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The advantages of CBN abrasive and vitrified bonds allow the wide use of vitrified CBN grinding tools. However, their
properties can be affected by various factors such as vitrification itself and binding between vitrified bond and abrasive grains.
In view of this, the current work aims to improve the binding characteristics of vitrified bond and abrasive grains by
elucidating the effect of CBN surface coating. In particular, the thermal properties of typical nickel and titanium coated
abrasive grains were compared with those of ordinary abrasive grains. Furthermore, the strength, microstructure and phase
composition of vitrified CBN composites were studied as well. According to the results, the thermal stability of abrasive grains
decreased after coating processing. However, applying the vitrified CBN composite material and sintering, if appropriable, was
shown to ensure protection of the abrasive grains. Moreover, as an intermediate transition layer, the bonding properties of
vitrified bond and abrasive grains can be improved to some extent. Finally, the vitrified Ti-coated CBN composite was found
to possess the best performance.
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Introduction

In recent years, vitrified bond grinding wheels have
become a new trend of the new-generation grinding
wheels [1]. Unlike resin and metal bond wheels,
vitrified wheels are the most promising ultra-precision
grinding wheels because of their outstanding properties
such as controlled porosity, good self-dressing capability,
high machining efficiency and surface precision [2-5].
The convenient low-frequency dressing of vitrified
bond grinding wheels allows one to improve their
machining accuracy [6]. In addition, the advantages of
vitrified bond grinding wheels include large elastic
modulus, stable chemical properties, small thermal
expansion coefficient, non-deformable grinding tool,
and high precision grinding workpiece [7, 8]. Since
such types of grinding wheels are produced at a high
temperature, complex chemical reactions occur during
the firing process, and new compounds are generated
between the substances, which is beneficial for
enhancing the strength of the wheel [9]. Therefore the
vitrified bond grinding wheels increasingly find
application in industrial production [10]. 

Furthermore, to a certain extent, the development and
utilization of abrasive tools can reflect the national
machining level. In particular, the introduction of CBN
abrasive tools provided a breakthrough in the field of
production and processing technology [11, 12], ensuring
obvious economic benefits. However, the current state
of ultra-high speed abrasives is still relatively backward
and their quality remains low, strongly limiting the
large-scale application of these materials. In this respect,
the strength characteristics of vitrified bond CBN
grinding wheels, mainly determined by the vitrified
bond itself and the binding properties between the
vitrified bond and the abrasive grains, are insufficiently
good because of the low surface free energy of smooth
CBN abrasive grains [13].

The bond strength of the abrasive grains can be
increased by coating them with a material that possesses
high affinity to both the abrasive composite and the
vitrified bond [14]. In particular, abrasive grains surface
metallization using strong carbide-forming elements (Ti
[15-17], Mo [18], W [19], Cr [20], etc.) is considered a
promising way for improving the interfacial bonding
between abrasive grains and copper [21]. In another
work [14], WC coated diamond grains have been
proposed for this purpose. 

The second route is coating layer reacts with the
abrasive surface by formation of metal matrix alloy.
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For example, the brazing of CBN to WC-Co was
successfully performed in Ref. [19] via microwave
hybrid heating utilizing Ag-Cu-In-Ti (APA7) braze
alloy. In that study, Ti atoms diffused towards CBN to
produce the TiB2, TiB, and TiN reaction layers with
CBN. Furthermore, it was found [17] that Ti coating
could enhance the bond strength between the diamond
and the metal matrix for TiC species forming between
the diamond and the outer Ti layer.

There are also other coating methods to improve
their oxidation resistance. The experiments had proven
that oxide coatings, such as SiO2 [22], TiO2, Al2O3

[23], and ZnO [24], contributed to the initial oxidation
temperature of the abrasives and their ability to be
wetted by the vitrified bonds during high-temperature
sintering [13]. Yan et al. [3] reported a PVP-aided
method to enhance the oxidation resistance of ultrafine
diamonds by encapsulating UFDs into silica shells,
leading to the formation of core/shell structures.

Ordinary abrasive grains are known by their poor
wettability and average bonding quality, which is dis-
advantageous to the processing efficiency and service
life of the abrasive. In order to improve the binding
force of abrasive and vitrified bond, the surface of the
abrasive grains must be properly treated. This ensures
that the damage of the grinding wheel is reduced and
the overall performance of the abrasive tool is improved.
In this paper, the effect of CBN surface coatings on the
properties of vitrified bond CBN composites was
studied. The typical nickel and titanium coated abrasive
grains were compared with ordinary abrasive grains
with respect to their thermal characteristics as well as
strength, microstructure, and phase composition of
vitrified CBN composite materials.

Abrasive Surface Treatment of CBN

Abrasive coating process
Abrasive coating treatment plays a very important

role in the control of abrasive grains by vitrified bond.
On the one hand, it allows one to improve the
wettability between vitrified bond and CBN abrasive
grains to some extent, thereby increasing the bend
strength of vitrified CBN composites along with the
service life of abrasive tools. On the other hand, the

coating layer will act as a protective film for the CBN
abrasive grains, which can reduce their damage caused
by excessive temperatures in the grinding process,
exerting a positive effect on the overall performance of
the abrasive tool.

Now, the common processing means are electroless
plating, vacuum physical vapor deposition, vacuum
chemical vapor deposition, powder cover sintering,
atomic layer plating, and chemical etching. And the
coating materials are ceramics, metals, oxides, and so
on.

Morphology and energy dispersive spectrum analysis
of coated abrasive grains

Fig. 1 displays the uncoated CBN grains and the
nickel- and titanium-plated CBN grains. The morphological
features and characteristics of the three kinds of
abrasive grains were obviously different. Compared
with untreated abrasive grains, the titanium coating was
thinner, and there was no obvious difference in surface
topography. The edges of the titanium-plated CBN
abrasive grains were rough and appeared to be damaged,
perhaps due to the high temperature exposure during
the titanium plating process. Ni-coated CBN abrasive
grains’ surface is rough, and a layer of metal nickel is
attached. Among them, the Ni-plated CBN was prepared
by chemical plating process and its brand was CN56,
while the Ti-coated CBN abrasive was prepared by
evaporation plating process and its brand was Ti-850.

In order to further analyze the surface composition of
CBN abrasive grains, energy-dispersive X-ray spectro-
scopy (EDX) was used to study the element distribution
on the surface of CBN abrasive grains before and after
treatment, and the results are shown in Fig. 2. And, the
energy-dispersive X-ray spectroscopy data of the three
kinds of CBN abrasive grains was shown in Table 1.

According to the EDX results, the surfaces of all
three kinds of abrasive grains contained phosphorus,
which was related to a CBN preparation process. CBN
is synthesized by HBN under static high pressure and
high temperature catalyst method. Boric acid and
tricalcium phosphate are used in the preparation of
HBN, which makes the prepared CBN contain
phosphorus element. Besides, the surface of Ti-coated
CBN abrasive grains exhibited a certain amount of Ti

Fig. 1. Morphological features of (a) ordinary, (b) Ni-coated, and (c) Ti-coated CBN abrasive grains.
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and a small quantity of oxygen. In addition, the surface
of nickel-plated CBN abrasive grains revealed the
presence of not only Ni, but also Cu elements in the
same proportion as Ni, as well as a low Co content.

Thermal analysis of coated abrasive grains
To assess the thermal stability of different abrasive

grains, a synchronous TG-DSC thermal analyzer (STA
449 F3) was used to conduct the differential thermal
analysis of the three kinds of CBN abrasive grains. The
corresponding data are plotted in Fig. 3. The
measurements were done at the heating rate of 20 ℃/
min within a temperature range from room temperature
(20 ℃) to 1400 ℃.

According to Fig. 3(a), the ordinary CBN abrasive
grains began to be oxidized at 1059.3 ℃, and the
oxidation increased with increasing heating temperature.
A weight gain of 2.25% was achieved during the whole
reaction from room temperature to 1400 ℃. The DTA
images of Ni-coated CBN abrasive grains are relatively
complex. In Fig. 3(b), the exothermic and endothermic
peaks are observed at 365.4 ℃, 881.1 ℃, and 1096.4.
Besides, multiple exothermic and endothermic peaks
appeared above 1100 ℃. Since the surface of Ni-
coated CBN abrasive grains contained a small amount
of Cu and Co, the exothermic peak at 365.4 ℃ seemed
to be attributed to the oxidation temperatures of these
elements. At the same time, the EDX results of Ni-

Fig. 2. Energy-dispersive X-ray spectroscopic analysis of three kinds of CBN abrasive grains.
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coated CBN abrasive grains showed that the contents
of Cu and Ni elements on the surface of the abrasive
grains were equivalent, which may correspond to the
melting point of copper alloy of 881.1 ℃. In turn, the
peak at 1096.4 ℃ is likely the initial oxidation
temperature of CBN abrasive grains. Furthermore, at
about 560 ℃, a dramatic increase in the TG values of
Ni-coated CBN abrasive grains indicates that Ni has
begun to oxidize at this temperature. In spite of a slight
difference, the curves in Fig. 4(c) follow the same trend
as those in Fig. 3(c). In particular, a noticeable
exothermic peak appeared at 724.2 ℃, which could
signify the oxidation of titanium at this temperature.
Due to the small content of Ti, there was only a thin
layer on the surface of CBN abrasive grains. Even
though the weight gain of CBN abrasive grains was
insignificant, it could be clearly seen in the DTG plots
as a peak at the temperature above 724.2 ℃. With a
further increase in the temperature, the weight gain of
CBN abrasive grains became greater at 1083.2 ℃,
indicating the onset of oxidation in them. The
emergence of an intense exothermic peak at 1264.6 ℃
could mean the acceleration of reaction. To summarize,
the thermal stability of ordinary abrasive grains was
found to be the best, followed by that of Ti-coated
abrasive grains. At the same time, the coating could
effectively protect the abrasive grains and increase their
oxidation temperature.

Preparation and Characterization 
of Vitrified CBN Composites

Specimen preparation
A basic vitrified bond was based on a SiO2-B2O3-

Al2O3-Li2O-Na2O glass system [25], in which the
constituents were introduced in the form of silica,
boron trioxide, alumina, lithium carbonate, and sodium
carbonate, respectively. The formulation of the vitrified
bond is shown in Table 2. The raw materials were
weighed accurately, milled together for 6 h in a ball
mill with a ball: powder ratio of 2:1, and sieved

Table 1. Element content of three kinds of CBN abrasive grains.

Element
Ordinary CBN abrasive grains Ni-coated CBN abrasive grains Ti-coated CBN abrasive grains

wt% at% wt% at% wt% at% 

B 43.57 50.27 — — 29.79 27.76

N 55.40 49.32 — — 23.06 24.96

O — — 16.74 41.77 — —

P 1.03 0.41 5.03 6.48 3.40 1.66

Co — — 1.84 1.25 — —

Ni — — 48.64 33.07 — —

Cu — — 27.75 17.43 — —

Ti — — — — 53.75 45.61

Total quantity 100 100 100 100 100 100

Fig. 3. Thermal analysis of CBN abrasive grains.
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through a 200# mesh. Then the mixture was melted at
1200 °C for 2 h in an electric furnace and quenched in
deionized water. After that the blend was dried,
crushed, and milled for 24 h in a ball mill. The
powdered vitrified bond was afterwards sifted through
the 200# mesh. The vitrified CBN composites were
obtained by mixing the vitrified bond and CBN grains,
and the average CBN grain size was 120/140# (Henan
Funaike Ultrahard Material Co. Ltd., China NO.880).
The samples were molded into rectangular bars (37
mm×6 mm×6 mm) under a pressure of 200 MPa. The
details of the preparation process are available in
Fig. 4.

In order to explore the effect of abrasive coating on
the vitrified CBN composite, a series of sintering
experiments was carried out. During the preparation of
vitrified CBN composites, it was necessary to control
the heating rate [26] and prolong the holding time, both
of which would affect the compactness of composite
materials [27]. In the sintering process, the heating rate
was 150 ℃/h from 20 ℃ to 730 ℃, and the holding
time was 20 min at 100 ℃ and 573 ℃, respectively.

Whereafter the furnace was heated up to 730 ℃ and
kept warming for 2 h. Finally, as the furnace cooled to
room temperature, the sample was sintered.

Specimen characterization
The bend strength of samples was measured via a

three-point method using a DYE-300B testing machine
at a cross-head speed of 0.5 mm/min. Prior to trials, the
samples were ground to the same dimensions of 37 × 6
× 6 mm3. The bend strength was calculated as follows
[28].

(1)

where F is the fracture load of the sample (N), L is the
length between the two supporting points (L=20 mm),
b and h are the width and thickness of the fracture of
the specimen (mm). Each kind of samples was tested
five times and the results were averaged. The testing
process is shown in Fig. 5.

The microstructure of the fracture surfaces of sintered
composites was examined via scanning electron
microscopy (SEM, Zeiss Ultra Plus). The crystalline
phases of the specimens were analyzed using an X-ray
diffractometer (X’Pert Pro MRD, Panalytical, Netherlands)
in CuKα1 radiation at a scan rate of 10°/min (λ =
1.5406 Å).

Effect of Abrasive Coating on the Properties 
of Composites

Effect of coating on strength of vitrified CBN
composites

Only when the abrasive grains and the vitrified bond
are prepared into the grinding wheels and participate in
the grinding process, the effect of the abrasive grains
can be played. The strength of vitrified CBN composite
materials is the basic condition for ensuring the safety
and long service life of grinding tools [29]. The
strength of vitrified CBN composites depends on the
strength of vitrified bond itself, but also on the bond

 = 
3FL

2bh2
----------

Table 2. Basic vitrified bond system formulation (wt%).

Component SiO2 Al2O3 B2O3 Na2O

Content 55~60 8~15 10~15 5~20

Fig. 4. Preparation process of vitrified CBN composites.

Fig. 5. Bend strength measurements.
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strength between vitrified bond and CBN abrasive
grains. To further elucidate the effect of coated CBN
abrasive grains, vitrified CBN composites with different
coatings were prepared, and the strength graph for each
type of composites is given in Fig. 6.

The plots in Fig. 6 reveal the slight variations in the
strength of ordinary and coated vitrified CBN composites.
The highest strength is attributed to Ti-coated CBN
abrasive grains, whereas the lowest one is found for a
Ni-coated CBN composite. The maximum bending
strength of the vitrified CBN composites with Ti-
coated CBN abrasive particles is 57.38 MPa, and the
average flexural strength of the ceramic CBN composites
with titanium coated CBN abrasive particles is 9.7%
and 28.4% higher than that of the ceramic CBN
composites with ordinary CBN abrasive grains and Ni-
coated CBN abrasive grains, respectively.

To study the internal structure characteristics of
vitrified CBN composites and the bonding state
between CBN abrasive grains and vitrified bond, the
fracture morphologies and phases of vitrified CBN
composites based on the ordinary, Ti-coated and Ni-
coated CBN abrasive grains were probed respectively.

Effect of coating on the microstructure of vitrified
CBN composites

When the surface of CBN abrasive grains is coated
with different metal, it can result in various thermal
reactions. Moreover, the characteristics of sintered
vitrified CBN composites, i.e., the bonding state between
the coated CBN abrasive grains and the vitrified bond,
will also be different, which will exert a certain
influence on the microstructure of vitrified CBN
composites. Fig. 7 shows the fracture morphologies of
the vitrified CBN composites with ordinary abrasive
additives, as well as the coatings with titanium- and

nickel-plated CBN abrasions under the same sintering
environment. 

It is seen that using various CBN abrasive coatings
drastically changes the microstructure of vitrified CBN
composites. The porosity of vitrified CBN composites
with coated CBN abrasive grains was obviously higher
than that of the ordinary vitrified CBN composite. At
the same time, the porosity of vitrified CBN composite
with Ni-coated CBN abrasive grains was particularly
prominent, and the pores with large diameters were
clearly observed in Fig. 7(b) and (c). Combined with
thermal stability results for CBN abrasive grains, it can

Fig. 6. Effect of different CBN abrasive grains on the strength of
vitrified composites.

Fig. 7. Fracture morphologies of vitrified CBN composites with
different CBN abrasive grains: (a) ordinary, (b) Ni-coated, and (c)
Ti-coated CBN abrasive grains.



14 Xuezhi Wang, Minghai Wang, Jingqiang Zhang, Wenbo Fan and Tianbiao Yu

be concluded that multiple pores could be due to the
gradual surface layer oxidation of coated CBN abrasive
grains under the action of high temperature, leading to
a release of a certain quantity of heat. Since the heat
arises from the interior of the vitrified CBN composite,
it induces the local expansion of the material and,
consequently, the emergence of numerous coarse pores.
Moreover, the larger thickness of the nickel-plated
CBN abrasive coating is conducive to an increase in
the quantity of oxidized nickel, resulting in the better
performance of Ni-coated CBN abrasive.

In order to further study the internal causes of the
strength change for vitrified CBN composites, the ports
of vitrified bond Ti-coated CBN composites were
analyzed via scanning electron microscopy. Fig. 8
displays the corresponding SEM optical micrograph
and the element distribution (EDS) diagram.

Fig. 8(a) depicts the spline section of a Ti-coated
CBN composite, selected for surface scanning. Fig.
8(b)-(d) illustrate the Ti, B, and N element distributions
within the selected zone from Fig. 8(a). According to
Fig. 8(c) and 8(d), the B and N elements were detected
at the same areas, indicating that these locations
corresponded to CBN abrasive grains. As seen in Fig.
8(b), the Ti elements were mainly settled around some

CBN abrasive grains, but their low content could mean
that the CBN surface was coated with a thin titanium
layer. In addition, titanium in the titanium-plated layer
not only existed on the surface of CBN abrasive grains,
but also diffused into the vitrified bond.

Effect of coating on the phase composition of
vitrified CBN composite material

To investigate the effect of coated CBN abrasive
grains on the properties of vitrified CBN composites,
the phase composition of the latter was analyzed by X-
ray diffraction, and the results are shown in Fig. 9.

The main phases of vitrified CBN composites with
three kinds of abrasive grains were found to be
basically the same; the only difference was that the
new Ni, NiO and TiO2 phases appeared in the
composites. The results confirmed that the oxidation of
Ni and Ti occurred during the sintering of vitrified
CBN composites. Besides, no BN phase was detected
in the composite material with Ni-coating abrasive
grains. This was due to the fact that the abrasive was
well coated with a nickel layer. Moreover, Ti has
spread through the vitrified bond, leading to the
emergence of a new TiO2 phase, which enabled one to
improve the performance of vitrified bond as well as

Fig. 8. Fracture morphology and surface scanning results of titanium- plated CBN vitrified bond composites.
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the bond strength between the abrasive grains and the
vitrified bond.

Conclusions

The coating of CBN abrasive grains can change their
surface characteristics to a certain extent, which exerts
a noticeable effect on the structure of related vitrified
CBN composite materials as well as the binding state
of vitrified bond and abrasive grains. In this respect, a
comprehensive study of CBN abrasive grains coated
with different metals and the corresponding vitrified
CBN composites allowed one to draw the following
conclusions.

(1) The porosity of vitrified CBN composites with
Ti- and Ni- coated CBN abrasive grains was obviously
higher than that of ordinary CBN abrasive grains. The
best bonding state was found between Ti -coated CBN
abrasive grains and vitrified bond. This was due to the
oxidation and diffusion of a metal Ti layer toward the
vitrified bond, thus improving the interfacial bond
strength. However, applying the Ti coating reduced the
strength and toughness of CBN abrasives. 

(2) For Ni-coated CBN abrasive grains, the Ni layer
was shown to protect the grains and improve their
thermal stability. However, the vitrified CBN composite
materials could be easily oxidized, which caused their
local expansion. This led to the generation of a large
amount of pores and reduced the strength of the
composites.
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