
IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

A short review on polyurethane-based
nanocomposites for various applications
To cite this article: Marina Mohamad et al 2020 IOP Conf. Ser.: Mater. Sci. Eng. 957 012029

 

View the article online for updates and enhancements.

You may also like
Dynamic protein adsorption at the
polyurethane copolymer/water interface
M Yaseen, H J Salacinski, A M Seifalian et
al.

-

Preparation and tensile conductivity of
carbon nanotube/polyurethane nanofiber
conductive films based on the centrifugal
spinning method
Wei Luo, Shun-qi Mei, Teng Liu et al.

-

Electro-thermal properties and
characterization of the flexible
polyurethane-graphene nanocomposite
films
Erfan Owji, Fatemeh Ostovari and Alireza
Keshavarz

-

This content was downloaded from IP address 103.53.32.15 on 27/10/2022 at 03:42

https://doi.org/10.1088/1757-899X/957/1/012029
/article/10.1088/1748-6041/3/3/034123
/article/10.1088/1748-6041/3/3/034123
/article/10.1088/1361-6528/ac451e
/article/10.1088/1361-6528/ac451e
/article/10.1088/1361-6528/ac451e
/article/10.1088/1361-6528/ac451e
/article/10.1088/1402-4896/ac8c05
/article/10.1088/1402-4896/ac8c05
/article/10.1088/1402-4896/ac8c05
/article/10.1088/1402-4896/ac8c05
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsuWYFlJHSvg3uF3hbBkaqK_FO5Pt0EPc0a3Ju8kqqzevomrSXgFlPCo_pAKCxW6isXGEHiOZa_8aoEQNtI5nM6miK56lG2ua8eaomrLCxK4Zdc8qhSDMhkZL4cgZZGU172RzAHfr1zywrUw2STnFSoqYIqun09AnHmuC2ZI3KVMHsLi9BmF9__7bPjU0fAL7aV3hamuRLSoNV7JoT5-RXjLTl5gD7bp9CUes0ZqGb7XwdWk2t96jCC8UCmXgKuMop92xDpOVZ9PL-K29HXgTMQrGDQPKGdNysPdg8j2TT5-vw&sai=AMfl-YQufEdL0kiALiQso07M0iaSpqwAwOrXUdq9o8V7d6i9z6NWV8Qo7zHH9GtPZnGuQauhUYM7WXeWwia_jHhEDw&sig=Cg0ArKJSzHcoS2CNYCGN&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/243/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D243Abstract


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

International Conference on Sustainable Materials (ICoSM 2020)

IOP Conf. Series: Materials Science and Engineering 957 (2020) 012029

IOP Publishing

doi:10.1088/1757-899X/957/1/012029

1

 

A short review on polyurethane-based 
nanocomposites for various applications 

Marina Mohamad1,*, Jeefferie Abd Razak1,*, Noraiham Mohamad1, Sahrim Haji Ahmad2, 
Ramli Junid3, and Poppy Puspitasari4 

1Center of Smart System and Innovative Design, Fakulti Kejuruteraan Pembuatan, Universiti Teknikal 
Malaysia Melaka, Hang Tuah Jaya, 76100, Durian Tunggal, Melaka, Malaysia 
2Faculty of Science & Technology, Universiti Kebangsaan Malaysia, 43600, Bangi, Selangor, 
Malaysia  
3Faculty of Mechanical Engineering, Universiti Malaysia Pahang, 26600, Pekan, Pahang, Malaysia 
4Mechanical Engineering Department, Fakultas Teknik, Universitas Negeri Malang, Jl. Semarang   
No. 5, Malang, 65145, Jawa Timur, Indonesia 

Abstract. In recent years, polyurethane (PU) has attracted researchers’ 
attention due to their easily tailored properties to meet specific application 
requirements. PU and PU-based composites are being developed to be 
applied in various demanding fields such as aerospace, automotive, and 
electronics. This is because PU-based nanocomposites have numerous 
types of functional nanofiller integration. This has led to the advancement 
of polymer nanocomposite of PU with the inclusion of nanosised fillers for 
various specific purposes. In this short review article, the authors haves 
reviewed the fundamental or basic understanding of PU and several types 
of nanofillers used such as clay, carbon nanotubes, and graphene for PU-
based nanocomposites development, as well as its potential applications. 

1 Polyurethane (PU) and its potential applications 
Polyurethane (PU) is accessible in both thermoset and thermoplastic form. Historically, 
Otto Von Bayer and his co-workers discovered PU in 1937. Then, commercial PU was first 
developed at the beginning of World War II (WWII) as a replacement for rubber [1]. PU 
belongs to a block copolymer which contains low molecular weight of polyester or 
polyether segment that is covalently attached to urethane the group (-NH- C (=O) –O-). 
Polyester-based polyurethanes is more biodegradable than polyether-based PU [2]. These 
polymers are synthesised by step-growth polymerisation through the reaction with three 
basic components which are isocyanate, polyol, and low molecular weight of chain 
extenders [3]. Fig. 1. shows the reaction occurred between the polyols and isocyanate in a 
standard PU synthesis. The properties of the PU end product depend on the composition of 
isocyanate and polyol.  The PU structure may consists of a hard and soft segment which can 
organised alternately as shown in Fig. 2. The hard segment is generally formed by the 
isocyanate which resulted in the rigid and fragile properties of PU, while the soft segment is 
formed by the polyols group which characterised the flexible polymer chain. Whether it is 
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an aromatic, cyclic or aliphatic compound, the reactivity of the isocyanate differs [4]. 
Aromatic isocyanate is more reactive than aliphatic isocyanate [5] because aliphatic 
isocyanate does not have enough reactivity for foam application but could be used for other 
urethane application such as coating [6]. Diphenylmethane diisocyanates (MDI) and 
toluene diisocyanates (TDI) are the commonly used aromatic isocyanate in rigid PU 
production [5]. Rigid PU is obtained from low molecular weight polyols which have a few 
hundred units, while flexible PU are produced from high molecular weight polyols which 
possessed more than 10,000 units [6]. Table 1 summarised the physical form of PU foam 
using different types of isocyanate and polyol. The types of polyols used to manufacture 
polyurethane are polyester and polyether. Polyol is a monomer which contain two or more 
hydroxyl groups in their structure for an organic reaction [4]. 

It was found that the selection of isocyanate crucially influenced the end properties of 
PU. This situation may possibly open a very wide opportunity to design PU for various 
specific applications. Other than manipulating the use of isocyanate that are basically toxic, 
nowadays to design green PU, researchers have started to employ composite strategy. One 
of the method to design green PU with composite are by using Design of Experiment 
(DOE) [7] and Taguchi [8,9]. The following section summarised the effort to produce PU-
based nanocomposite by utilising various types of nanofillers for various possible 
applications.  

 

 

Fig. 1. Formation of PU linkage pathway [10]. 

 

 

Fig. 2. Cross-linked PU elastomer [11]. 
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Table 1. Comparison of different type of isocyanate and polyols for PU production. 

Types of polyol Isocyanate Physical 
form Reference 

Recycled PU 
Polymeric methylene-diphenyl 

diisocyanate (PMDI) 
Flexible 

[12] 

Waste Cooking Oil (WCO) and 
post-consumer polyethylene 

telephthalate (PET) 

Polymeric methylene-diphenyl 
diisocyanate (PMDI) 

Rigid 
[13] 

Copolymerization of carbon 
dioxide 

Diphenyl-methane  
diisocyanate (MDI) 

Flexible 
[14] 

Rapeseed oil-based polyol 
Polymeric methylene-diphenyl 

diisocyanate (PMDI) 
 Rigid 

[15] 

Soybean oil-based polyol Toluene diisocyanate_(TDI) Flexible [16] 

 
PU can be classified into several categories based on their desired properties and 

mechanical performances as summarised in Fig. 3. For instance, due to its remarkable 
mechanical properties and low density, rigid PU is widely used for domestic appliances and 
building insulation [17]. Other applications of PU involved building and construction, 
automotive, marine, coating, medical, apparel, wood composites, packaging and appliances 
[18]. The next section specifically summarised the PU-based nanocomposites and its 
potential application. 

 

 

Fig. 3. Types of PU and their example application [3, 12, 14, 15, 19]. 

2 PU-based nanocomposites and its application 

Nanocomposites possessed dimensions of at least one solid phase and are in nanometer size 
range (1-100 nm) [20]. According to M. Bhattacharya [21], nanoparticles plays an 
important role as reinforcing fillers in the polymer matrix. Thus, the nanofiller should have 
(i) outstanding mechanical properties in terms of strength and Young’s modulus, (ii) high 
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surface area and high aspect ratio to interact with the polymer, (iii) and should dispersed 
well to avoid agglomeration.  

Nanoscale fillers that are utilised in PU-based nanocomposites have superior properties 
over conventional composites in terms of electrical, thermal, and chemical properties [22]. 
Table 2 shows some examples of nanofillers, previously used in the PU matrix. Common 
carbon-based nanomaterials used are carbon nanotubes (CNTs) [23] which consists of 
single-walled carbon nanotube (SWCNT) and multi-walled carbon nanotube (MWCNT) 
[24], nanoclay [25] such as montmorillonite, nanosilica [26] and bentonite [27], carbon 
nanofibers (CNFs) [28], and graphene [29]. They can be divided according to their 
dimension; one dimension such as nanotubes and nanowires [30, 31], two dimension such 
as graphene [32] and clays such as montmorillonite [33]. Graphene and nanotubes 
possessed excellent properties due to their high aspect ratio and high mechanical strength 
[23]. To further enhance the performance of PU-based nanocomposites, several effective 
chemical functionalisation strategies were performed. This resulted in excellent mechanical 
properties but destructive to electrical properties due to harsh treatment of carbon nanofiller 
surfaces [22]. 

The existence of nanoscale filler has intrinsically provide nanocomposites with unique 

properties and superior characteristics compared to conventional composites. Cell 

morphology improvement enhances the thermo mechanical properties of nanocomposites. 

Numerous nanoparticles were added to PU foams to improve thermal properties, heat 

distortion temperature, mechanical properties, foaming behaviour, barrier properties, 

biodegradation, electrical conductivity, and crystallisation kinetics such as nanoclay, 

nanosilica, graphene, and CNTs [34]. Physical and mechanical properties of carbon-based 

nanoparticles are relatively high and have the potential to increase material performances 

[35].  

Table 2. Example of nanofiller used in PU matrix.  

Matrix 
Nanofiller Particle 

size  
Dispersion 
technique 

Response 
Reference 

PU 
rod-shaped 

CNFs 
0.20 
µm 

sonication high strength, stiffness, 
thermal degradation [19] 

PU 
Bentonite 

Cloisite® Na+ 
(MNa) 

88  
nm 

waterborne 
dispersion 

efficient as gas barrier 
[27] 

Shape-
memory 

PU (s-PU) 

graphene 
nanosheets 
(flake form) 

10  
µm 

magnetic 
stirrer  

electrical conductivity 
increase, mechanical 
and shape memory 

improved 

[28] 

Rigid PU 
(r-PU) 

montmorillonite 
nanoclay (NCL) 

50  
nm 

homogenizer Flame retardancy 
increase  [36] 

PU 
MWCNTs 5–20 

nm 
solution 
casting 

CNTs loadings 
dépendances  [37] 

 

PU-based nanocomposites are used in various applications due to their versatile 

properties such as aerospace [38] and automotive industry, radar absorbing and EMI 

shielding, fire proof material, shape memory appliances, PU foam sensor [39], and 

biomedical [40]. Due to the versatility of PU-based nanocomposites and the ability for us to 

modify its properties, there are various possible demanding applications that could be 

actualised as shown in Fig. 4.   
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Fig. 4. Various application of PU based nanocomposites [21, 27, 30, 41]. 

 

Bahrami et al. (2019) [42] used graphene as the nanofiller for tissue engineering 

application including cardiac patch development and spinal cord injury treatment in which 

the main factor of the product’s success is the scaffold conductivity. In this study, they 

discovered that the electroconductivity of the material increased significantly after using 

2% of graphene concentration with electrospun mats. The results showed that the 

electrospinning technique distributed better compared to the solvent casting of graphene 
into the PU matrix. 

On the other hand, Awad et al. (2018) [43] discovered that the most efficient solar 
thermal converter of water desalination is Plasmonic Graphene Polyurethane (PGPU) 
nanocomposite using 0.2 wt% Au and Ag nanoparticles. The solar thermal performance of 
Au/Ag-PGPU foams increased by 63%, 88%, and 96.5% under 1, 5 and 8 sun illumination 
where the water evaporation average rates were 1.00, 6.59, and 11.34 kg m-2 h-1 
respectively. The results also showed that after the evaporation cycles were repeated 10 
times, the PGPU foams displayed very stable evaporation rates without any failure. It can 
be concluded that PGPU nanocomposites is the best method for seawater desalination and 
solar-steam generation as they have a very high thermal evaporation efficiency, longer 
durability, and high solar thermal evaporation efficiency. 

3 Conclusions 
Overall, PU properties could be modified by manipulating the composite development 
strategy. Due to this factor, the utilisation of PU based composites could be diversified in 
accordance to specific applications based on the performance requirement. Various 
potential fillers can be used for this purpose. However, carbon-based nanofillers are highly 
preferable since they could offers outstanding improvements to PU-based nanocomposites 
likes enhancing mechanical, physical, and electrical properties. Hence, from this short 
review, it can be said that the future exploration for PU based nanocomposites are 
promising.  
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