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Abstract: The crystal structure and thermal properties of TiNbCN coatings were investigated in this
research work. Structural investigations conducted using X-ray diffraction revealed that the crystal
structure of this coating conforms to cubic phase group symmetry under normal conditions and at room
temperature. Thermophysical investigations determined that thermal transitions in the TINbCN coating
occur through complex mechanisms. Analysis of the DSC (Differential Scanning Calorimetry) spectra
Kinetics revealed rapid decomposition below T<50 °C, weak decomposition below T<270 °C, and rapid
decomposition above T<600 °C. Furthermore, it was determined from the DSC kinetics that a phase
transition occurs at a temperature of 565 °C.
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1. Introduction

In recent years, significant research efforts have been dedicated to nitride-based coatings,
encompassing various types such as TiN, ZrN, TiSiN, ZrSiN, ZrTiN, ZrNbN, and ZrTiSiN.
These investigations have given particular attention to the assessment of their mechanical and
elastic properties, residual stress levels, corrosion resistance, and thermal stability [1-3].
Furthermore, carbide coatings, including TiC, TiSiC, TiZrC, TiNbC, and TiSiZrC, have
displayed enhanced tribological performance attributed to the incorporation of amorphous
carbon (a-C) acting as a solid lubricant. Additionally, these coatings exhibit favorable electrical
characteristics and resistance to oxidation [4]. Noteworthy are studies conducted by Chang et al.,
underscoring the substantial impact of carbon content on the mechanical and wear properties of
TiSiC coatings synthesized via cathodic arc evaporation. Elevated acetylene flow rates result in
diminished friction coefficients [5-6]. Comparing coatings fabricated through physical vapor
deposition (PVD) methods reveals widespread utilization of carbonitrides in applications
demanding mechanical, tribological, and oxidation resistance. These coatings feature a
"perfectly” mixed C and N in a f.c.c structure, combining the optimal characteristics of both
parent components, carbide, and nitride. Notably, TiCN coatings exemplify superior mechanical
resistance and thermal stability when contrasted with standalone TiC and TiN coatings. This
results from the amalgamation of the high ductility and high melting point of TiC, coupled with
the superior adhesion strength and low internal stress of TiN [7]. Furthermore, various
configurations are available for carbonitrides, including monolayer, multilayer, or graded
structures, offering precise control over structure and composition, leading to adjustable
properties [8]. Among carbonitrides, ternary coatings containing a single transition metal, such
as TiCN, ZrCN, NbCN, or CrCN, find extensive use in industrial applications [9]. Despite the
regular commercial availability of TiCN and CrCN, ongoing extensive research is essential. In
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recent years, a novel generation of carbonitrides has emerged by incorporating various metallic
and/or non-metallic elements into the basic ternary matrix. Constantin et al. demonstrated that
introducing small amounts of Zr, Nb, or Si into TiZrCN, TiNbCN, and TiSiCN systems results in
decreased stress and increased adhesion. Furthermore, corrosion processes of high-speed steel in
aggressive NaCl environments were significantly improved [10]. To date, complex Ti
carbonitride coatings prepared via PVD, incorporating alloying elements such as Cr and/or Si,
have been explored in structures like TICrCN, TiSiCN, TiCrNbCN, TiAISICN, TiCrSiCN, and
TiNbCN, revealing their superior properties for diverse applications. Ensuring high oxidation
resistance in Ti (C, N)-based cermets, especially around 900 °C, is crucial for applications like
high-speed dry cutting. This imperative arises from the susceptibility to oxidation and
subsequent tool failure during the cutting process [11-12]. At elevated temperatures, oxygen
diffusion on the tool material's surface initiates a series of oxidation reactions, resulting in the
formation of a loosely adherent oxide layer. This newly formed oxide layer in Ti (C, N)-based
cermets compromises the strength and hardness of cermet tools, exacerbating wear and tool
failure, and diminishing the stability and lifespan of the tools during cutting [13]. Significant
efforts have been invested in enhancing the oxidation resistance of cermet cutting tools. Notably,
the incorporation of Ta in Ti (C, N)-based cermets reduces the thickness of the oxide layer while
enhancing its density. This serves to decelerate the diffusion rate of oxygen atoms at elevated
temperatures, thereby improving the oxidation resistance of Ti (C, N)-based cermets [14].

2. Experimental methods

The crystal structure, phase composition, texture, and grain size of the coatings were
determined through X-ray diffraction (XRD) analysis. A Rigaku SmartLab diffractometer with
Cu Ko radiation (wavelength of 1.5405 nm) was utilized in a /20 geometry range of 30-80° with
a step size of 0.02°/min, and an incident angle of 3°. Texture and crystallite sizes were calculated
based on XRD peak widths using Rietveld analysis [15-22]. The DSC measurements were
carried out using the DSC3 STARe Systems manufactured by METTLER TOLEDO. The
standard adiabatic calorimetry was performed in the temperature range of 300 K up to 1000 K at
a heating rate of 5 K/min in an argon atmosphere at a flow rate (20 mL/min) and which was
previously calibrated with indium. The cooling process was achieved with the help of the
NITROGEN UN 1977 REFRIGERATED LIQUID analyzer cooling system and "digital
temperature controller”.The error of weight determination did not exceed 1.02 % at 300 K and
1% at 1000 K [23-27].

3. Results and Discussion

Figure 1 depicts the diffraction spectra of the TiNbCN coating. Theoretical and
experimental results for the diffraction spectra clearly characterize the coating [16]. The alpha
and beta phases of the TiAIV substrate, as well as the TiC, NbC, and TiN crystal phases, were
determined in various quantities. The formation of NbC crystals and the degree of TiC crystal
formation are greater depending on the C/N ratio in the coating.
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Fig. 1. Lattice parameters, space group, and cell volume of TiNbCN coating.

The interpretation of experimental data using the Rietveld package reveals that TiC, NbC,
and TiN crystals form in the same cubic phase group. Additionally, it appears that NbC crystals
constitute the dominant phase within the coating. The lattice parameters of NbC crystals were
determined to be 4.33289 A, with a lattice volume of 81.3455 A3 (Fig. 1). Figure 2 illustrates the
temperature dependence of the heat flow (DSC) and the Kkinetics of time-temperature
transformation (DTA) for the TiNDCN coating at a constant heating rate of 5 °C/min.
Throughout all experimental trials, the heating rate and the flow rate of the inert Ar gas provided
to the environment were kept constant within the selected temperature interval to maintain
consistency in the dynamics of heat flow variation.
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Fig. 2. DSC spectrum of the TiNbCN coating within the temperature range of 30<T<600 °C.

The thermal transitions occurring for the TINbCN coating during the heating and cooling
processes in the DSC spectrum can be divided into the following sections:

e T <50 °C: Rapid decomposition phase characterized by the fast degradation of adsorbed
water molecules on the surface, predominantly facilitated by Ti+ elements.

e 50 < T <270 °C: Decomposition of hydroxyl groups or involvement in solvothermal
chemical reactions.

e 565 °C: Phase transition.

The temperature range of 30<T<600 °C indicates that the TINbCN coating undergoes
solvothermal reactions, leading to the thermal degradation of adsorbed water molecules on the
surface predominantly by the active reducing character of the Ti+ element. The rapid phase
involves the degradation of weakly interacting water molecules on the surface. The
thermophysical parameters of the rapid degradation process have been determined as an enthalpy
of 24.7 J/g and an energy of 256.44 mJ. At higher temperature intervals, the physical-chemical
processes occurring in the structure indicate the decomposition of hydroxyl groups on the surface
due to strong interactions and the involvement of active centers in the solvothermal reaction.
Naturally, the decomposition of hydroxide groups, which are more active in the higher
temperature range, is observed in the kinetics of these reactions. Specifically, for this transition,
the change in thermophysical parameters comprises an enthalpy of 30.7 J/g and an energy of
56.59 mJ. At 565 °C, the TINDCN coating undergoes thermal degradation, and a phase transition
occurs in the mass kinetics of the sample. This phase transition serves as an experimental
indicator of the occurrence of oxidation reactions. The involvement of Ti?* ions in oxidation
reactions with active oxygen anions is evident in this chemical conversion.

4. Conclusion

In the TINbCN coating, TiC, NbC, and TiN crystals exhibit the same cubic phase groups.
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The lattice parameters of TiC, NbC, and TiN crystals were determined to be 4.33289 A, with a
lattice volume of 81.3455 A3. DSC analysis has determined that during an isothermal process,
the heat capacity of the TINDCN coating remains constant in the temperature interval of 25°C to
600°C, with C/N ratio values of 0.6 and 1.6. In the TINbCN(C/N=0.6) coating, the central peak
at 590°C is observed in the heat capacity curve during both heating and cooling processes.
Simultaneously, in the TINbDCN(C/N=1.6) coating, the central peak of the effect is characterized
by broadening and deep endo- and exothermic effects. Furthermore, thermodynamic functions of
the TiNbCN coating have been determined within the temperature range of 25°C to 600°C.
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®YHKIUS TEILIOBOI'O ITOTOKA U TEILJIO®U3NYECKHUE CBOMCTBA
MATEPHUAJIOB ITOKPBITHUA TiNbCN

K.M. I'acanos, U.U. Mycragaes, O.A. Camagos, P.H. MexTuena

Pesrome: VccnenoBana KpuCTaIHIECKast CTPYKTYpa M TEIUIOBbIe cBoicTBa MOKpEITHA TINDCN B pamkax
Hay4yHOU paboTel. MccrnemoBaHWe CTPYKTYpBI, MPOBEACHHOE METOAOM PEHTICHOBCKOW Audpaximy,
MOKAa3ajlo, YTO KPUCTALTMUYECKAas CTPYKTypa STOTO IMOKPHITUS COOTBETCTBYET KyOudeckoil ¢ha3oBoii
Tpynme ¢ HOPMAJIBHBIMH YCIOBHSMH W KOMHATHOW TeMmreparypoil. Tepmoduznueckue wucclieoBaHUs
MOKA3aJIM, YTO TETUIOBBIE Tepexosl B MOKPHITUH TiNDCN MpoUCXOAST ¢ HCIONB30BAHHUEM CIIOKHBIX
MmexaHu3MoB. 13 kunetuku DSC ompeneneHo, uro npu T<50 °C mporcxXouT ObICTpOE pa3iokKeHHe, IPU
T<270 °C npoucxoaut ciaboe pasnoxenre, a npu T<600 °C cHoBa HaOII0gaETCS OBICTPOE PA3IIOKEHHE.
Kpome Toro, m3 xunernkun DSC ompeneneno, uto mpu temmeparype 565 °C mpoucxomut (a3oBbrit
Mepexo/I.

Knwouesvie cnoga: matepuanbl MOKPHITUH, QYHKIUS TEIUIOBOTO MOTOKA, KPUCTAIIIMYECKast CTPYKTYypa,
¢azosblii ananus, JICK.

TiNbCN ORTUK MATERIALLARININ iSTIiLiK AXINI FUNKSIYASI VO
TERMOFIiZiKi XUSUSIYYOTLORI

K.M. Hasanov, I.I. Mustafayev, 0.9. Samadov, R.N. Mehdiyeva

Xiilasa: Todgigat isindo TiNbCN ortiiytiniin kristal qurulusu vo istilik xassalori todqiq edilmisdir.
Rentgen difraksiyasi metodu ilo aparilmis qurulus todgiqatlari noaticasinds miisyyon edilmisdir ki, bu
ortliytin kristal qurulusu normal goraitds vo otaq temperaturunda kubik foza gruplu simmetriyaya uygun
galir. Termofiziki todqgiqatlarda miisyyan olunmusdur ki, TiNbCN ortilyiiniin termik kegidlor miirokkob
mexanizimls bas verir. DSC spectrinin kinetikasindan toyin olunmusdur ki, T<50 °C siiratli parcalanma,
T<270 °C zoyif parcalanma vo T<600 °C siiratli parcalanma hissslarinden ibaratdir. Homg¢inin DSC
kinetikasindan miioyyon edilmisdir ki, 565 °C temperaturda faza kecidi bas verir.

Acar sozlor: ortiikk materiallar, istilik axini funksiyasi, kristal qurulus, faza analizi, DSC.
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