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Effect of Adding (Zr0:-Zn0O) Nanopowder on the Polymer Blend (lamination and methyl

vinyl silicone) in a Hybrid Nanocomposite Material
Abstract

A polymeric blend combines two or more polymers to form a new material with different physical
properties. In this work, a base material consisting of a polymeric mixture was manufactured to
improve its properties and then strengthened with nanoparticles (ZrO:-ZnO) to develop a hybrid
nanocomposite material, which has better properties than its constituent materials. Reinforcement
material, i.e., (ZrO2-ZnO) nanoparticles, were prepared using relaxation method. A polymeric
resin mixture (lamination and methyl vinyl silicone) was prepared by adding methyl vinyl silicone
to the lamination resin in different ratios (4%, 8%, 12%, and 16%). The mixture properties were
studied through tensile, bending, shock, and hardness tests, and the optimal results were achieved
for the 12% ratio. The resulting composite nanoparticles and their properties were studied using
EDX, X-Ray, SEM, and PSA techniques. Finally, the nano-hybrid composite material was manu-
factured by choosing the optimal blend (i.e., 12%). It had the highest polymeric base material prop-
erties, and nanoparticles were added at different dosages (3%, 6%, 9%, and 12%). The resulting
hybrid composite material properties were studied through different tests (tensile, flexural, impact,
and hardness). The results showed that the binary composite nanoparticles improved the properties
of the mixture for both sizes (30 nm and 89 nm) at all mixing ratios, compared to the control spec-
imens (i.e., without any addition). The optimal results were obtained when 30nm particles were
added and for all tests compared to samples reinforced with 89 nm particles. The optimal ratio of
(Zr02-Zn0) was 9% wt 30 nm size, representing the best sample in terms of the resulting proper-
ties. It is recommended to use the sample with the 9% addition of ( ZrOz - ZnO) wt with a granular

size of (30 nm) in essential applications, including prosthetics (foot).
Keywords: Composite Nanopowders; sol-gel; relaxation; polymeric blend; medical applications

1. Introduction

Nanomaterials have opened the door wide for researchers to develop composite materials. Thus, a
new class of composite materials emerged — nanocomposites. These are distinguishable from tra-
ditional composite materials in strength, durability, and excellent properties [1,2]. The discovery
of nanomaterials led to an industrial revolution in all medical, engineering, electronic, civil, mili-
tary, and space fields [3.4]. Nano oxides have taken a wide place in various applications because

of their good properties. the most important of which are oxides of aluminum, zircon, zinc, calcium,
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magnesium, and other oxides [5.6]. Among the most important applications are (strengthening ma-
terials, coatings, medical applications, and refractories) [7].

Many researchers have studied the development of composite materials and their components to
improve their properties [8]. Arshian et al. [9] used zinc oxide nanoparticles added to (polyhydryl
silsisquioxane) and hybridized with the addition of (polylactic acid). Using XRD, the interaction
of the particles with the polymer was observed. The tensile test results showed that the tensile
strength increased significantly, and the increase in the contact angle proved the composite material
had become hydrophobic. The antibacterial test further corroborated the antibacterial characteris-
tics of the material. Kyung et al. [10] used fumed silica as an improved material for the thermal
and mechanical properties of epoxy composites. The silica was treated with PDMS. The results
showed that the silica treated with this material increased thermal stability and reduced thermal
decomposition. It also increased the bending resistance compared to the composites reinforced with
untreated silica. Hasanzadeh et al. [11] used PMMA as a matrix material after being dissolved and
mixed with nanoparticles (TiO2, 8102, and Al2O3) to strengthen it by specific weight ratios (0.5, 1,
and 2%), Young's modulus and impact resistance were measured in addition to the Rockwell hard-
ness. The results confirmed that the addition of nanomaterials significantly improved the mechan-
ical properties. The improvement was 94% and 229% in the shock resistance of the TiOz-reinforced
samples (by 1% and 2% reinforcement, respectively). Young's modulus and hardness also in-
creased with the increase of different nanomaterials.

By using Fourier Transformed Infrared Spectroscopy (FTIR) and X-ray Diffraction (XRD) anal-
yses, Xavier [12] developed NiO-ZrO> nanoparticles. Polyurethane (PU) was mixed with NiO-
ZrO:2 nanoparticles, and the resulting polyurethane (PU)/NiO-ZrO2 nanocomposite was applied as
acoating on the steel specimens. Using scanning electrochemical microscopy (SECM), potentiody-
namic polarisation investigations, and electrochemical impedance spectroscopy. the anticorrosion
performance of the PU/NiO-ZrO2 nanocomposite coating was investigated (EIS). According to EIS
investigations, PU/NiO-ZrO: coating demonstrated a noticeable protective efficacy in natural sca-
water. Compared to PU coating, the PU/NiO-ZrO> SECM examination detected less current at the
scratch of the coated surface. Surface morphological investigations (SEM/EDX) were used to an-
alyze the surface characteristics and elemental composition of the coating samples. The mechanical
characteristics of the nanocomposite and pure PU coatings demonstrated that mixed nanoparticles
of metal oxide (NiO-ZrO2) improved the mechanical and also corrosion protection characteristics

of the polyurethane coating.
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Sallal et al. [13] used (Al203-CaO) nanoparticles in various proportions (0.5 —2 wt% ) and a matrix
of a polymeric blend consisting of 4% epoxy and 96% polyester. Mechanical tests were carried out
on the samples that showed that the best incorporation percentage was 1.5 wt %. Zinc oxide-zirco-
nium (IV) phosphate (ZnO-ZrP) nanocomposite was developed by Kaushal et al. [14] using the
sol-gel technique at pH=2. Thermal analysis, Fourier transform infrared spectroscopy, X-ray dif-
fraction, energy dispersive X-ray spectroscopy, transmission electron microscopy, and scan elec-
tron microscopy were used to characterize it. Various characteristics of nanocomposites, including
fixed charge density, perm selectivity, transport number, membrane potential, and ion exchange
capacity, were investigated. The ion-exchange capacity of the nanocomposite ion exchange for
Na+ ions was determined as 0.60 meg/g. It was investigated how adding ZnO nanoparticles af-
fected the characteristics of the zirconium (IV) phosphate ion-exchange membrane. It is interesting
to note that the nanocomposite showed some antibacterial action against the Gram-negative E. coli
culture.

The research significance and novelty of the current work lie in the use of composite binary nano-
particles prepared by the sol-gel relaxation method and combined with this prepared polymeric
mixture to manufacture a nano-hybrid composite material. Such materials have not been used ear-
lier to prepare a composite material. This hybrid nanocomposite material can be used in prosthetic

applications.
2. Experimental methods

2.1. Tests methods and devices

2.1.1.X-ray Diffraction (XRD)

X-ray examination is used to determine the crystal structure and chemical composition of materials
through the diffraction of X-rays passing through the material. The type of device was (6000 -
XRD) Shimatzu Company. The examination mechanism depends on observing the scattering of
the intensity of the X-ray beam falling on the sample (X-rays consist of photons, and changing the
path of the photons when they hit the electrons of the material leads to a change in the energy of

the photon and this change indicates the type and composition of the material).
2.1.2 Scanning electron microscope (SEM and EDX)

The German device type (T-Scan) was used. The working principle depends on firing a beam of

electrons on the surface of a sample coated with a thin metallic film, which in turn reflects the
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electronic rays to a screen, giving an image of the sample surface in addition to the chemical com-

position.
2.1.3.Particle size analysis

Particle size analyzer type (Nanobrook 90 Plus) US was used. This device uses a monocular lens
system to receive all the scattered and emitted signals from particles from nano to millimeters.
Using a high-quality lens produces a high-resolution image of diffused and low light to ensure the

reception of all signals.
2.14.Combined mechanical testing

The device type (Larry - China) (DWD-50) was used for tensile, bending, and compression tests.

The samples were manufactured according to the ASTM standard.
2.1.5.8hore Hardness

The Shore Dee device (Chinese origin) was used to measure the hardness of polymers based on the

amount of immersion in the sample surface.

2.2. Raw materials

The materials used in the research to prepare the nano reinforcing and matrix materials were the
polymeric blend including Zirconium oxychloride (ZrCl>0. 8H>0) from Merck Company Ger-
many, Zinc Chloride (ZnCl2) from Thomas Baker, India and NH4OH (Ammonium Hydroxide)
from Thomas Baker, India. As for the polymers, lamination resin from Ottobock Company and
methyl vinyl silicone resin from Elkem Company was used.

Figure 1 shows the steps for preparing nanoparticles. To prepare the composite ceramic nanoparti-
cles, I M of each type of salt used in working with distilled water was dissolved to form two solu-
tions to prepare for the subsequent mixing process. Both solutions were mixed equally (Zinc Chlo-
ride dissolved in distilled water and Zirconium Oxychloride dissolved in distilled water) for 70
minutes. After that, surfactant (sucrose) was added, and the mixing continued for another 20
minutes. Drops of Ammonium Hydroxide were added to form a gel. The formed gel was kept for
(24 hours) at room temperature for a relaxation process that allowed sufficient time to complete
the formation process of nanoparticles, sedimentation, and isolation of the minutes at the bottom
of the beaker. After which, the filtered water was removed from the top of the gel container. The
remaining substance was washed with warm distilled water several times. Then it was filtered on

the filter paper to remove the remaining water. After filtration, the remaining material was dried at
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110 °C for 4 hours. The dried material was calcinated at 650°C and 750°C for 3 hours. XRD,EDX, 1u

and SEM of the resulting powder were carried out. 125

| Raw material |

T
I 1

L Zinc chloride 1 Zirconium oxychloride

[ T T

Mixing dissolved salts with water
Zirconium oxy chloride (50%) + Zinc chloride (50%)
L drops of ammonium hydroxide ]

L Relaxation time for 24 hours ]

L Drying at 110°C for 4hours 1

I

|\ calcination at (650 and 750) °C for 3 hours 1

]

Evaluation of Nano powder by

(X-ray, EDX, SEM and particle size analysis)
126

Figure 1: Flowchart showing the procedure for preparing the binary composite Nanopowders. 127

The second part of the work includes manufacturing a polymer blend consisting of two polymeric 128
materials (lamination and methyl vinyl silicone resin) and choosing the best ratio that gives the best 129
results through mechanical tests represented by checking (tensile, bending, hardness, and impact). 130
Different proportions (4, 8, 12, and 16 wt%) of methyl vinyl silicone resin to the lamination resin 131

were used. The selected proportions were taken from each material and mixed by a mechanical 132
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mixer for 15 minutes; then, the hardener was added. The samples were cast according to the stand- 133
ard specifications. The examination was done, and the best proportion was chosen to yield optimal 134
test results. From the results, 12% methyl vinyl silicone and 88% lamination were selected as the 135
optimal proportion, as it was to be considered a base material for manufacturing the nano-hybrid 136

composite material. The nanopowder produced by the sol-gel method was combinedin 3, 6,9,and 137

12 % with the selected polymeric matrix material. 138
3. Result and discussion. 139
3.1. Tests for the preparation of binary composite Nanopowder. 140
3.1.1.EDX test 141

Figures 2a and b show the chemical composition of the calcined binary composite nanopowder at 142
temperatures 650°C and 750°C. The resulting powder comprises zinc and zirconium oxides due to 143
zinc and zirconium elements and oxygen, indicating oxide formation. There are no impurities 144

within the composition, indicating the product purity. 145
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Figure 2: a) the chemical composition of the calcined binary composite nanopowder at tempera-
tures (650°C); b) the chemical composition of the calcined binary composite nanopowder at tem-

peratures (750°C).

3.1.2 X-ray diffraction (XRD) test

Figure 3 shows the effect of temperature on the nanocomposite powder on the formation of zirconia
phases; after that, calcination at temperature 650°C. Two phases of zirconia appeared, (t, m) and
zinc oxide, according to JCPDS card no s, respectively 17-0923,37-1484,36-1451. After calcina-
tion at 750 °C, one phase appeared for zirconia with zinc oxide according to JCPDS card no 17-
0923 and 36-1451, respectively [15]. The monoclinic and tetragonal phases of zirconia at 650°C
were observed, whereas only the tetragonal phase was found for zirconia at 750 °C. This disparity
may be attributed to the relaxation mechanism and the sol-gel method used in the preparation pro-
cess, giving a variety of phases resulting from a particular substance at different temperatures, in
addition to the chemical composition resulting from mixing different materials to produce a mix-
ture of oxides, which can be a catalyst in the formation of phases or reduction of their composition

at certain temperatures [ 16].
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Figure 3: a) X-ray diffraction of the calcined binary composite nanopowder at temperatures

(650°C), b) X-ray diffraction of the calcined binary composite nanopowder at temperatures

(750°C).

3.1.3.PSA test.

The particle size analysis is shown in Figure 4. It is observed that the calcined binary nanocompo-

site powder at lower temperatures (650 °C) gave a particle size of 30 nm. The powder calcined at

a higher temperature (750 °C) gave a particle size of 89 nm. Therefore, it is noted that the temper-

ature affects the particle size due to the period required for cooling, as higher temperatures require

more cooling time. Thus the growth of granules occurs, causing an increase in granular size [17].
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Figure 4: a) particle size analysis of the calcined binary composite nanopowder at temperatures
(650°C), b) particle size analysis of the calcined binary composite nanopowder at temperatures
(750°C).

3.14.SEM test

The particle shape and the aggregation of the calcination binary nanocomposite powder at 650°C
and 750°C have been shown in Figure 5. The images show that the shape of the particles is almost
spherical, giving the particles good dispersion and a high surface area. Particle agglomeration due

to the small size of the particles, is also observed [18].
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(a) (b)
Figure 5: a) SEM of the calcined binary composite nanopowder at (a) 650°C and (b) 750°C.

3.2. Mechanical tests on polymer blend
3.2.1.Tensile test

Figure 6(a) shows the curve resulting from the tensile test. It gives the maximum tensile strength
resulting from adding (methyl vinyl silicone resin) to (lamination resin) according to the selected
weight ratios (4, 8, 12, 16 wt%). The tensile test results showed that adding (methyl vinyl silicone
resin) to (lamination resin) increased tensile strength compared to pure material. The highest tensile
strength was obtained when adding (12%) methyl vinyl silicone resin, as (methyl vinyl silicone )
increased the bonding inside the substrate and led to an improvement in the mechanical properties
and, consequently, an increase in the strength [19]. The disparity in the mechanical properties of
the two polymers (when mixing in certain proportions) leads to enhanced properties to a certain
extent due to the activation of deformation mechanisms within the polymer network, causing an

improvement in the properties at a certain incorporation limit [20].
3.2.2.Bending test

Figure 7(a) shows the curve resulting from the bending test. It gives the maximum bending re-
sistance from adding methyl vinyl silicone resin to lamination resin according to the selected
weight ratios (4,8,12,16 wt%). The bending test results showed that adding methyl vinyl silicone
resin to lamination resin led to increased bending resistance for all ratios compared to the pure
material . The highest bending strength was obtained when adding 12% methyl vinyl silicone. Me-
thyl vinyl silicone increased the resistance to bending well. Because of the activation of defor-
mation mechanisms within the polymer blend network resulting from the mismatch of mechanical
properties between the two polymers, so when mixing in certain proportions leads to an increase
in properties to a certain extent of addition. After exceeding this limit, the properties begin to de-
teriorate due to the change in the nature of deformation and bonding within the internal polymer
system [21].

3.2.3.Impact test

The shock resistance and the impact test results are shown in Figure 8 (a). The results showed that
the polymeric mixture improved the impact resistance compared to the pure sample as the impact
resistance improved in general and for all weight ratios of the added resin. This indicates that the

polymeric mixture possessed good mechanical bonding and dispersing the absorbed energy during
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impact and increasing the strength of the material, thus leading to an increase in the impact re-
sistance of the polymeric mixture [22].

The impact property is variable because it is not considered a physical property of the material due
to its dependence on the test conditions, sample geometry, test method, and certain other factors
[23]. The increased toughness results from the good distribution of the polymer, which has the
highest flexibility and plasticity within the polymeric blend, causing increased absorption of exter-

nal energy applied to the material, and thus the ductility of the material increases [24].
3.24.Hardness test

The hardness and hardness test are shown in Figure 9 (a), where the Shore De hardness test showed
that the polymeric mixture improved the hardness property. The Shore hardness values increased
with the increase in the methyl vinyl silicone weight ratios and all ratios compared to the original
sample. Resulting from the efficient distribution of the polymer, which has higher flexibility and
plasticity within the polymer blend network, but the increase in these polymers leads to the deteri-
oration of the mechanical properties due to their transformation into weak centers within the mate-
rial, leading to the deterioration [25]. This indicates that the addition of methyl vinyl silicone in-
creased the material's resistance to scratching and etching, resulting from the increase in hardness,
which increases with the increase in the resistance and the mechanical bonding, the internal bond-

ing between the bonds of the material [22].

3.3. Mechanical tests for hybrid nanocomposites reinforced by binary composite

nanopowder.
3.3.1.Tensile test

Figure 6(b) represents the curve of weight ratios of the binary nanocomposite powder with the
maximum tensile strength resulting from this addition to the polymeric blend. It is noted that the
highest tensile strength was obtained at 9%, and its values were 78 MPa and 71 MPa for 30 nm and
89 nm particle sizes, respectively. It is seen that the particle size affects the tensile property. The
tensile strength of nanocomposite reinforced with particle size 30 nm was higher than that of com-
posite with particle size 89 nm. The particles helped strengthen the polymeric mixture by bonding
the polymeric matrix with the nanoparticles [26,27]. In addition, the small size of the particles
helped the good diffusion inside the polymer and, thus, a good distribution of loads within the
nano-hybrid composite material [22.,28]. The nanoparticles act according to the Hall-Petch effect
as obstacles to the elastic and plastic deformations caused by the external loads [29]. Thus, these

particles act as reinforcing materials for the polymeric material. In addition, they spread inside the
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material better. The smaller the particle size, the greater the surface area, and thus the higher the

wettability and the higher the bonding between the reinforcing material and matrix [30].
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3.3.2.Bending test

resin), b) the polymeric blend reinforcement by binary nanocomposite powder.

Figure 7(b) shows the bending strength from adding the binary composite nanopowder to the pol-

ymeric mixture. The highest bending resistance was obtained at (12 and 9%), and its values were

(98 and 93) MPa for each particle size 30 nm and 89 nm, respectively. It is also observed that the
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particle size has good resistance to bending, especially at the particle size of 30 nm. The reinforcing
material represented by the binary composite nanoparticles contributed to improving the bending
resistance of the polymeric mixture through good diffusion inside the polymer matrix resulting
from the small size of the reinforcement material. Thus, a good distribution of loads increases the
strength of the interface separating the reinforcement and the base material within the nano-hybrid
composite material [31,32]. The advantage of nanomaterials is that they have a large surface area
according to the Hall-Petch effect, which gives them an advantage in diffusion and dispersion
within other materials and thus leads to an increase in crosslinking within the polymer network and
causes an increase in resistance and an improvement in properties [33,34]. However, exceeding
certain incorporation limits leads to agglomeration, partially reducing the wettability and weaken-

ing the interface between the reinforcing material and the base material [35,36].
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b —8— (ZrO2+Zn0) 30 nm  —&— (ZrO2+Zn0) 89 nm
100
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Figure 7: Maximum bending strength a) From dding (methyl vinyl silicone resin) to (lamination

resin), b) the polymeric blend reinforcement by binary nanocomposite powder.

3.3.3. Impact test

Figure 8(b) signifies the curve of the weight ratios of the nano-reinforcing material added to the
polymeric mixture with the impact resistance of the final hybrid composite material. It is noted
from the screening results that the highest shock resistance was obtained at 12% at reinforcement
by both 30 nm and 89 nm sizes, respectively. The material durability has improved due to the
addition of nanoparticles, especially for 30 nm particle size . The toughness of the composite ma-
terial improves whenever the linkage between the composite material components improves. This
improvement comes from the strength of the interface between the base material and the reinforcing
material, resulting from the large surface area. The interface and the reinforcing material increase

the material's durability by dispersing external loads and reducing fracture growth [37].
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Figure 8: Impact strength a) From dding (methyl vinyl silicone resin) to (lamination resin), b) the

polymeric blend reinforcement by binary nanocomposite powder.

3.34.Hardness test

Figure 9(b) shows the hardness test curve, represented by the relationship between the weight ratios
of the nano-reinforcing material added to the polymeric mixture and the Shore D hardness of the
final hybrid composite. The examination results showed that the hardness improved for all weight
ratios and both sizes (30 and 89) nano. The hardness of the material gave higher values when adding

particle size (30 nano). The hardness of the composite material increases when strengthening with
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materials with a higher hardness than the hardness of the base material [27,32]. In addition, oxides
are ceramic materials with high hardness, so adding them as a reinforcing material causes increased
hardness [38,39]. Nanoparticles have a large surface area according to the Hall-Petch effect and
thus lead to an increase in crosslinking within the polymer network and cause an increase in re-

sistance and improvement in properties [40].
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b) the polymeric blend reinforcement by binary nanocomposite powder.
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Based on the experimental work conducted with an objective of using composite binary nanopar-

ticles prepared by the sol-gel relaxation method and combined with the prepared polymeric mixture

to manufacture a nano-hybrid composite material, the following conclusions are reached:

i.

iii.

The results of the particle size analysis of the composite binary nanoparticles (ZrO: + ZnO)
indicate that the temperature affects the particle size of resulting nanoparticles. At a temperature
of 750 °C, a particle size of 89 nm was achieved compared to a particle size of 30 nm at a
temperature of 650°C. .

Examining the mechanical behavior of the prepared polymeric blend showed that the addition
of 12% of methyl vinyl silicon is the optimum dosage. At 12% dosage, the results of the tests
(tensile, bending, toughness, and hardness) were (53 MPa, 85 MPa, 10.6 KJ/m?, 83) respec-
tively.

The results of the mechanical tests showed that the optimal percentage addition for the nano-
particle ( ZrO2 + ZnO) was 9 wt % of the particle size 30nm, where the results of the tests
tensile, bending, toughness, and hardness were determined as 78 MPa, 98 MPa, 14.6 KJ/m?,
and 96 respectively, compared to the control sample and the other samples to which the size
was particle added was 89 nm.

Using the sample with the 9 wt % addition of ( ZrO2 + ZnO) with a 30 nm particle size is

recommended in important applications, including prosthetics (foot).
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