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ABSTRACT. In recycle yarn spinning, the original fibers are added to the blend as a carrier because of the recycled 

fibers obtained by opening from fabric scraps are very short and coarse. In the textile recycling industry, mostly 

petroleum-based synthetic fibers are used as carrier fibers. In an environmentally important activity such as 

recycling spinning, it is necessary to reduce the use of synthetics used as carrier fibers. When considered from 

this point of view, hemp fibers come to the fore with their important performance and environmental features. 

Based on this fact, in this study, in addition to the standard production conditions in the recycling yarn 

production facility, hemp fibers in different proportions were added to the blends to reduce the ratio of polyester 

as carrier fiber and the effects of this situation on yarn quality were examined. According to the results, it was 

observed that adding hemp fiber to the recycle yarn blend increased yarn tenacity, yarn unevenness and yarn 

hairiness while decreased yarn elongation properties. 
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Introduction 

The production of textile materials has undergone dramatic changes in the last century. Sustainability in 

textile production has become the most important issue due to factors such as increasing environmental 

pollution, consumed resources, carbon footprint and dependence on petroleum. There is a need to be careful 

and cautious about the use of resources. Due to their advantages such as are eco-friendly nature, 

biodegradability, less pollution and minimal health hazards, natural fibers have started to attract attention 

again with the approaching environmental problems and the global energy crisis in recent years 

(Vigneshwaran et al., 2020). The fact that natural fibers have limited resources requires careful design of 

textile products to be produced from these fibers, careful planning of production and proper optimization of 

the conditions. Taking into account this fact, the textile products and production systems should be designed 

sustainable by choosing the more efficient resource and ecological responsive fibers, and producing less waste 

and pollution (Fletcher, 2008). As in other sectors, experts in the textile industry need to start evaluating 

alternative sources for petroleum-dependent raw materials used as fiber (Pollio, 2016). Therefore, it is 

imperative that professionals in the textile industry start evaluating alternative sources for the raw material 

used. While evaluating alternative sources; sustainable, renewable and less polluting natural fibers should be 

reconsidered for uses that have so far been dominated by synthetic fibers (Mahajan, Binaz, Singh, & Arora, 

2022). In this regard, among natural fibers, hemp is a potential raw material due to its excellent fiber 

properties (Blackburn, 2005; Cerino et al., 2021; Hazekamp et al., 2016). In addition to desirable textile 

properties, hemp is often lauded as an excellent rotational crop that requires the use of small amounts of 

pesticides (Gedik & Avinc, 2020). The fiber transfers heat well, is resistant to mildew, blocks ultraviolet light 

and has natural antibacterial properties (Kashyap, 2015). 

The fibers used in the production of sustainable fashion products in the textile industry play an 

important role. The fibers are used in all production steps until the final product in the tex tile industry, 

such as labor, energy, water, chemicals, etc. they are the main determinant for resources (Oner & Ozdas, 

2021). Textile recycling, most often refers to the reprocessing of pre- or post-consumer textile waste for 

use in new textile or non-textile products. Textile recycling methods are typically classified as 

mechanical, chemical and thermal (Sandin & Peters, 2018). Textile wastes can be recycled into fiber form 

by mechanical or chemical methods. Mechanical recycling method is the cheapest and the simplest way 

for recycling of textile wastes (Demiroz Gun & Kuyucak, 2022). In the mechanical recycling method, 
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textile wastes are sorted, cut with a guillotine, and turned into fibers by shredding or garnet machines, 

which have rotating drums covered with sharp steel pins or wires (Gulich, 2006). In order to obtain yarn 

from recycled fibers, there are the open-end rotor spinning process, the woollen spinning process and 

the open-end friction spinning process (Dref), which allows economical production (Payne, 2015; Gulich, 

2006). Textile wastes cannot be used alone in recycling spinning. Carrier fibers are blended into the yarns 

in order to ensure that the textile wastes in the form of fibers can be spun into yarn and to increase the 

quality and strength of the yarns obtained from these fibers. For this reason, it is important that the 

carrier fibers to be used are sustainable while providing performance properties.  

There are various studies in the literature on the use of hemp fibers in the textile industry. Most of the 

studies are about the use of hemp fibers in composite structure due to their important strength properties 

(Huda et al., 2005; Sanadi et al., 1994; Ramamoorthy et al., 2014; Zou et al., 2011; Baghaei & Skrifvars, 2016; 

Corbin et al., 2019; Liu et al., 2021; Yang et al., 2022). Some researchers have examined the change in yarn 

properties with the use of hemp fibers in yarn production (Mustata & Mustata, 2013; Turunen & Van Der 

Werf, 2007; Zhang et al., 2014; Kozłowski et al., 2013). In addition, the use of hemp fibers in fabric production 

and the effects of the applied finishing processes have been examined (Yang et al., 2013; Stankovic, 2008; 

Hwang & Ji, 2012; Jin Lee & Sun Ji, 2016; Stankovic & Bizjak, 2014; Hyun & Seung, 2018; Paulitz et al., 2017; 

Ali, Rahman, & Chen, 2015; Zhang & Zhang, 2010; Wang et al., 2003). 

As seen in literature research, there is no study on the use of hemp fibers, which is an important 

sustainable fiber for the environment, in recycling applications. In this study, the use of hemp as a carrier 

fiber required in the production of recycled yarn was investigated, and the effect of hemp use on yarn 

performance properties in recycled yarn was compared with reference recycled yarns. 

Material and methods 

In order to investigate the effects of the use of hemp fibers in recycling spinning, a total of 20 different 

recycling yarns were produced in four different yarn counts, five different blend schemes in which the hemp 

ratio was gradually increased. The study was carried out in a factory that produces recycled yarn. For this 

reason, the recycled yarns produced by the factory were included in the experimental group as a reference. In 

addition, the samples of the study were produced according to the production conditions of the factory. 

Reference yarn samples of the study have the most common blending ratios used by recycling yarn mills for 

those yarn counts. As the yarn count gets finer in recycle spinning, the ratio of carrier fiber (virgin polyester) 

used in the blend increases (Demiroz Gun & Oner, 2019). The yarn samples of the study were all made from 

blending of recycled cotton fibers, virgin polyester fibers in 1.3 dtex fiber fineness and 38 mm fiber length, 

and hemp fibers with cottonization and cutting processes were used.  

In order to make the provided pool-retted hemp fibers usable in short staple spinning (cottonization), 

alkaline scouring, bleaching, softening and cutting processes were applied to the fibers, respectively. 

Alkali scouring was performed in order to improve the hydrophilicity of the hemp fibers, and the process 

was designed according to the literature (Gedik and Avinc, 2018). Alkali scouring was applied using 5 g  

L-1 sodium hydroxide and 1 g L-1 wetting agent at 80oC for 60 minutes. Bleaching was carried out with 30 

mL L-1 hydrogen peroxide at 130oC for 60 minutes. Then the fibers went through softening process at 

40oC for 30 minutes by weak nonionic softeners. After the fibers were dried freely, they were cut in a 

Balkan DTA62 Guillotine Cutting Machine with an average fiber length of 38 mm. Infrared spectroscopy 

(FT-IR) analysis method was applied to examine the change of chemical characteristics of the fibers as a 

result of chemical processes applied to hemp fibers. Infrared spectroscopy was performed on a Perkin ‐

Elmer Spectrum Two FT‐IR spectrophotometer equipped with ATR apparatus. The spectrum recorded as 

the average of 5 scans was taken for each sample. 

Recycled cotton fibers used in the yarn samples obtained from fabric scraps coming from apparel 

manufacturing industry. Fabric scraps that came as pre-consumer garment waste were separated into cotton 

according to raw material analysis. The fabric scraps selected by the discrimination process were cut in a 

Balkan DTA62 Guillotine Cutting Machine. Then they were subjected to the opening process in Balkan DT30 

Mega Pulling Machine. 

The recycled yarns were manufactured according to the standard procedures of the company.  Recycled 

cotton waste materials, virgin polyester fibers and cottonized hemp fibers were fed with Balkan B10 Bale 

Opener and blended using Balkan Dt80 Box Room. The blended fibers were carded on Trützschler TC 11 at 
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150 m min.-1 and 54 kg h-1 machine settings. After the carding process, one passage drawing was carried out 

using Rieter RSB-D 50 Draw Frame. Six doublings and six drafts were applied during drawing passages at 600 

m/min, and 5.5 ktex slivers were produced. Recycled yarns were spun on a Rieter R36 open-end spinning 

machine with rotor diameter 36 mm to produce Ne 30 (19.7 tex) counts, rotor diameter 44 mm to produce Ne 

20 (29.5 tex) counts, and 54mm to produce Ne 12 (49.2 tex) and Ne 6 (98.4 tex) counts. Material and the 

spinning parameters describing yarn types are shown in Table 1. 

The yarn samples were produced simultaneously on the machine at reference yarn settings according to 

the yarn count for each yarn type (Figure 1). Only 30-4 coded Ne 30 yarn was produced in a separate lot at a 

higher twist level because it could not provide sufficient strength in the machine. 

Table 1. The basic properties of the yarns produced in the study. 

Sample 

Code 

Yarn 

Count 

(Ne) 

Recycled 

Cotton Ratio 

(%) 

Virgin 

Polyester 

Ratio (%) 

Hemp Ratio 

(%) 

Twist 

(T/m) 

Twist 

Coefficient 

(αe) 

Rotor 

Diameter 

(mm) 

Rotor 

Speed 

(rpm) 

6-R 

6 

85 15 - 

360 3.7 54 50000 

6-1 25 50 25 

6-2 50 35 15 

6-3 50 25 25 

6-4 50 15 35 

12-R 

12 

75 25 - 

520 3.8 54 53000 

12-1 25 50 25 

12-2 50 35 15 

12-3 50 25 25 

12-4 50 15 35 

20-R 

20 

35 65 - 

620 3.6 44 68000 

20-1 25 50 25 

20-2 50 35 15 

20-3 50 25 25 

20-4 50 15 35 

30-R 

30 

50 50 - 

780 3.7 36 84000 
30-1 25 50 25 

30-2 50 35 15 

30-3 50 25 25 

30-4 50 15 35 860 4.0 36 76000 

 

 

Figure 1. Example of yarn samples running on the same machine. 

In order to conditioning the yarn samples produced in this study, the samples were kept in the laboratory 

for 24 hours at standard atmospheric conditions (20±2oC, 65±2% RH) before the tests according to ASTM 

D1776/D1776M-15. As yarn quality properties, unevenness, imperfections (thin places, thick places and 

neps), hairiness, yarn tenacity and elongation values of the yarn samples were measured. Unevenness, 

imperfections and hairiness properties of the yarn samples were measured on Uster Evenness Tester 3 at 

testing speed 400 m/min according to ASTM 1425 and yarn tensile properties were tested on Uster Tensorapid 

3 Tester in accordance with EN ISO 2062. The obtained results were evaluated with a variance analysis, 
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followed by a post hoc test (Student Newman, Kuel – SNK), by using SPSS 22.0 statistical software. For all 

statistical analyses, p < 0.05 (confidence level of 95%) was considered to be significant. 

Results and discussion 

The most important threshold for the use of hemp fibers in yarn production is the cottonization process. 

Because, hemp fibers in their raw state are quite hard, rigid and unsuitable for spinning. In order to change 

this natural structure of hemp fibers, lignin and pectin structures must be removed by the cottonization 

process. In this study, the optimum cottonization application was determined as a result of many trials. In 

order to see the effect of the applied cottonization process, FTIR analyzes were performed before and after 

the treatment. 

Afterwards, the yarns of different fineness were produced by blending hemp fibers, which was made into 

spinnable by chemical treatment, with recycled cotton and virgin polyester fibers in different proportions. 

The quality tests were carried out to make comparative analyzes according to the performance characteristics 

of the yarns produced. 

FTIR spectroscopy 

In studies in the literature, some characterization studies have been carried out in order to examine the 

change of chemical content of fibers as a result of chemical processes applied to hemp fibers (Chung et al., 

2004; Yao et al., 2008; Karthik & Murugan, 2013; Corami et al., 2020). Among these characterization studies, 

infrared spectroscopy (FTIR) analysis method has been observed as the most frequently used method (Meleiro 

& García-Ruiz, 2016). This is because the chemical bonds distinguishing the compounds in the fibers can be 

easily determined by FTIR spectroscopy. According to these studies, infrared wavelengths that characterize 

the compounds (cellulose, hemicellulose, lignin and pectin) frequently found in the structure of hemp fibers 

were determined (Dai and Fan, 2010; Terpakova et al., 2012; Kabir et al., 2013). The results of FTIR applied to 

the hemp fibers before and after the treatment by taking these determined wavelengths into consideration 

are shown in Figure 2. 

 

Figure 2. FTIR spectra of the untreated and cottonized hemp fibers. 

When the FTIR spectra of hemp fibers before and after chemical treatment are examined, a significant 

decrease is observed in the wave number of 2900-2800 cm-1, 1750 cm-1, 1450 cm-1, 1260 cm-1, 1020 cm-1 and 

750 cm-1. As a result of the chemical treatment, the decrease seen in the 2900-2800 cm-1, 1020 cm-1 and 750 

cm-1 signals, it is seen that the amount of cellulose/hemicellulose in the hemp fiber decreased. Similarly, the 

decrease in the signals at 1454 cm-1 and 1260 cm-1 wave numbers after chemical treatment indicates that the 

lignin substance and the decrease in the 1750 cm-1 signal indicate that the pectin substance are largely 

removed from the structure of the hemp fiber. 
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Tenacity 

A basic and classic problem in textile materials science is the link between the strength of fibers and yarns. 

Therefore, establishing this relationship is important both in theory and in practice (Ramey et al., 1977). The 

tenacity results of the yarns produced in this study are given in Figure 3. 

 

Figure 3. Tenacity results of the yarns. 

When the tenacity measurement results are examined, it is seen that the highest value is in 25% recycled 

cotton, 25% hemp and 50% polyester blended yarns. It has been determined that, hemp and polyester with 

high fiber strength properties increase the tenacity of the yarns which have the highest polyester-hemp ratio 

in their blends. It is seen that as the polyester ratio in the blend increases, the tenacity of the yarn increases. 

Despite the decrease in the rate of polyester in the blend, the increase in the hemp ratio has a positive 

reflection on the tenacity values of the yarns. Considering the yarn counts, the remarkable result is the lowest 

tenacity value of the Ne 30, 50% recycled cotton, 35% hemp and 15% polyester blend yarn. The number of 

fibers in the cross section of the yarn, which is an effective parameter in strength, can also affect the data. As 

these yarns are thin yarns, the low number of fibers in the cross-section and the decrease in the polyester 

ratio in the structure may have caused this situation.  

In general, it is understood that hemp fiber added to the recycled yarn structure has a positive effect 

on yarn tenacity (Zhang et al., 2014). Hemp fiber has a longer main length and greater fiber stiffness and 

initial modulus than polyester and cotton fiber. Therefore, its distribution in the yarn structure 

contributes to the strength of the recycled yarn. For each yarn fineness, it has been found that blends 

prepared by adding hemp to the blends currently used as reference in the production of the factory give 

better tenacity results. 

According to the variance analysis it is seen that tenacity values of the yarns are significantly different 

between each other statistically (p<0.05). SNK post hoc test results according to the tenacity are given in Table 

2 and Table 3, respectively. 

Considering the blend ratio, as seen in the SNK post hoc results for the tenacity values, the lowest value is 

the reference yarn, while the yarn with the blend ratio of 25% recycled cotton / 25% hemp / 50% polyester 

shows the highest value. The tenacity values of each blend showed differences from each other in the Table 3. 

It is estimated that the hemp fiber plays the decisive role here.  

Considering the yarn count, as seen in SNK post hoc results, the lowest value is Ne 30 and the highest 

value is Ne 12, as seen in the SNK post hoc results. It can be thought that the tenacity of the yarn tends to 

increase as the number of fibers in the cross section increases as the yarn gets thicker. 



Page 6 of 13 Oner and Kaya et al. 

Acta Scientiarum. Technology, v. 45, e59806, 2023 

Table 2. Results of SNK post hoc tests of the tenacity values according to blending. 

Blending N 
Subset for α=0.05 

1 2 3 4 5 

Reference 40 8.8163     
50rec/25hemp/25pet 40  10.3958    
50rec/35hemp/15pet 40   10.6455   
50rec/15hemp/35pet 40    11.811  
25rec/25hemp/50pet 40     13.995 

Sigma  1.000 1.000 1.000 1.000 1.000 

 

Table 3. Results of SNK post hoc tests of the tenacity values according to yarn count. 

Yarn count N 
Subset for  α=0.05 

1 2 3 4 

Ne 30 50 10.2608 
   

Ne 20 50 
 

11.0114 
  

Ne 6 50 
  

11.5166 
 

Ne 12 50 
   

11.7420 

Sigma 
 

1.000 1.000 1.000 1.000 

 

Elongation 

When the blended yarn is subjected to a force, the fibers of both components elongate as the force increases, until 

the smaller-elongation fibers break and thus transfer all the load to the other fibers. If there are enough fibers with 

higher elongation in the yarn cross-section, the blended yarn will not break. Fiber shear plays a particularly important 

role when the constituent fibers in a blended yarn have different fiber breaking elongation values (Baykal et al., 2006). 

The elongation results of the yarns produced in this study are presented in Figure 4. 

 

Figure 4. Elongation results of the yarns. 

For all yarn types, the highest elongation value is observed in 25% recycled cotton, 25% hemp and 50% 

polyester blend, and it is determined that the elongation values decreased as the polyester ratio in the blend 

decreased. It can be interpreted that recycled cotton has no serious effect on the elongation values of the 

blended yarns. The effect of the hemp rate in the blend on the elongation can be thought as minimum. Here, 

polyester plays the biggest role in determining the elongation value, and hemp fiber does not have a positive 

effect on elongation of the recycled yarns. In the literature, similar to the findings obtained in this study, it 

was observed that the yarn elongation gradually increased with the decrease of hemp fiber content and the 

increase of polyester fiber content in blended yarns (Zhang et al., 2014). 



Hemp fibers in recycling spinning Page 7 of 13 

Acta Scientiarum. Technology, v. 45, e63566, 2023 

According to the variance analysis it is seen that elongation values of the yarns are significantly different 

between each other statistically (p<0.05). SNK post hoc test results according to the elongation are given in 

Table 4 and Table 5, respectively. 

Table 4. Results of SNK post hoc tests of the elongation values according to blending. 

Blending N 
Subset for  α=0.05 

1 2 3 4 5 

50rec/35hemp/15pet 40 7.5450     

50rec/25hemp/25pet 40  9.1828    

50rec/15hemp/35pet 40   10.7300   

Reference 40    10.9155  

25rec/25hemp/50pet 40     11.9815 

Sigma  1.000 1.000 1.000 1.000 1.000 

Table 5. Results of SNK post hoc tests of the elongation values according to yarn count. 

Yarn count N 
Subset for  α=0.05 

1 2 3 

Ne 30 50 9.5162   

Ne 12 50  10.1148  

Ne 20 50  10.1892  

Ne 6 50   10.4636 

Sigma  1.000 0.360 1.000 

 

When SNK post hoc results are examined for the effect of blending ratios, it is seen that each blend is in a 

different group and creates significant differences. It can be said that the polyester ratio in the blend is 

decisive in determining the elongation properties of the yarns. The positive contribution of the polyester fiber 

in the yarn blend to the elongation ability was also demonstrated by Vadicherla and Saravanan (2017). 

Considering the yarn count, as seen in SNK post hoc results for elongation values, Ne 30 gives the lowest 

value, while the highest value is Ne 6 yarn. There appears to be no statistically difference in elongation 

between Ne 12 and Ne 20 count yarns. 

Unevenness 

The unevenness, usually measured as the change in mass per unit length along the yarn, is fundamental 

and important as it can affect many other properties of the yarn and fabric made from it (Balcı Kılıc & Okur, 

2019). The unevenness results of the yarns produced in this study are illustrated in Figure 5. 

 

Figure 5. Unevenness results of the yarns. 
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Considering the findings, it is seen that the inclusion of hemp fiber in the yarn structure increases the 

unevenness. It is thought that, this is caused by the hard, thick and rough structure of hemp fiber. In terms of 

yarn unevenness, it has been determined that reference blends currently used in production give more 

successful results. As stated by Zhang et al. (2013), hemp fibers have a morphologically rough surface due to 

their beam structure. And this condition can cause an uneven surface on the yarn. This finding is consistent 

with the studies of other researchers (Donmez Kretzschmar et al., 2007; Wanassi et al., 2016; Zou et al., 2014). 

When the unevenness results are examined, it is seen that the irregularity values increase as the yarn count 

increases. The finer yarn, the lower the fiber mass in the cross section and the easier occurrence of defects in 

the thin structure may be the reasons for this situation. The reasons for this finding may be the less fiber 

amount in the cross-section of the finer yarn, and the easier the defects of mistakes in the finer yarn structure. 

The effect of blending rate on the unevenness was found statistically significant (p<0.05). Among the 

measured yarns, the results of SNK post hoc test applied according to blending are illustrated in Table 6. 

Besides, the results of SNK post hoc test for yarn count are seen in Table 7. 

As can be seen from the SNK post hoc results, each blend group was placed separately and differentiated 

from each other. In addition, it is clearly seen that yarn irregularity increases with the increase the ratio of 

hemp fiber in the yarn structure.  

Table 6. Results of SNK post hoc tests of the unevenness values according to blending. 

Blending N 
Subset for α=0.05 

1 2 3 4 5 

Reference 40 13.0280     

25rec/25hemp/50pet 40  14.2060    

50rec/15hemp/35pet 40   14.7155   

50rec/25hemp/25pet 40    15.3175  

50rec/35hemp/15pet 40     15.7400 

Sigma  1.000 1.000 1.000 1.000 1.000 

 

Table 7. Results of SNK post hoc tests of the unevenness values according to yarn count. 

Yarn count N 
Subset for α=0.05 

1 2 3 4 

Ne 6 50 13.1920    

Ne 12 50  13.4772   

Ne 20 50   15.1540  

Ne 30 50    16.5824 

Sigma  1.000 1.000 1.000 1.000 

 

When the groups that cause a statistically significant difference in terms of yarn fineness are examined, it 

is seen that each yarn count is in a separate group. As can be understanded from this situation, each change 

in yarn counts causes a statistically significant variance in yarn unevenness. 

Imperfections 

The imperfections as thin, thick places and neps are important determinants that affect the outer 

appearance of the yarns and the quality of the products, especially in rotor spinning (Repon et al., 2016). The 

imperfection results of the yarns produced in this study are given in Table 8. 

Table 8. The imperfections of the yarns. 

Sample Code Thin Places (-50%) Thick Places (+50%) Neps (+280%) 

6-R 0.00 9.40 5.40 

6-1 0.00 13.60 4.80 

6-2 0.40 57.20 25.00 

6-3 1.40 33.20 14.60 

6-4 1.00 19.00 7.40 

12-R 0.00 4.60 0.80 

12-1 0.00 26.20 17.60 

12-2 0.40 70.80 48.60 

12-3 0.40 35.40 25.20 



Hemp fibers in recycling spinning Page 9 of 13 

Acta Scientiarum. Technology, v. 45, e63566, 2023 

12-4 0.20 49.60 35.00 

20-R 0.20 25.00 24.60 

20-1 2.80 59.00 58.20 

20-2 5.80 77.00 80.20 

20-3 3.40 93.60 93.60 

20-4 4.40 204.80 201.20 

30-R 1.60 58.40 106.80 

30-1 8.20 107.40 90.00 

30-2 19.80 148.80 299.60 

30-3 23.80 173.60 334.40 

30-4 19.00 251.60 420.20 

 

In terms of the imperfection findings in Table 8, trends are similar to the unevenness results. These 

findings are compatible with the effect of yarn count on unevenness and imperfections which is known as 

thicker yarns have good unevenness values than thinner yarns due to including higher number of fibers in the 

cross section of yarn. These results are consistent with the recycled yarn study in the literature (Demiroz Gun 

& Oner, 2019). In addition to this, it is once again seen that the coarse nature of the hemp fiber causes an 

increase in the thick places mistake in the yarn. 

Hairiness 

Apart from special usage purposes, yarn hairiness becomes a very undesirable parameter because machine 

speeds increase as a result of technological developments and high efficiency is required, and it should be 

measured and controlled (Barella & Manich, 1988). The hairiness results of the yarns produced in this study 

are shown in Figure 6. 

 

Figure 6. Hairiness results of the yarns. 

As the yarn becomes thinner, yarn hairiness decreases for all yarn types with the effect of the twist and 

the number of fibers in the cross section. This finding is in agreement with the studies in the literature 

(Demiroz Gun & Oner, 2019; Halimi et al., 2009). The hairiness values of the yarns increase in coarse yarns 

because of the having more fibers in the yarn cross-section increases the fibers protruding from the yarn 

surface. Besides, it is observed that the hairiness of the recycled yarns increased as the polyester ratio in the 

blends decreased and the hemp ratio increased. Compared to other yarn types, it is determined that Ne 30 

count, 25% recycled cotton, 25% hemp and 50% polyester blend yarn has the lowest hairiness value.  

According to the variance analysis it is seen that the hairiness values of the yarns are significantly different 

between each other statistically (p<0.05). SNK post hoc test results according to the hairiness are given in 

Table 9 and Table 10, respectively. 
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Table 9. Results of SNK post hoc tests of the hairiness values according to blending. 

Blending N 
Subset for α=0.05 

1 2 3 4 

25rec/25hemp/50pet 40 5.3000    

50rec/15hemp/35pet 40  6.5500   

50rec/25hemp/25pet 40   6.8500  

50rec/35hemp/15pet 40   6.9000  

Reference 40    7.3000 

Sigma  1.000 1.000 0.657 1.000 

 

Table 10. Results of SNK post hoc tests of the hairiness values according to yarn count. 

Yarn count N 
Subset for α=0.05 

1 2 3 4 

Ne 30 50 4.8400    

Ne 20 50  6.0400   

Ne 12 50   7.2000  

Ne 6 50    8.2400 

Sigma  1.000 1.000 1.000 1.000 

 

As seen in the results of the SNK post hoc analysis, the increase in polyester ratio caused a decrease in hairiness. 

In addition, yarns containing 15% and 25% polyester are in the same group without any statistical difference. 

When SNK post hoc results are examined according to the yarn count, it is seen that each yarn count is in 

statistically significant different groups. 

When the findings are evaluated in general, it seems possible to use natural hemp fibers instead of 

petroleum-based polyester fibers, which are carrier fibers in recycling spinning. For Ne 6, Ne 12 and Ne 20 

yarns, it has been observed that the polyester ratio can be reduced up to 15% with the use of hemp, when the 

recycled cotton fibers are 50% in the blend. For Ne 30 yarns, the polyester ratio in the blend should not be 

reduced below 25%. 

Conclusion 

In this study, the performance and quality properties of recycled yarns containing hemp fibers in different 

yarn counts and blend ratios were measured, their applicability in production processes was comprehensively 

examined with generally accepted test methods in the literature and industry, and researches were made for 

their usability in later processing stages.  

In the light of the findings obtained in this study, it was seen that hemp fibers may be used in the 

production of recycled yarns, may support short recycled fibers as a carrier, and raise them above the standard 

in terms of performance. According to the experimental set used in this study, it was understood that the 

inclusion of hemp fiber in the current recycling blend increased the yarn strength, decreased the elongation 

ability, and increased the yarn unevenness and hairiness, generally. 

With this study, the usage conditions of hemp fibers in the production of recycled yarn were investigated 

and applied in real time in the factory production line. The results of the study are expected to be beneficial 

to science and industry representatives who conduct research on hemp fibers and place emphasis on recycling 

and sustainability. Future studies are planned to prepare hemp fibers with different chemical processes, to 

incorporate them into the yarn structure with different blending methods, and to improve the properties of 

the recycled yarn with different finishing processes. 
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