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Abstract: The production of materials with improved qualities and customised characteristics is made possible by the
particular benefits that powder metallurgy methods provide in terms of material diversity, process control, and cost-
effectiveness. The development of novel materials by powder metallurgy is discussed in this paper. innovative
innovations throughout a range of sectors, including aerospace, automotive, electronics, energy, and healthcare. It
highlights powder metallurgy's capacity to alter material properties, producing higher performance traits that satisfy
the changing requirements of contemporary applications. The procedures used in powder metallurgy to create novel
materials, including powder manufacturing methods, compaction methods, sintering processes, and secondary
operations, are briefly described in this study. It emphasizes how these techniques help innovative materials obtain
their distinctive microstructures and characteristics. It shows the significance of these developments in advancing
technology and satisfying market demands while highlighting the revolutionary potential of powder metallurgy in
material invention.
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1. Introduction

Recent developments in powder metallurgy have resulted in the creation of novel materials with improved
qualities and distinguishing features. Powder metallurgy (PM) is the production, processing, and
consolidation of fine metal particles into usable engineering components [1]. As a flexible production
process, powder metallurgy has a number of benefits in terms of material variety, process control, and
cost-effectiveness. These benefits have sparked research and development in the area, leading to the
development of innovative materials that exceed the capabilities of conventional materials. Powder
metallurgy innovations have created new opportunities for a variety of industries, including aerospace,
automotive, electronics, energy, and healthcare. The range of applications has been increased and new,
creative solutions to meet changing demands have been made possible by the ability to customize material
qualities and obtain higher performance characteristics. The development of innovative materials using
powder metallurgy methods is examined in this research. To illustrate the potential and significance of
these developments, it digs into numerous material categories and highlights particular cases. Materials
including metal matrix composites, amorphous alloys, nanocrystalline materials, shape memory alloys,
metal foams, and others will be discussed. Researchers and engineers have created materials with greater
strength, lightweight features, improved wear resistance, and improved thermal and electrical properties
by utilizing the techniques and capabilities of powder metallurgy. With the help of these developments, it
is now possible to design and manufacture complicated components with specific qualities. The paper
will also discuss the possible applications and effects of these innovative materials across sectors. It will
go over how these materials have solved pressing problems, enhanced functionality, and brought forth
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ground-breaking innovations in fields including transportation, electronics, energy conversion,
biomedical engineering, and more. With the continuous advancement of global industrial technology, the
growing concerns on the lightweight structural applications keep inspiring us to develop high strength and
lightweight materials [2]. Recently, super alloys produced using powder metallurgy (PM) are the top
option for high-performance turbine disc materials. However, due to their unusual processing needs, PM
super alloys experience microstructural limits in the form of inclusions, thermally induced porosity (TIP),
powder-particle boundaries (PPB), and other flaws. The foundation and requirement for creating the
turbine-disks made of PM super alloys is raw powders [3].

2. Methodological Process of Powder metallurgy

Powder metallurgy is a kind of the solid-state process where the graded material is blended in the necessary extent
and stacked consistently or in a step wise manner. Squeezing the green conservative at that point packs the material,
so the bit got is 80% thick. The minimized bit is then sintered to deliver 100% thick segment at the appropriate
temperature. The mechanical and tribological property of the completed item relies upon temperature, time of
sintering and compaction load [4,5,6,7].

The powder metallurgy process involves several key steps to produce metal parts and components. Here
is a brief overview of the commonly used methods in powder metallurgy shown in the fig.1:
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Fig.1 Systematic flow diagram of powder metallurgy operation

2.1. Powder Production: Various methods are employed to produce metal powders, including
atomization, mechanical milling, and chemical reactions. Atomization involves the conversion of molten
metal into fine droplets using gas or water jets. Mechanical milling involves the mechanical deformation
and fracturing of metal particles through high-energy ball milling. Chemical reactions can be used to
precipitate metal powders from solution or vapor phases.

Metal powders are the principle constituents of an item made of Powder metallurgy through which
properties of the completed item is determined, Powder metallurgy part relies upon size, shape, and
surface territory of powder particles. Mechanical methods are the least expensive of the powder
generation; these techniques include utilizing mechanical forces, for example, compressive forces, shear
to facilitate size reduction of particles from bulk materials. During processing (milling), impact, steady
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loss, compression and shear forces are followed up on particles. During impact, striking of one powder
molecule against another happens. Steady loss refers to the creation of wear debris because of the rubbing
activity between two particles. Shear refers to cutting of particles which results in fracture. The particles
are broken into fine particles by compressing activity in pressure power type. Primary goals of processing
are Molecule size decrease, Molecule size development, shape change, agglomeration (consolidating of
particles) and solid state alloying, mechanical or solid state blending, and alteration of material properties.
Hear mechanical milling are elaborated.

In general milling, Changes in the crystal structures of powder particles results in the following sequential
events Such as Micro forging, Fracture, Agglomeration and Deagglomeration.

2.1.1 Micro forging: In this process Individual particles or group of particles are compacted repeatedly
so that they flatten with very less reduction in mass.

Fracture: In this process, particles deform thus initiate cracks propagation which results in fracture.
Agglomeration: In this process molecule of particles are interlocked due to atomic bonding or Vander
Waals forces.

2.1.2 Deagglomeration: In this process Breaking of interlocked particles into fine particles is done. The
diverse powder qualities affected by processing are shape, size, surface, molecule size dispersion,
crystalline size, hardness, flowability, compressibility, chemical composition, sinterability, sintered
thickness.

2.1.3 Milling: The equipment’s generally possess crushers & mills. Crushing is done for making clay
materials such as metal oxides whereas grinding for reactive metals such as titanium, niobium, zirconium
and tantalum. Fig 2 shows various types of crushers and mills.
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Fig.2 crushers and mills
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2.2 Powder Blending: Different metal powders, along with any desired additives or alloying elements,
are blended together to achieve the desired composition. The blending process ensures a uniform
distribution of particles and additives within the mixture. Additives may include lubricants to aid in
compaction or binders to enhance green strength.

2.3 Compaction: The blended powders are then loaded into a die and subjected to high pressure to
compact them into a specific shape. Compaction can be achieved using various techniques, such as
mechanical pressing or isostatic pressing. Mechanical pressing involves the use of mechanical presses to
apply pressure and shape the powder into a green part. Isostatic pressing applies uniform pressure from
all directions using fluids or elastomers to achieve densification.

2.4 Green Part: After compaction, the resulting compacted powders form a green part. The green part
retains the shape given during compaction but lacks strength and density. It is delicate and requires careful
handling.

2.5 Sintering: The green part is subjected to a controlled heat treatment process called sintering. During
sintering, the green part is placed in a furnace and heated to a temperature below its melting point. The
heat causes the metal particles to bond together through diffusion, resulting in densification and the
formation of a solid, interconnected structure. Sintering also helps to eliminate porosity and improve the
mechanical properties of the part.

Various sintering processes are used to bind powder particles classified as below.

2.5.1 Spark Plasma Sintering: The Spark plasma sintering has the advantage of producing items with a
high density other than conventional and micro wave sintering. Powder of the necessary proportions is
put in a graphite die in SPS method, where the powder is first compacted followed by sintering, here,
pressure and temperature through this process is applied at the same time in the SPS chamber. Increase in
temperature rate is very high due to internal heating and can be done in minutes where it takes hours as in
traditional processes. Fig 3 shows schematic spark plasma sintering.
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Fig 3. A schematic of the SPS process
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Spark plasma sintering was additionally utilized for the assembling of extra high wear opposition
materials for cutting, aspheric glass-focal point forming, sandblasting spouts and machine expelling
screws, it is a famous procedure for the production of FGMs, intermetallic mixes, fiber reinforced artistic
composite grid (FRCMCs), MMCs and nano items that are hard to sinter utilizing conventional methods.
This method for SPS is helpful to the creation of numerous cutting-edge mixes. The SPS procedure is
practically identical from the hot squeezing process; the main distinction is being the adjustment in the
way heat is delivered and provided to the material should have been sintered. The green compact is kept
in a graphite die, during this procedure green compact is subjected to curve electrical pulse delivered by
pulse electrical release and outside pressure. The warming rate and the external pressure applied separately
held as 100-10000°C moment and 20-3000 N/m2. Porosity can be managed right now get desirable
properties. It is an extremely quick procedure consequently the composite densification is high though the
disposal of coarsening that happens in the ordinary densification process. This procedure in this manner
advances the better mechanical properties. So, it has some benefits, which are described below. This PBF
process is rapid and accurate, surface of smoother quality is obtained. no need of mould or other tools
with minimal waste of material.

2.5.2 Selective Laser Sintering (SLS): Selective laser sintering is the method of combining powder
material to form solid parts through heat and pressure application. The material used in this process may
be nylon, polystyrene, and thermoplastic. SLS is a most flexible technique capable of generating complex
shapes directly from the CAD model, having high accuracy. SLS process can handle wide range of powder
content through layer-by-layer process that is done using electron laser beams. A sheet of powder made
laid down and a CO2 laser is sintered at the points chosen on the model's 2D cross-section (XY-Plane).
The platform progressively descends (Z Plane) according to the layer height specified. The accuracy of
this method is between +/- 0.3% (min. +/- 0.3 mm), minimum layer thickness is 0.08 mm and the overall
sample size is 700*380*580 mm. Fig.3 represents the SLS technique of PBF.
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Fig 4. A schematic of the SLS process
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2.5.3 Hot Isostatic Pressing (HIP): Materials are manufactured via two processes in the hot isostatic
pressing method, one is casting and the other process is of powder metallurgy. These materials mechanical
operation is a function of auxiliary, dispersion and porosity that imparts mechanical behavior such as
failure resistance, tensile strength, and toughness of fracture. In this process, uniform pressure and high
temperature in all directions were applied to the green compact, and argon gas was taken as the fluid
medium in a closed vessel to properly consolidate the materials. Due to the simultaneous application of
pressure and temperature, it is called ' gas pressure bonding. 'Hot isostatic pressing is widely used to
remove defects and to synthesize denser ceramics. In this process mechanical properties are strengthened
such as impact resistance and ductility. HIP is regarded as a best technique to enhance mechanical
properties of a more number of materials till present time.
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Fig 5. A schematic of the HIP process

2.6 Secondary Operations: Additional operations may be performed on the green part to improve its
properties or achieve specific features. These operations include debinding, where binders or lubricants
are removed from the green part, and sizing or coining, which involves further shaping or dimensional
accuracy enhancements.

2.7 Finishing Operations: After sintering, the parts may undergo additional finishing operations to
achieve the desired final properties and surface characteristics. These operations may include heat
treatment, machining, grinding, polishing, and surface coating to enhance the surface finish, dimensional
accuracy, and functional properties of the final part.
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3. Advancement of novel material for powder metallurgical process

The advancement of novel materials in powder metallurgy has been a significant area of research and
development. Here are a few examples of the advancements in this field:

High-Performance Alloys: Powder metallurgy has enabled the development of high-performance
alloys with improved properties and performance characteristics. For example, the use of powder
metallurgy in aerospace applications has led to the production of lightweight, high-strength, and
corrosion-resistant alloys such as titanium alloys and nickel-based super alloys.

Metal Matrix Composites (MMCs): Powder metallurgy has facilitated the production of metal
matrix composites, where a metal matrix is reinforced with ceramic or metallic reinforcements.
MMCs offer enhanced strength, stiffness, wear resistance, and thermal conductivity compared to
conventional materials. Powder metallurgy techniques allow for uniform distribution of
reinforcements within the metal matrix, resulting in improved material properties.

Amorphous Alloys: Amorphous alloys, also known as metallic glasses, lack a crystalline structure
and exhibit unique properties such as high strength, hardness, and corrosion resistance. Powder
metallurgy processes, such as rapid solidification and consolidation techniques, can produce
amorphous powders and achieve bulk materials with enhanced properties. Amorphous alloys find
applications in sports equipment, medical devices, and consumer electronics.

Nanocrystalline Materials: Nano-crystalline materials have extremely small grain sizes, typically in
the nanometer range. These materials offer improved mechanical and magnetic properties compared
to their coarse-grained counterparts. Powder metallurgy methods, such as mechanical alloying and
spark plasma sintering, can produce nanocrystalline powders and facilitate the consolidation of
nanocrystalline materials. Nanocrystalline materials find applications in magnetic sensors, catalysts,
and biomedical implants.

Metal Foams: Powder metallurgy techniques have been employed to produce metal foams with
controlled porosity and unique properties. Metal foams offer high strength-to-weight ratios, good
energy absorption capabilities, and excellent thermal and acoustic insulation properties. They find
applications in areas such as automotive, aerospace, and construction industries.

Shape Memory Alloys (SMAs): Powder metallurgy has enabled the production of shape memory
alloys, which exhibit the ability to recover their original shape upon heating. SMAs find applications
in medical devices, aerospace, and consumer electronics. Powder metallurgy processes provide
better control over the composition and microstructure of SMAs, leading to improved shape memory
properties.

Functionally Graded Materials (FGMs): Powder metallurgy techniques have been used to fabricate
functionally graded materials, where the composition, structure, or properties change gradually
across the material. FGMs offer tailored combinations of mechanical, thermal, or electrical
properties, making them suitable for applications requiring specific material characteristics.
Magnetic Materials: Powder metallurgy has been instrumental in the development of magnetic
materials, such as soft magnetic materials for electrical applications and permanent magnets for
motors and generators. Powder metallurgy processes allow for the fabrication of materials with
precise composition and microstructure, resulting in enhanced magnetic properties[8].
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4. Conclusion

The advancement of innovative materials through powder metallurgy has greatly increased the design and
production options for materials. The development of materials with improved qualities and distinctive
features has been facilitated by the distinctive capabilities provided by powder metallurgy methods, such
as precise control over composition, customised microstructures, and complicated component production.
Industries like aerospace, automotive, electronics, energy, and healthcare have benefited from greater
strength, lightweight qualities, increased wear resistance, and superior thermal and electrical
characteristics brought about by the development of innovative materials. To satisfy the changing
requirements of contemporary applications, the ability to tailor material properties and achieve desired
performance characteristics has addressed significant problems and offered creative solutions. The
development of powder production methods, compaction techniques, sintering processes, and secondary
operations in powder metallurgy has enabled the advancement of innovative materials. These techniques
have been used by scientists and engineers to design materials with increased strength, enhanced
microstructures, and specific functionality. In general, material innovation and production capacities have
been revolutionised by the advancement of innovative materials through powder metallurgy. By pushing
the limits of conventional material capabilities, it has increased the design space and made it possible to
create advanced materials that can withstand the exacting demands of contemporary applications. Future
technical breakthroughs in this area have significant potential thanks to the continuous research and
development in the field, which promises new discoveries of materials with novel features.
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