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by in situ generation of supercritical carbon dioxide from dry ice
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Abstract In this work, poly(methyl methacrylate)

(PMMA) and PMMA/nanoclay nanocomposite microcel-

lular foams were successfully prepared using a simple

method based on in situ generation of supercritical carbon

dioxide (CO2) from dry ice. The method was compared

with conventional methods exempted from high pressure

pump and a separate CO2 tank. Effect of various processing

conditions such as saturation temperature and pressure and

clay concentration on cellular morphology and hardness of

the prepared microcellular foams was examined. State of

the clay dispersion in the prepared PMMA/clay nano-

composites was characterized using X-ray diffraction and

transmission electron microscopy techniques. Field emis-

sion scanning electron microscopy was used to study cel-

lular morphology of the prepared foams. It was observed

that elevation of saturation temperature from 85 to 105 �C

at constant saturation pressure increased cell density and

decreased average cell size of the prepared PMMA foams.

Furthermore, an increase in saturation pressure from 120 to

180 bar resulted in a reduction in average cell diameter and

an increase in cell density of the prepared PMMA foams.

On the basis of the gathered results, optimum conditions

for preparation of PMMA microcellular foams were

determined and applied for preparation of PMMA/nanoclay

microcellular foams. It was shown that incorporation of

clay into the polymer matrix resulted in a finer and more

uniform cellular morphology in the final microcellular

foams. It was also observed that incorporation of nanoclay

into the prepared foams, up to 3 wt%, led to a moderate

increase in the foam hardness.
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Introduction

Polymer microcellular foams are a new class of materials

which contain gas bubbles of diameter on the order of

10 lm and cell density[109 cell/cm3 [1–3]. Microcellular

foams have many excellent thermal and mechanical char-

acteristics such as increased fatigue life, higher impact

strength, higher toughness and enhanced thermal stability

compared with conventional plastic foams [4–6]. Further-

more, smaller bubble size and more uniform structure of

the microcellular foams yield lighter weight and reduced

material consumption. The presence of microcells can

decrease the specific density of the polymer about 75 %

[1]. In addition, microcellular foams have many applica-

tions because of their excellent heat and sound insulations,

high strength-to-weight ratio, high energy or mass

absorption, and materials saving [4]. Thus, in recent years,

numerous researches have been carried out for preparing

microcellular foam from various polymers, blends and

nanocomposites [7–9].

Besides, nanocomposite foams are typically heteroge-

neous nucleation systems where nano-sized particles work

as nucleation sites [10–12]. Large surface area, fine

dimensions of nanoparticles and very close contact

between particles and the polymer matrix may alter foam

morphology and properties. It has been proven that nano-

clay, especially after exfoliation and surface modification,

is an effective nucleation agent to enhance the cell density
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