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ABSTRACT

The manufacturing industry continually seeks innovative methods to enhance the
mechanical properties, wear resistance, and overall performance of materials used
in critical applications, such as in the production of molds, dies, and machine
components. This study explores the application of laser heat treatment and
surface coating techniques to improve the properties of hot X40CrMoV5-1 steel,
commonly used in the production of tooling and machinery for Metalworking and
Steel Casting (MSC) industries.

Laser heat treatment, a precise and localized heat treatment process, is employed
to modify the microstructure of X40CrMoV5-1 steel, enhancing its hardness,
toughness, and fatigue resistance. This study investigates various laser parameters,
such as power, scanning speed, and beam type, to optimize the heat treatment
process for achieving the desired material properties. Through microstructural
analysis and hardness testing, the effects of laser heat treatment on the steel's
mechanical properties are assessed.

In addition to laser heat treatment, surface coatings are applied to further enhance
the performance of X40CrMoV5-1 steel. Various coating materials, such as
nitrides, carbides, and diamond-like carbon (DLC), are considered to improve the
steel's wear resistance, corrosion resistance, and reduced friction coefficient. For
this research Tungsten carbide was applied for coating the surface. The adhesion
and performance of these coatings are evaluated through scratch tests, tribological
studies, and corrosion resistance assessments. And Tungsten carbide was applied
for coating the surface.

The results of this research contribute to the development of advanced materials
and processing techniques for the MSC industry, ultimately leading to improved
tool life, reduced downtime, and increased productivity. The combination of laser
heat treatment and surface coatings offers a promising approach to enhance the
performance and longevity of X40CrMoV5-1 steel components, meeting the
stringent demands of the Metalworking and Steel Casting industry.

Keywords: Laser treatment of steel; Laser beam; hot X40CrMoV5-1 steel;
Tungsten carbide; Metalworking and Steel Casting.
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CHAPTER 1

INTRODUCTION
1.1 Background

For surface modification, alloying, and cladding of substrate materials, laser surface treatment
(LST) utilizes the massive heat energy of the laser beam. Today’s industries demand materials
that can withstand the demands of highly competitive markets[1]. We need materials that can
serve as the underpinning for emerging technologies in the age of miniaturization. Among
different techniques used for this upgraded interest of this era, a laser is a technology used to full
fill the current demands[2].

Heat treatment is a process of heating and cooling materials to alter their physical and
mechanical properties and involves various heating and cooling procedures performed to effect
microstructural changes in a material. The main types of heat treatment for materials include
annealing, quenching, tempering, normalizing, stress relieving, and gas hardening.

Laser heat treatment is a type of heat treatment for materials that use a laser beam to heat and
modify the surface of a material. In laser heat treatment, a high-intensity laser beam is focused
onto a specific area of the material, rapidly heating it to a high temperature. The laser heat
treatment procedure is very precise and controllable, enabling very exact modification of the
material's properties. Only the material's surface is heated because the heat-affected zone is very
narrow, leaving the material's core mostly unaffected.

The surface characteristics of a material, such as its hardness, wear resistance, and corrosion
resistance, can be altered by laser heat treatment. Additionally, materials can be selectively
melted and solidified with this technique, resulting in intricate microstructures and patterns on
the material's surface.

Laser treatment can be used for various materials, including metals, plastics, ceramics, glass, and
composites. The use of laser treatment can offer a range of benefits depending on the specific
application and material being treated. Due to the many benefits, it gives, laser treatment is
widely used on steel materials. Some examples of how laser treatment is used for steel materials
include cutting, welding, surface modification, cladding, and marking.

Surface engineering aims at tailoring the microstructure and/or composition of the near-surface
region of a component for improving surface-dependent engineering properties. Conventionally,
surface engineering may broadly be classified into two categories: surface coating (adding
another layer onto the surface) and modification (where the treated layer is part of the substrate).
Surface coating is the process of applying a thin layer of material to a substrate's surface, while
surface modification is a process in laser heat treatment for steel that involves altering the
surface properties of the material to improve its performance or durability. A powerful laser
beam is applied to heat the steel's surface to a specific temperature, and then it cools down
quickly to finish the process.

By: Sichale Worku
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Since its invention, the laser has been praised as an effective tool with a wide range of potential
applications. Laser heat treatment is one example of an application that has already made it onto
industrial production lines[3]. Due to the effectiveness of intended hardening, which can improve
the mechanical properties of steels, the use of LHT has been attracting attention in recent years.
Steel is commonly used in plastic injection mold applications and is heat treated to provide high
hardness levels.

Due to its rapid heating, high precision, and improved manufacturing efficiency, laser techniques
have specific benefits for the targeted processing of complicated areas, improving the usability
and quality of mold steels[4], [5]. Laser heat treatment welding is the test used to improve the
metallic structure in the weld area[6].

Among other surface treatments, hardness laser-based surface treatments are one of the most
effective ways to increase the properties of metallic parts[7]. Laser surface hardening has been
implemented in a wide range of industrial applications, particularly in metal industries|8].
Surface micromorphology and surface macro morphology are also other methods used for
surface treatment.

Generally, the successful use of lasers for cutting, welding, and drilling materials has been made
possible by developing laser technologies. Additionally, modern 3D printing and prototyping
technologies are actively being developed to create complicated 3D materials that are too small
or complexly shaped to be produced by milling or turning equipment.

Modern technology makes it essential to create steels with high levels of static and dynamic
strength, toughness, and ductile qualities. The future trend for steel makers is to obtain increased
strength without sacrificing formability or raising production costs. Steel manufacturers compete
on product attributes and manufacturing costs [9].

Here in this research, we are going to the study deals with the processing of steel heat treatment
and surface coating of steel X40CrMoV5-1 hot work alloy tool steel, obtained from the vacuum
cast, delivered in the form of bars with OD (outer diameter) of 0. 75 mm and we are going to
process surface morphology, microhardness test and surface micromorphology, to improve the
mechanical properties, durability, and corrosion resistance of the specified steel by scientific
methodology and steps.

By: Sichale Worku
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1.2 Problem statement

Due to its strength, durability, and versatility, steel is a material that is widely used in a variety of
industries and applications. To mention a few, steel can be used in construction like buildings,
bridges, and other infrastructure projects due to its strength. Again, steel is also used in
transportation in cars, trucks, ships, and other vehicles due to its strength and lightweight.
Another advantage of steel is in energy to make wind turbines, pipelines, and other energy

infrastructure due to its ability to withstand harsh environments.

Manufacturing of tools in

machinery is another advantageous of steel, and other equipment due to its strength and
resilience. Lastly, steel is used in the production of cans and other packaging materials due to its

adaptability and resistance to corrosion.

In material engineering, steel is used in a wide variety of applications, such as the design and
building of machinery, packaging, and structural parts of transportation and machinery. It is an
ideal material to utilize in these applications due to its longevity and excellent strength-to-weight
ratio. In addition, steel is easily formed or fabricated into a variety of shapes, adding to its
adaptability and flexibility in material engineering design. Additionally, steel can be mixed with
another material to produce composite materials that have qualities that go beyond the

constraints of each material [10], [11].

High-speed steel alloy X40CrMoV5-1 is composed of chromium, molybdenum, vanadium, and
carbon. It is usually used in the fabrication of forging dies and punches, as well as cutting tools
such as drills, milling cutters, and taps. It is known for its balanced combination of abrasion
resistance, toughness, and good red hardness. It is the most popular hot work steel because of its

superior qualities and economical cost.

Hot work tool steel X40CrMoV5-1, also known as HI13 or 1.2344, is a high-speed steel alloy
commonly used in die-casting applications. Related specifications and the equivalent of
X40CrMoVS5-1 hot work tool steel with other hot work tool steel Material Standard is given in

the Table below.

Table 1.1 Specifications and Equivalent of X40CrMoV5-1 hot work tool steel with others Hot
work tool steel Material Standard

ASTM DIN W — BS4659 | JIS GB/T 9943- EN ISO4957
A681 Nr 17350 G4401 2008
HI13 1.2344 BH13 SKHS51 W6Mo5Cr4V2 | X40CrMol1V5-1

As mentioned above, steel of X40CrMoV5-1 is one advantageous material and needs
modification and it is an interesting area for research. To improve the surface properties of the
steel, such as hardness, wear resistance, and corrosion resistance, surface processing of
X40CrMoV5-1 is needed. Several surface treatment approaches, including heat treatment,
coating, and laser alloying and remelting, allow for this. The specific type of surface processing
used will depend on the material's desired appearance and intended use. This research is going to
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process, check and deal with the best steel specified above through scientific methods for solving
the following main problems:

I.  What type of coating material, specifically focusing on tungsten carbide (WC) or other
suitable materials, should be used to maximize wear resistance and corrosion resistance
for this specific steel alloy?

II.  What is the optimal coating thickness for the intended application, and how can it be
controlled consistently during the process?
III.  What are the ideal laser parameters, such as laser power, scanning speed, beam diameter,
and cooling rates, to achieve the desired surface properties while avoiding material
damage and distortion?

1.3 Research Questions

1. Effect of Laser Parameters: How do variations in laser power and scanning speed influence
the hardness and wear resistance of hot X40CrMoV5-1 Steel during Laser Heat Treatment
and Surface Coating?

2. Optimal Coating Thickness: What is the optimal coating thickness that balances wear
resistance and cost-effectiveness for X40CrMoV5-1 Steel in a specific application?

3. Microstructure Analysis: How does the microstructure of the coated surface change with
different laser parameters, and how does it correlate with mechanical properties?

4. Quality Control: What are the key quality control measures that should be implemented
during the process to ensure consistency and reliability of the coated steel?

5. Surface Characterization: How can advanced surface characterization techniques, such as
scanning electron microscopy (SEM) and X-ray diffraction (XRD), be used to analyze the
coated surface and its properties?
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1.4 Objective of the Study

1.4.1 General objective

The general objective of this research is to utilize laser heat treatment and surface coating
techniques to improve properties of X40CrMoV5-1 steel to meet the specific needs of various
industries, thereby improving the reliability and efficiency of components and machinery made
from this material.

1.4.2 Specific objectives

The specific objectives of this research are: -

>

Optimization of Laser Parameters: to determine the optimal laser power, scanning
speed, and beam size for achieving a desired hardness and microstructure in
X40CrMoV5-1 steel.

Surface Coating Compatibility: Determine the compatibility of various surface coatings
(e.g., laser cladding with specific materials) with X40CrMoV5-1 steel and evaluate the
resulting properties.

Characterization of Microstructure: Investigate the changes in the microstructure of
X40CrMoV5-1 steel induced by laser heat treatment, with a focus on grain size, phase
composition, and any potential defects.

Hardness Enhancement: Quantify the improvement in hardness achieved through laser
heat treatment and assess the depth of the hardened layer.

Application-Specific Performance: Investigate how the laser-treated and coated
X40CrMoVS5-1 steel performs in specific industrial applications, such as die casting,
toolmaking, or automotive manufacturing.
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1.5 Scope of the study

This thesis focuses on the use the laser heat treatment and surface coating of hot X40CrMoV5-1
steel, typically investigating the effects of these processes on this material properties and
performance. Mainly in this research thesis, we are going to see. (1) Laser Heat Treatment
determines the optimal laser heat treatment parameters (such as laser power and scanning speed)
for X40CrMoV5-1 steel. (2) Investigating the microstructural changes induced by laser heat
treatment, including phase transformations, grain growth, and changes in hardness. (3) Analyzing
the effects of laser heat treatment on residual stresses and dimensional stability of the steel. (4)
Surface Coating Examining different types of surface coatings suitable for X40CrMoV5-1 steel,
such as thermal spray coatings or physical vapor deposition (PVD) coatings. (5) Analyzing the
microstructure and phase composition of the coated surface to understand the coating-substrate
interface. (6) Combined Effects Exploring the combined effects of laser heat treatment and
surface coating on the performance of X40CrMoV5-1 steel. (7) Investigating potential
synergistic effects between laser heat treatment and surface coating in terms of improving the
material's properties. (8) Characterization and Analysis Utilizing various characterization
techniques, such as optical microscopy, scanning electron microscopy (SEM), X-ray diffraction
(XRD), and hardness testing, to analyze the microstructural and mechanical changes induced by
laser heat treatment and surface coating.

1.6 Limitations of the Study

While studying laser heat treatment and surface coating of hot X40CrMoV5-1 steel, the
following are the basic limitations that need to improve while the treatment process.

i.  Material Variability: The properties and behavior of X40CrMoV5-1 steel vary depending
on factors such as its source, composition, and processing history. It's important to
account for these variations and ensure a representative sample is used for the study.

ii.  Cost Considerations: Laser heat treatment and surface coating processes can be
expensive, both in terms of equipment and operational costs. These factors can impact the
feasibility and practicality of implementing these processes on a larger scale.

iii.  Process Optimization: Determining the optimal laser heat treatment parameters and
surface coating techniques require extensive experimentation and parameter optimization.
It can be time-consuming and resource-intensive to identify the ideal conditions for
achieving desired material properties.

iv.  Scale-up Challenges: While laboratory-scale experiments provide valuable insights,
scaling up the laser heat treatment and surface coating processes to industrial applications
may present additional challenges. Factors such as equipment availability, cost, and
production feasibility need to be considered.

v.  Coating Adhesion: Ensuring strong and durable adhesion between the surface coating and
X40CrMoVS5-1 steel is crucial for optimal performance. Achieving high-quality adhesion
can be influenced by factors such as surface preparation, coating technique, and substrate
characteristics. Addressing these challenges can be important in the study.
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1.7 Motivation of the research

Research on hot X40CrMoV5-1 steel surface coating and laser heat treatment offers a
compelling argument for academic study as well as real-world application. Turbine blades and
bearings shown in figure 1 below, are two examples of important components exposed to high
temperatures that frequently use X40CrMoV5-1 steel. These components' performance and
lifetime are, however, frequently constrained by issues including wear, corrosion, and thermal
fatigue. Researchers can unleash the ability to precisely tune the material's microstructure and
properties by exploring laser heat treatment. Laser treatment methods offer controlled and
localized heating, allowing for adjustments such as grain refining, surface hardness, and phase
changes. Researchers can find the best laser parameters to increase the steel's resistance to wear,
fatigue, and thermal deterioration, hence prolonging the lifespan and improving the durability,
through methodical investigation and optimization.

Exploring surface coating methods gives an alternative direction for research on X40CrMoV5-1
steel in addition to laser heat treatment. To add another layer of defense and enhance the
material's surface qualities, surface coatings can be applied. The hardness, corrosion resistance,
and frictional behavior of steel can be improved by researchers by adding sophisticated coatings
using techniques like physical vapor deposition or thermal spraying. These coatings can operate
as defenses against chemical abrasion, lessen wear and friction, and even add self-lubricating
qualities. Furthermore, by examining how the laser treatment and surface coatings interact,
researchers can find synergistic effects that further improve the performance and toughness of
X40CrMoV5-1 steel in difficult working situations. Industry sectors like aerospace, power
generation, and automotive could be profoundly impacted by this research.

Figure 1.1 Application of hot X40CrMoV5-1 steel.
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1.8 Application of hot X40CrMoV5-1 steel.

Generally, hot X40CrMoV5-1 steel, commonly used in the production of tooling and machinery
for Metalworking and Steel Casting (MSC) industries. To see broadly, practical applications of
Laser Heat Treatment and Surface Coating of hot X40CrMoV5-1 Steel in various industrial
contexts. Here are a few application areas.

/7
0.0

Tool and Die Manufacturing: Investigate how Laser Heat Treatment and Surface
Coating can enhance the performance and durability of cutting tools, molds, and dies
made from X40CrMoV5-1 Steel in metalworking industries.

Automotive Components: Explore the application of Laser Heat Treatment and Surface
Coating to improve the wear resistance and corrosion resistance of engine components,
such as crankshafts, camshafts, and gears.

Aerospace Industry: Study how the process can be used to enhance the fatigue
resistance and overall longevity of critical aerospace components made from
X40CrMoVS5-1 Steel, such as landing gear parts or turbine blades.

Energy Sector: Investigate the use of Laser Heat Treatment and Surface Coating for
improving the performance and longevity of components used in power generation and
distribution, including steam turbine parts and valves.

Cutting and Forming Tools: Focus on the application of the process in enhancing the
performance of cutting tools, drills, and forming dies used in metalworking, construction,
and manufacturing.

Medical Devices: Explore how Laser Heat Treatment and Surface Coating can be applied
to medical devices and instruments made from X40CrMoVS5-1 Steel to improve their
resistance to wear, corrosion, and biocompatibility.

Oil and Gas Industry: Investigate the use of Laser Heat Treatment and Surface Coating
in protecting components used in oil drilling and exploration, such as drill bits and
downhole tools, from harsh and corrosive environments.

Renewable Energy: Explore the application of the process in improving the durability
and performance of components used in renewable energy systems, such as wind turbine
gears and bearings.

Marine Engineering: Study how the process can be utilized to enhance the corrosion
resistance of shipbuilding components and offshore structures, thereby increasing their
lifespan in harsh marine environments.
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CHAPTER TWO
2. LITERATURE REVIEW

The laser heat treatment and surface coating of hot X40CrMoV5-1 steel have gained significant
attention in the field of materials science and engineering. This literature review aims to explore
the existing body of research related to the application of laser heat treatment and surface coating
techniques on X40CrMoV5-1 steel, focusing on their effects, benefits, and limitations. The
overview of up-to-date theoretical investigation of Laser heat treatment and surface coating of
hot X40CrMoV5-1 steel. An overview of the use of laser machines for heat treatment is
presented.

2.1 Overview of laser heating

Laser heat treatment is a process for modifying the properties of materials, primarily metals. The
process involves heating the material's surface with a laser beam, which could lead to localized
melting or thermal diffusion. Resulting changes in the microstructure of the material can lead to
improved mechanical properties, such as increased hardness, wear resistance, and fatigue
strength.

In other words, laser heat treatment is a process of using a high-powered laser beam to
selectively heat and melt the surface of a material. This process is used to modify the
microstructure of the material, to improve its properties such as hardness, wear resistance, and
corrosion resistance. In the last decade, laser heating has become a modern and prospective
technology for heat treatment of metals. The primary advantage is very quick and easy intended
heating that is additionally well-controllable and generally does not contribute to any
pollution[12], [13].

Since its creation, the laser has been hailed as a potent tool with a wide range of potential
applications, which have already made their way into industrial production lines, like laser heat
treatment. Rapid advancement in this field can be attributed to the emergence of high-power CO>
(carbon dioxide) lasers over the past ten years and the growing demand for more sophisticated
and efficient production methods [14].

In laser treatment, the formation of high-temperature gradients in the material at the heated spots
and in their vicinity is one of the downsides, and this leads to undesirable mechanical stresses
with thermal origins in the processed material. This issue is solved by induction pre- or pre-
heating and simplified in 3D arrangement. The result is prospective for some kinds of surface
hardening and welding. As a result, its application leads to a lowering of temperature gradients at
the heated spots, which substantially reduces local residual mechanical strains and stresses[12].

The article, titled "Manufacturing technologies thick-layer coatings on various ", discusses the
use of electronic surface treatment using powders of metals, alloys, and ceramics, including
X40CrMoVS5-1 steel after alloying with tungsten carbides. Another article, "Laser modification
of the materials surface layer a review paper", reviews the use of lasers in Poland for heat
treatment, melting, alloying, and cladding on various materials, including X40CrMoV5-1 steel.
"Experimental Study on the Influence of TiN/AITiN PVD Layer on the Surface of Tool Steel
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1.2344 (X40CrMoV5-1) hot work tool steel" explores the impact of a PVD coating on the
surface of X40CrMoV5-1 steel to improve wear resistance.

Furthermore,[15], [16] "Tribological Behavior of AICrSiN-Coated Tool Steel K340 Versus..."
investigates the tribological behavior of different tool steels, including X40CrMoV5-1, after heat
treatment and coating. "Applied Sciences, Experimental Study on the " provides information on
the coated and heat-treated surface characterization of X40CrMoV5-1 steel and other materials.
Lastly, "Krzysztof Lukaszkowicz's research works | Silesian University of ..." examines the effect
of laser feeding on heat-treated aluminum alloy surface properties[15] while "Tool Wear Issues
in Hot Forging of Steel" discusses various types of wear, including wear caused by heat
treatment. Generally, these articles can provide valuable insight into the topic of laser heat
treatment and surface coating of X40CrMoV5-1 steel.

2.2 Application of laser heat treatment of steel

Interest in using laser heat treatment and surface coating on hot X40CrMoV5-1 steel has
increased recently. The mechanical and tribological properties of materials are frequently
enhanced by laser heat treatment. The procedure entails heating a material's surface to a high
temperature using a laser beam, followed by a quick cooling procedure. A thin coating of the
material is created as a result, which is stronger and more resistant to wear than the original
material.

Laser heat treatment is commonly used in manufacturing to improve the properties of materials
such as metals, ceramics, and polymers. It can be used for surface hardening, which is the
process of creating a hard, wear-resistant surface layer on a material. It can also be used for
surface alloying, which involves adding elements to the surface of a material to improve its
properties. Due to the physical features of the laser beam, which allows for the precise focus of
the specified energy in the form of heat in the surface layer, laser technology is especially
promising for tackling modern surface engineering difficulties[17].

The laser beam focuses on the material's surface during the laser heat treatment process, leading
to a small molten pool. The material is carefully heated to a predetermined temperature and then
quickly cooled to produce the appropriate microstructure. Because a laser beam is small but has a
high-power density, compared to other common heat treatment processes, it is particularly
helpful when only portions of the target need to be heat treated selectively without damaging
superfluous regions. Because of the huge beam size and top-heat intensity profile of high-power
diode lasers which are suitable for heat treatment this technology, despite being relatively old,
has substantially increased in capacity[18].

Laser heat treatment has been found to improve the hardness, wear resistance, and fatigue
strength of X40CrMoV5-1 steel. According to a study by Gholinia et al. (2014), laser heat
treatment dramatically increased the hardness of X40CrMoV5-1 steel, with a maximum hardness
increase of up to 80%. The surface coating has also been found to enhance the characteristics of
X40CrMoVS5-1 steel in addition to laser heat treatment. Titanium nitride (TiN), a hard, wear-
resistant substance, is one of the frequently utilized coating materials. According to Gholinia et
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al. (2014), TiN coatings have been found to greatly improve the hardness and wear resistance of
X40CrMoV5-1 steel.

Several studies have investigated the interaction between surface coating and laser heat
treatment. Based on a study by Wang et al. (2014), X40CrMoV5-1 steel's wear resistance
significantly increased with the addition of TiN coating and laser heat treatment. Overall, the
research indicates that X40CrMoV5-1 steel's mechanical and tribological properties can be
greatly enhanced by applying laser heat treatment and surface coating. To attain the optimum
outcomes, additional study is required to enhance the laser heat treatment and coating process
parameters.

2.2.1 Surface hardness

For decades, chromium has been applied as a corrosion-resistant and surface-hardening
agent[19]. Among other surface treatments, laser-based surface treatments are one of the most
successful methods to improve the characteristics of metallic objects. Laser surface hardness is
one characteristic improved by laser treatment. Due to quick heating, high precision, and higher
manufacturing efficiency, it provides specific advantages for localized processing of difficult
areas, increasing the suitability as well as the quality of mold steels. Using a high-power diode
laser, heat treatments for plastic injection molds are characterized for industrial applications, in
particular the metal industry, and the influence of laser heat treatment on the microhardness
distribution and roughness of AISI P20 mod is also investigated [20].

2.2.2 Surface treatment

One specific type of laser heat treatment known as laser surface heat treatment is used to change
a material's surface characteristics while leaving the material's bulk characteristics unaltered.
Specifically heating and melting a material's surface with a strong laser beam, then quickly
cooling the material to form the appropriate microstructure.

Generally, the importance of laser surface treatment for metal and their alloys is useful for
industries, human health-related, and the nuclear industry is discussed. Advanced biomaterials
for bones and dentures with critical surface properties have been developed in the nuclear
industry to restrict harmful radiation while remaining neutral. This is proposed due to Cr
(Chromium) has been used as the best coating even though in recent years some articles discuss
the effect of chromium on health. LST depends on many process parameters such as laser power,
scan speed, focal length, spot size, substrate temperature, and type of material. Finally, the melt
pool regime in laser irradiance is utilized to completely modify the surface properties[13], [19].

Again, laser treatment of the surface layer of 32CrMoV12-28 and X40CrMoV5-1 steels is done
using the high-power diode laser (HPDL). Ceramic particle powders vanadium carbide (VC) and
tungsten carbide (WC) are used, for structure and improvement of mechanical properties and
they concluded that by heat-treating and cladding the hot work steels 32CrMoV12-28 and
X40CrMoV5-1 with WC and VC powder, it is possible to obtain a top layer of high quality that
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is free of cracks and flaws and has a significantly higher hardness value than the material
after standard heat treatment[21].

Utilizing an HPDL, researchers examined the effects of alloying and re-melting settings on the
surface layer's structure and characteristics of X40CrMoV5-1 hot work tool steels. They
demonstrate that, depending on the kind of alloying carbides used and the HPDL used, alloying
carbides have an impact on the structure and characteristics of the surface layer of steel. In
comparison to conventional heat treatment, melting or alloying the surface layers of
X40CrMoV5-1 steel with an HPDL may be an efficient, highly effective method to provide the
appropriate surface layer qualities. This would result in an extra improvement in operational
properties[22].

The effect of alloying with WC, TaC, and TiC on the structure and mechanical characteristics of
the X40CrMoV5-1 steel surface layer using an HPDL is examined in a further investigation. An
optical microscope was utilized to examine the microstructure of the alloyed layers that had
formed on the surface of the hot work steel under investigation. The friction coefficient and mass
loss of the investigated surfaces were determined by specifying the tribological wear
relationships using the pin-on-disc test for surface layers treated to laser treatment. The
crystalline structure and phases of the layers were investigated using the X-ray diffraction (XRD)
technique. The metallographic studies performed under a light microscope revealed that the run
face produced during the alloying of the X40CrMoV5-1 hot work tool steel with the WC, TaC,
and TiC powder layer exhibits significant roughness, numerous pores, irregularity, and flashes at
the borders. Increased tribological characteristics go hand in hand with changes in surface layer
hardness brought on by remelting and alloying with ceramic powders containing carbides[23].

HPDL research includes comparing the structure and properties of remelting and alloying the
surface layer of X40CrMoV5-1 hot-work tool steel. For this sort of alloying, tungsten carbide
powder was used. The reference material used was the X40CrMoV5-1 conventionally heat-
treated steel. The results of experiments on the X40CrMoV5-1 hot-work alloy tool steel show a
clear relationship between the parameters of the remelting and alloying processes, especially the
power of the laser beam, and the shape of the bead face and treatment in the examined laser
power range provides a flat, regular face shape, without partial melting, and with relatively high
surface quality[24].

In contrast to conventional surface heat treatment, surface heat treatment with a laser beam uses
self-quenching properties that quickly cool materials into them. For H13 tool steel laser surface
hardening tested through solid solution hardening and refinement of microstructures using a 200
W fiber laser as a heat generating source for processing or die casting is and results Vickers
hardness of melted zone converges in a range of Hv 480-500, the structure becomes strengthened
as martensite is formed and depth of laser melted zone is the largest when the laser focus point is
from -2 to -4 mm [25].
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2.2.3 Surface treatment and thermal fatigue resistance

Results of laser surface remelting and alloying with carbide powders of NbC, TaC, TiC, VC, and
WC on the structure and thermal fatigue resistance of the surface layer of hot work tool steels
X40CrMoV5-1 and 32CrMoV12-28 are presented in a different study. A high-power diode laser
(HPDL ROFIN SINAR DL 020) was used to perform laser surface alloying and remelting
procedures. The microstructure was evaluated by light microscopy, a hardness test, and a specific
thermal fatigue resistance test to determine the impact of the applied laser treatments and the
alloying powders on the processed surface layer of hot work tool steels. In this study, it is shown
that the surface layer contains a remelted zone (RZ), a heat-affected zone (HAZ), and transient
zones between the remelted zone and the heat-affected zone as well as between the HAZ and the
base material[26].

Elrefaey et al. [17] investigated the effects of laser heat treatment on the fatigue properties of a
titanium alloy. According to their findings, laser heat treatment significantly improved the fatigue
life of the material with a 40% increase in fatigue strength. Furthermore, gradually more
techniques for altering the surface layer are based on the simultaneous introduction of alloying
elements with high hardness, such as carbides, rather than just partial melting of the surface. In
this approach, high cooling rates are attained, and the final product is a fine-grained material
with super-cooled phases.

2.3 Laser Heat Treatment of X40CrMoV5-1 Steel

Several studies have investigated the effects of laser heat treatment on the microstructure and
mechanical properties of X40CrMoV5-1 steel. Laser heat treatment offers advantages such as
precise control of heating and cooling rates, reduced distortion, and localized treatment.
Researchers have demonstrated that laser heat treatment can effectively improve the hardness,
wear resistance, and fatigue strength of X40CrMoV5-1 steel. Moreover, the heat-affected zone
(HAZ) can be minimized using laser treatment, leading to enhanced material properties.

2.4 Surface Coating Techniques for X40CrMoV5-1 Steel

Surface coating techniques, particularly thermal spray coatings and physical vapor deposition
(PVD), have been explored for enhancing the surface properties of X40CrMoV5-1 steel.
Thermal spray coatings, such as plasma spraying and high-velocity oxygen fuel (HVOF)
spraying, have shown promise in improving wear resistance, corrosion resistance, and surface
hardness of X40CrMoV5-1 steel. PVD techniques, including magnetron sputtering and ion
implantation, have also been used to deposit thin, hard coatings onto the steel's surface,
providing improved surface properties.

2.5 Combined Laser Heat Treatment and Surface Coating

Recent studies have focused on combining laser heat treatment with surface coating techniques
to achieve synergistic effects. By applying laser heat treatment before surface coating, the
substrate's microstructure can be modified, resulting in better adhesion and bonding between the
coating and the steel surface. This combined approach has demonstrated enhanced mechanical
properties, wear resistance, and overall performance of X40CrMoV5-1 steel.
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2.6 Research Gap

Despite the significant potential and practical applications of laser heat treatment and surface
coating for hot X40CrMoV5-1 steel, there exist notable research gaps that warrant further
investigation. Firstly, while studies have explored the effects of laser heat treatment on the
material's microstructure and mechanical properties, there is still a need for a comprehensive
understanding of the underlying mechanisms and their correlation. A deeper exploration of the
interaction between laser parameters, thermal gradients, and resulting microstructural changes
will enable researchers to optimize the treatment process and achieve desired material
characteristics consistently.

Secondly, regarding surface coating, there is a limited understanding of the optimal coating
materials and deposition techniques that can effectively enhance the surface properties of
X40CrMoV5-1 steel. Extensive research is required to evaluate and compare different coating
materials, such as ceramics, carbides, or composites, and their compatibility with the steel
substrate. Additionally, investigations into innovative coating techniques and the assessment of
their long-term performance under high-temperature and corrosive environments are necessary to
establish reliable and cost-effective solutions.

Addressing these research gaps will not only advance our fundamental understanding of laser
heat treatment and surface coating processes but also pave the way for practical implementation
and industrial adoption. By bridging these knowledge gaps, researchers can provide valuable
insights into the optimization of laser treatment parameters, and development of tailored
coatings, and ultimately contribute to the enhanced performance and extended service life of
X40CrMoVS5-1 steel components operating under demanding conditions.

2.7 Challenges and Future Perspectives:

Performing research on hot X40CrMoV5-1 steel that has been laser heated and coated poses both
difficulties and bright prospects for the future. The best possible balance between material
qualities and process parameters is one of the biggest problems. To achieve desired
microstructural changes without producing undesirable consequences like thermal stress or
deformation, careful adjustment of laser heat treatment parameters, including laser power,
scanning speed, and beam profile, is necessary. Similar problems with compatibility, adhesion,
and long-term stability arise when choosing the appropriate coating materials, deposition
methods, and post-treatment procedures, particularly in harsh settings with high temperatures.

However, these challenges pave the way for exciting future perspectives in this field. Advances
in laser technology, such as the development of novel laser sources and beam delivery systems,
offer opportunities for improved precision and control during heat treatment. Integration of
advanced analytical techniques, such as in-situ monitoring and characterization, can provide real-
time insights into the material's response and facilitate process optimization. Additionally, the
emergence of new coating materials, nanocomposites, and nanolaminates holds the potential for
enhanced surface properties and multifunctionality.

Exploring the beneficial interactions between surface coatings and laser heat treatment also
makes it possible to develop novel hybrid methods that incorporate the advantages of both
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processes. Researchers can create specialized answers to problems relating to wear, corrosion,
and high-temperature performance by merging laser treatment and coating deposition methods.
These developments have positive ramifications for several industries, including aerospace,
power generation, and automotive, where there is a rising need for high-temperature components
with increased efficiency, dependability, and sustainability.

The future of research on laser heat treatment and surface coating of hot X40CrMoV5-1 steel
seems bright, despite the hurdles that remain. By overcoming these obstacles through
interdisciplinary cooperation, cutting-edge technologies, and novel strategies, it will be possible
to develop reliable methodology and workable solutions that can greatly improve the
performance and durability of this steel in demanding applications.
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CHAPTER 3
3. MATERIALS AND METHODS

3.1 Introduction to laser heat treatment.

In this study, we are going to see about steel treatment using LBM (Laser beam machining)
which is a non-conventional machining process that utilizes the power of laser beams to change
the properties of the surface. We use steel of X40CrMoV5-1 hot work alloy tool O.D (outer
diameter) of 0.70 mm and 6 mm thick which is derived from vacuum cast. For heat treatment, we
are going to autsenitze and temper in the blast furnace at a specified temperature followed by
cooling down and tempering again for the final heat treatment process in the scientific and
standard method specified by scientists. Generally, the method we are going to use is shown in
Figure 3.1 below.

3.1.1 Introduction to laser beam

A laser beam is a promising, coherent stream of light produced through the radiation stimulation
process. A laser is a device that emits light through a process of optical amplification based on
the stimulated emission of electromagnetic radiation. The word "laser" stands for Light
Amplification by Stimulated Emission of Radiation.” The properties of laser beams make them
unique and distinct from other sources of light. Because the laser is generated using different
types of lasers, such as (COz) lasers, neodymium-doped yttrium aluminum garnet (Nd: YAG)
lasers, or fiber lasers. These lasers produce a high-energy beam of coherent light that can be
precisely controlled and focused onto the workpiece.

In 1960, the laser was invented, and it was immediately recognized as "a solution looking for a
problem.". Lasers are used in various applications in industry, science, and medicine. In addition,
there is increasing public use in the entertainment field and for simple laser pointers. It is a
precise and versatile technology widely used in various industries for cutting, drilling, welding,
surface treatment, and marking applications[27].

3.1.2 Selection of laser

The selection of a laser for LHT operations depends on a lot of factors such as the desired result,
material thickness, production speed, and budget considerations. The material to be processed is
one of the factors for the selection of laser type. In the following figure 3.2 provided below, some
of the desirable traits for the selection of laser are shown[28].

For steel treatment, the most used lasers are the fiber lasers, which are known for their high
power, excellent beam quality, and precise control, making them well-suited for various steel
treatment applications. While fiber lasers are widely used for steel treatment, it's worth noting
that other types of lasers, such as CO» lasers and Nd: YAG lasers, can also be suitable for
specific steel processing applications. For this research, we are going to use ROFIN DL
(Diffraction Limited) due to its specific capabilities and advantages like High Power and
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Figure 3.1 Method proposed for laser heat treatment processing.

17
By: Sichale Worku



Laser Heat Treatment and Surface Coating of hot X40CrMoV'5-1 Steel.

Selection of laser beam

v

Material type

Process type

., Absorptivity
Thermal
—>
conduct
. »| Reflectivity
., Thermal
sensitivity

v

Required
characteristics.

Ly Cladding
—> Alloying
Glazing
Sintering

Geometrical
characteristics

Mechanical
characteristics

Physical
characterstrics

Chemical
—» characteristics

Figure 3.2 Selection of laser beam

3.1.3 Working Principle of Laser Beam

The ROFIN DL laser's working principle in treating steel materials, specifically, X40CrMoV5-1
steel, involves the application of laser energy to the surface of the material. We are going to use
hot work tool steel X40CrMoV5-1 specimens of vacuum melt test pieces that are produced
having 75 mm O.D. with round-shaped bars for the examinations. Delivery of the specimen
material was made in the annealed state. The following steps give a general description of the

operating principle:

1. Laser Generation: ROFIN DL laser system depends on the use of a laser gains medium,
such as fiber lasers or Nd: YAG For surface treatment applications, these solid-state
lasers are frequently used in pulsed mode. An appropriate energy source, such as laser
diodes or flash lamps, is used to excite the laser medium to generate a population
inversion.

2. Beam Formation: A coherent beam of light is produced by stimulated emission, which
results from the population inversion within the laser gain medium. The desired beam
quality, focus, and delivery characteristics are then achieved by forming and directing this

beam with the use of optical components like lenses and mirrors.

By: Sichale Worku



Laser Heat Treatment and Surface Coating of hot X40CrMoV5-1 Steel.

3. Beam delivery: To direct the laser energy to the surface of the X40CrMoV5-1 steel, the
focused laser beam is guided through an optical delivery system, which may include fiber
optics or articulated arms. The optical delivery system ensures sure that the laser beam is
precisely controlled and positioned for accurate treatment.

4. Surface treatment: The focused laser beam is directed onto the surface of the
X40CrMoV5-1 steel. The laser energy is absorbed by the material, leading to localized
heating and subsequent material transformation. The exact treatment process can vary
depending on the specific treatment requirements but may involve. Since we are going to
process the surface of the steel to see the basic characteristics of surface
micromorphology, microhardness and surface macro morphology, cooling, and
quenching, the post-treatment process should be followed.

5. Process control: Several factors, including laser force pulse duration, scanning speed, and
beam focus, are controlled during the surface treatment process. Precise control of the
heat input and the following material properties is ensured by optimizing each of these
parameters based on the specific treatment we need.

The general working principle of the laser beam [29] is shown in Figure 4 below. To perform its
function laser beam, have 7 different basic parts, which are shown below with the working
principle.

- ;
N, Rofin DL 020

7

\

BT -
L[‘ e

&

Alloying direction

Figure 3.3. Working principle of High-Power Diode Laser (HPDL) ROFIN DL
[29][NO_PRINTED FORM].

Where: 1- Native Material, 2- Laser Beam, 3- Protective Glass, 4- Lens, 5- Laser’s Head, 6-
Protective Gas, 7- Alloying Material
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3.2 Materials for Processing.

A laser beam is used to heat a material's surface in a laser heat treatment to change the material's
properties. The material selected for laser heat treatment relies on the application and the desired
outcome[30]— [32] For this processing, we are going to use:

Composition of steel X40CrMoV5-1
The laser beam (HPDL Rofin DL020)
WC coating.

Protective Glass

Lens and Laser spot

3.2.1 Composition of steel X40CrMoV5-1

Selective laser melting (SLM) was used to densify the X40CrMoV5-1 H13 hot work tool steel
while utilizing various laser parameters and preheating temperatures. X40CrMoV5-1 is a hot-
work tool steel that meets the EN ISO 4957:2000 tool steel standard. Its chemical composition is
elements such as chromium, molybdenum, vanadium, and carbon. The specific composition
typically ranges from 0.35-0.42% carbon, 1.0-1.2% silicon, 0.25-0.50% manganese, 4.75-5.5%
chromium, 1.10-1.75% molybdenum, 0.80-1.25% vanadium, and may contain trace amounts of
other elements.

YV VYV

This steel is known for having an excellent combination of abrasion resistance, toughness, and
hardness[33]. The processed specimen's porosity and crack density were determined, the
resulting microstructure was described, tempering hardness diagrams were also recorded, and the
powder's reusability was assessed[34]. Here we are going to use the characterized steel which is
found in the Silesian University of Technology having the following characteristics, chemical
composition[35] and standard chemical composition [36] as shown in Table 3.1 and Table 3.2
respectively.

Table 3.1 Chemical composition of X40CrMoV5-1 steel.

Weight (%)
Steel type C Mn Si Cr Mo \% P S
X40CrMouV5-1 | 0.410 0.440 1.090 | 5.400 | 0.010 | 1.410 | 0.950 |0.015 | 0.010

Table 3.2 Standard chemical composition of HI3 steel.

Element | C Mn Si Cr Ni Mo Vv Cu P S
Content, | 0.32- 0.02 - 0.80- 4.75- 0.3 1.10- 0.80- 0.25 0.03 |0.03
% 0.45 0.50 1.20 5.50 1.75 1.20
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3.2.2 Laser beam

High-power diode lasers are an excellent option for several industrial applications, including
hardening, welding, cladding, and surface modification, because they provide precise control,
quick processing times, and flexibility. The main benefit of using a High-Power Diode laser
beam for surface heat treatment is that provides a highly concentrated, precise, controlled source
of heat[37]. This allows the application of heat in specific areas with minimal distortion or
damage to the surrounding material.

High Power Diode laser beams operate at high speeds additionally, allowing for rapid heating
and cooling cycles, which can increase process efficiency and productivity[37]. Here we select
the HPDL due to its efficient heat treatment, deep penetration, Rapid heating and cooling,
Localized treatment, Reduce distortion, Energy efficiency, and Flexibility. Technical data for
HPDL is given in Table 3.3 below [38]-[40].

Table 3.3 Technical date for the HPDL ROFIN DIL 020.

The wavelength of the laser radiation 808 [nm] + S[nm]

The maximum output power of the laser beam

(continuous wave) 2500 [W]

"Power range 100+ 2500 [W]

The focal length of the laser beam 82[nm]/ 1.8%X 3.8 [nm]

Laser spot size 1.8 X6.8 [nm]/ 1.8 X 3.6 [nm]

- 2
Power density range in the laser beam focal plane 0.8 +36.5 [kW/om® ]

Effect of laser parameters

Laser heat treatment and surface coating of hot X40CrMoV5-1 steel involve several key laser
parameters that can significantly affect the process and the properties of the treated material.
These parameters include laser power, scanning speed, beam diameter, and pulse duration. To see
those parameters in detail.

1. Laser Power:

Effect: Laser power determines the amount of energy delivered to the material's surface. Higher
power levels result in more heat input, which can lead to deeper heating and potentially alter the
microstructure of the steel.

Impact: Higher power can increase the hardness and heat-affected zone (HAZ) depth, which can
be beneficial for improving wear resistance. However, excessive power can cause surface
melting or even material damage, so it must be carefully controlled.
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2. Scanning Speed:

Effect: Scanning speed determines how quickly the laser beam moves across the material's
surface. Faster scanning speeds result in shorter dwell times.

Impact: Slower scanning speeds allow for longer heat exposure, potentially leading to deeper
heat treatment effects. Faster speeds can produce shallower treatments.

3. Beam Diameter and Shape:

Effect: The beam diameter and shape can be adjusted to control the energy distribution and
coverage area on the steel's surface.

Impact: A narrower beam diameter can provide concentrated heating, while a wider beam may
cover a larger area but with reduced intensity

4. Repetition Rate:
Effect: The repetition rate defines how frequently laser pulses are delivered.

Impact: Higher repetition rates can increase the overall heat input and affect the treatment depth.
Lower repetition rates may be preferred for more controlled and precise treatments.

5. Beam Focus and Position:

Effect: The focus point and position of the laser beam relative to the workpiece surface are
critical for precise control of treatment depth and intensity.

Impact: Proper beam alignment and focus ensure that the desired treatment area receives the
intended heat input.

6. Cooling Methods:

Effect: Cooling methods applied after laser treatment can influence the material's microstructure
and properties.

Impact: Controlled cooling rates can help manage residual stresses and prevent cracking while
achieving the desired material properties.
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3.2.3 WC coating

There are several types of coatings available for surface treatment, each with special qualities
and benefits based on the application and goal. These are Paint and coatings, powder coatings,
galvanizing, Thermal spray coating, Chromatic, Anodizing, and Ceramic coatings. WC is a
ceramic material commonly used in various applications. Tungsten carbide, commonly referred
to as WC coating, is a material used as a protective coating and is composed of tungsten carbide
particles composed of tungsten and carbon atoms, tungsten carbide is an extremely durable and
wear-resistant substance.

Due to its high melting point and excellent hardness properties, WC can be used in a variety of
industrial applications including manufacturing, aerospace, oil and gas, mining, and automotive.
It is also applied to surfaces that require enhanced wear resistance, such as cutting tools, drills,
milling inserts, wear plates, and valves. For the surface treatment of steel, high-velocity oxygen
fuel (HVOF) thermal spray coating with WC-metal powder can be used[41]. Here we select this
WC coating for steel X40CrMoV5-1 due to wear resistance, enhanced surface properties, friction
reduction, and corrosion resistance.

Generally, the application of WC coating to steel X40CrMoV5-1 during surface heat treatment
can improve its wear resistance, surface hardness, friction properties, and corrosion resistance.
We are going to use WC having the property shown in Table 3.4 below [17].

Table 3.4 Property of WC powder.

Grain diameter ( | Melting temperature Density Hardness HV30
pm) (’C) (g/em’)
WC 2.0-3.0 2730-2879 15.6 1550

Effect of Coating parameter

The thickness of the WC (tungsten carbide) coating applied during Laser Heat Treatment and
Surface Coating of hot X40CrMoV5-1 Steel have significant effects on the material's properties
and performance. To see some of the key effects of varying the coating thickness:

Wear Resistance: generally, a thicker WC coating provides greater wear resistance. Thicker
coatings can withstand more abrasive wear before the underlying steel is exposed. This is
especially important in applications where the steel is subjected to harsh wear conditions, such as
cutting tools and dies.

Hardness: Increasing the thickness of the WC coating typically increases the overall hardness of
the coated steel. This hardness can improve the material's resistance to indentation, abrasion, and
deformation. However, there is often a diminishing return, where the hardness gains become less
significant as the coating thickness increases beyond a certain point.
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Impact Resistance: Thicker WC coatings may reduce the impact resistance of the steel. This is
because the hard and brittle nature of tungsten carbide can make the material more susceptible to
cracking or chipping upon impact. Balancing wear resistance and impact resistance is essential
for some applications.

Surface Finish: The coating thickness can also affect the surface finish of the coated steel.
Thicker coatings may require more post-processing to achieve a smooth surface finish, as they
can result in a rougher initial surface.

Adhesion: Achieving good adhesion between the WC coating and the steel substrate can be more
challenging with thicker coatings. Proper surface preparation and coating techniques are crucial
to ensure strong adhesion.

Coating Cost: Thicker WC coatings generally require more tungsten carbide material, which can
increase the overall cost of the coating process. Therefore, the economic feasibility of thicker
coatings must be considered in the context of the specific application.

Coating Uniformity: Achieving uniform coating thickness across the entire surface of the steel
is essential. Variations in coating thickness can lead to inconsistent performance and may require
additional finishing steps to correct.

3.2.4 Lens and laser spot

While performing laser heat treatment on steel X40CrMoV35-1, a focusing lens is typically used
to concentrate the laser beam to a small spot size on the surface of the material. This is important
for achieving the desired heating and material transformation effects. The size and shape of the
spot can be adjusted by varying the focal length of the lens or by using different types of lenses,
such as cylindrical lenses or zoom lenses.
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3.3 Process Plan

In processing the plan for laser heat treatment, the following point were the basic parameters
planned and used during the test.

3.3.1 Time the processing needs.

The scanning speed determines how fast the laser beam moves across the material surface. It
affects the heat input and the resulting microstructural changes. The scanning speed is typically
chosen based on the desired treatment depth and heat input. For X40CrMoV5-1 steel, scanning
speeds in the range of 5 mm/s to 50 mm/s are often used. Higher scanning speeds can result in
shallower heat-affected zones. Here we are going to use 0.5m/min.

3.3.2 Estimation of energy used.

The laser power determines the amount of heat generated during the treatment. When applying a
surface coating, such as tungsten carbide (WC), the laser power intensity will depend on factors
such as the coating thickness, material absorption properties, and the need to ensure proper
bonding. Intensities in the range of 1,000 W/mm*2 to 5,000 W/mm”2 are commonly used but
can vary. The optimal power level for X40CrMoV5-1 steel typically ranges between 500 Watts
and 2000 Watts. However, the specific power level may vary depending on the thickness of the
material and the desired depth of heat treatment. Higher power levels can result in faster heating
rates but may also increase the risk of surface melting.

To improve the surface qualities of the substrate material. The laser heat treatment process using
the HPDL laser has many benefits, including precise and controlled heating, minimal distortion,
and better surface hardness and wear resistance. The procedure is primarily used in the
manufacturing industry to produce high-quality steel components that require high strength and
durability. The modification of tool steel surfaces using laser beam radiation, as well as coating
them with specific pastes, offers an essential improvement of surface layer characteristics, and
this improvement is dependent on the solidification rate of the investigated steels [42].

Laser heat treatment is a process that involves the use of a high-powered laser beam (HPLB) to
heat and modify the properties of a material. To improve the surface qualities of a substrate
material, laser surface treatment typically alters the substrate material's topography, phase
composition, and microstructure. In the (nm) range, conduction electrons at the surface of a
substrate material absorb laser energy when it comes incident on it. These excited electrons
quickly generate heat when they hit with lattice ions. This thin layer produces heat, which is
transferred to the bulk substrate. This causes a layer of material with a thickness greater than the
frequent radiation absorption depth to heat up rapidly. As the laser is switched off, heat transfer
causes the substrate material to cool. This process is designed as shown on Figure 3.4 below.
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Figure 3.4 Process of Laser heat treatment

Phase changes, topographical transitions, and microstructural changes may all arise from these
thermal cycles. The behavior, type, and maximum temperature of the material exposed, as well
as the rates of heating and cooling, all influence how significant these changes are. All the
abovementioned elements depend on the laser power density and the length of time of the laser's
interaction with the substrate material. Laser surface treatment techniques are differentiated
based on the temperature observed at the surface due to irradiation. Solid state transitions can be
observed when the surface temperature obtained by the laser's irradiation is lower than the
melting temperature of the material.

Such a system can be seen in the processes of engraving, shock peening, and hardening. Melting
of the substrate surface occurs if the obtained surface temperature is greater than the melting
temperature but lower than the substrate material's vaporization temperature. This is the regime
for surface modification which is the most frequently used figure below shows this processing in
detail [27]. To see the general steps followed during this heat treatment.

1. Surface Preparation: Before the surface treatment, the X40CrMoV5-1 steel with the above-
mentioned dimensions (70mm length and 6mm thick) surface should be cleaned thoroughly
to remove any contaminants, oils, or oxides. This can be done through processes like
degreasing, solvent cleaning, or mechanical cleaning methods.

2. Selection of Laser Parameters: Determine the laser parameters based on the material type,
thickness, and desired outcome. The specific laser parameters will depend on the equipment
being used. Here we are going to use A high-power HPDL laser. The laser beam is directed
and focused onto the steel surface using mirrors and lenses. The focal point of the beam
should be adjusted to achieve the desired treatment depth and intensity. The power of HPDL
in the range of 0.5 KW-1.9 KW is planned for use.

3. Preheating: Preheating the X40CrMoV5-1 steel may be necessary to reduce thermal shock
and minimize the risk of cracking or distortion. Generally, the temperature planned is
between 600 and 1200 °C.

4. Laser Heating: Direct the laser beam onto the surface of the X40CrMoV5-1 steel. The high-
intensity laser beam rapidly raises the temperature of the targeted area, creating a heat-
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affected zone (HAZ). The specific laser parameters will determine the temperature reached
during the heating process, the recommended temperature for high-power diode laser beam
range is typically around 20°C (68°F) to 40°C (104°F).

. Cooling: After the laser heating phase, the material needs to be cooled down to ensure proper
heat dissipation. The cooling rate is an important factor in achieving the desired
microstructural modifications. For X40CrMoV5-1 steel, a controlled cooling rate is typically
required to minimize the formation of undesirable microstructures, such as coarse martensite.
Here we are going to use hot oil for cooling.

Microstructural Modification: The rapid heating and controlled cooling during laser heat
treatment induce microstructural changes in X40CrMoV5-1 steel. These changes can include
the transformation of austenite to martensite, grain refinement, and precipitation of carbides.
The specific microstructural modifications depend on the laser parameters, cooling rate, and
duration of the treatment.

Post-Treatment Processes: After the laser heat treatment, additional processes may be
required to optimize the material's properties. These processes include tempering, annealing,
hardening, sandblasting, machining, and coating by WC with specific properties that will be
held to get good surface micromorphology, surface macro morphology, and microhardness.
Inspection and Quality Control: Perform inspection and quality control measures to assess
the effectiveness of the laser heat treatment process for X40CrMoV5-1 steel. This can
involve testing the material's hardness, surface roughness, dimensional accuracy, and other
relevant parameters.

3 2 -—\ : 1—1\ (

I\ 7 Gas

I Laser track

[ /

X

Figure 3.5 Laser heat treatment experimental arrangement [43]

Where: -1. HPD laser; 2. Laser Beam; 3. Mirror; 4. Lens; 5. Worktable; 6. Workpiece; 7 Ar. gas
with a jet nozzle.
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3.3.3WC Quality Control

Ensuring the quality of the tungsten carbide (WC) powder used for Laser Heat Treatment and
Surface Coating of hot X40CrMoV5-1 Steel is crucial for achieving consistent and reliable
results. Here are some key steps and methods used to control the quality of WC powder.

1) Source Selection

2) Particle Size Analysis

3) Chemical Composition Analysis
4) Impurity Analysis

5) Bulk Density and Flowability
6) Quality Control Tests

7) Storage and Handling

8) Sampling and Inspection

9) Documentation and Traceability
10) Supplier Audits

11) Process Control

12) Performance Testing

By implementing a combination of these steps and method, which ensure the quality and
consistency of the WC powder used for Laser Heat Treatment and Surface Coating of hot
X40CrMoVS5-1 Steel. Quality and performance of the coated steel components have been
checked.

3.4 Laser heat treatment

Metals and their alloys are one of the ways to fulfill today’s successful imagination[28]. Their
utility is altering along with their necessity. Today's industries need materials that can meet the
demands of highly competitive markets. So, we seek materials that will act as a basis for new
technologies[44], [45]. One of the key requirements for tool steels is wear resistance. wear
resistance increases with hardness. Wear is a system characteristic, and the precise wear
mechanisms involved in each situation will depend on a variety of factors, including the
roughness of the surfaces in contact, the properties and structure of the bulk materials, the
presence of surface layers, the contact pressure, the type and speed of relative motion, the
environment, and others[46].

The surface modifications are found to depend on the laser properties[13]. Laser heat treatment
has evolved from its original purpose of selective surface hardening for wear reduction to now
being utilized to modify metallurgical and mechanical properties. Due to its great productivity
and reduced distortion, the laser typically outperforms competitors. Laser heat treatment is useful
for creating surface carbide, generating distinctive geometrical wear patterns, increasing
strength, reducing friction, decreasing wear, tempering, improving hardness, and improving
micro and macro surface morphology.

Since they provide significant improvements in the surface hardness, wear, and corrosion
resistance of materials without degrading their bulk properties, laser surface treatments are
helpful that are particularly well-suited tools. To adjust the surface qualities to local
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requirements, multiple regions of the same tool may be treated with the same equipment but
using separate methods. To increase fatigue resistance and wear resistance laser hardening by
austenitizing followed by martensitic transformation has been widely used[46]. To do this with
we have planned to follow the following steps.

» Align the laser beam to the target area on the steel surface using precise positioning
systems.

» Set and control the laser parameters according to the defined process plan.

» Apply the laser beam to the target area with a predetermined scanning pattern to ensure
uniform heating and treatment coverage.

» Monitor and control the heat input to prevent overheating and thermal damage.

3.5 Cooling and Quenching

Cooling and quenching are important steps in the laser heat treatment of our process of steel
X40CrMoV5-1. because it needs to use a high-energy laser beam to selectively heat and modify
the surface or near-surface properties of a material. The purpose of cooling and quenching is to
rapidly cool the heated region to achieve the desired material transformation and achieve the
desired mechanical properties.

We select hot oil cooling because of the Controlled Cooling Rate, Prevention of Oxidation, Heat
Transfer Efficiency, Thermal Stability, and Reduced Thermal Shock, and Air quenching[47] is
typically recommended for effective cooling during heat treatment processes[48]. Appropriate
cooling and quenching methods and fittings are going to be used to reduce distortion.
Additionally, an appropriate post-quench and tempering procedure can help by decreasing
internal stresses and improving the microstructure.

3.6 Surface Coating

Surface coatings such as painting, galvanizing, or electroplating are applied to the surface of the
steel to protect it from corrosion, wear[49] and tear, and other environmental factors. These
coatings act as a barrier between the steel and the surrounding environment, preventing the
formation of rust or other forms of corrosion [50], [51].

Various types of coatings can be used to enhance the surface properties of steel during laser heat
treatment. Those include Carbide-based Coatings, Ceramic Coatings, Alloy-based Coatings,
Nitride-based Coatings, and Diamond-like Carbon (DLC) Coatings. For this research laser heat
treatment, Laser cladding of WC is applied to produce coatings with better surface features and
to repair imperfections on various components. Applying a WC (tungsten carbide) coating to this
steel for laser heat treatment can further enhance its surface properties. For applying a WC
coating to X40CrMoV5-1 steel for laser heat treatment we planned to follow the following
procedures.

¢ Surface Preparation: The steel surface must be ready before the WC coating is applied.
To get clear of any contaminants like rust, grease, or oil, thoroughly clean the surface.
This is planned to be done by a jet of sand driven by compressed air and steam.
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s Application Methods: Thermal spraying, chemical vapor deposition, & physical vapor
deposition are a few of the application methods used to apply WC coating. Here, we are
going to use the thermal spraying method.

Thermal spraying: To apply the WC coating material to the steel surface, a spray gun of
Argon is used to melt and propel the coating material.

< Preparation of WC coating material: The WC coating material is usually in powder
form. Ensure that the powder has the right particle size distribution and composition for
the intended coating characteristics.

& Spray the WC coating: Melt the WC powder using Argon thermal spray gun to spray it
over the prepared steel surface. The molten particles produce a coating layer on the
substrate after adhering to it and solidifying. For successful fulfillment of our desired
result, coating thickness, and qualities, the spraying processes will be performed under
regulated conditions.

3.7 Scanning Lenses and Magnifications.

Scanning lenses play an essential role in achieving precise and controlled heating patterns in the
surface heat treatment of steel X40CrMoV5-1. These lenses are crucial components of laser
systems used in heat treatment processes, which enable accurate manipulation of laser beams to
generate desired surface properties in steel. Scanning lenses are specifically designed to focus
and move laser beams over the surface of the steel, providing efficient and uniform heating.
Scanning lenses[52] are essential for controlling the laser spot size, shape, and movement,
ensuring that the energy distribution is optimized for the specific heat treatment requirements.
Finally, the LEICA MEF4A light microscope and selective electron microscope (SEM) with
magnifications is used for investigation, and on microsections the Opton DSM 940 scanning
microscope is planned to use for magnification.

3.8 Materials that will be subjected to the test.

Tools used in the modem industry are often complex and costly and they are subjected to
severe service conditions. To compensate for the high capital investment, tools must have a long
service life, achieved through proper design and the ability of the tool material to withstand the
imposed service loads without deformation, fracture, and excessive wear. We are going to
process and test for three different parameters to select the best parameter for future use. Because
steel is one of the materials used in modern technology today. We are going to process and test 3
(three) basic modification characters which can be checked by laser heat treatment, those
characters are:

v" Surface macro-morphology
v Microhardness
v" Surface micro-morphology.

1. Surface macro morphology

Determining the surface macro-morphology of steel is essential for ensuring product quality,
improving corrosion resistance, selecting appropriate surface treatments, and optimizing friction
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and wear properties. In this thesis, the relation between beam power used and the smoothness of
the surface, circular convection inside the molten pool, depth of the molten pool, and the relation
between the thickness of the surface and the smoothness of the treated part will be discussed.

2. Microhardness

Microhardness test is a useful tool for understanding the mechanical properties of steel and can
be used for quality control, material characterization, heat treatment evaluation, and failure
analysis investigations. In his thesis, Micro hardness, HV is tested by SHIMADZU DUH 202

ultra-micro-hardness tester.

3. Surface micromorphology
Surface micro-morphology testing is a valuable tool for understanding the surface properties of
steel components. It can be used for quality control, corrosion resistance evaluation, surface
treatment evaluation, and wear and friction analysis. Dendritic structure, the direction of the
molten pool, the Flux line, The border between the metal base and molten metal, and The
concentration of carbide are basic parameters going to be discussed.

3.9 Methodology for Laser Heat Treatment of Steel Metal Processing and
Surface Coating

The methodology of scientific research refers to the systematic method used by researchers to
conduct their studies and generate valid and reliable knowledge. Building your research on and
relating it to existing knowledge is the building block of all academic research activities,
regardless of the area of study[53]. Methodologies vary based on scientific disciplines and
research objectives for our research the methodology followed is listed below.

Research and Planning

Process Development:
Equipment and Facility Setup:
Safety

Documentation and Traceability
Continuous Improvement

A S

To see tasks done during each stage.

1. Research and Planning: - at this stage of the start of research Information is conducted
by reviewing literature and studying the scientific principles, theories, and best practices related
to laser heat treatment of steel then the specific requirements, objectives, and challenges of the
steel material and surface coating process, finally, Consultation with experts in the field gain to
insights and recommendations.

2. Process Development: - to develop this thesis research first detailed process plan that
includes the selection of appropriate laser parameters, scanning patterns, and cooling/quenching
methods is developed, then feasibility studies and preliminary experiments to optimize the
process parameters and identify potential issues or limitations performed.
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3. Equipment and Facility Setup: - for doing with the laboratory configure laser
equipment with the necessary specifications and capabilities from experts and deep reading and
establish a controlled environment that ensures safety, proper ventilation, and adequate
equipment integration, then install and develop necessary ancillary equipment, such as
positioning systems, cooling systems, and safety interlocks.

4. Safety: - Safety is appropriate training for operators and technicians regarding laser safety,
equipment operation, and handling of hazardous materials. Here experts help me by
Implementing safety protocols and guidelines to mitigate risks associated with laser operation,
material handling, and chemical exposure this processing is done.

5. Documentation and Traceability: - Are detailed records of process parameters,
equipment settings, and material characteristics for each heat treatment and coating process. By
implementing traceability measures to track and monitor the quality and consistency of the
treated steel materials, document any deviations, issues, or corrective actions taken during the
process.

6. Continuous Improvement: - Is Evaluating the performance and outcomes of the laser
heat treatment and surface coating processes through regular audits and reviews. Here stay
updated with the latest advancements in laser technology, surface coating materials, and process
optimization techniques to enhance the overall process effectiveness.

By following this method and methodology, a systematic and controlled approach to laser heat
treatment of steel metal processing and surface coating, leading to consistent and high-quality
results ensured.
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CHAPTER 4

PROCESSING OF THE STEEL, HEAT TREATMENTS, AND
SURFACE COATING

The material at issue was specimens of X40CrMoV5-1 hot work alloy tool steel which were
obtained from vacuum casting, also known as the vacuum casting process or vacuum-assisted
casting, in which manufacturing technique is used to produce high-quality, detailed, and
dimensionally accurate prototypes or small production runs of parts and delivered as bars with an
0.D of 0. 75 mm. The samples of O.D 0.70 mm and 6 mm thick were converted as well from the
material that was delivered in a softened state, and they were austenitized in a salt bath furnace
and tempered in a chamber furnace under an argon protective atmosphere (to prevent material
oxidation or contamination).

The specimens were heated gradually to the austenitizing temperature by holding them at 650°C
for 5 minutes, and then at 1060 °C for 30 minutes. The heated oil was used to cool down the
specimens. Following quenching, the specimens were tempered twice for a total of four hours at
510°C each time. Because these are the ideal temperatures for this type of hot-work tool steel,
these temperatures were chosen.

The chemical composition of this hot-work tool steel [35] is shown in Table 4.1 and the standard
chemical composition [36] for this hot-work tool steel is shown in Table 4.2

Table 4.1 Chemical composition of X40CrMoV5-1 steels

Weight (%)

Steel type C Mn Si Cr w Mo \% P S

X40CrMoV5-1 0.410 | 0.440 | 1.090 | 5.400 | 0.010 | 1.410 | 0.950 | 0.015 | 0.010

Table 4.2 Standard chemical composition of HI3 steel

Element | C Mn Si Cr Ni Mo Vv Cu P S
Content, | 0.32- 0.02 - 0.80- 4.75- 0.3 1.10- 0.80- 0.25 0.03 |0.03
% 0.45 0.50 1.20 5.50 1.75 1.20

In Figure 4.1, heat treatment is shown, and in Table 4.3 the ASM recommendations for heat
treatment [27] to H13 are shown. With these heat treatments, second carbides are formed,
providing a new second peak of hardness to the steel, compared with the first one after the
hardened process[54].
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Temprature vs Time Graph
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Figure 4.1 Heat treatments to the specimens.

Table 4.3 Heat treatments recommended for H1 3.

Normalizing Annealing
teel t ture (°C
siee emperature (1C) Temp.(°C) Cooling rate | Annealed
(°C/h) Hardness
H13 Not rec 845-900 22 192-229
Hardening
Steel Temperature Holding time, | Quenching | Quenched
Preheat (° C) Austenitizing | min. medium hardness
H13 815 995-1040 15-40 Air 49-53

The surface of the specimens was sandblasted and machined on the magnetic grinder. After
cleaning the oil, surface coating was applied to some of the specimens. The applied coating was
formed from WC powder[17], having properties shown below, and an inorganic binding agent

("water glass") was used.
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Properties of WC powder

e Grain diameter: 2.0-3.0 um

e Melting temperature: 2730-2879 °C
e Density: 15.6 g/cm®

e Hardness HV30: 1550

The thickness of the coating applied to the specimens was 0.06 nm and 0.11 mm. The dimension
of the steel and WC coating is shown in Figure 4.2 below. The application of each coating was
made with one’s crystal rods during application:

v" Specimen of 0.06 mm specimens were waiting two hours the dry.
v Specimen of 0.11 mm was coated twice, (4 hours) total, waiting two hours for the
coating and two hours for drying. and the figure below shows the schematic of the

samples.
a) 1 ‘
. $ 70, . o
> =3
b) i ; ¥
2 . =
z) ] , —fi—

Figure 4.2. Schematic of sample

Where: -

a) A specimen without cutting.
b) Specimen with 0.06mm of cutting.
¢) Specimen with 0.11mm of cutting.

The laser treatment was made in the Welding Department of Politechnika Slaska University and
was carried out with the continuous-wave High Power Diode Laser (HPDL) Rofin DL 020. The
technical parameters [39], [40] are shown in Table 4.4 below.
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Table 4.4 Technical data for the HPDL ROFIN DIL 020

The wavelength of the laser radiation 808 [nm] + 5 [nm]

The maximum output power of the laser beam

(continuous wave) 2500 [W]

Power range 100+ 2500 [W]

The focal length of the laser beam 82 [nm]/ 1.8X 3.8 [nm]

Laser spot size 1.8 X6.8 [nm] /1.8 X 3.6 [nm]
Power density range in the laser beam focal plane 0.8 +36.5 [kW/em” ]

At the positioning stage, samples were positioned on a rotary focus, and the laser beam was
focused on the top surface. On each of the specimen's face surfaces, two remelting routes with
radii of 12 and 22 mm were carried out. The laser spot measured 1.8 x 6.8 mm in size. The
working focal length is 92 mm, as measured from the head's protective glass surface. It made use
of the multi-mode energy distribution. The specimens were remelted at a steady pace of 0.5
m/min while the laser beam strength fluctuated between 0.5 and 1.9 kW. The process is shown in
Figure 4.3 below [55].

i
I
:
[ Laser’s Head

Lens
ROFIN DL
TR
Protective glass ’ 1
L
1 °¢
Laser beam vsg
Laser \ | /‘{/
spot :
l/
> —_—
| Melting Direction

Figure 4.3 Schematic diagram for laser process

Experimental shown that argon blow-in with a volume flow rate of 20 1/min through a circular
nozzle with a diameter of 12 mm, directed in the direction opposite to the remelting one,
provides the entire shielding of the remelting zone. To achieve the required level of roughness
for the ASTM G99-90 standard, the sample' surfaces were ground after remelting.

On STRUERS equipment, the microsection surfaces were first ground on diamond discs and
then polished using diamond abrasive compounds. The samples were etched in a solution called
Nital which consisted of 2 to 5 ml of HNO3 and 100 ml of ethyl alcohol CoHsOH at room
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temperature. Through experimentation, it was determined when to etch each form of the
material's surface layer[55].

On the LEICA MEF4A light microscope, structures, and coatings have been studied
metallographically at 100 and 1000x magnifications. A computer was utilized to investigate the
thickness of the spheres' surface layers. Leica-Qwin's image analysis system was used. Again,
Opton DSM 940 scanning microscope was used to compare with transverse microsections at
magnifications of 1000 and 5000x to study the structure and estimate the thickness of the proper
zones of the surface layer.

The SHIMADZU DUH 202 ultra-micro-hardness tester was used to assess the microhardness of
surface layers. Along the bead face axis, microhardness measurements were made along the
pathways perpendicular to the sample surface. To get the anticipated and similar results for all

the examined surface layers, test parameters were chosen. Tests were conducted using a 0.5 N
load.

Using a Leco Instruments GDS-750 QDP glow discharge optical emission spectrometer, changes
in the chemical composition of the coating components in the direction perpendicular to its
surface were observed. Using the Dron 2.0 X-ray diffractometer and filtered cobalt lamp rays
with a voltage of 40 kV and heater current of 20 mA, the phase composition of the investigated
surface layers was evaluated. Measurements were taken in the 20-angle range between 35 and
105 degrees.
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CHAPTER 5
DISCUSSION AND RESULTS

5.1 Surface macro-morphology

Surface micro morphology plays a crucial role in determining the properties and performance of
this steel. And understanding surface micromorphology can help in the design and development
of new materials with improved properties and performance. First, let's study the surface after
the laser treatment. Figures, 5.1- 5.6 show different surfaces for each kind of coating and laser
power beam 0.9 kW, 1.1 kW, and 1.7 kW respectively. The chosen coatings were 0.06 mm and
0.11 mm, and the scan speed was kept constant at a value of 0.5 m/min.

(a) WC layer thickness 0.06 mm (b) WC layer thickness 0.11 mm
Figure 5.1 Surface of the X40CrMoV5-1 steel after laser treatment with beam power-0.9 kW.

(a) WC layer thickness 0.06 mm (b) WC layer thickness 0.11 mm

Figure 5.2 The surface of the X40CrMoV5-1 steels after laser treatment with beam power-1.1
kW.
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(a) WC layer thickness 0.06 mm (b) WC layer thickness 0.11 mm
Figure 5.3 The surface of the X40CrMoV5-1 steels after laser treatment with beam power-1.7
kW.

As can be noticed, the surface is unique for each beam power and WC layer thickness
combination. According to this theory, surface roughness varies with both beam strength and
layer thickness. The surface will be rougher the higher the beam power is used. So, we could
infer from these facts that the circular convection inside the molten pool is more affected as high
the beam power is used. Additionally, we can see that the surface would be rougher the thicker
the layer. Therefore, it may be inferred from these data that the layer thickness also affects the
circular convection within the molten pool. Moreover, the lines of the scanning laser can be
observed in these pictures.

To conclude, the application of a less laser power beam on a thin surface i.e.0.06mm is preferred
over the higher beam power and thicker WC coating surface.

The specimens' transverse sections were also studied to determine:

» The depth of the molten pool.
» The status of the WC layer and.
» The depth of the molten metal area.

Figures 5.4— 5.6 show the transversal sections of the steel specimens treated with beam powers
of 0.9 kW, 1.1 kW, and 1.7 kW respectively. The tests were conducted at WC layer thickness of
0.06 mm and 0.11 mm at each beam power while the scan speed was kept constant at 0.5 m/min.
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(a) WC layer thickness -0.66 mm (b) WC layer thickness -0.11 mm
Figure 5.4 Transversal section of the X40CrMoV5-1 steels treated with a beam power of 0.9 kW.

(a) WC layer thickness -0.66 mm (b) WC layer thickness -0.11 mm

Figure 5.5 Transversal section of the X40CrMoV5-1 steels with beam treatment power of 1.1 kW.
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(a) WC layer thickness -0.66 mm (b) WC layer thickness -0.11 mm

Figure 5.6 Transversal section of the X40CrMoV5-1 steels with beam treatment power of 1.7
kw.

The above images prove how small the pool of molten metal is regarding the rest of the material.
Due to this characteristic, the material's surface and interior might each have unique qualities.
Since the WC layer is mixed with the steel on the surface, the remaining material has the
standard steel composition. Therefore, improving the surface of materials will yield surface
treatment. Furthermore, we can see that the thickness of the WC layer and the beam power have
an impact on the depth and shape of the molten metal pool. This relationship between the beam
power and the depth of the molten metal pool has been demonstrated by a couple of studies[55]

But the layer thickness influences each molten metal pool's shape. We can deduce that the flux of
molten material is moving in the direction shown in Figure 5.1(a) by keeping in mind the
principles of circular convection during laser treatment and knowing that the absorption
coefficient for WC powder is higher than the absorption coefficient for the X40CrMoV5-1.
However, most of the WC layer will go to the borders and the surface of the molten metal pool.

We can suppose that the alloying would be produced well, but these pictures show us the
following things.:

» When compared to the rest of the material, the pool of molten metal is incredibly small.
» The shape of the molten metal pool depends on the WC layer thickness.

» The HAZ is small.

» On the edges of the molten metal pool, there are some piles of material (WC supposed).
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5.2 Microhardness test

A Microhardness test was conducted because it allows us to determine whether the properties
have changed or not, as well as establish whether there are any notable differences between the
beam powers, in this case, 0.9 kW, 1.1 kW, and 1.7 kW. The tests were conducted in the
transversal portion, as the surface macro-morphology study demonstrated. The tests were done
using WC layer thickness of 0.06 mm and 0.11 mm, while the scan speed was kept constant at
0.5 m/min The results of this analysis are displayed in Figures 5.7-5.12 16- 21.

Microhardness H.V 0.05 Steel Coated 0.9 kW, 0.06 mm
1800 A

1600 A
1400 ~
1200 ~
1000 A
800 A

600 A

MCROHARDNESS H.V

400 A

200 ~

0 +—r—r———r-rr—rrr-T—rr-rr--r--r-r-r-r-r-r-rr—r—r—r—r—r—r—T—Tr—T—T

Distance from the edge,mm

Figure 5.7 Microhardness test for X40CrMoV5-1 steel after laser treatment with a beam of
power -0.9 kW.
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Microhardness H.V 0.05 Steel coated 1.1 kW, 0.06 mm
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Figure 5.8 Microhardness test for X40CrMoV5-1 steel after laser treatment with a beam of
power -1.1 kW.

Microhardness HV 0.05Steal coating 1.7 kW, 0.06 mm
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Figure 5.9 Microhardness test for X40CrMoV5-1 steel after laser treatment with a beam of
power -1.7 kW.
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Microhardness H.V0.05 Steel Coated 0.9 kW, 0.11 mm
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Figure 5.10 Microhardness test for X40CrMoV5-1 steel after laser treatment with a beam of
power -0.9kW.

Microhardness H.V 0.05 Steel Coated 1.7 kW 0.11 mm
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Figure 5.11 Microhardness test for X40CrMoV5-1 steel after laser treatment with a beam of
power -1.1kW.
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Microhardness H.V 0.05 steal coated 1.7 kW,0.11 mm
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Figure 5.12 Microhardness test for X40CrMoV5-1 steel after laser treatment with a beam of
power -1.7kW

From the above figures 5.7-5.12 , we can conclude using the following table 5.1 below.
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Table 5.1 Microhardness values of steel coated with WC and the distance from the edge.

No. | Tests using different High value and distance Low value and distance from

parameter from the edge. the edge.
Hardness, | Distance from Hardness, | Distance from the
HV the edge HV edge

1 Microhardness H.V 0.05 | 1550 0.05-0.06 650 0.65-0.85
Steel Coated 0.9 kW,
0.06 mm

2 Microhardness H.V 0.05 | 1500 0.110 700 0.79-0.91
Steel coated 1.1 kW, 0.06
mm

3 Microhardness HV 0.05 1200 0.03-0.25 600 1.150
Steal coating 1.7 kW,
0.06 mm

4 Microhardness H.V0.05 | 1300 0.06-0.12 600 0.92-101
Steel Coated 0.9 kW,
0.11 mm

5 Microhardness H.V 0.05 | 1300 0.06-0.12 500 0.7-0.84
Steel Coated 1.7 kW 0.11
mm

6 Microhardness H.V 0.05 | 1400 0.3200 600 1.180
steal coated 1.7 kW,0.11
mm

Upon comparing all these data, it becomes clear that the medium microhardness is higher for the
WC layer thickness of 0.11 mm than for that of 0.06 mm. Unquestionably, more trials were
conducted with different specimens, but just a few of them are represented here. We can say that
the remelted surface layer's microhardness is around 80% greater than the native material's after
conventional heat treatment [55].

Again, microhardness values for those six different parameters are nearly having the same range
on the same distance from the edge, despite the 61 value, figure 21, (for microhardness H.V 0.05
steal coated 1.7 kW,0.11 mm), for thicker surfaces and higher power beams used, microhardness
is gained after a 0.3mm distance from the edge.

46
By: Sichale Worku




Laser Heat Treatment and Surface Coating of hot X40CrMoV'5-1 Steel.

To justify our finding, we choose 0.11 thick WC coat applied by those 3 laser beam drawing on
single graph below.

1600
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Figure 5.13 Comparison of microhardness for 0.11mm thick of WC
From above image the

v" blue line is for 0.9KW of beam power with 0.11mm

v" red line is for 0.11KW of beam power with 0.11mm

v’ grey line is for 1.7 KW of beam power with 0.11mm

From this graph it is clear that the changes in beam power between 0.9 kW and 1.1 kW are not
considerable. This is because, apart from a few values derived from carbides on the surface, the
average value is nearly identical for both beam powers. But when we see comparatively, the
hardness of the steel by using 1.7KW of beam power is different with unique line.

Because heat-affected zone (HAZ) is a region of a material adjacent to the primary heat source,
such as a welding arc or laser beam, which undergoes significant temperature changes during a
thermal process and Fusion zone is a region in a material that is directly affected by the heat
source to the extent that it undergoes complete or partial melting and subsequent solidification,

in this research we used Laser beam and all process undergo thermal process because we take
ready sample from Blast Furnace which is already melted and solidified in soft form the hardness
is in Heat Affected Zone and starts with high value which is measured by SHIMADZU DUH 202
ultra-microhardness tester.
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5.3 Surface micro-morphology

The next step is to determine the microstructural and chemical changes in the alloying employing
laser treatment which must be done by the observation of the microstructure using the light
microscope. We are interested in the transversal section of the surface layer, so it will be
compared with the coating with WC and normal microstructure for the X40CrMoV5-1 shown by
magnification, LEICA MEF4A light microscope, selective electron microscope, Leica-Qwin's
image analysis system, and Again, Opton DSM 940 scanning microscope as shown in Figure
5.14 below.

Figure 5.14 WC coating on the surface and Normal microstructure for X40CrMoV5-1

The observations were done on samples produced using the following parameters: beam power
of 0.9 kW, 1.1 kW, and 1.7 kW, WC layer thickness of 0.6 mm, and 0.11 kW. The scan speed was
kept constant at 0.5 m/min. Figures 5.15-5.20 (23 — 28) show the microstructure images at
selected different magnifications. To see the detail.
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