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Abstract 

The increasing need for materials with high strength and heat resistance, particularly in aerospace 

applications, creates machining issues. These materials are generally difficult to machine because to 

their strong wear resistance, abrasion resistance, and low heat conductivity. This produces strong 

cutting forces and temperatures, resulting in a limited tool life. variances in the microstructures of 

various materials can induce variations in machinability due to variances in chemical composition, 

casting, forging processes, and heat treatments. Different heat treatments are applied to the alloy 

Inconel 718, which has an austenitic matrix with a unique microstructure containing the γ matrix, γ' 
precipitates, γ” precipitates, δ precipitates and carbides. Using annealing processes at various heating 

temperatures and cooling rates can improve machinability and tool life. Annealing heats the metal 

above its critical temperature and then cools it slowly over time in a medium. The adhesion and 

hardness properties of Inconel 718 contribute to short tool life. Careful evaluation of elemental 

distribution, grain morphology, and texture using analysis methods like TEM, SEM, EDS, and OM 

provides understanding of the built material's properties. In summary, heat treatments like annealing 

can help overcome the machining challenges of high-strength, heat-resistant alloys like Inconel 718 by 

optimizing their microstructure. 
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INTRODUCTION  

Inconel 718 is a heavy-duty alloy that is primarily utilised in the fabrication of aviation engine 
components. It has strong mechanical qualities at cryogenic, moderate, and raised temperatures, but low 
thermal conductivity [5–13]. Since the 1960s, Inconel 718 has been used extensively in aviation turbine 
engines, rocket motors, and, more recently, nuclear reactors. By 1966, it was one of the most heavily 
manufactured alloys, with more than one million pounds utilised in aviation and other engines. 
However, Inconel 718 is difficult to mill because the cutting tools wear out quickly during the 
machining process. Selecting suitable cutting settings is critical for specific machining operations. The 

high hardness, thermal stability, adhesion to cutting 
tools, and workpiece make Inconel 718, a nickel-
based superalloy, challenging to cut or machine. 
The same properties that make it an important 
structural material also lead to poor machinability 
[55, 58]. The Inconel 718 microstructure consists of 
a γ solid solution matrix rich in Ni, Cr, and Fe, along 
with γ’ precipitates, γ’’ precipitates, and δ phase 
particles. The γ’ and γ’’ provide strengthening while 
the δ phase controls grain size at boundaries. Key 
factors determining machinability include 
workpiece hardness, cutting forces, surface finish, 
and tool life. In summary, Inconel 718's properties 
provide strength at high temperatures but also make 
it difficult to machine, requiring optimized 
machining parameters (Table 1). 
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Table 1. Composition of Inconel 718. 
 Ni Fe Cr Nb Ti Mo Al Co C Mn P Si 

Min 56.00 -- 21.01 5.56 1.18 3.31 0.81 1.1 0.09 0.4 0.01 0.3 

Max 50.1  17.00 4.89 0.62 2.81 0.22      

 
LITERATURE REVIEW  
Tool Wear  

Mall et al. [1] found that Inconel 718 has a significant tensile residual stress after machining, which 
reduces machinability by resulting in poor surface quality. They discovered that optimising surface 
roughness necessitates modifications to cutting depth, feed rate, and cutting speed, as well as the usage 
of a certain nose radius for the cutting tool. Carbide tools, despite producing excellent surface quality, 
have a limited capacity to withstand deep cutting depths and are primarily utilised for light-duty 
machining, turning, and finishing tasks. Rahman et al. [2] found flank wear, surface roughness, and 
cutting forces as important markers of tool lifetime performance. They examined two types of inserts 
on a CNC lathe machine: physical vapour deposition and chemical vapour deposition. They discovered 
that raising the secondary edge clearance angle extended tool life, whereas decreasing it reduced tool 
life. Furthermore, greater speed or feed resulted in shorter tool life due to variables such as strong cutting 
pressures and low heat conductivity. Bushlya et al. [3] discussed the difficulties in machining nickel-
iron based alloys such as Inconel 718 owing to its mechanical and thermal characteristics. Traditional 
carbide tools perform poorly at lower cutting speeds and must be modified or replaced with PCBN tools 
to get better performance at higher cutting speeds. 

 
Eren and Birol [4] explored the complicated interactions that cause tool wear during the machining 

of nickel-based alloys. They found wear patterns such as expansion and adhesive wear, as well as 
investigated how tool nose radius affects mechanical parameters such as residual stresses and surface 
roughness. Addona et al. [9] investigated turning operations with coated carbide inserts and discovered 
that tool wear rates varied with cutting speed. Coated carbide inserts performed better at certain 
temperatures, with greater cutting speeds resulting in quicker wear rates and bigger patterns of tool 
failure. Pande and Sambhe [10] found that carbide tips performed poorly at high cutting speeds on 
Inconel 718, with uncoated carbide tips outperforming coated tips due to disturbances in surface 
integrity. They discovered that increased surface finishing was possible within a specified cutting speed 
range, and that tool life varied according to secondary clearance edge angle and cutting speed. Xavior 
et al. [11] examined the wear behaviour of TiAlN carbide, CBN, and ceramic tips when turning Inconel 
718. They discovered that ceramic and CBN tool wear reduced as cutting speed increased, but carbide 
tool wear declined at lower speeds. Altin et al. [37] studied the wear rate of ceramic tips at various 
cutting speeds and discovered four forms of wear, with greater cutting speeds yielding the longest tool 
life. 

 
Microstructure  

Tucho et al. [12] emphasise the need of post-treatment processes in achieving the necessary 
conditions and qualities for components manufactured utilising selective laser melting technique with 
alloy 718. These components have higher initial hardness values than those made using typical wrought 
processes. Post-treatments, including pre-aging treatments tested at temperatures of 1100°C or 1250°C, 
are critical for determining the impact on microstructure, hardening characteristics, and micro 
segregation. Compared to heat-treated samples, printed samples are more complicated because to the 
repeated heating and cooling cycles used during fabrication. Solution heat treatment at 1200°C 
completely dissolves precipitates and other phases at subgrain boundaries. Additionally, 
recrystallization during the solution treatment causes grain coarsening effects. Bacaltchuk et al. [13] 
investigate the magnetic behaviour of thick silicon (GNO) flat material, which is principally affected 
by two microstructural factors: final texture and average grain size. Energy, mobility, and anisotropy in 
energy caused by grain boundary migration during recovery, grain mobility, and grain development all 
have an impact on form, or crystalline preference. The application of structural flexibility and natural 
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exposure to ferrous alloys has a major impact on magnetic field strength. Samples subjected to the 
maximum magnetic field intensity employed, 8 Tesla, are positioned to maximise their impact in texture 
enhancement. 

 
Kishan et al. [20] elaborate on the degree of stabilization contingent upon the distribution of γ' and 

γ” phases within the γ matrix. The strengthening of γ” is facilitated by Ni3Nb at 720°C, while γ' is 
reinforced by Ni3 combined with Al or Ti at 620°C, and δ NbC at 650°C. These phases contribute to 
stability, whereas γ” transforms into the delta phase at high temperatures, consequently reducing 
material hardness. The delta phase impedes grain mobility and grain growth, thereby influencing 
material properties. 

 
Grain Size  

Mukhtarova et al. [56] discovered that superalloy Inconel 718 manufactured using selective laser 
melting (SLM) procedures had higher gamma size and dislocation diffusion than ordinary materials. 
Increased torsion pressure during superalloy manufacturing resulted in microstructure refinement and 
increased microhardness in both alloys. Annealing the deformed superalloy at 600°C for two hours 
resulted in enhanced microhardness. Selective laser melting techniques showed higher microhardness 
than traditional approaches, showing its applicability for applications requiring hard materials. 

 
ZHANG et al. [21] studied the microstructure and tensile behaviour of superalloy K4169 at various 

rates of undercooling. Increased rates of undercooling caused changes in dendritic morphology, 
intergranular phase distribution, and grain size. At higher undercooling levels, a consistent distribution 
of the Laves phase was found, resulting in better strength and mechanical characteristics. Emphasised 
the importance of Inconel 718 in the defence industry because to its remarkable mechanical strength 
[14]. The strength of the NS state of Inconel 718 alloy varied with grain size, with smaller grain sizes 
demonstrating greater strength, reaching up to 1920 MPa at room temperature. They emphasised the 
need of using the NS state of Inconel 718 after heat treatment to obtain both high strength and 
appropriate ductility, highlighting the need for enhanced heat-treatment procedures to maintain the 
lifespan of these alloys. Investigated grain size effects in Inconel 718 samples that had been heat-treated 
at various temperatures [15]. They found that increased grain size led to decreased hardness and tensile 
properties, negatively impacting creep life improvement. Small grain sizes were associated with lower 
ductility at room temperature. Complete dissolution of γ' and partial dissolution of γ’’ phases in Inconel 
718 occurred through solution heat treatment at around 1050°C for two hours. Additionally, the delta 
phase formed within the matrix at the same temperature, with δ phase observed along grain boundaries 
at 960°C, contributing to reduced ductility with increased grain size. Therefore, achieving better 
strength requires maintaining a small grain size. 
 

Hardness  

Hernandez et al. [23] investigated the poor machinability and reduced tool life of Inconel 718, 
attributing these challenges to the presence of precipitated phases such as γ', γ”, and δ, which contribute 
to its high hardness. They observed carbide formation within a temperature range of 600 to 670°C and 
noted that samples strengthened within the temperature range of 600 to 648°C exhibited rapid growth 
of γ” phases, resulting in a maximum hardness value of 360 HV. The material underwent phase 
transitions between 760 and 820°C, with a drop in hardness to 230 HV recorded at 900°C. Material 
shrinkage occurred between 820 and 950°C, suggesting the creation of the delta phase, which has 
greater hardness values. MAJ et al. [24] investigated the tensile and hardness parameters of Inconel 718 
after heating and soaking it at various temperatures for varying times. They discovered a functional link 
between initial ageing and reheating temperatures ranging from 650°C to 900°C for periods of 5 to 480 
minutes. Changes in microstructure at different stages of strength were influenced by these factors, with 
the highest strength observed in the temperature range of 650 to 750°C, where the γ'' phase primarily 
nucleated homogeneously. At temperatures of 850°C and above, phases were found to form 
heterogeneously, resulting in material weakening with longer annealing times, particularly evident at 
800°C. 
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Schirra [25] explored the benefits of improved heat treatment procedures for increasing desirable 
characteristics while decreasing hardness levels and cycle durations. Their findings revealed a 7RC 
reduction in hardness levels as well as a 30% reduction in heat treatment cycle time. Controlled cooling 
rates, higher heating temperatures, and longer homogenization cycle periods were used to modify the 
process. They discovered that precipitation periods were shorter with greater solution times and longer 
with lower solution times, highlighting the importance of solution time in the heat treatment process. 

 
Heat Treatment  

Kuo et al. [29] investigated the effect of ageing time on the distribution of delta phase at grain 
boundaries in Inconel 718. They discovered that the delta phase increased consistently with increased 
ageing time. Energy Dispersive X-ray Spectroscopy (EDS) study indicated that the delta phase included 
NbC, which stayed at grain boundaries and controlled grain mobility and growth. Grain sizes of 170 
µm, 160 µm, and 155 µm were produced by three distinct heat treatment techniques. The delta phase 
remained stable after ageing at 955°C but exhibited variations between 650°C and 980°C. Sui et al. [53] 
studied the change of Laves phases in laser-assisted melted Inconel 718 at different temperatures and 
times. They observed a change from long-striped to granular shape at 1050°C for 15 minutes, with a 
subsequent decrease in volume fraction at 1050°C for 45 minutes. Niobium micro-segregation 
influenced Laves phase formation, leading to coarsening and an uneven distribution of the γ” phase. 
Heating at 1050°C for 15 minutes eliminated long-striped Laves phases and promoted uniform γ” phase 
distribution. 

 
Ghosh et al. [54] used a ball indentation technique combined with optical microscopy to evaluate the 

strength of Inconel 718 specimens exposed to various heat treatment techniques. They discovered that 
specimens were heated at 940°C for one hour, water quenched, then aged at 720°C for 8 hours had 
better strength than other heat-treated specimens. Strength dropped with solution treatment but 
improved with age. Anbarasan et al. [30] covered common heat treatment techniques for Inconel 718, 
such as homogenization, solution annealing, and precipitation hardening. They noted that furnace 
cooling improved hardness due to precipitation strengthening of both γ' and γ” phases. However, ice 
brine quenching resulted in lower hardness due to the absence of precipitation. At high temperatures, 
the gamma double prime phase of Inconel 718 transforms into the stable delta phase [23]. They 
discovered that the delta phase, while undesirable in high quantities, stayed near grain borders, impeding 
grain expansion. Increased numbers of delta phase particles resulted in lower hardness ratings. 

 
Sui et al. [63] investigated the tensile behaviour of Inconel 718 under various heat treatment regimens 

following laser metal deposition. They discovered changes in grain structure between two types of 
treatments, with one type having more recrystallization than the other. Hall and Beuhring [48] 
investigated various solution treatments for forming processes, emphasising the need of balancing 
temperature concerns for metal softening and grain size management. They recommended rapid cooling 
for thick sections and spray quenching for thin sections to achieve uniform softness. Additionally, they 
highlighted the importance of high-temperature heating followed by slow cooling to improve ductility 
and reduce hardness in nickel-based superalloys [25]. 

 
Heat Treatment and Magnetic Field  

Patwari et al. [70] evaluated the use of a magnetic field during the turning process on annealed mild 
steel and discovered that both heat treatment and the magnetic field helped to reduce hardness and 
enhance machinability. The utilisation of a magnetic field while turning on an annealed specimen 
improved surface quality, chip continuity, and decreased adhesion, resulting in longer tool life. Li et al. 
[49] investigated the effects of a constant magnetic field during heat treatment on superalloy DZ483, 
concentrating on mechanical behaviour and microstructure. They discovered that a consistent magnetic 
field reduced precipitate grain coarsening and alloy diffusivity, resulting in delayed splitting and smaller 
average precipitate sizes. A smaller size of γ' precipitates indicated improved tensile strength with the 
use of a magnetic field during heat treatment. Li et al. [50] further investigated the impact of an 
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alternating magnetic field (AMF) during heat treatment on DZ483 superalloy, specifically studying 
segregation and microstructure evolution. They found that the AMF accelerated morphology transition, 
reduced segregation, and increased the average particle size of γ' precipitates. Compared to treatments 
without a magnetic field, using an AMF during ageing treatments resulted in bigger average precipitate 
particle sizes. [29] investigated the effects of a magnetic field applied during cooling on nickel-
containing alloys (65% permalloy and 20% perminvar). They detected changes in magnetic 
characteristics at temperatures near 500°C due to local material rearrangement, which relieved 
magnetostrictive stresses. The most significant impacts were detected between 400°C and 500°C. 

 
Zhang et al. [21] studied the quenching of 42CrMo structural steel, both with and without a magnetic 

field. They discovered that the magnetic field hindered directed cementite development at martensite 
plate borders, resulting in the production of particle-like cementite structures. Ludtka et al. [22] 
investigated the effects of a magnetic field on the heat treatment of medium carbon steel, finding 
enhanced latent heat liberation and austenite breakdown rates. They discovered that the magnetic field 
enhanced the volume percentage of ferrite and converted pearlite to ferrite with no coarsening effects 
on the microstructure. [32] investigated the use of an alternating magnetic field during solidification to 
minimise flaws in Cu-14Fe alloys. They discovered that the magnetic field influenced the nucleation of 
loose grains and fusing dendrites, resulting in effective grain refining. Molodov et al. [57] explored the 
use of a magnetic field to inhibit grain boundary motion and grain coarsening, noting anisotropy in 
magnetic susceptibility and its influence on texture and microstructure evolution in cold-rolled zinc-
aluminum. Dong et al. [62] used a strong static magnetic field during heat treatment of alloy 2024, 
resulting in greater dissolution of secondary phases into the -Al matrix and better mechanical 
characteristics [31]. 

 
MICROSTRUCTURE STUDY AND MECHANICALTESTING 

Based on the information supplied, it appears that you are describing a review article on different 
elements of materials science and machining processes, with a particular emphasis on microstructure, 
tool wear, grain size, phase segregation, and precipitation [33-38]. The review paper is likely to discuss 
several characterisation techniques used to analyse these properties, such as Transmission Electron 
Microscopy (TEM), Scanning Electron Microscopy (SEM), Optical Microscopy (OM), and High-
Resolution Photography. These approaches are expected to be thoroughly explored in the review article, 
perhaps including a full comparison of their strengths, limits, and applications in the research of 
microstructural characteristics and machining parameters [19]. It is also said that Table 2 of the review 
article contains these strategies and their accompanying information, presumably including their 
applicability in specific research cited in the publication [39-42]. The reference numbers listed in the 
study are most likely the same as the serial numbers in the reference list at the conclusion of the review 
paper. In addition, the articles cited in the study are likely to offer brief summaries of the parameters 
evaluated utilising these methodologies [43-45]. Overall, the review article looks to give a thorough 
overview and analysis of numerous characterisation approaches employed in materials science research, 
particularly when investigating microstructure and machining parameters [26-28]. 
 

Inconel 718's properties will be characterised using several hardness testing methods, including the 
Rockwell, Brinell, and Vickers tests. For the property analysis of Inconel 718, tensile or compression 
tests are performed in accordance with various standards, as shown in Table 2. Table 3 provides a full 
list of several test parameters, together with their ASTM testing standards and descriptions of the 
qualities evaluated in the mentioned reviewed sources [46-52]. 
 
FLOWCHART  

The flow chart (Figure 1) depicts the relationship between machinability, heat treatment, magnetic 
field, microstructure, response parameters, process parameters, and the control factor [59-63]. This 
contributes to a better understanding of how to increase machinability and regulate microstructure, or 
all phases of Inconel 718, using heat treatment and a magnetic field. 
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Table 2. Microstructure study of phases and structure. 
Ref. No. Abbreviatio

n of Test 

Full form Description 

3,4,5,6,8,9,12,13,15,16,18,19, 
20,21,22,23,24,27,28,30,32,3
3, 34. 

SEM Scanning 
Electron 
Microscopy 

Grain Size, tool wear morphology, and texture of 
materials, the 3D image of the surface of the 
sample, Resolution: 50 nm-100 nm.  

9,12,13,14,17,24,30,32, TEM Transmission 
Electron 
Microscopy 

Size, morphology, and texture of materials, 
intergranular phase,2D projections of the sample, 
Resolution: 0.2 nm-10 nm. 

9,19,22,27,28,34 EDS Energy 
Dispersive X-Ray 
Spectroscopy 

Crystal system of material, compound phases 
Characterization of the sample 

3,4,9,22,32,34, XRD X-ray diffraction Tool wear analysis microstructure area scan and 
spot scan Resolution: 11 nm- 13 nm. 

7,8,13,14,15,22,24,26 OM Optical 
Microscope 

Tool wear, chip morphology analysis, surface 
roughness comparison, fracture, grain size 
measurement morphology - and texture materials, 
Resolution: 0.2 μm-0.7 μm. 

5 HRP High-Resolution 
Photography 

Tool wear analysis- 

 
Table 3. Mechanical testing. 
Ref. No. Abbreviation of Test Full form Description 

7,9,12,16,17,13, 
15,18,21,22,30 

Hardness (Rockwell,  
Brinell, Vickers) 

ASTM E18-79, ASTM E-384, ASTM 
E384, EN ISO 6507, ASTM E-92 

Force applied, Indentation area, and 
depth of penetration decides Micro 
or Macro hardness.  

13,20,21,30 Tension or 
compression  

ASTM.E8, ASTM E8-95, E9-95, 
ASTM B557 M94, ASTM E8M-15a 

Tensile or compressive strength, 
stress, strain, and other properties. 

13,15,19,20 Other properties - Yield modulus, Ductility, density, 
fracture toughness, creep, etc. 

 

 
Figure 1. Magnetic Field and Heat treatment Process Flow Chart. 
DISCUSSION  

Machining Inconel 718 has issues such as tensile residual stress, short tool life, and high cutting 
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pressures due to its hard surface. Various cutting tools are used for different processes, but no one tool 
can effectively meet all machining needs. The hard surface of Inconel 718 requires a soft surface layer 
for ease of machining, higher surface polish, and longer tool life. The toughness of this alloy is 
attributable to two precipitation phases inside the gamma matrix: gamma prime and gamma double 
prime. During cutting, insufficient heat transmission causes excessive heat buildup, resulting in tool 
adhesion and material hardening. Carbide tools are best suited for medium cuts and finishing operations 
because they produce the appropriate surface polish [64-66]. However, they are unsuitable for severe 
cutting duties owing to wear at high speeds. Coated cutting tips do not operate well under high 
temperatures or intensive cutting conditions. At high temperatures, the major strengthening phase, 
gamma double prime, converts into stable delta particles, which inhibits grain boundary movement and 
development. Higher concentrations of delta particles diminish material hardness, whereas smaller 
grain sizes enhance strength but have reduced ductility at room temperature [67-68]. Solution treatment 
at 1050°C causes full dissolution of gamma prime particles and an increase in delta particles, resulting 
in reduced hardness. 

 
Experimental studies reveal that using a high magnetic field during heat treatment can reduce 

hardness and increase toughness by encouraging texture development and grain orientation. Large grain 
sizes influence gamma double prime phase distribution, resulting in inhomogeneous grains due to the 
existence of Laves phases [69-73]. To convert long strip Laves phases into granular forms, heat them 
at 1050°C for 15 to 20 minutes. To address the issues given by high temperatures during solution 
treatment, experimental experiments using various magnetic fields are required to avoid grain size 
growth and adjust texture and grain orientation. Machining trials with annealed mild steel in a magnetic 
field revealed less adhesion, greater surface smoothness, longer tool life, and continuous chip flow. 
Magnetic fields have been observed to alter precipitation and grain coarsening following heat treatment 
in the DZ483 superalloy [74-77]. Static magnetic fields diminish grain coarsening, but alternating 
magnetic fields reduce microsegregation, increase particle size, and reduce gas hole defects. Heating 
medium carbon steel with a 30T magnetic field at approximately 800°C and varying cooling rates causes 
austenite decomposition, increased ferrite volume percentage, improved pearlite to ferrite 
transformation, and reduced coarsening, demonstrating the potential benefits of magnetic field-assisted 
heat treatments. 
 

CONCLUSION  

Machining Inconel 718 reduces tool life and generates excessive heat due to the alloy's strong cutting 
forces, low thermal conductivity, inclination to adhere, and work harden (EH20Z-UP and AC25 grades). 
Increasing the cutting speed, feed rate, or depth of cut further reduces tool life. The precipitate phases 
γ’, γ’’, and δ in Inconel 718 contribute to its hardness. A small proportion of δ phase at grain boundaries 
does not affect hardness, but increased δ phase can reduce hardness by impeding grain interiors. At high 
temperatures, the metastable γ’’ converts to stable δ phase of NbC composition, restricting grain growth 
and mobility. Using magnetic fields during heat treatment can improve the microstructure and 
characteristics. Using regulated heating, soaking, and cooling cycles with varying magnetic field 
strengths aids in the development of the appropriate Inconel 718 characteristics and strength. In 
summary, Inconel 718's phases impact its hardness and machinability, whilst heat treatments with 
magnetic fields allow for microstructure modification to modify its qualities. 
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