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n Introduction 
The most recent developments in false-
twist texturing have shown that there is 
still considerable potential in the false-
twist texturing process [1-3]. In order to 
increase the texturing speed, the length 
of the heater and the cooler have to be 
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increased in order to heat the yarn suf-
ficiently. As attempts to increase the 
production speed have been made, the 
machines have changed in appearance, 
mainly due to the use of short high-
temperature heaters [4-6]. As texturing 
zones were shortened, the yarn path has 
also improved. High-temperature heaters 
reduce the residence time of the yarn in 
the heater in order to reach the setting 
temperature of the polymer. 

As false-twist draw-texturing is a process 
that includes close interactions between 
machine working parameters and textured 
yarn properties, the effect of process pa-
rameters have so far been widely investi-
gated [7-12]. The most important parame-
ter is the yarn temperature which depends 
on the heater temperature and the speed of 
the yarn as it passes through the heating 
zone. There should be an optimum setting 
temperature for every supply yarn, and 
knowledge of the effects of varying heater 
temperatures on the textured yarn proper-
ties facilitates the easy establishment of 
the desired heater temperature. To ensure 
proper heat setting of the yarn in the twist-
ed state, efficient cooling is necessary to a 
degree that the yarn temperature is below 
100°C before the yarn is untwisted at the 
spindle. The effect of the process vari-
ables by use of a high-temperature heater 
on the mechanical and crimp properties 
of polyester yarn have been investigated 
and published elsewhere [13]. As the ther-
moplastic yarn is subjected to mechanical 
stresses at high temperatures, important 
structural changes take place. Gupta et 
al. have studied the structural changes on 
heat-setting and friction-twisted texturing 
of commercial nylon-6 yarns over a range 
of heater temperature and contact time by 

using a conventional heater [14]. Barnes 
et al. have studied the effects of heating 
time and heater length in false-twist draw-
texturing of nylon 6.6 yarns by using a 
single standard heater [15]. Kveder et 
al. investigated the dynamic mechanical 
properties, superstructure and texturabil-
ity of nylon-6.6 partially oriented yarns 
in order to ascertain the cause of filament 
breakages during industrial texturing [16]. 
In a study by Tavanai et al., a practical 
method of determining the twist levels of 
fine hosiery nylon yarns in false-twist tex-
turing was developed [17]. In this paper, 
the effect of the setting variables, such as 
yarn temperature and texturing speed, on 
the mechanical and structural properties 
of polyamide 6.6 yarns in a false-twist 
draw-texturing machine incorporating 
a high-temperature heater were inves-
tigated. By using this type of heater, a 
very short texturing zone and the required 
yarn temperature could be achieved after 
a short residence time in the heater. Heat 
transfer in the high-temperature heater re-
quires very stable thread travel, as filament 
breakage and fusion of the filaments may 
occur due to thread ballooning. Thread 
tensions and filament break numbers as a 
function of the D/Y ratio was also studied, 
because these influence the stability of the 
texturing process. 

n Materials and Methods 
All texturing processes were carried out 
on a laboratory-type false-twist draw-
texturing machine (Figure 1) with a 
Positorq friction head twisting assembly. 
The machine is able to run at mechani-
cal working speeds of up to 1500 m/min. 
The thread path is linear. A Barmag 
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high-temperature heater with a 1-meter 
length was used. This heater works on 
the convection principle. The yarn is 
guided by means of ceramic guides that 
are placed at the entry and exit of the 
heater. For the cooling of yarns, a cool-
ing plate with a length of 0.8 metre was 
used. The yarn is cooled by the passive 
cooling method through normal contact 
with the cooling plate by heat conduction 
from the yarn into the cooling plate, and 
by normal convection into the surround-
ing air. The polyamide 6.6 yarn samples 
were textured from polyamide 6.6 POY 
with a linear density of 98dtex/17f, and 
textured yarns with a linear density of 78 
dtex/17f were obtained. 3 bobbins were 
produced for each trial, and the tests were 
performed for each bobbin. The mean 
values of the results were taken.

Texturing variables 
Yarn temperature
The texturing trials were performed by 
taking the actual yarn temperature at the 
exit of the heater into consideration. For 
this purpose, the yarn temperature at the 
exit of the heater was measured using a 
Luxtron Transmet model temperature 
measurement system. The temperature 
measurement is based on heat exchange 
by convection between the running 
thread and the measuring head. The 
measuring head consists of two sensors. 
The yarn temperature is calculated by 
the relationship between the heat input, 

heat output and the temperature of two 
sensors. Sensor tolerance in the tempera-
ture measurements was ±3°C. The room 
temperature was 22°C. The heater tem-
perature was varied accordingly in order 
to achieve the desired yarn temperature, 
and the values are given in Table 1. The 
temperature range for the polyamide 6.6 
yarns was 160-220°C. 

Texturing conditions 
The texturing speed was changed be-
tween 600 m/min and 900 m/min. The 
yarn residence time in the heater and in 
the cooling plate also varied accordingly. 
The D/Y ratio, which is the ratio of the 
friction disk surface speed to the forward 
speed of untwisted yarn, was maintained 
at 2.2. Polyurethane discs were used, and 
the draw ratio was maintained at 1.17.

Yarn properties measured 

Yarn properties, including mechanical 
properties such as tenacity, breaking 
elongation, crimp contraction, crimp 
modulus and crimp stability, and struc-
tural properties such as crystalline ori-
entation function, crystal size and the 
crystal perfection index were evaluated. 
During the trials, the number of filament 
breaks were observed using the Enca 
Tecnica Fraytec model filament break 
measurement system.
Tensile tests
The tensile properties, namely tenac-
ity and breaking elongation, were deter-

mined on a Textechno Statimat M ac-
cording to Standard ISO 2062.

Crimp tests 
Crimp measurements were carried out 
according to Standard DIN 53840 [18]. 
Crimp tests were performed on the Tex-
techno Terturmat ME crimp measure-
ment tester. A yarn skein of 2500 dtex 
was dry-heated at 120°C for 10 minutes, 
and was then conditioned in standard 
atmospheric conditions before length 
measurements on the instrument. Crimp 
contraction, crimp modulus and crimp 
stability were calculated from the follow-
ing equations:
Crimp contraction, % 

(E%)= [(lg – lz) / lg] x 100       (1)

Crimp modulus, % 

(K%)= [(lg- lf) / lg] x 100       (2)

Crimp stability, % 

(B%)= [(lg – lb) / (lg – lz)] x 100       (3)

Here, lg is the length with loading at 500 
cN, lz is the length with loading at 2.5 cN, 
lf is the length with loading at 25 cN, and 
lb is the length with loading first at 2500 
cN for 10 seconds and then unloading to 
2.5 cN. 

X-ray diffraction measurements 
The crystalline orientation function and 
the crystal size were measured using a 
Rigaku Dmax III model X-ray diffrac-
tometer. CuKα radiations were used 
along with a Nickel filter for monochro-
mation of x-rays and an alternating volt-
age of 35 kV with an anode current of 
20 mA. For the polyamide, the scanning 
range was 2θ=16°-28° with a 0.05° step 
for equatorial scan and the (200) plane 
was used for azimuthal scanning. 

The crystallite size was measured using 
the Scherrer equation [19]:

C.S.= K λ / β cosθ             (4)

where:
K  - the Scherrer constant (0.9), 
λ  - the wavelength of CuKα X-ray 

(1.54 A), 
β  - FWHM (full width at half maxi-

mum), 
θ  - the Bragg angle. 

The crystalline orientation function was 
measured using the equation:

fc = (180o – FWHM) / 180o           (5)

The Crystalline Perfection Index (C.P.I.) 
of the samples were calculated as:

C.P.I. = (d200 /d002 – 1) / 0.189    (6)

Table 1. Yarn temperature after the cooling plate at different heater exit temperatures and 
contact times in the heater (D/Y: 2.2). 

Yarn 
temperature 
after heating, 

°C

Heater 
temperature, 

°C

Texturing 
speed, 

m/min

Yarn residence 
time in the 

heater, 
s

Yarn residence 
time in the 

cooling plate, 
s

Temperature of the 
yarn at the end of 
the cooling plate, 

°C

160 380 600 0.1 0.08 74

170 415 600 0.1 0.08 75

180 438 600 0.1 0.08 78

190 466 600 0.1 0.08 80

200 476 600 0.1 0.08 83

210 492 600 0.1 0.08 87

220 512 600 0.1 0.08 90

200 500 700 0.085 0.068 91

200 518 800 0.075 0.06 96

200 531 900 0.064 0.053 103

POY

Yarn temperature

Heater
1. Delivery roller Coaling plate

Twisting unit
2. Delivery roller

Winder

T1 T2

Figure 1. False-twist texturing machine for trials. 
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n Results and Discussion 
The tenacity and breaking elongation 
values as a function of yarn temperature 
after heating are shown in Figure 2. The 
tenacity value of textured polyamide 6.6 
yarn increases until 200°C, and lower 
values are obtained at 210°C and 220°C. 
The tenacity increases with the increase 
in temperature, due to the improvements 
in orientation and crystal perfection. The 
breaking elongation decreases. 

Crimp values as a function of yarn 
temperature after heating are shown in 
Figure 3. Crimp contraction and crimp 
stability increase until 200°C, and then 
they begin to decrease. With the increase 
in heater temperature, the heat input in 
the yarn increases, which thereby facili-
tates the mobility of the macromolecular 
chains. The dissolution of hydrogen 
bonds in nylon is also facilitated by the 
increase in heater temperature; conse-
quently, the extent of deformation and 
relaxation experienced by the filaments 
is also greater. Due to more deforma-
tion and better relaxation, more crimping 
occurs in the yarn with the increase in 
heater temperature [21]. Crimp contrac-
tion, which is the reduction in length of 
a textured filament yarn as a result of 
its crimped structure when the crimp is 

developed, increases with the increase 
in yarn temperature. In order to explain 
this, we have to consider two types of 
deformation imposed on the twisted 
continuous filament yarns. One is the 
twist along the length, and the other is 
the bending of some of the filaments so 
that they follow a helical path about the 
yarn axis. As the filaments in the twisted 
yarn migrate in a helix from the yarn 
surface to the yarn centre and back again, 
they are not deformed evenly along their 
length. Those parts of the filaments that 
remain on the yarn axis will be relatively 
straight and are deformed in a torsional 
way. Those on the yarn surface will 
have a helical deformation, the radius 
of which will be equal to the distance 
from the yarn axis, as well as a torsional 
deformation. As the yarn is heated in the 
twisted configuration to set these defor-
mations into the filaments, the twisted 
yarn becomes torque-free. However, as 
the yarn is detwisted, the filaments are 
again restored to a torque-lively condi-
tion. The retractive power of the yarn is 
created mainly by these torsional forces 
when they are relaxed fully, but the ef-
fect of the bending forces in the filaments 
is predominant in the practical relaxation 
range of the yarns. By increasing yarn 
temperature after heating, the helical 
coils are expected to reduce in diameter, 
and also to produce higher recovery force 
in the yarn, because the retractive power 
of a stretched helical spring is inversely 
proportional to the square of its diameter 
[22]. Crimp frequency also increases as 
a result of the diminishing diameter of 
the helices, because the coils increase 
in number as the yarn is untwisted. The 
yarn crimp contraction and bulk will de-
pend on the retractive power, as well as 
on the crimp frequency [23].

By varying the texturing speed, the con-
tact time was varied and the cooling time 
also varied accordingly. The effects of 
texturing speed on the mechanical and 
crimp values of the textured polyamide 
yarn are shown in Figures 4 and 5.

The results of the analysis of variance 
are given in Table 2. From the results, 
it can be seen that the effects of textured 
yarn temperature and texturing speed on 
tenacity, breaking elongation and the 
crimp values are significant. 

The temperature of the yarn at the end 
of the cooling plate increases as the 
texturing speed increases. The yarn 
temperature must be decreased to a tem-
perature as close as possible to the glass 
transition temperature (Tg), so the yarn 
speed should be selected accordingly to 
obtain sufficient cooling. Setting occurs 
in cooling, and an efficient cooling, to a 
degree that the yarn temperature is below 
100°C before the yarn is untwisted at the 
spindle, is necessary [24]. The cooling 
of the yarn is obtained by the passive 
cooling method through normal contact 
with the cooling plate by heat conduction 
from the yarn into the cooling plate and 
by normal convection into the surround-
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Figure 2. The effect of yarn temperature 
after heating on tenacity and breaking 
elongation (D/Y: 2.2, texturing speed: 600 
m/min) [20]. 

Figure 3. The effect of yarn temperature 
after heating on crimp properties of textured 
polyamide 6.6 yarn (D/Y: 2.2, texturing 
speed: 600 m/min) [20]. 
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Figure 4. The effect of texturing speed on the 
tenacity and breaking elongation of textured 
polyamide yarns (D/Y: 2.2, yarn temperature 
after heating: 200°C). 

Figure 5. The effect of texturing speed on 
the crimp properties of textured polyamide 
yarns (D/Y: 2.2, yarn temperature after the 
heating: 200°C). 

Table 2. Statistical analysis of variance results (F0.05;6,14=2.86; F0.01;6,14=4.46; 
F0.05;3,8=4.07; F0.01;3,8=7.69). 

Parameter Textured yarn temperature Texturing speed

Tenacity 46.57 > 4.46 > 2.86 11.14 > 7.69 > 4.07

Breaking elongation 58.1 > 4.46 > 2.86 20.69 > 7.69 > 4.07

E % 62.43 > 4.46 > 2.86 13.35 > 7.69 > 4.07

K % 37.27 > 4.46 >2.86 12.18 > 7.69 > 4.07

B % 28.54 > 4.46 > 2.86 26.12 > 7.69 > 4.07



FIBRES & TEXTILES in Eastern Europe   April / June 2004, Vol. 12, No.  2 (46)26 27FIBRES & TEXTILES in Eastern Europe     April / June 2004, Vol. 12, No.  2 (46)

ing air. The higher the speed, the more 
important is additional forced cooling. It 
should be noted that, in these trials, the 
length of the cooling bar is 0.8 metres, 
which is a very short length. Forced cool-
ing would provide lower temperatures at 
the entrance to the twisting aggregate. 

An increase in the texturing speed, which 
corresponds to a decrease in contact time 
in the heater and in the cooling plate, 
decreases tenacity, crimp contraction, 
crimp modulus and crimp stability. As 
the contact time increases, higher thermal 
input is achieved and there is more time 
for crystallisation. In addition, the con-
tact time in the cooling plate and cooling 
time also increases. This leads to more 
efficient cooling and setting of crimp in 
the textured yarn. In a simulation pro-
gramme by Wulfhorst & Meier, the theo-
retically shortest possible heating times 
were found as a function of polymer and 
yarn denier. For polyamide 6.6, this min-
imum heating time ranges between 3 ms 
and 15 ms for yarn fineness ranges of 20 
dtex and 100 dtex respectively. The heat-
ing times for the conventional contact 
heaters used at present are between 200 
and 250 ms [4]. In our trials, the heating 
times ranged between 64 and 100 ms. 

Barnes & Morris [15], in their investiga-
tion of the effects of heating time and 
heater length in the processing of nylon 
6.6 yarns, draw-textured 96 dtex/34 fil 
nylon 6.6 yarns and obtained a textured 
yarn fineness of 78 dtex/34 fil. using 
a standard heater of 1-metre length, a 
water-cooled cooling plate of 1-metre 
length and a Positorq friction twisting 
unit. Texturing speeds ranged between 
100 and 600 m/min, so yarn dwell times 
ranged between 0.6 and 0.1 seconds re-
spectively. It was observed that the high 
speeds clearly reduced the crimp stabil-
ity, especially at lower processing tem-

peratures. A setting time of no less than 
0.2 seconds and temperatures as high as 
practicable were found to be necessary in 
order for the draw-textured yarn to retain 
a good proportion of its crimp in fabric 
manufacture, dyeing and finishing. In 
our trials, the dwell time ranged between 
0.1-0.064 seconds, and acceptable levels 
of crimp stability were achieved even at 
0.064 seconds at a textured yarn tempera-
ture of 200°C.

As the working principle of friction 
draw-texturing is based on surface 
friction between the yarn and the disc, 
this results in filament damage. Broken 
filaments are one of the main problems in 
friction draw-textured yarns [8]. In order 
to investigate the occurrence of broken 
filaments, the yarn tensions and number 
of filament breaks at different D/Y ratios 
and at two different yarn texturing speeds 
are given in Table 3.

It can be seen from Table 3 that as the 
D/Y ratio decreases, the tension of the 
yarn after the friction discs increases, and 
the number of filament breaks increases. 
At a low D/Y ratio, the ratio of disc speed 
to yarn speed decreases, and the yarn is 
stretched between the false-twisting 
device and the exit roller. Therefore the 
T2 value increases. As the D/Y increases, 
the forwarding action of the aggregate 
increases, and the tension ratio defined as 
T2/T1 moves to less than one, providing 
that the yarn is being effectively overfed 
by the aggregate. The D/Y ratio generally 
falls within the region of 1.4 to 3.0 for 
most existing systems [23]. The higher 
the D/Y, the higher the disk speed in 
relation to the yarn speed, and so more 
torque is transferred to the yarn. This 
leads to more twist in the yarn. However, 
after a point, more slippage between yarn 
and disk occurs, resulting in the increas-
ing instability of the texturing tension. 

Therefore, the upper limit of the D/Y ra-
tio also has to be chosen carefully. 

In a comparison of the surging speed 
limits between a conventional heater and 
a high-temperature heater for draw-tex-
turing polyamide 6.6 yarns, the surging 
speed limit was found to be 900 m/min 
for a conventional heater, whereas it was 
found to be 1100 m/min for a high-tem-
perature heater for 78 dtex polyamide 
6.6 yarns. Also, lower texturing tensions 
were obtained due to the straight and 
shorter yarn path [25].

The changes in crystalline orientation 
function (fc), crystallite size and crystal 
perfection index with the temperature 
of the yarn after the heater are given in 
Figures 6, 7 and 8 respectively. 

Table 3. The T1 and T2 tensions (tensions before and after friction discs, respectively) of 
polyamide 6.6 yarn textured at different D/Y ratios and at two texturing speeds, T2/T1 ratio 
and number of filament breaks (yarn temperature after the heater: 200°C).

Yarn texturing 
speed, m/min D/Y

Yarn tension
T2/T1

Number of filament 
breaks/10 kmT1 , g T2 , g 

600 2.2 16 10 0.62 0

600 2.0 16 11 0.69 1

600 1.8 16 12 0.75 1

600 1.6 16 16 1.00 3

700 2.2 16 9 0.56 0

700 2.0 16 11 0.69 1

700 1.8 17 14 0.82 2

700 1.6 20 18 0.90 4
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Figure 6. Change of crystalline orientation 
function with the yarn temperature after 
heating (D/Y: 2.2, texturing speed: 600 
m/min). 

Figure 7. Change of crystallite size 
(Angstrom) with yarn temperature after 
heating (D/Y: 2.2, texturing speed: 600 
m/min). 

Figure 8. Change of Crystal Perfection 
Index (C.P.I.) with yarn temperature after 
heating
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In Figure 6, it can be seen that the 
crystalline orientation function of the 
yarn increases with the increase in the 
yarn temperature after heating within 
the temperature range between 160 and 
200°C. This effect is significant (F0=22 > 
F0.05;6,14=2.86; F0.01;6,14=4.46). With an 
increase in temperature for any contact 
time in the heater, the heat input in the 
yarn increases, and the mobility of the 
macromolecular chains is facilitated. As 
the temperature increases, intermolecu-
lar forces become weak. Therefore, the 
flexibility of the macromolecules and 
the motion of structural elements in-
crease. As the stiffness of the filaments 
will be lower, the crystallites will align 
more easily [8]. It is expected that while 
drawing above the glass transition tem-
perature, the molecular chains will tend 
to align the crystallites along the axis, 
resulting in an improvement in molecu-
lar orientation. The orienting influence 
of the tensile force, due to the applied 
draw ratio, will enhance the molecular 
orientation. [11]. These results also cor-
relate well with the tenacity values of the 
textured samples.

The crystalline orientation function of 
textured polyamide yarns increase with 
the increase in yarn temperature until 
200°C, and they decrease at 210 and 
220°C. These values also correlate well 
to the tenacity values at the correspond-
ing temperatures. In considering this 
trend in crystalline orientation func-
tion, the changes in the fine structure of 
polyamide yarns upon heat-setting under 
tension should be taken into account. At 
temperatures above 140°C, moisture is 
rapidly desorbed from the polyamide, 
and the formation of new amide-amide 
interactions can occur comparatively un-
hindered by the presence of water mol-
ecules when the segments of two parallel 
chains come into close proximity. In this 
way, a slight increase in the total order 
in the structure occurs. At temperatures 
of about 200°C, the rotational energy of 
molecular segments not bonded to one 
another is sufficient to permit the chains 
to attain a random coil configuration 
with the lowest entropy state, and this 
will introduce contractive forces in the 
structure. At the same time, this tempera-
ture is not sufficiently high to cause any 
extensive rupture in the partly and fully 
ordered regions. The result is an increase 
in the orientation of the ordered regions 
when the fibre is under tension during 
dry-heat setting. At higher temperatures, 

the partly ordered regions undergo a form 
of melting, and disorientation occurs [26]. 

The crystallite size at (002) plane increases 
by the increase in temperature until 200°C, 
and decreases at 210-220°C. The results 
are significant (F0=22.67 > F0.05;6,14=2.86; 
F0.01;6,14= 4.46) A random pattern is ob-
served for the (200) plane. 

At increased temperatures, the C.P.I. 
increases, but it shows a slight decrease 
at 210 and 220°C. The change of crystal 
perfection index with textured yarn 
temperature is significant, as Fo=10.2 > 
F0.05;6,14=2.86; F0.01;6,14=4.46). 

The reason that bigger crystals are obtained 
at higher temperatures is that smaller, 
imperfect crystals grow easily at higher 
temperatures. These smaller, imperfect 
crystals then melt, and so ultimately the 
growth of bigger crystals is facilitated at 
higher temperatures [7]. From these results, 
it was found that crystalline orientation 
function and crystal size increase as the 
temperature increases. The crystal size and 
C.P.I. showed a maximum at 200°C, and at 
210°C and 220°C they tended to decrease.

Gupta et al. [27] assumed that the forces 
acting on the yarn during texturing are the 
determining parameters for the structural 
changes taking place. The yarn is subjected 
to a tensile force and friction torque at 
texturing. In addition, the contractile stress 
is applied on the yarn as the main internal 
stress that arises within the fibre due to tex-
turing, since the thermoplastic yarn is heat-
ed above the glass-transition temperature. 
These forces are acting on the yarn at the 
texturing temperature, and at this tempera-
ture some melting of crystallites followed 
by recrystallisation occurs. It is assumed 
that in the twisted form of the yarn, the 
nuclei for the recrystallisation will also be 
oriented in this form, and that the crystal-
lites grown from these nuclei will therefore 
be bent and twisted. The same force will be 
applied in the opposite direction at the de-
twisting stage, but at a lower temperature, 
probably close to the glass-transition tem-
perature. The crystallites would become 
relatively rigid, since they have been set to 
a great extent at this stage. Consequently, 
the detwisting force would further distort 
the crystallites. 

In a comparison of the structural changes 
in heat-set and textured samples, it was ob-
served that in heat-setting, the filament is 
under tension only, and therefore recrystal-

lisation under tensile stress takes place. 
In texturing, bending and torsional 
forces are also present in addition to 
the tensile force, and these forces will 
not allow crystallinity to develop to the 
same extent as in the case of heat-set 
filaments. This is because simple ten-
sion will assist in the formation of a 
lattice, while bending and torsion will 
tend to distort the lattice [14]. 

Statton [28] has investigated the ef-
fect of tension on annealing of fibres. 
It is reported that when the fibre is 
heated, the intermolecular bonds with 
the most energy will melt, and the 
short-length molecule will move from 
more stable inter-molecular bonds, 
which will provide better perfection 
of the crystals. The local melting will 
allow recrystallisation into folded 
segments, following the folds that are 
already present as nuclei for crystal-
lisation. The amount of tension during 
heat treatment greatly influences the 
amount of refolding. Tension inhibits 
the refolding process, and also disrupts 
the crystal perfection during annealing 
treatment. Fibre heated at high tension 
restricts the growth of large and perfect 
crystals, and the degree of crystallinity 
is low. Therefore, in our textured sam-
ples crystal growth and crystal perfec-
tion is not as high as could be expected 
from heat-setting. 

n Summary and Conclusions 
Polyamide 6.6 yarns were textured 
on a false-twist draw-texturing ma-
chine. We produced textured yarns 
with acceptable crimp and mechanical 
qualities with a laboratory false-twist 
texturing system equipped with a 
high-temperature heater. The required 
heater residence time was thus reduced 
to as short as 0.064 seconds for polya-
mide 6.6 yarn of 78 (final) dtex. As a 
high-temperature heater was used, the 
texturing speeds were higher and yarn 
dwell times in the heater were shorter 
when compared with conventional 
heaters. In contact heaters, the heat-
ers have become very long in order to 
increase speed, and the long process 
path causes rapid changes in threadline 
tension to occur. The increased speed 
potential is one of the benefits of this 
heating technology. With the increase 
of heat transfer effectiveness in the 
heating zone, the yarn residence time 
requirement can be decreased. 
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With these shortened heater and cooler 
zones, a straight yarn path arrangement 
became possible, resulting in a reduc-
tion of threadline instability due to the 
reduced torque required for texturing. 

The effect of temperature and texturing 
speed (as well as dwell time in the heater) 
on the mechanical and structural proper-
ties were as follows. It was seen that as 
the temperature of the yarn after heating 
increases, so do the tenacity, crimp val-
ues, crystalline orientation function and 
crystal size. The crystal perfection also 
improves. Texturing at 200°C gives the 
highest tenacity and crimp values. How-
ever, the tenacity, crimp contraction and 
crimp stability together with the crystal-
line orientation function, crystal size and 
C.P.I. decrease at 210°C and 220°C. 

The texturing speed determined the dwell 
time of the yarn in the heater; and as tex-
turing speed increases, the yarn residence 
time in the heater decreases. This leads to 
a decrease in crystalline orientation func-
tion and crystal size for polyamide yarn, 
due to the fact that the time of heat setting 
is decreased. 

With an increase in the D/Y ratio, broken 
filaments decreased, as an increased D/Y 
ratio helps to stabilise the texturing proc-
ess. Therefore, we can state that a proper 
D/Y ratio must be selected in order to 
obtain acceptable levels of broken fila-
ments. 

In contact heaters, the actual yarn tem-
peratures are significantly less than the 
heater temperature, reflecting the prob-
lem of heat transfer to a rapidly moving 
threadline. One important point to be 
recommended when working with high-
temperature heaters is that the measure-
ment of actual yarn temperature is very 
important. Therefore, an instrument for 
temperature measurement would be de-
sirable for producers of textured yarn. 

Processing with a high-temperature 
heater did not necessarily improve tex-
tured yarn characteristics; however, due 
to the straight and shorter yarn path, 
we obtained lower texturing tensions, 
and as a result the speed limits could be 
increased while maintaining the same 
textile characteristics. 
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