
1. Introduction

For many years, the casting technologies have been 
the basic method for manufacturing metal frame dentures. 
These technologies still create problems at the stage of both 
manufacturing and use. Many researchers in their works 
evaluated the quality of casts and the possibility of damage 
occurrence in dentures [1-6]. The development of Computer 
Aided Design/Computer Aided Manufacturing (CAD/CAM) 
methods, that can be currently observed, meets the demand 
for thin-walled elements mapping the anatomy of oral cavity 
and ensuring the repeatability of prosthetic works [7-9]. 
Along with a change in the manufacturing method, also 
the procedures have changed, beginning with impression 
taking, through the scanning of the obtained models and their 
processing with graphics software, to milling and sintering 
of repeatedly coated ceramic layers imitating teeth in terms 
of material and colour. The specified stages of CAD/CAM 
procedures, though, concern the works prepared for ceramic 
coatings of CoCr alloys and with the raw material prepared 
using metal powders.

In spite of the limitation to 6, 7 stages of performing 
works according to CAD/CAM, still technological 
problems remain. They result from the requirements set for 
biomaterials and from the cooperation of materials (metal-
ceramics). Within the scope of biocompatibility, prosthetic 
alloys should not cause allergy or contain toxic substances. 
Moreover, they should be resistant to corrosion and loss of 
lustre in the environment of oral cavity [10,11]. At the same 
time, they should be relatively cheap and easily worked 
in mechanical treatment. Thus in practice, nickel-free 
alloys of cobalt are used. They fulfill the above-mentioned 
requirements and are used in the manufacturing of frames of 
removable partial dentures and ceramic-metal fillings [12]. 
With regard to the way of applying ceramics, the multistage 
cycle of heating up and cooling, these alloys should be 
characterized by the thermal expansion coefficient possibly 
similar to that of ceramic material. Whereas hardness of 
CoCr alloys designed for CAM/CAD works is significant 
in terms of the selection of sufficiently rigid CNC milling 
machine, since not all of the milling machines can work on 
materials of higher hardness. In the case of too soft alloys 
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for works using the maximum work field, deformations 
of these alloys can occur. Hardness is at the same time 
a feature that determines the easiness of finishing a work 
and its resistance to scratch when being in use [12].

2. Material and methodology of research 

The material under investigation was two commercial 
prosthetic alloys of cobalt designated as 27 and 28. Chemical 
composition of the examined material is presented in table 1.

TAbLE 1
Chemical composition of the examined cobalt alloys*, % mass 

no. of alloy co cr si W other
27 62,23 27,57 1,50 8,33 < 1 (Mn, Fe, C)
28 63,00 24,00 1,33 8,00 Mo, Nb, C

*- chemical composition according to Manufacturer’s data

Test samples for research were taken from a disk with an 
external diameter of 98 mm and thickness of 10 and 12 mm 
-  material No. 27 and 28, respectively.

Observation and record of microstructure images was 
performed using an optical microscope Axiovert 25 (OM) and 
scanning electron microscope Joel Jsm 6610lv (sem), on 
metallographic specimens, electroetched. The measurement 
of microhardness with Vickers method was carried out using 
hardness testing machine Future-Tech FV-700, with the 
indenter load of 0.5 kG (4.903 N). 

Dilatometric tests were performed with the use of an 
automatic dilatometer DA-3. Test pieces of around 32 mm 
length and diameter of 4 mm were heated for 1 hour at the 
heat-up rate of 16.6oC/min, and next they were blast cooled 
at the cooling rate maintained on the level of 16.6oC/min. The 
assumed cycle of heating/cooling is consistent with the process 
of sintering of the applied prosthetic porcelain.

Tribological tests were performed with the use of T-05 
tester at the load of 397,5 g. A test in the relation of roller–
block was carried out in the time of 120 minutes for both 
test pieces. The speed of rotation of the roller in both cases 
amounted to 546 rpm. the measurements of mass were made 
on a scales radWag 40/160/C/1, after cleaning the test samples 
with acetone. 

To determine the resistance to corrosion of materials 
designed for implants, the tests of corrosion resistance  in the 
Ringer’s solution at the temperature of 37°C were performed. 

The composition of the solution was as follows: 0.39 g of 
potassium chloride; 8.6 g of sodium chloride; 0.48 g of calcium 
chloride in 1 dm3 of solution. Electrochemical measurements 
were taken using an AMEL potentiostat, model 7050, digital 
controlled by a pC equipped with Juniorassist software, in 
a three-electrode system. A calomel electrode (NEk) was the 
reference electrode, whereas a platinum wire was the auxiliary 
electrode, and the examined test pieces constituted a working 
electrode. The potential set during the measurements was 
being changed from cathodal values towards anodal values, 
ranging from -2.0V to 5.0 V against the NEk. For the analysis 
of corrosion resistance, the most representative polarization 
curves were selected. 

The polarization curves were a basis for determining 
the parameters that qualify the liability of the material to 
corrosion: corrosion potential Ecorr., corrosion current density 
Icorr., resistance of polarization Rp.

The X-ray diffraction studies were performed using 
a diffractometer SEIFFERT XRD 3003 T-T, with the use 
of cobalt lamp radiation λ = 0.17902 nm. parameters of the 
studies were as follows: angle step Δ2θ = 0.02o, calculation 
time τ = 5÷10 s. the angle measuring range was 2θ = 
30÷100o.

3. results of research and their analysis 

3.1 . Microstructural tests

The microstructure of the investigated cobalt alloys was 
a dendritic microstructure with numerous precipitates arranged 
on the boundaries of grains and within interdendritic areas (Figs. 
1, 3). Observed microstructures of cobalt alloys are typical for 
this group of casting materials. On the boundaries of grains 
in these alloys, M23C6 carbides were observed [13, 14]. the 
examined alloys, however, were different in the morphology 
of eutectic precipitates. An example of the morphology of 
precipitates is presented in figs. 2 and 4. 

  
Fig. 1. Microstructure of alloy No. 27

 
Fig. 2. Morphology of precipitates in alloy No. 27

The only precipitates observed in alloy No. 27 were 
similar in morphology to M23C6 carbides (Figs. 1, 2). These 
precipitates were observed on the boundaries of grains, as well 
as inside cobalt austenite grains. In casting alloys of cobalt, the 
M23C6 carbides precipitate as the main phase already during 
the solidification process [13, 15]. In the examined alloy, 
these carbides had a compound chemical composition – they 
were rich in chromium and tungsten (Fig. 5). In the case of 
alloy No. 28, apart from the M23C6 carbides precipitated on 
the boundaries of grains, numerous carbide eutectics were 
observed inside the grains (Fig. 3). Eutectics in this alloy 
were similar in morphology to “pearlitic” colonies (fig. 4). 



2001

“pearlitic” colonies in such a type of alloys, usually consist 
of M23C6 carbides, σ phase, and cobalt austenite [16]. the 
presence of niobium in the chemical composition of alloy No. 
28 also indicates the possibility of the occurrence of MC-type 
precipitates in the microstructure of  this material.

The investigated materials also differed in the size of 
cobalt austenite grain. In alloy No. 27, the grain was fine, 
whilst in alloy No. 28, it was bigger. The above implies 
different cooling rates of the examined alloys at the stage of 
their manufacturing. Similar observations about the influence 
of cooling rate on the morphology of precipitates and the grain 
size are presented in the work [15].

 
Fig. 3. Microstructure of alloy No. 28 

 
fig. 4. morphology of precipitates in alloy No. 28

 

Fig. 5. Spectrum of characteristic X-radiation of precipitate in alloy 
No. 27

4. X-ray diffraction analysis

For the identification of the main phases present in 
the examined alloys, their X-ray diffraction analysis was 
performed. Obtained results in the form of X – ray diffraction 
are presented in Figs. 6 and 7.

Fig. 6. X- ray diffraction of alloy No. 27

Fig. 7.  X- ray diffraction of alloy No. 28

performed X-ray diffraction quantitative analysis of 
phases in the CoCrW alloys proved the occurrence of two 
main phases: cobalt matrix (Co) and Cr23C6 carbides. Greater 
intensity of the diffraction maximum coming from M23C6 
carbides in alloy No. 28, compared to alloy No. 27, indicates 
their greater amount in alloy No. 28. 

5. Measurement of microhardness and tribological tests

The measurement of microhardness taken on the cross-
section of CoCrW alloys showed that the microhardness 
of material No. 27 was in the range of 248 ÷ 307 hv0.5, 
whereas for material No. 28, it ranged between 290 ÷ 
323 HV0.5. Higher microhardness of alloy No. 28 surely 
results from a relatively greater amount of precipitates in 
the matrix and the presence of σ-phase precipitates and 
probably the MC-type carbides in the microstructure. 
Higher microhardness of alloy No. 28 is reflected in higher 
wear resistance of this material in comparison with alloy 
No. 27. After wear testing, the mass decrement noted for 
alloy No. 28 amounted to 0.113%, whereas for alloy No. 27 
– 0.382%. It confirms the commonly accepted dependency 
that wear resistance of cobalt alloys is directly dependent 
on their hardness.
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6. electrochemical tests results 

On the basis of the registered potentiokinetic curves (Fig. 8),
corrosion resistance of the examined materials in Ringer’s 
solution was compared. According to the course of polarization 
curves, material No. 27 in the examined environment shows 
the corrosion potential of about –0.605V against NEk (see 
Table 2). For alloy No. 28, however, a shift of the corrosion 
potential towards positive values can be noticed, to the value 
of Ecorr.= –0.198V against NEk. 

TAbLE. 2
Results of electrochemical measurements of Co alloys, determined 

on the basis of registered potentiokinetic curves

Alloy Ecorr. against neK 
V

Icorr.
ma*mm –2

Rp
 mΩ mm2

27 -0.605 0.0085 637.52
28 -0.198 0.0397 122.53

fig. 8. polarization curves registered for investigated materials

On the basis of the analysis of polarization curves 
registered for both materials (Fig. 8), in the case of material 
27, a decrease in the values of corrosion currents, almost 
by an order of magnitude, is observed in comparison with 
material 28. The course of potentiokinetic curves indicates 
that the examined materials are subject to passivation, which 
is connected with the development of a protective layer that 
causes the effect of a decrease in the current values within 
the active scope. At the potential of around 0.6V against 
NEk for material 27, and 1.2V against NEk for material 28, 
there is a rapid growth of current values, which indicates 
a reconstruction of the passive layer and a loss of protective 
properties.    

The resistance of material in the examined corrosive 
conditions can also be influenced by the value of resistance of 
polarization, determined on the basis of polarization curves. 
Fig. 9. presents the value of polarization resistance for the 
investigated alloys. According to the Stern-Hoar equation, 
in the range of potentials insignificantly different from the 
corrosion potential (± 20mV), the density of external current is 
a linear function of potential. The inclination of a straight line 
ΔE=f(Δi) is a measure of polarization resistance. 

The determined values of Rp show that material No. 27 is 
characterized by higher resistance to corrosion in the examined 
conditions (rp= 637.52 mΩ mm2 ). 

Fig. 9. Change in values of external current as function of impressed 
voltage (in the range of Ecorr. + ΔE) for analyzed materials, based on 
potentiokinetic curves illustrated in Fig. 8

7. dilatometric measurements

On the basis of data received from the dilatometric 
measurements, the curves of dimensional changes were 
obtained, and presented as a function of temperature in Fig. 
10. The course of expansion of materials No. 27 and 28 in the 
range of temperatures of measurement is of linear character 
and does not show any polymorphic changes running. It 
is, however, different in terms of the thermal expansion 
coefficient α, according to Table 3. For both materials, the 
change of coefficient α was recorded during heating in the 
temperature range of 600-1000oC. The curves of cooling in 
the temperature range of 1000-270oC are characterized by 
a linear course.

a)  b)
Fig. 10. Dilatometric curve of material heating No.: a) 27, b) 28

Comparing the values of final length of the test pieces 
for the temperature of 260oC, it was observed that the size 
change for material No. 27 amounted to dl = 0.20%, and 
for material No. 28 to dl = 0.01%. Higher gain in length of 
the test piece from material No. 27 can result from matrix 
enrichment in the atoms of elements that are included in 
the composition of M23C6 carbides. Such a type of carbide 
is subject to complete solution at the temperature of around 
1040oC. 
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TAbLE 3
Determined values of linear expansion coefficients α

range of 
temperatures

α x10-6 K-1

27 28

30-600 15.48 13.71
600-1000 14.17 13.17

8. summary

Two CoCrW alloys used in prosthodontics were subject 
to investigation. performed research has shown that the 
analyzed alloys, in spite of their similar chemical composition, 
are characterized by diverse functional properties. The above 
is influenced by a diverse morphology of precipitates observed 
in the examined alloys. Alloy No. 27 is characterized by better 
resistance to corrosion, whereas alloy No. 28 shows higher 
microhardness and wear resistance. Moreover, alloy No. 28 
has a lower value of linear expansion coefficient. Lower value 
of this coefficient for alloy No. 28 indicates less probability of 
initiation of a crack in the facing ceramic material. 
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