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The pyhsical properties, which are important for
the textile use, of the PET polyester fibres produced
in Turkey were investigated. They were namely the
elastic properties like tensile strength, elongation at
break, tensile, bending and torsional moduli, and

the properties related to the inner structure such as

density, melting point, viscosity, birefringence and
crystallinity.

Samples of PET - polyester fibres from POY and flat
(straight filament) yarns of six main producers of
Turkey were used for determinations. The degree of
crystallinity was estimated on the basis of the densi-
ty measurements.

It was found that the main physical properties of
the polyester fibres from POY and flat yarns pro-
duced in Turkey were smilar to those produced
elsewhere except that slightly lower young modulus
and crystallinity in both POY and flat yarns were
found.

1. INTRODUCTION

About 20 % of the world fibre production is com-
prised of polyester fibre production which is around
9 million tons per year. Because of the limitations
in increasing the natural fibre production of the
world, it is excepted that the man-made fibre pro-
duction will maintain its annual growth trend of 4-
6 %. Thus the investigation of the properties and
prospects of the polyester fibres will be of continu-
ous interest.

PET - polyester fibre production was started in
Turkey in 1968 as the production of continuous fila-
ment yarn. There are now eight plants, six of which
are in operation. Table 1 shows the production of
polyester fibre in Turkey for the period 1984-1989.
Polyester is also exported both as fibre and as contin-
uous filament yarn from Turkey, wheereas a certain
amount is also imported each year. The foreign
trade of polyester fibre of Turkey is also shown in
Table 1 for the period 1984-1989. It is, therefore, im-
portant that the polyester fibre produced in Turkey
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has the properties, which are important for textile
use, comparable with those of produced elsewhere.

There has not, however, been no survey or de-
tailed research published on the properties of the
polyester fibres produced in Turkey. It has, thus,
been the primary aim of this study [Bozdogan, 1989]
to determine its properties important for the textile
use like the elastic properties as well as those prop-
erties relating the internal structure of the fibre.

The elastic properties determined were the ten-
sile strength, elongation at break, the tensile, bend-
ing and torsional moduli. The structural properties
determined were the melting point, density, viscos-
ity and birefringence. The degree of crystallinity
which affects both elastic and structural properties
was calculated is based on the density measure-
ments.

Polyester fibre is used in three forms , namely as
continuous filament yarn texturized yarn and staple
fibre.The areas of use of polyester fibre both as flat
(straight) filament and texturized yarn have ex-
tended greatly in recent years. As a direct conse-
quence of this, the flat continuous filament yarn
production and exports have increased greatly in
Turkey in recent years. It was, thus, thought proper
to investigate first the continuous filament polyes-
ter fibre in the form of flat yarn and POY (partially
oriented yarn), since the POY is the first stage in the
production of both flat filament or texturized yarn.
2, EXPERIMENTAL
2.1. Materials Used for Measurements

Samples of flat filament yarn and POY were ob-
tained from six producers, namely Polylen, Sifas,
Sénmez Filament, S6nmez A.S.F., Nergis in Bursa
and Sasa in Adana. No samples could be obtained
from Sancak Tiil in Istanbul and MNS in Adana,
because they have almost stopped their production.
The technical specifications of these sample yarns
are given in Tables 2 and 3 for POY and flat yarn re-
spectively.

2.2, Methods of Measurements
2.2.1, Tensile Test

The tensile testing of the fibres were carried out
on Textechno Fafegraph equipped with a computer.
The load-deformation curves were obtained using 2
cm test length and a breaking time of 20 sec. 16
measurements were made for each yarn taking
specimens from different regions of each sample

-yarn.

2.2.2, Bending Test

The bending tests were carried out on yarns using
the ring loop method as described by Carlene (1950)-
An experimental set up as shown in Plate 1 was pre-
peared to project the shade images of the yarn loops
on a screen.The magnified images of the loops were
projected on the screen along with that of graduated
glass disc placed in front of the loop as shown in
Plate 2. A magnification factor of 21 was obtained
with a ring diameter of 1,6 cm. The weights used t0
distort the rings varied between 3,6 mg and 8,3 m§
according to the denier of the yarns used.

The bending rigidity of the fibre was calculated
from that of the sample yarn which was assumed t0
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Tiirkiye'de iiretilen PET polyester liflerinin tekstil
olarak  kullamiminda dnemli olan fiziksel
dzellikleri incelenmistir. Bunlar cekme mukave-
meti, kopma uzamasi, uzama, egilme ve burulma
modiilleri gibi elastik dzellikler ile yogunluk, erime
noktas: viskozite, ¢ift kiricahk ve kristallik derecesi
gibi i¢ yapr ile ilgili ozelliklerdir.

Olgiimler igin Tiirkiye'nin alti1 belli bagh
iireticisinden saglanan POY ve diiz PET - polyester
iplik lif ornekleri kullamlmigtir. Kristallik derecesi
yogunluk dlgmelerine dayali olarak belirlenmigtir.
Tiirkiye'de tiretilen POY ve diiz ipliklerden alinan
polyester liflerinin bellibagh Gzelliklerinin, hem
POY hem de diiz iplikte biraz daha diisiik Young
modilii ve kristallik derecesi deZerleri disinda
bagka iilkelerde iiretilenlere benzer oldugu bulun-

Diinya lif iiretiminin yaklagik %20'sini yillik 9
milyon ton civarinda olan polyester lif tretimi
olugturur. Diinya dogal lif dretiminin
artirillmasindaki simnirlamalar nedeniyle, insan
yapis1 lif iiretiminin yillikk %4 - 6 olan artis
egilimini siirdiirmesi beklenmektedir. Bu
bakimdan polyester liflerinin Gzelliklerinin ve gele-
cekteki olanaklarinin incelenmesi siirekli ilgi konu-
su olacaktir.

Tiirkiye'de PET polyester lif iiretimi devaml lif
ipligi olarak 1968'de baslamigtir. Su anda altisi
caligir durumda sekiz kurulug bulunmaktadir. Tab-
lo 11984 - 1989 dénemi Tiirkiye polyester lif iireti-
mini gostermektedir. Tiirkiye ayni1 zamanda hem lif
hem de devamh filament ipligi olarak polyester
ihrag etmekte, buna kargin her yil bir miktar da
ithal etmektedir. Tablo 1'de aym1 zamanda 1984 -
1989 doneminde Tiirkiye'nin polyester lif dis ticare-
i gosterilmistir. Dolayisiyla, Tirkiye'de iiretilen
pol-yester lifinin tekstil kullanimi agisindan énemli
olan 6zelliklerinin bagka yerde iiretilenlerinki ile
kargilastirilabilir diizeyde olmasi 6nemlidir.

L e e e
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Tablo 1. Tirkiye'de Polyester Lif ve Iplik Uretimi, Ihracat ve
Ithalah (Ton).

Table 1. Polyester Fibre and Yarn Production, Export and Im-
port of Turkey (Tons).

Yillar 1984 | 1985| 1986 | 1987 | 1988 | 1989 Tahmini
Years 1989 estimation
Uretim
Production
I_Iif / Fibre 46128 37.500{ 39000 | 48100 | 44000 50000
Iplik / Yarn | 50823 |59.000] 61000 | 73300 | 74525 75000
lhracat
Export
Lif / Fibre | 24770137000 13814 | 17600 | 18259 20000
Iplik / Yarn | 7889 |19.700] 24289 | 29600 34737 32000
Ithalat
Import
Iplik / Yarn | 5138 3445 | 4529 6200 | 10539 8000
Kaynak / Reference : DIE

Bununla birlikte, Tiirkiye'de {iretilen polyester lif-
lerinin 6zellikleri hakkinda herhangi bir inceleme
ya da yaymlanmig ayrintilh bir aragtirma ol-
marmugtir. Bu agidan, elastik dzellikler yaninda lifin ig
yapisina iligkin 6zellikler gibi tekstil kullanimu igin
onemli olan dzelliklerinin incelenmesi bu
galismanin [Bozdogan, 1989] Oncelikli amaci
olmustur.

Saptanan elastik &zellikler, gekme mukavemeti,
kopma uzamasi, uzama, egilme ve burulma
modiilleri olmugtur. Saptanan yapisal ozellikler ise
erime noktasi, yogunluk, viskozite ve gift
kirteihiktir. Hem elastik hem de yapisal &zellikleri
etkileyen kristallik derecesi ise yogunluk 6lgim-
lerine bagl olarak hesaplanmstir.

Polyester lifi devamh lif ipligi, tekstiire iplik ve
kesikli lif olmak iizere ii¢ bicimde kullanilir. Polyes-
ter lifinin hem diiz filament ipligi hem de tekstiire
iplik olarak kullanim alani son yillarda biiyiik
olciide genislemistir. Bunun dogrudan bir sonucu
olarak, Tiirkiye'de diiz filament iplik iiretim ve ih-
racatt da biiylik Olglide artmugtir. Bu nedenle,
oncelikle devamli filament polyester lifinin diiz
iplik ve POY (kismi ydnlenmig iplik) olarak ince-
lenmesi uygun goriilmiistiir; zira POY, diiz fila-
ment veya tekstiire iplik tiretiminde ilk agamadir.
2. DENEYSEL CALISMA
2.1. Olgiimlerde Kullanilan Materyaller

Bursa'da Polylen, Sifag, Sénmez Filament,
Sonmez A.S.F., Nergis ve Adana'da Sasa olmak
iizere alti tireticiden POY ve diiz filament iplikleri
saglanmigtir. Istanbul'da Sancak Tiil ve Adana'da
MNS'den 6rnek elde edilememistir; ¢iinkii bu fir-
malar iiretimlerini hemen hemen durdur-
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Table 2. POY fibres investigated and their technical specifications
Tablo 2. Galismada incelenen POY lifleri ve teknik ézellikleri

Yarn Count Number of Approximate winding
List No Namo of Plant Colour of Yarn {penier) filament on speed m / sec.
Sira No Fabrika lsmi !plik Rengi Inlik Num. Filament Yaklagtk Sarim Hizi
(Denye) Sayist {m [ dak)
1 A Yarimat 247,50 33 3200
2 B Yarimat 156,48 32 3500
3 B Yarimat 147,20 32 3350
4 B Yarimat 242,24 32 3500
5 C Yanmat 117,04 28 3200
6 C Yarimat 264,99 34 3097
7 D Parlak 234,60 3 3200
8 D Yarimat 258,40 34 3200
9 E Yarimat 261,80 34 3300
10 F Parlak 243,36 36 3500
11 F Yarimat 156,09 36 3400

be the sum of the bending rigidities of the fib-
res,given by the formula

kwl? cos &
tan 6

......................................................... (1)

where G is the bending rigidity of the yarn 1is the
loop circumference, ® is the weight, k is a constant
equal to 0,0047 and 0 is given by 6= 493 d/I, d being
the deflection of the ring. The bending modulus
was calculated by dividing the rigidity by the polar
moment of inertia of the fibre cross sectional area.
2.2.3. Torsional Test

The torsional rigidity of the fibres were measured
on the principle of torsional pendulum using an ex-
perimental set up arranged, shown in Plate 3. The
torsional pendulum consisted of a light rod of wire
held horizontally at the end of the fibre specimen of
1 cm. length which was attached to the wire rod by a
piece of wax of 3 mg weight and hung above as
shown in Plate 4. In the preparation of the experi-
mental set up and of the specimens the works of
Meredith (1954) and Owen (1965) were followed.

A set of wire rods of different dimensions and
weight which would give a tension of 0.05-0.2 g/tex
in the polyester fibres as proposed by Meredith
(1954), were prepared to be used for the sample fib-
res of varying denier.

The oscillation periods of 10 specimens were de-

Plate 2. The Yarn Loop Seen Through the Graduated Glass Dise.
Resim 2. Taksimath Cam Disk Icinden Gariilen Iplik Halkas:.
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termined by repeating the experiment 15 times on
the same fibre by giving a torsional angle of 1 rad/
cm to the wire rod. The torsinal rigidites, I', were
calculated by the formula

L () Y (2)
T

where T is the period of oscillation and I is the mo-
ment of inertia of the rod given as 1/12 m (3 R%+L2).
Here m is the mass, R is the radius and L is the
length of the rod.
2.2.4, Density Measurement

The densities of the sample fibres were measured
on a Techne mark density gradient column accord-
ing to Zimmer, 877-07016-4. A photograph of the
column used is shown in Plate 5. A mixture of 430
cm3 n-heptan of 0,73 g/cm3 density with 570 cm3
CCl4 of 1,6 g/cm3 density was prepared which gave
1,2 g/cm3 density of the mixture solution. The in-
strument was calibrated and used at 23+1 °C water
temperature.
2.2.5, Viscosity Measurement

The viscosities of the sample fibres were meas-

I=

Plate 4. Torsional Fibre Pendulum.
Resim 4. Lifte Olusturulan Burulma Sarkac.

TEKSTIL VE MAKINA YIL: 4 SAYT: 20 NiSAN 1990




Tablo 3. Galismada Incelenen Diiz plik Lifleri ve Teknik Ozellikleri.
Table 3. Flat Yarn Fibres Investigated and Their Technical Specifications.

Iplik Num. Filament Yaklagik Sarim Termofiksaj
Sira No Fabrika lsmi Iplik Rengi (Denye) Sayist Hiz1 (m / dak) sicakhg
List No Name of Plant | Colour of Yarn| Yarn Count No. of Approximate Headsetting
(denier) filament winding on Temperatilr
speed m | sec. (Je]
1 A Yarimat 89,16 33 800 160
2 A Parlak 135 33 800 160
3 B Yarimat 150,08 32 600 150
4 B Mat 89,90 29 715 150
5 C Parlak 144 30 637 170
6 C Mat 69,96 24 708 170
mugslardir. Bu érneklerin teknik 6zellikleri sirasiyla T L
POY ve diiz iplik igin Tablo 2 ve 3'de gosterilmigtir. G= ——————  cvninessnnnsssnnnsssssnnssnnnnsno( 1)
2.2. Olgme Yontemleri tan 0

2.2.1. Cekme Testi

Orneklerde ¢ekme testi bilgisayarla donatilmis bir
Textechno Fafegrafinda yapilmigtir. Yiik - defor-
masyon egrileri 2 cm. test uzunlugu ve 20 sn. kop-
ma zamani uygulayarak elde edilmigtir. Her iplik
igin, test Orneklerini her o6rnek ipligin farkh
bolgelerinden alarak 16 8lgiim yapilmusgtir.
2.2.2. Egilme Testi

Iplikler iizerinde egilme testleri Carlene (1950) ta-
rafindan agiklanan halka metodu kullanilarak
yapilmugtir. Iplik halkalarimin golge goriintiilerini
bir ekrana diigiirmek igin Resim 1'de goriilen de-
ney diizenegi hazirlanmigtir. Halkalarin
biiyiitiilmiis goriintiileri halkanin 0Oniine
yerlegtirilen ve Resim 2'de goriilen taksimath cam
diskinki ile birlikte ekrana yansitilmuslardir. 1,6 cm
halka capi ile 21 bii-yiitme faktorii elde edilmistir.
Halkalar1 deforme etmek igin kullanilan agirhiklar
kullanilan iplik denyesine bagh olarak 3,6 mg ile 8,3
mg arasinda degismistir.

Lifin egilme rijitligi, liflerin egilme rijitliklerinin
toplamu oldugu varsayilan ve

Resim 1, Egilme Testi Deney Diizenegi.
Plate 1. Experimental Set Up for the Bending Test.
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formiilii ile verilen 6rnek ipligin egilme rijit-
liginden hesaplanmigtir. Burada G ipligin egilme ri-
jitligi, 1 halka gevresi, w agirlik, k 0,0047'ye esit olan
bir katsayr ve d halkanin deformasyonu olmak
tizere 8 = 493 d/I'dir. Egilme modiild, rijitligi lif ke-
sit alaninin kutupsal atalet momentine bolerek he-
saplanmusgtir.

2.2.3. Burulma Testi

Liflerin burulma rijitligi Resim 3'de go&sterildigi
gibi diizenlenen bir deney diizenegi kullanarak bu-
rulma sarkaci prensibine gore 6l¢iilmiigtiir. Burul-
ma sarkaci, Resim 4'de gosterildigi gibi, 3 mg
agirhiginda bir mum pargasi ile tel cubuga saptanan
ve yukariya asillan 1 cm. uzunluklu lif &rneginin
ucunda yatay olarak tutulan hafif bir tel qubuktan
olusmaktadir. Deney diizeneginin ve test
orneklerinin hazirlanmasinda Meredith (1954) ve
Owen (1965) galismalar izlenmistir.

Degisik denyelerde &rnek liflerle kullanilmak
iizere, Meredith (1954)'in 6nerdigi bicimde polyester
lifine 0,05 - 0,2 g/ tex olgiistinde bir gerginlik verecek
olan, degisik boyut ve agirhiklarda bir tel qubuk seti
hazirlanmstir. Tel gubuga 1 radyan / cm burulma

“ Resim 3. Burulma Testi Deney Diizenegi.

Plate 3. Experimental Set Up for the TorsionTest.




Plate 6. Experimental Set up for the Determination of the.

Melting Point.
Resim 6. Erime Noktas: Tayini igin Deney Diizenegi.

ured on an Oswald viscosimeter at 25 °C water bath
by determining the flow rate at 1/10 sec. accuary 4 g
samples were taken and dissolved in 50 ml of O-
Chlorofenol at 100 °C the relative viscosity 1 was
calculated by the formula

where t was the average time of 3 measurements
and the intrinsic viscosity  was read off the conver-
sion table given in T 272 catalogue.
2.2.6. Determination of the Melting Point

The melting points of the sample fibres were
measured according to Zimmer 877-07095-2 by using
a Mettler FP 5 melting point determination appara-
tus fitted with a heater, a Dialux 20 EB microscope
and with an atomotic stop button all shown in Plate 6.
2.2.7. Birefringence Test

The birefringence characteristics of the sample fi-
bres were determined using a Wetzler SM - LUX -
POL polarized microscope fitted with a special com-

Ans —T1—
d

where T is the phase difference and d is the fibre di-
ameter.
2.2.8. Other Physical Tests

The moisture contents of the yarns were meas-
ured according to TS - 838. The fibre diameters were
measured using a lanameter with 100 readings for
each specimen. The linear densities of the fibres in
denier were also determined by the cutting - and -
weighing method described in DIN - 53812. Te oil
content was determined by the solvent extraction
method using 3-4 weight of specimen and Freon - 11
as the solvent.
3. RESULTS AND DISCUSSION
3.1. Elastic Properties

The results of the tensile tests carried out on the
Fafegraph are shown in Tables 4 and 5 or POY and
flat yarn fibres respectively. The tables also include
the young moduli calculated from the load - defor-
mation curves obtained. As can be seen in Fig. 1. the
load-deformation curves for the POY fibres show
two distinct parts the first of which show a peak val-
ue and then a yield region until the curve picks up
again. Thus two different young moduli were calcu-
lated being named as the initial and final moduli.

The results of the bending tests are sohwn in
Tables 6 and 7 for POY and flat yarn fibres respec-
tively. The results of the torsion tests are shown in
Tables 8 and 9 likewise.
3.2. Structural Praperties

The results of the density, viscosity, melting point
and birefringence measurements are shown in
Tables 10 and 11 together with the calculated values
for the molecular weight, the degree of polimeriza-
tion and crystallinity for POY and flat yarn fibres re-
spectively. The density measurements were used as
the basis for the calculation of crystallinity o< by the
formula

pensator (Plate 7). The birefringence index was cal- — O @) 100 e (5)
culated from the formula d (dyd,)
Table 4. The Results of the Tensile Test on POY Polyester Fibres
Tablo 4. POY polyester Liflerinde Yapilan Cekme Deneyi Sonuglari.
L Kopma )
Kopma yiiki Kopma uzamas Mukavemeti 1. Modiil 2. Modiil
Stan. Stan. Stan. Stan. Stan.
IS\Ilra ;Fab.. ci; Sapma ?;t) Sapma ( %Z‘n) Sapma ( %Ln) Sapma (85)‘;2“) Sapma
o smi ® o (%) & {g/den) & (g/den) (g/den)
1 A 22,76 1,22 174,50 13,54 303 0,16 13,37 1,82 1,75 0,20
2 B 14,70 1,02 166,50 13,57 30 021 13,69 42 2,02 023
3 B 13,63 1,29 183,75 17,36 2,96 0,28 14,40 6,2 1,91 0,13
4 B 21,61 22 177,50 11,22 2,85 0,29 9,85 2,09 1,74 0,13
5 C 11,48 0.93 177,00 17.86 275 0,22 11,10 521 1,77 0,23
6 C 20,85 1,44 210,50 18,69 2,68 0,18 13,80 348 1,67 0,11
7 D 19,55 1,29 198,50 15,03 2,83 0,19 12,74 6,12 1,70 0,12
8 D 22,24 1,43 193,25 12,04 2,93 0,19 7,99 3,71 1,82 0,23
9 E 21,61 1,83 206,75 14,20 2,81 a.24 836 3,19 1,54 0,12
10 F 20.05 2.05 210,58 15,75 2,96 0,24 14,63 345 1,68 0,12
11 F 13,78 0,85 184,75 1317 3,18 0,20 10,40 5,14 2,05 0,24
68 TEKSTIL VE MAKINA YIL: 4 SAYI: 20 NiISAN 1990



agist vererek 10 Ornegin salimm peryodlari, deneyi
aymu lifte 15 kez tekrarlayarak belirlenmigtir. Burul-
ma rijitlikleri, T,

421 @)

T2

formiiliine gore hesaplanmigtir. Burada T salimim
periyodu ve I, qubugun 1/12 m (3 R2 + L) olarak ve-
rilen atalet momentidir.

Burada ise m gubugun kiitlesi, R yarigapt ve L
uzunlugudur.
2.2.4. Yogunluk Olgiimii

Ornek liflerin yogunluk 6lglimleri Techne marka
bir yogunluk gradienti kolonunda Zimmer, 877 -
07016-4'e gore Olglilmiigtiir. Kullanilan kolon Re-
sim 5'de gosterilmistir. 1.2 g/cm3 kangim ¢ozeltisi
yogunlugu saglayan 0,73 g/cm3 yogunluklu 430 cm3
n-heptan'in 1,6 g/cm? yogunluklu 570 cm3 CCly ile
olan bir karisimi hazirlanmigtir. Alet 23+1 ° C su
sicakliginda kalibre edilmig ve kullanilmugtir.
2.2.,5. Viskozite Olgiimii

Ornek liflerin viskoziteleri bir Oswald viskozi-
metresinde 25 °C su banyosunda ve akig hizim 1/10
sn duyarlikla saptayarak 6lglilmiistiir. 4 g &rnckler
alinmig ve 100 °C'de 50 ml O-Klorofenol'de
cbziilmiiglerdir. Bagil viskozite 1,

=

formiiliinden hesaplanmstir. Burada T faz farki ve
d lif capadr.
2.2.8. Diger Fiziksel Testler

ip]iklerin nem igerikleri TS - 838'e gore
olclilmiistiir. Lif gapr her drnek igin 100 Slgim ol-
mak tizere bir lanametre kullanarak olglilmiistiir.
Liflerin denye cinsinden lineer yogunluklarnn da
DIN 53812'de acgiklanan kesme wve tartma
yéntemiyle belirlenmisgtir.

Yag igerigi ¢oziicii ile ekstraksiyon metodu ile 34
g agirhikta ornek ve gbziicii olarak Freon - 11 kul-
lanilarak belirlenmistir.
3. SONUCLAR VE TARTISMA
3.1. Elastik Ozellikler

Fafegrafta yapilan gekme testlerinin sonuglar:
POY ve diiz iplik lifleri igin sirasiyla Tablo 4 ve 5'de
gosterilmektedir. Tablolar elde edilen yiik-
deformasyon egrilerinden hesaplanan Young
modiillerini de igermektedirler. Sekil 1'de
gorildiigti gibi, POY lifleri igin yiik-deformasyon
egrileri, ilki bir tepe noktasi, daha sonra da egri tek-
rar diizelinceye kadar bir ¢okme bdlgesi gosteren iki
belirgin bolge gostermektedirler. Dolayisiyla birinci
ve ikinci modiil adr verilen iki farkli Young
modilii hesaplanmmgtir.

T 1 Tt ) Srass
— lor
formiiliinden hesaplanmigtir. Burada t tig 6lgiimiin &
ortalama zamanidir ve intirisik vizkosite 1, T 272
katalogunda verilen déniisiim tablosundan okun-
mugtur.
2.2.6. Erime Noktas1 Tayini
Ornek liflerin erime noktalarnn Zimmer - 877- 7 Mol
07095-2'ye gore Resim 6'da birlikte gésterilen bir B{"}Igesi
1sitic1, bir Dialux 20 EB mikroskop ve bir otomatik i
durdurma diigmesi ile donatilmig olan Mettler FP 5 !
erime noktas: tayini aparatinda 6lgiilmiigtiir. I
2.2.7. Cift Kirlma Testi :
Ornek liflerin cift kirilma karakteristikleri, 6zel :
bir kompansatérle donatilmig bir Wetzler SM - : 1. Moddl (Young Mod.) Todanma
LUX - POL polarize mikroskobu (Resim 7) kul- o Balgesi Syrain
lanilarak belirlenmistir. An gift kirilma endisi i _
T (4) Sekil 1. POY Liflerinin Zor-Zorlanma Grafigi.
An= -—d ..................................................................... Fig. 1. Sh—ess_sh-ain CliFs foE POY Flbres
Tablo 5. Diiz Polyester Liflerde Yapilan Gekme Deneyi Sonuglar.
Table 5. The Results of the Tensile Tests on Flat Polyester Yarn Fibres.
Kopma yiikd Kopma Uzamas: mfkoa[:irrzfneti (Ylﬁgo‘:duid‘)
Sira Fab. Stan. Stan. Stan.
No lsmi Ort. Sapma Cirt' Sapma O:' Sapma Ocll-t' 52;::1;;
® ® %) @ | ®dV | gden | @9 e
1 A 13,87 0,83 30,42 738 5,14 03 137,66 19,7
2 A 22,52 1,28 34,68 539 5,51 031 113,02 25,44
3 B 23,45 1,27 49,50 941 5,00 0,27 83,40 2534
4 B 18,25 1,04 45,90 8,05 5,89 0,34 99,92 859
5 C 23,09 2,11 41,90 6,73 4,81 0,10 66,7 15,60
6 C 15,21 1,13 46,80 3,76 5,21 0,39 72,43 23,05
69
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Table 6. The Resuits of the Bending Tests on POY Fibres
Tablo 6, POY Lifleri igin Yapilan Egilme Deneyi Sonuglan

) Bending rigidity Bending modulus
Name of Hanging Egilme rijitligi Egilme modulit
List No. Plant load
Sira No. Fabrika Askr Yiki Mean Standard deviation Mean Standard deviation
temi (mg) Ort. Standart Sapma Ort. Standart Sapma
x103 (dyn- am?) x1073 (dyn- cm?) 010 @dyn-em?) | x1019 @dyn- cm?)
1 A 83 46,18 10,16 1,55 034
2 B 51 3133 18,05 2,58 149
3 B 51 26,25 8,80 231 0,78
4 B 51 22,05 5,15 0,74 017
5 C 51 22,10 573 2,37 0,62
6 C 51 29,99 11,03 0,94 036
7 D 5,1 30,22 16,14 1,28 0,68
8 D 83 61,64 24,07 2,00 0,78
9 E 83 50,86 25,41 1,65 0,82
10 F 51 32,93 18,17 1,02 0,56
1 F 51 20,76 4,76 217 0,50

Table 8. The results of the torsion test on POY fibres
Tablo 8. POY lifleri igin burulma deneyi sonuglan

Nl ;"fl?:;f:; Period of oscillation Torsional rigidit)r
List No. Plant of rod Salimim  periyodu Burulma modulyd
Sira No. Fabrika Cubuk at. Mean Standard deviation Mean Standard deviation
fsmi manreiti Ort. Standart Sapma Ort. Standart Sapma
g (sm) o0} «1010(dyn-am?) |  x1010(dyn- am?)
1 A 69,09 6,49 0,433 1,103 0,138
2 B 42,766 8,35 0,439 1,005 0,101
3 B 42,766 9,08 0382 0,905 0,080
4 B 69,096 6,48 0,654 1,081 0,183
5 C 31,233 5,64 0,487 2,123 0329
6 c 69,096 6,74 0,622 1,003 0,172
7 D 50314 6,14 0,617 1,145 0,220
8 D 69,096 6,19 0,547 1,180 0,190
9 E 65,096 6,35 0,409 1,109 0,142
10 F 50314 583 0,458 0918 0,142
11 F 31,233 6,17 0,577 1,729 0,270

where di is the density of fully crystallined polyester
fibre, da is the completely amorphous polyester and
d is the experimental value obtained.
3.3. Fibre Diameter, Fibre Denier, Moisture and Qil
Contents

The physical properties which have appreciable
effects on the elastic properties, namely the fibre di-
ameter and denier, the moisture and oil contents
are shown in Table 12 for both POY and flat yarn fi-
bres together.
3.4. Statistical Analyses

Analyses of variance were carried out to establish
whether the crystallinity was an effective factor for
the tensile, bending and torsional moduli. The fac-
tor levels of crystallinity for POY fibres were esta-
blished as six corresponding to the values of crystal-
linity 2.27, 4.52, 5.43, 7.58, 9.46 and 10.80. For flat
yarn fibres five levels were established correspond-
ing to the values 33.55, 35.69, 37.83, and 40.39. Tables
13 and 14 show the results of the analyses. It can be
seen from the tables that the calculated values of F
were higher in each case than the appropriate table
values, indicating that crystallinity was effective on
the elastic moduli as expected.
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It was, however, not possible to find statistically
significant correlation coefficients between crystal-
linity and elastic moduli. It was striking, though, to
find a negative correlation coefficient between the
crystallinity and tensile modulus for the flat yarn fi-
bres which was -0,69 but the correlation coefficient
calculated for the PQY fibres was -0,08. The correla-
tion coefficient between the crystallinity and heat
setting temperature was 0,93 and that between crys-
“tallinity and winding on speed was 0,71. Strong cor-
relations between crystallinity and birefringence
could not be found either, the correlation coeffi-
cients being 0,21 for POY and 0.42 for flat yarn fibres.
3.5. Discussion

The primary purpose of this work has been to es-
tablish certain physical properties of the PET polyes-
ter fibres produced in Turkey which are most im-
portant for textile uses, the elastic properties being
of the greatest interest. It is also a known fact that
the elastic properties of the fibres are greatly affected
by certain physical properties relating the inner
structure of the fibres. Among these properties the
crystallinity based on density measurements has
been the focus of attention. Nevertheless it was not
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Resim 5. Yogunluk Gradienti Siitunu.
Plate 5. Dencity Gradiant Column.

Egilme testi sonuglar1 POY ve diiz iplik lifleri igin
sirasiyla Tablo 6 ve 7'de gosterilmektedir. Aym
sekilde burulma testlerinin sonuglar Tablo 8 ve
9'da gosterilmektedir.

3.2. Yapisal Ozellikler

Yogunluk, viskozite, erime noktasi ve gift
kinalik 8lgiimleri, molekiil agirligi, polimerisaz-
yon derecesi ve kristallik derecesinin hesaplanmig
degerleri ile birlikte POY ve diz iplik lifleri igin
sirasiyla Tablo 10 ve 11'de gosterilmektedir. Kristal-
lik derecesinin,

4 (dd) 19

k=

d (d,d,)
Tablo 7. Diiz iplik lifleri icin yapilan eilme deneyi sonuglari
Table 7. The results of the bending test on flat yarn fibres

R RS RS RS RHRS (5)

o

Resim 7. Cift Kinahk Olgimii igin Kompansatérle Do-
natilmg Polarimikroskop

Plate 7. Polarized Microscope Fifted with Compensator to
Measure Brefringence.

formiiliine gore hesaplanmasinda yogunluk &l-
¢iimleri kullanilmigtir. Burada dy tam kristal polyes-
ter lifin yogunluk, d,, biitiiniiyle amorf polyester li-
fin yogunlugu ve d elde edilen deneysel degerdir.
3.3. Lif Capy, Lif Denyesi, Nem ve Yag I¢erikleri

Lif gapr ve denyesi, nem ve yag igerikleri olmak
tizere elastik Ozellikler lizerinde oldukga etkili olan
fiziksel dzellikler hem POY, hem de diiz iplik lifleri
i¢in Tablo 12'de gosterilmislerdir.
3.4. Istatistiksel Analiz

Cekme, egilme ve burulma mediillerinin kristal-
lik derecesi tizerinde etkili bir faktér olup ol-

: —— Egilme rijitligi Egilme modiili
E?E: I;qu: F?:;i‘a A}j}:ﬂ;‘#;u Bending rigidity Bending modulus
Name of load Ort. Standart Sapma Ort, Standart Sapma
Plant (mg) Mean Standard deviation Mean Standard deviation

x10°3 (dyn- cm?) x103 (dyn- am?) x1010 (dyn-em?) | x10710 (dyn- cm?)
1 A 5,1 35,71 23,80 7,45 4,97
2 A 5.1 36,52 24,95 3,42 234
3 B 51 34,72 17,99 3,07 1,59
4 B 5,1 34,24 8,97 6,68 175
5 C 51 3747 14,01 2,61 0,98
6 C 51 34,38 12,40 8,22 2,96
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Table 10. The structural properties of the POY fibres
Tablo 10. POY liflerinin yapisal Szellikleri

List Density Intrinsic Melting Birefringence Molecular Degree of Degree of
No Yogunluk viscosity point weight polimeri- crystallinity
Sira (g / cm3) Intrinsik Erime Cift kirtma Molekil zation Kristallik
No Viskozite noktas: agirligi Polimeri- derecesi
(O X103 zasyon (%)
derecesi
1 13375 0,652 256,70 25,05 23148 120,56 227
2 13445 0,606 256,55 30,35 21148 110,15 857
3 13435 0,613 257,05 30,86 21450 111,72 7,67
4 1,3434 0,613 259, 05 24,53 21450 111,72 7,58
5 1,3402 0,607 257,90 33,06 21191 11037 4,71
6 1,3400 0,642 256,70 24,40 22710 118,28 4,52
7 1,3412 0,643 256,30 26,36 22754 118,51 5,61
8 13410 0,660 257,30 24,82 23499 122,39 543
9 1,3455 0,623 261,15 24,35 21883 113,97 9,46
10 1,3470 0,624 258,80 24,05 21927 114,20 10,80
11 1,3405 0,611 259,65 32,63 21364 111,27 4,97
Table 12. The diameter, denier, moisture and oil contents of
POY and flat fibres possible to establish direct relationships between the
Tablo 12. POY ve diiz iplik liflerinin gap, denye, nem ve yag  elastic properties and the crystallinity as determined
igerikleri from the measurements on the given samples. This
List No Fibre Fibre count] Moisture ] Oil Content] may be due to the sample size, which depended on
Stra No | diameter Lif content Yag the number of firms producing PET polyester fibres
(POY) Lif gapr | numaras: Nem Miktar: | * in Turkey, this being not sufficiently large. On the
(mm) (Denye) | Miktar: (%) (%) other hand, it may also be argued that the range of
1 27,89 7.50 041 0,25 crystallinity covered which lay between 2.27 % and
10.80 % for the POY fibres and 33.55% and 40.39 %
2 2230 489 033 038 for flat yarn fibres was too small to establish direct
relations with too few samples due to statistical er-
2 L 38 L 4 ror and other factors such aps denier etc. being effec-
tive on the elastic properties.
: e i 5 e It is also of intergst Itjo establish how the PET poly-
5 20,87 418 036 0,40 ester fibres produced in Turkey as POY and flat fila-
ment yarn stand among other products porduced in
6 28,10 7,79 032 033 other countries. Table 15 shows the values obtained
along with those cited in the literature [Bragato,
7 26,34 6,90 052 033 Gianotti, 1983; Farrow, Hill, Weinle, 1969; Gacen,
Maillo, 1988; Garton, Carlsson, Holmes, Wiles, 1980;
8 28,15 760 041 031 Guthrie, Morton, Oliver, 1954; George 1982; Hamza,
El-Dessouki, 1987; Meredith, 1954; Prati, Seves, 1974;
: g o 05 ez Ringwald, Lawton, 1975; Tarakgioglu 1986; Varma,
10 28,50 6,76 0,40 030 Agarwal, Varma 1986]. It will be seen that the exper-
imental values obtained compare well with those
1 21,01 434 037 0,24 given in the literature except that the young modu-
lus and the degree of crystallinity are a little low
Flat both for POY and flat filament yarn fibres. This is a
yam “direct result of the recent developments in the ten-
2 sile strength of polyester fibres [Gacen, Maillo 1988].
il 4. CONCLUSIONS
Work done on some of the physical properties of
. s i i e the PET polyester fibres produced in Turkey show
2 21,60 4,09 032 029 that on the whole they compare well with the val-
ues given in the literature. It may, however, be stat-
3 21,91 4,69 040 030 ed that the tensile properties need further improve-
ments.
4 17,98 3,10 033 0,40 The work has also shown that to establish direct
x relations between the elastic properties and the
2 B B 036 0.65 properties relating the inner structure like crystal-
" 1709 202 035 0 linity a more strictly controlled experimental work
2 d 4 in the production plants should be carried out on
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Tablo 9. Diiz iplik lifleri igin burulma deneyi sonuglan
Table 9 . The results of the torsion test on flat yarn fibres

Fabrika Eﬂ;nuk att: Salinim periyodu Burulma modiili
enti : T ; o
Sira No. lsmi Moment Period of oscillation Torsional rijidity
List No. Name of of inertia Ort. Standart Sapma Mean Standart Sapma
Plant of rod Mean Standard deviation Ort. Standard deviation
(mg.cmz) (sn) (sn) xIDIO (dyn- cmz) x1010 (dyn- cmz)
1 A 10,126 547 0,329 1,402 0,151
2 A 31,233 597 0,209 1,625 0,108
3 B 42,766 9,24 0,790 1,893 0,158
4 B 10,126 5,90 0772 1,175 0,270
5 C 42,766 7,89 0,436 0,953 0,119
6 C 10,126 5,76 0,466 1,453 0,203
Tablo 11. Diiz iplik liflerinin yapisal dzellikleri
Table 11. The structural properties of the flat yarn fibres
Sira Yogunluk Intrinsik Erime Cift Molekiil Polimeri- Kristallik
No Density Viskozite noktasi kirilma agirhf zasyon derecesi
List (g / cm3) Intrinsic Melting Birefringence Molecular derecesi Degree of
No viscosity point x10-3 weight Degree of crystallinity
(O polimeri- (%)
zation
1 1,3755 0,599 254,45 161,92 20822 108,45 35,69
2 1,3780 0,633 256,60 123,60 22318 116,24 37,83
3 13755 0,623 249,60 124,84 21883 113,97 35,69
4 1,3730 0,635 248,20 154,84 22405 116,69 33,55
5 1,3810 0,639 248,45 121,71 22579 117,59 4039
6 1,3810 0,608 247,60 162,80 21235 110,59 4039
madiklarini ortaya koymak igin varyans analizleri liflerin ig yapilariyla iligkili bazi fiziksel

yapilmigtir. POY lifleri icin kristallik derecesi faktor
seviyeleri 2.27, 4.52, 5.43, 7.58, 9.46 ve 10.80 kristallik
derecesi degerlerine karsilik gelen alti seviye olarak
belirlenmigtir. Diiz iplik lifleri igin 33.55, 35.69,
37.83 ve 40.39 degerlerine kargilik gelen beg seviye
belirlenmistir. Tablo 13 ve 14 analizlerin
sonuglarim gostermektedir. Tablolardan her du-
rumda hesaplanan F degerlerinin, beklendigi gibi
kristallik derecesinin elastik modiiller iizerinde et-
kili oldugunu gosterir bigimde uygun tablo
degerlerinden daha yiiksek oldugu goriilmektedir.

Ne var ki, kristallik derecesi ve elastik modiiller
arasinda istatistiksel 6nemi olan korelasyon kat-
sayilarimi bulmak miimkiin olmadi. Diger yandan,
diiz iplik lifleri igin kristallik derecesi ve uzama
modiilii arasinda -0,69 olan negatif bir korelasyon
katsayisiin bulunmasi ilgi gekiciydi; ancak POY lif-
leri igin hesaplanan korelasyon katsayisi -0.08
olmugtur. Kristallik derecesi ile termofiksaj
sicaklign arasindaki korelasyon katsayis1 0,93 ve
kristallik derecesi ile sarim hiz1 arasindaki 0,71'dir.
Kristallik derecesi ile ¢ift kiricilik derecesi arasinda
da, korelasyon katsayilart POY lifleri igin 0,21 ve
diiz iplik lifleri igin 0,42 olmak iizere, giiglii kore-
lasyonlar bulunamamusgtir.
3.5. Tartigma

Bu caligmanin ana amaci, Tiirkiye'de tretilen
PET polyester liflerinin tekstil kullanimlari igin ¢ok
onemli olan bazi fiziksel oOzelliklerini, elastik
ozellikler en fazla ilgi alan1 olmak iizere, belirle-
mek olmugtur. Ayrica liflerin elastik &zelliklerinin
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ozelliklerden biiyiik dlgiide etkilendigi de bilinmek-
tedir. Bu dzellikler igin yogunluk dlgiimlerine daya-
nan kristallik derecesi incelemenin odak noktas:
olmustur. Ancak eldeki 6rnekler i{izerinde yapilan
dlglimlerden elastik Ozellikler ile kristallik dercesi
arasinda dogrudan bir iliskiyi ortaya koymak
miimkiin olmamistir. Bunun nedeni, Tiirkiye'de
PET polyester lif iireten firma sayisina bagh olarak
yeterli Olgiide biiyiik olmayan ornek biyikligi
olabilir. Diger yandan, POY lifleri i¢in % 2.27 ile %
10.80 ve diz iplik lifleri igin % 35,55 ile % 40.39
arasinda yer alan kapsanan kristallik derecesi
araliginin, istatistiksel hata ve denye v.s. gibi diger
faktorlerin elastik Ozellikler tizerinde etkili olmasi
nedeniyle ¢ok kiigiik bir 6rnek ile dogrudan iligkiler
ortaya koymak igin gok dar oldugu da savunulabi-
lir.

Ayrica Tiirkiye'de POY ve diiz iplik olarak
iiretilen PET polyester liflerinin diger iilkelerde
iiretilenler arasinda nasil bir yer tuttugunun ortaya
konmasi da ilgingti. Tablo 15 elde edilen degerlerle
birlikte literatlirde verilen [ Bragato, Gianotti 1983;
Farrow, Hill, Weinle 1969; Gacen, Maillo, 1988; Gar-
ton, Carlson, Holmes, Wiles, 1980; Guthrie, Morton,
Oliver, 1954; George, 1982; Hamza, El-Dessouki,
1987; Meredith, 1954; Prati, Seves, 1974; Ringwald,
Lawton, 1975; Tarakcioglu, 1986] degerleri
gostermektedir. Elde edilen deneysel degerlerin,
hem POY hem de diiz iplik lifleri igin Young
modiilii ve kristallik derecesinin biraz diigiik olma-
lari disinda literatiirde verilenlerle kargilagtirilabilir
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Tablo 13. POY Lifleri igin Varyans Analizi Sonuglar Tablo 14. Diiz lplik Lifleri igin Varyans Analizi Sonuglan
Table 13. Results of the variance tests for POY fibres Table 14. Results of the variance tests for flat yarn fibres

Degrees of freedom F Degrees of freedom F
Variate Serbestlik derecesi Variate Serbestlik derecesi
Degiken ™51 W | @ Tablo Hesap Degisker ™" T 1 | G Tablo Hesap
1. Modulus | 5 90 95 2,29 287,85 1. Modulus | 3 60 63 2,76 9,38
1. Modill 1. Modiil
2. Modulus 5 90 95 2,29 2768 Bending
2. Modil mcdulus 3 36 39 2,90 1144
Egilme
Bending modili
fipdlul 5 54 59 2,37 70,53 Torsional
Eglln?e - modulus 3 36 39 2,90 36,04
moduilil Burulma
Torsional 1§} o) | 5 237 194,65 e
g‘::‘u,l: : J New York. London. Sydney, Toronto.
modily - GACEN, ]., MAILLQ, J., 1988 Melliand Text. 12, 867.
- GARTON, A., CARLSSON, D.J.,, HOLMES, L.L., WILES, D.M.

1980. J. App! polym. 5di., 25, 1505.
- GUTHRIE, ].C,, MORTON, D.H., OLIVER, P.H., 1954. ]. Text.
Inst., 45, T 912
- GEORGE, H.H,, 1982. Polym. Engineering and Sdi., 22,5,292.
- HAMZA, A.A., EL-DESSOUK]I, T., 1987. Text. Res. ]., September,
508.
MEREDITH, R, 1954 J. Text. Inst. 45, T 489.
OWEN, W.D.,, 1965 ]. Text. Inst. 56, T 329.
PRATI, G., SEVES, A., 11974 Chemiefasern, April, 263.
RINGWALD, E.L.,, LAWTON, E.L., 1975. Physical constants of
Paly (oxyethylene oxyterephthaloyl) (Poly (ethylene terephtha-
late)). BRANDRUP, J., IMMERGUT, E.H. Polymer Hand book.
Wiley Inc, New York.
- STANDART OFFICIAL METOD - T 272. The Determination of

the same type a fibre by examining elastic properties
in a wider range of crystallnity obtained by varying
the process variables.
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oldugu goriilmektedir. Bu polyester liflerinin
¢ekme mukavemetinde son yillardaki gelismenin
direkt bir sonucudur [Gacen ve Maillo, 1988].
4, SONUC

Tiirkiye'de iiretilen PET polyester liflerininin
baz fiziksel ozellikleri iizerinde yapilan g¢aligma
gostermistir ki, elde edilen degerler genelde lite-
ratiirde verilen degerlerle kargilagtimlabilir durum-
dadir. Ancak mukavemet 6zelliklerinin daha da
gelistirilmesi gerekebilir.

Ayrica galisma, elastik dzellikler ile kristallik de-
recesi gibi i¢ yap ile ilgili &zellikler arasinda

dogrudan iligkiler ortaya koymak igin, iiretim tesis-
lerinde ayn lif tipi lizerinde, proses degigkenlerini
degistirerek elde edilen daha genig bir kristallik de-
recesi araliginda daha siki bir bigcimde kontrol edile-
cek deneysel galigma yapilmasi gerektigini de
goOstermigtir.,

TESEKKUR

Galigmada kullanilan &rnekleri saglayan Sonmez A.S.F., Sifag,
Polylen fabrikalart yetkililerine ve drnek saglama yaminda labo-
ratuvarlarinda ¢aligma olanag: saglayan Nergis, Sénmez Fila-
ment we Sasa fabrikalari yetkililerine yardimlarindan dolay:
tesekkilril borg biliriz.

Table 15. Deneysel Degerlerin Ortalamalarinin Literatiir Degerleri ile Kargilashrilmasi.
Table 15, Comparison of the Mean Experimental Values with those Given in the Literature.

POY Lifleri Diiz lplik Lifleri
Fiziksel Ozellikler POY Fibres Flat Yard Fieecs
Physical Properties Literatiir Deneysel Literatiir Deneysel
Literature Experimental Literature Experimental
Yogunluk (g/cm3) 1,341-134 1,3422 1,36-1,41 13773
Density
Erime Noktas: (°C) 250 - 265 257,92 250-265 250,82
Melting Point
Intrinsik Viskozite 0,61-0,90 0,627 0,61-0,50 0,623
Intrinsic Viscosity
Cift Karilma (x 10-3) 18,1-49.2 27,31 160 - 188 141,62
Briefringence
Kopma Mukavemeti (g/den) 28-52 2,91 28-52 524
Breaking Strength
Kopma Uzamast (%) 155-195 189,42 19-49 41,53
Breaking Extension
Young Modiilii (g/den) 19,76 11,85 109,04 - 116,89 95,52
Young Modulus (12,5-13,4.1010 dyn/am?)
Egilme Modiilii ( x10 10 dyn /cm?) 22-89 1,69 22-89 539
Bending Modulus
Burulma Modiilii (x10 10 dyn/cm?2) 09-1,6 1,21 09-16 147
Torgional Modulus
Kristallik Derecesi (%) 8,21-8730 6,51 40,9 37,26
Degree of Crystallinity
Polimerizasyon Derecesi 100 civan 114,83 100 civan (approx) 113,92
Degree of Polimerization
Molecular Weight 20000 civan 22047 20000 civari (approx) 21873
Molecular Weight
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