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Abstract 
In this study, single jersey, interlock, and 1x1 rib knitted fabric structures were 
produced using yarns composed of EcocelTM fibers blended in varying propor-
tions with cotton and polyester (PET) fibers. The primary comfort and per-
formance parameters of knitted fabrics made from varying ratios of EcocelTM, 
cotton, and PET—including bursting strength, thermal conductivity, thermal 
resistance, air permeability, abrasion resistance, dimensional stability, and 
moisture vapor transmission rate (MVTR)—were examined. The results indi-
cated that EcocelTM-containing knitted fabrics demonstrated superior perfor-
mance, particularly in terms of air permeability, thermal resistance, and mois-
ture vapor transmission rate (MVTR). In terms of abrasion resistance and 
bursting strength, the PET-containing blends (70% EcocelTM/30% PET and 
67% EcocelTM/33% PET) exhibited enhanced mechanical performance. 
However, these blends showed lower air permeability and moisture transfer 
values. In dimensional stability tests, 100% PET structures exhibited minimal 
deformation after washing, whereas increasing the cellulosic content led to 
greater shrinkage. For comfort-related properties that require durability, PET/ 
EcocelTM fiber blends may be considered preferable. 
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1. Introduction 

The textile industry is increasingly facing pressure to reduce its environmental 
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impacts, including global warming, water resource depletion, and microplastic 
pollution. These concerns have made sustainability efforts essential. In the pro-
duction of environmentally friendly textiles, regenerated cellulosic fibers—de-
rived from renewable sources and characterized by low energy and water con-
sumption—have gained prominence due to their biodegradability. 

Among these, EcocelTM, a next-generation regenerated cellulosic fiber, has been 
developed using an eco-conscious manufacturing method that utilizes minimal 
water and energy, resulting in a significantly reduced carbon footprint [1] [2]. 
Unlike conventional viscose or modal, EcocelTM is engineered to enhance both 
sustainability and functional performance. However, despite its growing availa-
bility in the textile market, scientific studies investigating its performance in tex-
tile structures remain limited. 

Several recent studies have begun to examine EcocelTM and other new-genera-
tion regenerated fibers. For instance, Sen, K et al., compared EcocelTM, EcocelTM, 
and NaiaTM fibers to cotton in terms of color fastness and dimensional stability in 
knitted fabrics [3]. The findings suggest that these new fibers may serve as viable 
alternatives to cotton. Another study examined the yarn-level performance of 
EcocelTM blended with bast fibers (linen, recycled linen, hemp), revealing that 
100% EcocelTM yarns exhibited excellent tensile properties and uniformity; how-
ever, fibrillation led to increased hairiness [4]. Additionally, the reactive dyeability 
of EcocelTM/acrylic blended woven fabrics was evaluated, demonstrating that 
EcocelTM is compatible with single-bath dyeing processes and contributes to water 
and chemical savings [5]. Also, EcocelTM’s behavior in various weaving and dyeing 
configurations was analyzed, focusing on aesthetic and technical feasibility but 
not comfort performance [6]. 

Knitted fabric surfaces produced from different fiber blends play a significant 
role in determining comfort properties. Fabrics made from cellulosic-based fibers 
offer high comfort performance owing to their softness, elasticity, and air perme-
ability. These fibers are increasingly preferred not only for their functional per-
formance but also for the comfort they provide to users. In knitted fabric struc-
tures—such as single jersey, interlock, and 1 × 1 rib—the type and proportion of 
fibers used have a direct impact on the comfort and performance parameters of 
the fabric [7]. 

Existing research on sustainable fibers in knitted fabrics has primarily focused 
on more established alternatives such as viscose, modal, bamboo, EcocelTM, and 
Cupro. In his study, Oner systematically compared single-jersey knitted fabrics 
made from nine fiber types, including regenerated fibers [8]. It was found that 
TencelTM fabrics showed high air permeability, good bursting strength, and high 
thermal resistance, outperforming several natural and synthetic alternatives in 
terms of comfort. In a study examining greige and dyed knitted samples obtained 
from 100% regenerated yarns such as TencelTM, Modal, Cupro, and Umorfil®, it 
was emphasized that both the fiber type and the processing stage significantly af-
fect thermal behavior, moisture management, and bursting strength [9]. Although 
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these studies highlight the functional potential of regenerated fibers in knitted 
fabrics, they tend to focus on single fiber types, single knit constructions, or lim-
ited property sets. Furthermore, EcocelTM has not yet been evaluated comprehen-
sively in terms of its interaction with other common fibers (e.g., cotton, polyester) 
across various knitted structures and comfort-related parameters. 

To bridge this gap, the present study systematically investigates the perfor-
mance of knitted fabrics produced from yarns blended with EcocelTM, cotton, and 
PET fibers, across three common knit structures: single jersey, interlock, and 1 × 
1 rib. Key comfort and durability parameters—including thermal conductivity, 
thermal resistance, air permeability, moisture vapor transmission rate (MVTR), 
abrasion resistance, bursting strength, and dimensional stability—were measured 
and analyzed comparatively. By evaluating the combined effects of fiber blend ra-
tios and knit geometry, this study provides novel insights into the design of sus-
tainable, high-comfort knitted fabrics and expands the current understanding of 
EcocelTM’s suitability in functional garment applications. 

2. Experimental 
2.1. Materials 

In this study, EcocelTM fibers were combined with cotton and polyester (PET) 
fibers in various proportions, subsequently processed into yarns utilizing the 
ring spinning system. The cotton fibers were sourced from Kıvanç Tekstil (Tü-
rkiye), the PET fibers from Weihigh (China), and the Ecocell fibers were sup-
plied by Karafiber (Türkiye). The blend ratios of EcocelTM, cotton, and PET 
(70/30, 67/33, and 40/60) were selected based on their practical relevance in tex-
tile production and their balanced performance in terms of comfort, mechanical 
stability, and spinnability. These ratios also reflect commonly used industry 
standards for sustainable fiber integration. From the produced yarns, single jer-
sey, interlock, and 1 × 1 rib knitted fabric structures with a weight of 200 g/m2 
were manufactured (Knitting gauge 28 GG and 30 rpm) To determine the prop-
erties of the yarns incorporated in the knitted fabric structures, ASTM D1577 
and ASTM D2256 testing standards were applied. The results of these tests are 
presented in Table 1. 

 
Table 1. Yarn properties. 

Fabric  
Composition 

Fiber Fineness 
(µm) 

Yarn Count 
(Ne) 

Twist 
(T/m) 

Twist  
Multiplier 

Tenacity 
(cN/tex) 

Yarn  
Tension (cN) 

Elongation 
(%) 

100% Ecocell 13.6 µm 30 800 4.1 29.6 11.5 7.4 

70% Ecocell 
/30% Cotton 

13.6/16.8 30 750 3.9 26.7 12 7.2 

40% Ecocell 
/60% Cotton 

13.6/16.3 30 700 3.8 26.1 11.8 6.9 

100% Cotton 16.5 30 700 3.8 23.7 11 6.2 
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Continued 

70% Ecocell/ 
30% PET 

13.6/16.1 30 820 4.3 31.3 10.8 6.2 

67% Ecocell/ 
33% PET 

13.6/11.3 30 820 4.4 32.4 12.1 6.9 

100% PET 11.3 30 840 4.3 34.3 12.5 6.3 

2.2. Methods 

The knitted fabrics produced from yarns containing varying percentages of 
Ecocell™, cotton, and PET fibers were subjected to a series of tests in order to eval-
uate their comfort and performance characteristics. The specific test methods and 
related international standards applied during the characterization of these fabrics 
are detailed in Table 2. 

In this study, a one-way analysis of variance (ANOVA) was employed to assess 
the impact of varying Ecocell/cotton blend ratios on the bursting strength and 
elongation properties of knitted fabrics. Statistical analyses were conducted based 
on different fiber blend groups. The bursting strength data were analyzed to reveal 
the differences in the bursting strength characteristics of knitted fabrics produced 
with various fiber blends and to determine the effect of these blends on perfor-
mance. The ANOVA test was conducted at a 95% confidence level (α = 0.05) to 
determine whether there were statistically significant differences between the 
group means. For parameters where significant differences were observed, the ef-
fect size was interpreted in relation to fiber type and knit structure. All statistical 
calculations were performed using SPSS software (v26.0). 

 
Table 2. Applied tests and international standards. 

Tests Unit Standarts 

Bursting Strength kPa ISO 13938-2 

Air Permeability mm/s ISO 9237 

Thermal Resistance (Rct) m2K/W 
ISO 11092 (Sweating Guarded 

Hotplate Method) 

Thermal Conductivity W/m·K ISO 8302 

MVTR (Moisture Vapor 
Transmission Rate) 

g/m2·24 h 
ISO 15496(Procedure BW or 

BW-Desiccant) 

Abrasion Resistance 
Martindale  

(cycles) 
ISO 12947-2 

Dimensional Change  
(Shrinkage) 

% shrinkage 
AATCC 135 (After washing/ 

drying cycles) 

3. Results 
3.1. Fabric Bursting Strength Results 

The one-way ANOVA analysis conducted for bursting strength revealed statisti-
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cally significant differences among the knitted fabric groups with varying Ecocell/ 
cotton blend ratios (p < 0.001). According to the results, fabrics composed of 
100% Ecocell exhibited bursting strength values in the range of 500 kPa - 540 kPa, 
while those with a 70% Ecocell/30% cotton blend ranged between 460 kPa - 500 
kPa. Fabrics with a 40% Ecocell/60% cotton composition showed values between 
420 kPa - 460 kPa, and those made of 100% cotton dropped further to 380 kPa - 
420 kPa. Based on average values, an apparent decrease in bursting strength was 
observed as the cotton content increased. 

These differences are not solely attributable to measurement variance, but ra-
ther stem from the inherent physical and structural properties of the fibers used. 
The crystalline structure, fiber length, and smooth surface morphology of Ecocell 
fibers contribute to stronger fiber–fiber cohesion, resulting in more compact and 
mechanically robust fabrics. In contrast, cotton fibers, being shorter, more irreg-
ular, and less resistant to pressure, limit the performance of the fabric in this con-
text. The ANOVA results clearly indicate that the observed differences arise from 
material composition and structural characteristics rather than random experi-
mental variability. Additionally, comparisons among different knit structures 
supported these findings; interlock fabrics, due to their tighter and more balanced 
structure, demonstrated higher overall bursting strength. 

As shown in Figure 1, the bursting strength of EcocellTM-blended knitted fab-
rics varies depending on both the fabric structure (Single Jersey, Interlock, 1 × 1 
Rib) and the percentage composition of the fiber blends used. For all fiber com-
positions, interlock fabrics exhibited higher bursting strength compared to single 
jersey and rib structures. This can be attributed to the double-needle bed con-
struction of interlock fabrics, which provides a tighter, more balanced, and sym-
metrical structure. Due to their higher yarn density, interlock knits create bulkier, 
less elastic, and more pressure-resistant fabrics, resulting in higher bursting 
strength [10] 

Single jersey fabrics, on the other hand, displayed lower bursting strength due 
to their looser structure and single needle bed construction, which makes them 
less resistant to pressure. Although 1 × 1 rib fabrics offer better elasticity, their 
structure is not as compact as interlock, resulting in medium bursting strength 
under applied pressure. 

In terms of fiber composition, fabrics made from 100% PET exhibited the high-
est bursting strength, with a value of 687.3 kPa for the interlock. The crystalline 
structure of PET fibers is associated with high tensile strength. The inherent 
strength of PET fibers contributes not only to resistance against breakage but also 
enhances the bursting strength of the knitted fabrics [11]. 

Fabrics made from 100% cotton demonstrated lower bursting strength com-
pared to those containing PET. Increasing the cotton content generally reduces 
the bursting strength, since cotton fibers tend to deform more easily under high 
pressure due to their staple length and low elasticity. For instance, fabrics with 
40% EcocellTM/60% cotton exhibited 80 kPa - 100 kPa lower bursting strength 
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compared to those made with a 70% EcocellTM/30% PET blend, confirming this 
trend. 

However, within the cotton blends, as the proportion of EcocellTM increased, 
the bursting strength of the fabric improved. A similar pattern was observed in 
PET blends with higher EcocellTM content (e.g., 70% EcocellTM/30% PET and 
67% EcocellTM/33% PET), which also showed high bursting strength. This sug-
gests that EcocellTM contributes positively to the structural integrity of the fabric. 
The smoothness and length of EcocellTM fibers appear to enhance fabric strength 
[12]. 

The obtained data indicate that fiber blends have a direct impact on the bursting 
strength of different knitted fabric structures. The highest strength values were 
observed in knitted fabrics composed of 100% Ecocell, while a systematic decrease 
in bursting strength was recorded with the reduction of the Ecocell content. These 
findings suggest that fabrics with a high Ecocell ratio offer a more suitable material 
option for technical textile applications where mechanical strength is critical. 

 

 
Figure 1. Bursting strength results of knitted fabrics. 

3.2. Fabric Abrasion Resistance Test Results 

As shown in Figure 2, the abrasion resistance of knitted fabrics made from various 
fiber compositions was evaluated. Fabrics made from 100% PET fibers demon-
strated the highest abrasion resistance among all fabric structures (Single Jersey: 
18; Interlock: 20; 1 × 1 Rib: 16.5). This exceptional performance is associated with 
the high crystallinity regions found in the polymeric structure of PET fibers, along 
with their low surface friction coefficient. 

Conversely, fabrics composed entirely of EcocellTM fibers showed the lowest 
abrasion resistance values (Single Jersey: 10.2; Interlock: 12.3; 1 × 1 Rib: 9), which 
can be attributed to the amorphous structure and lower mechanical strength of 
EcocellTM fibers, making the fabric more susceptible to wear. However, blends 
with EcocellTM and PET (e.g., 67% EcocellTM/33% PET and 70% EcocellTM/30% 
PET) demonstrated improved abrasion resistance compared to pure EcocellTM 
fabrics, indicating a positive contribution from PET fibers. 
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Fabrics made from 100% cotton showed particularly low abrasion resistance, 
especially in the 1 × 1 rib structure. This can be attributed to the inherently lower 
abrasion resistance of cellulosic fibers, such as cotton, compared to synthetic fi-
bers. Additionally, increasing the proportion of EcocellTM in the blend resulted in 
a gradual improvement in abrasion resistance [13]. 

Among the knitted structures, interlock fabrics exhibited the highest abrasion 
resistance due to their compact and stable surface morphology, which enhances 
durability under repeated rubbing [14]. 

 

 
Figure 2. Abrasion resistance results of knitted fabrics. 

3.3. Dimensional Change (% Shrinkage) Results 

According to Figure 3, knitted fabrics made from different fiber compositions 
exhibited varying levels of dimensional change after laundering. Among all sam-
ples, fabrics made from 100% PET fibers demonstrated the lowest negative di-
mensional change, indicating high dimensional stability (e.g., −1% in Single Jersey 
fabrics). In contrast, fabrics composed of 100% cotton fibers showed significantly 
higher shrinkage values, reaching up to −5.4%. 

The relatively low shrinkage observed in 100% PET fabrics can be attributed to 
the low moisture absorption capacity of polyester fibers, which ensures structural 
stability under wet conditions. On the other hand, the high moisture regains prop-
erties of cotton and EcocellTM fibers lead to fiber swelling and structural reorgan-
ization during washing, resulting in increased shrinkage (e.g., −7.3% for 1 × 1 Rib 
fabric made from 100% EcocellTM). 

Blended fabrics containing PET and EcocellTM exhibited improved dimensional 
stability as the proportion of PET increased (e.g., 67% EcocellTM/33% PET). This 
can be explained by the rigid molecular structure of PET fibers counterbalancing 
the hygroscopic nature of EcocellTM [15]. In terms of fabric structure, interlock 
fabrics showed the lowest shrinkage rates across all fiber compositions. This is due 
to their double-knit construction, which provides enhanced structural stability 
and resistance to shrinkage under tensile stress. 
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Figure 3. Dimensional change (% shrinkage) results of knitted fabrics. 

3.4. Air Permeability Results 

As shown in Figure 4, knitted fabrics made of 100% EcocellTM fibers showed the 
highest air permeability values across all three knitting structures. This superior 
performance is attributed to the microporous structure of EcocellTM fibers, which 
enhances airflow through the fabric [16]. 

In contrast, fabrics made with PET fibers exhibited significantly lower air per-
meability values. The relatively dense structure and smooth surface morphology 
of PET fibers contribute to tighter loop formation, which restricts air passage 
through the fabric [17]. 

When examining the fabric structures, Single Jersey fabrics demonstrated 
higher air permeability values compared to Interlock and 1 × 1 Rib fabrics. This 
is due to their single-layered and loosely knit structure, which allows for more 
open spaces for air to flow through. On the other hand, Interlock and 1 × 1 Rib 
structures consist of tighter and denser loop formations, resulting in reduced air 
permeability [18]. 

 

 
Figure 4. Air permeability results of knitted fabrics. 
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3.5. Thermal Conductivity Results 

Figure 5 illustrates the thermal conductivity (W/m·K) values of the knitted fab-
rics. It is evident that the thermal conductivity increases with the increasing pro-
portion of PET fibers in all knitted fabric structures. Conversely, the thermal con-
ductivity decreases with higher content of EcocellTM fibers and in the 100% 
EcocellTM samples. This is attributed to the inherently low thermal conductivity of 
cellulosic fibers. The micro-porous structure of EcocellTM fibers enhances air im-
permeability within the knitted surface, thereby limiting heat transfer [16]. 

Among the knitted fabrics containing 100% EcocellTM, the lowest thermal con-
ductivity values were recorded as follows: Single Jersey at 0.032 W/m·K, Interlock 
at 0.040 W/m·K, and 1 × 1 Rib at 0.038 W/m·K. In contrast, the corresponding 
values for 100% PET fabrics were higher at 0.049, 0.057, and 0.052 W/m·K, re-
spectively. This is due to PET fibers’ low moisture absorption, thermoplastic na-
ture, and higher fiber density, which collectively facilitate more efficient heat con-
duction [19] [20]. 

Among the fabric types, Interlock structures exhibited the highest thermal con-
ductivity, while Single Jersey fabrics generally showed the lowest values. This is 
because Interlock fabrics have tighter loop formations with fewer air voids, allow-
ing better heat conduction. These variations confirm that the fabric structure is a 
critical factor affecting heat transfer properties. 

 

 
Figure 5. Thermal conductivity results of knitted fabrics. 

3.6. Thermal Resistance Results 

Figure 6 shows that knitted fabrics containing EcocellTM fiber compositions 
demonstrate high thermal resistance [21] [22]. The highest thermal resistance was 
observed in the 100% EcocellTM Single Jersey fabric, measured at 0.065 m2K/W. 
As the EcocellTM content decreases and PET fiber content increases, the thermal 
resistance correspondingly decreases to 0.061 and 0.049 m2K/W [16] [23]. 

For Interlock fabrics, the 100% EcocellTM sample showed a higher thermal re-
sistance of 0.075 m2K/W compared to Single Jersey. The thermal resistance de-

https://doi.org/10.4236/jtst.2025.113007


E. V. Yıldırım et al. 
 

 

DOI: 10.4236/jtst.2025.113007 89 Journal of Textile Science and Technology 
 

creased to 0.057 m2K/W for the 70% EcocellTM/30% PET blend. The Interlock 
structure enhances heat retention capacity, thereby increasing thermal resistance 
[24]. 

In 1 × 1 Rib fabrics, thermal resistance values are somewhat lower depending 
on EcocellTM content. The 100% EcocellTM Rib fabric exhibited a thermal re-
sistance of 0.068 m2K/W, which decreased to 0.052 m2K/W for the 70% EcocellTM/ 
30% PET blend. The more elastic and porous nature of the Rib structure influ-
ences heat transfer properties. 

 

 
Figure 6. Thermal resistance results of knitted fabrics. 

3.7. MVTR (Moisture Vapor Transmission Rate) Results 

 
Figure 7. MVTR results of knitted fabrics. 

 
Figure 7 illustrates that 100% EcocellTM Single Jersey, Interlock, and 1 × 1 Rib 

knitted fabrics show moisture vapor transmission rates of 8600, 7200, and 7600 
g/m2·24 h, respectively. The high water vapor diffusion and absorption capacities 
of EcocellTM fibers optimize thermal comfort [25]. Despite cotton fibers having 
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high moisture absorption capacity, they do not achieve the continuous moisture 
vapor transmission performance provided by EcocellTM. PET fibers, due to their 
hydrophobic nature, reduce MVTR values [26]. 

The structural differences of knitted fabrics significantly affect moisture vapor 
permeability. The loose structure of Single Jersey fabrics facilitates easy moisture 
passage, whereas the tighter structures of Interlock and 1 × 1 Rib reduce MVTR 
values [27]. EcocellTM fiber-containing knitted fabrics in various structures im-
prove moisture regulation while providing optimal durability performance. 

4. Conclusions 

In this study, the comfort properties of knitted fabrics with different fiber compo-
sitions (100% EcocellTM, EcocellTM/cotton, EcocellTM/PET, and 100% PET) and 
various knit structures (Single Jersey, Interlock, 1 × 1 Rib) were evaluated in terms 
of garment production. Based on the experimental results, the following conclu-
sions were drawn: 

1) The data indicate that knitted fabrics containing EcocellTM fibers exhibit su-
perior performance in terms of air permeability, thermal resistance, and moisture 
absorption (MVTR). 

2) 100% EcocellTM fabrics possess high moisture absorption capacity due to 
their hydrophilic nature. This characteristic enhances vapor permeability and 
provides softness on skin-contact surfaces, thereby reducing irritation risk and 
improving wearer comfort. 

3) In terms of thermal conductivity, 100% EcocellTM fabrics contribute to more 
effective thermal insulation. 

4) Regarding abrasion resistance and bursting strength, PET-containing blends 
(e.g., 70% EcocellTM/30% PET and 67% EcocellTM/33% PET) demonstrate superior 
mechanical performance; however, their air permeability and moisture transfer 
values are relatively lower. 

5) Dimensional stability tests showed that 100% PET fabrics exhibit minimal 
deformation, whereas shrinkage values increased with higher proportions of cel-
lulosic fibers after washing. 

In conclusion, 100% EcocellTM fabrics provide optimal solutions for comfort-
focused applications, while PET-blended knitted fabrics are more suitable for ar-
eas requiring enhanced durability. 
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