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Abstract 

Alumina, renowned for its outstanding resistance to corrosion and heat, poses a formidable challenge 

due to its brittle nature when it comes to machining. Nonetheless, laser machining has emerged as a 

particularly suitable method for working with hard and brittle materials like alumina. While 

traditional machining techniques can also be effective, they often necessitate prolonged machining 

durations and significantly high tool wear rates, thereby driving up the overall machining costs.  By 

employing experimentation and optimization techniques, laser machining technologies such as  

Nd: YAG lasers, fiber lasers, and CO2 lasers have displayed remarkable efficacy in machining 

alumina. Notably, CO2 lasers offer distinctive advantages owing to their maximum power output of 

45 kW and laser wavelength of 10.6 µm, rendering them suitable for macro material cutting 

applications. This paper aims to consolidate pertinent information on laser machining of alumina 

into a single document.  The primary focus of this paper revolves around key laser machining 

parameters, including pulse duration, frequency, peak power, laser power, piercing time, gas 

pressure, and cutting speed, along with their impact on machining quality aspects such as surface 

irregularity, kerf width, taper angle, and the Heat-Affected Zone (HAZ). 
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Introduction 

Alumina is a type of white ceramic that is used 

extensively in industry as an insulator, abrasion-

resistant plates, and resistor washers. Simply put, 

alumina is an inorganic crystalline substance that 

falls within the category of non-metallic materials 

(Samant and Dahotre, 2008; Ruys, 2019). Alumina 

has superior thermal stability over metals and 

plastics and they are as solid as metals and rarely 

undergo chemical reactions (Rakshit and Das, 

2019). Because of its many useful properties, 

ceramic alumina is widely used in producing 

vehicles, airplanes, electronics, medical equipment, 

and other items that must maintain a constant 

temperature (Li et al., 2017; Carvalho et al., 2018, 

2020; Pappas et al., 2020). 

Alumina can be effectively processed through 

abrasive machining, which is considered a precise 

method for material removal (Tuersley et al., 1994; 

Shen et al., 2002). However, extensive research by 

Black and Chua (1997) revealed that this approach 

is time-consuming and leads to notable increases in 

manufacturing expenses. Furthermore, conventional 

machining operations involving ceramic materials 

tend to cause rapid wear of cutting tools due to the 

physical contact between the tool and the workpiece 

and the vibration generated by the rotating spindle 

(Abdullah et al., 2013, 2015; Sarkar et al., 2017; 

Marimuthu et al., 2019b). 

The laser ablation process provides an 

alternative method for machining alumina, 

effectively addressing concerns related to tool wear 

and machining time. This process stands out due to 

its non-contact material removal and high 

vaporization rate capabilities (Sharma et al., 2020; 

You et al., 2020) 

Achieving precision in laser drilling and 

cutting operations is a crucial factor for the success 

of the overall laser machining process. The effect of 

parameter settings on surface quality, metallurgical 

properties, machined workpiece geometry, and 

material removal rate has been extensively studied  

 

 
in the context of laser beam machining (LBM) 

(Gautam and Pandey, 2018a). This report examines 

and analyzes published research on the use of  

Nd: YAG laser, fiber laser, and CO2 laser machining 

processes on alumina ceramics. 

Laser Beam Machining Process 

LBM is a heating process carried out by using laser 

light which produces high heat energy generated by 

a laser beam focused on a single point that can 

remove some matter through the process (Tanaka  
et al., 2019; Bhattacharyya and Doloi, 2020). One 

difference between laser machining and mechanical 

processing is that it is easily controlled by a 

Computer Numeric Control (CNC) LBM capable of 

covering small areas and large sizes (Nagimova and 

Perveen, 2019). Furthermore, the laser beam 

machining process can melt the material by ablation 

through high temperatures, resulting in precision 

cutting (Wen et al., 2019). The schematic diagram 

of laser beam machining is shown in Figure 1.  
An equation can be found in laser machining with 

temperature distribution closely related to surface 

quality, so a method could be found to simulate the 

determination of the heat load (Fu et al., 2015) as 

follows. 

 

𝐼 =  
𝐴𝑃

𝜋𝑟0
2 exp [−𝐵 (

𝑟

𝑟0
)

2

]     (1) 

 
Where I is the intensity of the laser, P is the 

power of the laser, A is the absorption coefficient of 

the laser, r0 is the radius of the point, B is the 

coefficient of the Gaussian distributed heat flux, and 

r is the distance to the center beam. Alternatively, 

the radius of the laser beam can be calculated using 

the equation (Salonitis et al., 2007) below: 

 

r = 𝑟0 [1 + (𝑀2 𝜆(𝑧+𝛿𝑓

𝜋𝑟0
2 )

2

]
1/2

     (2) 

 
where r is the laser beam radius at a depth z 

from the work piece surface, M is the beam quality 

parameter, λ the laser wavelength, and δf is the 

position of the focal plane relative to the work 

piece surface. In principle the material is liquefied 

during the on-position time of each pulse, where 

energy will be lost because the conduction from the 

molten pool to the material does not melt around it 

so that the energy entering the material can be 

calculated by the equation (Salonitis et al., 2007): 

 

Figure 1. The Schematic of Laser Beam Machining 
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𝑄𝑖𝑛= 𝑄𝐿 + 𝑄𝑐𝑜𝑛𝑑 + 𝑄𝑐𝑜𝑛𝑣      (3) 

 

where Qin is the energy that enters the work 

piece in a pulse from the laser beam, QL the energy 

consumed for phase change, Qcond the heat 

conducted in the workpiece, and Qconv is the heat lost 

by convection to air. 

 

Nd: YAG Laser 

Nd: YAG (Yttrium Neodymium-Doped 

Aluminum Garnet; Nd: Y3Al5O12) and CO2 lasers 

are the two most used hole-making laser systems. 

Nd: YAG cannot tolerate higher energy densities, so 

it cannot be utilized for long-term measurements. 

For cutting complicated geometries in general and 

reflective sheet materials in particular, Nd: YAG 

laser machining is considered the most suitable 

cutting tool (Harimkar and Dahotre, 2009; Gautam 

and Pandey, 2018b). Several investigators have 

carried out Nd: YAG laser ceramic machining with 

parameters such as laser power, pulse repetition 

rate, pulse width, and rotating speed that have been 

shown to boost efficiency, productivity, and 

precision; with accurate size and final quality 

(Mohammed et al., 2019). The most typical 

emission wavelength of Nd: YAG is 1064 µm, as 

stated by (Arshad et al., 2020). In pulse mode, the 

Nd: YAG laser offers high peak power in a short 

time, hence boosting thermal impact and allowing 

for the drilling of thick materials with outstanding 

focusing capabilities appropriate for drilling with 

various materials. Figure 2. is a schematic of the Nd: 

YAG laser. 

 

Fiber Laser 
Fiber lasers are part of laser beam processing. 

Fiber lasers are typically in high demand in the 

industry due to their excellent beam quality, high 

energy efficiency, reasonable cost, compact size, 

and high-speed processing (Marimuthu et al., 

2019a). Most fiber lasers use the Q switch operating 

mode. However, the advent of the “main oscillator, 

power amplifier” (MOPA) design allows for width-

independent control, pulse, and frequency pulse 

repetition rate for fiber laser specifications which 

have been presented in Table 1. below: 

Fiber lasers are widely used to process 

materials such as titanium, stainless steel and 

magnesium alloys (Parmar et al., 2019). Previous 

researchers (Yan, Li, Sezer, Whitehead, et al., 

2011b) have successfully cut a 6mm thick alumina 

sheet with a fiber laser, where high laser peak power  

(1 kW), short pulse duration (5 ms), and pulse 

repetition rate (30 Hz) resulted in a cut with no crack 

on alumina material. Furthermore, (Marimuthu, 

Dunleavey and Smith, 2019b) explains that high gas 

pressure can produce a higher quality surface finish 

where the heat-affected area is low, the oxide layer 

is thin and uniform, and there is less heat visible 

area. 

 

CO2 Laser 

The CO2 laser is an electric gas release process 

that uses three gases, namely carbon dioxide (25%) 

as the active medium, nitrogen (10-55%) as the fill 

medium, and helium (40-88%) as the medium fill. 

The CO2 laser operates in the infrared region, 10.6 

μm. Laser light amplification occurs in an optical 

resonator consisting of two cavity mirrors, such as a 

fully reflecting concave mirror and a partially 

transmitting output mirror. The output power of the 

carbon dioxide laser beam ranges from 10W to 

45kW. CO2 lasers can be obtained in continuous 

waveform (CW) and pulse wave (PW). The peak 

power for the PW CO2 laser is very high, even if the 

average power is low. CO2 lasers can produce output 

with 10-15% conversion efficiency. Due to the high 

atmospheric pressure operated by the CO2 laser, the 

process is prevalent because it is very versatile and 

has high power. Therefore, it is widely used in 

industry for cutting, assembly, and surface 

engineering (Oosterbeek et al., 2016; Yilbas et al., 

2016). 

Table 1. Fiber laser specifications (Bhattacharyya 

and Doloi, 2020) 

Machine model Description 

Laser Wavelength 1.064µm 

Mode of operation Pulsed 

Mode of the laser beam TEM 

Beam diameter 8.8-9mm 

Laser beam spot 

diameter 
18-20μm (after focus) 

Pulse repetition rate 50-120kHz 

Output fiber length 3m 

 

 

Figure 2. Schematic diagram of a Nd: YAG laser 

(Gautam and Pandey, 2018) 
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Studies on alumina machining have been 

performed using a CO2 Laser, specifically parts >4 

mm thick. Machining is done by changing some 

parameters and using a power of 1.8-3.5 KW mm, 

and according to the research, the results of the CO2 

laser have shown good performance (Yan et al., 

2011a; Bharatish et al., 2015). However, CO2 lasers 

are commonly used in industry for cutting due to 

their high power, with light emitted at wavelengths 

that are safer for the eyes (Rakshit and Das, 2019). 

The technical specifications of the CO2 laser are 

shown in Table 2. 

Laser Machining of Alumina Ceramic 

As previously explained, this alumina, with the 

introduction of Al2O3 , is a reliable material in its 

application. Liquid alumina forms at 2327 K and is 

stable up to 3500K. At temperatures above 3250K, 

the ceramic splits to produce different substances 

such as AlO(g), Al(l), Al(g), Al2O(g), and AlO2(g). 

At temperatures above 5000K, complete separation 

and oxygen atoms and alumina vapor are formed 

(Gautam and Pandey, 2018b) (Samant and Dahotre, 

2009) .  From several theories, laser machining of 

alumina can be done with equation 1 because of the 

combination of melting, dissociation, and 

evaporation. 

 

Al2O3 = 2Al (l) + 3/2 O2 (g)     (4) 

 

During alumina laser machining, the most 

important thing to do is to minimize surface 

roughness and machining damage. Many 

researchers have conducted optimization and 

modeling studies related to laser machining with 

some parameters, but so far, many parameters are 

possible for controlling the quality of the object. 

However, thermal properties are also the primary 

basis for the ability of alumina (Furukawa et al., 

1956) .  In this review, we will look at issues related 

to surface roughness and damage of alumina. 

 
Surface Roughness 

Laser beam machining efficiency depends on 

the process and material parameters, where one of 

the material parameters is Ra (surface roughness) 

(Khed, 2015). The machining quality is also 

determined by the surface roughness required for 

the application (Dubey and Yadava, 2008) . 

Researchers have previously reported that CO2 laser 

machining has surface roughness values strongly 

influenced by several parameters such as cutting 

power/speed ratio, material thickness, material 

composition, gas type, and pressure (Yilbas et al., 

2014). It is further explained that the Nd: YAG laser 

machining process on alumina materials shows that 

intensity, pulse duration, frequency, and the 

combined effect of pulse frequency and duration 

have a significant contribution in determining the 

surface roughness value (Mohammed et al., 2019). 

The amount of energy and laser absorption also 

determines the roughness value of alumina 

ceramics. Experimental results have shown that 

when lasers are used on alumina, the critical value 

of roughness is 4.28 μm, as shown in Figure 3. 

As can be seen from the graph in Figure 4, 

cutting speed, gas pressure, and gas composition 

significantly affect the surface roughness of the 

material (Umer et al., 2017). It is further explained 

that the 2000-3000mm/min speed produces a better 

surface finish, but if the speed exceeds 

3000mm/min, the surface roughness would be 

higher. This also applies to gas pressure. The cutting 

surface will also be smooth when the gas pressure is 

high. From several descriptions related to surface 

roughness, many parameters determine the 

roughness value of the laser process. However, from 

several references related to surface roughness, only 

some reports still describe this case, so further 

studies need to be carried out. 
 

Kerf Width 

In the laser beam machining process, kerfs are 

slots formed during cutting. Thicknesses are usually 

narrower at the bottom of the sheet specimen than at 

the top (Dowden, 2017). The kerf width is the 

distance between the two cutting surfaces separated 

Table 2. Specification CO2 laser (Bharatish et al., 

2017) 

Model Trumph Laser 

Wavelength 10.6 µm 

Power 1800-12,000 W 

Working distance 500 mm 

Field size 2000×1500 mm2 

Beam diameter 0.25 mm 

 

 

Figure 3. The change of the particle number with 

the increase of roughness (Chen et al., 

2019) 
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by the cutting gap. Two types of kerf widths are 

obtained during the process where the one on the top 

(in) side of the kerf is referred to as the top kerf 

width, and the other is the bottom kerf width on the 

bottom (out) side of the kerf. cutting depends on 

focal point size, laser power, sheet material type and 

thickness, auxiliary gas type and pressure, safety 

clearance, and cutting speed. Kerf deviation and 

kerf taper represent the dimensional accuracy of the 

cut kerf, and these are the calculated attributes. The 

deviation along the cut is known as kerf deviation, 

and the angle between the cutting surfaces is known 

as taper (Sharma and Yadava, 2018). The kerf width 

of the cut is an important part of the quality process, 

where a low kerf width is always desirable to get a 

uniform shape (Mohamad et al., 2020). Based on 

previous notes, it has been stated that the laser beam 

machining reacts chemically with the workpiece 

during the cutting process, which causes the kerf 

width to follow the diameter size of the beam 

(Rakshit and Das, 2019). Furthermore, (Ghany and 

Rafea, 2006) investigated the effect of different 

pressures of oxygen, nitrogen, or air as an auxiliary 

gas on cutting quality using CW and pulse laser 

beam modes by applying different laser powers  

(up to 1000 W) and cutting speeds (up to 6 m/min). 

They found that the kerf width decreased with 

increasing speed, and the minimum kerf width was 

found using nitrogen. The results were consistent 

with reports stating that as speed increases, the kerf 

width decreases and gradually converges to a 

minimum (Sivaraosa et al., 2014; Beausoleil et al., 

2020). An illustration of the kerf width size is shown 

in Figure 5. From these studies, it is said that gas 

pressure, type of assist gas, speed, and depth of cut 

significantly affect the width of the kerf, which may 

still require an in-depth study of which parameter is 

the most dominant. 

 

Heat-Affected Zone 

HAZ is an unavoidable heat treatment area in 

the base metal next to the fusion zone, where 

structural transformation happens during welding 

(Niv, Tekniska and Skolan, 2015). 

Technique for measuring HAZ is shown in 

Figure 6. Kuar et al. (Biswas et al., 2010) 

investigated Nd: YAG laser microdrilling of 

alumina to produce a microdrill of higher quality. 

Lamp current, pulse frequency, air pressure, and 

pulse width are independent process variables, 

whereas hole taper and HAZ width are output 

variables. During laser drilling, thermal expansion 

residual stresses increase around the heat affected 

zone. During laser drilling, excessive thermal 

residual stresses arise around the heat-affected zone 

due to differences in cooling rates and heat 

contraction between the outside and internal areas 

(Yilbas et al., 2011). Measurements are performed 

around the heat-affected zone, where thermal 

expansion residual stresses develop. Under specific 

settings of CW laser cutting, it has been discovered 

that the HAZ can be lowered by increasing the gas 

 

Figure 4. Effect of laser process parameters on the surface roughness (Ra) of the cut surface (Marimuthu  

et al., 2019a) 

 

Figure 5.  Illustrate the kerf width on cutting 

(Beausoleil et al., 2020) 
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pressure, resulting in improved surface quality. This 

is because the low heat-affected zone is 

accompanied by a regular and thin oxide layer 

(Marimuthu et al., 2019a). As shown in Figure 7, the 

action of HAZ can also cause microcracks. 

Microcrack identity arises in the HAZ region due to 

high scanning speed and laser power. Reducing 

scanning speed results in high compressive cyclic 

residual stresses in the HAZ, causing more damage 

(Bharatish et al., 2015). Heat-affected zones cannot 

be avoided, as these hot zones can cause 

microcracks. However, several parameters, such as 

gas pressure, can reduce the size of HAZ. 

 

Taper Angle 

The taper angle is the cylindricity of a hole, 

with the ideal taper angle corresponding to a 

perpendicular cylindrical hole. The laser beam’s 

convergent-divergent feature leads to a varied hole 

diameter as it penetrates deep. According to some 

findings, the slope of the bore is significantly 

affected by the pulse energy, the number of pulses, 

and the beam focus setting (Nandi and Kuar, 2015). 

Figure 8 displays SEM pictures to illustrate the taper 

angle and side position. At a fixed peak power of 

400 watts and a 10% duty cycle, the report shows a 

decreasing trend of taper angle and crack with an 

increase in frequency over 500 Hz (Jia et al., 2020). 

In addition, a single energy pulse supplied that is 

lowered from millisecond pulses will decrease the 

energy absorbed by the inner wall of the hole, 

causing more laser energy to accumulate at the 

bottom of the hole. In another investigation, as peak 

power increased, the taper angle reduced (Kacar  

et al., 2009). This demonstrates that the output hole 

has a larger diameter than the inlet hole. Melt 

erosion of the pit’s sidewall, caused by high vapor 

above the material’s surface during laser irradiation, 

will force the melt out of research indicates that the 

width of the hole hole (Tunna et al., 2005). 

Additional research indicates that the width of the 

hole expands with increased laser power due to the 

  

Figure 6. Measurement of the Heat affected zone 

 (Bharatish et al., 2017) 

Figure 7. Initial Microcrack in the area of the Heat 

 affected zone (Bharatish et al., 2015) 

 

 

Figure 8. Illustration and SEM Image of the Taper angle (Jia et al., 2020) 
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accumulation of heat energy at higher peak power 

and absorption, resulting in more significant erosion 

close to the entrance of the pit (Bharatish et al., 

2013). Exposure as a result of the taper angle is still 

an interesting discussion, where many parameters 

such as frequency and power still dominate the size 

of the taper angle. However, the laser power 

associated with the increase in temperature still 

needs to be investigated. 
 

Thermal Crack of Alumina 

The laser ablation technique causes numerous 

issues with alumina degradation because of its high 

temperature. However, the quality of the cut is still 

based on the number of cracks on the cut surface, 

which reduces scanning speed while increasing laser 

power. Furthermore therefore, this produces a 

substantial amount of heat corrosion on the cutting 

surfaces. As shown in Figure 9, the kerf entry and 

fracture formation were as follows. Cracks had 

developed on the kerf’s surface, a condition often 

associated with rapid cooling (Yilbas et al., 2016). 

When alumina was sliced, surface fractures were 

seen. 

This condition develops due to significant 

thermal stress in the shear zone due to the high-

temperature gradient (Yilbas et al., 2017). Heat-

cracking flaws were eliminated from the cutting 

results by lowering the cutting speed and laser 

output power during CO2 laser machining of Al2O3 

material with a thickness of 5 mm. Figure 10, 

displays the results of SEM microscopy, which 

indicated a ridge on the blade caused by melt 

instability and the effect of the gas jet on the flow on 

the surface of the kerf. In addition, microcracks 

were observed on the machined surface, but they 

were shallow and did not impact the part’s thickness 

(Qiu et al., 2020). 

Microcracks in hard and brittle materials are 

still thought to be caused by cooling gradients or 

high temperatures (Gautam and Pandey, 2018).  

A casting layer is created on the machined surface, 

and considerable thermal stress is present (Yilbas  

et al., 2017). The cutting of Alumina with a fiber 

 

(a) 

 

(b) 

Figure 9. SEM micrographs of kerf surface: (a) Top surface and (b) The central region of kerf surface 

(Yilbas et al., 2016) 

 

Figure 10. SEM micrographs of laser cut kerf 

surfaces alumina with laser power of 

1500 W and cutting speed of 0.07 m/s 

(Yilbas et al., 2017) 
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laser has been experimentally and numerically 

explored. The results indicate that crack-free 

cutting may be done with high laser peak power, 

short pulse duration, and low pulse repetition rate. 

Due to the change from compressive to tensile 

stress in a given laser cutting parameter, it has been 

demonstrated that the no-cracking parameter’s 

threshold can be determined (Yan et al., 2011a). 

From the points above, it can be observed that the 

formation of cracks is still a big problem in 

machining alumina, as it has been reported that 

cracks occurred starting from micro-cracks caused 

by high thermal effect (Yan et al., 2011b). Deeply 

fractured alumina is caused by very high-

temperature gradients and internal stress by 

thermal shock effects (Panda et al., 2002; Barnes, 

Shrotriya, and Molian, 2007; Li et al., 2021). The 

heat build-up due to repeated laser pulses causes 

these cracks to continue to expand into multiple 

melting paths (Zheng et al., 2019). 

Microscopically it has been shown that crack 

propagation is due to increased heat flux and 

temperature difference. Apart from that, the 

thermal stress intensity factor accelerates the 

occurrence of unstable cracks (Li et al., 2021). 

Furthermore, under different conditions, 

increasing laser power can reduce thermal crack 

propagation (Cheng et al., 2019; Zheng et al., 

2019). This is because laser power can penetrate 

the boundaries of the material causing the melt to 

pass through the workpiece area. From the 

perspective of several previous studies, an opinion 

can be drawn that the effect of high thermal loads 

is dominant in cracking, where the high 

temperature is certainly caused by the power 

density of the laser process. 

Effect of Laser Parameters on The 

Quality of The Alumina Workpiece 

Changing laser machining parameters can have a 

variety of implications, making it exciting to 

examine the output and quality of alumina materials. 

The results of observations have been compiled in 

recent years, and Table 3 input and output parameter 

values can be a reference point for future research. 
 

1. Impact of Parameter Nd: YAG Laser 
 

1.1. Peak Power 

In Nd: YAG Laser Alumina Reducing the Peak 

Power and Pulse Width parameters affects the 

average rise in crater diameter, with peak power 

increasing as pulse duration increases (Kacar et al., 

2009). In addition, it has been demonstrated that 

when the peak power increases, the negative taper 

angle value indicates that the output diameter is 

larger than the input diameter. Due to increased heat 

input, the kerf width increases as the peak pulse 

power increases. 

At the lowest peak pulse power, the 

experimental and simulated pulse widths range by 

around 40%. This is related to the change in the 

energy absorption coefficient at various laser 

powers (Fu et al., 2015). This state is caused by high 

vapor pressure and molten erosion, changing the 

hole geometry. 

 
1.2. Pulse Frequency 

Laser energy is highly dependent on pulse 

frequency as the effect of this parameter is related 

to the heat-affected zone (HAZ). When laser 

machining is in progress, HAZ values should 

always be avoided, especially for the quality of 

holes made of alumina materials. The study carried 

out (Nandi and Kuar, 2015), found that at low pulse 

frequency, the ability of the laser beam to penetrate 

deeper into the material was excellent. The 

presence of air helps to reduce the temperature 

during the formation of the drilled hole, thereby 

dissipating the heat and resulting in lessening the 

formation of HAZ. However, at the mid-beam 

value, relatively high energy was applied with less 

time between pulses, which made the HAZ 

thickness value larger. It was further explained that 

the thermally affected layer and microcracks 

increase with increasing pulse energy and feed rate 

but decrease slightly as pulse frequency increases 

within the specified range (Zhang et al., 1996). 

Because the flexural strength of the workpiece 

material is reduced due to the thick heat-affected 

layer and cracks on the inside, the relationship 

between pulse energy and pulse frequency 

becomes dominant in microcracks. 

 
2. Impact of Parameter Fiber Laser 

 
2.1. Laser Power 

Laser power is one of the most significant 

parameters affecting laser fiber on alumina.  

The influence of this parameter is kerf width, where 

kerf width is a component of laser process surface 

quality. The cutting width remains constant at 140 

µm while the laser power is between 1400W and 

1700W, and it decreases when the laser power is 

more significant than 1700W (Marimuthu et al., 

2019a). In addition, the influence of laser power on 

the taper angle is highly influential, where the value 

of the taper angle is less when the laser power is 450 

W and 475 W than when the laser power is higher 

(Ghosal and Manna, 2013). The increased laser 

power on the ceramic. 
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inlet surface produces a correspondingly 

higher kerf width. In addition, extremely obvious 

microcracks and holes are observed during the 

cutting process (Li et al., 2022). There is no doubt 

that the laser power’s power density affects 

temperature, and one of the reasons for damage to 

brittle materials is temperature variation. However, 

this is still under investigation. 

Table 3. Summary of parameters with different laser processes 

Laser 

Process 

Material 

Thickness 
Laser Parameter Output Parameter Observation 

Nd: YAG 

laser (Umer, 

Mohammed, 

and Al-

Ahmari, 

2017) 

Al2O3 

10 mm 

Intensity =85-95(%) Frequency=4-

8(kHz) Pulse duration=2-6 (µs) 

Overlap = 33-66(%) 

• DL 

• Surface 

roughness  

• MRR 

• Intensity and pulse overlap significantly 

to increase DL 

• Frequency and pulse duration contribute 

greatly to RA 

• Intensity has a significant effect on the 

increase in MRR 

Nd: YAG 

laser (Nandi 

and Kuar, 

2015) 

Al2O3 

1 mm 

Lamp current(l)=20-24 amp 

Pulse frequency (f)=1-5 kHz 

Air pressure(p)=0,6-2,2 kg/cm2 

Pulse width(w)=2-18% 

• HAZ Thickness 

• Taper 

• I and W effect significant to increase HAZ 

• I and F significant to increase taper 

Nd: YAG 

laser 

(Harimkar 

and Dahotre, 

2009) 

Al2O3 

25 mm 

Linear scan speed = 100cm/min 

Laser fluency= 458–687J/cm2 

Pass overlap= <15% of  

• Surface roughness 

• Surface 

compaction 

• Surface compaction decreases with 

increasing laser fluency 

• RA decreases with decreasing laser fluency 

Nd: YAG 

laser (Kacar et 

al., 2009) 

Al2O3 

10 mm 

Wavelength= 1064 µm 

Average power= 600 W 

Pulse repetition rate= 500 Hz 

Pulse duration= 2-4 ms 

Peak power=2,5-5 w 

• Average Hole 

diameter 

• Average crater 

diameter 

• Average taper 

angle 

• Peak power and pulse duration effect to 

increase crater diameter and hole diameter 

• The average taper angles decrease because 

of the increased peak power 

Fiber laser 

(Yan, Li, 

Sezer, 

Whitehead, et 

al., 2011b) 

Al2O3 

2 mm and 

Al MMC 

(2mm) 

 

Speed = 1000-4000 (mm/min)  

Laser Power =1400-2000 (W) 

Gas pressure = 6-13 (bar) 

• Oxide layer 

thickness 

• HAZ 

• Surface roughness 

• Kerf width 

• Gas pressure and speed decrease Oxide 

Layer thickness 

• Gas pressure effect decreases kerf width 

• Gas pressure and speed decrease HAZ 

• The speed increases the RA but gas 

pressure decreases the RA 

Fiber laser 

(Parmar et al., 

2019) 

Ti6Al4V3 

(3mm) 

mmSS316 

(3 mm) 

Laser Power=100-400 (W) 

Cutting velocity=75-800 mm/min 

Line energy (J/mm) 

• Material 

separation 

• Kerf width 

• HAZ 

• Laser power significant to increase material 

separation, kerf width and HAZ 

Fiber laser 

(Yan, Li, 

Sezer, 

Whitehead, et 

al., 2011b) 

Al2O3 

6 mm 

Peak power= 600, 800, 1000W 

Pulse duration=5, 10, 20 ms 

Pulse repetition rate= 10,20, 50 Hz 

Feed rate= 0.5, 1, 1.5 (mm/s) 

• HAZ 

• Crack 

• High Peak power can decrease HAZ 

• Peak power and feed rate increases the 

crack 

Fiber laser 

(Ghosal and 

Manna, 2013) 

Al/Al2O3-

MMC 

5 mm 

Laser power = 400, 500, 700,900, 1000 

(W) 

frequency= 600, 700, 800, 900, 1000 

(Hz)  

Gas pressure= 15,16,17, 18, 20 (bar) 

Wait time= 0.1, 0.15, 0.2, 0.25, 0.3 (s) 

Pulse width= 75, 80, 90, 95, 100 (%) 

• MRR 

• Taper 

• Power laser and Gas Pressure increase are 

more dominant in increase of MRR 

• Frequency and gas pressure significant 

decrease taper 

CO2 Laser 

(Yilbas et al., 

2011) 

Al2O3 

Coating Al 

6065 4 mm 

Peak Power = 2000 W 

Frequency= 100 Hz 

Duty Cycle = 35 % 

N2 pressure = 600 (kPa) 

• Morphological 

changes 

• The metallurgy 

changes  

• Micro Crack 

• The surface temperature rises rapidly 

above the melting point of the substrate 

material. 

• SEM micrographs show that there are 

numerous scattered microcracks on the 

surface. 

CO2 Laser 

(Yan et al., 

2012) 

Al2O3 

4.4 mm 

Peak power, P = 350 ≤ P ≤ 3500 (W) 

Pulse repetition rate, f =10 ≤ f ≤ 500 

(Hz)  

Pulse duty cycle, D=5 ≤ D ≤ 100(%)  

Pulse duration, ton =0.3 ≤ ton ≤ 100 

(ms) 

Pulse energy, E =1.05 ≤ E ≤ 350 (J) 

• Spatter deposition 

• Hole diameter 

• Spatter deposition increased when peak 

power increased 

• Spatter deposition increased when peak 

power decreased 

• Hole diameter decreased when pulse 

repetition increased 

CO2 Laser 

(Yan, Li, 

Sezer, Wang, 

Whitehead, et 

al., 2011a) 

Al2O3 

8 mm 

Power= 60 W 

speed = 10 mm/s 

4 scanning cycles 

• HAZ 

• Crack 

• Haz and crack increase with decreased 

power and speed. 

CO2 Laser 

(Barnes, 

Shrotriya and 

Molian, 2007) 

Al2O3 

0.5 mm 

Power =100, 150, 200, 250, 300(W) 

Feed rates =42.3-127 (mm/s) 
• Surface fracture 

• Crack 

• Crack and Fracture can decrease with 

decreased Power and feed rates  
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2.2. Gas Pressure 

The gas pressure parameter is mainly used in 

the fiber laser process for alumina cutting because 

it relates to the high heat transfer coefficient and 

the machining quality. According to a study, 

increasing the gas’s pressure decreases the 

medium’s temperature. The investigation revealed 

that gas velocity and composition changes 

contributed to a widespread HAZ trend 

(Marimuthu et al., 2019a). In another 

investigation, it was revealed that gas pressure 

significantly affects the quality and escape rate of 

materials, with a small value of taper being 

observed at low gas pressure, with the minimum 

occurring between 18 and 20 Bar of nitrogen gas 

pressure (Ghosal and Manna, 2013). At low gas 

pressure, multiple networks of cracks are 

discernible, while perpendicular striations of the 

glass phase cover the ceramic with a thickness of 

several microns (Adelmann and Hellmann, 2013). 

However, the influence of gas pressure must also 

be investigated in greater depth, particularly in 

connection to gas pressure, also referred to as a 

component of the cracking problem. 

 

3. Impact of Parameter CO2 Laser 

 

3.1. Laser Power 

In the CO2 laser process, the laser power 

parameter is generally employed as the primary 

quality-affecting parameter. One of the advantages 

of the CO2 laser is that it has significantly higher 

power than other laser processes. Studies involving 

laser power (Bharatish et al., 2013; Bharatish et al., 

2017), show that laser power and drilling time 

affect the taper. Raising the laser power causes the 

entrance’s diameter to expand, and this is due to 

the increased reflectivity of the alumina filament in 

the hole’s wall. However, peak power is also 

connected to laser power, as it has been 

demonstrated that the greater the hole and residue 

diameters, the higher the peak power (Bharatish et 

al., 2017). The resulting research demonstrated 

that as laser power increases, microcracks on the 

fracture surface grow in size due to excessive 

tensile stress (Biswas et al., 2008). Increasing the 

laser’s output power causes high levels of thermal 

erosion at the kerf intake and the creation of large 

cracks leading to the kerf exit in different sessions 

(Yilbas et al., 2016). 

 

3.2. Pulse Frequency 

According to previous research, the CO2 

laser’s pulse frequency significantly impacts the 

inlet and outlet circulation. The study found that an 

increase in pulse frequency affects the value of the 

entrance and reduces hole circulation (Bharatish  

et al., 2017) This condition is proportional to the 

stoma periodicity because as the pulse frequency 

increases, so does the stoma periodicity. This 

occurs because an increase in pulse frequency 

reduces peak power intensity, decreasing as the 

laser beam approaches the exit hole. 

Conclusion, Challenges,  and Future 

Directions 

Laser machining is the most effective method for 

cutting alumina ceramics. In addition to becoming 

suitable for hard and brittle materials such as 

alumina, the high-temperature ablation method 

reduces the machining costs associated with 

cutting time and cutting tools. By a series of tests 

and simulations, the performance of lasers such as 

Nd: YAG, fibre lasers, and CO2 lasers on AL2O3 

materials has been demonstrated. Each laser has 

advantages. This article has also covered various 

types of laser processes associated with laser 

machining parameters. There are numerous 

affecting parameters, including pulse duration, 

frequency, laser power, gas pressure, pulse energy, 

and cutting speed, with HAZ, surface roughness, 

taper, microcracks, different of hole diameter, and 

kerf width serving as independent variables. Some 

of these circumstances continue to generate cracks 

and microcracks. 

Extreme temperature fluctuations are a 

common cause of these cracks. As demonstrated in 

Table 3, several cracks are still dominated by laser 

power and feed rate influence. Temperature is one 

of the parameters that affect the cracking problem 

in alumina. In contrast, the temperature is 

determined by the high and low laser power, as 

defined by the extent to which the effect of laser 

power reacts to the number and length of cracks in 

alumina ceramic. According to some studies, high 

laser power results in a small number of cracks; 

nevertheless, under various conditions, high laser 

power also creates more significant cracks. 

Compared to other lasers, such as fiber and Nd: 

YAG, CO2 lasers offer an extremely high output of 

power; In addition, the CO2 laser has a wavelength 

of 10.6m, which makes it suitable for large-scale 

cutting. 
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