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Abstract: The aim of the study was the -
reducing and complex character upon the hardness of Ni-Cr alloy covered with ceramics. Matherial and 
method:  ed into sterilized 
containers with artificial saliva (sterilized by autoclaving for 30 min., 1 atm) in saliva-alloy weight ratio: 15 / 1. 
The second solution is used electrolyte-matrix synthetic artificial saliva in the pH range 2-8, in the presence of 
oxalate and tartrate ions with oxidation-reduction and complex character, the ionic strength of 35-45 mmol / L. 
pH corrections were done with NaHCO3, CH3COONa and HCl, while the ionic strength correction was 
performed with buffer TISAB (Total Ionic Strength Buffer Adjudment) composed of NaCl and CH3COOH 
CH3COONa. Samples were collected every 15 days electrolyte and alloy elements concentration was 
determined by spectrometry with atomic absorption with flame (Faas type Perkin Elmer 3300) and 
potentiometers with SMEI (ion-selective membrane electrode-type pH-Ion-Meter OP-202-RADELKIS). 
Results: Micro hardness variation is visible (in cross section) depending on the layer studied. In the Plate, the 
average micro hardness values is quite small (285.8 GPa for a variation of micro hardness between 288-321 
GPa), but as we approach the ceramic layer micro hardness gradually increases (reaching values about 987 
GPa). Aluminium is currently heavily corroded due to higher electronegativity values of Cu (Cu = 1.8, Al = 1.5) 
and more positive standard potential of Cu (Cu 0.33 V, Al = -1.66 V). Tin is passive at pH 2-4, and at pH = 8. 
Nickel is turn passive at pH = 7 and dissolve at a pH = 2-6. Molybdenum is active at pH 2-4. Iron and cobalt are 
active at pH 2-4 and at pH = 9 passive. All these chemical reactions alter the surface quality of the alloy, with 
increasing surface roughness and finally compromise-to-end the resistance of restorative material. Increasing the 
concentration of silicon (where the ceramic material is used) increases the rate of galvanic corrosion due to the 
effect of Si. Conclusions: A restorative material used for the purpose of micro hardness and resistance varies 
depending on the type of electrolyte is introduced. 
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INTRODUCTION 

The necessary qualities of a 
restoration material, respectively the ones 
related to surface (rigidity, free surface 
energy, surface tension, wet, hydrophobia, 
hydrophilic, electrostatic interactions and 
micro hardness), are of high clinical 
importance them ruling, in general, the 
choice of the material. A material with a 
high hardness determines a raised level of 
wear to the antagonist arcade, forming this 
way a close occlusion with the antagonist, 
with the possibility of appearance of cusp 
interference or crack. It can be also added 

that, under the action of mastication 
forces, can appear, in time, cracks in the 
material, witch extend and can unite in a 
larger crack, leading, finally, in the 
breakage of the restoration. It is widely 
known the fact that the wear of a material 
in aggressive environment (respectively 
the restoration material and hard dental 
structures in oral environment) is 
conditioned by two major factors: hardness 
and structure (composition) of studied 
material. (1, 5, 6) 

The existence of restorations of 
different alloys of metals can lead to 
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unfavourable interactions between them 
and the surrounding structures, sometimes 
with special clinical implications. Recent 
studies have shown that reactions to alloys 
can appear at the level of contact with 
prosthetic restoration, attributing the 
existing symptoms to the components set 
free in the mouth during their 
functionality. When an alloy is introduced 
into a conductive electrolyte, it becomes 
the place of two types of chemical 
reactions: one of oxidation(or anodic  in 
which electrons are made) and a reduction 
reaction(or cationic  in which electrons 
produced in in anodic reaction are 
consumed). 
 
AIM OF THE STUDY 

The study takes into account the 

and components with oxide-reducing and 
complex character upon the hardness of 
Ni-Cr alloy covered with ceramics, the 
same with the stability of these dental 
materials with different compounds. 
 

MATERIAL AND METHOD 
For determinations there were used 

six samples of material, respectively discs 
with a diameter of 25 mm and a thickness 
of 2 mm (0.5 mm and 1.5 mm metal 
support physiognomic ceramic 
component), which were set in the 
working vise. 

In the preparation of samples, 
surface polishing was done with grit sizes 

surfaces was performed in two steps: pre 

and final polishing, diamond paste made 
with grains of 0.25 
this stage is that the pressure of push 
required during processing should be very 
small, thus avoiding, overheating, cracking 
with evidence. Figure 1 shows visible 
fractures of ceramic restorative mass 
produced by the initiation of cracks which 
have propagated to the surface and depth, 
with the destruction of a portion of the test. 
After polishing, the samples were placed 
in artificial saliva. 

 

 
Fig. 1. Cracks in ceramic table 

 
Fragments of material kept in 

 subsequently 
inserted into sterilized containers with 
artificial saliva (sterilized by autoclaving 
for 30 min., 1 atm) in saliva-alloy weight 
ratio: 15 / 1.  

The second solution is used 
electrolyte-matrix synthetic artificial saliva 
in the pH range 2-8, in the presence of 
oxalate and tartrate ions with oxidation-
reduction and complex character, the ionic 
strength of 35-45 mmol / L. pH corrections 
were done with NaHCO3, CH3COONa 

and HCl, while the ionic strength 
correction was performed with buffer 
TISAB (Total Ionic Strength Buffer 
Adjudment) composed of NaCl and 
CH3COOH CH3COONa.  

Samples were collected every 15 
days electrolyte and alloy elements 
concentration was determined by 
spectrometry with atomic absorption with 
flame (Faas type Perkin Elmer 3300) and 
potentiometers with SMEI (ion-selective 
membrane electrode-type pH-Ion-Meter 
OP-202-RADELKIS).  
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For micro hardness testing of 
materials was used microdurimeter 
Neophot, used in conjunction with 
metallographic microscope Neophot.  

There followed:  
- Micro hardness evaluation samples of 
materials at different levels after their 
introduction into the electrolyte solution of 
artificial saliva, respectively artificial 
saliva; 
- Effect of pH on the stability of 
biomaterials, working itself into a range of 
pH = 2, 4, 6,5, 8, artificial saliva 
electrolyte.  

- Effect of pH and oxidation-reducing 
properties of components and complexity 
in a range of pH = 2, 4, 6,5, 8, synthetic 
saliva electrolyte, plus 12.6 mg oxalic acid 
per 100 ml and 15.0 mg tartaric acid per 
100 ml. 
 
RESULTS AND DISCUSSION  

Figure 2 and Figure 3 are the 
fingerprints for the cross-sectional micro 
hardness made pottery In Line, from Cr-Ni 
metal skeleton, through the interface bond-
metal-ceramic bonding, reaching the 
external surface layer physiognomic 
ceramic.  

 

 
Fig. 2. Fingerprints of micro hardness objective 25 x 8 x 3 

 

 
Fig. 3. Fingerprints of micro hardness with lens 50 x 8 x 3 

 
Figure 4 Micro hardness values 

plotted variation in Table 1. Micro 
hardness variation is visible (in cross 
section) depending on the layer studied. In 
the Plate, the average micro hardness 
values is quite small (285.8 GPa for a 

variation of micro hardness between 288-
321 GPa), but as we approach the ceramic 
layer micro hardness gradually increases 
(reaching values about 987 GPa). Also, the 
micro hardness at the interface metal - a 
coupling agent is lower than the micro 
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hardness at the interface ceramic binder. 
Small variation of the ceramic coating 

micro hardness  

 
Table 1. In Line on ceramics Micro hardness of Cr-Ni skeleton 100 gf loads (HV0, 1) 

Nr ampr Div  Microdur HV0,1  
1 134 23,85 326  
2 143 25,45 286  
3 145 25,81 278  
4 138 24,56 307  
5 142 25,28 290  
6 144 25,63 282  
7 147 26,17 271  
8 148 26,34 267  
9 90 16,02 723 -liant 

10 89 15,84 739 -liant 
11 88 15,66 756 Liant 
12 87 15,49 773 Liant 
13 87 15,49 773 Liant 
14 86 15,31 791 - strat ceramic 
15 87 15,49 773 - strat ceramic 
16 87 15,49 773 -liant 
17 81 14,42 892  
18 79 14,06 938  
19 81 14,42 892  
20 78 13,88 962  
21 77 13,71 987  
22 78 13,88 962  
23 77 13,71 987 S  

 

 
Fig. 4. The graphical representation of micro hardness change 

 
It is noted that the sample of material 

has elevated hardness; at this level some of 
the structural components (such as 

aluminium), well represented in 
composition, gives a value significantly 
lower of  hardness (about 850-987 GPa), 

 Variatia microduritatii Vickers HV 0,1in stratul metalic, 
liant si stratul ceramic
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but initiation of changes in the material ( 
cracks with pulling the material) changes 
that will, in time, lead to the appearance of 
fatigue wear phenomenon, boosted by oral 
environmental conditions.  

Changes in concentration of alloying 
elements while the pH values considered 
are shown in the diagrams for equilibrium 
concentration and time. (Figure 5) the 
process of dissolution is subject to the 

heterogeneous nature of the alloy. Thus, if 
corrosion of zinc content in the alloy is 
dissolved chemical reaction between the 
anode (zinc) and cathode, respectively 
electropositive the metal (Cu, Fe), plus the 
release of hydrogen. The presence of Pt, 
Pd, Fe, Ni (metal on hydrogen discharges 
with low voltage) greatly enhances 
corrosion of Zn and Al at low pH (as is 
well shown in Figure 5).  

 
Fig. 5. Changes in the concentrations of Cr-Ni alloy with time in artificial saliva 

electrolyte solution at pH = 2 -8 
 

            Graphs of concentration-time balance the pH values considered in the presence of 
oxalic acid and tartaric acid are shown in Figure 6.  

 
Fig. 6. Changes in concentrations of allied synthetic saliva electrolyte solution at  

pH = 2-8 
 

Metal ionization reaction takes place 
with appreciable polarization for Fe, Co, 

Ni. Aluminium is currently heavily 
corroded due to higher electronegativity 
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values of Cu (Cu = 1.8, Al = 1.5) and more 
positive standard potential of Cu (Cu 0.33 
V, Al = -1.66 V). Tin is passive at pH 2-4, 
and at pH = 8. Nickel is turn passive at pH 
= 7 and dissolve at a pH = 2-6. 
Molybdenum is active at pH 2-4. Iron and 
cobalt are active at pH 2-4 and at pH = 9 
passive. All these chemical reactions alter 
the surface quality of the alloy, with 
increasing surface roughness and finally 
compromise-to-end the resistance of 
restorative material.  

Determination of micro hardness of 
the material after placing the electrolyte 
solution shows low values. Figure 7 Micro 
hardness values plotted variation in Table 

2. Micro hardness variation is visible (in 
cross section) depending on the layer 
studied. Thus, the micro hardness 
increases gradually from the substrate 
metal to ceramic coating layer, which can 
reach about 938 GPa. If the metal 
substrate, the micro hardness is relatively 
low (229 GPa) as we approach the ceramic 
layer micro hardness increases gradually. 
If we take into consideration the areas 
tested, the micro hardness at the interfaces 
vary. Thus, the metal interface - agent 
relationship is found an average of about 
12.5 GPa, unlike the micro hardness at the 
interface level binder - ceramic material, 
where the average is about 810 GPa.  

 
Table 2. Loads of 100 gf Micro hardness (HV0, 1) after the introduction of the 

electrolyte solution 

Nr amprenta Div Diag. amp 
  

Microdur  
HV0,1 

Zona testata 

1 143 25,45 286 Metalul de baza 
2 142 25,28 290 Metalul de baza 
3 140 24,92 299 Metalul de baza 
4 143 25,45 286 Metalul de baza 
5 139 24,74 303 Metalul de baza 
6 140 24,92 299 Metalul de baza 
7 138 24,56 307 Metalul de baza 
8 139 24,74 303 Metalul de baza 
9 141 25,10 294 Metalul de baza 

10 143 25,45 286 Metalul de baza 
11 144 25,63 282 Metalul de baza 
12 110 19,58 484 Interfata metal-liant 
13 103 18,33 552 Interfata metal-liant 
14 80 14,24 914 Liant 
15 81 14,42 892 Liant 
16 80 14,24 914 Liant 
17 82 14,60 870 Interfata liant-strat ceramica 
18 81 14,42 892 Interfata liant-strat ceramica 
19 83 14,77 850 Interfata liant-strat ceramica 
20 82 14,60 870 Strat ceramica 
21 80 14,24 904 Strat ceramica 
22 81 14,42 892 Strat ceramica 
23 82 14,60 870 Strat ceramica 
24 83 14,77 850 Strat ceramica 
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Fig. 7. Graphical representation of the value of micro hardness variation after the 

introduction of the solution sensible electrolytic. 
            

Sintering temperature and 
microstructure of the materials studied 
decisively put their imprint on the 
hardness of materials. (1,2). Maintaining 
this temperature values around 
approximately 25-
relatively high percentage of silicon in the 
composition of the material, explains the 
relatively high hardness of these types of 
ceramic materials (about 870-938 GPa).  

The depth of penetration of 
standardized pyramidal diamond tip is 
measured under specific conditions and 
duration of pregnancy varied according to 
Vickers method (HV). It thus left its mark 
in the material measured, which allowed 
calculation of fingerprint subsequent 
hardness. As the diamond tip is 
standardized, it is equally important to 
have the same load conditions, pressure 
and application time of pregnancy, to 
compare the different results of Vickers 
hardness measurement. (3,4,5) 

The metal reacts with the electrolyte 
which is in contact, forming solvated ions 
or soluble complexes. If electrolyte 
containing complex agents (C2O2-4), Fe 2 
+ ions form soluble complexes of the type 

-2, favouring the passage of 
ions in solution Fe2 +. These processes 
explain the experimental data presented in 
the diagrams above: advanced corrosion in 
the acidic environment (pH 2-4) and 

average corrosion alkaline environment 
(pH = 8), with corresponding changes in 
hardness values. (7,8) 

Component nobler exercise 
protective action on other metals, the alloy 
being stable to corrosion. This protective 
action occurs only when the atomic 
fraction of the more noble component is n 
/ 8 the total number of atoms, where n is 
an integer between 1 and 17. Reducing 
agents present in solution (oxalate, 
tartrate) decrease of electrode potential, 
fostering corrosion, while oxidizing agents 
increase the electrode potential, stabilizing 
metal. (7) The presence of complex agents 
or pH alkaline promotes corrosion, shifting 
the equilibrium towards the formation of 
ion complexes, for example: Zn2 + in rural 
base can be found in the form of Zn (OH) 
+ Zn (OH) 2 - solubility intrinsic Zn (OH) 
-3, Zn (OH) 2-4.  

Increasing the concentration of 
silicon (where the ceramic material is 
used) increases the rate of galvanic 
corrosion due to the effect of Si. The 
corrosion rate decreases with increasing 
the percentage of Mo-Co, due to 
passivation of these metals in alkaline 
environment. (7,8). All this results in 
decreased strength and hardness of 
samples of materials used.  
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CONCLUSIONS  
A restorative material used for the 

purpose of micro hardness and resistance 
varies depending on the type of electrolyte 
is introduced.  

On the other hand, it is known that 
both hardness and fracture toughness 
parameters are predictive of the rate of 
wear, because the roughness hardness 
defines the load concentration, whereas 
deformed tenacity determine whether 
material worn out, can be broken.  

This problem becomes interesting in 
the context in which aesthetics, longevity 
and biocompatibility of the restoration will 
depend to a large extent by their resistance 
to corrosion in oral environment.  

The existence of different alloy 
restorations may develop adverse 
interactions between the alloy and the 
surrounding structures, sometimes with 
great clinical implications.  
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