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The bubble is a wonderful creation: a perfect spherical shape, a beautiful
arch in various degrees of curvature, and minimum surface area per given
volume. Without the bubble, both art and science would definitely have a
narrower scope. In fact, the bubble consists of a weak phase surrounded by
and sustained in a strong phase. It is like a traditional Chinese virtue, Qian
Xu (3ERE ), or “empty inside” for receiving. Foam simply combines art,
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Today, it is viewed not only as a technique, but a well-established industry.
Through challenges, such as ozone depletion, recycling and environmental
regulation, in addition to upgrades, it became a strong industry.

Since polymeric foams encountered various upgrades—material / technol-
ogy, emission/environment, property/application—it is crucial to maintain
cohesiveness of polymeric foam by looking at it from various perspectives.
This series is to cover material /mechanism, science/technologies, structure /
property, application/post-usage, etc. The reader will gain an overall view
as well as fascinating aspects of polymeric foam. We have to admit foaming
is still mysterious in quite a few areas. It is my hope that a healthy and
cohesive understanding can not only strengthen the structure of the existing
polymeric foam industry, but generate further developments to reveal the
basic truth. Let us not forget life and truth should go hand in hand.

S.T. Lee, Series editor
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Preface

Polymeric foam exhibits enough extraordinary properties to differentiate it
from the unique polymeric materials, which allows it to penetrate into almost
all aspects of our daily life. Improvement of process technology, equipment
and raw material availability made it possible to generate useful articles.
Although the foam industry went through many challenges in the past
decades it seems to be growing steadily due to better infrastructure, oppor-
tunities and global communication.

As we look back, it is amazing how polymeric foams have evolved from
scientific concepts to lab research, then to pilot success, and finally to com-
mercialization and a part of life in the last three quarters of a century. At
present, foam researchers agree that foaming mechanisms remain somewhat
mysterious, but the nucleation of spherical shape alone, a combination of
science and art, is a fascinating truth. When a plethora of bubbles join
together within a polymeric matrix to form a cellular structure, a collection
of biblical principles, philosophy and sociology are nicely involved. It is
important to understand that scientific research and application are two
different areas, but they both are equally challenging and may share
resources for breakthroughs.

Our attempt is very simple. Science and technology should be comple-
mentary to each other for a balanced and mutually beneficial growth. One
without the other may cause an imbalanced outcome, and then self-destruc-
tive conflicts. When science and technology go hand in hand, they can
withstand future challenges. From the 1930s to the 1950s, scientists laid the
foundation of the foam industry, trailblazing foam technology in the 1960s
through the 1980s. Since then, teamwork was acknowledged in dealing with
ozone and application issues. Regulation and performance continue to be
the main driving force for the global foam industry. From the Montreal
protocol to the Kyoto protocol, the challenge of the global foam industry
becomes even greater. A healthy future must be based on a solid science and
technology foundation.

This book offers a clear guideline to link the basic science and foaming
technologies. The first three chapters of this book cover the scientific prin-
ciples and fundamental foaming mechanisms. The next three chapters are
dedicated to general foaming technologies and product applications. Chap-
ters 7 and 8 cover recent developments in the composite and degradable
fields, which not only serve as current examples of using mechanisms and
technologies to meet application needs, but show the role that polymeric
foam is playing in the future developments of the global material realm.
This book could be used as a supplementary book for seniors in chemical
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1

Introduction to Polymeric Foams

1.1 Basic Considerations on Foams, Foaming, and Foamed
Polymers

Matter generally assumes one of three forms (or phases): gas, liquid, or solid.
Gases are essentially shapeless and formless, and naturally or artificially
exist or co-exist with the other two phases, such as in sponge, cork, aerogel,
cake, for example. In fact, gas molecules are capable of penetrating into a
liquid or solid phase to create mixtures. Table 1.1 presents a summary of
typical gas/liquid and gas/solid mixtures.

The word “foam” derives from the medieval German word veim for “froth”
[1]. “Foam” refers to spherical gaseous voids dispersed in a dense contin-
uum. There are a number of common natural and artificial foamed products,
ranging from foamed pumice to seat cushions [2,3] (see Table 1.2).

TABLE 1.1
Typical Two-Phase Systems

Phenomena Terminology
Gas bubbles on top of liquid Froth
Gas bubbles dispersed in liquid =~ Emulsion Bubble
Liquid bubbles in liquid Emulsion Liquid
Liquid bubbles in solid Jelation
Gas Bubbles in solid Foam

TABLE 1.2

Common Foamed Products

Natural: Pumice, Tree Trunk, Wood, Cork, Marine Organisms

Synthetic:
Food: Steamed Rice, Flour Dough, Popped Cereal...
Plastic: Seat Cushion, Life Jacket, Insulation Board...
Automotive: Arme-rest, Liner, Bumper...
Sports: Helmet Pad, Knee Protection, Surfing Board
Medical: Tape, Gasket Seal...




