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Abstract 
Ti(C,N)-based cermets are currently used in high-speed cutting tools industry due to their high thermal stability. In 
previous works, Fe was proposed as metal matrix, however the use of iron as continuous matrix strongly affects 
the processing due to the low wetting capability of molten Fe with the reinforcement phase, Ti(C,N). To solve this 
problem the use of alloys such as FeNi has been proposed, where Ni improves the wettability between the 
ceramic and the metal phases. This work proposes a bottom-up approach to build the cermet microstructure 
through the synthesis of metal nanoparticles on the surface of Ti(C,N) micrometric particles, creating core-shell 
Ti(C,N)-Ni structures. For that purpose, synthesis parameters to obtain Ni nanoparticles were optimized and then, 
a one-pot synthesis procedure was tested to obtain core-shell Ti(C,N)-Ni particles by the chemical precipitation of 
Ni nanoparticles onto the surface of micronic Ti(C,N) particles previously stabilized in an aqueous suspension. 
Nickel nanoparticles and subsequent core-shell were characterized by measuring the particle size by Dynamic 
Light Scattering (DLS), X-Ray Diffraction (XRD), field emission scanning electron microscopy (FE-SEM). 

1. Introduction

Compared to cemented carbides, Ti(C,N)-based cermets are gaining increasing technical importance [1, 2], 
due to their excellent combination of hardness at high temperature, strength, wear resistance and thermal 
conductivity [3]. However, titanium carbonitride-based cermets present some disadvantages such as low 
toughness, and low sintering behavior. Fe-based cermets present low sintering performance due to poor 
wettability of the liquid phase and the risk of producing reaction products with the reinforcement that lead to 
embrittlement [4]. Additions of some nanometric elements or compounds can improve the sintering performance 
by improving the wettability between the ceramic and the liquid phase, enhance density and decrease particle 
growth rate such as Ni, Mo or a great variety of binary carbides such as Mo2C, WC, TaC or NbC [1, [3-6]].  

Sintering of nanoparticles has aroused some significant attention in research and industry. The main 
challenge is to avoid coarsening during the sintering process so that the nanostructure can be maintained. There 
is a wide range of manufacturing methods to obtain nanoparticles (<100nm). Some of them are based on physical 
processes such as spray pyrolysis [7, 9], mechanical milling [10] and physical vapor deposition (PVD) [11, 12], 
whereas others are based on chemical processes. The later have been extensively used for synthesis of ultra-fine 
powders for industrial applications because they are very versatile to apply for several kinds of materials with 
higher productivity and with relatively low cost. These chemical synthesis methods include electrochemical 
processes [12], chemical vapor deposition (CVD) [[12]–[14]], mechano-chemical [15] and electroless processes 
[[16]–[18]]. However, most of these methods are not convenient for the massive production of fine metal powders 
due to the technical difficulties and the expensive equipment involved.  

The electroless nickel plating method is now widely used to modify the surface of various materials such as 
nonconductors, semiconductors and metals. The cost of this plating method is low, and the process yields a 
uniform coating over all surfaces of any profile of metallic or electrically non-conductive materials. This technique 
has also attracted substantial interest in both micro and nano fabrication, in optics and in the decoration on carbon 
nanotubes, SiC and other kinds of powders [19]. Metal-coated ceramic powders refer to composite powders with a 
ceramic core and a metallic shell that can endow the ceramic powders with particular electrical, magnetic and 
chemical properties and can simultaneously improve the wetting properties between metal and ceramic materials. 
In this connection, electroless nickel plating has been recognized as one of the most effective techniques for 
preparing metal-coated ceramics powders [20-21]. Recently, core–shell structures have been fabricated 
successfully in a number of materials with various methods, including self-assembly, the sonochemical method, 
vapor deposition polymerization, the seed-mediated growth technique and the chemical vapor–liquid reaction.  

According to the needs for the desired properties, core-shell structures have been designed by the chemical 
precipitation of Ni nanoparticles (NP’s) onto the surface of micronic Ti(C,N) particles previously stabilized in an 
aqueous suspension. The electroless chemical reduction on Ni2+ salt was carried out for the preparation of fine
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nickel NP’s from the aqueous solution by reducing with hydrazine. Moreover, in order to optimize the coverage of 
Ti(C,N) surface by the Ni NP’s, the influence of the synthesis variables (ion nickel concentration, reducing agent 
ratio, temperature and time of the synthesis and ultrasound effect) were evaluated.  

In this work, unlike to what has been commonly found in literature [8], [14], [22]–[30], the electroless chemical 
reduction was modified in two main aspects. On the one hand, the synthesis were carried out in aqueous solution, 
avoiding the use of any other kind of solvent as ethanol, methanol, resulting an environmentally friendly route, and 
on the other hand, nickel nitrate was used as Ni precursor instead of the more common use of chlorides and 
acetates, harmful precursors to the metal matrix. 

2. Experimental procedure 
2.1 Materials 

The raw materials used were Nickel nitrate hexahydrate (Ni(NO3)2·6H2O) and potassium hydroxide were 
received from Panreac Company, hydrazine monohydrate (N2H4·H2O) was purchased from Sigma-Aldrich and 
titanium carbonitride (Ti(C,N) powder Grade C) was received from H.C. Starck GmbH. The water used in this work 
was deionized water. All chemicals used in these experiments were of reagent grade and used without any further 
purification.    

2.2 Synthesis of nickel nanoparticles 

A typical preparation procedure is described as follow: a desired amount of nickel nitrate hexahydrate was 
dissolved into deionized water (solution a). Another mixture was obtained by mixing potassium hydroxide 
previously dissolved in water and hydrazine monohydrate together (mixture b). Then, mixture b, was poured into 
solution a immediately with continued and vigorous ultrasonic power at controlled temperature, through the 
recirculation of a continuous flow of water from a cryothermal bath, all in a total solution volume of 50 mL. The 
overall reaction times were 5 minutes or 60 minutes depending on the synthesis. The resultant product was 
washed thoroughly with deionized water for removal of reaction residues followed by spin dry stages. The 
variables involved in the synthesis are:  

- The concentration of nickel nitrate hexahydrate: [Ni2+] = 0.02M, 0.05M, 0.075M and 0.1M 
- The reductant agent (hydrazine monohydrate) - nickel nitrate hexahydrate ratio. [N2H4/Ni2+]= 6, 20, 60. 
- Temperature: T= 40 ºC - 50 ºC 
- US Time: t= 5 min - 60 min 
- US Power: W= 100% - 50% 

 
2.3 Synthesis of Core-Shell Ti(C,N)-Ni  

In this case, core-shell structures have been obtained by the chemical precipitation of Ni nanoparticles (NP’s) 
onto the surface of micronic Ti(C,N) particles previously stabilized in the aqueous solution a.  

2.4 Characterization of Ni nanoparticles and core-shell structures 

A Zetasizer Nano ZS (Malvern, UK) was used in order to determine the particle size distribution and zeta 
potential of Ni nanoparticles using Dynamic Light Scattering (DLS) and laser Doppler velocimetry, respectively. 
Suspensions used for determination were prepared with concentrations of 0.1 g/L using 10 -2 M KCl as solvent and 
inert electrolyte, so as to maintain the ionic strength of the medium. The pH adjustments of the suspensions were 
carried out by addition of small quantities of 0.1M HNO3 or TMAH (Tetramethylammonium Hydroxide) and 
controlled with a pH probe (Metrohm AG, Germany). Subsequently, homogenization was achieved by sonication, 
using a UP400S Ultrasonic probe (Hielscher, Germany) for an optimized period of time. 

Particle size and morphology were also examined by field emission scanning electron microscopy (FE-SEM) 
in an S-4700 microscope (Hitachi, JAPAN) and by high-resolution transmission electron microscopy (HRTEM) in a 
JEOL JEM 2011 (Jeol Ltd., Japan). 

Finally, crystalline phase was characterized by X-ray diffraction (Siemens-Bruker D8 Advance, Germany) 
using Cu Kα radiation (λ=1.540598 Å). The diffraction patterns were measured step by step (0.05º in 2Ɵ).  

3. Results and discussion 
3.1 Synthesis of Ni nanoparticles 

The X-Ray Diffraction pattern of metallic nickel is shown in Figure 1. This pattern is representative of all the 
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samples obtained from different experiments, showing the three characteristic peaks of FCC nickel (45º, 52.4º, 
76.9º), corresponding to Miller indices (111), (200) and (222) respectively according to the index card JCPDS nº 
04-0850. This indicates that all the products obtained are pure face-centered cubic (FCC) metallic nickel without 
any other impurity. Besides, in contrast to what it is commonly found in the literature, the yield has remained 
constant in all the syntheses that have been carried out, settling at around 80-85%. 
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Figure 1 X-Ray Diffraction pattern of nickel 

 

Although nickel has been obtained in all syntheses carried out, the study of the different synthesis 
parameters have shown some differences that should be highlighted, as can be seen in Table 1. 

Study 
Molar ratio 

(Ni2+/KOH/N2H4) 
Time  
(min) 

T  
(ºC) 

[Ni2+]  
(M) 

P [W]  
(%) 

Yield 
(%) 

Dmeb  
(nm) 

Dn50  
(nm) 

Dv50 
 (nm) 

[Ni2+] 

1/10/60 60 40 0.1 100 77.8 300 105 122 615 
1/10/60 60 40 0.075 100 84.4 200 90 91 531 
1/10/60 60 40 0.05 100 74.9 150 80 79 458 
1/10/60 60 40 0.02 100 - - - - - 

[N2H4] 
1/10/60 60 40 0.05 100 74.9 150 80 79 458 
1/10/20 60 40 0.05 100 76 100 115 164 712 
1/10/6 60 40 0.05 100 - - - - - 

US Time 1/10/60 60 50 0.1 100 83.5 400 300 342 615 
1/10/60 5 50 0.1 100 84.3 300 90 105 458 

Temperature 1/10/60 60 40 0.1 100 77.8 300 100 105 615 
1/10/60 60 50 0.1 100 83.5 400 300 342 615 

W 1/10/60 5 50 0.1 100 84.3 300 90 105 458 
1/10/60 5 50 0.1 50 78.2 200 140 164 615 

Table 1 Synthesis conditions of Ni nanoparticles and results 

Effect of the initial [Ni2+] 

A reaction scheme in the present research is expected to include the formation of Ni(OH)2 from Ni(NO3)2·6H2O, 
the dissolution of Ni(OH)2, the reduction of dissolved nickel species and then the nucleation and growth of the 
nickel particles from the aqueous solution. The chemical reaction can be formulated as follows in    Equation 1. 
 

 
 
It was found that the induction time, when starting turning the solution’s color to black, i.e. when it has 

started to precipitate metallic nickel nanoparticles, shortened with the increasing the molar concentration of 
Ni(NO3)2·6H2O supporting the theory that the lower amount of ion nickel, the slower reaction kinetics. It was also 
determined a threshold for the ion nickel concentration; If ion nickel concentration is lower than 0.05M, the 
concentration will be so low that there will not be enough atoms to form stable nuclei, so no nickel particles could 
form, and the synthesis does not occur in a reasonable time. 

In contrast to what is reported in some papers [[14], [18]], the lower the ion nickel concentration, the smaller 
nanoparticles, as it can be seen in Figure 2. The results showed fit well with the studies made by Da-Peng Wang 
[25] for the nickel sulfate (NiSO4). The reason may be that at the beginning, the reaction kinetic was slow, and 
only limited nuclei were formed; and the increasing nickel concentration speeds up it is Ostwald Ripening growth 
from 80nm to 90-105nm. Besides the solvation and the particle’s surface potential cannot inhibit agglomeration 
[29]. Therefore, the primary particles reduced from the solution are not stable and will grow by coagulation forming 
hard agglomerates of plates, as it is shown Figure 2 (c). This effect will increase if higher ion nickel concentrations 
are used. 

 

 

2Ni2+ + 4OH- + N2H4  2Ni + N2 + 4H2O   Equation 1 Chemical reaction 
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4. Conclusions 

 The synthesis of Ni NP’s by a reduction method using hydrazine as reductor agent in aqueous medium 
has been successfully achieved. Although the amount of hydrazine for the synthesis of Ni NP’s is 
considerably higher than other previously reported (R=60), the synthesis of pure Ni NP’s, 80 nm in 
diameter, was carried out in shorter times (up to 5min). 

 Ti(C,N)-Ni Core-Shells were obtained providing a route for the  bottom up design of FeNi-Ti(C,N) 
interphases in cermets. 
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