B0 RUATTS

Science and Applications
of Bio-Based Cellular and

Porous Materials

Edited by

SALVATORE IANNACE
CHUL B. PARK y

&.- . -

P




BIOFOAMS

Science and Applications
of Bio-Based Cellular and
Porous Materials

Edited by

SALVATORE IANNAGE: /i -1 1 }
CHUL B. PARK _i}éi 15 &

Y

RC Press is an imprint of the
Te Francis Group, an informa business

CRC Press
Taylor & Francis Group
Boca Raton London New York
C
ayl



Cover Figures by Enza Migliore

CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2016 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed on acid-free paper
Version Date: 20150901

International Standard Book Number-13: 978-1-4665-6179-3 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts have been
made to publish reliable data and information, but the author and publisher cannot assume responsibility for the valid-
ity of all materials or the consequences of their use. The authors and publishers have attempted to trace the copyright
holders of all material reproduced in this publication and apologize to copyright holders if permission to publish in this
form has not been obtained. If any copyright material has not been acknowledged please write and let us know so we may
rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or uti-
lized in any form by any electronic, mechanical, or other means, now known or hereafter invented, including photocopy-
ing, microfilming, and recording, or in any information storage or retrieval system, without written permission from the
publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http://
www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923,
978-750-8400. CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For
organizations that have been granted a photocopy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for
identification and explanation without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com

MIX
Paper from ) )
FSC wenible sources Printed and bound in Great Britain by
wuinsn  F8C C013056 T1J International Ltd, Padstow, Cornwall




BIOFOAMS

Science and Applications
of Bio-Based Cellular and
Porous Materials




I AAREE, 7 B e BEPDFIG U7 1H) : www. ertongbook. com



Preface

In the recent past, there has been a confluence of fundamental research and development work being
conducted on biofoams and porous systems by a variety of very different research communities.
A large number of innovative routes have been explored, generating new materials with wide-ranging
technological applicability. As the need for cellular and porous materials with more complex structures
and functions has increased, so has the ability to synthesize such systems with tuneable mechanical
properties, well-defined pore sizes, pore wall functionalities, and controlled pore size distribution
and interconnectivity.

Written for students, professors, and professionals, this book deals with bio-based materials for
the development of biodegradable and sustainable polymeric foams, foams in food, foams in bio-
medical applications, and bio-inspired foams. It represents a coordinated effort by international
experts and provides an integrated, forward-looking perspective. By joining together the most
active groups representing diverse fields of study, the editors offer a unified approach on biofoams.
Scientists and technologists working in the fields of material science and technology, chemical and
biomedical engineering, food technology, and polymers and composites may take advantage of
such a unified approach, where the most relevant theoretical and experimental aspects governing
the formation of cellular and porous materials are presented in the context of specific applications.

This book describes how gas bubbles can form and grow in a viscous medium leading to the
development of products for the plastic (e.g., seats, packaging, insulating material), food (e.g., beers,
mousse, ice cream, snacks, cakes), and biomedical (e.g., implants, artificial organs, products for
surgery) industries. It also shows how to use renewable resources to develop more sustainable light-
weight materials and discusses how scientists and engineers are inspired by nature when designing
novel technologies for the production of complex and multifunctional structures.

OVERVIEW OF THE BOOK

Chapter 1 introduces the building blocks used in nature to create hierarchical structures in cellular
solids. Bio-based polymers, including biodegradable polymers, used to develop sustainable foams
and cellular structures for biomedical applications are also presented. Some of them, such as starch
and cellulose, are well known and actively used in products today, while many others are known
only in very specific sectors and remain underutilized despite the great potential.

Chapter 2 focuses on the methods employed to develop organic—inorganic hybrid materials
derived by solgel reactions of alkoxysilane compounds, as well on the aspects related to the prepa-
ration of porous hybrid materials with particular attention to systems obtained from biopolymers.

In Chapter 3, the challenging issues related to the production of porous polymers are reviewed
in an effort to pinpoint the requirements that should be met by prospect thermodynamic models to
be used for describing and, ultimately, designing such processes. The role of external conditions
of temperature, pressure, and composition of solvent or antisolvent is discussed, and the polymer
foaming processes are categorized accordingly. The role of the glassy state or the (semi)crystalline
state for stabilizing the final porous polymer structure is also discussed.

Chapter 4 shows that proper qualitative and quantitative description of polymer foaming process
is a multiphysics problem involving mass and heat transport and momentum transfer, as well as
sorption thermodynamics in a high-pressure polymer-penetrant system. There are several material
and thermodynamic properties playing a major role, ranging from volumetric, rheological, and mass
transport behavior to interfacial properties of the binary mixtures of polymer and foaming agent.
The general problem of gas foaming where gas solubility and diffusivity, as well as the effect of gas
concentration on interfacial properties and viscosity of the gas—polymer mixture, rule the whole
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process of bubble nucleation and growth is considered here. In particular, the focus is on the proper-
ties of gas—molten polymer mixture.

Chapter 5 discusses the cell nucleation mechanisms in PLA foaming by taking into account
(1) the fundamental studies on heterogeneous cell nucleation, (2) the mechanisms of cell nucleation
in PLA foams through micro-/nano-sized additives and crystals, and (3) the influence of crystal-
lization on cell nucleation behavior of PLA foams through various foaming processing technologies
such as bead foaming, extrusion foaming, and foam injection molding.

Chapter 6 presents a comprehensive study on microcellular foaming of PLA with CO, gas by
the solid-state process. All aspects of the process including analysis and testing of the PLA foamed
specimens are discussed: gas sorption/desorption, diffusion, foaming behavior, microstructure,
crystallization, and mechanical properties. Specific guidance on the optimal processing conditions
for food-packaging application is presented.

Chapter 7 describes the general approaches in the preparation of thermoplastic starch by using
plasticizers and polymeric processing agents. Technologies developed for the production of starch
foams for various nonfood applications are described with particular attention to the multiple roles
of water molecules: as a solvent, a processing aids/plasticizer, and a blowing or co-blowing agent.

Chapter 8 describes the technologies used to prepare bio-based aerogel by supercritical carbon
dioxide. Due to their importance in the selection of proper process condition, both thermodynamics
and kinetics aspects related to aerogel preparation are discussed.

Chapter 9 summarizes recent progresses in the development of biocomposite foams based on clays
of diverse nature, emphasizing aspects related to the role of the clay filler on the foam formation,
as well as the active and passive properties of the resulting foams. The enhancement of mechanical
properties or fire retardancy, adsorption behavior, and other specific functionalities derived from the
clay and biopolymer synergy, as well as possible applications of these materials, is presented.

Chapter 10 focuses on the use of bio-based components for the synthesis of polyurethane foams.
The chemical aspects and the mechanical and morphological properties of bio-based flexible and
rigid polyurethane foams prepared by using vegetable derived oils, fats, and plant fillers are discussed.

Chapter 11 describes several technologies available for the production of foams based on thermo-
plastic polymers. Foaming technologies of thermoplastics are very broad, and it is not the purpose
of this chapter to cover all of them. Some basic aspects, especially related to the use of bio-based
thermoplastic polymers, are given here with the purpose of providing the background for those that
are not familiar with foaming technologies.

Chapter 12 introduces the commonly used synthetic polymer scaffold fabrication methods,
including solvent casting/particle leaching, thermally induced phase separation, electrospinning,
gas foaming, and rapid prototyping. Recent progress regarding scaffold fabrication—such as com-
bining different scaffold fabrication methods, combining various materials, and improving current
scaffold fabrication methods—is discussed as well.

Chapter 13 focuses on the preparation and properties of polymer-based composite and hybrid
scaffolds, which represent a very convenient solution for tissue repair and regeneration, providing a
wider set of options and possibilities in implant design with tailored physiochemical and biological
features. The crucial roles of chemical/physical properties of constituent materials, that is, degrada-
tion, mechanical properties, and bioactivity, on the biological function of porous scaffolds at micro,
sub-micro, or nanometric scale are discussed.

Chapter 14 reviews current research trends on composite and nanocomposite materials for
tissue engineering, including strategies for fabrication of the scaffolds with highly porous and
interconnected pores. Cell-scaffold interaction using the colonization of stem cells and degrada-
tion of the scaffolds in vitro are discussed.

Chapter 15 examines the fundamental aspects related to the formation of gas bubbles in food
and drink products. Bubbles are an integral part of many foods and beverages and the control of the
foamed structure is crucial for the modification of food properties and for enhancing product quality
of aerated food systems.
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Chapter 16 is aimed to identify why food foams are attractive to the consumer and the manufac-
turer. It examines the prominent mechanisms behind food foam stability, their function, and finally
highlights possible new trends. Examples are given of several different mechanisms and molecules
that are commonly used to form food foams. The intention was to highlight the variety of structures
and structural molecules that are so familiar to us but are still capable of producing the vast array
of structures that we enjoy eating; for instance, a beer foam is inherently different from a bread but
both use protein as their stabilizer.

Salvatore Iannace
Universita di Napoli Federico 11

Chul B. Park
University of Toronto
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