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THE EFFECT OF BALL MILLING ON THE MORPHOLOGY OF CUBIC BORON NITRIDE
A R Shashikala@*, Kothakula Keerthi?*, Ramesh C S* and B S Sridhar*®

Abstract: Due to its attractive properties, cubic boron nitride (c-BN) finds extensive applications in mechanical and electronic industries.
The conversion of micro c-BN to nano c-BN remarkably influences the properties. This study investigates the effect of ball milling on the

morphological parameters. Boron nitride was subjected to different hours of ball milling process at different rotation speeds. The
crystallite size of the c-BN was measured at different ball milling time intervals, and it is observed that after 100 hours, the crystallite
size decreased to nano size. The ball milling was increased to 150-175 hours to get less than 100 nm size particles. The surface

morphology and elemental analysis of the samples were done using SEM and EDX studies. EDX confirmed the presence of boron and

nitrogen in the sample. SEM images indicated that the agglomerated morphology of c-BN particles with irregular shape. The cubic
structure was confirmed from XRD studies. Thermogravimetric analysis (TGA) conducted to determine the samples' thermal stability

indicated that weight loss was observed for temperatures up to 700°C. There was no significant weight loss at a higher temperature.
Stronger reflectance was observed with increased ball milling time in UV-Visible DSR studies.
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1. Introduction

Boron nitride is an iso-electronic with carbon because boron
and nitrogen are present side by side individually to the carbon
atom in the periodic table [1]. BN can be synthesized in four
polymorphic structures viz hexagonal BN (h-BN), rhombohedral
BN (r-BN), wurtzite- BN (w-BN) and cubic BN (c-BN) [2]. h-BN has
delocalized pi orbital with sp? hybridization. Hexagonal Boron
Nitride exhibits the same crystal structure-like graphite [3]. It
finds extensive application as an additive in cosmetic products,
used as effective lubricant when added with other alloys, plastics,
resins, etc. [4]. A combination of BN with CNTs is prone to increase
applications of h-BN in electronic devices and gas storage
materials [5].

In r-BN boron and nitrogen are packed with four-membered
rings of layers. No four-layer coincidence occurred, but a
displacement was seen on every fourth layer and repeated at the
first layer. It exhibits sp? hybridization, where three covalent
bonds connect each other with their neighboring atoms [6].
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Boron and nitrogen atoms in w-BN have 6-membered rings.
The rings between layers are in a boat configuration. However,
the c-BN layers are in a chair configuration. Recent studies
indicate that w-BN is harder than other borides but softer than c-
BN [7].

On the other hand, c-BN is extremely hard, close to a
diamond's hardness. It exhibits a single crystal phase and sp3
hybridization similar to diamond [2]. As a semiconductor, it shows
a wide band gap, has good optical properties, high thermal
conductivity and is chemically inert [8-10]. c-BN shows good
transmittance with a wide band gap and spectral range from a UV
to Visible [11-14]. c-BN can be dopped with p- or n-type impurities
[15, 16] to improve its band gap and thermal stability. Due to its
wide band gap and thermal stability, it finds applications in high-
temperature power electronic instruments, unlike diamond [17].
c-BN can be used in cutting tools and optical instruments like UV
detectors and emitters [18-20]. It is insoluble at room
temperature but is still used as abrasive because it has high-
temperature solubility with nickel, iron and its alloys [21].

Nano c-BN can be obtained by a simple top-down process. Ball
milling is a top-down process that synthesizes various
nanoparticles like metal oxides, zeolites, carbon materials, and
metal frameworks [22, 23]. Nanoparticles obtained from the ball
milling process have wide applications in fuel cells, electronic
devices, drug delivery and catalysis [24]. Ball-milling increases the
surface area and changes the chemical functionality and
morphology. Ball-milling in the presence of hydrogen, ammonia,
or sodium hydroxide leads to forming ex-foliated boron nitride
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with hydroxyl and amino groups on the surface [25-28].

In this work, nano c-BN was prepared by the ball-milling
process. We studied the effect of ball-milling time and rotational
speed on the morphology, crystal structure, particle size and
thermal stability.

2. Materials and Methods

Commercial cubic boron nitride (c-BN) with a particle size of 2
um was used for the ball milling process. The sample was
subjected to different ball-milling time intervals of up to 175
hours and carried out at 50 and 100 rpm.

Ball milling was conducted using the Delta Power Controls
Planetary Ball mill with stainless steel balls of 12 grams weight and
vials. The impact force jar was stationary and revolved in a
planetary orbit. The ball milling was carried out at different
rotations per minute (rpm) and at different period without any
power interruption.

The samples' elemental analysis was carried out with EDX
using the Link Ge Energy Dispersive Spectrometer combined with
a Noran Scientific analyzer, Model TN5500, USA, which provides
the spatial resolution for compositional analysis and is limited to
1-micrometer diameter on flat specimens.

The Scanning Electron Microscope TESCAN-VEGA3 LMU was
used to study the microstructure and surface morphology at
different ball milling times and rotational speeds. The XRD
analysis of the milled samples was carried out using an X-ray
diffractometer, Philips, PW 1140/90, USA, equipped with Ni filter
and Cu K radiation [29]. Double beam UV-visible
spectrophotometer model UV 2600 with 200 to 800 nm spectral
band was used to measure samples reflectance at different ball
milling times. The thermogravimetric analysis was studied using
the NETZSCH's STA 449 F5 Jupiter Simultaneous Thermal Analyzer
TGA/DSR.

3. Results and Discussion

Table 1 depicts the EDX-elemental composition of c-BN after
different grinding duration at 50 rpm. Iron appeared as an
impurity when the grinding time was increased to 175 hours
because of the stainless steel balls used in the ball milling process.
The balls were coated with Teflon and subjected to 175 hours of
grinding to overcome this. Table 1 shows the elemental
composition of the nano c-BN powder at 175 hours of ball milling
before and after coating the balls with Teflon. Boron
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concentration decreased with increased ball milling time, which
may be due to the diffusion of boron into steel balls during ball
milling. The diffusion increased at higher rpm, which may be due
to increased temperature with increased ball milling speed and
diffusion at higher temperatures [30, 31].
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Figure 1. EDAX images of nano c-BN at175 hours: a) before
Teflon coating b) after Teflon coating

Table 1. Elemental composition of the nano c-BN powder at
different grinding times at 50 rpm

Time(hrs) Element Weight (%)

B 50.45
100

N 49.55

B 48.45
125

N 51.04

B 48.04
150

N 51.66

B 43.98
175 (before coating the N 54.67
balls with Teflon) C 0.41

Fe 0.26
175 (after coating the balls B 48.09
with Teflon) N 51.91

Table 2 shows the presence of iron, chromium, nickel, oxygen,
boron, and nitrogen due to using steel balls for grinding. For all
further characterization, nano powder obtained at 50 rpm and
175 hours of ball milling with Teflon-coated balls was used as it is
free from other impurities.
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Figure 2. EDAX Image of nano c-BN at 100 rpm

Table 2. Elemental composition of nano c-BN powder at 100

rom
Time(hrs) Element Weight (%)
B 46.08
N 26.23
Cr 3.65
0 10.07
Ni 1.27

Figure 3 shows the XRD images of c-BN at different grinding
times. There are four characteristic peaks corresponding to (111),
(200), (220) and (311) at 43.6°, 50.9°, 74° and 90°, respectively.
The diffraction peaks were only slightly weakened with increased
ball milling time due to c-BN's superior hardness. This is similar to
the phenomenon reported by Zia and Li [32]. The intensity of
(200) peak was decreased to a maximum extent compared to
other peaks at 175 hours of ball milling. The c-BN crystallite size
decreased with increased ball milling time. Its size decreased from
400 nm at 50 hours of ball milling to 66 nm at 175 hours.
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Figure 3. XRD images of c-BN at 50 rpm and different

grinding times:
a)100 hrs.
b)125 hrs.
¢)150 hrs.
d)175 hrs.

DOI: https//doi.org/10.22452/mjs.vol42no3.4

Malaysian Journal of Science 42(3): 19-25 (October 2023)



Malaysian Journal of Science

Regular Issue

Figure 4 depicts an XRD image of nano c-BN obtained at 100
hours of ball-milling and 100 rpm speed. The peak intensity
decreased and disappeared at 50.9° and 90° with increased
speed.

Figure 5 shows the effect of different rotational speeds on the
c-BN's crystallite size. Initially, the experiments were conducted
at 50 rpm at different grinding times of up to 175 hours. The
crystallite size decreased to ~66 nm from 2 um. The size remained
almost constant after 175 hours of ball milling. Experiments were
also conducted at 100 rpm. Increasing the rpm decreased the
crystallite size; at 100 hours and 50 rpm, the size decreased to less
than 60 nm from 125 nm.

Figure 6 displays the scanning electron micrograph of c-BN
powder at different ball milling times. The micrographs
magnification was kept constant. The specimen was found to
have an irregular shape with few agglomerates. Increasing the ball
milling time caused the c-BN nanoparticles to have irregular
morphologies with sizes that ranged from 57 to 78 nm.
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Figure 4. XRD images of c-BN at different grinding times with 100
rom
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Figure 5. Effect of ball milling on the crystallite size of c-BN at 50
rom

Figure 6. SEM images of c-BN at different ball milling times:
a) 100 hrs.
b) 125 hrs.
¢)150 hrs. and
d)175 hrs.

Figure 7. SEM images of c-BN at 100 rpm (100 hrs.) at
different magnifications:
a)2um b) 1um ¢)500nm d)200 nm.

Figure 7 depicts SEM images of nano c-BN obtained at 100
hours at 100 rpm at different magnifications. At 100 rpm, c-BN
consisted of nano-sized amorphous particles with few nodular
lumps. The particle size ranged from 60 to 70 nm.

Figure 8 shows the UV-visible DSR spectra of c-BN at different
ball milling times. All samples showed UV reflectance in the visible
region. The incident light absorption occurred in the 200-800 nm
wavelength range. Around 7-12% of reflection is in the longer
wavelength region. Overall, reflectance intensity was remarkably
enhanced with increased time. Stronger reflectance was observed
with increasing ball milling time compared to the micro-sized c-
BN.

DOI: https//doi.org/10.22452/mjs.vol42no3.4
Malaysian Journal of Science 42(3): 19-25 (October 2023)



Malaysian Journal of Science

Regular Issue

104
=4
44
134

124

. &_«f"”_’/_’//i

R(%
ol e
a

A

N @ oW
A

«0 500 a0 700 80
wavelength (nm)

0 0

Figure 8. UV-visible DSR spectra of c-BN at different ball
milling time:
a) 0 hrs b) 50 hrs ¢) 125 hrs d) 175 hrs

The thermal stability test was conducted to study the effect of
ball milling time on the degradation temperature of c-BN. Figure
9 shows the Thermogravimetric analysis. The TGA graphs are
similar for all samples. The weight loss occurred for all samples at
room temperature up to 700°C except for the sample obtained at
175 hours of ball milling. The weight loss may be attributed to the
increased surface area of the ball-milled sample. The weight loss
is as high as 3% in the 100-hour ball-milled sample. The weight
loss slightly decreased as the grinding time increased, as seen in
the 150- and 175-hour ball-milled sample. No significant weight
loss was observed for all samples after 700°C. After the TGA test,
ash was collected for all samples, and the amount of ash formed
at higher ball milling time was significantly less than that for 100
hours of ball milling.
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Figure 9. Thermogravimetric analysis of c-BN

DOI: https//doi.org/10.22452/mjs.vol42no3.4
Malaysian Journal of Science 42(3): 19-25 (October 2023)



Malaysian Journal of Science

Regular Issue

4. Conclusion

Nano c¢c-BN was obtained through a simple, eco-friendly ball
milling process at different rotational speeds. Effect of ball milling
time on morphology and crystallite size was studied. Nano c-BN
obtained at 150 to 175 hours of ball milling at 50 rpm were used
for the characterization studies. XRD data revealed that increasing
ball milling time decreased the peak intensity, and a few peaks
disappeared with increased rpm. c-BN nanoparticles were found
to have irregular shapes with sizes ranging from 57 to 78 nm.
Stronger reflectance was observed with increased ball milling
time in the DSR spectra. There was weight loss for all samples at
room temperature up to 700°C in the TGA studies. No significant
weight loss was observed for all samples after 700°C.
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