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Structure–Process–Property Relationships in HDPE Micro foams : Impact of Supercritical Nitrogen on 

Morphology, Creep Behavior, and Predictive Modeling 

The Sc.N₂ content influences the cellular structure and mechanical behavior of HDPE foams. The

combined experimental and simulation approach helps identify key parameters to optimize lightweight

design and performance. In the future, the goal is to establish more precise correlations between

physicochemical properties, processing conditions, morphology, and mechanical performance, in order to

further improve the design of lightweight and high-performance polymer parts.

Numerical modeling

Morphological observations (SEM) 
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The production of lightweight polymer foams is a key challenge for industry. The

MuCell® process with supercritical nitrogen (Sc.N₂) enables control of the cellular

structure in high-density polyethylene (HDPE). In this study, high-pressure

rheological and physicochemical measurements, together with mechanical tests, were

combined with microscopic observations and numerical models to investigate the

effect of gas content on foam morphology and performance.

Conclusion

Introduction

Mechanical results 

Rheological and Physicochemical  Characterization
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Foaming processes ( MuCell )

HDPE thermal stability curve: complex viscosity as a function of 

time ω = 1 rad / s

The Higher the Temperature, the Faster the Crosslinking 

intensity

Rheological measurements under pressure N2 tests: Initial pressure 

~135 bar, increased to 150 bar at 160°C

The complex viscosities still decreased after more than one hour. The 

saturation time could   therefore be longer than expected

Rheological measurements under pressure Shear rate sweep 

At 150 bar, The presence of N₂ reduces the viscosity of the molten polymer at low and medium shear rates

HDPE surface tension curve as a function of pressure 

under N2 at 160°C 

Surface tension decreases with increasing pressure 

Solubility as a function of Pressure at 160°C: Comparison of Different 

Methods

Linear trend indicates that higher pressures facilitate greater 

dissolution of nitrogen in the polymer
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Krauss Maffei KM 160-380 CXZ injection molding machine 

(MuCell technology : T = 160 ° C ,   P ~  500 bar )

Gas content : 0,4 % Sc N2 Gas content : 0,6  % Sc N2 Gas content : 0,8 % Sc N2 Gas content : 1,2 % Sc N2Gas content : 1 % Sc N2

SEM images show a typical sandwich structure: a solid skin and a foamed core. In the core, pores are elongated, while near the surface, they 

become smaller and more circular.

Modified Han and Yoo Model

Modified Han and Yoo model is considered a good 

compromise, as it provides realistic growth while 

accounting for bubble shrinkage phases.

Y-X & X-Z cross-section of cell sizes

Cell Size (Moldex 3D)

Clear trend: as gas content increases, pore size also increases

Stress-strain curve as function of content gas  Creep test G.C =0,8 %

Higher gas content makes the foam lighter and less stiff at first, but stress rises faster. Above about 1–1.2% gas, the structure becomes unstable, with 

irregular stiffness.
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