








groups, as in Table 2 it showed that there was 
a significant difference between a control group and a 

Table 5: Means of tear strength and ANOVA test for all studied groups.
Groups N Mean ± SD ± SE Minimum Maximum F P value

Control 10 15.314 1.939 0.613 12.970 18.130 5.705 0.009
HS1.5% CaCO3 NPs 10 16.867 0.784 0.248 15.870 18.230

2% CaCO3 NPs 10 17.222 1.021 0.323 15.670 18.760

DISCUSSION

The results of incorporating CaCO3 NP into PEMA have
been evaluated in this study. The thermal properties of
the soft liner and some other mechanical properties such
as tensile bond strength and tear strength were studied.
The peaks of FTIR analysis for control and experimental
specimens show no chemical reaction between CaCO3
nanoparticles and soft lining material. Thus no changes
seen in the spectral range of soft liner after the additions
of the CaCO3 nanoparticles.
SEM images show that the CaCO3 NPs are distributed
uniformly throughout the specimen and grouped into
groups throughout the polymer matrix.
The EDS of the control and experimental groups study
has shown that the difference of two diagrams indicates
that CaCO3 NPs are incorporated into the soft liner
polymeric matrix.
Thermal conductivity of a material is the ability to assess
the rate at which a certain cross sectional region of the
material samples may transfer heat over a certain period
of time [24].
With the incorporation of CaCO3 NPs into PEMA the
thermal conductivity values increased significantly by
both 1.5% and 2% (P=0.000). It may occur because
particles gradually contact each other and form a
network such as a structure called thermal pathways that
allow heat to transition from one part of the sample on
the other and bridge the polymer's insulating effect. This
indicates a high thermal conductivity of the polymer [25].
In addition, the results of SEM showed that the uniform
distribution of CaCO3 nanoparticles into the acrylic soft
liner together with the high thermal conductivity of
CaCO3 nanoparticles may explain the high thermal
conductivity of the isolating material.
Thermal diffusivity is the rates at which a body at a
uniform temperature reaches equilibrium and is related
with the thermal conductivity.
It’s a material capable of responding to changes in
temperature, for example during food intake and liquid
intake in oral cavity [26].
The results of this research have shown that thermal
diffusivity has increased significantly with the rise in
calcium carbonate nanoparticle percentage in
comparison with the control group. This is interpreted by
the addition of CaCO3 NPs as the creation of thermally

conducive pathways within PEMA polymer matrix. Atla,
et al. agrees with this analysis [27].
The significant increase in the strength of tensile bond
after addition of 1.5% wt and 2% wt of CaCO3 NPs into
soft lining material due to Van der Waals formation
between polymer and nanoparticles the shear strength
and stiffness will increase and the critically load transfer
time required to contribute to energy dissipation will be
reduced [28].
In addition, the soft lining material utilized in this study
have highly flow ability meaning the application of CaCO3
NPs into PEMA may influence the flow ability of the
polymer which permit the soft liner easily adapt to the
bonding surface forming simultaneous inter penetrating
network by the molecules of the two chemically similar
polymer across the interface with the acrylic resin and
provides good contact, as the penetration of soft liner
into acrylic resin in inversely proportional to viscosity of
liner [29].
The results of tear strength test show a highly significant
increased when adding CaCO3 NPs in amounts of 1.5% wt
and 2% wt to the PEMA, this can be explained through
the creation of the Van der Waals bond between the
nanofillers and polymer, which increases polymer chains'
resistance to rapture due to the strong shear force
between polymer nanoparticles and chains facing tear
forces.
This research shows a substantial increase in tear
strength directly proportioned to the increased
concentration of nanofillers because of the very fine filler
dimension, leading to a higher interface bond, effective
diffusion and bond homogeneity. The linkage also
contributes significantly to enhancing the
young's modulus [30].
In the tearing process, nanofillers scatter the energy of
the stress in the polymer matrix near the tips of the
developing cracks and thus highly tear resistance, which
means that a large force is needed to fully break the
polymer matrix and that is why the tear strength of the
matrix rises [31].

CONCLUSION

The incorporation of powder from CaC03 NP in an acrylic
soft lining material increases significantly the thermal
properties, tensile bond strength and tear strength.
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2% group, whereas there was non-significant 
difference between other studied groups.
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