
 

 

_________________________________________________________________________________________________ 

*Corresponding author e-mail: ahmed.fouly@mu.edu.eg 

Receive Date: 26 September 2021, Revise Date: 06 October 2021, Accept Date: 13 October 2021  

DOI: 10.21608/EJCHEM.2021.98063.4572 

©2022 National Information and Documentation Center (NIDOC) 

 

 

Egypt. J. Chem. Vol. 65, No. 4 pp. 543 - 553 (2022) 

 

                                                                                                      

                

  

 

Mechanical and Tribological Characteristics of PMMA Reinforced by 

Natural Materials 

Ahmed Fouly,a,b Nabhan A.,a,*, Badran A. H.a 

aDepartment of Production Engineering and Mechanical Design, Faculty of Engineering, 

Minia University, 61519, Egypt; 
bMechanical Engineering Department, College of Engineering, King Saud University, Riyadh 

11421, Saudi Arabia; 

Abstract 

The current paper focuses on studying the mechanical and tribological properties of Polymethyl methacrylate (PMMA) 

reinforced by natural materials. Two different natural powders, corn cobs, and miswak particles were used with different 

loading fractions, 2.0, 4.0, 6.0, 8.0, and 10 wt.%. The results showed a good enhancement in the mechanical properties of 

PMMA composites comparing with pure PMMA. The improvement in mechanical properties is accompanied by an 

improvement in tribological properties. Eexperimental results illustrated that PMMA composites with a weight fractions of 

8.0 % corn cobs and 6.0 % miswak recorded the optimal tribological and mechanical characteristics among other weight 

fractions. Furthermore, the microscopic results showed a change in the wear mechanism of the PMMA due to the 

incorporation of the natural materials. 
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1. Introduction 

Polymers get a lot of attention in various industrial 

applications, so making innovation and development 

in their characteristics is a major focus of many 

researches [1-4]. Polymethyl methacrylate (PMMA) 

is one of thermoplastic polymer is distinguished as 

transparent, tough, and rigid that widely used in 

various industrial applications [5]. PMMA can be 

performed well as alternative shatterproof windows, 

LED lights, car windows, motorcycle windshields, 

and lenses. Furthermore, PMMA is frequently used 

as dental cavity fillings, fabricate dentures, and bone 

cement. This may be due to it is distinct 

biocompatibility, and ease of forming with high 

aesthetic degrees [6]. This may lead to PMMA being 

one of the most common materials in denture 

fabrication [7]. Dental acrylic materials are made up 

of two main components, the first is a powder 

(PMMA modified form), while the second is a liquid 

component (Methyl methacrylate) called a solvent or 

a monomer. Many researches focused on dental 

materials reinforced by micro and nanometer-size 

materials to create a new composite that has 

enhanced mechanical and wear resistance 

characteristics [8]. Metal powders and oxides form 

are getting some attention, which undoubtedly 

improves the mechanical strengths and thermal 

properties. Platinum nanoparticles are used as filler in 

PMMA denture acrylic to enhance the mechanical 

characteristics [9]. Human hair fibers and copper 

fibers, 2mm length and 200 μm diameter, were added 

to PMMA resin to change the impact strength and 

color stability properties [10]. Ceramic particles of 

ZrO2- Al2O3-SiO2 are used as filler in PMMA 

composite, which fabricates through the sol-gel 

technique. Indeed, the fundamental target of the 

addition is to evaluate the mechanical strengths via 

SEM, X-ray diffraction (XRD), and Vickers hardness 

test [11]. Tribological characteristics and hardness, 

Shore D, of PMMA denture base resin reinforced 

with nanographene (NG) and hybrid SiO2 - TiO2, 

have been significantly improved. The hardness of 

PMMA/NG/SiO2/TiO2 composite increases by 18% 

compared with pure PMMA [12]. The heat cure 

modes and curie period have been significantly 

affecting the hardness and the friction coefficient of 

the PMMA matrix reinforced with TiO2 nanoparticles 

[13, 14]. The friction coefficient of the PMMA/TiO2 

composite is decreased gradually by increasing of 

TiO2 filler amount. However, it has been observed 

that gradually increasing of loading of TiO2/ZnO 

nanoparticles leads to reduce the friction coefficient 

and wear rate of the PMMA composite [15]. 
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Moreover, the flexural strength and the thermal 

characteristics of the PMMA composite are 

significantly enhanced by ZnO nanotubes [16]. 

Also, the loading PMMA resin of the synthetic 

and natural fibers takes into account [8]. Fiberglass is 

good enough to realize the preferable requirement 

dental material. Therefore, good bonding between 

fiberglass and PMMA is used to improve the 

adhesion and superior biocompatibility of 

PMMA/Fiberglass composite [17]. The physical, 

thermal, biocompatibility and chemical properties of 

PMMA resin reinforced with glass fiber were 

reviewed, also the factors that may be involved in a 

denture fracture [18]. Two sets were used as 

reinforced materials in dental composites. Barium 

glass particles, 2 m, and silanated glass fibers,1.4 

mm length, 7–13 m diameter, with filler content of 

0%, 2.5%, 5.0% and 7.5% is examined. Based on the 

experiments, it can be concluded that hybrid fillers 

significantly increased fracture toughness and 

reduced shrinkage rates [19]. Study the effect of the 

reinforcing system consists of nylon-6 was dissolved 

in hexafluoroisopropanol, with fracture of weight 

10%, and multi-walled carbon nanotubes MWCNTs, 

with fracture of weight 0.5% and 1.5%, on the 

flexural strength of a PMMA dental resin [20]. 

Moreover, the wear and friction coefficient go down 

directly for both the hot- and cold-cured 

PMMA/MWCNTs composite. While the hardness of 

the hot-cured resin increased in parallel with the 

increase in MWCNTs filler amount [21]. 

Thermogravimetric analysis (TGA) was used to 

examine the dispersions of MWCNTs in the PMMA 

matrix. Fatigue resistance, flexural strength, and 

resilience of PMMA/MWCNTs composite were 

compared with a commercially pure PMMA [22]. 

PMMA reinforced by hydroxyapatite (HA) 

nanoparticles with filler amounts of 0, 0.2, 0.4, 0.6, 

and 0.8 wt.% was tested to evaluate the tribological 

and mechanical properties [23, 24]. The results 

indicate that increasing the concentration of HA 

nanoparticles leads to enhance the stiffness, 

compressive yield strength, toughness, ductility, and 

hardness of the PMMA/HA composite. While the 

friction coefficient and wear loss are declining. 

The incorporation of new materials such as those 

that can be obtained from plants, crops, animals, or 

other sources is one of the alternatives to reduce 

some outstanding problems. These materials are 

characterized by being environmentally safe, easy to 

recycle, and available in abundance from renewable 

natural sources [25]. The mechanical properties of the 

PMMA composite can be improved by interacting 

between the oil palm empty fruit bunch fiber and 

matrix. Utilization of palm fiber in cellulose form, 

with 0.5 mm thickness, leads to enhanced flexural 

strength and flexural modulus [26]. It was believed 

that the incorporation of miswak fiber, with a length 

of (2, 6, and 12 mm) and filler content (3, 6, and 9 

wt. %), into the PMMA matrix, can improve the 

mechanical and physical properties [27]. On the other 

hand, PMMA reinforced by fibers, miswak, and 

bamboo showed an enhancement of compression 

strength with high loading of fibers content. 

Therefore, the treatment of the fibers with alkaline 

solution helps the bonding strength to increase [28]. 

Another attempt has also been made based on filling 

the PMMA resin with pomegranate peels, an average 

diameter of 53.38 nm, and powder of dates powder, 

an average diameter of 93.78nm, with loading filer of 

0.4, 0.8, 1.2, and 1.6%.  From the results, it is 

possible to verify that the PMMA composite 

confirmed a positive change of mechanical and 

physical properties [29]. 

In the current work, two sets of PMMA 

composites samples were fabricated by adding corn 

cobs and miswak micro-particles to PMMA denture 

resin. First, the micro-particle of the selected natural 

materials was produced in a uniform particle size. 

Second, the composite samples were produced at 

different weight fractions of the corn cobs and the 

miswak micro-particles of 2.0, 4.0, 6.0, 8.0, and 10 

wt.%. Third, the chemical composition was 

investigated utilizing XRD. Finally, then the 

mechanical and tribological properties of the 

produced composites were studied to evaluate the 

effect of adding the selected natural material into the 

properties of the PMMA composite. 

2. Materials and Experimental 

2.1. Materials 

The resin used is a quick prepared product, which 

is a self-curing and cold cure poly (methyl 

methacrylate) acrylic material. PMMA powder 

(purchased from Cold Cure, Acrostone Dental & 

Medical Supplies, Cairo, Egypt) was used in this 

research. A hardener liquid (from Acrostone Dental) 

was added to resin A hardener liquid was added to 

the resin to help start and accelerate the mixing 

process. The main characteristics of the utilized 

PMMA are illustrated in table 1. 

Corn is one of the widely cultivated crops in 

Egypt. Corn cob is the innermost part of the corn that 

the kernels grow around. Corn cobs were collected 

after the kernels were removed and dried in the 

summer sun for 3 months to remove the moisture. 

After drying, the corn cobs were crushed manually 

using a mortar and pestle. The crushed parts were 

pulverized using the grain miller at 300 rpm, then 

passed through a microplate sieve to obtain the 

uniform particle size of 150 μm and finer, as shown 

in Fig. 1. The typical and chemical properties of corn 

cob powder were illustrated in Table 2 [30].  
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Table 1: Typical Properties of acrylic PMMA. 

Physical Properties Mechanical Characteristics 

Color White Compressive Strength [MPa]  75-131 

Density [gm/cm3] 1.18 Compressive Modulus [GPa]  2.76-3.3 

Particle Size [μm] 50-105 Fracture Strength [MPa] 7.92% 

Water Solubility  0.3% Fracture Modulus [GPa] 2.4-3.45 

  Hardness, Rockwell Scale M  80-100 

 

Miswak stick is one of the widely cultivated in the 

arab world specially in Saudi Arabia. The Miswak 

sticks were cleaned with water before drying into an 

oven under a constant temperature of 100°C for 72 

hrs to get them completely dried. The drying stage 

follows the cutting process of the sticks and then was 

pulverized using the grain miller at 250 rpm. The 

powder was sieved using microplate sieves with 

uniform precision pores (1 to 100 µm), as shown in 

Figure 2. The characteristics of miswak particles 

were displayed in Table 3 [31].  
Fig. 1. Photograph of corn cobs with a size of 150 μm 

 

Table 2:  Typical and chemical properties of Corn Cob powder. 

Typical Properties Chemical Characteristics 

Color Wheat Ash Content  1.33% 

Bulk Density [gm/cm3] 0.64 Lignin  35.2% 

Water Solubility  9.0% Cellulose  41.5% 

PH 5 Hemicellulose  13.0% 

Specific Gravity 1.1 Others  8.97% 

 
Fig. 2. Photograph of miswak particles 

 
Table 3: Typical and chemical properties of Miswak powder. 

Typical Properties Chemical Characteristics 

Color Brown Ash Content  1.7% 

Bulk Density [gm/cm3] 0.52 Volatile Matter 0.65% 

Water Solubility  3.7% Moisture 7.92% 

PH 6.2 Total loss of Ignition 89.8% 

Specific Surface Area [m2/g] 0.5   
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2.2. Preparation of Composite Samples 

The matrix is a quick prepared material that 

produced by mixing methyl methacrylate powder and 

hardener with a ratio of 2:1. Specimens were mixed 

manually at room temperature in a glass container by 

dispersing corn cobs and miswak particles into a 

PMMA matrix using a rotating mixer at about 300 

rpm from 10 min. As the stirring continues, the 

viscosity of the mixture gradually increases due to the 

partial dissolution of PMMA particles to hardener 

liquid. The dough was casted into the samples’ 

cylindrical mold in a 25 mm × 8 mm using 

compression molding under pressure of 14 MPa for 

30 minutes, as shown in Fig. 3. Furthermore, in order 

to evaluate the optimum filler weight fraction, 

PMMA composites were prepared with five different 

compositions as shown in Table 4.  

 
Table 4.: Variation of PMMA Corn Cob and Miswak particles (%) 

Code 
Compositions of PMMA Samples 

PMMA Corn Cobs Miswak 

Pure PMMA 100% - - 

Corn2 98% 2% - 

Corn4 96% 4% - 

Corn6 94% 6% - 

Corn8 92% 8% - 

Corn10 90% 10% - 

Miswak2 98% - 2% 

Miswak4 96% - 4% 

Miswak6 94% - 6% 

Miswak8 92% - 8% 

Miswak10 90% - 10% 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

2.3. Testing and Characterization 

The mechanical properties of the 

PMMA/composites were examined via hardness and 

compression tests. The hardness test was determined 

via the durometer Shore D device with sharp cone 

point (SR 0.1mm), 35° included angle, measuring 

range of 0~100 ± 0.5 HD and dwelled for up to 10s, 

based on the ASTM standard D2240 [32]. For each 

sample, the average reading values were measured 

five times along the specimen surface. United High 

Capacity Smart Universal Hydraulic (DFM-300KN) 

was used to perform the compression test in 

accordance with the ASTM standard D1621. System 

equipped with a 300 KN capacity load accuracy +/-  

 

 

 

0.5%, encoder resolution of 0.0005 mm and 

conditioned at 25 °C and 50 % RH. The three test 

specimens are prepared from each composition to 

evaluating their compressive properties. The stress-

strain curves were measured automatically by the 

machine, and compressive yield strength and 

modulus of elasticity were estimated. 

A reciprocating pin-on-disk tribometer, with 50 

mm stroke according to ASTM G99-95 [33], was 

used to test the tribological behavior of PMMA 

composites specimens under dry contact conditions at 

29°C and relative humidity of 55%, as illustrated in 

Figure 4. The reciprocating strategy was selected to 

Fig. 3. Schematic diagram of the PMMA/composite samples’ preparation 
 



A. Fouly et.al. 
_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 4 (2022) 

 

 

simulate the actual motion of denture base in the 

human mouth. The samples were tested as a 

cylindrical pin and the disk was a rectangular plate 

made of stainless steel or PMMA. Different two 

types of plates were used to simulate the natural 

conditions. PMMA disk was suitable in case of 

friction can occur between teeth made of PMMA 

material, [34].  

Furthermore, sometimes the dentist uses stainless 

steel crowns to protect the children's teeth [35]; so 

that, the sliding PMMA composites against stainless 

steel disk were also performed.  Surface roughness 

tester utilized to precisely gauge accurate roughness 

of the stainless steel and PMMA disks (Ra = 0.025 

μm, and Rz = 0.177 μm) and (Ra = 0.018 μm, and Rz 

= 0.159 μm), respectively. Cleaning the samples’ 

surfaces before each experiment was conducted using 

acetone and then dried with a heat gun to remove any 

contaminants. The experiments were done under 

different normal loads of 6, 8, 10, and 12 N at 0.4 m/s 

of sliding velocity. Wear tests were performed by 

estimating the weight loss between the initial and 

final weights of samples. For each specimen 

individually, the experiment was repeated five times 

under the same conditions and the average values 

were recorded and standard errors were calculated. 

To evaluate the wear mechanism, scanning electron 

microscope SEM microscope (JCM-6000Plus; JEOL, 

Tokyo, Japan) was used to inspect the worn surface 

morphology of PMMA composites. The samples 

were washed, dried completely via air, and then 

coated with a thin film of platinum and images were 

scanned using SEM.  

 
 

 

3. Results and Discussion 

Before the evaluation of the mechanical 

characteristics of the produced composites, the 

chemical composition of the pure materials and 

composites were extracted using XRD, as shown in 

Fig. 5-7. In Fig. 5, the pure PMMA showed some 

peaks at 2θ of 13.6°, 30.7°, and 41.8° which is 

consistent with other studies [34] and the peeks are 

not sharp which indicate the complete amorphous 

nature of the poly(methyl methacrylate) [36]. The 

XRD for the corn cob showed a main peak at 21.8° 

which is very close to the alpha cellulose XRD 

pattern [37]. The diffractogram of Miswak raw 

material exhibited several intense diffractions which 

cannot indicate the crystallinity of the raw powder. 

However, the Miswak XRD result may be attributed 

to the existence of the inorganic superfluity moieties 

which is doubtful to be calcium-based mineral. 

Consequently, more studies should be conducted to 

fulfill the identity of the Miswak compound. Fig. 6 

and 7 show a disappearance of the corn cob and 

Miswak peeks which confirm the well-distribution of 

corn cob and miswak particles in the PMMA matrix. 

Furthermore, the XRD patterns of the PMMA/corn 

cob and PMMA/Miswak composites showed also an 

amorphous nature. These results indicate that the 

structural characteristics of PMMA were not 

influenced by the incorporation of corn cob or the 

miswak powder and there was no chemical reaction 

occurred among the matrix and reinforcements 

materials. 

 

 
Fig. 5. X-ray diffraction patterns of pure poly(methyl 

methacrylate) (PMMA), corn cob, and Miswak. 

 

PMMA is commonly used as a denture base 

material, which is susceptible to compression loads. 

Compressive yield strength and modulus of elasticity 

of all PMMA/composites samples were measured 

based on the aforementioned standards. Figure 8 

displays the effect of corn cobs particles filler amount 

on the mechanical properties of the PMMA. 

Compared with pure PMMA, the compressive yield 

strength and modulus of elasticity receded up to 

37.8% and 30.5%, respectively, when filler amount 

Fig. 4. Sketch of the reciprocating tribometer 
 

8 mm 

https://ecatalog.mitutoyo.com/Surftest-SJ-210-Series-178-Portable-Surface-Roughness-Tester-C1794.aspx
https://ecatalog.mitutoyo.com/Surftest-SJ-210-Series-178-Portable-Surface-Roughness-Tester-C1794.aspx
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reached 6.0 wt.% CCs particles. Nevertheless, the 

addition of 8.0 wt.% CCs particles to PMMA 

composites has enhanced remarkably the 

compressive yield strength as well modulus of 

elasticity up to 19.4% and 11.61%, respectively. On 

the other hand, the pure PMMA was examined along 

with the filler amount of miswak particles in an 

attempt to improve the PMMA composite's 

properties. In Figure 9, it can be noted that adding 

miswak particles to the mixture weakens its 

properties, but with increasing filler amount the trend 

starts to get better. Consequently, the synthesis of 

Miswak6 enhanced the compressive yield strength 

and modulus of elasticity with an augmentation 

percent of 32.1% and 21.43%, respectively. 

 

 
 

Fig. 6. X-ray diffraction patterns of PMMA/corn cob 

composites. 

 

 
 

Fig. 7. X-ray diffraction patterns of PMMA/Miswak 

composites. 

 
Fig. 8. Compressive yield strength and modulus of 

elasticity of PMMA/Corn cobs samples. 

 

 
Fig. 9. Compressive yield strength and modulus of 

elasticity of PMMA/Miswak samples. 

 

Figure 10 illustrates that the pure PMMA has a 

hardness of 81 ± 3 (D index). The addition either of 

CCs or miswak particles to PMMA composites has 

significantly improved the hardness along with the 

filler amount. PMMA/Miswak composite (6%) 

exhibited the maximum enhancement of the hardness 

of 87 (D index), with an improvement of up to 7.4% 

compared with pure PMMA. Additionally, the 

hardness increased by 6.17% (86 D index) for 

PMMA/Corn cob composite (8%). Consequently, it 

could be concluded that the PMMA/composites 

reinforced by 8.0 wt.% and 6.0 wt.% of CCs and 

miswak particles, respectively have a significant 

effect in improving the mechanical properties of the 

poly(methyl methacrylate). 

 

 
Fig. 10. The hardness of PMMA composites with 

different filler amount. 

 

To study the tribological characteristics, both 

PMMA and stainless steel were used as the counter 

disk to simulate the actual frictional contact surfaces 

of dentures. Figure 11 illustrates the relation between 

friction coefficient and the filler amount of the corn 
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cobs particles under different applied loads rubbing 

against PMMA surface. The results reveal that a low 

filler amount of CCs particles is counter-effective on 

the friction behavior as observed for Corn2 and 

Corn4. Frictional behavior of PMMA/CCs composite 

begins to improve when filler amount increases up to 

6.0 wt.% (Corn6) and achieve the best result for the 

8.0 wt.% (Corn8). Nevertheless, it may be noted that 

the filler amount increases above 8%, leading to a 

regression of enhancement of the friction behavior of 

Corn10. The same observations are true when testing 

that set of samples against stainless-steel surface as 

displayed in Fig. 12. In both cases, the addition of 8.0 

wt.% filler amount of the corn cobs particles reduced 

the friction coefficient compared with pure PMMA. 

From this, it can be concluded that the reducing in the 

friction coefficient for Corn10 with an average of 

18% and 14.5% at rubbing against PMMA and 

stainless-steel surfaces, respectively. This 

enhancement may be due to the presence of lignin in 

the composition of CCs powder, which can form a 

self-lubricating layer on the contact area helps to 

reduce friction between rubbing surfaces [39-40]. 

Figures 13 and 14 display the influence of filler 

amount of miswak particles on the friction coefficient 

comparing with pure PMMA. All samples were 

examined under the same operating conditions that 

were mentioned before. From the results, it can be 

indicated that adding a low filler amount of miswak 

particles plays a role in reducing the coefficient of 

friction. It can be verified that the general trend of 

friction behavior of the samples begins to improve as 

the PMMA is filled with 2.0 wt.% of miswak 

particles, and the improvement continues with 

increasing the filler amount up to 6.0 wt.%. In 

contrast, the friction coefficient significantly 

increases gradually for samples with a filling amount 

of 8.0 wt.% or higher. The same observations appear 

in both cases, PMMA and stainless-steel disks, and 

exhibit the same behavior. Compared with pure 

PMMA, Miswak6 gave the most appropriate friction 

behavior with both contact surfaces achieving 

reduction ratios of up to 14% and 15.7% at rubbing 

against PMMA and stainless-steel surfaces, 

respectively. Finally, it can be realized that a low 

filler amount of miswak particles act as modifiers, in 

which it exhibited an enhancement on the friction 

performance. 

As well the samples slid against PMMA and 

stainless-steel surfaces, the weight loss due to the 

normal load was measure and the specific wear rate 

was calculated. The wear rate curves of PMMA/CCs 

samples are shown in Fig. 15 and 16. It is clear that 

the addition of 2.0 wt.% of corn cobs particles led to 

a reduction in the specific wear rate by approximately 

8.27% compared with pure PMMA. 

 

 
Fig. 11. Friction coefficient of PMMA/Corn cobs 

samples against PMMA surface. 

 

 
Fig. 12. Friction coefficient of PMMA/Corn cobs 

samples against a stainless-steel surface. 

 

 
Fig. 13. Friction coefficient of PMMA/Miswak 

samples against PMMA surface. 

 

 
Fig. 14. The friction coefficient of PMMA/Miswak 

samples against a stainless-steel surface. 

 

While the maximum reduction of 14.5% in the 

wear rate occurs for the 8.0 wt.% of CCs (Corn8). By 

testing samples against a stainless-steel disk, the wear 

rate reduces and it can notice that Corn8 exhibited an 

improvement in wear rate up to 21.1%.  
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Fig. 15. Wear rate of PMMA/Corn cobs samples 

against PMMA surface. 

 

 
Fig. 16. Wear rate of PMMA/Corn cobs samples 

against a stainless-steel surface. 

 

In case of utilizing miswak particles as a 

reinforcement, an enhancement of the wear resistance 

of the PMMA composite, as illustrated in Fig. 17 and 

18. By observing the occurrence of weight loss 

during the tests, the results indicate that increasing 

the miswak particles' filler content reduced the wear 

rate of the PMMA composites. It means that the wear 

resistance increased when increasing the filler content 

of the miswak particles. Miswak6 achieves the best 

improvement results as the wear rate is reduced by 

about 20% and 22.7% at sliding against PMMA and 

stainless-steel surfaces, respectively. It can be 

concluded that the addition of CCs or miswak 

particles to the pure PMMA improve the polymer 

mechanical properties, in which; the bonding strength 

between CCs or miswak particles and the PMMA 

resin was enhanced and led to an improvement in the 

load-carrying capacity [41-42]. Consequently, 

reinforcing PMMA composite by 8.0 wt.% of CCs or 

6.0 wt.% miswak would enhance the mechanical and 

tribological properties. 

 

 
Fig. 17. Wear rate of PMMA/Miswak samples 

against PMMA surface. 

 

 
Fig. 18. Wear rate of PMMA/Miswak samples 

against a stainless-steel surface. 

As shown in the results of the experiments, the 

incorporation of 8.0 wt.% of CCs and 6.0 wt.% 

miswak into PMMA led to an enhancement in the 

tribological properties compared with pure PMMA. 

Consequently, the worn surfaces of pure PMMA and 

the two composite samples were evaluated utilizing 

SEM to identify the wear mechanism, as shown in 

Fig. 19. It is clear that in the case of pure PMMA, the 

surface has some deteriorated layers resulted from 

ploughing and peeling during the friction test against 

PMMA and stainless-steel counter faces. The 

eliminated layers may lead to a shear resistance 

yielded to an increase in the friction coefficient 

during the sliding process [43]. Consequently, the 

wear mechanism for pure PMMA could be a 

delamination wear mechanism which usually 

increases the friction coefficient and decrease the 

wear resistance [44]. On the other hand, an 

enhancement in the rubbed surfaces of 8.0 wt.% of 

PMMA/CCs and 6.0 wt.% PMMA/Miswak 

composites could be observed. This enhancement in 

the surface profile could be attributed to the 

enhancement in the mechanical properties which 

were recorded for those composites. Consequently, 

smooth surfaces with some cracks and debris with 

unnoticeable deteriorated layers, a fatigue wear 

mechanism, which enhances the tribological results. 

 

4. Conclusions 

In the current study, two types of natural 

materials, Corn cobs (CCs) and Miswak were used 

with different loading fractions as a reinforcement for 

poly(methyl methacrylate), PMMA. The natural 

materials were processed to be used as a micro-scale 

reinforcement material, up to 150 µm. The 

mechanical and tribological properties of the 

PMMA/CCs and PMMA/Miswak composites with 

different loading fractions were evaluated. Results 

showed that the optimal loading fraction to be used 

from CCs and Miswak were 8 wt.% and 6 wt.%, 

respectively. Utilizing these loading fractions showed 

an enhancement in the mechanical properties which 

led to an enhancement in the tribological 

characteristics. 

 



A. Fouly et.al. 
_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 4 (2022) 

 

 

 

 

 

 

 

5. References 

[1] E. Truszkiewicz et al., “Mechanical behavior of 

3D-printed polymeric metamaterials for 

lightweight applications,” J. Appl. Polym. Sci., p. 

51618, 2021. 

[2] E. A. Elshemy and E. A. Showaib, “Effect of 

Filler Loading on Erosive Characteristics of 

Epoxy/SiO2 Coatings,” Solid State Technol., vol. 

63, no. 4, pp. 7824–7833, 2020 

[3] A. Fouly, M. N. Nasr, A. M. Fath El Bab, and A. 

A. Abouelsoud, “Design and modeling of micro 

tactile sensor with three contact tips for self-

compensation of contact error in soft tissue 

elasticity measurement,” IEEJ Trans. Electr. 

Electron. Eng., vol. 10, pp. S144–S150, 2015. 

[4] A. Nabhan, A. K. Ameer, and A. Rashed, 

Tribological and Mechanical Properties of HDPE  

 

 

 

 

 

 

Reinforced by Al2O3 Nanoparticles for Bearing 

Materials, Int. J. of Advanced Science and 

Technology, vol. 28, no. 18, pp. 481 – 489, 2019   

[5] K. Van Rijswijk and H. E. N. Bersee, “Reactive 

processing of textile fiber-reinforced 

thermoplastic composites–An overview,” 

Compos. Part Appl. Sci. Manuf., vol. 38, no. 3, 

pp. 666–681, 2007. 

[6] P. M. Preshaw, A. W. G. Walls, N. S. Jakubovics, 

P. J. Moynihan, N. J. A. Jepson, and Z. Loewy, 

“Association of removable partial denture use 

with oral and systemic health,” J. Dent., vol. 39, 

no. 11, pp. 711–719, 2011. 

[7] M. M. Mutluay and I. E. Ruyter, “Evaluation of 

adhesion of chairside hard relining materials to 

Fig. 19. Scanning electron micrographs of the surface of the pure PMMA, 

PMMA/corn cobs (8 wt.%), and PMMA/Miswak (6 wt.%) composites, after being 

rubbed against (a) stainless steel and (b) a PMMA counterpart. 
 

Pure PMMA Pure PMMA 

Corn8 Corn8 

Miswak6 Miswak6 



 MECHANICAL AND TRIBOLOGICAL CHARACTERISTICS OF PMMA...... 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 4 (2022) 

 

denture base polymers,” J. Prosthet. Dent., vol. 

94, no. 5, pp. 445–452, 2005. 

[8] D. C. Jagger, A. Harrison, and K. D. Jandt, “The 

reinforcement of dentures,” J. Oral Rehabil., vol. 

26, no. 3, pp. 185–194, 1999. 

[9] K.-Y. Nam, “Characterization and bacterial anti-

adherent effect on modified PMMA denture 

acrylic resin containing platinum nanoparticles,” 

J. Adv. Prosthodont., vol. 6, no. 3, pp. 207–214, 

2014. 

[10] K. Jayaprakash et al., “Fabrication of hair 

and copper fiber reinforced polymethyl 

methacrylate (PMMA) composites and evaluation 

of their mechanical properties, thermal 

conductivity, and color stability for dental 

applications,” Trends Biomater Artif Organs, vol. 

30, pp. 8–12, 2016. 

[11] Z. Hasratiningsih et al., “Basic properties of 

PMMA reinforced using ceramics particles of 

ZrO2-Al2O3-SiO2 coated with two types of 

coupling agents,” in Key Engineering Materials, 

2016, vol. 696, pp. 93–98. 

[12] A. Rashed and A. Nabhan, “Influence of adding 

nano graphene and hybrid SiO2-TiO2 nano 

particles on tribological characteristics of 

polymethyl methacrylate (PMMA),” KGK-

Kautsch. Gummi Kunststoffe, vol. 71, no. 11–12, 

pp. 32–37, 2018. 

[13] A. Meshref, A. Mazen, M. El-Giushi, and W. 

Ali, “Friction behavior of hybrid composites 

filled by titanium dioxide nanoparticles,” J 

Egypt. Soc. Tribol., vol. 14, no. 1, p. 40, 2017. 

[14] A. A. Meshref, A. A. Mazen, M. A. El-Giushi, 

and W. Y. Ali, “Effect of Curing Process of 

Dental Nanocomposite Resin on Shore 

Hardness,” EGTRIB J., vol. 13, no. 2, pp. 25–37, 

2016. 

[15] F. K. Farhan, B. B. Kadhim, B. D. Ablawa, and 

W. A. Shakir, “Wear and Friction Characteristics 

of TiO2–ZnO/PMMA Nanocomposites,” Eur. J. 

Eng. Technol. Res., vol. 2, no. 4, pp. 6–9, 2017. 

[16] N. Salahuddin, M. El-Kemary, and E. Ibrahim, 

“Reinforcement of polymethyl methacrylate 

denture base resin with ZnO nanostructures,” Int. 

J. Appl. Ceram. Technol., vol. 15, no. 2, pp. 

448–459, 2018. 

[17] M. Zhang and J. P. Matinlinna, “E-glass fiber 

reinforced composites in dental applications,” 

Silicon, vol. 4, no. 1, pp. 73–78, 2012. 

[18] A. S. Khan, M. T. Azam, M. Khan, S. A. Mian, 

and I. U. Rehman, “An update on glass fiber 

dental restorative composites: a systematic 

review,” Mater. Sci. Eng. C, 47, pp. 26–39, 

2015. 

[19] A. C. Bocalon, D. Mita, I. Narumyia, P. Shouha, 

T. A. Xavier, and R. R. Braga, “Replacement of 

glass particles by multidirectional short glass 

fibers in experimental composites: Effects on 

degree of conversion, mechanical properties and 

polymerization shrinkage,” Dent. Mater., vol. 32, 

no. 9, pp. e204–e210, 2016. 

[20] A. L. Borges, E. A. Münchow, A. C. de Oliveira 

Souza, T. Yoshida, P. K. Vallittu, and M. C. 

Bottino, “Effect of random/aligned nylon-

6/MWCNT fibers on dental resin composite 

reinforcement,” J. Mech. Behav. Biomed. 

Mater., vol. 48, pp. 134–144, 2015. 

[21] A. K. Ameer, M. O. Mousa, and W. Y. Ali, 

“Tribological Behaviour of Poly-methyl 

Methacrylate reinforced by Multi-Walled Carbon 

Nanotubes,” KGK-Kautsch. GUMMI 

KUNSTSTOFFE, vol. 71, no. 10, pp. 40–46, 

2018. 

[22] R. Wang, J. Tao, B. Yu, and L. Dai, 

“Characterization of multiwalled carbon 

nanotube-polymethyl methacrylate composite 

resins as denture base materials,” J. Prosthet. 

Dent., vol. 111, no. 4, pp. 318–326, 2014. 

[23] S. Mohandesnezhad et al., “In vitro evaluation of 

novel Zeolite-hydroxyapatite blended scaffold 

for dental tissue engineering,” 2020. 

[24] A. Fouly, A. M. M. Ibrahim, E.-S. M. Sherif, A. 

MR FathEl-Bab, and A. H. Badran, “Effect of 

Low Hydroxyapatite Loading Fraction on the 

Mechanical and Tribological Characteristics of 

Poly (Methyl Methacrylate) Nanocomposites for 

Dentures,” Polymers, vol. 13, no. 6, p. 857, 

2021. 

[25] B. C. Mitra, “Environment friendly composite 

materials: biocomposites and green composites,” 

Def. Sci. J., vol. 64, no. 3, p. 244, 2014. 

[26] J. John, S. Ann Mani, K. Palaniswamy, A. 

Ramanathan, and A. A. A. Razak, “Flexural 

properties of poly (Methyl Methacrylate) resin 

reinforced with oil palm empty fruit bunch 

fibers: a preliminary finding,” J. Prosthodont., 

vol. 24, no. 3, pp. 233–238, 2015. 

[27] S. I. Salih, J. K. Oleiwi, and H. S. Fadhil, 

“Preparation and investigation of some 

properties of acrylic resin reinforced with siwak 

fiber used for denture base applications,” Kurd. 

J. Appl. Res., vol. 2, no. 3, pp. 309–314, 2017. 

[28] J. K. Oleiwi, S. I. Salih, and H. S. Fadhil, “Study 

Compression and Impact Properties of PMMA 

Reinforced by Natural Fibers Used in Denture,” 

Eng. Technol. J., vol. 36, no. 6 Part A, pp. 652–

655, 2018. 

[29] S. I. Salih, J. K. Oleiwi, and A. S. Mohamed, 

“Investigation of mechanical properties of 

PMMA composite reinforced with different 

types of natural powders,” ARPN J. Eng. Appl. 

Sci., vol. 13, no. 22, pp. 8889–8900, 2018. 

[30] F. Zhen, “Physical and chemical properties of 

corncob for thermal conversions,” Fuel Sci. 

Technol. Int., vol. 11, no. 8, pp. 1037–1045, 

1993. 



A. Fouly et.al. 
_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 4 (2022) 

 

 

[31] S. T. Ezmirly, J. C. Cheng, and S. R. Wilson, 

“Saudi Arabian medicinal plants: Salvadora 

persica1 2,” Planta Med., vol. 35, no. 02, pp. 

191–192, 1979. 

[32] H. Zhao, D. Allanson, and X. J. Ren, “Use of 

shore hardness tests for in-process properties 

estimation/monitoring of silicone rubbers,” J. 

Mater. Sci. Chem. Eng., vol. 3, no. 07, pp. 142–

147, 2015. 

[33] E. ASTM, “UU. G99, Standard test method for 

wear testing with a pin-on-disk apparatus.” West 

Conshohocken, PA: ASTM International, 2008. 

[34] C. Champagne, W. Waggoner, M. Ditmyer, and 

P. S. Casamassimo, “Parental satisfaction with 

preveneered stainless steel crowns for primary 

anterior teeth,” Pediatr. Dent., vol. 29, no. 6, pp. 

465–469, 2007. 

[35] M. Hashem et al., “Influence of titanium oxide 

nanoparticles on the physical and 

thermomechanical behavior of poly methyl 

methacrylate (PMMA): a denture base resin,” 

Sci. Adv. Mater., vol. 9, no. 6, pp. 938–944, 

2017. 

[36] C. Rameshkumar, S. Sarojini, K. Naresh, and R. 

Subalakshmi, “Preparation and characterization 

of pristine PMMA and PVDF thin film using 

solution casting process for optoelectronic 

devices,” J Surf Sci Technol, vol. 33, pp. 12–18, 

2017. 

[37] J. Yu, Q. Qian, and X. Zhao, “Research progress 

on effects of structural planes of rock mass on 

stress wave propagation law,” Acta 

Armamentarii, vol. 30, no. Supp. 2, pp. 308–316, 

2009. 

[38] Taha, M., Hassan, M., Dewidare, M., Kamel, M. 

A., Ali, W. Y., & Dufresne, A. Evaluation of 

eco-friendly cellulose and lignocellulose 

nanofibers from rice straw using Multiple 

Quality Index. Egyptian Journal of 

Chemistry, 64(8), 4707-4717, 2021. 

[39] A. O. Okhamafe and C. P. Azubuike, “Direct 

Compression Studies on Low-Cost Cellulose 

derived from Maize Cob.,” 1994. 

[40] Rashed A., Nabhan, A, “Study of wear and 

friction behavior of HDPE-composite filled by 

CNTs,” KGK Kautschuk Gummi Kunststoffe, 

vol. 73, no. 9, pp. 27–38, 2020. 

[41] A. Fouly and M. G. Alkalla, “Effect of low 

nanosized alumina loading fraction on the 

physicomechanical and tribological behavior of 

epoxy,” Tribol. Int., vol. 152, p. 106550, 2020. 

[42] A. Fouly, A. M. M. Ibrahim, and A. M. El-Bab, 

“Promoting the tribological Properties of epoxy 

Composites via using Graphene Nanoplatelets as 

a functional Additive,” KGK-Kautsch. GUMMI 

KUNSTSTOFFE, vol. 73, no. 5, pp. 25–32, 

2020. 

[43] A. M. M. Ibrahim, A. F. A. Mohamed, A. M. 

Fathelbab, and F. A. Essa, “Enhancing the 

tribological performance of epoxy composites 

utilizing carbon nano fibers additives for journal 

bearings,” Mater. Res. Express, vol. 6, no. 3, p. 

035307, 2018. 

[44] A. M. M. Ibrahim, X. Shi, A. R. Radwan, A. F. 

A. Mohamed, and M. F. Ezzat, “Enhancing the 

tribological properties of NiAl based nano-

composites for aerospace bearing applications,” 

Mater. Res. Express, vol. 6, no. 8, p. 085067, 

2019. 

 


