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ABSTRACT
This paper presents the general characteristics of a new generation of abrasive grains made from alumina oxynitride AlON
manufactured under the trademark Abral®. The chemical composition and main characteristics of these grains were given
in relation to the most popular abrasive materials, such as: white fused alumina 99A, microcrystalline sintered corundum
(SGTM), green silicon carbide 99C, and mono- and microcrystalline cubic boron nitride (cBN). Within the section that
covers the experiment the methodology of micrograph acquisition, using scanning electron microscopy (SEM) techniques,
was described in detail, as well as its processing methodology and analysis, which was conducted in order to obtain
information about the morphological characteristics of the evaluated abrasive grains. The data obtained is presented in the
form of a representative set of SEM micrographs registered for the six variations of the abrasive grains, together with an
analysis of the differences in their morphology. As a result of the experimental investigations it was found that the Abral®
grains are very similar to white fused alumina 99A grains, in terms of features such as: polycrystalline structure, pointed
shape, developed surface and values of apex angles.
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INTRODUCTION

The development of modern abrasive machining

processes is most often associated with:

- the introduction of new construction materials,

challenging the abrasive tools through their hard-to cut

properties;

- development of new kinematic varieties of the grinding

process;

- the introduction of new abrasive materials.

Significant progress in the field of new abrasives hasn’t

occurred since the 1980s, when the company 3M (1981)

and later Norton (1986) presented a new type of

microcrystalline sintered corundum grain, obtained

through the sol-gel process. It took till 2000 for French

company Pechiney Electrometallurgie Abrasives &

Refractories to devise and implement the technology that

enabled the production of alumina oxynitride abrasive

grains.

The γ-alumina oxynitride (AlxOyNz - in brief AlON) is

known as a ceramic material used in the production of

semiconductor substrates for the electronics industry,

among other things. As an abrasive material it was first

used in 1980 [1]. AlON grains production technology

consisted of creating a fine-grained mixture of solid

precursor (Al2O3 and AlN), developing their heat

treatment in an oxidizing environment, and in the final

sintering process, being compacted to a value of at least

97% of the theoretical density. This was meant to create a

regular form of alumina oxynitride spinel. In 1988 [2]

and then in 1990 [3] 3M company developed and

patented production technology of abrasives made from

Al2O3, γ variety alumina oxynitride and nitride culled

from the group IVb metals of the Periodic Table. In this

case, the abrasives production method was based upon

the sol-gel process and the reactive sintering technique.

In 1991, the company Pechiney Electrometallurgie

patented the process of direct nitriding of metals with a
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relatively low melting point, particularly for aluminum

[4]. The same company in 1991, developed a wide range

of abrasives and refractory materials based on

oxynitrides, including materials with type AlON alumina

oxynitride, obtained through direct nitriding, electric

furnace melting and rapid cooling of the molten material

[5]. This enabled a significant reduction in the

manufacturing cost of this type of abrasive material that

was characterized by an equivalent AlN content of from

11% to 12.5%. The next step in the development of

AlON grain production technology was in 1995, when

Pechiney Electrometallurgie developed abrasives based

on oxynitride AlON  obtained by sintering in an electric

furnace  whose hardness was increased due to the

dispersion of fine-grained crystals of titanium carbide in

the base material [6].

Based on technology developed in 2000, the company

Pechiney Electrometallurgie Abrasives & Refractories

started production of alumina oxynitride abrasive grains

under the trademark Abral® for abrasive tools with

vitrified and resin bond for precision and highly efficient

grinding processes [7].

The French company Pechiney Electrometallurgie were

acquired by the Canadian Alcan Inc. in 2003, becoming

Pechiney International SA. However, in October 2007,

Alcan Inc. was bought by Rio Tinto, one of the leading

mining companies [8, 9]. The combination of the existing

structures of Rio Tinto, involved in the extraction and

processing of Aluminum, with resources of Alcan Inc,

led to the founding of Rio Tinto Alcan, which In turn

transformed into a Company called Alteo, manufacturing

the Abral® abrasive grains in one of its factories in La

Bâthie in France [10, 11].

Table 1. The chemical composition and properties of the types of abrasive grain analyzed [12-17]

White fused
alumina 99A

Microcrystalline
sintered corundum

Silicon carbide 99C cBN Abral®

Full name
fused alumina

Al2O3

Microcrystalline
sol-gel sintered

alumina

silicon carbide green
SiCg

cubic boron nitride
cBN

aluminium
oxynitride AlxOyNz

Chemical composition
Al2O3: 99.7%
SiO2: 0.01%

Fe2O3: 0.02%
Na2O: 0.16%

CaO+MgO:0.02%

Al2O3: 95-99%
MgO/Fe2O3: 0-5%

>98.5% SiC
~0.30% C
~0.02% Fe
~0.03% Si

~43.6% B
~56.4% N

AlxOyNz: 99.5%
SiO2: 0.06%

Fe2O3: 0.03%
Na2O: 0.11%

Crystal size ~10 µm < 1 µm < 1 µm
from ~10 µm

(monocrystalline)
to < 1 µm

(microcrystalline)

~10 µm

Shape
pointed,

sharp
pointed,

very sharp sharp, angular
block (hexagonal)
or irregular, very

sharp

pointed,
very sharp

Specific density 3.96 g/cm3 3.87 g/cm3 3.12-3.21 g/cm3 3.48 g/cm3 3.65 g/cm3

Knoop hardness HK 20.3 GPa 21.5 GPa 24-30 GPa 42-54 GPa 18.0 GPa
Ductility 2.0 MPa• m 1/2 3.7 MPa• m 1/2 2.2-3.3 MPa• m1/2 - 1.65 MPa• m 1/2

The critical stress
intensity factor KIc

2.7 MPa• m 1/2 3.5-4.3 MPa• m 1/2 1.9 MPa• m 1/2 3.7 MPa• m 1/2 -

Coefficient of friction
(hardened steel)

0.34 0.19 - 0.19 -

Thermal conductivity
coefficient λ

27-35 W/mK 27-35 W/mK 3.2-4.9 W/mK 240-1300 W/mK -
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Alumina oxynitride abrasive grains have a polycrystalline

structure, and a slightly lower hardness and toughness

compared with white fused alumina 99A. Table 1

contains a summary of the most important properties of

the AlON abrasive grains, with respect to the grains of

Al2O3, SiC and cBN.

The morphological characteristics of the abrasive grains

are extremely important for modeling and simulation of

abrasive machining processes, among others [18-21].

Most of the modeling methods described in the literature

assumes an approximate functioning description of

abrasive grain geometry. Increasingly, however,

advanced model of cutting vertices geometry are being

applied in order to increase the reliability and accuracy of

the results obtained from the simulation of the machining

processes implemented using such models. Therefore,

when a new generation of abrasive grains is introduced, it

is necessary to develop new geometric models reflecting

the essential morphological characteristics of such grains.

The aim of this article is to characterize the geometrical

features of AlON abrasive grains in comparison to other

commonly used abrasives with Al2O3 (white fused

alumina 99A and microcrystalline sintered corundum

SG), green SiC (99C) as well as mono- and

microcrystalline cubic boron nitride (cBN).

MATERIALS AND METHODS

The main goal of the experimental investigations

The aim of this study was to analyze the morphology of

the new generation abrasive grains AlON, particularly

with respect to the most commonly used abrasive grains:

Al2O3, SiC and cBN. This analysis was conducted using

scanning electron microscopy and associated methods of

computer image processing and analysis.

Sample characteristics and preparation

Six types of abrasive grains were examined: 99A, SG,

99C, cBN (mono- and microcrystalline), as well as Abral

®, characterized in Table 1. The abrasive grains analyzed

numbered F46 to F80. These numbers determine the

abrasive grains characteristic dimensions according to

FEPA standards [22]. Before the acquisition process all

types of abrasive grains were prepared and placed upon

the specimen stage. Then a common procedure was

utilized in which the surfaces of all the samples were

cleaned by compressed air. In order to obtain a higher

than standard contrast of the image surface of the grains,

some of them (SiC and AlON (Abral®) were placed

upon carbon adhesive tape. The grains selected for

acquisition were subjected to an additional treatment (eg.

coating, washing, etc.).

Observation and acquisition of the SEM micrographs

In the studies presented to assess the morphology of the

samples, scanning electron microscopy was used [23-25].

Acquisition of the micrographs was carried out using the

scanning electron microscope JSM-5500LV by JEOL

Ltd. (Japan) [23, 24]. The instrument was equipped with

two types of detector - secondary electron image (SEI)

and backscattered electron detector (BEI) which operated

in two modes: high vacuum mode (HVM) and low

vacuum mode (LVM). In HVM the producer guaranteed

a resolution (SEI) 4.0 nm (AV=30 kV, WD=6 mm) and

mag. from 18 to 300000 (realized in 36 steps). The

resolution (BEI) for LVM was 5.0 nm (AV=30 kV,

WD=8 mm) at an adjustable pressure of 10 to 270 Pa.

Evacuation time for HVM was approx. 100 s, whereas

for LVM approx. 90 s. The electron gun used an AV

from 0.5 to 30 kV (53 steps). An eucentric goniometer

type specimen stage was able to carry out the movement

in the direction x (20 mm), y (10 mm) and z (43 mm)

axes. The maximal sample size, which could be put on

the table was 152.4 mm.

The acquisition was carried out mainly through the use of

a BEI detector. A wide range of mags. were used from

25x (general morphology of a group of the abrasive

grains) to 1700x (details of the area of interest (AOI) of

the selected abrasive grains) with an AV from 8 to 20 kV,
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and a vacuum pressure of 1-9 Pa. The acquired

micrographs were characterized by the following

parameters: resolution 1280x960 pixels, 8-bit color

depth, greyscale mode, saving format *.bmp.

In Fig. 1 the general view of the scanning electron

microscope JSM-5500LV by JEOL Ltd., which was used

in the experimental investigations, is presented.

Fig. 1. General view of scanning electron microscope JSM-5500LV by JEOL Ltd. (Japan) used in the experimental
investigations. The microscopy system was additionally equipped with a dispersive spectrometer module  INCAPentaFET-

x3 with Si(Li) detector by Oxford Instruments (Great Britain).

Morphological analysis of the SEM micrographs

Morphological analysis often comes down to the

definition of some geometrical quantities characterizing

the test object. In the case presented in this paper, the

authors restricted themselves to carrying out basic

geometrical measurements of the abrasive grains.

Although this analysis is fundamentally a very simplified

one, it enables the general analysis of all types of

abrasive grain. The combination of a morphological

analysis of visual observation enables the extraction of

multiple geometric features (described quantitatively and

qualitatively) of the different abrasive grains evaluated.

The combination of the morphological analysis and

visual observation also enables the detailing of many

geometric features (described in quantitative and

qualitative fashion), which differ in terms of the abrasive

grain.

The measurements of all abrasive grains were carried out

using Image-Pro® Plus 5.1 software created by Media

Cybernetics Inc. (USA). The main goal of this study was

to determine the geometrical dimensions of the individual

grains in the acquired SEM micrographs. The

measurement procedure consisted of loading the SEM
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micrograph image, extracting the single grain form from

the image, removing all backgrounds, binarization and

and, finally, calculation (in automatic mode) of the values

of the two parameters which characterized the abrasive

grain geometry. These were:

- Feret (max)  longest caliper (feret) length,

- Feret (min)  smallest caliper (feret) length.

Additionally, by using the function Measurements the

values of the apex angle were calculated (in manual

mode). All of the above parameters were determined for

30 randomly selected abrasive grains.

Fig. 2. The following steps were carried out during the determination of the basic geometrical parameters of the abrasive
grains by using Image-Pro® Plus 5.1 software: a) input micrograph (AlON grain, 1.05x0.80 mm, mag. 100x), b) extraction

of a single grain, c) extraction of background, d) the binarization process and the idea of determining Maximum (F max)
and Minimum (F min) Feret diameter, e) input micrograph (AlON grain, 0.69x0.15 mm, mag. 100x), f) the above procedure

realized through the Image Pro® Plus 5.1 software in automatic (F max, F min) and manual (apex angles) mode, g) the
calculated average values of parameters.
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In Fig. 2 the steps conducted during processing and

analysis of the abrasive grains SEM micrographs are

presented.

RESULTS AND DISCUSSION

Among the study group of grains clearly distinct

morphology emerged, characterized by monocrystalline

cBN grains, which have a shape similar to a regular

octahedron (Fig. 3). These grains are further

characterized by a conchoidal fracture. In the

accompanying microscopic images even the smallest

characteristic features of the grains with monocrystalline

structure can be observed. Cracks propagate in them

without finding the intergranular boundaries, causing

chipping of large portions of the grain. Examples of such

cracks can be observed in Fig. 3d and Fig. 3f.

Both the a second type of cBN grains (Fig. 4) and SGTM

grains (Fig. 5) have microcrystalline structure. They

consist of crystallites of a size <1 µm, which means that

they have a very developed surface. Also, a fracture

quality of these grains significantly differentiates them

from other types. This difference is due to the different

mechanism of destruction. The energy used to crack in

microcrystalline grains is dispersed through a number of

crystals boundaries so that its propagation is suppressed.

In effect much smaller fragments of grains are crumbled

out than is the case with poly- and monocrystalline

grains. It should be noted, however, that the tested

microcrystalline sintered corundum grains (SG) are

characterized by a much more flattened shape than

microcrystalline cBN grains and other types of grain. The

closest crystalline structures have grains of white fused

alumina 99A (Al2O3), 99C (SiC) and Abral ® (AlON). A

similar morphology within AlON (Figs. 6 and 7) and SiC

(Fig. 8) grains is likely due to their similar manner of

cracking, in which the cracks propagate along the borders

of the polycrystals. Also, both grains share similar

crystallite size (~10 µm). Green silicon carbide grains

have a conchoidal fracture (Fig. 8b and Fig. 8c).

In characterizing the morphology of a new generation of

AlON grains (Figs. 6 and 7), on the basis of the recorded

SEM images and measurements of geometrical

quantities, it can be concluded that these grains are to a

large extent similar to white fused alumina 99A grains

(Fig. 9). This becomes apparent in particular features,

such as their polycrystalline structure, pointed shape,

developed surface and similar apex angle values (Fig.

2g). Therefore, in the case of modeling the

microgeometry of abrasive tool active surfaces made

from Abral® there should already be adequate models

developed for white fused alumina grains.
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Fig. 3. General morphology of the abrasive grains cBN (monocrystalline) obtained by use of scanning electron microscope
JSM-550LV produced by JEOL: a) SEM micrograph presenting a vast panorama (0.65x0.23 mm, mag. 100x) of the

abrasive grains cBN, b),c) AOI (0.32x0. 11 mm, mag. 400x) extracted from Fig. 3a, d) AOI (0.12x 0.009 mm, mag. 1000x)
extracted from Fig. 3c, e)-g) SEM micrograph (mag. 800-1000x) of a single abrasive grain of cBN.
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Fig. 4. General morphology of the abrasive grains cBN (microcrystalline) obtained by use of scanning electron microscope
JSM-550LV produced by JEOL: a) SEM micrograph (0.74x0.54 mm, mag. 200x) of a group of the abrasive grains cBN,

b) AOI (0.37x0.27 mm, mag. 400x) extracted from Fig. 4a, c), e) AOIs (0.013x0.010 mm, mag. 1000x) extracted from Fig.
4b, d), f) AOIs (0.013x0.010 mm, mag. 1000x) extracted from Fig. 4b, d), f) AOIs (0.072x0.054 mm, mag. 1700x) extracted

(respectively) from Fig. 4c and Fig. 4e
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Fig. 5. General morphology of the abrasive grains SGTM obtained by use of scanning electron microscope JSM-550LV
produced by JEOL: a) SEM micrograph (5.08x3.81 mm, mag. 25x) of a group of the abrasive grains SGTM 46, b) AOI
(0.13x0.09 mm, mag. 100x) extracted from Fig. 5a, c) SEM micrograph (5.08x3.81 mm, mag. 25x) of a group of the

abrasive grains SGTM 60, d) AOI (0.06x0.04 mm, mag. 200x) extracted from Fig. 5c, e) SEM micrograph (2.54x1.90 mm,
mag. 50x) of a group of the abrasive grains SGTM 80, f) AOI (0.64x0.48 mm, mag. 200x) extracted from Fig. 5e.
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Fig. 6. General morphology of the AlON-based abrasive grains (Abral®) obtained by use of scanning electron microscope
JSM-550LV produced by JEOL: a) SEM micrograph presenting a vast panorama (3.5x1.31 mm, mag. 135x) of the abrasive

grains AlON (Abral®), b)-e) SEM micrograph (1.25x0.93 mm, mag. 100x) of a single abrasive grain AlON (Abral®).
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Fig. 7. Details of the fracture morphology of the AlON-based abrasive grains (Abral®) obtained by use of scanning electron
microscope JSM-550LV produced by JEOL: a) SEM micrograph presenting a vast panorama (3.63x2.71 mm, mag. 35x) of

the abrasive grains AlON (Abral®), b) AOI (1.28x0.96 mm, mag. 100x) extracted from Fig. 7a, c) AOI (0.42x0.31 mm,
mag. 300x) extracted from Fig. 7b.
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Fig. 8. General morphology of the abrasive grains SiC obtained by use of scanning electron microscope JSM-550LV
produced by JEOL: a) SEM micrograph (0.83x0.62 mm, mag. 150x) of the abrasive grains SiC, b) AOI (0.12x0.09 mm,
mag. 1000x). Extracted from Fig. 8a, c) AOI (0.06x0.04 mm, mag. 2000x) extracted from Fig. 8b, d) SEM micrograph

(0.83x0.62 mm, mag. 150x) of a single abrasive grain SiC.
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Fig. 9. General morphology of the abrasive grains 99A obtained by use of scanning electron microscope JSM-550LV
produced by JEOL: a) SEM micrograph (5.08x3.81 mm, mag. 25x) of a group of the abrasive grains 99A 46, b) AOI
(0.64x0.48 mm, mag. 200x) extracted from Fig. 9a, c) SEM micrograph (5.08x3.81 mm, mag. 25x) of a group of the

abrasive grains 99A 60, d) AOI (0.64 x0.48 mm, mag. 200x) extracted from Fig. 9c, e) SEM micrograph (5.08x3.81 mm,
mag. 25x) of a group of the abrasive grains 99A 80, f) AOI (0.64x0.48 mm, mag. 200x) extracted from Fig. 9e.
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CONCLUSIONS

The results presented of the morphological analysis of the

Abral® abrasive grains compared to other kinds of grains

studied, led to the following conclusions:

- AlON grains have many features similar to white fused

alumina 99A grains, such as: polycrystalline structure,

pointed shape, developed surface and close apex angle

values;

- The microgeometry of fractures in the AlON and 99A

grains are very similar; this probably results from the

analogous manner of the cracking, in which the cracks

propagate along the borders of the polycrystals, as well as

the fact that the two kinds of grains have similar sized

crystallites (~10 µm), but this should be confirmed by

additional studies;

- A similar morphology of Abral® and 99A abrasive

grains enables the drawing of a conclusion that in a

variety of applications the geometric models developed

for 99A grains should adequately characterize the new

generation of AlON grains;

- the analysis of the geometry of the abrasive grains using

scanning electron microscopy imaging methods,

supported by computer image processing and analysis,

allows for multi-criteria morphological assessment of

these objects in microscale.
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