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In this paper, analysis and interpretation of mechanical property measurements of β-SiAlON ceramic were
reported. Indentation microhardness of β-SiAlON ceramic was measured using the Knoop and Vickers indenters.
The analysis of the Vickers indentation microhardness data reveals the reverse indentation size effect that is the
apparent microhardness increases with increasing applied indentation test load. However, the Knoop indentation
microhardness data exhibit indentation size effect that is the apparent microhardness increases with decreasing
applied test load. The experimental Knoop microhardness data was analyzed using Meyer’s law, elastic-plastic
deformation model, proportional specimen resistance model, and Hays–Kendall’s model. As a result, modified
proportional specimen resistance model is found to be the most effective one for the load-independent (HLI)
microhardness determination of the SiAlON ceramic. It was seen that different models used to analyze the
data obtained from the Vickers indentation do not give the same intrinsic hardness value. We also present the
calculation of the Young modulus, E, of the β-SiAlON ceramic.

PACS: 62.20.−x, 62.20.Qp, 62.20.de

1. Introduction

Hardness of a material is defined as its resistance to
plastic deformation usually when the indentation test is
carried out. The principles of indentation consist of ap-
plying a given test load and, subsequently, measuring the
dimensions of the residual impression left in the material
once the indenter has been withdrawn. Hardness of the
material is then defined as the ratio between the inden-
tation load and a parameter representing the area of the
residual impression which depends on the shape of the
indenter and the method employed for the hardness cal-
culation. Hardness of a brittle material as determined
by conventional tests (Vickers, Knoop, Berkovich, Rock-
well, etc.) is a measure of the material’s resistance to
deformation, densification displacement and fracture [1].
Hardness measurements are frequently undertaken but
poorly performed on ceramics materials and often mis-
understood because of the relationship between the mea-
sured material’s response and the microstructure fea-
tures. Thus, in actual work it was seen that hardness
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shows a dependence on the test load on the material. The
load dependence is found to vary with type of materials
and experiments types. Typically, four types of results
have been reported so far. These are shown in Fig. 1.

Fig. 1. Schematic representation of hardness applied
indentation test load variation.

In a type variation, hardness is constant with respect
to load. Such behaviour presumes an ideal instrument
response and an ideal material response. This load-

(1026)



Vickers and Knoop Indentation Microhardness Study . . . 1027

-independent behaviour has been observed by several re-
searchers [2, 3]. In b type variation, the load–hardness
curve consists of kinks, maxima and minima. Such be-
haviour has been observed in some organic crystals [4]
and some polymeric materials [5]. In c type variation,
hardness increases with increasing load. Load variation
of this type has been observed in several studies [6–8].
This behaviour is called reverse indentation size effect
(RISE). In d type variation, hardness decreases with
increasing load. Hardness shows a step decrease with
an increasing critical load and thereafter reaches satura-
tion. This behavior is called indentation size effect (ISE)
[9–11].

β-SiAlONs, which are ceramic alloys of silicon ni-
tride and aluminum oxide, were developed as an eco-
nomically and functionally superior alternative to hot-
-pressed silicon nitride (HPSN). Economically driven re-
search looks for simplification of technology, elimination
of gas–pressure sintering and lowering of densification
temperature. That aim can be achieved by application of
nanopowders [12] or recently proposed mechanochemical
processing [13]. The latter changes significantly develop-
ment of the microstructure in comparison to the standard
β-SiAlON ceramic manufactured by gas pressure sinter-
ing and the relevant mechanical properties. Nevertheless,
the new β-SiAlON ceramics are of interest for the new
fields of application and the microstructure related prop-
erties should be determined in the new class of β-SiAlON
ceramic.

In this study, therefore, the mechanical properties of
porous SiAlON-based ceramic, which is prepared by pres-
sureless sintering of mechanically activated β-SiAlON
precursor powders, have been characterized by using the
Vickers and Knoop indenter.

2. Theoretical background

Indentation microhardness measurements of β-SiAlON
ceramic were performed with a Future-Tech FM 700 mi-
croindentation hardness tester at the room temperature.
The Vickers and Knoop indenters were used with loads
ranging from 0.245 to 9.8 N. Loads were applied for 15 s
to measure diagonals of the indentations. The indenta-
tion diagonal lengths were measured with Nikon MA 100
inverted metal microscope using the Clemex professional
microscopy image analysis software. 50× and 20× objec-
tive lenses were used on the Nikon MA 100 instrument
in the present study. For a particular load, at least ten
well-defined impressions were considered.

For the Vickers hardness test, the indenter is a square-
-based pyramid for which the angle between the two op-
posite sides is equal to 136◦ (Fig. 2a). The representative
area corresponds to the true area of the contact between
the pyramid and the material at the maximum load of
the indentation. By means of simple geometrical consid-
erations, the contact area may be expressed as a function
of the diagonal of the indent. The Vickers microhardness
(HV) is calculated using the following formula:

HV =
P

AV
=

P
(

d2

2

)
sin

(
ψ
2

) = 1.8544
P

d2
, (1)

where P is the applied test load in N, d is the average of
two indentation diagonal lengths in µm, and 1.8544 is a
geometrical constant of the diamond pyramid.

Fig. 2. (a) Vickers indentation and indentation diago-
nal length, (b) Knoop indentation and indentation di-
agonal length.

The Knoop microhardness test used a lozenge-based
pyramid with the angle θ between the two opposite faces
being 172◦30′ and the angle φ between the other two
faces being 130◦ (Fig. 2b). Calculation of the Knoop mi-
crohardness number considers the projected area of the
contact in the plane of the material. The projected area
is calculated using the length of the indent by knowing
the theoretical relationship between the length and the
width of the impression. The Knoop microhardness (HK)
is generally calculated using the following formula:

HK =
P

AK
=

P

L2 tan( φ
2 )

2 tan( θ
2 )

= 14229
P

L2
, (2)

where P is the applied test load in N, L is the long in-
dentation diagonal lengths in µm, and 14.229 is the geo-
metrical constant of the diamond pyramid.

3. Experimental procedure

The initial batch consisted of 89.3 wt% of α-Si3N4

(H.C.Starck-B7, 10–15 wt% of β-Si3N4), 5.7 wt% of
AlN (H.C.Starck-C) and 5 wt% of Y2O3 (H.C.Starck-
-grade C). The mechanochemical processing of the batch
was performed in the MPP-1 planetary mill (TTD, Rus-
sia) with the ball-to-powder ratio 6:1 for 30 min with the
acceleration of the centrifugal field of 28g (g is the gravi-
tational acceleration). The resultant powder showed high
specific surface area by BET (18.7 m2/g, ASAP 2010),
significant crystal lattice damage as confirmed by X-ray
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diffraction (XRD) (X’PERT) and increased oxygen con-
tent (3.9 wt%, ELTRA ON). The Si:Al ratio as well as the
measured content of oxygen were sufficient to produce β-
-SiAlON ceramic with z value of 0.4. The mechanochem-
ically processed powder was uniaxially pressed into the
form of tablets with 20 mm in diameter and 5–6 mm in
height. The pressed tablets were contained within a pow-
der bed of Si3N4/BN in a BN crucible with a lid. Den-
sification was carried out in a graphite furnace (Thermal
Technology), in which nitrogen flow was kept at 1600 ◦C
for 2 h. Further details of the material preparation are
given in Ref. [14].

Density of the resultant ceramic was determined by
the Archimedes technique in distilled water. XRD stud-
ies were performed on the polished cross-section of the
tablets. The α/β ratio was determined from the X-ray
intensities of planes 102 and 210 for α-phase, 101 and
210 for β-phase [15]. The z-value of β-SiAlON was de-
termined from the unit cell parameters according to the
Ekström et al. formula [16]. Microstructural character-
ization was performed by scanning electron microscopy
(Hitachi) equipped with an energy-dispersive X-ray spec-
tometer (EDS).

4. Results and discussion

4.1. Characterization of the resultant SiAlON

The resultant ceramic specimens were characterized by
high α → β transition (α/β = 0.12) with the z value
close to 0.3, slightly lower than the desired value of 0.4.
Density of the specimens was 3.07 ± 0.01 g cm−3. If
the density of the initial powder (3.15) is taken as the
final value of a dense material, then we could assume
that the relative density was 0.97. Bending strength was
340 ± 29 MPa and low standard deviation shows good
repeteability of the measurement. Measurement of ultra-
sonic wave velocity showed high anisotropy in the paral-
lel and perpendicular direction (AV = 6%, AE = 8.1%)
indicating elongation of the grains along the diameter
of the specimen as the tablets were uniaxially pressed.
Moreover, it has been found out that the ultrasonic wave
was significantly suppressed during the propagation in
the material if high frequency was applied (12 MHz).

4.2. Vickers microindentation data analysis

Figure 3 shows the variation of HV as a function of ap-
plied indentation test loads ranging from 0.245 to 9.8 N
for the specimen. The variation of HV with applied in-
dentation test load shows that the HV increases with in-
creasing applied indentation test load, which can be con-
sidered as the reflection of the reverse indentation size
effect [6–8]. Similar behaviour was observed in S-phase
SiAlON ceramic under high load [17], TiCN cermets [7],
glasses [18], and single crystals [19]. In contrast to nor-
mal ISE, under the effect of RISE, material undergoes
a relaxation, which involves a release of the indentation
stress along the surface away from the indentation site,

which may be because of the crack formation, disloca-
tion activity, and/or elastic deformation of the tip of the
indenter. For brittle materials, it is common observa-
tion that cracking occurs during indenter loading half-
-cycle. Feltham and Banerjee [20] first suggested that
RISE might be released to the energy loss owing to the
cracking of the specimens during indentation. Owing to
such cracking, a fraction of energy is spent in crack prop-
agation and a small indentation size results. Thus, the
indentation tests yield an apparently high hardness value.
Keeping this in view, it is reasonable to argue that at low
load, the dislocation plasticity can lead to more deforma-
tion and therefore, leads to reduce hardness in β-SiAlON
sample. In addition, it can be noted that the indenta-
tion response at last two indentations involves cracking
(Fig. 3b).

Fig. 3. (a) Variation of the Vickers microhardness with
the applied indentation test load, (b) Vickers indenta-
tion image of β-SiAlON.

Indentation techniques could also be used for measur-
ing fracture toughness. When a sharp tip such as Vick-
ers, Berkovich or a cube corner diamond is indented into
bulk brittle materials, radial cracking usually occurs af-
ter a critical load has been reached, which allows ones
to calculate fracture toughness based on the maximum
indentation load and the crack length [21, 22]. The value
of hardness was used to calculate the fracture tougness
(KIC) through the Antis and Evans methods according
to following:

KIC = 0.16HVa
1
2

( c

a

)−3/2

(Evans) ,

KIC = α

(
E

H

)1/2(
P

c3/2

)
(Antis) ,

where c is the crack length (from one crack tip to an-
other), a is the half of indent length (µm) and HV is the
Vickers microhardness (GPa). According to the Evans
model the KIC is 2.2± 0.15 MPa mm1/2.

4.3. Application of different models
for the β-SiAlON ceramic

Meyer’s law correlates the indentation size, d, to the
indentation load, P , in the following manner:

P = Adn, (3)

where the exponent, n, Meyer index, is a measure of
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ISE and A is constant. These values can be found from
ln P vs. ln d graph. For normal ISE behaviour, the ex-
ponent n < 2. When n > 2, there is reverse ISE be-
haviour. According to the definition of the apparent
hardness (Eq. (3)), no ISE would be observed for n = 2.
In this study, n value is 2.355. Calculated n values point
out an increase of the Vickers indentation hardness with
increasing applied indentation test load that are in agree-
ment with a RISE (Fig. 3) and with other reported re-
sults [6, 7].

The experimental data on dependence of HV on ap-
plied indentation test load can be explained by the Hays–
Kendall approach [23]. They proposed that there exists
a minimum applied test load W (test specimen resis-
tance) necessary to initiate plastic deformation, below
which only elastic deformation occurs

P = W + C1d
2, (4)

where W is the minimum load to initiate plastic defor-
mation and C1 is a load-independent constant. From
Eq. (4), a plot of P versus h2 would yield a straight
line, where the parameters of W and C1 can easily be
calculated from the intersection point and the slope of
the curve, respectively. It was found that the β-SiAlON
ceramic, showing reverse ISE plot of P versus h2, give
relatively poor fits and negative value of W for the data.

Conventional indentation hardness tests involve the
measured size of a residual plastic impression in the spec-
imen as a function of the indenter load. The elastic re-
covery would occur in the vicinity of the remaining in-
dentation impression after the indenter is removed, so
that the indentation size would be shortened to a cer-
tain degree. According to the elastic plastic deformation
(EPD) model the load dependence of indentation size for
the normal ISE is given by

P = C2(d + d0)2, (5)

where C2 is a load-independent constant and d0 is the
correction term in d due to indenter tip bluntness and
elastic recovery [6]. The values of C2 and d0 were calcu-
lated from the plots of P 1/2 versus d. It was found that
the β-SiAlON ceramic, showing reverse ISE, the correc-
tion term is a negative quantity.

Recently, Li and Bradt [24] have tried to explain the
ISE with the aid of their “proportional specimen resis-
tance” (PSR) model. According to the PSR model, the
indentation test load P is related to the indentation di-
agonal length d as follows:

Pmax = a1d + a2d
2 = a1d +

(
Pc

d2
c

)
d2, (6)

where the first coefficient (a1) is responsible for the de-
pendence of hardness on load and the second coefficient
(a2) contributes to the load-independent behavior. Pc

is the critical applied load, above which the microinden-
tation hardness becomes load-independent and dc is the
corresponding indentation diagonal length. Now Eq. (6)
can be rearranged as

(
Pmax

d

)
= a1 + a2d . (7)

According to Eq. (7), a plot of Pmax/d vs. d must yield
a straight line and the a1 and a2 parameters can easily
be determined from the intersection point and the slope
of the curve, respectively. The a1 is negative quantity as
that of d0.

From the results of the analysis presented above, it
may be noted that, as expected for the reverse ISE, the
values of all the correction factors W , d0 and a1 in the
Hays–Kendall, EPD and PSR-type approaches, respec-
tively, are negative for the experimental P versus d data.
This means that in the case of the reverse ISE a specimen
does not offer resistance or undergo elastic recovery, as
postulated in the Hays–Kendall approach and PSR-type
and EPD models, but undergoes relaxation involving a
release of the indentation stress away from the indenta-
tion site. This leads to a larger indentation size and hence
to a lower hardness at low loads. As indicated by the neg-
ative values of loads W for the crystals, the concept of
Hays–Kendall, which states that there is a minimum load
below which only elastic deformation takes place, can be
rejected [6].

In an attempt to address the reverse ISE, recently Li
and Bradt [24] considered that at the point of maximum
penetration during the loading half-cycle, the applied in-
dentation test load is balanced by the total specimen re-
sistance, which is composed of four components due to:
(i) friction at the indenter/specimen facet interface (fric-
tional component), (ii) elastic deformation, (iii) plastic
deformation, and (iv) specimen cracking. According to
these authors, frictional and elastic effects lead to the
normal ISE while indentation cracking contributes to the
reverse ISE. In the case of indentation cracking, the ap-
parent hardness measured by a Vickers diamond indenter
can be analytically assessed [25]:

Happ = λ1K1

(
P

d2

)
+ K2

(
P 5/3

d3

)
, (8)

where d is the indentation diameter, and λ1, K1 and K2

are constants. The constant K2 depends on the applied
load P while K1 is a geometrical conversion factor whose
value depends on the indenter geometry. For a perfectly
brittle solid,

λ1 = 0 and Happ = K2

(
P 5/3

d3

)
. (9)

After analyzing a large number of experimentally mea-
sured hardness data, Sangwall [6] proposed a modified
relationship

HV = K

(
P

5
3

d3

)m

, (10)

where K and m are constants and the value of m is re-
ported to be around 0.5–0.55 [6].

Although the deformation dominated the hardness re-
sponse at lower load, the observation of indent-induced
radial cracking has been made at intermediate and higher
loads. In order to critically analyze our experimental
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data, the measured apparent hardness values are plotted
against (P 5/3/d3) on log scale, in Fig. 4. It is clear from
Fig. 4 that the measured data can be fitted closely with
the linear correlation. The value of m, in the present
case, was recorded to be 0.396, which is a bit lower than
the earlier report [7].

Fig. 4. Plot of ln HV versus ln(P 5/3/d3).

From the analysis above, it is clear that the variation of
the apparent hardness with load can be attributed to the
change of the cracking behavior of the materials, which
is ultimately controlled by the resultant microstructures
evolving during densification. It is obvious that the mi-
crostructural features are such that the cracking behavior
is different at lower and higher load. At lower loads, the
plastic deformation is predominant; as a result, much
of the indentation energy is consumed for material flow
and displacement, which lowers the apparent hardness.
Whereas, at higher loads, the cracking (Fig. 3b) is more
predominant compared to the plastic deformation; conse-
quently, relatively more energy is consumed for the crack
initiation and the propagation.

From Fig. 4, it is obvious that Eq. (10) based on
the indentation induced cracking (IIC) model does not
distinguish normal and reverse ISE. According to the
IIC model, this behaviour is expected only for purely
brittle materials. However, in the Sangwall [6] analysis
both brittle and relatively plastic materials have been
included. Therefore, it may be concluded that the IIC
model is not satisfactory for the explanation of the re-
verse ISE.

4.4. Knoop microindentation data analysis

The applied indentation test load dependence of the
Knoop microhardness data obtained from the examined
material is shown in Fig. 5. Microhardness values de-
crease with increasing peak indentation test load. Ap-
parent HK is a function of applied low indentation test
loads, where there is no constant value for the hardness
(HLD; load-dependent hardness). At high indentation
test loads, hardness is constant with respect to indenta-
tion test load and a single, well-defined hardness value
exists (HLI; load-independent hardness). HLI has also
been referred to “true” hardness in some literature. This
behavior is called ISE [6, 9, 19].

In order to describe ISE behaviour of different materi-
als, several models for the relation between the applied

Fig. 5. Variation of the Knoop microhardness with the
applied indentation test load.

indentation test load and the indentation diagonal length
have been reported in the literature [7, 9]. The most com-
mon explanation for ISE found in the literature is directly
related to intrinsic structural factors of test material. As
demonstrated in the literature, one needs to fit the ex-
perimental data according to Meyer’s law (Eq. (3)). The
indentation data for the material examined in the present
study was plotted in Fig. 6. The data showed linear re-
lationship, implying that the traditional Meyer law was
suitable for describing the indentation data. The best-
-fit values of the parameters A and n were 3.36 × 10−3,
1.718, respectively, in terms of linear regression analy-
ses. The calculated n values pointing out the increase
of indentation hardness with the decreasing applied in-
dentation test load are in agreement with an ISE (Fig. 5)
and with other reported results [6, 9]. Although Upit and
Varchenya [26] have suggested that n value is indicative
of the interaction of dislocation loops with one another
and also with the crystal surface, the physical meanings
of parameters A and n are not still satisfactory.

Fig. 6. Plot of ln P vs. ln d according to the Meyer law.

On the basis of the elastic-plastic deformation hypo-
thesis, Eq. (5) allows to estimate d0 and C2 parameters
from the plot of P 1/2 versus d. Figure 7 shows such a
plot of the test material. The obtained best-fit values of
C2 and d0 parameters are 2.98 × 10−2 and 5.06 µm, re-
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spectively. One can clearly perceive from the figure that
all data points show apparent linearity with a very high
correlation coefficient, r2 = 0.999. At the first glance,
this good linearity implies validity of the elastic plastic
deformation approach to explain the origin of ISE. How-
ever, the estimated correction term (d0 = 5.06 µm) value
seems to be too large to be accepted especially at low
loads. Thus, the ISE behavior depicted in Fig. 5 cannot
be explained using the elastic recovery model. At least,
the error in indentation size due to indenter tip blunting
effect and the elastic recovery after indentation are not
the only source of the ISE observed in the present study.

Fig. 7. Plot of P 1/2 vs. L according to elastic/plastic
deformation model.

PSR model may be considered to be a modified form of
the Hays–Kendall approach to the ISE. The model treats
the specimen’s resistance to permanent deformation as a
function of indentation size, rather than constant (i.e.,
W = a1d) [27]. Li and Bradt concluded that this model
might provide a satisfactory explanation for the origin of
ISE in microhardness tests for different kinds of mate-
rials. Their formulation procedure is given by Eqs. (6)
and (7).

Fig. 8. Plots of Pmax/d vs. d according to the PSR
model.

According to Eq. (7), a plot of P/d versus d should
yield a straight line, theoretically. Figure 8 shows such a
plot where a1 and a2 parameters can easily be calculated
from the intersection point and slope of the curve, respec-

tively. The best fit for a1 and a2 parameters and the cor-
responding load-independent hardness values (HPSR) are
1.055×10−2 N/µm, 8.729×10−4 N/µm2 and 1.242 GPa,
respectively.

On the other hand, Quinn and Quinn [28] have re-
cently examined variation of microhardness with inden-
tation load for a variety of ceramic materials. They ob-
served that such hardness–load curve exhibited distinct
transition to a plateau of constant hardness and claimed
that such curve corresponded to the intrinsic hardness
value of the materials. In the present study, Fig. 5 shows
the transition point (about 2.94 N) and the correspond-
ing intrinsic hardness value is about 14.7 GPa. In the
light of Quinn and Quinn [28] approximation, the load-
-independent-hardness value calculated by PSR model is
far from the intrinsic hardness value for the β-SiAlON
sample. Therefore, it may be concluded that PSR model
may also be insufficient to explain the ISE behavior of
the present SiAlON sample.

Hays–Kendall proposed that there exists a minimum
applied test load W (test specimen resistance) necessary
to initiate plastic deformation and below which only elas-
tic deformation occurs. According to their hypothesis
Eq. (6) is modified to

Peffective = P −W = C1d
2, (11)

where C1 is a constant independent of the test load and
P −W is an effective indentation load. Replacing P in
Eq. (2) by P −W , one gets an equation to calculate the
load-independent hardness as follows:

HK = 14.229
P −W

L2
. (12)

In Eq. (12) L is equal to d. From Eq. (11) a plot of P
versus L2 would yield a straight line. Such plot for the
examined material in the present study is shown in Fig. 9.
The correlation coefficient, r2, is implying that Eq. (11)
provides a satisfactory description of the indentation data
for the examined test materials.

Fig. 9. Plots of applied indentation test load versus
indentation test size according to the Hays–Kendall
model.

The best-fit W and C1 parameters and the corre-
sponding load-independent hardness values (HHK) are
−0.191 N, 9.730 × 10−4 N/µm2, and 13.844 GPa, re-
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spectively. The HHK value is closer to the plateau value
compared with the results of the other models. There-
fore, the Hays–Kendall model, which calculates the value
of HLI, seems to be more reasonable than the others [29].

The small difference between the Knoop (plateau value
about 14.4 GPa in this study) and the Vickers hardness
(plateau value about 16.3 GPa in this study) numbers
has been subject to some interesting discussion in the
literature. For example, Shaw et al. [30], Atkinson et al.
[31, 32], and Shi and Atkinson [33] have tried to explain
the difference of the two hardness numbers, Knoop and
Vickers, through the friction phenomenon which takes
place between the material and the indenter, stating that
friction was dependent of the indenter geometry. In ad-
dition, it has been reported by Lawn and Howes [34] and
Marshall et al. [35] that an elastic recovery may occur
after the indentation load, which is removed as the result
of the mismatch between the plastic zone beneath the in-
dentation and the surrounding elastic deformed material.
Due to the specific shape of the indenter, the elastic re-
covery during the Vickers indentation is rather different
than corresponding to the Knoop indentation [36].

On the other hand, Marshall et al. [37] have observed
that the length of the minor diagonal of the Knoop in-
dent is often shorter than those expected by taking into
account the geometrical considerations of the indenter.
This phenomenon is also attributed to the elastic recov-
ery. Therefore, Marshall et al. [37], Blau [38], and Lima
et al. [39] have proposed to express the ratio between
width, w, and length, L, of the Knoop impression as a
function of the ratio between the hardness, KHN, and
the Young modulus, E, of the material by the following
relationship:

w

L
=

w′

L′
− 0.45

KHN
E

, (13)

where w′/L′ theoretical ratio is equal to 0.1406, calcu-
lated from the geometrical characteristics of the Knoop
indenter. According to Eq. (13) the elastic modulus of
the β-SiAlON sample is 161.450 GPa.

It is known [40, 41] that the concentration of Al and O
in β-SiAlON is responsible for the variations in their
physicochemical properties. For example [40], as the con-
centration rises, the properties of β-SiAlON change in the
following way: lattice parameters (a from 7.6 to 7.72,
c from 2.91 to 3.02 Å), Young’s modulus (from ≈ 300
to ≈ 200 GN/m2), density (from 3.2 to 3.1 g/cm3),
thermal conductivity, thermal expansion coefficient (from
3.4 × 10−6 to ≈ 2.4 × 10−6) hardness from (1700 to
1300 kg/mm2) [41].

The Young modulus value is also changing with prop-
erty of material. For example, the decrease in density
(or increase in porosity) has a strong effect on Young’s
modulus in that any small increase in porosity (equiva-
lent to decrease in density) leads to a large decrease in
Young’s modulus [42]. In addition, Sahin et al. [43] calcu-
lated elastic modulus value 88.3 GPa of porous SiAlON
ceramic using depth sensing indentation tecnique.

5. Conclusion

Indentation microhardness of the β-SiAlON ceramic
was measured using the Knoop and Vickers indenters.
The results can be summarized as follows:

1. The measured Vickers and Knoop microindentation
hardness values of the sample are obviously load-
-dependent.

2. The variation of HV follows the reverse ISE trend,
i.e., an increase in HV with respect to load in the
low-load region beyond where it becomes relatively
constant.

3. The variation of HK follows the normal ISE trend,
i.e., a decrease in HV with respect to load in the
low-load region beyond where it becomes relatively
constant. This type of variation in HK can be
explained by Meyer’s relationship up to a certain
value of load. However, no useful knowledge of the
origin of the observed ISE is gained from this em-
pirical equation.

4. Calculated value of HPSR (based on the propor-
tional specimen resistance model, PSR) is obvi-
ously below the plateau region; the PSR model does
not accurately describe the ISE behaviour observed
in the β-SiAlON sample.

5. The ISE behaviour of the β-SiAlON sample can
be explained successfully by using the concept
of Hays–Kendall model. The measured load-
-independent hardness value is more consistent
with that calculated by the PSR model.

6. The Young modulus, E, of the material is
161.450 GPa.
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