
Please cite this article in press as: K.E. Lindgren, et al., Development of matrix microstructure in polycrystalline cubic boron nitride
ceramics, J Eur Ceram Soc (2017), http://dx.doi.org/10.1016/j.jeurceramsoc.2017.03.010

ARTICLE IN PRESSG Model
JECS-11111; No. of Pages 10

Journal of the European Ceramic Society xxx (2017) xxx–xxx

Contents lists available at www.sciencedirect.com

Journal  of  the  European  Ceramic  Society

journa l homepage: www.e lsev ier .com/ locate / jeurceramsoc

Development  of  matrix  microstructure  in  polycrystalline  cubic  boron
nitride  ceramics

K.E.  Lindgren a, A.  Kauppi b,  L.K.L.  Falk a,∗

a Department of Physics, Chalmers University of Technology, SE-412 96 Gothenburg, Sweden
b Sandvik Coromant, SE-126 80 Stockholm, Sweden

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 3 November 2016
Received in revised form 7 February 2017
Accepted 3 March 2017
Available online xxx

Keywords:
PCBN
Titanium oxide nitride carbide
WC-Co cemented carbide milling media
Cermet milling media
Microstructure

a  b  s  t  r  a  c  t

The  development  of matrix  microstructure  in polycrystalline  cubic  boron  nitride  cutting  tool  materials
has  been  investigated  by  X-ray  diffraction  and  scanning  and transmission  electron  microscopy  combined
with  energy  dispersive  X-ray  spectrometry.  The  materials  had  a  matrix  based  on Ti(C,O,N)  and  Al  and
were  fabricated  from  powder  mixtures  milled  with  either  WC-Co  cemented  carbide  or  (Ti,W)(C,N)-Co
cermet  milling  media.  The  introduction  of  WC-Co  debris  resulted  in  the  formation  of  an  Al- and  W-
rich  liquid  phase  during  high  pressure  high  temperature  sintering.  Crystalline  intergranular  phases  rich
in W  partitioned  from  this  liquid.  Debris  from  the  cermet  milling  media  resulted  in the  formation  of
intergranular  Co2B; the  W  was  retained  in  the (Ti,W)(C,N)  structure  during  sintering.  Al-rich reaction
zones  on  cBN  grain  surfaces  developed  locally  during  high  pressure  high  temperature  sintering.

©  2017  Elsevier  Ltd. All  rights  reserved.

1. Introduction

Cutting tool materials made of polycrystalline cubic boron
nitride (PCBN) combine high hardness with adequate fracture
toughness, high chemical and thermal stability and high thermal
conductivity. PCBN ceramics are composite materials containing
hard cubic boron nitride (cBN) grains embedded in a multiphase
matrix. Titanium carbonitride with a varying C/N ratio, Ti(CxN1-x),
is generally a major constituent of the matrix in materials fabricated
with a cBN content of around 50 vol% [1–3].

The powder metallurgical process used in the fabrication of
dense PCBN materials involves high temperature (around 1500 ◦C)
and high pressure (around 5 GPa) sintering [2,4,5]. Aluminium or
aluminium compounds are usually added to the starting powder
mixture in order to promote the densification. The PCBN start-
ing powder mixture will also contain debris from the milling
media. The debris will, together with the additives, affect the
chemical composition of the PCBN matrix and the development
of the material’s microstructure. It has been shown that the debris
and additives will be involved in the formation of reaction zones
between the cBN grains and the matrix phases [6,7]. Angseryd et al.
[6] identified an Al2O3 network around and between the cBN and
Ti(C,N) matrix grains. This network was suggested to be the result
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of a reaction between the added Al and the surface oxides on the
starting powder particles. AlN was frequently observed adjacent to
the Al2O3 network [6]. It is believed that the morphology and dis-
tribution of the reaction products will have a strong influence on
the properties of the sintered PCBN material [6,8].

Different techniques have been adopted in order to control the
development of the PCBN microstructure and to improve the homo-
geneity of the material. Umer et al. coated the cBN starting powder
particles with nanocrystalline TiN [9]. This resulted in a homoge-
neous microstructure containing an intergranular network rich in
Ti and Al. The material had a higher hardness and an improved
transverse rupture strength when compared with a PCBN mate-
rial of the same composition powder processed in the traditional
way. Maweja et al. [10] used mechanical alloying of the Ti(C,N)-
W-Al binder raw materials. This resulted in the dissolution of W in
Ti(C,N) and the formation of a homogeneous matrix during sinter-
ing. The PCBN materials processed in this way showed improved
mechanical properties.

This paper is concerned with the development of the matrix
microstructure in PCBN ceramic materials. The investigated PCBN
materials had a matrix based on Ti(C,O,N), and were fabricated from
powder mixtures milled with either WC-Co cemented carbide or
(Ti,W)(C,N)-Co cermet milling media. The purpose of the investi-
gation was to identify relationships between the phase assemblage
of the sintered material, the additives and the amount and com-
position of the milling debris introduced during the preparation
of the starting powder mixture. Partially densified materials were
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Table 1
The chemical composition of the milling bodies.

Milling body W (at%) Co (at%) Ti (at%) C (at%) N (at%)

Cemented carbide 45.29 9.57 – 45.14 –
Cermet* 3.84 11.44 40.58 30.75 13.39

*W/(W + Ti) atomic ratio = 8.6 × 10−2.

Table 2
The milling times used in the preparation of the starting powder mixtures.

Material Pre-milling time Milling time

A 30 min  15 min
B  30 min  37 min
C  30 min  60 min
D  8 h 2 h 40 min
E  8 h 6 h 25 min
F  8 h 10 h 20 min

A - C: WC-Co cemented carbide milling media; D–F: cermet milling media.

included in the study in order to create an understanding of the
reactions taking place during densification.

2. Experimental procedures

2.1. PCBN materials

The experimental PCBN materials had a cBN volume fraction
of around 50% and were fabricated with the addition of Ti(C,O,N)
and smaller amounts of Al. Two types of milling media were
used in the preparation of the starting powder mixtures; WC-Co
cemented carbide milling bodies and cermet milling bodies con-
taining (Ti,W)(C,N) grains in a Co-rich binder phase. The elemental
compositions of the milling bodies are shown in Table 1. It may  be
noted that the WC-Co cemented carbide milling bodies had a sig-
nificantly higher W content than the cermet bodies, but the amount
of Co was similar (around 10 at%) in the two materials (Table 1).

The Ti(C,O,N) starting powder (Treibacher; 71 an% C, 23 an% O,
6 an% N; B1 NaCl crystal structure) was pre-milled in ethanol in an
attritor mill in order to reduce the particle size. After pre-milling,
powders of cBN (Diamond Innovations) and Al (Ecka Granules,
MEP027) were added to the slurries. Powder mixtures prepared in
this way were then attritor milled for three different times in order
to prepare batches with different amounts of milling media debris
(Table 2). The use of cermet milling media (Table 2, materials D–F)
required longer pre-milling and milling times in order to get sim-
ilar W contents as in the WC-Co milled starting powder mixtures
(Table 3). The prepared starting powder mixtures had, hence, three
different levels of introduced W (Table 3); a low (around 0.3 at%),
an intermediate (around 0.7 at%) and a high (around 1 at%) level.
The amount of introduced Co also increased with milling time. The
Co levels (in at%) were, however, around 10 times higher in the
cermet-milled starting powder mixtures (Table 3, materials D–F)
than in the WC-Co-milled batches (Table 3, materials A–C) for each

level of introduced W.  The elemental compositions of the milled
starting powder mixtures presented in Table 3 were determined
by chemical analysis; the Al, W,  Co and Ti cation contents by X-
ray fluorescence and the C, N and O anion contents by combustion,
balance B.

Polyethylene glycol (PEG) was  added to the slurries towards the
end of the milling process. The slurries were spray dried, and the
granules were pressed into disc-shaped green bodies with a diam-
eter of around 6 cm and a thickness of around 3 mm.  These were
pre-sintered in vacuum at 900 ◦C for 15 min. High pressure (HP)
high temperature (HT) sintering was  carried out under a pressure
of 5.5 GPa at 1400 ◦C for 45 min.

2.2. Microstructural characterization

The phase compositions of the spray-dried granules, the
pre-sintered compacts and the HPHT sintered compacts were
determined by X-ray diffractometry (XRD) using CuK� radia-
tion. The microstructures of the HPHT sintered materials were
characterized by analytical scanning and transmission electron
microscopy (SEM, TEM). Polished sections were imaged by
backscattered electrons in a field emission Leo Ultra 55 SEM oper-
ated at an accelerating voltage of 8 kV. The instrument is equipped
with an Oxford Instruments X-ray detector and the IncaEnergy sys-
tem for qualitative and quantitative elemental analysis by X-ray
energy dispersive spectrometry (XEDS). The detailed characteriza-
tion of the microstructures was carried out in a Fei Tecnai LaB6
TEM operated at 200 kV. The Tecnai is equipped with an EDAX X-
ray detector and XEDS software for elemental analysis. The PCBN
specimens were sufficiently conducting under the electron beam
in both SEM and TEM and did not require coating for imaging and
analysis.

Thin foils for TEM were prepared by standard techniques; i.e.
grinding, polishing and dimpling to a thickness of 30–40 �m fol-
lowed by ion beam milling. Sputtering was initially carried out by
5 kV Ar ions at an incidence angle of 15◦. The Ar ion energy and the
angle of incidence were reduced during sputtering, and the final
thinning was carried out by 1 kV ions under an angle of 4◦.

Based on the results from the XRD and SEM/XEDS investigations
of all HPHT sintered materials, the HPHT sintered materials C, E and
F (Tables 2 and 3) were selected for a detailed TEM characterization.

Table 3
The elemental composition of the starting powder mixtures.

Material Al (at%) W (at%) Co (at%) Ti (at%) C (at%) N (at%) O (at%) B (at%)

A 4.31 0.33 0.10 14.72 11.36 36.05 3.47 29.67
B  4.12 0.70 0.20 15.06 11.79 36.45 3.59 28.08
C  4.14 1.14 0.24 14.12 11.53 37.12 3.50 28.21
D  3.56 0.34 1.00 15.49 11.73 34.19 3.67 30.01
E  2.90 0.62 1.77 14.46 10.71 37.69 3.26 28.58
F* 1.88 0.94 2.69 12.89 9.32 38.42 3.00 30.87

A - C:WC-Co cemented carbide milling media; D–F: cermet milling media.
* Chemical composition determined after pre-sintering.
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