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Chapter

Characterization, Modeling 
and the Production Processes 
of Biopolymers in the Textiles 
Industry
Basel Younes

Abstract

The current chapter is focused on biopolymers and Bionanocomposite as 
 environmentally friendly materials, modeling of the production processes, and 
coating of bio-textiles. Different industries use biopolymers and Bionanocomposite in 
for the current environmental applications. Furthermore, composition and classifica-
tion of biopolymers, the theoretical methods, and factorial experimental designs 
(FED) for optimization and modeling processes of the environmentally friendly 
textiles used as an alternative to traditional chemical textile products with zero to low 
environmental footprint are studied at acceptable cost. This chapter will also describe 
the novel optimization, experimental factorial design, and how the novel modeling 
methods will help less experienced polymer designers in taking the best experimental 
decision controlled by the design factors. It also discusses how the fully biodegradable 
polymers support the industry by decreasing the processing energy, material and 
manufacturing costs. Finally there are an overview of the current and future develop-
ments of biodegradable polymers applications in modern bio-textiles industries.

Keywords: biodegradable textiles, biopolymers, coating, textiles industry

1. Introduction

The worldwide production of non-renewable textiles has increased, and textile 
producer are searching for solutions to overcome the waste problem [1]. There is 
a new generation of bio- textile materials based on petroleum, animal sources or 
agricultural [2] with a reasonable solution [3]. Micro-organisms (such as fungi and 
bacteria) broke down the biopolymers in the environment; such as a cotton fiber [4].

Table 1 [5] illustrates how degradation results are dependent on biodegrada-
tion type, the converted substrate, and residue makeup, with full degradation. 
Biodegradation happens within the biosphere, the organic chemicals are changed to 
simpler compounds and mineralized.

Researchers have established many standardized testing procedures for the 
evaluation of the compost-ability and biodegradability of polymers using mixed 
cultures [6–11]. Others have studied the effects of blend ratios on the degrada-
tion process on biopolymers [12–14]. The life cycle analysis is one of the methods 
simulating the development of biopolymers, with green fibers having a shorter life 
cycle than those that are oil-based. A green life cycle is given in Figure 1 [15].
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Biodegradable polymers are smart polymers which are currently being used in 
many fields such as tissue culturing, biomedical, agriculture, food and intelligent 
textiles [16, 17]. Considering environmental hazards [18], the main factors control-
ling the market scope and size of biodegradable polymers are material properties 
and cost [19]. Plasticizers are added to biopolymers during the extrusion process 
to decrease the intermolecular hydrogen bonds, to limit microbial growth, and to 
stabilize product properties [20]. The degradation rate of blended bio-polymers set 
the degradability of the produced mix [21]. Bio-materials take a key role in the of 
nanotechnology improvement as friendly materials. Nanomaterials have attracted 
considerable attention in medical delivery applications [22]. Classification and 
composition of biodegradable polymers will be briefly discussed; their applications 
in modern bio-textiles as well as textiles. Furthermore, modeling of biopolymers’ 
melt spinning process and factorial experimental design, optimization of the 
production processes for intelligent bio-fibers via statistical experimental design 
(SED), forecasting program for the fiber extrusion, as well as the future applica-
tions of biodegradable polymers in the modern textiles industry are also presented.

Electro-spinning of biopolymers has gained substantial attention in the last two 
decades, triggered mainly by the potential applications of electro-spun nanofibers 
in nanoscience and nanotechnology for tissue engineering [23]. Tissue engineering 
is a advanced technology, electrically conductive biodegradable composites are used 
in tissue engineering and bioelectronics [24].

2. Biodegradable polymers, classification and composition

Biopolymers are made from the agro-polymers (starch and cellulose), or are 
obtained by microbial production such as the polyhydroxyalkanoates. In polyhy-
droxybutyrate production, sugarcane, mustard, switch grass and corn have been 
recognized as candidates for genetic modification. Some polyhydroxybutyrate 
types polymerized chemically from agro-resources or chemical synthesis [25]. 
Classification of biopolymers and their origins are listed in Table 2 [3].

Original 

substrate

Biodegradation Type Converted into

Polymer Aerobic CO2& H2O & (Biomass & Residue)

Anaerobic CH4& CO2& H2O & (Biomass & Residue)

Table 1. 
Degradation results depending on biodegradation type [5].

Figure 1. 
Life cycle of compos-table biodegradable fibers [15].
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Biodegradable polymers are produced from aliphatic (linear) highly amorphous, 
flexible polymers and aromatic rings semi-crystalline, rigid polymers. The classifica-
tion, development and synthesis of the main bio-based polymer types from biomass 
and microbial production, or from renewable resources are listed in Figure 2 [26, 27].  
Aliphatic-aromatic copolymers can be synthesized and used in biomedical and 
agricultural applications by employing non-woven technology to produce products 
such as disposable wipes, refuse bags, seed mats and erosion control items [28, 29].

Biopolymers classification

Natural Synthetic

Proteins Gelatine, casein, silk and wool Aromatic 
Polyesters

Polybutylene succinate 
terephthalate

Polysaccharides Starch, cellulose, lignin and chitin Aliphatic 
Polyesters

Polyglycolic acid, 
Polybutylene succinate 
and polycaprolactone

Lipids Castor Oil,Plate Oil and animal 
fats

Aliphatic-Aromatic
co-Polyesters

Polyesters
1- micro-organism 
or plants

1-polyhydroxyalcanoates, 
poly-3-hydroxybutyrate

Polyvinyl-alcohols

2- bio derived 
monomers

2- polylactic acid Modified 
Polyolefin

Polyethylene or 
polypropylene
& specific agents

Table 2. 
Classification of biopolymers [3].

Figure 2. 
Classification and development of bio-based polymers [26, 27]. PCL – polycaprolactone; PBS – 
polybutylene succinate; PTT– polytrimethyleneterephthalate; PBSA – polybutylene succinate adipate; 
PHH – polyhydroxyhexanoate; AAC – Aliphatic-Aromatic Co-polyesters; PHV – polyhydroxyvalerate; 
PET – polyethylene terephthalate; PLA – polylactic acid; PBAT – polybutylene adipate/
terephthalate; PHA – polyhydroxyalkanoates; PTMAT– polyethylene adipate/terephthalate;  
PHB – polyhydroxybutyrate (type of PHA); PBT– polybutylene succinate; PHBV, PHBHx- types of 
PHA; PUR– polyurethanes.
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3. Techniques for the preparation and synthesis of biopolymers

Due to biopolymers’ biodegradability and substantially, their applications are 
environmentally friendly [30]. Biopolymers properties influence the shelf-life and the 
product’s biodegradability. The possibility of increasing the strength of bio-polymers 
and bio-composites have been studied without decreasing the biodegradability [31].

Poly (butylene succinate-co-butylene terephthalate) co-polyesters have much 
better thermal stabilities in nitrogen compare to air [32]. It was reported that 
“Poly(butylene succinateco- ethylene succinate-co-ethylene terephthalate)“can be 
polymerized from three pre-polymers of ethylene succinate, butylene succinate, and 
ethylene terephthalate by direct poly-condensation [33]. An ideal random copolymer 
(Poly(butylene terephthalate-succinate-adipate) from aliphatic units (BA and BS) 
has a rubber-like tenacity curve [34]. Aliphatic aromatic copolyester (AAC) could 
potentially modify the basic BTA (1,4-butanediol, adipic acid, and terephthalic acid) 
structure and may become commercialized [35, 36]. Development of biodegradable 
aliphatic-aromatic co-polyesters began with the study of different modes of degrada-
tion [37, 38]. Aliphatic biopolymers are biodegradable and sensitive to hydrolysis; their 
flexible chain fits easily into the active site of an enzyme [39]. Aromatic biopolymers 
have favorable physical properties such as resistance to bacterial, fungal and hydro-
lysis attack [40] but degrade if they are co-polymerized with aliphatic bio-polymers 
[41]; breaking down by means of hydrolytic or/and enzyme degradation [42]. It was 
reported that inclusion and/or incorporation of aromatic monomer groups in the 
aliphatic polyesters’ main chain, can potentially enhance their mechanical properties 
[43]. The randomness and the length of the polymer chains aid in understanding the 
biodegradation behavior for aliphatic-aromatic co-polyesters [44]. Polyester-based 
nano-particulates could be easily prepared by solvents diffusion or evaporation meth-
ods. The degradability of the oligomers would decrease by increasing chain length [45], 
thus the amorphous part of the polymer would become that which is degraded [46].

4. Biopolymer and industrial applications

Biodegradable polymers used widely in industries such as textiles, packaging, 
fast-food container and packaging, paper coating, agriculture mulch films, medical 
products, tubes, lawn and garden waste bags, disposable wipes, erosion control, 
biologically-based resins, car parts, glass fibers agents, as well as coatings and adhe-
sives [3, 47, 48]. Various blending ratios of regular and waxy corn starches with co-
polyester were extruded into loose-fill foams [49]. PCL (polycaprolactone) are used 
to made spun fibers, scaffold fibroblasts and myoblasts for soft tissue engineering 
[15]. Natural biopolymer-based films and the packaging materials have been studied 
[50, 51]. Ochratoxin-A as well as amycotoxinis a common food contaminant that 
enters the human body through the consumption of improperly stored food prod-
ucts and can be used as a electrochemical biosensor [52]. Polysaccharide and protein 
based biopolymers can be utilized as coatings to enhance the fruits and vegetables 
quality; The medical biopolymers applications are [53] include extracorporeal (i.e., 
artificial kidneys, fluid lines, dialysis membranes, catheters, wound dressings, 
artificial skin, etc), temporary implants (i.e., degradable sutures, as well as arte-
rial stents, tissue/cell transplants’ scaffolds, temporary vascular grafts, etc), and 
permanently implanted devices. Biopolymer fibers with typical morphology find 
applications in bone tissue engineering [54] and as a degradable nano-fiber [55]. 
Wound dressing materials must be biocompatible, anti-bacterial, prevent infec-
tion, and provide a suitable moist environment [56, 57]. Chitosan complexed with 
gelatin has been useful as a surgical dressing at a ratio of 3:1 (chitosan:gelatin), as it 
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stimulates hemostasis and accelerates tissue regeneration [58, 59]. Their fabrication 
provides appropriate biodegradability and excellent cell adhesion activity, both 
useful in making a novel and elastomeric bioactive vascular tissue scaffold [60]. A 
fiber based on chitosan and starch which was loaded with drug has had successful 
applications in drug delivery [61]. Various fabrication methods have been employed 
in the preparation of bio-polymeric membranes and a film-casting process [62, 63].

5. Biopolymers and biodegradable textiles industry

The textile industry has played a important role in the exchanging of goods and 
impacted by novel techniques through the development of more environmentally 
friendly processes [64–67]. Many biodegradable fibers may be natural, regenerated 
or synthetic such as Ingeo (Natureworks), LLC produced from corn, a biodegrad-
able thermoplastic polyatide (PLA); Lenpur produced from wood pulp of harvested 
white pine tree clippings; and Modal and Tencel/Lyocell produced by Lenzing from 
wood pulp of beech and eucalyptus trees, and biodegradable aliphatic/aromatic 
multi-block co-polyesters. The largest application of alginates in textiles can be 
found in textile printing, the spinning and weaving of temporary fibers from 
calcium alginate [15]. Bio-based fibers like X-Static, Meryl Skinlife, Diolen Care, 
Trevira Bioactive are enriched with innovative antimicrobial products such as 
technical products, working uniforms, sportswear [68].

5.1 Fibers industry and biodegradable polymers

The melt spinning processing technologies with availability of biodegradable 
materials along have aided in qualitative and quantitative improvements [69]. The 
fibers reinforcing improve the relationship between the process parameters and the 
material properties [70]. Many natural fibers added to biopolymers as reinforcements 
(flax, cellulose acetate, bamboo, pineapple, ramie, kenaf, henequen, jute, sisal, and 
hemp); improving the strength without affecting the biodegradability [71]. Fibers of 
the poly(β-hydroxybutyrate) were produced via multistage melt-extrusion as well as 
gel-spinning [72]. The dry-jet wet spinning method was used to extrude the cellulose/
NH3/NH4SCN solution [15]. By “dry-jet wet spinning” and using a cellulose/hydro-
lyzed starch-grafted-polyacrylonitrile solution, the mechanical properties of Lyocell 
fibers were improved [73]. An extruded Lyocell fibers were reported have potential 
uses in filters, geo-textiles, surgical gauze [74]. Cellulose fibers are used for the design 
of intelligent, bioactive, and biocompatible composites [75]. Preparing sol–gel derived 
biodegradable SiO2 gel fibers [76] for drug release consists of three steps: an initial 
burst, followed by a diffusion-controlled release behavior, and finally a step with a 
slower release rate. By incorporating responsive hydrogels in textiles, the surface energy 
switches between hydrophilic/hydrophobic, with the results listed in Table 3 [77].

There is good compatibility between the chitosan obtained from shrimp shells 
and starch-based polymers when forming a chitosan/starch fiber. Some researchers 
have made fiber from starch and biodegradable glycerine-based polymers with/
without PLA and glucitol, while others extrude high strength PLLA fibers. The type 
LA 0200 K of PLA is processed at a high speed spinning (draw ratio = 6)in a spin 
drawing [78]. A fiber from soya bean protein is crafted by forcing a globular protein 
to become a fiber forming protein; the fiber has to be cross-linked if fibrous products 
are to be obtained [79]. Fibrous materials are segregated into two basic groups, the 
first can be placed on the surface of materials (i.e., surgical covers, gauzes, diapers 
and tampons), and the second can be placed inside an organic tissue (i.e., surgical 
threads, tendons and ligament implants, meshes, stents, and vascular grafts).
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5.2 Fabric industry and biodegradable polymers

Weaving, knitting, nonwoven web forming (carding, spun-bond and wet-laid) 
and nonwoven-bonding (stitch-bonding, needling, calendaring and hot air bonding) 
are fabric forming technologies. Biodegradable non-woven webs and disposable arti-
cles contain fibers such as cotton, hemp, milkweed floss, flax fiber, wool, silk, chitin 
and chicken feathers [80]. There are many examples in biodegradable nonwoven such 
as biodegradable cotton-based nonwovens (cotton/cellulose, or cotton/ biodegradable 
co-polyester) and (PTAT co-polyester and PLA). Cotton/(co-polyester/PP) nonwo-
vens along with absorbency and flexural rigidity have suitable mechanical properties 
and they are better than that of cotton/co-polyester nonwovens [81–83].

Sanitary and medical textiles, geotextiles, filtration media, within the automotive 
industry, PLA based hair caps, Bionolle 3001 nonwovens, Landlok biodegradable 
erosion control coconut fibers mats, Kenaf fiber nonwovens, refuse bags, drain filters 
made from fine denier PLA nonwovens, and biodegradable filter materials are used 
for both air and liquids. A biodegradable thermoplastic polymer and a plasticizer 
could be used to produce a starch matrix of the finely attenuated fibers which could 
have applications as environmentally degradable nonwoven webs and articles [84].

Researchers have produced biodegradable cotton-based, nonwovens by using 
blends of cotton, flax and biodegradable thermoplastic fibers that act as binders [85]; 
Biodegradability was monitored, with 40% of the initial weight lost after 8 weeks 
composting [86]. To reduce the cost, researchers have made a pure nonwoven material 
from co-polyester by a direct melt-blowing process [87]. Woven tubes (3 to 6.5) mm 
are developed using Polyglactin 910 biodegradable yarn on a narrow width loom [88].

Biodegradable poly (L-lactide-co-caprolactone) fabrics of nano/micro- structured 
can be made Using CH2Cl2 as a solvent in electro-spinning. The electro-spun elastomeric 
nano-fiber fabric is used as a functional scaffold in tissue engineering (i.e., cardiovascu-
lar, muscular) [89]. The Belgian Textile Research Centre’s projects include: Noterefiga for 

Biopolymer Monomer Natural 

origin

Production 

Micro-

organism

Hydrogel Fiber Commercialized

Cellulose glucose Plants, 

Micro-

organism

A. xylinum — Yes Wound covering

Hyaluronic 

acid

N-acetyl-

glucosamin

Vertebrats, 

Streptococci

Streptococci, 

B. subtilis

Yes No Dermal 

fillers, Visco 

supplementation

γ-PGA Glutamic 

acid

Bacillus 

spp., Micro-

organism

Bacillus spp. — No Cosmetics, 

fertilizer, 

flocculant

Silk protein Bomby-

xmorii, 

spider, bee

E. coli, Yes Yes Cosmetics, 

cell adhesion 

scaffolds

Collagen protein Vertebrates Yeasts Yes Yes Scaffolds, 

Cosmetics

Chitosan N-aeetyl-

glucosamin 

(partly 

deacylated)

fungi Yeast, 

bacteria

Yes Yes Flocculant, Filter 

membranes, 

Cosmetics, 

wound covering

Table 3. 
Monomers, origin and fiber formation of smart biopolymers [77].
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bio-based comfort textiles, Bioagrotex for agro-textiles (agriculture, horticulture, gar-
dening and construction), Green-Nano-Mesh for medical areas, Dura cover for woven 
PLA taped ground covers, Hortaflex and Weed Control for PLA based nonwovens, and 
the BiobasedFilbio project for knitted PLA insect screens for climate control.

There are various commercialized fabrics made from naturally derived bio-
polymers such as those found in the Ethical Fashion Forum in London: POLY Acid 
Ingeo bio fibers; QMilchfibers, Lenzing’s Modal fiber, Micro Modal fiber, Lyocell 
fiber, POLARTEC polyester, unique corn-based PLA fleece; and Cork shell made 
from cork to form high quality textiles for lightweight spring and summer jackets. 
Biopolymers based in intelligent and/or stimuli responsive polymeric systems have 
been developed and reported by researchers for the functional finishing of textiles 
[90]. Scientists proposed changes of the polymer backbone in a reversible forma-
tion of PLA-dye complexes [91]. Sorona is used in the coat fabric for jackets, trench 
coats and outerwear with its 37% renewably sourced plant-based components; they 
lose their wrinkles with one quick snapping motion. Bio-based fabrics made of wool 
and “BIOPHYL” or “TENCEL”. Some commercial products are made from spider 
silk [92] and could be used in the bullet-proof vests industry [15].

5.3 Fiber and fabric coatings and biodegradable polymers

Modification techniques of the biopolymer’s surface includes coating, oxidation 
by low-temperature plasma, and surfactant addition blending with various deriva-
tives [93]. Cyclodextrins or linear carbohydrate biopolymers were attached to the 
textile to allow frequent use and washing [94]. Regenerated cellulose fibers were 
treated by plasma activation using a chitosan solution [95]. Cellulose was coated by 
chitosan nano-particles to reduce the cost and non-toxic methodology [75]. While 
studying their development as well as characterization, both the organic cotton based 
bandages and cotton were coated separately on the gauze structure using chitosan-
sodium alginate polymer, calcium-sodium alginate polymer and subsequent mixtures 
of the two, thereby improving its antibacterial and wound healing properties [96]. 
For dyeing and printing, the dextrin derivative surfactant improves the whiteness 
and wetting properties of cotton fabrics [97]. The chemical surface treatments of 
jute fabrics involve bleaching, dewaxing, cyanoethylation, alkali treatment and vinyl 
grafting are used as reinforcing components in biodegradable matrix composites, 
which are environmentally friendly materials [98]. A Knitted Dacron graft made of 
polyethylene oxidepolylactic acid were coated with a polymeric biodegradable sealant 
[99]. Layer-by-layer electrostatic deposition is used to coat the material by adding 
dextran sulphate and chitosan to a soybean based polymer [100]. The functional 
finishing of the micro- and nano-sized hydrogels improve response times [101].

Nano-composites and nano-structured coatings improve mechanical strength 
and flexibility, temperature and moisture stability, as well as durability. “Metal 
Rubber”(Nano Sonic Inc.) combines the rubber and metal properties, and it is used 
in artificial muscles, electrically charged aircraft wings, and protective biopolymer 
clothing [102]. Hydrogel-based biopolymers are used for the functional finishing of 
textiles by surface modifying systems [103].

6. Case study: modeling of biopolymers’ melt spinning process

All the production process parameters must be controlled to ensure the quality 
and then the significant main factors must be analyzed [104]. Commercially, it is 
a challenge to develop a new competitive product [105]. Some research is based on 
statistical analysis, mathematical simulation and modeling of the processes of fiber 
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formation, and examples of their post-processes have been reported in literature 
[106–116]. The practical software-based approach has improved the confidence 
benefits of experimental design and simulation [117]. Figure 3 shows a flow chart 
for the methodologies used for obtaining the program, starting from the data and 
statistical modeling methods and SED. Online quality control tools were utilized for 
prediction, measurement, correction as well as adjustment and feedback [118].

The aliphatic aromatic co-polyester fibers extrusion process was investigated in 
this work, and statistically modeled [119]. A linear biodegradable oil-based polymer 
(LAAC-flexibility component of Solanyl) and branched aliphatic-aromatic co-
polyester (BAAC-Ecoflex F BX 7011) were used to study the effects of the extrusion 
process and the properties of fibers. The study describes the melt spinning of aro-
matic-aliphatic co-polyester depending on the extrusion thermal profile effect on as-
spun fiber properties. The molten material flowed easily when the viscosity decreased 
and smoother extrudates were obtained at shear rates greater than 4.5 s-1 [120].

6.1 Factorial experimental design for melt spinning of biodegradable fibers

Factorial experimental design provides data about the optimization of the 
average response values in regards to the factor levels [121]. The STATGRAPHICS 
program is used to design the experiment random order matrix and to simulate the 
main data in one block experiments.

The studied factors for the fiber extrusion process include: speed of spin finish, 
quenching air speed, metering pump speed, and winding speed, as well as, melt-
spinning or extrusion temperature. The analyzed levels of each parameter were 
listed in Table 4; the thirty-two trials matrix for the five control factors was applied 
for as-spun fibers analysis. Figure 4 shows an SEM photomicrograph of the cross-
section and surface of the fibers; fibers had an acceptable uniform surface and 
possessed a uniform circular cross section.

In this case study [122–124], several statistical tools were utilized for statistical 
analysis including the surface plot, normal probability plot, the main effect plot, pareto 
chart, interaction plot, as well as analysis of variance (ANOVA). Implementation of 
forecasting statistical methods plays a major role in creating a planning program and 

Figure 3. 
The flow chart of the statistical method.

Factor

abbreviation

Factor name Level

Low High

T Melt-Spinning Temperature, oC (LAAC) 130 145

Melt-Spinning Temperature, oC (BAAC) 145 160

MPS Speed of Metering Pump, rpm (2.4 cc/rev)) 6 12

QA Speed of Quench Air, % (velocity m/sec) 35 50

SF Speed of Spin Finish Pump, rpm (0.15 cc/rev) 0.35 0.50

WS Winding Speed, m/min 50 100

Table 4. 
Factors and the selected levels for the spinning experiments of as-spun fibers.
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a plan for the production process regression. A detailed experimental arrangement of 
the calculated results of spin draw ratio, birefringence, drawability, die head pressure, 
crystallographic order as full-width half-maximum (FWHM), filament temperature 
averages, count, tensile properties, diameter, and thermal shrinkage was completed. 
According to the drawability characterization, biodegradable fibers (i.e., as-spun) 
should consist of a drawn construction and be conducive to orient along the fiber axis 
of the chain [125]. There is a clear relationship between the draw down ratio and the 
orientation of the fibers and having a significant effect on the drawability. In other 
words, the overall orientation of fibers was increased and the draw ratio decreased as 
the spin draw ratio increased. Temperature significantly influenced the spin (down) 
draw ratio and fiber drawability that affects the flow rate and tension value. To study 
the effects of the factors as well as their statistical significance an ANOVA study 
was conducted. A factor was considered to have a significant effect if the F ratio (an 
ANOVA statistic) was shown to be more than the statistical value (F /4.49/at the 
appropriate level α =0.05) or had P-value smaller than 0.05. The ANOVA results from 
the experiments are presented in Table 5.

Figure 4. 
The surface and cross section of the biodegradable fibers [119].

Source Drawability

F P

T 19.7 0.000

Estimated response surface for the drawability
(T& WS)

MPS 112.1 0.000

QA 0.2 0.666

SF 0.3 0.599

WS 120.5 0.000

T &MPS 0.1 0.737

T & QA 0.2 0.666

T& SF 0.1 0.810

T& WS 7.2 0.016

MPS& QA 2.0 0.176

MPS& SF 0.2 0.666

MPS& 

WS

1.5 0.240

QA & SF 0.0 0.885

QA & WS 0.0 0.962

SF& WS 0.3 0.599

Table 5. 
ANOVA results of factor effects on the drawability.
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The significance of factors were PWS > PMPS> PT in the drawability analysis, 
while no significant effect was observed due to other factors. The P-value (0.016) of 
T&WS is lower than 0.05 and therefore is significant. The most significant factors 
were T, MPS and WS. Metering pump speed was observed to have interaction with 
winding speed; the speeds’ relationship oriented the fiber chains as well as added 
different spin draw ratio, having an effect on drawability later. Multiple and indi-
vidual regressions optimized for the quality required for various applications and 
identified the factors’ effects and interactions to determine the direction of those 
that are significant by using the estimated response surfaces. A twist was observed 
in the 3D surface response diagrams for T and WS (Table 5), thus the interaction 
is significant and agrees with the previous statistical results. This interaction will 
affect the structure of the as-spun fibers and help to extend the chains to achieve 
high orientation along the axis of fiber. The regression Eq. (1) was obtained from 
the analysis and forms the simplified models of the experimental data (coded values 
in Table 4). The regression equations forecast the fiber properties and accurately 
predict the properties in the final fibers produced. The mathematical regression 
model forms one of the basic source codes in the designed forecasting application, 
which will present the extrusion of aromatic-aliphatic co-polyester fiber.

 

Drawability a b T c MPS d QA e SF f WS
b T MPS b T QA b T SF b T WS
b MPS QA b MPS SF b MPS WS
b QA SF b QA WS b SF WS

= + ∗ + ∗ − ∗ − ∗ + ∗
+ ∗ ∗ + ∗ ∗ + ∗ ∗ − ∗ ∗
− ∗ ∗ − ∗ ∗ − ∗ ∗
− ∗ ∗ + ∗ ∗ − ∗ ∗

1 2 3 4
5 6 7
8 9 10  

(1)

Where: a, b, c, d, e, f b1–10, are statistical constants for the drawability calcu-
lated by the STATGRAPHICS program.

They were also affected by high extrusion speed at which the shear rate affects 
the morphological structure [126]. Employing the same technique, the overall 
orientation, spin draw ratio, crystallographic order, die head pressure, diameter, 
tensile properties, thermo-graphic measurement and thermal shrinkage were also 
analyzed and modeled. The statistical analysis models simulated the significant fac-
tors, their interactions, and gave useful results with some expected outliers which 
could be due to experimental and/or testing errors.

6.2 Forecasting program for the fiber extrusion

In the programming process, the relationship between the key inputs (factors) 
and the performance measures (responses) using factorial statistical experimental 
design technology are reported. The statistical data and regression formulas are 
represented as a computer application. Microsoft Visual Basic was used to write a 
forecasting program that could be utilized for the as-spun AAC fibers’ extrusion 
process. The program offers the management of regression models for responses 
based on statistical factorial design, design analysis and process simulation. 
Conversion and summarization of the C++ source code into a simple flow chart was 
completed (Figure 5).

After selecting the polymer grade, the program requests the parameters’ val-
ues, calculates the values’ responses by using regression equations and then gives 
the results. The data from the input conditions was used to obtain the structural, 
mechanical and physical data. The program was designed as two windows. The first 
window is the input window for process conditions (Figure 6); the second interface 
is the output result window (Figure 7).
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Figure 5. 
Schematic program process.

Figure 6. 
The main input interface/window for process conditions input.

Figure 7. 
The output interface/window for filament temperature in the machine’s cooling window and the fiber’s 
structural, mechanical and physical properties.
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Each factor is represented as a record and it may be owned by more than one 
record, leading to a network-like structure. The multiple regression analysis and 
previous forecasting models provide a basis for identifying the relationship between 
process-input and process-output data; and formation of a source code to be used in 
the forecasting program. The 30 hole spinneret (diameter is 0.4 mm, l/d ratio is 1.2) 
was used. The programmed application powerfully supports product development, 
design process control, quality assurance and product performance evaluation; it 
displays data on the screen or sends data to a file or other devices. Figure 7 shows 
the output interface/window for filament temperature in the machine’s cool-
ing window and the fiber’s structural, mechanical and physical properties. Each 
factor is represented as a record and relationships between other factors through a 
matrix design.

7. Textiles industry future and biodegradable polymers

Reusing and recycling properties are the main goals for the environmentally 
friendly textile industry [127]; saving time, cost, and materials. There are 
various methods in which bio-polymers are processed, such as polymerization, 
crystallization and manufacturing depending on the polymer’s nature and 
application [128]. Biomechanical engineering design of clothing products is still 
at the development stage. Biological health and psychological happiness are criti-
cal indexes reflecting quality of life. Bio-material processing and bio-garment 
simulation has grown from basic shape modeling to the modeling of cloth with 
complex physics and behaviors. Bio-textile engineering approach offers precise 
details of modeling cloth at a micro, the graphics software simulate the fabric to 
form the final deformation and animation. The acceptance of biopolymer mate-
rials as commonplace in textile industry require the passage of time. Biopolymers 
boast greater environmental consciousness than most modern technologies, as 
they have the potential to significantly reducing cost, energy and materials for 
future generations. Modeling crosses the boundaries of academia, science and 
industry [129].

8. Conclusion

This chapter reviewed the relationship between the bio-polymers and the 
modeling of the production processes in textile industry. The theoretical techniques 
and factorial experimental design together with the biopolymers’ classification and 
preparation methods open new field of the modern textiles, from fiber to fabric 
forming and coating technologies. Biopolymer use in the textile industry is an excit-
ing and innovative area of research for scientists and researchers alongside textile 
and polymer engineers.

In the case study, results obtained should answer the fairly complex demands 
posed by multi-applications running concurrently with the application programs 
(or processes) in the computer. It is limited by the regions of the studied factors 
between the factor levels. The program’s results help in achieving a balance between 
the enhanced properties and the fiber cost while saving processing cost, material 
and the power required for enhancing fibers. After finishing the processes for 
modeled biodegradable fibers, the process conditions (process-input data) selected 
depends upon the user. The produced environmentally friendly, economical, energy 
saving fibers can be potentially utilized in textiles, agricultural, as well as horticul-
tural applications.



13

Characterization, Modeling and the Production Processes of Biopolymers in the Textiles Industry
DOI: http://dx.doi.org/10.5772/intechopen.96864

Author details

Basel Younes
Faculty of Engineering, Kalamoon University, Damascus, Syria

*Address all correspondence to: basel.younes@uok.edu.sy

Acknowledgements

I wish to express his deep appreciation to Mechatronics Department, 
Engineering Faculty, Kalamoon University &Textiles Department, FMEE, 
Damascus University.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



14

Biocomposites

References

[1] Chandra R, Rustgi R. Biodegradable 
Biopolymers. Great Britain: Elsevier 
Science Ltd; 1998.

[2] Steinbüchel A. Biopolymers Vol. 10: 
General Aspects and Special Applications. 
Germany: Wiley-VCH; 2003.

[3] Smith R. Biodegradable Polymers 
for Industrial Applications. England: 
Woodhead Publishing Limited; 2005.

[4] Harzallah O, Drean J-Y. Macro and 
Micro Characterization of Biopolymers: 
Case of Cotton Fibre. In: Elnashar M, 
editor. Biopolymers. Croatia: Sciyo; 
2010. p. 193-218.

[5] Bastioli C. Handbook of 
Biodegradable Polymers. Shawbury, UK: 
Rabra Technology; 2005.

[6] Standard guide for assessing the 
compostability of environmentally 
degradable plastics, D 6002-96. 
American Society for Testing and 
Materials, Washington, DC. 1996.

[7] Sawada H. ISO standard activities in 
standardization of biodegradability of 
plastics-development of test methods 
and definitions. Polymer degradation 
and Stability. 1998;59:365-70.

[8] Pavlov MP, Mano JF, Neves NM, 
Reis RL. Fibres and 3D mesh scaffolds 
from Biodegradable starch based blends: 
production and characterization. 
Macromolecular bioscience 
2004;4 776-84

[9] Chen Y, Wombacher R, Wendorff JH, 
Visjager J, Smith P, Greiner A. Design, 
Synthesis, and Properties of New 
Biodegradable Aromatic/Aliphatic 
Liquid Crystalline Copolyesters. 
Biomacromolecules. 2003;4(4):974-80.

[10] Han L, Zhu G, Zhang W, Chen W. 
Composition, Thermal Properties, 
and Biodegradability of a New 
Biodegradable Aliphatic/Aromatic 

Copolyester. Journal of applied polymer 
science. 2009;113(2):1298-306.

[11] Averous L. Biodegradable 
multiphase systems based on 
plasticized starch: a review. Journal 
of Macromolecular Science - Polymer 
Reviews. 2004;44(3):231-74.

[12] ASTM. D 5338, Test Method for 
Determining Aerobic Biodegradation 
of Plastic Material under Controlled 
Compositing Conditions. 1998.

[13] Sami J. Processing of the 4th 
Conference on Biogically Degradable 
Mterials. Presentation No D 95 1999 
(Festung Marienberg, Würzburg, 
Germany).

[14] Biresaw G, Carriere CJ. 
Compatibility and mechanical properties 
of blends of polystyrene with 
biodegradable polyesters. Composites: 
Part A. 2004; 35:313-20.

[15] Blackburn RS. Biodegradable and 
Sustainable Fibres. Cambridge, UK: 
Woodhead Publishing; 2005.

[16] Holding W. Biodegradable Polymer 
Supply Chains: Implications and 
Opportunities for Australian Agriculture. 
Australia Rural Industries Research and 
Development Corporation; 2004.

[17] Monsanto. Biopolymers to Give 
Cotton Fibers Synthetic-Like Qualities. 
U.S.A: Monsanto company; 2003.

[18] Thakore SI. Role of Biopolymers in 
Green Nanotechnology. In: Verbeek J, 
editor. Products and Applications of 
Biopolymers. Croatia: Tech; 2012. 
p. 119-40.

[19] Kalambur S, Rizvi SSH. 
Biodegradable and Functionally 
Superior Starch-Polyester 
Nanocomposites from Reactive 
Extrusion. Journal of Applied Polymer 
Science. 2005;96(4):1072-82.



15

Characterization, Modeling and the Production Processes of Biopolymers in the Textiles Industry
DOI: http://dx.doi.org/10.5772/intechopen.96864

[20] Crank M, Patel M, Marscheider- 
Weidemann F, Schleich J, Hüsing B, 
Angerer G. Techno-economic Feasibility 
of Large-scale Production of Bio-based 
Polymers in Europe (PRO-BIP)-
Final Report Utrecht University& 
Fraunhofer ISI,Spain 2004.

[21] Amass W, Amass A, Tighe B. A 
review of biodegradable polymers. 
Polymer international. 1998;47:89-144.

[22] Singha K, Namgung R, Kim WJ. 
Polymers in Small-Interfering RNA 
Delivery. Nucleic Acid Therapeutics. 
2011;21(3):133-47.

[23] Wanga X, Ding B, Li B. Biomimetic 
electrospun nanofibrous structures 
for tissue engineering. Mater Today 
(Kidlington). 2013;16(6):229-41.

[24] Shi G, Rouabhia M, Wang Z, 
Dao LH, Zhang Z. A novel electrically 
conductive and biodegradable 
composite made of polypyrrole 
nanoparticles and polylactide. 
Biomaterials. 2004;25:2477-88.

[25] Takiyama E, Fujimaki T. 
Biodegradable Plastics and Polymers. 
Amsterdam: Elsevier; 1994.

[26] Nolan-ITU. Environment 
Australia:Biodegradable Plastics- 
Development and Environmental 
Impacts. Nolan-ITU, East Kew, 
Victoria. 2002.

[27] Crank M, Patel M, Marscheider- 
Weidemann F, Schleich J, Hüsing B, 
Angerer G, et al. Techno-economic 
Feasibility of Large-scale Production of 
Bio-based Polymers in Europe: Technical 
Report EUR 22103 EN. European 
Science and Technology Observatory. 
2005;European Communities.

[28] Ganesh K, Alp AH, Russell GR, 
inventorsBiodegradable Aliphatic-
Aromatic Copolyesters, Methods of 
Manufacture, and Articles Thereof 
03/24/2011.

[29] Eastman polymers for fibres. 
Eastman chemical company, USA2002.

[30] NIIR-board. The Complete Book 
on Biodegradable Plastics and Polymers 
(Recent Developments, Properties, 
Analysis, Materials & Processes). 
Delhi, India: Asia Pacific Business Press 
Inc.; 2006.

[31] Stevens ES. Green Plastics, Plastics 
and the Environment USA: Princeton 
University Press; 2001.

[32] Li F, Xu X, Li Q, Li Y, Zhang H, Yu J, 
et al. Thermal degradation and their 
kinetics of biodegradable poly(butylene 
succinate-co-butylene terephthate)
s under nitrogen and air atmospheres. 
Polymer Degradation and Stability. 
2006;91:1685-93.

[33] Deng L-M, Wang Y-Z, Yang 
K-K, Wang X-L, Zhou Q, Ding S-D. 
A new biodegradable copolyester 
poly(butylene succinate-co-ethylene 
succinate-co-ethylene terephthalate) 
Acta Materialia. 2004;52(20):5871-8.

[34] Shi XQ, Aimi K, Ito H, Ando S, 
Kikutani T. Characterization on mixed-
crystal structure of poly(butylene 
terephthalate/succinate/adipate) 
biodegradable copolymer fibers. 
Polymer. 2005;46:751-60.

[35] Rolf-Joachim M, Ilona K, 
Wolf-Dieter D. Biodegradation of 
polyesters containing aromatic 
constituents. Journal of biotechnology. 
2001;86(2):87-95.

[36] Witt U, Muller R-J, Deckwer 
W-D. New biodegradable polyester-
copolyesters from commodity chemicals 
with favorable use properties. Journal 
of Polymers and the Environment. 
1995;3(4):215-23.

[37] Park SS, Chae SH, Im SS. 
Transesterification and crystallization 
behavior of poly (butylene succinate)/
poly( butylene terephthalate) block 



Biocomposites

16

copolymers. Journal of Polymer 
Science, Part A: Polymer Chemistry 
1998;36(1):147-56

[38] Hayes RA. Aliphatic-aromatic 
copolyesters. US Patent 6485819. 2002.

[39] Pan P, Inoue Y. Polymorphism 
and isomorphism in biodegradable 
polyesters. Progress in Polymer Science. 
2009(34):605-40.

[40] Ki HC, Park OO. Synthesis, 
characterization and biodegradability 
of the biodegradable aliphatic–aromatic 
random copolyesters. Polymer. 
2001;42:1849-61.

[41] Tokiwa Y, Suzoki T, Appl J. 
Hydrolysis of copolyesters containing 
aromatic and aliphatic ester blocks 
by lipase. Journal of Applied Polymer 
Science. 1981;26(2):441-8.

[42] Xiong X, Tam K. Hydrolytic 
degradation of pluronic F127/
poly (lactic acid) block copolymer 
nanoparticles. Macromolecules. 
2004;37(34):25-30.

[43] Jin H-J, Lee B-Y, Kim M-N, Yoon 
J-S. Thermal and mechanical properties 
of mandelic acid-copolymerized 
poly(butylene succinate) and 
poly(ethylene adipate). Journal of 
Polymer Science, Part B: Polymer 
Physics. 2000;38:1504-11.

[44] Witt U, Müller R-J, Deckwer W-D. 
Studies on sequence distribution of 
aliphatic/aromatic copolyesters by 
high-resolution C nuclear magnetic 
resonance spectroscopy for evaluation 
of biodegradability. Makromol Chem 
Phys. 1996;197:1525-35.

[45] Muller RJ, Witt U, Rantze E, 
Deckwer WD. Architecture of biodegradable 
copolyestyers containing aromatic 
constituents. Polymer Degradation and 
Stability 1998;59:203-8.

[46] Massardier-Nageotte V, Pestre C, 
Cruard-Pradet T, Bayard R. Aerobic 

and anaerobic biodegradability of 
polymer films and physico-chemical 
characterization. Polymer Degradation 
and Stability. 2006;91:620-7.

[47] Herrmann AS, Nickel J, Riedel U. 
Construction materials based upon 
biologically renewable resources from 
components to finished parts. Polym 
Degrad Stab. 1998;59:251-61.

[48] Artamonova SV, Demina NM. 
New starch based textile onlining 
agent for glass fibres. Fibre chemistry 
1997;29:68-70.

[49] Fang Q, Hanna MA. Preparation 
and Characterization of Biodegradable 
Copolyester–Starch Based Foams. Bio-
resource Technology. 2001;78(2):115-22.

[50] Rhim JW, Ng PK. Natural 
biopolymer-based nanocomposite films 
for packaging applications. Critical 
Reviews in Food Science and Nutrition. 
2007;47(4):411-33.

[51] Sekhon BS. Food nanotechnology - 
an overview. Nanotechnology, Science 
and Applications. 2010;3 1-15.

[52] Kaushik A, Arya SK, 
Vasudev A, Bhansali S. Recent Advances 
in Detection of Ochratoxin-A. 
Open Journal of Applied Biosensor. 
2013;2:1-11.

[53] Zecheru T. Biopolymers for Military 
Use: Opportunities and Environment 
Implications - A Review. In: Elnashar M, 
editor. Biopolymers. Croatia: Sciyo; 
2010. p. 597-612.

[54] Santos MI, Fuchs S, Gomes ME, 
Unger RE. Response of micro- and 
macrovascular endothelial cells to 
starch-based fiber meshes for bone 
tissue engineering. Biomaterials. 
2007;28:240-8.

[55] Yoshimoto H, Shin YM, Terai H, 
Vacanti JP. A biodegradable nanofiber 
scaffold by electrospinning and its 



17

Characterization, Modeling and the Production Processes of Biopolymers in the Textiles Industry
DOI: http://dx.doi.org/10.5772/intechopen.96864

potential for bone tissue engineering. 
Biomaterials. 2003;24:2077-82.

[56] Purna SK, Babu M. Collagen 
based dressings- A review. Burn. 
2000;26:54-62.

[57] Qurashi MT, Blair HS, 
Allen SJ. Studies on modified chitosan 
membranes. II.Dialysis of low molecular 
weight metabolites. Journal of Applied 
Polymer Science. 1992;46:263-9.

[58] Sparke BG, Murray DG. Chitosan 
based wound dressing materials. US 
Patent, 4572906. 1986.

[59] Hoekstra A, Struszczyk H, kivekas 
O. Percutaneous micro-crystalline 
chitosan application for sealing 
arterial puncture sites. Biomaterials. 
1998;19:1467-71.

[60] WON CS. Vascular Tissue 
Engineering Scaffolds from Elastomeric 
Biodegradable Poly(L-lactide-co-ε-
caprolactone) (PLCL) via Melt Spinning 
and Electrospinning. USA: North 
Carolina State University; 2006.

[61] Wang Q, Zhang N, Hu X, Yang J, 
Du Y. Chitosan/starch fibers and their 
properties for drug controlled release. 
European Journal of Pharmaceutics and 
Biopharmaceutics. 2007;66(3):398-404.

[62] Sun YM, Hsu SC, Lai JY. Transport 
properties of ionic drugs in the 
ammonio methacrylate copolymer 
membranes Journal of Pharmacy 
Research. 2001;18(3):304-10.

[63] SA] A, H Y, B O. Membrane 
formation by drycast process: model 
validation through morphological 
studies. Journal of Membrane Science 
2005;249(1):63-72.

[64] Younes B, Ward SC, Christie RM, 
Vettese S. Textile applications of 
commercial photochromic dyes: part 
7. A statistical investigation of the 
influence of photochromic dyes on the 
mechanical properties of thermoplastic 

fibres. The Journal of The Textile 
Institute. 2019;110(5):780-90.

[65] Ajeeb F, Younes B, Khsara AK. 
Investigating the Relationship between 
Thermochromic Pigment Based knitted 
Fabrics Properties and Human Body 
Temperature. IOSR J Polym Textile Eng. 
2017;4(3):44-52.

[66] Younes B. Investigating the co-effect 
of twist and hot drawing processes 
on the bio-based yarns properties. 
The Journal of The Textile Institute. 
2020;111(2):202-13.

[67] Basel Younes SCW, Robert M 
Christie. Textile applications of 
commercial photochromic dyes: 
part8. A statistical investigation of the 
influence of photochromic dyes on 
thermoplastic fibres. The Journal of The 
Textile Institute. 2019;under

[68] Jena UCH, Elsner P. Biofunctional 
Textiles and the Skin. Basel 
(Switzerland): S. Karger; 2006.

[69] Younes B. Classification, 
characterization, and the production 
processes of biopolymers used in the 
textiles industry. The Journal of The 
Textile Institute. 2017;108(5):674-82.

[70] Aslan B, Ramaswamy S, Raina M, 
Gries T. Bio-composites : processing 
of thermoplastic biopolymers and 
industrial natural fibres from staple 
fibre blends up to fabric for composite 
applications. Journal of Textiles and 
Engineer. 1 9 9 2;19(85):47-51.

[71] Lim S, Lee J, Jang S, Lee S, 
Lee K, Choi H, et al. Synthetic Aliphatic 
Biodegradable Poly(butylene 
succinate)/Clay Nanocomposite 
Foams with High Blowing Ratio 
and Their Physical Characteristics. 
Polymer Engineering and Science. 
2011;123:1316-25.

[72] Antipov EM, Dubinsky VA, 
Rebrov AV, Nekrasov YP, Gordeev SA, 



Biocomposites

18

Ungar G. Strain-induced mesophase and 
hard-elastic behaviour of biodegradable 
polyhydroxyalkanoates fibers. Polymer. 
2006 47:5678-90.

[73] Lim KY, Yoon KJ, Kim BC. Highly 
absorbable lyocell fiber spun from 
celluloses/hydrolyzed starch-g-PAN 
solution in NMMO monohydrate. 
European Polymer Journal 
2003;39:2115-20.

[74] Lim KY, Yoon KJ, Kim BC. Highly 
absorbable lyocell fiber spun from 
celluloses/hydrolyzed starch-g-PAN 
solution in NMMO monohydrate. 
European Polymer Journal. 
2003;39:2115-20.

[75] Strnad S, Šauperl O, Fras-Zemljič L. 
Cellulose Fibres Functionalised by 
Chitosan: Characterization and 
Application. In: Elnashar M, editor. 
Biopolymers. Croatia: Sciyo; 2010. p. 
181-200.

[76] Czuryszkiewicz T, Ahvenlammi J, 
Kortesuo P, Ahola M, Kleitz F, 
Jokinen M, et al. Drug release from 
biodegradable silica fibers. Journal of 
Non-Crystalline Solids. 2002;306:1-10.

[77] Kopecek J, Yang J. Hydrogels 
as smart biomaterials. Polymer 
International. 2007;56(9):1078-98.

[78] Schmack G, Jehnichen D, Vogel R, 
Tandler B, Beyreuther R, Jacobsen S, 
et al. Biodegradable fibres spun from 
poly(lactide) generated by reactive 
extrusion. Journal of Biotechnology. 
2001;86:151-60.

[79] Fletcher K. Sustainable Fashion 
and Textiles: Design Journeys. UK: 
Routledge; 2012.

[80] Bond EB, Autrn JPM, Mackey LN, 
Noda I, Odonnell HJ, inventorsWO 
02/090630 A1, Multi-component fibres 
comprising starch and biodegradable 
polymer2002.

[81] Rong H, Bhat GS. Preparation 
and Properties Of Cotton-Eastar 
Nonwovens. International Nonwovens 
Journal. 2003;12(2):53-7.

[82] Bhat GS, Haoming R. Effect of 
Binder Fibres on Processing and 
Properties of Thermal Bonded Cotton-
Based Non-woven. International 
Nonwovens Technical Conference, 
USA. 2002.

[83] Rong H, Leon RV, Bhat GS. 
Statistical Analysis of the Effect of 
Processing Conditions on the Strength 
of Thermal Point-Bonded Cotton-Based 
Nonwovens. Textile Research Journal. 
2005;75(1):35-8.

[84] Bryan BE, Marie AJP, Neil ML, 
Isao N, Odonnell HJ, inventorsWO 
02/090629 A1, Fibres comprising starch 
and biodegradable polymers2002.

[85] Bhat G, Kamath MG, Mueller D, 
Parikh DV, McLean M. Cotton-Based 
Composites for Automotive Applications. 
Global Plastics Environmental 
Conference, Michigan. 2004.

[86] Twarowska-Schmidt K, Ratajska M. 
Biodegradability of Non-Wovens Made 
of Aliphatic-Aromatic Polyester. FIBRES 
& TEXTILES in Eastern Europe. 
2005;13(1):71-4.

[87] Twarowska-Schmidt K. Evaluation 
of the Suitability of Some Biodegradable 
Polymers for the Forming of Fibres. 
Fibres & Textiles in Eastern Europe. 
2004;12(46):15-8.

[88] Mohanlal AP. Design and Study of 
Biodegradable Small Diameter Woven 
Vascular Grafts [Master Thesis]: North 
Carolina State University, USA; 2003.

[89] Kwon K, Kidoaki S, Matsuda T. 
Electrospun nano- to microfiber 
fabrics made of biodegradable 
copolyesters:structural characteristics, 
mechanical properties and cell 



19

Characterization, Modeling and the Production Processes of Biopolymers in the Textiles Industry
DOI: http://dx.doi.org/10.5772/intechopen.96864

adhesion potential. Biomaterials. 
2005;26:3929-39.

[90] Kumar A, Srivastava A, Galaev IY, 
Mattiasson B. Smart polymers: Physical 
forms and bioengineering applications. 
Progress in Polymer Scence. 
2007;32:1205-37.

[91] Lötzsch D, Ruhmann R, Seeboth A. 
Thermochromic Biopolymer Based 
on Natural Anthocyanidin Dyes 
Open Journal of Polymer Chemistry. 
2013;3:43-7.

[92] Scott A. Spider Silk Poised For 
Commercial Entry. Chemical & 
Engineering 2014;92:24-7.

[93] Hult EL, Iotti M, Lenes M. Efficient 
Approach to High Barrier Packaging 
Using Microfibrillar Cellulose 
and Shellac. Cellulose, Springer. 
2010;17:575-86.

[94] Knittel D, Buschmann HJ, 
Hipler C, Elsner P. Schollmeyer E: 
Funktionelle Textilien zur Hautpflege 
und als Therapeutikum. Akt Dermatol. 
2004;30:11-7.

[95] Zemljič LF, Peršin Z, Stenius P, 
Stana-Kleinschek K. Carboxyl groups in 
pretreated regenerated cellulose fibres. 
Cellulose. 2008;15(5):681-90.

[96] hanmugasundaram WL. 
Development and characterization 
of cotton and organic cotton gauze 
fabric coated with biopolymers and 
antibiotic drugs for wound healing. 
Indian Journal of Fibre Textile Research 
2012;37:146-50.

[97] Wang H-R, Chen K-M. Preparation 
and surface active properties of 
biodegradable dextrin derivative 
surfactants. Colloids and Surfaces 
A: Physicochem Eng Aspects. 
2006;281:190-3.

[98] Mohanty AK, Khan MA, 
Hinrichsen G. Influence of chemical 

surface modification on the properties 
of biodegradable jute fabrics—polyester 
amide composites. Composites: Part A. 
2000;31:143-50.

[99] Uretzkey G, Appelbaum AJ, 
Younes H. Long-term evaluation of a 
new selectively biodegradable vascular 
graft coated with polyethylene oxide-
polylactic acid for right ventricle 
conduit. J Thorac Cardiovasc Surg. 
1990;100:769-80.

[100] Madrigal-Carballoa S, Limb S, 
Rodrigueza G, Vilac AO, Kruegerb CG, 
Gunasekaranb S, et al. Biopolymer 
coating of soybean lecithin liposomes 
via layer-by-layer self-assembly as novel 
delivery system for ellagic acid. Journal 
of Functional Food. 2010;2:99-106.

[101] Pelton R. Temperature-sensitive 
aqueous microgels. Advances in Colloid 
and Interface Science. 2000;85(1):1-33.

[102] Lundin M. Adsorption of 
biopolymers and their layer-by-layer 
assemblies on hydrophilic surfaces 
[Doctoral Thesis]. Stockholm, 
Sweden: KTH Royal Institute of 
Technology; 2009.

[103] Jocić D, Tourrette A, 
Lavrič PK. Biopolymers: Biopolymer-
Based Stimuli-Responsive Polymeric 
Systems for Functional Finishing of 
Textiles. Croatia: Sciyo; 2010.

[104] Lochner RH, Mater JE. Design 
for Quality. London Chapman and 
Hall; 1990.

[105] Clark KB, Wheelwright SC. 
The product development challenge: 
competing through speed, quality, and 
creativity. Boston: A Harvard business 
review book; 1995.

[106] Moreland JC, Sharp JL, Brown PJ. 
Lab-Scale Fiber Spinning Experimental 
Design Cost Comparison. Journal 
of Engineered Fibers and Fabrics. 
2010;5(1):39-49.



Biocomposites

20

[107] Ziabicki A, Jarecki L, Wasiak A. 
Dynamic modelling of melt spinning. 
Computational and Theoretical Polymer 
Science. 1998;8(1-2):143-57.

[108] Perera SSN. Viscoelastic Effect 
in the Non-Isothermal Melt Spinning 
Processes. Applied Mathematical 
Sciences. 2009;3(4):177-86.

[109] Wang GX, Matthys EF. Modelling 
of rapid solidification by meltspinning: 
effect of heat transfer in the cooling 
substrate. Materials Science and 
Engineering: A. 1991;136:85-97.

[110] Ziabicki A, Jarecki L, Wasiak A. 
Dynamic modelling of melt spinning. 
Computational and Theoretical Polymer 
Science. 1998;8(1/2):143-57.

[111] Kotze T. Two Dimensional 
Modelling of PET Melt Spinning: The 
effects of heat transfer limitations 
on the quality of PET yarn produced 
during melt spinning: LAP LAMBERT 
Academic Publishing; 2010.

[112] He W, Zhang S, Wang X. 
Mechanical Behavior of Irregular Fibers, 
Part I: Modeling the Tensile Behavior of 
Linear Elastic Fibers. Textile Research 
Journal. 2001;71(6):556-60.

[113] Bingol D, Tekin N, Alkan M. 
Brilliant Yellow dye adsorption onto 
sepiolite using a full factorial 
design. Applied Clay Science. 
2010;50(3):315-21.

[114] Hanci TO, Alaton IA, Basar G. 
Multivariate analysis of anionic, cationic 
and nonionic textile surfactant 
degradation with the H 2 O 2 /UV-C 
process by using the capabilities 
of response surface methodology. 
Journal of Hazardous Materials. 
2011;185,(1):193-203.

[115] Engin AB, Özdemir Ö, Turan M, 
Turan AZ. Color removal from textile 
dyebath effluents in a zeolite fixed bed 
reactor: Determination of optimum 

process conditions using Taguchi 
method. Journal of Hazardous 
Materials. 2008;159(2-3):348-53.

[116] Krucinska I. The influence of 
technological parameters on the 
filtration efficiency of electret needled 
non-woven fabrics. Article Journal of 
Electrostatics. 2002;56(2):143-53.

[117] Gardiner WP, Gettinby G. 
Experimental Design Techniques 
in Statistical Practice, A practical 
Software-Based Approach. Chichester, 
England: Horwood Publishing 
Limited; 1998.

[118] Tanguchi G. Introduction to 
Quality Engineering. Tokyo: Asian 
productivity organization; 1986

[119] Younes B. The Statistical 
Modelling of Production Processes 
of Biodegradable Aliphatic Aromatic 
Co-Polyester Fibres used in the Textile 
Industry [PhD Thesis]. UK: Heriot-Watt 
University; 2012.

[120] Younes B. Simple Rheological 
Analysis Method of Spinnable-Polymer 
Flow Properties Using MFI Tester. 
Indian Journal of Materials Science. 
2015(2015):1-8.

[121] Cawse JN. Experimental Design for 
Combinatorial and High Throughput 
Materials Development. USA: John 
Wiley and Sons, Inc; 2003.

[122] Younes B, Fotheringham A, 
Mather R. Statistical Modelling of the 
Effect of Multi-Stage Hot Drawing 
on the Thermal Shrinkage and 
Crystallographic Order of Biodegradable 
Aliphatic-Aromatic Co-Polyester Fibres. 
Fibers and Polymers. 2011;12(6):778-88.

[123] Younes B, Fotheringham A, 
Dessouky HME, Haddad G. The 
influence of multi-stage hot-drawing on 
the overall orientation of biodegradable 
aliphatic-aromatic co-polyester fibers. 
Journal of Engineered Fibers and 
Fabrics. 2013;8(1):6-16.



21

Characterization, Modeling and the Production Processes of Biopolymers in the Textiles Industry
DOI: http://dx.doi.org/10.5772/intechopen.96864

[124] Younes B. A Statistical 
Investigation of the Influence of the 
Multi-Stage Hot-Drawing Process on the 
Mechanical Properties of Biodegradable 
Linear Aliphatic-Aromatic Co-Polyester 
Fibers. Advances in Materials Science 
and Applications. 2014;3(4):186-202.

[125] Brody H. Synthetic fibre 
materials. London: Longman group UK 
limited 1994.

[126] Lord P. Hand Book of Yarn 
Production: Technology Science 
and Economics England: The Textile 
Institute & CRC & WP 2003.

[127] Tobler-Rohr MI. Handbook of 
Sustainable Textile Production. UK: 
Woodhead Publishing Limited; 2011.

[128] Callister W. Materials Science and 
Engineering: An Introduction. New 
York: John Wiley and Sons; 1999.

[129] Chen X. Modelling and predicting 
textile behaviour. UK: Woodhead 
Publishing Ltd; 2010.


