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CARBIDE PARTICLES 
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Abstract 
Reinforcing metallic matrices with hard phase particles is a simple way to 
increase wear resistance; it is particularly easy through powder 
metallurgy techniques. In the present work, Fe and Fe-C as well as Ni 
matrices were reinforced with fused tungsten carbide particles consisting 
of WC-W2C, the manufacturing route being mixing, pressing and 
sintering. Metallographic and X-ray diffraction studies showed that in 
plain Fe matrix, decarburization of the carbide results in η-carbide shells 
while in Fe-C and in Ni this does not occur, with resulting better bonding 
of the hard phases to the matrix. Wear tests showed that the fused carbide 
reinforcement can be useful in sliding contact against massive wear 
partners, the carbide particles bearing the load, while attack by abrasive 
particles occurs mainly in the matrix, resulting in high plastic 
deformation supported by “washing out” effects and high wear. At 
elevated temperatures, the wear resistant structure is maintained only up 
to about 600°C at least in air, at higher temperatures the hard phases 
being rapidly destroyed by oxidation.  
Keywords: metal matrix composites, fused tungsten carbide, sintering, 
interface reactions, wear  

INTRODUCTION 
Failure of machine parts due to severe wear and tear of functional surfaces is an 

omnipresent problem in industrial practice. Because of the increasing scarcity of resources 
as well as ecological damage through waste, scientists are searching for new wear resistant 
materials and energy- and material-efficient manufacturing methods [1-3]. Iron, nickel or 
cobalt based alloys are often used to protect functional surfaces against wear and tear. The 
amount of primary hard phases (such that can be precipitated from the matrix) in such 
alloys is limited, but their wear properties can be significantly improved by embedding 
different types of admixed hard particles into the alloy matrix. Over the years, materials of 
the fused tungsten carbide (FTC) WC-W2C type have proved to be highly suitable for 
reinforcing such conventional matrix alloys. Their most pronounced advantages are the 
high hardness and the high resistance against heavy abrasion [4, 5]. There are also 
economical and environmental advantages of using such metal matrix composites (MMCs), 
since the raw components for manufacturing of these materials are less expensive and more 
environmentally friendly than those for hardmetals (cemented carbides) [6]. Furthermore, 
the FTCs have a higher deformation capacity compared to tungsten monocarbides [7]. 
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The phases of WC and W2C in FTC are not in a thermodynamic equilibrium with 
the matrix, which leads to a high reactivity of the system [8]. As a result of this reactivity at 
high temperature the hard particles may be partially or completely dissolved in the base 
alloy, which leads to a reduction of matrix ductility as well as loss of wear resistance [5, 10, 
11]. To obtain materials with good wear resistance, the bonding between hard phases and 
the matrix material must be strong, i.e. the former should also be tightly embedded in the 
matrix so that they cannot break out. Furthermore, the hard particles must be dispersed 
homogeneously. 

The goal of this work was to investigate the behaviour of Fe and Ni based alloys 
reinforced with FTC and produced at different manufacturing parameters. Variation of 
sintering temperature as well as of carbon content in Fe based matrix materials was 
performed, and the resulting samples were investigated, with focus on the reactions 
between the FTC particles and the matrix. One primary aim was to study those reactions 
between the phases that lead to the formation of reaction zones with poor wear properties. 
Additionally scaling tests in air at different temperatures were carried out, in order to 
investigate the high temperature behaviour of the samples since for numerous applications, 
wear resistance at elevated temperatures, mostly in air or other oxidizing environment is 
required.  

EXPERIMENTAL PROCEDURES 

Sample Preparation 
The samples were manufactured from three different powder mixtures (see Table 

1). For preparation of Fe based MMCs, carbonyl iron powder (BASF CN type) was used 
and in case of the Fe-C-matrix material an additional amount of 0.8% of natural graphite 
powder (Kropfmühl UF4 type). The Ni based MMCs were produced from carbonyl nickel 
powder (INCO 123 type). In case of all samples fused tungsten carbide powder WC-W2C 
served as a hard phase. [8]. For the investigation of mechanical and chemical properties, 
samples were produced from an FTC powder with near-spherical shape and a particle 
diameter of approx. 150 µm (Fig.1). This powder is obtained through the rotating electrode 
(REP) process, as described e.g. in [9]. The particles consist of WC and W2C phases at a 
ratio of about 30:70. The spherical structure of those particles is very well suited for precise 
characterization of material properties, because of its regular shape. The preparation of the 
samples for wear testing was done from angular shaped FTC powder (Fig.2) with a particle 
size of approx 90 µm and a WC:W2C ratio of about 25:75. This powder, which is produced 
through melting slugs, the ingots obtained then being crushed and sized, is less well suited 
for studying interfacial reactions but is more probable to be used in practice, being 
markedly cheaper than the spherical grade.  

Tab.1. Chemical composition of the MMCs. 

Component [wt.%] Fe C Ni WC-W2C 
Fe-matrix material 80 - - 20 
Fe-C-matrix material 79.2 0.8 - 20 
Ni-matrix material - - 80 20 
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Fig.1. SEM image of spherical FTC powder. 

 
Fig.2. a) Polished angular FTC particle etched with “Murakami” agent. b) SEM image in 

BSE mode of a polished angular FTC particle. 

All samples were uniaxially compacted with a hydraulic press in a pressing tool 
with floating die at a pressure of 300 MPa. The green dimensions are those of impact test 
bars (DIN-ISO 5754): 55 x 10 x 7-8 mm3. The subsequent sintering process took place in 
SiC rod heated electrical furnace with gas-tight superalloy muffle (Kanthal APM). The 
sintering conditions are listed in the table below.  

Tab.2. Sintering parameters. 

Sintering parameter Value 
De-lubrication – Temperature [°C] 600 

De-lubrication – Time [min] 45 
1100 
1150 
1200 

Sintering – Temperature [°C] 

1250 
Isothermal sintering – Time [min] 60 

N2 – gas purity [%] ≥99.999 
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The sintered specimens were then characterized following standard techniques for 
sintered steels. The density was measured using the water displacement method after the 
samples were impregnated with a water-stop spray. Hardness was determined as HV30 on 
an EMCO tester M4U-025. Impact testing was done in the unnotched state, according to 
ISO 5754, using a Wolpert pendulum tester with Wmax = 50 J. The transverse rupture 
strength (TRS) was measured in 3-point bending on a universal testing machine Zwick 
1474, the spacing between support rolls being 25.4 mm and the crosshead speed 1 mm/min. 
Metallographic preparation followed standard routines, care being taken not to close pores 
by too intense polishing. For etching, Nital (MeOH - 3% HNO3) and Murakami’s agent 
(K3Fe(CN)6 + KOH) were used, the latter being particularly suited to reveal η-carbides of 
M6C/M12C type.  

The XRD analyses were carried out in a powder X-ray diffractometer Phillips X-
pert with Cu Kα radiation operating at 40 kV and 40 mA. A continuous scan speed of 
1.2°/min and scan step of 0.02° were used for step scan measurements. The scanning range 
(2 θ) was from 7 to 60°. 

Scaling tests - Methodology 
For the scaling (oxidation) tests the samples were placed in a chamber furnace 

(chamber dimensions 110 x 180 x 110 mm3, volume approx. 2 L) and held at a constant 
temperature for one hour in static air. The set temperatures were 500°C, 600°C, 700°C and 
800°C. The investigation of the surface was done using a scanning electron microscope 
(SEM: FEI Quanta 200, equipped with an energy dispersive X-ray analyzer) in secondary 
electron mode. 

Wear testing - Methodology 
Note: For wear testing only the samples sintered at 1200°C of Fe-C and Ni MMCs 

have been used. 
For characterization of the wear resistance of the material two types of wear 

testing were chosen: 
• Dry sliding wear test was performed on a pin-on-disc tribometer using test bars 

cylindrically turned (diameter 6 mm) at one end and a through hardened ball bearing steel 
100Cr6 (AISI 52100) disc with 60-63 HRC (see also [12, 13]). The testing parameters of 
the performed experiments are listed in Table 3 below. The significant difference in 
sliding distances between the test runs results from the respective material loss; in case of 
Fe-C based materials, the tests were performed for 24 h, in case of Ni based MMCs, 
however, wear was extremely high, so the tests had to be stopped earlier. 

Tab.3. Dry sliding wear testing parameters at room temperature. 

Sample – Matrix 
composition 

Sliding speed 
[m/s] 

Load 
[N] 

Sliding distance 
[m] 

Time 
[h] 

Fe-C matrix 1 2.5 80 216000 24 
Fe-C matrix 2 3.6 80 311040 24 
Ni matrix 1 2.5 40 63000 7 
Ni matrix 2 2.5 80 180 0.02 

 
• A test after ASTM G65 procedure (see e.g. [14]) was carried out on a dry sand rubber 

wheel tribometer with three-body abrasion conditions. The testing parameters of the 
performed experiment are listed in Table 4. 



 Powder Metallurgy Progress, Vol.12 (2012), No 2 88 
 
Tab.4. ASTM G65 dry sand rubber wheel testing parameters. 

Parameter Value 
Normal load 130 N 

Wheel diameter 230 mm 
Rotations p.m. 210 min-1

Relative velocity 2.4 m/s 
Abrasive Silica sand (Ottawa type); 212 – 300 µm 

Sliding distance 4309 m 
Test duration 30 min 

Size of samples 40 mm x 30 mm 
 

RESULTS 

Mechanical properties 
Table 5 shows the results of mechanical characterization of the investigated 

materials. According to the results in Table 5 the samples containing a ductile nickel matrix 
have the highest impact energy. Furthermore, the results suggest that addition of natural 
graphite to a sample decreases the impact energy and also that higher sintering temperature 
has a positive influence on the latter. 

Tab.5. Mechanical properties of the materials at different sintering temperatures. 

Sample – matrix 
composition 

Sintering 
temperature

[°C] 

Density 
[g/cm3]

Porosity
[%] 

Impact 
energy 
[J/cm2]

TRS 
[N/mm2] HV30 C content 

[wt.%] 

Fe matrix material 1 1100 7.34 6.0 5.4±0.5 324±11 64±11 0.79 
Fe matrix material 2 1150 7.80 4.3 13.1±6.0 370±9 85±8 0.77 
Fe matrix material 3 1200 7.71 5.4 18.3±5.3 389±5 95±9 0.80 
Fe matrix material 4 1250 7.84 3.8 17.2±3.1 583±10 91±12 0.75 

Fe-C matrix material 1 1100 7.82 3.8 8.5±1.9 597±15 151±18 1.38 
Fe-C matrix material 2 1150 7.98 3.5 10.3±1.7 641±18 142±19 1.37 
Fe-C matrix material 3 1200 8.19 3.9 14.8±1.6 660±17 144±15 1.35 
Fe-C matrix material 4 1250 8.11 3.3 13.0±0.5 731±14 166±20 1.40 
Ni matrix material 1 1100 8.70 3.5 31.3±0.6 490±8 90±9 - 
Ni matrix material 2 1150 8.79 3.1 32.2±2.7 562±10 96±7 - 
Ni matrix material 3 1200 9.04 2.8 33.8±3.5 523±5 101±11 - 
Ni matrix material 4 1250 9.03 2.8 32.8±4.4 627±9 103±10 - 

 
The measurement of TRS as well as of the hardness showed the best results for Fe-

C based materials, followed by Ni-based samples. Also, increasing sintering temperature 
and addition of carbon have a positive influence on those material properties. 

Sintering effect on interfacial strength 
A slight change of the sintering parameters has a significant influence on the 

sintering activity of the compacted powders, and with it on the bonding strength between 
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the phases. The most influential parameter is the sintering temperature. Figures 3 and 4 
show the fracture surfaces of samples with a Fe-C matrix / Ni matrix, sintered at four 
different temperatures after the impact energy test. After sintering at low temperature, the 
fracture occurs at the interface between FTC particles and the matrix – the region of the 
weakest bonding. At higher sintering temperatures the number of transgranular fractures 
increases, because in this case, the interparticle bonding between the FTC particles and the 
matrix is stronger. Here is once more evident that transgranular failure is not necessarily 
detrimental and is an indicator for brittle behaviour; in particular for sintered materials it is 
frequently marking proper interfacial bonding. 

 

 
Fig.3. SEM image of impact fracture surfaces of Fe-C matrix material, at different sintering 

temperatures. 

 
Fig.4. SEM Image of impact fracture surfaces of Ni matrix material at different sintering 

temperatures. 

Microstructure 
The composition of the microstructure of a material depends on many different 

production parameters. In case of the investigated Fe based MMCs, the amount of carbon in 
the system is essential. Comparison of the samples with plain Fe matrix to those with an 
additional amount of carbon, i.e. steel matrix shows significant differences in the 
appearance of the reaction zone between hard phase and matrix material (Figs.5 and 6). In 
samples with a plain Fe matrix, the reaction zone between FTC and the matrix appears to be 
a thin, gold-brown ring after etching with Murakami etchant. This colour is typical for 
brittle η-carbides (M6C / M12C) and signals a decarburization of the near-surface region due 
to carbon diffusion from the hard phase into the matrix. In case of the Fe-C MMC, the 
occurring reaction zone after etching with Murakami appears as a thick, white ring with 
finely dispersed η-carbide particles within it (Fig.6), i.e. here the reaction zone is not 
primarily formed by η-carbides. This etching step does not necessarily depict the complete 
reaction zone; it only reveals the carbides in the system and with it an important, however 
not the only, part of the zone. 

For further investigation of the diffusion processes and the formation of the 
reaction zone, energy dispersive X-ray (EDX) elemental mappings of the samples were 
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performed. In Fe-C based (carbon rich matrix) materials (Fig.7 b), no diffusion region of 
tungsten into iron and vice versa can be observed, while the (carbon lean) Fe based (Fig.7 
a) as well as the Ni based MMCs (Fig.8) contain an intersection region where both metals 
(iron/nickel and tungsten) are detected. In Fe based MMC the boundaries of the mixed 
phase are clearly defined, indicating a real phase (i.e. the η-carbide), while in the Ni matrix 
the gradual transition indicates a diffusion profile, i.e. W being dissolved in the Ni. Overall, 
it can be said, that the hard phases of (carbon lean) Fe based MMCs undergo stronger 
dissolving effects than carbon rich Fe-C matrix materials. This is in agreement with 
previous studies on W alloyed sintered steels in which it was found that prior to dissolution 
of admixed W particles they are transformed into η-carbide [15, 16]. The phase diagram C-
Fe-W given in [17] also suggests that low carbon Fe is in equilibrium with M6C while a 
high carbon matrix is in equilibrium with WC (a similar relationship has been established 
for Mo, see [18, 19]). The high tungsten content in the reaction zone of samples with a 
plain Fe matrix is a result of this strong dissolution. The reaction zone between the hard 
phase and the Fe-C matrix material is wide, but the tungsten content is not that different 
from that in the core carbide (Fig.7 b), leading to the conclusion that those FTC particles 
experience less pronounced dissolution. Judging by the reaction zone between the FTC and 
the matrix in Ni based materials, this latter system could be described as the most reactive 
one. 

 

  
Fig.5. Fe based MMC sintered at 1150°C, 

etched with Murakami. 
Fig.6. Fe-C based MMC sintered at 1150°C, 

etched with Murakami. 
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Fig.7. Element mapping of a) Fe based MMC and b) Fe-C based MMC sintered at 1150°C. 

 
Fig.8. Element mapping of Ni based MMC sintered at 1150°C. 

Another important production parameter with a pronounced influence on the 
appearance of the reaction zone is the sintering temperature, as clearly visible from Figs.9, 
10. The XRD analysis of Fe based MMCs shows that the occurring phases are the same at 
all sintering temperatures; the only thing that changes is the intensity of the reflections (as 
shown below in Fig.11). Increasing the sintering temperature leads to a higher amount of η-
carbides and cementite. In Fe-C MMCs the occurring phases are the same too, but their 
percentage is changed (Fig.12). With increasing sintering temperature of such carbon rich 
Fe-C MMCs, the intensity of the WC-reflexes is increased at the expense of the W2C-
reflexes, apparently because of the formation of WC out of W2C. The amount of finely 
dispersed η-carbides and cementite grows too, indicating diffusion of some Fe into the hard 
phase particles and not only of C. This tendency was also observed in the metallographic 
sections (Fig.9).  

In case of Ni based MMCs, the microstructure of the etched reaction zone between 
the hard phase and the matrix material appears to be similar to that of Fe-C MMCs (Fig.10). 
It consists of a white ring that is not affected by etching with Murakami, i.e. η-carbides are 
not present. The XRD analysis shows (Fig.13), similar to Fe-C matrix materials, that an 
increasing sintering temperature leads to formation of more and more WC out of W2C, 
leaving a tungsten rich reaction zone ring in the Ni matrix around the hard phase particles 
(Fig.8) and a lower amount of W2C (compare to Fig.12). 
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Fig.9. Fe-C based MMC at different sintering temperatures, etched with Murakami. 

 
Fig.10. Ni based MMC at different sintering temperatures, etched with Murakami. 

 

 
Fig.11. XRD patterns of Fe-based MMCs at all four sintering temperatures. 

 
Fig.12. XRD patterns of Fe-C based MMCs at all four sintering temperatures. 
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Fig.13. XRD patterns of Ni based MMCs at all four sintering temperatures. 

Scaling tests 
The performed scaling tests clearly show that the material is chemically unstable 

in air at high temperatures.  
The mass change per mm2 exposed surface of all samples at different scaling 

temperatures is shown in Table 6. The oxidation of Fe and Fe-C based matrix materials did 
not show any significant differences between them. The Ni-based matrix materials barely 
showed any mass gain at all. 

Tab.6. Mass change during scaling tests. 

Sample – matrix 
composition 

Sintering 
temperatu

re [°C] 

Mass change  
[% per mm2] 

T=500°C 

Mass 
change  
[% per 
mm2] 

T=600°C

Mass 
change  
[% per 
mm2] 

T=700°C 

Mass 
change 
[% per 
mm2] 

T=800°C 
Fe matrix material 1 1100 1.13E-03 6.32E-04 3.28E-04 9.77E-04 
Fe matrix material 2 1150 6.05E-05 1.62E-04 3.19E-04 7.72E-04 
Fe matrix material 3 1200 1.78E-04 1.20E-04 2.12E-04 5.02E-04 
Fe matrix material 4 1250 2.31E-04 1.49E-04 2.27E-04 7.16E-04 

Fe-C matrix material 1 1100 3.74E-04 2.59E-04 1.57E-04 7.56E-04 
Fe-C matrix material 2 1150 7.96E-05 1.31E-04 1.86E-04 5.10E-04 
Fe-C matrix material 3 1200 5.53E-05 1.14E-04 1.87E-04 8.09E-04 
Fe-C matrix material 4 1250 4.41E-05 9.42E-05 1.73E-04 7.36E-04 
Ni matrix material 1 1100 7.82E-05 2.84E-04 8.41E-05 3.98E-05 
Ni matrix material 2 1150 5.30E-06 2.61E-05 7.21E-05 9.09E-05 
Ni matrix material 3 1200 4.21E-06 1.33E-05 5.90E-05 1.04E-04 
Ni matrix material 4 1250 2.95E-06 1.14E-05 4.86E-05 7.60E-05 
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In case of FTC particles it is observed that very pronounced oxidation occurs at 
temperatures of 700°C and above (Fig.14), this effect was found for all materials 
investigated, regardless of the matrix. Since the wear resistant hard phases are thus 
destroyed, poor wear resistance must be predicted. Therefore these materials cannot be used 
in air at temperatures higher than 600°C. In the area of FTC spheres at a test temperature of 
700°C, rod and cabbage shaped oxides are formed (Fig.14). Because of their yellow colour 
the oxides are identified as WO3 [20].  

Furthermore, also the Fe and Fe-C based matrix regions exhibit a low chemical 
stability at all tested temperatures. This can be observed from the nail shaped oxide layer on 
their surface and its growth with increasing scaling test temperature (Figs.15 and 16). Ni 
based matrix region proved to be stable at all testing temperatures (Fig.17), but since also 
the Ni based MMCs suffer from the FTC degradation, the higher chemical stability of the 
matrix material is of limited use here. 

 

  
Fig.14. SEM image of Fe-C MMC surfaces 
with focus on FTC region after scaling test 

at different temperatures. 

Fig.15. SEM image of Fe-C MMC surface 
with focus on matrix region after scaling test 

at different temperatures. 

  
Fig.16. SEM image of Fe MMC surface 
with focus on matrix region after scaling 

test at different temperatures. 

Fig.17. SEM image of Ni MMC surface 
with focus on matrix region after scaling test 

at different temperatures. 
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Wear testing 
The pin-on-disc test revealed the dominant sliding wear mechanisms occurring in 

the investigated systems. In case of Fe based materials, the sliding speed showed to exert a 
crucial influence on the nature of wear processes; while a change of the load did not have 
such a pronounced influence on the wear behaviour. Samples tested at lower sliding speed 
have a rougher surface with some pitting areas (Fig.18 a), caused by delamination 
processes. The debris consists of large flakes and platelets, produced by delamination [21], 
covered with fine oxides (Fig.18 b). Samples tested at higher sliding speed have a much 
smoother surface structure covered with narrow ploughing grooves (Fig.18 c). In this case, 
the debris also consists of delaminated flakes and oxide particles (Fig.18 d), but those 
particles are smaller than the debris of samples tested at lower sliding speed. 

Ni based samples showed a significantly higher sensitivity to sliding wear and in 
general lower wear resistance. At lower load, the most dominant wear mechanism is 
delamination (Figs.19 a, b), while at higher load severe adhesion and even seizure of the 
material dominate the wear process, massive metallic flakes forming the debris (Fig.19 c, 
d). 

A change of sliding speed did not have a significant influence on the wear of the 
sample in this case. 

 

 
Fig.18. Worn surface of an Fe-C based 

MMC after test at 80 N and a) 2.5 m/s c) 3.6 
m/s. Debris after test at 80 N and b) 2.5 m/s 

d) 3.6 m/s. 

Fig.19. Worn surface of an Ni based MMC 
after test at 2.5 m/s and a) 40 N c) 80 N. 

Debris after test at 2.5 m/s and b) 40 N d) 
80 N. 

The testing conditions for the pin-on-disc runs as well as the calculated wear and 
friction values are summarized in the Table 7. In case of Fe-C based MMCs the resulting 
wear coefficients are rather low and in the range between mild and severe wear [22]. The 
wear coefficients and with that the “instability” of the Ni based material proved to be 
almost 6000 times as high as that of Fe based materials, indicating poor suitability of these 
materials in dry sliding, at least at room temperature. In all cases however the wear 
coefficients were still lower than those given for unreinforced sintered carbon steels e.g. in 
[23, 24], which indicates that the addition of FTC positively affects the wear resistance. 



 Powder Metallurgy Progress, Vol.12 (2012), No 2 96 
 
Tab.7. Sliding wear (pin-on-disc): testing condition and results. 

Sample – Matrix 
composition 

Sliding speed 
[m/s] 

Load 
[N] 

Wear coefficient 
[mm3/N.m] 

Wear rate 
[mm3/m] 

Fe-C matrix material 1 2.5 80 1.38E-06 1.10E-04 
Fe-C matrix material 2 3.6 80 2.05E-06 1.63E-04 
Ni matrix material 1 2.5 40 2.56E-05 1.05E-03 
Ni matrix material 2 2.5 80 8.09E-03 6.44E-01 

 
Dry sand rubber wheel test ASTM G65 was performed in order to characterize the 

wear properties of the samples in abrasive environment. The matrix material of both Fe-C 
and Ni based MMCs shows similar characteristics – In both cases the main wear 
mechanism is a strong deformation of the plastic matrix material with ploughing and 
“washing out” effects, while the FTC particles still hold on and do not break out of the 
material. Only in case of Fe-C based MMCs parts of the reaction zone between the FTC 
particles and the matrix are preserved (Fig.20 c - white rough regions). In the sample with a 
Ni based matrix, the reaction zone is gone after the wear test, and only the original FTC 
particles are preserved (Fig.20 d). Apparently the reaction zone formed during the sintering 
of Fe-C based material is more stable against abrasive wear than that of the reaction zone 
between FTC and a Ni based matrix. This correlates with microhardness measurements: the 
reaction zone of Fe based samples was measured as approx 1500 HV 0.1 and the reaction 
zone of Ni based samples as approx. 1200. 

 

 
Fig.20. SEM images of the worn surface of a Fe-C based material in a) SE mode, c) BSE 

mode. Ni-based material in b) SE mode, d) BSE mode. 

Table 8 shows the calculated wear rates for the tested samples. The low wear 
resistance results from the soft matrix, which leads to higher abrasive attack, preferentially 
on the matrix and with that to severe wear of the material. 

Tab.8. Abrasive wear: wear rates. 

Sample – matrix composition Wear rate [mm3/m] 
Fe-C matrix material 2.95E-02 
Ni matrix material 3.67E-02 
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CONCLUSIONS 
In iron, steel and Ni based MMCs reinforced with fused tungsten carbide (FTC) 

the properties of the reaction zone between FTC and matrix material strongly depend on the 
manufacturing process. The amount of carbon in the system as well as the sintering 
temperature exert a crucial influence on the composition of the reaction zone. Increasing 
the sintering temperature leads to a better bonding between hard phases and matrix, but it 
also leads to stronger dissolution of FTC particles. An additional amount of carbon in iron 
based MMCs diminishes the amount of hard phase dissolution and improves the 
mechanical properties, such as hardness and TRS. In dry sliding contact at room 
temperature, the Fe-C based MMCs prove to be superior to the Ni based type, the latter 
suffering from heavy adhesive wear effects. When exposed to abrasive particles in 3-body 
abrasive conditions, the wear resistance of such Fe and Ni based MMCs does not reach 
high levels due to the soft matrix which is rapidly removed. The reaction zone of Fe based 
materials shows a higher resistance against abrasion than the reaction zone of Ni based 
materials. Generally, this type of MMCs is not suitable for applications in air at 
temperatures higher than 600°C, because of strong oxidation of the hard phase, with iron 
based materials also of the matrix. 
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