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The durability of classic structural steels against various types of wear is generally low. Therefore, various types and 
combinations of resilient materials are constantly evolving, which are designed to reduce the cost of components 
replacement or repairs. This paper deals with the structures that are formed in a weld after addition of tungsten 
carbide particles to protect the surface of the components from wear. The resistance of the weld surface layer con-
taining tungsten carbides is also evaluated in comparison with a layer without these particles.
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INTRODUCTION

Abrasion is one of the most common causes for 
which it is necessary to replace or repair all sorts of 
parts in machines. These machines usually work in 
quarries, mines, agriculture, construction industry and 
other similar areas. There is strong wear on the parts, 
which include the teeth of the dredgers, conveyor 
screws, drills etc. This wear causes massive material 
loss and deterioration of these work parts. Thanks to 
the welding or thermal spraying, however, it is possi-
ble to renovate these tools. This leads to a significant 
reduction in the costs of companies using these ma-
chines [1 - 3].

Nowadays, there is a wide range of welding tech-
nologies and, of course, materials that we can use for 
these weld deposits. This research focuses on the use of 
tungsten carbide particles (WC) located in a martensitic 
matrix on the bases of iron.

The research was carried out on 2 samples, differing 
with the presence of WC particles in the weld matrix [4 
- 6].

MATERIALS AND METHODS

For the experiment, tungsten carbide was used sup-
plied by the manufacturer Durum, namely the Durmat 
FTC (Fused Tungsten Carbide). It consists of phases of 
WC and W2C. The average carbon content varies be-
tween 3,8 and 4,1 %. The phase ratio is then 78 - 80 % 
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W2C to 20 - 22 % WC.  This 1 - 2 mm particle size 
powder is intended primarily for use in weld deposits. 
For the experiment, the basic material S235JR+N was 
used Table 1.

Table 1 Chemical composition of S235JR+N / mas. %

C Si Mn P S
0,14 0,20 0,67 0,01 0,02
Cr Ni Cu Al Fe

0,02 0,01 0,01 0,05 rest

Table 2 Chemical composition of Megafil A864M / mas. %

C Si Mn P S
0,426 0,27 1,05 0,025 0,025

Cr Ni B Fe
0,27 1,57 4,62 rest 

As a filler material, Megafil A864M was chosen in 
the form of a filled electrode with a diameter of 1,6 mm, 
Table 2. This material is used in common practice to 
weld layers to products exposed to various types of ma-
terial wear in the extractive and mining industries. The 
welding metal contains a martensitic structure with the 
hardness of 62 - 67 HRC. A gas mixture was used as a 
shielding gas with 82 % of Ar and 18 % of CO2. The 
WC17 sample was welded only by Megafil A864M, for 
the WC15 sample Durmat FTC tungsten carbide parti-
cles were added (see above). Experiment is a part of 
bigger comparison with different parameters [7]. Weld-
ing parameters are shown in Table 3.

Table 3 Welding parameters 

WC17 WC15
Current / A 260 250
Voltage / V 32 29

Speed / mm.s-1 5 - 6 4 - 5
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Likewise, in the sample WC15 (see Figure 2), the 
iron alpha phase was formed. Also, both forms of tung-
sten carbide WC and W2C were present, together with 
boride iron FeB and mixed tungsten carbide and iron 
Fe3W3C. In Figure 3, it can see an example of a micro-
structure in the weld matrix and the base material.

Chemical analysis of weld deposits 

Figure 4 and Table 4 represent the distribution of el-
ements in the weld matrix, tungsten carbide particle and 

X-ray diffraction (XRD) analysis

The XRD analysis of the phases in the welds was 
done using the PANalytical Empyrean apparatus. In this 
way, a phase analysis was carried out during the weld-
ing in the individual samples of the weld.

Chemical analysis of weld deposits

The chemical analysis was carried out using the 
electron microscope TESCAN 5130SB. Linear chemi-
cal analysis was done in selected areas between the 
weld and the base material. The surface chemical analy-
sis has always been made in the matrix of the weld, 0,5 
mm from the weld surface, 0,5 mm above the melting 
limit and, further, 0,5 mm below the melting limit in the 
base material.

Abrasive wear test

Dry Sand/Rubber Wheel Abrasion Testing Device 
was used to measure abrasive wear, corresponding to 
the standard ASTM G 65. The measurement was carried 
out on samples with a pre-ground weld surface. Rota-
tional speed corresponded to 60 revolutions per minute, 
using 5kg weights to create a downforce thanks to the 
leverage 23 N acting perpendicular to the surface of the 
wheel with rubber surface. Abrasive (sand of granular-
ity 0,1 - 0,6 mm) was dosed in the amount of 27 - 32 g 
per minute. The measurement was divided into 5 peri-
ods after 12 minutes. At the end of each period, the 
weight loss of the sample was measured. Subsequently, 
the weld surface was observed to evaluate the wear us-
ing an Scan electron microscope [8 - 9].  

RESULTS AND DISCUSSION

XRD analysis 

On Figures 1 and 2 is shown an analysis of the phas-
es carried out, focusing on phases occurring during 
welding on individual weld samples.

The WC17 sample shows only the formation of iron 
alpha in the weld of iron boride Fe2B (see Figure 1).

Figure 1 XRD analysis of the WC17

Figure 2 XRD analysis of the WC15

Figure 3 The microstructure of the sample WC15

Table 4  Chemical composition in selected areas of the 

WC15 (1 – Surface, 2 – Interface, 3 – Heat Affected 

Zone (HAZ)

Place Si Cr Mn Fe Ni W
1 0,50 0,32 0,83 93,52 0,77 4,05
2 0,31 0,40 0,19 92,96 0,76 5,38
3 0,46 0,21 0,78 98,56 0,00 0,00
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substrate heat affected zone (HAZ). Some coherence of 
silicon with tungsten can be observed.

Abrasive wear test

From the graph on Figure 5 one can observed that 
the tungsten carbide particles have a significant influ-
ence on the abrasion resistance of the weld. Weight loss 
in the sample WC17 was 0,728 g over 0,403 g in the 
case of the WC15 sample.

CONCLUSION

The XRD analysis of the welds has shown that the 
weld containing tungsten carbide particles occur, in addi-
tion to the standard structures (iron alfa, iron borides), 
also mixed tungsten carbide and iron Fe3W3C. This com-
pound carbide is produced by melting the tungsten car-
bide particles and mixing this melt with the weld matrix. 
The chemical analysis showed the approximate distribu-
tion of selected chemical elements at the boundaries of 
tungsten carbide particles and the matrix of the weld. 

A significant part of the experiment was also a com-
parison of the weld resistance to abrasive wear. Once 
again, the weld with tungsten carbide particles was 
compared with the weld that did not contain these parti-
cles. The result unequivocally confirmed the usefulness 
of tungsten carbide particles and their importance in in-
creasing the lifespan of components exposed to abra-
sive wear during their service life.
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Figure 4 Course of the chemical composition of WC15

Figure 5  Comparison of sample weight loss after the abrasion 
test


