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Preface

Polymer composites that are derived from animal sources have debuted as a major
class of structural materials used as substituents for synthetic reinforcement and
nanofillers in several critical components in the automotive, biomedical and marine,
and sports goods sectors owing to their properties of low density, strength—weight
ratio, and superior fatigue strength. These versatile composites offer the added
advantages of low density and resistance to corrosion, compared to the conventional
metallic, synthetic fibers and ceramic composites when used in diverse engineering
applications. Thus their presence lends cost-effectiveness and environmental sus-
tainability in the field of composites.

However, the full scale of their potential in engineering design is hampered by
the lack of practical data available, for design applications and in process fabrica-
tion. Polymer Composites Derived from Animal Sources, a pioneering book, fills
this vacuum, highlighting the green engineering, processing, performance, and
applications of polymer composites derived from animals. It shares fundamental
and practical knowledge in designing for circularity to readers, especially for prod-
uct development applications throughout the conceptual design, material selection,
and fabrication and material characterization processes. The vast amount of data
needed highlights the imperative for integrated research and multidisciplinary work-
ing teams for high-end applications. Much focus centers on the progress and recent
developments as well as the applications of polymer composites derived from silk,
chicken, bovine, marine life, animal waste, and other related sources.

This book presents a widespread all-inclusive review of animal-reinforced com-
posites ranging from the different types of processing techniques to chemical modi-
fication of the extracted keratin and cellulose surface to enhance the interfacial
adhesion between the matrix and reinforcement, and the structure—property rela-
tionship. It illustrates how high-value composites can be produced by efficient and
sustainable processing methods by selecting different constituents (animal based
and polymer matrix). In addition, several topics covering recent advances in design
for animal-based composites for automotive component design and furniture design
are also included in this book to provide practical examples of this green and sus-
tainable materials in current applications.

The book itself is divided into two sections; Section I focussing on the overview of
animal-based composites with 9 chapters and Section II on the applications and future
perspective with 10 chapters. Section I sets the tone with an introduction to animal-
based composites and then discussing the animal resources such as wool, natural silk,
bovine, chicken feather, egg shell—based hydroxyapatite, and crab-based chitin and
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chitosan and collagen. Most of the chapters provide an overview with several chapters
focussing on the properties of the specific composites.

Section II provides a comprehensive outlook in novel applications such as natu-
ral silk in car bodies and energy attenuation, keratin in biomedical applications,
hybrid sea shell for structural applications, sea life collagen for bone regeneration,
coral for structural applications, tunicate cellulose for electronics, and chitosan
composites for electrical applications. There are two chapters devoted to the chal-
lenges of environmental and economic concerns of these exciting animal-based
composites.

The editors take great pleasure in thanking the Elsevier editorial team who has
made our work an easy and a pleasurable one. We take the opportunity to thank the
Ministry of Higher Education Malaysia who has generously funded some of the
research mentioned in this book. Their funding has indeed contributed significantly
to the burgeoning of high-quality research coming out of our universities and
research institutes.

We record our gratitude to the unstinting support given by our respective univer-
sities, Universiti Putra Malaysia (Prof. Ir. Dr. S.M. Sapuan), Universiti Kebangsaan
Malaysia (Emeritus Prof. Dr. C.H. Azhari), and Universiti Sains Malaysia (Dr. N.
M. Nurazzi) and their research management infrastructure. Their support has been
invaluable in soliciting funding and managing the smooth operations of the
research.

We thank our families who are our staunchest supporters in all adversity and
celebration.

Finally, our greatest gratitude is reserved for our cowriters and contributors in
this book. It has been an honor and privilege to work with a group of dedicated
researchers, hailing from Malaysia as well as from so many other countries. We
wish them success in their future endeavor and we hope to continue to keep the
field of composites exciting, vibrant, and invigorated.

S.M. Sapuan
C.H. Azhari
N.M. Nurazzi
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251
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Polymer-based biodegradable materials,
89—-90
Polymer composites, 171, 277, 321-322,
358
Polymer electrolyte, 329—338
blend polymer electrolyte, 330—331
cross-linked composite polymer
electrolyte, 335—338
polymer composite-based polymer
electrolyte, 331—-335
Polymer electrolyte membrane fuel cell
(PEMFC), 342—-343
Polymer electrolytes-based natural polymers
possess, 332—333
Polymer material, 330—331
Polymer matrix, 52—53, 73, 172—173, 250,
281, 283, 290—291, 329-330
Polypeptides, 113—114, 221-222
Polypropylene (PP), 11, 25-26, 82, 98, 117,
159, 172—173, 250, 283, 285¢
composites, 26—27
Polypropylene—chitosan composites,
132—135
Polypyrrole (PPy), 309—310
Polysaccharides, 113—114, 243—244
Polyurethane foam, 204—205
Polyvinyl alcohol (PVA), 8, 303, 321—-322
Polyvinyl chloride, 82, 117, 321—-322
Polyvinylidene fluoride-
hexafluoropropylene, 321—322
Polyvinylpyrrolidone, 159
Portland cement type 1, 34
Posidonia oceanica, 253—254
Potassium persulphate, 179—180
PP. See Polypropylene (PP)
Processing parameters, 271
Protein fibers, 9
Proton-exchange membranes (PEM),
334-335
PRP. See Platelet-rich plasma (PRP)
Pseudo capacitors, 340
Pseudomonas, 297
Pseudomonas aeruginosa, 237—239
PVA. See Polyvinyl alcohol (PVA)

Q
Quantum dots (QDs), 312—313

Quaternized TCNCs (Q-TCNCs), 307—308
Quicklime, 107—108

R

Reactive oxygen species (ROS), 129—130

Recombinant human bone morphogenetic
protein-2 (thBMP-2), 266

Recyclability, 171

Recycled LDPE (RLDPE), 82

Recycling, 290

Regenerative medicine, 358

Reinforced synthetic fibers polymer
composites, 191—-192

Reinforcing composite materials, 6—7

Research and development (R&D), 382—383

Rock wool, 37

ROS. See Reactive oxygen species (ROS)

Ruditapes philippinarum, 250

S
Sarcina ventriculi, 297
Saudi sheep wool fibers (SSWF), 11
SBF. See Simulated body fluid (SBF)
Scaffold in bone regeneration, 138—139
Scanning electron microscopy (SEM), 27,
59, 591, 60f, 91, 114, 115f, 173, 206,
214-215, 214f, 235—-236, 250,
282283, 328—329
Seashell-reinforced polymer composites
classifications and chemistry of, 244—249
mechanical performance of, 249
seashell-reinforced thermoplastic
composites, 249—251
seashell-reinforced thermosetting
composites, 251—253
Selectivity, 327—328
SEM. See Scanning electron microscopy
(SEM)
Sericulture, 16—17
Shearing mode, 54
Shear modulus, 51-52
Sheep wool, 11, 26
Short fibers, 51—52
Silane coupling agents, 53
Silicon dioxide (SiO,), 339
Silk fibers, 4—5, 47
fabric, 51
hankies, 50
noil, 50
raw silk, 50
roving, 50
yarn, 50
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Silk fibroin (SF), 234—235, 235f
Silkmoth (Bombyx mori), 4—5
Silk—polyester composites, 56

curing, 56

demolding and finishing, 56

mold preparation, 56

polyester resin preparation, 56

silk fiber impregnation, 56

silk fiber preparation, 56
Silkworms, 50
Simulated body fluid (SBF), 114
Single-screw extruder, 282
Single-walled CNTs (SWCNTs), 155—-156
Sizing, 55
SMP. See Soluble microbial product (SMP)
Sodium hydroxide, 326—327
Sol, 107—108
Sol—gel techniques, 83—84, 107—108
Solid-state polymer electrolytes, 332—333
Soluble microbial product (SMP), 239—-240
Solution casting method, 175—177
Solvent casting method, 175—177
Soybean meal (SM), 389—390
Spiral tubing, 204—205
Spray coating, 177
SSWE. See Saudi sheep wool fibers (SSWF)
Staphylococcus aureus, 139, 237—239
Starch, 232—233, 283, 285¢
Stolidobranchia, 297—-298
Streptococcus mutans, 137—138
Structural fibrous proteins, 356
Sulfate ions, 335—337
Sulfide, 37—38
Sulfosuccinate ions, 335—337
Supercapacitors, 340
Supply chain management, 395—396
Surface modification techniques, 52—53,

229
Sustainable bio-based product, 360
Sustainable growth, 26
SWCNTs. See Single-walled CNTs
(SWCNTs)

Synthetic biomaterials, 118
Synthetic fibers, 10, 356
Synthetic polymers, 30, 117, 160f, 362

T
Tasar silk, 5¢
Tearing mode, 54

Teflon film, 57—58
Tensile strength, 30—31, 179, 192
Tensile testing, 91, 173
2,2,6,6-tetramethylpiperidine-1-oxyl
(TEMPO) oxidation method, 302
TGA. See Thermogravimetric analysis
(TGA)
Thaliacea, 297—298
Thermal stability, 227—228
measurement, 303—305
Thermogravimetric analysis (TGA), 26—27,
94-95, 951, 111, 115—116, 173,
328—-329
Thermogravimetry (TG) curve, 95, 131,
131f, 181
Thermoplastic polyurethane (TPU),
235-236
Thermoplastic resins, 25—26
Thermoplastics matrices, 192—193
Thermosetting resins, 25—26
Thermostability, 264
THISYS THIO1 thermal conductivity, 32
3D-printed CS/SF/CNP scaffold, 139
3D printing, 152—153
Tissue engineering, 39f, 71—-72, 105, 161,
172, 358
Titanium dioxide (TiO,), 339
Toluene absorbency testing, 179
TPU. See Thermoplastic polyurethane (TPU)
Trypsin, 264
Tunicate, 297—300
alkali treatment method, 300
characterization of nanocellulose from,
302—-307
Brunauer—Emmett—Teller analysis,
305—-307
hydrophobicity, 305
thermal stability measurement,
303—-305
transmittance. light transmission,
302—-303
in electronic application, 309—313
flexible electronics film, 310
fuel cells and ionic conductor materials,
310-311
responsive optical materials, 311—313
kraft paper process, 298—300
preparation of tunicate nanocellulose,
300—302
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acid hydrolysis method, 301
enzymatic treatment, 301—302
other methods, 302
TEMPO oxidation method, 302
production of, 298
reinforced in polymer composite, 307—309
taxonomy of, 297—298, 299¢
Tunicate-derived cellulose nanofiber
nanocellulose fibers (TCNF),
305—-306
Tussar/Tasar silk, 48—49
Twin-screw extruder, 282
Two-dimensional (2D) body
design and simulation of, 193
car body, 193
design of internal structures, 193
Type I collagen, 119, 259—-260, 260f, 263,
263t, 266—267
Type 1I collagens, 263, 263¢

U

Universal testing machine (UTM), 27
Unsaturated polyester, 192—193
Urochordate, 297—298

UTM. See Universal testing machine (UTM)

A%

Vacuum bagging process, 197—199, 198f,
204-205

Vacuum pump, 204—205

Vancomycin, 163, 163f

Vickers hardness tester, 250

w
Waste management, 366—368
Wastewater treatment, 140—141
Wet chemical precipitation, 247—249
Wet-chemical techniques, 83—84
Wild silk, 48—49
WNS. See Woven natural silk (WNS)
Wool-based composites
application of, 36—41
biomaterials from wool keratins as
regenerative medicine, 38—39
cement-based composites from sheep
wool, 36
sheep wool as fertilizer, 39—41
waste rock wool as hydrogen sulfide
gas absorbent, 37—38

waste rock wool as oil absorbent,
3637
bio-based wool composites, 34—36
fabrication of, 26—30
in cement-based composites, 28
on flammability properties, 27—28
mineral wool-based composites, 29—30
polypropylene composites, 26—27
hydrophobic behavior, 32—33
mechanical properties, 30—32
study of tensile test in sheep wool
fibers, 31—-32
tensile strength, 30—31
thermal properties of, 32
toughness and morphology behavior, 34
Wool fibers, 5, 380, 380¢
Wool keratin (WK), 234
World Health Organization, 141
Wound dressing, 161—162
Wound healing, 67—68, 236—239
Woven fabrics, 51—52
Woven natural silk (WNS), 203—204, 211f
effect of configuration on absorbed
energy, 211-212
effect of configuration on deflection, 212
effect of configuration on failure mode,
212-214
effect of configuration on maximum load,
206—-210
effect of configuration on time to
maximum load, 212
materials and methods, 204—206
impact damage assessment, 206
low velocity impact testing, 206
scanning electron microscope, 214—215,

214f

X

X-ray diffraction (XRD), 81—-82, 120—121,
329

XRD. See X-ray diffraction (XRD)

Y

Yak (Bos(poephagus) grunniens), 5—6

Young’s modulus, 51-52, 111-112,
230—232

V4
Zeolites, 327—328
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