconium at 2 

and about 16 keV

. 

 

 
Figure 7. Specter of energies specific to the elements identified qualitatively on the surface of 

Charisma PPF- Heraeus-Kulzer 

 
We may notice the absence of fluorine 

in the chemical composition of the 

polymerized material that was released by 

this chemical process into the environment 

where it had been deposited. 

Quantitatively, the composition of 

Charisma PPF- Heraeus-Kulzer is given in 

Table 4 with an atomic percentage of 

67.75% oxygen, 12.14% silica, 11.73% 

carbon and 0.65 % zirconium. We may 
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notice the percentage errors within 

reasonable limits and conferring credibility 

to the measurements made.

 

Table 4. Chemical composition on Charisma PPF-Heraeus-Kulzer surface of identified by 

EDS technique 

Element AN series Net [wt.%] [norm. 

wt.%] 

[norm. 

at.%] 

Error in 

% 

Silica  8 K-series 126322 67,75276 67,75411 70,96399 21,89533 

Oxygen 14 K-series 50687 12,14522 12,14546 7,24666 0,570759 

Carbon 6 K-series 70807 11,73714 11,73737 16,37562 4,797611 

Magnesium 11 K-series 6397 4,67454 4,674633 3,407368 0,360181 

Aluminum 13 K-series 10398 3,038117 3,038177 1,886916 0,183906 

Zirconium 40 K-series 30 0,650231 0,650244 0,119447 0,148407 

   Sum: 99,998 100 100  

  

Charisma PPF- Heraeus-Kulzer surface after 

immersion for 40 days in Afnor solution 

having a slightly basic pH is given in Figure 

8 by SEM electronic microscopy at diverse 

magnification powers: 1000× (a), 

respectively 5000× (b). We may see a 

surface attacked by corrosion through pitting 

of about 75 μm in diameter, and also with 

smaller areas

.  

  
a) b) 

Figure 8. SEM microscopies of Charisma PPF - Heraeus-Kulzer  surface after immersion in 

Afnor artificial saliva a) 1000x and b) 5000x 

 

In figure 9 we present the energy specter for 

the chemical components on the surface of 

Charisma PPF - Heraeus-Kulzer composite 

diacrylic resin after its immersion into Afnor 

artificial saliva solution for 40 days. We 

identified qualitatively several species of 

elements and different energy ranges for 

their involvement, such for instance the 

zirconium participates in three different 

types of bonds characterized by different 

energies in keV. We identified both species 

belonging to the dental composite material 

such as carbon, silica, zirconium and 

oxygen, and elements from the artificial 

saliva such as chlorine and sodium (figure 

10, table 5). 
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Figure 9. Specter of 

energies specific to the 

elements identified on 

Charisma PPF- 

Heraeus-Kulzer 

corroded material 

Table 5. Chemical composition on the surface of Charisma PPF - Heraeus-Kulzer corroded 

material identified by EDS technique 

 

Element AN series Net [wt.%] [norm. 

wt.%] 

[norm. 

at.%] 

Error in 

% 

Oxygen 8 K-series 66093 43,56939 43,57026 49,31028 16,10896 

Silica 14 K-series 12633 18,7939 18,79428 12,11698 0,898062 

Carbon 6 K-series 85154 14,09161 14,09189 21,24423 7,023255 

Sodium 11 K-series 3807 11,50978 11,51001 9,065508 0,875097 

Aluminum 13 K-series 3251 5,625259 5,625371 3,77516 0,343559 
Magnesium 12 K-series 2316 5,217925 5,218029 3,887423 0,371733 

Chlorine 16 K-series 700 0,994486 0,994506 0,561582 0,270086 
Zirconium 40 K-series 24 0,195648 0,195652 0,038835 0,065654 

   Sum: 99,998 100 100  

 
 

 
 

Figure 10.  Analysis of  O, Si, C, Na, Cl and Zr for the selected area 

 
To make a comparative analysis of 

the modification of the surface chemical 

composition following the corrosion of 

Charisma PPF - Heraeus-Kulzer self-

polymerisable composite, we present the 

mass percentages for each chemical element 

measured in Fig. 11. We may notice an 

increase of the oxygen percentages for the 

self-polymerisable composite similarly to 

Charisma-Heraeus-Kulzer 

photopolymerizable direct composite 

diacrylic resin. This is accompanied by the 

decrease of silica and zirconium percentages 

and the emergence of chemical elements of 

contamination, Na and Cl.   
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Figure 11. Chemical composition of 

Charisma PPF-Heraeus-Kulzer 

material corroded for 40 days in Afnor 

artificial saliva, and also non-corroded 

 

 

5

. CONCLUSIONS 

 

   This paper presents the in vitro 

behavior of two direct restorative materials, 

composite diacrylic resins frequently used in 

dentistry practice before and after the 

process of electrochemical corrosion in 

artificial saliva as well as the comparative 

analysis of the materials selected. 

When analyzing the data obtained following 

the electrochemical corrosion tests, we may 

notice an increase of the oxygen percentage 

for both materials under study. This may be 

attributed to the formation of oxides on the 

surface of specimens. The carbon, silica and 

zirconium percentages significantly decrease 

showing both the attack of polymer matrix 

and of the reinforcement particles.  We also 

identified sodium and chlorine-based 

chemical compounds in very low 

percentages below 1% (0.23% Cl for 

Charisma-Heraeus-Kulzer and 0.99% Cl for 

Charisma PPF-Heraeus-Kulzer). 

The exposure of these materials for 40 days 

to Afnor artificial saliva determined the 

emergence of corrosion micro-orifices on the 

surface of materials, a fact that will directly 

affect the structure of materials and their 

subsequent behaviour to diverse chemical 

and physical stresses. 
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