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Abstract - Carbon nanomaterials were used to enhance desired properties of polymeric matrices. In this work, mechanical 
and acoustic properties of polyurethane (PU) hybrid nanocomposites were investigated. PU nanocomposites foams 
containing multi-walled carbon nanotubes (MWCNT) and graphene nanoplatelets (GNPs) were used to evaluate effects of 
single and hybrid nanofillers by means of tensile test and acoustic transmission loss analysis. The results showed a 
synergistic effect between nanofillers, which the hybrid nanocomposites exhibit better mechanical and acoustic properties, 
relative to single inclusion of the nanofillers. The fabricated nanocomposites were also studied usingscanning electron 

microscopy (SEM) and X-Ray Diffraction analysis (XRD). These hybrid nanofillers improved dispersion quality in the 
polymer matrix, which tensile strength of PU is improved about 43% with 0.25 wt% addition of GNPs/CNTs hybrids.  In 
addition, transmission loss of PU/GNPs+CNTs enhanced about 50%. 
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I. INTRODUCTION 
 

Carbon nanotubes (CNT) and graphene nanoplatelets 

(GNP) attract interests to reinforcing polymeric 

matrices due to their extraordinary properties, such as 

high aspect ratio, thermal and electrical conductivity, 

and superior mechanical properties [1-2]. However, 

CNTs and GNPs have a high ability to agglomeration 

in polymeric matrix, which limit their reinforcing 

effects[3-4]. Hybrid inclusion of CNTs and GNPs can 

overcome agglomeration problem, which resulting in 

increasing contact area between matrix and 

nanoadditives [5]. Polyurethane (PU) foams as a 
lightweight material are used in many areas, but their 

poor mechanical properties inhibit their applications. 

Reinforcing PU with nanofillers could be an effective 

method to enhance their mechanical, thermal, 

electrical and acoustic properties [6, 7]. 

 

In this work, we prepared PU nanocomposites with 

CNTs and GNPs inclusion. Mechanical properties of 

fabricated nanocomposite were discussed by tensile 

strength. Tensile strength of single and hybrid 

nanocomposites was compared. Our results 
demonstrate that tensile properties of PU significantly 

enhanced with hybrid CNT/GNP nanofillers, 

compared to single CNTs and GNPs. To characterize 

the nanocomposites X-ray diffraction (XRD), 

scanning electron microscopy (SEM) and acoustic 

tests were performed. 

 

II. DETAILS EXPERIMENTAL  

 

2.1. Materials and Procedures 

Fabrication of PUs was done by mixing the polyol 

and isocyanate. MWCNTs were used with an average 
diameter of 8–10 nm, the length of 1–3 μm, a specific 

surface area of 290 m2/g and purity of more than 

92%. Used GNPs have a diameter of 1.5 μm, a 

thickness of 3 nm and a specific surface area of 750 

m2/g. Used MWCNTs first were functionalized 
withhydrogen peroxide (H2O2) at room temperature. 

Nanofiller with different content and ratio were added 

to polyol and mixed for 10 min. Then, isocyanate 

were added to the mixture and poured in the mold. 

The samples were sliced and cut using a turning 

machine and a desktop CNT machine. 

 

2.2. Tests 

Tensile tests of rigid cellular plastics according to 

ISO 1926 were performed on at least five samples of 

each nanocomposite using Shimadzu, UTS machine 

equipped with a 1 kN load cell under a strain rate of 5 
mm/min at room temperature. 

 

The acoustic tests were performed according to a 

Bruuel&Kjaer4206 acoustic test system comprising 

an impedancetube, speaker, three microphones and a 

digital frequencyanalyzer to measure the sound 

transmissionloss. The understanding of the full range 

of acousticalresponse in measurements, the small and 

largetubes of impedance setup were used for 

thefrequencyrange of 50 Hz–6300 Hz. Samples were 

cutin small and large size with 29 mm and 100 mm in 
diameter for acoustical measurements.X-ray 

diffraction (XRD) analysis was done on a RIGAKU 

Diffractometer using Cu (Ka) radiation. 

 

III. RESULTS AND DISCUSSION 

 

3.1 Nanocomposite characterization 

XRD spectra of graphene nanoplatelets, CNTs, PU 

and PU/GNP+CNT nanocomposite are shown in Fig. 

1. A typical (002) peak at 2ϴ=26º is clear for GNPs 

and CNTs. Pure PU display a broad peak at around 

20º, which is relevant to the presence of a short series 
regular organized structure.Thedisappearance of the 

diffraction peak in the PU/GNP+CNT 

nanocomposites demonstrates that the GNP/CNTs 

were well dispersed inthe PU matrix. 
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Fig. 1.XRD spectra of CNTs, GNPs, PU and PU/GNP+CNT. 

 

Samples cross-sections were fractured perpendicular 

to the foaming direction. Fig. 2 illustrates SEM 

images of neat polyurethane and PU nanocomposites 

with 0.25 wt% nanofiller content, which provide 

evidence of foams cellular microstructures with the 

average cell size values.It has been revealed that the 

nanofillers incorporation reduced cell sizes of 

polyurethane, proving that even small quantities of 

nanofillers alter the foam’s morphology. 
 

  

  
Fig 2 - SEM images of nanocomposite foams (0.25 wt%), (a) 

Polyurethane, (b) PU/MWCNT, (c) PU/GNP, (d) PU/MWCNT 

+ GNP (1:1). 

3.2. Mechanical Properties 

Mechanical properties of fabricated nanocomposite 

were done using tensile tests. Ultimate tensile 

strength of single nanofiller loading are shown in 

Fig.3. Results illustrate that adding MWCNTs and 

GNPs to PU improve tensile strength. The strength 

are enhanced up to 0.25 wt% for MWCNTs addition 

and to 0.5 wt% for PU/GNPs. In higher nanofiller 

loading due to agglomerations the strength reduced. 

This finding showed that GNPs due to higher specific 

surface area well dispersed in the PU matrix. The 

tensile strength of neat polyurethane is about 0.39 

MPa, whereas the addition of 0.25 wt% MWCNT and 
0.5 wt% GNPimproved the strength about 19% and 

24%, respectively. 

 

 
Fig. 3. The ultimate tensile strength of PU with various 

nanofillers. 

Fig 4. Represents a comparative finding of single and 

hybrid nanofiller loadings in the tensile strength of 

PU matrix at 0.25 wt%.It is clear that the strength of 

GNPs+MWCNTs hybrid nanocomposites is 

dramatically improved compared to the 

nanocomposites with single loadings of GNPs and 

MWCNTs. 

 
The tensile strength of nanocomposites with 

MWCNT+GNP is improved up to about 43% 

compared toPU, whereas, there are moderate 

enhancement in the PU/MWCNTs (~19%) and 

PU/GNP (~17%) nanocomposites. 

 

 
Fig. 4. The ultimate tensile strength of PU withsingle and 

hybrid loadings. 

3.3. Acoustic Properties 

The sound transmission loss (TL) response of 

polyurethane with different content of MWCNTs, 

GNPs and GNPs/CNT hybrid are shown in Fig. 5. PU 

with GNPs and hybrid GNPs/MWCNTs at 0.25 wt% 
have a better acoustic properties with approximately 
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50% improvement in sound TL, especially at lower 

frequency (<3500 Hz) 

 
Fig. 5. Transmission loss of PU and their nanocomposites. 

IV. CONCLUSIONS 

 

Mechanical and acoustic behavior of PU reinforced 
with GNPs and MWCNTs were studied and major 

conclusions are as follows: 

1. Tensile strength of PU improved about 17% and 

24% with incorporation of MWCNTs at 0.25 

wt% and GNPs at 0.5 wt%, respectively. 

2. The synergistic effect can be seen in PU 

nanocomposite containing 0.25 wt% 

GNPs/CNTs hybrids with 43% improvement in 

tensile strength. 

3. Acoustic properties of PU enhance about 50% 

with incorporation 0.25 wt% of GNPs/CNTs. 
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