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RESUMEN 

 

Carbonitruro cúbico policristalino (PcBN) es un material extra-duro empleado como herramienta de corte. Dicho 

material presenta una elevada estabilidad tanto térmica como química comparada con el diamante, en este sentido, el 

PcBN es un material adecuado para manipular materiales férreos. PcBN presenta una estructura heterogénea, 

constituida principalmente por granos de cBN (refuerzo) y una matriz también cerámica. En el presente trabajo, se 

correlacionará la composición química con las propiedades mecánicas a escala micro- y nanométrica de los granos 

individuales de cBN embebidos en un material compuesto, cerámico-cerámico. Tanto la dureza como el módulo 

elástico han sido obtenidos mediante ensayos de nanoindentación masivos realizados a alta velocidad y posteriormente 

tratados estadísticamente. Los ensayos mecánicos son complementados con técnicas químicas avanzadas de 

caracterización, tales como la microscopia electrónica de barrido de alta resolución y análisis químico mediante 

microsonda. Tanto el mapa de dureza como de módulo de elasticidad presentan una correlación clara entre las 

propiedades mecánicas de las partículas de cBN y el contenido de B de las mismas, obteniendo partículas de cBN con 

un elevado y bajo valor de dureza pero con un bajo y elevado de B, respectivamente. Dicho protocolo de trabajo, nos 

permite obtener información interesante tanto de las propias partículas de cBN así como del material compuesto, cBN-

TiN.  

 

PALABRAS CLAVE: cBN, nanoindentación, análisis químico, método estadístico 

 

 

ABSTRACT 

 

Polycrystalline cubic boron nitride (PcBN) is a super-hard material typically used as a cutting tool material.  Due to its 

superior thermal and chemical stability compared to diamond, PCBN is suitable for machining ferrous materials, such 

as hardened steels. PcBN has a two-phase polycrystalline structure consisting of micron sized grains of cBN (as 

reinforcement) held together by another ceramic material as binder. Present work, investigates the correlation between 

chemical composition and the mechanical properties at the nanometric length scale of individual cBN grains in ceramic-

ceramic composite systems. Small-scale hardness and elastic modulus have been assessed by means of high-speed 

massive nanoindentation and subsequent statistical analysis. The mechanical testing is complemented by advanced 

characterization techniques, mainly field emission scanning electron microscopy and electron probe micro-analyzer. 

The attained mechanical property mappings present a clear correlation between local hardness and stiffness with 

chemical nature in terms of the B amount in each cBN particles. Besides expected findings associated with individual 

phases, such as clear anisotropy of cBN (low B cBN being harder and stiffer than high B), the protocol implemented 

provides novel information on local mechanical response at interfaces between cBN particles with various B content as 

well as regions within the ceramic (TiN) binder close to the cBN-TiN interface. 

 

KEYWORDS: cBN, Nanoindentation, Chemical analysis, Statistical method 

 

 

 

1. INTRODUCTION 

 

Polycrystalline cubic boron nitride (PcBN) is a super 

hard material typically used as a cutting tool material. 

Due to its superior thermal and chemical stability 

compared to diamond, PcBN is suitable for machining 

ferrous materials, such as hardened steels [1]. PcBN 

could be considered as a composite system, since two 
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chemically distinct materials, which are cubic boron 

nitride (cBN) and titanium nitride (TiN) compose it. 

cBN particles are playing the reinforcements role, due 

to cBN’s superior hardness value which are the second 

hardest material after diamond; on the other hand TiN is 

fulfilling the fracture toughness requirements. 

Large number of investigations and studies have been 

accomplished on PcBN, which are mainly focused on 

PcBN machining performance. Moreover, influence of 

microstructural parameters on tribological and 

mechanical properties of PcBN has been also well-

inspected [2-9]. Recently some studies has been done to 

attain detailed information in the small-scale properties 

of composite materials, in which the mechanical 

properties (hardness and elastic modulus) of different 

phases of a heterogeneous composite material were 

evaluated separately, by means of massive 

nanoindentation method and statistical method proposed 

by Ulm and coworkers [10-13]. Accuracy of the 

statistical method correlates with the total amount of 

supplied information (number of tests). 

Following the above ideas, the aim of this study is to 

attain micromechanical mapping of hardness and elastic 

modulus by means of a novel high speed massive 

nanoindentation technique. Mentioned massive 

indentation is taking advantage of shallower imprints 

implementation (closer imprints), which consequently 

offers a higher accuracy in the micromechanical 

properties determination of each constitutive phase of 

PcBN, and even one step further, it could prove the 

anisotropic behavior of cBN particles. 

 

 

2. Experimental procedure 

 

2.1. Material and microstructural characterization 

 

The studied material is a PcBN composite, which is a 

part of a commercial machining chip-breaker tool. 

Investigated region is a compact region insert, which is 

brazed to a WC-Co substrate. 

Sample was chemo-mechanically polished by diamond 

pate down to 1μm, and then it was precisely polished 

with OPAN for 40 minutes. Subsequently it was cleaned 

by triton and ultrasonic machine and finally dried with 

pure air. 

A field emission scanning electron microscopy 

(FESEM, JEOL 71000F) image of studied material is 

shown in Figure 1a. Microstructural parameters (Figure 

1b) were evaluated by applying linear interception 

method [14] on the obtained micrograph, which are 

summarized in Table 1. 

 

 

Table 1. Microstructural parameters of PcBN. 

Grain size (μm) 
Volume friction (%vol) 

cBN TiN 

2.7 ± 0.2 70 30 

 

 

Figure 1. FESEM images of PcBN; a) micrograph of 

sample, b) grain size of the cBN particles. 

Electron probe x-ray microanalysis (EPMA) was 

implemented by means of JEOL JXA-8230 microprobe, 

in order to evaluate the nitrogen content (or boron 

content, since cBN is stoichiometric) within cBN 

particles. The X-ray map for the nitrogen was 

performed in a small region to attain high-resolution 

results. 

 

2.2. Hardness and elastic modulus evaluation at 

micro and nano metric length scale 

 

Mechanical properties in both micro- and nanometric 

length scale were determined, which were evaluating 

the composite and intrinsic mechanical properties 

respectively. 

To determine the mechanical properties (hardness and 

elastic modulus) at the micrometric length scale, 

homogeneous indentation matrix of 16 imprints (4 by 4) 

were performed at 2 µm of penetration depth. The 

distance between imprints was held constant and equals 

to 25 m in order to avoid any overlapping effect. The 

test were performed on Nanoindenter XP (MTS) device, 

which is equipped with a continuous stiffness 

measurement (CSM)  module and a diamond Berkovich 

tip indenter calibrated by fused silica standard. 

The hardness and elastic modulus cartography were 

performed by means of iMicro® Nanoindenter, 

developed by Nanomechanics Inc., Oak Ridge, USA. In 

order to evaluate the intrinsic hardness and elastic 

modulus anisotropy of each constitutive phases of PcBN 

10,000 imprints were applied on the sample, which 
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were divided into 1 matrix of 100 by 100 imprints in an 

area of 50 x 50 µm2. Indentations were performed to a 

maximum applied load of 10 mN and the distance 

between imprints were kept constant at 500 nm in order 

to avoid any overlapping effect, which means each 

imprint can be treated as an independent statistical 

value. Nanoblitz technique was used, to attain a high-

speed mechanical property mapping, in which each test 

could be performed in less than 1 second. Obtained 

information of load and depth were analyzed by 

standard Oliver and Pharr method [15, 16] to determine 

contact stiffness, hardness and elastic modulus. 

Nanoblitz technique as it mentioned offers a 

micromechanical map over large areas in a short time, 

in addition another advantage of this technique is the 

amount of obtained information, which can improve the 

accuracy of the statistical method. A sharp Berkovich 

tip (calibrated with fused silica) was used as the 

indenter, which could guarantee that the plastic flow 

mostly could be confined inside each cBN particle. 

Tests were administrated by CSM as a function of 

depth.  

Finally, the hardness  and  elastic  modulus  maps  can  

be  easily reconstructed  from  the  large  closely  spaced  

indentation  grid.  The discrete  values  are interpolated  

using  a  bicubic  interpolation  between  measurement  

points.  Such an interpolation method was chosen since 

it leads to smoother images. 

 

 

3. Result and discussion 

 

3.1. Micromechanical properties 

 

The composite hardness and elastic modulus were 

extracted from an average of 16 residual imprints 

performed at maximum penetration depth, 2 m or until 

reach the maximum applied load, 650 mN. Imprints 

were performed at 2 µm, in which, the spread plastic 

flow at this penetration depth interact with cBN 

particles and TiN binder. Accordingly, the obtained 

hardness and elastic modulus values are representative 

of composite behavior. 

Hardness and elastic modulus were extracted by using 

the Oliver and Pharr method [15, 16] and the obtained 

results are shown in Table 2. 

 

 

Table 2. Mechanical properties of PcBN 

Sample Hardness (GPa) Elastic modulus (GPa) 

PcBN 53 ± 7 850 ± 160 

  

 

 

3.2. Hardness and elastic modulus cartography 

 

Figure 2a shows the optical micrograph region has been 

conducted. As it is evident a heterogeneous distribution 

of cBN particles are distributed in a TiN ceramic binder.  

50 m

(a)

(b)

22122233435363738494

Hardness, H (GPa)

(c)

Elastic modulus, E (GPa)
 

Figure 2(a) Optical micrograph, (b) Hardness map, and 

(c) elastic modulus map of the same region. 
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Hardness and elastic modulus maps, see Figure 2b and 

2c respectively, allows better understanding of the 

correlation between the micromechanical properties at 

the local length scale with the microstructure. The 

hardness and elastic modulus map obtained from a 

bicubic interpolation have been constructed by using 

10,000 indents performed to 10 mN of maximum 

applied load.  

A poor correlation between the mechanical properties 

and microstructure (see Figure 2a) is evident due to the 

cBN/TiN system present a fine microstructure as it has 

been presented in section 3.1.  

From the direct observation of the hardness map 

presented in Figure 2b, it is evident that the hardness for 

the cBN particles ranges between 43 and 84 GPa. 

Furthermore, these particles are strongly anisotropic as 

it is evident in this map. This hardness difference may 

be associated depending upon relative B/N content; 

where the reinforcement particles may be classified in 

three main groups as observed through the EMPA 

analysis; stoichiometric, and non-stoichiometric –either 

rich or poor B- cBN particles as it will be explained in 

more detail in section 3.3. On the other hand, the softer 

phase with a hardness ranged between 12-40 GPa, 

which may be related to the ceramic TiN binder.  

On the other hand, the changes are not so evident in the 

elastic modulus map (see Figure 2c), where it seems the 

material presents a monomodal distribution with an 

elastic modulus ranged between 215 – 596 GPa. 

Furthermore, near the cBN/TiN interface, the hardness 

and elastic modulus values are slightly higher than in 

the ceramic TiN binder itself, reaching values of around 

33 and 342 GPa, respectively. This trend could be due 

to the residual imprint has been located at the interface 

between the reinforcement and the binder, being 

impossible confine the deformation field in one or 

another phase. 

 

3.3. Chemical analysis 

 

Different boron (B) and nitrogen (N) contents as well as 

the impurity effects could have consequences on 

morphology and residual stresses of cBN crystals as 

reported in [17]. N rich (and B deficient) cBN is prone 

to form N cluster in some particular crystalline planes, 

finally yielding octahedral/irregular shaped grains with 

their crystallographic packaging distorted [17]. 

Therefore, the varieties in hardness values shown in 

Figure 2b, could be related to possible non 

stoichiometry effects on hardness values of cBN 

particles, which could be distinguished by the massive 

indentation and statistical analysis protocol investigated 

in this study. In order to prove the correlation between 

the distinct hardness values and the nitrogen/boron 

content within the cBN particles, EMPA was performed 

to indicate the composition of small areas of the studied 

PcBN. As it can be seen in Figure 3, cBN particles can 

be graded in different groups in terms of the B/N 

content, which could be the correlated by the 

differences in obtained mechanical properties, observed 

in hardness and elastic modulus cartography map. 

 

 

 

Figure 3 EMPA observation of N distribution on PcBN. 

 

4. Conclusion 

 

Implementation of various technique and experiments 

led this study to attain following conclusions 

- Hardness and elastic modulus mapping has 

been achieved with the aid of high speed 

nanoindentation based mapping technique. 

- Massive nanoindentation method in 

conjunction with statistical method permitted 

us to discriminate the mechanical properties of 

each constitutive phases.  

- The mechanical properties of cBN particles 

correlate with B/N contents of cBN particles, 

in which it has been proven that the hardness 

values of cBN particles has a direct relation 

with the amount of N diffused in cBN 

particles. 
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