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Abstract 
 
The purpose of the paper is to conduct a review of the characterization of 

Polyurethane polymer composites with different reinforcement. This review 

shows the effect of different reinforcement (natural, synthetic, and particle 
reinforcement) on different properties like mechanical, thermal, tribological, 

and others.  Several research papers have been studied for writing this article. 

It is observed that the reinforcement of different micro or nanoparticles 

improves the mechanical and other properties but sometimes it may show 
some negative effect also. The bonding of matrix material and filler material 

show the main impact on the properties of composite materials. Fabrication 

methods are also an important part of the characterization of new composite 
materials. It retains the good surface finish and low residual stresses in the 

molded component. The polymer-based lightweight components can replace 

many metal components used aerospace, automotive, aviation, defense, 

medical industries, etc. So that it is a great challenge for developing new 
composites of polyurethane matrix for better mechanical, thermal, and other 

characteristics and also eco-friendly, non-dangerous, and more economical 

over the other polymers. 
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1 Introduction 
 

From the last few decades, polymer science is evolving rapidly and 

researches on polymer composites are increasing in material science and 

engineering over the years due to their functional performances 
drastically[1–4]. Composite materials show significant more enhanced 

properties than their original and pure component material properties[5,6]. 

They give better mechanical properties such as better elastic modulus, 

strength, hardness, impact resistance, shock resistance, and also better 
thermal properties and electrical properties[7–11]. In recent years, drastic 

growth has been observed in the development and application of polymer 

composites[12,13]. There are various applications where there is a need and 
demand for polymer composites are much higher than the metal or metal 

composites. Polymer composites show a better strength to weight ratio and 

better stiffness to weight ratio over the metals [14,15]. Polymer composites 
are suppressing the conventional materials in the fields of aerospace and 

aviation industries, automobile industries, marines industries, electronic 

industries, sports equipment, musical instruments, wind turbine blades, etc 

and are one of the dominant material of lightweight products[16–20]. 
Polyurethanes are one of the most researched and advanced polymer 

materials in the field of composites[21].  PU was usually taken matrix for the 

composites because of moisture, wear, and corrosion resistance[22]. The 
chemical reaction between alcohol and isocyanate produces the Polyurethane 

where the urethane group is the major repeating unit[23].  PU contains some 

other groups also, such as esters, urea, ethers, and some aromatic 

compounds[24]. PU combines the elasticity of rubber and the durability and 
toughness of metals. Making them suitable and appropriate replacement for 

rubber, metals, and plastics in many engineered and other products[25–27]. 

Its specific thermal, mechanical, biological, physical, and chemical 
properties are generating research interest in Polyurethanes for different 

applications[28–31]. These polymer properties can be enhanced wonderfully 

by adding some fibers or fillers into them known as the reinforcement phase 
into the matrix. These reinforcements i.e. fibers, sheets, fillers, particles, or 

nanoparticles can be natural (sugar palm fiber, kenaf, jute, etc.) and synthetic 

(glass fiber, carbon fiber, carbon woven mat, graphene particles, graphite 

oxide, silicon, etc.) fibers. [32–37].  Its properties can be enhanced by doing 
a few changes to its production process. Continues improvements in 

processing methods, leading these materials to be used in many different 

applications such as automotive, construction, textiles, biomedical and in 
many other industries because of their advanced properties in terms of 

strength, elongation, impact resistance, hardness, toughness, modulus, etc 

[38–43]. Nanomaterials or other hybrid fillers are suggested to these kinds of 
PUs so that performance will not be disturbed. PU has a rigid and semi-rigid 

nature.  
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Therefore, due to practically possible recycling and recovery of PU, it 

can be considered as eco-friendly, biodegradable, non-dangerous, and more 

economical over the other polymers[44–47].A related lot of issues regarding 
the effect of reinforcement in different properties of polyurethane polymer 

composite is the main purpose of this review.  This review shows, 

reinforcement like natural fiber, synthetic fiber, and amount of filler plays an 
important role in the mechanical, thermal, and tribological behavior of 

polyurethane polymer composites. It is observed that different filler materials 

are used with different % for making Polyurethane polymer composites by a 
different method of fabrication. Fabrication techniques also play an 

important role in defining characteristics of polymer composites and the cost 

of composite  

 

2 Literature Review 
 

The review is categorized into three parts- natural fiber reinforcement, 

synthetic reinforcement, and nanoparticle reinforcement. 

 

2.1 Natural Fiber Reinforced – Polyurethane Matrix Composite 
 

Natural fibers have many positive features such as economic viability, 

high design freedom provides simplicity in fabrication and recyclable. 
Natural fibers like cotton, husk, flax, kenaf, Roselle, banana, coconut coir, 

hemp, sisal ramie, jute, sugar palm, etc. are available and used as 

reinforcement. They also have wide applications in automobile, sports 

equipment, construction, furniture, packaging, and infrastructure industries. 
They are environmentally friendly therefore the development of these natural 

fiber reinforced polymer composite is reliable. These fibers biocompatibility, 

high strength and stiffness, renewability, low density, and cheaper 
manufacturing costs can attract researchers more over the synthetic fiber. 

[24] The influence of single, as well as a combination of natural fibers, are 

sugarcane, sisal, and sugarcane bagasse on the conventional PU foams were 
studied. Initially, to remove lignin and hemicellulose from the fibers, fibers 

were mercerized with NaOH and H2O2. A simplex- the designed model was 

used to determine the effect of fibers on the properties of the composite. 

These properties are like resilience, porosity, density, permanent compressive 
deformation, modulus of elasticity, and degree of swelling. The results show 

that in the prepared hybrid composite enhanced resilience up to 32%, 

modulus of elasticity up to 0.1 GPa and permanent deformation occurs up to 
7.32%. Optimized results obtained by adjusting fibers using a quadratic 

mathematical model, in which 18/82% w/w bagasse/rice husk mixture 

performed best. This resultant hybrid composite is economical, eco-friendly, 
and shock-absorbing because of its good resilience and modulus of elasticity.   
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[28] Results of the experiment performed and found the enhancement of 

thermal conductivity and mechanical strength when they incorporated natural  

fiber eucalyptus Grandi's fibers 16% w/w with PUs. [33] Natural fiber-
reinforced polyurethane polymer composites were developed and determined 

the mechanical, thermal, and morphological properties of nanocomposite 

material. Silica A and silica B has taken 0.50-1.00 % by weight of PU and 
RF was taken 1-2% by weight. The one-shot process was used for hybrid 

nanocomposites preparation. Mathematical models were developed, these 

results were compared with experimental results and it was found that as the 
weight % of roselle fiber increased, tensile strength also increases, and 

maximum tensile strength was found to be 12.1 MPa. RF did not affect 

flexural strength. The addition of Silica A increases the tensile strength up to 

0.75% by weight but after that tensile strength starts decreasing. The same 
effect was observed with the addition of silica B and the maximum value of 

tensile strength found out was 11.5 MPa. But flexural strength increases with 

the increased value of silica A wt.% up to 8.9 MPa. The flexural strength of 
composite increased rapidly by the addition of Silica. [34] Worked on 

substitution of sugar palm fiber with glass fiber in polyurethane hybrid 

composite. Sugar palm fiber shows advantageous properties like low density, 

good thermal properties, and good mechanical properties but apart from these 
it has some disadvantages such as high moisture, low modulus, low strength 

but the most disappointing property is non-adhesiveness with polymer 

matrices. [41]It was investigated that properties like elastic modulus, 
hardness, etc. are enhanced when silica fibers are added up to 20%(w/w) into 

the polyurethane matrix but there is a small amount of decrease in resilience 

was noticed. 

 

2.2 Synthetic Fiber Reinforced - Polyurethane Matrix Composites 
 

Many synthetic fibers were used for developing polyurethane polymer 
composites. These fibers showed a different impact on the properties of 

composites. [8] The effect of graphene-oxide and carbon-fiber 

reinforcements were studied for polyurethane composite. To improve CF/PU 
interface adhesion or bonding GO was coated on CF with the help of 

electrophoretic deposition. This process by increasing the surface roughness 

and O2 content of CFs increases the mechanical also chemical interaction 
between Carbon fiber and PU. To achieve a multiscale reinforcement fiber 

were mechanically mixed with graphene oxide. This reinforcement increased 

the tensile strength of Polyurethane. EPD treatment increased strength by 

about 16.9% and the mechanical mixing of GO improved the strength by 
13.9% individually. [9] Experimental results showed an increase in the 

wettability, polarity, and roughness of CF surface along with improving 

tensile strength by 12.4% and tearing strength of CFs, the interfacial shear 
strength between CFs and PU by 47.88% by surface salinization of CFs.  
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The tensile strength of carbon fiber reinforced polyurethane composite 

increased by 18.3%. [12]  Wettability and mechanical properties were 

increased by the sizing of carbon fibers. It has been shown that when the 
sizing concentration has taken between 1% to 3%, shear strength was 

approximately 16% more than the pristine fiber and the maximum value 

achieved was 51.5 MPa. Also, the final impact resistance and apparent 
interfacial shear strength improved. Also, if the concentration of the sizing 

agent exceeds a certain limit then the resin starts accumulating on the surface 

of the CF and which could impair the interface bonding. Surface 
modification for CF is necessary because fibers are brittle and become fluffy 

easily and experience breakage during the production process. Different 

sizing methods have been developed such as anodic oxidation, gas-phase 

oxidation, liquid phase, surface electropolymerized treatment, plasma 
treatment, surface grafting treatment, and surface coating modification. [30] 

TPU and phenolic resin polymer has been taken as matrix and Graphene 

nanoplatelets as reinforcing fillers. By this approach a low cost and effective 
way for the large-scale manufacturing found. Carbon nano-fillers like 

graphene and CNTs are new emerging Nano-fillers due to their strength, high 

modulus, and large surface area. The construction of G-CNT hybrid is 

helping us as it can efficiently overcome the aggregation of CNT and G 
themselves, hence maximizing hybrid composite intrinsic physical properties 

as reinforcing fillers. [32] This approach suggested a very efficient and 

simple plan for manufacturing ductile and mechanically strong polymer 
nanocomposites with hybrid carbon nanofillers consisting of CNT and 

graphene. Hybrid nanofillers were solution casted with thermo-plastic PU 

and then films were fabricated. 1 wt% of G-CNT hybrid nanofiller addition 
leads the toughness and tensile strength increment of TPU/G-CNT by 186% 

and 92% and reached 246.2 MJ m
-3

 and 69.5 MPa which is 2.9 and 1.9 times 

more than neat TPU respectively. Strength and toughness of hybrid 

nanocomposite polymer increases when the G-CNT remains in between 0.2-
1 wt.% and when further increase of content to 2 wt% within TPU matrix the 

strength and toughness decreases. It is because of the restacking of G-CNT 

inside the TPU matrix which markedly weakens load transfer to nanofillers.  
[35] It was demonstrated in this paper that by using the wet-spinning process 

electrically conductive and stretchable Polyurethane-silver/graphene hybrid 

composite fibers prepared in which AgNPs and GNPs are added as 
conductive fillers. By curing treatment conductivity of PU-AgNPs was 

improved along with the addition of a small amount of GNPs. The 

conductivity was achieved to 85,839 Sm
-1

 with a 150% strain. These 

composite fibers can apply to industrial robots, human costumes, and 
wearable electronics. [42] The experiment showed the effects of carbon black 

on the properties of polyurethane composite. When 4 wt.% carbon black was 

added to the PU system, the tensile strength increased as well as impact 
strength increased by 33%, and at 6 wt%, flexural strength improved by 12%. 



                                                                                                                  
 

 

 
 

 

 
4631 Anurag Namdev et.al 

 

Moreover, the density and hardness increased with increasing fractions 

of carbon black for all samples (2, 4, 6, 8 and 10 wt%) in comparison with 

the neat sample. [44] A comparison between CF polymer with pristine 
Carbon fiber and with Carbon nano tube-grafted CF has been done. SEM of 

pristine CF composites shows that pristine fibers slip out of the PU polymer 

matrix due to weak adhesive force and easy delamination between PU and 
monofilaments. After slipping away smooth and clean surfaces of pristine 

fibers were observed.  [46] Theoretically studied about the interfacial layer 

formation using the molecular dynamic solution (MDS) between the pristine 
single-walled CNTs and PU. Hybrid composites were obtained by non-

covalent functionalization of pristine SWCNTs with PU. They made 

different PU-SWCNT interaction patterns by varying the diameter SWCNT 

and the number of PU chains. This study shows that by increasing the 
diameter of SWCNT the binding of polymer becomes stronger. [48] The 

compression molding technique was used to prepare carbon-fiber-reinforced 

polyacrylonitrile thermosetting polymer composites. Orthogonal and single-
factor tests were done on that which gave the effects of different process 

parameters those are pressure holding time, pressure, compression 

temperature, and cooling rate on the mechanical properties on the composite. 

Experimental results gave the optimum process parameter for compression 
molding i.e. pressure 50T, pressure holding time 20 minutes, compression 

temperature 150°C, a mold opening temperature 80°C and a cooling rate of 

3.5°C/min.  

 

2.3 Particle Reinforced- Polyurethane Polymer Based 
Nanocomposites  
 

Particle reinforced like graphene nanoplatelets, carbon nanotubes and 

others also influenced the properties of polymer composites. [2] Carbon fiber 

in woven form reinforced polyamide 6 polymer laminates (CF/PA6) were 
fabricated using a hot-compression method. Carbon plain-woven was treated 

with PU Dispersion (PUD) to enhance the compatibility and adhesion with 

PA6. Treated CF/PA6 laminates exhibit enhancement in flexural strength and 
improvement in residual flexural strength retention after fatigue tests. The 

glass transition temperature and storage modulus showed an improvement. 

Thermal stability was also seen in the treated composite. [3] The 
characteristics of Al2O3/Graphene reinforced PU hybrid composite were 

studied. The young modulus, tensile strength, and compressive modulus of 

the hybrid composite are remarkably increased by 211%, 41%, and 145% 

respectively, the thermal conductivity of hybrid composite reaches to 0.502 
W m

-1 
K

-1
 at a filler loading of 10 wt%, enhanced by 141% in comparison to 

pure PU. [11] In this paper tensile tests were performed at high strain rates on 

glass fiber reinforced polyurethane.  
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The young modulus increases with the strain rate and its experimental 

and analytical result‟s difference value are lower than 2%. higher ultimate 

tensile strength is obtained for higher strain rates and its error value also 
comes under 4%. The proposed 1D constitutive equations allow describing 

with the better agreement the experimental results. [13] GNP and MWCNT 

reinforced polyurethane nanocomposite properties were explored in this 
paper. In comparison to pure PU, the nanocomposite of MWCNTs and GNP-

1.5 (1:1) with a flake size 1.5 μm and a higher SSA of 750 m
2
/g maximized 

the synergistic effect at a low nanofiller loading of 0.25 wt%, tensile strength 
was improved by 43%. [21] Explore the future of graphene in thermoplastic 

PU films to improve helium gas barrier properties and weather resistance. 0-

3 wt% of graphene added to PU by varying wt.%. Solution master-batching, 

subsequent melt mixing, and compression molding, the stepwise procedure 
was used to make PGN films. About 30% reduction at 3wt% graphene 

loading was observed in helium gar permeability along with the increment in 

tensile strength and stiffness. Best weather resistance obtained with 2-3 wt% 
of graphene to keep the tensile and gas barrier properties optimized. [31] To 

improve mechanical properties nanoparticles of silica were added via liquid 

suspension to the PU resin. Nanoparticle contained coatings showed 

improvement in nano hardness, strength, and elastic modulus. being the most 
effective in increasing the mechanical properties of the PU. coating with 

30wt% and beyond starts showing brittle behavior with limited total 

elongation and premature failure observed in such a composition. [49] It was 
found another alternative material for replacing aluminum alloy based 

orthotic calipers. CF and Graphene were added 10 wt% and 2 wt% of epoxy 

respectively. Using ultrasonic sonicator dispersion of graphene has been 
done and a hand lay-up technique was used to reinforce CF. This hybrid 

composite showed higher strength, higher stiffness, and lower-deformation 

with a lower W/Vol ratio in comparison to aluminum alloy material. Since 

physically challenged patients‟ needs a material which provides strength, 
stiffness along with the light in weight, it should be long-lasting, 

environmentally inert at cheaper rates. CF/G/Epoxy hybrid composite 

because of its outstanding unique properties and phenomenal material stands 
out for being designing orthotic calipers. 

 

3 Conclusion 
 

This present review focused on the properties of Polyurethane polymer 

composites with different fillers in terms of mechanical, tribological, and 
other properties. The combination of Polyurethane matrix and different 

reinforcement showed better properties which helpful for the development of 

different materials for different applications like the automotive industry, 
aviation industry, biomedical implants, daily life appliances, and other 

things. The main results of this review can be written as follow:  
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1. It is observed in this review that different filler materials are 

used with different % for making Polyurethane polymer composites by a 

different method of fabrication. The processing technique also gives an 
impact on properties and also in cost. 

2.  It is observed that many numbers of times mechanical and other 

properties are improved but sometimes it shows the negative effect with 
higher filler concentration. 

3. Previous studies have been shown that the composite showed an 

increase in strength, stiffness, microhardness, reduction in wear rate, and 
coefficient of friction of the composites by using reinforcements into the base 

matrix. 

4. Nanoparticles also play an important role in improving 

mechanical and tribological behavior in hybrid PEEK composites. 
5.  There is a lot of possibilities in the field of hybrid Polyurethane 

polymer composites.  
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