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Abstract

The success of dental restorations is dependent both on clinical phases of treatment to achieve fairness and on rigor
to achieve technical phases. In our study we conducted research on metal parts microstructure of metal-ceramic
dentures, to investigate the effect of reheating to successive deposits layers of ceramic. We analyzed molded samples
and replicates on which were simulated ceramics firing. Applying such heat treatments have resulted in complete
dissolution of intermetallic compounds and conducted to a homogeneous microstructure near to thermodynamic
equilibrium, which leads to improved behavior in long-term operation of dental restorations.
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Introduction
The  metal-ceramic  fixed  prosthetic

restoration which reestablish the continuity of

dental arches [1] are widely used in dentistry.

The alloys features needed for in metal-
ceramic technology [2-4] are:
® high temperature resistance, which allow for

no deformation during ceramics firing;

* melting temperature must be lower than
1300°C for an easy processing, and should
be higher with about 150...200°C than
sintering temperature interval of the
ceramics which is in the range
850...1100°C;

® thermal expansion coefficient should be
closed to the one of ceramic mass, to avoid
share stress appearance in the interface
alloy-ceramic  durring prosthetic piece
cooling;

= solidification shrinkage should be less than
2.5%;

= yield strength should be as high as possible;

® should allow on optimal adherence of the
ceramics mass.

Dental materials interact with living tissues
they come in contact with and generate local or
systemic responses [5]. The biocompatibility of
dental alloys is important and is considered a

controversial ~ problem  for  practitioner
physicians [6].
Among the causes of metal-ceramic

restorations failure are cited in literature:

degradation by corrosion of alloys, mechanical
wear and fatigue fracture [7-9].

Corrosion is described as the destruction or
damage of the material under the action of
aggressive environment (atmosphere and oral
fluids) [10].

Metal alloys based on Chromium and
Cobalt are widely used in the dentistry field
[11].

The Co-Cr or Ni-Cr alloys have good
corrosion comportment because of Chromium
presence, which forms a stable chromium
oxide layer on the alloy surface [12-18]. In
addition, the allergenic potential of Cr-Co
based dental alloys is very small compared with
the allergenic potential of the dental alloys
based on Ni-Cr [18] in patients with allergic
ground.

The corrosion behavior of cast alloys is
considered to be the most relevant property
that complies with safety biological material
[19]. For the commerecial alloys, the proportion
of Cr and Mo ranges between 11...25 wt. %
and respectively 0...10 wt. % [20].

Modern Ni-Cr alloys chemistry has mainly
Ni (60-70%) and Cr (15-20%), with some
content of Mo, Al, Mn, Be, Cu, Co, Fe, W, Ti
or Nb.

Nickel reduces hardness, increases
malleability and elasticity of the alloy.
Generally, substituting some important

percentages of Fe, any alloy gets better
resistance to corrosion.
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Chromium improves mechanical
properties, and the chromium oxide formed on
the alloy surface has anticorrosive effect and
offer good adhesion to ceramics. Oxidation
improves the quality of metal-ceramic interface
[21, 22].

Molybdenum (3-11 wt. %) increases
corrosion resistance and has convenient
influence on the thermal expansion coefficient.
Addition of Mn, W, and Ti improves also
corrosion resistance of the alloy. Beryllium
addition in Ni-Cr alloys improves alloy fluidity
in liquid state and increases adherence between
porcelain and metal [21, 23-25].

Studies [26] showed that the corrosion
products from dental alloys solubilized in
adjacent gum tissues depends on the
composition of the alloy restorations which
influence the corrosion resistance [27-30], the
structure formed during casting [20] and the
subsequent combustion/firing protocols [ 20,
31].

Here we conducted research on
components of metal alloys Co-Cr and Ni-Cr
of the same shape/dimensions of metal-
ceramic dentures, to investigate the effect of
reheating the structure of alloys on the
successive layers of ceramic deposited. We
analyzed the samples comparing as cast
dentures to same shape/dimensions dentures
with simulated firing of the ceramics.

Experimental part
In this study were considered three alloy
types: A. Co-Cr based (wt. % Co 64, Cr 21, Mo
6, W 6, Fe, Mn and Si < 1); B. Ni-Cr based (wt.
% Ni 58, Cr 27, Mo 8, Si 2); and C. Ni-Cr based
(wt. % N1 63, Cr 25, Mo 9, Si 2, Nb 1). For each
alloy were made two samples, each consisting
of two interlocked elements: a crown shell and
a body bridge.
The samples were codified as follows:
= Al: dental alloy Co-Cr as cast
= A2: dental alloy Co-Cr after ceramic firing
simulation through heat treatments
= B1: dental alloy Ni-Cr 1 as cast
= B2: dental alloy Ni-Cr 1 after ceramic firing
simulation through heat treatments

= (C1: dental alloy Ni-Cr 2 as cast
= (C2: dental alloy Ni-Cr 2 after ceramic firing
simulation through heat treatments.

All the 6 samples we embedded in acrylic
resin and were prepared for metallographic
observations.

Metallographic preparation consisted of
successive polishing on sanding paper grit 180-
320-500-800-1000-1200 mm, and suspension
of diamond 5, 3 and 1pm on cloth. Subsequent
the  prepared surfaces were  etched
electrochemical in oxalic acid solution 5%, 5
secat2 V.

The metallographic observations, normal
and DIC (Differential Interference Contrast)
were made with an optical microscope Reichert
Univar from Biomaterials Research Centre
UPB-BIOMAT.

Results and discussions

For samples A1 — as cast; crown and bridge
- magnification 200X, the microstructure
consists of solid solution and can be observed
intermetallic compounds. In DIC image can
observe slight tendency of dendrite formations
in the crown and more relevant in the bridge
(thicker and with more volume of material).

With magnification 500X one can observe
that inter-dendritic distances are in the range
14...25um for the bridge sample. One can be
noted the presence of intermetallic compounds
(figure 1).

For samples A2 — firing simulation by heat
treatments; crown and bridge — magnification
200% one can observe the slight dissolution of
intermetallic compounds between
interdendpritic arms.

With magnification 500X there are revealed
that intermetallic compounds separations are
discontinuous, also as a result of elements
diffusion in solid state during heat treatments.
The interdendritic distance is now 10...18 um
for the crown and 18...36 pm for the bridge.
One can obsetrve that dendrites are
homogenized, even if there persist
interdendritic intermetallic compounds (figure
2).
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Crown A1l; 200x Crown Al; 500x Crown A1-DIC 500x

Bridge A1; 200x Bridge A1; 500x Bridge A1-DIC 500x
Figure 1.
Now is clearly revealed the crystalline grains microstructure, as an effect of solid state
limits formation. Interdendritic segregation is diffusion produced by heat treatments/ firing.

less pronounced comparing with as cast

Crown A2; 200x Crown A2; 500x Crown A2-DIC 500x

Bridge A2; 200x Bridge A2; 500x Bridge A2-DIC 500x
Figure 2.

For Bl samples, the interdendritic arms the solid solution non-homogeneous in as cast
distance is in the range of 60...90 pm for the state. This dental alloy presents no intermetallic
bridge. For the crown there are evident only compounds (figure 3).
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Bridge B1; 200x

In DIC images one can observe more clear
the solidification dendrites (in depth) and
interdendritic zones (in relief).

For the bridge in sample B2 (heat treated),
the distance between dendrite arms is in the

Bridge B2; 200x

With higher magnification (500X), one can
observe the grain limits; so the microstructure
of the casted material was clearly homogenized.

In casted samples C1, the distance between
secondary dendritic arms is in the range
30...35 um for the crown and 35...55 um for

Crown B1; 500x

Bridge B1; 500x
Figure 3.

Crown B2; 500x

Bridge B2; 500x
Figure 4.

Bridge B1-DIC 500x

range 35...55 um, and the crown is more
homogenized. The primary dendrites are
visible, but the secondary ones are hardly
observed as a result of homogenization
through heat treatments (figure 4).

Bridge B2-DIC 500x

the bridge. The corresponding alloy for these
samples, even in as cast state, has a
microstructure less segregated (figure 5).

For the C2 samples, one can be observed a
good homogenization after firing simulations
through heat treatments (figure 6).
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Crown C1; 200x

Bridge C1; 200x

Crown C2; 200x

Bridge C2; 200x

It is obvious the formation of a new
generation of crystalline grains after firing
simulation.

In all these images the casting defects could
be pores due to solidifying contraction and
micro-cracks specific to dendritic
microstructures [32]. Only a few papers report
about the influence of metal casting process on
corrosion resistance of dental alloys [33, 34]. It

Crown C1; 500x

Bridge C1; 500x
Figure 5.

Crown C2; 500x

Bridge C2; 500x
Figure 6.

Crown C1-DIC 500x

Bridge C1-DIC 500x

Crown C2-DIC 500x

Bridge C2-DIC 500x

seems that Co-Cr based alloy have more non-
convenient microstructural aspects, than Ni-Cr
based alloys.

In our study, there were applied thermal
regimes similar to ceramic firing cycles, and
microstructural and compositional
homogenization of the samples were
examined.
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According to the results obtained in other
research [35], thermal cycles for firing the
ceramics acts favorably to metal component
and allow for the homogeneity of the
restoration.

The homogenization of the products
diminish the contours of the dendrites due to
the diffusion carried out in the solid state
during firing.

Conclusions

Application of a heat treatment (annealing
for homogenization) will produce the complete
dissolution of the intermetallic compounds and
so is possible to obtain a microstructure of
thermodynamic equilibrium. This correspond
to the ideal shape of uniform crystalline grains,
compositional and dimensional homogeneous.

Applying the firing cycles of the different
ceramic layers it manages to produce
approximately similar effect, which leads to
improved operational behavior of dental
restorations.

As a result of compositional and structural
homogenization, dental restorations supports
better the mechanical associated with thermal
stress mechanical, and, especially, the
combined effect of corrosive effect on metal-
ceramic restorations in the oral cavity.
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