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Abstract
In the false twist texturing process, due to the action of mechanical forces and heat, a disori-
entation of structural elements happens at all levels of the supramolecular structure. These 
changes are related to changes in the texturing parameters and mechanical properties of 
yarn. In this paper, investigated is the effect of technical-technological texturing parameters 
in the false twist texturing process on the structure of PA6.6 yarns. POY multifilament PA6.6 
with a fineness of 22f07x1 dtex was used as experimental material. The yarn was textured on 
a friction texturing machine – ICBT model FT 15 E3. The exiting yarn speed (Vi) changed 
as 600, 700, 800 and 900 m/min; the heater temperature (T) was 200, 210 and 220°C, and 
the ratio of the disk surface speed to the linear yarn speed (D/Y) was 1.9 and 2.1. The values 
of strain were kept constant at 1.305 (tension in texturing zone) and 0,954 in the winding 
zone. Analysed were the density, degree of crystallinity, degree of orientation, single filament 
diameter, the content of -NH2 and -COOH end groups, and the total content of end groups. 
From the results obtained it can be seen that the effect of the heater temperature is more 
significant than that of Vi and D/Y on the structural characteristics analysed. Analysing the 
experimental results it was found that linear positive correlations were established between 
the texturing speed and end (-NH2) groups, the texturing speed and end (-COOH) groups 
and the texturing speed and the total content of end groups. The correlation factor between 
the process parameters and yarn structural characteristics analysed is determined. 
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	 Introduction
Polyamide fibers are thermoplastic ma-
terials that can be reshaped by heating, 
and after cooling they retain the shape 
obtained in a plastic state. Conditional-
ly, by reheating it is possible to reshape 
them again and set them. In the textur-
ing process, structural changes occur in 
fiber polymer, primarily the disorienta-
tion of macromolecule chains [1-2]. On 
the one hand, torque tension affects the 
disorientation of molecule chains, and on 
the other hand the tensile load leads to fur-
ther orientation of crystal and amorphous 
regions. Increasing the heater temperature 
causes an increase in the textured yarn de-
gree of crystallinity [3], while the strength 
and tensile modulus decrease due to the 
decrease in the crystal orientation degree. 
The influence of molecule orientation is 
higher on mechanical properties of yarn 
than that of the crystal region increase.

The fiber degree of crystallinity and ori-
entation represent significant parameters 
of the fiber supramolecular structure. 
The ratio of contribution of some char-
acteristics of crystal (or amorphous) re-
gions to the same characteristics of both 
regions represents the degree of crystal-
linity [4, 5]. It is related to both the pol-
ymer production and processing as well 

as the processing of polymer products. 
Some of the suitable testing methods are 
as follows: electron microscopy in po-
larised light, x-ray diffraction, nuclear 
magnetic resonance, infrared spectros-
copy, density measurement, melting heat 
measurement, etc.

The second important characteristic of 
the supramolecular structure is the ori-
entation of molecules in a direction ex-
pressed by the orientation degree. It can 
be considered as the orientation of crystal 
regions and amorphous regions as well 
as the average orientation, which is the 
mean value of the previous two types. 
The orientation of molecules in crys-
tal region can be expressed in regard to 
fiber axis, to some crystalline direction 
(usually axis c), or to some external di-
rection serving as calibration. The degree 
of orientation in the crystal region can be 
determined by x-ray diffraction, while 
the method based on measuring birefrin-
gence gives the average orientation pre-
vailing in both regions. As a parameter of 
the supramolecular structure, the degree 
of orientation has a high influence on the 
breaking strength, elongation at break 
[6, 7] and other mechanical properties. 
When the orientation of molecules in the 
fiber is lower, its elongation at break is 
higher and vice versa.
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Figure 3, 4  - The graphs in black-and-white. 
 
 
Page 83, 3rd column, three points:  
The heater temperature values 
 
 Content of end -NH2 groups - heater temperature 200oC (R2 = 0.985) 
 Content of end -COOH groups - heater temperature 210oC (R2 = 0.930) 
 Total content of end groups - heater temperature 210oC (R2 = 0.974) 
 
 
Page 84, 1st column:  
The third and fourth point is one: 
 
 Increasing heater temperature above 210oC, again induces reduction of 

degree of crystalinity and orientation. This can be explained by increased mobility of 
molecular segments and not enough time for relaxation of residual stresses in the yarn as a 
result of texturing, and by increase of low molecular fractions. 

 
 

	 Experimental
Materials
PA6.6 multifilament yarn with a fineness 
of 22f07 x 1 dtex, TWD Germany, was 
used as experimental material. Partial ori-
ented (POY) filament yarn was textured 
under industrial conditions on a friction 
texturing machine, model FT 15 E3 (with 
long heater), ICBT France. Variable tech-
nical – technological parameters were as 
follows: temperature in the heating zone: 
200, 210 & 220 °C, exiting textured yarn 
speed: 600, 700, 800 & 900 m/min, disk 

surface speed to linear yarn speed ratio 
(D/Y): 1.9 and 2.1. For the ratio D/Y 
1.9 the disk surface speed ranges from 
1140 m/min to 1710 m/min, depending 
on the input yarn speed in the friction 
unit, which set on the computer of the 
machine. For the ratio D/Y 2.1 the disk 
surface speed ranges from 1260 m/min 
to 1890 m/min. Tension values were held 
constant in the texturing zone (stretch-
ing) as 1.305 and in the winding zone as 
0.954. The disk configuration was 1-4-1, 
a disk type ceramic with a diameter of 
52 mm and thickness of 9 mm. A scheme 
of the friction texturing process with the 
most important technical – technological 
parameters is shown in Figure 1.

Figure 2.a and 2.b shows the yarn path 
through the friction unit as well as the 
arrangement, direction and surface disk 
speed for twisting.

Test methods
The following test methods were used 
for testing the laboratory material:
n	 The fiber degree of cristallinity was 

determined by the specific mass test 
method, which is based on the fact that 
crystal regions have a thicker package 
due to the order and more regular ge-
ometric arrangement of molecules, 
and therefore they have a higher den-
sity compared to amorphous regions. 
To use this method, it is necessary to 
know the density previously. Using 
calibration curves for PA6.6 fibers, the 
density is correlated to the degree of 
crystallinity. 

n	 The method for determination of the 
density (specific mass) was used for 
determination of the specific mass. 
Prepared bundles of PA6.6 fibers were 
poured over with 20 ml of benzene 

(C6H6), MERCK, Germany. After re-
moving air bubbles, by pressing the 
fibers on the vessel wall, carbon tet-
rachloride (CCl4), HEMOS, Serbia, is 
added slowly, until fibers start to float 
in this solvent mixture. In that mo-
ment the density of the testing sample 
is equal to thatof the mixture. 

n	 For determination of the fiber degree 
of orientation, an interferential meth-
od based on polarising microscopy 
and measuring birefringence was 
used. Test results of fiber orientation 
are expressed by the values of bire-
fringence (ne – no), where higher val-
ues mean better orientation of fibers in 
the axial direction. Measuring of the 
degree of orientation was performed 
on a polarizing microscope – MIN8, 
LOMO, Russia, with five measure-
ments for each sample. results of 
which are shown as a mean value. 

n	 Fiber diameter (d) was determined on 
a microscope – MIN8 using an eye-
piece with a measuring reticle with 
magnification of 5x, while the objec-
tive magnification is 40x. 

n	 The content of end groups in poly-
amide textured yarn was determined 
using the end group titration method. 
The content of end groups is calculat-
ed on the basis of the volume in 1 ml 
of the solution used for the titration of 
1 g of polyamide. The content of end 
groups is expressed in mmol/g of fib-
er. The total content of end groups is 
determined as the sum of amino and 
carboxyl groups (mmol/g of fiber). 

	 Results and discussion
Figures 3 and 4 show the dependence of 
structural characteristics of textured yarn 
on the texturing parameters T (°C) and 
Vi (m/min), at a constant ratio of the disk 
surface speed to the linear yarn speed of 
a) D/Y = 1.9 & b) D/Y = 2.1. 

A higher value of the D/Y ratio means 
a higher disk speed to yarn speed, and 
thus higher torque is transferred to the 
yarn, producing higher yarn twist; but 
also sliding between the yarn and disk 
may occur. Yarn tension instability is 
increased, producing higher variations 
of textured yarn characteristics [8-11]. 
Therefore in this work the upper limit of 
the D/Y ratio is carefully selected as 2.1.
 
According to the literature, the degree of 
crystallinity of textured yarn decreases 
with a torque increase, set by the D/Y 
ratio [12-14]. Increasing the texturing 

Figure 1. Scheme of the friction texturing process.
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Figure 3, 4  - The graphs in black-and-white. 
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Figure 3. Dependence of textured yarn structural characteristics on texturing conditions T, °C, Vi, m/min, D/Y: 1) filament density, g/m3,  
2) degree of crystallinity, %, 3) birefringence ne-no, and 4) single filament diameter d, mm. 
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Figure 3 Dependence of textured yarn structural characteristics on texturing conditions T
(oC), Vi (m/min), D/Y: 1) Filament density (g/m3); 2) Degree of crystallinity (%); 3) 
Birefringence ne - no and 4) Single filament diameter d (mm)  
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speed means a shorter yarn contact time 
in the heater and shorter yarn cooling 
time [15]. As the yarn contact time is in-
creased, heat transfer from the heater to 
the filament increases as well as the crys-
tallization time. Test results for the yarn 
degree of crystallinity at various textur-
ing parameters range as follows: 
n	 D/Y = 1.9, T 200 °C, variation of Vi  

600-900 m/min, 33.786-24.786 (%)
n	 D/Y = 2.1, T 200 °C, variation of Vi  

600-900 m/min, 30.571-24.786 (%)

n	 D/Y = 1.9, T 210 °C, variation of Vi  
600-900 m/min, 55.643-38.286 (%)

n	 D/Y = 2.1, T 210 °C, variation of Vi  
600-900 m/min, 54.357-38.286 (%)

n	 D/Y = 1.9, T 220 °C, variation of Vi  
600-900 m/min, 37,000-32.500 (%)

n	 D/Y = 2.1, T 220 °C, variation of Vi 
600-900 m/min, 36.357-31.536 (%)

Test results for the degree of orientation 
of filaments at various texturing parame-
ters range in the following values: 

n	 D/Y = 1.9, T 200 °C, variation of Vi 
600-900 m/min, 0.042-0.035

n	 D/Y = 2.1, T 200 °C, variation of Vi 
600-900 m/min, 0.060-0.037

n	 D/Y = 1.9, T 210 °C, variation of Vi 
600-900 m/min, 0.06-0.046

n	 D/Y = 2.1, T 210 °C, variation of Vi 
600-900 m/min, 0.060-0.043

n	 D/Y = 1.9, T 220 °C, variation of Vi 
600-900 m/min, 0.033-0.027

n	 D/Y = 2.1, T 220 °C, variation of Vi 
600-900 m/min, 0.032-0.026

Figure 4. Dependence of textured yarn structural characteristics on texturing conditions T, °C, Vi, m/min, D/Y: 1) end -NH2 groups, mmol/g 
of fiber, 2) end -COOH groups, mmol/g of fiber, 3) total content of end groups, mmol/g of fiber.
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Table 1. Linear equations and correlation factors of dependent variables (end -NH2 groups, 
end -COOH groups, total content of end groups) and the independent variable texturing speed 
Vi (m/min) for varying heater temperatures T, °C and constant D/Y ratio 1.9.

Heater  
temperature T, °C

End -NH2 groups,
mmol/g of fiber Linear equation Correlation factor

200 Independent variable 
texturing speed Vi, 

m/min

y = 3·10-5 x – 0.004 R2 = 0.985
210 y = 3·10-5 x + 0.002 R2 = 0.899
220 y = 4·10-5 x – 0.001 R2 = 0.658

Heater  
temperature T, °C

End -COOH groups,
mmol/g of fiber Linear equation Correlation factor

200 Independent variable 
texturing speed Vi,

m/min

y = 5·10-5 x + 0.018 R2 = 0.900
210 y = 7·10-5 x + 0.014 R2 = 0.930
220 y = 3·10-5 x + 0.071 R2 = 0.862

Heater  
temperature T, °C

Total content of end 
groups, mmol/g of fiber Linear equation Correlation factor

200 Independent variable 
texturing speed Vi

,
m/min

y = 8·10-5 x + 0.014 R2 = 0.938
210 y = 9·10-5 x + 0.016 R2 = 0.974
220 y = 7·10-5 x + 0.07 R2 = 0.744

Analysing the results obtained, it is ob-
vious that increasing the D/Y ratio of 
the surface disk speed to the linear yarn 
speed at heater temperatures 200, 210 
and 220 °C marginally reduces the de-
gree of crystallinity and orientation. Also 
the crystallinity and orientation decrease 
with increasing speed Vi, as expected. 

At heater temperatures T of 20-210 °C, 
the degree of crystallinity increases, 
which can be explained by the higher 
mobility of molecular segments and bet-
ter ability to crystallise. With a further 
increase in the heater temperature up to 
220 °C, test results show that the degree 
of crystallinity and orientation decline 
as a result of structural disorientation, 
increased mobility of macromolecular 
segments and increased content of low 
molecular fractions [16]. 

Yarn density is reduced by lowering 
and increasing the temperature below 
or above 210 °C, which is taken as the 
standard for the yarn fineness tested. 
Density values were obtained indirect-
ly through the crystallinity degree and 
therefore show similar variations when 
texturing parameters change. 

According to literature, two factors have 
an impact on the degree of orientation, 
torsion stress, assisting disorientation 
of molecular chains and tensile stress, 
which further orientates parts of mo-
lecular chains in crystal and amorphous 
regions. The impact of these two factors 
becomes more significant with tempera-
ture increase and better mobility of mol-
ecules [17-19]. 

At 200 °C lower values of the orien-
tation degree were obtained (for D/Y 
1.9: 0.042-0,035, D/Y 2.1 0.060-0.037), 
which is explained by the lower mobili-
ty of macromolecular segments at lower 
heater temperature. Increasing the tem-
perature up to 220 °C results in lower ori-
entation (for D/Y 1.9: 0.033-0.027, D/Y 
2.1: 0.032-0.026) due to increased mo-
bility of macromolecules and not enough 
time for structure relaxation. 

It is known that in yarn texturing, varia-
tions in the cross section circular shape 
and diameter occur depending on the 
texturing method, with deviation of the 
POY filament diameter appearing, which 
can be considered as a deformation [20]. 
In the friction false twist method, with 
external and internal friction, twisting is 
achieved with rotating surfaces of vari-

ous shapes (cylinders, disks etc). Newer 
models of friction mechanisms with ex-
ternal friction consist of friction disks set 
on three shafts forming an equilateral tri-
angle (triplet system). Different profiles 
of disk working surfaces and disk surface 
curvature allow the yarn to pass over 
a bigger or smaller surface of the disk’s 
upper part, being of different slope rela-
tive to the bottom part of the disk. Fric-
tion surface curvature has an important 
role in the texturing process [21-23].

In our case, the disk configuration is 1-4-
1, and disks are ceramic with s diameter 
of 52 mm and thickness of 9 mm. Based 
on test results, increasing the D/Y ratio 
slightly affects the increase in diameter 
of individual filaments. However, by 
increasing the speed Vi, the diameter is 
marginally reduced at 200 and 220 °C, 
while a decrease in diameter at 210 °C is 
significantly higher. The resulting chang-
es in the diameter of individual filaments 
can be regarded as damage caused while 
moving the yarn over the friction surface, 
in dependence on the contact geome-
try of the yarn and disk, the disk type, 
torsion. On the other hand, they can be 
explained through structural changes. 
With a higher orientation degree of in-
dividual filaments, the fiber structure is 
more orderly and can be more difficult to 
deform, which may influence the occur-
rence of lower variation in the diameter 
of the individual filaments. This is not the 
case with our testing because at a heat-
er temperature of 210 °C and various 
speeds, we observed higher variations in 
diameter, which can be related to the dis-
orientation of the yarn structure, break-
ing intermolecular bonds, and to the fiber 
being deformed more easily, resulting in 
higher variations in the diameter of indi-

vidual filaments. Variations in diameter 
are higher at a D/Y ratio of 2.1 than with 
a D/Y ratio of 1.9.

Test results show (Figure 4) that heater 
temperature has a high effect on the total 
content of end groups. It was observed that 
the end group content increases slightly 
with an increase in the texturing speed at 
heater temperatures of 200 and 210 °C. 
However, at 220 °C and by increasing the 
speed, there are much greater variations 
in the content of end groups, especially 
end -NH2 groups. By changing the D/Y 
ratio from 1.9 to 2.1, the increase is slight, 
which can be explained as a degradation 
of molecular chains due to the heater tem-
perature. In the further yarn treatment pro-
cess, especially dyeing, an increased con-
tent of end groups is of great importance, 
being responsible for the quality of yarn 
dyeing, primarily level dyeing. 

The results of correlation factors for end 
-NH2 groups, end -COOH groups, the total 
content of end groups as dependant vari-
ables and the texturing speed Vi (m/min)  
as an independent variable, at the three 
texturing temperatures of 200, 210 and 
220 °C and at a D/Y ratio of 1.9 are 
shown in Table 1. Linear equations of the 
corresponding dependences are given.
On the basis of the correlation factors, the 
best correlation of the parameters tested 
Vi (m/min) and T °C was found for:
n	 Content of end -NH2 groups – heater 

temperature 200 °C (R2 = 0.985)
n	 Content of end -COOH groups – heat-

er temperature 210 °C (R2 = 0.930)
n	 Total content of end groups – heater 

temperature 210 °C (R2 = 0.974)

The results of correlation factors for end 
-NH2 groups, end -COOH groups, the 
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total content of end groups as depend-
ant variables and the texturing speed Vi  
(m/min) as an independent variable, at 
three texturing temperatures of 200, 210 
and 220 °C and at a D/Y ratio of 2.1 are 
shown in Table 2. Also given are linear 
equations for these dependencies.

Based on the correlation factor, the best
correlation between the parameters Vi 
(m/min) and T °C is found at:
n	 Content of end -NH2 groups – heater 

temperature 200 °C (R2 = 0.996)
n	 Content of end -COOH groups – heat-

er temperature 200 °C (R2 = 0.996)
n	 Total content of end groups – heater 

temperature 200 °C (R2 = 0.996)

	 Conclusions
The variation in texturing parameters (T, 
Vi and D/Y) affects yarn structural chang-
es in varying degrees. The results obtained 
indicate the following conclusions:
n	 Variations in heater temperature have 

a higher impact than those in the tex-
turing speed and D/Y ratio on the 
degree of crystallinity, density and 
orientation of individual filaments, as 
was expected.

n	 Decreasing the heater temperature 
below 210 °C, which was taken as 
a standard for yarn with the fineness 
tested, induces a reduction in the de-
gree of crystalinity and orientation. 
This can be explained by the reduced 
mobility of molecular segments and 
ability to crystallise. 

n	 Increasing the heater temperature 
above 210 °C again induces a reduc-
tion in the degree of crystalinity and 
orientation, which can be explained 
by the increased mobility of molec-

ular segments and insufficient time 
for relaxation of residual stresses in 
the yarn as a result of texturing, and 
by the increase in low molecular frac-
tions.

n	 Variations in the diameter of individu-
al filaments can be considered a result 
of damage originating in the texturing 
process as well as due to the disorien-
tation of structural elements.

n	 The heater temperature has a more 
significant impact on the content of 
end groups than the texturing speed 
and D/Y ratio. Under the influence of 
temperature higher than 210 °C, for 
yarn of the fineness tested, variations 
in the content of end groups can be 
explained as a shortening of macro-
molecular chains due to high heater 
temperature.

n	 The correlation factor between the 
texturing speed and the content of end 
groups generally declines with a heat-
er temperature increase.

In the texturing process, thermoplastic 
filament is exposed to mechanical stress 
at a high temperature, resulting in the 
changing of its structural properties. 
The degree of these variations is closely 
correlated to both the properties of the 
filament and to the process parameters 
(heater temperature, texturing speed, 
ratio of disk surface speed and linear 
yarn speed – D/Y, strain degree and disk 
combination in the friction assembly) 
[24-28].

Based on the analysis of test results, 
a recommendation for optimal texturing 
parameters can be derived which would 
produce the best yarn structural charac-
teristics. For the texturing of polyamide 

multifilament with a fineness of 22f07x1 
dtex, the optimum heater temperature is 
up to 210 °C, the texturing speed 750-
800 m/min, the D/Y ratio 1.9; the tension 
in the texturing zone (strain) 1.305 and in 
the winding zone 0.954.

References
 1.	 Hearle JWS, Hollick L and Wilson DK. 

Yarn texturing technology. Woodhead 
Publishing Limited, Cambridge, 2001.

 2.	 Atkinson C. False twist textured yarns: 
Principles, processing and applications. 
Woodhead Publishing Limited, Cam-
bridge, 2012.

 3.	 Schuhmacher H. Texturing on Short 
Heaters. H.ICI (Evropa) Fibres, 1992.

 4.	 Jovanović R. Struktura i svojstva vlaka-
na. Tehnološko – Metalurški fakulte., 
Beograd 1981.

 5.	 McIntyre JE. Synthetic fibres: nylon, pol-
yester, acrylik, polyolefin. Published by 
Woodhead, Publishing Limited in asso-
ciation with The Textile Institute, Cam-
bridge, England, 2005.

 6.	 Gruszka I, Lewandowski S, Benko E 
and Perzyna M. Structure and mechan-
ical properties of polyamid fibres. Fibres 
and Textiles in Eastern Europe 2005; 13, 
5(53): 133-136.

 7.	 Lewandowski S, Linek M, Ślusarczyk 
C and Kasztelnik A. Assessment of the 
supermolecular structure of standard 
polyester fibres and those with reduced 
susceptility to pillikg susceptibility to pill-
ing, as processed by the uncontrolled 
breaking Method. Fibres and Textiles in 
Eastern Europe 2003; 11, 2(41): 22-27.

 8.	 Karakaş HC and Dayioğlu H. Use of 
high-temperature heaters in false-twist 
texturing machines. In: Textile Institute 
81st World Conference, Melbourne, Aus-
tralia, 1-4 April , 2001.

 9.	 Schmenk B, Wulfhorst B, Gries T and 
Schedukat N. New developments for on-
line quality control in high-speed false-
twist texturing. Chemical Fibers Interna-
tional 2002; 52: 352-353.

10.	Schmenk B, Wulfhorst B, Gries T and 
Schedukat N. Ensuring process stabili-
ty and yarn quality in high-speed false-
twist texturing. Chemical Fibers Interna-
tional 2002; 52: 348-351.

11.	 Weinsdörfer H. Measures for increasing 
output in texturing. Chemical Fibers In-
ternational 2001; 51: 370-372.

12.	Yildirim K, Altun S and Ulcay Y. Relation-
ship between yarn properties and pro-
cess parameters in false-twist textured 
yarn. Journal of Engineered Fibers and 
Fabrics 2009; 4, 2: 26-32.

13.	Pal SK, Ganhi RS and Kothari VK. 
Draw-texturing of microfiber polyester 
yarn. Textile Research Journal 1996; 66, 
12: 770-776.

14.	Du G and John WS. Mechanics of fric-
tion twisting. Part I: Yarn path, tension, 
and torque generation in a single disc. 

Table 2. Linear equations and correlation factors of the dependent variables (end -NH2 groups, 
end -COOH groups, total content of end groups) and independent variable texturing speed 
Vi (m/min) for varying heater temperatures T(°C) and constant D/Y ratio 2.1.

Heater  
temperature T, °C

End -NH2 groups,
mmol/g of fiber Linear equation Correlation factor

200 Independent variable 
texturing speed Vi,

m/min

y = 3·10-5 x – 0.005 R2 = 0.996
210 y = 2·10-5 x + 0.004 R2 = 0.920
220 y = 6·10-5 x – 0.011 R2 = 0.778

Heater  
temperature T, °C

End -COOH groups,
mmol/g of fiber Linear equation Correlation factor

200 Independent variable 
texturing speed Vi,

m/min

y = 6·10-5 x + 0.016 R2 = 0.996
210 y = 8·10-5 x + 0.006 R2 = 0.949
220 y = 3·10-5 x + 0.071 R2 = 0.978

Heater  
temperature T, °C

Total content of end 
groups, mmol/g of fiber Linear equation Correlation factor

200 Independent variable 
texturing speed Vi,

m/min

y = 9·10-5 x + 0.010 R2 = 0.996
210 y = 9·10-5 x + 0.017 R2 = 0.955
220 y = 9·10-5 x + 0.060 R2 = 0.862



85FIBRES & TEXTILES in Eastern Europe  2017, Vol. 25,  3(123)

Textile Research Journal 1991; 61, 5: 
289-297.

15.	Karakaş HC and Dayioğlu H. Influence 
of major false-twist texturing parameters 
on the structural properties of polyamide 
6.6 yarn. Fibres and Textiles in Eastern 
Europe 2004; 12, 2(46): 23-28.

16.	Kveder SM and Rijavec T. Dynamic me-
chanical properties, superstructure and 
texturability of PA 6.6 partially oriented 
yarns. Textile Research Journal 1994; 
64, 9: 495-500.

17.	Wulfhorst B and Meier K. Investigations 
on a short high temperature heater. 
Chemiefasern – Textilindustrie 1993; 43, 
95: 40.

18.	Ghosh S and Lucas St. Texturing – Heat 
transfer in high-speed draw-texturing. 
Chemiefasern. Textil-Industrie 2000; 50, 
5: 488.

19.	Kaltenecker O. Texturing – Spin fin-
ishes drive texturing machinery. Che-
miefasern, Textil-Industrie 2004; 54, 5: 
331.

20.	Canoglu S. Effect of first heater temper-
ature variations on the polyester yarn 
properties of false -twist texturing tech-
niques. Fibres and Textiles in Eastern 
Europe 2009; 17, 5(76): 35-39.

21.	Endo T, Shintaku S and Kinari T. Me-
chanics of disk-type false twisting, Part 
I: Yarn path and friction force on a single 
disk. Textile Research Journal 2003; 73: 
139-146.

22.	Endo T, Shintaku S and Kinari T. Me-
chanics of disk-type false twisting, Part 
II: Yarn path and yarn inclination angle 
in a multiple-disk spindle unit. Textile 
Research Journal 2003; 73: 192-199.

23.	Rengasamy RS, Kothari VK and Patnaik 
A. Effect of process variables and feed-
er yarn properties on the properties of 
core-and-effect and normal air-jet tex-
tured yarns. Textile Research Journal 
2004; 74, 3: 259-264.

24.	Demir A and Behery HM. Synthetic fila-
ment yarn: texturing technology. Pren-
tice Hall, Upper Saddle River, USA, 
1997; p. 128-134.

25.	Foster PW, Aggarwal RJ, Lu BI, Gu-
nasekera USW and Cork CR. A new 
concept in cooler design for false-twist 
texturing systems. Textile Research 
Journal 2002; 72, 7: 567-572.

26.	Eskin N. Analysis of a high temperature 
heater in a false twist texturing process. 
Energy Conversion and Management 
2003;44, 16: 2531-2547.

27.	Gandhi RS, Pal SK and Kothari VK 
Draw-texturing of microfibre polyester 
yarn. Textile Research Journal 1996; 66, 
12: 770-776.

28.	Silva EA, Paiva AP, Balestrassi PP and 
Silva CES. New modeling and process 
optimization approach for the false-twist 
texturing of polyester. Fibres and Tex-
tiles in Eastern Europe 2009; 17, 6(77): 
57-62.

	 Received 01.07.2016 Reviewed 03.08.2016

FIBRES & TEXTILES in Eastern Europe  2016, Vol. 24,  2(116)36

17. Carvalho V, Vasconcelos RM, Soares 
FM, Belsley M. Yarn diameter and lin-
ear mass correlation. Journal of Nonde-
structive Evaluation 2009; 28: 49–54.

18. Caravalho V, Cardoso P, Belsley M, 
Vasconcelos RM, Soares FO. Yarn Ir-
regularity Parameterisation Using Opti-
cal Sensors. Fibres & Textiles in Eastern 
Europe 2009, 17, 1: 26–32.

19. Unal PG, Arikan C, Ozdil N, Taskin C. 
The effect of fibre properties on the 
characteristics of spliced yarns: Part 
II: Prediction of retained spliced diam-
eter. Textile Research Journal 2010; 80: 
1751–1758.

20. Behtaj S, Sadri S, Tavanai H. Objective 
yarn bulk measurement through image 
analysis. Journal of the Textile Institute 
2011; 12: 1094–1100.

21. Majumdar A, Mukhopadhyay S, Yadav 
R, Mondal AK. Properties of ring-spun 
yarns made from cotton and regener-
ated bamboo fibres. Indian Journal of Fi-
bre & Textile Research 2011; 36: 18–23.

22. Yuvaraj D, Nayar RC. A simple yarn hair-
iness measurement setup using image 
processing technique. Indian Journal 
of Fibre & Textile Research 2012; 37: 
331–336.

23 Shady E, Qashqary K, Hassan M, Mil-
itky J. Image Processing Based Method 
Evaluating Fabric Structure Characteris-
tics. Fibres & Textiles in Eastern Europe 
2012; 20, 6A: 86–90. 

24. Rukuižiene Ž, Kumpikaite E. Investiga-
tion of Initial Warp Tension and Weave 
Influence on Warp Yarn Diameter Pro-
jections. Fibres & Textiles in Eastern 
Europe 2013; 21, 5: 43–48.

25 Krupincova G, Drašarova J, Mertova I. 
Evaluation of yarn lateral deformation. 
AUTEX Research Journal 2013; 13, 1: 
17–21.

26. Zhong P, Kang Z, Han, S, Hu R, Pang J, 
Zhang X and Huang F. Evaluation meth-
od for  yarn diameter uneveness based 
on image sequence processing. Textile 
Research Journal 2015; 85: 369–379.

27. Pavko-Čuden A, Stanković Elesini U. 
Yarn diameter in elasticized knitted 
structures. Industria Textila 2013; 64, 6: 
313–320.

28. Pavko-Čuden A. Parameters of com-
pact single weft knitted structure. Part 3, 
Fabric thickness and Knapton constant. 
Tekstilec 2010; 54, 1/3: 5–15.

Received 14.04.2015          Reviewed 27.07.2015

Institute of Biopolymers 
and Chemical Fibres
Laboratory of Microbiology 
ul. M. Skłodowskiej-Curie 19/27, 90-570 Łódź, Poland

Tests within the range of textiles’ 
bioactivity - accredited by  
the Polish Centre of Accreditation 
(PCA):

n antibacterial activity of textiles PN-EN ISO 
20743:20013 

n method of estimating the action of micro-
fungi PN-EN 14119:2005 B2

n determination of antibacterial activity of 
fibers and textiles PN-EN ISO 20645:2006.

n method for estimating the action of micro-
fungi on military equipment  
NO-06-A107:2005 pkt. 4.14 i 5.17

Tests not included  
in the accreditation:

n measurement of antibacterial activity on 
plastics surfaces ISO 22196:2011

n determination of the action of 
microorganisms on plastics PN-EN ISO 
846:2002

A highly skilled staff with specialized education 
and long experience operates the Laboratory. 
We are willing to undertake cooperation within 
the range of R&D programmes, consultancy and 
expert opinions, as well as to adjust the tests 
to the needs of our customers and the specific 
properties of the materials tested. We provide 
assessments of the activity of bioactive textile 
substances, ready-made goods and half prod-
ucts in various forms. If needed, we are willing 
to extend the range of our tests. 

Head of the Laboratory: Dorota Kaźmierczak Ph.D.,  
phone 42 6380337, 42 6380300 ext. 384,  

mikrobiologia@ibwch.lodz.pl or ibwch@ibwch.lodz.pl  

AB 388

Head of the Laboratory: Dorota Kaźmierczak Ph.D.,  
phone 42 6380337, 42 6380300 ext. 384,  

mikrobiologia@ibwch.lodz.pl or ibwch@ibwch.lodz.pl  


