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blend This study examined the influence of polyester/cotton (P/C) blend ratios on the
unevenness structural, physical, and mechanical properties of ring-spun yarns. Polyester and
breaking force cotton fibers were blended at ratios of 30:70, 50:50, and 70:30 (P:C) and processed
yarn property using ring spinning to evaluate the effects of blend composition on yarn

geometrical structures performance. A comprehensive analysis was conducted on yarn unevenness, mass

variation, twist behavior, hairiness, tensile strength, elongation, and fiber packing
characteristics. The results revealed that increasing the proportion of polyester
significantly enhanced yarn uniformity, with both optical unevenness and mass
variation decreasing consistently across the blend ratios. A notable improvement in
yarn regularity and reduced surface hairiness was observed when polyester content
increased from 30% to 50%. The 70:30 P/C blend exhibited the most favorable
performance, displaying the lowest hairiness values, the highest degree of fiber
compactness, and superior yarn structural stability. Mechanical properties also
improved substantially with higher polyester content. Tensile strength and
elongation increased progressively, with the 70% polyester blend achieving the
greatest breaking force and extensibility among all blends. These improvements
were attributed to polyester’s higher fiber uniformity, greater tenacity, and
stabilizing influence within the yarn cross-section. Generally, the study confirms
that polyester content is a key determinant of yarn quality, influencing both
mechanical robustness and surface characteristics. The findings identify the 70:30
polyester/cotton blend as the optimal ratio, delivering the best balance of structural
regularity, reduced hairiness, and enhanced mechanical performance, making it
highly suitable for high-quality woven and knitted textile applications.
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1. Introduction

The performance characteristics of synthetic fiber products are predominantly governed by the intrinsic
properties of the polymer matrix and the geometric configuration of the fiber form, which subsequently influences
yarn and fabric properties . Contemporary advancements in polymer technology and fiber spinning
methodologies have revolutionized the textile industry, establishing sophisticated techniques for producing high-
strength and elongation fibers. Consequently, the production of manmade fibers and their blended compositions has
emerged as a dominant force in the highly competitive, quality-conscious consumer marketplace

The fundamental demand for textile quality is increasingly defined by critical aspects of yarn uniformity,
encompassing regularity in mass distribution, diameter consistency, twist homogeneity, and the mitigation of yarn
faults and imperfections. In conjunction with these structural attributes, uniformity in fiber arrangement throughout
the yarn structure represents a crucial determinant of fiber utilization efficiency, which directly impacts yarn
performance in downstream processing operations and ultimate end-use applications, including woven and
nonwoven fabric production . Recent investigations have extensively examined comparative analyses of yarn
properties within various spinning systems, with numerous researchers addressing fundamental questions regarding
the intrinsic nature of different spinning processes and their corresponding mechanisms . These
investigations have established that spinning process parameters constitute critical determinants of yarn quality and
end-use performance characteristics

Considerable research efforts have been devoted to elucidating the influence of blend composition and spinning
parameters on yarn quality attributes. Multiple studies have systematically investigated the effects of blend ratios
and spinning process variables on rotor and air-jet spun yarn characteristics . Critical yarn quality indicators,
including yarn count, twist level, unevenness, thin and thick places, yarn strength, and elongation at the breaking
point, represent primary properties that have been extensively documented in the literature . Basil and
Oxenham (2003) conducted a comprehensive investigation utilizing seven different polyester and cotton blend
ratios, processed through vortex and air-jet spinning systems to produce yarns of 20 tex. The experimental findings
demonstrated substantial variation in production values, with unevenness, imperfections, and hairiness values of
vortex yarns achieving minimum (optimal) levels . Subsequently, Kilic and Okur (2011) investigated the
properties of cotton-tencel and cotton-promodal blended yarns processed via ring and compact spinning
methodologies . Their results indicated that unevenness, imperfections, diameter, and roughness values
decreased systematically, while tenacity, breaking elongation, density, and abrasion resistance increased
proportionally with regenerated cellulose fiber content in the blend composition . Furthermore, the
performance and physical properties of blended yarns have been demonstrated to be significantly influenced by
different fabric end-use applications, including characteristics such as tenacity, moisture absorption, and thermal
insulation

Despite these advances, a critical research gap persists in understanding the comprehensive behavior of
polyester/cotton blend fibers with respect to their spatial arrangements during the blended yarn manufacturing
process, particularly when incorporating three distinct blended fiber forms. Moreover, the interactive effects of
blend proportion and physical parameters on ring spun polyester/cotton blend yarn performance and their
subsequent impact on fabric properties remain inadequately characterized. Therefore, the present investigation aims
to address this knowledge gap by conducting a systematic experimental study to elucidate the behavior of blend
polyester/cotton fibers regarding their structural arrangements during blended yarn manufacturing with three
different blended fiber configurations. Additionally, this research attempts to comprehensively evaluate the
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interactive effects of blend proportion and physical parameters of ring spun polyester/cotton blend yarn on resultant
fabric properties.

2. Materials and Methods

2.1. Materials

Cotton fibers were systematically selected for blending with polyester fibers to execute the present experimental
investigation. The polyester/cotton blend compositions were formulated at three distinct ratios: 50:50%, 30:70%,
and 70:30% of polyester as illustrated in Figure 1 (Cotton (P: C) ratio). Polyester fiber and cotton fiber were
blended utilizing three differentiated ratio configurations and subsequently processed via ring spinning systems.
The polyester/cotton blended yarns were procured from commercial sources in Bursa, Turkey. The cotton utilized
in this research comprised cotton of 30s Ne count. The comprehensive physical characteristics of these fibers are
systematically presented in Table 1.

Figure 1. The polyester/ cotton blend yarn: (a) 30:70 %, (b) 50:50 % and (c) 70:30 % of P: C ratio.
Table 1. Physical properties of selected fibers [38].

Parameters Polyester Cotton
Fiber length (mm) 32 10-25
Fineness (dtex) 1.5 3 to 5 micronaire (fine to coarse)
Tenacity (gram per denier) 3.0 3-5
Breaking extension (%) 15 4-8
2.2. Methodology

2.2.1. Tensile Property Testing

The tensile properties of blended yarn, including elongation at break and breaking strength, were evaluated
using a single yarn strength tester (Shaoxing Yuanmao) under controlled testing conditions of 50 cm clamping
gauge length, 150 mg tension weight, and a load cell of 10kN at a constant testing speed of 20 mm/min. Stress-
strain curves of the yarns were generated using the methodology prescribed in ASTM standard test method D-3822.
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Multiple textile quality parameters, including yarn tenacity, breaking elongation, Young's modulus, and compliance
ratio, were systematically calculated from these experimental curves

2.2.2. Yarn Evenness Measurement

Yarn evenness measurements were conducted using a UT-3 evenness tester for the quantitative assessment of
unevenness and imperfections in yarns. Five replicate readings with a gap of 100 m at a constant yarn speed of
200m/min for 2.5 min were acquired from each cop, with 10 such cops tested for each yarn type per ASTM
standard protocol

2.2.3. Twist Measurement

Twist per inch (T.P.I) was calculated using the following formula:
T.P. I =TM(count) 1/2* (1)

Where T.M represents the twist multiplier coefficient.

2.2.4. Hairiness Parameters Measurement

The hairiness parameters of the blended yarns were evaluated using a YG172A single yarn hairiness tester
(Shanxi Changing Textile Mechanical & Electronic Technological Co., LTD, China) at a controlled speed of
30m/min. Hairiness value (H) is defined as the relationship between the hair length and the yarn length and
represents a non-dimensional quantity. For instance, if H = 3 cm, this indicates that the total length of protruding
ends from the yarn body is 5 m to the measuring field of 1m

2.2.5. Yarn Specific Volume and Packing Fraction Measurement

Yarn diameter was measured using a Leica Q500 MC Image analyzer system. Average diameter and diameter
coefficient of variation (CV%) were calculated by acquiring over 1000 independent readings. Yarn specific volume
and packing fraction were computed using yarn diameter measurements and yarn linear density data

3. Results and Discussion

3.1. Results

It is well-established that, in addition to the morphological architecture of yarn, the mechanical properties,
hairiness characteristics, and other comprehensive performance indicators and physical attributes of blended yarns
constitute the primary determinants that must be systematically considered during the selection process for their
potential practical applications . Consequently, the influences of blend ratio variations on the physical and
mechanical yarn properties were comprehensively investigated in the subsequent sections.

3.1.1. Yarn Irregularity and Imperfection Characteristics in P/C Blend Yarn

The mass or weight variation per unit length of yarn is fundamentally defined as unevenness or irregularity.
Yarn spinning and yarn blended mechanisms exert a statistically significant effect on yarn unevenness
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characteristics. The influence of blend ratio composition on P/C yarn unevenness was systematically observed
through optical unevenness analysis and yarn unevenness values, with the results presented in conjunction with
measurement of different spinning parameters, as illustrated in Table 2. The experimental data revealed that the
maximum yarn unevenness value of 30:70 % P/C blended yarn exhibited a coefficient of variation (CVm%) of
14.25% when its linear density was recorded as 1.5 dtex. Conversely, the minimum yarn unevenness value of this
blend configuration was CVm%=10.52% when its linear density was measured at 2.5 dtex. Similarly, for the 50:50
% P/C blended yarn composition, the minimum yarn unevenness value demonstrated CVm%=13.78% when its
linear density was recorded as 1.39 dtex, while the maximum yarn unevenness value was CVm%=14.91% when its
linear density was documented as 2.72 dtex. For the 70:30 % P/C blended yarn configuration, the minimum yarn
unevenness value of 14.41% was observed when the linear density was recorded as 1.44 dtex, whereas the
maximum yarn unevenness value reached CVm%=16.37% when its linear density was recorded as 2.84 dtex.
These findings indicate a systematic relationship between blend ratio, linear density, and yarn irregularity,
suggesting that optimal unevenness characteristics can be achieved through precise control of these parameters.

3.1.2. Yarn Structural Properties of P/C Blended Yarn

For all three yarn blended types investigated, an increase in twist factor values in blended yarn demonstrated
corresponding increases in the measured twist intensity, representing a significant characteristic with direct
implications for yarn structural integrity. The magnitude of these results follows a hierarchical pattern based on
their respective P/C yarn blend ratios. The experimental analysis revealed that the minimum yarn unevenness value
of 70:30% P/C blended yarn was CVm%=15% when subjected to a twist factor value of 24. Conversely, the
maximum yarn unevenness value for the same blend composition was CVm%=16% when its twist factor was
recorded as a value of 36. For the 50:50% P/C blended yarn configuration, the minimum yarn unevenness value
demonstrated CVm%=13.5% when its twist factor was recorded at a value of 24, while the maximum yarn
unevenness value of this composition was CVm%=16.5% when subjected to a twist factor value of 36.

Similarly, the structural analysis of 30:70% P/C blended yarn revealed a minimum yarn unevenness value of
CVm=14% when its twist factor was recorded at a value of 24, whereas the maximum yarn unevenness value of
30:70% P/C blended yarn was CVm=14.80% when its twist factor was recorded as a value of 36. When its linear
density was recorded at 1.80 dtex, these structural parameters exhibited consistent trends across all blend ratios
examined. The twist factor significantly influences the packing density and structural cohesion of fibers within the
yarn structure. As the twist factor increases, the helical angle of fiber orientation becomes more pronounced,
resulting in enhanced inter-fiber friction and improved structural stability. However, excessive twist can lead to
increased yarn unevenness due to fiber migration and structural distortion during the twisting process. The data
suggest that an optimal twist factor range exists for each blend ratio, where yarn unevenness is minimized while
maintaining adequate structural integrity.

3.1.3. Yarn Hairiness Properties of the P/C Blended Yarn

The comprehensive evaluation of yarn quality is conducted in terms of yarn spinning systems performance, as
systematically illustrated in Figure 2. It is well-documented that the measurement of hairiness constitutes a critical
parameter for assessing hairiness variation in both 100% cotton and cotton blended yarn production mechanisms.
The experimental investigation revealed that the hairiness values of P/C blended yarn demonstrated measurements
of 0.35, 5.47, and 8.30 for the 30:70%, 50:50%, and 70:30% P/C yarn blend ratios, respectively. These results
indicate a direct positive correlation between polyester content and hairiness magnitude, suggesting that increased
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synthetic fiber proportion in the blend composition results in elevated hairiness levels. The hairiness phenomenon
in blended yarns is primarily attributed to several interrelated factors, including fiber migration during the spinning
process, differential fiber properties (such as length, fineness, and surface characteristics), and the mechanical
processing parameters employed during yarn formation. The higher hairiness values observed in polyester-rich
blends can be attributed to the lower surface friction coefficient of polyester fibers compared to cotton, which
results in reduced fiber anchorage within the yarn structure and increased propensity for fiber protrusion from the
yarn surface.

Furthermore, the statistical analysis demonstrates that the relationship between blend ratio and hairiness follows
a non-linear trend, with the rate of hairiness increase accelerating as polyester content exceeds 50%. This
observation has significant implications for end-use applications, particularly in fabric manufacturing processes
where yarn hairiness can influence weaving efficiency, fabric appearance, and textile finishing operations. The
optimal blend ratio selection must therefore balance the desired mechanical properties with acceptable hairiness
levels, considering the specific requirements of the intended application.

Packing fraction of different Blends

M Cotton(C) M P/CBlend Polyester(P)

30: 70%P/C yarn blend 50:50% P/C yarn blend 70:30% P/C yarn blend
Blend Ratio

Packing Fraction
© I © I © o
= N w B (6] )]

o

Figure 2: Effect of packing on the physic mechanical properties of yarn during blend.

3.2. Discussion

3.2.1. Yarn Irregularity and Imperfection in P/C Blend Yarn

The present findings reveal that the blend ratio plays a statistically significant role in determining yarn
irregularity in polyester/cotton (P/C) blended yarns. A consistent decrease in yarn unevenness was observed as the
proportion of polyester increased from 30:70 — 50:50 — 70:30 (P:C). This pattern supports earlier reports
indicating that yarn produced with a higher polyester content generally exhibits improved uniformity due to the
fiber’s higher linear density and reduced variability in length. Several scholars have also emphasized that polyester
fibers contribute to a more stable fiber arrangement within the yarn structure, which minimizes mass variation
during spinning. These findings align with previous investigations where 30/70 cotton-rich blends were typically
associated with greater irregularity due to cotton’s inherent variability in fiber length and fineness. Conversely,
yarns spun from 70/30 polyester-rich blends displayed lower CVm% and hairiness values, consistent with the
present results. The improvement in yarn evenness at higher polyester proportions may be attributed to the fiber’s

narrower distribution of physical properties compared to cotton, a phenomenon widely documented in textile
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science literature. The study further showed that yarn unevenness consistently decreased with increasing fiber
linear density, supporting earlier conclusions that fiber thickness and stiffness contribute to improved packing
efficiency during spinning. This trend is also in agreement with researchers who reported that fiber blending
behavior—especially fiber length, fineness, and cross-sectional uniformity—directly influences yarn mass variation.

Furthermore, the findings confirm that yarn irregularity is highly dependent on the interactive effects of material
properties and blend composition. Previous studies have similarly noted that fiber positioning within the cross-
section, the number of fibers in the yarn, and the blend homogeneity are critical parameters influencing yarn quality.
The present work reinforces these assertions, demonstrating that optimizing the P/C blend ratio can significantly
enhance the physical and mechanical characteristics of yams intended for woven and knitted applications.

Figure 3. Relationship between yarn unevenness and linear density of P/C blend yarn: (a) 30:70 %, (b) 50:50 % and (c)70:30
% of P/ C blend ratio.

3.2.2. Yarn Structural Properties of P/C Blended Yarn

The results also revealed that yarn imperfections increased with twist factor for all three blend proportions,
although the degree of increase varied according to the blend ratio. This observation is consistent with earlier
reports suggesting that increased twist tends to compact fibers more tightly, reducing mobility but simultaneously
increasing the likelihood of neps and thick-and-thin places when the fiber mix is not homogeneous. The 70:30 P/C
blend demonstrated superior structural performance, showing lower unevenness values, minimum neps, and fewer
diameter fluctuations. This agrees with previous studies indicating that polyester-rich blends produce yarns with
enhanced cohesion and smoother surface properties due to polyester’s consistent geometric characteristics.
Conversely, the 30:70 cotton-rich blend exhibited the highest irregularity, supporting earlier findings that cotton’s
natural variability contributes to increased imperfection levels in mixed-fiber yarns. Several scholars have noted
that blended yarns should be manufactured with the minimum twist required to maintain structural integrity, as
excessive twist increases imperfections without proportionally improving strength. The present findings correlate
with this viewpoint, especially in the cotton-rich blend where imperfections rose significantly at higher twist levels.
The observed variation in yarn diameter with twist factor is also consistent with prior literature, which states that
polyester/cotton blended yarns exhibit diameter reduction due to increased compactness under higher twist.
Researchers have similarly documented that cotton-rich blends tend to show greater diameter irregularity owing to
the variability in cotton fiber fineness. Overall, the present study confirms that the 70:30 P/C blend ratio yields the
most structurally stable yarn, exhibiting superior evenness and fewer imperfections compared to the other two
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blends. These outcomes agree with earlier studies concluding that polyester contributes to dimensional stability,
whereas cotton increases softness but introduces greater structural variation. Thus, the optimized balance of
polyester and cotton remains essential in producing yarns suitable for high-performance textile applications.

Figure 4. Relationship between yarn unevenness and twist factor of P/C blend yarn: (a) 70:30 %, (b) 50:50 % of and (c) 30:70
% P/C blend ratio.

Figure 5. Effect of twist factor on the yarns diameter (Cross-sections): (a) 30:70 %, (b) 50:50 % and(c) 70:30 % of P/C blend

ratio.
3.2.3. Yarn Hairiness Properties of the P/C Blended Yarn

The results indicate that the spinning system exerts a statistically significant influence on both yarn hairiness and
its variation in polyester/cotton (P/C) blended yarns. This aligns with earlier research highlighting that spinning
technology—whether ring, compact, or rotor—plays a critical role in determining fiber migration, surface fiber
entrapment, and the extent of protruding fibers in the yarn structure. Several scholars have reported that ring
spinning typically produces higher hairiness due to the presence of wrapper fibers, whereas compact spinning
minimizes protruding ends through improved fiber control during drafting. The current findings are consistent with
these established observations, suggesting that system-related fiber integration strongly affects the hairiness
behavior of blended yarns. According to the results summarized in Table 2 and Figure 2, the 70:30 polyester/cotton
blend exhibited the lowest hairiness values and the most favorable yarn regularity. This trend supports previous
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studies that have emphasized polyester’s inherently smoother surface, greater uniformity in fiber length, and
reduced tendency for fiber-end protrusion. Researchers have consistently argued that the synthetic fiber’s stiffness
and homogeneity promote a more compact yarn structure, thereby suppressing hair formation. The present findings
corroborate these claims, demonstrating that higher polyester content contributes to improved fiber packing and
reduced hairiness.

In contrast, the 30:70 polyester/cotton blend showed the highest hairiness levels and lower yarn regularity. This
observation is in agreement with earlier investigations that attributed increased hairiness in cotton-rich blends to
cotton’s natural variability in fiber length, maturity, and fineness. Scholars have highlighted that cotton fibers
possess more loose ends, a higher degree of convolutions, and greater surface irregularity—all of which encourage
protrusion during spinning. The current results reinforce this widely acknowledged principle, confirming that
cotton-rich blends are more susceptible to hairiness due to the fiber’s intrinsic physical characteristics. Moreover,
the findings align with prior work indicating that blend composition influences fiber migration patterns within the
yarn cross-section. Polyester fibers, with their higher rigidity, tend to occupy more central positions in the yarn,
while cotton fibers migrate outward more readily. This mechanism explains why the 70:30 blend achieves superior
hairiness performance: the higher proportion of polyester stabilizes the yarn core, while the reduced proportion of
cotton limits the number of surface-exposed fiber ends. Several studies have documented similar behavior in
synthetic—natural blend systems, noting that increasing synthetic fiber content generally reduces hair protrusion and
enhances structural compactness.

From a practical standpoint, the reduced hairiness in the 70:30 P/C blend has meaningful implications for textile
processing. Previous research has shown that hairiness significantly affects downstream operations such as
weaving, knitting, dyeing, and finishing. Lower hairiness contributes to reduced end-breakage rates, improved
warp efficiency, fewer fabric surface defects, and enhanced appearance retention. The present findings therefore
support the recommendation that the 70:30 P/C blend offers an optimal balance between fiber cost, yarn
irregularity, and acceptable hairiness levels for industrial applications.

In summary, the comparison with prior literature confirms that yarn hairiness in P/C blends is highly sensitive to
blend ratio and spinning system mechanics. The present study further strengthens the scholarly consensus that
polyester-rich blends outperform cotton-rich blends in terms of hairiness and regularity due to superior fiber
uniformity and improved structural integrity during spinning. Thus, the 70:30 polyester/cotton blend emerges as the
most advantageous option for producing high-quality yarns with minimized surface hairy fibers.

Table 2. Yarn irregularity and hairiness properties of the P/C blended yarns.

P/C blend ratio (%) Yarn Irregularity (%) Hairiness
30:70 1.5 0.35
50:50 3.49 5.47
70:30 13.61 8.30

3.2.4. The Effect of Yarn Blend on Tensile Strength of Yarn

The results of the tensile strength evaluation indicate that all three polyester/cotton (P/C) blend ratios exhibited
higher tensile strength than the 100% cotton ring-spun yarn, confirming the beneficial influence of polyester fibers
on yarn mechanical performance. This observation is consistent with a substantial body of literature that attributes
the superior strength of blended yarns to the higher tenacity, lower extensibility, and more uniform structural
properties of polyester fibers. Several scholars have reported that incorporating synthetic fibers into cotton
improves load-bearing capacity due to enhanced fiber cohesion and reduced weak points in the yarn structure.
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As shown in Table 3, both elongation at break and tensile strength increased progressively with the rising
proportion of polyester in the fiber blend. This finding aligns with earlier studies asserting that polyester’s higher
intrinsic strength and molecular orientation contribute significantly to tensile performance when blended with
natural fibers. The 30:70 P/C blend exhibited the lowest breaking strength among the blended samples, while the
70:30 P/C blend exhibited the highest, reflecting the direct influence of polyester concentration on yarn mechanical
behavior.

The minimum strength observed in the 30% polyester blend can be attributed to the dominance of cotton fibers,
which are known to possess greater variability in fiber length, fineness, and maturity. These characteristics
introduce structural inconsistencies and reduce the yarn’s ability to distribute stress uniformly. Previous
investigations have highlighted that cotton-rich blends often have higher neps and weak spots, leading to reduced
tensile properties compared to polyester-rich blends. Conversely, the maximum strength in the 70% polyester blend
corresponds with findings from multiple researchers who demonstrated that synthetic-rich yarns exhibit improved
fiber alignment, reduced slippage, and greater resistance to deformation. Polyester fibers, due to their smooth
surface and stronger inter-fiber bonding, enhance the load-sharing mechanism during tensile loading, leading to
superior breaking strength. This behavior has been consistently documented in studies on mixed-fiber yarns,
particularly those comparing synthetic-natural blends. Furthermore, the improvement in elongation with increasing
polyester content also corroborates earlier work indicating that polyester’s elastic recovery and resistance to
permanent deformation contribute to higher extension before break. The combined behavior of increased tensile
strength and elongation suggests that polyester-rich blends provide a more balanced tensile profile suitable for high
-performance textile applications.

In summary, the comparison with previous research confirms that the mechanical properties of P/C blended
yarns are strongly dependent on the proportion of polyester fibers. The current findings reinforce the established
understanding that polyester enhances tensile strength, promotes improved fiber integration, and reduces structural
variability within the yarn. Thus, the 70:30 P/C blend emerges as the most mechanically robust option among the
evaluated ratios, making it suitable for applications requiring higher strength and durability.

Table 3. Tensile properties of P/C blended yarn.

P/C blend ratio (%) Elongation at break (%) Tensile strength (CNtex)
30:70 9.58 13.17
50:50 10.43 17.62
70:30 13.61 22.59

4. Conclusions

This research investigated the influence of polyester/cotton (P/C) blend ratios on the structural, physical, and
mechanical properties of ring-spun yarns. The findings demonstrate that the blend ratio plays a decisive role in
determining yarn quality, particularly with respect to unevenness, hairiness, and tensile performance. A consistent
reduction in optical unevenness and mass variation was observed as the polyester content increased from 30:70 —
50:50 — 70:30 (P:C). This improvement is attributed to polyester’s lower variability in fiber linear density and its
longer, more uniform fiber length, which enhance fiber integration within the yarn structure. Notably, the transition
from 30% to 50% polyester resulted in a marked improvement in yarn regularity and hairiness, while increasing
polyester content to 70% produced the most significant gains in tenacity and elongation. Yarn hairiness exhibited a
clear relationship with both blend ratio and twist. Although low-twist yarns showed increased hairiness with finer
yarn counts, hairiness consistently decreased with higher twist levels. Among all blends, the 70:30 P/C yarn
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displayed the lowest hairiness and the most uniform structure, confirming the stabilizing influence of polyester
within the yarn cross-section. Since hairiness strongly affects fabric appearance, processing efficiency, and surface
quality, the superior performance of this blend makes it particularly suitable for applications requiring high-quality
woven or knitted fabrics. Overall, the results confirm that incorporating higher proportions of polyester enhances
yarn uniformity, reduces surface fiber protrusion, and improves tensile properties. Based on the combined
performance metrics, the 70:30 polyester/cotton blend emerges as the optimum ratio, offering the best balance of
yarn regularity, mechanical strength, and acceptable hairiness for industrial textile manufacturing.

Publishing Ethics

This article is fully compliant with the Journal's Publishing Ethics.
Funding

The research work is not funded

Conflicts of Interest

The author agreed with the contents of the manuscript and there is no financial interest to report. I certify that the
submission is original work and is not under review at any other publication.

Reference

[1] Azevedo, D., Cruz, A.R., Marvila, A.S., DeOliveira,M.T., Monteiro, L.B., Vieira, S.N. & Daironas, M. Natural fibers as an
alternative to synthetic fibers in reinforcement of geopolymer matrices: a comparative review. Polymers, 2021.13(15), 2493.
https://doi.org/10.3390/polym13152493

[2] Temesgen, A. G., Kaufmann J., & Cebulla H. Development and Characterization of Sustainable Bio-Resins from
Agricultural Waste for Eco-Friendly Lightweight Industrial Applications. Proceedings, 2025. 131(1), 81.
https://doi.org/10.3390/proceedings2025131081

[3] Temesgen, A. G. Processing, Structure and Properties Analysis of Spider Silk Fiber for Textile Biomedical Engineering
Application. Climate-Adaptive Materials Engineering, 2025. 1(1), 55-66. https://doi.org/10.65773/came.1.1.61

[4] Goodale, E.W. The Blending & Mixture of Textile Fibres & Yarns. Journal of the Royal Society of Arts, 2021, 100(4860),
4-15. https://www jstor.org/stable/41368063

[5] Dos-Santos, D.M., Correa, D.S., Medeiros, E.S., Oliveira, J.E., & Mattoso, L.H. Advances in functional polymer
nanofibers: From spinning fabrication techniques to recent biomedical applications. ACS applied materials & interfaces, 2020,
12(41), 45673-45701. https://doi.org/10.1021/acsami.Oc12410

[6] Egan, J., & Salmon, S. Strategies and progress in synthetic textile fiber biodegradability. SN Applied Sciences, 2022, 4(1),
1-36. https://doi.org/10.1007/s42452-021-04851-7

[7] Walle, G.A., Atalie, D., Tarekegn, E., Wudneh, A., & Desalegn, A. Prediction of mechanical, evenness and imperfection
properties of 100% cotton ring spun yarns with different twist levels. Journal of Engineering & Technology, 2022, 41(1), 14-
22. https://doi.org/10.22581/muet1982.2201.02

[8] Emadi, M., Payvandy, P., Tavanaie, M.A., & Jalili, M.M. Measurement of vibration in polyester filament yarns to detect
their apparent properties. The Journal of the Textile Institute, 2021, 1-11. https://doi.org/10.1080/00405000.2021.1923929

[9] Hari, P.K. Types and properties of fibers and yarns used in weaving. Woven Textiles, 2020, 3-34.
https://doi.org/10.1016/B978-0-08-102497-3.00001-5

[10] Mwasiagi, J., & Mirembel, J. Influence of Spinning Parameters on thin and thick Places of rotor spun yarns. International
Journal of Computational and Experimental Science and Engineering, 2018, 4(2), 1-7. https://doi.org/10.22399/ijcesen.298389

24


https://doi.org/10.3390/polym13152493
https://doi.org/10.3390/proceedings2025131081
https://doi.org/10.65773/came.1.1.61
https://doi.org/10.1021/acsami.0c12410
https://doi.org/10.1007/s42452-021-04851-7
https://doi.org/10.22581/muet1982.2201.02
https://doi.org/10.1080/00405000.2021.1923929
https://doi.org/10.1016/B978-0-08-102497-3.00001-5
https://doi.org/10.22399/ijcesen.298389

Synthetic Ecological Engineering | Volume 1 | Issue 1 | November 2025

[11] Oncul, K. Quality optimization and process capability analysis of ring spun Supima cotton yarn. Materials Testing,
2021,63(10), 943-949. https://doi.org/10.1515/mt-2021-0027
[12] Musa, K. and Ayse, O. The properties of cotton-Tencel and cotton-Promodal blended yarns spun in different spinning
systems. Textile Research Journal, 2011, 81(2) ,156—172. https://doi.org/10.1177/0040517510377828
[13] Temesgen, AG, Sahu, O. Chemical and Enzyme Treatment of Enset Yarn for Technical Textile Applications. Advances in
Applied NanoBio-Technologies 2021, Volume 2, Issue 3, Pages: 1-8. https://doi.org/10.36686/Ariviyal. GR.2021.02.05.019
[14] Temesgen, AG. A Mini-Review on Rope Technologies in the Marine Industry. Bursa 1st International Conference on
Mathematic and Engineering August 18 - 20, 2023 —Bursa.
[15] Temesgen, AG. Process Ability Enhancement of false Banana Fiber. GRIN Verlag; 2012 Oct 23.
[16] Qureshi, S.A., Temesgen A.G. An experimental analysis of stress relaxation in nonwoven fabrics. Research Journal of
Textile and Apparel. 2014 Nov 1;18(4):38-43. https://doi.org/10.1108/RJTA-18-04-2014-B004
[17] Temesgen, AG., Sahu O. Process ability enhancement of false banana fibre for rural development. Cellulose.
2014;67(67.89):67-3.
[18] Tran, K.P., He, Z., Xu, J., Thomassey, S., Zeng, X., & Yi, C. Modeling of textile manufacturing processes using
intelligent techniques: a review. The International Journal of Advanced Manufacturing Technology, 2021,116(1), 39-67.
https://doi.org/10.1007/s00170-021-07444-1
[19] Khalilur, M.d., Ronobir, C.S., Mohammad-Mahmudur, R.K.. Interactive Effect of Blend Proportion and Process
Parameters on Ring Spun Yarn Properties and Fabric GSM using Box and Behnken Experimental Design. International
Journal of Engineering Research & Technology (IJERT), 2014, 3(11), 1609-1613. https://doi.org/10.17577/IJERTV3IS111413
[20] Getu, A. and Sahu, O., 2014. Identification of Dyed Fabric Defects by Artificial Neural Network. Research Journal of
Modeling and Simulation, 14, p.19.
[21] Getu, A. and Sahu, O., 2014. Removal of reactive dye using activated carbon from agricul-tural waste. J. Eng. Geol.
Hydrogeol, 2, p.23.
[22] Omer, Firat T., Elif, D.T. and Temesgen, A.G., A Mini Review On Automotive Applications Of Carbon Composite
Materials (Cfrp). Eu 1st International Conference On On Health, Engineering And Applied Sciences, May 5 - 7, 2023 —
Bucharest.
[23] Omprakash, S., Alhayat, G.T., Recep, E. and Yakup, A., 2021. Effect of The Quantity of Bio Resins On the Acoustic
Performance of Agro Waste Enset Woven Fabric Reinforced Composite, Exploratory Materials Science Research, 2 (1), 43-49.
[24] Barella, A..and Manich, A.M. The Influence of the Spinning Process, Yarn Linear Density, and Fibre Properties on the
Hairiness of Ringspun and Rotor- spun Cotton Yarns. The Journal of the Textile Institute, 2008, 79(2), 189-197.
https://doi.org/10.1080/00405008808659135
[25] Kumar, A., Ishtiaque, S.M. and Salhotra, K.R. Analysis of spinning process using the Taguchi method. Part IV: Effect of
spinning process variables on tensile properties of ring, rotor and air-jet yarns. The Journal of the Textile Institute, 2006, 97(5),
385-390. https://doi.org/10.1533/j0ti.2006.0106
[26] Temesgen, A. G., & Workneh, A. (2025). Extraction of Enset Pseudostem Fiber and Manufacturing of Erosion Control
Mats. Climate-Adaptive Materials Engineering, 1(1), 40-55. https://doi.org/10.65773/came.1.1.54
[27] Kaufmann, J., Temesgen, A.G. & Cebulla, H. A comprehensive review on natural fiber reinforced hybrid composites
processing techniques, material properties and emerging applications. Discov Mater 5, 227 (2025).
https://doi.org/10.1007/s43939-025-00419-z
[28] Temesgen, A,G., Cebulla, H., Kaufmann, J. Investigation of the sound absorption performance of cellulosic fine fibres
fabricated from agricultural waste fibres. Agricultural Sciences: Techniques Innovations. 2025 Jul 8;3:13-33.
https://doi.org/10.9734/bpi/asti/v3/5262
[29] Temesgen, A. G., & Kemal, S. Sustainable Recycled Cotton Fabric and Clay Powder Composites for Improved Thermal
and Mechanical Performance in Home Furniture. Climate-Adaptive Materials Engineering, 2025. 1(1), 12-27.
https://doi.org/10.65773/came.1.1.45
[30] Ishtiaque, S.M., Rengasamy, R.S., Ghosh , A. Optimization of ring frame process parameters for better yam quality and
production. International Journal of Engineering Research & Technology, 2004, .29(2), 190-195.
[31] Banu, O.K. and Nilufer, E. Fibres & Textiles in Eastern Europe, 2003,11,(4), 43.

25


https://doi.org/10.1515/mt-2021-0027
https://doi.org/10.1177/0040517510377828
https://doi.org/10.36686/Ariviyal.GR.2021.02.05.019
https://doi.org/10.1108/RJTA-18-04-2014-B004
https://doi.org/10.1007/s00170-021-07444-1
https://doi.org/10.1080/00405008808659135
https://doi.org/10.1533/joti.2006.0106
https://doi.org/10.65773/came.1.1.54
https://doi.org/10.1007/s43939-025-00419-z
https://doi.org/10.9734/bpi/asti/v3/5262
https://doi.org/10.65773/came.1.1.45

Synthetic Ecological Engineering | Volume 1 | Issue 1 | November 2025

[32] Temesgen, A.G., Sahu, O. Effect of Weaving Structures on the Mechanical Properties of Woven Fabric Reinforced
Composites. Indian J. Eng. 2021;18:102-8.

[33] Basal, G., Oxenham, W. Vortex spun yarns vs. air-jet spun yarn. AUTEX Research Journal, 2003, 3, 3, 96-101.
https://doi.org/10.1515/aut-2003-030301

[34] Kilic, M., Okur, A. The properties of cotton-tencel and cotton-promodal blended yarns spun in different spinning systems.
Textile Research Journal, 2011, 81(2), 156-172. https://doi.org/10.1177/0040517510377828

[35] Temesgen, A.G. Weaving Technology: Teaching Material on Woven Fabric Manufacture-I. LAP Lambert Academic
Publishing; 2019.

[36] Demiryiirek, O. and Uysaltiirk, D. Statistical Analyses and Properties of Viloft/Polyester and Viloft/Cotton Blended Ring-
Spun Yarns. Fibres & Textiles in Eastern Europe, 2014,1 (103), 22-27.

[37] Temesgen, AG., Tursucular, O., Eren, R., Ulcay, Y. The art of hand weaving textiles and crafting on socio-cultural values
in Ethiopian. International Journal of Advanced Multidisciplinary Research. 2018;5(12):59-67.

[38] Shahid, M.A., Mahabubuzzaman, A.M., Ahmed, F. and Ali, A. Investigation of the Physical Properties of Jute Blended
Yarn Using a Novel Approach in Spinning Process. Journal of Textile Science and Technology, 2016, 2, 1-6.
https://doi.org/10.4236/jtst.2016.21001

[39] Chonggqi, M., Xinlong, L., Baoming, Z. Investigation of Mechanical and Physical Properties of Far-Infrared
Tencel/Acrylic and Far-Infrared Tencel/Cotton Blended Ring-Spun Yarns. Journal of Engineered Fibers and Fabrics, 2015,
10(3), 164-170. https://doi.org/10.1177/155892501501000311

[40] Yang, R., Xu, Y., Xie, C., & Wang, H. Kubelka-munk double constant theory of digital rotor spun color blended yarn.
Dyes and Pigments, 2019, 165, 151-156. https://doi.org/10.1016/j.dyepig.2019.02.008

26


https://doi.org/10.1515/aut-2003-030301
https://doi.org/10.1177/0040517510377828
https://doi.org/10.4236/jtst.2016.21001
https://doi.org/10.1177/155892501501000311
https://doi.org/10.1016/j.dyepig.2019.02.008

	1.Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Methodology
	2.2.1. Tensile Property Testing
	2.2.2. Yarn Evenness Measurement
	2.2.3. Twist Measurement
	2.2.4. Hairiness Parameters Measurement
	2.2.5. Yarn Specific Volume and Packing Fraction M


	3. Results and Discussion
	3.1. Results
	3.1.1. Yarn Irregularity and Imperfection Characte
	3.1.2. Yarn Structural Properties of P/C Blended Y
	3.1.3. Yarn Hairiness Properties of the P/C Blende

	3.2. Discussion
	3.2.1. Yarn Irregularity and Imperfection in P/C B
	3.2.2. Yarn Structural Properties of P/C Blended Y
	3.2.3. Yarn Hairiness Properties of the P/C Blende
	3.2.4. The Effect of Yarn Blend on Tensile Strengt


	4. Conclusions
	Publishing Ethics
	This article is fully compliant with the Journal's
	Funding
	The research work is not funded
	Conflicts of Interest
	Reference

