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lower hairiness and better pilling resist-
ance. The influence of process variables 
on the characteristics of modal siro spun 
yarns was studied by Gowda et al. [6] 
using response surface methodology. 
They suggested some process parameters 
for optimum sirospun 100% modal yarn 
quality. The tensile properties of modal/
polyurethane core-spun stretch yarn were 
modelled by Shi and Jin [7]. They used 
a nonlinear viscoelastic model in which 
theoretical calculations were carried out 
by curve fitting that conform to the val-
ues measured. Blends of viloft (modified 
viscose) with cotton and polyester were 
studied [8]. The mechanical and ther-
mo-physiological comfort properties of 
modal blended fabrics were also studied 
[9-11]. Yang and Dou [9] investigated the 
tensile and tearing properties of modal/
soybean protein fibre blended fabrics. 
Increasing soybean protein fibre in the 
blend increased the tensile properties 
but decreased the tearing and bursting 
strength properties. Dimensional and 
thermal properties of 50%/50% modal 
microfibre/cotton blended fabrics were 
compared with 50%/50% conventional 
modal/cotton and 100% cotton fabrics by 
Gun [10]. The modal microfibre blended 
fabrics showed the lowest thermal resist-
ance and highest thermal absorptivity 
values. Kayseri et al. [11] investigated 
the pilling, bursting strength, and ther-
mo physiological properties of viscose, 
modal and lyocell fabrics. Lyocell fab-
rics showed higher bursting strength and 
thermal conductivity values compared to 
other fabrics. There are additional stud-
ies investigating blended yarn and fabric 
properties in the literature [12-18].

Friction on yarns is an important prop-
erty in addition to the traditional yarn 
properties. This property is generally 

affected by the fibre type, fibre surface 
characteristics, yarn count, twist, un-
evenness, hairiness and spinning type 
[19]. The frictional behaviour and other 
yarn properties of carded and combed 
cotton yarn were examined [20], and 
it was found that an increase in hairi-
ness decreased the friction coefficient. 
The frictional properties of cotton-lyo-
cell blended yarns produced from differ-
ent spinning systems were also investi-
gated [21]. Cui et. al [22] examined the 
twist distribution and twist irregularity 
of self-twist yarns. Svetnickiene [23] in-
vestigated the friction properties of natu-
ral fibres such as flax, bamboo, bamboo 
with flax, soy, and cotton with sea cell 
yarns. The highest friction coefficient 
was found for flax. Kayseri [24] studied 
the frictional properties of 100% lyocell, 
modal and viscose yarns. The fibre type 
and yarn linear density had a significant 
effect on the frictional and lint shedding 
properties, while yarn twist was only ef-
fective for yarn-to-yarn friction. 

The structural and physical properties of 
yarns are important for fabric properties. 
Traditional (unevenness, imperfections 
and hairiness) yarn properties as well as 
friction on yarns are important parame-
ters during processing and use. Yarns are 
exposed to yarn-to-yarn or yarn-to-met-
al friction during production. In order to 
avoid rupture during spinning, the fric-
tion coefficient of yarns is important in 
determining optimum wax application. 

Traditional yarn characteristics of the 
modal blended yarns studied are summa-
rised above; however, there are few stud-
ies examining the frictional property of 
modal/cotton blended yarns. For this aim, 
in this study, 100% cotton, 50%/50% cot-
ton/Birla modal and 100% Birla modal 
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Abstract
In this study, structural or physical properties such as the unevenness, hairiness and frictio-
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 Introduction
Modal fibres give a soft sensation on the 
skin and are preferred either in a pure 
form or in blends with wool, cotton, silk 
and polyester [1, 2]. Blends of cotton 
with modal fibres are preferred for tow-
els, underwear, socks, and sportswear for 
their moisture regain, strength and natu-
ral-feeling. The dyeing characteristic of 
this fibre is close to cotton dyeing, and 
the wet-strength characteristic is higher 
than for viscose. There are some studies 
regarding fibre, yarn and fabric proper-
ties of modal and modal-cotton blends. 
Three kinds of modal (Lenzing, Birla and 
Formotex modal fibres) siro-spun yarns 
were compared by Wang and Mao [3]. 
They found that the strength of Lenzing 
Modal was higher than for other modal 
fibres. The yarn evenness, imperfections 
and hairiness of compact and conven-
tional ring spun yarns were studied by 
Altas and Kadoglu [4]. They used card-
ed and combed cotton, modal, polyester, 
tencel and viscose in a pure form in three 
different twist coefficients and in three 
yarn counts. Their results showed that 
compact yarns have less optical even-
ness, fewer imperfections and less hair-
iness than conventional ring spun yarns. 
Vortex, ring and open-end rotor spun cot-
ton, viscose and 50%/50% modal/cotton  
blended yarns were compared in another 
study [5], in which vortex yarn showed 
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Expert software, and response surfaces 
were plotted for each yarn property. For 
this purpose, the optimum model was 
selected by considering the F-test and 
lack of fit tests, which give the highest 
R2 and least p-value in a 95% confidence 
interval. Analysis of variance (ANOVA) 
tables were obtained using the model 
selected. In these tables, ‘A’ represents 
the cotton ratio in the blend, ‘B’ the yarn 
linear density in “tex”, and ‘C’ the twist 
coefficient in αe-values of model terms 
lower than 0.05 are considered to be sig-
nificant. The contributions of each model 
term were also calculated and given in 
ANOVA tables. The optimum blend ratio, 
twist factor and yarn linear density for the 
response variables (unevenness-CVm%, 
hairiness (H) and friction coefficient-µ) 
of yarns are discussed below using the 
response surface, respectively.

Unevenness (CVm%)
The mass or weight variation per unit 
length of yarn is defined as unevenness 
or irregularity. The coefficient of the var-
iation in mass (CVm%) is one of the cal-
culation methods of the variation in mass 
of the yarns [26, 27].

An ANOVA table for the CVm% of cot-
ton/modal blended yarns is demonstrat-
ed in Table 2. The quadratic model was 
selected for CVm%. The R2 value is ob-
tained as 91.33%, in which the model 
explains 91.33% of the response CVm%. 
The significant model terms are indicated 
in the table. The maximum contribution 
is obtained from the linear effect of yarn 
linear density (B) at 60.19%. The sum 
of the linear and quadratic effect of the 
blend ratio (A + A2 = 25.06%) is of sec-
ondary importance for CVm%. Other 

factors have minor effects. The linear 
and quadratic effect of the twist factor is 
insignificant.

The unevenness variation with the yarn 
linear density and blend ratio can be seen 
in Figure 2 in different twist coefficients 
(αe

 = 3.5, 4.0, 4.5) as a three-dimension-
al response surface. The blend ratio is 
demonstrated on the x-axis for the cot-
ton blend value in the yarn, whereas the 
modal blend value is just the subtraction 
of the actual cotton blend value from 
100. For example, on the “cotton per-
centage axis”, “25” represent the actual 
25% cotton and 75% modal in the yarn. 
While the z-axis represents the yarn line-
ar density, CVm% values predicted by the 
model selected are shown on the y-ax-
is. The meshed surface is called the re-
sponse surface and represents the regres-

Figure 1. Microscopic view of Birla modal 
fibre.

4 
 

Materials and Methods 

In this study, cotton/modal blends were prepared in 0/100, 50/50 and 100/0 percentages in 

sliver form, and yarns were spun in five different yarn twists (αe:3.5, 3.7, 4.0, 4.2, 4.5) and 

four yarn linear densities (21, 25, 30 and 37 tex) using a sample ring spinning machine from 

“Shangai Erfangji Co.”, with 96 spindles, at a 14000 rpm spindle speed. Modal and cotton 

fibres were supplied by Basyazicioglu Tekstil from Turkey and yarn spinning was also carried 

out in this factory. 

Birla Modal fibre  of 38 mm  length and 1.33 dtex  fineness was used. The cross section of 

this fibre is given in Figure-1. Urfa St1 type cotton fibre was used as the second blending 

material, the properties of which were measured by means of a Premier ART testing device, 

and are given in Table-1.  

Figure-1 Microscopic view of Birla Modal fibre 

Table-1 Cotton fibre properties 

Property Value
Finenness (mic.) 4.57
Length (mm) 29,13
Uniformity index 85.04
Tenacity (cN/tex) 30.04
Extension (%) 6.72

Table 1. Cotton fibre properties.

Property Value
Finenness, mic. 4.57
Length, mm 29.13
Uniformity index 85.04
Tenacity, cN/tex 30.04
Extension, % 6.72

ring spun yarns were produced having 
five different twist coefficients (αe: 3.5, 
3.7, 4.0, 4.2, 4.5) in four different linear 
densities (21, 25, 30 and 37 tex). Statisti-
cal analysis was carried out and ANOVA 
tables and regression curves were ob-
tained as response surface plots.

 Materials and methods
In this study, cotton/modal blends were 
prepared in 0/100, 50/50 and 100/0 per-
centages in sliver form, and yarns were 
spun in five different yarn twists (αe: 3.5, 
3.7, 4.0, 4.2, 4.5) and four yarn linear 
densities (21, 25, 30 and 37 tex) using 
a sample ring spinning machine from 
Shanghai Erfangji Co. (China), with 96 
spindles, at a 14000 rpm spindle speed. 
Modal and cotton fibres were supplied by 
Basyazicioglu Tekstil from Turkey and 
yarn spinning was also carried out in this 
factory.

Birla modal fibre (India) of 38 mm length 
and 1.33 dtex fineness was used. The 
cross section of this fibre is given in Fig-
ure 1. Urfa St1 type cotton fibre (Turkey) 
was used as the second blending mate-
rial, the properties of which were meas-
ured by means of a Premier ART testing 
device, and are given in Table 1. 

A Zweigle L232 and Zweigle D314 (Swit-
zerland) were used for validation of the 
linear density and twist factor of yarns, re-
spectively. Unevenness (CVm%), imper-
fections and hairiness (H) were measured 
by a Premier PT 7000 (India). Here, “H” 
is the length of protruding hairs in 1 cm of 
yarn [25]. The frictional property of the 
spun yarns was measured by a Zweigle-G 
534 (Switzerland), which runs according 
to the Capstan method.The coefficient of 
friction is calculated by,

     (1)

Here, “μ” is the friction coefficient, 
T1 the input tension, T2 the output ten-
sion, and θ is the contact angle. The to-
tal number of experiments for each test 
can be calculated by taking the number 
of blends (3), yarn twist factors (5), yarn 
linear densities (4) and replication (5) as 
3 × 5 × 4 × 5 = 300. 

 Results and discussions
Data obtained from the study were ana-
lysed by general factorial design as a sta-
tistical analyzing technique using Design 

Table 2. ANOVA of CVm%.

Source Sum  
of squares

Contribution, 
%

Degrees  
of freedom

Mean 
squares F value p-value Significance

Model 354.30 91.33 9 39.37 299.53 < 0.0001 Significant
A 33.76 8.70 1 33.76 256.83 < 0.0001 Significant
B 233.49 60.19 1 233.49 1776.56 < 0.0001 Significant
C 0.06 0.02 1 0.06 0.48 0.4871 Insignificant 
A² 63.45 16.36 1 63.45 482.76 < 0.0001 Significant
B² 0.01 0.00 1 0.01 0.10 0.7479 Insignificant  
C² 0.20 0.05 1 0.20 1.51 0.2208 Insignificant  
AB 1.90 0.49 1 1.90 14.43 0.0002 Significant
AC 0.34 0.09 1 0.34 2.55 0.1115  Insignificant 
BC 0.72 0.19 1 0.72 5.44 0.0204 Significant

Residuals 33.65 8.67 256 0.13   
Lack of fit 8.59 2.21 47 0.18 1.52 0.0243

Error 25.06 6.46 209 0.12    
Corrrected 

total 387.94 100.00 265     
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bodies, which decreases the CVm% val-
ues. However, in finer yarns, increasing 
the twist coefficient again increases the 
friction forces between fibres; but these 
forces also result in shear forces between 
fibres, which causes deformation. Thus 
the unevenness values in finer yarns in-
creases in coarser yarns. The CVm% de-
creases down to the minimum point – to 
that of the %40modal/%60 cotton blend, 
and increases from this point to that of 
100% cotton yarns. The CVm% values 

Twist factor = 3.50

Cotton percentage, %

CVm%

Yarn linear density, tex

Cotton percentage, %

CVm%

Yarn linear density, tex

Twist factor = 4.00

Twist factor = 4.50

Cotton percentage, %

CVm%

Yarn linear density, tex

a)

b)

c)

Figure 2. CVm% variation with cotton percentage and yarn linear 
density for different twist factor values: a) twist factor = 3.5, b) twist 
factor = 4.0, c) twist factor = 4.5.

sion of the model on a three-dimensional 
axis. Curves on the plane between the 
x-axis and z-axis are called contour plots. 
The variation in selected yarn twist co-
efficients is represented in Figures 2.a, 
2.b and 2.c for αe = 3.5, 4.0 & 4.5, re-
spectively. As the number of fibres in 
the yarn cross section decreases in finer 
yarns, which results in a variation in the 
yarn diameter, the maximum unevenness 
is obtained for finer yarns. Increasing the 
cotton blend in the ratio also raises the 

CVm% value, which may be due to the 
higher length and diameter variation of 
cotton fibres compared to modal fibres. 
Increasing the twist coefficient raises 
the cohesion forces between fibres in the 
yarn, which results in a decrease in yarn 
diameter, and the yarn becomes more 
rigid. This situation is clear in coarse 
yarns since the increased number of fi-
bres in the yarn cross section increases 
the friction forces between fibres and, 
in turn, the holding of fibres in the yarn 

Twist factor = 3.50

Cotton percentage, %Yarn linear density, tex

Cotton percentage, %Yarn linear density, tex

Twist factor = 4.00

Twist factor = 4.50

Cotton percentage, %Yarn linear density, tex

a)

b)

c)

Figure 3. Hairiness variation with cotton percentage and yarn linear 
density for different twist factor values: a) twist factor = 3.5, b) twist 
factor = 4.0, c) twist factor = 4.5.
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of 100% modal yarns are lower than 
that of 100% cotton fibres. The optimum 
blend achieved is 40%modal/60% cotton 
blends for CVm%, which may be due to 
the optimum friction forces obtained be-
tween modal fibres of ellipse cross sec-
tion and bean-like cotton fibre. Due to 
the high length and fineness variation of 
cotton fibres as compared to the constant 
staple length of modal fibres, cotton-rich 
blends have high CVm% values.

An ANOVA table for the hairiness of 
cotton/modal blended yarns is demon-
strated in Table 3, where the quadratic 
model was used. The R2 value is ob-
tained as 45.3%, in which the model ex-
plains 45.3% of the response hairiness. 
Significant model terms are indicated 
in the Table. The maximum contribu-
tion is obtained by the sum of linear 
and quadratic effects of the blend ratio 
(A + A2) with 22.75%. The effect of the 
yarn linear density (B + B2) is second 
with 10.79%. Other factors have minor 
effects. The quadratic effect of the twist 
factor is insignificant.

Figure 3 shows the hairiness variation 
with cotton percentage and yarn linear 
density for different twist coefficients 

(αe = 3.5, 4.0, 4.5). In these figures, in-
creasing the cotton percentage in the 
blend increases the hairiness values in 
general, which is related to the higher 
length and fineness variation of cotton fi-
bres compared to modal fibres. The hairi-
ness values are high in finer yarns, where-
as low hairiness is obtained in coarser 
yarns, in general. Increasing the twist 
coefficient again decreases the hairiness, 
especially in coarse yarns, which may be 

due to better fibre inclusion in the yarn 
body with more friction forces. Increas-
ing the twist coefficient decreases the 
hairiness values for coarse yarns, which 
can be related to the inter-yarn friction 
forces between fibres, which help to hold 
fibres in the yarn body. Minimum hairi-
ness was obtained for pure modal yarns 
with 37 tex yarn linear density, whereas 
maximum hairiness was obtained for 
100%cotton yarns of 21 tex. 

Table 3. ANOVA for Hairiness (H).

Source Sum  
of squares

Contribution, 
%

Degrees  
of freedom

Mean 
squares F value p-value Significance

Model 45.43 45.30 9 5.05 22.82 < 0.0001 Significant
A 19.47 19.41 1 19.47 88.02 < 0.0001 Significant
B 7.14 7.12 1 7.14 32.28 < 0.0001 Significant
C 3.52 3.51 1 3.52 15.93 < 0.0001 Significant
A² 3.35 3.34 1 3.35 15.16 0.0001 Significant
B² 3.68 3.67 1 3.68 16.63 < 0.0001 Significant
C² 0.31 0.31 1 0.31 1.41 0.2369 Insignificant 
AB 0.97 0.97 1 0.97 4.38 0.0373 Significant
AC 0.54 0.54 1 0.54 2.46 0.1184 Insignificant 
BC 1.23 1.23 1 1.23 5.56 0.0192 Significant

Residuals 54.86 54.70 248 0.22
Lack of fit 33.37 33.27 46 0.73 6.82 < 0.0001

Error 21.49 21.43 202 0.11
Corrrected  

total 100.29 100.00 257

Twist factor = 3.50

Cotton percentage, %

SKS

Yarn linear density, tex Cotton percentage, %

SKS

Yarn linear density, tex

Twist factor = 4.00

Twist factor = 4.50

Cotton percentage, %

SKS

Yarn linear density, tex

a) b)

c)

Figure 4. Friction coefficient (µ) variation with cotton 
percentage and yarn linear density for different twist 
factor values: a) twist factor = 3.5, b) twist factor = 4.0, 
c) twist factor = 4.5.
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An ANOVA table for the friction coef-
ficient of cotton/modal blended yarns 
is demonstrated in Table 4, where the 
quadratic model was used. The R2 value 
is obtained as 53.85%, in which the mod-
el explains 53.85% of the response fric-
tion coefficient. Significant model terms 
are indicated in the Table. The maximum 
contribution is obtained from the quad-
ratic effect of yarn linear density with 
35.9%. The contribution of the blend ra-
tio is 10.26%, while the twist coefficient 
has a 5.13% contribution. 

Figure 4 shows the friction coefficient 
variation with cotton percentage and yarn 
linear density for different twist coeffi-
cients (αe = 3.5, 4.0, 4.5). In these figures, 
increasing the yarn linear density raises 
the friction coefficient up to 25 tex, which 
then decreases. Minimum friction forces 
are obtained for 37 tex yarns. In addition, 
the friction coefficient increases along 
with the twist factor, especially for coarse 
yarns, as expected. Increasing the cotton 
blend in the yarn structure generally de-
creases the friction coefficient, which may 
be due to the high hairiness of cotton-rich 
blended yarns. Increased hairiness in the 
yarn decreased the friction coefficient, as 
Altas and Kadoglu described [20]. 

 Conslusions
In this study, some important yarn char-
acteristics, such as unevenness, hairiness 
and friction properties of cotton-modal 
blended yarns were characterised. Cot-
ton/modal yarns were produced in 0/100, 
50/50 and 100/0 blend proportions in four 
different yarn linear densities and five dif-
ferent twist coefficients. The following 
conclusion can be drawn from this study:

n The yarn linear density and blend ra-
tio were the most important factors for 
unevenness, respectively. Increasing 
the yarn linear density raised the un-
evenness. Increasing the cotton blend 
ratio also raised the unevenness due 
to the high length and evenness vari-
ation of cotton fibres with respect to 
the modal fibres. The optimum blend 
ratio for CVm% was obtained as 40% 
modal/60% cotton. 

n The blend ratio and yarn linear den-
sity were the most important factors 
for hairiness, respectively. Increasing 
the cotton percentage in the blend in-
creased the hairiness due to the high 
length and evenness variation of cot-
ton fibres. Increasing the twist coeffi-
cient decreased the hairiness. Mini-
mum hairiness was obtained for pure 
modal coarse yarns (37 tex). 

n The yarn linear density, blend ratio 
and twist factor were the most impor-
tant factors for the friction coefficient, 
respectively. Increasing the yarn linear 
density raised the friction coefficient 
up to 25 tex, which then decreased. 
Increasing the cotton blend in the yarn 
structure decreased the friction coeffi-
cient due to the high hairiness values 
of cotton-rich blends.

n The twist coefficient was expected to 
be the most influential factor for the 
blended yarn characteristics, especial-
ly for the friction coefficient. How-
ever, the results indicated are in con-
trast to expectations, and a minimum 
contribution to yarn properties was 
obtained from the twist factor. In this 
study, the most influential factors for 
blended yarn characteristics were the 
yarn linear density and blend ratio.
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INSTITUTE OF BIOPOLYMERS  
AND CHEMICAL FIBRES

LABORATORY OF ENVIRONMENTAL PROTECTION

The Laboratory works and specialises in three fundamental fields:
n R&D activities: 
n research works on new technology and techniques, particularly envi-

ronmental protection;
n evaluation and improvement of technology used in domestic mills; 
n development of new research and analytical methods;

n research services (measurements and analytical tests) in the field of en-
vironmental protection, especially monitoring the emission of pollutants;

n seminar and training activity concerning methods of  instrumental 
analysis, especially the analysis of water and wastewater, chemicals 
used in paper production, and  environmental protection in the paper-
making industry.

Since 2004 Laboratory has had the accredi-
tation of the Polish Centre for Accreditation  
No. AB 551, confirming that the Laboratory 
meets the requirements of Standard PN-EN 
ISO/IEC 17025:2005.

Investigations in the field of  environmental protection technology:
n Research and development of  waste water treatment technology, the 

treatment technology and abatement of gaseous emissions,   and the 
utilisation and reuse of solid waste,

n Monitoring the technological progress of environmentally friendly technol-
ogy in paper-making and the best available techniques (BAT),

n Working out and adapting analytical methods for testing the content of 
pollutants and trace concentrations of toxic compounds in waste water, 
gaseous emissions, solid waste and products of the paper-making indus-
try,

n Monitoring  ecological legislation at a domestic and world level, particu-
larly in the European Union.

A list of the analyses  most frequently carried out: 
n Global water & waste water pollution factors: COD, BOD, TOC, suspend-

ed solid (TSS), tot-N, tot-P
n Halogenoorganic compounds (AOX, TOX, TX, EOX, POX)
n Organic sulphur compounds (AOS, TS)
n Resin and chlororesin acids
n Saturated and unsaturated fatty acids
n Phenol and phenolic compounds (guaiacols, catechols, vanillin, veratrols)
n Tetrachlorophenol, Pentachlorophenol (PCP)
n Hexachlorocyclohexane (lindane)
n Aromatic and polyaromatic hydrocarbons
n Benzene, Hexachlorobenzene
n Phthalates        n  Polychloro-Biphenyls (PCB)
n Carbohydrates        n  Glyoxal
n Glycols        n  Tin organic compounds
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