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Abstract 

Polyvinyl alcohol is a water-soluble and biodegradable polymer. PVA is also considered an environmentally friendly material, 

which made PVA one of the most synthetic polymers used in many industrial applications. This review identifies PVA in terms 

of its properties and the different methods of spinning PVA fibers to be used in textile applications.  There are different spinning 

methods that are used in production of PVA fibers such as wet spinning, melt spinning, gel spinning, and dry-wet spinning. In 

addition to some modification that may be carried out to improve the properties of PVA fibers such as esterification, 

etherification or acetalization of hydroxyl groups. Also, Blending PVA fibers with other natural and synthetic fibers such as 

cotton, wool, tencel, viscose, acrylic, and polyester to acquire a textile fiber provides superior properties to the final yarns such 

as comfort, thermal properties, air permeability, and water absorption. PVA blended fibers were produced with different 

techniques namely core yarns (hollow center yarns), blended yarns (microporous yarns) and doubled yarns (reduced twist yarns). 

Each technique present different properties to the resulting yarn. PVA is classified as non-hydrolysable known as high-

performance fiber and partially hydrolysable and hydrolysable. The applications in which PVA was used are many and varied. 

Whereby PVA utilized in manufacturing the environmental friendly packaging. Also, PVA is used in textiles industry to form 

a protective layer namely for warp sizing, which works to reduce yarn breakage during the weaving process. The biomedicine 

application is also one of the most important applications that tended to benefit from polyvinyl alcohol.  

Key words: Polyvinyl alcohol, Wet spinning, Dry Spinning, Melt Spinning ;  

1. Introduction 

Polyvinyl alcohol (PVA) is a water-soluble synthetic 

polymer [1-2]. PVA polymer is a polyhydroxy 

polymer    and characterized by its high chemical 

resistance, good mechanical and physical properties, 

and complete biodegradation in presence of suitable 

microorganisms, which led to its use in different 

industrial applications [3]. PVA is available in the 

market in different degrees based on viscosity and 

degree of hydrolysis [4-6]. Nevertheless, PVA is 

considered an inert substance [7], some chemical 

modifications are applied to PVA to improve its 

reactivity. The hydroxyl groups in the PVA allows for 

chemical modifications. These modifications are 

esterification, etherification or acetalization of 

hydroxyl groups [8-9]. In 1939  Sakurada and Yazawa 

have worked on production of water insoluble PVA 

fibers by using heat treatment and formalization and 

the final fibers were produced by wet spinning 

technique [10]. The Biodegradability of PVA can be 

improve by blending PVA with starch (ST), as ST is 

considered a biodegradable polymer in soil and 

organic fertilizer [11]. PVA Polymer can be found in 

three different forms namely; fully hydrolyzed (98% 

or higher), partially hydrolyzed (typically between 

87% - 89% hydrolyzed), and intermediate (89% - 98% 

hydrolysis) [12-13]. 

The state of PVA hydrolysis or partial hydrolysis of 

polyvinyl acetate affects the physical properties of 

PVA. Whereby, PVA is classified into partially 

hydrolyzed and fully hydrolyzed. PVA is produced 

with different molecular weights ranging from (20,000 
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to 400,000), solubility, flexibility, tensile strength, and 

adhesion. As, all these properties depend on the length 

of the initial vinyl acetate polymer and the degree of 

hydrolysis under alkaline or acidic conditions. To 

identify PVA, there are several characteristics that 

distinguish it, such as pH, viscosity, drying loss, 

melting point, refractive index, heavy metals, and 

residues on ignition [14]. Effect of different 

parameters on PVA nanofibers mechanical and 

structural parameters investigated to be used in 

different applications [15]. PVA nanofibers been 

developed for different applications such as a 

reinforcement to enhancing the mechanical properties 

of cementitious composite and for nonwoven 

composite material to enhance the sound absorbency 

[16-17].  

On the other hand, the advantages of high Young's 

modulus, strong adhesion, good dispersion, and low 

fiber price are achieved in high-performance polyvinyl 

alcohol (PVA) fibers [18]. By optimizing the spinning 

solution, the orientation of the polymer chains, and the 

drafting parameters, an improvement in the tensile 

mechanical properties of the fibers can be obtained 

[19]. To prepare new materials with improved 

properties, trend to the technique of modifying organic 

polymers. It was found that the hydroxyl groups 

present in PVA achieve easy modification of PVA 

polymers [9]. 

 

1.1    Polymeric Textile Fibers 

Fiber is a substance that has no restrictions in its 

chemical composition. Fiber may exist in different 

forms such as: metallic, mineral, or organic. However, 

non-metallic fibers are polymers, either natural or 

synthetic. Fibers can be classified into natural fibers 

such as: cotton, wool, and silk. And synthetic fibers 

such as: polyvinyl alcohol and polyethylene, etc. 

Figure 1 shows the polymers classification in textile 

fibers. 

 

Fig.1 Polymers in textile fibers 

 

1.2    Properties of PVA Polymer 

It was found that the greater the molecular mass of 

PVA the greater the tensile strength, crystallinity, and 

adhesion ability. On the other hand, the flexibility 

decreases, and its viscosity becomes high and the 

specific gravity changes from 1.19 to 1.31. It was 

found that by changing the forms of hydrogen 

bonding, the crystal structure of PVA changes [4] [20]. 

Depending on the number of hydroxyl groups present 

in the  PVA polymer, its physical, mechanical, and 

chemical properties are affected. PVA is not 

manufactured by polymerization of its structural 

monomer (vinyl alcohol) because of its unstable nature 

for commercial production of PVA [4]. The current 

trend relies on compounding, mixing and modification 

in developing new polymeric materials rather than 

relying on chemical synthesis only. Due to the 

advantages of PVA such as the non-toxicity, 

biocompatibility, high water content and ease of 

processing, the PVA polymer is an ideal polymer for 

use in various applications such as textile products, 

flexible devices in electronics, optoelectronics, and 

bioengineering. It is also important for modifying 

some properties of PVA to open the field for use in 

other applications [4].  



 SPINNING TECHNIQUES OF POLY (VINYL ALCOHOL) FIBERS FOR VARIOUS TEXTILE APPLICATIONS 

__________________________________________________________________________________________________________________ 

 

________________________________________________ 

Egypt. J. Chem. 67, No. 1 (2024) 

449 

There is more than one chemical method for 

modifying the PVA polymer. They can be divided into 

commonly used methods and modern methods, and 

both methods depend on the hydroxyl groups on the 

backbone [1]. The common method is such as 

acetylation, carbamation, etherification, or 

esterification of hydroxyl groups. The new method 

trend is such as click chemistry. Whereas, it opens the 

way for PVA to be used in other applications such as 

molecular sensing, biological and biomedical, 

membrane fuel cells, chemical sensors, adsorption of 

toxic metal and optoelectronic devices [4] [21]. When 

manufacturing polymeric nanocomposites, the 

uniform dispersion that occurs of the nano-fillers in the 

polymer matrix is problematic. The uniform 

dispersion plays an important role in the manufacture 

of multifunctional compounds. Compounding can be 

achieved by mixing different materials, which can be 

divided into two parts, either polymer-additives or 

polymer-polymer. Melt compounding, in situ 

polymerization, and solution blending are the common 

compounding techniques [22]. PVA is characterized 

by the fact that it contains many hydroxyl groups 

linked to the carbon chain of PVA, which allows it to 

combine with other materials through  hydrogen bond 

[4]. 

 

1.3 Polyvinyl Alcohol Spinning Process  

Spinning is a process by which fibers are 

manufactured from polymers, as it is done using a 

spinneret to produce multiple continuous filaments. 

Fibers are manufactured from a large number of 

different polymers. Through solution spinning the 

polyvinyl alcohol fibers are produced. There is more 

than one type of spinning process that can be used to 

produce PVA fibers such as wet spinning, dry 

spinning, and air-gap wet spinning [23][10]. Although, 

the production of PVA by melt spinning technique is 

difficult, there are several attempts and research have 

been done to produce PVA fibers by melt spinning by 

using a plasticizer [24]. 

 

1.3.1. Wet Spinning 

1.3.1.1 Wet spinning with sodium sulfate 

coagulation bath. 

Wet spinning process is used to produce staple fiber 

and tow. In ordinary wet spinning, the PVA dissolves 

in water in concentration of 14-16% under heating 

condition. In order to avoid gel formation, the spinning 

solution must be kept above 70 °C. Then filtration and 

deaeration take place. Hence, comes the next step, 

which is the extrusion of the spinning solution through 

spinnerets into a coagulation bath containing a 

saturated solution of sodium sulphate at 40-50°C. 

When comparing the coagulation speed of PVA with 

viscose, it was found that the coagulation speed of 

PVA is slower and requires a longer time in the 

coagulation bath comparing to Viscose production 

[32]. 

Utilization of vertical spinning machine carry many 

advantages, whereas the coagulation process go 

smoothly and also reduce required floor space [33]. In 

this process, the fibers are drawn in a second heated 

coagulation bath and then dried. The produced fiber is 

soluble in hot water. To overcome this, the fibers are 

subjected to a drawing process and thermal treatment 

in hot air or by using hot rollers at 210-240 °C. 

However, it must be taken into consideration that the 

temperature of the heat treatment process is higher 

than the temperature of the drawing process. In order 

to stabilize the fiber structure during heat treatment, a 

small shrinkage is allowed. As a result of exposing the 

fibers to heat treatment, crystallization of the polymer 

chains occurs in the fibers, so the solubility of the 

fibers in hot water decreases. The process of 

acetalization takes place on heat treated fibers, where 
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the fibers are passing through an aqueous solution 

containing1-5% formaldehyde,10-20% sulfuric acid, 

and 5–20% sodium sulfate for 10-60 at 5080°C min to 

reach a degree of formalization of 25-35 mol% [32]. 

The acetalization process is affected by several factors 

such as reaction conditions, the conditions of the 

drawing processes, and the heat treatment applied to 

the fibers. As a result of acetalization process, the 

resistance of the fibers to hot water increases. 

Moreover, the mechanical and chemical properties of 

the fibers change. In the case of staple fiber 

production, mechanical crimping and cutting occur to 

heat-treated tow and then the cut fiber is formalized. 

For industrial application suitability, the formalized 

tow must be directly subjected to a stretch-break 

spinning system to convert it into spun yarns. The 

produced threads have high strength and toughness 

[34].  

 

1.3.1.2 Wet spinning with alkaline 

coagulation bath. 

In the case of the fibers produced by the wet spinning 

method with sodium sulfate coagulation bath, 

transparent fibers with high tensile strength can’t be 

obtained. The cross-section of the fibers is in the form 

of a cocoon and the skin/core has a heterogeneous 

structure. This is due to the coagulation proceeding 

with the rapid dehydration from the outside of the 

extruded jet of the spinning dope. 

But the PVA fibers produced form PVA dope that are 

spun in an aqueous solution of concentrated alkali 

have a circular cross-section, a homogeneous and 

compact structure. The produced fibers from this 

method are transparent and have several advantages 

represented in the possibility of being drawn at a high 

degree, which give improved tensile strength and 

modulus in addition to better water resistance. In this 

method when PVA dope comes in contact with an 

alkaline coagulant it become gel immediately as the 

dehydration continue homogeneously [35]. Japanese 

companies are using this method. As the alkaline 

substance used in the coagulation bath is sodium 

hydroxide at a concentration 200 g/l and at a 

temperature of 40-50 °C. To obtain a highly drawn 

fiber with a higher modulus, modifications have been 

made by using an aqueous acid spinning dope that 

contains a small amount of boric acid. Initially, the 

purpose of developing this method was to obtain a 

high-tenacity, high-modulus yarns to be used in the 

tire cord application. But then the PVA yarn is 

modified to obtain high-modulus fibers to be used as a 

substitute for asbestos fibers in reinforcing cement, as 

this fiber has a tenacity of 12 cN/dtex and a modulus 

of 274 cN/dtex [32]. 

 

1.3.1.3 Wet spinning with organic solvent. 

When comparing polyvinyl alcohol with polyethylene 

in terms of coefficient of crystalline, polyvinyl alcohol 

is the one that has a higher crystalline modulus. In this 

method, organic solvent is used as the PVA solution 

passes through several stages. First, the hot diluted 

PVA solution is slowly cooled in the polyol, and then 

the highly crystalline PVA precipitates. This 

phenomenon has been associated with gel-spinning 

and ultrahigh-drawing procedures. As the gel fibers 

formed from the PVA solution in glycerine, have a 

high degree of polymerization up to 38000, .The 

resulting fiber is drawn at high temperatures, which 

results in fibers that have a high tenacity of up to17 

cn/dtex and a modulus of 555 cn/dtex [32]. 

 

1.3.2 Melt Spinning 

Melt spinning is one of the methods of spinning, as it 

is considered one of the simplest spinning types, as this 
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type of spinning is highly efficient and 

environmentally friendly [36]. Whereas, this method 

depends on continuous steady state elongational flow 

of processing. As, first, the molten polymer is 

extruded, and then exposed to cooling, which results 

in solidification. It is also possible to obtain high 

mechanical properties of the fibers by stretching and 

annealing the fibers. Often, these processes take place 

during the melt spinning process either into air or 

through an air gap into a cold-water bath [25]. 

Early studies on PVA fiber spinning reported that it is 

difficult to use melt spinning to produce PVA fibers, 

and this is due to the multi-hydroxyl structure of PVA 

[36]. Whereas, melting point so close to its 

decomposition temperature. Therefore, PVA fibers 

were produced for a while by means of gel spinning 

[37], crosslinking wet spinning [38] and alcoholysis 

spinning from polyvinyl acetate [39]. But all these 

methods depend mainly on wet spinning, which 

contains complex steps such as dissolution, 

coagulation bath or spinning bath and 

desolventization, etc. It also needs to high molecular 

weight PVA [36]. 

Many studies have been done  for possibility of 

producing PVA fibers by melt spinning through 

blending, copolymerization and plasticization [40]. 

However, these methods remained limited in use due 

to the complex treatment of PVA [36]. A study 

reported that an environmentally friendly technology 

was adopted to try to reduce the melting point of PVA, 

achieve heat treatment, and control the ultra-molecular 

structure of PVA [41]. The resulting fibers from this 

melt spinning process are characterized by circular 

cross, uniform structure, and excellent drawing ability 

[42]. There are studies to plasticize PVA polymers by 

using pseudo ionic liquids (PILS), which are known as 

green solvents, in addition to glycerin (GL). This 

method was developed to produce PVA fibers by melt 

spinning for the first time, in addition to improving the 

heat treatment ability of PVA polymers. It was found 

in the plasticizing system (PILS/GL) that cation 

(_OH), the anion (Cl‾), and the hydrogen  form a strong 

hydrogen bonds with the hydroxyl groups of PVA 

[43]. When comparing plasticized PVA polymer with 

pure PVA, the result shows that the melting point of 

the plasticized PVA is lower, wider thermal processing 

and better melt fluidity than the pure PVA. The study 

also recorded a successful production of PVA fibers 

by melt spinning using the GL/ChCI-GL system. 

Produced PLA fiber characterized by smooth surface 

with diameter of 116 µm and circular cross section. 

Mechanical testing of the produced plasticized PLA 

fiber shows increase in tensile strength with value of 

1208 MPa compare with 357 MPa for pure PVA and 

Young’s modulus with value of 23 GPa compare with 

6.10 GPa for pure PVA [43]. 

Another research was conducting on studying the 

crystallization behavior of PVA fibers produced by 

melt spinning during hot drawing. The results indicate 

that during drawing the PVA fibers crystallize in three 

stages: initial stage, the stage of crystallization induced 

by stress, and the stage of slowly increasing. It can be 

found from the study that there is a direct relationship 

between fiber crystallization and drawing temperature. 

Thus, the temperature of the draw increased, the 

crystallization of PVA fibers increased. But the 

behavior is different when the drawing speed 

increasing. Whereas, the crystallinity of PVA fibers 

increased at first with increasing the drawing speed 

and then decreased [36]. The study also indicated that 

the drawing process is an essential process for the 

production of high-strength, high-modulus fibers. As, 

the crystallization that occurs as a result of stress 

during the drawing process is considered one of the 

most important phenomena. During the drawing 

process, crystallization of the polymer and 
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crystallization rate increased which improve the 

mechanical properties of polymer products [36].  

A study on PVA, investigated the effect of heat during 

drawing on the crystallization of PVA fibers. The 

result indicated that the higher the draw temperature, 

the higher the crystallization of the PVA fibers under 

the same drawing ratio. This is due to the fact that PVA 

chains are subject to expansion along the direction of 

tensile stress when the temperature increases during 

drawing, in which cause an increase in the 

crystallization rate and crystallinity of PVA fibers 

[36]. Although, in the recent years, the focus was on 

the produced compounds from PVA loaded with 

carbon nanotubes [44-45]. It was found that both gel 

spinning and electrospinning [46] are methods for 

producing PVA fibers reinforced with CNT [47]. But 

wet spinning is the most used technique for different 

types of composite fibers. Studies have shown that 

producing composite fibers from PVA/CNT by both 

wet and gel spinning is less effective and more 

complex due to the difficulty in dispersing CNT 

particles [48]. 

The study succeeded in proving that it is possible to 

produce composite fibers from Polyvinyl Alcohol and 

Multi-Walled Carbon Nanotube (PVA/MWCNT) by 

Melt Spinning. This is achieved through the dispersion 

of CNT in the composite plasticizer, swollen melt 

spinning, and post-treatment. Two methods were 

conducted to investigate the effect of structure 

development on the produced composite 

PVA/MWCNT fiber.  First, using dispersing agent 

such as Tween 80 and second is cold and hot drawing 

to improve the mechanical properties of PVA 

composite fibers. Which results in an increase in the 

degree of crystallization of PVA and the degree of 

orientation. It also improves the alignment of 

nanotubes along the fiber axis [48]. There is also a 

study that succeeded in to benefit from carbon 

nanotubes (CNT) and polyvinyl alcohol (PVA) in the 

production of composite fibers (CNT//PVA) through 

the melt spinning process [48]. Fig.  shows that 

production of PVA fibers by melt spinning. Whereas, 

PVA/MWCNT composite fibers were produced by 

dispersing CNT in composite plasticizers and using 

melt spinning, and after spinning, treatments are 

carried out [48].  

 

 

Fig. 7 Steps for producing PVA fibers by melt spinning. 

 

The results of this study show that the mechanical 

properties of the PVA/CNT composites depend 

largely on the crystallinity of the polymer and the 

degree of orientation. As the PVA polymer used in this 

study was a partially crystalline polymer [48]. Interest 

in plasticizers has begun in recent years due to their 

ability to form a new hydrogen bond interaction with 

the hydroxyl groups of PVA, in addition to destroying 

inter-/intra- hydrogen bonding [49-50]. Studies have 

shown that water is one of the best solvents for PVA 

as it is known as a green solvent. One of the drawbacks 

of using water as a solvent is its low boiling point. As, 

the water evaporate rabidly which affect the 

spinnability of the PVA fibers. Therefore, the use of 

co-plasticizer with water such as caprolactam (CPL) 

helps to form a hydrogen bond interaction with the 

PVA chains and helps to keep them inside the PVA 

fibers without extraction treatment. Therefore, the 

study adopted the use of water/caprolactam (W/ CPL) 

as plasticizing  system  for the production of PVA fibers 



 SPINNING TECHNIQUES OF POLY (VINYL ALCOHOL) FIBERS FOR VARIOUS TEXTILE APPLICATIONS 

__________________________________________________________________________________________________________________ 

 

________________________________________________ 

Egypt. J. Chem. 67, No. 1 (2024) 

453 

by melt spinning. Whereas, this system increases the 

boiling point of water. The results of spinning 

PVA/W/CPL showed decrease in melting point and 

produced fibers exhibit a circular and uniform 

structure. These results open the door of utilization of 

PVA in cement applications [50]. 

One of the studies indicated to the use of Janus 

particles with hybrid kaolinite in melt spinning system. 

Whereas the particles settle in the PP-PVA interface, 

and the polymer compatibility enhanced significantly. 

The results of the study were as follows: the 

mechanical properties of the produced PP/PVA 

(70/30) filaments were improved, as the Young's 

modulus increased significantly. The results also 

showed that the samples containing KJ exhibit a low 

melt flow index, and with the addition of kaolinite 

particles, the crystallization rate of PP decreased [51]. 

Fig. shows that the stress-strain curves of the filaments 

without/with kaolinite particles and before and after 

selective extraction. Using KL particles cause poor 

mechanical properties, where the tenacity and 

breaking elongation decrease. On the other hand, 

Young's modulus remains stable. But when using 

1%wt of KJ particles a slight decrease in both tenacity 

and breaking elongation occurred. Meanwhile, the 

value of Young's modulus increased slightly. 

Experience also proves that when using 5 wt % of KJ 

an increase in the value of Young's modulus occurs by 

a larger percentage (from 1417 ± 136 MPa for unfilled 

blends toward 2227 ± 370 MPa), with a sharp 57% 

more. On the other hand, the elongation at break 

decreases and tenacity is slightly enhanced [51]. 

This study prove that the use of the Janus particle 

significantly enhances the Young's modulus of the 

fibers and also strengthen the interface as a result of 

the special localization of the kaolin particles. In 

addition to a decrease in break elongation as a result of 

the interfacial localization of the fillings. Hence, this 

study proves that it is possible to treat the weak effect 

on the mechanical properties of melted fibers by using 

modified particles from Janus in the fields of melt 

spinning technology [51]. As proven by a study that 

partially hydrolyzed PVA has a lower molecular 

interaction than fully hydrolyzed PVA. Therefore, 

partially hydrolyzed polyvinyl alcohol (PVA) was 

used to prepare thermoplastic polyvinyl alcohol 

(TPVA), which leads to improve the flowability in 

addition to higher water solubility. The used PVA in 

this study has a saponification degree of 86 mol% and 

three different degrees of polymerization of 800, 500, 

and 300 are used. On the other hand, Glycols are used 

as plasticizers for PVA. Whereas, glycols consist of an 

alcohol with two hydroxyl groups on adjacent carbon 

atoms. One of the most suitable glycol plasticizers is 

glycerin, as it is characterized by its high compatibility 

with PVA, in addition to its high thermal stability [24]. 

The produced polymers are called thermoplastic 

polyvinyl alcohol (TPVA). The results of this study 

showed that the water solubility of TPVA is affected 

by the degree of polymerization, hydrolysis and 

spinning conditions. Whereas, the increases of the 

spinning temperature cause longer time for the fiber to 

dissolve. This attribute to the improvement of 

crystallinity via the thermal treatment which also 

cause difficulties on drawing with adequately retained 

water solubility. On the other hand, the fiber sample 

with high spin speed or hot drawing did not show a 

significant increase in dissolution time. The study used 

partially hydrolyzed PVA to prepare TPVA [24].  

 

 

Fig. 8 stress-strain curves of the filaments without/with kaolinite 

particles and before and after selective extraction 
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Another study investigated the use of 40% by weight 

of water to plasticize the PVA powder and then stored 

the plasticized PVA powders in an airtight container, 

which results in a complete seep of water into the 

PVA. Results indicated that the higher the drawing 

ratios, the higher the degree of crystallinity and the 

melting point of the profiled PVA fibers. An 

improvement occurred in both the crystal structure and 

orientation. The study also proved that good control of 

the relaxation of the molecular chain during the hot 

drawing results in a variation in the cross-sectional 

shape of the profiled PVA fibers less than 10%, which 

assures excellent profile retention. The result reveled 

that an eight-time draw ratio, the tensile strength of the 

triangular, cruciform, trilobal and wavy fibers were 

585, 559, 481, and 585 MPa respectively. Producing a 

novel fiber that are usable for composite reinforcement 

[52] were obtained. Fig.  show SEM images of profiled 

as spun PVA fibers with different cross-sectional 

shapes [52]. 

 

 

Fig. 9 Sem images of profiled as spun PVA fibers with different 

cross-sectional shapes (a) triangular, (b) cruciform, (c), trilobal, and 

(d) wavy [52] 

 

Another study provided evidence of the possibility of 

using polyvinyl alcohol fibers with a triangular cross-

section prepared by melt spinning, to reinforce the 

epoxy resins. As the result of a complex between 

particles and plastics, PVA fibers with a triangular 

cross-section were produced through melt spinning 

and hot drawing [53]. The results revealed that that 

triangle fibers have a high specific surface area which 

makes them suitable for the reinforcement of epoxy 

resin. As, the contact area increases with the epoxy 

matrix. In the Epoxy matrix, the fibers were fixed 

better, which resulted in improving the mechanical 

properties of the composites. The tensile performance 

of triangular PVA fiber/EP composites is also 

improved. The results of this study demonstrated the 

successful preparation of triangular epoxy composites 

reinforced with PVA fibers [53]. 

Another study investigates the effect of degrees of 

hydrolysis (HD) and molecular weights of polyvinyl 

alcohol on the thermal and mechanical properties and 

crystallinity of (PLA/PVA) blended yarns. The results 

of the thermogravimetric analysis (TGA) indicated 

that the PLA/PVA mixture containing PVA with 

higher molecular weights (MW) and degrees of 

hydrolysis (HD) exhibit a better thermal stability. The 

results showed that using low amounts of PVA (3% by 

weight) did not affect the tensile strength of the 

PLA/PVA blends irrespective to the degree of 

hydrolysis and molecular weight. However, it was 

found that with increasing the amount of PVA, the 

tensile strength decreased, especially for mixtures 

containing 20% by weight of PVA, with 98% of 

degrees of hydrolysis (HD) [54]. 

 

1.3.3 Gel Spinning 

Gel spinning process is one of the common methods 

for PVA fibers production. One study investigated the 

possibility of producing PVA fibers by incorporating 

Cellulose whiskers (CW) prepared from native cotton 

into PVA as reinforced fillers (PVA/CWs) through gel 

spinning. The results showed a high degree of 

orientation of CW along the axis of the prepared fibers. 

Due to the presence of surface sulphate groups of 

CWs, the PVA molecules are converted into a catalytic 

polyene structure. Which results in the disappearance 
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of the dynamic cooling crystallization peak after PVA 

melting, as indicated by the DSC test results. Scanning 

electron microscope (SEM) images of the as-spun neat 

PVA and PVA–CW30% fibers showed that all the 

fibers have smooth surfaces and even diameters.  

These results proved that it is possible to use CWs up 

to 30% by weight for reinforcing PVA polymers 

without negatively affecting the spinnability of PVA 

fibers during or on the final appearance of the fibers. 

Fig.  shows SEM images of spun fibers of neat PVA, 

and PVA–CW30% fibers. This study succeeded in 

proving the possibility of using CWs to reinforce 

crystalline polymers such as PVA to produce a fiber 

known as PVA-CW. This is due to some reasons 

which are good dispersion of CWs in PVA solution, 

high uniaxial orientation of CWs in PVA matrix and 

finally positive interaction and stress transfer between 

PVA with oriented CWs [55]. 

 

 

Fig. 10 SEM image of spun fibers: (a) neat PVA, and (b) PVA-

CW30% fibers 

 

Another study showed the possibility of producing 

thermally stable PVA fibers by gel spinning of high 

molecular weight (HMW) PVA by using dimethyl 

sulfoxide/water (8/2, v/v) as a solvent and boric acid 

as a cross-linking (B/PVA). This study compared the 

structure and properties of B/PVA fibers and HMW 

PVA fibers obtained by the same spinning technique 

without crosslinking (NB/PVA) [56]. The results 

indicated that using boric acid (0.3% by weight) as a 

cross-linker and zone drawing resulted in a significant 

change in the properties of HMW PVA gel fibers. 

Where it led to an improvement in the thermal 

properties of PVA fibers. On the other hand, and in 

case of PVA fibers cross-linked with boric acid 

(BA/PVA), the X-ray diffractogram result showed a 

peak shift to lower angle of the original PVA unit cell. 

The study also reported that with a draw ratio of 15 the 

tensile strength and Young's modulus of (BA/PVA) 

fibers were 23.1 and 308.3 g/d, respectively [56]. 

Another study investigated the production of high 

strength composite fibers of PVA reinforced with 

reduced graphene oxide (rGO). Solvothermal 

reduction of graphene oxide (GO) in a solution of 

PVA/dimethyl sulfoxide (DMSO)/H₂O was carried 

out to acquire a macroscopically homogeneous 

dispersion of (PVA/rGO). Then, by using gel spinning 

followed by hot drawing, (PVA/rGO) composite fibers 

were obtained. Results showed that when (rGO) was 

combined by 0.1% by weight with PVA to produce 

composite fibers the mechanical properties of the 

fibers improved, and the tensile strength increased for 

pure PVA fibers from 1.8 GPa to reach 2.2 GPa for 

composite fibers PVA/rGO. Whereas, an increase in 

tensile strength and Young's modulus by 20.6% and 

20.8%, respectively. The results also indicated a 

relatively strong interfacial interactions between 

(rGO) nanosheets and PVA which caused improving 

in the thermal stability of composite fibers. The higher 

the amount of rGO used the greater the thermal 

stability. From the foregoing, it can be concluded that 

the incorporation of rGO into PVA is a successful 

method for producing high performance PVA fibers 

[57]. 

Another study utilized gel spinning in the production 

of a composite fiber known as PVA/lignin. Due to the 

compatibility of PVA with lignin.  The use of a 

coagulation bath containing methanol/acetone with 
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high percentage of acetone, resulted in drawable, 

maintaining the lignin within the fibers and increasing 

the melting point of the gel. The resulting fibers had 

better mechanical performance with an average tensile 

strength of 1.1 GPa, Young's modulus of 37 GPa, and 

a toughness of 17 J/g. Structural analysis showed a 

highest crystallization index for PVA. When 

conducting infrared spectroscopy of the fibers, 

hydrogen bonding was found between lignin and PVA. 

Also, it was found that lignin/PVA fibers can resist 

solubility in boiling water, unlike pure PVA fibers. 

The results also indicated that the higher the amount 

of lignin the greater the swelling of the fibers [58]. 

Another study showed the possibility of producing 

polyvinyl alcohol PVA/attapulgite (ATT) composite 

fibers using gel spinning. The results indicated that the 

structures and properties of PVA/ATT nanofibers are 

affected by the amount of ATT. The results structures 

and properties examination conducted by chemical 

and physical analysis of a group of PVA/ATT 

nanocomposite fibers indicated that the amount of 

ATT has a significant effect on the structures and 

properties of PVA/ATT nanofibers. Whereas, when 

ATT content increased from zero to 3% by weight the 

melting temperatures, crystals, initial decomposition 

temperatures, and the maximum decomposition 

temperatures of the PVA/ATT nanofibers increased. 

On the other hand, the results alternated when ATT 

contents increased from 5% to 7% by weight [59]. 

Another study investigated the utilization of short 

cellulose nanofibers (SCNF) in reinforcing polyvinyl 

alcohol (PVA) fibers. In the experiment, different 

percentages of SCNF were added to the PVA solution, 

which was then spun by gel spinning. The results 

showed that the lower the percentage of SCNF in the 

PVA fibers the greater the direction of the PVA 

crystallization. On the contrary, when the percentage 

of SCNF is increased above 2 or 3% the result is a 

network formation of filtered SCNFs that prevents 

alignment. This study proved that the tensile strength 

and Young's modulus of PVA/SCNF fibers with short 

cellulose nanofibers with a weight ratio of 

approximately 6 are 60 and 220%, respectively which 

is higher than pure PVA. It was also found that the 

combination of wet drawing during gel spinning and 

drawing after heating at a high temperature after 

drying influenced the molecular orientation of PVA 

[60]. 

One study provided evidence that the best solvent for 

spinning doping and coagulant is a mixture of 

DMSO/HO = 80/20 (w/w) and methanol to obtain 

PVA fibers with the highest drawability. As a result of 

the ability of the DMSO/H2O mixture to promote gel 

formation, the produced PVA fibers have a high 

drawability. The result indicated that when the 

undrawn gel fibers subjected to hot two-stage drawing 

under conditions with maximum drawability, highest 

strength and Young’s modulus PVA fibers were 

obtained. In addition, when reducing the coagulation 

temperature of 6 wt% of the dope, a higher draw ratio 

of PVA fibers were obtained. The results were also 

revealed that when preparing the spinning dope from 

PVA with a DP of 5000 and a mixed solvent 

DMSO/H2O (80/20), the produced fibers showed a 

highest tensile strength of 2.8 GPa and the highest 

Young's modulus of 64 GPa [61]. 

 

1.3.4 Dry-Wet Spinning 

One of the ways to produce PVA fibers is dry 

spinning. Whereas, PVA fibers can be obtained by 

spinning a concentrated aqueous solution of PVA from 

the spinneret to air [10] [62]. There are two types of 

dry spinning, namely  low draft spinning and high 

drafts spinning [32]. In low-draft spinning, the PVA 

solution is prepared with concentration of 40-45% 

with draft ratio approximately one. But in high draft 

spinning, the used polymer concentration is 20-40% 
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and the draft ratio is from one to several tens [10]. In 

this type of spinning, PVA powder and water are 

mixed and then converted into granules that can be 

spun .  Then, there is a melting of the granules in the 

extruder, and the solution is filtered, deaerated and 

transferred to a spinneret. The final step is to harden 

the fibers by the exposure to hot air, and then transfer 

the fiber to the drying machine, where the fibers are 

dried and taken by the winder. Studies have shown that 

the speed of dry spinning ranges from 300-600 m/min 

while wet spinning speed is lower at approximately 50 

m/min. Thus, dry spinning is higher than that of wet 

spinning [10]. 

 

1.3.4.1 Low- Draft Spinning  

Low-draft spinning is using aqueous spinning dope 

with  concentration ranges between 41-45% and very 

high viscosity. This spinning process is carried out by 

dissolving the PVA granules in the presence of water 

by heating them in an extruder under pressure. The 

spinning of highly viscosity spinning dope process can 

be carried out at a temperature of 130-160 °C in air at 

Ca. 50 °C. The fiber draw ratio depends on the 

spinning dope extrusion rate of the spinneret as the 

cooled and solidified filament is wound with a low 

draw ratio of 0.3-1.0. (Draft ratio = winding 

rate/extrusion rate). During the drying process the 

temperature is raised gradually, and the drying occurs 

gradually. The final dried filament exhibits a circular 

cross section, homogeneous structure, and low strain. 

Fibers can be drawn to the highest drawing rate with a 

temperature close to the melting point. This type of 

spinning process produces fibers that have sufficient 

resistance to hot water. In addition, produced yarns by 

this method can be heavier and suitable for industrial 

applications. The aim of this method in the beginning 

was to produce monofilaments heavier than 110-1100 

dtex, but it expanded to be used in the production of 

multiple filaments, such as 1330 dtex / 200 filament 

[32]. 

 

1.3.4.2 High-Draft Spinning 

High-draft spinning is using aqueous spinning dope 

with concentration ranges between 28-41% at 

temperature of 90-95°C. The spinning takes place in a 

spinning tube consisting of a drawing zone at 

temperature ranged between 30-80°C, RH of 55-95%, 

and a drying zone temperature of at >80°C and RH 

<50%.  Whereas, when the filaments are passing 

through the spinning tube, it subjected to a large 

drafted, dried, and taken off at a winding speed 

ranging from 200 to 500 m/min. Then the dried fibers 

are drawn on hot and heat treated, and it is sometimes 

possible moreover acetalized. This method can be used 

to obtain finer filaments for use in textile applications. 

A mixture of PVA and amino acetalized PVA is used 

to produce fibers that are used in clothing and can be 

dyed using acid dyes. The yarn produced by this 

method are water soluble. Commercially available 

water soluble PVA fibers are made by using PVA with 

low degrees of polymerization and saponification, and 

heat treatment conditions are controlled. In general, in 

dry spinning, the polymer solutions are extruded 

through a spinneret and then exposed to a hot air 

stream t evaporates the solvent and leaves the polymer 

fibers [32]. 

One of the studies was able to prove the success of the 

possibility of using dry-wet spinning in the production 

of PVA fibers with high strength and high Young's 

modulus using a self-designed spinning equipment 

(Figure 11). The results revealed that PVA fibers have 

one crystalline type, and this was shown by measuring 

XRD, and the thermal resistance of PVA fibers was 

better than that of PVA, and this was indicated by the 

results of the thermogravimetric analysis (TGA) and 

that the fibers produced by this method have high 
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strength and it is sufficient to meet the requirements of 

civil and architectural engineering use. Whereas, the 

average tensile strength and Young's modulus of PVA 

fiber are 1.73 GPa and 40.02 GPa, respectively [18]. 

 

 

Fig. 11 Self-designed spinning equipment (1-extruder;2-coagulation 

bath;3,5,8-roller;4-stretching in air;6-extraction;7-stretching in heat 

pipe) 

 

Another study indicated the possibility of producing 

PVA fibers by wet dry gel spinning by using dimethyl 

sulfoxide (DMSO) as a solvent and methanol as a 

cooling medium. The result indicated that the viscosity 

level is equalized for both solution that has a lower 

amount of PVA at a lower temperature and the 

solution that has a higher amount of PVA at a higher 

temperature. Also results revealed that the solution 

with a lower amount of PVA loses DMSO at a lower 

rate and this is due to the weaker gel capacity and the 

potential phase separation during coagulation  In 

addition, the solution bounds more DMSO when the 

solution is closer to the gel point, which results in a 

difficult DMSO exchange process. Moreover, the 

study proved that the lower the amount of PVA in the 

solution, the stronger the fibers and the more 

appropriate crystallization and crosslinking will occur 

[63]. 

One of the studies investigated the possibility of 

producing PVA fibers by dry-wet spinning with cross-

linking of boric acid (BA) known as PVA/BA fibers, 

in addition to using the mixed solvent of dimethyl 

sulfoxide (DMSO) and water to improve the 

mechanical properties of PVA fibers. Fourier 

transform infrared spectra (FTIR) analysis results 

indicated that the higher the amount of BA the higher 

the degree of crosslinking of BA with PVA. The 

scanning electron microscopy indicated that the final 

fibers (PVA/BA) are characterized by smooth surfaces 

and decreasing in the fiber diameter at the beginning 

and followed by an increased after increasing the 

amount of (BA). Moreover, the mechanical properties 

of the fibers were measured and the results showed 

that the cross-linking is existed at an ideal BA content 

of 0.3% by weight and PVA/BA (0.3%) fibers have a 

highest tensile strength of 13.1 ± 0.4 cN/dtex and a 

highest Young's modulus of 360.2 ± 10.4 cN/dtex [64]. 

This study also produced PVA/BA fibers with 

different amounts of BA of zero and from 0.1 to 0.4 

wt%. The results of Fourier transform infrared spectra 

(FTIR) analysis showed that the final yarn exhibit an 

increase in the degree of crosslinking between PVA 

and BA as the amount of BA increased. On other hand 

DSC, TGA, and XRD analysis showed increase in 

melting temperatures, thermal properties, and 

crystallinity at first followed by decreasing as the 

amount of BA increased [64]. 

Another study investigated the interlocking structure 

of PVA fibers during the dry-jet wet spinning process. 

The swelling DSC method was used to investigate the 

changes in the entanglement of PVA fibers during the 

spinning process. A swelling agent was used for PVA, 

which is a mixture of (DMSO) as a good solvent and 

(EG) as a weak solvent. It was found that disentangle 

of the entanglement structure of the PVA fibers 

occurred after the destruction of the crystalline phase 

in the swelling agent during heating. So, there are 

several factors affecting the interlocking of PVA fibers 

represented in spinning dope concentration, jet 

expansion ratio, extrusion shear stress and pull ratio 

for the whole spinning process. Reducing 

entanglement between chains of macromolecules 
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during the spinning process is essential to the 

possibility of producing high-performance fibers. As a 

finding in this study, as the draw ratio, degree of 

orientation, and crystallinity of the fibers are 

increased. Thus, the entanglement structure of PVA 

fibers can be reduced by controlling the overall 

spinning process. Therefore, the possibility of 

obtaining PVA fibers with a tensile strength of 17.5 

cN/dtex can be achieved [65]. 

 

1.3.5  Mechanical Spinning of PVA Fibers 

Textiles are used to meet human needs in various 

applications. Some textiles meet basic needs, such as 

clothing. On the other hand, the textiles that are 

produced for the purpose of meeting a specific 

requirement are known as technical textiles. The field 

of textile application has expanded because of the 

development of new fibers and processing methods 

[66]. To produce a product of two or more types of 

fibers, there are several methods namely, yarns spun, 

twist yarns, composite yarns, and blended yarns from 

different types of fibers. A product consisting of 

morethan one fiber is produced to utilize the 

advantages of each fiber that are blended in the yarn 

[67]. 

One of studies produced single jersey fabrics using 

conventional and hollow cotton yarns with different 

hollowness ratios. Thermal properties of the resulting 

fabrics were compared. Hollow yarns using a 

cotton/PVA core spun yarns was produced and then 

PVA was removed by washing [68]. After washing the 

PVA, the yarns to turn from core spun yarn to hollow 

yarns. After removing the PVA, the air permeability 

results showed increases compared to the fabric before 

washing. But when comparing the fabrics after 

washing with each other, the results show that the 

greater the core hollowness, the lower the air 

permeability of the fabric [68]. As a result, PVA fibers 

exhibit high thermal conductivity when compared with 

cotton fibers. Therefore, the results indicated that the 

higher the percentage of PVA in the core spun yarns, 

the higher the thermal conductivity of the fabric [68]. 

The thermal conductivity of the PVA core spun yarn 

fabrics were higher than that of the reference fabric 

and the thermal conductivity values increased with the 

increase in the PVA ratios in core spun yarns. This 

may be explained by the higher thermal conductivity 

values of PVA fibers than cotton fibers. 

However, after washing the fabric, the results were 

alternated, as the sample that contained the highest 

percentage of PVA was the lowest in thermal 

conductivity, due to the removal of PVA, which has a 

high ability to heat conduction. Also, the greater the 

core hollowness, the greater the amount of air inside 

the yarn, so when compared to the control fabric, it 

was found that the control fabric has a higher capacity 

for thermal conductivity [68]. The thermal absorption 

of the fabrics after washing have decreased, and the 

results indicated that the thermal absorption of the 

hollow yarn fabrics was higher than that of the control 

fabric. The fabrics with the highest percentage of PVA 

had a high ability to absorb heat, so when touched for 

the first time, it gives a feeling of coldness [68]. The 

study also revealed that due to the removal of PVA 

fibers the water vapor permeability of the fabrics 

increased. Whereas, the water vapor permeability 

depends on two important factors namely the amount 

of air trapped in the yarn structure and the hollowness 

of the core in the hollow yarns.  

Another study also dealt with the production of hollow 

yarns with fixed percentage of PVA in the core with 

the use of different raw materials in the sheath, namely 

cotton, viscose, and acrylic to produce jersey fabrics 

with permeable properties that allow their use in sports 

clothing. Control samples were produced 100% 

cotton, 100% acrylic and 100% viscose spun yarns 
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[69]. The results indicated that after samples’ washing 

the fabrics lost PVA fibers, and thus an increase in 

water vapor transmission occurred and the water vapor 

permeability of the fabrics also increased due to the 

trapping of air in the hollow yarns [69]. When compare 

control fabrics with fabric after removing PVA 

(hollow yarn fabric), it was found that all hollow yarn 

fabrics give better results in water vapor permeability 

[69]. 

Another study produced yarns using the technique of 

core sheath in which cotton, viscose, wool, and 

polyester raw materials were used in the sheath and 

PVA in the core. . This study proved the possibility of 

producing yarns containing 50% less fibers with the 

same yarn diameter. However, hollow yarn’s tenacity 

and elongation decreased with the increase in 

hollowness ratios, due to the removal of PVA [70]. 

The next part of the study utilized the produced hollow 

yarn before washing them in the production of knitted 

fabrics to investigate the effect of both the structure of 

the hollow yarns and the ratio of the core sheath of the 

hollow yarns on the permeability properties of the 

produced fabrics. Results indicated that before 

washing the fabrics there is a decrease in air 

permeability, no matter the type of fiber used in the 

sheath, due to the presence of PVA. But, after washing 

the fabrics and removing the PVA the results 

alternated, and the air permeability of the fabrics 

increased. Also, the water vapor permeability recorded 

an increase especially in the fibers in which the 

polyester material was used in the sheath [71]. The 

results indicated that when a comparison was made 

between the fabrics produced using 100% viscose and 

the fabrics produced using viscose/PVA (50%/50%) in 

terms of fluid conductivity, the fabrics produced with 

PVA showed the higher fluid conductivity. The study 

proved that regardless of the type of fiber used in the 

sheath and after removing the PVA, there was a 

decrease in the bursting strength of the fabrics [71]. 

Another study aimed to produce a yarn with fine pores 

by washing treatment of blended yarn of PVA fiber 

and cotton fiber. The micro-pores were created by 

treating the blended fiber with hot water, which results 

in dissolving PVA fibers and pores creation. The study 

indicated the variables of the experiment that have 

influenced the properties of the yarns before and after 

washing were the percentage of PVA fibers, the yarn 

twist multiplier (TM) and the spindle speed [72]. The 

results showed that the blended yarn after washing, the 

yarn count became finer. It was also found that 

because of the shrinkage of the yarns during washing, 

there was a slight increase in twist per inch for all 

samples. Although after washing there are no 

significant changes in twist multiplier (TM). Also, the 

results showed that the higher the PVA content the 

lower yarn packing factor due to the presence of 

micro-pores in the yarn. On the contrary, at a low level 

of PVA and with an increase in spindle speed, an 

increase in the yarn packing factor occurs. A decrease 

in yarn tenacity also occurs for all samples after 

washing. On the other hand, the compressibility of the 

yarn after washing was increased due to PVA removal 

and to the appearance of fine pores inside the yarn 

structure [72]. 

There is another study that used a ply yarn of cotton 

and Tencel yarn with PVA as weft yarns to produce a 

woven fabric with comfort properties. Two-for-one 

twister technique was used to produce yarns that are 

used in the production of fabrics to achieve the 

characteristics of comfort for the user [73]. After 

washing the samples, the results indicated that when 

comparing the samples produced from Tencel ply yarn 

with those produced from single Tencel yarn, the air 

permeability is greater for the samples produced from 

Tencel ply yarn. This is due to the removal of PVA 
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after washing and to the creation of open spaces 

between the fibers. Also, due to the presence of air 

inside the fibers after removing the PVA, the ply yarn 

has a lower thermal conductivity. There are two 

factors that affect the thermal absorption, which are 

the non-twist effect and the fiber material. It was found 

that the woven samples with a single yarn had a higher 

thermal absorption than the non-twisted fabrics. The 

results also indicated that the woven fabric made of 

untwisted weft yarns had a higher tensile strength than 

that produced yarn with single yarn [73]. 

Another study used micro-porous yarn and hollow 

yarn by using PVA fibers in the core for hollow yarns 

and as doubling yarn in micro-porous yarn to produce 

double face woven fabrics. The study also investigated 

the effect of these parameters on the values of air 

permeability and moisture transmission of the 

produced fabrics. The doubling yarn technique was 

used to produce the micro-pores yarn and the PVA as 

core was used to produce the hollow yarn with five 

different hole sizes [74]. The results revealed that the 

air permeability of the fabrics produced from hollow 

yarns is less than fabrics produced from micro-porous 

yarns and higher than the fabric produced from cotton 

yarns only. On the other hand, the difference in the 

percentage of porous yarns in the fabric did not show 

any effect on air permeability. When comparing the 

fabrics produced from cotton only with the fabrics 

produced from porous yarns, the results showed that 

the fabrics produced from porous yarns had a higher 

value for moisture transfer. However, in the case of 

fabrics produced from hollow yarns, it was found that 

the larger the hole size the larger the diameter of the 

yarn, which results in a decrease in the moisture 

transfer of the fabrics [74]. 

In one of the studies, two-component yarns are used 

which are cotton and PVA followed by dissolving 

PVA by exposure to hot water, so that hollow fabrics 

are produced [75]. The results indicated that the yarns 

that achieved the highest values of tenacity are the 

hollow, double, and blended yarns respectively. This 

is due to the presence of straight and continuous PVA 

yarns in the core in the case of core yarns, which 

achieves the highest effective spinning strength [75]. 

On the other hand, PVA yarns are in a spiral shape in 

the case of double pre hollow yarns leads to less yarn 

strength than that of core spun pre-hollow yarn. The 

results also showed that the yarns that achieved the 

least unevenness, thick places, thin places, and 

complete defects were doubled yarns, blended yarns 

and core yarns, respectively. Whereas, in the case of 

double yarns, the doubling process improves the 

evenness of the yarn. Core and double yarns did not 

show any difference in the level of neps. On the 

contrary, the blended yarns showed the lowest number 

of neps in the yarn [75]. Regarding the yarn hairiness, 

the results showed that the lowest index of hairiness 

recorded for core yarns, blended yarns, and double 

threads yarns respectively. As a result of using yarns 

with cotton fibers in the core yarns, it works to reduce 

the number of fibers in the cross-section of the yarn, 

and thus the number of fiber ends, which results in a 

decrease in hairiness in the yarns. However, in the case 

of blended yarns, it contains a greater number of fibers 

in cross-sections, and thus the number of fiber ends, 

which results in an increase in hair hairiness in the 

yarns. Despite that the number of fibers in the yarn 

cross-section are low in the doubled pre-hollow yarn, 

the results indicated an increase in hairiness in the 

doubled yarns compared to blended pre-hollow yarn. 

Which, due to the doubling processes, where the yarns 

are exposed to friction, which increases the level of 

hairiness [75]. 

2. Conclusion 

Polyvinyl Alcohol (PVA) one of the most synthetic 

polymers used in different industrial applications. As 
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a result of PVA excellent properties such as water-

soluble, biodegradable polymer, and environmentally 

friendly material. The current trend relies on 

compounding, mixing and modification in developing 

new polymeric materials rather than relying on 

chemical synthesis only. Several modifications are 

being made to PVA to open the field for use in other 

applications. Whereby, there is more than one 

chemical method for modifying the PVA polymer. 

There are different methods to produce PVA fibers, 

such as wet spinning, melt spinning, gel spinning, and 

dry-wet spinning. Therefore, the properties of the 

resulting yarn differ according to the production 

method. In the beginning, there was difficulty in 

producing PVA with melt spinning, but studies were 

conducted to investigate the possibility of using melt 

spinning in the presence of a plasticizer such as pseudo 

ionic liquids (PILS) and Glycerin (GL). In the wet 

spinning method, it is possible to change the coagulant 

bath solution such as sodium sulphate, alkaline, and 

organic solvent. There are two types of dry spinning, 

namely low draft spinning and high drafts spinning. In 

low-draft spinning, the PVA solution is prepared with 

concentration of 40-45% with draft ratio 

approximately one. But in high draft spinning, the used 

polymer concentration is 20-40% and the draft ratio is 

from one to several tens. Composite yarns that consist 

of PVA fiber with more than one material are produces 

by several methods namely, yarns spun, twist yarns, 

composite yarns, and blended yarns from different 

types of fibers. Yarn consisting of more than one fiber 

is produced to utilize the advantages of each fiber that 

are blended in the yarn. It is concluded from the 

foregoing that polyvinyl alcohol has a promising 

future because of its unique properties that differ 

according to the spinning method. 
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