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Index

a
acetic anhydride (AA) treated UD

flax fibers 226
acid anhydride curing reaction 147
acidic catalyst 3
acidic esters 3
acrylated epoxidized soybean oil

(AESO) 103, 217, 233, 337
acrylated monomer (AMO) 336
acrylate methyl erucate (AME) 336
acrylation 120
activation energy 145
AESE co-polymers 276
agave 207
algae oil 167
aliphatic amine based curing agent

223
aliphatic amine cured resins 252
aliphatic and aromatic diamines 4
aliphatic carboxylic acid 3
aliphatic diamine 31
alkali lignin (AL) 179
alkalized bark cloth reinforced

bio-epoxy composite 229
alkyl-/aryl-ether inter-unit linkages

15
alkyl(C12–C14) glycidyl ether

(AGE) 190
4-allyoxybenzoly chloride 48
α-pinene 51
aluminum trihydrate (ATH) 293
amine functionalized cellulose

nanocrystals 209

amine nano-containing healants
279

amine-treated cellulose nanocrystals
209

p-aminocyclohexylmethane 10
3-(2-aminoethylamine)

propyl-trimethoxysilane
103

7-amino-4-meth-ylcoumarin 258
ammonium polyphosphate (APP)

301, 302
anacardic acid 37
Anacardium occidentale 36
anhydride based curing agents

216, 352
anhydride based epoxies 252
anhydride-cured epoxy resin system

175, 176
animal-based natural fibres 86
anionic polyol (T-PABA) dispersion

52
Aradur 42BD 41
aramid fibre 74, 99
arbitrary heating program 146
aromatic cured epoxy resins 252
aromatic macromers 16
aromatic polyols 17
Arundo donax L. 226
asbestos fibres 87
autocatalytic rate equation 145

b
bacterial cellulose (BC)
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bacterial cellulose (BC) (contd.)
epoxy composites 209
fiber mats 208

bamboo fibers (BFs) 227, 235
bark extractives derived epoxy resin

(E-epoxy) 225
basalt fibre modified with glycidyl

trimethoxysilane 103
basalt fibres 87, 103
basalt nano-particles 235
β-d-glucoside 23
bentonite nanoclay 209
1,4-benzenedimethanol 93
N-benzylpyrazine (BPH) 4
N-benzylquinoxaline (BQH) 4
N-benzylquinoxalinium hexafluoro-

antimonate (BQH) 171
benzyltriethylammonium chloride

20
β-pinene 51, 52
bicyclo[2.2.1]heptane 12
bimetallic Zn/Pd/C catalytic method

23
bio-based acids 147
biobased anticorrosive coatings

255
bio-based crosslinkers 161
bio-based curing agent 129
bio-based DGEBA 216
bio-based diglycidyl ethers of

diphenolate (DGEDP) 230
bio-based epoxy polymers

mendable 324
extrinsic self-healing 326–327
intrinsic self-healing 328–333

pressure-sensitive adhesives
333–342

syntactic foams 342–345
thermosetting epoxy foams

345–352
bio-based epoxy product 20
bio-based epoxy resins 143

cationic homo-polymerization
249

electrical and electronic
properties 252–257

hardeners 249
homo-polymerized bioepoxies

249
magnetic and optoelectronic

properties 257–262
significance of 250

bio-based epoxy tar production
278

bio-based glycerol derived
epichlorydrin 216

biobased polyacid hardener 57
bio-based polymers 90, 143, 155,

216, 240, 284
bio based polyols 169
bio-based raw materials 1
bio-based resin blend 100
bio-based resin production 167
bio-based saccharides 41
bio-based thermosets 167

polymer 117
resin systems 167

bio-based thermosetting epoxy
nanocomposite 209

bio-based thiol-epoxy thermosets
277

bio-derived carboxylic acids 147
bioderived diacid cured ELO

specimens 131
bio-epoxy 99, 127, 299

based rigid foams 217
epoxidized natural rubber

94–96
furan-based epoxy 92–94
isosorbide-based epoxy 90–92
lignin-based epoxy 96–97
natural oil-based epoxy 89–90
polyphenolic epoxy 94
and reinforcers 198
rosin-based epoxy 97–98
vegetable tannins 94

bio-epoxy based composites
compatibilizing agents 226
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fiber reinforced bio epoxy
composite 227–229

moisture absorption 226–227
multi-scale 235
nano-composites 230–234
plasma treatment 226
reinforcements 226

bio epoxy-cellulose composite 183
bio-epoxy chemical structure 218
bio-epoxy composites 155
bio epoxy modified asphalt

composites 183
bio-epoxy monomers 216
bio-epoxsy polymer blends

adhesives 133–134
aerospace industry 134
castor oil 123–126
electric industry 134
linseed oil 129–131
paints and coatings 133
palm oil 131–133
soybean oil 126

bio-epoxy polymers
adhesive strength 215
biodegradability 215
biodegradable material 215
blends 220
flexural property 215
inter-laminar shear strength 215
mechanical properties of

216–220
tensile property 215
Young’s modulus 215

bio-epoxy resins 284, 310
advantages of 310
cardanol 36–46, 312
curing agents 56
eugenol 319
furan 317–318
gallic acid 314
hempseed oil 318–319
isosorbide 46–50
itaconic acid 314–315
lignin 313–314
lignin-based phenols 13–23

natural rubber 315–317
plant oil 2
rosin 317
soybean oil 310–312
terpenes 51–56
terpenoids 51
vanillin 23–36

bio-hardeners 56
biologically modified magnetic

beads 259
biomass-derived plant oil-based

polymer 119
bio-oil based epoxy gum 279
bio-resources 144
bio-sourced phenols 147
bio-sourced polymeric thermosets

154
bio-soured diluents 143
bio-surfactant treated multi-walled-

carbon-nanotubes 254
bio-synthesized vanillin 27
bio-thermosets 147
2,5-bis(((2-oxiranylmethoxy)

methyl)furan) bio-based
epoxy 278

2,5-bis(4-hydroxy-3-methoxybenzy-
lidene) cyclopentanone
(DVCP) 34, 219

2,5-bis(hydroxymethyl) furan
(b-HMF) 93

bismaleimide (BMI) 225, 329
1,4-bis[(2-oxiranylmethoxy)methyl]-

Benzene (BOB) 93
2,5-bis[(2-oxiranylmethoxy)methyl]

furan (BOF) 297
bisphenol 5
bisphenol A (BPA) 1, 2, 16, 167,

344
bisphenol A-based epoxy resin 58
bisphenol A-based low molecular

weight epoxy resin 10
bisphenol A-based resin Epidian 5

48
bisphenol A diglycidyl ether

(DGEBA) 18, 207
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bisphenol-A epoxy 219
bisphenol A epoxy gum 279
bisphenol A-formaldehyde novolac

resin 54
Bisphenol A type diglycidyl ether

(DGEBA) 283
bisphenol-based/cycloaliphatic

resins 4
bisphenol-based epoxy resin

composition 10
bisphenol F diglycidyl ether 9
bisphenols 1
bisphenol substitutes 2
3,9-bis(3-aminopropyl)-2,4,8,10-

tetroxaspiro(5,5)undecane
36

bitumen 96
blends of bio-epoxy resin

chemical interaction effect 223
content effect 223
toughening effect 220–223

blocked diisocyanates 5
boron fibres 79
BPA-based epoxy resin 5
Bromine-based flame retardants

284
brucite fibres 87
2,5-bs[(2-oxiranylmethoxy)methyl]-

Furan (BOF) 93

c
calcium carbonate based biofiller

182
Camelina sativa oil (CO) 338
Candida antarctica 31
canola 118, 267
canola oil based resin 103
capillary rheometer 176
ε-caprolactone 11
carbohydrate 46, 117, 216, 278
carbon dioxide (CO2) emission

117
carbon fabric 78
carbon fibers 77, 96, 99, 229

carbon nanotubes filled biosourced
epoxidized linsed oil
composites 253

carbon short fibre reinforced
Al–12Si alloy 79

carbon short fibre reinforced C/SiC
composite 79

carbon yarn 78
carbonyl iron particles (CIP) 177
carboxyl functional cardanol (CFC)

38
carboxylic acids 3
carboxylic anhydrides 4
carboxylic compounds 56
carboxymethyl chitosan (CMCS)

329
cardanol 36, 175, 216, 223
cardanol based epoxy 312
cardanol-based novolacs 61, 216

epoxy resin 153
cardanol based phenalkamine (PKA)

147, 223
cardanol/benzoxazine epoxy blend

system 220
cardol 37
cardol/cardanol with episulfide

group (CCES) 224
cardol/cardanol with epoxy group

(CCEO) 224
cashew nut shell liquid(CNSL)

100, 312
cashew nut shell liquid (CNSL) 36,

219, 344
based epoxy resins 168

castor oil 2, 118
castor oil-based bioepoxy polymer

blend 123
catechin 175
cationic homo-polymerization 249
cationic photoinitiator

(octyloxydiphenyliodine
hexafluoroantimonate) 12

cationic photoinitiators 4
C30B nano clay 156
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CCES-DGEBA blend epoxy system
224

C21 cycloaliphatic dicarboxylic acids
56

cellulose based bio epoxy 183
cellulose nano-fibrils (CNFs) 182,

208
reinforced bio-epoxy composites

233
cellulose nanowhiskers (CNWs)

52, 208
C-epoxy 270
chain-wise polymerization 147
char-forming tendency (CFT) 294,

295
chemically functionalized plant oils

147
chicken feather 86
chitosan 87
chlorinated soy epoxy (CSE)

modified commercial epoxy
reinforced by glass fibre 99

chopped HDPE fibre 76
citric acid (CA) 130, 147
clay nano-particles 233
CNSL derived-cardanol 143
coating materials 5
coconut fiber 207
commercially available thermosets

143
compatibilizing agents 226
condensation esterification 149
condensed (polyflavonoid) tannins

94
conductive filler nanomaterials

255
cone calorimeter 288

heat flux 289
thickness 289–290

coniferyl alcohol 15, 27
conjugated soluble polymers 251
copolyesters 173
corn oil 167
cotton fibre 82
cotton oil 2

cottonseed oil 118, 167
creosol 23
crosslinked bio-based epoxy resin

48
crosslinked epoxidized lignin resin

23
cross-linked epoxy resins 145
crystalline cellulose microfibrils

networks 83
cured d-limonene/naphthol-based

epoxy resins 54
cured epoxy material LHEP/DGEBA

18
cured isosorbide-based resin 64
curing agents 56, 218

and curing reaction 147
curing kinetics

bio-epoxy composites 155
bio-sourced polymeric

thermosets 154
cyclocarbonated lignosulfonate

(CLS) 155
direct polymerization 149
epoxidized lignosulfonate 155
non-isothermal curing kinetics

153
petro-based epoxy resin 149
pre-polymers 149
renewable resourced monomers

149
theories 144

cycloaliphatic amine 31, 38
cycloaliphatic epoxy resins 11, 12
cycloaliphatic linseed oil derivative

12
cycloaliphatic resins 1, 11
cyclocarbonated lignosulfonate

(CLS) 155

d
debydrochlorination 41
degenerate four-wave mixing

method (DFWM) 262
demethylation 277
Denacol GSR102 41
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deo-polymerized Kraft (DKL)/
organosolv lignin (DOL)
224

depolymerized Kraft lignin 18
depolymerized organosolv lignin

18
DER332-asphalt 20
DGEBA epoxy resin 118
DGEBA/20ESO 154
D-glucose 90
diabietyl ketone of resin acid (DAK)

181
diallyl ether 47
diallyl isosorbide ether 48
4,4-diaminodiphenylmethane

(DDM) 18, 34, 154
3,3′-diaminodiphenyl sulfone

(33DDS) 210
1,6-diaminohexane 31
3,3′-diamonodiphenylsulfone

(33DDS) 294
1,4:3,6-dianhydro-d-glucitol 46
1,4:3,6-dianhydro-d-sorbitol (DAS)

173
dicarboxylic acids 4, 149
dichlorocarbene 26
dicyanodiamide 54
di-cyanoethylated product 64
Diels-Alder (DA) 328
diepoxidized cardanol 37
diethylene epoxy resin 9
diethylenetriamine (DETA) 18, 56,

90, 175
diethylphosphinic salt 257
differential scanning calorimetry

(DSC) 274
diglicydyl ether of 2-methoxy-

hydroquinone 29
diglycidyl adipate 172
diglycidyl bisphenol A (DGEBA)

epoxy resin 123
diglycidyl diphenolates 168
diglycidyl ether (DAS) 41, 173
diglycidylether bis-phenol A

(DGEBA) 293

diglycidyl ether diphenolate ethyl
ester 208

diglycidyl ether diphenolate n-alkyl
esters (DGEDP) 168

diglycidyl ether of bisphenol A
(DGEBA) 90, 171, 215, 309,
326, 342

diglycidyl ether of diphenolate esters
(DGEDP) 255

diglycidyl ethers 168
diglycidyl ethers of isosorbide

(DGEI) 90, 174
diglycidyl ferulates 168
diglycidyl isosorbide derivative 47
diglycidyl monomers 29, 31
dihydric alcohol (HOROH) 77
dihydroconiferyl alcohol (DCA)

4-(3-hydroxypropyl)-2-methoxy-
phenol) 17

dihydroeugenol 277
9,10-dihydro-9-oxa-10-phosphaphe-

nanthrene-10-oxide (DOPO)
41

dihydroxyaminopropane 61
dihydroxylation of oils and fats 3
dihydroxy soybean oil (DSO) 337
diisocyanates 5
dimethylallyl diphosphate (DMAPP)

51
4-(N, N-dimethylamino)pyridine

277
dimethylbenzyl amine 23
N, N-dimethylbenzylamine 94
dimethyl formamide (DMF) 314
dimethyl sulfoxide 20
4,9-dioxadodecane-1,12-diamine

38
distilled-grade boron trifluoride

diethyl etherate (BFE) 99
diterpene 51
4,4′-dithiodianiline (DTDA) 333
2,2′-dithiodibenzoic acid (DTSA)

333
divaniilin alcohol 31
divinylbenzene (DVB) 99
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divinyl ethers 11, 12
divinyl monomers 12
DKL-epoxy resin 18
d-limonene 54
DOL-epoxy resin 18
dynamic mechanical analysis (DMA)

applications 207
bioepoxies and reinforcers 198
poylmer dynamics 198
smart polymer formulations 197
viscoelastic response of materials

197
dynamic tensile moduli 198

e
eco friendly lubricating greases

179
E-glass fibers 83, 99, 229
E. lagascae methyl vernolate 12
electrically conductive panianiline

253
ELO/DGEBA blend system 223
enthalpy of reaction 145
environment protection 267
enzyme-catalyst oxidation 3
epichlorohydrin (ECH) 1, 5, 31, 46,

48, 93, 167, 251, 313, 344
Epidian 5 48
Epidian 5 DGEBA 91
epon epoxy 90
epoxidation 41, 120
epoxidised canola oil (ECO) 169
epoxidised soybean oil (ESO) 310,

311
epoxidized allyl ester 10
epoxidized canola oil (ECO)-based

thermoset epoxy resins 172
epoxidized cardanol 41
epoxidized cardanol NC-514 41
epoxidized castor oil (ECO) based

bioresin 123
epoxidized cyclohexene derivatized

linseed oil 13
epoxidized esters 3
epoxidized fatty acids 3

epoxidized hempseed oil (EHSO)
318

epoxidized jatropha oil (EJO) 131
epoxidized lignin 96
epoxidized lignosulfonate 155
epoxidized linseed oil (ELO) 9,

100, 129, 182, 216, 329
epoxidized mangosteen tannin

(EMT) 218, 350
epoxidized methyl soyate (EMS)

225
epoxidized natural rubber (ENR)

94–96, 176, 329
epoxidized natural

rubber/poly(methyl
methacrylate) blends 176

epoxidized oils 5
epoxidized palm oil (EPO) 10, 131,

225
epoxidized pine oil resin 101
epoxidized soybean oil (ESBO)

9–11, 99, 127, 182, 188, 209,
216, 330

epoxidized soybean oil esters (EAS)
349

epoxidized sucrose soyate (ESS)
154, 219

epoxidized tree rosins 168
epoxidized tri-and tetra-glycidyl

ethers of gallic acid (GEGAs)
94

epoxidized triglycerides 4
epoxidized vegetable oils (EVO) 4,

5, 8, 336
epoxy (EP) 73, 143, 197
epoxy adhesive 133
3,4-epoxycyclohexylmethyl-3′,4′-

epoxycyclohexane
carboxylate 11, 269

epoxy–clay nanocomposites 210
epoxy/ESO blend systems 127
epoxy/ESO/C30B system 156
epoxy fusion process 5
epoxy lignin derivatives 178
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epoxy methyl ricinoleate (EMR)
bioepoxy 123

epoxy methyl soyate (EMS) 190,
227

epoxy monomers 17, 23, 178
epoxy oligomer 218
epoxy polymer characterization

bio-oil based epoxy gum 279
differential scanning calorimetry

274–275
fire retardant based epoxy

276–277
FTIR spectroscopy 268–270
furan-based epoxy resin 278
itaconic corrosive-based epoxy

278–279
lignocellulosic biomass-based

epoxy polymers 277
nuclear magnetic resonance

spectroscopy 270–274
rosin corrosive based epoxy 278
self-curing bio-based epoxy tar

279
self-mending epoxy resin 279
thermo-gravimetric analysis 275

epoxy polymers 197
epoxy resins 1, 117, 167
epoxy rings 1
epoxy sea shell composites 182
epoxy thermosets 218
erucic acid 2
essential oil 319
esterification 149
esterified fatty acids (EFA) 318
esters of furans 168
etherification 149
ethylene glycol diglycidyl ether

(EGDE) 23, 98, 276
ethylene glycol diglycidyl ether

modified acrylpimaric acid
(AP-EGDE) 55

ethyl (DGEDP-ethyl) ester 230
2-ethylhexyl acrylate (2-EHA) 336
2-ethyl-4-methyl-imidazole 60, 61
eugenol 26

eugenol (C10H12O2) based epoxy
319

eugenol-based epoxy monomer
(TEU-EP) 210

eugenol-derived epoxy monomers
294, 296

external heat flux 288
extrinsic self-healing biobased

epoxies 326–327
extrinsic vs. intrinsic healing

polymer 325

f
farnesyl diphosphate 51
fatty acids 3
fiber reinforced bio epoxy composite

hybrid fibers reinforced bio-epoxy
composites 230

natural 101–103, 227–229
natural-synthetic hybrid

103–104
synthetic 98–101, 229–230
tensile strength and modulus

properties 228
fiber reinforced polymer (FRP)

composites 215
fibre hybridization 88
fibre reinforced polymer (FRP) 73
fibres, classification of 74
fillers 198
fire retardant based epoxy 276
flame-retardant 284, 287, UL–94

bioepoxy polymers 293
cone calorimeter 288
halogen-free flame retardant

market 293
lignocellulosic biomass 294
limiting oxygen index 286
microscale combustion

calorimeter 292
flame retardant EP composites

(FR-EP) 299
flame retardant epoxy resins 34
flame retardant rosin-based epoxy

thermosets 55
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flax 207
flax fiber 102, 227
flax fibre reinforced epoxy 85
flax reinforced bioepoxy 102
flexible coatings 11
foaming agent (FA) 346
fossil resource-derived phenol

novolac 96
free radical polymerization 2
Friedel-Crafts catalyst 54
FTIR spectroscopy 268
fumaropimaric acid (FPR) 98
functionalized vegetable oils (FVOs)

345
furan 117
furan based bio-epoxy resin 225
furan based epoxy 92, 278, 297,

317
furan-derived epoxy monomers

297
2,5-furan-dimethanol 278
furans 216
furanyl-based and phenyl-

based diepoxy monomers
207

furanyl-based monomer 207
furfural alcohol resin 101
2,5-furfuran dicarboxylic acid

(FDCA) 296
furfuryl alcohol (FA) 329

bio-resin 101
monomer 93

g
gallic acid (GA) 175, 217

based epoxy 314
gas-phase-grown carbon

fibre 78
gelatin-CNTs 254
geranyl diphosphate 51
geranylgeranyl diphosphate 51
glass fiber mats 230
glass fibre reinforced polymer

(GFRP) composites 79
glass fibres 79, 80

glass/flax hybrid fibre reinforced
modified soybean oil matrix
composites 104

glassy polymers 201
glicerol polyglycidyl ether (GPE)

208
glicydil ether of gallic acid (GEGA)

175
global warming 117
Gluconacetobacter xylinus ATCC

700178 208
glucose 143
glycerol polyglycidylether 23
glycidyl ether of catechin

(GEC) 94
glycidyl ether of freeze-dried green

tea extract (GEFDGTE) 94
glycidyl ether of heat dried green tea

extract (GEHDGTE) 94
glycidyl methacrylate 77
glycidyls 249
Gossypium 83
grapheme based biosensors 256
green’ composites 85
guaiacol 23, 26
guaiacol (2-methoxyphenol) 26
guaiacol novolac (GCN) 34, 97

h
halogen-free flame retardant market

293
halogen-free melamine

polyphosphate 257
hardeners 249
heat deflection temperature (HDT)

201
heat distortion temperature (HDT)

130
heat flux 289
heat release capacity (HRC) 292
heat release rate (HRR) 288, 292,

342
hemicellulose 83
hemiterpene 51
hemp 207
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hemp fabrics reinforced bio-epoxy
composite 230

hemp fiber 227
hemp oil 118
hemp reinforced bio based epoxy

laminates 181
hempseed oil (HO) based epoxy

318
heteropolysaccharides 13, 83
hexafluoroantimone 11
hexahydro-4-methylphthalic

anhydride (MHHPA) 219
hexahydrophthalic anhydride

(HHPA) 60
hexamethylene diisocyanate (HDI)

tripolymer 54
high-density polyethylene (HDPE)

76, 85
high modulus aramid FRP

(HMA-FRP) 77
high-molecular-weight epoxies 5
high-molecular-weight solid resins

5
high-performance polymer 198
high-performance thermosetting

precursors 250
homopolymerization 149
homo-polymerized bioepoxies 249
homopolymers 220
horizontal combustion test 287
horizontal testing (UL94 HB) 287
human-operated vehicles (HOVs)

343
hybrid epoxy resin 54
hybrid fibers reinforced bio-epoxy

composites 230
hybrid fibre product 88
hybrid flax/carbon fibres 103
hydrogen peroxide 3
hydrolysable tannins 94
hydrolysis 149
hydroxyethyl furfural (HMF) 297
2-hydroxy-2-(4-hydroxy-3-methoxy-

phenyl)-acetic acid 26
β-hydroxylamines 61

hydroxylated oils 5
hydroxylated phenylpropane 15
4-hydroxy-3-methoxybenzaldehyde

23
5-hydroxymethylfurfural (HMF)

93
hyperbranched epoxy (BHE) 223
hyperbranched polyester (HPE)

12, 223
hyperbranched polyurea 233

i
imidazole catalyst 149
imidazoles 5
Indulin AT (IND) 181
inorganic/organic acids 3
inorganic synthetic fibres 77
integral isoconversional method

146
intercalated nano-composites 231
intrinsic self-healing bio based

epoxies 328–333
intrinsic systems 326
intumescent–nanoclay (INC) 301
IR spectrum 270
isoconversional principle 146
isoeugenol 26
isomerized acids 97
isopentenyl diphosphate (IPP) 51
isophorone diamine (IPDA) 31, 38,

41, 48, 91, 94, 173, 219, 278
isophorone diamine bio-based

epoxy resins 29
isosorbide 41, 46, 216
isosorbide-based epoxy 90–92
isosorbide-based epoxy resins 47,

48, 172
isosorbide Denacol GSR100 41
isosorbide diamine (ISODA) 174
isosorbide diglycidyl ether 48
isothermal curing kinetic theory

144
isotropic pitch-based carbon fibre

78
itaconic acid (IA) 117, 314
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itaconic corrosive-based epoxy
278

Izod method 9

j
Jeffamine D-230 (DPG) 94
Jeffamine D400 diamine 41
Jeffamine T403 41
jute 207
jute-basalt hybrid fibre reinforced

bioepoxy composites 103
jute fibre reinforced PP 87

k
karanja 267
karanja oil 118, 167
keratin 207
keratin fibres 86
α-keratin fibres 86
Kissinger method 145
kraft lignin 23, 96, 178
kraft process 96

l
latent thermal N-benzylpyrazinium

hexafluoroantimonate (PBH)
catalyst 125

latex 315
L-epoxy 270
lignin 117, 143, 147, 207, 216, 251
lignin-based epoxy 96–97, 313

material 20
polymers 143

lignin-based epoxy resin (LER) 313
lignin-based phenols 13
lignin-based polycarboxylic acid

(LPCA) 60
lignin-derived epoxy resins 154
lignin-derived polyols 17
lignin determined phenols (LDPs)

277
lignin-epoxy and epoxy asphalt 20
lignin phenol formaldehyde (LPF)

313
lignins 15, 83

lignocellulosic biomass 46
eugenol 294–296
furan 297–298
tannins 298
vanillin 296–297

lignocellulosic biomass-based epoxy
polymers 277

lignocellulosic fiber boards 169
lignocellulosic fillers 227
limiting oxygen index (LOI) 18,

286
limonenes 51
Lindride LS 56V 10
linear low-density polyethylene

(LLDPE) 76
linolenic acid 2, 144
linseed 267
linseed oil 2, 118
linseed oil-based bioepoxy

thermoset polymer blend
129

liquefied wood 251
liquid acrylonitrile butadiene

copolymers 9
liquid composite moulding (LCM)

processes 168
LoSatSoy oil (LSS) 99
low-density PE (LDPE) 76
low-/middle-molecular-weight

epoxy resins 5
low viscoscous hyperbranched

epoxy resin 255
lubricants 3

m
magnetite 209
Magnetorheological Elastomer

(MRE) 177
maleic anhydride (MMY) 64, 77
maleopimaric acid (MPA) 97, 219,

317
maleopimaric acid polyester polyol

(MAPP) 317
maltitol 216
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mechanism of curing reaction 145
medium-density polyethylene

(MDPE) 76
mehyl oleate (MO) 336
mercaptanized soybean oil 57
meso-hydrovanilloin 31
meso-hydrovanilloin-based epoxy

resin 31
mesophase-pitch-based carbon

fibres 78
Mesua ferrea L. seed oil 233
meta-aramid fibre 74
meta-chloroperoxybenzoic acid

(mCPBA) 48, 294
methacrylate functional epoxidized

sucrose soyate (MESS) 219
methacrylic anhydride 218
2-methoxyhydroquinone 29, 31,

61
methoxyphenol products 23
2-methoxy-4-(prop-2-en-1-yl)

phenol 26
2-methoxy-4-propylphenol 23
methyl and allyl esters 10
2-methyl-1,4-butadiene 51
2-methylcardol 37
4-methyl-1,2-cyclohexanedi-

carboxylic anhydride 210
methylendomethylenetetrahydro-

phthalic anhydride 5
4,4′-methylene biscyclohexanamine

(PACM) 93
methylenesuccinic acid 314
2-methyl-5-textit-pentadecylresor-

cinol 37
methylhexahydrophthalic anhydride

(MeHHPA) 98, 296
1-methylimidazole 9
2-methylimidazole (2-MI) 5, 54,

154
methyl methacrylate (MMA) 336
methyl tetrahydrophthalic

anhydride (MTHPA) 9,
183, 318, 345

methyl vernolate 12

micro combustion calorimeter
(MCC) 296

microcrystalline cellulose (MCC)
209, 310

microfiber composites 257
microfibrillated cellulose (MFC)

208
micrometer and nanometer sized

fillers 198
microscale combustion calorimeter

(MCC) 292
microwave assistant thiol-ene

coupling reaction 64
mid-infrared spectroscopy 268
milled wood lignin (MWL) 15
mineral-based natural fibres 87
mircrofibril angle 83
modified natural oils 11
moisture phobility 255
molecular relaxations 198
monoglycidyl ether of eugenol (GE)

230
monolignols 27
monoterpene 51
montmorillonite clay 299
montmorillonite nano-clay (MMT)

233
montomorillonite (MMT) 210
muconic acid derivatives 23
mulberry silk 86
multifunctional environmental

friendly epoxy
nanocomposites 254

multifunctional glycidyl flavonoids
168

multi-scale bio-epoxy composites
235

multi-walled carbon nanotube
(MWCNT) 299, 300

m-xylylenediamine (m-XDA) 131

n
nadic methyl anhydride 183
Nahor 217
nano clay 156
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nanoclay bentonite 201
nano-clays reinforced bio-epoxy

composites 231
nano-composites 230–234
nano-reinforcement 209
nano-reinforcers 201
nanosized-exfoliated-graphite 256
natural fatty acids 3
natural fibers reinforced bio-epoxy

composites 227
natural fibre reinforced bioepoxy

composites 101
natural fibres

animal-based fibres 86–87
mineral-based fibres 87–88
plant-based 82–86

naturally epoxidized oil 4
natural oil-based epoxy 89–90,

169
natural oil epoxidation 3
natural phenolic and polyphenols

175
natural renewable oils 267
natural-synthetic hybrid fibre

reinforced bioepoxy
composites 103

NC-514 41
nonisothermal curing kinetic theory

144
non-isothermal kinetics 156
norbornyl epoxidized linseed oil

12
Norway Pronova fish oil ethyl ester

(NFO) 99
novolac resins 61
novolac/resol-type resin 23
Novozym 435 31
nuclear magnetic resonance (NMR)

spectroscopy 270

o
n-octadecyl isocyanate 209
o-demethylation 23
oil-based chemosetting polymers 2
oil-modified polymeric materials 2

Oil Palm Empty Fruit Bunch
(OPEFB) 313

oleic acid 3, 144
oleogels 179
organically modified

montmorillonite nano-clays
(OMMT) 233

organic/inorganic nanocomposites
298

organic peracid 3
organic polymers 261
organic synthetic fibres 74
organosilicon-grafted cardanol

novolac epoxy resin
(SCNER) 175

organosolv lignin 96
organosolv process 96
2-(7-oxabicyclo [4.1.0] hept-3-yl)

ethyl] silane 103
oxirane ring absorptions 268
oxirane rings 1
ozonized lignin 23

p
palmitic acid 2
palm oil 2, 118, 167
palm oil-based bioepoxy thermoset

polymer blend 131
PAN-based carbon fibres 78
para-amine cyclohexylmethane 90
para-aminobenzoic acid 52
para-aramid fibre 74
paramagnetic epoxy resin 257
partially depolymerized lignin (PDL)

20, 60
p-coumaryl alcohol 15, 27
PDL-epoxy asphalt 20
peak of the heat release rate (PHRR)

289
peanut oil 2
pectins 83
3-n-pentadecylphenol 37
5-n-pentadecylresorcinol 37
3-n-pentadecylsalicylicacid 37
pentaery-thritol 277
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pentyl (DGEDP-pentyl) ester 230
percaprylic acid 31
Petro-based epoxy polymers 143
petroleum-based BPA 16
petroleum-based curing agents 57
petroleum-based hardener 34
petroleum-based phenol novolac

(PN) 97
petroleum-based resin 117
petroleum derived epoxy (P-epoxy)

223
petro-sourced epoxy (DGEBA)

154
phenalkamine (PKA) 124, 129
phenalkamines cardolite 233
phenolated lignin (PL) 313
phenolation 277
phenol-formaldehyde response

277
phenolic acid 217
phenolic and polyphenolic epoxies

175
phenol novolac 34
phenylenevinylene 261
phosphoric acid 3
photo-curing process 11
photoinitiated polymerization 11
phthalic anhydrides 5, 48, 91, 169,

172
p-hydroxyphenyl lignin 15
physical crosslink density 176
pinenes 51
pine oil 167
pitch-based carbon fibre 78
plant-based natural fibres 82
plant oil-based triglyceride 122
plant oil bio-based epoxy resins 2
plant oil-clay based thermoset

nanocomposite 156
plant oils 143

chemical and physical properties
of 118–120

chemical modification of
120–121

fatty acid distribution 121

structure of fatty acid 122
plasma treatment 226
plastic waste 197
poly(1,6-heptadiynes) 261, 262
poly(glycidylmethacrylate) 258
poly(glycidylmethacrylate-comethyl-

methacrylate) 279
poly(l-lysine) (PL) 210
poly(methyl methacrylate) (PMMA)

289
poly(vinyl acetate) 3
poly(vinyl chloride) 3
poly(vinylidene chloride) 3
polyacetylenes 259
polyacid curing agent 57
polyacrylonitrile (PAN)-based

carbon fibre 78
polyactides (PLA) 85
polyalcohols 1
polyamine-cured materials 10
polyamine epoxy resin 8
polyaniline (PANI) 4, 56, 209
polyaniline nanofiber-carbon dot

nanohybrid 209
polycarbonates 46
polydiacetylene 261
poly(ethylene glycol) diglycidyl ether

(PEGDE) 179
poly-ε-caprolactam (PCL) 201
polyepoxide cardanol glycidyl ether

(PECGE) 175
polyepoxides 249
polyester (PET) 46, 73, 77, 217
polyethylene (PE) 73, 76
polyethylene glycol (PEG) 331
polyethylene terephthalate (PET)

77
polyfunctional hardeners 249
polyglycerol polyglycidyl ether

(PGPE) 210
polyglycidyl ether 41
polyhedral oligomeric

silsesquioxane (POSS) 201
polyhydric alcohols 4
polylactic acid (PLA) 182, 223
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polymer clay nanocomposites 155
polymer dynamics 198
polymeric amine 41
polymethylhydrogenosiloxane

(PMS) 352
polymethylphenylsiloxane (PMPS)

55
polyphenolic epoxy 94
polyphenols 1
polypropylene (PP) 73, 77, 85, 87
polysaccharides 143
polystyrol (PS) 73
polythiophene 261
polyurethanes 46
polyvinyl alcohol (PVA) 223
polyvinyl chloride (PVC) 201
post-consumer plastic waste 1
p-phenylenediamine (PDA) 34
prenyl diphosphates 51
prenyltransferases 51
pre-polymers 143
pressure sensitive adhesives (PSAs)

324, 333
pressure-sensitive cements (PSAs)

276
Prilezhaev reaction 3
primarily oleic acid 2
propylcatechol 23
propyl guaiacol 17
4-propyl guaiacol 17
4-propyl-2-methoxyphenol 17
protein 117
pure epoxy 127
pyrolysis-combustion flow

calorimetry (PCFC) 292

q
quercetin (QC) 34, 97

r
radical oxidation 3
rapeseed oil 2, 118
rayon-based carbon fibre 78
recycled carbon fibre mat 78
red phosphorus (RP) 302

Reimer–Tiemann reaction 26
reinforced soybean oil 99
remotely operated vehicles (ROVs)

343
renewable feedstocks 119
renewable resource-based polymers

143
renewable resource-based

toughened epoxy blend 129
Replamide 325 41
resin 143
resin transfer molding technique

(RTM) 181
resorcinol 4
resorcinol bis (diphenyl phosphate)

(RDP) 301, 302
rheology of bio epoxy based blends

187
rheology of bio epoxy based

composites 181
rheology of bio epoxy based

polymers
epoxidized natural rubber

176–178
epoxy lignin derivatives

178–181
isosorbide based epoxy resin

172–175
natural oil-based epoxies

169–172
phenolic and polyphenolic

epoxies 175–176
rosin based resin 181

ricinoleic acid 2
ring opening reaction 41
rosin 117, 217
rosin acids 147
rosin-acrylic acid (APA) 181
rosin-based epoxy 97–98, 317
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rosin based resin 181
rosin-based siloxane epoxy

monomer (AESE) 55
rosin-based waterborne

polyurethane (RWPU) 317
rosin corrosive based epoxy 278
rosin corrosive siloxane epoxy gums

276
rosin-maleic anhydride (MPA) 181
rubbers 197

s
saturated terpinene alicyclic epoxy

resin 54
scanning electron microscopy

(SEM) 329
Schiff base condensation 34
sebacic acid 147
secondary amine 147
self-crosslinked bio-epoxy polymer

216
self-curing bio-based epoxy tar

279
self-healing epoxy tar 279
self-healing polymer 324
self-mending epoxy resin 279
semi-crystalline polymer 198
semisynthetic vanillin 26
sesquiterpene 51
shape memory polymers 197
short carbon fibres 78
short glass fibers (SGFs) 203
short wool fibre reinforced

polypropylene 86
silanized spherical silica fume (SiO2)

235
silica carbide (SiC) fibres 81
silk 86
silk fibre reinforced polypropylene

87
sinapyl alcohols 15, 27
single-walled carbon nanotube

(SWCNT) 299
sisal fiber 207
sodium lignosulfonate (LS) 61

soft elastomers 4
softwood lignin 13, 15
sorbitol 41, 216
sorbitol Denacol EX622 41
sorbitol glycidyl ether (SGE) 233
sorbitol polyglycidyl ether (SPE)

208
soya oil 167
soybean 267
soybean oil 2, 118
soybean oil-based bioepoxy

thermoset polymer blend
126

soybean oil-based polyacid 57
soybean prepolymer 10
soy proteins 143
spiro-ring structure 36
statistic heat-resistant index

temperature 18
stearic acid 2
stepwise addition reaction

mechanism 147
styrene-butadiene rubber (SBR)

335
styrene-butadiene-styrene (SBS)

335
styrenic monomers 217
sucrose 216
sugar 216, 217
sugar based bio epoxy monomers

216
sulphuric acid 3
sunflower oil 2
superconducting magnets 271
supercritical carbon dioxide 3
Super-Sap© bio-epoxy 216
sustainable resources based

bioepoxy 118
syntactic foams (SF) 342–345
synthetic epoxy polymers 267
synthetic epoxy resin 216, 230
synthetic fibers reinforced bio-epoxy

composites 98, 229
synthetic fibres

inorganic 77–82
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organic 74–77
synthetic/semisynthetic vanillin 26
synthetic vanillin 26
syringaresinol 17
Syzygium aromaticum 26

t
tannic acid (TA) 175, 208, 298
tannin 117, 175
tannin acid 298
tannin based epoxy acrylate resins

218
tannins based epoxy monomers

298
tenax 207
TEOS oligomers 13
terephthalic acid 77
terpene-based curing agent 64
terpene-based epoxy resin 52
terpenes 51, 147
terpenoids 51
tertiary amine 147
tetrabutylammonium hydrogen

sulfate 93
tetrabutyl titanate 75
tetraethylenepentamine 56
4,4′-tetraglycidyldiamino-diphenyl-

methane 9
tetrahydrophthalic anhydride 91,

345
cis-1,2,3,6-tetrahydrophthalic

anhydride 5
thermo-gravimetric analysis (TGA)

275
thermoset resins 143
thermosetting epoxy foams

345–352
thermosetting polymer 249
thermos-gravimetric analysis 275
time-temperature superposition

principle 203
total crosslink density 176
total heat release (THR) 289, 292,

342
toughened bioepoxy blend 129

toughened epoxy/ESO blend 156
toughening effect of EVOs based

resins 220
transparent-cycloaliphatic-epoxy-

resin 255
triarylsulfonium salts 11, 12
triazobicyclodecene (TBD) 328
tri-ester of glycerol 120
triethylbenzylammonium chloride

(TEBAC) 29
triethylenetetraamine (TETA) 48,

56, 91, 127, 233, 326
triethyltetramine 123
trifunctional cycloaliphatic epoxides

255
trifunctional polyetheramine 41
triglyceride bioepoxy 118
triglyceride molecules 3
triglycerides 2, 120
triglycerols 3, 120
triglycidyl ester of maleopimaric

acid 97
triglycidyl eugenol 277
triglycidyl resin (TGC) 38
trimethylol propane 12
2,4,6-tri(N,N-dimethylaminomethyl)

phenol 10
triphenylbutylphosphonium

bromide (TPBPB) 29
triphenylphosphine (PPh3) 328
triscardanyl phosphate (PTCP) 41
turbostratic carbon fibre 78
turpentine 51

u
UD flax/bio-epoxy composite 229
ultra-high-molecular-weight polye-

thylene (UHMWPE) 76
ultravoilet light energy curable

epoxies 252
Underwriter’s Laboratory (UL)

287
unsaturated polyester 173
unsaturated polyester resin (UPE)

225
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used malonic acid (MA) 349
using poly-(methylhydrosiloxane)

(PMHS) 352

v
vacuum-assisted resin transfer

molding (VARTM) 103,
168

valence bond vibrations 198
vanillin 17, 23, 96, 276
vanillin-based epoxy 218, 277

compounds 31
monomers 296

vanillin-based resin 36
vanillin-derived epoxy monomers

297
vanillin-derived epoxy resin 97
vanillyl alcohol 61
vanillylmandelic acid 26
vegetable oil-based curing agents

57
vegetable oils (VOs) 118, 208, 216,

251
vegetable plant oil-based bioepoxy

118
Vernonia galamensis 4
vernonia oil 1, 4, 11
vertical testing (UL94 V) 288

via 2-(4-hydroxy-3-methoxyphenyl)-
2-oxoacetic acid 26

vinyl ester resin (VE) 73
vitrimers 328
VO-based epoxy resins 208
VO based nano-composite 231
Vyazovkin’s advanced

isoconversional method
155

w
Wacker-type oxidation 3
waste vegetable oils 208
waterborne bio-based epoxy

(WTME) resin 208
Waterborne epoxy (WBE) 311
waterborne polyurethane/epoxy

resin composite coating 54
water contact angle (WCA) 319
water soluble epoxy resins 23, 174
Wesson soybean oil (SOY) 99
wood 26
wood fibres 82
wool 86
Wool-PP composites 86

x
xylose 92














