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Production of hard coatings has been carried out using various materials and material combinations until 
today. As hard coating material, generally, nitrides, carbides, borides, and oxides of transition metals are 
used. Hard coatings are thin films which are deposited on tool substrates in order to improve their 
desired properties such as hardness, friction, wear resistance, and corrosion resistance, while not 
changing properties of the bulk material. From a functional point of view the most important coating 
properties are hot hardness, good adhesion to the substrate, and chemical stability. The coating 
performance can be further improved by optimum coating thickness, fine microstructure, and 
compressive residual stresses. Boriding coatings technique is gaining popularity in recent years due to 
their potential for enhancing the wear and corrosion properties and hence, widening their industrial 
applications. Under a given condition, wear behaviour can depend on the combination of surface 
engineering methods that are applied to the contacting surfaces [1-3]. In the present study proposes a 
powder mixture with a controlled boriding potential to avoid generating the FeB coating at the surface of 
the AISI M2 borided steel by the powder-pack method. The powder-pack boriding process was 
conducted on cubic commercial samples of AISI M2 with a thickness of 5 mm. The samples were 
embedded in a closed, cylindrical case at 1273 K for times up to 8 h using five different B4C-base 
powders (see Figure 1). The powder compositions are reported in Table 1. The powder-pack boriding 
process was carried out in a conventional furnace under a pure argon atmosphere. One the boriding 
treatment was finished the container was removed from the furnace and slowly cooled to room 
temperature. The hard samples were cross-sectioned and resin-embedded for traditional metallographic 
preparation; were grinded with SiC abrasive paper up to grit 2500. Afterwards, the samples were 
polished using a diamond suspension with particle size of 6 μm, finishing with particle size of 3 μm, 
then the polished samples were etched in a 2% nital solution to observe the boride layer depths formed 
on the surface of AISI M2. The boride layer depths and morphology were analysed by Scanning 
Electron Microscopy (SEM), Energy Dispersive Spectroscopy (EDS) and X-ray diffraction (XRD) 
patterns were collected on the surface of the borided AISI M2. Figures 2 shows the cross-sections of 
boride layers formed on the surface of AISI M2 at 1273 K for 8 h. The formation of a double-phase 
layer (FeB + Fe2B) was revealed with a flat morphology in AISI M2. This particular morphology is 
attributed to the presence of the alloying elements in the substrate of AISI M2 and can be explained by 
the existence of activated diffusion pathways in the Fe2B and FeB crystal lattices. It is known that the 
alloying elements modify the morphology of (FeB/Fe2B and Fe2B/substrate) interfaces and tend to 
concentrate at the tips of the boride needles by generating a flat morphology. The results of XRD studies 
presented in Fig. 3a, 3b, 3c and Fig. 3d show the XRD pattern recorded on the surface of borided M2 
steel. In Figure 3d, the FeB layer disappears due to the chemical composition of the boriding mixture. 
They confirm that the iron boride (FeB) and the iron diboride (Fe2B) are easily identified on the surface 
of borided AISI M2. The EDS analysis obtained by SEM at the FeB/Fe2B interphase is shown in Fig. 4a 
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and the Fe2B layer for the borided AISI M2 steel is shown in Fig. 4b. The powders No. 1, No. 2 and No. 
3, in Table 1, are associated with the formation of thicker, polyphase boride coatings (FeB/Fe2B). 
Likewise, the powder No. 4 in Table 1, allows thicker single Fe2B phase coating to be obtained. The 
boron rich FeB phase is not desirable because FeB is more brittle than the Fe2B phase.  
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Figure 3.  XRD diffraction patterns of: (a) powder No. 1, (b) powder No. 2, (c) powder No. 3, and (d) 
powder No. 4 at 1273 K for 8 hours and EDS (Figure 4) spectrum of borided sample at FeB/Fe2B 
interface (a) and (b) Fe2B layer at 1273 K for 8 hours of treatment and using the powder No. 1.  
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