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ABSTRACT

Background: Vickers and knoop hardness tests have been used to determine the viscoelastic materials resistance to local
plastic deformation in scientific community. The existence of the indentation size effect (ISE) implies that, if hardness is used
as a materials selection characterization, it is clearly insufficient to cite a single hardness number, since using a load-dependent
hardness number in material characterization may result in some unreliable conclusions. However, it is of crucial importance
to fully understand the influence of the indentation load for different time, since its value influences the obtained result. Aim of
Study: The aim of this study was to evaluate the effect of indentation size under different loads and times on microhardness values
of two viscoelastic restorative materials by using Vickers and Knoop microhardness tests. Material and Methods: In this paper,
two commercial viscoelastic restorative materials; resin composite and resin modified glass ionomer (RMGIC), have been tested.
Vickers and Knoop micro-indentation with different loads (100, 200 and 300 g) and different times (10, 20 and 30 seconds) has
been used to assess the materials microhardness. Results: Two-way ANOVA statistical analysis followed by Tukey’s test was used
to determine the statistical differences between various groups. There are statistically significant differences (p £ 0.05) at different
indentation loads for both of VHN and KHN of composite and only VHN of resin modified GIC while, KHN of RMGIC was
none significant (load-independent hardness). It was found that the optimal load and time for determining hardness in both tested
viscoelastic materials are difficult to determined. This value may be regarded as loading independent hardness (H, ). At lower
loads, a more or less pronounced indentation size effect was noticed, while at higher loads and time, an unreliable indentation
measurement and therefore an unreliable microhardness result.

KEYWORDS: Vickers, Knoop, microhardness, indentation size effect, viscoelastic materials.

INTRODUCTION The Vickers indenter is the most common
indenter geometry that can use in testing of surface
hardness of the solid material ®. The Vickers
hardness number (VHN) was defined by the ratio
between the indentation load (P) and the area of

the residual indentation impression (A), which

Microhardness test is a convenient method
of investigating the mechanical properties of the
surface of solid materials V. This method is easy,
quick, and requires only a small area of solid sample

surface for testing ®.

The conventional procedure of hardness testing
consists of applying a fixed load on the specimen
surfaces with a diamond indenter for a fixed time.
The diagonal of the resultant indentation on the
surface of the test material were measured after
unloading is done with the help of an optical
microscopy *¥.

depended on the indenter shape ©.

Gutierrez & Reyes © reported that measuring of
hardness by Knoop method is preferred because,
Knoop indentation is longer and shallower than
Vickers indentation, so a load impression can be
applied to brittle materials without cracking. Plus,
the longer diagonal is easier to read than the short
diagonal of the Vickers.
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The hardness number (HN) of materials was

calculated using these equations:
P P P P

H—:—kﬁH—:—kﬁ (D)

where (d) is the measured length of indentation
diagonal in (um) and (k) is a constant equal to
1.8555 for Vickers hardness testing and 14.229 for
Knoop hardness testing; was calculated from the
specific geometry of the indenter .

Theoretically the hardness Vicker (HV) and
hardness Knoop(HK) values of microhardness
should be constant when different load applied
on the same sample, because when the applied
load increases the resultant indentation size will
also increase . However, the results of many
researches that use different loads showed that the
microhardness values vary with different load i.e. it
is load dependent especially with low loads 7.

Petrik et al "7., claimed that the advantage of
Vickers test is, in contrast to the (macro) hardness,
the Vickers hardness number is load-independence,
because various diagonals indentations have similar
geometry. Other investigations have confirmed that
the hardness number calculated with equation (1) is
usually depends on the applied load 7.

The gradual decreasing in the measured hardness
with increasing load can be observed for the same
examined material i.e. when a very low load is
used, the measured hardness is usually high; with
an increase in test load, the measured hardness

TABLE (1) Materials composition and manufacturer.
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decreases. Such a phenomenon is frequently referred
to as the “normal” Indentation size effect ISE) ¢ 19,

This characteristic may be attributed to the vis-
coelastic nature of the material and its elastic re-
covery12 indentation cracks®, surface texture!?,
or diagonal measurement errors as a result of the
limitations of the resolution of the objective lens,
inadequate measurement capability of small areas
of indentations 319,

The value of microhardness may increase with
increasing the applied load, this phenomenon known
as a “reversed “indentation size effect (RISE). Such
a phenomenon is essentially occurring in materials
in which plastic deformation is predominant, while
the “normal” ISE takes place in brittle materials 1.

The aim of the present work is to investigate the
load and time dependence of the measured Vickers
and Knoop hardness of two viscoelastic restorative
materials with different plastic deformation and
elastic recovery due to the different composition.

MATERIALS AND EXPERIMENTAL METHODS
Materials:

The materials chosen for this study are Filtek
7350, resin composite and Riva light cure RMGIC
as two chemically different viscoelastic restorative
materials. The materials chosen for this study are
listed in Table (1).

Resin-modified GIC |+ Tartaric acid 1-5 wt.%.

e Acidic monomer 10-20 wt.%.

e Shade A3.

Materials Composition Manufacturer
Filtek Z350,Resin | BIS-GMA, BIS-EMA, UDMA, TEGDMA resin. Filtek Z350, 3M.
composite » Non-agglomerated/non-aggregated 20 nm silica filler. Non-agglomerated/non- ESPE, USA.
aggregated 4 to 11 nm zirconia filler, and aggregated zirconia/silica cluster
filler (comprised of 20 nm silica and 4 to 11 nm zirconia particles).
e Shade A3E.
Riva Light Cure  |* Polyacrylic acid 15-25 wt.%. Riva Light Cure

* 2-Hydroxyethyl Methacrylate 20-25wt. %.
¢ Dimethacrylate cross-linker 10-25 wt.%.

* Fluoroaluminosilicate glass powder 95-100wt. %.

[SDI], Australia.
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Specimen preparation:

Twenty composite specimens and twenty
RMGIC specimens were prepared. Each test
specimen was prepared in Teflon mold at a size
of 6 mm (diameter) 3 mm (thickness). A polyester
transparent strip was placed over the top and bottom
of the mold and pressed from top with a glass slide to
form a flat surface of the samples. All samples were
light-polymerized with the help of light-emitting
diode (LED) curing light (Dentsply, York, PA, USA)
with light intensity of 750 mW/cm was held rigidly
and placed zero distance over the glass slide for 40
seconds to polymerize the samples from both sides.
Furthermore, the surface of the test specimen was
polished with #150, #400, #600, #1200, and #2000

grit water-proof abrasive papers 1617,

Ten composite specimens and ten RMGIC
specimens were used for a Vickers microhardness
test; the other ten composite and ten RMGIC
specimens were used for a Knoop microhardness
test.

Test conditions:

The
room temperature by using Vickers and Knoop

measurements were performed at
microhardness tester (Zwic Roell, west Midlands,
England) at different applied test load between 100,
200 and 300 g, were used to examine the effect of
difference of loading on the tested specimens, and
load holding time was set to 10, 20 and 30 seconds
for each composite and RMGIC specimen ?. The
VHN and KHN of both composite and RMGIC

were calculated by using the following equations:

1.8544 X p 1.8544 X p
Hy = ——Hvy = ————For
A2 A2
Vickers microhardness
Or
1.4230 X p 1.4230 X p
Hk = ——Hk = ——
A2 d2

For Knoop microhardness
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Each test condition with the different applied
test load (100, 200 and 300 g) and same time
(10, 20 or 30 seconds) was conducted three times;
thus, there were 9 indentations on each specimen
surface obtained from different test loads and one
times. An average of three readings for each test
condition was recorded as the KHN or VHN value
of a specimen. Data of each experimental condition
from ten specimens were averaged, and differences
in KHN or VHN values were compared using two-
way ANOVA followed by a Tukey test.

RESULTS

A group of Vickers indentations on composite
and Knoop indentations on resin modified GIC at
different loads and times are shown in Figure (1).

The results of the Vickers and Knoop hardness
tests for composite and RMGIC specimens at
different test loads (100, 200 and 300 g) and times
(10, 20 and 30 seconds) are shown in Figure (2).
For composite, the average VHN values are in the
range of 42-61 g.mm=, while KHN values are in
the range of 35-80 g.mm™. For RMGIC, under the
same testing conditions, the data shows without
confusion that VHN values, which varied from 34
to 58 g.mm™, are higher than KHN values, which
varied from 29to 49 g.mm™.

In Table (2), two-way ANOVA analysis of
variance revealed statistically significant differences
(p£0.05) at different indentation loads for both of
VHN and KHN of composite and only VHN of
resin modified GIC while, KHN of RMGIC was
none significant (load-independent hardness).

Multiple comparison with a Tukey’s test revealed
that for various loading times the average VHN
values of composite was statistically significant,
while, no statistically significant differences
between 200 and 300g loads.

However, for KHN value of composite there were
no statistically significant difference for various
loading times (time independent deformation).
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While, there was statistically significant differences Evidently, the Vickers hardness is a function
between 100 and 300 g loads. of the applied load at indentation test load. Both

For VHN of RMGIC the only statistical signifi- of “normal” indentation size effect (ISE) and

cant difference for various loading times was found ~ ’¢versed” indentation size effect (RISE) can be

between 20 and 30 seconds. While, no statistically ~ clearly seen through, Vickers and Knoop hardness
significant differences between 100 and 200 g loads. ~ at different applied loads and times.

However, there were no statistically significant The existence of ISE makes it unsatisfactory
differences of KHN values in RMGIC at different  here to cite a single hardness value when Vickers
loads and time. hardness is used for material characterization.

TABLE (2) Multiple Comparisons, Tukey’s test

. . Mean . D Q)] Mean .
Test Name (I) time | (J) time Difference (I-]) Std. Error | Sig. Joad | load | Difference (I-J) Std. Error | Sig.
10sec 20sec 4.0667" .86837 000 100 200g -2.7333" .86837 009
° 30sec -2.4667" .86837 020 g 300g -4.0667" .86837 000
.g 10sec -4.0667" 86837 000 100g 2.7333" 86837 009
S 20sec . 200g
g 30sec -6.5333 .86837 000 300g -1.3333 86837 287
O
30sec 10sec 24667 .86837 020 300 100g 4.0667 86837 000
E 20sec 6.5333" .86837 000 & 200g 1.3333 86837 287
§ 10 20sec -2.3333 143730 | 262 100 200g 1.4444 1.43730 583
€1 30sec 3.8889" 143730 | 037 £ 300g | -5.20202° 143730 | 005
@)
o 20sec 10sec 2.3333 143730 | 262 200 100g -1.4444 1.43730 583
E 30sec 6.2222" 1.43730 | .001 & 300g -6.6667" 1.43730 001
30sec 10sec -3.8889" 143730 | .037 300 100g 5.2222° 1.43730 005
20sec -6.2222" 1.43730 | .001 g 200g 6.6667" 1.43730 001
10sec 20sec -1.6667 2.81530 | .826 100 200g -6.6667 2.81530 072
° 30sec -7.5556" 2.81530 | .038 & 300g -14.5556" 2.81530 000
.g 10sec 1.6667 2.81530 | .826 100g 6.6667 2.81530 072
=3 [
g g 20se¢ | 30cec -5.8889 281530 | 120 | 2902 | 300 | -7.8889" 281530 | .030
O
* 30sec 10sec 7.5556" 2.81530 | .038 300 100g 14.5556" 2.81530 000
20sec 5.8889 2.81530 | .120 & 200g 7.8889" 2.81530 030
RMGIC no statistically significant differences, where p value .088

*. The mean difference is significant at the £ .05 level

- J

FIG (1) Group of Vickers indentations on composite and Knoop indentations on resin modified GIC at different loads and times.
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FIG (2) Comparative VHN and KHN values (Mean) of composite and RMGIC at different indentation loads and times.
DISCUSSION mechanisms and hardness obtained, so the specimen

Micro-hardness is a critical factor in predicting
the materials performance and its clinical behavior
as it considered an indicator of other mechanical
properties as it provides both resistance of the
surface of the material to local plastic deformation
and a correlation to compressive and flexural
strengths 1319,

Booth of Vickers and Knoop hardness testers
can use successfully as an alternative to each other.
However, knoop hardness has an advantage of less
penetration into the specimen surface and cause less
surface cracks in brittle materials, but its higher
sensitivity to the surface texture than Vickers make
it to less widely used !9,

The application of different loads for different
time, different hardness values are obtained, usually
the hardness increased with decreases of depth of
indentation, which represents a phenomenon called
Indentation size effect (ISE) @29,

However, The ISE effect was observed in
ceramic, metallic and polymer materials but,
in polymeric viscoelastic materials it cannot be
explained by dislocation theory as in metal ®”. The
ISE in viscoelastic materials may be related to the
elastic deformation and recovery %29, Also, the
surface roughness may influence the deformation

should be highly polished @".

The load response of viscoelastic polymers
as composite and RMGIC depends on the load
magnitude and duration. During loading the
deformation of viscoelastic materials is time
dependent and can grows even under constant load,
and after unloading the deformation decreases
gradually with time. That means the indentation
area can increase with the time under the same
load®®. So, that can explain why there were
statistically significant difference especially at long

time loading.

The statistical analysis showed that the VHN
and KHN values of composite and the VHN values
of RMGIC depended on the indentation load. While,
the KHN values of RMGIC load independent. The
phenomenon that micro hardness values depend on
the indentation load — the indentation size effect
(ISE) — is well-known and has been observed in
many materials @.

The composition of the material has a significant
role in response to the applied static load where,
composite is less flexible polymer and has high
elastic modulus under static load because it consists
of rigid backbone of Bis-GMA and Bis-EMA bulky
monomers, while; RMGICs has HEMA in their
composition which make them more flexible with
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observed decrease in their elastic modulus®??.

So, that explain why both Vickers and knoop
microhardness results of RMGIC were lower than
that of composite.

The Vickers results of composite revealed
that the viscoelastic behavior was a function of
time only and not of the stress magnitude. Initial
loading caused an initial elastic response and
was subsequently followed by a time-dependent
viscoelastic deformation ?* ). After load removal
the recovery phase begins and consists of two
stages: the first is an instantaneous elastic recovery
and then a slower retarded elastic recovery * 2229,
And that can explain why there was no statistically
significant differences between 200 and 300 g loads.

The viscoelastic materials were found to be the
most prone to testing conditions, especially in the
case of HEMA-containing material as RMGIC®?.
So, the increase of the applied stress resulted into
an increase in the inelastic, irreversible strain of
RMGIC and that explain why there was no statistical
significant difference in their Knoop test®??.

The duration of hardness test of viscoelastic
material is very important factor, as, a short test,
lasting only tens of seconds, often gives incomplete
information, and long times can lead to significant
errors ®®.The results of KHN value of composite
there were no statistically significant difference for
various loading times and that can explain why the
test duration should be similar to the duration of
delayed reversible processes or of the load action in
applications @2,

CONCLUSIONS

Within the limitation of this study, following
conclusion is made:

1. For hardness test, the magnitude of applied load
and the duration of test are critical factors as
the test conditions can significantly affect the
results.

AJ.D.S. Vol.20, No. 1

2. The hardness of viscoelastic materials is time
and load dependent.

3. For accurate hardness results no one load and
time can use to characterize the material.

4. The indentation size effect (ISE) should be
explored over a relatively wider range of applied
test load and time, in order to obtain a complete
understanding of this phenomenon.

5. The ISE cannot describe satisfactorily the
change in hardness value of viscoelastic materi-
als under different times and loads.

6. Uses of Vickers and Knoop hardness testers
don’t produce the same results.
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