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Numerical modelliNg of microcellular foamiNg iNjectioN mouldiNg 

The results of computer modelling of an injection moulding process with microcellular foaming (MuCell®) were presented 
in this work. The process is based on the dissolving nitrogen in a liquid polymer which is possible when nitrogen is in supercriti-
cal fluid state (SCF). after pressure drop of the melt in the injection mould the intensive nucleation of pores occurs and, as the 
result, the material with high concentration of small pores is created. The pores obtained in this way are of much smaller size 
than in a conventional foaming process. The pore size in the cross-section of an exemplary injection moulded part was calculated 
in the computer modelling and compared to the results of microscopical investigation made on the real injection moulded part. 
It was found that the size of the pores depends on the flow length inside the injection mould and on the position in the part’s  
cross-section.
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1. introduction

Microcellular foaming of plastics is a technological pro-
cess conducted with the use of atmospherical gases (especially 
nitrogen and carbon dioxide). The gases are transferred into the 
supercritical fluid phase (SFC) and mixed with molten plastic. 
In SFC the gases are of high diffusion rate, low viscosity and 
low surface tension and they can dissolve in liquid plastic eas-
ily. as the result, many small pores are created in the material 
and, when solidifying, the porous plastic is characterized with 
the high concentration of pores, significantly smaller as in the 
classical techniques of plastics foaming process (using chemical 
or physical porous agents). The porosity of material can be an 
advantage regarding the possibility of part weight reduction, 
which is especially important in the automotive industry. The 
part cost reduction is also an important issue [1] but this kind 
of parts should be designed with regard of easy identification, 
recyclability and disassembling of components of an complex 
product, which generally means an eco-design challenge [2]. 
The concept of plastics microcellular foaming technology was 
elaborated by Massachusetts Institute of Technology and later 
developed by Trexel Inc. MuCell® is a registered trademark of 
Trexel company [3].

1.1. microcellular injection moulding

It is possible to introduce the nitrogen or CO2 into a molten 
polymer in the injection moulding machine but a special machine 
construction is required. The gas in supercritical state is injected 
into the plasticizing unit and, in order to keep the pressure, the 
zone of mixing with the liquid polymer is closed by two valves. 
after preparing the material ready for injection (by the screw 
rotation in the barell) the valves are opened and the screw trans-
fers the mixture into an injection mould. In the mould, when 
the pressure drops, the gas is transferred into the classical gas 
phase and the pores are created in the plastic. The parameter 
of pressure is critical in the formation of the porous structure 
but the temperature of plastic is also important. The injection 
speed can also affect the size and distribution of micropores 
[4]. The gas solubility in the polymer also impacts the porous 
structure as well as the gas content which can be different in the 
process. The application of nitrogen is more common in Mu-
Cell® than application of CO2 since the control of the process 
and porous structure formation is easier with nitrogen although 
carbon dioxide is better soluble to polymers [1]. generally, the 
mould design for microcellular injection moulding requires no 
significant modifications but it is possible to control the foam-
ing process better with pressure and temperature sensors in the 
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mould cavity and using gas (N2 or CO2) pump connected to the 
mould. The size and pore distribution can be then controlled by 
counterpressure of a gas delivered into the mould cavity which 
can put the resistance on the flowing molten plastic. without the 
countepressure size of the pores is non-uniform and some big-
size pores occur. however, when the counterpressure exceeds 
a critical value, no porous structure is created [5].

1.2. Properties of microcellular parts materials

The properties of microporous parts, when compared to 
the non-porous parts of the same plastic, are different. First of 
all the porous material density (apparent density, because of 
pores) is smaller and this can be the advantage, when consider-
ing the demands of some industries, like automotive, regarding 
part mass reduction. On the other hand, mechanical properties 
are also impacted by the porosity [6] and those are deteriorated. 
For example, tensile strength and tensile modulus decrease with 
the gas content in the material, which was proved in the case of 
polyamide and glass fibre composite, microfoamed with nitrogen 
[7]. The disadvantage of foaming process is more poor surface 
quality because the existence of pores near part skin (product 
surface) increases the surface roughness. however, as reported 
in [8,9] a smooth surface of MuCell® injection moulded parts 
can be obtained in InduMold process, by rapid heating of the 
mould with the use of induction heating means.

More predictable foamed structure can be obtained for non-
filled polymers in microcellular foaming process of injection 
moulding [10]. it is possible to process also reinforced plastics 
in this way but the filler particles can influence the pores creation 
and, on the other hand, the pores can impact the orientation of 
fillers, like glass fibres [11]. In both types of plastics, reinforced 
and non-filled, the structure of the material differs in the cross-
section [12,13]. It is possible that in the centre (in the middle 
of part cross-section) some pores can join and create bigger 
pores in the structure [11]. There were also trials to microfoam 
plastics with nanofillers, like for example nanoclay particles. 
It was found that in this case the nanoparticles can surround the 
created micropores [14]. The cell density can be also increased 
by some additives. as reported in [15] the addition of 1,3:2,4-bis-
o-(4-methyl benzylidene)-d-sorbitol gelling agent (Mdbs) to 
polypropylene as reinforcement increased the porosity but also 
the tensile strength of the obtained material.

The microcellular foaming injection moulding process can 
contribute not only to some improvements of part quality, like 
smaller deformations and better surface flatness of the part, but 
also can cause the decrease in production costs [16].

2. experimental

The modelling of microcellular injection moulding pro-
cess of a polypropylene glass-fiber filled part was made using 
autodesk Moldflow Insight software. The results of simula-

tion – pore size distribution in the cross-section were compared 
for different places of this long flow path part. The computer 
simulation results were also compared to the images from the 
microscopical observation of the samples taken from the real 
part manufactured on the injection moulding machine equipped 
with the microcellular foaming injection unit.

2.1. modelling of microcellular injection moulding

The results of modelling of the injection with MuCell® 
technology are presented. The molding part used for the simu-
lation was a channel for drain water. This injection part was of 
the average wall thickness: 2.7 mm and the main dimensions: 
length: 515 mm and width: 82 mm. There was just one injection 
point in the mould, positioned in the middle of the part’s length 
and it was at the end of a sprue-type gate.

the 3d model of the part, prepared in a Cad software 
and exported as stp file, was opened in autodesk Moldlfow 
Insight software and prepared for the computer simulation of 
microcellular injection moulding process by generation of the 
finite element mesh, representing the shape of the mould cavity 
and sprue gate.

The conditions of the injection process, assumed for the 
calculations, were the same as those used on the injection 
moulding machine:
– melt temperature:  240°C,
– mould temperature: 40°C,
– holding time: 10 s,
– cooling time: 20 s,
– holding pressure: 15 Mpa,
– injection time: 2.5 s.

In addition, the following parameters were adopted for the 
MuCell® technology in the simulation process:
– the assumed decrease in the part mass: 10%, 
– initial bubble diameter 0.001 mm, 
– initial estimative bubble concentration: 2·105 1/cm3.

The injected material was polypropylene reinforced with 
glass fibres (30%) – hostacom pp 2062.

2.2. microscopical investigation

Small samples were cut out of the real injection moulded 
part. The samples were mounted on the rotary microtome Thermo 
finesse Me+ and the cross-section were prepared for the mi-
croscopical investigation by microtoming on a steel solid knife. 
after that the cross-sections were observed on Nikon sMz 800 
optical microscope.

3. results and discussion

The simulation results: pore (named in the simulation soft-
ware as “bubble”) size distribution at the end of the forming inside 
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the mould cavity in different areas of the part are presented in Fig. 1 
and Fig. 3. The structure across part’s thickness was observed on 
the microscope in the same points as defined for the simulation 
analysis. The microscopical photos are presented in Figs. 2 and 4. 

First, the comparison of the pore size at the beginning and 
the end of the flow path was made. The structure of the material 
was compared in two points of different flow length: point 1: 
10 mm from the injection point (sprue gate) and point 2: 245 
mm from the injection point, measuring along the part (Fig. 1). 
In fact, point 2 was chosen to check the structure in the area of 
the end of the flow. The simulation results show not only big-
ger pore size at the end of the flow (0.068 mm in the middle of 
the thickness while near the sprue this value is about 0.05 mm) 
but also a local peak in the pore size near the part wall (near the 
skin). The average pore size difference is easy to explain because 
the pressure of the molten plastic drops along the flow direction 
and the formation of pores is easier then. The formation of big-
ger pores near the part wall can be explained, for example, by 
intensive shearing between the molten core in the middle of the 
cavity width (part thickness) which can lead to local temperature 
decrease in this point. The microscopical observations of the real 
case (Fig. 2) confirmed the trend recorded in the simulation: big 
size pores occurred mostly in the middle of the thickness in the 
gate area of the part (“a” zone in Fig. 2a) while two zones of 
big size pores were observed at the end of the flow (“B” zones 
in fig. 2b). however, the zones of big pores were observed to be 
closer to the middle of the thickness than in the case of the simu-
lation results (the peak was on the coordinate of 0.85 – fig. 1)

Fig. 1. The comparison of the bubble (pore) radius distribution near the 
sprue (point 1) and at the flow end (point 2) at different depth across the 
wall thickness. 0 – the middle of the thickness, 1 – part skin

Fig. 2. The cross-section of the MuCell® part prepared on the microtome 
– points 1 and 2 as in Fig. 1. The areas of big size pores: a – in the 
middle of the thickness (point 1), B – closer to the part skin (point 2)

another pair of points was selected for the comparison: 
point 3: 10 mm from the gate and point 4: 100 mm from the 
gate, but this distance was measured the perpendicular direction 
to the part’ length (Fig. 3). The pore size distribution recorded 
in the simulation is more similar for these two points as in the 
microscopical images (Fig. 4). The real structure is character-
ized by significantly bigger pores in the middle of the thickness 
(point 4 – Fig. 4b) in the area further from the injection point. 
This can be explained by pressure drop along the flow length. 
The pores are bigger than in point 2. The reason of this difference 
can be the temperature of the melt which is higher in a place 
located closer to the gate and lower viscosity of the melt is an 
factor enabling the pore formation. The difference between 
simulation results and microscopical investigation can lead to 
conclusion that the temperature influence on microfoaming can 
be underestimated in the simulation algorithm. 

Fig. 3. The bubble (pore) radius distribution near the sprue at differ-
ent depth across the wall thickness. 0 – in the middle of the thickness, 
1 – part skin

Fig. 4. The cross-section of the MuCell® part prepared on the microtome 
– points 3 and 4 as in Fig. 3 

4. conclusions

The microcellular foaming injection moulding process is an 
interesting non-conventional modification of the injection mould-
ing process. The porous structure, created during this process, is 
dependent on the pressure of the molten plastic which is different 
in different mould cavity areas, dropping along the plastic flow 
direction. after literature research and analysis of the results 
presented in this article, the following conclusions were drawn:
– the degree of porosity of individual regions of the moulded 

part made with the MuCell® technology is not uniform. 
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The local porosity depends mainly on the injection process 
conditions and the nature of the material flow in the mould. 
Significant differences were found in the degree of gas bub-
ble growth in different areas of the moulded part. a similar 
mechanism was observed during the study of the distribu-
tion of gas bubbles dimensions across the wall thickness 
of the part. For the region of the mould cavity filled first, 
the largest diameters of the bubbles were observed in the 
middle of the wall thickness. at the end of the plastic flow 
path, the largest bubble sizes were observed in the region 
of the greatest shear: between the mould wall and the centre 
of the part thickness. 

– on the basis of the above conclusion, it can be concluded 
that the mechanical strength of the mouldings will be differ-
ent, depending on the flow length (distance from the mould 
gate). In the places of high concentration of bubbles with 
large diameters will be lower than in the regions where there 
are fewer bubbles or they have a small diameter (e.g. the 
top layer of the molded part)

– thanks to the MuCell® technology, many properties are 
improved, despite the fact that it causes local weakening 
of the injected parts. examples of quality improvements 
include greater flexibility, damping, vibration resistance 
and reduction of sink marks [3,5÷6,16].

– the properties of injected parts in MuCell® technology can 
be predicted since they depend on the porosity of the foamed 
material [6,7] and the porosity degree can be controlled by 
the processing conditions [5]. This means that, depending 
on the application, it is possible to produce parts with the 
desired properties. unfortunately, microfoaming always 
reduces the strength of the material.

– although the influence of microfoaming on mechanical 
properties was mostly investigated and reported in the 
literature, there are also another aspects of porous material 
application. The porosity as well as its parameters: the size 
and number of pores can influence the thermal conductivity 
of the material. when producing parts from more insulating 
material some benefits like energy saving can be obtained 
and the tests of thermal properties of microfoamed injection 
moulded materials are the possible direction of the future 
research. The results of the research undertaken lately 
[17] show that modifying the microfoamed material with 
graphene effects in the modification of such properties like 
electromagnetic interference shielding and this means that 
the field of application of microcellular plastic materials 
can be extended.
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