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B Introduction

As fibres, staple or filament are formed
into yarns, twist is added to hold the fi-
bres together [1]. Another purpose of
twisting is to improve tenacity, especially
of staple yarns. The twist level can be
low, medium or high depending on the
properties of the fibres which form the
yarn and properties of fabric made of this
yarn. If the twist level is low, the yarn
can break under tension without any fibre
breakages. The yarn diameter decreases
as twist is added, because lateral forces
act to compress the strand and bring the
fibres closer together. As the fibres are
pressed together, it is harder for them to
slip and it is difficult to break the yarn
twisted [2]. Fibre to fibre friction is en-
hanced with an increase in the twist and
the yarn gets stronger and tighter [1].
However, since the torque generated dur-
ing twisting increases as the twist coef-
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ficient increases, tension on the yarn in-
creases as well.

Tensions which occur during the spinning
create tensions inside the yarns which re-
sult in untwisting, kinking and snarling
of the yarns during unwinding. This situ-
ation is called the twist_liveliness of the
yarn and all the snarls that occur cause
yarn breakages, skewness problems in
woven fabrics and spirality problems
in knitted fabrics during the subsequent
processes, which decrease the quality of
the fabrics [3 - 6, 31].

To improve the resistance of the yarn to
untwisting and snarling, it is necessary to
fix the twist, i.e. to bring the yarn into a
stabilised state. Stabilisation is achieved
by two methods: firstly by assembling
and twisting two or more pre-twisted
yarns. In this case, the second twist is di-
rected opposite to that of the first and the
double-twist yarn achieves stabilisation
since the yarns assembled are balanced
during the second twisting. This method
is largely used when manufacturing cord
and some other industrial twisted yarns.
The second and most widely used one
today is setting the twist using various
processes. The twist setting eliminates
tension caused by twisting in the yarns,
i.e. neutralises the forces that cause resil-
ient and elastic deformations. The sim-
plest and most widely used method for
fixing the twist is to apply water or steam
on the twisted yarns at high temperatures
[5]. Today this process is carried out with
saturated steam in vacuum environments
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at temperatures below 100 °C for natural
yarns (on vacuum steaming machines).
Heat setting in a vacuum environment
fixes permanent twists in yarns, thereby
avoiding or minimising all the above-
mentioned problems [31].

A review of the textile literature re-
vealed that studies were performed to
investigate the twist liveliness tendency
of yarns and factors affecting yarn twist
liveliness [7 - 14]. Also in some studies
mathematical models were devised for
yarn twist liveliness [15, 16]. Some other
studies focused on the measurement and
evaluation of twist liveliness by means
of image analysis [17, 18]. Besides this,
there were some studies investigating the
effects of twist liveliness on woven fabric
distortion [19]

Vacuum steaming is the most widely
used method for decreasing twist liveli-
ness values. However, this study differs
from others in that it investigates the ef-
fects of vacuum steaming parameters on
twist liveliness values. In addition, the ef-
fects of raw materials, twist coefficients,
and yarn linear density on twist liveliness
values of staple cotton, viscose and poly-
ester yarns were investigated.

B Experimental

In this study 100% cotton, 100% vis-
cose and 100% polyester yarns were
used. The numbers and twist coefficient
values of these yarns are given in 7a-
ble 1. Yarn linear denisties were selected
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Table 1. Characteristics of yarns and vacuum steaming process parameters applied to the

staple yarns.

Raw material Twist coefficient Yarnt::unt,
100% Cotton, _ 37
100% Viscose | %= 38 48,67 20

o _ 37
100% Polyester oy = 38, 48, 67 20

Vacuum steaming Vacuum steaming
temperature, °C duration, min
70 30
80 40
90 50
90 40
100 50
110 60

Figure 1. Kringel Factor Meter Test Equipment [24].
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Figure 2. Average twist liveliness values for staple yarns before vacuum steaming.

from the values widely used in spinning
plants. However, when selecting twist
coefficients, in addition to those which
are widely used at textile plants such as
o¢ = 38 and oy = 48, a high twist coeffi-
cient (0oy = 67) was also chosen because
it is the most important factor affecting
twist liveliness values.

The fineness and length of the viscose
and staple polyester fibres used were
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1.32 dtex, and 38 mm, respectively. The
2.5% length in mm, uniformity in %,
micronaire value, and tenacity in cN/tex
values of the cotton fibres used in this
study were 28.2 mm, 82.5%, 4.4 micro-
naire, and 31.1 cN/tex, respectively.

The yarns were subjected to vacuum
steaming under the conditions given in
Table 1 in order to examine the effects of
the temperature and duration. The vacu-

um steaming temperatures and durations
used in this study were determined by tak-
ing into account those employed at textile
plants and those given in the catalogues
and documents of vacuum steaming ma-
chine manufacturers [20 - 22, 32, 33].

Cotton, viscose and staple polyester
yarns were subjected to vacuum steam-
ing on an Obem (Italia), a vacuum steam-
ing machine which operates on a direct
method and provides 75% vacuuming.
The processes given below were fol-
lowed while subjecting cotton, viscose
and polyester yarns to vacuum steaming
on steaming machines [23].

1. Initial vacuum: 2 minutes, - 0.08 MPa

2. Heating: Duration varies depending
on the heat desired

3. Waiting period: 30, 40, 50 and 60 min-
utes for cotton and viscose yarns 40,
50 and 60 minutes for staple polyester
yarns 30, 45, and 60 minutes for poly-
ester filament and polyamide 6 yarns

4. Vacuum balance: 2 minutes
at- 0.08 MPa

Twist liveliness values of the yarns were
measured on a Keissokki Kringel Factor
Meter. Five measurements of twist live-
liness were taken for each yarn and the
values obtained were expressed as Kr
[24]. Measurements of twist liveliness
values of the yarns were made according
to instruction manual no. 507-70011 of
Kringel Factor Meter testing equipment
(Figure I). Parts between the lines on the
test equipment were numbered between
0 - 10 and each unit was divided into five
parts. Each line indicates a 0.2 value. The
more twists the yarn has, the higher its Kr
value is [24].

Twist liveliness values of each yarn
were measured before and after vacuum
steaming in order to calculate percentage
changes which occur in twist liveliness
values of yarns after vacuum steaming.

All the yarns were conditioned for
24 hours under standard atmospheric con-
ditions (20 £ 2 °C and 65 + 2% humidity)
before these measurements were taken.

The effect of vacuum steaming parame-
ters (temperature and duration) and twist
coefficient on the twist liveliness values
were evaluated by means of SPSS statis-
tics software using variance analysis at a
5% (0.05) level of significance.
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Table 2. Changes in twist liveliness of cotton, viscose and staple polyester yarns after vacuum steaming.

Changes in Kr value, %

Changes in Kr

Tw_is't Vacuum steaming Vacut.'lm Vacuum steaming Vacuqm value, %
coefficient temperature, stee_xmmg' Cotton Viscose temp, °C stez_zmlng_ Staple polyester
(ag), - °C duration, min duration, min
37 tex 20 tex 37 tex 20 tex 37 tex 20 tex
30 -25.8 -39.2 -90.4 -88.6 40 -57.3 -64:0
70 40 -34.9 -40.8 -91.1 -90.1 90 50 -70.4 -45.4
50 -27.6 -36.5 -81.6 -80.1 60 -68.8 -66.3
30 -36.5 -35.0 -90.2 -84.3 40 -68.0 -66.5
38 80 40 -37.1 -31.7 -86.2 -88.0 100 50 -72.4 -69.1
50 -38.7 -37.8 -87.0 -83.3 60 -72.7 =771
30 -30.4 -34.4 -75.2 -78.9 40 -77.5 -80.9
90 40 -32.3 -37.8 -87.7 -88.4 110 50 -77.0 -77.5
50 -31.8 -37.0 -93.5 -95.0 60 -76.8 -60.1
30 -31.4 -40.0 -92.3 -93.0 40 -58.2 -65.9
70 40 -27.1 -42.8 -94.6 -92.9 90 50 -52.2 -52.9
50 -34.0 -41.5 -81.9 -79.7 60 -57.6 -54.2
30 -24.1 -39.1 -89.8 -91.1 40 -74.6 -70.6
48 80 40 -32.6 -43.9 -89.0 -89.6 100 50 -68.9 -68.9
50 -35.6 -42.3 -80.6 -83.1 60 -69.5 -70.9
30 -25.9 -39.1 -83.0 -83.8 40 -78.8 -78.2
90 40 -38.6 -41.2 -90.6 -88.4 110 50 -80.2 -75.4
50 -29.6 -37.4 -94.5 -93.7 60 -72.2 -70.5
30 -39.9 -40.0 -92.6 -93.9 40 -56.5 -45.1
70 40 -38.9 -35.7 -91.5 -95.2 90 50 -60.5 -57.6
50 -34.2 -34.3 -88.1 -87.2 60 -49.2 -46.3
30 -37.1 -40.3 -91.1 -93.6 40 -60.1 -57.9
67 80 40 -38.3 -31.2 -91.9 -94.4 100 50 -61.4 -62.1
50 -35.5 -45.9 -90.3 -83.2 60 -61.4 -66:0
30 -40.0 -40.1 -83.6 -86.4 40 -75.4 -73.3
90 40 -48.9 -45.3 -92.5 -92.0 110 50 -68.4 -66.0
50 -44.6 -41.0 -94.8 -93.6 60 -67.0 -65.3

I Results and discussion

In this section, the effects of vacuum
steaming parameters (temperature and
duration), raw material, twist coefficient
and yarn count on yarn twist liveliness
values were investigated.

Effects of raw material on twist
liveliness before vacuum steaming

According to the results given in Fig-
ure 2, cotton, viscose and polyester yarns
with the same count and twist coeffi-
cients have different twist liveliness val-
ues. Viscose yarns have the lowest twist
liveliness values, whereas the polyester
yarns have the highest . These differences
result from those in the bending and twist
rigidities of fibres in these yarns. Bend-
ing and twist rjgidities of yarns depend
on the elasticity modulus, shape, thick-
ness and inner structure of the fibres
which form these yarns. The elasticity
modulus is governed by the intrinsic na-
ture of the fibre’s substance, i.e. the ar-
rangement of atoms in the molecule, the
amount of crystallinity, and molecular
orientation [25 - 27].

As the rate of crystalline regions in the
molecular structure of the fibre increases,
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its modulus and stiffness increases as
well [26, 27]; therefore, the bending and
twisting capacities of the fibre decrease.
However, as the rate of the amorphous
regions in the fibre increases, its elastic-
ity modulus decreases, thereby increas-
ing its bending and twist capacities [27].
As for the molecular structures of cotton,
viscose and polyester yarns, it is known
that the rate of the crystalline regions in
the viscose yarns are at the lowest level,
while the rate of crystalline regions in the
polyester yarns are at the highest level.
Hence the twist livelines value of poly-
ester yarn is the highest, whereas that of
viscose yarn is the lowest.

Effect of twist coefficient on twist
liveliness before vacuum steaming

As can be seen from Figure 2, cotton,
viscose and staple polyester yarns with
o¢ = 38 have the lowest twist liveliness
values, whereas those with oy = 67 have
the highest . Since the yarn tension rises
as the twist coefficient of the yarn in-
creases, the twist liveliness of the yarns
is expected to increase [25, 28]. Hence,
as the number of twist in staple yarns
increases, the twist liveliness values of
these yarns increase as well [6].

Effect of yarn count on twist liveliness
before vacuum steaming

From the graphics in Figure 2, it can be
seen that the thicker cotton, viscose and
staple polyester yarns get, the higher
their twist liveliness values are. As yarns
with the same twist coefficient get thick-
er, the torque generated in them during
twisting increases. Thus tensions capable
of producing kinks and snarls in yarns are
greater [28 - 30].

Effects of vacuum steaming
parameters (temperature and
duration) on twist liveliness after
vacuum steaming

Due to the effects of saturated moisture
used in vacuum steaming, all yarns be-
come more extensible, with the modu-
lus becoming smaller and elongation at
break greater. Besides this, increases in
vacuum steaming temperatures result in
lower stiffness [29]. Twist liveliness val-
ues of yarns decrease because of the ef-
fects of the moisture and temperature of
vacuum steaming, as seen in Table 2.

Table 3 (see page 52) indicates that in-
creases in vacuum steaming tempera-
tures decrease the twist liveliness values
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Table 3. SNK test results for cotton, viscose and staple polyester yarns; The values 1, 2,
3 in parentheses denote that twist coefficient, vacuum steaming temperature and vacuum
steaming duration have different degrees of effectiveness on yarn twist liveliness. (3 denote

the highest average value and 1, the lowest average value).

Twist liveliness (Kr value)

Parameter Factor Cotton Viscose Staple polyester
37 tex 20 tex 37 tex 20 tex 37 tex 20 tex
_ N 38 3.39(1) | 3.17(2) | 0.61(2) | 0.59(2) @ 2.03(1) & 2.14(1)
Twist (?)eff'c'e“t 48 3.76(3) | 3.07(1) | 060(2) @ 0542) @ 229(2) | 2.22(2)
v 67 3.67(2) | 3.35(3) | 0.48(1) | 0.47(1) @ 3.003) | 2.99(3)

70 3.75(3) | 3.24(2) | 0.53(1) | 0.53(1) - -

_ 80 3.58(2) | 3.21(2) | 0.58(1) | 0.56(1) - -
V;";:;(’;;ffe’,“jgg 90 3.49(1) | 3.13(1) | 0.59(1) | 0.51(1) | 3.04(3) | 3.13(3)
100 - - - - 2.39(2) | 2.26(2)
110 : - - 1.90(1) | 1.96(1)
_ 30 3.76(2) | 3.18(1) | 0.61(2) | 0.54(2) @ 2.43(1)  2.35(1)
V“;ﬂ:‘a’;‘i:;?fn"i‘l']"g 40 3.53(1) | 3.18(1) | 0.46(1) | 0.43(1) @ 2.39(1) | 2.53(2)
50 3.53(1) | 3.22(1) | 0.62(2) | 0.63(3) @ 2.50(2) @ 2.47(2)

of cotton and staple polyester yarns but
creates no significant change in the twist
liveliness value of viscose yarn. Hence,
vacuum steaming needs to be performed
at 90 °C for cotton and staple polyester
yarns but at 70 °C for viscose yarns in or-
der to avoid or minimise twist liveliness
related problems likely to occur during
the subsequent manufacturing processes.

When the effect of vacuum steaming
duration is taken into consideration (7a-
ble 3), subjecting staple yarns to vacuum
steaming for 40 minutes was seen to be
sufficient in terms of low twist liveliness
values. Vacuum steaming for 50 and 60
minutes did not provide any advantage
for these yarns.

Yet today in textile plants, the vacuum
steaming process for polyester yarns is
generally applied at 120 or 130 °C for
60 minutes. Therefore measuring the
twist liveliness of yarn before and after
vacuum steaming, and determining vacu-
um steaming process parameters such as
temperature and duration in dependence
on these measurements will help textile
plants to reduce unnecessary energy con-
sumption resulting from high tempera-
ture and long duration.

M Conclusions

The following results were obtained from
this study, which aimed to investigate the
effects of vacuum steaming on twist live-
liness values of the yarns used.
Twist liveliness values of yarns were
observed to be change according to
their raw materials. Twist liveliness
values of viscose yarns were found
to be the lowest when compared with
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those of cotton and polyester yarns.
Staple polyester yarns achieved the
highest twist liveliness values.

As yarns with the same twist coeffi-
cients got thicker, their twist liveliness
values were found to become greater.

It was observed that when the yarn
tension rises as the twist coefficient
of the yarn increases, twist liveliness
values of staple yarns increase.

It was also found that vacuum steam-
ing cotton and staple polyester yarns
at 90 °C’ and viscose yarns at 70 °C’ is
sufficient to produce low twist liveli-
ness values.

Subjecting staple yarns to vacuum
steaming for 40 minutes was seen to
be sufficient in terms of low twist live-
liness values.

As a result of vacuum steaming at
three different temperatures and for
three different durations, the twist
liveliness values decrease by between
24.09% and 48.84% for cotton yarns,
75.2% and 95.2% for viscose yarns,
and by 45.1% and 80.9% for poly-
ester staple yarns, (7Table 2). Hence
vacuum steaming is a very important
method that is employed to decrease
yarn twist liveliness values, resulting
in minimising many related problems
such as yarn breakages, the spirality
of knitted clothes, skewness in woven
cloths and bobbin deformation which
may occur during subsequent pro-
cesses.

Yarn twist liveliness, which is likely to
create problems during the manufactur-
ing process, needs to be measured as one
of the yarn quality parameters, such as

yarn count, twist number and yarn tenac-
ity, and the vacuum steaming tempera-
ture and duration should be determined
according to these measurements. Vac-
uum steaming performed at proper tem-
perature and for a proper duration helps
decrease the spirality of knitted clothes,
the skewness of woven clothes and dye-
ing abrasion.
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INSTITUTE OF BIOPOLYMERS
AND CHEMICAL FIBRES

LABORATORY OF BIODEGRADATION

The Laboratory of Biodegradation operates within the structure of the
Institute of Biopolymers and Chemical Fibres. It is a modern laboratory with
a certificate of accreditation according to Standard PN-EN/ISO/IEC-17025:
2005 (a quality system) bestowed by the Polish Accreditation Centre (PCA).
The laboratory works at a global level and can cooperate with many institu-
tions that produce, process and investigate polymeric materials. Thanks to
its modern equipment, the Laboratory of Biodegradation can maintain coop-
eration with Polish and foreign research centers as well as manufacturers
and be helpful in assessing the biodegradability of polymeric materials and
textiles.
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The Laboratory of Biodegradation as-
sesses the susceptibility of polymeric and
textile materials to biological degradation
caused by microorganisms occurring in the
natural environment (soil, compost and wa-
ter medium). The testing of biodegradation
is carried out in oxygen using innovative
methods like respirometric testing with the
continuous reading of the CO» delivered. The laboratory’s modern MICRO-
OXYMAX RESPIROMETER is used for carrying out tests in accordance
with International Standards.

The methodology of biodegradability testing has been prepared on the
basis of the following standards:

testing in aqueous medium: 'Determination of the ultimate aerobic
biodegrability of plastic materials and textiles in an aqueous medium.

A method of analysing the carbon dioxide evolved’ (PN-EN ISO 14 852:
2007, and PN-EN ISO 8192: 2007)

testing in compost medium: 'Determination of the degree of disinterga-
tion of plastic materials and textiles under simulated composting condi-
tions in a laboratory-scale test. A method of determining the weight loss’
(PN-EN ISO 20 200: 2007, PN-EN ISO 14 045: 2005, and PN-EN ISO

14 806: 2010)

testing in soil medium: 'Determination of the degree of disintergation of
plastic materials and textiles under simulated soil conditions in a labora-
tory-scale test. A method of determining the weight loss” (PN-EN 1SO 11
266:

1997, PN-EN ISO 11 721-1: 2002, and PN-EN
PCA

S, 150 11 721-2: 2002).

0

roym e iE:\ME 5’:_
QC’ ’,//'—/—_‘\‘\‘\‘ The following methods are applied in the as-
b7 o e . .
aaDANIA “iafyy sessment of biodegradation: gel chromatography

AB 388 (GPC), infrared spectroscopy (IR), thermogravi-
metric analysis (TGA) and scanning electron microscopy (SEM).

Contact:

INSTITUTE OF BIOPOLYMERS AND CHEMICAL FIBRES
ul. M. Sktodowskiej-Curie 19/27, 90-570 t6dz, Poland
Agnieszka Gutowska Ph. D.,
tel. (+48 42) 638 03 31, e-mail: lab@ibwch.lodz.pl
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