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ABSTRACT

Polyurethane (PU)/melamine formaldehyde resin (MF) interpenetrating polymer network (IPN) foams were 
prepared by synchronous polymerization with MF and PU as raw materials. The effects of PU content on the 
apparent density, mechanical properties, and morphology of MF/PU IPN foams were investigated. The results 
showed that the apparent density and compressive strength of PU/MF IPN foams increased significantly with 
increasing PU content. Scanning electron microscope (SEM) showed that the pore structure of the foams changed 
little when the PU content was increased.  
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1. INTRODUCTION

Melamine formaldehyde resin (MF) is a kind of polymer containing 

triazine ring which is formed by condensation reaction of melamine and 

formaldehyde solution after hydroxy methylation. Melamine is a common 

flame retardant because it releases a large amount of nitrogen after heat 

decomposition. MF foams are mainly three-dimensional network 

structure. This foam plastic has the characteristics of low density, good 

mechanical properties, excellent sound absorption, and excellent flame 

retardancy. Thus, it has great application prospect in industry, aviation 

field, and defense force [1–5]. However, due to the fact that MF foams 

contain a large number of three-dimensional network-like configurations 
composed of a large number of rigid triazine ring skeletons, the molecular 

interior has a small deformability, poor toughness, and low compressive 

strength, which can easily be pulverized when compressed. Thus, MF 

foams are limited in many areas. In recent years, the research on MF foams 

is mainly about the modification of its mechanical and thermal properties. 

The methods of modification include chemical modification and physical 

modification [6,7]. 

Polyurethane (PU) foam is a polymer formed by the reaction of isocyanate 

with polyol. Its chain contains a large number of flexible structures, so it 

has excellent properties such as relatively light weight, heat insulation, 
sound absorption, shock absorption, insulation, high specific strength, and 

high flexibility [8,9]. However, the application of neat rigid PU foams has 

been restricted because of their high thermal expansion coefficient and 

low rigidity at high temperatures. One approach to improve the material 
properties is the introduction of a second reactive polymer into the PU 

reaction to compensate for the deficiencies of the existing material. This 

approach essentially produces an IPN [10,11]. In this work, PU/MF IPN 

foams were prepared by synchronous polymerization, and the effects of 

PU content on the apparent density, mechanical properties, and 

morphology of the foams were investigated. 

2. EXPERIMENTAL

Table 1 shows materials used in this study. 

Table 1: Experimental drugs

Reagent name 
Specificati
on 

Manufacturer 

Melamine AR 
Tianjin Kenuo Minimide 

Chemical Co., Ltd. 
Formaldehyde 

solution 
37%aq 

Liaoning QuanRui Reagent Co., 
Ltd 

Dicyanodiamide AR 
Tianjin DaMao Chemical Reagent 
Co., Ltd 

Ethylene glycol AR 
Tianjin DaMao Chemical Reagent 
Co., Ltd 

Caustic soda AR 
Tianjin DaMao Chemical Reagent 
Co., Ltd 

Formic acid AR 
Tianjin DaMao Chemical Reagent 
Co., Ltd 

n-Pentane AR 
Tianjin DaMao Chemical Reagent 
Co., Ltd 

OP-10 CP 
Tianjin DaMao Chemical Reagent 
Co., Ltd 

Polyether glycol (330) GR
Changzhou Central Asia 

Chemical Co., Ltd 

Polyaryl 

polymethylene 

isocyanate 

GR Wanhua Chemical Group Co., Ltd 

Dibutyltin dilaurate GR 
Tianjin YongDa Chemical 
Reagent Co., Ltd 

Table 2 shows analytical test instruments. 

Table 2: Analytical test instruments 

Instrument name Model Manufacturer 
Universal mechanic
al testing machine 

WDW3010 
Changchun Kexin Test instrument 
Co., Ltd 

Field 

emission scanning 

electron microscopy 

S8000 Japan Hitachi Co., Ltd. 
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Preparation of MF resin：Appropriate melamine and formaldehyde 

solution were mixed and heated to 80 C. The pH of the mixture was 

adjusted to 8-9 using a concentration of 2 mol/L NaOH solution. At the 

same time, a spot of glycol and dicyandiamide were added, heated to 90 

C, reacted for 1.5 h, and cooled the discharge. 

Preparation of PU/MF IPN foams：First, the MF resin and foam stabilizer 

were added to a beaker and stirred for 5 min, followed by the addition of 

formic acid and n-pentane, then stirred well and foamed. Second, 
quantitative polyether polyol, isocyanate, OP-10, and foam stabilizer were 

added into the paper cup and stirred for 3 min to obtain a uniform 

yellowish liquid. Last, the PU prepolymer was added to MF resin pre-
foams, in which PU and MF were mixed at a certain mass ratio. Water and 

n-pentane were added at the same time. The PU/MF IPN foams were
prepared by mechanical stirring for 30 s and then solidified at 70 C for 2
h.

The foams were dried at 60 C for 72 h and cut into 5 × 5 × 5 mm3 samples. 
Based on the density formula: 

=m/V×106    (1) 

where  is the apparent density (in kg/m3), m is the mass of the sample (in 

g), and V is the volume of the sample (in mm3). 

According to the requirements of GB/T 8813-2008, the static 

compression properties of the foams were measured  by using a 

universal mechanical tester. The foam was cut into a cube with a 

specification of 50 × 50 × 50 mm3, and the speed  was 2.5 mm/min. 
Based on the compression strength formula, the calculation is as 

follows: 

310=
A

F
  (2) 

where  is the compressive strength (in kPa), F is the maximum  

compression force (in N), and A is the  initial cross-sectional area 

(mm2). 

3. RESULTS AND DISCUSSION

The PU/MF IPN foams were prepared via a simultaneous IPN method. 
Figure 1 shows a schematic preparation diagram for PU/MF IPN. 

N

N

N

NH2

NH2H2N

+ n HCHO

OH

HO

HO

CH2OCN

NCO

Vesicant

Catalyst

Figure 1: Schematic preparation diagram of PU/MF IPN.

The physical, mechanical, and morphologies of PU/MF IPN foams were 

investigated.  
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Figure 2: Effect of PU content on density of PU/MF IPN foams.
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Figure 3: The relationship between the PU content and compressive
strength. 

Figure 2 shows the apparent density values of the PU/MF IPN foams as a 

function of the PU content. The density of the foams increased with the 

increase of PU content. The apparent density of pure MF foam was 65.1 

kg/m3, and the apparent density of foams was 157.9 kg/m3 when PU 

content was 20 wt%. 

Figure 3 shows the relationship between compressive strength and PU 

content of PU/MF IPN foams. With the increase of PU content, the 

compressive strength of the foams increased significantly. The 

compressive strength of pure MF foam was 11.9 kPa, and the compressive 

strength of PU/MF IPN foam was 81.6 kPa when PU content was 20 wt%. 
Due to MF continuous phase, the addition of PU played a role in 

toughening. There were a large number of flexible segments in PU, which 

can be compatible with MF, thus effectively improved the mechanical 
strength of the foams. With the increase of PU content, the flexible 

structures in the foams increased gradually, absorbed more external 

stress, thus increased the compressive strength of the foams [12]. 

(a) MF (b) 4 wt% PU  (c) 8 wt% PU

(d) 12 wt% PU (e) 15 wt% PU (f) 20 wt% PU

Figure 4: SEM micrographs of PU/MF IPN foams materials.

Figure 4 shows the SEM images of pure MF foam and PU/MF IPN foams 
with different PU content. The difference of pore size and shape can be 

determined by observing the cross section of PU/MF IPN foams. It can be 

seen from the diagram that the foam bubble was porous, and there existed 

a certain degree of rupture, and the bubble pore dispersion was more 

uniform. As shown in Figure 4(a), the foam structure of MF foam was open 

pore structure, each bubble pore had at least two pores or two failure 

surfaces, and most of the foam pores were shared by at least three 

structural units. With increasing the PU content, the foam pore changed 

little, and the degree of foam fragmentation decreased. It can be seen that 
the PU/MF IPN foams prepared by adding PU into MF reduces the friability 

of MF foams. 

4. CONCLUSION

PU/MF IPN foams were prepared by synchronous polymerization. The 

density, compression strength, and morphology of the foams were 

characterized. The results showed that the density of IPN foams increased 

with the increase of PU content. The compressive strength of the foams 

increased from 11.9 to 80.6 kPa when the PU content was increased from 
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0 to 20 wt% due to the increase of flexible structure. The SEM images of 

the foams showed that the structure of foam hole had little changed and 

the degree of fracture of the foam hole was reduced.  
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