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High performance machining of hard-to-cut materials is a challenge. There are two major categories of 

most widely used hard-to-cut materials: (1) hardened tool steels for dies and molds fabrication as well as 

(2) aerospace materials such as Ni-based super-alloys and Ti-based alloys. Likewise, wear and corrosion 

are major causes of machinery downtime and material loss in industry contributing to decreased profits. 

Since wear is a surface phenomenon, the use of hard coatings can be an efficient solution, allowing the 

substrate to maintain its impact resistance and the coating can be produced to withstand wear, corrosion, 

abrasions and thermal loads while at the same time reducing costs by using diminutive amounts of hard 

materials [1-11]. A proposed solution consists of developing a hard, dense, wear- and corrosion-resistant 

coating formed on a surface with certain affinity in fracture toughness, as well as the creation of a 

dislocation interface that prevents the propagation of the corrosive medium to the substrate and the 

propagation of micro-cracks [10, 11]. In particular, boriding is a recognized surface treatment for 

achieving high surface hardness (up to 2000 HV) and low coefficient of friction while improving the 

corrosion and erosion resistance and is being increasingly used in many industrial applications. Likewise, 

PVD (physical vapour deposition) is the one of the ways of their deposition onto tool steels substrate. The 

low deposition temperature is significant advantage of this method. However, these coatings show 

relatively low adhesion to substrate. Improvement of the adhesion may be achieved by modifying the 

substrate or adjusting physical proper-ties of the coating to the substrate as much as possible in order to 

achieve similar mechanical properties like hardness. The hard TiN (Titanium Nitride) coatings are also 

used for coating machine tools such as drills, lathe tool inserts, stamps and punches, and expensive 

forming tools such as injection molds for plastics. In the present study, the microstructure of three coating 

configurations (TiN, FeB, and Fe2B) formed on an AISI 304 steel surface have been investigated at 

different temperatures by dehydrated paste-pack boriding and reactive PVD treatments. Moreover, the 

addition of a TiN coating on the boride layer is seen as a possibility of reduction in the rate of crack 

propagation. The material involved in the research, is the AISI 304 steel is a general purpose austenitic 

stainless steel with a face centered cubic structure. It is essentially non-magnetic in the annealed condition 

and can only be hardened by cold working. The boriding and PVD treatments were carried out in two 

stages: boriding and then PVD. The samples were embedded in a closed in a closed cylindrical case having 

a dehydrated paste of boron powder mixture inside with an average particle size of 10 µm (see Figure 1). 

Boriding mixture contains of B4C (active source of boron), Na3AlF6 (activator), SiC (inert filler), and 

SiC8H20O4 which is used to protect surfaces. The boriding process was carried out in a conventional 

furnace under a pure argon atmosphere at 1123 and 1273 K for 8 h of exposure for each temperature. Once 

the boriding treatment was finished the container (AISI 316L stainless steel) was removed from the 

furnace and slowly cooled to room temperature (see Figure 2). In the second step, the pre-boriding iron 

samples were cleaned using sputtering etching with 650 V, 240 kHz, 1600 ns for 15 min. The adhesion 

layer Cr and TiN coatings were obtained by using a target with high power impulse magnetron sputtering 

(HIPIMS) with 2000 W, 500 Hz, 200 ns and three targets with direct current magnetron sputtering 
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(DCMS) with 2500 Won each (see Figure 3). The sputtering targets were Cr (= 99.95%) and Ti ( > 99.8%). 

Interlayers of pure Cr (metallic interlayer) were deposited with 400 V bias-voltage on all substrates. Next, 

TiN layers were deposited by using bias-voltages of 75 V and 150 V. The TiN layers had thicknesses of 

approximately 1 μm and 2 μm. The coatings were deposited at 450°C with an Nitrogen/Argon (99.97% 

pure) atmosphere (Ar:N2 Ratio = 24:5) and total pressure of 350 mPa and 120 min of exposure time. The 

hard samples 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. The depth of 

the surface coatings and morphology were analysed by SEM and EDS (JEOL JSM-6360 LV at 20 kV). 

The CSM tribometer was used to determine the scratch wear test consists of scratching the surface of a 

sample by using an LG Motion Ltd. (scratch) with a single-pass under increasing normal load at a rate of 

10 N mm of covered distance. Applied loads ranged from 0 to 90 N. This permitted determination of the 

critical load (Lc) corresponding to the apparition of the layer damage. The scratch wear tests were carried 

out in dry sliding conditions (at ambient conditions without lubrication) using an LG Motion Ltd. This 

technique of characterization involves generating a controlled scratch with a sharp tip on a selected area. 

The tip material (commonly diamond or hard metal (WC)) is drawn across the borided surface under 

constant, incremental, or progressive load. Figure 4 shows the cross-sections and the EDS analysis 

obtained by SEM at the TiN coating and FeB/Fe2B interphase for the AISI 304 steel (see Figure 4). These 

results demonstrate that the formed the TiN-FeB-Fe2B top layer produced a hardness in the expected 

range, around 2500 HV, and no incompatibility with the supporting boride layer was observed. Figure 

5(a) and (b) shows some areas undergoing a plastic deformation for the substrate and TiN coating. TiN 

coating show relatively low adhesion to substrate. However, Figure 5(c) and 5(d) shows better adhesion 

to the substrate. The duplex treatment proved to be effective in the production of high hardness and wear 

resistant layers. 

 
Figure 1. (Figure 1) Powder-pack boriding mixture, schematic view of the stainless steel AISI 316L 

container for the powder-pack treatment (Figure 2) and the schematic representation of the deposition 

reactor (Figure 3). 

https://doi.org/10.1017/S1431927620020838 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927620020838


2218  Microsc. Microanal. 26 (Suppl 2), 2020 
 

 

 
Figure 2. (Figure 4) SEM cross-sectional micrograph and EDS analysis of: (a) borided AISI 304 steel 

with 1123 K for 8 h and (b) TiN coating deposited on AISI 304 steel; and SEM (Figure 5) cross-sectional 

micrographs of the wear scar on surfaces of: (a) substrate surface, (b) TiN coating surface, (c) borided 

AISI 304 with 1123 K for 8 h and (d) TiN coating + borided AISI 304 with 1123 K for 8.  
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