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ABSTRACT

Most of the alloys used as bonding matrix in diachtmols show a high content of cobalt - which idesirable
due to a series of reasons. In the last decadee satempts were made towards the reduction of thedbtent

in these alloys. NEXT 18@lloy (25.2wt%Fe-49.5wt%Cu-24.1wt%Co) by Eurotdegs is an example of it.
Therefore, the development of new alloys for theeaithn of diamonds, based on the introduction obioim
(Nb), to replace Co in ferrous alloys for directeus cutting tools of stone industry and constrmcthas
been great importance — aim of this work. The rlietglowders were hot pressed in a graphite matrix a
35MPa/800°C/3 minutes. In these sintered samptesjas made densification by the Archimedes method,
hardness HRB and SEM to observe the structuratrdifices. The NEXT 100 alloy presented densificatiwh
hardness of 99.559% and 125.5 HBR, repectivelyaRiatg the matrix with 25%Nb the values obtainedwa
97.289% and 90.5 HRB respectively. The NEXT 100vhhdes above the alloy with 25%Nb, with resultsdre
than literature. This may be due to the parametdrsintering and solid solution formation CoFe, peasible
for the hardness of the material. The best demgitin, Next 100 alloy, is related to the amountssent in solid
particles that induce a high strain in Cu which axy increasing the driving force for densificatiamd
consequently the decrease of porosity. This sanehanésm acting on the alloy with 25%Nb, however the
formation of solid solutions is still low in ordés reduce the porosity completely. The microstmectaf metal
matrix NEXT 100 presents practically no porositydicating the effectiveness of sintering in thd Eages,
with presence of Fe and ductile Cu, along with fodid solution CoFe homogeneously distributedhia t
matrix. While the array with 25%Nb shows a microsture with particles rich in Fe and Nb, particles
dispersed in Cu at random and heterogeneous angdréésence of small spherical pores indicates thal tage
and effectiveness of solid state sintering.
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1. INTRODUCTION

The cutting tools for ornamental stones are charaed by presenting as the main part the cutting
elements is its periphery, made of diamond comessitomposed primarily of diamonds embedded in taixma
binder, usually metal. The link between diamondd amatrix should be strong enough for high perforoean
The adhesion between the matrix and the diamomthé determines the microstructural characteristiod
performance of cutting tool to perform well. Thepiragnation of diamond in metal often shows a reacti
between the diamond surface and the matrix. Besidesnechanical bond, a chemical relationship ¢sm lze
formed (Yamaguchi et al., 1997).

The use of diamond cutting tools depends on tli@yabf the matrix to hold the diamonds, and thus
their support for the cutting process. Thus, theiah of certain metals as binder results in highesadbn to the



crystals with diamond tools (Clark e Kamphuis, 20D2I Villar et al., 2001; Oliveira and FilgueiraD07;
Oliveira et al., 2007; Yamaguchi et al., 1997).

The metal alloys used in diamond tools have a bightent of cobalt which is undesirable, desp#e it
high adhesion to the diamond, since it is highlyiccand uneconomical because of its scarcity inviloeld
(Clark e Kamphuis, 2002; Oliveira, 2005). Over {fears some alloys with reduced Co content processehl
as Cobalite HDR, Cobalite CNF, KEEN and NEXT (ClaakKamphuis, 2002; Del Villar et al., 2001;
Eurotungstene, 2005; Kamphuis e Serneels, 200QIDeira et al., 2009).

Therefore, the development of new alloys for thdbesion of diamonds, based on the introduction of
niobium (NDb), to replace Co in ferrous alloys faredt use in cutting tools of stone industry andstouction has
been great importance.

This study aims to evaluate the properties andasiucture of metal matrix NEXT 100 (25.2wt%Fe-
49.5wWt%Cu-24.1wt%Co) and Fe-50wt%Cu-25wt%Nb, fdedause in diamond tools, and information about
their properties are very scarce in the literature.

2. MATERIALSAND METHODS

In this paper, was studied the commercial NEXTaff Fe-Cu-Nb alloys for use in diamond tools with
the chemical composition (wt%):

o 25.2%Fe-49.5%Cu-24.1%Co
e 25%Fe-50%Cu-25%Nb

The sintering of metal powders were performed @dustrial hot pressing by Pyramid, using the
parameters: 35MPa/800°C during 3 minutes. The fieason (bulk density - MEA) was determined usithg
Archimedes method, based on the buoyancy exerois¢de sample during its immersion in a water doeta
coupled to a balance. The calculation of the budksity (MEA) builds on the value of dry mass (DM),
immersed mass (IM) and the saturated mass (SMh@sn in Equation (1).

DM Eq. (1.

MEA=
(SM — IAT)

The measure of hardness Rockwell B (HRB) was pmd in a hardmeter Pantec, RBS model,
applying a load of 62.5 kgf, and 5 indentationsgample.

The metallic matrix were examined by scanningtedecmicroscopy (SEM), SHIMADZU model SSX-
550, using secondary electrons and backscatteredifoostructural analysis.

3. RESULTSAND DISCUSSION

The NEXT 100 alloy presented densification anddhass of 99.559% and 125.5 HBR, repectively.
Regarding lhe matrix with 25%Nb the values obtained was 9722&hd 90.5 HRB respectively. The
NEXT 100 had values above the alloy with 25%Nbhwésults better than literature.

According to the research conducted with the NEXXYD commercial alloy (Del Villar et al. 2001; De
Oliveira et al., 2009), its structure is composdédva phases, ductile rich in Cu and solid solutiach in
Fe(). The presence of CoFe solid solution embedd&tlimatrix, improves the properties of the alloy.

It is known that the main phenomenon of mass pandor densification are basically limited by the
phase rich in Cu. This densification process hasitaportant contributions. First, during the congsien stage,



where due to low stress field of the particles af &d the effect of stress concentration produgedhb
presence of the second hard phase CoFe, while iCaataeve significant plastic deformation and consatly
a relatively high density. Second, during high tenapure pressing, plastic flow for these highhaisted Cu
particles is seen as an important role in the atitim of mechanisms of material based on diffuglmough
agglomeration at grain boundaries (Del Villar et, @001).

Considering the stage of compaction and its imidgein pressing the high temperature, an intergstin
question arises regarding the effect of stressartnation of hard particles CoFe into ductile ph@sefor the
NEXT 100 alloy. The amounts present in solid péticof CoFe induce a high deformation that act by
increasing the driving force for densification. Téfere, the concentration of Cu in the alloys hastranger
effect on densification kinetics than in its stafedeformation, confirmed by the high value of déoation to
NEXT 100 and Fe-Cu-Nb alloysThis may be due to the parameters of sintering soidl solution
formation CoFe, responsible for the hardness ofriagerial.

According to literature, Cobalite HDR (Clark andridphuis, 2002) presented a densification of 98% for
sintering temperatures between 750 and 850°C. ®haltcalternatives alloys, called DIABASE (Fe-Co-8n)
(Weber and Weiss, 2005) sintered in a temperatanger between 780 and 900°C has a density of about
98.5%. While the NEXT 100 alloy (Del Villar et ap01) showed a density of 97% using sintering &natpire
of 720°C.

The best densificatiomNext 100 alloy,is related to the amounts present in solid padithat
induce a high strain in Cu which act by increadimg driving force for densification and consequentl
the decrease of porosity. This same mechanismgaatirthe alloy with 25%Nb, however the formation
of solid solutions is still low in order to reduttee porosity completely.

The density obtained by the NEXT 100 and Fe-Cualilys is associated with the mechanism of mass
transport during pressing at high temperature. Wlhiee quantities present in solid particles of Cofekice a
high strain in Cu which act by increasing the driyiforce for densification and consequently thereiese of
porosity and increased hardness.

The NEXT 100 alloy presented solid solution fonnmatCoFe, responsible for the hardness of
the material. The best densification is relatetheamounts present in solid particles that indubegh
strain in Cu which act by increasing the drivingc for densification and consequently the decrease
of porosity. This same mechanism acting on the 28¥%Nb, however the formation of solid solutions
is still low in order to reduce the porosity contplg.

This can be seen in Figure 1 and 2, where theostizrcture of metal matrix NEXT 100
presents practically no porosity, indicating théeetiveness of sintering in the last stages, with
presence of Fe and ductile Cu, along with the sstdildition CoFe homogeneously distributed in the
matrix. While the array with 25%Nb shows a microsture with regions rich in Fe and Nb, particles
dispersed in Cu at random and heterogeneous angtésence of small spherical pores indicates the
final stage and effectiveness of solid state simger



Figura 2. Fe-Cu-25%Nb matrix observed in BSE, 400x.

4. CONCLUSIONS

NEXT 100 alloy obtained in this work, sintered8@0°C, had a score of densification and hardness th
the Fe-Cu-Nb alloys that is intended to replaceetames mentioned above.

The density obtained by the NEXT 100 na dFe-Cualidy is associated with the mechanism of mass
transport during pressing at high temperature. \&/iee quantities present in solid particles of Cofeice a
high strain in Cu which act by increasing the dviyiforce for densification and consequently therel@se of
porosity and increased hardness.

The microstructure of metal matrix NEXT 100 prdsempractically no porosity, indicating the
effectiveness of sintering in the last stages, wpithsence of Fe and ductile Cu, along with thedssdilution
CoFe homogeneously distributed in the matrix. While array with 25%Nb shows a microstructure with
particles rich in Fe and Nb, particles disperse€inat random and heterogeneous and the presersreatif
spherical pores indicates the final stage and #ffawess of solid state sintering.
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