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AAbstrbstractact.. Ceramic adhesives are an interesting alternative to traditional methods to join metal to ceramics

such as fastening, vacuum brazing and gluing. Ceramic adhesives are made of an inorganic matrix with a filler

(alumina, zirconia, silica, etc.), and they require a thermal cure cycle in order to establish adhesion. In this

work, the adhesion between two different adhesive and Ti6Al4V is studied in details and the influence of the

curing cycle is analyzed. Two different adhesives have been used, the first made of a phosphate matrix with an

alumina filler, the second made of a silicate matrix wit an alumina filler. The results indicates that in the case of

the first adhesive a high temperature cure it is necessary in order to establish a strong adhesion with the metal;

on the contrary the second adhesive is capable to create a strong bonding already at low temperature.

KKeeywyworordsds. Ceramic Adhesives, Ti6Al4V, Adhesion Strength

1 Intr1 Introductionoduction

The realization of mixed structures such as ceramic-metals is a mayor goal of industry. These types of structures find

application in biomedical, aerospace mechanical, civil and other important engineering sectors [1, 2].

A ceramic to metal joint is difficult to realize for different reasons; firstly, metal and ceramic usually have a very

different thermal expansion coefficient, with the consequence of high interface stresses if the joint is subjected to

thermal excursion.

Secondly, metals and ceramics are poorly compatible from a chemical point of view, due to their intrinsically different

nature, meaning that strong bonding is difficult to establish.

Different technologies are available to realize a metal to ceramic joint, such as mechanical fastening, brazing and gluing.

Brittleness is the major obstacle to creating a fastened joint, in fact fastening usually requires preliminary works like

drilling and those operations are very difficult on ceramic materials [3].

Active brazing is at present the most widespread technology to create a metal-ceramic joint. However, in order to

ensure an adequate adhesion strength, the ceramic surface must be prepared through complex operation, like multiple

metal plating.

An alternative to active brazing is reactive brazing, where a conversion layer is established between the filler material
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and the ceramic surface. In this case, metal coating is unnecessary, but not all types of ceramics are suitable to be

processed in this way [4].

Brazing of ceramics is always conducted under vacuum furnaces, and requires specialized work.

Gluing is a technology where the adhesion between two different surfaces is realized by means of the interposition of

an adhesive, typical and widely used adhesives are polymer based [5].

These types of adhesives usually guarantee a strong adhesion, but their principal limit is durability, in fact the joints

must be reprocessed after a period of time.

Ceramic adhesives are made of an inorganic matrix with a filler (alumina, zirconia, silica, etc.). They require a thermal

cure cycle in order to establish adhesion, but the process operations are easier with respect to brazing. Their main

advantage is environmental resistance.

In this work two commercial ceramic adhesives are tested with an Ti6Al4V alloy. This alloy is often used to realize

metal- ceramic joints due to its low thermal expansion coefficient. Moreover, Ti is a very reactive metal that easily forms

conversion layer with inorganic substances that improve adhesion strength between surfaces. The adhesion strength

has been evaluated by means of tensile test conducted on metal-metal lap joint.

2 Mat2 Materials and methodserials and methods

Two different ceramic adhesives have been used in this work, the first, Aremco 503, is made of a phosphate matrix with

an alumina filler, the second, Aremco 552, is made of a silicate matrix with an alumina filler.

The standard cure cycles, suggested by the producer, are reported in the following:

For 503 adhesive: exsiccation at room temperature for 2 hours, holding at 96 °C for 2 hours, holding at 260 °C for 2

hours, holding at 370 °C for 2 hours then furnace cooling.

For 552 adhesive: exsiccation at room temperature for 2 hours, holding at 96 °C for 2 hours, holding at 260 °C for 2

hours, then furnace cooling.

The adhesive strength between the adhesives and the Ti6Al4V alloy has been tested by tensile test, to this aim lap joint

with overlapping area of 25x25 mm have been realized using a titanium sheet of 1 mm thickness.

The tensile tests have been conducted using a Galdabini machine imposing a velocity of 0.3 cm/s between the jaws.

In order to evaluate the influence of temperature on adhesion strength some samples have been cured at 700 °C for 2

hours after the standard cure cycles reported above.

The effect of the curing temperature on the interaction between metal and ceramic adhesive has been studied analyzing

the bonding interface by means of Scanning Electron Microscope Hitachi TM 3000 coupled with an Oxford Instrument

Swift ED3000 EPDMA probe. To this aim the composition profiles of the main elements of metal alloy and ceramic

adhesives have been measured.

Other information on the adhesion has been deduced analyzing the fracture surfaces.

3 R3 Results and discussionesults and discussion

The modification occurring during the cure of ceramic adhesives like those employed in this work are described in
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literature [6,7].

At the end of the curing cycle, the 503 adhesive is made of a matrix of partially amorphous structure of aluminum

phosphate with the alumina filler dispersed inside. The 552 adhesive is essentially constituted of an amorphous

geopolymer of aluminosilicates with the alumina filler dispersed inside.

The morphology of fracture surface is reported in figure 1. It can be noticed that the fracture, independently from

the curing cycle, is mixed for both the adhesives and the failure occurs partially at the interface between metal and

ceramic.

Fig. 1. Morphology of frFig. 1. Morphology of fracturacture surfe surface in the case of 503 adhesiace in the case of 503 adhesivve (a) and 552 adhesie (a) and 552 adhesivve (b). Standare (b). Standard curing Cd curing Cyycle.cle.

The results of tensile tests (see figure 2) indicate that, relatively to the 503 adhesive, the further curing step at 700 °C

has improved the adhesion strength.

On the contrary, in the case of 552 adhesive, there is no evidence of an effect of the cure temperature on adhesion

strength.

Fig. 2. RFig. 2. Results of tesults of tensile tensile test shoest showing the influence of twing the influence of temperemperaturature on the adhesion stre on the adhesion strength. (a) 503 adhesiength. (a) 503 adhesivve; (b) 552e; (b) 552

adhesiadhesivve.e.
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The explanation of this behavior is given by the analysis of the interface, particularly by the composition profiles

reported in figures 3 and 4.

Fig. 3. Composition prFig. 3. Composition profiles of Ti and Al acrofiles of Ti and Al across the intoss the interferface metal-cerace metal-ceramic (c); 503 adhesiamic (c); 503 adhesivve afte after standarer standard curingd curing

cycycle (a) and aftcle (a) and after 700 °C curing ster 700 °C curing step (b).ep (b).

In the case of 503 adhesive and standard cure cycle, there is not interdiffusion between the metal alloy and the ceramic,

in fact the curve relative to titanium drops in correspondence of the interface without penetration inside the ceramic,

and symmetrically Al does not penetrate inside the metal. At 700 °C, on the contrary, the composition profiles of Ti and

Al indicate that interdiffusion occurs.
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Fig. 4. Composition prFig. 4. Composition profiles of Ti and Si acrofiles of Ti and Si across the intoss the interferface metal-cerace metal-ceramic (c); 552 adhesiamic (c); 552 adhesivve afte after standarer standard curingd curing

cycycle (a) and aftcle (a) and after 700 °C curing ster 700 °C curing step (b).ep (b).

As said before, the performance of 552 adhesive is not influenced by the cure temperature. This result agrees with the

results of EPMA analysis, in fact in the case of both standard cure cycle and the 700 °C one, the composition profiles of

Ti and Si indicates interdiffusion.

The adhesion mechanism between titanium and ceramic adhesives is based upon different mechanisms, mainly

secondary bonds and the formation of a reaction layer. Since the formation of a reaction layer is based upon

interdiffusion, the results reported above indicate that in the case of 503 adhesive, the additional curing step promotes

the formation of a reaction layer that increases the adhesion strength between metal and ceramic, while in the case of

standard curing cycle the adhesion is realized only by secondary bonds.

The 552 adhesive with a silicate matrix is more reactive towards titanium, probably due the great affinity of Ti and Si,

and the reactive interface is established with the standard cure cycle. The additional step at 700 °C does not modify the

interface. Since the fracture mode of the joint is mixed, improving the interface adhesion improves the global strength

of the joint.

4 Conclusions4 Conclusions

Ceramic adhesives are suitable to realize joints between ceramics and Ti6Al4V, particularly when environmental

stability is required. In order to establish a good adhesion between metal and ceramic, the formation of a conversion

layer is necessary. To this aim, the phosphate-based adhesive requires an additional curing step at high temperature. On

the contrary, the silicate based adhesive is capable to react with titanium already during the standard curing cycle.
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