
 

xii 
 

LIST OF TABLES 

Table no Title Pg. no. 

2.1 Major Parts of Ambar Charkha 28, 29 

2.2 Major parts of Box Charkha 29 

3.1 Parameters of dyeing (Natural dyes) 129 

3.2 Sources of Natural dyes 130 

3.3 Parameters of Reactive Dyeing 131 

3.4 Rating of Pilling 143 

3.5 Parameters of Kawabata System 147 

4.1 Properties of Lotus Fibers 167 

4.2 Fineness of Lotus handspun yarns 172 

4.3 
Fineness of Lotus handspun yarns - ANOVA Table (between 

Variables) 
173 

4.4 Twist of the Lotus handspun yarn 174 

4.5 Tensile Strength of Lotus handspun yarns 175 

4.6 Yield analysis of L1A yarn 176 

4.7 Yield analysis of L2A yarn 176 

4.8 Yield analysis of L3A yarn 176 

4.9 
Speed categorization of machine for obtaining different fineness 

of Lotus yarns 
183 

4.10 Amount of Lotus yarn developed from fabricated machine 183 

4.11 
Amount of Lotus yarn developed from fabricated machine - 

Anova table (between variables) 
184 

4.12 Fineness of machine extracted and spinned Lotus yarn 186 

4.13 
Fineness of machine extracted and spinned lotus yarn - Anova 

table (between variables) 
186 

4.14 Twist of machine extracted and spinned Lotus yarn 187 

4.15 Tensile strength of machine extracted and spinned Lotus yarn 188 

4.16 Technical specification of carding machine 193 

4.17 Technical specification of Rotor 194 

4.18 Fineness of the Lotus :Cotton rotor yarn 196 

4.19 Twist of the Lotus :Cotton rotor yarn 196 

4.20 Tensile strength of the Lotus :Cotton rotor yarn 197 

4.21 Specification of Lotus Ply yarns 198 

4.22 Fineness of Lotus Ply yarns 199 

4.23 Twist of Lotus Ply yarns 200 

4.24 Tensile strength of Lotus ply yarns 200 

4.25 Color strength K/S value of Lotus yarn dyed with Natural dyes 202 



 

xiii 
 

4.26 Color strength K/S value of Lotus yarns dyed with Reactive dyes 204 

4.27 Light fastness property of Lotus yarn dyed with Natural dyes 206 

4.28 Washing fastness rating of Lotus dyed yarns with Natural dyes 206 

4.29 Light fastness property of Lotus yarn dyed with Reactive dyes 207 

4.30 
Washing fastness property of Lotus yarn dyed with Reactive 

dyes 
208 

4.31 Specification of the constructed woven fabrics 

210, 

211,212 

and 213 

4.32 Thickness of the woven fabrics 215 

4.33 
Thickness of the constructed fabrics ANOVA Table (between 

Variables) 
216 

4.34 Fabric count and Cover factor of the woven fabrics 219 

4.35 
Cover factor the constructed fabrics - ANOVA Table (Within 

Variables) 
220 

4.36 GSM of the constructed fabrics 223 

4.37 
GSM of the constructed fabrics -ANOVA Table (Within 

Variables) 
224 

4.38 Classification of the fabrics as per weight 225 

4.39 Bending length of the constructed woven fabrics 227 

4.40 
Bending length stiffness of the fabrics - Anova table (within 

variables) -Warp 
228 

4.41 
Bending length stiffness of the fabrics - Anova table (within 

variables) -Weft 
229 

4.42 Drape Co-efficient (%) of the woven fabrics 232 

4.43 
Drape co-efficient of the constructed woven fabrics - ANOVA 

Table (Within Variables) 
233 

4.44 Tensile strength of the constructed woven fabrics 236 

4.45 Tearing strength of the woven fabrics 239 

4.46 Pilling test of constructed woven fabrics 242 

4.47 Abrasion property of the woven fabrics 245 

4.48 
Abrasion property of the woven fabrics - Anova table (within 

variables) 
246 

4.49 Shrinkage of the woven fabrics 249 

4.50 Primary and Total Hand values of the selected woven fabrics 251 

4.51 Fabric Weight and thickness of the selected woven fabrics 254 

4.52 
Compression properties using compression tester of the selected 

woven fabrics 
254 

4.53 
Tensile properties using Tensile tester of the selected woven 

fabrics 
255 

4.54 
Shear Properties using shear tester (KES-FB1) of the selected 

woven fabrics 
255 

4.55 Surface properties using surface tester (KES-FB4) 256 

4.56 Bending properties using Pure bending tester (KES –FB2) 256 



 

xiv 
 

4.57 Technical Details of the circular knitting 258 

4.58 Details of the developed knitted structures 259 

4.59 Preliminary data of the constructed knitted fabrics 260 

4.60 Bursting strength of the constructed Knitted fabrics 261 

4.61 
Stretch and Recovery percentage of the constructed knitted 

fabrics 
264 

4.62 Stretch and recovery percentage of the knitted fabrics as per 

ASTM- D 2594-99a 
264 

4.63 Antibacterial test of Lotus fibers 267 

4.64 Antibacterial Effect 268 

4.65 Cytotoxicity of Lotus Fibers 268 

4.66 
Weight and thickness of the developed sanitary napkin with 

Lotus core 
272 

4.67 Names of women selected for final extraction and spinning 

workshop 
277 

4.68 Specification of the constructed Lotus Hand woven Stole 282 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xv 
 

 

 

LIST OF GRAPHS 

Graph no. Title Pg.no. 

4. 1 XRD analysis of Lotus Fiber 169 

4.2 Amount of yarn developed from the fabricated machine 185 

4.3 Reflectance curves of Lotus yarns dyed with Natural dyes 203 

4.4 Reflectance curve of Lotus yarns dyed with Indigo dye 203 

4.5 Reflectance curves of Lotus yarns dyed with Reactive dyes 204 

4.6 Cover factor of the constructed woven fabrics 221 

4.7 GSM of the constructed woven fabrics 225 

4.8 Bending length/stiffness of the Handspun/Khadi Fabrics 229 

4.9 Bending length/stiffness of the Handloom fabric 230 

4.10 Bending length/stiffness of the Powerloom fabric 230 

4.11 Drape Co-efficient of the constructed woven fabrics 234 

4.12 Tearing strength of constructed woven fabrics 240 

4.13 Number of cycles obtained in abrasion testing 246 

4.14 Bursting strength of the constructed Knitted fabrics 261 

4.15 Stretch and recovery percentage of Lotus knitted fabrics. 265 

 

 

 

 

 

 

 

 



 

xvi 
 

 

 

LIST OF FIGURES 

Figure Title Pg.no. 

2.1 Spinning of plant fibers 32 

2.2 Spinning of Wool fibers 35 

3.1 Research Design 114 and 115 

4.1 Line Diagram of the Machine – 1 specifically for 

extracting and yarn making – Front view 

178 

4.2 Line Diagram of the Machine – 1 specifically for 

extracting and yarn making – Top view 

178 

4.3 Three-dimensional diagram of Machine – 1 

specifically for extracting and yarn making 

179 

4.4 Diagram of Machine-2 for extracting raw fibers 

from the Lotus petioles 

190 

4.5 Feeding device of Machine -2 190 

4.6 Gripping and winding device 190 

4.7 Lotus petiole waste to fabric–Sustainable supply 

chain 

291 

4.8 Lotus petiole waste into fabric - contribution to 

Sustainable development goals (SDG) 

 

292 

 

 

 

 

 

 

 

 

 

 

 

 



 

xvii 
 

 

 

LIST OF PLATES 

Plate no. Title Pg.no. 

1.1 Properties of the Lotus Plant 4 

1.2 Functional properties of the different parts of Lotus Plant 4 

2.1 Global distribution of Lotus 16 

2.2 Global distribution of Lotus : Native – Green color and Introduced 

– Purple color 

17 

2.3 Nelumbo Nucifera Gaertn. plant 20 

2.4 Morphological diagram of Lotus plant (Nelumbo Nucifera 

Gaertn.) 

20 

2.5 Waste Lotus Petioles 21 

2.6 Manual ribboners for Jute 22 

2.7 Power ribboners for Jute 22 

2.8 Jute Decorticator 22 

2.9 Pineapple Leaf Fiber extractor 23 
2.10 Sisal Decorticator 23 

2.11 Pseudostem fiber extraction machine 24 

2.12 Banana Fiber extractor 24 

2.13 Flax Scutcher 25 

2.14 Hackling machine 25 

2.15 Coir fiber extractor 25 

2.16 Drop Spindle (Takli) 26 

2.17 Ambar Charkha (Front view) 28 

2.18 Ambar Charkha (Side view) 28 

2.19 Peti (box) Charkha 30 

2.20 Phoenix Charkha 31 

2.21 Layout of woollen card 36 

2.22 Key parts of woollen spinning frame 37 

2.23 Woollen ring spinning 37 

2.24 Drafting section of semi-worsted spinning system 38 

2.25 Double zone drafting system 40 

2.26 Schematic diagram of Worsted Spinning frame 40 

2.27 Worsted spinning frame 40 

2.28 Main features of rotor spinning systems 43 

2.29 Open end/Rotor spinning machine 44 

2.30 Schematic diagram of open end spinning 44 

2.31 Rotors 44 

2.32 Schematic illustration showing the formation of yarn inside the 

rotor of an open end spinning 

45 

2.33 Circular Knitting machine 48 



 

xviii 
 

2.34 Closet view of circular knitted fabric 48 

3.1 Procurement of Lotus petioles 117 

3.2 Wrapping the bundle of Lotus petioles in wet cloth 118 

3.3 Extraction of fiber for yarn making (Manual method) 118 

3.4 Extraction process of Lotus fiber for developing nonwoven web 

and blended yarn (loose fiber extraction from leftover) 

119 

3.5 Bundle strength test on Stelometer a). Combing   of fibers b). 

Placement of fiber in the jaws c). Cutting of extra fibers from the 

jaw d). Placement of jaw in instrument 

e). Pressing the knob of pendulum for measuring bundle strength 

121 

3.6 Spinning of Lotus yarn on 2-Spindle Ambar Charkha 122 

3.7 Lloyd tensile Tester 123 

3.8 Construction of Machine-1 for extraction and spinning for yarn 

making 

125 

3.9 Plying of Lotus yarn with other natural fibers (Cotton, Wool and 

Silk) on 2-spindle Ambar Charkha 

128 

3.10 Dyeing of Lotus yarn with natural and reactive dyes 131 

3.11 Spectrophotometer analysis of dyed Lotus yarn 132 

3.12 Washing fastness test of dyed Lotus yarn 133 

3.13 Weaving of Fine Lotus: Silk union fabric at Aadesh Patola house 

at village Somasar, Surendranagar, Gujarat 

135 

3.14. Weaving of Lotus: Cotton union fabric at Weaver Service Center, 

Ahmedabad, Gujarat 

135 

3.15 Weaving of Lotus: Silk ply yarn fabric at Weaver Service Center, 

Ahmedabad, Gujarat 

136 

3.16 Weaving of Lotus: Wool ply yarn fabric at Weaver Service Center, 

Ahmedabad, Gujarat 

136 

3.17 Powerloom Weaving of Lotus yarn at Coimbatore, Tamilnadu 137 

3.18 Drape Co-efficient test of developed fabrics 140 

3.19 Abrasion test of constructed fabrics on Taber Rotary Platform 

Abraser machine 

141 

3.20 Tearing test of constructed fabrics on falling pendulum type 

Elmendorf apparatus 

142 

3.21. Pilling test of constructed fabrics on ICI Pilling Box 143 

3.22. Winding of Lotus yarn for developing circular knitted fabrics 148 

3.23. Development of 100 % Lotus circular knit structure 148 

3.24. Development of Lotus: Cotton blended circular knitted structure 148 



 

xix 
 

3.25. Machine setting for developing 100 % Lotus knit structure on 

industrial circular knitting machine 

149 

3.26. Circular knitting of 100 % Lotus yarn on industrial circular 

knitting machine 

149 

3.27. Heat press of 100 % Lotus circular knitted structure 149 

3.28. Bursting strength test of developed knitted fabrics on  hydraulic 

bursting tester 

150 

3.29. Hanger assembly for stretch and recovery test 152 

3.30. Load for absorbency under load test 154 

3.31. Assembly  for absorbency under pressure/Load test 154 

3.32. Equilibrium Absorbency test of Lotus fiber 155 

3.33. Development of Lotus Nonwoven fabric 157 

3.34. Development of Sanitary napkin 158 

3.35. Training group of women for fiber extraction 161 

3.36. Weaving of hand woven stoles at Bhujodi Kutch 162 

4.1 Manual extraction process for Lotus fiber 166 

4.2 Extraction of fibers for developing nonwoven sheet and rotor spun 

yarns 

167 

4.3 a). Longitudinal view of single Lotus fiber (single unit) -10 X  b). 

Longitudinal view of Lotus Fiber (Bundle form) – 10 X  c). Cross 

section view of Lotus Fiber -3500 X 

168 

4.4 Spinning of Lotus unspun yarn on Ambar charkha 171 

4.5 Winding of Lotus spun yarn from spindle (for hank formation) 171 

4.6 L1A (Lotus yarn , 1 petiole extracted , Ambar Charkha spun yarn) 171 

4.7 L2A (Lotus yarn , 2 petiole extracted , Ambar Charkha spun yarn) 171 

4.8 L3A (Lotus yarn , 3  petiole extracted , Ambar Charkha spun yarn) 171 

4.9 L1A (Lotus yarn , 1 petiole extracted , Ambar Charkha spun yarn) 

-96’s (Hank form) 

172 

4.10 L2A (Lotus yarn , 2 petiole extracted , Ambar Charkha spun yarn) 

-2/86’s (Hank form) 

172 

4.11 L3A (Lotus yarn , 3 petiole extracted , Ambar Charkha spun yarn) 

– 3/28’s (Hank form) 

172 

4.12 Feeding the Lotus petioles in the PVC pipe 180 

4.13 Attaching the clip to hold the petioles together 180 

4.14 Attaching the pern in the feeding device 180 

4.15 Slitting the petioles 180 

4.16 Rotation of the PVC pipe along with stretching of fibers and 

twisting 

180 

4.17 Pern with machine extracted and spinned Lotus yarn 180 

4.18 Slitting the perns with hezo blade 181 

4.19 Machine extracted and spinned Lotus yarns (Initial pilot work) 181 



 

xx 
 

4.20 MYHS1 – (Machine yarn high speed 1)-3/ 71’s 181 

4.21 MYHS2 – (Machine yarn high speed 2)-3/ 60’s 181 

4.22 MYMS – (Machine yarn moderate speed )-3/ 33’s 181 

4.23 MYHS – (Machine yarn Low speed ) -3/28’s 181 

4.24 Fabricated machine 1 – for extraction and spinning of yarns 182 

4.25 Machine -2 for extracting raw fiber 192 

4.26 Lotus fiber extracted in raw form from machine -2 192 

4.27 a) 50:50 Lotus: Cotton Rotor spun yarn b). 70:30 Lotus: Cotton 

Rotor spun yarn 

194 

4.28 Open-end Rotor spinning of blended Lotus yarn a). Weighing of 

Lotus and Cotton fibers b). Lotus fibers were put between the two 

laps of Cotton c). Development of blended laps  d). Preparation for 

sliver e). Sliver formation (close image) f). Sliver formation and 

collecting it into a plastic tub g). Putting the sliver in the rotor h). 

Lotus cotton blended sliver in the rotor (Close view) i). Spinning 

of Rotor yarns 

195 

4.29 YLCP – Yarn Lotus Cotton ply – 4/19’s 201 

4.30 YLSP - Yarn  Lotus Silk Ply – 4/23’s 201 

4.31 YLWP – Yarn Lotus Wool Ply -4/14’s 201 

4.32 Images of Lotus Natural dyed yarns 295 

4.33 Images of Lotus Natural Reactive dyed yarns 296 

4.34 Images of Woven samples 294, 295 

4.35 Exploration of different weaves 297 and 298 

4.36 Lotus: Cotton (70:30 Circular Knitted structure) without Elastane 299 

4.37 100 % Lotus Knitted structure without Elastane 259 

4.38 LK1 -71 (Lotus yarn (Machine extracted and spinned  3/71’s count 

yarn) 

259 

4.39 LK2- 60 (Lotus yarn Machine extracted and spinned  3/60’s count 

yarn) 

259 

4.40 100 % Lotus socks developed from Lotus yarn (Machine extracted 

and spinned  3/71’s count) yarn) 

265 

4.41 100 % Lotus socks developed from Lotus yarn (Machine extracted 

and spinned  3/60’s count) 

265 

4.42 Extracted fibers taken on felt fabric 271 

4.43 Alignment of fibers in vertical and horizontal direction 271 

4.44 Web separated from the felt fabric 271 

4.45 Web laid on the A-4 size sheet and covered with polypropylene 

sheet 

271 

4.46 100 % Lotus Nonwoven fabric (Lab-scale method) 271 

4.47 100 % Lotus Nonwoven fabric (developed in machine) 271 

4.48 Sanitary napkin with Lotus core (Regular size) 272 

4.49 Sanitary napkin with Lotus core ( Medium size) 272 

4.50 Sanitary napkin with Lotus core (Large size) 272 



 

xxi 
 

4.51 Sweat pad with Lotus Core 273 

4.52 Panty liner with Lotus Core 273 

4.53 Absorbency under load test of Lotus sanitary napkin 273 

4.54 Interaction with the group of women for training programme 276 

4.55 Demonstration for Fiber Extraction 276 

4.56 Waste Lotus petioles transported  in workshop venue 279 

4.57 Holding the  petioles together and slitting it with sharp knife 279 

4.58 Stretching the petioles along with pulling the fibers 279 

4.59 Slight twisting of fibers 280 

4.60 End to end joining of fibers 280 

4.61 Winding of yarns on bobbins 280 

4.62 Spinning of 100 % Lotus handspun yarn 280 

4.63 Unspun Lotus yarn developed by the women 281 

4.64 100 % Lotus handspun yarn developed by women 281 

4.65 Workshop for fiber extraction and spinning of Lotus yarns 281 

4.66 Entire team of women of the project 282 

4.67 Interaction with the weaver 283 

4.68 Winding of yarn on pern from hank 283 

4.69 Lotus handspun yarn pern 283 

4.70 Loom Set up 283 

4.71 Weaving of Stole 283 

4.72 Woven stole with extra weft figuring 283 

4.73 Woven stole washed and dried on sunlight 283 

4.74 Woven fabric appearance after ironing 283 

4.75 Dyeing of stole with Indigo dyes 284 

4.76 Dyeing of stole with Sappan wood 284 

4.77 Dyed fabrics in sunlight 284 

4.78 Lotus Stole (Undyed) 284 

4.79 Lotus stoles Indigo dyed 284 

4.80 Lotus stoles Sappan wood dyed 285 

4.81 Lotus stole dyed with onion peels 285 

4.82 Exhibition of the Lotus fabrics on International Women’s day 286 

4.83 Appreciation to the women for the outcome of the entire project 287 

4.84 Exhibited Lotus fibers, yarns and fabrics at Agripreneurs Conclave 

– 2022 

288 

4.85 Stall set up for the Weave Knit Exhibition - 2022 289 

4.86 Weave knit Exhibition – 2022 290 

4.87 HS fabric – 1 (Fabric open view) 300 

4.88 HL Fabric – 3 (Fabric Open view) 300 

4.89 HL Fabric – 5 (Fabric Open view) 301 

4.90 HL Fabric – 6 (Fabric Open view) 301 

 


