THE EFFECT OF Nb, Mo, Cr AND Ti AS MATRIX ELEMENTS IN WC-6Co HARD METAL
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ABSTRACT

The present work is a comparative study of hard metals obtained from a commercial WC-6% Co composite by adding 1wt.% of the elements Nb, Ti, Cr and Mo, respectively. The powder metallurgical production process of these compositions was studied monitoring the process parameters green density, sintered density, shrinkage and hardness. The sintering temperature of 1450°C was adequate for WC-6Co, WC-6Co-Nb and WC-6Co-Mo. Potentiodynamic tests in H2SO4 showed that WC-6Co-Ti has the best corrosion resistance. 
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INTRODUCTION 

A hard metal is a composite material which consists of a hard phase embedded in a ductile binder phase. The most common composition is tungsten carbide (WC) in a cobalt or nickel matrix (1).

Hard metals are widely used as tools for metal cutting operations (2). For other industrial applications, such as seal rings and valves, sufficient corrosion resistance of the hard metal is essential.

The mechanical properties of WC/Co hard metal depend critically on its composition, microstructure, and the chemical purity of the carbide. In general, decreasing WC particle size improves mechanical properties such as hardness, wear resistance, and even transverse rupture strength of the composite (4). The addition of small quantities of other carbide forming elements, such as Ti, Ta, V, Nb, Cr has the function to inhibit WC grain growth during sintering. WC dissolves in the Co matrix during sintering and precipitates again at other carbide particles during cooling. In this way particle coarsening occurs since small carbides dissolve preferentially and reprecipitate at greater particles (3). Grain growth is also believed to occur by grain boundary migration.

Increasing the volume fraction of Co increases the fracture toughness at the expense of hardness and wear resistance (4). Co possesses a very good wettability of tungsten carbide in the liquid phase. Commercial hard metals have a Co content between 3 and 25 wt% (3). For applications in aggressive environments modifications of the binder phase are made in order to improve the corrosion resistance. In contact with the nobler carbide phase the binder is the part of the hard metal which dissolves preferentially. To improve the binder resistance, Ni has been used as binder, as well as the addition to Co of elements like Cr, Nb, Mo, Ti, i.e., elements which are known to improve corrosion resistance of ferrous alloys, which form carbides, leaving less binder phase which can be attacked or which are very resistant as pure elements and promote the formation of protective oxides. 

The present work starts from a commercial WC-6Co powder and studies the effect of the addition of 1% elementary powder of Nb, Ti, Cr and Mo, respectively, monitoring the powder metallurgical production process: characterization of the raw materials, mixed components, compacted green samples and sintered hard metals. Moreover, the corrosion resistance was testes by voltammetric curves in H2SO4.

MATERIALS AND METHODS

Commercial WC-6%Co powder with purity of 99% and granulometry of -325 Mesh was delivered by Alfa Aesar. In order to obtain the other composites the commercial powder was mixed with the appropriate quantity of the pure Co, Nb, Mo, Cr and Ti metal powders, respectively (Table 1).


Table 1: Chemical composition of the WC-6Co powder composites.

	Element (wt.%)
	WC
	Co
	Nb
	Mo
	Cr
	Ti

	WC-6Co
	94
	6
	-
	-
	-
	-

	WC-6Co-Nb
	93
	6
	1
	-
	-
	-

	WC-6Co-Mo
	93
	6
	-
	1
	-
	-

	WC-6Co-Cr
	93
	6
	-
	-
	1
	-

	WC-6Co-Ti
	93
	6
	-
	-
	-
	1


The powder mixtures were first put in an attritor mill and mixed for one hour at 100 rpm in ethylic alcohol under argon atmosphere. Then the powder mixture of each alloy, with the addition of 1.5wt% zinc stearate as lubricant, was homogenized during 15 min in a Y-mixer rotating at 24 rpm. After mixing the powders were pressed in a cylindrical matrix with a compacting pressure of 200 MPa.
Sintering under pure argon atmosphere consisted of heating with an average rate of 12oC/min up to the sintering temperature of 1450°C, holding the sintering temperature during 45 min and cooling at an average rate of 9.5° C/min. 

 The density of the green and the sintered sampled was determined by Archimedes’ method. The sintered samples were polished with diamond paste and subsequently etched. The micro-hardness of the sintered samples was measured. Scanning electron microscopy was used to examine the powder raw materials as well as the sintered samples. Electrochemical measurements were made with a conventional three-electrode-arrangement with 0.5M H2SO4 as electrolyte in an open cell. Potentiodynamic tests were performed with a scan rate of 30mV/min.

RESULTS AND DISCUSSION

RAW MATERIALS: Fig. 1 shows the particles of the commercial WC-6Co powder. Most particles possess a diameter between 1 to 5µm and form agglomerates of 10 to 20µm.

Elementary powders which were added to WC-6Co are varying strongly in their particles size and tendency to agglomeration (Fig.2a-d). Nb powder (Fig.2a) is very coarse, with particles of over 50µm. Cr (Fig.2c) has small particles of 1-2µm, but with a strong tendency to form big agglomerates. Mo (Fig.2b) and Ti (Fig.2d) particles are mostly smaller than 5µm and are also agglomerated.
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Figure 1 - Powder particles of commercial WC-6Co
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	Figure 2: Elementary powder particles of a) Nb;  b) Mo c) Cr and d) Ti.


POWDER PROCESSING Fig.3 shows the powder mixtures of WC–6Co with 1% elementary Cr powder. As in the case of the mixtures with Nb, Mo and Ti, respectively, it is not possible to distinguish the particles of the commercial hard metal from the added elementary powder particles.
Table 2 summarizes the values of green density obtained with a compaction pressure of 200 MPa. Hard metals with addition of elementary Nb, Mo, Cr and Ti powder had slightly higher density due to the higher content of ductile metal powders. In all cases the green density was sufficiently high to handle the samples.  Values were comparable to those used during industrial production. After sintering at 1450°C densities of the samples were measured, using Archimedes' principle according to MPIF-95 standard. 
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Figure 3 - Particles of WC -6Co-1Cr powder mixture

Table 2 – Density, shrinkage and hardness of hard metals

	Composite
	Green density (g/cm3)
	Sintered density (g/cm3)
	Relative

Density

(%) 
	Volumetric shrinkage (%)
	Hardness

(HV 500)

	WC-6Co
	7.91
	14.75
	99.00
	45.90
	1685 ± 20

	WC-6Co-Nb
	8.16
	14.30
	96.45
	43.08
	1603 ± 105

	WC-6Co-Mo
	8.27
	13.90
	93.60
	40.60
	1226 ± 148

	WC-6Co-Cr
	8.51
	13.78
	93.00
	38.46
	1602 ± 180

	WC-6Co-Ti
	8.37
	12.93
	87.40
	34.74
	1504 ± 104


The commercial WC-6Co composite showed the highest relative density of 99%. Only WC-6Co-Nb came close to this result. The WC-6Co-Ti composite had the worst relative density with only 87.40% (Fig.4). All the hard metals modified with elementary powders had a lower hardness than WC-6Co, as could be expected due to the higher binder content. Compared with the other composites WC-6Co-Mo showed a surprisingly low hardness, although the volumetric shrinkage is over 40%, indicating that the sintering temperature of 1450°C was adequate for this material. WC-6Co-Cr reached the same relative density as WC-6Co-Mo, however the hardness of WC-6Co-Cr is about 30% higher. The results probably show that the good wettability of Mo has led to considerable grain growth, thus lowering the hardness of WC-6Co-Mo. The WC-6Co-Ti hard metal reached the lowest relative density of 87.40% and also the lowest volumetric shrinkage of 34.74%. The hardness is about 11% lower that that of the commercial WC-6Co material. The combination of these results indicates that the sintering temperature of 1450°C was obviously below the necessary value for WC-6Co-Ti.
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Figure 4: Sintered sample of WC-6Co
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	Figure 5: a) WC-6Co-1Nb; b)- WC-6Co-1Mo; c) WC-6Co-1Cr; d) WC-6Co-1Ti


Fig.4 and Fig.5a-5d show SEM pictures of the sintered samples. In the commercial WC-6Co material (Fig.4) lakes of Co are surrounding the WC particles. This can also be observed in the case of WC-6Co-Mo (Fig.5b), but not in the case of WC-6Co-Nb (Fig.5a), although the other properties of WC-6Co-Nb were rather close to the commercial material. No clear differentiation of the microstructure was possible in the case of WC-6Co-Cr (Fig.5c) and WC-6Co-Ti (Fig.5d).

ELECTROCHEMICAL BEHAVIOR Fig.6 compares the potentiodynamic polarization curves of the five hard metals in aerated solution of 0.5 M H2SO4. The five materials show rather similar cathodic curves, with slightly lower value for WC-6Co-Nb and WC-6Co-Ti. The anodic curves consist of active potential region, passive or pseudo-passive region and transpassive dissolution. The most remarkable observation is that the anodic curve of WC-6Co-Ti is about two orders of magnitude lower than the other hard metals. WC-6Co-Ti showed the best corrosion resistance despite of its rather low relative density of 87.40% which could be detrimental to corrosion resistance. WC-6Co-Ti had the highest corrosion potential and the lowest corrosion current density determined by Tafel extrapolation (Table 3). Among the other hard metals, WC-6Co-Cr had the lowest corrosion current density and also a lower current density in the pseudo-passive range. In comparison with the WC-6Co all hard metals with additional elementary metal powder showed a lower corrosion current density, when determined by Tafel extrapolation (Table 3).
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                   Figure 6: Potentiodynamic curves of hard metals as a function of binder.

Table 3: Electrochemical Parameters 

	Sample
	Ecorr (V)
	Icorr (A/cm2)

	1
	-0.33
	1.32.10-4

	2
	-0.33
	1.56.10-5

	3
	-0.32
	5.67.10-5

	4
	-0.31
	2.96.10-5

	5
	-0.28
	8.31.10-6


CONCLUSIONS

Density, shrinkage and hardness of the sintered materials showed that by the chosen powder processing and sintering procedure the best mechanical properties among the tested materials are obtained for the commercial WC-6Co hard metal.
Volumetric shrinkage during sintering was satisfactory, i.e., between 40% and 50%, for WC-6Co, WC-6Co-Nb and WC-6Co-Mo. The lower values for WC-6Co-Cr and WC-6Co-Ti mean that sintering temperature and duration have to be further optimized for these two materials.

The present study demonstrates that the sintering curve corresponded satisfactorily due to the results of shrinkage and sintered density. The percentage of metal added to the commercial composite carbide WC-6Co is low because of the metal identification in the powders micrograph under MEV.
Among the elemental powders added to WC-6Co, Mo showed the best wettability. As a consequence a lower hardness of WC-6Co-Mo was observed due to accelerated grain growth at the sintering temperature.

            Potentiodynamic test in sulfuric acid revealed WC-6Co-Ti as the hard metal with the best corrosion resistance. For all hard metals with addition of elementary metal powder the corrosion current densities obtained by Tafel extrapolation were lower than that of the commercial WC-6Co hard metal.
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