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Abstract

:

Cotton is a preferred textile fiber for apparel textiles and is used primarily for summer wear. However, cotton has drawbacks, such as poor wrinkle resistance, and therefore, blends of cotton with other fibers have gained acceptance in the industry. In this study, a novel 90:10 cotton–cork blended fabric was studied for its physical and performance properties and benchmarked against a 100% cotton fabric. Fabric samples were analyzed to determine the wrinkle recovery angle, tenacity, abrasion resistance, shrinkage, CLO value, moisture absorption, and dyeability. The samples were further analyzed using SEM, DSC, and FTIR. The results showed significant differences between the two fabrics. Cotton–cork blended textile fabric had higher performance properties with the potential to be a viable, sustainable apparel textile.
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1. Introduction


Cotton is a favorite natural fiber and enjoys great popularity with a high percentage of the population worldwide [1]. However, polyester is the most-used textile fiber, as it can be used year-round as a single or a blended fiber for all clothing categories, and it does not wrinkle as much as cotton [2,3]. Cotton is also very absorbent, breathable, and comfortable; hence, it is best suited for summer clothing [4,5]. Cotton is a unicellular seed fiber composed of approximately 85–90% cellulose, and the remaining percentage consists of lignin, hemicellulose, pectin, and wax [6,7]. Although the high cellulose content in cotton makes it very absorbent and comfortable, it also causes the cotton fabric to wrinkle significantly, and it cannot be worn in the winter without a brushed finish [6]. The popularity and consumption of cotton can be increased further if it can be worn in all seasons. Even though several chemical finishes have been innovated and adopted to treat cotton for better performance towards wrinkle recovery, it is fair to say that none of them are 100% sustainable and environmentally friendly [1]. To overcome cotton’s drawbacks, it has been blended with several fibers, of which cotton and polyester blends have been very successful for apparel textiles [2]. However, with the textile industry being constantly under attack for polluting the planet and polyester being a byproduct of the petroleum industry and a non-biodegradable polymer, recent innovations must trend towards biobased and biodegradable textiles, finishes, and coatings, which can continue to enhance the performance of cotton without taking a toll on the environment, being expensive, and causing any detriment to the fabric. The recent development of 90:10 cotton–cork blended woven textile material is an innovative example.



Cork is a natural, heterogeneous, anisotropic, cellular material obtained from the bark of the Quercus Suber L. cork oak tree, which makes it biobased and biodegradable [7,8]. Moreover, cork is considered a sustainable material, as it is obtained from a renewable resource, and no harm is caused to the tree or the environment while harvesting the cork [9,10]. On average, cork is chemically comprised of five layers of 38.6% suberin, 21.7% lignin, 18.2% polysaccharides, 15.3% extractives (tannins and waxes), and 0.7% ash, making it a heterogeneous material [11]. Cork serves as a protective layer for the tree it grows on; thus, it has an outstanding set of properties, namely low density, little permeability to liquids and gasses, chemical and biological inertia, medical elasticity, high friction, good insulation, high damping capacity, and better mechanical efficiency, attributing to its cellular structure and chemical composition, thus putting it on the list of sustainable biomaterials [12,13]. Cork consists of suberin, which is responsible for the insulation and hydrophobic properties of the stem [14]. Suberin is considered a complex polyester built with long-chain fatty acids and glycerol; basically, it is a large biopolymer of lipid nature in the shape of tiny pentagonal or hexagonal honeycombs and filled with an air-like gas, which makes up 90% of its volume, which also attributes to its porosity and buoyancy [7,12,15,16]. Lignin is the second most important structural component of cork. The third layer of structural polysaccharides of the cell walls is composed of cellulose and hemicellulose that make up to 19% of cork and renders it minimally absorbent, due to the low percentage of cellulose content present, especially compared to 100% scoured cotton [7,16]. Cork has an overall three-dimensional microstructure (Figure 1), which is different in all three axial, radial, and tangential directions (Figure 2), resulting in different properties in different directions; hence, it is categorized as an anisotropic material [13,17]. The suberin cells are connected via capillaries, which confer specific characteristics, such as partial impermeability to water and gasses and resistance to acids, and contribute to its compressibility, thus justifying the property of chemical inertia [16,18]. Cork is said to have very good bio-inertia, as it has the natural ability to preclude the invasion from several animal species and not become degraded by the natural elements while growing or after harvesting and product development [19,20]. Cork is particularly known for its use in sealing wine bottles and floating devices, offering properties such as elasticity, compressibility, buoyancy, thermal insulation, low thermal conductivity, low density, and impermeability [8,9].



Cork obtained from the bark of the cork oak tree has been used for centuries for the development and use of various products, including textiles [19,22]. At present, cork sheets are bonded with polyester, cotton textiles, or leather or coated with polyurethane to be further developed into bags, wallpapers, shoes, upholsteries, and other products [10,22]. The development of 90:10 cotton–cork blended, plain-weave, medium-weight textile fabric is new to the textile industry. Coating textile fabrics with animal fat to impart water repellency was prevalent in ancient times. In contemporary textiles, yarns are coated with nano-materials, such as carbon nanotubes and silver nano-particles, with the aid of synthetic polymers to enhance the performance of the treated textiles. Coating with cork on a cotton woven textile is a recent development and has the potential to diversify the use of the natural, versatile, and biodegradable cork to enhance the performance of the cotton woven material.



There is a dearth of research on the properties of 90:10 cotton–cork blended fabric, thereby preventing its adoption by the fashion industry. Therefore, the purpose of this research was to study the physical and performance properties of 90:10 cotton–cork blended fabric in comparison to a 100% cotton fabric sample. The 90:10 cotton–cork sample is referred to as the 90:10 cotton–cork blended sample in this paper. The 90:10 cotton–cork blended textile fabric was analyzed to be a mixture of cotton warp and cork-coated cotton weft in a plain-woven construction of medium weight. Additionally, the fabric samples were analyzed using a scanning electron microscope to confirm the cork coating on the cotton weft yarns. FTIR was used to study the chemical spectra, and the thermal behavior was studied using DSC.




2. Materials and Methods


Commercial samples of 100% cotton fabric and 90:10 cotton–cork blended fabric were procured from online website Dharma Traders, Petaluma, CA, USA, and Texteis Penedo, SA, Portugal, respectively.



A woven fabric has two sets of yarns called warp, or ends, and weft, or picks. Ends per inch (EPI) are the number of warp yarns in a square inch. Picks per inch (PPI) are the number of weft yarns in a square inch. The finer the yarns, the greater the numbers of ends and picks in one square inch. The EPI and PPI of the 100% cotton fabric was 80 × 80, indicating it to be a balanced plain weave. The warp yarn count was 41.53 Ne, and the weft yarn count was 27 Ne for the cotton fabric, indicating finer yarns in the warp and weft directions, as compared to the plain-weave cotton–cork blend, which had a yarn size of 52/2 Ne in the warp and 108/2 Ne in the weft direction. The EPI and PPI of the cotton–cork blend was 65 × 50. The 100% cotton fabric weighed 103.07 grams per square meter (GSM), and the cotton–cork blended fabric weighed 179.70 GSM. Both fabrics are categorized as medium-weight apparel fabrics.



The fabric samples were thoroughly scoured before conducting the tests. Robust sampling was performed to obtain discreet swatches to conduct the various tests. The objective of the research was to compare the physical and performance properties of 100% cotton and the 90:10 cotton–cork blend by performing tenacity, abrasion resistance, shrinkage, CLO value, wrinkle recovery, moisture absorption, and dyeability tests. Further characterizations of the samples were obtained using SEM imaging, DSC, and FTIR spectroscopy.




3. Results


3.1. Tensile Strength


Tensile strength is a good indicator of the durability of textile materials for apparel use. The higher the tensile strength for a particular weight category, the greater the durability of the textile material. The tensile strengths of the two fabric samples were measured by averaging the data obtained using four samples from the warp direction and four samples from the weft direction in each fabric type. An Instron tensile tester was used following the test method ASTM D4632 [23]. The cotton–cork blended fabric required an average force of 61.37 lbs. in the warp direction and 51.75 lbs. in the weft direction to break, which was higher compared to the 100% cotton fabric, which required an average force of 48.59 lbs. in the warp direction and 33.86 lbs. in the weft direction. The individual data for both fabric samples are reported in Table 1.




3.2. Abrasion Resistance


An abrasion resistance test using the SDL Martindale M235 abrasion test was performed following the ASTM D3512 [24] test procedure on the samples. The cotton–cork blended sample had a slub yarn appearance in the weft direction, due to the cork coated on cotton yarns at different uneven intervals. There was a significant change in the abrasion resistance of cotton–cork blended samples after 5000 cycles, as seen in Figure 3 left, as the rating for the blended samples was an average of 2.5, compared to that of the 100% cotton samples, as seen in Figure 3 right, which had an average rating of 4.5.




3.3. Wrinkle Recovery Angle Test (WRA)


The wrinkle recovery angle (WRA) test was performed using the test method AATCC TM-66. The average WRA in the warp direction for six random 100% cotton samples was 99.5 degrees, and for the weft direction, it was 100 degrees. The average WRA angle for the six cotton–cork blended samples in the warp direction was 133.8 degrees, and it was 132.2 degrees in the weft direction, respectively, as seen in Table 2.




3.4. Dyeability


The two textile samples of 100% cotton and 90:10 cotton–cork blend were dyed using Reactive Yellow HF2GL (Archroma, Charlotte, NC, USA) in the same dye bath to determine the dyeability of the 90:10 blended textile. The fabrics were weighed, and the dye was calculated based on the weight (1:10 material to liquor ratio) of the fabric; the auxiliaries used were soda ash and sodium chloride. The samples were soaped thoroughly. Both samples showed a similar dye uptake, as can be seen in Figure 4a for the cotton–cork blend and Figure 4b for 100% cotton fabric.




3.5. Thermal Insulation


The CLO value, also known as the insulation value of clothing, is a unit indicating the amount of insulation or heat resistance a clothing material offers to keep a human being comfortable at a room temperature of 21 °C [25]. To determine the CLO value of the two samples, a guarded hot plate by TPS Tenny, model number VAR-0499, was used following the ASTM F1868 [26] procedure. The CLO value for 100% cotton was calculated to be 0.17, and for the cotton–cork blended fabric, it was 0.23.




3.6. Moisture Management Test


The moisture management test was performed using an SDL ATLAS M290 instrument, (SDL Atlas, Rockhill, SC, USA). Although the cotton–cork blend had a lower absorption rate than 100% cotton muslin, it was still very absorbent. Figure 5a indicates the maximum wetted radius for 90:10 cotton–cork blended fabric, and Figure 5b indicates the maximum wetted radius of 100% cotton muslin fabric. The test indicated that the cotton–cork blended fabric had good absorbency, as the top and bottom max wetted radius was 20 mm, compared to the top and bottom wetted radius for 100% cotton, which was 30 mm. Fabric breathability and humidity were also indicated by the moisture management data, since good absorbency signals the amorphous content of the fiber and the ability of the textile material to allow the movement of moisture within the polymer structure of the fiber.




3.7. Shrinkage Test


A 5 × 5 inch sample square was cut for both fabric types, and the edges were overlocked. The samples were laundered six times and tested for shrinkage. The 100% cotton samples were dimensionally stable after the second laundering, and no more shrinkage was indicated. The cotton–cork blended fabric shrank the same percent as compared to 100% cotton, except for the fact that the cotton–cork blended fabric samples ceased shrinking after the third laundering cycle. The shrinkage in both samples was under 2%, which will not be a factor during garment production, since prewashing is the normal practice in the industry. The data are shown in Table 3. Each sample was measured in the warp and weft directions, and the measurements were noted to calculate the % shrinkage.




3.8. Scanning Electron Micrograph (SEM)


The SEM pictures were taken using Phenom XL Desktop SEM. SEM pictures help in understanding the morphology of a textile fabric or fiber surface. Figure 6a,b illustrates the SEM pictures of 100% cotton fabric captured at two different magnifications, indicating flat, ribbon-like fibers twisted together to form a yarn and woven into a fabric. The surface of 100% cotton was mostly clear, and no conspicuous anomaly was observed.



In contrast, the SEM images at two different magnifications of the 90:10 cotton–cork blend showed no cork deposition on the warp yarns and a coating of granular cork of uneven size on the weft yarns, applied with the help of a binding polymer (Figure 7 and Figure 8).




3.9. Differential Scanning Calorimetry DSC


Differential scanning calorimetry is a thermo-analytical technique used in studying the properties of materials with temperature changes. A DSC instrument, TA DSC2-01167 (TA Instruments, New Castle, DE, USA), was used to obtain the thermograph of cotton yarns coated with synthetic polymers. The x-axis of the graph represents the temperature, and the y-axis represents heat flow divided by the sample weight. The temperature range used was 40–450 °C, with a nitrogen atmosphere. The sample was heated and cooled at 10 °C.min−1. Endothermic transition energy was noted as 191.15 J/g for the polymer in the weft yarn and 297.68 J/g for the polymer in the warp yarn, which was higher compared to regular low-melting synthetic polymers, indicating the polymer present in both the yarns to be a high-performing polymer with a high degree of polymerization, requiring higher heat to melt. The melting point Tm of the binder polymer was observed to be 372.75 °C in the weft yarn, as seen in Figure 9, and 370.63 °C in the warp yarn, as seen in Figure 10, which indicated the presence of a high-performance, high-melting synthetic polymer in both sets of yarns in the cotton–cork blended sample. As per the DSC thermograph seen in Figure 9 and Figure 10, it was observed that the onset of glass transition temperature Tg for the polymer binders started in the region of 150 °C and continued to rise with the temperature [20]. The high-performance thermoplastic polymer category with a Tm of approximately 370–373 °C was shortlisted to be a category of high-melting aromatic thermoplastics called polyarylene ether, whose melting temperatures can range between 345–390 °C [27,28,29,30]. Some commercial examples of polyarylene ether are UDEL® (polysulfone), Kadel® (polyketone), Radel® (polyarylsulfone), PEEK® (polyetheretherketone), and Victrex® PES (polyethersulfone) [30]. Polyarylene ether polymers have excellent heat tolerance, dimensional stability, excellent chemical and hydrolysis resistance, and excellent mechanical properties [31]. They are employed in a variety of applications, such as adhesives, coatings, composite matrices, moldings, toughening agents, and ultrafiltration membranes [30].



Based on the data, it was concluded that the binder in the weft and warp yarns is polyether ketone or PEK [32]. The molecular structure of PEK is shown in Figure 11.




3.10. Fourier Transform Near-Infrared Spectroscopy (FTIR)


FTIR spectra were acquired in transmittance mode in the wave number range of 4000 to 300 cm−1. FTIR spectroscopy is a testing methodology to observe chemical changes in textile materials. The FTIR spectrum is illustrated in Figure 12 for both 100% cotton muslin and 90:10 cotton–cork blended fabric samples. The FTIR spectrum of untreated cotton (in red) shows bands of cellulose, lignin, and hemicellulose, which is similar to the FTIR spectra of the cotton–cork blended fabric (in black). The x-axis represents the infrared IR spectrum indicated as wave numbers (in cm−1), and the y-axis represents the amount of IR light transmitted.



The FTIR spectrum of cotton–cork blended textiles illustrates the bands of cotton content, cork, and the binding polymer. The FTIR spectrum of 100% cotton and the cotton–cork blend shows a prominent band at 3338 cm−1 arising from the -OH stretching characteristic of the hydroxyl group of cellulose, lignin, and water present in both samples [33]. However, there is a reduction in the -OH band intensity at 3338 cm−1 in the cotton–cork blended sample, which can be attributed to the coating of the cork with the resin polymer onto the yarns, causing a reduction due to the masking of -OH groups in the cotton–cork blended sample. The spectra at 2900 cm−1 and 2899 cm−1 are characteristic of the stretching vibration of -CH present in cellulose and hemicellulose [34,35]. However, the peak intensity of -OH bonds slightly went down in the blended fabric, due to the masking of cellulose and hemicellulose by the resin binder and the presence of cork particles.



The spectra at 2900 cm−1 and 2899 cm−1 are also indicators of asymmetric and symmetric stretching of methylene (-CH2-) in long alkyl chains, proving the presence of traces of wax in 100% cotton and the abundance in the cork of the cotton–cork blend sample [33]. A short peak at 1635 cm−1 can be related to the presence of adsorbed moisture in 100% cotton fabric samples [33]. This band gains a mild momentum in the blended sample, developing a very prominent peak at approximately 1717 cm−1 in the cotton–cork blend and possibly arising from C=O stretching vibrations in the -COOH carbonyl groups of the amino acids, which is a prominent component present in the polymer structure of cork.



Although the band at 1745 cm−1 on the shoulder in 100% cotton is a possible characteristic of the carboxyl group of hemicellulose, it is not significant enough, indicating a small percentage of hemicellulose in cotton [35]. The bands between the range of 1717 cm−1 to 1640 cm−1 can be associated with –C=O stretching vibrations, as in the case of –COOR or –COOH groups of ester or aliphatic ketone. Suberin, consisting of aliphatic esters, is present in a high percentage of the cork polymer [36]. Suberin is an ester made of suberin acid and glycerol, with spectral activity reported between the bands of 1740 and 1735 cm−1 [15,37,38]. The change in spectra in the region of 1717 cm−1 to 1640 cm−1 can also be associated with the presence of the thermoplastic binder used in the coating of the yarn, which has been identified as polyether ketone or PEK in this study.



In the range of 1500 to 800 cm−1, bands appear due to the presence of C-H, O-H, C-O, and C-O-C vibrations attributed to the higher presence of cellulose in cotton, but the groups are also common just to cork [39,40]. The peaks of the spectra between 1320 and 1360 cm−1 indicate the bending vibrations of C-H and C-O groups of the aromatic rings in polysaccharides, which are present and common to both 100% cotton and cotton–cork blended samples [34,41].



The band at 1278 cm−1 in Figure 12 is further seen as a prominent strong peak (spectra of just the weft yarn of the cotton–cork blended fabric), indicating a strong C-O stretching vibration, possibly due to the presence of ketone in the aromatic ether, as in the case of the binding polymer. The band at 1275 cm−1 could also possibly indicate the presence of the CO group in cork [37]. The band at 1109 cm−1 indicates a strong C-O stretching aliphatic ether [42]. In the case of the blended sample, there was a change in spectra between the band range of 1500 to 800 cm−1, attributed to the presence of cork and the masking of cellulose by the polymer binder [34]. The bands at 1111 cm−1 and 1055 cm−1, as seen prominently in Figure 12, indicate the C-O stretching of aliphatic ether and C-O stretching of secondary alcohol [42]. Additionally, in Figure 13, distinct peaks at 2921 cm−1 and 2853 cm−1 are characteristics of CH2 stretch absorption from aliphatic and olefinic C-H bonds from suberin-containing materials [17,34,37]. The combined FTIR of the cotton–cork blended fabric, as seen in Figure 12, was overshadowed by the presence of warp yarns, which were primarily cellulosic in nature and coated with a synthetic polymer.





4. Discussion


4.1. Tensile Strength


The difference in tenacity between the two fabrics can be attributed to the low fabric weight, lower fabric count, and single-ply finer yarns of the 100% cotton textile, as compared to cotton–cork blended textiles coated with synthetic polymer. Since the warp and weft of the cotton–cork blend were two-ply yarns coated with a high-performing synthetic polymer, it contributed to the higher tenacity and pliability of the cotton–cork blended textile fabric.




4.2. Abrasion Resistance


The abrasion resistance test for the cotton–cork blended textile showed significant pilling, primarily because of the presence of cork in the weft direction. Due to the blended sample’s heterogeneous nature and its cork-coated weft yarn construction, pill formation was facilitated, and hence, abrasion resistance was poor.




4.3. Wrinkle Recovery Angle Test (WRA)


The increase in the wrinkle recovery angle of the cotton–cork blended fabric can be attributed to the presence of fine cork particles in the weft yarns that enhanced the performance of the fabric. Furthermore, since cork is porous and buoyant in nature, as well as collapsible, along with the enhanced wrinkle recovery of the blended fabric, the presence of cork in the blended textile also provided a lofty, pleasing hand to the fabric.




4.4. Dyeability


The purpose of dyeing was to determine the dyeability of the cotton–cork blend, as compared to the dyeability of the cotton fabric. The dyeability of the cotton–cork blend was positively comparable, and the presence of the polymer coating and the weft yarn cork particles did not adversely affect dyeing properties.




4.5. Thermal Insulation


The higher CLO value of the cotton–cork blend is a clear indicator of good body heat retention, due to the high insulating properties of the blended sample. The use of the cotton–cork blended textile in the apparel industry will enhance the performance and season diversification, as such a textile fabric can be worn throughout the year without any layering or mechanical finishing, such as brushing or napping, to increase its cover factor.




4.6. Moisture Management Test


The ability to absorb moisture makes a textile material desirable, as it will be comfortable to wear. The 20 mm wetting radius of the cotton–cork blended fabric can be attributed to the presence of a high percentage of cellulose, whose absorbency was not obscured by the coated thermoplastic polymer. Cork, although porous with low density, also has a high damping capacity due to the presence of suberin, suggesting that although the blended fabric will absorb moisture, it is unlikely to display an evident embarrassing spot on the fabric or garment surface and will conceal a wet spot discreetly [43].




4.7. Shrinkage Test


The shrinkage test results were in favor of the new cotton–cork blended textile. The shrinkage stabilized in the third round of laundering, proving that it is a viable choice for a designer looking to design a sustainable collection.




4.8. Scanning Electron Micrograph SEM


The SEM images confirmed the presence of cork in the weft yarn, held in place by a synthetic binder. The SEM images of the warp yarns indicated the presence of a synthetic binder in trace quantities.




4.9. Differential Scanning Calorimetry DSC


The DSC testing helped in identifying the binding polymer for the cork in the weft yarn and the warp yarn of the blended textile.




4.10. Fourier Transform Near-Infrared Spectroscopy FTIR


As previously explained (Figure 12 and Figure 13), the FTIR spectra of the 100% cotton and cotton–cork blended fabrics are different, and particularly, the FTIR spectra of the weft of the cotton–cork blend show significantly different peaks, due to the presence of the synthetic polymer and cork. This is further illustrated in Figure 14. In Figure 14, the spectra in black are 100% cotton fabric, the spectra in red are of the warp yarn of the 90:10 cotton–cork blended fabric, and the spectra in green are of the weft yarn of the 90:10 cotton–cork blended fabric. Because the warp yarns of the cotton–cork blend have been coated with the synthetic polymer, it indicates a change in the peak between the 1700 cm−1 to 1500 cm−1 peak region (indicated by the circle in Figure 14). The SEM micrographs, DSC graphs, and FTIR spectra all corroborate the presence of the polymer.





5. Conclusions


Fabric samples of 100% cotton and the 90:10 cotton–cork blend were compared using physical and performance tests to evaluate the suitability of cotton–cork fabric as a sustainable innovative textile for the fashion industry. The results demonstrated that cotton/cork blended in a 90:10 ratio can be introduced as a bio-based and biodegradable textile for the fashion industry. The blended fabric can be laundered and dyed using traditional methods. The fabric has a higher insulating capacity than 100% cotton fabric and possesses sufficient strength. Aesthetically, the fabric has a linen look and a lofty, desirable hand, as determined by WRA tests. Shrinkage tests were within acceptable industry standards for a medium-weight textile fabric. Absorbency was excellent. Potential applications for this novel textile are in shirts, jackets, blouses, and pants. Currently, the cost of cotton–cork blended fabric varies between $24 to $40 per meter, depending on the width of the fabric, which is competitive with other apparel textiles. Coating cotton with the natural, biodegradable cork to make a sustainable fabric is a novel development with the added benefit of enhanced performance properties of the resultant apparel textile.
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Figure 1. Microstructure of a cork particle of 125–250 µm size [21]. 
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Figure 2. Cork with different microstructures in all three axial, radial, and tangential directions. Reprinted with permission from ref. [7]. Copyright 2017 John Wiley & Sons, Ltd. (Hoboken, NJ, USA). 
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Figure 3. Illustrative visuals of 90:10 cotton–cork blended samples (left) and 100% cotton fabric samples after 5000 cycles (right). 
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Figure 4. Dyed samples of the (a) cotton–cork blend and the (b) 100% cotton muslin with reactive dye. 
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Figure 5. Moisture management test of the (a) cotton–cork blend and (b) 100% cotton muslin. 
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Figure 6. SEM micrograph of 100% cotton muslin with magnifications of (a) 1750 and (b) 275. 
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Figure 7. SEM micrograph of the 90:10 cotton–cork blended weft yarn, with magnifications of (a) 1700 and (b) 3000. 
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Figure 8. SEM micrograph of the 90:10 cotton–cork blended warp yarn, with magnifications of (a) 1700 and (b) 2300. 
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Figure 9. DSC micrograph of the weft yarn of the cotton-cork blended fabric. 
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Figure 10. DSC micrograph of the warp yarn of the cotton-cork blended fabric. 
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Figure 11. Molecular structure of polyether ketone. Source: Reprinted with permission from Ghulam Mustafa Kalyar. 
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Figure 12. FTIR spectra of the 90:10 cotton–cork blended fabric (in black) and 100% cotton muslin (in red). 
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Figure 13. FTIR spectra of the weft yarn of the 90:10 cotton–cork blended fabric. 
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Figure 14. FTIR spectra of the 100% cotton fabric and the warp, and weft yarns of the 90:10 cotton–cork blended fabric. 
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Table 1. Tensile strengths for 100% cotton and 90:10 cotton–cork blended fabrics.






Table 1. Tensile strengths for 100% cotton and 90:10 cotton–cork blended fabrics.





	
No. of Samples

	
100% Cotton Muslin

	
90:10 Cotton–Cork Blend




	

	
Warp

(lbs.)

	
Weft

(lbs.)

	
Warp

(lbs.)

	
Weft

(lbs.)






	
1

	
48.56

	
33.96

	
61.87

	
51.87




	
2

	
49.15

	
34.67

	
59.86

	
50.57




	
3

	
49.12

	
34.85

	
63.34

	
54.68




	
4

	
47.53

	
31.97

	
60.42

	
49.89




	
Average

	
48.59

	
33.86

	
61.37

	
51.75











 





Table 2. Wrinkle recovery angles for 100% cotton and 90:10 cotton–cork blended fabrics.
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No. of Samples

	
90:10 Cotton–Cork Blend

	

	
100% Cotton




	

	
Warp

(degree)

	
Weft

(degree)

	
Warp

(degree)

	
Weft

(degree)






	
1

	
150

	
132

	
115

	
115




	
2

	
145

	
136

	
105

	
135




	
3

	
135

	
130

	
97

	
75




	
4

	
105

	
130

	
82

	
80




	
5

	
125

	
135

	
88

	
85




	
6

	
143

	
130

	
110

	
110




	
Average

	
133.8

	
132.2

	
99.5

	
100











 





Table 3. Laundering shrinkage.






Table 3. Laundering shrinkage.





	
Wash

Cycles

	
100% Cotton Muslin

	

	

	
90:10 Cotton–Cork Blend

	

	




	

	
Warp

(inches)

	
Weft

(inches)

	
% Shrinkage Warp

	
% Shrinkage Weft

	
Warp

(inches)

	
Weft

(inches)

	
% Shrinkage Warp

	
% Shrinkage Weft






	
0

	
5

	
5

	
NA

	
NA

	
5

	
5

	
NA

	
NA




	
1

	
4.95

	
4.8

	
0.25

	
1

	
4.9

	
4.95

	
0.5

	
0.25




	
2

	
4.85

	
4.95

	
0.75

	
0.25

	
4.9

	
4.8

	
0.5

	
1




	
3

	
4.85

	
4.95

	
0

	
0

	
4.85

	
4.75

	
0.75

	
1.25




	
4

	
4.85

	
4.95

	
0

	
0

	
4.85

	
4.75

	
0

	
0




	
5

	
4.85

	
4.95

	
0

	
0

	
4.85

	
4.75

	
0

	
0




	
6

	
4.85

	
4.95

	
0

	
0

	
4.85

	
4.75

	
0

	
0
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