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Abstract 
NiCrBSi composite coating was fabricated on 1045 steel substrate by thermal diffusion 
cladding process. The NiCrBSi composite layer was composed of the coating zone (CZ) 
and the bonding zone (BZ). And microstructure and chemical compositions of the 
NiCrBSi composite layer were investigated. The morphology and microstructure of cross 
section of composite layer were explored by scanning electron microscope (SEM) and 
energy dispersive X-ray spectroscopy (EDS). Reticulation structure of Fe-Cr solid 
solution and blocky structure of Fe-Ni solid solution were formed as solid solution 
strengthening. 
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1. Introduction 

NiCrBSi alloyed coatings are applied extensively in a number of applications. They have high 
strength and hardness, as well as good corrosion resistance, abrasive resistance and workability at 
high temperatures due to solid-solution hardening, carbide strengthening, and precipitation hardening. 
In many types of industrial applications, such as rolling bearings and gears, surface damage is 
generated because of the rolling contact, and it limits the useful life of the components and hence 
reduces durability and product reliability. The NiCrBSi alloy has particularly good performance. The 
addition of boron reduces the melting point due to the presence of a eutectic point at 3.6 wt.%. Silicon 
is usually added to increase the self-fluxing properties. The role of chromium is to improve the 
corrosion and wear resistance due to its passivation ability and the formation of hard precipitates such 
as chromium carbides and chromium borides. This addition of boron and silicon makes it easier to 
get hard facing alloys by melting techniques [1]. 

Up to now, the deposition of NiCrBSi coatings is investigated by using different methods in industrial 
scale such as laser clad coating [2], plasma-sprayed [3], high velocity oxygen fuel (HOVF) [4], 
plasma transferred arc welding (PTAW) [5], thermal spray, various CVD and PVD methods and so 
on. However, there are some drawbacks that limit its application in very high demanding 
environments such as the microstructure of a plasma-sprayed coating is often characterized by a 
lamellar structure with the existence of various pores, microcracks, splat boundaries, and some 
unmelted particles due to the nature of the deposition process. Moreover, the bonding strength 
between the coating and the substrate is relatively low because of the mechanical bond at the interface. 
The existence of these microdefects may limit the use of the plasma-sprayed coatings to low-stress 
applications in the rolling contact. HVOF produces low-quality coatings that have some defects such 
as pores, inclusions, microcracks and lamella structure [6]. Flame spray coatings have many 
drawbacks, such as high porosity, poor adhesion and so on [7]. PTAW process costs expensive, and 
the damage of the coating initiated near the microdefects where the stress concentration existed. The 
as formed coatings by thermal spray (probably with entrained defects [8]), CVD and PVD methods 
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have several disadvantages such as low adherence, high porosity and low hardness [9]. Even so there 
have been several studies linking improvement in a coating’s tribo-mechanical properties with 
coating pre- or post-treatment, few reports on NiCrBSi alloy coatings using thermal diffusion surface 
cladding are published. In this paper, the microstructure of NiCrBSi alloy coatings using thermal 
diffusion surface cladding was studied. 

2. Materials and Methods 

2.1 Coatings Preparation. 

The substrate of 1045 steel was shown in Table 1. The compositions of the NiCrBSi powders were 
provided in Table 2. The coatings powders were mixed with reduced iron powder 10wt.% by using a 
dry milling technique with no large agglomerations occurring, which the reduced iron powder is used 
for additive. The composite powders were uniform by mechanical stirring. The paste coating powders 
were subsequently pre-placed on the surface of 1045 steel substrateand dried in air. The surface 
treatment was performed with thermal diffusion cladding. 

 

Table 1. Chemical compositions of 1045 steel substrate (in wt. %). 

Elements concentration 

Fe C Si Mn Cr Ni Cu 

Bal. 0.42-0.50 0.17-0.37 0.50-0.80 ≤0.25 ≤0.30 ≤0.25 

 

Table 2. Chemical compositions of NiCrBSi powders (in wt. %). 

Elements concentration 

Ni Cr B Si Fe C Particle size (μm) 

Bal. 20 3.5 4.4 4 0.9 15-50 

2.2 Microstructural Characterization. 

The NiCrBSi MMC coating samples with dimensions 10×10m×10 mm3 were obtained by using wire 
electrical discharge machining (WEDM), which were taken from the interface and perpendicular to 
the surface of the NiCrBSi MMC layer. The transverse section surface of samples with NiCrBSi 
MMC coating were mechanically grounded by SiC paper from 800 grit to 2000 grit, and polished in 
the 5 μm diamond paste according to standard metallographic techniques. The microstructure of the 
cross-section was revealed after etching with a solution of nital 4%. The interface view of the NiCrBSi 
layer was examined by Zeiss-Evo18 scanning electron microscope (SEM) and chemical composition 
was measured by energy dispersive X-ray spectroscopy (EDS). Phase compositions present in the 
composite coating were identified by D/max-RC X-Ray diffraction (XRD). 

3. Results and Discussion 

The cross-section morphology of NiCrBSi coating is shown in Fig. 1. It can be seen that two regions 
can be distinguished of the composite layer: the coating zone (CZ) and the bonding zone (BZ). The 
bonding line is indistinct at the coating-substrate interface, showing that the excellent metallurgical 
bonding is formed between the composite coating and the substrate.  

 

(a) 
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Fig. 1 (a) SEM micrographs of thermal diffusion cladding, (b) magnification of coating. 

 

Fig.1b illustrates the phases of alloy coating and the matrix, in which the dark phases are alloy phases 
and the bright phases are matrix phases. It can be seen obviously that the alloy phase present at the 
top of the substrate shown in Fig. 1a. Note that the composite coating is homogeneous and free from 
microcracks and pores. 

Fig.2 shows SME micrographs and EDS map of the NiCrSiB composite coating. The results indicate 
that the bonding zone was rich in Ni, Cr, Mn and Fe elements, which came from the substrate and 
coating zone. The phase of reticulation structure is enrich in Cr element. And a small amount of Si 
and C elements are detected in the interdendritic eutectic phases, while more C element appears in 
the reticulation phases. These results have the similarity with previous work of other researchers [10]. 
Fig.2a illustrates the magnified SEM image of reticulation structure and blocky-like eutectic phase of 
the composite coating. The Fe element and the NiCrBSi powders permeated into each other under 
high temperature, which formed the blocky-lick phase with Ni element. Moreover, the interaction of 
Ni and Si elements precipitated in the interdendritic phase; Carbon element made it easier to get hard 
carbide with iron and chromium present in the reticulation phase and interdendritic phase. 

 

 
Fig. 2 (a) SEM microstructure of NiCrBSi alloy coating, (b) EDS analysis results in NiCrBSi 

composite coating. 

4. Conclusion 

The NiCrBSi composite coating produced by thermal diffusion cladding process shows excellent 
metallurgical bonding between the coating and the steel substrate, while the cracks and pores are 
eliminated in the homogeneous coating. The Fe, Ni, Cr, C and Si elements permeated into each other 
under high temperature, which formed the transition layer structure. The microstructure of cladding 
shows that the coating is composed of Fe-Cr solid solution and Ni-Fe solid solution. 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0002

 

15 

References 
[1] D. Filgueroso, R. Vijande, J.M. Cuetos, R. Tucho, A. Hernández, Wear 264 (2008) 257-263. 

[2] J.M. Miguel, J.M. Guilemany, and S. Vizcaino, Tribol. Int. 36 (2003) 181-187. 

[3] C. Guo, J.M. Chen, J.S. Zhou, J.R. Zhao, L.Q. Wang, Y.J. Yu, H.D. Zhou, Surf. Coat. Technol. 206 (2012) 
2064-2071. 

[4] J.M. Guilemany, M. Torrell, and J.R. Miguel, J Therm. Spray Technol. 17 (2) (2008) 254-262. 

[5] W.M. Zhao, Y. Wang, L.X. Dong, K.Y. Wu, and J. Xue, Surf. Coat. Technol. 190 (2005) 293-298. 

[6] S.L. Liu, X.P. Zheng, and G.Q. Geng, Mater. Design 31 (2010) 913-17. 

[7] J. Campbell, and M. Tiryakioglu, Metall. Mater. Trans. B 43B (2012) 902-914. 

[8] D. Chaliampalias, G. Vourlias, E. Pavlidou, S. Skolianos, K. Chrissafis, and G. Stergioudis, Appl. Surf. 
Sci. 255 (2009) 3605–3612. 

[9] E. Fernándz, M. Cadenas, R. González, C. Navas, R. Fernández and J. de Damborenea, Wear 259 (2005), 
870-875. 

 


