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Abstract- The nanocrystalline Ti-base metal nitrides having cubic structure Ti0.9M0.1N (M= Al, C, B, Ni, Si) 

were synthesized at room temperature by mechanical alloying the ingredients powder materials under a nitrogen 

environment. The stoichiometric Ti0.9M0.1N (cubic) phase initiated after 1h of milling and formed completely 

after 5h to 9h of milling depending upon the nature of doping materials. Microstructures of all ball-milled 

samples were characterized by analyzing the respective XRD patterns employing the Rietveld structure and 

microstructure refinement method. Microstructures of the prepared materials were also characterized by TEM 

micrograph to correlate the results obtained from the XRD pattern analysis. The effects of inclusion of different 

intermediate solute materials on the microstructure of the prepared materials were studied in this review article.  
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1. INTRODUCTION 

Metal nitrides specially Ti-base metal nitrides are 

in the centre of attraction due to their high hardness 

and have potential industrial applications as coating 

materials. Of these, titanium nitride (TiN) has been 

studied quite widely because of its smart attributes, 

such as high hardness (2000 kg/mm
2
), good electrical 

conductivity and high melting temperature (3000
0
C) 

[1-3]. The metal nitrides find its applications such as 

coatings on cutting tools for obtaining improved 

hardness and wear resistance [4-8]. The mechanical 

properties of titanium carbide based cermets can be 

improved by adding extremely dispersed TiN [9]. TiN 

thin film is able to prevent aluminium diffusion into 

silicon in Al-TiN-Si trilayers at up to 550
0
C [10].  

Ti0.57Al0.43N coating shows good thermal 

stability and can be used as a temperature controlling 

unit for the satellite [11]. TiAlN shows potential 

application as the upper electrode for dynamic random 

access memory (DRAM) devices [12]. TiAlN coating 

possesses high oxidation resistance at elevated 

temperatures up to 1075K [13]. The hardness of 

Ti1−xAlxN coatings can reach a maximum value of 40 

GPa when x is of 0.5–0.7 [14].  

Ti(C,N) cermets possess high hardness, 

thermal stability, thermal conductivity, excellent creep 

resistance and wear resistance. Ti(C,N)-based cermets 

have been successfully utilized for high-performance 

wear parts and semi-finishing or finishing cutting tools 

[15]. The properties of TiCN-based cermets are 

intensively dependent on their chemical compositions 

and microstructure [16,17]. Gómez et. al. studied the 

influence of different parameters as the chemical 

composition and particle size of the metal matrix on 

TiCN-reinforced Fe-based composites [18]. Liu et. al. 

reveal the microstructure of interface and the relation 

between interface mixing and hardening mechanism in 

TiN/CNx multilayer films [19].  

 The nanostructured Ti-Si-N coating 

fabricated by PVD or CVD method have attracted 

greatly due to their high hardness of (up to 50 GPa) 

[20,21], thermal stability up to 800
0
C [22] and 

excellent corrosion resistance [23]. With the 

introduction of Si into TiN, the hardness increased and 

the grain size decreased dramatically [20].   

 H. R. Stock et al studied the composition, 

morphology and hardness of Ti-Ni-N coatings 

deposited by unbalanced reactive magnetron 

sputtering [24].  

 In the present work, Ti-base different metal 

nitrides have been synthesized by mechanical alloying 

and studied the influences of intermediate doped 

material on the microstructure of the prepared sample.  

 

2.  EXPERIMENTAL  

 To synthesize the single-phase nanocrystalline 

Ti0.9M0.1N (M= Al, C, Si, Ni) materials, the M (M= 

Al, C, Si, Ni) powder (purity 99.5%, Alfa Aesar) and 

α-Ti powder (purity 99.5%, Alfa Aesar) were taken at 

per molar ratio in a nitrogen-filled chrome-steel bowl 

and was ball-milled in a planetary ball-milling 

machine (Model P-5, Fritsch, Germany) for 1h to 9h 

time duration. The milling process was paused for 

30min to restore the fresh nitrogen inside the bowl. X-

ray powder diffraction patterns of the prepared nano-

structured Ti0.9M0.1N powder materials were recorded 

in step scan mode with step size 0.02
0 

2θ and counting 

mailto:ukb1975@yahoo.com


International Journal of Research in Advent Technology, Vol.7, No.5, May 2019 

E-ISSN: 2321-9637 

Available online at www.ijrat.org 
 

503 

 

time 2s/step from an X-ray powder diffractometer 

(consisting of a PW 3710 mpd controller, PW 1050/37 

goniometer, and a proportional counter) operated at 

20mA and 40KV using Ni-filtered CuKα radiation. 

TEM micrographs and SEAD patterns of the sample 

were obtained using an HRTEM (FEI, TECNAI G2 

20, TWIN) operated at 200KV.  

 

3. METHODOLOGY  

 A specially designed Rietveld software, 

MAUD [25] was employed to analyze the XRD 

patterns of unmilled and ball-milled samples. 

Structure and microstructure parameters like lattice 

parameters, mole fraction, r.m.s. lattice strain, particle 

size etc of the prepared materials were refined 

according to Rietveld analysis [25-32] to obtain the 

optimum values of these parameters by fitting the 

experimental XRD patterns of the respective samples 

through the successive refinement of the simulated 

XRD patterns. The theoretical XRD patterns were 

simulated by considering the presence of α-Ti (hcp, 

sp. gr. P63/mmc, a= 0.29508nm c= 0.46855 nm), M ( 

Al, C, Si, Ni) and Ti0.9M0.1N (fcc, sp. gr. Fm-3m, a= 

0.4235 nm, the lattice constant of TiN) phases as 

precursors including parameters of diffraction optic 

effects, instrumental factors and other specimen 

characteristics.  

 

4. RESULTS AND DISCUSSION  

XRD patterns of 9h ball-milled TiN and Ti0.9M0.1N 

(M= Al, C, Si, Ni) powder materials are shown in Fig. 

1. The formation of TiN (cubic, ICDD PDF # 38-

1420) phase was clearly noticed in the XRD pattern of 

9h milled powder with the appearance of most intense 

(200) (2 ~ 42.6
0
) and (111) reflections. TiN phase 

formed completely after 9h of milling whereas TiMN 

phase formed after 5h to 7h of milling time. The cubic 

Ti(C,N) (ICSD# 37402) phase (same cubic structure 

as TiN) was formed completely from the α-Ti-based 

interstitial solid solution. All reflections of Ti(CN) 

phase were sufficiently broaden which may be due to 

both small particle size and lattice strain developed 

inside the lattice due to constant fracture and re-

welding mechanism of mechanical alloying (MA). A 

similar type of peak broadening was also observed in 

the TiAlN, TiSiN and TiNiN phases. It is to be noted 

that peak broadening of Ti0.9M0.1N phases increases 

with the increase of atomic number of intermediate 

solutes which may be due to the substitution of Ti 

atoms (atomic radius =0.86Ǻ) by smaller M (C, Al, Si, 

Ni) atoms.  

 

 

 

 

 

 

 

 

 

Fig. 1. X-ray powder diffraction patterns of ball-

milled TiN and TiMN powders.  

 

 

Variation of the lattice parameter of TiN and 

Ti0.9M0.1N phases with increasing milling time is 

shown in Fig. 2. TiN phase initiated with a 

comparatively large value of lattice parameter and it 

decreased rapidly from 1h to 3h of milling which is 

due to continuous absorption of nitrogen inside the -

Ti lattice.  

 

 

 

 

 

 

 

Fig.2. Variation of lattice parameters of TiN and 

TiMN phases with increasing milling time.  

 

 

The lattice parameter of TiN phase remained 

unchanged after 3h of milling which indicated that the 

N-concentration in TiN phase became saturated after 

3h of milling. The lattice of cubic (Ti, Al)N phase was 

formed after 1h of milling with significantly less value 

from that of cubic TiN phase. It implies that ~0.1 mol 

fraction of α-Ti atoms was occupied by the same 

amount of Al atoms with a smaller radius. After 

formation, lattice parameter of (Ti,Al)N phase 

contracted continuously in the course of milling, like 

the TiN phase. The similar kind variation of lattice 

parameter was also observed in case of Ti(CN), TiSiN 

and TiNiN phases. After 1h of milling, contraction in 

the lattice parameter of Ti0.9M0.1N phases may be 
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explained for one or more of the following reasons: (a) 

cold-working caused due to high impulsive collision 

force on Ti0.9M0.1N during milling, (b) constant re-

arrangement of Ti and M atomic positions inside the 

lattice due to continuous diffusion of smaller N (ionic 

radius =0.13Å) atoms to achieve a stable atomic 

configuration and (c) annealing effect on imperfect 

Ti0.9M0.1N lattice to shift it forward to a perfect lattice 

by thermal agitation of atoms during milling.  

 

 

 

 

 

Fig.3. Variation of lattice parameter of TiMN 

phases with atomic number of solute. 

 

 

Fig. 3 shows the variation of lattice parameter 

Ti0.9M0.1N phases with an increasing atomic number of 

the solute. Lattice parameter of binary TiN and TiC 

[33] are 0.4215 nm and 0.43187 nm respectively but 

that of Ti0.9C0.1N is 0.42322 nm. It is evident from the 

data of lattice parameter of Ti(C,N) phase that both C 

and N atoms were present in the lattice and 

concentration of C was less in comparison to N. In 

other words, some of the N atoms of TiN phase was 

replaced by the larger C atoms and Ti0.9C0.1N phase 

was formed. Lattice parameter of TiAlN phase 

expanded slightly from that of TiN phase which was 

caused due to replacement of smaller N
3+

 ion (ionic 

radius = 0.16Å; CN=6) by the bigger Al
3+

 (ionic 

radius 0.53 Å; CN=6). Lattice expansion of TiNiN 

phase from that of TiN phase also caused due to the 

substitution of smaller N
3+

 ion by the bigger Si
4+

 ions 

(ionic radius=0.40 Å; CN=6). However, lattice 

expansion of TiNiN phases caused due to the 

substitution of Ti
4+

 ion (ionic radius 0.605 Å) by 

bigger Ni
3+

 ion (ionic radius 0.69 Å). Therefore, lattice 

parameter of TiMN phases increased linearly with the 

atomic number of the solute.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Variation of particle size of TiMN phases 

with atomic number of solute. 

 

 

Fig.4 shows the variation of particle size of 

different Ti-base metal nitrides with the atomic 

number of the solutes. It is found that the particle size 

is isotropic and the particle size TiMN phases 

decrease rapidly up to Z=14 and attain a stable value 

up to Z= 28. This implies that the Z value of the 

intermediate solute plays a significant role in reducing 

the particle size and to attain a steady value.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. Variation of r.m.s. lattice strain of 

TiMN phases with atomic number of solute. 

 

 

Variation of r.m.s. lattice strain of different TiMN 

phases is shown in Fig.5. Lattice strain values of all 

these phases are also found to be isotropic. The r.m.s. 

lattice strain almost remains constant up to Z=13 and 

then increases up to Z=28. This implies that Z value of 

solute has a great influence to attain stable lattice 

structure up to Z=13.  
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Fig.6. Selected area electron diffraction (SAED) 

pattern of nanocrystalline TiN powder after 9h of 

milling.  

 

 

The selected area electron diffraction (SAED) 

(Fig. 6) pattern of 9h milled sample of TiN confirmed 

the formation of cubic TiN phase. Relative intensity 

ratios of the SEAD rings are at par with the XRD 

pattern. The proper appearance of SEAD rings reveals 

the formation cubic TiN phase without any 

contaminations either from elemental powders or from 

milling media.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. HRTEM image of TiN particles after 9h of 

milling.  

 

 

High-resolution transmission electron (HRTEM) 

micrograph of the 9h milled TiN sample (Fig. 7) 

reveals the presence of high-quality nanocrystals. 

These nanocrystals are isotropic in size and almost 

mono-dispersed particles having ~ 12nm average size. 

The crystallite size measured from HRTEM image is 

at par with that found from Rietveld’s analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. HRTEM image of TiSiN particles after 9h 

of milling.  

 

 

The interplanar spacing shown in Fig.8 is 

identified as (111) plane of cubic (Ti,Si)N phase with 

interplanar spacing d = 2.40 Å. These atomic planes 

are parallel and free from stacking faults.  

 

5.  CONCLUSIONS  

i) Addition of small amount (0.1 mol fraction) of 

solute (C, Al, Si, Ni) to the elemental -Ti accelerates 

the formation time of TiMN phases from 9h to 5h/7h.  

ii) The lattice parameters of TiMN phases increased 

with atomic number of the solutes.  

iii) Microstructure evolution of the 9h milled powder 

both by the Rietveld analysis and HRTEM reveals that 

TiN nanoparticles are almost mono-dispersed and 

their average crystallite size reduces to ~12nm.  

iv) The TiSiN nanoparticles are free from stacking 

faults and almost free from lattice strain. 
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