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The processing of Co–Cr alloys by melting and casting in refractory molds remains a viable method that can

support innovation, in the context of technology advance in recent years towards digitalization of the manufacturing

process, i.e., the construction of prosthetic frameworks conducted by additive methods using Co–Cr powder alloy.

cobalt–chromium dental alloys  casting  corrosion  biomaterials  oxide layers

1. Introduction

In dentistry, oral rehabilitation treatments are performed using prosthetic works that restore the masticatory

function, and, from a constructive point of view, their stability must be ensured by resistance frameworks, which are

currently made of metallic materials, such as Cobalt–Chromium (Co–Cr) alloys . Dental restorations represent

just a part of biomaterial applications in dentistry when adhesion aspects and surface modifications strongly

influence the functionality of medical devices .

Metallic materials are considered materials of choice in the manufacture of prosthetic frameworks. Co–Cr alloys, or

stellites, are commonly used in dental prosthetics . There are different types of metal corrosion: inter-granular,

pitting, crevice, fatigue, stress, fretting, and galvanic. On the other hand, in many cases (such as metal-on-metal

prosthesis) corrosion and wear appears between two metallic components . The accessibility of the classical

method of processing Co–Cr alloys by melting and casting gives these alloys a wide range of uses .

The method of manufacturing prosthetic frameworks by melting and casting Co–Cr alloys depends on the

refractory shape and its deformation after heat treatment. Regardless of whether the model of the complementary

structure was made on a duplicate refractory model or directly on the assembly surface, the method is influenced

by the refractory material . Although the refractory packing mass is specific to the molded alloy, in terms of the

expansion on heating and the shrinkage on cooling of the materials, the complementary frameworks made by this

method require adaptation by mechanical processes at the surfaces .

In order to perform a better dental application by casting, the cobalt–chromium alloy must have a homogenous and

dendritic structure, without inclusions, which is possible when is used casting technology in protective controlled

environment .
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2. Corrosion at the Surface of Co–Cr Alloys

The biocompatibility of dental alloys is a critical issue, because the alloys remain in long-term intimate contact with

tissues and saliva  on the oral cavity that represents the prosthetic field . To ensure biological safety , the

most important property of alloys is resistance to corrosion in the oral cavity , where the alloys are exposed to a

variation of pH, influenced by the nature of food and dental plaque. A low pH increases the release of metallic

elements, acting as a corrosive medium .

The corrosion resistance of the surface of a metal prosthetic structure is the most important feature in the

evaluation of the biocompatibility of the alloy . The majority of stellites used in dentistry contain about 60% Co

and 25% Cr, which ensure the biocompatibility of the alloy. Alloys may also contain small amounts of molybdenum

(Mo), tungsten (W), and other metals .

Cobalt and chromium form a solid solution if the latter is found up to about 30%, according to the Co–Cr diagram. A

value of 30% represents the solubility limit of Cr in Co. Exceeding this value makes the additional percentage of Cr

to be found in the σ phase, in which it is extremely fragile, imprinting this feature on the entire alloy. For higher

percentages of Cr, higher corrosion resistance is reached by these alloys .

Cr is the main alloying element, responsible for imprinting the passive character of the alloy. Added in a proportion

of 11–33%, Cr increases the chemical stability of the alloy by forming a protective surface of oxide films. Cr

improves resistance to oxidation at high temperatures, thus protecting the alloy against corrosion .

Cr forms oxide (Cr O ) films, which are stable and adherent with a protective property, ensuring the minimization of

the diffusion speed of metal ions at the surface. The resistance of alloys to chemical agents that initiate corrosion is

due to the ability of Cr to form an adhesive and insoluble film, acting as a shield for the metal substrate .

The surface topography of the parts is marked by the method used at this level: mechanical processing (PM),

sandblasting (S), oxidation by heat treatment (TTO), mechanical polishing (LM), or electrochemical (LE). Each of

these surface conditioning processes influences the corrosion resistance of the part .

There are various methods of processing alloys for the manufacture of prosthetic structural components. Thus,  the

classic and established method of melting and casting alloy ingots in a refractory form obtained by melting the

construction wax  can be mentioned.

The accessibility of the melting and casting processing method provides these materials with a wide range of uses.

The durability of prosthetic frameworks not only represents the ability of the material to retain its properties in the

functional context, but also the ability of the environment in which they were designed to be used as resistance

prosthetic frameworks  and as supports for aesthetic ceramic components that can be built on as the alloy–

ceramic system in which chemical adhesion (after sintering) of the ceramic layer on the metal component is very

important .
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This manufacturing method influences the mechanical properties of the alloy and its microstructure after the

fabrication of the framework .

3. Structure of Co–Cr Alloys

Co–Cr–Mo alloys cast by the conventional method are composed of two phases (phase ɣ, with a cubic structure

with centred faces, and phase ɛ, with a hexagonal structure), being stable at both high and low temperatures. In

order to improve the mechanical properties of Co–Cr–Mo alloys, heat treatments can be applied to the

manufactured frameworks.

Applying a heat treatment at a high temperature of about 1100 °C can determine a good homogenization of the

cast structure of dental cobalt alloys. Additionally, the dendrites become finer . Following the heat treatment, the

volume proportion of the two phases can vary, producing a homogeneous structure with improved mechanical

properties .

Co–Cr–W as-cast alloys have a balanced biphasic structure ɣ + ɛ due to their composition, which differs

proportionally from the two phases of Co–Cr–Mo alloys, whose random atomic arrangement has commonly

happened in the as-cast product. This will always be a discussion. Studies have shown that, for the

homogenization thermal treatment process, there is a transformation from a random (disordered) to a more

ordered structure. The solution treatment method can also produce ɣ-Co phase (FCC) followed by the hexagonal

structure as a minor phase .

The as-cast specimens only exhibit diffraction peaks assigned to the ɣ phase. In contrast, both c and e reflections

are observed for the heat-treated specimens. Thus, the e phase forms as a result of an athermal martensitic

transformation that occurs during cooling after the heat treatment .

The presence of the gamma phase can be induced in another way: by reaching the temperature at which phase ɛ

exits in the stability zone, isothermally, by reaching a temperature between 650–950 °C as a result of bending the

deformation favouring the martensitic transformation of the alloy .

Depending on the nature and chemical composition of the samples, the morphology is different. The microstructure

of Co–Cr dental alloys depends on the manufacturing technique. Given the differences in microstructural properties

among the tested specimens, further differences in their technological achievement and clinical behavior can be

anticipated .

4. Oxidation of Co–Cr Alloys

Oxidation at the surface of prosthetic framework by heat treatment is a method used to improve the bonds between

Co–Cr alloys and plating ceramics, resulting in a physiognomic prosthetic reconstruction .
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In order to create an optimal layer of oxides but also to achieve an efficient decontamination on the surface of the

structure, the temperature of the oxidative heat treatment (OTT) must be between 960 °C and 980 °C, in

accordance with the instructions of the alloy manufacturer .

The characteristics of the oxide layer to be considered are: color, thickness, and adhesion to the alloy that

produced it. The finishing processes of the metal part, such as sandblasting, acid etching, and hardening agents,

influence the connection between the alloy and the cladding ceramics .

Mo reduces the intensity of the oxidation phenomenon, ensuring the passivation and decrease in the tendency of

breaking of the passive film .

The oxide layers on the surface of Co–Cr–W alloys are structured as follows: an outer layer of CoO, an

intermediate layer rich in Cr, and a deep layer rich in W. The rapid oxidation of Co–Cr–W alloys at high

temperatures results in the formation of W oxide, which makes the oxide layer much more adherent and resistant

.

Oxidation is a self-protection ability of the material that is active from the design stage. The oxide layers on the

surface of Co–Cr base alloys can be considered as an elastic buffer .
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