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Abstract: The Selective Laser Melting (SLM) process has been proved as the most effective
method among Additive Manufacturing (AM) technologies to produce hard, dense and strong
metallic structures with intncate shapes and profiles from wide range of metallic alloys. The SLM
generated structures from 1 7-<4PH stainless steel high strength alloys involve layer by layver buillding
up through laser melting of successively deposited powder layers. Therefore, the mechanmical
properties of such structures need to be thoroughly checked and investigated before putting these
materials to practical applcations. This rescarch mainly investgates the cryogenic impact
propertics of SLM generated 17-4PH specimen. These characteristics are very mmportant in
applications requirmg high strength customized structures that could mamntain their mechanical
properties at sub-zero temperatures. The expenmental analysis proves that SLM 1s a very reliable
technology to produce high strength metallic structures and these specimens can function e ficiently
in extreme condiions.

Introduction

Wrought precipitation hardening (PH) are primarily defined by their strengthening mechanisms.
These alloys generally have high yield strength and high apparent hardness while exhibiting
superior corrosion resistance compared with martensitie stamless steels [1]0 The most common
alloy m this group 15 "17-4 PH", which 15 also graded as AISD 630 and exhubits a tensile strength
cxcecdmg 690 MPa and tensile clongation of 7% [2]. These metals in powder fonm present an
atractive prospect for additive manufactunng ( AM) technologies like selective laser melang ( SLM)
due to ther weldability and austemtic/martensitic microstructures.

Sclective Laser melting 15 the class of additive manufacturing { AM) techmques that 1s currently
considered excessively suitable for manufactunng strong metallic structures with intncate profiles
from novel metallic alloys for a range of diversified applications [3]. SLM can produce structures
with complex freeform geometry which are m high demand by those engmeering sectors which
favour customization like acrospace, automobile, defence and bio-medical industries [4]. For SLM
manufactured parts there is a genuine need of mechanical charactenzation because the process is
characterized by high temperature gradients and densification ratio that in turn may have significant
impact on the microstructure and properties of SLM parts [ 5].

SLM manufactured alloy steel parts possess a significant potential to be used in many impact
absorbing applications which may also involve mpact behaviours at low temperture or under
cryogenic conditions. Matenals and mechanical properties of SLM manufactured 17-4 PH steel
parts have been investigated by many researchers [6, 7] but there 1s a need of obtaining reliable low-
temperature toughness data for these matenals. In this research, Charpy impact test was used to
investigate the impact properties of SLM generated 17-4 PH stainless steel specimen at room and
sub-zero temperatures mnging from -5 to =55 ‘c. Subsequently material properties  and
microstructures of the Charpy tested samples were also investigated for material integrity.
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Abstract. In this paper, a TAZ/Q235B composite plate was bonded with a DT4 interdayer by
hot-rolling 10 a vacuum. The resuling iterfacial structure and mechanical properties were analyzed.
The results show that when the reduction 15 25%, the rolling speed 15 50 mm/s, and the bonding
emperature 15 between 750 and 850°C, the shear strength of the bondng mterface increases with
emperature. It 1s difficult to bond TA2 and DT4 at a bonding temperature of 700°C. Bnttle
compounds, 1.e., TiC, FeTi and Fe2Ti, are formed at the interface when the bonding temperature 1s
930°C, and the bondmg strength significantly decreases. When the bonding temperature s 850°C, the
shear strength of the interface reaches a maximum of approximately 237.6 MPa, and the fracture
surface presents ductile fracture charactenstics.

Introduction

Titanim is an ideal material for many process applications due to its superior corrosion resistance. It
has been used i petroleum pipes, chermical reactors and heat exchangers. However, when pressure,
temperature and/or size demand very thick plates, titanium equipment can become considerably
expensive [ 1] Titanium clad steel plates are not only resistant to corrosion but also have high strength
and reduced costs. Due W these characteristics, ttanium clad steel plates are widely used in the
petrochermical, shipbuilding, and marine mdustries, among others [2, 3], Currently, the maim methods
of manufactunng ttanum clad steel plates are explosive welding, explosive-rolling bonding and
rolling bondmg. However, with explosive weldmg and explosive-rolling bondmng, the shock wave of
the explosion results in partial melting in a region of the composite mterface that quickly solidifies,
which can casily cause solidification defects such as shrinkage, cracks and pores at the interface [4].
Meanwhile, the environmental pollution caused by the explosion and the lower production efficiency
greatly Iimits the application of explosive composite technology. Compared with the explosive
cladding and explosive-rolling bonding methods, the rolling bonding method can produce large-sized
and thin titanium clad steel plates with high production efficiency, low pollution and low energy
consumption [3].

The formation of brittle compounds such as TiC, FeTi and FeoTi on the interface may cause the
degradation of mechanical properties. The coexisting carbide and mtermetallic compounds in the
mterlayer have more detrimental effects on the bonding strength than those individually formed.
Compared with Fe, C has a stronger binding capacity with Ti; therefore, TiC 1s the casiest to form at
the titanium steel interface [6].

To prevent the formation of brittle compounds such as TiC, FeTi and Fe;Ti that reduce the
bonding strength, the method of using intermediate layer matenal is commonly adopted. Some
studies have used niobium, silver and nickel as the interdayer [ 7-9]; however, because of high costs,
the application of these materials in the production of titanium clad steel plates has been limated.
Therefore, the use of hot-rollng bonding between TA2 and Q235B using a DT4 interdayer was
mvestigated to prevent the formation of TiC. The effect of the bonding temperature on the mechanical
properties and microstructure of the bonding interface was also examined.
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