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22MnB5 has emerged as viable steel that possesses high strength and 
lightweight properties. The excellent properties for high strength and 
hardness application presenting capability of this material to replace 
high speed steel in machining medium strength alloy. In this study, 
quenched 22MnB5 steel with a hardness of 70 Hrc was cut into the shape 
of RNGN 120300 and used to machine Al 6061 aluminum alloy. Tool life 
and wear mechanisms were assessed at 200-350 m/min cutting speeds, 
0.5 mm depth of cut and 0.1 mm/rev feed rate. The results show that 
machining at a 200 m/min cutting speed can achieve a maximum 861 s 
tool life, whereas a minimum tool life of 255 s was recorded when 
machining with 350 m/min cutting speed. Wear at the flank region is 
initiated by uniform abrasive wear before yielding to the built-up layer 
and built-up edge formation. The presence of molten steel in the form of 
a protective layer was observed in the crater region, indicating that the 
cutting tool was deteriorated by the adhesive wear. This study allows for 
a better understanding of the machining characteristics that govern 
22MnB5, which may lead to more efficient 22MnB5 application in the 
future. 
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1.0 INTRODUCTION 
Hot stamping is a method of producing metal parts by applying high pressure and forming the 

part into a desired shape. In hot stamping process, blank part is heated before stamped and cooled 
or quenched inside specially designed dies. Several machines, including a cooling system and 
furnace were used in the process, which was aided by robots and conveyor systems. The 
simultaneous quenching and forming operation enable the stamped part committed effective 
microstructure transformation with less spring-back effect. When compared to conventional 
metal stamping, hot stamping is said to be capable of increasing the strength of steel up to four 
folds, reducing structural weight by using thinner sheet metal, and eliminating spring back effect. 
The use of hot stamped components improved the structural integrity and crash-worthiness 
performance of the car, allowing cars to receive 5 stars in safety assessment (Abdulhay et al., 2011 
and Mori et al., 2017).  

In hot stamping application, Boron alloy 22MnB5 is preferable as main material. 
22MnB5 have malleable quality with thinner part is typically prepared in sheet metal form to 
permit weight savings of 30% to 50% when compared to commonly steels that used in 
commercial vehicles. The default microstructure of Boron alloy 22MnB5 was appeared to be in 
dominant ferrite condition (Karbasian and Tekkaya, 2010). When heated to austenitic 
temperature, the microstructures will be transformed into austenite phase with thermal softening 
condition. The heated part then transferred inside the stamping dies, to commit stamping 
operation. Since the dies equipped with cooling channel, the part simultaneously quenched to 
form and solidified into required shape. The microstructure of stamped part was changed into 
martensite, which offers high strength and better hardness as compared to untreated steel (Mori 
and Okuda, 2010 and Covusoglu et al. 2020). 

The dimensional accuracy and mechanical properties of hot stamped 22MnB5 were strongly 
dependent on the part pressing parameters and design of hot stamping dies. Significant pressing 
parameters such as die force is important to stroke the blank part with full energy whilst 
controlled design features such as sharp edge and angles affected the final shape and spring back 
effect of stamped part. In addition, efficient hot stamping process also affected by quenching 
process inside the dies. The capability of a hot stamping dies to provide effective quenching was 
determined by the condition of cooling channel, surface roughness and thermal conductivity of 
the pressing dies (Abdulhay et al., 2011 and Zhu et al., 2020).  

Significant material and application research on 22MnB5 has been conducted in the past, but 
the focus has primarily been on vehicle fabrication and bearing parts. Lara et al., (2013) 
discovered that when used as a vehicle chassis, the fatigue performance of 22MnB5 was 
dependent on the cutting edge surface quality. The cracks caused by the cutting process by 
stamping dies may result in burr formation and a rollover zone, reducing the fatigue resistance of 
the chassis joining. Nikravesh et al., (2015) investigated the microstructure evolution of bearing 
22MnB5 and discovered that plastic deformation at elevated temperatures contributed to 
microstructure refinement and altered mechanical properties. The hardness of the finished parts 
was also affected by this transformation. Yao et al., (2018) investigated the rolling processing of 
22MnB5 and concluded that the initial condition is important in determining microstructure 
evolution. An investigation on the fracture toughness properties of 22MnB5 steel sheets was 
conducted by Golling et al., (2019). The authors reported that the ability to form variant 
microstructures with different mechanical properties has allowed 22MnB5 in versatile 
applications for improving crash safety and on the same time provide weight reduction of 
automotive structure. Recently, Yao et al., (2020) demonstrated that 22MnB5 can be effectively 
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used as a car structure, particularly when combined with other high strength steels. The weld 
joining between these steels demonstrated the significance of microstructure control in the 
formation of efficient welding fusion. The findings revealed that the heat treatment process played 
a significant role in determining the mechanical in the mixed heating and cooling regime. 

According to the above-mentioned literature studies, 22MnB5 Boron Steel is applicable in the 
automotive industry, particularly to meet the demand for high strength and lightweight 
structures. The high hardness and fracture toughness of 22MnB5 allowed it to be used in 
aggressive operations such as hard friction, fatigue, and thermal stresses. These advantages can 
be exploited in other applications where the strong and hard structure of 22MnB5 can be used to 
shear another softer material, specifically for machining operation. The use of 22MnB5 as cutting 
tool would allow possible alternative to High-Speed Steel, the common cutting tool for machining 
operation. In this study, 22MnB5 Boron steel was innovated to be used as a cutting tool because 
its refractory conditions may be useful in aggressive material removal operations. 22MnB5 Boron 
Steel has been prepared in the form of round insert to machine Al 6061 Aluminum Alloy at variant 
cutting parameters. The wear area of worn cutting tools being observed for further investigation 
of their failure mechanisms. This study allows for a better understanding of the machining 

characteristics that govern 22MnB5, which may lead to more efficient 22MnB5 Boron Steel application 

in the future. 
 
 

2.0 EXPERIMENTAL PROCEDURE 
Figure 1 depicts the original state of quenched 22Mnb5 obtained through the hot stamping 

process. The chemical properties of 22Mnb5 are shown in Tables 1. To convert 22Mnb5 metal 
sheet into cutting tool, a laser cutting machine (Figure 2) was used to cut 22m\Mnb5 sheet into 
RNGN 120300 tool insert. CRDN252543 tool holder was used to clamp the insert for the 
machining trials.   

  
 

     
                                  (a)                                                                                               (b)    

Figure 1: (a) Quenched 22MnB5 boron steel (b) Laser cutting machine  
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(a) (b) 
Figure 2: (a) Illustration of laser cutting 22MnB5 into RNGN 120300 insert (b)Sample product of 
22MnB5 component being cut from hot stamped part (12 mm diameter, 3 mm thickness) 

 
Table 1: Chemical composition of 22MnB5 boron steel (wt%) (Yao et al., 2018) 

C Mn Si Cr Al Ti P B S Fe 
0.22 1.25 0.28 0.23 0.03 0.02 0.01 0.003 0.005 Bal. 

 
The 22MnB5 tool was then used to machine the Al 6061 aluminum alloy by using CNC turning 
machine shown in Figure 3. The tests were carried out in wet condition in the form of conventional 
overhead coolant. The cutting speeds were varied between 200-350 m/min with each of 
individual feed rate and depth of cut were kept consistent at 0.1 mm/rev and 0.5 mm, as 
summarized in Table 2. Tables 3 and Table 4 show the mechanical properties and chemical 
composition of Al 6061 aluminum alloy respectively. Tool maker microscope was employed to 
measure tool wear. Wear mechanism at the contacted area was observed by Scanning Electron 
Microscope (SEM). EDX analysis was used to examine material transfer on top of cutting tool. 

 

  
Figure 3: Set Up for machining tests 

 
 

Table 2: Cutting Parameters 
Parameters Unit 
Cutting Speeds 
(mm/min) 

200, 250, 
300, 350 

Feed rate (mm/rev) 0.1 
Depth of Cut (mm) 0.5  
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Table 3: Mechanical Properties Aluminium Alloy 6061 (Khan et al., 2019)  

Young’s Modulus 72 Gpa 

Poisson’s Ratio 0.3 

Density (kg/m3) 27800 

Yield Stress (GPa) 319 Mpa 

Shear Modulus (GPa) 27 

Hardness (HV) 110 

 
Table 4: Chemical composition of Al 6061 (wt%) (Khan et al., 2019) 

Cu Mg Si Fe Si Cr Al 
0.12 1.0 0.28 0.7 0.5 0.04 Bal. 

 
 
3.0 RESULTS AND DISCUSSION 

Figure 4 depicts the effects of cutting speeds on flank wear for a 22MnB5 boron steel cutting 
tool at a feed rate of 0.10 mm/rev. Machining at a cutting speed of 200 m/min shows a linear trend 
in tool wear development, indicating a smooth machining process until it reached tool life at 861 
s. When machining was held at 250 m/min, wear slightly increased in the early stages of 
machining before becoming more stable as the machining prolonged, reaching 686 s tool 
life.  Similar to the cutting speed of 300 m/min, tool wear spiked during the initial machining and 
gradually stabilized to record tool life at 610 s. Machining at the highest cutting speed of 350 
m/min demonstrated high tool wear within a short time of machining trials and was gradually 
increased to perform a short machining period of 255 s.  

Figures 5(a) shows worn cutting tool images for flank wear at the lower cutting speed of 200 
m/min. Uniform flank wear with grooves formation were observed. In the flank wear area, there 
is evidence of ridge formation along the flank surface, which reflects the formation of abrasive 
wear. Figure 5(b) represents abrasive wear evidenced by minor ridge formation and particle 
debris. Abrasion occurs when hard particles rub against the cutting tool, resulting in the formation 
of grooves on the contacted surfaces. Hard particles can come from two sources, which are Boron 
Steel detachment particles from cutting tool or chip detachment from workpiece thermal 
softening (Abd Maleque et al., 2017 and Liew et al., 2019). Detachment particles from Boron Steel 
could be obtained by gradually losing material due to tribological actions caused by two-body 
frictions. As the sliding continues, this particle debris may become entrapped at the tool-chip 
interface, resulting in severe material removal. 
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Figure 4: Effects cutting speeds on flank wear for 22MnB5 boron steel cutting tool at the 0.1 
mm/rev feed rate and 0.5 mm depth of cut 
 

In addition, abrasive wear also can be caused by compacted galling from molten Al 6061 that 
has attached to and accumulated on the tool surface. Detachment of Al 6061 chip could be 
obtained from inherent shearing of cutting tool to softened workpiece and may become trapped 
at the tool-chip and tool-work piece interfaces. Such detachment chip could be refractory enough 
to perform ploughing action on the cutting tool’s surface, rubbing the surface and leaving small 
scars in the form of ridges (Venema et al., 2018 and Zuo et al., 2020).  

 

 

 
Figure 5: (a) Flank wear observation at the cutting speed of 200 m/min (b) Formation of abrasive 

wear which appeared in minor formation of ridges and scars 
 

Figure 6(a) shows worn cutting tool images for flank wear at the higher cutting speed of 350 
m/min. Further observation of the selected area revealed there is sign of material attachment 
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on the flank face that alter the edge of cutting tool as shown in Figure 6(b). Some studies in the 
literature have reported that this result can be attributed to the formation of chip weld that 
adherence on the flank surface (Sirtuli et al., 2019 and Junge et al., 2020). Chip weld is an adhered 
material that pours to wider areas in the form of layer on the tool’s rake face. During cutting tool-
workpiece material engagement, partition of AL 6061 chip may trap at the tool-chip and tool 
workpiece interfaces, assisted by the high pressure and pressure. Since the machining was held 
at higher cutting speed of 350 m/min, the trapped chip was pressurized in the form of welded 
layer to the tool insert, forming an attached structure at the tool nose radius’s edge in the form of 
layer. Such a structure changed the tool nose radius, resulting in instabilities in cutting force and 
interfering with the contact between the cutting tool and the work piece (Wahab et al., 2015 and 
Parida et al., 2019). Consequently, the cutting tool is unable to effectively shear the work piece, 
resulting in a smeared surface and the formation of another welded layer on the machine surface.  

 

 

 
Figure 6: (a) Flank wear observation at the cutting speed of 350 m/min. (b) Indication of chip 
weld formations on the cutting edge of 22MnB5  

 
Figure 7(a) and Figure 8(a) show the observation of crater area on the cutting edge of 22MnB5 

when machined at 200 m/min and 350 m/min respectively. The formation of an adhesive molten 
aluminum layer in the form of a lamellar layer was observed in the crater area for both samples. 
This is true for both samples observed with EDX analysis shows that Al with 72.33 wt% (Figure 
7(b)) and 43.75 wt% (Figure 8(b)) were detected on the attached layers. Large content of Al 
indicates that such Al elements originated from Al 6061 workpiece since the Al content in the 
22MnB5 cutting tool is only 0.03 wt%. Material transfer from workpiece to tool rake face 
indicated that built-up edge (BUE) was formed on the crater surfaces (Ozbek et al., 2016 and 
Ozbek, 2020). 

At a low feed rate of 0.1 mm/rev, the adherent chip is specifically covering the contact region 
on the crater face. Material lost within the crater wear area was contributed by layer-by-layer 
removal from rubbing action. At this temperature, crater formation occurred as a result of the 
chip alternately slipping and sticking on the rake face. Furthermore, the combination of localized 
temperature and dynamic friction accelerated material loss at the sliding region. Once a crater is 
formed, the high localized compressive stress combined with the faster traverse movement of the 
cutting tool plays an important role in bending the continuous chip, resulting in the formation of 
a discontinuous chip (Jianxin, et al., 2011 and Sarjana et al., 2020). Such molten metal existence 
also may result within the most noticeable sign of adhesive wear.  

(a) (b) 

200 µm 
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Figure 7: (a) Crater wear observation at the cutting speed of 200 m/min. (b) EDX analysis on the 
selected area of deposited layer 
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Figure 8: (a) Crater wear observation at the cutting speed of 350 m/min. (b) EDX analysis on the 
selected area of deposited layer 

 
Adhesive wear could be caused by a variety of mechanisms, including smearing of adhered 

material, scratching, and subsequent ploughing caused by embedded Al 6061 inside the 22MnB5 
microstructure. During machining, the continuous engagement and friction at the contact 
interfaces generated excessive heat, dissolving partial of Al 6061 underneath chips to attach on 
the crater face of cutting tool. At higher pressures, such attached molten chips can diffuse and 
dissolve through interstitial of 22MnB5 surfaces, which affected its structural integrity. As the 
machining chip slides on the crater face, areas on the cutting tool that affected with diffused chip 
started to be ploughed away, resulting in significant aggregated material loss. Accumulation of 
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material loss leads to critical wear at the contact zone, which accelerating tool failure throughout 
machining period (Ahmed et al., 2019 and Liu et al., 2020).  

 
 

CONCLUSIONS 
In this study, 22MnB5 Boron Steel was innovated into the application of cutting tool. Machining 

trials were held with Al6061 Aluminum alloy at variant cutting speeds and constant individual 
0.5 mm depth of cut and 0.1 mm/rev feed rate. Wear mechanisms at various cutting parameters 
were examined microscopically in order to deduce the mode of tool failure. Based on the 
experimental results, the following conclusions can be drawn: 

(a) Tool wear increased as cutting speed increased. Machining of 22MnB5 cutting tool at a 
lower cutting speed of 200 m/min produced the maximum tool life of 861 s. The minimum 
tool life of 255 s was recorded at a cutting speed of 350 m/min. 

(b) The flank and crater wear dominate the failure mode of a 22MnB5 cutting tool. Rubbing 
action caused flank wear from the cutting edge to the flank region. Because of 
compressive stress and sliding chips, built-up layer and chip weld developed at the worn 
surfaces. 

(c) An observation inside the flank area revealed that abrasive wear dominates the wear 
mechanism. At the rubbing interface, there was evidence of parallel lamellar ridge 
formation with grove formation. 

(d) Adhesive wear was the dominant in the crater region. The parallel flow of molten Al 6061 
can clearly be seen, which resulted from chip sliding and sticking during machining.  
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