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Abstract

In recent years, extensive studies have been conducted on severe plastic
deformation based on suitable processes for sheets and solid materials.
Considering the limitations in some properties and crucial applications of
titanium metal, these methods are considered intriguing avenues for enhancing
the efficiency of this practical metal. Therefore, efforts have been made to
investigate and develop effective severe plastic deformation processes for
producing titanium samples. Severe plastic deformation is widely recognized as
the primary method for producing ultrafine and nanostructured materials with
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ﬁ:ﬂ% high strength and hardness. This study focuses on exploring the most recent

e T methods in this family suitable for producing nanostructured titanium samples
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with ultrafine grains. Furthermore, the study assesses the impact of several key
severe plastic deformation methods on titanium properties, comparing them
based on the advantages and disadvantages of these methods from both
processing and property perspectives.

Findings: In this regard, in recent years, severe plastic deformation methods
have been introduced and extensively studied. In this research, by examining and
reviewing the latest studies related to the advantages and disadvantages of three
methods: simple shear extrusion, accumulative roll bonding, and equal channel
angular pressing, the following results have been obtained :

1. All past research indicates that these three methods have a significant and
positive impact on the mechanical properties of titanium metal. These positive
effects show an increasing acceleration up to a certain number of passes and then
reach a saturation point.
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Keywords: 2. Temperature, speed, and appropriate processing are three fundamental and
o ) important factors concerning severe plastic deformation of titanium metal.
Titanium, Severe Plastic : 3. Some studies suggest that pure titanium metal can also be processed at room
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temperature using methods of severe plastic deformation.

4. The frequency of using these methods in relation to titanium metal and its
alloys includes methods such as ECAP, accumulative roll bonding, and simple
shear extrusion, respectively.

5. A noticeable weakness in most studies conducted on processed titanium using
severe plastic deformation methods is the lack of investigation into the
biocompatibility properties of titanium concurrently with its mechanical
properties after the process.

6. It can be almost stated that in none of the studies conducted on severe plastic
deformation methods, a specific industrial output has been introduced, and it
= remains at the level of research work.
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Extended Abstract

Introduction

Titanium is the ninth element and the fourth
most abundant metal in the earth's crust, which
is among the light metals. Depending on the
alloying elements, the crystal structure of
titanium is different at ambient temperature, so
pure titanium at room temperature has a
compact hexahedral crystal structure (o) and at
a temperature of 883 C°, it changes phase to a
cubic-centered crystal structure (). If titanium
has p-phase stabilizing elements, its phase
becomes B-a at ambient temperature. Based on
the amount of o and B phases present in the
structure at room temperature, titanium is
divided into two main categories: pure
commercial and alloy (1). Abundant use in
environments with high corrosive power and
medical uses such as implants is considered one
of the characteristics of commercial pure
titanium in today's industries. The low
mechanical strength of commercial pure
titanium has been one of the main obstacles in
their common use, which has led to the use of
other titanium alloys that often contain harmful
elements such as aluminum and vanadium from
a biological point of view for human health (2).

Pure commercial or non-alloy titanium
generally contains 99 to 99.5% titanium with
amounts of iron, hydrogen, nitrogen, carbon
and oxygen as impurities. Pure commercial
titanium has higher corrosion resistance and
lower strength than titanium alloys. Based on
the amount of impurity elements, titanium is
divided into 4 categories, from grade 1 to grade
4, impurity, strength and Young's modulus
increase and corrosion resistance decreases (3).
One of the practical titanium alloys is grade 5
or Ti6Al4V, which has 6% aluminum and 4%
vanadium by weight and is considered B-o
alloy. This material has good mechanical
strength and wear resistance, but low corrosion
resistance. Research has shown that aluminum
and vanadium metals release ions in the body
(4) and the release of ions makes the body prone
to allergies and implant rejection (5). This
material can be used where high wear resistance
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is required and it is not in contact with the body
tissue, such as root connecting screws and
dental implant ceramics, and in case of contact
with the tissue, a suitable coating should be
given (1). Unlike grade 5 alloy titanium, pure
titanium does not have the undesirable alloy
elements of aluminum and vanadium, so it has
acceptable biocompatibility, but this material
does not have enough strength to produce an
implant. Titanium is widely used in medical
applications due to the formation of a very
resistant passive layer of TiO; on its surface,
lower elastic modulus (compared to stainless
steel), lightness compared to other surgical
metals, and less effects in computed
tomography (6). The use of commercial pure
titanium (CP-Ti) can be an alternative
approach, but its strength is too low for
implants to be used in load-bearing situations
(7). By improving the microstructure, the
mechanical properties of metals can be
increased to an acceptable level. Microstructure
improvement is usually achieved by performing
methods known as severe plastic deformation.
These methods are a way to produce ultra-fine-
grained and nanostructured materials in which
severe strains are applied to the material and the
microstructure and mechanical properties of the
material are improved. During the last twenty
years, many severe plastic deformation
methods have been proposed, which are mainly
distinguished based on the deformation
behavior and different geometry of the parts. It
is difficult to process complex shapes with
these methods. Recently, Aktash and Kisioglu
(8) compared the two processes of machining
and thread rolling for the production of dental
implants and concluded that the thread rolling
process is effective in improving implant
strength and fatigue life. Another solution to
overcome this problem (low strength of CP-Ti
for implants) is to increase the mechanical
properties by grain refinement using severe
plastic deformation methods. For example,
simple shear extrusion, multidirectional
forging, and pressure in an equal angle channel
have Dbeen used to investigate the
microstructure, mechanical properties, and
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erosion-corrosion behavior of commercial pure
titanium using grain refinement (9-11). The
results show that the strength improves
significantly by increasing the number of
passes and decreasing the process temperature.
The corrosion resistance of titanium is also
improved by increasing the pass steps (due to
the formation of a passive oxide layer on the
surface of the material) (12). According to the
Hall-Patch equations (13), when the grain size
decreases, the strength of the material increases
greatly at normal room temperature. A
structural mechanical property of the material
depends on the microstructural properties at
room temperature. It is a known fact that a
polycrystalline material can be made infinitely
strong by reducing its grain size. One of the
main features of the polycrystalline metal
microstructure is the grain size (13). Advanced
metal forming processes are known for their
high level of hydrostatic stress based on severe
plastic deformation. These methods produce
materials with very fine grains with high
angular grain boundaries and are unique to
changing the cross-sectional area of the
material. High hydrostatic pressure and shear
deformation for metal processing is the basis of
severe plastic deformation methods today (13).
In industrial laws, structures larger than 10
micrometers are called coarse-grained
materials, 1 to 10 micrometers fine-grained,
less than 1 micrometer, ultrafine-grained, and
materials whose grain size is less than 100
nanometers are called nanostructures. These
materials use common thermomechanical and
metal forming processes (14). Common metal
forming processes have limited amounts of
hydrostatic compressive stress and very small
grain boundary angles (15). Increasing the scale
of extreme plastic deformation methods for
industrial applications is a real challenge for the
scientific community (13). In this review
research, an attempt has been made to examine
more closely three conventional methods from
the family of severe plastic deformation for
titanium metal and its alloys, including simple
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shear extrusion, pressure in an equal-angled
channel, and cumulative rolling connection,
which have industrial capabilities. It has more
development than other methods, in addition to
extracting the strengths and weaknesses of
previous works, it gained a clearer view of
future industrial needs.

Conclusion

Temperature, speed proper lubrication are 3
basic and important factors to severe plastic
deformation of titanium metal. The frequency
of use of the above three methods to titanium
metal and its alloys includes ECAP,
Accumulative Roll Bonding, and Simple Shear
Extrusion, respectively. The weak point that is
evident in most of the research conducted on
titanium  processed by severe plastic
deformation methods is the failure to
investigate the biocompatibility properties of
titanium at the same time as its mechanical
properties after the process. It can almost be
said that in none of the research carried out to
the methods of severe plastic deformation, no
specific industrial output has been introduced
and it remains only at the level of research
work.
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