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ABSTRACT 

The current research was performed to study the effect of the twist multiplier and five different 
blend ratios of regenerated cellulosic fiber /cotton on yarn properties. The commercial cotton 
cultivar ̔Giza 94̓ as long staple (LS), tencel and modal as regenerated fibers were used with the same 
spinning system (ring spinning) with 40'S carded yarn and two twist multipliers (3.6 and 4.0 T.M) to 
make samples of 100% regenerated cellulosic fiber yarn, 100% cotton yarn, and regenerated fiber 
/cotton yarn blended at three different rates. The key results showed that single yarn strength increased 
but yarn imperfections (thin and thick places / 1000 m) and number of neps/1000 m decreased with 
increasing twist multiplier for the two studied regenerated cellulosic fibers.  The blends of regenerated 
cellulosic fibers and cotton, 33/67 %; gave the highest strength (cN/tex), followed by 50/50 %, and 
67/33 %. This trend shows that as the percentage of regenerated cellulosic fibers decreases, the strength 
(cN/tex) of the yarn increases, which also indicates that cotton fiber contributes to the high strength 
(cN/tex) value of blended yarns. Also, the blend of 67/33 % ( B2) treatment, regenerated fiber /cotton 
blended yarn; recorded the highest value of the yarn evenness properties for the two studied regenerated 
cellulosic fibers, whereas, the ratio of regenerated cellulosic fiber increased, yarn evenness (C.V. %) 
decreased. Subsequently, the high quality of fibers produced the best yarn quality.  
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Introduction 

Cotton is the major part of the global textile industry and despite availability of many other 
natural, synthetic and regenerated fibers, cotton still the most popular fiber in the textile fashion industry 
(Hanna, 2017). Cotton industry is the main backbone of this industry in many developing countries and 
it has played a crucial role in boosting the economies of these countries. Cotton has been considered as 
one of the most human friendly plants with its soft, luxury and hygienic touch to the skin. Further, the 
same author reported that the man-made textile fibers are producing from cellulose which has a wide 
uses in the chemical industry. In addition, the third generation of cellulosic man-made fibers helps the 
textile industry to increase their wide area of functional applications. The most important factors that 
affect the properties of yarn is the type and ratio of fiber used in the blend, since such properties vary 
according to fibers used in its production. As for lyocell fibers, they are prepare from cellulose obtained 
from wood pulp, which is continuously provided throughout continues renewable and replanting forests 
with trees that considering the main resource of cellulose (Hanna, 2017). The lyocell characteristics 
comprise good drape, a variety of textile properties, and simplicity of mixing with other fibers, high 
wet modulus and excellent wash stability; gave rise to less shrinkage and ecological friendliness. The 
same author reported that modal fiber is extracted from beech wood, with the edelweiss technology, an 
oxygen-based chemistry for bleaching, which is considered to be more eco-friendly than the 
conventional alternative. Modal fiber satisfies the highest environmental standards and is even CO2-
neutral (Hanna, 2017). Kayseri et al. (2010) stated that the results of the deficiency of natural fibers, 
several attempts were conducted to develop or manufacture fibers similar to natural ones. In this context, 
regenerated synthetic fibers were derived from the natural polymers by special chemical treatments. In 
addition to the same chemical composition of all regenerated cellulose fibers, their cross sectional and 
physical properties differed from each other, which affected the yarn and fabric performances. The same 
authors reported that viscose fibers are prone to curl and form pills on the fabric surface much more 
compared to modal and lyocell fibers. Also, they reported that owing to the best strength of both lyocell 
and modal fibers compare to viscose fiber, the values of bursting strength, both of lyocell and modal 
fabrics are higher. Because of the higher circularity of lyocell fibers, they obtained the most colour 
efficiency. Lyocell fabric gives a comfortable feeling, so their summer cloths can be preferred much 
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more compared to different regenerated cellulosic fabrics. Using solvent spinning process produces 
lyocell fibers from wood pulp. Further, more than 99 % of the solvent is recycled in the process, making 
the fiber production clearly environmentally friend (Taylor, 1998). Despite the typical lyocell fiber is 
1.4 dtex, 38 mm, but it can be produced in a range of staple lengths and linear densities. Furthermore, 
fiber has a smooth surface and a round cross-section, giving high luster in the raw state. Hence, lyocell 
fibers are produced on a large industrial scale and show good mechanical properties (Silva et al., 2011). 
Also, lyocell fibers are stronger than any other cellulosic fibers, especially when wet, easy to process 
into yarns and fabrics either alone or in blends, easy to spin to fine count yarns, very stable in washing 
and drying, thermally stable, easy to dye to deep vibrant colours, comfortable to wear (Borbély, 2008). 
Llaudet et al. (1990) reported that combination of modal fiber with cotton, allows the spinning of 
regular, brightly colored, silky luster and soft and pleasant to touch yarns. The same authors declared 
that blending of cotton / modal in proportion 50/50 is, undoubt, the one that best matches both fibers' 
properties. Sattar et al. (2011) reported that fiber type has a significant effect on some parameters such 
as coefficient of variation, thick places, neps, hairiness, breaking strength and elongation, as well as it 
is observed that lyocell yarns have low breaking strength and coarse lyocell yarns break easily. Yarn 
strength is in correlation with fiber type. The same authors declared that if yarns are stretched until they 
are broken, elongation of coarse yarns is less than that of fine yarns. The average tenacity of lyocell 
fibers was higher than all the other types of regenerated cellulose fibers. Also, modal fibers had the 
second best tenacity results, and viscose fibers had the least tenacity both dry and wet among the three 
types of regenerated cellulose fibers (Iqbal and Zuhaib, 2011). It was determined that fibers known as 
tencel, linen-modal and modal within cellulose-based new generation fibers showed quite high abrasion 
resistance than cotton fibers (Akaydin and Can, 2012). Goyal and Dedhia (2013) observed that as the 
percentage of lyocell fiber decreased; the yarn unevenness percentage increased but both of the strength 
and elongation of the yarn decreased .The higher level of twist produces a yarn with higher extension, 
unevenness, imperfections and flexural rigidity, and lower hairiness. On the other hand, the yarn 
strength increased initially but decreased thereafter as the yarn twist is further increased beyond that 
level. An increase in proportion of tencel fiber in the mix enhances the tensile and regularity 
characteristics of tencel – cotton yarns (Tyagi et al., 2013). Lyocell increases single yarn tenacity 
significantly at the higher lyocell composition. The presence of tencel improved the elongation 
property; nevertheless, hairiness decreases with the addition of tencel in the blend (Ramasamy et al., 
2014). In addition, Bischofberger (1997) reported that lyocell fiber was used for the production of 
lingerie, shirts and lighter clothes with or without cotton, acrylic, wool and polyester. The purpose of 
blending was to produce yarn with distinguished qualities that cannot be obtained by using one type of 
fiber alone. For economic production reasons, and due to lack of natural fibers, and in order to lower 
imperfection level, and better spinning performance, enhancing the yarn strength, yarn evenness; 
blending is the only avenue of practice in this concern (Ahmad et al., 2012). Fiber processing and 
spinning can be affected by fiber properties (Price et al., 2009). Fiber properties and spinning variables 
such as yarn count and spinning system are well known to play an important role in the efficiency and 
performance of spinning process besides the yarn quality (El-Banna et al., 2013). Based on the quality 
of fibers, different qualities of yarn are the final product. The newly developed spinning system 
processed small cotton samples more efficiently and produced better quality yarn than previous 
(Manandhar and Delhom, 2018). 
          The objective of this research is investigating the effectiveness of certain blends of regenerated 
fibers (lyocell and modal) with cotton, as well as, twist multiplier along with their interactions on some 
principles of yarn properties.  
 
Materials and Methods 
 

The present investigation was initiated and progressed during 2017 in Plant Production 
Department, the Faculty of Agriculture (Saba Basha), Alexandria University, Egypt. The Egyptian 
cotton cultivar G̔iza 94 ̓was used as lint grade, namely: Good to Fully Good (G/FG). A sample of a 25 
Kg of lint was taken in order to perform both fiber and spinning tests. High Volume Instrument (HVI) 
Spectrum II system was used to determine fiber length as upper half Mean Length (UHML), fiber 
uniformity index, short fiber index, fiber strength (g/tex), fiber elongation %, micronaire value, fiber 
reflectance (Rd%) and fiber yellowness degree (+b) according to (ASTM, D:4605-1986). Cotton fiber 
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testing was carried out in the Laboratories of Cotton Arbitration for Testing General Organization 
(CATGO), Alexandria, Egypt. All samples were opened and left for 24 hours at least under the standard 
conditions of 65% ± 2% relative humidity and 20 ± 2°C temperature before being tested. Regarding 
(100%) regenerated cellulosic fiber (lyocell [tencel] and modal), they were taken from CSA- textile 
Egypt, Borg El-Arab, Alexandria, Egypt. The lyocell [tencel] and modal fibers were processed using a 
conventional short-staple carded yarn spinning system. The fiber properties of the involved cotton tested 
variety ̔Giza 94̓ and regenerated cellulosic fibers were determined as shown in Table (1). Two different 
twist multipliers i.e. 3.6 and 4.0 T.M. were tested using the same spinning system (ring spinning) with 
40'S yarn count to make samples of 100% regenerated cellulosic fiber yarn, 100% cotton yarn, and 
regenerated fiber /cotton yarn blended at three different rates. A standard spinning preparation and the 
modern machinery available in the experimental spinning mill, Egyyarn Spinning and Weaving Co., 
Industrial Free Zone, Badr City, Cairo Governorate, were used to produce the conventional carded yarns 
under comparable technological conditions on the RST1 Marzoli ring spinning equipment. The 
component of each blend as card slivers was blended in a drawing machine at the levels of 100%, 67%, 
50%, 33%, and 00% according to the plan of the composite ratio as shown in Table (2). After spinning 
trials, the physical properties i.e., yarn evenness (C.V. %) and imperfections "thin, thick places and 
number of neps" of each yarn sample were estimated according to (ASTM, 1991) using Uster Tester 3. 
The measurement of length was 1000 m/bobbin. Yarn strength (cN/tex) and elongation at break (%) 
were measured using Tenso-lab Tensile Strength Tester according to the (ASTM: D-2256-84) with 120 
breaks per sample in Egyptian Spinning and Weaving Co., Sadat City, Al-Mnofeyah Governorate, 
Egypt.  

 
Table 1: The fiber properties of the Egyptian cotton ̔Giza 94̓ variety and regenerated cellulosic fibers 

(Lyocell [Tencel] and Modal) 
Cotton ̔Giza 94̓ Cotton physical parameter Modal Lyocell Fiber physical parameter 

33.3 Upper half mean (mm) 1.4 1.4 Fiber Fineness (dtex) 
86 Uniformity index (%) 38 38 Fiber length (mm) 
5.9 Short fiber index 35 38 Dry Tenacity “cN/tex” 

42.4 Strength " cN/tex" 13 15 Dry Elongation , “%” 
6.2 Elongation (%) 20.5 32 Tenacity, wet state “cN/tex” 
3.5 Micronaire value 14 17 Elongation, Wet state “%” 
78 Reflectance Rd% 11 11 Moisture content “%” 
9.6 Yellowness +b white white Color 

dtex = Micronaire value × 0.395 
cN/tex = gram/tex ÷ 1.02 

 
Table 2: Experimental plan for regenerated cellulosic fibers (Lyocell [Tencel] and Modal) / ̔Giza 94 ̓

cotton cultivar composite ratio. 
Symbol ( B) Cotton (%) Modal (%) Symbol ( B) Cotton  (%) Lyocell (%) 

B1 00 100 B1 00 100 
B2 33 67 B2 33 67 
B3 50 50 B3 50 50 
B4 67 33 B4 67 33 
B5 100 00 B5 100 00 

 
Studied characteristics  
 
Yarn characteristics: 
 
- Single yarn strength (cN /tex)  
- Yarn elongation %  
-Yarn evenness (C.V. %)  
-Thin places / 1000 m 
-Thick places / 1000 m 
-No. of neps / 1000 m 
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Statistical procedures 
The experimental design of this investigation was conducted as a completely randomized 

design with three replications and analyzed as a factorial experiment according the procedure of 
Snedecor and Cochran (1967). The collected data was computed using the CoStat 6.311(1998-2005) as 
a statistical program, to test differences among studied mean values of given treatments, the least 
significant difference (L.S.D.) at 0.05 level of probability was used. 

  
Result and Discussion  
 
Yarn characteristics: 
                        The attained results of the yarn properties for the regenerated fibers (lyocell [tencel] and 
modal) used in this investigation will be presented and discussed herein during four subcategories as 
follows: 
 
1. The effect of twist multiplier on single yarn properties: 

    Means presented in Table (3) indicate that twist multiplier treatments affected significantly 
(p < 0.05) the single yarn properties. The highest single yarn strength (16.76 cN /tex) and yarn 
elongation (5.76 %) were achieved due to the second twist multiplier (4.0 T.M.), while, the first twist 
multiplier (3.6 T.M.) exhibited the lowest mean values as 15.97 cN /tex and 5.38 %, respectively. The 
results show that as the twist increases, yarn tenacity properties increase in an approximately linear 
mode over the range of twist multiplier considered. This finding could be attributed to the single yarn 
strength of the second twist multiplier (4.0 T.M.) which positively associated with the same studied 
yarn count. Single yarn strength was, correspondingly, increased with increasing twist multiplier for 
the two studied regenerated fibers (lyocell [tencel] and modal). Among textile technologists and 
engineers, the relationship between yarn strength and twist level is well-established. It is known that as 
number of turns per unit length (twist level) increases, yarn tenacity will be proportionally increased, 
also. Nevertheless, at certain point behind which any increase in twist; brings about weakness of yarn. 
Consequently, one should anticipate a point of twist at which yarn strength is at its maximum level or 
the "Optimum twist".    
             Nasir et al. (2003), Wali (2003), and Ibrahim (2006) reported that yarn elongation and yarn 
strength were gradually increased with increasing yarn twist multiplier. Furthermore, Li and Yin (2011) 
indicated that yarn breaking elongation becomes higher when yarn twist multiplier becomes larger. 
Besides, Tyagi et al. (2013) mentioned that the initial increase in yarn tenacity with increase in twist 
factor is attributed to the effect of improved fiber cohesion which outweighs the effect of obliquity. 
They also added that single yarn strength is sensitive to the fiber type and yarn structure. 
             The lowest mean values as 17.24, 66.1, 62.7 and 88.4 / 1000 m for yarn evenness (C.V. %) and 
yarn imperfections (thin and thick places / 1000 m) and number of neps/1000 m, respectively, were 
possessed by the second twist multiplier (4.0 T.M.). Meanwhile, the highest mean values of the same 
traits as 18.60, 106.13, 127.3 and 126 / 1000 m were recorded from the first twist multiplier (3.6 T.M.), 
each in turn. The same traits were decreased due to increasing the twist multiplier became (4.0 T.M.). 

The yarn imperfections (thin, thick places and number of neps /1000 m) of the ring yarns for 
both studied regenerated fibers (lyocell [tencel] and modal) were decreased with increasing twist 
multiplier from 3.6 to 4.0 T.M. These results could be explained on the basis that the twists usually 
immigrate to the thin and thick places and number of neps of the yarn. These differences in yarn 
imperfections are in the same trend with the differences in yarn unevenness. It could be noticed that 
yarn evenness was gradually increased with increasing yarn twist multiplier. These results could be 
attributed to increasing number of twist in the yarn with highest twist multiplier and longest fiber length. 
These finding agree with those of Wali (2003) and Ibrahim (2006) who reported that the yarn evenness 
increased due to increasing twist multiplier, fiber length and decreasing short fiber content. 

 
2. The effect of regenerated cellulosic fibers differences on yarn properties: 
                  Mean values presented in Table (3) declare that the regenerated cellulosic fibers had a highly 
significant (p < 0.01) effect on the single yarn strength (cN /tex), yarn evenness (C.V. %) and yarn 
imperfections (thin and thick places / 1000 m) and number of neps/1000 m. Meanwhile, no significant 
(p > 0.05) effect was observed for yarn elongation (%) due to fiber causes. 
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                The highest mean values of single yarn strength (17.61 cN /tex), and number of neps /1000 
m. (116.2 / 1000 m.) were derived from the regenerated cellulosic fiber (lyocell). On the other hand, 
the lowest mean values of the same characters (15.13 cN /tex and 98.2 /1000 m), respectively, were 
recorded from the regenerated fiber (modal). In other words, it could be noticed that there was a positive 
relationship between the single yarn strength and the fiber bundle strength under the two regenerated 
cellulosic fibers studied.   
 
Table 3: Mean values of the single yarn properties as affected by the twist multiplier (T), regenerated 

cellulosic fibers (F), blending regenerated fiber/cotton % (B) and their interaction during 
the treatment of 40'S carded yarns. 

Single Yarn             Properties 
 
 
Treatments 

No. of neps 
/1000m 

Thick Places 
/1000m 

Thin Places 
/1000m 

Evenness 
(C.V.%) 

Elongation 
(%) 

Strength 
(cN /tex) 

Twist multiplier  (T) 
126.0  a 127.3 a 106.13 a 18.60   a 5.38 b 15.97  b 3.6 T.M.  
88.4 b 62.7  b 66.10   b 17.24   b 5.76 a 16.76  a 4.0 T.M. 
0.791 0.816 0.862 0.245 0.259 0.237 L.S.D0.05 

Regenerated cellulosic fibers   (F) 
116.2 a 91 b 70.53 b 17.30  b 5.50 a 17.61 a Lyocell (Tencel) 

98.2  b 99 a 101.70 a 18.54  a 5.65 a 15.13 b Modal  

0.791 0.816 0.862 0.245 0.259 0.237 L.S.D0.05 

Regenerated fiber / cotton %   (B) 
85.50   e 97.75 d 40.92  e 15.87  e 6.20 a 14.06 d 100/00 (B1) 
113.00  c 106.00 a 68.00   c 18.04  c 5.94 a 15.83 c 67 / 33 (B2) 
116.50   b 101.50 b 102.42 b 18.82  b 6.00 a 16.07 c 50 / 50 (B3) 
125.50  a 99.25  c 158.25 a 20.01  a 5.05 b 16.81 b 33 / 67 (B4) 
95.50    d 70.50   e 61.00   d 16.87  d 4.67 b 19.07 a 00 / 100 (B5) 

1.251 1.291 1.364 0.388 0.409 0.374 L.S.D0.05 
Interaction 

** ** ** ** ns ns (T × F) 
** ** ** ns ns ns (T × B) 
** ** ** ** ns ** (F × B) 
** ** ** ns ns ns (T × F ×B) 

Means designated by the same letter within each column are not significantly different 
**: Significant at 0.01 level of probability. 
ns: Not significant. 

 
          The regenerated cellulosic fiber (modal), showed the highest mean values (18.54, 101.7 and 99 
/1000 m) for yarn evenness (C.V. %) and yarn imperfections (thin and thick places / 1000 m), 
consecutively. While the regenerated fiber (lyocell); gave the lowest mean values (17.30, 70.53 and 91 
/1000 m) for the above-mentioned traits, respectively. These results could be explained on the basis that 
the regenerated cellulosic fibers always contain the healthy fiber properties (i.e., high values of fiber 
length, uniformity index, strength and elongation) which positively reflected and produced the high 
yarn properties. Variation in spinning performance between different fibers could be attributed to the 
effects of fiber's length, elongation and fineness. These results are in agreement with those obtained by 
Kechagia and Harig (1998) who mentioned that the major quality parameters for the traditional ring 
system are given in descending order of importance (Length, uniformity, strength, fineness, elongation). 
 
3. The effect of blending regenerated fibers /cotton (%) on yarn properties: 
                   Considering the results of Table (3), it is obvious that the studied blend ratios had a highly 
significant (p < 0.01) effect on the single yarn properties. 
              The highest values (19.07 cN/tex and 6.20 %) of single yarn strength (cN / tex) and yarn 
elongation (%) were recorded for the control treatment (B5), 100% cotton fibers and the control 
treatment (B1), 100% regenerated fibers, respectively. Meanwhile, the lowest mean values for the same 
traits (14.06 cN /tex and 4.67 %) were attained by the control treatment (B1), 100% regenerated fibers 
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and the control treatment (B5), 100% cotton fibers, consecutively.  It could be concluded that yarn 
elongation (%), gradually, increased by the decreasing of yarn strength.  
            The blends of regenerated cellulosic fibers (lyocell or modal) / cotton, 33/67 %; resulted in the 
highest strength (cN/tex), followed by 50/50 % regenerated fiber /cotton and 67/33 % regenerated fiber 
/cotton. This shows that as the percentage of regenerated cellulosic fibers decreases the strength (cN/tex) 
of the yarn increases which also indicates that the cotton fiber contributes to enhancing the high strength 
value (cN/tex) of blended yarns. The tenacity of yarns spun at different blending ratios from cotton / 
regenerated fiber blend was lower than that of 100% cotton yarns. This may be taken place due to the 
large difference in breaking extension between cotton and regenerated fibers which resulted from the 
lower load sharing by the cotton fiber component when the regenerated cellulosic fiber reaches the 
rupture point. The single yarn strength for blended yarns revealed that when yarn containing a high 
percentage of cotton; the yarn strength became high. This could be attributed to high strength of the 
cotton fibers. Subsequently, yarn strength increases as the cotton content in the mix increases. These 
results were in disagreement with those of Tyagi et al. (2013) who mentioned that yarn tenacity 
increases as the tencell content in the mix increases. 
              Regarding yarn evenness (C.V. %) and yarn imperfections (thin places/1000 m) and number 
of neps /1000 m, the highest mean values were recorded by the treatment (B4), 33/67 %, regenerated 
fiber /cotton blended yarn (20.01, 158.25 and 125.50/ 1000 m), respectively. On the other hand, the 
lowest ones were gained by control treatment (B1), 100% regenerated cellulosic fibers, (15.87, 40.92 
and 85.5 / 1000 m), consecutively.  
           As for yarn imperfections (thick places/1000 m), the highest mean value was achieved by the 
treatment (B2), 67/33 %, regenerated fiber /cotton blended yarn (106.00 /1000 m). Meanwhile, the 
lowest one was recorded by control treatment (B5), 100% cotton fibers (70.5 / 1000 m). Hence, fiber 
attributes exert a direct influence on the structural blending include, fiber fineness, fiber length, fiber 
crimp, surface morphology. 
           These results are matching with those of Sekerden (2011), Abro et al. (2013), Uzair et al. (2015) 
and Hanna (2017) who summarized that the ratio of regenerated cellulosic fibers in the blend affect 
yarn evenness properties, as the ratio of regenerated cellulosic fiber increased, yarn evenness (C.V.%) 
decreased or uniformity (%) of the yarn increased.  This finding could be attributed to non-short fiber 
content of the regenerated cellulosic fibers.  
                It could be noticed that the differences in yarn imperfections (thin places /1000 m) increased 
as the regenerated fiber percentage decreased in the blended yarn. Also, the number of thick places is 
in inversely proportional relationship with the cotton fiber percentage of blended yarn.  It is noteworthy 
to mention that the number of neps /1000 m. of the yarn was increased with increasing the cotton ratio 
in the yarn content up to 33% regenerated fiber + 67% cotton (B4) and then decreased upon using 100 
% regenerated fiber (B1). Generally, the number of neps for blended ring yarns via B2, B3 and B4 were 
high compared with 100% single regenerated or cotton fibers.  
              Likewise, these results are in agreement with those obtained by Tyagi et al. (2013) reported 
that the case of tencel /cotton yarns, mass irregularity increases with the increase in proportion of cotton 
fiber. In this connection, Llaudet et al. (1990) found that the blend of modal with cotton allows obtaining 
fine and super fine yarns without need to use extremely high cotton qualities. 
 
4. Interactions  
                     From Table (3), it could be noticed that the first order interaction (T × F), (T × B) and (F 
× B) and the second order interactions (T × F × B) were highly significantly (P < 0.01) affected of most 
cases i.e. 15 out of 24 cases, which means that each factor behaved differently by changing the other 
factors. While, the remain interaction (9 cases) were not significant (P > 0.05), indicating that each 
factor may be acted independently.   
               Concerning the yarn evenness (C.V.%), the highest mean values (19.43 and 20.60 ) were 
derived from the first twist multiplier (3.6 T.M.) of the modal fibers and the treatment (B4), 33/67 %, 
regenerated fiber /cotton blended yarn for modal fibers , respectively, as shown in Tables (4 and 6) . 
Whereas, the lowest mean values (16.83 and 15.58) were achieved due to the second twist multiplier 
(4.0 T.M.) of the lyocell fibers and the control treatment (B1), 100 %, regenerated fiber for modal fibers, 
consecutively. Generally, it could be reported that the yarn evenness correspondingly increased by 
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increasing percentage of lyocell and modal fibers of blended yarn in yarn cross-section with increased 
yarn twist multiplier. 
                    Respecting yarn imperfections (thin places /1000 m), the highest mean values ( 131, 197, 
185 and 232 /1000 m) were recorded owing to the first twist multiplier (3.6 T.M.) of the modal fibers, 
the first twist multiplier (3.6 T.M.) of the treatment (B4), 33/67 %, regenerated fiber /cotton blended 
yarn, the treatment (B4), 33/67 %, regenerated fiber /cotton blended yarn for modal fibers and the first 
twist multiplier (3.6 T.M.) of the modal fibers for the treatment (B4), 33/67 %, regenerated fiber /cotton 
blended yarn, respectively. While, the lowest mean values of the same trait (59.8, 28, 33.5  and 11 /1000 
m) were gained via the second twist multiplier (4.0 T.M.) of the lyocell fibers, the second twist 
multiplier (4.0 T.M.) of the control treatment (B1), 100 %, regenerated fiber, the control treatment (B1), 
100 %, regenerated fiber for modal fibers and the second twist multiplier (4.0 T.M.) of the modal fibers 
for the control treatment (B1), 100 %, regenerated fiber, consecutively, as shown in Tables (4, 5, 6 and 
7). 

With regard to the yarn imperfections (thick places /1000 m), the highest mean values ( 141, 
149.5, 114.5 and 174 /1000 m) were derived from the first twist multiplier (3.6) of the modal fibers, the 
first twist multiplier (3.6) of the treatment (B2), 67/33 %, regenerated fiber /cotton blended yarn, the 
treatment (B3), 50/50 %, regenerated fiber /cotton blended yarn for modal fibers and the first twist 
multiplier (3.6) of the modal fibers for the treatment (B4), 33/67 %, regenerated fiber /cotton blended 
yarn, respectively, while the lowest mean values of the same trait (57, 54, 70.5  and 30 /1000 m) were 
the result of the second twist multiplier (4.0) of the modal fibers, the second twist multiplier (4.0) of the 
treatment (B4), 33/67 %, regenerated fiber /cotton blended yarn and the control treatment (B5), 100 %, 
cotton fiber, the control treatment (B5), 100 %, cotton fiber for lyocell and modal fibers and the second 
twist multiplier (4.0) of the modal fibers for the treatment (B4), 33/67 %, regenerated fiber /cotton 
blended yarn, consecutively, as shown in Tables (4, 5, 6 and 7). 
 
Table 4: The interaction between twist multiplier and regenerated cellulosic fibers (T x F) for yarn 

evenness (C.V. %), thin and thick places /1000m and neps /1000m during the treatment of 
40'S carded yarns. 

Variables 
Evenness 
(C.V. %) 

Thin places 
/1000 m 

Thick places 
/1000 m 

No. of neps 
/1000 m 

Twist multiplier 
(T) 

Regenerated fibers 
(F) 

3.6 T.M. 
Lyocell (Tencel) 17.77 81.27 113.6 126.6 

Modal 19.43 131 141 125.4 

4.0 T.M. 
Lyocell (Tencel) 16.83 59.8 68.4 105.8 

Modal 17.65 72.4 57 71 
L.S.D0.05  0.347 1.220 1.155 1.119 

 
Table 5: The interaction between twist multiplier and blending fiber/cotton % (T x B) for thin and thick 

places /1000m and neps /1000m during the treatment of 40'S carded yarns. 
Variables 

Thin Places 
/1000 m 

Thick Places 
/1000 m 

No. of neps 
/1000 m 

Twist multiplier 
(T) 

Blending fiber/cotton %   
(B) 

3.6 T.M. 

100/00(B1) 53.83 123.5 105.5 

67 / 33(B2) 81 149.5 141.5 

50 / 50(B3) 132.83 132 117.5 
33 / 67(B4) 197 144.5 141.5 
00/100(B5) 66 87 124 

4.0 T.M. 

100/00(B1) 28 72 65.5 

67 / 33(B2) 55 62.5 84.5 
50 / 50(B3) 72 71 115.5 
33 / 67(B4) 119.5 54 109.5 
00/100(B5) 56 54 67 

L.S.D0.05  1.929 1.826 1.769 
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Table 6: The interaction between regenerated cellulosic fibers and blending fiber/cotton % (F x B) for 
single yarn strength, evenness (C.V. %), thin and thick places /1000m and neps /1000m during 
the treatment of 40'S carded yarns. 

Variables 
Strength 
(cN/tex) 

Evenness 
(C.V. %) 

Thin Places 
/1000 m 

Thick Places 
/1000 m 

No. of Neps 
/1000 m 

Regenerated 
fibers (F) 

Blending 
fiber/cotton %   

(B) 

Lyocell 

(Tencel) 

100/00(B1) 15.76 16.17 48.33 99.5 92.5 

67 / 33(B2) 17.09 17.16 59.5 100 129.5 

50 / 50(B3) 17.37 17.38 52.33 88.5 125.5 
33 / 67(B4) 18.74 19.42 131.5 96.5 138 
00/100(B5) 19.07 16.37 61 70.5 95.5 

Modal 

100/00(B1) 12.37 15.58 33.5 96 78.5 

67 / 33(B2) 14.57 18.92 76.5 112 96.5 
50 / 50(B3) 14.76 20.26 152.5 114.5 107.5 
33 / 67(B4) 14.88 20.60 185 102 113 
00/100(B5) 19.07 17.37 61 70.5 95.5 

L.S.D0.05  0.530 0.548 1.929 1.826 1.769 

                   
Table 7: The interaction between twist multiplier (T), blending fiber/cotton % (B) and regenerated 

cellulosic fibers (F) for thin and thick places /1000m and neps / 1000m during the treatment 
of 40'S carded yarns. 

Variables Thin 
Places 

/1000 m 

Thick Places 
/1000 m 

No. of 
Neps 

 /1000 m 
Twist multiplier 

(T) 
Regenerated 

fibers (F) 
Blending fiber/cotton 

% (B) 

3.6 T.M. 
 

Lyocell 
(Tencel) 

100/00(B1) 51.67 112 97 

67 / 33(B2) 65 132 138 

50 / 50(B3) 61.66 122 109 

33 / 67(B4) 162 115 165 

00/100(B5) 66 87 124 

Modal 

100/00(B1) 56 135 114 

67 / 33(B2) 97 167 145 

50 / 50(B3) 204 142 126 

33 / 67(B4) 232 174 118 

00/100(B5) 66 87 124 

4.0 T.M. 

Lyocell 
(Tencel) 

100/00(B1) 45 87 88 

67 / 33(B2) 54 68 121 

50 / 50(B3) 43 55 142 

33 / 67(B4) 101 78 111 

00/100(B5) 56 54 67 

Modal 

100/00(B1) 11 57 43 

67 / 33(B2) 56 57 48 

50 / 50(B3) 101 87 89 

33 / 67(B4) 138 30 108 

00/100(B5) 56 54 67 

L.S.D0.05 2.728 2.582 2.502 

 
As for yarn imperfections (neps /1000 m), the highest mean values ( 126.6, 141.5, 138 and 165 

/1000 m) were achieved because of the first twist multiplier (3.6) of the lyocell fibers, the first twist 
multiplier (3.6) of the treatment (B2), 67/33 %, regenerated fiber /cotton blended yarn, the treatment 
(B4), 33/67 %, regenerated fiber /cotton blended yarn for lyocell fibers and the first twist multiplier (3.6) 
of the lyocell fibers for the treatment (B4), 33/67 %, regenerated fiber /cotton blended yarn, respectively, 
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while the lowest mean values of the same trait (71, 65.5, 78.5  and 43 /1000 m) were recorded from the 
second twist multiplier (4.0) of the modal fibers, the second twist multiplier (4.0) of control treatment 
(B1), 100 %, regenerated fiber, the control treatment (B1), 100 %, regenerated fiber for modal fibers and 
the second twist multiplier (4.0) of the modal fibers for control treatment (B1), 100 %, regenerated fiber, 
consecutively, as shown in Tables (4, 5, 6 and 7). 
                 It is worthy to mention that the highest mean value of the single yarn strength (19.07cN/tex) 
was attained from the control treatment (B5), 100% cotton fibers for lyocell and modal fibers. On the 
other side, the lowest mean value (12.37cN/tex) for the same trait was derived from the control 
treatment (B1), whereas the yarn structure was 100 % modal fibers (Table 6). 
           For the two studied twist multiplier, increasing the cotton fiber percentage in the blended yarn 
increased yarn imperfections (thin places and neps /1000m) differences and also, yarn unevenness. It is 
well known that the number of neps is negatively associated with the twist multiplier and regenerated 
fiber (lyocell and modal) percentage of blended yarn.  

 
Conclusion 

Generally, twist multiplier affected significantly the yarn count 40'S properties as well as the 
blending regenerated fibers /cotton percentages during the treatments. Fiber length and fiber tenacity 
were the most contributors to yarn strength. The single yarn strength was increased by increasing the 
cotton fiber proportion. For yarn elongation and yarn evenness, fiber length and fiber elongation were 
the most contributors .Yarn elongation (%) was increased by the decreasing of yarn strength. Decreasing 
regenerated fibers %, increased the number of thin, neps and yarn unevenness. The highest mean values 
yarn strength was achieved by the blend (B4), 33% regenerated fiber + 67 % cotton blended yarn. Yarn 
quality differed between fiber type and between the two twist multiplier under studied. The results 
indicated that the ratio of lyocell and Modal fibers in the blend had an effect on the properties of yarn. 
The blends of regenerated fibers (lyocell and modal) / cotton, 33/67 % gives highest strength (cN/ tex) 
followed by 50/50 % regenerated fiber /cotton and 67/33 % regenerated fiber /cotton. This shows that 
as the percentage of regenerated cellulosic fiber decreases the strength (cN/ tex) of the yarn increases 
which also indicates that the cotton fiber contributes to the high strength (cN/ tex) value of blended 
yarns. While, the blend of regenerated fibers (lyocell and modal) / cotton, (B2), 67/33 % gives highest 
evenness followed by 50/50 % regenerated fiber /cotton and 33/67 % regenerated fiber /cotton. To 
obtain fabrics with improved performance, good quality and low cost, blending existing fiber types is 
recommended. Almost in the textile industry, lyocell (tencel) and modal fiber is blended with cotton 
because both of them are similar in their cellulosic structure so they will be compatible mixtures. 
Blended yarns can help in the textile industry by producing products of high qualities that meet the 
requirements of consumers and obtains greater income to the producer. 
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