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Abstract 
 
The rapid evolution of the nanoparticles in the last two decades has created 

an interest in combining these materials with common polymers to enhance 

some properties toward new applications. In this research, nano-graphene 

was added to polyurethane resin with a goal to improve its endues 

application for dental-arch models and removable dental appliances. One of 

the obstacles of adding nanoparticles is the full dispersion of these 

nanoparticles in the polyol and in the final polymer. Nanographene was 

found difficult to dispense in the polyurethane resin due to the lack of 

functional moieties on the surface; however, some property enhancement 

was observed especially in the mechanical, thermal, and electrical 

conductivity.  
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1 Introduction 
 

Nanoparticles technology has got the attention of researchers by adding 

these nanoscale object to other materials like polymers and metals toward 

obtaining new properties or improving its existing 

properties[1].Nanoparticles Researchers from academics and industries spent 

time and dollars in the last twenty years trying to find out what are the factors 

and properties should nanomaterials have to improve specific properties[2].  

Nanoparticles are tiny particles on a nanometer scale (below 100 nm in at 

least one dimension) with a surrounding interfacial layer [3]. Polymer nano-

composites was introduced in the last two decades as an advanced 

engineering material that have nano-sized particles embedded in the matrix 

of a polymer [4, 5].Examples of nanoparticles are graphene, carbon 

nanotube, and halloysite nanotubes. Understanding the functional 

mechanism, microstructure, and dynamics are the keys for designing 

optimized nanoparticles. Many studies were done on applying simulation and 

experiments method to understand the impact of the nanoparticles [6-8].The 

unique structure of the nano-composites posses’ unique properties compared 

to the polymer.[9]Polymer nano-composites have been used widely in 

biomedical, membrane separation, lightning protection, electromagnetic 

interference, shielding, energy storage/conversion, electronics, and 

aerospace. 

Many studies on nano-composites was done in the last years. Saha et al. 

[10] studied the performance of rigid polyurethane foam after adding 1% of 

three different nanoparticles (plateletd nanoclay, rodeshaped carbon 

nanofibers, and sphere shape TiO2) to polyurethane foam. A significant 

improvement of the thermal and mechanical was achieved. Harikrishnan et 

al. [11] used unmodified and organically modified montmorillonite clays to 

preparerigid type and flexible type polyurethane foam nano-composites. The 

results showed that increasing nano-clays concentration increased open cells 

in both rigid and flexible foams. Li et al. [12] investigated the impact of 

titaniumnitride nanoparticles on the thermal insulation and flame retardance 

of phenolic foam. The study showed that the nanoparticles improved the cell 

morphology of the foam and the thermal stability and fire retardant were 

obviously enhanced.  

In this research, we consider adding graphene nanoparticles to a 

polyurethane resin [13]. Graphene is a two-dimensional one-atom-thick sheet 

packed in a honeycomb crystal lattice. The surface of graphene has a 

functional grope, and the particles are strongly attracted to each other by 

Vander- Waals forces. On the other hand, polyurethane one of the most 

versatile materials that have a very wide range of application in furniture, 

automotive, sports, as an insulation material in buildings [14].  
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Polyurethane is a thermoplastic polymer produced from the reaction of a 

polyol (a long-chain polymer with active hydroxyl moieties) with polymeric 

isocyanate in the presence of catalysts, surfactants, and fire retardant [15]. 

Different researches have been performed on nano-composites; however, few 

of them were done on adding a nanoparticle to a two-component polymer 

material [16, 17]. The method of adding the nanoparticles to polyurethane is 

a critical step due to the poor dispersion of these nanoparticles in the high 

viscosity recipes. Many researchers considering using solvents; however, no 

study focuses on the degree of dispersion achieved.  

In this study, we considering dispersion the disk-like graphene nanoplates 

directly with the B-side materials (polyol, catalysts, surfactants, and fire 

retardant) without the aid of solvent and then the blend was reacted with the 

A-side (isocyanate) to form polyurethane nano-composites. The quality of 

the dispersion was measured to evaluate the quality of dispersion in the final 

polymer resin and the properties of the nano-composites with different 

nanoparticle concentration was measured and compared.  

The current paper presents the experimental work followed for preparing 

the foam with additives and the characterization properties measured. Also, 

the paper presents the results of strong modulus, volumeresistivity, surface 

resistivity, thermal conductivity, stress, tensile, and an ultimate elongation of 

the foam samples. 

 

2 Experimental Procedure 
 

2.1 Materials 
 

Baymer SHPU-40-27A form Dow Chemical and polymeric Methylene 

diphenyl diisocyanate (PMDI) provided form Huntsman Company were used 

as polyurethane recipes. Isocyanate index of 1.1 was kept for all experiments 

Table lists the properties of the polyol and PMDI. The surfactant used was 

polyethermodified polysiloxane copolymer. A total of 1% of Triethylene 

diamine in dipropylene glycol and Bis (2-dimethylaminoethyl) ether in 

dipropylene glycol was added as catalysts. Fixed amounts of surfactants and 

catalysts were added for all experiments. 
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Table1: Specifications of polyol and PMDI [18]. 

Property Baymer SHPU-40427A 
PMD

I 

Density (g/cm
3
) 1.158 1.213 

Average M. Wt 731 345 

Functionality 4.51 2.71 

Hydroxyl-number (mg KOH/g) 350 - 

Water content  1.3% - 

Equivalent-weight 160 135 

Viscosity (mPa.s @ 25°C) 3600 
165-

235 

NCO-content (wt %) - 32.2 

Vapor-pressure (mm Hg @ 

25°C) 
- <10 

Specific-heat (g.cal/g.@ 25°C) - 0.4 

 

xGnP grade R nanoparticles graphene nanoparticles obtained was used in 

this research. The properties of the nanoparticles are listed in Table 1. 

  
Table 1: Specifications of graphene nanoparticles [18]. 

Property 
Baymer SHPU-

40427A 

Appearance   Black granules 

Bulk Density (g/cm3) 0.03-0.1 

Thermal conductivity 

(W/m.K) 
3200 

Surface area (m2/g) 30-60 

Tensile modulus (MPa) 1000 

Tensile strength (MPa) 5 

Electrical conductivity (S/m) 107 

 

Graphene nanoparticles have a strong tendency to remain together and it 

required high energy for dispersion in the urethane recipes. The nanoparticles 

and the B-side materials (Baymer, surfactant,catalysts) were mixed for 15 

minutes with a Cowles blade and then reacted with the PMDI.  

 

2.2 Characterization 
 

MCR 302 Rotational strain-controlled rheometer provided form Anton 

Paar was used for dynamic frequency sweeps with angular frequency ranged 

from 0.05 to 300 rad per second. The test held at room temperature using 50 

mm parallel plates.  

ASTM standards were followed to conduct tensile strength and 

elongation (ASTM-412). Hot Disk TPS 2500S Dual instrument from Kan-tht 

was used to measure the surface and volume resistivity of the nanocomposite  
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samples. 4339B High-Resistance Meter form Keysight Technologies was 

used to measure the electrical conductivity of the nanocomposite samples. 

TGA-Q5000SA provided from TA Instruments were used to measure the 

TGA. The temperature was raised 20°C per minutes from room temperature 

to 800°C in a nitrogen atmosphere.  

 

3 Results and Discussion 
 

The dispersion of the nanoparticles is critical since it held together by 

van-der-walls forces and the surfaces of these particles are not consistent 

with the polyol and the isocyanate because of the few functional moieties. 

The rheological method was found useful in quantifying the dispersion of the 

nanoparticles as previously reported. [9]This method depends on a frequency 

sweep test where the storage and loss modulus become independent of 

frequency and in the low frequency range and the strong modulus become 

higher than the loss modulus. This point indicates solid-like behavior and is 

influenced by the dispersion of the nanoparticles in the resin 

Many methods were adopted for nanoparticle dispersion. The three-roll 

method, however, was the best method. Figure 1 shows the strong modulus 

versus the frequency in which a high value of strong modulus was obtained 

at low frequencies which is translated to good dispersion of nanoparticles.  

 

 
Figure 1: Strong modulus versus angular frequency using three-roll for 

nanoparticles dispersion 

The strong and loss modulus was plotted versus the angular frequency for 

different nanoparticle concentrations as shown in Figure 2. The results show 

that the loss modulus is becoming higher than the strong modulus at 

concentrations higher than 1%. This refers to good dispersion of 

nanoparticles at concentrations of 2% and higher.  
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Figure 2: Strong and loss modulus versus angular frequency for different 

nanoparticle concentrations 

Graphite nanoparticles were added to the polyurethane resin to enhance 

its electrical properties. The electrical resistivity of the nanoparticles is about 

a thousand times that of the polyol and isocyanate. The volume and surface 

resistivities of the polymer are shown in Figure 3 and Figure 4. Nanoparticles 

should be in contact with each other to conduct electrons. The electrical 

resistivity was found to decrease by more than 20,000 times after adding 3% 

nanoparticles and about 200000 times after adding 5% compared to the 

polyurethane.  

Surface resistivity also decreases as the concentration of the nanoparticles 

increases. The maximum decrease of the surface resistivity was found to be 

about 10000 times that of the polyurethane at nanoparticles concentration of 

5%. This can be attributed to the poor dispersion of the nanoparticles in the 

resin and/or the decrease in dispersion during the reaction of polyol and 

isocyanate to form polyurethane.  

 

 

Figure 3: Volumeiresistivity of the polyurethane nano-composites. 

 



 

                                                                                                                  
 

 

 

 
Impact of Nanoparticles on Polyurethane Resin's Final Properties 3120 

 

 
Figure 4: Surface resistivity of the polyurethane nano-composites. 

The thermal conductivity values of the polyurethane at different 

nanoparticles concentrations are shown in Figure 5 The results show a linear 

increase in thermal conductivity of the nanocomposite resin as the 

concentration of the nanoparticles increases. The thermal conductivity has 

increased three times after adding 5% nanoparticles. This increase is 

reasonable as the graphite nanoparticles possess a thermal conductivity of 

3200 W/m.K compared to the polyurethane (0.31 W/m.K).The increase in 

thermal conductivity is reasonable and agree with many works of literature.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Thermal conductivity of the polyurethane nano-composites. 

The results of stress, tensile strength, and ultimate elongation are shown in  
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Figure 6 to Figure 8 respectively. The stress is increased by about three times 

after adding 5% nanoparticles. This increase can be attributed to the 

reinforcement effect of the nanoparticles. The tensile strength of the 

nanocomposite was also enhanced but not as much as the stress. The values 

of the ultimate elongation show decrease with increasing the concentration of  

the nanoparticles which in agreement with other literatures. The increase in 

stress and strain and the decrease in elongation added positive properties to 

the polyurethane for its use as dental-arch and removable dental appliances. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 6: Stress (100% elongation) of the polyurethane nano-composites. 

 

            
Figure 7: Tensile strength of the polyurethane nano-composites. 

 

 

 

 

 

 

 



 

                                                                                                                  
 

 

 

 
 

Impact of Nanoparticles on Polyurethane Resin's Final Properties 3122 

 

 
Figure 8: Ultimate elongation of the polyurethane nano-composites. 

 

Figure 9 shows the degradation profiles of the polyurethane before and 

after adding 5% nanoparticles. The results show a major weight loss at a 

temperature of about 500°C for the polyurethane (control). The addition f 5% 

nanoparticles do not change the temperature position of the weight loss but 

decrease the weight loss. The increase in weight is approximately attributed 

to the concentration of the nanoparticles. The results show that the addition 

of nanoparticles has no effect on the thermal stability of polyurethane 

nanocomposites during the degradation. 

 
Figure 9: Degradation profiles of 5% nanoparticles and the control polyurethane 

TGA. 

 

4 Conclusions 
 

Graphene nanoparticles were added to polyurethane resin to improve its 

properties towards employing this polymer for the dental-arch models and 

removable dental appliances. Dispersion of the nanoparticles was found as a 

critical step since these particles have the tendency to hold together by van-

der-walls forces. A good degree of nanoparticles dispersion attains using the 

three-roll method which results in an improvement in mechanical properties; 

however, the improvement in Volume and surface resistivities was limited 

due to the poor dispersion.  
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Linear increase of thermal conductivity was observed with increasing 

nanoparticles concentration. The reinforcement effect of the 5% 

nanoparticles concentration improved the strength properties of the 

nanocomposite by three times and the ultimate elongation decreases. The 

addition of the nanoparticles has a limited impact on the degradation of the 

polyurethane resin.The improve of polyurethane nanocomposite increases its 

application for dental-arch models and removable dental appliances. 
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