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Abstract

Copper and nickel-based solders with embedded particles of various sizes of tungsten carbide are widely used
in industry. These particles are characterized by high hardness and abrasion resistance, erosion resistance,
etc. They can be applied both during renovation and in the manufacturing of new parts for decrusters, screw
conveyors and other stressed parts. Each of these parts requires a different surface character, and therefore,
a different size of the tungsten carbide particles in the tough solder matrix. Machine components with a
deposition soldered surface can be classified into the group of composite materials to replace standard parts
from quality steels. The tested soldering materials based on Ni, Cu were applied to the surface using solder
brazing technology on the substrate steel S235JR. The diameter of tungsten carbide particles used in these
matrices ranges from 38 um up to 6.0 mm.

This research is focused on assessing the microstructure of selected areas, microhardness measurement and
a microstructure analysis using a scanning electron microscope. Using a spot chemical analysis, the
movement of partial chemical elements between the base material, solder and carbide particles was
investigated.
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1. INTRODUCTION

Wear of machine components especially in construction, the mining industry and agriculture have a negative
effect on their durability. These components are then subject to the necessary renovation or total replacement
of the given part. At present, new technologies and materials are constantly being developed to increase their
resistance to abrasive wear. Deposition soldering is used for the renovation of worn parts as well as for the
construction of new extremely stressed machine parts, e.g. (rollers, screw conveyors, teeth for decrusters,
etc). When used, these components must withstand both erosive and abrasive wear, especially where soil,
wood and aggregates are processed. The powered components thus must meet high demands, both in safety
and durability [1,2]. This also relates to their resistance to fractions during vibrations and shocks in operation.
Improvements to component surface properties can be achieved e.g. by heat sprays, laser cladding, etc. [3,4].
Due to the fragility of tungsten carbide, it is necessary to combine it with a suitable matrix, preventing the
premature destruction of the instrument by cracking or by the tungsten carbide particle falling off [7,9].
Tungsten carbide is characterized by its high hardness and corrosion resistance [5,6,8].

2, EXPERIMENT

For deposition soldering, sticks with a different size of embedded tungsten carbide were used, see Table 1.
With different grain sizes, we can also achieve various surface hardness for different applications in practice.
The matrices of these solders are for the first two samples No. S01 and No. S02, based on Ni-Cr-B-Si, and for
sample No. S03 based on Cu-Ni-Zn. As a basic material for deposition soldering, steel S235 was used for all
the samples.
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Table 1 - Distribution of tungsten carbide sizes and solder matrices

Sample S01 Sample S02 Sample S03
Solder matrix WSC 553 - Ni-Cr-B-Si Z-Terradur Ni-Cr-B-Si Durit CS Cu-Ni-Zn
Carbide size 75-38 um 1-2mm 4.7 -6.0 mm
Flux Borax powder

AT T NSNS EERERRREEIRAEPIEIEL e oens om0
Figure 1 Sample surface S01, S02, S03

Figure 2 Macroscopic analysis of samples S01, S02, S03

From the initial evaluation of the surface hardness of individual samples, we can conclude their use in practice.
Due to its smooth surface with the smallest particles of tungsten carbide 75 - 38 um, sample No. SO1 has a
suitable surface for the application on the edges of cellulose disintegrators and screw gears, where there is
increased friction e.g. in the transport of abrasive material. Sample No. S02 with the size of tungsten carbide
1 -2 mm can find a suitable application in the mining equipment. Thanks to higher surface hardness, it helps
to separate material better. Sample No. S03 has the largest tungsten carbide sizes of 4.7 - 6.0 mm, and thus
achieves the highest hardness, so this solder is used for woodworking machines, such as decrusters see
Figure 1, Figure 2.
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4. MICROSTRUCTURE

A further assessment of the samples was carried out by a microstructure evaluation of S01, S02, S03
(Figure 4).

Figure 4 Microstructure of samples S01, S02, S035

5. CHEMICAL ANALYSIS OF SAMPLES S01, S02 AND S03

Sample S01 WC - Solder matrix - WC Sample S02 WC - Solder matrix - WC Sample S03 WC - Solder matrix

g

Cr-KAFe-KA Ni-tCA-BA-KA

\
Ni “2n
GH Fe Cu

Figure 5 Linear analysis of the individual chemical elements of the sample S01, S02, S03

Line chemical analysis on all samples in Figure 5 was measured in the area of transition of tungsten carbide
and solder matrix. From the measured values can be seen different chemical composition caused by partial
dissolution of the tungsten carbide in a matrix of solder at the same time and the change of mechanical
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properties [10,11]. Also in a separate matrix of solder is situated small particles of tungsten carbide, hardened
by the matrix [6].

6. EVALUATION OF RESULTS AND CONCLUSION

From the results of the sample S01 measurement, where the tungsten carbide is embedded in a nickel-based
solder matrix with a size of 75 - 38 um, it can be noted that the hardness of HV0.1 in the matrix is somewhere
around 564 HV0.1 and the microhardness of the tungsten carbide particles is 1440 HV0.1. The macrostructure
shows the uneven distribution of tungsten carbide in the matrix, which is influenced by the technology used.
Chemical analysis proves that the particles of tungsten carbide are small, which affects the overall hardness
and toughness of the solder.

The S02 sample also has a nickel-based solder matrix with embedded tungsten carbide particles of 1 - 2 mm
in size. The hardness of the solder matrix ranged around 473 HV0.1, but tungsten carbide hardness was
around 2383 HVO0.1. In terms of macrostructure, the distribution of tungsten carbide is even. Also, when
evaluating the chemical analysis, it again confirmed small particles of tungsten carbide in the solder matrix.

The differential copper-based solder matrix used in sample S03 contains the largest embedded tungsten
carbide particles with a size of 4.7 - 6.0 mm. The hardness of the solder matrix ranged around 141 HV0.1 and
tungsten carbide of 1470 HVO0.1. The macrostructure shows that grain distribution is not completely uniform.
However, due to the desired roughness, this is desirable for the given use. Evaluation of chemical analysis
shows the stable chemical composition of the solder matrix, which is not affected by tungsten carbide.

Deposition soldering technology using solders in the form of sticks containing embedded tungsten carbides is
suitable for use in a wide range of applications, for which resistance to the abrasive or erosive wear of the
machine part is required, both for renovation and for the construction of new parts with required properties and
durability.

The results of the tests show, in addition to the grain size of tungsten carbide, the actual velocity and the heat
used for deposition soldering has a big influence. At low soldering speed, and thus with greater heat applied,
partial or complete melting of the tungsten carbide grains may occur. This increases the hardness of the matrix
at the points with melted grains of tungsten carbide. As a result, different properties of the applied layer can
be expected, and thus changes in the abrasion resistance and durability of the applied layers.
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