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Abstract—As an structural applications, iron and its derivatives have been thoroughly researched because of their excellent mechanical qualities
and affordability. The mechanical performance and microstructural development of iron-based materials produced by thermo-mechanical
processing (TMP) and powder metallurgy (PM) are critically compared in this research. PM makes it possible to precisely control porosity and
composition, which is crucial for designing sintered components and specialized material qualities. TMP-derived materials, on the other hand,
have improved mechanical strength and finer grain structures thanks to controlled deformation and heat treatment methods. For Fe-500 and other
TMT rebars, bar and plate rolled steels, and PM-processed samples, the review examines experimental results on microstructure, hardness, tensile
strength, and corrosion resistance. Particular attention is paid to how processing parameters like as alloying elements, quenching, and
recrystallization affect performance customization. It is discovered that PM materials excel in uniformity and design flexibility, while TMP gives
higher ductility and hardness because of martensitic transformation. Knowing these variations makes it easier to choose iron-based materials for
civil, automotive, and structural applications.
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1. INTRODUCTION

In many engineering fields, including building, automotive, and defense, iron and its alloys are indispensable because of its plentiful
supply, affordability, and favorable mechanical properties[1]. The growing need for materials that satisfy certain mechanical and
microstructural requirements has led to the development of two well-known methods: thermo-mechanical processing (TMP) and
powder metallurgy (PM). TMP, which is extensively used in the steel industry, combines hot rolling, quenching, and tempering to
refine grain structure[2]. Superior strength and ductility are produced by this process in rebars and plates, as demonstrated by Fe-
500/550 grade TMT bars . The ferrite-pearlite core of these bars is usually surrounded by tempered martensite, a material with a
high tensile strength and resistance to corrosion.whereas powder metallurgy provides precise control over the structure and
composition of materials, enabling the production of almost net-shaped components with little waste[3]. By integrating alloying
components and secondary particles, it improves strength and resistance to wear in a regulated microstructure. This review compares
different processing procedures in terms of mechanical behavior, microstructural characteristics, and application relevance in
contemporary industry, synthesizing data from the literature[4].

2. LITERATURE REVIEW

Iron and its alloys have long been researched because of their superior mechanical qualities, low cost, and numerous structural,
automotive, and building applications. Among the different manufacturing techniques, powder metallurgy (PM) and thermo-
mechanical processing (TMP) are two unique procedures used to enhance mechanical performance and customize microstructural
features[5]. The impact of these processing techniques on microstructure, tensile strength, hardness, and corrosion resistance has
been the subject of numerous investigations. Fe-500 grade TMT bars and found that a composite microstructure with a hard tempered
martensitic outer layer and a soft ferrite-pearlite core was produced by carefully rolling and quenching the bars. Both strength and
ductility were enhanced by this structural gradient.The effects of changes in rolling speed and cooling rate on the microstructure.
They discovered that higher martensite content from faster cooling resulted in less elongation but more toughness[6]. Optimized
rolling speeds, however, produced a balanced ferrite-pearlite structure that was more resistant to corrosion. Emphasized how
dynamic recrystallization plays a part in hot rolling. Their research showed that TMP aids in the refinement of grain boundaries,
improving fatigue resistance and yield strength[7].

A study comparing locally and imported rebars revealed that while local variants varied in yield strength and microstructural
homogeneity, imported rebars had consistent tensile qualities because of superior control over thermo-mechanical treatment
parameters[8]. The uniform dispersion of alloying elements in iron samples treated by PM with copper and graphite additives
improved their tensile strength and resistance to wear.

Contrasted components made of sintered iron with those made of conventionally rolled steel[9]. They found that following heat
treatment, PM samples may attain mechanical strength on par with rolled goods, although residual porosity kept ductility somewhat
lower. The effects of sintering time and compaction pressure[10].

Denser components with better hardness and less porosity were produced by higher compaction pressures, which brought them
closer to the mechanical behavior of TMP materials[11]. The PM is appropriate for precision applications where structural
consistency is essential because it provides design flexibility, low waste generation, and the ability to add fine reinforcements like
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ceramics or carbides[12]. PM provides greater control over microstructural homogeneity and is perfect for making complicated
shapes with little post-processing, but TMP is excellent at producing high-strength, ductile materials appropriate for heavy structural
applications like rebars and plates[13]. Because of their refined grain structures and surface treatments, TMP materials frequently
exhibit increased fatigue strength and corrosion resistance. On the other hand, by modifying porosity, additives, and heat treatments,
PM-processed materials can be tailored to meet particular mechanical requirements[14].

3. IRON AND ITS DERIVATIVES: AN IN-DEPTH OVERVIEW

Modern machinery, precision components, and infrastructure are all built on iron and its derivatives. Because iron is plentiful,
adaptable, and has adjustable qualities, it is treated in a variety of ways to meet diverse technical requirements. Two well-known
methods among these are powder metallurgy (PM) and thermo-mechanical processing (TMP), each of which has unique benefits in
terms of scalability, cost, mechanical performance, and microstructure control. To assist in the selection of materials for industrial
applications, this review compares iron treated using PM and TMP across a number of crucial properties[15].

3.1. Availability

The fourth most common element in the crust of the Earth is iron, which is easily obtained as iron ore, especially magnetite
(FeO4) and hematite (FeOs). With substantial reserves in regions like Odisha, Chhattisgarh, and Jharkhand, India is one of the
world's top producers of iron ore. Iron is a popular material for structural and engineering applications due to its high natural
availability and simplicity of extraction[16].

Thermo-Mechanical Processing (TMP) and Powder Metallurgy (PM) both make use of this raw supply in distinct ways. While
PM uses atomized or milled iron powders that are crushed and sintered to form solid parts, TMP uses molten iron and billets
that have been treated using traditional mechanical deformation techniques[17].

3.2. Cost

TMP is typically more cost-effective for large-scale production because of its well-established industrial infrastructure and
quicker processing times. TMP-derived products are comparatively inexpensive due to their reliance on large-scale rolling
and treatment processes. However, PM has greater starting costs because of tooling, controlled sintering conditions, and
powder production. Nonetheless, PM provides cost benefits in near-net form components, complex geometries, and small
batch operations where post-processing and material waste are minimized[18].

3.3. Application

3.3.1. TMP Applications: Considering their high ductility, impact strength, and resistance to cyclic loading, TMP is
widely used in industrial tools, rail tracks, rebar, automobile chassis components, and shipbuilding materials[19].

3.3.2. PM Applications: Precision engineering, aircraft, biomedical implants, electrical connections, gear manufacturing,
and cutting tools are among the industries that frequently use PM. Hard reinforcements like carbides can be
embedded with PM, increasing wear resistance and enhancing dimensional precision[20].

3.4. Properties
3.4.1. Mechanical Properties:

3.4.1.1. TMP: Superior toughness, ductility, and tensile strength as a result of martensitic transformations and finely
crafted grain structures. enhanced corrosion resistance and fatigue life by surface treatments[21].

3.4.1.2. PM: Better composition control, increased hardness, and design freedom. improved qualities thanks to
reinforcements like copper or graphite. Porosity causes a slight decrease in ductility, however additional
procedures can increase it[22].

3.4.2. Microstructural Characteristics: TMP improves mechanical integrity by producing finer grains through dynamic
recrystallization, while PM enables customized microstructures with evenly distributed alloying components, which
are perfect for functional gradient materials[23].

4. METHODLOGY

The current literature on the microstructural and mechanical behavior of iron and its derivatives processed by powder metallurgy
(PM) and thermo-mechanical processing (TMP) is methodically reviewed and synthesized in this review study[24]. To thoroughly
evaluate the two processing routes, pertinent scientific literature was gathered from journals, conference proceedings, and technical
databases. This included experimental investigations, technical reports, and industry case studies[25]. The examination emphasizes
on how mechanical qualities like hardness, tensile strength, ductility, and corrosion resistance are affected by important production
parameters such alloying additions, sintering conditions, compaction pressure, rolling speed, quenching, and recrystallization
behavior. Grain size, phase distribution, porosity, and composite microstructures (such as the tempered martensite-ferrite-pearlite
phases found in TMP products) are among the microstructural characteristics that are critically examined[26]. The focus is on
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comprehending how PM's exact control over porosity and composition enables customized microstructures with design flexibility,
while TMP's controlled deformation and heat treatment improve strength and ductility through grain refinement and martensitic
transformation[27]. To emphasize the usefulness and appropriateness for structural, automotive, and precision engineering
applications, comparative studies on commercially available Fe-500 TMT bars, sintered iron components with alloying additives,
and hybrid processing techniques are also examined[28]. It is possible to clearly outline the benefits, drawbacks, and application-
specific significance of PM and TMP iron-based materials thanks to this integrative methodology.

5. RESULTS

Different microstructural and mechanical properties influenced by processing factors are shown by comparing iron and its
derivatives processed by powder metallurgy (PM) and thermo-mechanical processing (TMP)[29]. Fe-500 grade TMT bars and other
TMP-processed materials have a composite microstructure with a softer ferrite-pearlite core and a hard, tempered martensitic outer
layer. Improved corrosion resistance, ductility, and tensile strength are all facilitated by this structural gradient. TMP's controlled
heat treatment and deformation lead to dynamic recrystallization, which refines the grain finely and increases yield strength and
fatigue resistance[30]. The amount of martensite is greatly impacted by variations in rolling speed and cooling rate; although optimal
conditions produce a balanced microstructure with higher corrosion performance, faster cooling increases toughness but decreases
elongation[31].

On the other hand, because of the careful powder mixing and sintering processes, PM-processed iron samples exhibit superior
compositional control and consistent microstructural homogeneity[32]. Tensile strength and wear resistance are increased by adding
alloying materials like copper and graphite, although ductility is somewhat reduced by PM's residual porosity. With higher
compaction pressure and optimum sintering time, PM materials' mechanical qualities improve, resulting in enhanced density and
hardness that approach TMP materials' performance levels. Additionally, PM provides a great deal of design flexibility, allowing
for near-net-shape production and the addition of carbide or ceramic reinforcements for specific uses[33].

All things considered, TMP materials are excellent at creating ductile, high-strength parts that are appropriate for heavy structural
applications, but PM offers benefits in making precise parts that call for customized microstructures and less material waste. The
findings highlight how different processing methods work in tandem to help choose materials according to the mechanical and
microstructural specifications of a given application[31-32].

6. CONCLUSION

Iron and its derivatives are essential for modern engineering due to their versatility, strength, and cost-effectiveness. This paper
conducted a thorough comparison of Powder Metallurgy (PM) and Thermo-Mechanical Processing (TMP), demonstrating their
respective benefits in microstructure control and mechanical performance. PM offers accurate composition tweaking and near-net-
shape fabrication, making it excellent for complicated, lightweight components with low material waste. However, remaining
porosity can somewhat impair ductility[26].

TMP improves mechanical characteristics through grain refinement and phase transitions, resulting in high-strength, ductile
materials such as TMT bars and rolled steels needed for heavy-duty structural applications[28]. The findings highlight that, whereas
PM excels in customisation and efficiency, TMP provides greater durability and fatigue resistance. Future developments in hybrid
processing, alloy optimization, and sintering processes can help to close the performance gap between these technologies. This study
offers useful insights into identifying the best processing route based on application-specific needs in industries ranging from
automotive to construction[31].

7. FUTURE SCOPE

Research on iron and its derivatives treated by thermo-mechanical processing (TMP) and powder metallurgy (PM) has a bright
future ahead of it.

2.1. Hybrid Processing Techniques: By combining PM and TMP, materials with increased mechanical strength, ductility, and
fine microstructural control might be produced, utilizing the advantages of both processes. Performance for precision and
structural applications can be optimized through research into hybrid manufacturing techniques[34].

2.2. Alloy Development and Reinforcements: Wear resistance, hardness, and corrosion resistance can be enhanced by
investigating novel alloying elements and reinforcements (such ceramics or carbides) integrated during PM. The application
of iron-based materials in the automotive, aerospace, and biomedical industries will increase with composition
customization[35].

2.3. PM Porosity Reduction: The ductility of PM materials is restricted by residual porosity. To create denser materials with
mechanical characteristics more like to TMP-processed iron, sintering techniques must be improved, such as by optimizing
sintering duration, temperature, and pressure[27-28].

2.4. Energy and Cost Efficiency: TMP and PM processes will become more sustainable and available for large-scale industrial
use if their energy efficiency and cost-effectiveness are increased. Automation and process control innovations can make a big
difference[33-34].

2.5. Smart and Customized Materials: Iron materials with unique microstructures and qualities that are suited to particular
application requirements can be produced by utilizing cutting-edge manufacturing technologies like additive manufacturing
and real-time process monitoring[29].
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2.6. Research Specific to Applications: Choosing the best processing technique and material design will be aided by additional
research focusing on application-specific needs, such as corrosion resistance for building materials or fatigue resistance for
automobile components[33].

REFERENCE

U. W.-S. H. of M. Engineering and undefined 2021, “Engineering materials and their properties,” Springer, pp. 233-292, 2021, doi: 10.1007/978-
3-030-47035-7_8.

H. Clemens, S. M.-A. engineering materials, and undefined 2013, “Design, processing, microstructure, properties, and applications of advanced
intermetallic TiAl alloys,” Wiley Online Library, vol. 15, no. 4, pp. 191-215, Apr. 2013, doi: 10.1002/ADEM.201200231.

M. M. Dewidar, H. C. Yoon, and J. K. Lim, “Mechanical properties of metals for biomedical applications using powder metallurgy process: a
review,” Springer, vol. 12, no. 3, pp. 193-206, 2006, doi: 10.1007/BF03027531.

S. Whang, Nanostructured metals and alloys: processing, microstructure, mechanical properties and applications.2011. Accessed: May 29, 2025.
[Online]

S. Mahore, A. Tripathi, and S. Sharma, “Property enhancement and microstructural evolution during thermo-mechanical processing of titanium
alloys: A review,” Springer, vol. 245, no. 1, Dec. 2024, doi: 10.1007/S10751-024-02143-1.

G. Liang et al., “Effect of cooling rate on microstructure and mechanical properties of a low-carbon low-alloy steel,” Springer, vol. 56, no. 5, pp.
3995-4005, Feb. 2021, doi: 10.1007/S10853-020-05483-9.

X. Li et al., “Twin-related grain boundary engineering and its influence on mechanical properties of face-centered cubic metals: a review,”
mdpi.com, Accessed: May 29, 2025. [Online]. Available: https://www.mdpi.com/2075-4701/13/1/155

M. Rajbanul Akhond, A. Irfan, and A. Sharif, “An overview of corrosion behavior and contemporary management techniques of
thermomechanically treated rebars in concrete structures,” Taylor & Francis, vol. 9, no. 1, 2024, doi: 10.1080/24705314.2023.2259721.

H. Danninger, R. Calderon, C. G.-M.-Addit. Manuf, and undefined 2017, “Powder metallurgy and sintered materials,” academia.edu, Accessed:
May 29, 2025. [Online]. Available: https://www.academia.edu/download/59379135/Powder Metallurgy20190524-114526-bqldn4.pdf

J. Newkirk, “Heat Treatment of Powder Metallurgy Steels,” 2014, Accessed: May 29, 2025. [Online]. Available:
https://dl.asminternational.org/handbooks/edited-volume/9/chapter/111289/Heat-Treatment-of-Powder-Metallurgy-Steels

G. Pettersson, S. Norgren, P. Engstrand, M. Rundlof, and H. Hoglund, “Aspects on bond strength in sheet structures from TMP and CTMP-a
review,” degruyter.com, vol. 36, no. 2, pp. 177-213, Jun. 2021, doi: 10.1515/NPPRJ-2021-0009/HTML.

R. Phiri, S. Rangappa, S. Siengchin, O. O.- Heliyon, and undefined 2024, “Advances in lightweight composite structures and manufacturing
technologies: A comprehensive review,” cell.com, Accessed: May 29, 2025. [Online]. Available: https://www.cell.com/heliyon/fulltext/S2405-
8440(24)15692-7

S. Shakil, N. Smith, S. Yoder, ... B. R.-J. of M., and undefined 2022, “Post fabrication thermomechanical processing of additive manufactured
metals: A review,” Available: https://www.sciencedirect.com/science/article/pii/S1526612521008549

C. Ye, C. Zhang, J. Zhao, and Y. Dong, “Effects of post-processing on the surface finish, porosity, residual stresses, and fatigue performance of
additive manufactured metals: a review,” Springer, vol. 30, no. 9, pp. 6407—-6425, Sep. 2021, doi: 10.1007/S11665-021-06021-7.

V. Smil, Still the iron age: iron and steel in the modern world. 2016. Accessed: May 29, 2025. [Online]. Available

K. K. the G. S. of India and undefined 2022, “Reserves and Resources of Iron Ores of India—A Perspective,” pubs.geoscienceworld.org, Accessed:
May 29, 2025. [Online]. Available: https://pubs.geoscienceworld.org/geosocindia/jour-geosocindia/article-abstract/98/5/647/632615

“Thermo-Mechanical Processing (TMP) and Powder Metallurgy... - Google Scholar.” Accessed: May 29, 2025. [Online]. Available
D. Klenam, F. McBagonluri, T. Asumadu, and S. Osafo, “Applications in Engineering Science,” researchgate.net, Accessed: May 29, 2025.
“3.3.1. TMP Applications: Considering their high ductility... - Google Scholar.” Accessed: May 29, 2025. [Online]. Available:

B. M. Sunil, K. Liyakat, K. L.- development, and undefined 2024, “Nanotechnology’s Importance in Mechanical Engineering,” researchgate.net,
Accessed: May 29, 2025. [Online]. Available

T. O. Olugbade, O. T. Ojo, B. O. Omiyale, E. O. Olutomilola, and B. J. Olorunfemi, “A review on the corrosion fatigue strength of surface-
modified stainless steels,” Springer, vol. 43, no. 9, Sep. 2021, doi: 10.1007/S40430-021-03148-5.

V. Kumar, A. Singh, Ankit, and G. Gautam, “A comprehensive review of processing techniques, reinforcement effects, and performance
characteristics in copper-based metal matrix composites,” Springer, vol. 245, no. 1, Dec. 2024, doi: 10.1007/S10751-024-02200-9.

”

P. Anderson, R. Herrick, and G. K.- Technology, “Ashok Sharma Semiconductor Memories Technology Testing and Reliability,” vsip.info,
Accessed: May 29, 2025. [Online]. Available: https://vsip.info/ashok-sharma-semiconductor-memories-technology-testing-and-reliability-pdf-
free.html

S. Shakil, N. Smith, S. Yoder, B. R.-... Processes, and undefined 2022, “Post fabrication thermomechanical processing of additive manufactured
metals: A review,” Elsevier, Accessed: May 29, 2025. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S1526612521008549

International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/
https://www.mdpi.com/2075-4701/13/1/155
about:blank
https://dl.asminternational.org/handbooks/edited-volume/9/chapter/111289/Heat-Treatment-of-Powder-Metallurgy-Steels
https://www.cell.com/heliyon/fulltext/S2405-8440(24)15692-7
https://www.cell.com/heliyon/fulltext/S2405-8440(24)15692-7
https://www.sciencedirect.com/science/article/pii/S1526612521008549
https://pubs.geoscienceworld.org/geosocindia/jour-geosocindia/article-abstract/98/5/647/632615
https://vsip.info/ashok-sharma-semiconductor-memories-technology-testing-and-reliability-pdf-free.html
https://vsip.info/ashok-sharma-semiconductor-memories-technology-testing-and-reliability-pdf-free.html
https://www.sciencedirect.com/science/article/pii/S1526612521008549

[25]

[26]

[27]

(28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

© 2025 IJRTI | Volume 10, Issue 6 June 2025 | ISSN: 2456-3315

A. Habib, A. Houri, S. Al-Toubat, and M. Junaid, “Experimental Techniques for Testing the Properties of Construction Materials,” 2024, Accessed:
May 29, 2025. [Online]. Available: https://www.preprints.org/manuscript/202405.1987/download/final_file

U. W.-S. H. of M. Engineering and undefined 2021, “Engineering materials and their properties,” Springer, pp. 233-292, 2021, doi: 10.1007/978-
3-030-47035-7_8.

none-P. Metallurgy and undefined 1982, “Current PM literature for engineers and users,” journals.sagepub.com, vol. 25, no. 1, pp. 44-53, Jan.
1982, doi: 10.1179/POM.1982.25.1.44.

U. Yadav, B. A.-J. of A. C. of E. and, and undefined 2021, “Study on mechanical properties of TMT bars manufactured in Nepal,” nepjol.info,
Accessed: May 29, 2025. [Online]. Available: https://nepjol.info/index.php/JACEM/article/view/38363

S. Shakil, N. Smith, S. Yoder, B. R.-... Processes, and undefined 2022, “Post fabrication thermomechanical processing of additive manufactured
metals: A review,” Elsevier,Available: https://www.sciencedirect.com/science/article/pii/S1526612521008549

Y. Lee, “Microstructure evolution of metals through thermo-mechanical processes (TMP), mechanical property of TMP samples, and small scale
test https://search.proquest.com/openview/c11de500324ff584d17ed00b850290d/1?pg-origsite=gscholar&cbl=18750

W. G.-T. E. E. of M. and Metallurgy and undefined 2024, “Physical Metallurgy (TMCP),” Springer, doi: 10.1007/978-981-99-2086-0_1087.PDF.

none-P. Metallurgy and undefined 1990, “PM into the 1990S,” journals.sagepub.com, vol. 33, no. 3, pp. 269-287, Jan. 1990, doi:
10.1179/POM.1990.33.3.269.

none-P. Metallurgy and undefined 1994, “PM94 World Congress, Paris, 6—9 June 1994,” journals.sagepub.com, vol. 37, no. 3, pp. 168—191, Jan.
1994, doi: 10.1179/POM.1994.37.3.168.

Y. Lee, “Microstructure evolution of metals through thermo-mechanical processes (TMP), mechanical property of TMP samples, and small scale
test https://search.proquest.com/openview/c11de500324{f584d17ed00b850f290d/1?pg-origsite=gscholar&cbl=18750

Y. Singla, M. Maughan, ... N. A.-J. of M., and undefined 2024, “Enhancing the wear resistance of iron-based alloys: A comprehensive review of
alloying element effects,” Elsevier, Available: https://www.sciencedirect.com/science/article/pii/S1526612524003980

International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/
https://www.preprints.org/manuscript/202405.1987/download/final_file
https://nepjol.info/index.php/JACEM/article/view/38363
https://www.sciencedirect.com/science/article/pii/S1526612521008549
https://search.proquest.com/openview/c11de500324ff584d17ed00b850f290d/1?pq-origsite=gscholar&cbl=18750
https://search.proquest.com/openview/c11de500324ff584d17ed00b850f290d/1?pq-origsite=gscholar&cbl=18750
https://www.sciencedirect.com/science/article/pii/S1526612524003980

