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The effect of additives of gold, silver, aluminum and copper nanoparticles on the thermal con-
ductivity of polymethacrylic (base) was studied. The concentration of added nanoparticles was
0.25%. weight. The addition of silver significantly increased thermal conductivity, followed by
copper, gold and finally aluminum. The thermal conductivity values of polymethacrylic are 0.28
W/n. and 0.25 W/p when adding gold and aluminum, respectively. The properties of polymeth-
acrylic did not change significantly when adding the same amount of silver.
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OuiHka TemonposigHoCTI mosriMmerakpuily 3 Ho0aBkamu pisaux merauis. Ayad Jyad
Jarjis, Atyaf S. Al Rawas, Mohammad Mahmood Uonis

BupueHo BriuB 106aBOK HAHOYACTUHOK 30J10TA, CpibJra, aJII0MIHI0 Ta M1l HA TeILJIOIPOBLIHICTD
nosnmerakpuiy (ocuoBm). HoHIleHTpalris momaHuX HaHOYacTUHOK craHoBmwia 0,25%. Bara.
JlomaBauHsa cpibsa 3HAYHO 301/IBIINJIO TEILJIOIIPOBIIHICTE, 3 HUM IPAMYBAJIXA MiIb, 30JI0TO Ta,
HApPEeIT], aJIoMIiHIA. 3HaYeHHs TeIJIONPOBIIHOCTI HOJIMeTaKpuly craHoBiasaTh 0,28 Br/mk. Ta
0,25 Br/MK mpu momaBaHHI 30JI0TA Ta AJIOMIiHIIO, BiAmoBimHO. BracTuBocTi moJniMeTaKpuily IpKr
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IOomaBaHHI Tiel sk KLIBKOCTI ¢pibjia CyTTeBO He 3MIHUJINCA.

1. Introduction :

The thermal transfer coefficient measures
the efficiency with which a gas or liquid trans-
fers energy across its surface, therefore dis-
charging energy from its surface, and is depen-
dent on a number of variables, including the
specific heat, density, and heat transfer coeffi-
cient of the medium to which heat is passed®. In
order to determine the heat transfer coefficient,
the temperature difference between the two
objects must be known[2][3]. The heat trans-
fer coefficient is not regarded as a qualitative
property of a material, but rather as a function
of the surrounding medium, its flow velocity v,
and the kind of flow [4][5].
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Acrylic is a transparent plastic substance
with good adhesion to adhesives, is easy to
manufacture, and has robust qualities when
compared to many other transparent poly-
mers[6][7]. Dental acrylic resin comes in three
varieties: those that require heat, those that
cure on their own, and those that cure with
light[8]. Conventional denture bases are made
of acrylic polymers heated to a specific tempera-
ture[9]. Denture bases made of hot polymerized
acrylic resin are still often used because of the
material’s many benefits, such as its low wa-
ter absorption, low cost, simplicity of manufac-
ture and repair without the need for laboratory
personnel, and biocompatibility[10-13]. In con-
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Figure 1. Schematic picture of the Lees disk

trast, the acrylic resin may prevent the patient
from sensing the temperature of a beverage,
leading to serious burns in the back of the neck
or perhaps the entire oesophagus[13]{14]. In
the past few years, several changes have been
made to the polymer to make it better and more
useful. These changes have been made to im-
prove its thermal properties, tear strength, and
bonding. Several of these techniques included
the use of nanoscale materials such as fiber fill-
er[15], glass fiber [16], metal oxides[17,18], car-
bon fillers[19][20] and nanofillers [21][22]. To
provide the best possible properties of polymer
nanocomposites containing inorganic nanopar-
ticles, it is essential to consider the nanopar-
ticles’ type, shape, size, concentration, and in-
teraction with the polymer matrix[23] . Few at-
tempts have been made to investigate the low
thermal conductivity of acrylic resin. It’s clear
that more investigation is needed. The use of a
denture base material with high thermal con-
ductivity has been shown to improve patient
satisfaction in the elderly and protect tissue.
It also makes patients more comfortable with
their dentures and enhances their sense of taste
[24]. Despite these limitations, the acrylic resin
can be modified by polymerizing conductive
material particles into liquid or powder form.
Silver can improve water absorption, thermal
conductivity by thermal expansion coefficient,
and polymerization shrinkage [25][26]. The
use of alumina oxide ceramic improves thermal
conductivity and durability while reducing po-
lymerization shrinkage [27]. Advantages may
become apparent when comparing the proper-
ties of a composite structure to those of one of
its component materials [28].

Nanoparticles of different metals, such as
gold, silver, and aluminium, have not been
compared in any study with the aim of increas-
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ing the thermal conductivity of denture base
material.The objective of the study is to add
nanoparticles of high purity (99%) metals with
good thermal conductivity that are safe for hu-
man consumption, such as gold, silver, alumin-
ium, and copper, in a proportion of 25.0% to the
acrylic material (the base) used to produce den-
tures. This 1s done because people who wear
dentures take longer to feel the heat or cold of
the foods and beverages they consume. This ra-
tio was chosen to promote thermal conductiv-
ity, allowing the denture wearer to feel the heat
of his food and drink as it entered his mouth.
Mechanical properties were unaffected since
the amount added was so small in relation to
the acrylic (base) used to make the dentures.

2. Experimental approach

Lees discs were used to measure and deter-
mine thermal conductivity (Figure 1). The Lee
disc consists of two individual components. The
metal tube has a vent at the top, through which
steam can escape. A copper or brass disc of the
same diameter as the metal cylinder serves as
the basis. These metals have known specific
heat capacities. The preceding diagram depicts
the placement of samples between two metal
surfaces, with thermostats T1 and T2 placed
over the appropriate positions. Steam is intro-
duced and released through holes A and B. The
upper thermometer should be checked at the
same time as the lower one, once the lower one
has stabilised at T2, for example, after 75 min-
utes of steam circulation.

When we placed the upper half of the de-
vice on top of the bottom disc, the lower disc’s
temperature increased by around 10 degrees
Celsius above the 0 2 degrees seen in the first
scenario. After removing the top disc, we stack
the insulating disc over the metal disc to pre-
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Figure 3. X-ray intensities with angle 20 for acrylic material mixed with nanoparticles of (a) gold , (b)

silver, (c) aluminum and (d) copper

vent electricity from leaking through. Note the
progress minute by minute until the tempera-
ture on the stationary thermometer T2 drops to
about 10 degrees Celsius below 6 2.
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3. Results and Discussion

Samples of acrylic were made by fusing
acrylic with 0.25 g of various nanoparticles ma-
terials (gold, silver, copper, and aluminium), as
illustrated in Figure 2. The resulting samples
were disc-shaped with dimensions of 2 mm
thickness and 12.5 cm diameter.
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Figure 4. The decrease in temperature with time
(cooling curves) for the samples studied

Table 1. Thermal conductivity of the metals
studied

Material Thel“m%(liv(/:glnﬁ;lctivity
Silver 429
Copper 386
Gold 317
Aluminum 9237

Figure 3 shows the x-ray spectra of the four
elements with acrylic. It can be seen that the
samples are amorphous with the presence of
several peaks that belong to the acrylic, gold,
silver, aluminum and copper. The peaks for
gold nanoparticles with acrylics appears at 20
between 11-70° [29] , while the peaks for sil-
ver with acrylic also appear between 15-75[30],
aluminum nanoparticles peaks appear between
16-68° and finally the peaks due to copper
nanoparticles appear between 16-74° [31].

The thermal conductivity was determined
from cooling curves for all the materials stud-
ied (Figure 4). The thermal conductivity values
of acrylic after mixing with all elements are
shown in Table 1. The addition of silver will
significantly increases thermal conductivity,
because pure silver has the highest thermal
conductivity coefficient (429w/m.k). The val-
ues for other metals are lower — (386 w/m.k.),
(817w/m.k.) and (237 w/m.k.) for copper ,gold
and aluminum nanoparticles respectively (Fig-
ure 5). Several possible explanations can be
proposed, including lattice vibration and mobil-
ity convergence, particle size identity, and the
similarity between gold and aluminium in their
ability to impede thermal conductivity

It was discovered that the sample contain-
ing silver had the highest thermal conductivity
value; hence, the next most important test was
the compression test. This is because dentures
are subjected to an incredible amount of pres-
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Figure 5. Thermal conductivity for pure acrylic
(control) and all other mixtures
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Figure 6. Regional compression at different
positions on the samples surfaces for both pure
acrylic and the mixture (acrylic with silver)

sure when cutting and chewing food due to the
impact of the powerful jaw muscle. The com-
pressibility test was performed at five position
s on the sample , the test showed that adding a
certain percentage of silver nanoparticles had
no noticeable effect on the sample when com-
pared to the pure acrylic sample ,this was il-
lustrated by the comparison presented in Fig-
ure 6.

4. Conclusions

The mixtures were fabricated by combin-
ing acrylic with 0.25 g of different nanoparticle
materials (gold, silver, copper, and aluminum).
The maximum thermal conductivity was sig-
nificantly enhanced by the addition of silver
nanoparticles to acrylic in comparison to the
other metals. The inclusion of this quantity of
silver did not result in a discernible change to
the material’s inherent mechanical character-
istics, where we found that the acrylic mixed
with silver has a lower compressive value com-
pared to pure acrylic.
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