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a  b  s  t  r  a  c  t

Phase  stability  diagrams  for the  carbothermal  reduction  of a  mixture  of  TiO2 and  WO3 at  1500  K
were  constructed  as  a  function  of  the  carbon  activity,  oxygen  pressure  and  characteristics  of  solu-
tion  formation.  Through  this,  it was  found  that  the  stable  domains  of carbides/carbonitrides,  including
(Ti,W)C/(Ti,W)(CN),  are  larger  than  the  phases  that  are  formed  when  solid-solution  phases  are  not con-
sidered  due  to  their  greater  stability.  The  use  of a nitrogen  atmosphere  instead  of  vacuum  expanded  the
stable domains  of  the  solid-solution  phases,  indicating  that  they  are  made  more  stable  under  these  condi-
tions. Using  these  stability  diagrams,  the  reaction  sequence  of carbothermal  reduction  can  be predicted,
and  so  this  study  can  provide  a guideline  for preparing  tougher  carbide/carbonitride  (Ti,W)C/(Ti,W)(CN)
phases  from  TiO2/WO3 mixtures.

©  2016  Published  by  Elsevier  Ltd.

1. Introduction

Cutting tools are generally fabricated by sintering mixtures of carbide/carbonitride and metallic phases [1,2], as they require a high
hardness for machinability in combination with a high fracture toughness to extend the tool’s cutting lifetime [1–3]. In other words, a
cutting tool can only be used in for a wide range of machining and a long time if the material from which it is made is both hard and tough.
Of the various materials that have been used, Ti carbide/carbonitride–Ni/Co composites are usually preferred for finishing work because of
the high hardness, excellent wear resistance, and chemical stability provided by the Ti carbide/carbonitride [1,3–5]. However, the relatively
low toughness of titanium carbide/carbonitride–Ni/Co compared to WC Co currently limits its use to this particular machining process.
Many studies have therefore looked into ways in which the low toughness of titanium carbide/carbonitride–Ni/Co can be improved [4–9].

It is widely known that the introduction of solid–solution type carbides/carbonitrides into a titanium carbide/carbonitride–Ni/Co
composite is a very effective way of improving its inherently low toughness [6–9]. This has, for example, resulted in improved mechan-
ical properties (Hv: 12–13 GPa; KIC: 10–12 MPa·m1/2) in (Ti,W)C/(Ti,W)(CN)–Ni/Co when compared to conventional Ti(CN)–WC–Ni (Hv:
∼12 GPa; KIC: 6–7 MPa  m1/2) [6]. In these previous studies, solid–solution type carbides/carbonitrides were obtained through high–energy
milling of a mixture of oxides and carbon, followed by heat–treatment in vacuum or nitrogen [6–9]. This heat–treatment induces a car-
bothermal reduction of the oxides that forms single–phase carbides/carbonitrides, which are subsequently changed to a solid–solution
type by reactions between them [10]. This makes the phase stability of the solid–solution carbides/carbonitrides during heat–treatment
an important issue, because it determines the conditions needed for synthesis at a given temperature (e.g., the carbon content, oxygen
partial pressure, and nitrogen partial pressure).

The likelihood of solid–solution carbides/carbonitrides separating is known to be sensitive to changes in carbon content, oxygen partial
pressure, nitrogen partial pressure and temperature [11–16]. As such, the change in the phase stability domains of the solid–solution
carbides/carbonitrides with different processing parameters needs to be understood to determine the optimal synthesis conditions. Pre-
vious reports have thermodynamically calculated the stability domain of Ti(CN) during the carburization/nitridation of titanium and the
carbothermal reduction of titanium oxide [16,17], from which the phase stability diagram of the Ti–TiC–TiN–Ti(CN) system at 1673 K was
constructed as a function of carbon activity, nitrogen pressure and the characteristics of solid solution formation [16]. This made it possible
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to determine the conditions needed for stable Ti(CN) formation, and a stability diagram for TiO2–Ti3O5–Ti2O3–TiC/Ti(CN) during reduction
was also constructed from thermodynamic calculations [17]. Through these studies, the conditions needed for the formation of TiC/Ti(CN)
via the carburization/nitridation of titanium and carbothermal reduction of titanium oxide are now known, and the sequence of the latter
reaction was verified through the construction of a phase diagram for TiO2–Ti3O5–Ti2O3–TiC/Ti(CN) at 1673 K.

Although the mechanical properties of titanium carbide/carbonitride–Ni/Co have been enhanced by replacing TiC/Ti(CN) with
solid–solution carbides/carbonitrides, (Ti,M)C/(Ti,M)(CN), the absence of phase domains for these solid–solution carbides/carbonitrides has
made it impossible to determine the conditions needed for their preparation. This is further exacerbated by the fact that this is intrinsically
different to a simple TiC/Ti(CN) system. This study therefore aims to construct thermodynamic stability diagrams for the Ti–W–C–O–N
system based on the Standard Gibbs free energy of formation for stoichiometric (Ti,W)C/(Ti,W)(CN) phases with various Ti:W and C:N
ratios that were obtained in a previous study [18]. The stability domains are then constructed with respect to the carbon activity and
oxygen partial pressure; and using these, the ideal conditions for the synthesis of stoichiometric (Ti,W)C/(Ti,W)(CN) via the carbothermal
reduction of a mixture of TiO2 and WO3 in vacuum or a nitrogen atmosphere are evaluated. The effect of W content and N2 partial pressure
on the stability of the (Ti,W)C/(Ti,W)(CN) phases is also investigated using the constructed phase diagrams.

2. Results and discussion

2.1. Equilibrium conditions for Ti–W–C–O–N at 1500 K (No formation of (Ti,W)C/(Ti,W)(CN))

(1) In vacuum
If there is no interaction between Ti and W during the carbothermal reduction of a mixture of TiO2 and WO3 in vacuum, then the phase

stability diagram of the Ti–W–C–O system can be obtained through a combination of the phase stability diagrams of Ti–C–O and W–C–O
shown in Fig. 1(a) and (b), respectively. The equilibrium lines between each phase were calculated on the basis of the Standard Gibbs free
energies of formation for oxides and carbides [19], which in the case of the Ti–C–O system were as follows:
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T = −RTlnP0.5
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Titanium oxycarbide phase is not considered in the Ti–C–O system because the activities of the solid solutions between TiC and TiO
demonstrated a positive deviation from the ideal solution behavior suggesting that the Ti(CO) phase is not stable [20].

The equilibrium lines for the W–C–O system were obtained using:
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T − �Gf,WO2.96

T = −RTlnP0.02
O2

WO2.9 + 0.03O2 = WO2.96, �Gf,WO2.96
T − �Gf,WO2.9

T = −RTlnP0.03
O2

WO2.72 + 0.09O2 = WO2.9, �Gf,WO2.9
T − �Gf,WO2.72

T = −RTlnP0.09
O2

WO2 + 0.36O2 = WO2.72, �Gf,WO2
T − �Gf,WO2.72

T = −RTlnP0.36
O2

W + O2 = WO2, �Gf,WO2
T = −RTlnPO2

WO2.72 + C = WC + 1.36O2, �Gf,WC
T − �Gf,WO2.72

T = −RT
(

lnP1.36
O2

− lnaC
)

WO2 + C = WC + O2, �Gf,WC
T − �Gf,WO2

T = −RT
(

lnPO2 − lnaC
)

dx.doi.org/10.1016/j.jeurceramsoc.2016.11.008


Download English Version:

https://daneshyari.com/en/article/5440660

Download Persian Version:

https://daneshyari.com/article/5440660

Daneshyari.com

https://daneshyari.com/en/article/5440660
https://daneshyari.com/article/5440660
https://daneshyari.com

