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Abstract. New types of interpenetrating polymer networks (IPNs) were created in this 

study, which included highly crosslinked polyurethane (HBPU) with Ethylcynoacrylate 

(ECA), with different polyurethane percentages ( 10, 20, 30,40 % wt.). After the success 

of the preparation process of these polymers, they were identified by ( FTIR ) and ( 1H 

NMR) spectroscopic to ensure the validity of the prepared polymeric structures. A device 

(  Instron 5566 ) was used to study the mechanical properties of the prepared polymers and 

the following functions were obtained: Tensile strength, % elongation at break, impact 

strength. The impact of increasing the HBPU prepolymer fraction on the mechanical 

properties of the interpenetrating polymer network was investigated in this study. Impact 

strength improved significantly, while tensile strength gradually decreased as the 

percentage of polyurethane in IPNs rose. 

Keywords: Hyperbranched polyurethane, HBPU  ECA, impact strength, elongation, 

tensile strength. 

1   Introduction 

      The short-chain cyanoacrylate (methyl or ethyl cynoacrylate) compounds are among the 

groups that belong to vinyl monomers known for their ability to polymerization by free radicals, 

which is famous for its unique properties, for example, its ability to fast adhesion and high 

effectiveness, as it has entered multiple industrial applications, especially “ super glu” [1-3]. 

While long-chain cyanoacrylate compounds  ( butyl or hexylcyano acrylate ) have been found 

to have distinguished medical applications in the field of leather and tissue adhesives [4-6]. The 

World Health Organization has permitted the use of these compounds in the biological and 

medical fields due to their biodegradability and low toxicity [7-9]. Also, "cyanoacrylate vapour 

has unique and important uses in forensic science to detect fingerprints by tracing the amino 

acids present in the fingerprint [10,11]. The presence of the double bond in some cyanoacrylate 

compounds, for example ( allyl 2-cynoacrylate ), gave it an important advantage to enter 

crosslinking reactions at high temperatures, and this characteristic enabled this type of 

unsaturated compounds to be used as thermally resistant adhesives {12,13]. Cyanoacrylate 

polymers have relatively poor thermal stability, and the mechanical properties deteriorate when 

thermal decomposition occurs, and its polymeric chains break down. The decomposition 

process often occurs by depolymerization at temperatures lower than the glass transition. 

Therefore, the idea of the current research is to improve the mechanical properties of 

cyanoacrylate polymers by preparing an interpenetrating polymer network with polyurethane, 

which has unique mechanical and thermal properties.[14-16].Smart polymers that can change 

their shape in response to external conditions and stimuli, such as sunlight, humidity, and pH ... 

have gained "great" attention from the academic and industrial circles, as they have widely 

entered into medical uses, space, and tissues [17-19]. Polyurethane is considered more popular 
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for "smart polymers" uses and has become a "research" topic for many researchers around the 

world because of its unique, distinct, and comprehensive properties[20-22]. However, the low 

strength of these polymers will limit their use in areas that require high mechanical properties, 

for example, materials used in outer space. Many researchers were able to improve the thermal 

and mechanical properties of polyurethane by adding organic or inorganic materials [23,24]. 

Fu et al . successfully developed the thermal properties of polyurethane by adding 1,3,5,7-

tetrahydroxy adamantane [25]. While A.V et al .  prepared a new type of polyurethane with 

nanotechnology by inserting nanoparticles into the pores of the PU film. The findings revealed 

that these nanoparticles could boost the polyurethane's blocking effectiveness at the expense of 

the PU film's memory performance because of these nanoparticles, which are considered one of 

the types of fillers that work to impede the movement of Polymer chains, which lead to a delay 

in the process of restoring the shape of the film, and this, in turn, will lead to the depletion of 

the effect of the shape memory[26]. Therefore,  medicating the polymer shape without fillers 

demands for Shape memory polymers[27-29]. 

Interpenetrating polymer networks (IPNs) are an overlap of two or more polymers in networks 

where a partial interlacing on the molecular scale is present in the matrix [30-32]. There is no 

covalent bonding and therefore the polymers cannot be isolated unless the chemical bonds are 

crashed [33,34]. Thus, the mixtures of two prepared polymers, networked without any 

interlacing, are not generally considered to be IPNs, although many researchers have treated 

them as such IPNs are of different types, viz. sequential, simultaneous, and semi IPNs [35-37]. 

As their names suggest, sequential IPNs are formed sequentially by more than one IPN in a 

process, whereas simultaneous IPNs are formed simultaneously. However, semi-IPNs are 

formed by the polymerisation of a monomer in the presence of a polymer. All the types of IPN 

listed earlier are found in vegetable oil-based polymers. These IPNs have some advantages over 

polymer blends or cross-linked polymers[38-40]. Ballestero et colleagues discovered that 

chemical bonding points formed between two networks of polyurethane and acrylic/ester in 

interpenetrating polymer networks have a significant effect in minimizing phase separation in 

the polymeric system. [41]. Chen et al. were able to manufacture a new type of IPNs composite 

that includes the reciprocal solubility property of polyurethane/epoxy resin of both polymers 

was utilized to improve their outstanding damping performance  [42]. Yu et al. have been 

preparing a type of IPNs that include polyurethane and epoxy, and they found that these 

polymers have distinct mechanical properties that include both tensile strength and impact 

strength. Besides, interpenetrating polymer network can improve the intelligent property of the 

shape through the formation of the network of entanglement, and therefore IPNs composite is 

considered an important attractive composite material as many specialized studies have 

appeared mainly on the mechanical properties and damping properties. While not looking at 

studies specialized in improving the performance of shape memory[43]. Because polyurethane 

is highly interlaced, it is considered one of the basic materials that exhibit damping behaviour 

in ranges of frequency, heat, and distinct thermal stability. Therefore, this type of polymer was 

used in the manufacture of ships and submarines, as it provided a low cost and improved 

operational performance compared to metal materials that are used for the same purpose[44]. 

Therefore, these advantages of polyurethane were taken advantage of to improve some 

properties of cyanoacrylate by preparing types of (IPNs). 

In this work, a new type of interpenetrating polymer network type semi-IPNs has been prepared 

from mixing hyperbranched polyurethane (HBPU) with the s-triazine unit in the structure, 

which has a large number of functional groups on its surface, and the other part of IPNs included 

ethyl cyanoacrylate (ECA), which has a high adhesion strength resulting from the presence of a 

strong electron-withdrawing nitrile ( CN)  group and an ester group ( CO2R ) groups attached 

to the α-carbon of the double bond, but the weak property in this type of polymer is the weak 

thermal stability, which is close to the glass transition temperature (Tg). To make the HBPU/ 

ECA IPNs composite, several composition ratios of HBPU prepolymer and ECA were 

employed. The effect of HBPU content on the mechanical characteristics of IPNs composites 

was investigated. 



 

 

 

 

2   Experimental 

2.1  Materials and Instrument   

 

Ethyl cyanoacrylate monomer (, viscosity; 6 cps, contains 0–0.3% hydroquinone as an inhibitor) 

was obtained from K&R international. polytetramethylene ether glycol (PTMEG) with Mw of 

2000 g mol−1 was obtained from Jining Letian Crafts Co., Ltd, China. MDI (98% purity) and 

1,3,5-Tris (2-hydroxyethyl) isocyanurate (THEIC) were obtained from Sigma-Aldrich 

(Milwaukee, WI, USA) and were used without any further purification. The IR spectra were 

registered using a PerkIn-El mer 16 F PCFTIR spectrometer (PerkinElmer Cetus, Norwalk, CT). 

CDCl3 as a solvent in an ECX   200-JEOL 1HNMR spectrometer. The Tensile tests were 

conducted as specified by ASTM D638, while the flexural strength test was conducted as 

specified by ASTM -D790-10. An Instron- 5566 (Instron, Canton. MA.USA) was used for the 

tensile and flexural tests e film specimens were made in a dog bone shape according to ISO.527-

2./1BB standards, with dimensions of 38 mm x 2 mm (centre) x 0.4 mm. To achieve average 

values, at least five specimens were tested. Multimode3 Atomic Force (AFM) microscope- 

(Brooke. the USA). 

 

2.2. Preparation of HBPU/ECA IPNs 

 

Scheme 1 shows the detailed synthesis procedure for the HBPU/ ECA IPNs hybrid. To begin, ( 

PIMEC ) was put to a reaction vessel with three necks, to which substance ( MDI ) was added 

in the following molar ratios (3: 7) and the reaction was stirred for 2 hours under a nitrogen 

atmosphere at a temperature of (60 ºC). Then, according to the following molar ratio ( 1:8 ), a 

mixture of ( THEIC ) and ( MDI ) is made, and it is introduced to the reaction vessel with three 

necks and mixed for 5 hours at (80 ºC) to obtain HBPU prepolymer. After the period for forming 

the (pre-prepared polymer) has passed, an equivalent amount of (ECA) is added to the 

(prepolymer) and thoroughly mixed. Finally, ( HBPU/ECA)  is poured into the meld and treated 

in the oven at a temperature of (130 ºC ) for  8  hours for the curing process to be done accurately. 

The HBPU/ECA  IPNs with  10, 20, 30, 40 wt % HBPU were defined as IPN-1, IPN-2, IPN-3, 

IPN-4, respectively. 

 
Table 1. Show the ratio of component  HBPU, ECA in IPNs 

IPNs IPN-1 IPN-2 IPN-3 IPN-4 

%HBPU/ECA 10/90 20/80 30/70 40/60 

 

 



 

 

 

 

 

 

 
 

 

To confirm the formation of the interpenetrating polymer network, spectroscopy FTIR and  H1 

NMR were adopted to document the validity of the formed polymers. The 1H NMR spectrum 

of the HBPU prepolymer is shown in Fig 1. Two peaks appear at (1.25 δ ) and (2.70 δ), which 

are attributed to –CH2—and –O—CH2-- in  PTMEG  respectively, while prominent bands 

appear at (4.1 δ ) attributable to--CH2 which connected with a triazine ring, and this confirms 

the occurrence of the formation  HBPU prepolymer as a result of the reaction between NCO 

group in MDI  with the terminal hydroxyl group in compound  THELC  as shown in scheme  

(1). As for the bands appearing in position (7.1 δ ) they belong to the protons of the benzene 

Scheme 1. Detailed synthesis route of the HBPU prepolymer 

Scheme 2. Detailed synthesis of the HBPU/ECA IPNs 

Fig 1. 1HNMR curve of  HBPU prepolymer. 



 

 

 

 

ring located in  MDI. Also, to prove the formation of the interpenetrating polymer networks that 

include ECA and  HBPU, the  FTIR  technique was used to confirm the validity of the formation 

of these polymers. Fig 2 shows the spectra of three samples, which are respectively ( ECA), ( 

HBPU), and ( IPN-4). The appearance of the stretch band at  cm-1  for the group (CH=CH2) in 

the monomer spectrum  ECA  and its disappearance in the spectrum  IPNs proves the 

polymerization of the monomer and the formation of IPNs. Two peaks of HBPU prepolymer 

were identified, located at 3400 cm-1 and 1750 cm-1, belonging to the group –NH stretching 

vibration and strong stretching C=O, respectively, and this is proof of the generation of urethane 

linkage, in addition to a peak at 2300 cm-1 attributed to group (NCO) terminal unreacted of 

HBPU prepolymer, the disappearance of this group when preparing all interpenetrating polymer 

networks confirms the success and validity of the preparation method. 

 

3.1 Mechanical Properties 

 

In polymers, stress-strain relationships are called dynamic dependencies and are not linear. The 

stress-strain curve was used to assess tensile characteristics (tensile strength at yield, impact 

strength, % elongation, and flexural stress ). The (stress-strain) curve of IPN-1, IPN-2, IPN-3, 

IPN-4, and HBPU was shown in Fig 1 as an example of the effect of HBPU on the mechanical 

properties of  IPNs based on HBPU/ECA. The tensile strength (TS) data of the various IPNs 

prepared in this study are shown in Fig 2. As  DMTA  data for IPNs is analysed, it can be shown 

that increasing HBPU  causes a significant decrease in tensile strength from 51 MPa to 20 MPa 

and flexure stress from 481.4 MPa to 59.6 MPa, respectively. For all IPNs, the data indicate a 

slight increase in the Impact strength and a significant increase in % elongation at break from 

15 to 65. This behaviour may be explained by a rise in interpenetration network formation.  

 
Table 2. mechanical properties  data of HBPU/ECA IPNs with different %wt. 

Samples Tensile strength 

(MPa) 

% Elongation at 

break 

Impact strength 

   KJ/m2 

Flexure stress 

 MPa 

IPN-1 51 15 3.88  81.4 

IPN-2 45 25 3.98 70.2 

IPN-3 27 50 4.12 65.2 

IPN-4 20 65 4.26 59.6 

ECA polymer 75 10 3.84 66.0 

Fig 2. FTIR spectrum of ECA monmer, HBPU prepolymer and IPN-4. 



 

 

 

 

HBPU 15 330 3.46 ------ 

 

Another cause is the creation of crosslinking sites between HBPU and ECA, which makes the 

polymer chains less prone to slip at room temperature due to external forces. Elongation at break 

increases as HBPU content in HBPU/ECA IPNs increases, whereas tensile strength and Flexure 

stress steadily decrease. The results are like those seen in AFM's phase diagram Fig (9), 

indicating that the continuous hard phase of ECA in IPN-1 causes brittleness and that the 

elongation at break increase as the HBPU content rises. However, as HBPU content is increased, 

the number of PU domains in the composites grows, and as is well known, increasing the amount 

of polyurethane with a soft molecular chain reduces tensile strength. These findings imply that 

forming crosslinking sites between HBPU and ECA can improve mechanical strength and 

elastic modulus, which is dependent on the ECA/HBPU %wt. It also lays the groundwork for 

the HBPU-based IPNs shape memory polymer to have good mechanical properties. The 

technique (AFM)  is one of the important and common techniques in distinguishing the phase 

separation in different polymeric materials and this is evident in the different shapes of the 

overlapping in interpenetrating polymer network .this appears in Fig (9A-D), which represents 

(IPN1-4), where we note that the incandescent parts represent the solid phase while the dark 

parts represent the soft phase. In Fig (9A ), which shows the special morphology of the polymer 

(IPN-1) with a polyurethane ratio of 10%, there is a large overlap and compatibility between 

polyurethane and the monomer Ethyl Cynoacrylate and the appearance of the glowing parts 

representing the solid phase, which are about (10 nm ) dimensions, while the compatibility 

begins to decay at increasing the proportion of polyurethane, where the dimensions are about 

(60nm), 150 nm and 200 nm for each of  IPN2,  IPN3 and  IPN4 respectively.                                                                                                          

 
Fig 3. The representative stress-strain curves of HBPU/ECA IPNs with different composition ratios. 

 

 

            



 

 

 

 

 
 

 

Fig 4. Show the flexture stress with Extension for IPNs. 

Fig 5. Show the Impact strength for ECA & IPNs. 



 

 

 

 

          

 
 

 
 

                

 

Fig 6. Show the % Elongation at break for HBPU, ECA & IPNS. 

Fig 7. Show the Tensile strength for ECA, HBPU & IPNs 

Fig 8. Show the Fleure stress for ECA & IPNs 



 

 

 

 

 

 

4 Conclusions 

 
IPNs were produced by grafting HBPU and ECA together, resulting in an HBPU prepolymer 

with a triazinyl ring structure. The effects of the HBPU percentage on the mechanical properties 

of the IPNs were investigated. We can conclude that there are some considerable trends. As a 

result, the elastomeric IPN-4 sample indicated the highest value of impact strength  (4.26 kJ/m2 

) and the value of (65) for  %elongation at break. . A decrement of modulus and tensile strength 

with a resultant increment of elongation for the elastomeric samples from (51 MPa ) for IPN-1 

to (20 MPa) for IPN-4 were observed. 
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