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Abstract 

The current study aims to prepare a nano-hybrid composite material reinforced with perlon fibers and triple nanoparticles (TiO2-ZnO-ZrO2) 

produced using the sol-gel method. The resulting sol-gel synthesized nanoparticles were evaluated using assays (EDX, X-Ray, SEM, and 

PSA). The results of the investigation revealed that using a temperature of 650 oC instead of 850 oC reduces the size of the particles. The 

other side included adding these nanoparticles according to weight ratios (3, 6, 9 and 12%) with a fixed number of layers of perlon fibers in 

the form of a mat (6 layers) to a polymeric blend consisting of (10% methyl vinyl silicon + 90% lamination) resin. The selected composite 

material was evaluated by tensile, flexural, impact, and hardness assays. The addition of the powder affected the mechanical behavior of the 

nano-hybrid composite material reinforced with the triple nanopowder, especially at the particle size (87 nm) and at the percentage (9% wt.), 

where the results of (tensile, bending, impact, and hardness) increased (83 MPa, 102 MPa, 13.8 kJ/m², 99 shore D) respectively, compared to 

the powder-free reference sample where the tensile, bending, impact, and hardness test values were (53 MPa, 85 MPa, 10.8 kJ/m², 83 shore 

D) respectively. This hybrid nanomaterial can be used in prosthetic applications such as the foot. 

Keywords: nano-hybrid composite material, sol-gel, triple nanoparticles, (10% methyl vinyl silicon + 90% lamination) blend, mechanical 

behavior. 

1. Introduction 

The discovery of polymers helped a qualitative leap 

in the materials used in human life, as they were a 

successful alternative to many materials, in addition 

to their entry into many new uses that the rest of the 

engineering materials were unable to provide [1,2]. 

Polymers prompted many researchers to develop new 

materials, and this helped to find a new type of 

material, which is composite materials [3,4]. 

Composite materials have opened new horizons for 

scientific research because they are constantly 

updated and developed to support modern industries 

and provide ease of manufacture [5,6]. Modern 

nanomaterials have entered a great deal in the field of 

manufacturing composite materials and represented a 

wonderful duo with polymers in the development of 

the nanocomposite materials industry [7,8]. 

Nanoparticles were among the most widely used 

materials in all industrial and research fields because 

of their outstanding ability to develop and improve 

other materials if nanoparticles were added to them 

[9]. One of the most important types of particles used 

in this field is the oxides because of their high 

strength , hardness and chemical inertness [10,11]. 

The oxides of titanium, zirconia, zinc and aluminium 

are among the most important types of oxides used in 

many engineering, medical, civil, aerospace, and 

other applications because of their excellent 

mechanical properties and good medical, insulation, 

and chemical properties [12–14].  

Many researchers studied the properties of composite 

materials and the effect of additives on the properties 

of polymers. Muhsin et.al, studied lamination resin, 

and a group of successive perlon and kevlar layers 

was used with a total of 7 layers to study their effect 

on giving better properties to the manufactured 
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socket for use in prosthetic limbs. The work included 

two parts: experimental and numerical. The work was 

based on studying the tensile property and ground 

reaction force. Whereas the experimental and 

numerical results showed that the socket made of the 

composite material resulting from the succession of 

layers was stronger than the polypropylene used for 

comparison in the research [15].  

Also, lamination resin was used with several layers of 

successive (perlon, carbon and glass) fibres in 

different sequences to study their effect on giving 

better properties to the vacuum-formed socket for use 

in prosthetic limbs. The work included an 

experimental part to study the tensile and fatigue 

properties. Where the results showed that the 

composite material resulting from the use of two 

layers of carbon fibres with layers of perlon was the 

strongest type of reinforcement compared with other 

types of fibre used in the research [16]. Abdulaziz 

et.al studied used PMMA as the base material and 

nano (zirconia and titania), and glass fibres with 

different percentages of weight % were used as 

reinforcing materials to evaluate the bending 

resistance and hardness of the manufactured 

composite material. Through the results, it was 

shown that the flexural strength and hardness 

increased with the addition of nanoparticles. The 

composite materials that contain more than 3% of the 

filler materials are of high hardness [17].  

Ameer et.al studied the lamination resin used and it 

was reinforced with multiple layers of carbon and 

perlon ranging from (10 to 12) layers in a different 

sequence, and then palm nut powder was added. The 

resulting composite material was subjected to tensile, 

bending and fatigue tests to know the effect of 

reinforcing materials on the properties of lamination. 

Through the results, the powder did not significantly 

improve the properties, and the best results were 

when using 3 layers of carbon fibres without powder 

[18]. Wei-li Wu studied the strengthening of Methyl 

vinyl silicon by dough-moulding compound (DMC) 

and silica was added to the mixture as a filler, in 

addition to the effect of these materials and curing 

conditions on the properties of the resulting 

composites. The best result was when adding (70 

DMC and 35 silica) at a temperature of 170 degrees 

Celsius, where the mechanical properties such as 

hardness and tensile were improved in addition to 

that it gave a high bonding through FTIR test [19]. 

The objective of this work is to prepare triple 

compound nanoparticles and add them to the 

polymeric blend in addition to a fixed number of 

perlon layers (6 layers) to produce a hybrid 

nanocomposite material used in the applications of 

prosthetics.  

2. Experimental. 

 The materials used in this research are titanium 

tetrachloride from Sigma-Aldrich Company (USA) 

and zinc chloride, and zirconium chloride from 

Thomas Baker India. As for the polymers, lamination 

resin from Otto Book, Germany, and methyl vinyl 

silicone resin from Polybit Company UAE. 

A set of devices were used to examine and evaluate 

the powder and the nanocomposite material, as 

follows: 

1-X-ray machine model (X-ray 6000: type Cu, NF) 

Shimadzu Company. 

2- Scanning Electron Microscope and EDX (type 

Tescan), Vega Company. 

3- Particle size analyzer (Nanoprook 90 Plus type) 

the USA. 

4- Tensile and bending tests by Universal mechanical 

test device (Instron 1195). 

5- Hardness device (type Shore D hardness) China. 

6-impact test (type Izod machine) Germany. 

Preparation of the composite ternary nanopowder 

(TiO2-ZnO-ZrO2). 1 molar of each of (titanium 

tetrachloride, zinc chloride, and zirconium chloride) 

is dissolved in distilled water separately, the 

following ratio is mixed (40: 40: 20) % of each of 

(zinc chloride: zirconium chloride: titanium 

tetrachloride) dissolved in water distilled and mix for 

90 minutes after that surfactant (sucrose) is added and 

mixing continues for another 30 minutes, then drops 

of ammonium hydroxide are added to form a gel. 

After that, the filtered water is removed from the top 

of the container containing the gel and then filtered 

on filter paper to remove the remaining water. After 

the filtering process is completed, the remaining 

material is dried at a temperature of 115 °C for 4 

hours, and the dried material goes to the calcination 

process at a temperature of  (650 and 800) °C for 3 

hours. The resulting powder is examined and 

evaluated by X-ray and EDX chemical composition 

examination, in addition to the particle size analysis 

and SEM structure examination. 

The polymeric composite material will be 

manufactured by incorporating the matrix material, 

which is the polymeric blend (10% methyl vinyl 

silicone and 90% lamination) (which was selected 

according to the best mechanical properties among 

the various mixing ratios that were tested in the 

laboratory, where this ratio was the best when the 

properties were compared with the rest of the mixing 

ratios), with the strengthening material, which is 

represented by the triple compound nanoparticles and 

according to the weight fractions (3, 6, 9 and 12) 

%wt., in addition to the 6 layers of Prlon fibres. The 

samples were cut according to the ASTM. The hybrid 

nanocomposite material will be evaluated by its 

mechanical behaviour using tests (tensile, bending, 

impact, and hardness). 
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Fig. 1. Technical path for the preparation of the 

nanopowder. 

 
Fig. 2. Casting mould used for preparing samples of hybrid 

nanocomposite material. 

3. Results and discussions. 

3.1. Ternary Nano Powder tests. 

3.1.1. Chemical analysis EDX test. 

Fig.3, the composition of the ternary nanocomposite 

powder that the resulting powder is pure through the 

presence of the elements oxygen, titanium, zinc, and 

zirconium, and there are no impurities within the 

composition at both temperatures (650 and 800)oC, 

and the presence of oxygen indicate the presence of 

oxides. This examination also indicates the type of 

material present, in addition to having other tests 

such as X-rays, we can know the type of the powder. 

This proves the purity of the materials produced in 

this way [20]. In many cases, the reason for the purity 

of the material is the use of a correct method of 

manufacture [21]. 

 

 
Fig. 3. EDX test:  a) particles calcination at 650 oC,   

b) particles calcination at 800oC. 

3.1.2. X-ray test. 

The X-ray examination shown in fig. 4, shows the 

appearance of the anatase and rutile phases of titania 

at a temperature (650 oC) according to JCPDS card 

no(21_1272) and (21_1276) respectively, in addition 

to that the addition of titania led to the appearance of 

two (m and t ) phases of zirconia according to JCPDS 

card no (81_1314) and (81_1544) respectively 

[22,23]. therefore the chemical composition plays a 

role in the emergence of phases and reducing 

Calcination temperature, and the emergence of the 

phase of (anatase) for titania and phase (tetragonal) of 

zirconia at temperature (800 oC), temperature has an 

effect on the formation of phases within the material 

[22,24].

 

 

Fig. 4. X-Ray test:  a) particles calcination at 650 oC,   

b) particles calcination at 800oC. 

a 

b 

a 

b 
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3.1.3. PSA test. 

Fig. 5, shows the particle size of the ternary 

compound nanopowder resulting from the calcination 

process at two different temperatures. Where 

calcination at temperature (650 oC) gave grain size 

(87nm), while calcination at temperature (800 oC) 

gave grain size (97 nm). Therefore, this difference in 

granular size resulted from the difference in 

temperatures in addition to the chemical composition 

and the presence of titania may have helped in this 

[25,26]. There is no clear difference between the two 

sizes through the diagram because of the small 

difference in nanoscale between the two types, but 

the difference will be clear when there is a large 

difference between the sizes of the particles [27,28]. 

 

 
a 

 
b 

Fig. 5. PSA test:  a) particles calcination at 650 oC,   b) 

particles calcination at 800oC. 

3.1.4. Scanning Electron Microscope (SEM) test. 

The fig. 6. a) Represents the SEM image that gives an 

overview of the shape and the assembly of the 

particles inside the calcined ternary composite 

nanopowder at (650 oC) and the fig. 6. b) For the 

calcined nanopowder at (800 oC). Where notice 

through the pictures that the particles tend to be 

spherical than random, and we also notice the 

presence of some agglomeration of the particles 

because of the small size, which gives preference to 

the occurrence of clumps due to the small surface 

area of the particles [29,30]. 

  

Fig. 6. SEM test:  a) particles calcination at 650 oC,   

b) particles calcination at 800oC. 

3.2. Mechanical test for hybrid nanocomposites 

reinforced by ternary composite Nano powder. 

3.2.1. Tensile test. 

Fig.7. gives an idea about the tensile properties. The 

curve represents the relationship between the weight 

ratios of the nanopowder and the resulting ultimate 

tensile strength of the hybrid composite material. 

From the figure, we notice that the maximum tensile 

strength has improved well when adding the triple 

compound powder, where the highest results were at 

the weight ratio (9%) for both particle sizes (87 and 

97) nano. The mechanical properties of composite 

materials improve upon strengthening with materials 

of higher resistance (such as ceramic and metal 

materials) than the base material to achieve the 

principle of integrating properties to obtain the best 

and improved mechanical properties [31,32]. 

 
Fig.7. Relationship between tensile strength and weight 

fraction of ternary nanocomposite powder. 

3.2.2. Bending test. 

Fig. 8, shows the relationship between the 

weight ratios of the ternary composite nanopowder 

and the resulting bending strength of the hybrid 

composite material. From the figure, we notice that 

the bending resistance has improved well when 

adding nanoparticles to all weight ratios compared to 

the base sample, where the highest results were at the 

weight ratio (9%) for both granular sizes (87 and 97) 

nano. Increasing the bonding between the 

components of composite materials leads to an 

increase in the strength of the interface formed 

between the matrix material and the different 

reinforcement materials, thus obtaining the best 

improved mechanical properties [32,33].

 
Fig. 8. Relationship between bending strength and weight 

fraction of ternary nanocomposite powder. 

a b 
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3.2.3. Impact test. 

Through fig. 9, gives a picture of the impact 

resistance of the hybrid composite material. We note 

that the impact resistance has improved well when 

adding the compound triple nanoparticles to all 

weight ratios compared to the base sample, where the 

highest results were at the weight ratio (9%) for both 

granular sizes (87 and 97) nano. The greater the 

strength of the interface, the greater the resistance 

and durability of the material, and this is caused by 

the material used in the reinforcement, as ceramic 

materials are characterized by resistance and 

porosity, and these properties increase the strength of 

the brown surface and thus lead to improving the 

properties of the resulting materials [34,35]. The use 

of fibre enhances durability and helps dissipate 

absorbed energy [36]. 

 
Fig. 9. Relationship between impact strength and weight 

fraction of ternary nanocomposite powder. 

3.2.4. Hardness test. 

Through fig. 10, gives a picture of the hardness of the 

hybrid composite material. We note that the hardness 

increased when adding the compound triple 

nanoparticles to all weight ratios compared to the 

base sample, where the highest results were at the 

weight ratio (12%) for both granular sizes (87 and 

97) nano. Ceramic materials are characterized by 

high hardness compared to polymers, so when added, 

they cause an increase in the hardness of the polymer 

in addition to the size and shape of the added 

particles, it gives an advantage in increasing the 

hardness, as the smaller the granular size, the greater 

the dispersion inside the matrix [37]. In addition to 

the porosity of the ceramic materials, which leads to 

increased mechanical bonding with the matrix [38]. 

 

Fig. 10. Relationship between hardness shore D and weight 

fraction of ternary nanocomposite powder. 

4. Conclusion. 

After the appearance and study of the results, it was 

found that: 

The triple composite nanopowder calcined at a 

temperature of (650°C) gave nanoparticles with less 

particle size and more phases compared to the 

powder calcined at a temperature (850°C). 

The addition of the powder had an effect on the 

mechanical behaviour of the nano-hybrid composite 

material reinforced with the triple nanopowder, 

especially at the particle size (87 nm) and at the 

percentage (9%), where the results of (tensile, 

bending, impact and hardness) increased (83 MPa, 

102 MPa, 13.8 kJ/m², 99 shore D) respectively, 

compared to the powder-free reference sample where 

the tensile, bending, impact and hardness test values 

were (53 MPa, 85 MPa, 10.8 kJ/m², 83 shore D) 

respectively. 

From the results, we can choose the hybrid composite 

material for the applications of the prosthetics 

industry (Foot), which consists of a polymeric 

substrate (10% methyl vinyl silicon + 90% 

lamination) and a resin reinforced with (6 layers) 

perlon fibres with nanoparticles of size (87 nm) and 

by (9% wt.). 
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