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Mechanical Properties of Titanium Brazed Joints for Medical Implants
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Medical titanium and alumina (ALO,) bio ceramic are widely
utilized as biomaterials. A reliable brazed joint of titanium and alumina
was successfully obtained using biocompatible Au foil for implantable
devices within the present study. The interfacial microstructure and
reaction products of titanium/Au/ALQ, joints brazed under different
conditions were investigated by scanning electron microscopy (SEM),
energy dispersive spectroscopy (EDS), and X-ray diffraction (XRD).
In this study, the standard interfacial microstructure of the titanium/
Au/ALO, joint was titanium/Ti,Au layer/TiAu layer/TiAu, layer/
TiAu, layer/Au + granular TiAu, layer/TiOx phase/AL O, ceramic.
With increasing brazing temperature or holding time, the thicknesses
of Ti,Au + TiAu + TiAu, layers adjacent to the titanium substrate
increased gradually. Shear tests indicated that the joint brazed at 1115°C
for 3 min exhibited the very best shear strength of 39.2 MPa. Typical
fracture analysis displayed that the crack started at the AL,O, ceramic
and propagated along the interface of TiAu, and TiAu, reaction layers

[1].

Titanium and its alloys are intensively investigated and applied
for biomedical applications due to their excellent biocompatibilities,
mechanical properties, and corrosion resistances. Applications have
included dental implants, craniomaxillofacial implants, implants for
implant replacement and spinal components, internal fixation plates
and screws, and housings for ventricular-assist devices and pacemaker
cases. Alumina, a ceramic with outstanding physical, chemical, and
mechanical performances, has attracted great interest in industrial
applications like biomaterials, aerospace, atomic power, automobiles,
and electronics. With excellent advantages in chemical stability,
wear resistance, and biocompatibility, alumina has been a preferable
orthopedic implant material used in dental and bone replacements as
well as coatings for metallic materials. Utilization of metal-ceramic
composites for biomedical applications, including implantable
pacemakers, retinal implants, and micro stimulators, has dramatically
increased in recent years. To extend the sensible utilization of metal-
ceramic composite components, biocompatible metal-ceramic joints
are desirable for implantable medical devices.

Nevertheless, ceramic-metal joints with sufficient mechanical
integrity are difficult to realize due to the massive differences in
physical and mechanical properties between ceramics and metals like
coeflicient of thermal expansion (CTE), chemical composition, and
modulus of elasticity (MOE). In the brazing of ceramics to metals, a
main problem that must be solved is that the poor wettability of liquid
brazing alloy on ceramics. Active brazing may be a promising approach
that introduces active elements like Ti, Zr, Ni, or V into brazing alloys,
which significantly enhances wettability and spreading of liquid metal
on ceramics by metallurgical bonding [2, 3].

Ti may be a typical active element that promotes wetting and
adhesion. The interfacial reactions on the metal/alumina interface
are investigated using various Ti-containing metal alloys like CuAg-
Ti/alumina, AgCu-Ti/alumina, CuSn-Ti/alumina, NiPd-Ti/alumina,
SnAgCu-Ti/alumina, and NiTiZr/alumina. Voinovich identified the
existence of M6X-type compounds and titanium oxides (TiOx on a
metal/AlL,O, ceramic interface) whose chemical compositions were
believed to be greatly dependent on the activity of Ti. Decrease in the

activity of Ti in the system leads to the formation of titanium oxides
with higher oxidation on the interface, resulting in a higher final
contact angle. Similar conclusions were after studying a NiPd-Ti/
alumina system.

It has been widely reported that alumina could be brazed to
different metals with Ti-containing filler alloys. The types of titanium
oxides that form in an AlLO,/Kovar joint using Ag-Pd/Ti filler are
found to be suffering from the thickness of the Ti layer, and therefore
the joint strengths are influenced by the thicknesses of the reaction
layer and residual Ti layer. Investigated the reaction products on the
Ti film/AlQO, interface for an AL,O,/Kovar joint and suggested that a
competitive reaction mechanism existed in the system. At temperatures
lower than 1057°C, Ti reacts with Al from the decomposition of
ALO,, resulting in the formation of Ti,Al. As the reaction proceeds,
TiO precipitates out from a Ti primary solid solution because the
O concentration rises above the solubility in Ti and Ti,Al. For test
temperatures above 1057°C, Ti directly reacts with O from AL O, to
get TiO and Ti,Al Simultaneously, the sort of Ti oxide depends on the
activity of Ti within the reaction layer, which might be decreased by
the interaction between Ti and Ni from Kovar substrate to make Ni3Ti,
leading to a shift of reaction product from TiO to Ti,0, or Ti,O, [4].
This is also observed by other investigations.

The other challenge in brazing ceramics to metals is that the
thermal stress generated on the metal-ceramic interface resulting from
CTE mismatch between them because the joint cools to temperature.
The addition of pure gold, which is biocompatible, is desired because it
can release thermal stresses by plastic deformation.

In this study, reliable brazing of Al O, ceramic to medical titanium
alloy was achieved using pure gold foil. Detailed investigations on
the consequences of brazing temperature and dwelling time on
microstructure evolution and mechanical properties were conducted.
Mechanical properties were analyzed from micro hardness data for
various phases also as shear strength of the joints.

The typical interfacial microstructure of the titanium/Au/AlL O,
joint was titanium/Ti,Au layer/TiAu layer/TiAu, layer/TiAu, layer/Au
+ granular TiAu, layer/TiOx phase/Al O, ceramic.

Shear tests indicated that the joint brazed at 1115°C for 3 min
exhibited the very best shear strength of 39.2 MPa. Typical fracture
analysis displayed that the crack started at the ALO, ceramic and
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propagated along the interface of TiAu, and TiAu, reaction layers [5].
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