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Farhan Kabir Neloya, Sayed Mohammad Minhajus Salehina, Safwan Galiba, 
and Abu Sadat Muhammad Sayem c

aFaculty of Textile Engineering, Bangladesh University of Textiles, Dhaka, Bangladesh; bDepartment of Materials, The 
University of Manchester, Manchester, UK; cManchester Fashion Institute, Manchester Metropolitan University, 
Manchester, UK

ABSTRACT
Semi-combed yarn represents a type of ring-spun yarn produced by modifying 
the typical carded and combed yarn manufacturing process. Carded yarn is 
inferior in quality, while combed yarns are not cost efficient. The semi-combed 
yarn has therefore emerged as an alternative to fully combed yarn to facilitate 
a reasonable quality-cost compromise. This paper reports two manufacturing 
techniques and associated features of the cotton ring-spun semi-combed yarn 
of the same count. One process involves sliver mixing in draw frame, and the other 
by reducing the noil extraction percentage in comber. The aim of this study is to 
run a comparative analysis of both the end products against themselves and their 
carded and combed counterparts to establish their acceptance in the industrial 
scale. Important quality parameters such as unevenness (U%), coefficient of 
variation (CVm%), thick place(+50%)/km, thin place(−50%)/km, neps(+200%)/km, 
hairiness (H), strength, elongation, CSP, and cost have been evaluated, analyzed, 
and compared among these products. In several cases, the quality of semi- 
combed yarn was comparable to fully combed yarns and better than carded 
yarns. This offers a cost-effective and sustainable alternative to combed yarn. 
Comparison shows that the noil extraction process offers less hairiness, and 
more sustainability and involves no extra operation to develop the yarn.

摘 要

半精梳纱线是一种环锭纺纱, 它是通过改进典型的梳理和精梳纱线制造工 
艺而生产的. 粗梳纱的质量较差, 而精梳纱的成本效益不高。因此, 半精梳 
纱线已成为全精梳纱线的替代品, 以促进合理的质量成本折衷. 本文报道了 
相同支数的棉环锭纺半精梳纱的两种生产工艺及其相关特点. 一种方法是 
在并条机中混合棉条, 另一种方法则是降低精梳机中的落棉率. 本研究的目 
的是对最终产品进行对比分析, 以确定其在工业规模中的接受程度. 对这些 
产品的重要质量参数, 如不平度（U%）、变异系数（CVm%）、厚处 
（+50%）/km、薄处（-50%）/km、棉结（+200%）/km）、毛羽 
（H）、强度、伸长率、CSP和成本进行了评估、分析和比较. 在一些情况 
下, 半精梳纱的质量与全精梳纱相当, 并优于粗梳纱。这为精梳纱线提供了 
一种经济高效且可持续的替代方案. 对比表明, 落纱提取工艺可减少毛羽, 
提高可持续性, 且无需额外操作即可开发纱线.

KEYWORDS 
Cotton yarn; ring spinning; 
carded; combed; semi- 
combed; sliver

关 键词 
棉纱; 环锭纺纱; 卡片; 梳 
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Introduction

Yarn is the fundamental unit of fabric (Saha, Saquib Sina, and Sabab Sharek 2015), and fibers are 
generally the constituents of yarn. The length of the natural fiber is predetermined by its nature and, 
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hence, the concept of yarn is needed to ensure the best possible incorporation and control of fibers. 
Yarn is a fine, long, primary textile substrate formed of parallel continuous filaments or twisted staple 
fibers. Short fibers cannot form the continuous length on their own. Hence, the idea of “spun yarn” is 
for twisting discontinuous, relatively short-length fibers to form the long, continuous shape of the 
yarn. Typically, fibers are blended, opened, cleaned, individualized, drawn (parallelized), spun, and 
eventually wound in the form of yarn (see Figure 1) (Elhawary 2015; Elmogahzy 2020). Among various 
fiber characteristics, the length influences various parameters like spinning limit, productivity, and 
final yarn properties such as evenness, hairiness, strength, luster, handle, and many more (Lord 1961; 
Oxtoby 1987). The average length of the spinnable cotton fibers used worldwide varies between 25 and 
45 mm depending on their grades and origin (Elhawary 2015). Variation in fiber length hampers the 
equal distribution of fiber properties along the whole yarn and thus irregularity occurs (Walle et al.  
2022). This fact is important as length exhibits maximum irregularity among all the natural fiber 
characteristics. This inconsistency results in different yarn faults and non-uniformity and contributes 
to an elevated fly generation during production (Malik and Hussain 2011). During yarn spinning from 
short-staple fibers, the raw fibers are typically processed in dry conditions using different mechanical 
equipment and means (Lord 2003). Due to their non-uniform nature, short staples demand more 
effective processing care, adding to their manufacturing expense (Elhawary 2015).

Various yarn spinning techniques exist. Ring spinning is the most versatile and flexible among these 
as a broad range of yarn counts can be produced (Adamu, Atalie, and Zelalem Liyew 2021; 
Hasanuzzaman and Basu 2015). Since the technique was invented by John Thorp in 1832, ring spinning 
has always been at the forefront of the spinning industries (Lawrence 2010; Messiry, Hosny, and Esmat  
2013). About 70% of the world’s total staple yarn is manufactured by this technique (Elhawary 2015).

Two of the most widely used short staple cotton yarns produced by ring spinning are carded and 
combed yarns. The typical production flow starts with opening and cleaning operation in the blow-room 
section followed by fiber tuft separation and individualization in the carding stage. Since carding is 
responsible for providing linear and lateral positioning of the constituent fibers, it basically introduces 
the strand’s alignment and orientation (Rengasamy 2010). In the consequent processes, drawing, 
twisting, and spinning contribute to produce the carded yarn. This type of yarn can capacitate 
a considerable number of short fibers that may generate excessive fly during mechanical agitation 
while spinning. Hence, fiber abrasion from yarn and cotton dust generated causes air pollution and 
many chronic diseases (Atalie and Ashagre 2021; Bhowmick and Ghosh 2007; Yuksekkaya 2009).

Combing is an additional step carried out after the carding. This step helps to produce a smoother, 
more parallel, less irregular, comparatively finer, and a further refined quality yarn by employing 
a comb-like device (Elhawary 2015). This comb-shaped device eliminates short fibers and fiber 
entanglements (popularly known as neps) and improves parallelization substantially (Messiry, 
Hosny, and Esmat 2013; Patil, Kolte, and Gulhane 2019). This additionally improves the overall 
fiber mean length by reducing lengthwise variation and minimizes the fly generation probability as less 
amount of short fiber is featured (Yuksekkaya 2008). Thus, combed yarns show superior quality than 
carded yarns of similar parameters (Saha, Saquib Sina, and Sabab Sharek 2015). However, the cost of 
finished product goes up as a higher degree of raw materials are eliminated as short fibers. The process 
sequences for both carded and combed yarn manufacturing are shown below in Figure 2.

The idea of semi-combed yarn comes from the concept of getting better quality finished yarn than 
carded yarn at a lower cost than combed yarn. It is important to engage as many fibers as possible 

Figure 1. Steps of converting cotton fiber into yarn.
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when spinning the yarn as the cost of raw materials features the biggest share of the total yarn 
manufacturing cost (Goyal and Nayak 2020). The common quality parameters are driven by mechan-
ical properties such as uniformity, evenness, and degree of fiber parallelization in the yarn. It is 
established that, carded yarn is made more economically efficient than the combed yarn but lacks in 
quality. Comber confirms better quality by ensuring maximum extraction of short fiber present in the 
raw material. The remaining leftover (in the form of short fiber) after a combing operation has been 
carried out is known as noil. Optimum noil extraction percentage drives the quality of the end 
product. It is expressed as the percentage of the total amount of feed material. Semi-combed yarn 
can be manufactured either by blending carded and combed fibers at the drawing stage or by reducing 
the optimum noil extraction percentage (see Equation (1)). 

Noil Percentage ¼
Weight of the noil produced

Total weight of the cotton fed
� 100% (1) 

The higher the noil%, the higher the amount of waste (Malik and Hussain 2011). While a rise in the 
noil% will significantly improve the resulting yarn appearance and properties, it will also add to the 
fiber waste on a grand level. Noil extraction percentage can be regulated by tuning the distance settings 
at different comber parts, especially nipper and drafting zone (Ahmad, Ahmad, and Baig 2008). In 
a typical industrial setup, the noil percentage may vary between 13% and 20%, depending on the 
desired end product quality (Messiry, Hosny, and Esmat 2013). In the current study, an expected value 
of 16% noil extraction has been set to produce fully combed yarns.

Literature research reveals that only a few studies have been conducted on the concept of manufac-
turing semi-combed yarn and its outcome. A recent study highlighted the combination of carded and 
combed slivers at different proportions to determine the impact of such a blend to optimize various yarn 
faults and imperfections (Bhushan et al. 2017). Another work investigated optimizing comb preparation 
parameters and carding components, affecting finished yarn quality (Zhao et al. 2011). Further studies 
showed that the percentage of noil extraction during combing had a distinguishable impact on yarn 
quality and overall manufacturing cost (Bandopadhyay, Akade, and Pachhade 2011; Patil, Kolte, and 
Gulhane 2019). Subramanian et al. (2015) produced polyester-cotton blended yarns in two ways, i.e. 
blending in the blow room and draw frame. They also performed two types of short fiber removal 
techniques, namely super-carded and semi-combed processes (Subramanian et al. 2015)

This study aims to introduce an optimized product regarding both quality and economy by 
manufacturing the semi-combed yarn in two ways using 100% cotton short-staple fiber. The first 
method comprises blending carded and combed slivers in 50:50 ratios in the finisher draw frame stage. 
The second route employs a reduced percentage of noil extraction than usual. Four ring-spun yarn 
samples, 100% carded, 100% combed, semi-combed with 50:50 carded-combed sliver blend, and semi- 
combed yarn with reduced noil (9.48%) extraction, were manufactured and compared to identify the 
most sustainable alternative of combed yarn.

Figure 2. Process sequences for carded and combed yarn manufacturing.
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Materials and methods

Raw materials

100% cotton fibers of different origins have been used to produce the required samples of yarns 
following the prevailing industrial practice. Quality ratings based on different parameters of the used 
fibers from different origins have been shown in Table 1. To achieve an optimum product-based 
quality requirement, fibers from different origins (Ivory Coast, Brazil, Burkina Faso, Benin, and Mali) 
were mixed in the following proportions, as shown in Figure 3 

IvoryCoast � 40%þ Brazil � 30%þ BurkinaFaso � 15%þ Benin � 5%þMali � 10%

Methods

This study was conducted in a yarn spinning mill located in Bangladesh. This work produced the 
following four types of ring-spun yarns – carded, combed, semi-combed by reduced noil extraction 
(9.48%), and semi-combed by (50:50) carded and combed sliver mixing in a running spinning mill. 
The same raw materials were used in all cases to produce yarns of 40 Ne. Raw material properties were 
tested by a high volume fiber testing instrument (HVI) (see Table 1). The intermediate products and 
yarn samples were tested by Uster evenness tester 5. Finally, an analysis of the quality of four types of 
yarn was carried out. All these tests were carried out in standard atmospheric conditions in the testing 

Table 1. Properties of cotton fiber from different origins were used as raw materials for this experiment (USTER HVI 2020; USTER AFIS 
PRO 2020).

Country 
Name SCI Moist Mic Mat UHML (mm)

UQL 
(mm) UI%

SFI 
(%) Elg%

Strength 
(gm/tex) Rd +b

Ivory Cost 124 6.8 4.19 0.87 29.00 28.80 81.7 8.8 7 28.6 74.0 9.8
Burkina Faso 121 6.5 4.26 0.87 30.12 31.24 83.0 12.7 7.5 28.0 75.9 10.4
Brazil 137 6.7 4.31 0.87 28.80 28.90 82.9 7.9 6.8 31.0 75.1 11.2
Benin 135 6.4 4.49 0.88 28.85 30.70 82.4 8.8 7.3 32.1 75.3 9.6
Mali 131 7.1 4.20 0.87 28.16 29.90 81.4 8.8 7.1 31.9 75.3 9.9

Abbreviation: SCI = Spinning Consistency Index; Moist = Moisture; Mic = Micronaire; Mat = Maturity Index; UHML = Upper Half Mean 
Length; UQL = Upper Quartile Length; UI = Uniformity Index; SFI = Short Fiber Index; Elg = Elongation; Rd = Reflectance; +b =  
Yellowness.

Ivory coast
40%

Brazil
30%

Burkina Faso
15%

Benin
5%

Mali
10%

Mixing Ratio (%)

Figure 3. Mixing proportion of cotton fiber from different origins.
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facility (Temperature: 20 ± 2º C, Relative Humidity: 65 ± 2%) as per the standard – BS EN ISO 
139:2005+A1:2011 (Textiles. Standard atmospheres for conditioning and testing) BSI (n.d).

The process flows for four types of ring-spun yarns are presented in Figure 4

Machinery
Table 2 contains the specifications of the machines used to perform the sample manufacturing with set 
parameters.

The following Table 3 shows the changes in the comber part that were made to achieve noil 
extraction of 9.48%. It also demonstrates the comparison of the settings between a regular fully 
combed system (with 16% noil extraction) and the experimented semi-combed system side by side.

This is to note that through discussion with the industry experts, an initial target of keeping the noil 
percentage under 10% was set for this study while preparing the semi-combed yarn with reduced noil extraction.

Quality testing
The instruments used to validate this experiment’s results are listed below in Table 4. Associated 
parameters, along with their basic operation settings, are mentioned.

The testing and data analysis was started from the finisher draw frame stage. The finished drawn 
slivers were tested for unevenness (U%) and coefficient of mass variation (CVm%). Consequently, the 
product of the following process, i.e., roving, was also analyzed for U% and CVm% to determine their 
consistency. Next, the final product in the form of a ring-spun yarn was tested for U%, CVm%, thin 

Figure 4. Process flow of four types of ring-spun yarn, (a) fully carded yarn, (b) fully combed yarn, (c) semi-combed yarn by noil % 
controlling, (d) semi-comber yarn by sliver mixing in finisher drawing.
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place (−50%) per kilometer, thick place (+50%) per kilometer, neps (+200%) per kilometer, hairiness, 
breaking strength, elongation, and CSP (count-strength product) data. The comparison and their 
respective values have been given in the following sections.

Results and discussion

The test results were analyzed and compared along with each other to determine the optimized process 
both from the quality and economic aspects. All the four samples − 100% carded, 100% combed, semi- 
combed by sliver mixing (50:50), and semi-combed by reduced noil extraction 9.48% were subjected to 
analysis at different spinning stages.

Analysis of finisher drawn sliver and roving quality

Since the mixing took place in the finisher draw frame stage, this process’s quality data was collected 
and analyzed. The unevenness percentage (U%) and coefficient of variation of mass (CVm%) of 
finisher drawn (F/D) sliver and roving were analyzed and represented in Figure 5.

As seen from Figure 5(a), the semi-combed by noil reduction process had the highest unevenness, 
2.88%, which might be due to material handling, and combed sliver had the lowest unevenness of 
1.84%. Carded and semi-combed by mixing showed 2.15% and 1.87% unevenness, respectively. Semi- 
combed sliver by mixing was almost similar to the combed in terms of unevenness.

According to Figure 5(b) semi-combed sliver by reduced noil extraction process had the highest 
CVm%. Since the noil extraction process was not established in the industry, the sample of the product 
had to be made based on the authors’ idea. Therefore, the material handling during hand carrying 
might have contributed to this elevated CVm%. Combed and semi-combed by mixing had the lowest 
CVm%. The carded process accounted for 2.7% of the coefficient of variation of mass. CVm% 
indicates deviation from the central value. The higher the deviation, the lower the evenness. As 
a result, the semi-combed by percentage control process had the highest variation. Semi-combed by 
sliver mixing showed the lowest variation along with combed sliver.

Table 3. Side-by-side comparison between machine parameters to achieve fully combed and semi-combed effects.

Machine Parameters Value for Semi-combed process Value for Fully-combed process

Comber (E-65) Nips/min 370 390
Feed/nip 4.7 mm 4.7 mm
Noil% 9.48 16
Ecardment Setting (Noil Index) 7 10
Total draft 17.5 17.5
Drafting pressure 5.5 bar 5.5 bar

Table 4. Testing parameters with respective instrument list for the research work.

Name of the Quality Parameter Testing Instrument Operation Parameter Associated ISO Reference

Unevenness (U%), Co-efficient of 
variation of mass (CVm%) of 
slivers

Uster evenness tester 
(UT-5)

Velocity 25 m/min, 
observing length 25 m.

Methods based on capacitance 
measuring principles mentioned in 
the ISO 16549: 2004 (ISO 2004)

Unevenness (U%), Co-efficient of 
variation of mass (CVm%) of 
roving

Uster evenness tester 
(UT-5)

Velocity 50 m/min, 
observing length 50 m.

Unevenness (U%), Co-efficient of 
variation of mass (CVm%), Thick 
place, Thin place, Neps and 
Hairiness (H) of ring yarn

Uster evenness tester 
(UT-5)

Velocity 400 m/min, 
observing length 100 m.

Breaking strength and elongation 
of ring yarn

Mesdan lab strength 
tester

Sample length 500 mm, 
clamp speed 500 mm/ 
min, and load cell ID/ 
FS(Kg) 3/12

The breaking strength (tenacity) and 
elongation at break have been 
documented in ISO 8939:1988 and 
ISO 2062: 2009 (ISO 1988, 2009)
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In Figure 5(c), it is evident that, in the case of carded roving, unevenness was higher than others, and 
combed roving had the lowest unevenness. There were fewer short fibers in the combed roving than 
carded roving. Combed and semi-combed processes by mixing had 2.95% and 3.29% of unevenness, 
respectively. The reasons behind unevenness might have been uneven sliver feed, fluctuation in relative 
humidity (RH%), and insufficient twist. Figure 5(d) reveals that roving attained by the carding process 
had the highest CVm% and combed had the lowest. Combed and semi-combed by mixing had lower 
CVm% of 3.76% and 4.16%, respectively. The carded process had 5.29% CVm%, and semi-combed by 
noil reduction had 4.87% CVm% indicated deviation from the central value. The carded process here had 
the highest CVm% than others. This is because the carded slivers had a higher portion of short fibers.

Evenness report of four produced sample ring-spun yarns

Evenness report is the primary quality report of ring-spun yarn. This report contains the yarn quality 
parameter such as unevenness (U%), coefficient of variation of mass (CVm%), thick place, thin place, 
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neps, and hairiness (H). Tables 5, 6, 7 and 8 show evenness test results for 100% carded, semi-combed 
by sliver mixing (50:50), semi-combed by reduced noil extraction (9.48%), and 100% combed yarn.

The following parts depict a comparison of quality parameters among the four samples of ring- 
spun yarn. The changes of value of U%, CVm%, hairiness, thick place, thin place, neps, elongation, 
forces, and breaking strength of ring yarns were analyzed.

From Figure 6(a), it is apparent that carded yarn had the highest unevenness, and combed yarn had 
the lowest. Semi-combed yarn by noil extraction had more unevenness than semi-combed yarn by 
mixing (50:50) card and combed yarn. Semi-combed yarn by mixing (50:50) card and combed yarn 
was 18.50% less uneven, semi-combed by noil extraction yarn is 17.04% less uneven and combed yarn 
is 26.49% less uneven than carded yarn.

CVm% also indicates the unevenness of the yarn. In Figure 6(b), the carded yarn showed the 
highest CVm% than others and the combed yarn had the lowest unevenness. Semi-combed yarn by 

Table 5. USTER evenness test results for 100% carded ring yarn.

Sample number U% CVm%

Thin Thick Neps

H
-50% +50% +200%
/Km /Km /Km

1 12.34 15.86 12.5 367.5 550 5.66
2 12.24 15.63 10 282.5 470 5.91
3 12.08 15.42 10 277.5 507.5 5.9
4 12.36 15.75 22.5 245 452.5 5.2
5 12.58 16.07 20 290 542.5 5.97
6 12.71 16.24 20 360 507.5 5.85
Mean 12.38 15.83 15.8 303.8 505 5.74
S.D. 0.23 0.30 5.63 49.01 38.54 0.29
CV% 1.84 1.88 35.62 16.13 7.63 5.03

Table 6. USTER evenness test results for (50:50) carded and combed sliver mixing semi-combed ring yarn.

Sample number U% CVm%

Thin Thick Neps

H
-50% +50% +200%
/Km /Km /Km

1 10.31 13.1 2.5 45 185 4.01
2 9.93 12.53 0 45 132.5 3.76
3 10.04 12.71 0 25 132.5 3.94
4 10.1 12.81 0 32.5 127.5 3.93
5 10.03 12.79 0 35 125 4.26
6 10.16 12.89 2.5 32.5 102.5 3.98
7 10.26 12.98 0 42.5 110 4.36
8 9.92 12.57 0 37.5 132.5 3.89
Mean 10.09 12.8 0.6 36.5 130.9 4.02
S.D. 0.14 0.19 1.16 7.04 24.57 0.20
CV% 1.42 1.52 192.88 19.29 18.77 4.92

Table 7. USTER evenness test results for semi-combed ring yarn by noil (9.48%) extraction.

Sample number U% CVm%

Thin Thick Neps

H
-50% +50% +200%
/Km /Km /Km

1 11.45 14.33 2.5 17.5 82.5 3.79
2 9.97 12.58 0 15 107.5 4.39
3 10.24 12.95 0 40 117.5 3.83
4 10.32 13.02 2.5 15 72.5 3.94
5 9.37 11.98 0 15 127.5 3.88
Mean 10.27 12.97 1 20.5 101.5 3.97
S.D. 0.76 0.86 1.37 10.95 23.29 0.24
CV% 7.38 6.66 136.93 53.44 22.95 6.14
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mixing (50:50) card and combed yarn had 19.14% lower CVm%, semi-combed by noil extraction yarn 
demonstrated 18.07% lower CVm% and combed yarn had 27.60% lower CVm% than carded yarn.

Hairiness is a measure of the number of fibers protruding from the yarn structure. In the past, 
hairiness was considered less important. However, with the advent of high-speed looms and knitting 
machines, hairiness has become a significant parameter. Hairiness occurred due to short fiber content 
during mixing, low uniformity ratio, and high spindle speed. In Figure 6(c), hairiness in the carded 
yarn was 3.91 and hairiness in combed and semi-combed processes by mixing and semi-combed by 
noil had 4.2, 4.02, and 3.97, respectively. Semi-combed yarn by mixing (50:50) card and combed yarn 
showed 29.97% lower hairiness, semi-combed by noil extraction yarn had 30.84% lower hairiness and 
combed yarn had 26.83% lower hairiness than carded yarn.

From Figure 7(a), we can see that the thick places found were the highest in carded yarn, around 
304/km, which was significantly lower in the other three processes. Moreover, the lowest was seen in 
combed yarn, 5.4/km. Semi-combed by noil had a higher thick place number than semi-combed by 
mixing. This irregularity occurred due to immature fiber and mixing of cotton varying widely in fiber 
length. The high thick place is responsible for uneven fabric GSM (gram per square meter) and 
thickness. Semi-combed yarn by mixing (50:50) card and combed yarn had 87.85% lower thickness, 
semi-combed by noil extraction yarn had 93.25% lower thick places and combed yarn had 98.22% 
lower thick places than carded yarn.

From Figure 7(b), it can be seen that the thin place ratio was highest in carded yarn when it was 
significantly lower in the other three processes. This type of irregularity occurred due to immature 
fiber and mixing of cotton varying widely in fiber length. The aftermath of a high number of thin 
places can be frequent end breakages of yarn and reduced yarn strength. Semi-combed yarn by mixing 

Table 8. USTER evenness test results for combed ring yarn.

Sample number U% CVm%

Thin Thick Neps

H
-50% +50% +200%
/Km /Km /Km

1 8.93 11.26 0 7.5 22.5 4.52
2 9.44 11.9 0 10 40 4.4
3 8.98 11.31 0 2.5 20 4.6
4 9.03 11.36 2.5 5 42.5 3.83
5 9 11.34 0 0 45 3.93
6 9.23 11.61 0 7.5 42.5 3.95
Mean 9.1 11.46 0.4 5.4 35.4 4.2
S.D. 0.20 0.25 1.02 3.68 11.11 0.34
CV% 2.15 2.15 255.16 68.15 31.40 8.07
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(50:50) card and combed yarn had 96.20% lower thin places, semi-combed by noil extraction yarn had 
93.67% lower thin places, and combed yarn had 97.46% lower thin places than carded yarn.

Neps in cotton cause significant problems in the yarn manufacturing process. This is simply due to the 
presence of entangled fibers in the yarn. It causes poor yarn quality with poor fabric appearance. That is 
why neps should be controlled. Figure 7(c) shows that carded yarn had the highest neps/km and combed 
yarn had the lowest. Semi-combed by noil extraction had lower neps/km than semi-combed by sliver 
mixing. Semi-combed yarn by mixing (50:50) card and combed yarn had 74.08% lower neps, semi-combed 
by noil extraction yarn has 79.90% lower neps and combed yarn had 92.99% lower neps than carded yarn.

Tensile Properties of Four Produced Sample Ring-spun yarns

Breaking strength is one of the prime quality parameters of spun yarn. It mainly depends on fiber 
properties and the degree of twist insertion on yarn. The tensile resistance that yarn shows upon 
loading at a constant elongation rate is found directly from the lea strength tester. Although the lea 
strength tester provides the result in pound-force (lb), it was converted to Newton (N) for maintaining 
the SI unit standard. The yarn was tested in the bundle form. Further, the count strength product 
(CSP) and elongation % were also analyzed.

Breaking strength (as shown in Figure 8(a)) was slightly higher for semi-combed by noil (9.48%) 
extraction than semi-combed yarn by sliver mixing (50:50). Semi-combed yarn by mixing (50:50) carded 
and combed sliver had 7.07% higher breaking strength, semi-combed yarn by noil extraction had 9.13% 
higher breaking strength and combed yarn had 11.59% higher breaking strength than carded yarn.

The elongation percentage is another significant yarn quality parameter – the higher the elongation 
percentage, the higher the resistance to break. Figure 8(b) represents semi-combed by mixing had 
lower elongation (3.73%) than semi-combed by noil (3.82%). Semi-combed yarn by mixing (50:50) 
card and combed sliver was 31.05% lower, semi-combed by noil extraction yarn was 29.39% lower and 
combed yarn was 9.24% lower in elongation percentage compared with carded yarn.

CSP means the product of breaking strength of yarn bundle in pounds and yarn count in English 
cotton count system (Ne). It also indicates the load-bearing capacity of yarn. As the count is fixed for 
all four types of yarn, this value is a reflection of the aforementioned yarn tensile breaking strength in 
the bundle form. Figure 8(c) shows that the semi-combed yarn by noil extraction process had a CSP of 
12,223.7, suggesting the yarn’s better strength and uniformity than semi-combed by sliver mixing. 
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Semi-combed yarn by mixing (50:50) card and combed slivers had 7.07% higher CSP, semi-combed by 
noil extraction yarn had 9.13% higher CSP and combed yarn had 11.60% higher CSP than carded yarn.

Comparison between two types of semi-combed yarns

Physical properties
Analyzing the results in the previous sections, semi-combed produced by noil extraction showed 
better results than semi-combed by mixing in terms of thick place, neps, and hairiness, indicating that 
the noil extraction process was better than the sliver mixing process when thick place, neps, and 
hairiness were concerned. Table 9 corroborates that semi-combed by noil extraction had 44.44% less 
thick place per kilometer, 22.46% fewer neps per kilometer, and 1.24% less hairiness compared to the 
semi-combed yarn by sliver mixing.

On the contrary, semi-combed produced by sliver mixing showed lesser values than semi-combed 
by noil extraction in the case of U%, CVm%, and thin place, rendering the conclusion that sliver 
mixing process was better than noil extraction for these parameters. Table 10 further substantiates that 
semi-combed by sliver mixing had 1.75% less unevenness, 1.31% less coefficient of mass variation, and 
40% less thin place per kilometer than the semi-combed yarn by noil extraction.
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Figure 8. (a) Breaking strength, (b) elongation and (c) CSP of ring-spun yarn (bundle form) of four samples.

Table 9. Technical comparison of semi-combed yarn by noil extraction over semi- 
combed by mixing (50:50) card and combed sliver.

Yarn Parameter

Thick 
+50% 
/Km

Neps 
+200% 

/Km Hairiness

Comparison (%) 44.44% # 22.46% # 1.24% #

Table 10. Technical comparison of semi-combed yarn mixing (50:50) card and 
combed sliver over semi-combed by noil extraction.

Yarn Parameter U% CVm%

Thin 
−50% 
/Km

Comparison (%) 1.75% # 1.31% # 40% #
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Mechanical properties
In the case of woven and knit, more strength is required mainly for woven products and more 
elongation is required for the knit products; therefore, semi-combed yarn by noil extraction can be 
a good alternative of combed yarn for woven fabric production as it showed more strength than the 
sliver mixing semi-combed yarns. Results revealed that both semi-combed yarn from noil extraction 
and sliver mixing can be used to produce knit fabric as they demonstrated very close elongation values.

Process involved in production
In order to produce semi-combed yarn by controlling the noil extraction, no additional operation, or 
human effort is needed; the machine operator needs to change the noil extraction percentage in the 
comber machine. On the other hand, to produce semi-combed yarn by mixing, sliver management is 
needed, so extra human resources are needed to ensure the error-free feed. In order to support the 
extra workforce, additional expense might occur, resulting in increasing the yarn price.

Sustainability issues
Using less water, hazardous chemicals, pesticides, and fertilizers, adopting eco-friendly production 
procedures, using less energy for production operations, generating less waste, and implementing the 
three Rs – Reduce, Reuse, and Recycle – are all examples of sustainable practices in the textile industry 
(Amutha 2017). The two techniques incorporated in this study caused the removal of less short fibers 
than the fully combed yarn. This can be justified from the evenness results of roving (see Figure 5(c) and 
5(d)) and yarn evenness report (see Figure 6(a) and 6(b)) that the U% and CVm% of both the roving and 
yarn were much higher in the semi-combed yarn compared to fully combed yarn. This proves the 
presence of short fibers at a higher scale in the case of semi-combed yarns. In addition, yarn imperfection 
parameters such as thick place (see Figure 7(a)), thin place (see Figure 7(b)), and neps (see Figure 7(c)) 
are also higher for semi-combed yarn compared to fully combed yarn. Finally, the tensile strength of the 
semi-combed yarns (see Figure 8(a)) was found to be less than that of the fully combed yarn, meaning 
that less short fiber was removed in the combing section. This finding coincides with other previous 
finding (Günaydin, Serkan Soydan, and Palamutçu 2018). Thus, both processes for producing semi- 
combed yarn involve waste reduction. As less waste is produced, it will take less energy to process those. 
On top of that, less fibers will be generated in the form of fiber dust or fly to pollute the surroundings. In 
the sliver mixing process, a certain amount of carded sliver was mixed with combed sliver resulting in 
more waste reduction compared to 100% combed yarn. On the other hand, in semi-combed yarn by noil 
extraction, the noil percentage is reduced from 16% to under 10%, resulting in waste reduction by 
controlling the noil extraction process. So, between these two types of semi-combed yarn, the noil 
extraction process is more sustainable, as a higher amount of waste reduction occurs in this process.

Analysis of cost for different types of ring-spun yarns
In the current market, for the same raw material and count, the combed yarn’s price is higher than the 
carded yarn due to superior quality. Nevertheless, the price of yarn is not fixed. Apart from the base 
material costs, the market situation, product availability, demand scenario, spinning mill overhead 
cost, etc., also play a crucial role in determining yarn’s price at a particular point in time. An 
approximate price scenario of the carded, combed, and semi-combed yarns based on 100% cotton 
fibers is given in Table 11.

On an approximation, the carded yarn is sold for at least $0.40 less than its combed counterpart. The 
carded yarn’s price is $3.00 per Kg, while the combed yarn charges $3.40 per Kg commercially. 
Considering the material savings, the semi-combed yarn made by mixing sliver can be sold at approxi-
mately $3.15–$3.20 per Kg. So, there are a savings of $0.20-$0.25 per Kg of finished yarn. On the other 
hand, with the reduction in noil percentage, there can also be substantial savings as raw material accounts 
for most of the finished product cost. The noil percentage is kept at a minimum 16% in a standard 
combed yarn line. In the case of a semi-combed yarn by reduced noil extraction, the extraction percentage 
is maintained at 9.48%. So, the savings here can come to be at least 6.52% in the region of raw materials. 
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Considering fiber price accounts for the lion’s share of the total cost, a reduction in 6.52% fiber can save 
a lot. According to the current cotton fiber market, an estimated $0.14 per Kg can be conserved. Again, 
analogous to yarn, the fiber price is not fixed and can be affected by various factors. Therefore, it can be 
concluded that it is definitely more cost-efficient than combed yarn in the case of raw materials.

Conclusion

This study attempted to demonstrate the manufacturing processes of producing an optimized ring-spun 
yarn in terms of both quality and cost. Cotton fiber is chosen as raw material as it surpasses all other natural 
fibers in terms of usage in yarn spinning industries. Ring spinning is still the dominant yarn manufacturing 
technique. Two alternative approaches to produce semi-combed ring-spun cotton yarn are presented here. 
Both approaches offer semi-combed yarn that has much better quality than carded yarn and are slightly 
inferior to fully combed yarn. Comparison between these two processes revealed better results for semi- 
combed yarn by sliver mixing in the case of U (10.09%), CVm (12.8%), thin place (0.6/km), and elongation 
(3.73%). Better results were found for semi-combed yarn by noil extraction in terms of thick place (20.5/ 
km), neps (101.5/km), hairiness (3.97), breaking strength (305.6 N), and CSP (12223.7 Ne-N). At this level, 
physical and mechanical properties are found to be slightly better in semi-combed yarn produced by noil 
reduction method. Both processes reduce the wastage of short fibers when compared with the process of 
fully combed yarn. This material saving results in environmental (6.52% less waste) and cost benefits 
(approximately $0.20–0.25/Kg) to the manufacturers. Both approaches are industrially viable, so the 
spinners can decide which one to apply based on the situation and machinery availability. However, it 
should also be noted that yarn quality can influence the surface quality of the colored textile. Our future 
research toward that direction will cover this aspect to establish better process choices for spinners.

Highlights

● Semi-combed yarn was found to be a sustainable alternative to fully combed yarn in terms of cost 
and quality.

● The quality of semi-combed yarns is comparable to that of fully combed yarns and far better than 
carded yarns.

● Between the two types of semi-combed yarn, the noil extraction process offers less hairiness, 
neps, thick places, and more sustainability and involves no extra operation to develop the yarn.

● Semi-combed produced by sliver mixing shows lesser values than semi-combed by noil extrac-
tion in case of U%, CVm%, and thin place.

● Both varieties of semi-combed yarns exhibited higher breaking strength and count-strength- 
product than carded yarn and closer to fully combed yarn.
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Table 11. Cost of different types of ring-spun yarn made of 100% cotton fibers.

Raw material Yarn type Yarn Price (USD/Kg)

Cotton (100%) Carded $3.00
Combed $3.40
Semi-combed (sliver mixing) $3.15–$3.20
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